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EXECUTIVE SUMMARY

Daniel B. Stephens & Associates, Inc. (DBS&A), was retained by Los Alamos National Laboratory
(LANL) as part of the Resource Conservation and Recovery Act Facility Investigation at Field
Unit 1 by the Environmental Restoration Program at Los Alamos. DBS&A assisted in the
investigation and subsurface characterization of the abandoned landfill at TA-73, identified as
TA-73-001a, to determine whether contaminants were present and, if so, assess the potential for
contaminant migration through the vadose zone.

This Phase | report focuses on the installation and monitoring of vadose zone instruments in
boreholes drilled along the perimeter of the abandoned landfill during October and November
1994. The results of this investigation are being used to identify contaminants of concem and
their respective concentrations, to refine the geologic and hydrologic conceptual model of the site,
to develop realistic boundary conditions for numerical modeling, and in conjunction with the
upcoming CPT investigation results, to develop source input for numerical simulations of
contaminant migration through the vadose zone. The 11 boreholes were completed as vadose
zone monitor wells, containing a total of 30 soil gas ports, 7 suction lysimeters, 12 heat
dissipation sensors, 18 thermocouples, and 11 neutron access tubes.

Monthly monitoring of the vadose zone instruments began in January 1995. Continuous
monitoring of atmospheric pressure, downhole soil gas pressure, and downhole temperature
began in March 1995 at four of the monitor wells. A monthly monitoring program includes soil
gas sampling from each of the downhole soil gas ports, pore liquid sampling from selected suction
lysimeters, and monitoring of each neutron access tube, heat dissipation sensor, and
thermocouple not connected to the continuous monitoring system.

Based upon preliminary results of the first two months of soil gas sampling and analysis (February
and March 1995), high concentrations of landfill gas (methane and carbon dioxide) exist in the
soil gas surrounding the landfill and are present to a depth of at least 160 feet below ground
surface. The methane and carbon dioxide act as a “carrier gas" for advective transport of
hazardous volatile organic compounds (VOCs). Chlorinated VOCs are present in soil vapor at
concentrations as high as 36,000 ppbv, with the predominant compounds being 1,2-DCE,

J:MO10\RFI-SPAT.895\RFI-APT.895 1 @ PSAFTF
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Freon-22, vinyl chloride, and Freon-12, listed in approximate decreasing concentrations. Landfill
gas and individual VOC and total VOC concentrations generally decline with depth, with the
highest concentrations observed in the uppermost soil gas port in each monitor well. Gas
concentrations are relatively constant over time. Chlorinated VOCs show a strong positive
correlation with methane concentration; that is, methane is always present in soil gas containing
chlorinated VOCs.

Continuous monitoring of barometric pressure fluctuations due to atmospheric tides and synoptic
weather systems during March and April 1995 suggest that the pressure fluctuations propagate
with only slight attenuation through the vadose zone soil gas to a depth of at least 160 feet below
ground surface, the deepest depth monitored.

Temperatures of up to 27°C have been measured in the subsurface volcanic tuff, and significant
thermal gradients exist in the vertical temperature profile. The high temperatures are apparently
the result of methane oxidation along the anaerobic/aerobic boundary at the perimeter of the
landfill gas plume.

Preliminary results from the first five months of neutron access tube and heat dissipation sensor
monitoring and suction lysimeter sampling suggest that vertical downward moisture movement
is occurring in the subsurface volcanic tuff along the perimeter of the landfill. Soil pore water has
been collected from six of the seven suction lysimeters to a maximum depth of 55 feet below
ground surface, the deepest depth instrumented with a suction lysimeter. Determination of the
magnitude of the vertical downward moisture flux rate and pore liquid chemical characteristics is
ongoing.

JMO10\RFI-SPRT.B95\AFI-APT.895 2 @ RAF‘T
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1. INTRODUCTION

Daniel B. Stephens & Associates, Inc., (DBS&A) was contracted to assist in the Resource
Conservation and Recovery Act (RCRA) Facility Investigation (RFI) of an abandoned landfill
located in Technical Area 73 (TA-73) of the Los Alamos National Laboratory (LANL). The landfill
is located at the Los Alamos Airport, east of the terminal building and immediately north of the
hotpad road (Figure 1). The landfill is being investigated by LANL Field Unit 1 and constitutes
Solid Waste Management Unit TA-73-001a, as defined by the Environmental Protection Agency
(EPA). The objectives of the work performed at the inactive landfill, as defined by the RFI Work
plan for the former Operable Unit 1071 (LANL, 1992), are to (1) determine the nature and extent
of releases of hazardous constituents from the landfill and (2) evaluate the potential for migration
of hazardous constituents from the landfill to the accessible environment via the ground-water,
atmospheric, or direct surface contact pathways.

This report addresses a portion of the first objective and thus constitutes DBS&A’s deliverable
under work release 94-0002 of subcontract 2763M0004-3V. The report focuses primarily on
installation and monitoring of vadose zone instruments in boreholes along the perimeter of the
abandoned landfill. The methods for installing vadose zone instruments in the boreholes are
described, and preliminary monitoring results are provided. The second objective is being
addressed concurrently by DBS&A through development of a site-specific hydrologic conceptual
model and numerical simulation of the principal flow, transport processes, and attenuation
mechanisms for contaminant migration through the vadose zone at the landfill.

The scope of work for this deliverable included (1) oversight during drilling of 11 perimeter
boreholes to determine appropriate locations for installation of vadose zone monitoring equipment,
(2) installation of vadose zone monitor wells containing soil gas ports, suction lysimeters, heat
dissipation sensors, thermocouples, and neutron probe access tubes, (3) periodic subsurface
monitoring of the vadose zone instrumentation, and (4) compilation of the preliminary vadose
zone monitoring resuits.

A total of 30 soil gas ports, 7 suction lysimeters, 12 heat dissipation sensors, and 18
thermocouples were installed in the 11 boreholes. The correct installation depth of the monitoring

J:MO10\RFI-SPRT.895\RFI-APT.895 3 . @RAFT
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instruments in each borehole was ensured by attaching each instrument to a 2-inch polyvinyl
chloride (PVC) riser pipe, which extends the length of the borehole. Each riser pipe also serves
as an access tube for the neutron probe used for soil moisture logging.

DBS&A began monthly subsurface monitoring of the vadose zone instruments in February 1995,
with ERM/Golder providing technical support. The m'onthly monitoring program includes soil gas
sampling from each of the downhole soil gas ports and pore water sampling from selected suction
lysimeters. Each neutron access tube, heat dissipation sensor, and thermocouple is also
monitored to estimate relative changes in subsurface moisture content, matric potential, and
temperature, respectively. Continuous monitoring of atmospheric pressure, downhole soil gas
pressure, and downhole temperature began in March 1995 in four of the wells equipped with
dataloggers. These data are downioaded to a computer on a monthly basis.

This report is organized into five sections. Section 2 describes the drilling and well installation
procedures employed during field activities conducted during October-November 1994. Section 3
discusses the vadose zone instruments installed in each borehole. Section 4 provides preliminary
results for the first few months of monitoring beginning February 1995. Finally, Section 5 provides
recommendations for follow-up work.

JMO10\RFI-SPRT.895\RFI-APT.B9S 5 @ RAFT
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2. SITE INVESTIGATION

ERM/Golder, Inc., and DBS&A conducted field activities during October and November 1994
along the exterior perimeter of the abandoned municipal landfill located at the Los Alamos Airport.
The activities included drilling, geologic logging, and collection of soil and rock samples from 11
auger borings drilied into the Bandelier Tuff. A vadose zone monitor well was installed in each
boring immediately after removal of the hollow stem augers. Each monitor well contains
instrumentation to permit collection of pore liquid and soil vapor samples and the measurement
of subsurface properties, such as temperature, moisture content, and matric potential. These
instruments include soil gas sampling ports, suction lysimeters, heat dissipation sensors,
thermocouples, and neutron access tubes. A report being prepared by ERM/Golder describes
drilling, geologic logging, and sampling procedures in considerable detail. This report provides
only a brief summary of the drilling, logging, and subsurface sampling methodologies, focusing
instead on the techniques employed during monitor well installation and subsequent monitoring
of the vadose zone instrumentation. '

21 Drilling, Logging, and Sampling

ERM/Golder supervised the drilling of 11 borings along the exterior of the abandoned municipal
landfill to depths ranging from 45 to 205 feet. Health and safety concems and restrictions
precluded drilling directly into the landfill refuse; thus it was necessary to install all borings on the
periphery of the abandoned municipal landfill. Nine of the borings were drilied vertically (<10
degree angle from vertical) and were designated LP-1 through LP-9 (landfill perimeter). Angle
borings (>10 degree angle from vertical) were designated LPS-1 and LPS-2 (landfill perimeter
slant). The boring locations are shown in Figure 2.

Layne Environmental Services performed the drilling using a hollow-stem auger (HSA) drill rig
equipped with 774-inch outside diameter (0.D.) augers. Core samples were collected through the
HSA at 2'2-foot intervals using a wireline coring system. In general, the HSA drill easily
penetrated the volcanic rocks of the Bandelier Tuff without using any drilling fluids, and caving
problems were minimal.

J:MO10\RFI-SPRT.895\RFI-APT.895 6 @ RAFT
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Core samples were collected at 2%2-foot intervals from the ground surface to total depth at each
boring. ERM/Golder conducted detailed logging of each recovered core sample, including field
screening for volatile organic compounds (VOCs) and radiological constituents, geologic logging,
and soil/rock sampling for laboratory analyses at discrete intervals. Additional details can be
found in the ERM/Golder summary report (ERM/Golder, 1995). DBS&A provided technical
support during drilling of the boreholes. In particular, DBS&A assisted the ERM/Golder Field
Team Leader in making decisions regarding the location of boreholes, drilling depths, sample
locations, and other details not specifically addressed in the field sampling plan. DBS&A
performed independent geologic logging of core samples to enable rapid, informed decisions
regarding the well completions. This was essential in order to comply with airport requirements
that the wells be installed as quickly as possible to minimize disruption of airport activities.

Geologic logging conducted by DBS&A focused on identifying pertinent characteristics of the
Bandelier Tuff, including apparént moisture content, relative induration, welding, and fracturing.
Additional information provided by ERM/Golder, included radiation monitoring field screening,
photoionization detector (PID) and flame-ionization detector (FID) screening for VOCs on each
section of recovered core and gravimetric moisture content determined at 2'%-foot intervals.
These data were used to determine the depths and locations of vadose zone instruments that
were installed by DBS&A with the assistance of Layne Environmental Services. Lithologic logs
for each boring are provided in Appendix A. A brief description of each boring is provided in the
following paragraphs.

Monitor well LP-1 is located near the east end of the former landfill, south of the hotpad road and
immediately west of the hotpad (Figure 2). This boring was drilled in an attempt to locate a
buried trench identified during the existing data review and to assess possible contaminant
migration in this area. The monitor well was drilled through essentially undisturbed tuff (Tshirege
Unit 3).

Monitor well LP-2 is located on the south side of the hotpad road approximately 700 feet west of
the hotpad (Figure 2). The boring was drilled through approximately 7 feet of fill material and into
undisturbed tuff (Tshirege Unit 3) from 7 feet to the total boring depth.

JMO10\RFI-SPRT.895\RFI-RPT.895 8 @) RAFT
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Monitor well LP-3is located on the south side of the hotpad road and approximately 550 feet west
of LP-2 (Figure 2). The boring was drilled to a total depth of 110 feet to assess lateral migration
of contaminants from the southem edge of the landfill. Geologic units encountered during drilling
consisted of approximately 4 feet of fill material overlying the lowermost portion of Tshirege
Member Unit 3, the non-welded unit beneath it, and the uppermost portion of Tshirege Unit 2.
Of particular interest was an interval of unusually wet tuff observed from 19 to 21 feet bgs. The
wet zone appeared to correlate with the presence of a near-vertical fracture observed in the core
samples from this depth. )

Monitor well LP-4 is located in the center of the hotpad road approximately 750 feet west of LP-3
(Figure 2). The boring was drilled to a total depth of 112.5 feet to assess lateral migration of
contaminants from the southem edge of the landfill. Geologic materials encountered during
drilling included approximately 7 feet of fill material, variably weathered tuff from roughly 7 feet
to 85 feet, and essentially unweathered tuff from 85 feet to the total boring depth. The weathered
intervals appear to correspond with a near-vertical fault or fracture zone that extends through at
least Tshirege Member Unit 3 and the underlying non-welded unit. The weathered zone is
characterized by distinct limonite (Fe,O,) staining and relatively high gravimetric moisture contents
determined on core samples.

Monitor well LP-5 is located north of the hotpad road at the southeast comer of the aircraft
tiedown pad and approximately 350 feet west of LP-4 (Figure 2). The boring was drilled to the
total depth of 40 feet to assess contaminant migration from the southwest portion of the
abandoned landfill. The boring was drilled through approximately 12 feet of fill and then
undisturbed tuff (Tshirege Unit 3). Unusually wet undisturbed tuff was encountered to
approximately 25 feet bgs.

Monitor well LP-6 is located in the aircraft tiedown pad area between the two westem-most
hangars (Figure 2). The boring was drilled in an attempt to locate a buried trench identified
during the existing data review and to assess potential contaminant migration in this area. The
boring was drilled through approximately 12 feet of fill and then undisturbed tuff (Tshirege Unit 3).

JMO10\RFI-SPRT.B35\RFI-APT.885 9 @) MFT
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Monitor well LP-7 is located on the northern boundary of the landfill approximately 400 feet north
of LP-4 (Figure 2). The boring was drilled at a 10 degree angle from vertical to a total
uncorrected depth of 115 feet. Fill material was encountered to approximately 10 feet bgs;
thenceforth, relatively undisturbed tuff was penetrated to the total depth. The lowermost portion
of Tshirege Member Unit 3, the non-welded unit beneath, and the uppermost portion of Tshirege
Unit 2 were penetrated during drilling. Of particular interest was an abrupt doubling of gravimetric
moisture content that was observed at 54 feet bgs; the elevated moisture content continued to
the total depth. The abrupt increase in moisture content appeared to correlate with the presence
of a near-vertical fracture observed in the core at 55 feet.

Monitor well LP-8 is located approximately 450 feet north-northwest of LP-3 on a bedrock bench
north of the landfill on the edge of Pueblo Canyon (Figure 2). The boring was drilled to its total
depth of 102.5 feet through undisturbed tuff, penetrating the lowermmost portion of Tshirege Unit 3,
the non-welded unit beneath it, and the uppermost portion of Tshirege Unit 2. Of particular
interest was the extremely low moisture content measured in core recovered below 70 feet.

Monitor well LP-9 is located in the aircraft tiedown pad area approximately 40 feet east of the
easternmost hangar and roughly 250 feet northwest of LP-5 (Figure 2). The well was drilled in
an attempt to locate a buried trench identified during the existing data review and assess any
contaminant migration.

Apparently the boring was drilled into the backfilled trench, as undisturbed tuff was not
encountered until approximately 17 feet bgs. As expected, the waste material had been replaced
with tuffaceous fill in order to construct the airport tiedown pad and hangars. The boring was
drilled to its total depth of 45 feet through 17 feet of tuffaceous fill material and then undisturbed
tuff (Tshirege Unit 3). Of particular interest was an interval of unusually wet tuff observed from
25 to 26 feet bgs. The wet zone appeared to correlate with the presence of several nearly
horizontal fractures observed in core samples from this depth.

Monitor well LPS-1 is located approximately 150 feet west of LP-8 on the bedrock bench north

of the landfill (Figure 2). The boring was drilled toward the south (N180°) at a 20-degree angle
from vertical.

J:MO10\AFI-SPRT.895\RFI-APT.895 10 @) ﬁAFT
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Undisturbed tuff was encountered to the total uncorrected depth of 162.5 feet (roughly 153 vertical
feet). The lowermost portion of Tshirege Unit 3, the non-welded unit beneath it, and the
uppermost portion of Tshirege Unit 2 were penetrated during drilling. Of particular interest were
two intervals of unusually wet tuff observed at uncorrected depths of 118 and 132 feet bgs. Both
wet zones appear to correlate with the presence of near vertical fractures observed in core
samples from this depth.

Monitor well LPS-2 is located in the center of the hotpad road approximately 300 feet west of
LP-3 (Figure 2). The boring was drilled at a 25 degree angle from vertical oriented toward N45E
to a total uncorrected depth of 205 feet (roughly 186 vertical feet).

Relatively undisturbed tuff was encountered beneath the fill/tuff contact from 10 feet bgs to the
total depth. As with the other borings that were drilled deeper than 90 feet, the lowermost portion
of Tshirege Unit 3, the non-welded unit beneath it, and the uppermost portion of Tshirege Unit 2
were penetrated during drilling. Of particular interest was the generally dry nature of the tuff
observed in core samples from LPS-2, especially below 135 feet bgs. From 135 to 205 feet bgs,
gravimetric moisture content remained consistently below 3 percent. In addition, a zone of slightly
increased moisture content was observed in core at approximately 60 feet bgs associated with
near vertical fractures.

2.2 Vadose Zone Monitor Well Installation

Vadose zone monitor wells were installed in accordance with the following LANL-approved
DBS&A standard operating guidelines (SOGs): 13.7.5, Suction Lysimeter Installation and
Sampling, 13.7.6, Neutron Probe Access Tube Design and Installation, 13.7.10, Soil Moisture and
Matric Potential Sensor Installation and Monitoring, and 13.7.11, Down-Hole Soil Vapor Well
Design and Installation. Table 1 provides a list of the instruments installed in each of the
boreholes. The general design of the vadose zone monitor wells is presented in Figure 3 and
construction details are presented below. Appendix A contains well completion logs for each of
the borings. A summary of well completion information is provided in Table 2.
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Table 1. Vadose Zone Monitor Wells and Instrumentation
Monitoring Vadose Zone Monitor Well* instruments (Instrument ID No. and Depth)
Instrument Type LP-1 LP-2 LP-3 LP-4 LP-5 LP-6 LP-7° LP-8 LP-9 LPS-1° LPs-2°
Soil gas port® GP1 @ 40.2' | GP1 @ 35.9' | GP1 @ 99.2 GP1 @ 99.3 GP1 @335 | GP1@27.00 | GP1 @ 100.0' | GP1 @ 91.5 | GP1 @ 41.0° GP1 @ 145.0' | GP1 @ 178.0
GP2 @ 10.2 GP2@91.2 | GP2@75% GP2@280' | GP2@ 435 | GP2@ 11.1" | GP2 @ 114.0° | GP2 @ 125.0'
GP3 @ 39.2° GP3 @ 46.3 GP3 @ 16.0' | GP3 @ 15.5 GP3 @ 61.0' GP3 @ 87.0'
GP4 @ 9.2 GP4 @ 13.9’ GP4 @ 22.0' GP4 @ 29.0
GP5 @75
Themocouples® - - - T1 @ 99.3 - - T1 @ 100.0° T1 @918 - T1 @ 145.0' T1 @ 178.0
T2 @ 75.3 T2 @ 28.0 T2 @ 43.5 T2 @ 114.0' T2 @ 125.0'
T3 @ 46.3 T3 @ 16.0 T3 @ 15.58' T3 @ 61.0° T3 @ 87.00
T4 @ 13.3 Ts5@75 T4 @ 29.0°
Suction - - St @ 202 SL @ 343 SL @ 10.7 SL @ 11.0 SL @ 85.0' - SL @ 26.0 - SL @ 62.0'
lysimeters®
i?:stodriss;sipation HDS1 @ 34.2 - HDS1 @ 20.4' | HDS1 @ 345 | HDS1 @ 23.0' | HDS1 @ 11,2 | HDSt1 @ 55.2° | HDS1 @ 54.5'| HDS1 @ 26.2' - HDS1 @ 160.0'
HDS2 @ 11.0° HDS2 @ 40.0° HDS2 @ 62.0'
Neutron probe From ground | From ground | From ground | From ground to | From ground | From ground | From ground to{ From ground | From ground to] From ground to | From ground to
access tube? to 42.6’ bgs to 39.3' bgs to 101’ bgs 99.9' bgs to 37.8 bgs to 37.8' bgs 106.2' bgs to 92.7 bgs 429 bgs 147.5' bgs 186’ bgs

e =~ & 0 0 T s

LP = Vertical boring around landfill perimeter; LPS = slanted boring around landfill parimeter
Depth's listed are uncorrected for the drilling angle: LP-7 drilled at 10° < from vertical, LPS-1 drilled at 20° < from vertical, LPS-2 drilled at 25° < from vertical

Soil gas ports constructed of %" stainless steel tubing

Thermocouples for determining soil temperature
Suction lysimeters for collecting soll water samples
Heat dissipation sensors for determining soil temperature and matric potential

Neutron probe access tube for soil moisture content logging, constructed of 2" PVC pipe

JAO10\RFI-SPRT.B95\MNTR-W&1.895
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Table 2. Vadose Zone Monitor Well Completion Information
Monitor Totgl Boring Depth to Instrumentation® Neutron Access )
epth Slough Tube Interval Centralizer Depth
Well (ft bgs) (ft bg§) NAT GP TC HDS SL (ft bgs) (ft bgs)
LP-1 45 42.6 . 2 1 0.0 to 42.6 415
LP-2 42.5 401 . 1 0.0 to 40.1 375
LP-3 110 101.1 . 4 1 1 0.0 to 1011 98.0
LP-4 112.5 99.9 . 4 4 1 1 0.0 to 99.9 97.5
LP-5 40 37.8 o 1 2 1 0.0 to 37.8 36.0
LP-6 40 37.8 . 1 1 1 0.0 to 37.8 36.0
LP-7 115° 106.2° . 3 3 2 1 0.0 to 99.9° 50 and 104”
LP-8 102.5 92.7 A 3 3 1 0.0 to 92.7 89.0
LP-9 45 42.9 . 2 1 1 0.0 to 42.9 42.0
LPS-1 162.5° 147.5° . 5 4 0.0 to 147.5° 78.5 and 145.5°
|_LPs-2 205¢ 186.0¢ . 4 4 2 1 0.0 to 186.0° 50, 105, and 185°
% NAT = Neutron access tube b Not corrected for drilling angle (10° from vertical)

GP = Soil gas port ¢ Not corrected for drilling angle (20° from vertical)

TC = Thermocouple 9 Not corrected for drilling angle (25° from vertical)
HDS = Heat dissipation sensor
SL = Suction lysimeter

J:MO10\RFI-SPRT.895\WELLCOMP.895
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2.2.1 Field Monitoring Instruments

Immediately prior to completion of each well, the open annulus of the boring was monitored at
discrete depths for methane (CH,), carbon dioxide (CO,), oxygen (O,), and total VOC
concentrations. If methane or VOCs were detected, the boring was purged with nitrogen (N,)
before installing the monitor well. This was done to eliminate the possibility that explosive
conditions could develop in the borehole during well completion and minimize the risk of exposure
to hazardous VOCs.

Two field instruments, a Landtec GA-90 and a PID, were used to quantify fixed gas and total VOC
concentrations, respectively. The GA-90 multi-gas monitor employs an infrared detector to
determine the concentrations of methane and carbon dioxide and a polarographic sensor to
measure oxygen concentrations.

The PID was used to estimate total organic vapor concentrations when measured methane
concentrations were below 1 percent by volume. DBS&A's field experience at various landfills
suggests that the PID may be unreliable for determining VOC concentrations in soil gas from
landfills, due to the presence of high concentrations of biogenic methane, which may interfere with
the PID response. Nyquist et al. (1990) examined this effect by introducing methane at various
concentrations to gas mixtures containing known concentrations of toluene and gasoline and
observing PID response. The tests showed an exponential decrease in PID response with
increasing methane concentrations. A 30 percent decrease in PID response was observed in the
presence of 0.5 percent methane and a 90 percent decrease at 5 percent methane. Nyquist et
al. attributed this decrease in PID sensitivity to the absorption of ultraviolet (UV) light by methane
within the detector. The absorption of UV energy by methane reduces the number of photons
available to ionize VOCs in the gas mixture and thus results in decreased sensitivity of the
instrument. Therefore, whenever the GA-90 multi-gas meter indicated the presence of methane,
the PID readings were viewed with caution, and the boring was purged with nitrogen immediately
prior to well installation both to minimize the risk of exposure to hazardous VOCs and eliminate
the possibility of explosion or fire.

JMO10\RFI-SPRT.895\RFI-RPT.895 15 @ RAFT
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Field screening during drilling and laboratory analysis of soil gas samples collected during
subsequent monitoring events suggest that no significant methane or VOC contaminations are
present in the vicinity of wells LP-1, LP-2, LP-5, LP-8, LP-9, and LPS-1. However, field screening
detected VOCs in well LP-6 and high levels of methane in wells LP-3, LP-4, LP-7, and LPS-2.
Therefore, in order to reduce the risk of exposure to hazardous VOCs and eliminate the possibility
of explosion or fire, these borings were purged with nitrogen immediately before well completion.

2.2 Vadose Zone Instrumentation

The vadose zone monitor wells were completed variously as neutron access tube (NAT), multi-
port soil gas (MPSG), thermocouple (TC), heat dissipation sensor (HDS), and suction lysimeter
(SL) installations. Table 1 lists the types, numbers, and depths of instruments used in the 11
vadose zone monitor well installations. Figure 3 presents a generalized vadose zone monitor well
design for the TA-73 landfill wells. Each well was completed with 2-inch-inside-diameter (I.D.)
flush-threaded, Schedule 40 PVC pipe (with O-ring joint seals), a threaded end-plug at the
bottom, and an expansion cap at the surface. The PVC casing served as a riser pipe to support
the various attached monitoring instruments and as an access tube for neutron probe logging to
estimate relative changes in soil moisture content. No free water was encountered during the
drilling operations; therefore, well screens were not installed in any of the wells.

Soil gas sampling ports were installed in each of the borings to allow soil gas samples to be
collected from discrete depths within the vadose zone. Each soil gas port consists of an 80-
micron high-density polyethylene (HDPE) porous filter attached to an appropriate length of 14-inch
0.D., 0.020-inch wall beverage-grade, welded 304 stainless steel tubing. The hydrophobic HDPE
filters, which were used to prevent entry of water or sediment into the stainless steel soil gas
sampling tubes, were attached to the tubing using stainless steel Swagelok union fittings. The
stainless steel tubing is manufactured in 50-foot sections, thus requiring that individual lengths
be joined with stainless steel Swagelok union fittings for those installations greater than 50 feet
deep. A total of 30 soil gas ports were installed in the 11 vadose zone wells. Table 2 shows the
number of soil gas ports installed in each of the wells.

J:MO10\RFI-SPRT.895\RFI-APT.895 16 D RAFT
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Thermocouples were installed in some of the wells, especially those in which high downhole
methane and carbon dioxide concentrations indicated that a significant thermal gradient may exist
due to exothermic oxidation of biogenic methane. Each thermocouple consists of a pair of
20-gauge wires, one of copper and the other of constantin (type T), which were twisted and
soldered together and emplaced adjacent to soil gas ports. The thermocouple wires extend to
the surface for connection to a Campbell Scientific 21X Micrologger. A total of 18 thermocouples
were installed, each adjacent to a soil gas port. Table 1 shows the number and locations of
thermocouples emplaced in each monitor well.

HDSs, which measure matric potential, were installed to (1) determine whether a particular
suction lysimeter should be sampled at a particular time and (2) assess the driving force
(gradient) for potential liquid movement in the Bandelier Tuff adjacent to the landfill. Each HDS
consists of a thermistor/thermocouple assembly embedded in a porous ceramic tip. Wires extend
to the surface for connection to a Campbell Scientific 21X Micrologger. The HDS device operates
on the principle that wet soil dissipates heat more rapidly than dry soil. The heat dissipation rate
at various matric potentials is measured in the laboratory to develop a calibration curve for each
HDS. A total of 12 heat dissipation sensors were installed. Table 1 lists the number and
locations of heat dissipation sensors installed in each monitor well, and Appendix B contains the
calibration data for each HDS.

Seven deep sampling suction lysimeters were installed to allow collection of pore water from the
unsaturated volcanic tuff around the landfill. The lysimeters were installed at locations from which
core samples exhibited gravimetric moisture contents in excess of 10 percent. The suction
lysimeters consist of a porous cup mounted on the bottom of a PVC plastic body tube, with
pressure-vacuum and liquid discharge tubes extending to the surface. A heat dissipation sensor,
located adjacent to each suction lysimeter, is monitored on roughly a monthly basis to ascertain
whether the tuff is wet enough to permit pore water samples to be collected from that particular
suction lysimeter. In general, lysimeters can only be used to collect pore water samples at matric
potentials less (wetter) than 0.8 bar tension. A total of seven suction lysimeters were installed

at the site. Table 2 lists the monitor wells in which suction lysimeters were installed.
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In order to collect pore water samples using a suction lysimeter, it is imperative that good contact
be maintained between the porous cup and surrounding soil. Such contact is normally attained
by mixing a slurry of backfill material and distilled water and emplacing it around the suction
lysimeter using a tremie pipe. However, due to the relatively dry in-situ tuff encountered during
drilling at the TA-73 landfill, the addition of water to each borehole was minimized in order to
reduce the disturbance to the natural flow field. Immediately prior to installation in a borehole,
distilled/deionized water containing 10-mg/L bromide as a conservative tracer was pulled through
the lysimeter cup to eliminate entrapped air. The tracer also serves to qualitatively as'sess the
degree to which the water derived from lysimeter installation has been purged from the borehole
during subsequent sampling events. The water was left in the lysimeter body during installation
to maintain cup wetness.

An annular seal consisting of a mixture of 50 weight percent dry powdered Wyoming bentonite
and 50 weight percent 10-20 silica sand was emplaced into the borehole using a tremie pipe and
tamped until just below the HDS/SL location. Dry, sieved tuff was then added to the borehole by
tremie until the instruments were completely covered (the types of backfill materials and
emplacement methods are discussed below). One-half to one gallon of distilled/deionized water
containing the bromide tracer (10 mg/L Br as potassium bromide) was then added by tremie, and
a tamping rod was used to carefully compact the wetted sieved tuff about the suction lysimeter.
Upon completion of the well, the tracer solution in the lysimeter was removed.

2.2.3 Backfill Materials and Method

Three different annular backfill materials were emplaced in the boreholes during well completion

in order to (1) facilitate soil gas and liquid sampling, (2) limit vertical movement of liquid and

gases in the boreholes, and (3) allow for monitoring of relative changes in moisture content. The
three types of backfill materials included 10-20 silica sand, powdered Wyoming bentonite, and
sieved Bandelier Tuff. Bentonite pellets were also emplaced to serve as a base for the surface
completion.

JMO10\RFI-SPRT.895\RFI-RPT.805 18 @RAFT
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Sand filter packs were constructed adjacent to each of the soil gas sampling ports using 10-20
silica sand (Figure 3). The sand layers were emplaced dry in the borehole annulus using a tremie
pipe, and the top and bottom of each layer was verified using a weighted tape measure.

A mixture of 50 weight percent dry powdered Wyoming bentonite and 50 weight percent 10-20
silica sand was installed as an annular seal above and below each of the sand filter packs, below
the suction lysimeters, and below depth intervals where increased moisture content were
observed. Powdered bentonite was used to eliminate downward seepage from the wet fill
material/tuff contact and from the surface. The powdered bentonite/sand mixture was prepared
dry using a portable cement mixer, and layers of this mixture were installed as annular seals to
prevent cross-communication between adjacent soil gas ports. The annular seals were emplaced
dry, in equilibrium with the ambient humidity, to avoid potential desiccation and cracking of the
seals that might occur if a hydrated bentonite slurry were used in this vadose zone application.
The dry bentonite powder swells as it wets to the ambient water potential of the surrounding tuff.

Air permeabilities in the range of 0.1 darcy (10" cm/sec) were measured on the dry annular seal
mixture in the DBS&A laboratory and are similar to those determined on samples of Bandelier
Tuff obtained from Los Alamos. Wetting of the bentonite powder in the mixture to the ambient
matric potential following emplacement significantly reduces the air permeability of the annular
seals, thereby preventing vertical vapor movement along the borehole annulus. As described
later in Section 3, chemical analyses and soil gas pressure measurements have demonstrated
that the annular seals effectively isolate adjacent soil gas ports.

Sieved Bandelier Tuff was used as annular material around the heat dissipation sensors and
suction lysimeters and as annular backfill material between annular seals (Figure 3). The
rationale for the use of the tuff backfill was to emplace these instruments in material very similar
to the undisturbed Bandelier Tuff into which the borings were drilled. Due to health and safety
restrictions, cuttings from the borings themselves could not be utilized as backfill material. The
tuff backfill material was collected directly from the wall of the TA-53 borrow pit and delivered to
the staging area at TA-73 for sieving. Sieving was accomplished by hand, using a sieve with %-
inch openings. To facilitate installation, ail of the sieved tuff was air dried prior to emplacement
in the boreholes using a tremie pipe. The TA-53 borrow pit is situated in the same geologic unit

JMO10\RFI-SPAT.895\RFI-RPT.895 19 @RAFT
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as that in the near subsurface at TA-73 (the non-welded unit between Tshirege Member Units 2
and 3). Additionally, the tuff could be easily removed from the borrow pit wall, thereby minimizing
the need for mechanical crushing and the possibility for contamination of the material. The sieved
air-dry tuff was monitored with a PID to verify the absence of VOCs prior to installing the material
as backfill in the borings.

In order to assess bulk density variations within a particular backfill material, the rise in backfill
material per unit volume of emplaced material was documented during the completion of each
monitor well. In general, little variation in bulk density was recorded for the silica sand and
annular seal mixtures with or without tamping. However, the sieved Bandelier Tuff exhibited a
wide range of bulk densities when tamped. Because many of the in-situ tuff units at Los Alamos
are air-fall tuffs that exhibit low bulk densities (on the order of 1.35 grams per cubic centimeter
[o/cm?]), overcompaction of the tuff backfill was to be avoided, and tamping of the annular backfill
was discontinued following completion of monitor well LP-3.

2.2.4 Surface Completions

The surface completions for each monitor well consist of 12-inch diameter subgrade well vaults
cemented in place. Four of the wells (LP-4, LP-6, LP-9, and LPS-2) were drilled and completed
through the asphait of the airport taxiway or tie-down pads. Those situations required that the
well vaults be cemented flush with the asphalt to allow for snow removal.

The surface completions at wells LP-3, LP-4, LP-7, LP-8, LPS-1, and LPS-2 contain access ports
for connection of the instrumentation to a datalogger located within an adjacent vault (Figures 4a
and 4b). Figure 5 shows a generalized completion for those well vaults that do not contain a
datalogger access port. Installation of the access ports at LP-4 and LPS-2, located in the center
of the hotpad road, required trenching through the taxiway to permit connections to be made to
the datalogger installations along the north side of the taxiway. Each of the remaining well vaults
was installed within a 3-foot-square by 0.5-foot-thick concrete pad (Figure 4).

JMO10\RFI-SPRT.895\RFI-RPT.895 20 @ RAFT
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2.2.5 Continuous Downhole Pressure Monitoring Systems

Automated, continuous monitoring of absolute barometric pressure, downhole soil gas pressures
and downhole temperatures at discrete depths within the vadose zone was made possible
through the installation of dedicated data acquisition systems developed by DBS&A. Connections
to the soil gas ports of a particular monitor well are made through a 2-inch PVC access port in
the side of the monitor well vault. Tygon tubing was used to connect the top of each soil gas port
to the solenoid valves in the data acquisition system enclosure.

Each data acquisition system is housed inside two enclosures. The interior enclosure is a
fiberglass box that contains all of the relays, valves, sensors and equipment used for continuous
data acquisition. This fiberglass enclosure is contained within a larger, watertight aluminum
enclosure (suitable for subgrade burial) near the monitor well. The external aluminum enclosure
has a feed-through port to accept the electrical leads from the monitor well vault. Two additional
ports are used as vents and are located on opposite sides of the extemal enclosure. The vent
ports allow a small, low power fan to purge the enclosure with fresh air prior to solenoid valve
actuation. Due to the high methane concentrations that exist in the shallow soil gas, the fan is
required to prevent the buildup of potentially explosive gases within the enclosure prior to the
actuation of the solenoids.

During the period of March 2 to April 15, several of the data acquisition units experienced
problems related to condensation accumulating in the datalogger enclosures. The original design
of the burial enclosure was modified for automated venting of each enclosure to prevent the
potential buildup of explosive methane levels. However, the venting has allowed condensate to
accumulate inside the dataloggers and has caused a few temporary datalogger malfunctions. In
order to minimize such malfunctions, when condensate is encountered the datalogger units are
removed, dried, and replaced. Since this problem was identified, desiccant has been placed
inside the housings and is changed frequently to minimize condensate accumulation. However,
condensation is likely to continue due to the venting requirements.

The data acquisition system at each monitored well consists of a single Campbell Scientific 21X
Micrologger and relay configured to record absolute barometric pressure, downhole soil gas

D
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pressure, and downhole temperature at 45-minute intervals. The system is powered by a single
12-volt, 17-amp-hour battery that is charged monthly when the data are downloaded. Alkaline
batteries housed in the datalogger enclosure are used for continuous backup and keep the
system operational while the rechargeable batteries are being replaced. The following paragraphs
briefly describe the instruments used to collect the pressure and temperature data.

A single Druck PDCR911 15-psia pressure transducer is used to measure temporal fluctuations
in barometric pressure at the wellhead. This absolute pressure sensor is connected directly to

the 21X datalogger and vented to the atmosphere outside the data acquisition system aluminum
enclosure.

A single Omega PX170 14DV 0.51 psig pressure sensor is used to measure the gauge
differences between a particular soil gas port and the aimosphere. The gauge pressure
transducer is used to make measurements at each soil gas port via individual solenoid valves
connecting the different downhole ports to a single manifold. Switching between ports is
controlled by the datalogger's intemal programming and an extemal multi-channel control port
relay. The frequency of pressure measurements is controlled by the datalogger and can be as
frequent as once every 2 minutes. In order to allow convenient manipulation of the data through
the techniques of spectral analysis, the pressure data in this report were collected at a frequency
of one measurement every 45 minutes, or 32 measurements per day. Gauge pressures are
converted into absolute pressures by adding the gauge pressure value to the absolute barometric
pressure measured by the Druck transducer. As currently configured, each data acquisition

system can monitor up to three soil gas ports at 45-minute intervals for up to one month
unattended.

Downhole temperatures are measured by connecting the downhole thermocouple leads directly
to the 21X datalogger. The datalogger uses an intemal thermistor as a reference junction for the
thermocouple measurements. The downhole temperature measurements collected every 45
minutes were averaged over one-day intervals to eliminate artifacts resulting from diurnal

temperature fluctuations of the datalogger installations at the surface. This issue is discussed
further in Section 3.5.
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3. PRELIMINARY RESULTS OF MONITORING PROGRAM

The following section summarizes preliminary results of the ongoing subsurface monitoring
program at the Los Alamos Airport. The monitoring was conducted in accordance with the
requirements of work release 94-0002 subcontract 2763M0004-3V and LANL-approved DBS&A
SOGs 13.7.5., Calibration and Operation of a Neutron Moisture Meter, and 13.7.19., Soil Moisture
and Matric Potential Sensor Installation and Monitoring. In addition, LANL-ER-SOP-06.22,
Canister Sampling for Organics - EPA Method TO-14, was used as a guideline for soil gas
sampling from the dedicated downhole soil gas ports. The soil gas sampling methodology used
at TA-73 and deviations from LANL-ER-SOP-06.22 are described in detail in Section 3.1.1.

The TA-73 monitoring program includes the following elements:

Monthly soil gas sampling from the downhole soil gas ports
» Continuous downhole pressure measurements in selected boreholes
* Monthly neutron probe measurements in a minimum of five boreholes

» Quarterly sampling of the suction lysimeters, plus an additional two sampling events for
snowmelt, runoff, or other special circumstances

Following completion of drilling and monitor well installation in November 1994, monthly
monitoring of hydraulic parameters was initiated in January 1995. Monthly soil gas sampling
using SUMMA canisters began in February 1995. Continuous monitoring of downhole soil gas
pressure in selected gas ports at selected monitor wells began in March 1995. Some preliminary
data are now available, and the following observations are based on these preliminary data.

341 Soil Gas Monitoring Program

As described in Section 2, each of the 11 monitor wells installed around the TA-73 landfill
perimeter was constructed to allow sampling of subsurface soil gas. A total of 30 soil gas
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monitoring ports were installed to depths ranging from 7 to 160 feet bgs. Individual monitor wells
include between one and four soil gas ports completed to different depths. The number and
depths of the soil gas ports in each of the 11 monitor wells are shown on the attached well
completion logs (Appendix A).

The soil gas ports were installed to (1) allow collection of depth-specific soil vapor samples for
laboratory chemical analysis and (2) permit monitoring of soil gas pressures at various depths
within the vadose zone. Construction details for the soil gas ports may be found in Section 2 of
this report. Each port is capped when not in use to prevent air movement (breathing) in and out
of the port in response to surface barometric pressure fluctuations. The soil gas monitoring
program includes the following elements:

e Monthly monitoring of soil gas composition (major gases and VOCs)
* Continuous monitoring of soil gas pressures in selected wells

The following subsections describe the soil gas monitoring program in detail and preliminary
results for the first two months.

3.1.1  Soil Gas Sampling and Analysis Methods

Soil gas samples have been collected on a monthly basis in evacuated 6-liter SUMMA canisters
from each of the 30 soil gas ports around the landfill perimeter. SUMMA canisters are specially
designed for collection and storage of gas samples. The inner surface of the spherical stainless
steel canister is SUMMA passivated, a process whereby a pure chrome-nicke! oxide coating is
created on the stainless steel to reduce the sorption of VOCs that would otherwise occur. This
process increases the stability of gas samples during storage such that samples may be held for
up to 30 days prior to analysis with no appreciable loss of VOCs.

The soil gas sampling protocol employed by DBS&A is as follows. The soil gas sampling system
shown in Figure 5 is first connected to the brass tee at the top of the soil gas port using a short
section of %-inch stainless steel tubing equipped with Swagelok fittings. Next, the soil gas port
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is purged for approximately 5 minutes at a gas flow rate of about 3 to 10 liters per minute. During
the purging period, the concentrations of methane, carbon dioxide, and oxygen in the purge gas
stream are monitored at 30-second intervals using a Landtec GA-90 multi-gas analyzer. The
concentrations of these three major gases are recorded on a purge log form, along with the gas
flow rate and downhole vacuum. The concentrations of the major gases were generally found
to stabilize within the first minute of purging.

VOC concentrations were also monitored during purging using an HNu 101 or
ThermoEnvironmental 580B PID meter connected to the purge line. However, the PID was found
to give erroneous readings in the presence of even small concentrations of methane, as
discussed previously in Section 2. The presence of methane at concentrations above a few
tenths volume percent results in a PID "quenching” effect, whereby most or all of the UV energy
is absorbed by the methane, and no energy remains to ipnize any VOCs that may be present
(Nyquist et al, 1990). The result is that the PID may display zero, or even a negative value, even
though VOCs may indeed be present in the soil gas. Because many of the soil gas samples
collected around the perimeter of the landfill contained methane at percent levels, PID values of
zero recorded on the purge log forms do not necessarily indicate the absence of VOCs.

Following stabilization of major gas concentrations during purging, the three-way valve shown in
Figure 5 is switched to connect the evacuated SUMMA canister directly to the soil gas port, and
the valve on the canister opened, allowing the evacuated canister to fill with soil gas. The
canister valve is then adjusted to allow the canister to fill at approximately the same gas flow rate
as the purge rate, which resulted in a one- to two-minute sampling interval for filling the canisters.
For the collection of duplicate soil gas samples, two canisters were connected in parallel, and
both canisters were allowed to fill simultaneously at the same flow rate.

For each canister sample collected, the following information was recorded on the chain-of-
custody form: canister serial number, LANL identification number, time, date, sample location,
ambient atmospheric pressure, ambient air temperature, and the time required to fill the canister.

Each month, a total of 5 quality assurance/quality control (QA/QC) samples are submitted in
canisters for laboratory analysis, along with the 30 primary soil gas samples. The 5 QA/QC

JMO10\RFI-SPRT.895\RFI-APT.895 28 @ RAFT



XN | DANIEL B. STEPHENS & ASSOCIATES, INC.

| e N—

NN
NI NI~

ENVIRONMENTAL SCIENTISTS AND ENGINEERS

samples may include field duplicates, performance evaluation (PE) gas samples of known
composition, and air blanks. The purpose of the field duplicates is to permit estimation of the
overall precision of the sampling and analysis program, while the PE samples are intended to
verify that all procedures are being performed properly and the correct concentrations are being
reported by the laboratory. Air blanks containing "clean" outside air are submitted to ensure that
the canisters and analytical system are clean prior to analysis of each gas sample.

During the February sampling event, the first PE sample consisted of a SUMMA canister filled
with a 10-ppmv mixture in nitrogen of the following eight common halogenated VOCs:

e 1,1-dichloroethene (1,1-DCE)

* cis-1,2-DCE
+ 1,1-dichloroethane (1,1-DCA)
e 12-DCA

« ethylene dibromide (EDB)

e tetrachloroethene (PCE)

+ 1,1,1-trichloroethane (1,1,1-TCA)
* Vinyl chloride

The standard VOC gas mixture was obtained from Scott Specialty Gases in Plumsteadbville,
Pennsylvania (Toxic Organic Mixture #1046676, Blend 2). A manufacturer's certificate of analysis
accompanied the gas mixture, and a copy of the certificate is included in Appendix C of this
report. The 10-ppmv concentration was chosen because it was believed to be representative of
the higher VOC concentrations expected in the soil gas samples being collected around the
landfill perimeter.

The second PE sample submitted during the February sampling event consisted of a SUMMA
canister filled with a gas mixture containing 15% carbon dioxide, 15% methane, and balance
nitrogen. This mixture was obtained from Landfill Control Technologies of Commerce, California.
Each PE sample was collected by connecting a SUMMA canister to the appropriate compressed
gas cylinder using a minimal-length section of Tygon tubing with a Tedlar gas sampling bag
connected in paralle! using a plastic "tee". The Tedlar bag allows the canister to be filled to
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ambient pressure with no over-pressure or under-pressure. The two PE samples and three field
duplicates were submitted to the laboratory with fictitious sample identification numbers along with
the primary soil gas samples.

Soil gas samples and QA/QC samples collected in canisters during each monthly sampling event
are submitted to the Environmental Science & Engineering, Inc., (ESE) laboratory in Gainesville,

Florida, for analysis of the following gaseous constituents:

*  VOCs (TO-14 list of 42 compounds)

. CO,
° H2
. CH,
. N2
. 02

VOCs are determined by gas chromatography/mass spectrometry (GC/MS) using EPA Method
TO-14 (EPA, 1988). Details regarding the VOC analytical procedures are provided in ESE’s case
narratives in Appendix D.

Concentrations of the five major gases were determined by ESE using Method 133 for "Fixed
Gases" (Lodge, 1989). Method 133 employs a GC equipped with a thermal conductivity detector
and quantifies all of the expected major gaseous components of the soil vapor (i.e., N,, O,, CO,,
and CH,) except argon and water vapor. Atmospheric air contains about 0.9% argon. According
to Mike Winslow of ESE, argon co-elutes with oxygen under the GC conditions employed in their
laboratory. Because the detector response for oxygen and argon are similar, the reported oxygen
concentrations may be considered to represent the sum of oxygen plus argon.

The relative humidity of soil vapor is nearly always close to 100%. Because the vapor pressure
of water is strongly temperature dependent, the absolute concentration of water vapor in air varies
from 5 mg/L (7,800 ppmv) at 0°C to 30 mg/L (52,000 ppmv) at 30°C (Draeger, 1992). Thus the
proportion of water in the soil vapor may vary between 0.78 and 5.2 percent by volume,
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depending on the temperature of the soil gas. Assuming an average ground temperature of 20°C,
we may expect a water vapor concentration of approximately 3 percent by volume in the soil gas.

3.1.2 Preliminary Results of Soil Gas Analysis

Tables 3 and 4 show the concentrations of major gases and VOCs in soil vapor samples collected
by DBS&A from the landfill perimeter wells during the February and March 1995 sampling events.
Ranges of major gas concentrations observed in the various soil vapor ports are as follows:

e CO,: 0% to 30%
« CH,: 0% to 27%
e Ny 42% to 90%
« 0O, 0% to21%

e Hy <0.1%

As shown in Table 3, the highest CO, and CH, concentrations have been observed in the
shallowest ports of those wells nearest to the center of the landfill. Concentrations of these two
biogenic gases decline with depth and distance away from the refuse. This is consistent with the
fact that CO, and CH, are products of the anaerobic decomposition of organic matter (symbolized
CH,0) through the following fermentation reaction mediated by methanogenic bacteria:

2CH,0 — CO, + CH,

The detailed chemistry and stoichiometry of refuse decomposition in a landfill is considerably
more complex, involving the production of numerous intermediate organic acid compounds, such
as acetic acid. Nevertheless, the simplified reaction shown above illustrates the overall process
of methanogenesis in a landfill, whereby organic matter is converted to carbon dioxide and
methane. Landfill gas produced via methanogenesis thus consists of roughly equal quantities of
these two gases. Subsequent oxidation of methane around the aerobic perimeter of a landfill may
result in elevated carbon dioxide concentrations at the expense of methane via the following
reaction mediated by methanotrophic bacteria:

CH, + 20, = CO, + 2H,0
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Table 3. Preliminary Laboratory Results, Major Gas Concentrations in Soil Vapor

Page 1 of 2
Concentration (vol. pct)?
Methane Carbon Dioxide Oxygen Nitrogen
Monitor | Soil Gas | Depth (CHy) (CO,) ©,) (N,)

Well Port (ft) 2/95° 3/95° 2/95° 3/95° 2/95° 3/95° 2/95° 3/95°
LP-1 GP1 40.2 <0.200 <0.100 157 1.43 215 20.3 80.4 75.8

GP2 10.2 <0.200 <0.100 2.14 2.07 20.8 19.6 80.8 75.4
LP-2 GP1 35.9 <0.200 <0.100 6.94 6.13 16.7 14.8 84.2 75.2
LP-3 GP1 99.2 3.16 2.72 20.1 19.0 2.16 1.19 72.8 75.1

GP2 91.2 3.34 3.81 19.5 195 0.807 1.15 73.3 74.8

GP3 39.2 10.9 12.2 21.4 24.3 1.88 1.01 66.8 62.3

GP4 9.2 21.0 195 26.7 26.7 1.44 0.886 57.1 52.0
LP-4 GP1 99.35 6.92 5.99 21.3 19.8 0.996 1.08 74.2 68.2

GP2 75.35 8.30 8.15 214 215 1.76 1.17 65.8 66.2

GP3 46.35 16.8 10.8¢ 26.5 17 5¢ 1.58 5.949 61.6 61.2%

GP4 13.35 26.5 26.3 26.7 27.4 1.10 0.789 44.0 44.2
LP-5 GP1 33.5 <0.200 <0.100 15.9 14.3 2.46 7.04 89.6 76.8
LP-6 GP1 27.0 <0.100 <0.100 3.46 3.01 7.12 18.2 80.7 73.7
LP-7 GP1 100.0 <0.100 <0.100 15.9 16.2 2.56 356 89.3 771

GP2 28.0 6.34 8.71 23.1 24.4 1.91 1.06 69.1 63.0

GP3 16.0 16.0 14.8 26.8 27.7 1.43 0.932 56.2 54.3

® Soil gas concentrations in volume percent as reported by ESE-Gainesville laboratory for soil gas samples collected in 6-liter SUMMA canisters and analyzed using GC-TCD Method
133 (Lodge, 1989).

® Februaty 1995 sampling event conducted 2/21/95 through 2/23/95.

° March 1995 sampling event conducted 3/27/95 through 3/29/95.

9 Air leak accurred during sampling; values not representative of subsurface conditions.
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Table 3. Preliminary Laboratory Results, Major Gas Concentrations in Soil Vapor

Page 2 of 2
Concentration (vol. pct)®
Methane u Carbon Dioxide " Oxygen Nitrogen
Monitor | Soil Gas Depth (CHy) (CO,) (O,) (N)
Well Port (ft) 2/95° ] 3/95° || 2/98P | 3/95° | 2/95° 3/95° 2/95° ] 3/95°¢
LP-8 GP1 915 <0.100 | <0100 | 925 | <0100 | 102 210 | 833 | 770 |
GP2 435 <0.100 <0.100 0.564 <0.100 19.5 20.7 76.5 75.9
GP3 155 <0.100 <0.100 1.55 1.29 18.6 20.0 76.3 75.6
LP-9 GP1 41 <0.100 <0.100 14.8 13.8 10.3 8.40 76.4 76.3
GP2 11.15 <0.100 <0.100 10.1 12.9 1.22 7.40 88.2 78.9
LPS-1 GP1 145 0.165 <0.100 7.33 6.81 2.32 130 79.1 75.9
GP2 114 <0.100 <0.100 6.67 5.72 16.6 15.1 85.8 77.2
GP3 61 <0.100 <0.100 3.09 2.83 8.53 18.3 76.3 76.3
GP4 22 <0.100 <0.100 10.00 1.1 0.494 9.35 75.4 74.7
GP5 75 <0.100 <0.100 10.00 9.55 5.51 11.6 740 77.0
LPS-2 GP1 178 4.35 407 19.4 18.1 3.03 257 80.5 746
GP2 125 8.49 7.51 22.5 20.4 0.133 1.15 74.3 67.2
GP3 87 139 9.52¢ 225 15.6 1.51 7.434 58.2 64.19
GP4 29 24.1 24.7 26.2 27.4 1.09 0.783 44.1 45.1

® Soil gas concentrations in volume percent as reported by ESE-Gainesville laboratory for soil gas samples collected in 6-liter SUMMA canisters and analyzed using GC-TCD Method

133 (Lodge, 1989).
® February 1995 sampling event conducted 2/21/95 through 2/23/95.
¢ March 1995 sampling event conducted 3/27/95 through 3/29/95.
9 Air leak oceurred during sampling; values not representative of subsurface conditions.
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Table 4. Preliminary Laboratory Results, VOCs Detected in Soil Gas
Page 1 of 3
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Monitor | Soil Gas | Sampling - iy S M) o < S 2 2 2 2 S £ 3 § % 2 5 z a
Well Port Date - K £ - - - m (&) O ¥ (&) a w w = [ [ - s £
<100 | <100 | <1.00 | <1.00 | <100 | <100 | <1.00 | <1.00 | <1.00 | 4.02 148 | <100 | <100 | <100 | 118 | <100 | <1.00 | <1.00
<1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <100 | <100 | 4.18 116 | <1.00 | <1.00 | <1.00 | <100 | <100 | <1.00 | <1.00
<1.00 | <1.00 | <100 | <1.00 | <1.00 | <1.00 | <1.00 | <100 | <1.00 | 4.30 132 | <1.00 | <1.00 | <1.00 { <100 | <1.00 | <1.00 | <1.00

<1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 4.60 1.06 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00

|
|

LP-2 GP1 2/95 <1.00 1.52 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 3.52 105 <1.00 4.64 1.00 47.4 <1.00 <1.00 <1.00
3/95 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 4.28 136 <1.00 6.80 <1.00 39.2 <1.00 <1.00 <1.00
LP-3 GP1 2/95 7.40 464 5.20 17.2 6.90 21.9 10.6 <5.00 310 <5.00 <5.00 710 <5.00 87.9 15.0 121 <£.00 11.6 29.9
3/95 3.34 290 6.68 16.0 6.08 23.0 13.2 4.60 405 6.50 5.60 495 4.66 72.2 2.12 133 2.04 13.6 30.9
LP-3 GP2 2/85 <50.0 7340 218 91.0 50.0 90.0 114 <50.0 1210 88.0 213 983 <50.0 80.0 87.0 75.0 <£0.0 <50.0 730
3/95 <5.00 650 8.95 <5.00 <5.00 10.1 10.3 <5.00 438 5.66 20.7 541 <5.00 54.9 <5.00 52.8 <5.00 7.29 46.3
LP-3 GP3 2/95 <50.0 1370 <50.0 <50.0 <50.0 55.0 77.0 <50.0 8970 <60.0 974 523 <50.0 <50.0 83.0 <50.0 <50.0 <50.0 355
3/95 37.2 6760 159 80.4 38.8 71.8 84.6 34.2 1880 49.2 35.8 994 <10.00 169 46.0 65.2 10.8 52.0 659
LP-3 GP4 2/95 91.0 8650 270 61.0 <50.0 <50.0 112 <50.0 1920 <50.0 273 1210 <50.0 244 71.0 <50.0 <50.0 <50.0 1280
3/95 56.4 7490 298 46.0 24.0 26.0 93.2 12.6 1170 66.6 79.0 585 <10.00 189 39.0 27.6 10.2 58.6 784
LP-4 GP1 2/95 <50.0 1010 <50.0 <50.0 <50.0 <50.0 <50.0 <50.0 400 <50.0 189 830 <50.0 <50.0 56.0 129 <50.0 <50.0 74.0
3/95 11.8 2820 25.8 <10.00 | <10.00 22.0 31.8 <10.00 | 2300 18.0 104 761 <10.00 €8.8 35.2 129 30.4 13.0 170
LP-4 GP2 2/95 <50.0 3880 52.0 <50.0 <50.0 <50.0 60.0 <50.0 1490 <50.0 268 828 <50.0 118 87.0 145 <50.0 <50.0 325
3/95 15.4 3350 57.8 18.6 <10.00 29.2 42.8 <10.00 5400 22.2 273 449 <10.00 | <10.00 41.8 102 11.6 15.4 206
LP-4 GP3 2/95 <50.0 3660 60.0 <50.0 <50.0 58.0 78.0 <50.0 2680 <50.0 343 €683 <50.0 156 81.0 €8.0 <50.0 <50.0 456
3/95 15.2 1670 354 16.6 <10.00 36.4 40.8 <10.00 1580 21.8 96.6 277 <10.00 | <10.00 72.0 38.6 €3.2 11.8 191

* VOC concentrations as reported by ESE-Gainesville for soil gas samples collected in 6-liter SUMMA canisters and analyzed by EPA method TO-14.
b February 1995 sampling event conducted 2/21/95 through 2/23/95.
¢ March 1995 sampling event conducted 3/27/95 through 3/29/95.
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Table 4. Preliminary Laboratory Results, VOCs Detected in Soil Gas

Page 2 of 3
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LP-4 GP4 2/95 <50.0 1670 <50.0 <50.0 <50.0 <50.0 83.0 <50.0 8530 <50.0 <50.0 <50.0 <50.0 <50.0 62.0 <50.0 <50.0 <50.0 369 <50.0
3/95 11.6 1110 53.6 25.6 <10.00 48.4 65.6 10.2 4690 258 173 295 13.6 <10.00 28.6 14.8 19.4 13.8 277 52.0
LP-5 GP1 2/95 <5.00 5.30 <5.00 <5.00 <5.00 <5.00 <5.00 <5.00 16.2 <5.00 <5.00 735 <5.00 61.8 10.4 284 <5.00 <5.00 <5.00 8.70
' 3/95 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 13.2 <1.00 <1.00 492 <1.00 49.1 <1.00 96.3 <1.00 1.78 <1.00 <1.00
7 LP-6 GP1 2/95 <1.00 2.26 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 2.34 <1.00 3.58 39.4 <1.00 <1.00 <1.00 30.0 <1.00 15.2 <1.00 <1.00
3/95 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 2.68 <1.00 424 45.8 <1.00 2.16 1.06 32.8 4.04 14.3 <1.00 <1.00
LP-7 GP1 2/95 <5.00 6.60 <5.00 <5.00 <5.00 <5.00 <5.00 <5.00 25.7 <5.00 315 459 <5.00 36.6 9.60 64.2 <5.00 <5.00 <5.00 7.90
3/95 <1.00 1.44 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 22.3 <1.00 3.94 307 <1.00 31.8 <1.00 73.3 <1.00 2.26 <1.00 <1.00
LP-7 GP2 2/95 <50.0 4830 50.0 256 104 239 74.0 <50.0 59.9 <50.0 230 1300 245 142 112 132 501 84.0 251 625
3/95 252 4470 51.6 201 82.2 187 101 28.2 612 31.2 69.0 481 302 71.6 79.0 119 695 101 246 731
LP-7 GP3 2/95 §9.0 11100 140 750 447 352 333 164 1410 <50.0 216 1260 1210 135 156 130 848 108 803 2150
3/95 35.8 9080 111 467 193 238 228 117 | 900 75.4 <10.00 474 826 92.2 135 105 711 88.4 559 1590
LP-8 GP1 2/95 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 4.28 12.3 <1.00 <1.00 <1.00 3.60 <1.00 <1.00 <1.00 <1.00
3/95 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 1.78 <1.00 3.74 15.4 <1.00 1.12 1.36 4.00 <1.00 <1.00 <1.00 <1.00
LP-8 GP2 2/95 <1.00 2.22 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 1.92 <1.00 3.92 32.9 <1.00 3.90 2.28 10.7 1.72 <1.00 <1.00 <1.00 <1.00
3/95 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 3.62 24.0 <1.00 3.28 <1.00 7.92 <1.00 <1.00 <1.00 <1.00 <1.00
LP-8 GP3 2/95 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 3.66 211 <1.00 1.28 <1.00 4.88 <1.00 <1.00 <1.00 <1.00 <1.00
3/95 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 4,36 <1.00 3.62 29.7 <1.00 7.96 <1.00 5.76 <1.00 <1.00 <1.00 <1.00 <1.00
LP-9 GP1 2/95 <5.00 159 <5.00 <5.00 <5.00 <5.00 <5.00 <5.00 52.1 <5.00 28.1 463 <5.00 44.6 19.9 419 <5.00 33.4 <5.00 8.30 <5.00
3/95 <1.00 1.06 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 58.0 <1.00 4.28 287 <1.00 38.0 <1.00 157 <1,00 34.5 <1.00 <1.00 <1.00"

# VOC concentrations as reported by ESE-Gainesville for soil gas samples collected in 6-liter SUMMA canisters and analyzed by EPA method TO-14.
b February 1995 sampling event conducted 2/21/95 through 2/23/95,
¢ March 1995 sampling event conducted 3/27/95 through 3/29/95.

SAMO10\AFI-SPRT .895\WOCS. 895
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Table 4. Preliminary Laboratory Results, VOCs Detected in Soil Gas
Page 3 of 3

ll
|
|

Concentration (ppbv)?

(0] [+]
o & 2 2 o c
o 5 £ ] (] o g £
S £ @ c c s £ @ 3
2 ) g 2 ° N © £ e 2
Elg 2|2 |32 |5 e | § 2 | ¢ 2 | 2 2
© o £ 2 2 ] <} [y £ o)
E |5 |8 |8 [ 8 | B 8 s | 5 | £ | £ s | < | S | 8 2 | ¥ o
5 = N £ & = o 2 5 3 £ B S T 5 2 o g = g
2 N - v " 3 o 3 o 2 S S ¥ c = S € S O 3
Monitor | Soil Gas | Sampling | + - < o © < S 2 2 £ 2 S £ 8 3 % 3 5 z a
Well Port Date = X £ - - - 3 5 o o) &) a & L s 2 i = S £
— ———— —— e — — ——— e —— — _————-_——_———?‘_F—_
<1.00 | <1.00 | <1.00 | <1.00 | <1.00 | 870 | <100 | 5.36 152 | <100 | 774 | <1.00 | 155 | <1.00 | 536 | <1.00 | <1.00
<1.00 | <1.00 | «1.00 | <1.00 | <100 | 132 | <100 | 4.34 193 | <1.00 | 214 | <100 | 18 | <100 | 540 | <1.00 | <1.00
<250 | <250 | <250 | <50 | <250 | 438 | <50 | 120 312 | <250 | 256 | 545 113 2,65 7.35 | <50 | 3.35

<1.00 <1.00 <1.00 <1.00 <1.00 51.2 <1.00 3.80 221 <1.00 20.6 <1.00 119 <1.00 7.82 <1.00 <1.00
f LPS-1 GP2 2/95 <1.00 2.12 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 7.86 <1.00 4.20 130 <1.00 11.0 <1.00 729 <1.00 <1.00
<1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 13.1 <1.00 3.74 197 <1.00 16.7 <1.00 716 <1.00 <1.00
<1.00 1.10 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 1.68 <1.00 3.94 52.0 <1.00 4.16 <1.00 14.1 <1.00 <1.00
<1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 2.54 <1.00 3.62 55.1 <1.00 5.48 <1.00 14.3 <1.00 <1.00
<1.00 1.02 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 1.64 <1.00 4.38 129 <1.00 16.7 <1.00 294 <1.00 <1.00
<10.00 | <10.00 | <10.00 | <10.00 | <10.00 | <10.00 | <10.00 | <10.00 | <10.00 | <10.00 50.0 173 <10.00 95.0 34.4 26.0 <10.00 | <10.00
<1.00 1.26 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 4.40 109 <1.00 13.3 1.66 214 <1.00 <1.00
<5.00 15.2 <5.00 <5.00 <5.00 <5.00 <5.00 <5.00 9.90 <5.00 19.4 197 <5.00 84.6 7.50 20.5 <5.00 <5.00
<5.00 92.5 <5.00 <5.00 <5.00 <5.00 <5.00 <5.00 533 <5.00 <5.00 1020 <5.00 92.3 10.00 340 <5.00 141
<1.00 107 2.44 <1.00 <1.00 2.94 1.90 <1.00 <1.00 <1.00 | <1.00 124 <1.00 77.2 1.06 93.5 15.2 15.4

<50.0 3180 <50.0 <50.0 <50.0 <50.0 <50.0 <50.0 992 57.0 224 824 <50.0 <50.0 84.0 156 <50.0 <50.0
<10.00 1940 17.8 <10.00 | <10.00 19.0 232 <10.00 | 33100 14.2 <10.00 1120 <10.00 104 21.0 237 49.8 27.8
<50.0 813 <50.0 <50.0 <50.0 <50.0 <50.0 <50.0 17.9 <50.0 234 127 <50.0 <50.0 50.0 <50.0 <50.0 <50.0
21.8 5240 55.0 20.4 <10.00 51.8 56.5 11.4 1930 38.6 43.8 750 <10.00 81.8 49.2 136 64.6 39.6
106 32700 349 34.5 <25.0 181 216 27.5 2640 160 <25.0 869 <25.0 140 140 81.0 137 66.5

83.0 23600 351 414 <10.00 158 200 38.2 5230 109 102 768 21.2 125 80.8 73.2 98.6 69.0

® VOC concentrations as reported by ESE-Gainesville for soil gas samples collected in 6-liter SUMMA canisters and analyzed by EPA method TO-14.
e February 1995 sampling event conducted 2/21/95 through 2/23/95.
¢ March 1995 sampling event conducted 3/27/95 through 3/29/95.

%  74010\RFI-SPRT.895\VOCS. 895
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Thus, the soil vapor samples collected from the perimeter wells may be considered as mixtures
of air and landfill gas end members, with subsequent conversion of methane to carbon dioxide
around the aerobic perimeter of the landfill gas plume. Figure 6 shows an idealized conceptual

model of some of the chemical and biological processes operating in and around a landfill.

The densities of pure gases are proportional to their molecular weights (MW). For example, at
a given temperature and total pressure, CO, (MW=44) is more than twice as dense as CH,
(MW=16). In addition, the density of a gas mixture depends on the relative proportions of its
individual components. Other things being equal, the larger the proportion of higher molecular
weight compounds in the gas, the greater the vapor density of the gas mixture. This may be
termed the "composition effect" on vapor density. If we know the concentrations of all of the
major components of the soil gas, it is possible to calculate its relative vapor density (RVD) with
respect to the density of pure air (MW = 28.75 g/mol). This calculation is performed as follows:

oC> H OO °CD OON
[16(/0 4]+32{/02]+44(/002}+28(/ ZH (1)
AVD - 100 100 100 100

28.75

Applying Equation 1 to the soil gas results reported for samples obtained from the multi-port
monitor wells at TA-73, we calculate that the RVD of the soil vapor ranges from 1.01 to 1.08. The
highest RVD values represent those samples containing the highest concentrations of CO, which
has a molecular weight significantly greater than those of nitrogen and oxygen. These values
imply that the soil gas underlying the perimeter of the landfill is between 1 and 8 percent denser
than air. Although increasing methane content results in a decrease in vapor density, gas
samples that contain the highest methane concentrations are still predicted to be several percent
denser than air, as a resuit of their correspondingly high CO, concentrations. Given sufficiently
high air permeabilities in the Bandelier Tuff, this suggests that there is a potential for sinking of
dense soil vapor through the vadose zone as a result of density differences.

In making the vapor density calculations, several complicating factors have been ignored,
including the temperature effect and the water vapor effect. In accordance with the ideal gas law,

J:MO10\RFI-SPRT.895\RFI-RPT.895 37 @ [RA FT
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vapor density decreases linearly with increasing temperature. The density change is proportional
to the difference in absolute temperature (°K,-°K,). In the temperature range of interest here
(0-30°C), a 10°C difference in gas temperature results in approximately a 3 percent density
change. Therefore, the temperature effect is probably insufficient to completely cancel the density
increase calculated for the soil gas due to the composition effect. Thus, wam landfill gas
containing high concentrations of methane and carbon dioxide would remain more dense than

cold soil air that surrounds i, in spite of the temperature effect that acts in the opposite direction.

The "water vapor effect" refers to the fact that humid air has a density less than that of dry air.
This results from the fact that water (MW=18) has a lower molecular weight than does air
{(MW=28.75). At the temperature existing in the Bandelier Tuff surrounding the landfill, the water
vapor content of the soil gas is approximately 3 percent by volume. The water vapor effect on
gas density is such that the soil air (100 percent RH) would be about 1 percent less dense than
dry air at the same temperature and total pressure. lt is therefore apparent that the magnitude
of the water vapor effect is insufficient to significantly influence soil gas density, especially when
one considers that the relative humidity of the soil vapor is almost always close to 100 percent
and spatial variations in moisture content of the soil gas are negligible.

The soil gas samples were analyzed by EPA Method TO-14 for 42 target VOCs. All
concentrations were reported in units of parts per billion by volume (ppbv). Concentrations
reported in volume-per-volume units (e.g., ppbv) are independent of the total gas pressure, in
contrast to mass-per-volume units (e.g., ug/L). Therefore, although the average atmospheric
pressure at Los Alamos (=775 mbar) is significantly less than that at the laboratory in Gainesvilie,
Florida (=1000 mbar), where the gas samples were analyzed, the soil gas VOC concentrations
reported in ppbv are identical at both locations.

Of the 42 target VOCs, 28 compounds were detected in one or more of the soil gas samples, and
21 of those compounds were detected at concentrations greater than 100 ppbv (Table 4). The
6 VOCs detected at the highest concentrations include, in approximate order of decreasing
concentration, cis 1,2-DCE, Freon-22, vinyl chloride, Freon-12, xylenes, and ethylbenzene. Each
of these compounds was detected at a concentration of greater than 1000 ppbv in one or more
of the soil gas samples. The most prevalent compound, cis 1,2-DCE, was detected at

DRAFT
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concentrations of up to 36,000 ppbv, while the remaining 5 VOCs were present at concentrations
in the range of 1,000 to 10,000 ppbv.

VOCs detected in the soil gas may be conveniently classified into two broad groups:
(1) chiorinated solvent compounds (e.g., PCE, TCE, Freons) and their degradation products (e.g.
DCE, vinyl chloride) and (2) non-chlorinated aromatic fuel hydrocarbons (e.g., ethylbenzene,
xylenes). While both types of hydrocarbons may occur together in the soil vapor, the two classes
of VOCs most likely derive from separate sources within the landfill.

Figure 7 shows the biodegradation pathways for several common chlorinated solvents. The most
abundant VOCs in the soil vapor samples collected from the multi-port soil gas monitor wells are
those that lie along the PCE degradation pathway, particularly cis-1,2-DCE and vinyl chloride.
These two VOCs are products of the anaerobic dechlorination of the parent compound, PCE,
which likely represents the primary waste liquid solvent that was placed directly in the landfill.

VOC concentration profiles for cis-1,2-DCE and viny! chloride are plotted versus depth for the
February and March sampling events in Figures 8a/8b and 9a/9b, respectively. These plots
indicate that (1) the highest concentrations of these compounds are found in monitor wells LPS-2,
LP-3, LP-4, and LP-7 and (2) VOC concentrations generally decline with depth below the surface,
with the highest concentrations observed in the uppermost soil gas port in each monitor well.

In addition, the presence of chlorinated VOCs in soil vapor appears to correlate with the presence
of methane. This relationship is shown graphically in Figures 10a and 10b. As discussed above,
methane is a major component of landfill gas that is generated during anaerobic decomposition
of organic refuse. Landfill gas thus apparently serves as the "carrier gas" for transport of
chlorinated VOCs from the landfili refuse into the surrounding volcanic tuff.

Another observation is that the chlorinated VOCs cis-1,2-DCE and viny! chloride appear to be
rapidly biodegraded upon contact with free oxygen along the perimeter of the anoxic landfill gas
plume. This accounts for the observation that in every soil gas sample in which DCE or vinyl
chioride was detected, methane was also present. Based on these data, methane apparently

serves as a reasonably reliable surrogate, or indicator compound, for the presence of hazardous
chlorinated VOCs in soil vapor.
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The concentrations of benzene, toluene, ethylbenzene, and xylenes (BTEX) in soil gas are
generally much lower than those of the chlorinated VOCs. With the exception of the uppermost
two ports in monitor well LP-7, BTEX concentrations in soil gas are below 100 ppbv. However,
soil vapor samples obtained from LP-7 show concentrations in the range of 100 to 1600 ppbv for
the individual BTEX compounds, indicating that this well is situated in the vicinity of a source of
fuel hydrocarbons in the landfill. As was observed for the chlorinated VOCs, the highest
concentrations of BTEX compounds were reported for the shallowest soil vapor sample,

suggesting a near-surface source within the refuse.

Based on the first two months of soil vapor sampling, both major gas and VOC concentrations
at a given depth within the vadose zone appear to be relatively stable over time. Table 3 shows
the concentrations of CH,, CO,, and N, in soil vapor samples collected during February and
March 1995. These data show that, with the exception of LP-8 near the mesa edge, the major
gas composition of soil vapor at a particular depth has remained nearly constant over this two-
month period. Likewise, VOC concentrations also appear relatively constant or are changing only
slowly over time (Table 4). However, seasonal effects on soil vapor composition may become

apparent as additional samples are collected.

The following conclusions are based on the resuits of the first two months of soil gas sampling
and analysis; they should be regarded as preliminary and will be re-evaluated as additional soil
gas samples are collected and analyzed.

* High concentrations of CH, (up to 27 percent) and CO, (up to 30 percent) exist in soil gas
surrounding the landfill as a result of anaerobic decomposition of refuse and subsequent
lateral migration of landfill gas.

* Chlorinated VOCs are present in soil vapor surrounding the landfill perimeter at
concentrations as high as 36,000 ppbv, with the predominant compounds being
cis-1,2-DCE, Freon-22, vinyl chloride, and Freon-12, in approximate decreasing order of
abundance.

JMO10\RFI-SPRT.895\RFi-RPT.895 48 @ FEAFT
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» Soil vapor concentrations of chlorinated VOCs show a strong positive correlation with

methane concentrations; methane is always present in soil gas containing chlorinated
VOCs.

* Preliminary results indicate that soil vapor concentrations of major gases and VOCs at a
particular depth remain relatively constant over time.

* Landfill gas appears to serve as a "carrier gas" for the advective transport of hazardous
VOCs, and landfill gas is present to a depth of at least 160 feet, the deepest depth
monitored.

* Several of the volatle compounds, such as the Freons, are primary solvents that
apparently were placed directly in the landfill, while others, such as cis-1,2-DCE and vinyl
chloride, are biodegradation products of the anaerobic dechlorination of parent solvent
compounds, such as PCE and TCE.

* VOC concentrations generally decline with depth below the surface, with the highest
concentrations observed in the uppermost soil gas port in each monitor well.

» Soil vapor containing significant quantities of landfill gas is predicted to be more dense

than ordinary soil air, and thus the potential for sinking of dense gas exists.

+ Both the diffusion (concentration) and advection (density) gradients suggest the possibility
for downward migration of landfill gases containing VOCs.

3.1.3  QA/QC Sample Results

In general, the concentrations of CO,, CH,, and O, reported by the laboratory for canister
samples agree quite well with those determined in the field using the portable multi-gas monitor,
generally differing within £1% by volume (Table 5). Likewise, the major gas concentrations
reported by the laboratory for field duplicates collected simuitaneously in identical SUMMA
canisters are in reasonably good agreement. Table 6 shows the major gas results for duplicate

J:\fO 10\RFI-SPRT.895\RFI-APT.895 49 @ RA FT
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Table 5. Comparison of Field- and Laboratory-Measured Concentrations of Major Gases in Soil Vapor

Page 1 of 3
Concentration (% vol)
, _ Methane (CH Carbon Dioxide (C i '
Monitor | Soil Gas { Depth Sample (CHy arbon Dioxide (CO,) " Oxygen (O,) " Nitrogen " Hydrogen
Well Port (ft) Date Field® | Laboratory’ || Field® | Laboratory® " Field® | Laboratory® " Laboratory? II Laboratory®
e e e e

] 02/21/95 | 0.0 <0.200 1.1 157 205 215 80.4 <0.100

LP-1 | GP1 1 402 1 gap705 | 00 | <0100 15 143 20.4 20.3 75.8 <0.100

GP2 0o | 0221/ | 01 <0.200 17 2.14 20.1 20.8 80.8 <0.100

< | o3/27/95 | 00 <0.100 1.8 2,07 20.6 19.6 75.4 <0.100

po | ap1 s | 022185 | 00 <0.200 4.9 6.94 14.9 16.7 84.2 <0.100

03/27/95 || 0.0 <0.100 4.9 6.13 15.2 14.8 75.2 <0.100

02/22/95 || 2.0 3.16 16.9 20.1 32 2.16 72.8 <0.100

LP-3 | GP1 992 | oa/20/95 | 25 272 21.0 19.0 1.8 1.19 75.1 <0.100

P2 o1a | 022285 | 24 3.34 17.9 19.5 1.7 0.807 73.3 <0.100

| oa/20/95 | 37 3.81 19.8 19.5 2.7 1.15 74.8 <0.100

aP3 s | 0222705 | 129 10.9 24.9 21.4 06 1.88 66.8 <0.100

2 | 03/29/95 | 136 12.2 27.1 24.3 06 1.01 62.3 <0.100

P4 op | 02225 | 200 21.0 28.7 26.7 07 1.44 57.1 <0.100

: 03/29/95 | 207 19.5 29.0 26.7 0.2 0.886 52.0 <0.100

02/22/95 || 7.0 6.92 223 21.3 06 0.996 74.2 <0.100

LP-4 | GP1 | 9935 | napgies | 6.9 5.99 21.9 19.8 06 1.08 68.2 <0.100

cp2 | 7535 | 0222195 | 88 8.30 22.7 21.4 06 1.76 65.8 <0.100

. 03/28/95 | 86 8.15 23.2 215 06 117 66.2 <0.100

aps | asas | 022295 || 166 16.8 27.2 26.5 06 158 61.6 <0.100

’ 03/28/95 | 11.6° 10.8° 18.5° 17.5° 6.0° 5.94° 61.2° <0.100°

350il gas composition determined in the field during purging using Landtec GA-90 multi-gas monitor.
bSoil gas composition reported by ESE-Gainesville (prefiminary results) for SUMMA canister samples analyzed by GC-TCD Msthod 133 (Lodge, 1989).

SAir leak occurred during sampling; values not representative of subsurface conditions.
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Table 5. Comparison of Field- and Laboratory-Measured Concentrations of Major Gases in Soil Vapor

Page 2 of 3
Concentration (% vol)
Methane (CH o joxi i
Monitor | Soil Gas | Depth Sample (CH,) " arbon Dioxide (CO,) " Oxygen (O,) " Nitrogen Hydrogen
' Well Port (ft) Date Field® | Laboratory® " Field® | Laboratory® " Field® | Laboratory® " Laboratory? || Laboratory®
e it s SR
ﬁ

LP-4 GP4 13.35 02/22/95 275 26.5 29.6 26.7 06 1.10 440 <0.100
(cont.) ) 03/28/95 26.6 26.3 28.3 27.4 04 0.789 442 <0.100
02/21/95 0.0 <0.200 10.1 15.9 9.5 2.46 89.6 0.100

s | G . : : 0.
5 P1 335 03/28/95 0.0 <0.100 14.4 14.3 6.7 7.04 76.8 <0.100
LP-6 GP1 27 02/23/95 0.0 <0.100 3.5 3.46 18.5 712 80.7 <0.100
03/28/95 0.0 <0.100 35 3.01 17.5 18.2 73.7 <0.100
) 02/23/95 0.0 <0.100 15.0 15.9 53 256 89.3 <0.100
LP-7 | GP1 100 | o3/20/95 | 0.0 <0.100 16.0 16.2 34 3.56 77.1 <0.100
GP2 28 02/23/95 6.3 6.34 245 23.1 05 1.91 69.1 <0.100
03/29/95 89 8.71 24.4 24.4 0.6 1.06 63.0 <0.100
GP3 16 02/23/95 17.0 16.0 314 26.8 0.8 143 56.2 <0.100
03/29/95 14.9 14.8 27.9 27.7 0.7 0.932 54.3 <0.100
LP-8 GP1 915 02/23/95 0.1 <0.100 0.4 9.25 20.4 10.2 83.3 <0.100
’ 03/27/95 0.0 <0.100 04 <0.100 20.9 21.0 77.0 <0.100
GP2 435 02/23/95 0.1 <0.100 15 0.564 19.8 19.5 76.5 <0.100
) 03/27/95 0.0 <0.100 1.1 <0.100 20.1 20.7 75.9 <0.100
GP3 155 02/23/95 0.1 <0.100 14 155 19.6 18.6 76.3 <0.100
’ 03/27/95 0.0 <0.100 13 1.29 19.7 20.0 75.6 <0.100
LP-9 GP1 4 02/22/95 0.0 <0.100 13.5 14.8 76 10.3 76.4 <0.100
03/28/95 0.0 <0.100 13.0 13.8 79 8.40 76.3 <0.100

®Soil gas composition determined in the field during purging using Landtec GA-90 multi-gas monitor.
bSoil gas composition reported by ESE-Gainesville (preliminary results) for SUMMA canister samples analyzed by GC-TCD Method 133 (Lodge, 1989).

°Air leak occurred during sampling; values not representative of subsurface conditions.
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Table 5. Comparison of Field- and Laboratory-Measured Concentrations of Major Gases in Soil Vapor

Page 3 of 3
Concentration (% vol)
. Methane (CH Carbon Dioxid i
Monitor | Soil Gas | Depth Sample (CH) oxide (CO) " Oxygen (O,) Nitrogen " Hydrogen
Well Port () Date Field® | Laboratory’ || Field® | Laboratory® || Field® | Laboratory® || Laboratory® || Laboratory®
[ e ) [ e e e [ — [ ———)

LP-9 GP2 1145 | 02/22/95 0.0 <0.100 11.9 10.1 6.6 1.22 88.2 <0.100
(cont.) : 03/28/95 0.0 <0.100 13.0 12.9 7.2 7.40 78.9 <0.100
) 02/23/95 0.0 0.165 5.6 7.33 14.2 2.32 79.1 <0.100
LPS-1 GP1 1451 oarz7105 0.0 <0.100 5.8 6.81 13.2 13.0 75.9 <0.100
GP2 114 | 02/23/95 0.0 <0.100 49 6.67 15.8 16.6 85.8 <0.100

03/27/95 0.0 <0.100 48 5.72 14.7 15.1 77.2 <0.100

GP3 51 02/23/95 0.0 <0.100 2.4 3.09 18.2 8.53 76.3 <0.100

03/27/95 0.0 <0.100 27 2.83 17.3 18.3 76.3 <0.100

GP4 29 02/23/95 0.0 <0.100 8.1 10.00 11.6 0.494 75.4 <0.100

03/27/95 0.0 <0.100 8.3 1.1 11.0 9.35 74.7 <0.100

GP5 75 02/23/95 0.0 <0.100 6.8 10.00 13.0 551 74.0 <0.100

' 03/27/95 0.0 <0.100 5.9 955 135 11.6 77.0 <0.100

02/22/95 4.1 435 17.6 19.4 26 3.03 80.5 <0.100

LPS-2 | GP1 178 | oajzo/95 | 43 4.07 19.4 18.1 15 257 74.6 <0.100
GP2 105 | 02/22/95 8.8 8.49 21.7 225 0.6 0.133 743 <0.100

03/29/95 8.6 7.51 23.7 20.4 0.0 1.15 67.2 <0.100

GPa 87 02/22/95 || 15.8 13.9 26.2 225 0.6 1.51 58.2 <0.100

03/29/95 || 10.3 9.52° 16.5° 15.6° 7.9° 7.43° 64.1¢ <0.100°

GP4 29 02/22/95 || 27.0 24.1 30.8 26.2 06 1.09 441 <0.100

03/29/95 || 25.8 24.7 28.6 27.4 0.3 0.783 45.1 <0.100

®Soil gas composition determined in the field during purging using Landtec GA-90 multi-gas monitor.

®Soil gas composition reported by ESE-Gainesville (preliminary results) for SUMMA canister samples analyzed by GC-TCD Method 133 {Lodge, 1989).
°Air leak occurred during sampling; values not representative of subsurface conditions.
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Table 6. Comparison of Concentrations of Major Gases for Duplicate Soil Gas Samples
(February and March 1995 Sampling Events)

Concentration? (% vol.)
LP-4/GP4 (2/22/95) LP-7/GP3 (2/23/95) LPS-2/GP4 (2/22/95) LPS-1/GP4 (3/27/95) LP-4/GP3 (3/28/95)
SUMMA | SUMMA [RPDP | SUMMA | SUMMA | RPDP || SUMMA | SUMMA | RPDP || SUMMA | SUMMA | RPD® || SUMMA RPDP
Constituent || GLO39 | GLO14 | (%) || GL083 | GL00O3 | (%) [ GLO11 | GLO59 | (%) | GLO11 | GL094 | (%) || GL106 |22 SUMMA | (%)
Cco, 26.7 258 | 3 26.8 207 | 10 | 262 24.6 6 11.1 114 | 3 175 17.7 1
CH, 26.5 255 | 4 16.0 177 | 10 | 241 226 6 | <0.1 <01 | NC || 108 10.9 1
N, 44.0 425 | 3 56.2 60.7 8 || 44.1 409 | 12 || 747 764 | 2 61.2 62.5 2
o, 1.10 106 | 4 1.43 156 | 9 1.09 129 | 17 9.35 963 | 3 5.94 6.15 3
H, <0.1 <01 | NC || <0.1 <01 | NC || <0.1 <01 | NC [ <01 <01 | NC | <0.1 <0.1 NC

® Gas concentrations as reported by ESE-Gainesville {preliminary results) for soil gas samples collected in SUMMA canisters and analyzed by GC-TCD Method 133 (Lodge, 1989).
® Relative percent difference (RPD) between duplicates calculated as (X, - X,M(X, + X,)/2), where X, and X, represent the two concentrations reported by the laboratory.

NC = Not calculated

JMO10\RFI-SPRT.895\SOIL-GAS.895
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soil gas samples collected during both the February and March sampling events. Relative
percent differences for major gas concentrations of field duplicates collected during February
range from 3 to 17 percent, while those for the March sampling event range from 1 to 3 percent.
The improvement in analytical precision during analysis of the March samples probably reflects
better consistency in performing the laboratory procedures.

Due to a laboratory error, the major gas PE sample submitted along with the February soil gas
samples was inadvertently lost. However, the major gas concentrations reported for the PE
sample submitted during March 1995 are shown in Table 7, along with the expected nominal
concentrations. The laboratory results for CH, and CO, reported by ESE are slightly outside the
project-specific accuracy objective of +1 percent for the major gases; otherwise, the results
appear acceptable.

Table 8 shows the laboratory results for VOC analysis of the PE sample submitted during the
February and March sampling events. During the first monthly sampling event (February 1995),
low VOC recoveries were observed for two of the compounds present in the VOC PE sample:
PCE and EDB. Recoveries for these two compounds were 67 and 46 percent, respectively.
Recoveries for the remaining six compounds ranged from 94 to 115 percent. It was observed
that the two compounds with low recoveries were those with the lowest vapor pressures and the
highest molecular weights. It was then surmised that the low recoveries were probably
attributable to sorption of the higher molecular weight VOCs on the dry interior of the SUMMA
canister, a phenomenon sometimes referred to as the "wall effect" (Rasmussen, 1995).

Wall effects are negligible for soil vapor samples, because the high water vapor content of soil
gas results in a thin layer of water molecules covering the interior surface of the canister. Wall
effects are significant for dry gases, however, such as the VOC gas standard obtained from Scott
Specialty Gases. Dr. Reinhold Rasmussen, who manufactures the SUMMA canisters, suggested
that canisters used to collect the dry VOC PE samples should be "humidified" with clean water
prior to filling them with the gas sample. During subsequent monthly sampling events, therefore,
approximately 0.2 mL of distilled water has been introduced into the canister prior to filling with
the VOC gas standard in order to minimize sorption of VOCs. Humidification of the SUMMA
canisters prior to collection of the VOC PE samples appears to have eliminated the sorption
problem beginning with the March PE sample (Table 8).

JMO10\RFI-SPRT.895\RFI-RPT.895 54 @FBAFT
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Table 7. Laboratory Results for Major Gases

Performance Evaluation Sample

Nominal SUMMA
Concentration® GLO79° Percent
Constituent (vol. pct.) (vol. pet.) Recovery®

co, 15 13.0 87
CH, 15 13.1 87

N, 70 67.6 96

) 0 2.13 NC

H, 0 <0.1 NC

NC = Not calculated

Technologles, Commerce, Calif. (Batch #543758-120993).
Laboratory results reported by ESE-Gainesville for performance evaluation sample
collected March 29, 1995, in SUMMA canister #GL079.

¢ Percentage of nominal concentration reported by ESE-Gainseville.

3 Stated concentration for calibration gas obtained from Landfil Control

February March
Nominal Scott 1995 ESE 1995 ESE

Concentration Analysisb Analysis® Percent Analysis® Percent

Constituent (ppmv) (ppmv) (ppmv) Recovery (ppmv) Recovery
cis 1,2-DCE 10 10.6 11.3 107 13.2 125
1,2-dibromoethane (EDB) 10 10.7 4.9 46 10.7 100
1,1-DCA 10 10.8 10.2 94 18.5 171
1,2-DCA (EDC) 10 9.98 115 115 13 130
PCE 10 10.7 7.2 67 12.5 117
1,1,1-TCA 10 10.2 11.2 110 14.7 144
Vinyl chloride 10 10.6 104 98 121 114
1,1-DCE (vinylidene chloride) 10 10.8 11.7 108 131 121

VOC performance evaluation sample = Scott Specialty Gases ltem #01046676 10 ppmv toxic organic mixture, blend 2
b Gas composition as reported on Certificate of Analysis from Scott Specialty Gases.

¢ Laboratory results reported by ESE-Gainesville for SUMMA canisters filled with the VOC performance evaluation sample purchased from Scott
Specialty Gases.

JMO10\RFI-SPRT.895\GASES.895
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Table 9 shows the VOC laboratory results for field duplicate SUMMA canisters collected during
the first two sampling events, along with the calculated relative percent difference (RPD) for the
duplicate values. The data quality objective for precision, as determined by analysis of field
duplicates, is <20 percent RPD. Most of the duplicate results do meet this criterion; however a
few have larger differences between the two values. As expected, analytical precision appears
to become worse for those samples and constituents whose concentrations are close to the

detection limit. Nearly all of the VOCs detected at concentrations of greater than 1 ppmv meet
the precision criteria.

3.2  Soil Gas Pressure Monitoring Program

Continuous monitoring of soil gas pressure is being conducted at four monitor wells: LP-4, LP-7,
LP-8, and LPS-2. Three soil gas sampling ports from each of the monitor wells are connected
to a data acquisition system. The depths of the gas ports being monitored in each well are
shown in Table 10. The data acquisition system and methods of data acquisition are discussed

in Section 2. Downhole soil gas pressure data generated from March 1 to April 14, 1995, are
shown in Appendix E.

Downhole pressure measurements are made every 45 minutes at monitor wells LP-4, LP-7, LP-8,
and LPS-2, each of which is equipped with a data acquisition system. A non-zero gauge
pressure recorded at a soil gas port represents a pressure gradient between the surface and the
subsurface at the depth of the port. Such differential pressures result from osciliations in surface
barometric pressure in response to so-called atmospheric tides. The magnitude of the pressure
differential depends primarily on the permeability of the intervening geologic materials. Large
pressure gradients imply inefficient communication (low air permeability) between the surface and
the subsurface depth interval being monitored. Conversely, small pressure gradients imply good
communication (high air permeability).

Typically, subsurface pressure responses at depths of more than 100 feet are commonly
attenuated in amplitude and out of phase with respect to the corresponding atmospheric pressure
oscillations at the surface. Both the attenuation in amplitude and out-of-phase nature can be

explained in terms of the resistance to air flow of the geologic materials, which results in energy
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Table 9. Comparison of Concentrations of VOCs for Duplicate Soil Gas Samples
February and March 1995 Sampling Events

Page 1 of 2
Concentration® (ppbv)
LP-4/GP4 (2/22/95) LP-7/GP3 (2/23/95) LPS-2/GP4 (2/22/95) LPS-1/GP4 (3/27/95) LP-4/GP3 (3/28/95)
SUMMA | SUMMA | RPD® || SUMMA | SUMMA | RPDP |{ SUMMA [ SUMMA | RPD® || SUMMA [ SUMMA | RPD® [| SUMMA® | SUMMA® | RPD®

Constituent GL039 | GLO14 | (%) || GLo83 | GLo03 | (%) || GLO11 | GLoSS | (%) || GLO11 | GLo94 | (%) || GL106 22 (%)
Freon 12 <50 <50 NC 1260 1160 8 869 841 3 173 214 21 277 263 5
Chloromethane <50 <50 NC 216 308 35 <25 129 NC 50.0 374 29 96.6 58.8 49
Freon 114 <50 <50 NC 135 143 6 140 138 1 95.0 88.2 7 <10 <10 NC
Vinyl chloride 369 290 24 803 754 6 1990 1990 0 <10 <10 NC 191 182 5
Chloroethane <50 <50 NC <50 135 NC 150 160 6 <10 <10 NC 21.8 20.2 8
1,1-DCE <50 <50 NC 59 <625 | NC 106 199 61 <10 <10 NC 15.2 14.2 7
Methylene chioride 62 81 27 156 160 2 140 133 5 344 <10 NC 72.0 31.6 78
cis 1,2-DCE 1670 1380 19 11,100 | 10,700 4 32,700 | 36,000 10 <10 328 NC 1670 1620 3
trans 1,2-DCE <560 <50 NC 140 110 24 349 338 3 <10 <10 NC 354 334 6
1,1-DCA <50 <50 NC <50 <62.5 NC <25 101 NC <10 <10 NC <10 <10 NC
1,2-DCA <50 <50 NC <50 <62.5 NC <25 110 NC <10 <10 NC <10 <10 NC
1,1,1-TCA <50 <50 NC <50 <62.5 NC <25 90.5 NC <10 <10 NC <10 <10 NG
Benzene 83 84 1 333 296 12 216 214 1 <10 <10 NC 40.8 38.8 5

® Gas concentrations as reported by ESE-Gainesvills for soil gas samples collected in SUMMA canisters and analyzed by GC-TCD Method 133 (Lodge, 1989).

b Relative percent difference (RPD) between duplicates calculated as (X, - XM(X, + X,)/2}, where X, and X, represent the two concentrations reported by the laboratory.
© Air leak occurred during sampling; values may be slightly lower than actual subsurface soil gas concentrations.

NC = Not calculated

J\4010\RFI-SPAT.895\VOC-SG.895
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Table 9. Comparison of Concentrations of VOCs for Duplicate Soil Gas Samples
February and March 1995 Sampling Events
Page 2 of 2

Concentration® (ppbv)

LP-4/GP4 (2/22/95) LP-7/GP3 (2/23/95) " LPS-2/GP4 (2/22/95) LPS-1/GP4 (3/27/95) LP-4/GP3 (3/28/95)
SUMMA | SUMMA [ RPD® [| SUMMA | SUMMA | RPD® " SUMMA [ SUMMA | RPD" || SUMMA | SUMMA | RPD® || SUMMA® | SUMMA®| RPD®
Constituent GLO39 | GLO14 | (%) |} GLO83 | GLOO3 | (%) || GLO11 | GLOS9 | (%) || GLO11 | GLO94 | (%) || GL106 22 (%)
e [ SR EES S R T R R | A AR | SN e e— |
TCE <50 <50 NC 108 913 17 66.5 64.5 3 <10 <10 NC 11.8 12.2 3
Toluene <50 <50 NC 848 680 22 137 165 12 <10 <10 NC 63.2 48.8 26
EDB <50 <50 NC <50 <62.5 NC <25 65.5 NC <10 <10 NC <10 <10 NC
PCE <50 <50 NC 130 101 25 81 151 60 26.0 24.4 6 38.6 40.0 4
Chlorobenzene <50 <60 NC 164 <62.5 NC 27.5 28.0 2 <10 <10 NC <10 <10 NC
Ethylbenzene <50 <50 NC 1210 1120 8 <25 <25 NC <10 <10 NC <10 <10 NC
M,P-xylenes <50 <50 NC 2150 1990 8 <25 <25 NC 11.6 17.2 40 24.6 28.6 15
O-xylene <50 <50 NC 179 141 24 <25 <25 NC <10 <10 NC <10 <10 NC
1,3,5-Trimethylbenzene <50 <50 NC 447 378 16 <25 <25 NC <10 <10 NC <10 <10 NC
1,2,4-Trimethylbenzene <50 <50 NC 750 675 11 34.5 29.5 16 <10 <10 NC 16.6 15.0 10
1,4-Dichlorobenzene <50 <50 NC 352 301 16 <25 154 NC <10 <10 NC 36.4 34.2 6
Freon 22 8530 7840 8 1410 120 168 2640 | 2390 10 <10 <10 NC 1580 1520 4

® Gas concentrations as reported by ESE-Gainesville for soil gas samples collected in SUMMA canisters and analyzed by GC-TCD Method 133 (Lodge, 1989).

b Relative percent difference (RPD) between duplicates calculated as (X, - X,)M[(X, + X;)/2], where X, and X, represent the two concentrations reported by the laboratory.
¢ Air leak occurred during sampling; values may be slightly lower than actual subsurface soil gas concentrations.

NC = Not calculated
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Gas pressure monitoring at the three soil gas ports in monitor well LP-7 shows virtually no
pressure attenuation or lag from atmospheric pressure with depth (Figure 12). All three gas ports
appear to be in excellent communication with the surface and/or with Pueblo Canyon. With the
exceptions of the vacuum anomaly produced by gas sampling on March 29, no pressure
differentials (ambient vs. soil gas port) greater than 1 cm water have been recorded. After soil
gas sampling of the three ports in March, a persistent, relatively low pressure was noted in the
monitored ports. Upon further inspection and after changing the data acquisition system to
eliminate possible hardware problems, the low pressure measured appears to be the result of
water accumulation within the stainless steel gas port tubing. Soil gas sampling has apparently
allowed water to build up in the tubing, probably by condensation, thereby yielding an apparent
vacuum equal to the length of water in the tube. While future sampling may induce the same

problem, the effect on the continuous pressure monitoring data is insignificant.

As at LP-7, gas pressure measurements at monitor well LP-8 show virtually no pressure
attenuation or lag (Figure 13). All of the gas ports are in good communication with the
atmosphere. Pressure differentials between soil gas and the atmosphere are usually in the range
of 0.2 cm water, although a few have been recorded as high as 0.8 cm.

Figure 14 shows pressure responses at three soil gas ports in monitor well LPS-2. This monitor
well shows the largest pressure differentials recorded to date. Gas port GP1, at an uncorrected
depth of 178 feet, shows the greatest attenuation and lag from atmospheric pressure. The
maximum differential recorded was over 10 cm of water. Commonly, the differential recorded at
GP1 is in the range of 4 cm. The other shallower ports, GP2 and GP4, show a roughly 2-cm
differential and track each other very closely. All three ports are out of phase with the

atmosphere, and GP1 is out of phase with GP2 and GP4 as well. GP3 has not been monitored
continuously to date.

In conclusion, the results of the first month’'s monitoring of soil gas pressure suggest that

barometric pressure fluctuations propagate with only slight attenuation through the vadose zone
soil vapor to a depth of at least 160 feet below surface.
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3.3 Neutron Access Tube Monitoring Program

A neutron access tube was installed in each of the 11 boreholes to allow for periodic monitoring
of relative changes in subsurface moisture content. The neutron access tubes consist of 2-inch-
1.D., flush-threaded, Schedule 40 PVC (with O-ring joint seals), a threaded end-plug, and a
tocking expansion cap. Monitor well completions are shown on the attached well completion logs
(Appendix A).

Moisture content is monitored using neutron moisture logging, a standard method used to monitor
changes in moisture content at different depths in unsaturated materials. Data from these logs
can provide an indication of whether the geologic materials surrounding the boreholes are losing
water, gaining water, or are in a steady-state condition (i.e., losses are balanced by gains).
However, these data alone cannot provide specific information regarding the direction of water
movement. Matric potential data (described in Section 3.4) are necessary to predict the direction
of flow.

A Campbell Pacific Nuclear (CPN) Model 503DR Hydroprobe (50 mCi americium 241/beryllium
source) was used to monitor subsurface moisture content at different depths. The output, or
count ratio, from the neutron moisture meter is generally linearly related to moisture content. This
relationship can be determined by conducting a linear regression of moisture contents of core
samples (i.e., the dependent variable) versus count ratios (i.e., the independent variable)
measured at depths corresponding to core sample depths. The resulting calibration curve is
dependent on a number of borehole-, backfill-, casing-, and formation-specific factors and
therefore must be determined separately for different borehole, backfill, casing, and formation
types.

3.3.1  Neutron Probe Monitoring Methods

Neutron count ratio measurements have been conducted in each of the monitor wells on a
monthly basis beginning in January 1995. The neutron access tube monitoring protocol employed
by DBS&A is as folldws. Prior to mobilization to the site with the hydroprobe, LANL ESH-12 is
informed as to the location and timeframe of its use at Los Alamos. Upon arrival at the first
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moniioring location, a standard count is performed to verify instrument operation within the
expected range. Prior to neutron count ratio measurements in a monitor well, the well head and
access tube are checked for damage or accumulated moisture by lowering a dummy probe to the
total depth of the access tube. Count ratio measurements will not be conducted in a damaged
access tube until it has been adequately repaired. Condensation is normally swabbed from the
access tube using absorbent materials.

Water accumulated in the access tubes of monitor wells LP-3 and LPS-2 in January and March
1995, respectively. In both instances, the water appears to have been the result of surface run-
on flooding the well vault, allowing water to enter the neutron probe access tube. Less than 2
gallons of water was bailed from each access tube on both occasions and stored in a 55-gallon
drum. Field screening instruments showed the purged water to be low in electrical conductivity
(<400 umhos/cm @ 25°C), of generally neutral pH (>6), and did not suggest the presence of
VOCs. A program of ensuring and maintaining a tight seal on each of the access tubes appears
to have eliminated the problem.

If the access tube is undamaged and contains no water, the neutron probe is set atop it, the
probe is lowered to the desired depth, and a measurement is conducted. The measurements are
conducted using a 32-second counting period at 1-foot intervals beginning at 1.5 feet bgs to the
total depth of each well. The cable stop number corresponding to the measurement depth and
the measured count ratio are recorded in a field notebook. Upon completion of measurements,
a desiccant pack is hung in the access tube, the expansion cap is securely tightened, and the
well vault is closed. After all the wells are logged, a standard count is again performed to verify
instrument performance.

3.3.2 Neutron Probe Monitoring Preliminary Results

As described in Section 2, each of the 11 monitor wells installed around the TA-73 landfill
perimeter was constructed to allow monitoring of relative changes in moisture content using the
neutron probe. To date, the 11 monitor wells have been logged on four occasions (January,
February, March, and April 1995). Graphs of neutron count ratio versus depth are presented in
Appendix F. Monitor wells LP-1, LP-2, LP-3, LP-6, and LP-7 show almost no variation in count
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ratio (or moisture content) since the January measurements. A slight shift since January in the
logs of the remaining monitor wells may indicate that the formation moisture content increased
slightly. Alternatively, the difference in logs may simply be due to measurement or instrument
error. Several additional monitoring episodes will be required to determine whether this apparent

trend toward increasing moisture content is real or is an artifact.

Calibration curves were developed for the sieved-tuff- and silica-sand-backfilled intervals in the
11 boreholes by correlating gravimetric moisture content values determined for core samples from
these intervals with neutron probe count ratios at corresponding intervals from the January 1995
logging event (Figures 15 and 16). The gravimetric moisture content of core samples was
determined at 2%-foot intervals in each borehole beginning at 2% feet, while the count ratio
measurements were conducted at 1-foot intervals in each well beginning at 1.5 feet. As a resuilt,
there is a 6-inch offset between gravimetric moisture content sampie locations and neutron count
ratio locations for whole number core sampling depths. Therefore, the count ratio measured 6
inches above and 6 inches below a whole number core sample depth were averaged to develop

the calibration curves.

Further, it was assumed that the two-month period between monitor well installation and neutron
logging was sufficient for the silica sand and sieved tuff backfill intervals to come into hydraulic
equilibrium with the surrounding native tuffs and that significant changes in subsurface moisture
content did not occur during the intervening time period. Count ratio measurements conducted
in monitor wells LP-1 and LP-7 during November 1994 and monthly measurements since January
1995 suggest that some slight changes in moisture content occurred in the sieved tuff backfill
material between November 1994 and January 1995. However, the count ratio data for both wells
has shown little variation since January, suggesting that equilibrium occurred prior to that date
(Appendix F).

No attempt was made to develop a calibration curve for the annular seal intervals due to the
extended period of time required for the annular seals to come into equilibrium with the
surrounding formation (i.e., the rate at which each annular seal is imbibing water is dependent
upon the surrounding tuff moisture content and matric potential). Given the relatively low (wet)
matric potentials measured in the subsurface at the landfill, once the seals have reached
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equilibrium, measured count ratios are expected to be quite similar for all the annular seal
intervals. Therefore, little response of the annular seal count ratio to changes in the surrounding
material moisture content is anticipated in the future.

Linear regression equations and graphs of the calibration curves are presented in Figures 15 and
16. The coefficient of determination (r?) for the straight line calibration curve of the sieved tuff
backfill (0.6372) is somewhat higher than that for the silica sand backfill (0.5075). This result is
not surprising given the limited moisture retention response of the silica sand backfill (10-20
mesh) over the range of measured matric potential. In effect, the silica sand will remain relatively
dry unless the surrounding tuff approaches saturation. Thus, count ratio measurements in the
silica sand backfill intervals are relatively insensitive to changes in the moisture content of the
surrounding native tuff.

The utility of each of the linear regression equations was checked by conducting zero slope tests
and calculating confidence intervals on the slopes of each equation. In both cases, the zero
slope tests suggested that measured count ratios contribute information to the prediction of
gravimetric moisture content at the 97.5% significance level. However, calculated confidence
intervals of +15% for the silica-sand backfill slope and +12% for the sieved-tuff backfill slope
reflect the significant uncertainty of predicted gravimetric moisture content for both linear
regression equations.

While there is considerable uncertainty associated with the accuracy of each field calibration,
these calibration curves are repeatable. This indicates that the precision of the instrument and
measurement methods are high. Therefore it is possible to monitor relative changes in formation
moisture content of the sieved tuff backfill intervals over long periods of time.

3.4  Matric Potential Monitoring Program

A total of 12 HDSs were installed in 10 boreholes along the perimeter of the landfill at true depths
ranging from 11 to 145 feet bgs. The HDSs were installed to monitor matric potential at suction
lysimeters and in selected locations to assess boundary conditions for numerical modeling
purposes. HDSs provide a means of measuring soil moisture content in situ. A current is applied
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to each HDS, thereby causing heat to be generated. After discontinuing the current, the heat
then dissipates into the surrounding soil. The wetter the soil, the faster the heat is dissipated.
Thus, they are used to (1) assess whether sufficient moisture is present near a suction lysimeter
for collection of a sample, (2) estimate in situ matric potential, and (3) estimate temporal changes
in matric potential.

The HDS monitoring program consists of monthly monitoring of each heat dissipation sensor
using a Campbell Scientific 21X datalogger and excitation module as described in Section 2.
Sections 3.4.1 and 3.4.2 briefly describe calibration and installation methods and preliminary
results for the first four months of HDS monitoring.

3.4.1 HDS Calibration, Installation, and Monitoring Methods

The HDSs were purchased from Campbell Scientific, Inc., (Logan, Utah) and calibrated in the
DBS&A Hydrologic Testing Laboratory. The instruments were calibrated in a pressure plate
against a series of descending matric potentials from saturation to about 5 bars. The output, or
temperature differential, of these sensors is exponentially related to the matric potential of
surrounding porous medium, assuming that the energy of the water in the porous sensors is in
equilibrium with the surrounding porous medium. Appendix B describes the calibration procedure,
the calibration equations relating each sensor's output to known matric potentials, and graphical
plots of the calibration data.

in the testing laboratory, temperature differential was generally measured at each applied
potential until consecutive readings agreed to approximately +0.02°C. Such agreement results
in confidence intervals on matric potential ranging from approximately £0.05 bar at 1.0 bar applied
potential to +0.2 bar at 4 bars. In the field, however, accuracy will be affected to a greater degree
by a number of factors including hysteresis, the hydraulic properties of the sensors, and the
sensor to soil contact. Hysteresis describes whether the moisture content of the soil and/or
sensor is increasing or decreasing. The HDSs were calibrated to decreasing matric potential and,
therefore, decreasing moisture content. Further, the hydraulic properties of the sensors
themselves and/or inadequate contact of the sensors with the backfill tuff may cause a time lag

between the matric potential in the porous sensor as compared with the surrounding porous
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medium. The accuracy may also be affected by thermal effects associated with use of the 21X
datalogger. In spite of these uncertainties, the heat dissipation sensors measurements have
successfully guided sampling of suction lysimeters at the site as described in Section 3.6.

To conduct a measurement, the wires from the HDS are connected to the 21X datalogger and
excitation module and the measurement program is initiated. The date, time, datalogger
temperature, downhole temperature, and differential temperature are recorded in a field notebook.

In addition to providing measurements of matric potential, HDSs provide measurements of in-situ
temperature versus depth. Preliminary results from the HDS temperature monitoring and

thermocouple monitoring are presented in Section 3.5.

3.4.2 Matric Potential Preliminary Results

s

Figures 17 and 18 show changes in calculated matric potential from November 1994 through May
1995 for HDSs in monitor wells LP-5 and LPS-2, respectively. In general, these two plots are
characteristic of both the range of matric potential measured at the landfill at a given time and the
degree of variability of matric potential through time at a given location. Measured matric
potentials in boreholes located immediately adjacent to the landfill to a depth of at least 60 feet
below ground surface are quite low (less than 1 bar tension) and generally invariant (£0.5 bar).
The matric potential is somewhat higher (generally more than 1.5 bars tension) and considerably
more variable (+1 bar) for instruments located in boreholes more removed from the landfill and
for the one HDS installed at a depth greater than 60 feet bgs. HDS1 in monitor well LPS-2 is

located at a depth of 145 feet bgs. Appendix G contains plots of matric potential versus time for
all HDSs installed at the site.

Graphs of total head versus depth were generated to determine liquid flow pattems in the tuff
around the perimeter of the landfill. For all the graphs, total head data are negative in sign given
the datum elevation of 7,150 ft above mean sea level (ams!). Thus, liquid flow occurs from less
negative to more negative total head. Total head is calculated as follows:

H=h+2z
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where H = total head or hydraulic head (length)

h = elevation head or gravitational potential (length) (datum = 7150 ft amsl)
z = matric potential (length)

Figures 19 through 21 depict total head with depth (from datum) at monitor wells LP-5, LP-7, and
LPS-2, respectively, for the period from January 31 through June 28, 1995. The 0-m H,0 matric
potential line represents saturated tuff matric potential with depth. These figures show measured
variation in matric potential on at least a monthly basis, at each monitor well equipped with more
than one HDS. The variability of matric potential through time suggests that transient downward
vertical moisture movement is occurring in the tuff around the perimeter of the landfill. These
data will be compared with the neutron moisture logging data presented in Section 3.3 during
Phase I of this project to provide less ambiguous information regarding the direction of water
movement.

Table 11 lists gradients calculated between sensors at LP-5, LP-7, and LPS-2 on a monthly basis
from January through June 1995. In general, the gradients are quite variable, ranging between 1
and 2 at monitor well LP-5 and 0.5 and 1.8 at monitor well LP-7. The variability may be due to
a number of factors including, but not limited to, transient moisture movement and field

measurement error. As discussed earlier, no attempt has yet been made to correlate HDS

Table 11. Calculated Hydraulic Gradient at Monitor Wells LP-5, LP-7, and LPS-2

. Calculated Gradient® (dimensionless)
Monitor

Well 11/10/94 | 01/31/95 | 02/21-22/95 | 03/28-29/95 | 04/25/95 | 05/23/95 | 06/28/95

LP-5 2.0 2.0 1.4 1.8 1.25 1.3 1.1
LP-7 25 0.5 0.8 1.25 1.8 0.5 0.8
LPS-2 NA 1.3 1.3 1.5 1.1 1.1 1.2

# Hydraulic gradient calculated as the difference in total head between adjacent heat dissipation sensors in a monitor
well, divided by the distance between them.

NA = Not available

JMO10\RFI-SPRT.895\RFI-RPT.895 75 @ RAE U



G U B B A I IS T N T O B s -

61 ainbig

i
SM010M0103

3R

Total Head (m H,0)

20

30 40

Depth from Datum (m)

50 60

[ - 11/10/94 4+ 119/95 X 2/21/95 DO 3/23/95 X 3/28/95 4 6/28/95

Matric Potential ]

DANIEL B. STEPHENS & ASSOCIATES, INC.
8-95 JN 4010

LANL RFI SUPPORT
LP-5 Total Head vs. Depth




02 aunbiyg

S\4010M01038F.CDR
0
10 T
.20 1 o
-30 :
o) ;
r | :
g 401 \{S‘ fu,v :
-~ | 1) ) \Q’eg
ko] b /)s R -
('] 4 ) 6[0,_ . :
[-]] i H a{e S :
T 5 T
“g p
°
- ~
-60 1 o
o
.
'90 T T T L4 T L4 T T L4 T Y T T T T T T T T T T T
0 10 20 30 40 50 60
Depth from Datum {m)
L m 1/31/95 -4 22295 - X 3/23/95 O 4/25/95 X 5/23/95 a 6/28/95 Matric Potential |
LANL RFI SUPPORT
LP-7 Total Head vs. Depth
mE= DANIEL B. STEPHENS & ASSOCIATES, INC. ‘
JIN 4010 iy

—dk 895

';%‘&L»&#ﬁ




e

svotowor oA f
0
10 - . ‘\ o
] g\\ff?lu,af
- Ungy;- e
] QIU/.Q’G-‘
2] e e e eq T
] .
.30 |
o)
N
T ]
E 01
he]
(3]
o ]
T 04
3 j
o h .
[ae L
-60
701 v
-80:
"
‘90 ¥ L) LS L] T L] L) ¥ T L | Ll L r LJ T LS T L L L] Ll Ll T v L4 L) L] LS L]
0 10 20 30 40 50 60
Depth from Datum (m)
W 1119/95 + 1/31/95 X 3/29/95 0 3/7/95 X 3/29/95 a 6/28/95 Matric Potential
T
e LANL RFI SUPPORT
o | LA LPS-2 Total Head vs. Depth
- DANIEL B. STEPHENS & ASSOCIATES, INC.

8-95 JN 4010



AKX\ | DANIEL B. STEPHENS & ASSOCIATES, INC.

N

N~
—_——e—

ENVIRONMENTAL SCIENTISTS AND ENGINEERS

response to neutron count ratio data or, for that matter, precipitation and snowmelt events.
Although it is likely that an increased frequency of HDS measurements would be needed to
develop such a correlation, the correlation will be required to fully describe the direction of water
movement.

Figures 22 and 23 depict total head versus depth for all HDSs on January 31 and June 28, 1995,
respectively. Appendix H contains similar total head plots on a monthly basis from January
through June 1995. The 0-m H,0 matric potential line is once again plotted to show saturated
tuff matric potential with depth. These plots suggest that transient downward moisture movement
occurring beneath the landfill and the gradient, while generally greater than 1, approaches unity
on a number of occasions. The tuff beneath the perimeter of the landfill was driest in January
1995, wetted significantly during February and March 1995 and has been slowly drying since
then. The gradient approaches unity from March through June 1995, suggesting that the soil
moisture flux rate beneath the landfill is approximately equal to the unsaturated hydraulic
conductivity of the in situ tuff. The soil moisture flux will be addressed more fully during Phase |l
of this project.

3.5 Soil Temperature Monitoring Program

Downhole temperatures in the volcanic tuff are being monitored at 17 thermocouples and 12
HDSs installed at the site. It is being monitored continuously at 12 thermocouples connected to
the data acquisition systems at monitor wells LP-4, LP-7, LP-8, and LPS-2 and on a monthly
basis at the HDSs and remaining thermocouples installed in various wells at various depths at
the site.

At the monitor wells equipped with data acquisition systems, temperature is monitored
continuously at the depths corresponding to the gas ports shown in Table 12. Downhole
temperature at the HDSs and remaining thermocouples is measured using a portable 21X
datalogger as discussed in Section 2.

J:MO10\RFI-SPAT.B95\RFI-RPT.B95 79 @ L@UA FT



22 anbiy

S\4010\4010

R

30 4

A
3
.

-50 4

Total Head (m H,0)

-80 -

-10 4

204

10

L] S | DANIEL B. STEPHENS & ASSOCIATES, INC.
8-95

20

30

Depth from Datum (m)

40 50 60

LANL RFl SUPPORT

Total Head vs. Depth at TA-73 Landfill
January 31, 1995




gc anbi4

S\4010\401038F.CDR

-205 .
-305. y
-40; .

-850 4

Total Head (m H,0)

604 -
-70 4

804- -

-90 v v v v 1

20

30

Depth from Datum (m)

40 50 60

LANL RFI SUPPORT

Total Head vs. Depth at TA-73 Landfill
June 28, 1995

ke M DANIEL B. STEPHENS & ASSOCIATES, INC.
8-95 JN 4010
L




DANIEL B. STEPHENS & ASSOCIATES, INC.

EA GEE WS NS WY GER W -y

L

ENVIRONMENTAL SCIENTISTS AND ENGINEERS

Table 12. Monitor Well Gas Port Nominal Temperatures

Nominai
Soil Gas Depth Temperature

Monitor Well Port (ft bgs) (°C)
LPS-2 GP1 161 17.0
GP2 113 17.4

GP4 26 15.8

LP-4 GP1 99.3 16.5
GP2 75.3 16.2

GP4 13.3 13.4

LP-7 GP1 98.5 271
GP2 275 213

GP3 16.0 195

LP-8 GP1 91.5 16.8
GP2 435 17.6

GP3 15.5 13.8

ft bgs = Feet below ground surface
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35 Soil Temperature Monitoring Preliminary Resuilts

The results of temperature monitoring are presented graphically in Figures 24 through 28.
Appendix E contains graphical temperature data for the HDSs and thermocouples currently being
monitored. Temperatures measured in all monitor wells, but for LP-1, LP-5 and perhaps LP-6,
are significantly greater than expected given the site mean average annual temperature
(approximately 10°C) and geothermal gradient (approximately 0.03°C/m).

The continuous monitoring plots show daily average temperatures at different depths below
surface. Large vertical temperature gradients exist in several of the wells, presumably as a result
of subsurface heat generation via exothermic oxidation of biogenic methane.

Temperatures measured at depths greater than approximately 20 feet bgs appear to be relatively
constant over the 6-month period of monitoring while those at shallower depths respond to
seasonal changes in air temperature. Temperatures over 25°C have been measured consistently
in LPS-1 and LP-7 at depths of 57 and 55 feet bgs, respectively. The lowest temperature
recorded to date was approximately 10°C in LP-5 at 11 feet bgs during February 1995.

Additional monitoring will be needed to fully assess temperature variability at depth through time.

Figures 29 and 30 graphically depict temperature versus depth (from datum) beneath the landfill
on January 31 and June 28, 1995. It is readily apparent that a temperature anomaly exists from
approximately 10 meters below datum to 50 meters below datum. Large vertical temperature
gradients exist but have not yet been quantified. They will be addressed during Phase i of this
project.

3.6  Suction Lysimeter Monitoring Program

As described in Section 2, seven suction lysimeters were installed around the TA-73 landfill
perimeter in an attempt to collect pore liquid samples. The lysimeters were installed at true
depths ranging from 11 to 56 feet bgs in areas where unusually high moisture content was
observed in recovered core samples. Monitor wells containing suction lysimeters and the depth
of each lysimeter are presented in Table 13.
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Table 13. Suction Lysimeter Sampling Log

Suction Approximate Purge Volume
. Lysimeter (mL)
Monitor Depth
Well (ft bgs) February 1995 | March 1995 | April 1995 | May 1995 Total
LP-3 20.2 0 0 NS 0 0
LP-4 34.3 0 0 40 0 40
LP-5 10.7 500 250 150 80 980
LP-6 11.0 80 0 0 NS 80
LP-7 55.0 200 40 NS 15 255
LP-9 26.0 300 300 150 200 950
LPS-2 62.0 NS 300 NS 0 300
ftbgs = Feet below ground surface
mL = Milliliters
NS = No sample collected
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High pressure vacuum lysimeters containing nominal 1-bar ceramic cups were installed at the
site. A pressure-vacuum tube and discharge tube extend from the lysimeter to the ground
surface. The polyethylene pressure-vacuum tube is altemately used to pull soil water into the

lysimeter body through the ceramic cup and to push it to the surface through the Teflon discharge
line.

Sampling of the suction lysimeters is performed as follows:

» The heat dissipation sensors are monitored to determine if the field moisture conditions
permit sampling of a suction lysimeter

» If the HDS monitoring indicates sufficient moisture, vacuum is applied to the lysimeter in
an attempt to collect a pore liquid sample

The following sections describe the suction lysimeter monitoring program in detail, and preliminary
results for the first four sampling events are provided.

3.6.1 Suction Lysimeter Cleaning, Testing, and Sampling Methods

Upon receipt from the manufacturer, the suction lysimeters were disassembled and cleaned using
a hydrochloric acid solution to remove contaminants. The suction lysimeter parts were then triple
rinsed with distilled water. Upon reassembly, distilled water was flushed through each of the
lysimeters and a sample collected from one lysimeter for laboratory analysis of VOCs. No VOCs
were detected. A copy of the laboratory analysis is included in Appendix C of this report.

After flushing, each suction lysimeter was pressure- and vacuum-tested for leaks. After leak
testing, each lysimeter was placed in a separate plastic bag to prevent contamination during
storage and transport to the site. Additionally, distilled water containing a conservative tracer was
flushed through each suction lysimeter immediately prior to installation to remove trapped air from
the porous ceramic and to serve as a final cleaning step.

JMO10\RFI-SPRT.BO5\RFI-RPT.895 92 @ RA FT
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Applying a vacuum to the suction lysimeter causes pore liquid to move from the surrounding soil
into the porous ceramic cup. The rate at which the water sample is collected'is dependent upon
the matric potential of the hydraulic conductivity relationship of the surrounding soil, the soil
wetness, and the magnitude of the applied vacuum. For moist soils, an applied vacuum of
between 0.5 and 0.8 bar is generally sufficient to collect a sample in a few hours. Soils that are
relatively dry or low hydraulic conductivity soils may require days or weeks to collect a sample
of sufficient volume for analytical analysis. For soil matric potentials greater than 0.8 bar, it is
unlikely that any sample will be collected.

In order to collect a pore liquid sample, a vacuum is applied to the suction lysimeter cup by
connecting the pressure-vacuum line to the vacuum port of the cadet pump used in soil gas
sampling. A vacuum of approximately 0.5 bars is drawn. The suction lysimeter is allowed to
remain under vacuum for approximately 24 hours before attempting to collect a sample.

The pore liquid sample is collected by attaching the pressure-vacuum tube to the discharge port
of a regulated compressed nitrogen cylinder, pressure is applied, and any water collected is
purged through the discharge tube. The high pressure-vacuum suction lysimeters require a slow
increase of pressure to 9 psi in order to lift the sample from the porous cup to the holding
chamber and shut the one-way valve between cup and chamber. Then, sufficient pressure can
be applied to lift the water sample to the surface. The water samples are discharged directly to
clean collection botties.

For each pore liquid sample collected, the following information is recorded on the chain-of-
custody form: LANL AAA number, time, date, sample location, and requested analyses. Samples
are collected for laboratory analysis based upon the liquid volume purged from the lysimeter. To
date, the first 40 mL of liquid has been collected for determination of VOCs, the next 125 mL (if
sufficient volume is present) for priority poliutant metals, and the remaining volume for bromide
and chloride. Once VOC and priority pollutant metal concentrations are established and it is clear
that the conservative tracer has been removed, attempts will be made to collect sufficient water
for analysis of major ions, semivolatiles, pesticides, and radioactive constituents.
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Preliminary results for the first four months of the suction lysimeter monitoring program are
discussed below.

3.6.2 Suction Lysimeter Sampling Preliminary Resuits

Table 13 lists monitor wells that contain suction lysimeters, the depth of each lysimeter, the
volume of water recovered during each sampling event from January through May 1995, and the
total volume of water produced from each lysimeter. The lysimeters at monitor wells LP-5 and
LP-7 have each produced a total of approximately one liter of water. Lesser total volumes have
been recovered from the suction lysimeters at LP-4, LP-6, LP-7, and LPS-2. No water has been
recovered from the lysimeter at monitor well LP-3 to date, aithough the HDS measurements
suggest that sufficient liquid is present for sampling. 1t is likely that insufficient contact exists
between the suction lysimeter and surrounding backfill tuff to collect a liquid sample. Efforts will
continue to recover water from this suction lysimeter.

Table 14 presents bromide and chloride concentrations for samples collected for said analyses
during February, March, April, and May 1995. Concentrations were determined by Scott J.
Wightman of CST-7 by high precision ion chromatography using a DIONEX lon Chromatograph.
But for the April 1995 sample from monitor well LP-9, bromide concentrations have been less
than 10 mg/L and have decreased during subsequent sampling events suggesting that dilution
of the tracer is occurring. In addition, high chloride concentrations measured at monitor well LP-9
during February and April 1995 and at LP-5 in May 1995 suggest that some leachate is being
collected. No other laboratory analytical data are available at this time for incorporation into this
report.
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Table 14. Bromide and Chloride Concentrations in Suction Lysimeter Samples

Concentration (mg/L)

Monitor February 1995 March 1995 April 1995 May 1995
Well Br- cl~ Br cr Br cr Br cr
LP-5 3.62 19.9 0.281 13.2 1.42 56.2 0.95 250
LP-6 5.15 16.4 NS NS NS NS NS NS
LP-7 1.55 345 NS NS NS NS NS NS
LP-9 3.74 330 1.865 517 10.0 277 0.14 46.0

LPS-2 NS NS 0.736 6.29 NS NS NS NS

NS = No sample collected
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4. CONCLUSIONS AND RECOMMENDATIONS

Based upon the preliminary monitoring results presented in this report, the following conclusions
have been drawn:

» Stratigraphy adjacent to and underlying the landfill consists of Unit 2 and Unit 3 of the
Tshirege member of the Bandelier Tuff. Unit 3 consists of a slightly to moderately
indurated tuft that grades into a nonindurated tuff between 40 and 55 feet bgs that
extends to a depth of about 95 feet bgs. Unit 2, which underies Unit 3, consists of slightly
to moderately indurated tuff that extends to at least 180 feet bgs.

= Numerous fractures were observed in the core samples of the slightly to moderately
indurated tuff. In general, few fractures were observed in core samples of the
nonindurated tuff.

* Anomalously high moisture contents detected at depths greater than 30 feet bgs appear
to be correlated with the presence of fractures in the volcanic tuff.

e Borehole LP-4 appears to have been drilled along a fractured zone that could serve as
a preferential flow path for liquids and gases.

e High concentrations of methane (up to 27 percent) and carbon dioxide (up to 30 percent)
exist in soil gas surrounding the landfill perimeter as a result of anaerobic decomposition
of refuse and subsequent lateral migration of landfill gas.

* Chlorinated VOCs are present in soil gas surrounding the landfill perimeter at
concentrations as high as 36,000 ppbv, with the predominant compounds being, in

approximate decreasing order of abundance, cis-1,2-DCE, Freon-22, vinyl chloride, and
Freon-12.
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+ In those samples analyzed to date, soil gas concentrations of chiorinated VOCs show a
strong positive correlation with methane concentrations: methane is always present in soil
gas containing chlorinated VOCs.

« Preliminary results indicate that concentrations of major gases and VOCs in soil gas at
a particular depth remain relatively constant over time.

» Landfill gas consisting of a mixture of carbon dioxide and methane appears to serve as
a "carrier gas” for the advective transport of hazardous VOCs, and landfill gas is present
to a depth of at least 160 feet, the deepest depth monitored.

« Several of the volatile compounds, such as the Freons and PCE, are primary solvents that
apparently were placed directly in the landfill, while others, such as cis-1,2-DCE and vinyl
chloride, are biodegradation products of the anaerobic dechlorination of parent solvent
compounds such as PCE.

e VOC concentrations in soil gas generally decline with depth below the surface, with the
highest concentrations observed in the uppermost soil gas port in each monitor well.

e Soil gas containing significant quantities of landfill gas is predicted to be more dense than
ordinary soil air, and thus the potential exists for sinking of dense gas through the vadose

zone.

» Both the diffusion (concentration) and advection (density) gradients suggest the possibility
for downward migration of landfill gases containing VOCs.

e Barometric pressure fluctuations due to atmospheric tides and synoptic weather systems
propagate with only slight attenuation through the vadose zone soil vapor to a depth of
at least 160 bgs, suggesting that good connection exists between the landfill soil gas and
the atmosphere.
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High subsurface temperatures (up to 27°C) and strong subsurface thermal gradients resuit
from methane oxidation along the anaerobic/aerobic boundary at the perimeter of the
landfill gas plume.

Downhole moisture contents within the tuff remained relatively constant from January
through March 1995 in many of the monitor wells. Exceptions include monitor wells LP-4,
LP-5, LP-8, and LP-9, where slight increases in moisture content appear to have occurred
during this period.

Matric potential measurements indicate rather wet (less than 1 bar tension) and invariate
(0.5 bar) unsaturated conditions in the Bandelier Tuff in the immediate vicinity of the
landfill and/or beneath asphalt paved surfaces. At depth and with increasing distance
from the landfill, the tuff becomes drier (generally 1.5 bars tension or greater), and matric
potentials become more variable (1 bar). Matric potential values sitewide decreased

(wetted) in response to a major snowmelt event during the last week of January 1995.

Total hydraulic head plots indicate that unit hydraulic gradient conditions exist in the
Bandelier Tuff in the area of the landfill. This condition suggests that the downward soil
moisture flux rate is approximately equal to the unsaturated hydraulic conductivity of the
tuff at the given matric potential.

Pore water has been recovered from suction lysimeters installed at depths ranging from
10 to 55 feet bgs. Laboratory results for these samples were not yet available for
incorporation in this report.

The above conclusions suggest that further monitoring, field investigations, and closure of the
landfill under RCRA (40 CFR Part 264 or Part 265) may be required. To direct these
investigations, we offer the following recommendations.

in order to better characterize the variability of gas-phase contaminant concentrations and
the driving forces for liquid- and gas-phase flow, we recommend continued monitoring of
the vadose zone instruments, but on a reduced schedule, as follows:
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- Reduce the soil gas sampling frequency for laboratory analyses from monthly to
quarterly sampling of each soil gas port. However, each soil gas port should be
purged on a monthly basis to verify that the major landfill gas concentrations have not
changed significantly.

- Conduct neutron access tube monitoring on a quarterly basis instead of monthly, but
allow for a higher frequency of neutron access tube and heat dissipation sensor
monitoring during snowmelt and summer thunderstorms. The quarterly monitoring will
be used to track long-term changes in subsurface moisture content, and the higher-
frequency monitoring will be used to assess transient vertical downward moisture
movement in response to high-intensity infiltration events.

- Continue monthly monitoring of the heat dissipation sensors to assess, changes in the
primary driving force for liquid movement (matric potential) and to determine whether
sufficient liquid is present for sampling of the suction lysimeters. Sample the suction
lysimeters as needed to fully characterize vadose zone water quality.

- Continue to maintain and operate the continuous monitoring system for downhole soil
gas pressure and downhole temperature. Conduct spectral analysis of the downhole

soil gas pressure data to estimate air permeability of the Bandelier Tuff.

* In order to better characterize maximum gas-phase contaminant concentrations and
leachate characteristics for numerical modeling, risk assessment, and design of a landfill
cover, we also recommend that the proposed cone penetrometer survey and soil gas fiux
chamber sampling plans be impiemented.
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L 15.4 [0 EXXX
) A 1| Gas Port #2 10.2
- | e -
L7/7,\\’7f 7,\\7/7, 2 Heat dissipation sensor 34.2
a0 [ (HDS 24
n U =
o rikw lEDE 3| Gas Port #1 40.2
8 20 | S
t Fikaw] I gk
a SO ONY)
- ﬁ_/\ 7}1 _’\7}_/
2 SN OG
3 gl
2 %7, % AL
© - "7\[_/\"7} __/\_7‘7_/
3 SO ONG
s L sl S
@ :’}'/ =3 '1’/ :’}’/
® 25 |— N
07} L’Il\/ /,\’//
o ntw) gk
B SURC IR O]
nEv EEE
= 57,340 12,
=g ks
L 127, 1
"7}_/\'-7} e
LAY
30 [— "71_’/\7? _f/\"ﬂ_’/ Notes:
- ";’}’/é’ ’/:’}’/
17/7’\@! 714 1. Vadose zone monitor well LP-1
B Y=y ey completed to a depth of 42.6 ft bgs
= (R 4L h ’
CRL 5/’://’ as a combination neutron access tube
| 17,}:\7,} :\if_/ soil gas port/heat dissipation sensor
SIS L installation.
= 77y — 34.2 Heat dissipation
:}”} I sensor . .
35 |— 35.1 [glss 2. All annular materials installed dry
through a 2 in. PVC tremie pipe, and
- tamped continuously with 1 in. PVC pipe.
-
37.6
40 — <t~ 40.2 Gas port #1
41.5 Centralizer
42,6
L
L
45 L— 45.0
Waell Construction Symbols Graphic Log Symbols
‘ i . - LA .. Lo 057
% Bentonite pellets 10-20 silica sand »\.71\\'//7/1/2_ Backfil M Welded, strongly indurated tuff
TR . AN, 7 Poorly indurated,
0‘::::::;::; 2245gonbdentomte ?{ 7 Slough 5 | non-welded tuff _—""| Fracture or fault
. VY R
Bentonite powder (dry) ;'7’\&:‘7’\\,2 Sieved tuff //%j Partly welded tuff [~ Fracture

Hydrologist: KCM, JRF, RSP Sampler Type: 2.5 ft core barrel

Driller: Jim Hale, Layne Environmental Services Casing diameter: 2.0 in. I.D., 2.4 in. O.D.

Date completed: 10—-19-94 Casing length: 42.6 ft

Drilling method: Hollow Stem Auger, CME 750 Casing type: SCH 40 PVC, flush threaded

Total borehole depth: 45.0 ft Casing height from ground: flush with grade

Borehole diameter: 8—1/4 in. Formation of completion: Tshirege Member, Bandelier Tuff

LANL RFI SUPPORT OU-1071, TA-73
Well Log: LP-1

DANIEL B. STEPHENS & ASSOCIATES, INC.
12-94 N 4010

i
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Graphic Gravimetric Molsture
Lithologic Log Content (g/g) Comments
0O 5 10 15 20 25
o — o bea bty
i — PUAY
- 1.0 ‘7".7:'7"#,}
LN
B 2.0 57/&/,7,‘&\
i X AR
5 |— 7/‘17:‘7/‘12}
KA
- 7357, %
r" _ﬁ%z‘ni:
8.9 y -y
[~ VAR<WA WA RS
Pt Ay
10 F’ﬂf/\‘ﬂ ey
L kg
[~ li’f‘ﬁj ',"\7:‘7,
PYS MAK
- Y B Y
SO USY
o .jj 7:\1,/ _7:\\,, 7: instaliation
i @7/@ _17/\727/ Instrumentation Depth
piv ik Type(s) GrBelow( "
15 L7/, <% 1, ~%/, ()|"|d
YAl MK
" PGl AV
e s 1| Gas Port 35.9
B Uty
Pitwl e
% I’//\‘I/ v/\l//
N 12N
I il b
2 % A
g 20 — A KA
A LR O
2ot i) [
g L Ev NS
o Uy
s L sl Il
H SO OSG
I g R
s '/\f_/—/} T_/'/}_/
8 25 [ — L7 bk
2 g5y vy MY
-
B 28.9 X
30— l Notes:
- 1. Vadose zone monitor well | P-2
- completed to a depth of 39.3 ft bgs
as a combination neutron access tube
— soil gas installation.
- 2. All backfill materials were emplaced
35— by tremie pipe.
- - 36.0 Gas port
37.5 Centralizer
u
I~ 39.3
40 — 40.1
0 425
.
Waell Construction Symbols Graphic Log Symbois
“e VY . A,
m Bentonite pellets 10-20 silica sand \‘7/‘1/2711/,} Backfill //{/1; Welded, strongly indurated tuff
TS ; Z T Poorly indurated,
3???3335 gg{{sgonbentomte : /)4f)é Slough non—welded tuft |_—~"| Fracture or fault
Bentonite powder (dry) 37/’\7‘737/’\7—1). Sieved tuff X% Partly welded tuff
Hydrologist: KCM, RSP Sampler Type: 2.5 ft core barrel
Driller: Jim Hale, Layne Environmental Services Casing diameter: 2.0 in. I.D., 2.4 in. O.D.
Daote completed: 10—-23-84 Casing length: 39.3 ft
Drilling method: Hollow Stem Auger, CME 750 Casing type: SCH 40 PVC, flush threaded
Total borehole depth: 42.5 ft Casing height from ground: flush with grade
Borehole diameter: 8—1/4 in. Formation of completion: Tshirege Member, Bandelier Tuff
LANL RFlI SUPPORT 0U-1071, TA-73
L Well Log: LP-2
m DANIEL B. STEPHENS & ASSOCIATES, INC.

12-94 JN 4010
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Feet Below Ground Surface
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10

R

15

20

|]||1|

25

T T

30 -
35k
40—
45
50
55

60

|rI||1|rll1|l|rl1|rx|l

65

70

-||1r|v1||

75

80

'xlrﬁ*var|

85 [

90

ltl'lllr

95

100

105

110

"'I"'rT"'rl""

15 [

120 '—

1.3

Graphic
Lithologic Log

3.0 K&

7.0 PR

~- 9.2 Gos port #4

130k

16.8

A N
150 /.é! 4 20.2 Suction lysimeter #
21.4 3L 27, 20.4 Heat dissipation sensor [4A 44/,

268 [0 1
3 /
208 lL0iz] ok ,
- ‘. y
33.8
;
37.8 L ;
E 39.2 Gas port #3
X Y
IRX, F15
|I//' () Ve &d/
:}/ .__} /
A R FARS
27\ "oy
w07 EEY Yy
A I
XUBS Y
ALw L Y 71 #
L7094 17K
_}/ ...} »I/ ._.}/
vl Il Ewite
YA Y
"77 _/\'7\{ 1 _:\'77_/
=2 b2y
]
SO OO
757 572
SO O
el Es
SORN ONY
75 IR
CAL I XY
.—T/ _w / ._.}/
nEwI N ik
SO O
P IR Y
:’}// :./\r »"/ :’7’/
AL Wi I
I:’}’/ SN O :’}’/
7 R
:/}’/ = T,’ :’}’/
vl il Lyt
LA ALY
v A0 /\’/}/
PR )
N7 1N
ol Bl
LAY
gl [
12,3 1<,
_}/_\ /"}/
R0 I g
:’}’/ :’} »i’/ :.’x"/
kvl Byt
85.7 fds|  bawal
87.5 ¢ .
91.2 Gas port #2
92.5
97.1[0%
B T 98.0 Centrolizer
. +—99.2 Gas port #1
101.1%2 -

Gravimetric Moisture
Content (g/g) Comments
0 5 10 15 20 25
praa st a it
Installation
instrumentation Depth
Type(s) Below
Ground (ft)
1 | Gas port #4 9.2
2 | Suction lysimeter (#31) 20.2
Heat dissipation sensor
3| (Hos #26f 20.4
4 | Gas port #3 39.2
5| Gas port #2 91.2
6 | Gas port #1 99.2

Notes:

1. Vadose zone monitor well LP-3
completed to 101 ft bgs as «
combination neutron access tube/
multi—-port soil gas/suction lysimeter/
heat dissipation sensor installation.

2. Annular materials installed dry through
a 2 in. PVC tremie pipe and tamped
continuously.

3. Approx. 1/2 gallon of 10 mg/L Br
solution was added immediately above
the suction lysimeter to facilitate contact
of the ceramic cup with the sieved
native tuff.

Waell Construction Symbols

- O

T
r}_’/\_/}_//\_/}«
L7ul il

10-20 silica sand

Bentonite pellets

50/50 bentonite /
ané sand /)(fff Slough

Sieved tuff

Graphic Log Symbols

rlq_/}"\/l .
A Backfill

Poorly indurated,
non—welded tuff

Partly welded tuff

% Welded, strongly indurated tuff
/ Fracture or fault

Hydrologist: RSP, LC, JRF

Driller: Jim Hale, Layne Environmentai Services
Dote completed: 10—-22-94

Drilling method: Hollow Stem Auger, CME 750
Tota! borehole depth: 110.0 ft

Borehole diameter: 8—1/4 in.

Sampler Type: 2.5 ft core barrel

Casing diameter: 2.0 in. I.D., 2.4 in. O.D.

Casing length: 100.1 ft
Casing type: SCH 40 PVC, flush

threaded

Casing height from ground: flush with grode
Formation of completion: Tshirege Member, Bandelier Tuff

LANL RFI SUPPORT OU-1071, TA-73
Well Log: LP-3

DANIEL B. STEPHENS & ASSOCIATES, INC.
12-94 JIN 4010
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Feet Below Ground Surface

Graphic
Lithologic Log
] r‘ i ] .: 7‘|‘L7‘|//
s
C 2.5 .‘/\17}:\7\'
L 3.4p ///://\I/”::l
St 5_’;\1_,’ 7/\.1_/’\
. _/\.lﬂ:\lr{l
10} 103 =
- | Gas port #4 o ;:'l;
L g T 13-35 Thermocouple #4 ~'-.‘“';l"lm'-
151 15.9 b o A
1 X 5 4
20 [— 19.5 |7/i7\lf sy s
i E}/:} 5/:}/
- 570 1531
- ALY
- e [
A AT
I S NS
i YA ORY
r 2N A
i g P‘W‘
vl - 1,71,
30 — Y :}1 K=Y
- VAR< WA A AR
i A B )
[ Ti}.f’\:f\‘ _I’\:ﬂ}-/’ Suction lysimeter
15[ :,}’L:/} :(’I/‘_ﬁ‘;‘ 34.35 Heat dissipation
- 16.75 2NL] [k}~ 34.55 sensor #2
a0 |-
! D
[ 43.5 1%
45
. Gas port #3
L - 46.35 Thern’:ocouple $3
50 50.0 R
! 5 038
r 53.0 ;:7’.7/\17/ _1; //'7,
= ) 1
i niw ll kvt
i e 7 L7
C EYLSN Y
60 [— kvt I Kk
| I 1,/
VR (Y
i e
r s\ IR ey
L ieatrk I G2 WA
65 65.5 foack =
70— 70.6 [
[ | Gas port $2
s {75-35 Thermocouple #2
E_ 78.75 ke
80 ) 9
i 81.8 |7,'—’\|7,
U
8s |- nﬁ,};,‘li
[ )
- U
i nEv)
90 r:_ 91.0 :‘\/:
L 2
95[‘ 95.6 [
! L 97.5 Centralizer
r RIS 99.35 Gos port #1
100 r 99.9 Thermocouple #1
- |
105 &
110 [~
r 112.5
115 -
[
I
120

Gravimetric Molsture

Content (g/g) Comments
0O 5 10 15 20 25
‘ Ingtaliation
instrumentation Depth
Type(s) Below
Ground (ft)
Gas port and
1 thermocouple #4 13.35
2 | Suction lysimeter (#30) 34.35
Heat dissipation sensor
Gas port and
4 therrrp\)ocouple #3 46.35
Gas port and
S thermocouple #2 75.35
Gas port and
6 thermocouple #1 99.35

1.

Notes:

Vadose zone monitor well LP—4
completed to 99.9 ft bgs as a
combination neutron access tube/

multi—port soil gas/suction lysimeter/
heat dissipation sensor/thermocouple
installation.

All annular materials installed dry
through a 2 in. PVC tremie pipe and
tamped with o 1-1/2 in. PVC pipe.

. Approx. 1 gallon 10 mg/L Br

solution was added immediately above
the suction lysimeter to facilitate contact
of the ceramic cup with the seived
native tuff.

Waell Construction Symbols

CRAHHR
% Bentonite pellets

50/50 bentonite
and sand

T oo

Sieved native tuff backfill

10-20 silica sand

Graphic Log Symbols

Backfill

Poorly indurated,
non—welded tuff

Partly welded tuff

Welded, strongly indurated tuff

—

Fracture or fault

Weathered tuff: limonite staining
yellow—brown in color

Hydrologist: RSP, LMC, KCM, JRL

Driller: Jim Hale, Layne Environmental Services

Date completed: 10—-26-94

Drilling method: Hollow Stem Auger, CME 750

Total barehole depth: 1125 ft
Borehole diameter: 8—1/4 in.

DANIEL B. STEPHENS & ASSOCIATES, INC.
12-94 JN 4010

Sampler Type: 2.5 ft core barrel

Casing diameter: 2.0 in. 1.D., 2.4 in. O.D.

Casing length: 99.9 ft

Casing type: SCH 40 PVC, flush threaded
Casing height from ground: flush with grade
Formation of completion: Tshirege Member, Bandelier Tuff

LANL RFI SUPPORT 0U-1071, TA-73

Woell Log: LP-4
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Graphic Gravimetric Moisture
Lithologic Log Content (g/g) Comments
0 5 10 15 20 25
0 ____[_,/ — \'ﬁ 71//_/_‘1/’ $aass byttt
N KN
7 4% 4%
_/_’\—/}_/’\-/‘4
- 2.0 73%7,1%
L S
3.5 BERX s 77\\7,}7’\12'
- B XX EnEw
¥,
5| 5 )
4303
l AvaY
575
: aoly
| W) 1N
Y o
- gy A0
iﬁﬁﬁ é(ﬁﬁ;ﬂ
o S g L_”}’/l_/’\
L ij—//‘li - 10.7 Suction lysimeter ety
nEy 11.0 ssinati Installation
S .0 Heat dissipation .
= "77}\‘_7 s:nsorljl,’lzp Instrumentation Depth
i 12.6 k5o Type(s) Below
Ground (ft)
15 L 14.9 / 1] Suction lysimeter (#29) 10.7
BN >
7}-":7} Heat dissipation sensor #2
B Pe 2| (i0s ¥23 11.0
- £ >N Heat dissipation sensor #1
g 'b%_/\ij’ 3| (HDS #21 # 23.0
— PARCWA /N
E :4{,\\'_’/ (P 4 | Gas port 33.5
g - _ﬁiﬁi ;; by
g 20 |— :2\‘—"1-2} :
© 73%7
3 L7
s EY LS
2 A,
_ P
E 7
L - 71§7 L
PraA |- 23.0 Heat dissipation
:7\[_1/\ ?7}, sensor #1
- t//,:/
25 [— f’}f\é”'
7)7/‘17,
S
L 27.0 K5 Notes:
N 1. Vadose zone monitor well LP~5
completed to a depth of 37.8 ft bgs
| ) as a combination neutron access tube/
soil gas port/heat dissipation sensor/
30 — 29.75 B suction lysimeter installation.
L 2. Al _annular materials installed dry through
a 2 in. PVC tremie pipe and tamped
- continuously.
-
3. Approx. 1/2 gallon 10 mg/L Br
B - 33.5 Gos port solution was added immedl{Jtely above
the suction lysimeter to facilitate contact
35 | of the ceramic cup with the sieved
native tuff.
- 36.0 Centralizer
B 37.8
40 — 40.0 lﬁ
Well Construction Symbols Graphic Log Symbols
N7 EINTZ /” 757,
Bentonite pellets 10~-20 silica sand ,171‘17,371‘\7,}‘ Backfill % Welded, strongly indurated tuff
TSI . ” Poorly indurated
PRESIR] 50/50 bentonite 4 '
R onc{ sand /)ﬁﬁ Slough non-welded tuff' | _—~""| Fracture or fault
}.{f’\?’ﬂ%’xﬁi Sieved tuff Partly welded tuff
Hydrologist: RCM, JRL, RSP Sampler Type: 2.5 ft core barrel
Driller: Jim Hale, Layne Environmental Services Casing diameter: 2.0 in. 1.D., 2.4 in. O.D.
Date completed: 10-23-94 Casing length: 37.8 ft
Drilling method: Hollow Stem Auger, CME 750 Casing type: SCH 40 PVC, flush threaded
Total borehole depth: 40.0 ft Casing height from ground: flush with grade
Borehole diameter: 8—1/4 in. Formation of completion: Tshirege Member, Bandelier Tuff
LANL RFI SUPPORT QU-1071, TA-73
- Well Log: LP-5
m DANIEL B. STEPHENS & ASSOCIATES, INC.

—— JN 4010

12-94
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Graphic Gravimetric Moisture
Lithologic Log Content (g/g) Comments
0 5 10 15 20 25
0——-/ =y vt b s ot b v g gl
130
- 1.0 7/\17/7,17/
EpEy]
- 2.0 B< 7, 17,45
25 _{\_/}_/\/
2505 b7 l/// l’z
B WL
peare 7 L7l
L 250 _//\—/\I_I’\—/\f
oY ACAL
5 L & _”\"/}_f’\—/}
< AL 1L
Bwitwl
- A,
oS Ewvikw)
- 7427, 1%
8.9 LY N
SO 5%
i ) S
| —7}_//\"/ _{/\"/\f_f/\_/\l
%7 l// /l/// L//
vl Pwwl
10 — l’/}/, L ’/\l"}’/ K
i ':%7/)1_7/\: 7,4\:L-7/--— 11.0 Suction lysimeter *7,/\.'_%',/\1_/2\:
i N\ 4 Instatiation
B A ﬁ;’;jf 11:2 Heat dissipation instrumentation Depth
u Y ek Type(s) Below
135 il tass Ground (ft)
's — 1| Suction lysimeter (#8) 1.0
Heat dissipation sensor
- 2| (¥ps #225’ 11.2
o B 3| Gas port 27.0
g L
a
T
S 20 [—
=
2 b—
3
- L
& )
23.3
25 —
o - 27.0 Gas port Notes:
u 1. Vadose zone monitor well LP—-6
completed to a depth of 37.8 ft bgs
o as a combination neutron access tube
soil gas port/suction lysimeter/
30— heat “dissipation sensor installation.
- 2. All backfill materials were emplaced
by tremie pipe.
- 31.9
3. Approximately 1 gallon of 10 mg/L Br
- solution was added immediately above
B the suction lysimeter to facilitate contact
X X of the ceramic cup with the sieved
35 — XX 36.0 Centralizer native tuff.
B 378 | 4 %
L W, A A
7 y A 7
40 40.0 <
Waell Construction Symbols Graphic Log Symbols
Bentonite pellets 10-20 silica sand Backfill /7/// Welded, strongly indurated tuff
. TN Poorly indurated,
22({5500nbdent0mte %/ /)/{ Slough non—welded tuff / Fracture or fault
»7’,\7—7}@7 Sieved tuff Partly welded tuff I$ Fracture
v / //L d
Hydrologist: KCM, JRL, RSP Sampler Type: 2.5 ft core barrel
Driller: Jim Hale, Layne Environmental Services Casing diameter: 2.0 in. I.D., 2.4 in. 0.D.
Date completed: 10—24-94 Casing length: 37.8 ft
Drilling method: Hollow Stem Auger, CME 750 Casing type: SCH 40 PVC, flush threaded
Total borehole depth: 40.0 ft Casing height from ground: flush with grade
Borehole diameter: 8—1/4 in. Formation of completion: Tshirege Member, Bandelier Tuff
LANL RFI SUPPORT 0OU-1071, TA-73
. Well Log: LP-6
/QQ\ DANIEL B. STEPHENS & ASSOCIATES, INC.

12-94 JN 4010
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Gravimetric Molsture
Content (g/g) Comments
0 S5 10 15 20 25
o_:._-——" : paaa bty s laaralasradeaeed
r 1.5
sL 5.0 K&
[
10 12.1 B
15 N Gas port #3
L Thermocouple #3
20— 21.1
25¢ 25.1
r G rt #2
t T:esmggcou‘:)le #2
30
E 31.75 fg Instaliation
: hstnmenta)tion Depth
35 - 36.25 ;|' A Typa(s Bdow
i LA Ground (ft)
i P A
- SO sy A— Gaos port and
0= l’f:’/;‘l’/: 7/’«}”—40.0 r:::ogl?zlpahon 1| thermocouple #3 16.0
r Fikvi B ik Gas port and
Wk :“7\'2’\717 )11,\:7\‘:/, 2 thermocouple #2 28.0
- SO I 0350) Heat dissipation sensor #2
. 17;7,‘12: '7,‘\2:7, 3| (HDS #1) 40.0
= [ A5 K314
gg 50 L— '::3,\9’%}& \\: 4 50 Centralizer 4 | Suction lysimeter (#22) 55.0
ae | CAG I Y ——
- S il Oy Heat djssipation sensor #1 5
EE r '27,\_\’_7’ 7% Suction lysimeter 5 (HDS #6) 52
3& 55 - 55.75 Fx bt 55.0 Hagt dis;‘s:pation 6 Gas port and 100.0
:fé» i KX , sensor thermocouple #1 ’
% ° 60':" 59.5 PAEWA /
dp %0F CRAN Y
5o | i)
=S T e H
65 - s 4z
[ —/}_//\7\( _"'/}_’
i A Y
I A MRS
70 SO ORY)
L :7}_/\77} T_/\"ff_/
[ nov) p;@} Notes:
[Ely ,'7)7'1,'1} 7”(7)%* 1. Vadose Zone Monitor Well LP-7
t SN Ky compieted to 106.2 ft bgs at a 10° angle
I 27, 1% 7/‘\//7/ from vertical as a combination neutron
80 [— "7?_/\"'7} 515 access tube/multi—port soil gas/suction
- U >3] lysimeter/thermocouple/heat dissipation
[ 147/\1// 7,\\/,71 sensor installation.
i pLv M Eva i
85: ':}/,\'_f} =3 2. Al backfill materials were emplaced
L ,7/7’\\,7/ ’7’\7/7” by tremie pipe.
: pav B EvE
90 [— SO I O 3. Approximately 1 gallon of 10mg/L Br
[ 91.1 RS . solution wos added immediately above
i the suction lysimeter to facilitate contoct
95 - of the ceramic cup with the sieved
: native tuff.
; G rt #1 }
100 - ~ 100.0 Tt?:megcouile #1
[
o F 104 Centralizer
105 .
r 106.2 [Ayiey
110 E—
[
115 1 115
120 & J
Well Construction Symbols : Graphic Log Symbole
- S . 757
Bentonite pellets 10-20 silica sand ,\'71‘\7,371‘\/} Backfill V//% Welded, strongly indurated tuff
. y Poorly indurated,
ggéSsC‘)on%entomte Y /Xfﬁ— Slough non—%velded tuff / Fracture or fault
TS ) 7747 Partly welded tuff
97‘\1137\,} Sieved tuff // moderately indurated
Hydrologist: RSP, LC, KCM, MB Sampler Type: 2.5 ft core barrel
Driller: Jim Hale, Layne Environmental Services Casing diameter: 2.0 in. L.D., 2.4 in. O.D.
Date completed: 10-9-94 Casing length: 106.2ft
Drilling method: Hollow Stem Auger, CME 750 Casing type: SCH 40 PVC, flush threaded
Total borehole depth: 115.0 ft Casing height from ground: flush with grade
Borehole diameter: 8—1/4 in. Formation of completion: Tshirege Member, Bandelier Tuff
LANL RF! SUPPORT OU-1071, TA-73
Well Log: LP-7
m DANIEL B. STEPHENS & ASSOCIATES, INC.

3-95 JN 4010
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Graphic Gravimetric Moisture c "
Lithologic Log Content (g/g) omments
0 5 10 15 20 25
0o — | » jror bt b b b
B 2.5 ; .
10
% 13.5 g
et Gas port #3
- s e 15.5 Thermocouple #3
20 |—
i 246 ko
(AKX
- 71 K :
- VY] B ek
0 A R
U Ry Installation
% B 7/\1-2 | s instrumentation Depth
™ ;ﬂéf?} Ié§?i§ .ryx)e(S) Below
L 36.0 '11/ V! Ground (ft)J
CRIK ro.
L XX
XX | RR Gas port and
02020 I 0o L
40 [— 0.0 KXY KX R ! thermocouple #3 15.5
_ y . . Gas port and
S ‘| 435 Gos port #2 L] 2 thermocouple #2 43.5
i L Thermocouple #2 3 | Heat dissipation sensor 54 .5
- o (HDS #17 ~
[
0 - 47.9 : Gas port and
o g 4 91.5
}::)50 — 50.0 Centralizer ':f thermocouple #1
ko] - ¢ % o
5 53.3 Poexy g L
Le) B 1_4:7//\1_//\1 I"é%:* 54.5 P;g:;o:!issipotion
s T— l7‘_\7‘ 1_\7|_
o YN
2l
% 60 +— 1'7!_/\|_7l B4
< L NN N
I~ PAKWA [ EWARS
Uiy
i pEV EEvIE
— SURAER U
ARWAl 14 714
70— i//\/ AT
B N )
i 17)7\‘7) L 1. Vadose zone monitor well LP—8
EY N completed to a depth of 92.7 ft bgs
- CRALROAY as a combination neutron access tube/
i pivi I ETE multi—port soil gas/heat dissipation
:/\"//\:/\I ]’//\:/\'// sensor/thermocouple installation.
80 PG
i _7}://\:7\] !2/\_7\'1// 2. All backfill materials were emplaced
840 SONONY by tremie pipe.
L 87.6
89.0 Centralizer
%0 = G t 41
R as por
- 92.7 e o1.5 Thermocouple #1
100 —
i 102.5
110 '—
Well Construction Symbols Graphic Log Symbols
<= T K7 =~N7 =1 77
XS Bentonite pellets b 10-20 silica sand \If‘n"/!f‘/’\u Backfill "{{’/ 5; Welded, strongly indurated tuff
A s e ., SU gry ragleg
. CTAT [ .7 Poorly indurated,
. 2245§)Onbdentomte {/, ’:2: Slough .o+t non—welded tuff / Fracture or fault
ESVAN S . Partly welded tuff
IZ\'Z'7\'7/I7 Sieved tuff . moderately indurated
Hydrologist: LC, RSP, KCM, JRL Sampler Type: 2.5 ft core barrel
Driller: Jim Hale, Layne Environmental Services Casing diameter: 2.0 in. 1.D., 2.4 in. O.D.
Date completed: 11-2-94 Casing length: 92.7 ft
Drilling method: Hollow Stem Auger, CME 750 Casing type: SCH 40 PVC, flush threaded
Total borehole depth: 102.5 ft Casing height from ground: flush with grade
Borehote diameter: 8—1/4 in. Formction of completion: Tshirege Member, Bandelier Tuff
LANL RFI SUPPORT QU-1071, TA-73
Well Log: LP-8
DANIEL B. STEPHENS & ASSOCIATES, INC.

5-95 JN 4010
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Graphic Gravimetric Moisture
Lithologic Log Content (g/g) Comments
5 10 15 20 25
o__r/ — ‘\ ,7|,7"|I/ gy te e e dest gt tierald
S
= 1.0 ity
ISV
i 2.5 7/:%7/:{7’
= ’ AL
eSS
» YAOTAD
4.3 ,//\"f’//:/}
5 NNE
~ Oyle
] 6.3 PPt
- AU
Eptyl
- VNS
i Pl
A
10 — Evitel
’/.l.’xi’/l_’}
B -11.15 Gas port #2 -/-/\|7,7/\|7,
S
- Epty)
NN
- 7;\1 //\71'\1 7 Installation
B Ewikwl instrumentation Depth
1415 o 2/\:7}11,\:7} Type(s) Below
15 [— 7 £ 4] Ground (ft)
.' 72 1| Gas port #2 11.15
- 2 | Suction lysimeter (#15) 26.0
N K Heot dissipotion sensor
3 193 1O 1%, 3| (HDS #7) 26.2
g0~ iag [
@ | s W) 4| Gas port #1 41.0
/}_\/ __\/_
2 SO Ry
e I g
°© L vl Bl
z L’//,l’/ /,J///
3 L rkv) il Eelis
@ ':’}’/\l’} ’/:’}’/
§ 25 — N P
[ i 21 A
L ﬁ}‘\ﬁ} —\’}— - 26.0 Suction lysimeter
26.4 B - 26.2 Heat dissipation
L 0% XX sensor #1
29.6 L,,',\"“ R
30 +— |_7 :\'_7} :\-ﬂ 14 NOtes:
L=s, & 7,7/
B @7’/\'@ ?7’1‘7;?7’» 1. Vadose zone monitor well LP—9
B SOl O completed to a depth of 42.9 ft bgs
1{,7/\\:/, 7,\/,7/ as a combination neutron access tube/
- 37_177? :\—ﬂ:i multi-port soil gas/suction lysimeter,
:,’}’//\:/’ ///\:}’// heat dissipation sensor installation.
B D Bl AT : : :
34.9 ':x//\'_\, ; 2. All backfill materials were installed
35 — % by tremie pipe.
[ 3. Approx. 1 gallon of 10mg/L Br solution
was added immediately above the suction
37.65 lysimeter to facilitate contact of the
L ceramic cup with the sieved native tuff.
’_.
40 |-
- - 41.0 Gas port #1
- '\ 42.0 Centralizer
| 42.9
45 L 45.0
Waell Construction Symbols Graphic Log Symbols
e . 1 7/
Bentonite pellets 10-20 silica sand Backfill M Welded, strongly indurated tuff
pECTKHIA  50/50 bentonite 7275 Poor_ly indurated,
;:g:::?:?o.i oné scnden en A% Slough non—welded tuff / Fracture or fault
. YA Partly welded tuff
Bentonite powder (dry) ,'7/17}7\7,' Sieved tuff modgrately indurated

Hydrologist: LC, KCM, MB

Driller: Jim Hale, Layne Environmental Services

Date completed: 11-9-94

Drilling method: Hollow Stem Auger, CME 730

Total borehole depth: 45.0
Borehole diameter: 8—1/4 in.

DANIEL B. STEPHENS & ASSOCIATES, INC.
d 12-94 JN 4010

Sampler Type: 2.5 ft core barrel

Casing diameter: 2.0 in. L.D., 2.4 in. O.D.

Casing length: 42.9 ft

Casing type: SCH 40 PVC, flush threaded

Casing height from ground: flush with grade

Formation of completion: Tshirege Member, Bandelier Tuff

LANL RFl SUPPORT 0OU-1071, TA-73
Well Log: LP-9
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Graphic Gravimetric Moisture
Lithologic Log Content (g/g) Comments
0O 5 10 15 20 25
Or—'/ — \:1.0 = (ARSI SEEEENEENENE NN AN
Gas port #5
: 75 Thermocouple #5
10 -
K 17.5 |22
20 [—
i 22.0 Gas port #4
ﬁ 255 k&
30 N 300 ;;’\’/\:’ (<,
P I
- SR ONY
- 1 :\“77 T__/\"ff__/
- L,’}l/és T//:./}//
40 +— 40.0 ’:f RAR
° F 41.5 Fre l'/‘)'(}(/
s aYn
i SYRS Iy
- |/j7/‘|7, A 7)7/ instaliation
- :}//:} T//:}// »
0 - ghshic g Baw
i s34 [dad s Ground (ft)
- 57.2 : '
L : 1 | Gas port and 7.5
60 [— : Gas port #3 thermocouple #5 :
o I 61.0 Thermocouple #3
i 54.0 ‘ 2 | Gas port #4 22.0
I Gas port aond
70 700 KXY LY 3 | thermocouple #3 61.0
8 © i IZT/\IZ -'7/ 1/7/ 4 GCS por‘t Ond 1 14_ O
£L - ‘:7}/,\:7} Nk thermocouple #2 '
3 0 N /7 V3 7 L7
N> K =YY S =\ . Gas port and
CE g0 |— ﬁ:’,‘@ P%7| 78.5 Centralizer 5 thermocouple #1 145.0
o N7 =N/
3 & = 7}:\ ﬁ U:\ 1\_/
G o - SRR UG
e rEv i Enk
3¢ i SO O]
) - FX%A Ak
-\7 N~
OH5 go |- 157,44 1%,
S L A 57
Le ARG,
i _/Il_/\‘f} ?__/\"7}_/
i 17, & ’/:’}’/
100 | '7}7,\’7} Ao
— AN 12N
r 103.0 '7}7/\'7} 7/\’}:
i Notes:
110 109.5 p
t . 1. Vadose zone monitor well LPS—1
: 114.0 808 port #? completed to 147.5 ft at a 20° angle from
L Thermocouple #2 vertical as a combination neutron dccess
L 3 tube/muiti—port soil gas/thermocouple
120 — 119.5 installation.
- 124.3 2. Al backfill materials were emplaced
L by tremie pipe.
130 —
- 132.3 [Lex
L 137.5
140 —
3 Gas port #1
L 145.0 thermocouple #1
F R 1145.5 Centrallzer
L 147.5 fprerpr ;
150 +—
160 —
r 162.5
170 ~
Waell Construction Symbols Graphic Log Symbols

o

TN 7 N '
10-20 silica sand ,;71‘\27["} Backfill M Welded, strongly indurated tuff

Bentonite pellets

K5I ST . TN Poorly indurated
PRRRY  50/50 bentonite ‘s Slough o/ ’
RS onc{ 0 b 1 Sloug non-welded tuff _—"| Fracture or foult

Partly welded tuff
moderately indurated [=e=a=| Fracture

;1] Sieved tuff

Hydrologist: RSP, RCM, JRL, LC Sampler Type: 2.5 ft core barrel

Driller: Jim Hale, Layne Environmental Services Casing diameter: 2.0 in. I.D., 2.4 in. O.D.

Date completed: 11-6-94 Casing length: 147.5 ft

Driling method: Hollow Stem Auger, CME 750 Casing type: SCH 40 PVC, flush threaded

Total borehole depth: 162.5 ft Casirg height from ground: flush with grade

Borehole diameter: 8—1/4 in. Formation of completion: Tshirege Member, Bandelier Tuff

LANL RFI SUPPORT OU-1071, TA-73
Well Log: LPS-1

" XOX.| DANIEL B. STEPHENS & ASSOCIATES, INC.
——"1] 12-94 JN 4010
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] Graphic Gravimetric Moisture c t
Lithologic Log Content (g/g) omments
10 1 D
0 r'T — ] s .u_%_?
10 - 4%
12.4 A
i 17.8 Al
20 |— R
i 22.6
- G rt #4
30 |- - 20.0 Tr?:rn’:gcouple #4
34.1
40 - 37.9 ﬁ};”\ff} : 7/\,177}
. L1, </
+ el 1Kk
492 =7 1% (7,5
73 PABY BXA
50 |- % ?f’\(\‘?_t 50.0 Centralizer
- I:’}’/ if} 9 :’}’/
g gﬁﬁg :jléi Instaliation
60 — 127"12 ‘A 7,"/__ 62.0 Suction lysimeter instrumentation Depth
i 63.1 \’ “ 3% 2.0 Heat dissipation Type(s) Below
i e gz e sensor Ground (ft)
- 68.1 - \
VlA 7 L7
70 SR Gas port and
t ':7/}'/;\_1_7/\'1 ;r’/;\:’/{/ ! thermocouple #4 29.0
i Ewl I [Epike
N 77.0 Wi s 2 | Suction lysimeter (#25) 62.0
i 82,5 Heot dissipation sensor #2
i Gas port #3 3 | (HDS #285) # 62.0
8= o L — 87.0 Thermocouple #3 Gas port and
£E 0r 91.8 4| thermocouple #3 87.0
3 Gas
port and
2E L 96.9 RS S thermocouple #2 125.0
5: 100 | 1_»'\"7}__ Heat dissipati #1
5y | //,:3//, 6 (:88 #lgsslﬁ)o lon sensor 160.0
3e 3 y 5 105.0 Centralizer o = and
S MR as port an
w10} /\\_'1[/, 7 thermocouple #1 178.0
a 3 A 4L
L8 i 115.2 VY
120 - 120.0
Gas port #2
F —125.0 Thern’::ocouple #2
- 30. o H
130 1901 ks Notes:
134.3 |52
@ Ew] '7/‘7}7/ 1. Vadose zone monitor well LPS-2
140 ;/\[z/\:ﬁ N completed to 186 ft at a 25 angle from
L—— YR k7, vertical with a N45E bearing as a
L afjf\ﬁj :7/\1:!7/ combination neutron access tube/
i YN Fk multi—port soil gas/suction lysimeter/
150 L 27321 17,<%, heat dissipation sensor/thermocouple
t "277/\"21 Wf‘—iff installation.
N7 12N
r [7/7/\'21 17,/\7}7/ 2. All backfill materials were emplaced
YR ~ issipati e pi
160 — g/}}_/,\'z ,7: }72’—160.0 :I::stoglis;pctwn by tremie pipe.
F .7}{\.7} 7’\\7\'7/ 3. Approximately 1 gallon of 10mg/L Br
i Yot solution was odded immediately above the
170 |- 169.0 suction lysimeter to facilitate contact
F of the ceramic cup with the sieved
[ 174.8 native tuff.
- _1780Gos port #1
180 |— U Thermocoupte #1
[ 186.0 23185.0 Centralizer
190 f
! L7
7,
L /,
200 [~ 7 ’
{ 205.0 L« A Z 5
210 -
Well Construction Symbols Graphic Log Symbols
g PRI /2257,
Bentonite pellets 10—-20 silica sand ,'71‘@7;12, Backfill % Welded, strongly indurated tuff
. 77 Poorly indurated,
22(45§)Onbdentomte Y S Slough PR non—):velded tuff / Fracture or fauilt
TSN 77777 Partly welded tuff
jf\nif‘li* Sieved tuff m moderately indurated
Hydrologist: RSP, JRL, JRF, MB Sampler Type: 2.5 ft core barrel
Driller: Jim Hale, Layne Environmental Services Casing diameter: 2.0 in. 1.D., 2.4 in. O.D.
Date completed: 11—-18-94 Casing length: 186 ft
Drilling method: Hollow Stem Auger, CME 750 Casing type: SCH 40 PVC, flush threaded
Total borehole depth: 205 ft Casing height from ground: flush with grade
Borehole diameter: 8—1/4 in. Formation of completion: Tshirege Member, Bandelier Tuff
LANL RFlI SUPPORT OU-1071, TA-73
Woell Log: LPS-2
m\ DANIEL B. STEPHENS & ASSOCIATES, INC.
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ENVIRONMENTAL SCIENTISTS AND ENGINEERS

INTERNAL MEMORANDUM

TO: Rolf Schmidt-Retersen DATE: December 9, 1994
FROM: Joe Vinson

SUBJECT: LANL Townsite jHeat Dissipation Probes

Please find enclosed the final laboratory data report for laboratory calibration of LANL Townsite
head dissipation probes. An invoice for this work will be submitted under separate cover.

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

LAB-94(7)\4848\LANL-RPT.D94 1
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SUMMARY

The Hydrologic Testing Laboratory at Daniel B. Stephens & Associates, Inc. (DBS&A) has
completed laboratory calibration of LANL Townshite head dissipation probes as specified by you.
Table 1 gives the results of the specified calibration. A detailed description of each method is

available upon request.

Altogether we calibrated the performance of a total of 31 Campbell Scientific heat dissipation
probes (Logan, UT) along a series of descending potentials, from saturation to about -5 bars. Our
objective, as outlined by Mr. Rolf ‘Schmidt-Petersen, was to describe pulsed differential
temperature response of the probes to soil potential, by targeting most of our calibration points
within the operational range of typical suction lysimeters, to about -1 bar potential.

Probes were calibrated within a custom 15-bar pressure plate extractor (Soil Moisture Equipment
Cormp., Santa Barbara, CA) in groups of eight probes per run with seven probes in the fourth and
final run (Table 1). We used a well-defined series of preparation steps that were based upon
similar calibration work that had been done for another project.

We first measured the length of electrical cable for each probe to the nearest foot. Then, to
pneumatically isolate the probe body within the pressure cell, we used 3/16" bore-through
thermocouple connectors (Swagelok Co., Solon, OH, p/n SS-300-1-4STBT) with removable nylon
ferrules. Outside of the cell the cable leads were wired to a Campbell Scientific 21x datalogger
that was used to collect and store raw differential temperature data.

Within the pressure cell the probes were buried within a "cake" of silica flour, our calibration
media. On the floor of the cell we used a 5-bar ceramic plate that was caked with about a
1%-inch thickness of saturated silica flour paste, restrained within the fluted rim of the plate’s
rubber membrane. Pre-conditioned probes (24 hours of soaking in deionized water at ambient
pressure) were fully immersed in the paste. Finally, a second 1-bar plate was positioned, face-
down, on top of the “cake." With this arrangement we were able to use two plates for extraction:
a 5-bar plate at the lower boundary and a 1-bar plate at the upper. After the -1 bar extraction,

LAB-94(TN4848\LANL-RPT.D94 2
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we removed the top plate from the cake and replaced it with a 5-bar plate to complete the

extractions.

Differential temperature data for each of the eight probes of a run were recorded by hand from
the memory of the datalogger. The probes were never pulsed more than twice per day to reduce
heat-induced moisture transfer from the probes to the surrounding matrix. A number of pulse
events over a period of days eventually produced stable temperature readings. All of these data
were recorded at each pressure step, including the initial "0"-potential, before changing the
extraction pressure of the cell.

Stable summary and per-probe temperature readings were fit to 2 parameter least-squares
exponential models to predict the potential from observed data (Table 1). Separate models were
fit to subsets of data. One model was used to fit data from the first point at which differential
temperatures began to change from initial conditions, through the full range of calibration points.
A second model was used to fit a more limited range of points, to about -1 bar potential, the
range of particular interest in this work.

Overall, the results appear reasonable and intemally consistent. However, DBS&A cannot
guarantee that these results are representative of the undisturbed materials at the field site, nor
can we assume any responsibility for interpretations or analyses based on these data. We
recommend that careful evaluation of these laboratory results be made for your particular
application.

LAB-34(7)\4B84B\LANL-RPT.D94 3
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Table 1. Summary of Heat Dissipation Calibration Runs

Run No. Set-Up Date End Date No. of Points ID No. Cable Length
1 4/5/94 6/3/94 13 1245 60 feet
1243 60 feet
1249 60 feet
1242 60 feet
1248 60 feet
1247 60 feet
1253 35 feet
1244 60 feet
2 6/20/94 713/94 8 1269 35 feet
1246 60 feet
1254 35 feet
1258 35 feet
1261 35 feet
1255 35 feet
1257 35 feet
1250 35 feet

LAB-94(7)\4B4B\LANL-RPT.D94 4
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Table 1. Summary of Heat Dissipation Calibration Runs (Continued)
Run No. Set-Up Date End Date No. of Points ID No. Cable Length
3 7/13/94 8/16/94 8 1241 60 feet
1240 60 feet
1267 35 feet
1251 35 feet
1256 35 feet
1252 35 feet
1265 35 feet
1259 35 feet
4 8/19/94 9/30/94 9 1260 35 feet
1264 35 feet
1263 35 feet
1262 35 feet
1266 35 feet
1268 35 feet
1270 35 feet

LAB-94(7)\484B\LANL-RPT.D94 5
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Temperature Differential (C°)

2.5

1.5
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ENVIRONMENTAL SCIENTISTS AND ENGINEERS

Heat Dissipation Probe Calibration
LANL Townsite / 4848, Composite
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Equilibrium Differential Temperature Data

Bars
0
0.10
0.20
0.30
0.40
0.50
0.60
0.70

0.80

1.0
1.5
3.0
4.6

1245
1243
1249
1242
1248
1247
1253

DANIEL B. STEPHENS & ASSOCIATES. INC.
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Summary of Heat Dissipation Probe Calibration Data
Run Number 1

1243

1249

1242

1248

1247

1253

1.059

1.001

1.051 1.060 1.008 1.010
1.145 1.161 1.154 1.095 1.128 1.113 1.096 1.153
1.260 1.276 1.268 1.209 1.251 1.227 1.201 1.267
1.326 1.342 1.343 1.276 1.317 1.285 1.276 1.359
1.376 1.384 1.385 1.317 1.376 1.335 1.326 1.409
1.427 1.443 1.436 1.368 1.435 1.394 1.377 1.476
1.485 1.492 1.485 1.426 1.476 1.444 1.418 1.517
1.541 1.541 1.542 1.483 1.549 1.500 1.467 1.598
1.691 1.690 1.700 1.615 1.698 1.649 1.600 1.781
1.974 1.981 1.991 1.989 2.056 1.974 1.866 2.1183
2.080 2.063 2.114 2013 2212 2.113 1.965 2.270
Least Squares Fitted Parameters
Exponential Model: -bars = a * exp (b * diff. temperature), n = no. obs.
All points (unshaded) Points to -1.0 bar
n a b 2 a n b 2
11 1.016E-2 2.935 0.9864 | 7.408E-3 8 3.179 0.9959
11 8.998E-3 3.002 0.9955 | 6.704E-3 8 3.227 0.9962
11 1.061E-2 2.884 0.9951 | 6.766E-3 8 . 3.228 0.9960
11 1.293E-2 2.870 0.9850 | 7.701E-3 8 3.282 0.9946
10 1.906E-2 2.499 0.9934 | 1.111E-2 7 2.895 0.9973
11 1.404E-2 2.770 0.9924 | 8.114E-3 8 3.201 0.9970
11 8.994E-3 3.164 0.9974 | 7.610E-3 8 3.298 0.9861
11 1.702E-2 2.489 0.9931 | 1.020E-2 8 2.883 0.9945

1244
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Bars
0
0.20
0.40
0.60
0.80
1.5
3.0
4.7

1269
1246
1254
1258
1261
1255
1257

ENVIRONMENTAL SCIENTISTS AND ENGINEERS

Summary of Heat Dissipation Probe Calibration Data

Run Number 2
Equilibrium Differential Temperature Data
1269 1246 1254 1258 1261 1255 1257 1250
1.273 1.239 1272 1.264 1.238 1.214 1.264 1.198
1.391 1.365 1.398 1.373 1.373 1.324 1.407 1.316
1.481 1.448 1.480 1.456 1.455 1.423 1.506 1.407
1.705 1.664 1.696 1.697 1.671 1.622 1.763 1.597
1.980 1.938 1.995 1.863 1.995 1.897 2.104 1.872
2.128 2.103 2.160 2127 2.167 2.028 2.309 2.012
Least Squares Fitted Parameters
Exponential Model: -bars = a * exp (b * diff. temperature), n = no. obs.
All points (unshaded) Points to -0.8 bar
n a b 2 n a b r
6 1.180E-2 2.816 0.9980 3 5.732E-3 3.338 0.9996
7 1.044E-2 2.937 0.9954 4 5.611E-3 3.428 0.9995
7 " 1.103E-2 2.833 0.9948 4 6.055E-3 3.294 0.9998
7 1.086E-2 2.879 0.9959 4 5.794E-3 3.376 0.9987
7 1.382E-2 2.724 0.9930 4 7.387E-3 3.215 0.9936
7 1.029E-2 3.028 0.9972 4 6.981E-3 3.343 0.9990
7 1.754E-2 2.461 0.9905 4 7.554E-3 3.109 0.9977
6 1.191E-2 2.976 0.9974 3 7.504E-3 3.322 0.9995

1250
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Heat Dissipation Probe Calibration
LANL Townsite / 4848, Run No. 2
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Temperature Differential (C)

1.8

1.6

1.4

1.2
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Heat Dissipation Probe Calibration
LANL Townsite / 4343, Run No. 2
(Potentials to -0.8 bar)

0.2 0.4 0.6 0.8
Potential (-bars)
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Bars
0
0.20
0.40
0.60
0.80
1.5
3.0
4.8

1241
1240
1267
1251
1256
1252
1265
1259
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Summary of Heat Dissipation Probe Calibration Data
Run Number 3

Equilibrium Differential Temperature Data

1256

1265

1259

1.281

1.189

1.222 1.239 1.305 1.338 1.205 1.214
1.406 1.338 1.364 1.438 1.472 1.322 1.339 1.314
1.471 1.411 1.429 1512 1.553 1.387 1.420 1.378
1.701 1.666 1.659 1.791 1.841 1.633 1.650 1.633
2.004 1.919 1.937 2.109 2.110 1.903 1.927 1.927
2.176 2.075 2.102 2.282 2.242 2.076 2.100 2.125
Least Squares Fitted Parameters
Exponential Model: -bars = a * exp (b * diff. temperature), n = no. obs.
All points (unshaded) Points to -0.8 bar
n a b r° n a b 2
6 1.362E-2 2.708 0.9941 3 3.961E-3 3.594 0.98932
7 1.056E-2 2.968 0.9936 4 4.271E-3 3.705 0.9997
7 9.855E-3 2.976 0.9917 4 3.733E-3 3.748 0.9979
7 1.365E-2 2.580 0.9917 4 5.350€-3 3.300 0.99s80
6 1.225E-2 2.637 0.9960 3 5.462E-3 3.204 0.9981
7 1.143E-2 2.947 0.9904 4 3.808E-3 3.847 0.9989
7 1.140E-2 2.912 0.9924 4 4.690E-3 3.628 0.9978
6 2.010E-2 2.599 0.9540 3 5.412E-3 3.609 0.9925
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l Heat Dissipation Probe Calibration
LANL Townsite / 4848, Run No. 3
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Temperature Differential (C)
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Heat Dissipation Probe Calibration
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Summary of Heat Dissipation Probe Calibration Data

Run Number 4
Equilibrium Differential Temperature Data
Bars 1260 1264 1263 1262 1266 1268 1270
0
0.15
0.25
0.35 1.239 1.257 1.272 1.246 1.198 1.363 1.190
0.45 1.322 1.323 1.347 1.330 1.264 1.430 1.274
0.65 1.420 1.438 1.469 1.436 1.363 1.600 1.380
0.84 1.502 1.504 1.543 1.534 1.445 1.668 1.462
1.5 1.676 1.685 1.734 1.742 1.619 1.908 1.661
3.0 1.764 1.797 1.844 1.877 1.738 2.183 1.797

Least Squares Fitted Parameters
Exponential Model: -bars=a*exp (b * diff. temperature), n = No. ObS.

All points (unshaded) Points to -0.84 bar
n a b r2 n a b r2
1260 7 3.402E-3 3.720 0.9858 5 4.862E-3 3.430 0.9954
1264 7 3.035E-3 3.755 0.9884 5 3.745E-3 3.589 0.9982
1263 6 3.514E-3 3.579 0.9837 4 6.038E-3 3.194 0.9993
1262 6 5.830E-3 3.264 0.9890 4 7.483E-3 3.088 0.9972
1266 7 3.584E-3 3.807 0.9929 5 4.247E-3 3.676 0.9981
1268 7 8.814E-3 2.690 0.9934 5 5.728E-3 2.989 0.9806
1270 7 5.402E-3 3.463 0.9935 5 5.629E-3 3.435 0.9962
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Heat Dissipation Probe Calibration
LANL Townsite / 4848, Run No. 4
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Heat Dissipation Probe Calibration
LANL Townsite / 4848, Run No. 1
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® Hall Environmental
m Analysis Laboratory

Hall Environmental Analysis Laboratory 8/30/94
2403 San Mateo NE, Suite P-13
Albuquerque, NM 87110

Daniel B. Stephens and Associates, Inc.
6020 Academy NE, Suite 100
Albuquerque, NM 87109

Dear Mr. Rolf Schmidt - Peterson,

Enclosed are the results for the analyses that were requested. These were
done according to EPA procedures or the equivalent.

Detection limits are determined by EPA methodology. No determination of
compounds below these levels (denoted by the < sign) has been made.

Please don’t hesitate to contact me for any additional information or
clarifications.

Sincerely,

il 9k

Scott Hallenbeck, Lab Manager

Project: LANL Landfill

2403 San Mateo N.E. Suite P-13 Albuquerque, NM 87110



Results for sample: Lysimeter 8

Date collected: 8/26/94
Date extracted: NA

Date received: 8/26/94
Date analyzed: 8/29/94

Client: Daniel B. Stephens and Associates, Inc.

Project Name: LANL Landfill

HEAL #: 9408072-1

Project Manager: Rolf Schmidt - Peterson Sampled by: JRL

Matrix: Aqueous

Test: EPA 8010/8020

Analyte: Units: PPB (UG/L) Detection Limit
Benzene nd 0.5
Bromodichloromethane nd 0.2
Bromoform nd 1.0
Bromomethane nd 1.0
Carbon Tetrachloride nd 0.2
Chlorobenzene nd 0.2
Chloroethane nd 0.2
Chloroform 1.9 0.2
Chloromethane nd 0.2
2-Chloroethylvinyl Ether nd 1.0
Dibromochloromethane nd 0.2
1,3-Dichlorobenzene nd 0.2
1,2-Dichlorobenzene nd 0.2
1,4-Dichlorobenzene nd 0.2
Dichlorodifluoromethane nd 0.2
1,1-Dichloroethane nd 0.2
1,2-Dichloroethane nd 0.2
1,1-Dichloroethene nd 0.2
cis-1.2-Dichloroethene nd 0.2
trans- 1.2-Dichloroethene nd 0.2
1,2-Dichloropropane nd 0.2
cis-1.3-Dichloropropene nd 0.2
trans-1.3-Dichloropropene nd 0.2
Ethylbenzene nd 0.2
Dichloromethane nd 2.0
1,1.2.2-Tetrachloroethane nd 0.2
Tetrachloroethene (PCE) nd 0.2
Toluene nd 0.5
1,1.1-Trichloroethane nd 0.2
1,1.2-Trichloroethane nd 0.2
Trichloroethene (TCE) nd 0.2
Vinyl Chloride nd 0.2
Xylenes (Total) nd 0.5
Trichlorofluoromethane nd 0.2

BFB (Surrogate) Recovery = 89 %
BCM (Surrogate) Recovery =92 %
Dilution Factor =1




Results for sample: Trip Blank

Date collected: 8/24/94 Date received: 8/26/94
Date extracted: NA Date analyzed: 8/29/94
Client: Daniel B. Stephens and Associates, Inc.

Project Name: LANL Landfill HEAL #: 9408072-2

Project Manager: Rolf Schmidt - Peterson Sampled by: JRL
Matrix: Aqueous

Test: EPA 8010/8020

Analyte: Units: PPB (UG/L) Detection Limit
Benzene nd 0.5
Bromodichloromethane nd 0.2
Bromoform nd 1.0
Bromomethane nd 1.0
Carbon Tetrachloride nd 0.2
Chlorobenzene nd 0.2
Chloroethane nd 0.2
Chloroform nd 0.2
Chloromethane nd 0.2
2-Chloroethylvinyl Ether nd 1.0
Dibromochloromethane nd 0.2
1,3-Dichlorobenzene nd 0.2
1,2-Dichlorcbenzene nd 0.2
1,4-Dichlorcbenzene nd 0.2
Dichlorodifluoromethane nd 0.2
1,1-Dichloroethane nd 0.2
1,2-Dichloroethane nd 0.2
1.1-Dichloroethene nd 0.2
cis-1.2-Dichloroethene nd 0.2
trans-1.2-Dichloroethene nd 0.2
1,2-Dichloropropane nd 0.2
cis-1.3-Dichloropropene nd 0.2
trans-1,3-Dichloropropene nd 0.2
Ethylbenzene nd 0.5
Dichloromethane nd 2.0
1,1.2.2-Tetrachloroethane nd 0.2
Tetrachloroethene (PCE) nd 0.2
Toluene nd 0.5
1,1,1-Trichloroethane nd 0.2
1,1,2-Trichlorcethane nd 0.2
Trichloroethene (TCE) nd 0.2
Vinyl Chloride nd 0.2
Xylenes (Total) nd 0.5
Trichlorofluoromethane nd 0.2

BFB (Surrogate) Recovery = 92 %
BCM (Surrogate) Recovery = 108 %
Dilution Factor =1




Results for QC: Reagent Blank

Date extracted: NA

Date analyzed: 8/29/94

Client: Daniel B. Stephens and Associates, Inc.

Project Name: LANL Landfill
Project Manager: Rolf Schmidt - Peterson

Matrix: Aqueous

HEAL#: RB 8/29

Test: EPA 8010/8020

Analyte: Units: PPB (UG/L) Detection Limit
Benzene nd 0.5
Bromodichloromethane nd 0.2
Bromoform nd 1.0
Bromomethane nd 1.0
Carbon Tetrachloride nd 0.2
Chlorobenzene nd 0.2
Chloroethane nd 0.2
Chloroform nd 0.2
Chloromethane nd 0.2
2-Chloroethylvinyl Ether nd 1.0
Dibromochloromethane nd 0.2
1,3-Dichlorobenzene nd 0.2
1,2-Dichlorocbenzene nd 0.2
1,4-Dichlorobenzene nd 0.2
Dichlorodifluoromethane nd 0.2
1.1-Dichloroethane nd 0.2
1.2-Dichloroethane nd 0.2
1,1-Dichloroethene nd 0.2
cis-1.2-Dichloroethene nd 0.2
trans-1.2-Dichloroethene nd 0.2
1.2-Dichloropropane nd 0.2
cis-1.3-Dichloropropene nd 0.2
trans-1.3-Dichloropropene nd 0.2
Ethylbenzene nd 0.5
Dichloromethane nd 2.0
1,1.2.2-Tetrachloroethane nd 0.2
Tetrachloroethene (PCE) nd 0.2
Toluene -nd 0.5
1,1.1-Trichloroethane nd 0.2
1,1.2-Trichloroethane nd 0.2
Trichloroethene (TCE) nd 0.2
Vinyl Chloride nd 0.2
Xylenes (Total) nd 0.5
Trichlorofluoromethane nd 0.2

BFB (Surrogate) Recovery = 98 %
BCM (Surrogate) Recovery =91 %

Dilution Factor =1




Results for QC: Blank Spike / Blank Spike Dup

Date extracted: NA

Client: Daniel B. Stephens and Associates, Inc.
Project Name: LANL Landfill
Project Manager: Rolf Schmidt -

Peterson

Matrix: Aqueous

Date analyzed: 8/29/94

HEAL#: BS/BSD 8/29

Units: PPB (UG/L)

Test: EPA 8010/8020

Sample Amount Blank

Compound Result Added Spike
Chlorobenzene <0.2 20.0 20.5
Ethylbenzene <0.5 20.0 20.6
1,1-DCE <0.2 20.0 18.5
trans-1,2-DCE <0.2 20.0 18.2
Carbon tet.  <0.2 20.0 18.4
1,2-DCA <0.2 20.0 19.8
1,2-dichloro-

propane <0.2 20.0 18.3
1,1,2TCA <02 200  17.2
PCE <0.2 20.0 17.7
1,3-dichloro-

benzene <0.2 20.0 19.6
1,4-dichloro-

benzene <0.2 20.0 20.2

BS
BS % Dup BSD% RPD
103 20.8 104 1
103 20.7 104 0
93 17.9 90 3
91 19.5 98 7
92 19.9 100 8
99 21.7 109 9
92 20.2 101 10
86 20.1 101 16
89 21.2 106 18
98 20.0 100 2
101 20.2 101 0
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Scott Specialty Gases
1pped 6141 EASTON ROAD PO BOX 310
PLUMSTEADVILLE PA 18949-0310
Phone: 215-766-8861 Fax: 215-766-2070
CERTIFICATE OF ANALYSTIS
DANIEL B STEPHENS & ASSOC PROJECT #: 01-65459-001
ATTN: JEFF FORBES PO#: 12054
ERM/GOLDER ITEM #: 01046676 4EL
555 OPPENHEIMER DRIVE DATE: 2/22/95
LOS ALAMOS NM 87544
CYLINDER #: S-IV-~EL ANALYTICAL ACCURACY: +/- 2%
REQUESTED GAS ANALYSIS
COMPONENT CONC _(MOLES)
CIS 1,2-DICHLOROETHYLENE 10. PPM 10.6 PPM
1,2~-DIBROMOETHANE (EDB) 10. PPM 10.7 PPM
1,1-DICHLOROETHANE 10. PPM 10.8 PPM
1,2-DICHLOROETHANE (EDc) 10. PPM 9.98 PPM
TETRACHLOROETHYLENE 10. PPM 10.7 PPM
1,1,1-TRICHLOROETHANE 10. PPM 10.2 PEM
VINYL CHLORIDE 10. PPM 10.6 PPM
VINYLIDENE CHLORIDE 10. PPM 10.8 PPM
NITROGEN . BALANCE BALANCE

aNALyST: G, /Lf g;//’f

WALTER SABITUS

FREMONT. CA SAN BERNARDINO,CA LONGMONT,CO TROY.MI CHICAGO. IL :SARNIA, ONTARIO HOUSTON. TX
DURHAM, NC PLUMSTEADVILLE, PA ~ SOUTH PLAINFIELD, NJ * WAKEFIELD. MA ~ BREDA, THE NETHERLANDS = SHEFFORD, GREAT BRITIAN
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APPENDIX D
ESE CASE NARRATIVES

This appendix contains case narratives provided by the Environmental Science & Engineering,
Inc. (ESE), laboratory in Gainesville, Florida, regarding the February and March 1995 soil gas
analyses. The data provided by ESE are currently undergoing data validation at Los Alamos
National Laboratory; therefore, all ESE data provided in this report should be considered

preliminary.
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CASE NARRATIVE
Request Numbers: 21386, 21397, 21413, 21416

Analyses: Volatiles - M thod TOI14 - Determination of Volatile Organic
Compounds (1'OCs) in Ambient Air Using SUMMA Passivated Canister
Sampling and Gas Chromatographic Analysis. - EPA, 6/88, Rev. 1.0

Fixed Gasses - Method 133 - Determination of O, N, CO, and CH,
(Gas Chromatographic Method) - Methods of Air Sampling and
Analysis, Third Edition, 1989, James P. Lodge, Jr., editor

Thirty-five Summa canisters were received between 2/21/95 and 2/25/95 at ambient
temperature and in intact containers with intact custody seals. All samples were accompanicd
by proper chain of custody documentation. All samples but 95.04043-1 and 95.4044-1 were
accompanied by field data sheets.

Although these samples were delivered under four LANL request numbers they are samples of
one project and are reported as one deliverable. All samples were requested for the two

~ above mentioned analyses and all samples were analyzed within all established holding times.

Table 1, following, cross references the LANL sample‘s ID numbers, the field ID of the
samples and the ESE laboratory ID of the samples. Also listed are the ESE method specific
laboratory batch numbers where the data for a given sam 1 can be found. The sample data
are summarized for all batches without raw data and ordered by LANL sample ID in section
C. Sample Data Summary. The following is a brief discussion of data quality control for
each ESE batch:

Volatile Organic Compounds EPA Method TO14 - Batch G59087

The samples were analyzed February 29, 1995 on a Finnigan MAT INCOS 50 GC/MS
using a cryofocusing inlet and with a 0.32 mm x 30 M DB-1, 1.0 um film column
installed. Initial cclibration was performed February 26, 1995 with the analysis of 6
standards ranging _>om 0.05 to 10.0 PPB concentration. A CCS and a NIST reference
samples were anal . zed before the run began. The method blank had a positive value
of 3.84 PPBV for -loromethane. The NIST reference recoveries ranged from 90.6 -
117.3%. Internal ..andards were well within limits. All samples were collected in
SUMMA canister:. :.ad received at a slight vacuum. They were all initially pressurized
to give a 1:2 dilut..u to allow withdrawal of samples for the fixed gasses reported
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elsewhere in this document after the TO14 analyses ..cre completed. All samples in
this batch were reported at 1:20 dilution.

Volatile Organic Compcunds EPA Method TO14 - Batch G59088

The samples were analyzed March 1, 1995 on a Finnigan MAT INCOS 50 GC/MS
using a cryofocusing inlet with a 0.32 mm x 30 M DB-1, 1.0 um film column
installed. Initial calibration was performed February 26, 1995 with the analysis of 6
standards ranging from 0.05 to 10.0 PPB concentration. A CCS and a NIST icference
samples were analyzed before the run began. The method blank had a positive value
of 4.14 PPBV for chloromethane. The NIST reference recoveries ranged from 92.5 -
119.6%. Internal standard areas were all within the limits except sample 95.04043,
which failed for low recoveries of bromomethane-d3 and 1,4-difluorobenzene. All
samples were collected in SUMMA canisters and received at a slight vacuum. They
were all initially pressurized to give a 1:2 dilution to allow withdrawal of sar. »les for
the fixed gasses reported elsewhere in this document after the TO14 analyses vere
completed. Samples in this batch were reported at 1:20 dilution.

Volatile Organic Compounds EPA Method TO14 - Batch G59132

The samples were analyzed within holding time March 2, 1995 on a Finnigan MAT
INCOS 50 GC/MS with a 0.32 mm x 30 M DB-1, 1.0 um film column installed..
Initial calibration was performed February 26, 1995 with the analysis of 6 standards
ranging from 0.05 to 10.0 PPB concentration. A CCS and a NIST reference samples
were analyzed before the run began. The method ‘blank had a positive value of 3.34
PPBYV for chloromethane. The NIST reference recoveries ranged from 90.6 - 115.4%.
Sample 95.03900 (LAIR1*7) was analyzed in duplicate and the maximum difference
was 12.1%. Internal standard areas were all within the limits. All samples were
collected in SUMMA canisters and received at a slight vacuum. They were all
initially pressurized to give a 1:2 dilution to allow withdrawal of samples for the fixed
gasses reported elsewhere in this document after the TO14 analyses were completed.
Samples in this batch were reported at dilutions ranging from 1:20 to 1:1000.

Volatile Organic Compounds EPA Method TO14 - Batch G59133

The samples were analyzed within holding time March 2, 1995 and over midnight to
March 3, 1995 on a Finnigan MAT INCOS 50 GC/MS with a 0.32 mm x 30 M DB-1,
1.0 um film column installed. Initial calibration was performed February 26, 1995
with the analysis of 6 standards ranging from 0.05 to 10.0 PPB concentration. A CCS
and a NIST reference samples were analyzed before the run began. The method blank
had a positive value of 3.58 PPBV for chloromethane. The NIST reference recoveries
ranged from 94.3 - 113.5%. Sample 95.03897 (ILAIR1*14) was analyzed in duplicate
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wnd the maximum difference was 13.4 %. Internal standard areas were all well within
the limits. All sa .ples were collected in SUMMA canisters and received at a slight
vacuum. They were all initially pressurized to give a 1:2 dilution to allow withdrawal
of samples for th. fixed gasses reported elsewhere in this document after the TO14
analyses were completed. All samples in this batch were reported at either 1:100 or
1:100 dilution due to the levels of contamination found.

Volatile Organic Compounds EPA Method TO14 - Batch G59186

The samples were analyzed within holding time March 3, 1995 and over midnight to
March 4, 1995 on a Finnigan MAT INCOS 50 GC/MS with a 0.32 mm x 30 M DB-1,
1.0 um film column installed. Initial calibration was performed February 26, 1995
with the analys.. of 6 standards ranging from 0.05 to 10.0 PPB concentration. A CCS
and a NIST refercnce samples were analyzed before the run began. The method blank
had a positive value of 4.94 PPBV for chloromethane. The NIST reference recoveries
ranged from 88.7 - 115.1%. Sample 95.04000 (LAIR1*23) was analyzed in duplicate
and the maximurn difference was 36.6% for chloromethane. Internal standard areas
were all well within the limits. All samples were collected in SUMMA canisters and
received at a slight vacuum. They were all initially pressurized to give a 1:2 dilution
to allow withdravval of samples for the fixed gasses reported elsewhere in this
document after ti.c TO14 analyses were completed. Samples in this batch were
reported at various dilutions due to the levels of contamination.

AN

Fixed Gasses - Batch G£9142 (O,, N,, CO,, CH,)

The samples were analyzed within holding time March 7, 1995 on a Hewlett-Packard
model HP5890 1l gas chromatograph with a thermal conductivity detector installed.
Sample replicates of 95.03889 (LAIR1*8) and 95.04004 (!LAIR1*27) were analyzed
March 15, 1995. The samples were analyzed in accordance with Method 133 -
Determination of O, N, CO, and CH, (Gas Chromatographic Method) of Methods of
Air Sampling and Analysis, Third Edition, 1989, James P. Lodge, editor. The column
installed in the instrument was a 1/8" X 30’ stainless steel packed with Alltech Gas
Chrom M/P 100/120 mesh packing material. Initial calibration was performed by
single level calibration against a Scott Gas 5 PPB standard and a response factor was
determined. An initial calibration verification standard was run before the samples
during daily analytical run and continuing calibration standards were run every 10
samples. A standard matrix spike (the Scott Gas standard) was analyzed. Samples
95.03889 (!LAIR1*8) and 95.04004 ('LAIR1*27) were analyzed in duplicate and the
maximum difference was 185% for oxygen. Oxygen was somewhat problematic
during this analysis due to the high levels of volatile organic contaminants in the
samples and scavenging by the analytical column. Analysts’s comments for.each batch
this narrative. All samples were collected in SUMMA canisters and received at a
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slight vacuum. " ey were all initially pressurized to give a 1:2 dilution for to allow
withdrawal of sa...ples for these fixed gas analyses after the TO14 analyses were

completed. This ‘s considered during the calculations and the results are reported as
percent levels. ~ .e raw strip chart data for all fixed gasses and for all ESE batches

are provided in « .ronological order at the end of this ESE batch in the other relevant
documents secti. ..

Fixed Gasses - Batch C..9167 (O,, N,, CO,, CH,)

The samples we : analyzed within holding time March 8, 1995 on a Hewlett-Packard
model HP5890 .. gas chromatograph with a thermal conductivity detector installed.
Samples 95.040 :3 /'LAIR1*34) was analyzed March 14, 1995. This sample was
omitted during : = scheduled analyses and sample 95.04005 (!LAIR1*33) was
mistakenly analvzed twice. These samples were analyzed separately for hydrogen and
the methane rep .iwd here is from that analytical run. The samples were analyzed in
accordance witt: ... thod 133 - Determination of O,, N, CO,, and CH, (Gas
Chromatograp}.:c Method) of Methods of Air Sampling and Analysis, Third Edition,
1989, James P. . ge, editor. The column installed in the instrument was a 1/8" X
30’ stainless stc ;- cked with Alltech Gas Chrom M/P 100/120 mesh packing
material. Initial cu bration was performed by single level calibration against a Scott
Gas 5 PPB standard and a response factor was determined. An initial calibration
verification standarc was run before the samples during daily analytical run and
continuing calibration standards were ;un every 10 samples. Two standard matrix
spike (the Scott Gas standard) were aualyzed. Sample 95.03997 (ILAIR1*33) was
analyzed in duplicat. and the maximu.n difference was 8.1%. Oxygen was somewhat
problematic during this analysis due tc the high levels of volatile organic contaminants
in the samples and scavenging by the unalytical column. The continuing calibration
standards reflected this. Analyst’s comments for each batch follow this narrative. All
samples were collected in SUMMA canisters and received at a slight vacuum. They
were all initially pressurized to give a 1:2 dilution for to allow withdrawal of samples
for these fixed gas analyses after the TO14 analyses were completed. This was
considered during the calculations and the results are reported as percent levels.

Fixed Gasses - Batch G59388 (H,)

The samples were analyzed within holding time March 13 and 14, 1995 on a Hewlett-
Packard model HP5890 II gas chromatograph with a thermal conductivity detector
installed. The samples were analyzed in accordance with Method 133 - Determination
of O, N, CO, and CH, (Gas Chromatographic Method) of Methods of Air Sampling
and Analysis, Third Edition, 1989, James P. Lodge, editor. The column installed in
the instrument was a 1/8" X 30’ stainless steel packed with Alltech Gas Chrom M/P

- 100/120 mesh packing material. Initial calibration was performed by single level
calibration against a Scott Gas 5 PPB standard and a response factor was determined.
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An initial calibration verification standard was run before the samples during daily
analytical run and continuing calibration standards were run every 10 samples. Two
standard matrix spikes (the Scott Gas standard) were analyzed. All quality control
parameters were well within limits. Analyst’s comments for each batch follow this
narrative. All samples were collected in SUMMA canisters and received at a slight
vacuum. They were all initially pressurized to give a 1:2 dilution for to allow
withdrawal of samples for these fixed gas analyses after the TO14 analyses were
completed. This was considered during the calculations and the results are reported as
percent levels.

Fixed Gasses - Batch G58850 (O,, N,, CO,, CH,)

The samples were analyzed within holding time March 15, 1995 on a Hewlett-Packard
model HP5890 II gas chromatograph with a thermal conductivity detector installed.
The method blank was analyzed March 1, 1995 and samples 95.03886 (LAIR1*10)
and 95.03894 (ILAIR1*11) were analyzed March 2, 1995. The samples were analyzed
in accordance with Method 133 - Determination of O, N, CO, and CH, (Gas
Chromatographic Method) of Methods of Air Sampling and Analysis, Third Edition,
1989, James P. Lodge, editor. The column installed in the instrument was a 1/8" X
30’ stainless steel packed with Alltech Gas Chrom M/P 100/120 mesh packing
material. Initial calibration was performed by single level calibration against a Scott
Gas 5 PPB standard and a response factor was determined. An initial calibration
verification standard was run before the samples during daily analytical run and
continuing calibration standards were run every 10 samples. Analyst’s comments for
each batch follow this narrative. All samples were collected in SUMMA canisters and
received at a slight vacuum. They were all initially pressurized to give a 1:2 dilution
for to allow withdrawal of samples for these fixed gas analyses after the TO14
analyses were completed. This is considered during the calculations and the results are
reported as percent levels.

AL SCIENCE & ENGINEERING

dwafd H. Mansfield
Chemistry Project Manager

file: l:temp\laninam21386
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Table 1.

ESE
FLD.GRP.

; ILAIR1
] 'LATR1

!LAIR1
'LAIR1
!LAIR1
!LAIR1
'LAIR1
!LAIR1
!LAIR
!LAIR1
!LAIR1
{LAIR1
ILAIR1
!LAIR1
'LAIR1
ILAIR1
!LAIR1
!LAIR1
!LAIR1
!LAIR1
ILAIR1
{LAIR1
!LAIR1
{LAIR1
{LAIR1
ILAIR1
{LAIR1
ILAIR1
'LAIR1
!LAIR1
tLAIR1
!LAIR1
{LAIR1
{LAIR1
!LAIR1

200000

Cross Reference of Lab Sample 1ID, LANL Sample ID and Lab Batch Number

LANL COLLECTION

# SAMFLE ID

1 95.03839 02/21/95
2 95.03840 02/21/9S
3 95.03841 02/21/95
4 95.03B42 02/21/95%

16 95.03885 02/22/95
10 95.03886 02/22/95
9 95.03887 02/22/95
20 95.03888 02/22/95
8 95.03889 02/22/95
12 95.03890 02/22/95
15 95.03891 02/22/95
5 95.03892 02/22/95
13 95.03893 02/22/95
11 95.03894 02/22/95
19 95.03895 02/22/95
18 95.03896 02/22/95
14 95.03897 02/22/95
6 95.03898 02/22/95
17 95.03899 02/22/95
7 95.03900 02/22/95
24 95.03993 02/23/95
32 95.03994 02/23/95
21 95.03995 02/23/95
28 95.03996 02/23/95
33 95.03997 02/23/95
31 95.03998 02/23/95
25 95.03999 02/23/95
23 95.04000 02/23/95
22 95.04001 02/23/9%
30 95.04002 02/23/95
29 95.04003 02/23/95
27 95.04004 02/23/95
26 95.04005 02/23/95
34 95.04043 02/24/85

as 95.04044 02/24/95

12:
13:
14:
14:
09:
09:
09:
10:
11:
11:
11:
11:
11:
13:
14:
14:
14:
14:
15:
15:
10:
16:
08:
13:
16:
15:
10:
09:
09:
13:
13:
12:
12:

DATE TIME

LANL
REQUEST
#

21386
21386
21386
21386
21397
21397
21397
21397
21397
21397
21397
21397
21397
21397
21397
21397
21397
21397
21397
21397
21413
21413
21413
21413
21413
21413
21413
21413
21413
21413
21413
21413
21413
21416
21416

LANL
c-0-C
#

ARC3233
AAC3234
AAC3235
AMC3236
ARC3237
ARC3238
ARC3239
AAC3240
ARC3241
AAC3242
AAC3243
ARC3244
AAC3245
AAC3246
AAC3247
ARC3248
ARC3249
ARC3250
AAC3251
AAC3252
ARC3256
AAC3264
AAC3253
AAC3260
AAC3265
AAC3263
AAC3257
AAC3255
ARC3254
ARC3262
ARC3261
AAC3259
AAC3258
ARMA3269
AAC3270

gt

LANL
FIELD ID
#

LP-5
LP-1/GP-1
LP-1/GP-2
LP-2
LP-3/GP-1
LP-3/GP-2
LP-3/GP-3
LP-3/GP-4
LPS-2/GP-1
LPS-2/GP-2
LPS-2/GP-3
LPS-2/GP-4
LPS-2/Gp-4
LP-4/GP-1
LP-4/GP-2
LP-4/GP-3
LP-4/GP-4
LP-4/GP-4
LP-9/GP-1
LP-9/GP-2
LP-7/GP-3
LP-8/GP-2
LP-6/GP-1
LPS-1/GP-3
LP-8/GP-3
LP-8/GP-1
LP-7/GP-3
LP-7/0P-2
LP-7/GP-1
LPS-1/GP-5
LPS-1/GP-4
LPS-1/GP-2
LPS-1/GP-1
LP-10
LP-11

SUMMA
CANNISTER
#

GL079
GL106
GL114
GLO61
GLO64
GL098

26
GLO030
GL091
GL0O06
GL110
GLO11
GLO059%
GL11l1

22
GL113
GL039
GLO14
GL076
GLO46
GLO83
GLO026
GL09%4
GL070
GL042
GLOS8
GL003
GL.024
CIL0¥0
GL087
GL129
GL044
GL092
GL072
GL097

FIXED GASSES

LAB BATCH
L

GS59142
G58850
G58850
G58850
G59142
GS8850
G59142
G59142
GS59142
G58850
G559142
G59142
G59142
G58850
G59142
G59142
G59142
G59142
G59142
G59142
G59142
G59167
G59142
G59167
G59167
G59167
359142
G59142
G59142
G59167
G59167
G59142
G59142
G59167
G59167

TO14
LAB BLTCH
#

G59133
G59087
G59087
G59087
G59133
G59132
G59132
G59133
G59133
GS59132
G59186
G59186
G59186
G59132
G59133
G59133
G59133
G59132
G59133
G59132
G59133
G59088
G59132
G59088
G59132
G59088
G59186
G59186
G59133
G59088
G59088
Gs9088
G59186
G59088
G59186
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‘CASE NARRATIVE

i
© Request Numbers: 21682, 21686, 21709 I |
Analyses: - * Volatiles - Method TO14 - Deierrmnatw:'zI of Volanle Orgamc -
Compounds (VOCs) in. Ambient Air Using SUMMA Passivated Canister -
Sampling arzd Gas Chromatographzc Anaszzs - EPA, 6/88 Rev. 1 0

Fixed Gasses - Method 133 - Determmat{on of 02. H, Ny CO,, and

CH, (Gas Chromatographic Method) - Methods of Air Samn g an
Analysis, Thlrd Edition, 1989, James P. Lodge, Jr cdxtor o

Thirty-five Summa camstets were received between 3/30/95 and 3/3 1/95 at ambient
temperature and in intact containers with intact custody seals IAll samples were accompamed
by proper chain of custody documentation. _:
Although these samples were dehvered under three LANL reqmlwst numbem they are samples
of one project arid are reported as one deliverable. All sample(s were’ mquested for the two
above mentioned analyses and all samples were analyzed thhmn all estabhshed holdmg times.

All samples were collected in SUMMA canisters and reccwed'at a shght vacuum They were
all initially pressurized to give a 1:2 dilution to allow w;thdrawal of sampl&s for the: ﬁxed
gasses after the TO14 analvses were completed. .

Table 1, following, cross references the LANL samples ID nuin’bers, the ﬁeld ID of the
samp]es and the ESE laboratory ID of the samples Also hsteH are the ESE method: specific
laboratory batch numbers where the data for a given sample can be found. “All samples were
analyzed for O,, N,, CO,, and CH, in ESE batch G59998 and|for H, in ESE batch G60215.
The sample data are summarized for all batches without raw data and ordered by LANL
sample ID in section C. Sample Data Summary. The followmg is a brief dtscussmn of data
quality control for each ESE batch: :

Volatile Organic Compounds EPA Method TO14 - Batch G60274

The samples were analyzed April 1, 1995 on a meg:m MAT INCOS 50 GC/MS

using a cryofocusing inlet and with a 0.32 mm x 30 M DB-1, 1.0 um film column
installed. Select samples were reanalyzed on April 4, ,1995 at higher dilutions to bring -
the values within the standard curve. The initial calibration was performed March 26
1995 with the analysis of 6 standards ranging from 0.05 to 10.0 PPB concentration.

¢UB00<

" (800) 874-7872 Fax (904) 333-6622

1'O. Box 1703 Gainesville, FL 32602-1703 Phone (904) 332-3318
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Continuing calibration standards (CCS) and National Institute of Standards &
Technology (NIST) reference samples were analyzed before the run began. The ;
- method blank had no positive values when run April 1, 1995 but the method blank run
April 4, 1995 had positive values for methylene chloridejiand toluene. The NIST
reference recoveries ranged from 86.8 - 136.5%. Sample 95.06302 (LAIR2*8) was .
" analyzed in duplicate and the maximum difference was 6.0%. TInternal standards were |
well within lm'uts Samples in this batch were reported ¢ at 1:20 or 1: 100 dilution.

Volatlle Organic Compounds EPA Method TO14 - Batch G60276

The samples were anal}zed April 2, 1995 on a megan MAT INCOS 50 GCIMS

- using a cryofocusing inlet with a 0.32 mm x 30 M DB- L' IOumﬁlmcolumn
‘installed.. Select samples were reaalyzed April 4, 1995, Inmal calibration was. o
performed March 26, 1995 with the analysis of 6 standards ranging from 0.05 to 10. 0
PPB concentration. CCS and NIST reference samples were analyzed before the run
began. The method blank bad a positive value of 3.86 PPBYV for chloromethane. The: .
‘NIST reference recoveries ranged from 88.7 - 150%. Sample 95.06296 (LAIRZ*Z?) |
was analyzed in duplicate and the maximum difference was 4.6%. Internal standard
arcas were all within the limits. Samples in this batch were reported at 1:20 and 1: 100
dlluuon , : . .

R EREETT

-

N e .

Volatlle Organic Compounds EPA Method TO14 - Batch G603710

The samples were analyzed within holding time April 4, 1995 ona megan MAT §
INCOS 50 GC/MS with 2 0.32 mm x 30 M DB-1, 1.0 um film column installed. The:
initial calibration was performed March 26, 1995 with the analysis of 6 standards :
ranging from 0.05 to 10.0 PPB concentration. CCS and ‘NIST reférence samples were

" analyzed before the run began. The method blank had aj positive value of 17.7 for !
methylene chloride and 37.9 for toluene. The NIST reference recoveries.ranged from ;
86.8 - 130.8%. Internal standard areas were all well within the limits. The samples in
this batch ‘were reported at 1:100, 1:200, 1:1000 and 1: 10 000. '

- Volatile .Orga.nic Compounds EPA Method TO14 - Batch G603§6

Iﬂf‘ The samples were analyzed within holding time April 11' 1995 on a Finnigan MAT
INCOS 50 GC/MS with a-0.32 mm x 30 M DB-1, 1.0 um film column installed.

; ' , Select samples were reanalyzed at higher dilutions on Apnl 14 and 15, 1995. The

i!{ ' initial calibration was performed April 12, 1995 with the| analysis of 6 standards

ranging from 0.05 to 10.0 PPB concentration. CCS and NIST reference samples were'

' analyzed before the run began. The method blank analyzed 4/11/95 bad a positive

“1 value of 0.41 for toluene, the method blank analyzed 4/ 1}4/95 had a positive value of
17.3 for chloromethane and the method blank analvzed 4/15/95 had a positive value of

000@03

't P.O. Box 1703 Gainesville, FL 325602-1703 Phone (904) 332-3318 " {80Q) '_874-7872 : Fax (904) 333-6622
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2083 for chloromethane. The actual value found in the run is mulnphed by the
dilution factor so the actual concentration in the method'blank was 0.208 PPBV. The ?
NIST reference recoveries ranged from 83.0 - 103.8%. Sample 95.03600 (LAIR2*30)
was analyzed in duplicate and the maximum difference was 5.0%. Internal standard
areas were all within the limits. Samples in this batch Were reported at dﬂuhons
ranging from 1:20 to 1:1000. ‘. , - !

Volanle Orgamc Compounds EPA Mcthod TO14 - Batch G603,06 :

The samples weré ana]yzed within holdmo tirme Apnl 13 1995 ona megan MAT
INCOS 50 GC/MS with a 0.32 mm x 30 M DB-1, loixm film column installed. ‘
Select samples were reanalyzed at higher ditutions on April 14 and 15, 1995. The
initial calibration was performed April 12, 1995 with the analysxs of 6 standards ,
ranging from 0.05 to 10.0 PPB concentration. CCS and NIST reference samples weré
analyzed before the run began. The method blank analyzed 4/13/95 had a positive
value of 40 for toluene, 21.8 for chloromethane, 17.9 for methylene chloride and 5. 6!
for xylene. The method blank analyzed. 4/15/95 had a posmve value of 20.83 for .:
chloromethane. The actual value found in the run is multiplied by the dilution factor!
so the actual concentration in the method blank was 0.208 PPBV., The NIST referencc
recoveries ranged from 88.7 - 113.5%. Sample 95. 06482 (LAIRZ*SS) was analyzed i in
duplicate and the maximum difference was 10.7%. Internal standard areas were all !
within the limits. Samples in this batch were reported at dilutions rangmg from 1 20;
to 1:1000. _

\/

Fixed Gasses - Batch G59998 (O, N,, CO,, CH) S S - |
The samples were analyzed w1thm holding time March 7, 1995 on a Hewlet't’-Packard
model HP5890 II gas chromatograph with a thermal conductivity detector installed. |
The column installed in the instrument was a 1/8" X 30’ stainless steel packed thh
Alltech Gas Chrom M/P 100/120 mesh packing matenal Initial calibration was f
performed by a three time one level calibration against a Scott Gas 5 PPB standard !

" and a response factor was determined. An initial calibiration verification standard was
run before the samples during daily analytical run and;continuing calibration standards
were run every 10 samples. Sample rephcates of 95.06293 (LAIR2*2) and 95. 06490
(LAIR2*16) were analyzed with a maximum dlﬁ"erenqc of 2. 1% Standard matrix |
spikes of vanous Scott Gas standards were analyzed S

t : : :
The values for oxygen that are below 2% are probably due to argon. - Thése gasses ;
.elute from the column at approximately the same retention time, with oxygen shght!y
ahead of argon and cannot realistically be separated. !Any appreciable level of oxygpn
ie; greater than 5%, will mask the contribution of argon and leave a slight mﬂectlon in
the peak due to the argon. A good illustration of this is the differerice between '

060004 )

PO, Box 1703 Gainesville, FL 32602-1703 Phone (904) 332-3318 : (B00) 874-7872 Fax (904) 333-,:6622
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samples 95.06478 (LAIR2*9) on pages 1586/1587 and 95.06326 (LAIR2*17) on pages |
1590/1591. The concentration of oxygen in sample 95. 0(%326 (*17) is approximately
. 8% and clutes at 4.55 minutes. The concentration of oxyjgen listed in 95.06478 (*9) i is!
listed as 1% and elutx:s at 4.70 minutes. This is most likely argon and not oxygen.
leed Gasses - Batch G60215 (}12) R ’ ;
The samples were analyzed within holding ume March 13 and 14, 1995 on a Hewlett- :
Packard model HPS890 II gas chromatograph with a. thermai conducuvny detector !
installed. The column installed in the instrument was a 1,/ " X 30" stainless steel
packed with Alltech Gas Chrom M/P 100/120 mesh packing raterial. Imtxal _,
"calibration was performed by three times a single level cahbranon a.gamst a Scott Gas
- 5 PPB standard and a response factor was determined. An initial calibration ‘
verification standard was run before the samples during daily. analytical run and
continuing calibration standards were run every 10 samples. ‘Standard matrix spxkes of
various Scott Gas standards were analyzed All qualxty control parameters were. well
within limits.

April 27, 1995

ENTAL SCIENCE & ENGINEERING

Edward H. Mansfield
Chemistry Project Manager

file: I\temp\laninam\21682.air

000005
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Table 1. Cross Reference of Lab Sample ID, LANL Sample ID and Lab Batch Numbex
ESE LANL COLLECTION LANL LANL LANL SUMMA FIXED GASBSES PO14
FLD.GRP. B SAMPLE ID DATE TIME RRQUEST c-0-¢C PIELD 1D CANISTER LAB BATCH LAB BATCH
i # B # 8 it
LAIR2 26 95.06292 03/27/95 16:03 21692 AAC4146 LPS-1/GP-1 GL042 G59983 G60276
LAIR2 2 95.06293 03/27/95 12:05 21682 AAC4125 LP-1/GP-1 GLO97 for all 660274
LAIR2 33 95.06294 03/27/95 15:17 21682 AAC4143 LP-8/GP-3 GL098 0,,N,, 360276
LAIR2 28 95.06295 03/27/95 16:32 21682 AAC4148 LPS-1/GP-3 GLO14 C0,, CH, 660276
LAIR2 27 95.06296 03/27/95 16:18 21682 AAC4147 Leps-1/Gp-2 GLD87 and 60276
LAIR2 132 95.06297 03/27/95 15:04 21682 aAC4142 LP-8/GP-2 GLO30 360215 asn276
LAIR2 31 95.06298 03/27/95 14:48 21682 AAC4141 LP-8/GP-1 QL0060 for all 460276
LAIR2 3 95.06299 03/27/95 12:30 21682 AACA4126 Lp-1/Gp-2 GLO70 H,. 360274
LAIR2 30 95,06300 03/27/95 17:22 21682 AAC4150 LPS-1/GP-S GL044 360336
LAIR2 29 95.06301 03/27/95 16:46 21682 ARC4149 LPS~1/GP-4 GLO11 G60306
LAIR2 9 95.06302 03/27/95 13:07 21682 AAC4127 LP-S/GP-1 GL083 G60274
LaIR2 19 95,06318 03/28/95 15:09 21686 AAC4133 LP-4/GP-~2 GL111 G603056
LAIR2 21 95.06319 03/28/95 11:02 21686 AAC4137 LP~6/GP-1 26 G60274
LAIR2 1 95.06320 03/28/55 14:15 21686 AACA136 LP-5/GP-1 GL113 G60274
LAIRZ 18 95,06321 03/28/95 15:46 21686 AAC4171 LP-4/GP-3 22 G60306
LAIR2 2% 95,06322 03/28/95 15:46 21686 ARC4134 LP-4/GP-4 GL1l06 860306
LAIR2 11 95,06323 03/28/35 14:47 21696 AACe132 LP-4/GP-1 GLO26 G60336
LAIR2 7 95.06324 03/28/95% 12:17 21686 AAC4145 LP-9/GP-2 GLO39 560274
LaIRZ 14 96.06325 03/28/95 16:16 21686 AACA4135 LP-5/GP-5 GLO64 G60306
LAIR2 17 95.06326 03/28/95 11:52 21686 AAC4144 Lp-9/GP-1 GLO46 (60274
LAIR2 9 95.06478 03/29/95 09:49 217909 AMC4130 Lp-3/GP-3 GL061 G60336
LAIR2 12 95.06479 G3/29/95 11:51 21709 AAC4152 LPS-2/GP-2 GL129 Q60136
LAIR2 20 95.06480 03/29/95 10:16 21709 AAC4131 LP-3/GP-4 GLO76 660306
LAIRZ 15 95.06481 03/29/95 12:09 21709 AACAL169 LPS-2/GP-3 GL092 G60306
LAIR2 35 95.,06482 03/29/95 15:50 21709 ___AAC41S6 LP-11 GLO79 G60306
- o GRERETCYAT U 9SS T06583 03 /29795 1520 21769 AAC4155 LuP-1¢ GLOOE G60306
LAIR2 23 95.06484 03/29/95 14:28 21709 ARC4139 LP-7/GP-2 GLOSS G60306
LAIR2 22 95,06485 03/29/95 14:12 21709 AAC4138 LP-7/GP-1 GLOO3 660274
LAIR2 4 95,06486 03/29/35 16:46 21709 ARC4169 LpPsS-1/GP-4 GLOY94 660336
LAIR2 24 95.06487 03/29/95 14:51 217909 AAC4140 LP-7/GP-3 GLO91 a60306
LAIR2 10 95,06488 03/29/95 09:25 21709 AAC4129 Lp-3/Gp-2 QLOS9 360370
LAIR2 5 95.06489 03/29/95 12:09 21709 AAC4151 LPS-2/GP-3 GL114 a60336
LAIR2 116 95,06490 03/29/95 09:12 21709 AAC4128 LP-3/GP-1 GLO72 G6N274
LAIR2 13 95.064591 03/29/95 12:29 21709 AAC4154 LPS-2/GP-4 GL024 G60336
LAIR2 6 96.06492 03/29/95 11:37 21709 AAC4151 LPS-2/GP-1 GL110 G60274
<
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PRESSURE/TEMPERATURE DATA
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LP-4 Absolute Pressures
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LP-7 Absolute Pressures
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LP-8 Absolute Pressures
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LPS-2 Absolute Pressures
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LPS-2 Absolute Pressures
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Temperature Data
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Downhole Temperature vs. Time
Vadose Zone Well LP-1
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Downhole Temperature vs. Time
Vadose Zone Well LP-3
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Downhole Temperature vs. Time
Vadose Zone Well LP-5
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NEUTRON COUNT RATIO vs. DEPTH



..

M\ 4010\ 4010 5+:DWG

Gravimetric Moisture

Wel Log Neutron Count Ratio Comments
Content (g/g)
0 5 10 15 20 25 oo 0.3 10 20
o 0 0 } } } |
I 1 __—:ﬂ_h> “~;==f::§§s:b
10 10+ 10 - )i
L -
20~ 20 200
0r ol sl
i ] A — 10/20/%4
! s L —01/17/95
wl wl- wl- v —02/22/95
t L ——03/28/95
S0 - 50 |- 50 L
60— 60— 80 —
| i [
or 70k 70
w:— m:_ w:—
[
3 [ H -
L] 80 90 |- 90}
13 3
17} -
h-J -
€ [ A
3 100 — 100 |— 100 }—
(&) o - L
3 ! L L
§ 10}F 1o 1ol
H i + i
[y o -
i F
120 —~ 120 — 120 —
130 - 130 130
40— 140 [~ 140 [—
150 g 150 L 150
A [
160 — 160 {— 1w:—
170 170 | 170
180 = 180 180 —
180+ 190 |- 190
200 b— 200 }— 200 f—
210~ 2105~ 20

Well Construction Symbols

m Bentonite pellets

50/50 bentonite
and sand

=~==~—=| DANIEL B. STEPHENS & ASSOCIATES; INC.

4-95

F 7 b¥a

10—-20 silica sand

%% Slough

Sieved tuff

Note: The neutron count ratio data wos collected

utilizing a CPN model 503DR Hydroprobe
SN# H38018058

LANL RFI SUPPORT
Netron Count Ratio Measurements
Iin Vadose Zone Well LP-1

JN 4010




M\ 4010\ 401070+ DWG

Gravimetric Moisture
Wel Log Content (o/a) Neutron Count Ratio Comments
0 5 10 15 20 25 0.0 05 10 1S 20
0 o o | — { !
10 - 10 [ 10 [
A L
20 __ 20— 20 -
L r C S,
30 - 30 - 30 |-
[ - [ % —01/17/95
i r . —02/22/95
40 - ' —
1 © “or ——03/29/95
] :
50 - 50 [~ 50 |-
L [ [
80— 60 — 80 —
T -
nr 70 7L
Y 8o [— 80 |—
$ el [ r
g %or 90+ 80 -
2
“ 3
< r -
5 i L
H 100 — 100 — 100 —
o - L
= -
i 1 L
2 1of 1ol 10
= 8 - -
- o -
[ L
120 (— 120 |— 120 -
130 130 130 F
140 140 140 |—
150 [- 150 - 180 F
. . .
160 |— 160 [— 160 [—
C F
170 - 1701 170 -
180 180 |— 180 [~
N F
190 - 190 | 190 |-
200 200 [~ 200 f—
L X L
z0t= 210 210~

Well Construction Symbols

50/50 bentonite
and sand

=~—==—=| DANIEL B. STEPHENS & ASSOCIATES, INC.

4-—-95

Sieved tuff

10-20 silica sand

%%f Slough

LANL RFlI SUPPORT
Neutron Count Ratio Measurements
In Vadose Zone Well LP-2

JN 4010




M\ 4010\ 40107 +:0WEG

Wel Log Gravimetric Moisture on Ratio Comm
Content (g/q) Neutron Count ents
0 5 10 15 20 25 00 03 10 L5 20
o 03 0 } 1 ! )
: S
10 E— 10 ._ 10 [
—
20 —‘ 20 {— 20 &
; : : -
30 - 30+ 30
: : _ ez —01/17/95
wl w0l Py —-02/22/95
2B L ! —03/28/95
1 | F
r
or ~ ///: kel sof-
L ---\| --\| [ s
! 7 7 [ i
o 1B, o1 s~
13113 :
i r r
of /—\| =\ ok 70F
H /7> [ [ s
F -7 ~ L L
80 [ 7\I =) g0l ol
F /7 ! [
3 -~ - i [
s | D [ : :
£ % %0 - %0k
a i X
T [ - : ——.
g 1000 100 1— 100 (—
(<] L -
H
§ 110 - 1ol 10
K] L - r
120 —' 120f— 120 —
130 — 130 w3k
140 _ 10 |- 140 —-
150 - 150 - 150 -
160 :— 160 f— 160 [—
170 :'— 170 :. 170 P_
180 [ 180 |~ 180 —-
wof 180 [ 190 [
200 -— 200 200 [—
210 210 210

Well Construction Symbols
@ Bentonite pellets |-

RSCRS 50 bentonit f 4
B 30450 bentonite TP Siough

10-20 silico sand Steved

tuft

LANL RFI SUPPORT
Neutron Count Ration Measurements
In Vadose Zone Well LP-3

Z=—=—=| DANIEL B. STEPHENS & ASSOCIATES, INC.
4--95 JIN 4010




M\ 4010\ 4010% _..WG

i

Gravimetric Moisture
Content (g/g)

Neutron Count Ratio

Comments

5

saaala

10 15 20 25

20—

80 |-

110 |-

Feet Below Ground Surface
8
I

120 —

130 |+

170 -
180 —
180 |-

200 [~

210 —

120 —

170

180

210

135

20

10

20

70

110

120

140

170

180

190

200

210

Ty

T

==

i {
ey e

—01/19/95

= S|

——

. -

Well Construction Symbols

m Bentonite peliets

[os 50/50 bentonite
XS and sand

%% Slough

P
e
===

4-95

10-20 silica sand  pagag!

DANIEL B. STEPHENS & ASSOCIATES, INC.

Sieved tuff

Note: The neutron count ratio data was collected
utilizing a CPN model 503DR Hydroprobe
SN# H38018058

LANL RFI SUPPORT
Neutron Count Ratio Measurements
In Vadose Zone Well LP-4

JN 4010




M\ 4010\ 401054 WG

Gravimetric Moisture
Wel Log Content (g/g) Neutron Count Ratio Comments
0 5 10 15 20 25 o0 0.5 10 1S 20
o fs] 0 } ] 1 ]
10 1l ol ==
[ L ——
20 _— 20 -_ 20 [
[ ! X
30 - 304 oL p—— "
- - 9
. —01/18/95
sof- 60 — oo - —02/23/95
' [ : —03/28/95
[ r [
i r X
nr 0 nfL
[ 4 :
80— go:_ 80 —
[ 3 t
g i t 3
g sor 90 - g0 -
@ [ [
h-} - b
€ - [ [
g 1004 100 {— 100 |—
S - L L
H s [ [
% 1101 1o 110l
3 B > o
g L L b
120 — 120 - 120 —
130 - 130 -_ 130 =
r : g
140 I~ 140 |— 140 —
150 - 150 [ 1m0 |
[ g
160 _—— 160 -_. 180 -_
F
170 - 170 - 170 [
[ I [
180 - 180 - 180 -
180 - 180 190 -
200 |~ 200 {— 200 [—
210 210~ 210 -

Well Construction Symbols

Bl
B
0!

CXXXX] . o -
XXX Bentonite peliets :

TN 0 tonit gﬁf
B 004 e ot R

Z—=—-=|DANIEL B. STEPHENS & ASSOCIATES, INC.

4-95

10-20 silica sand

Slough

Sieved tuff

LANL RFi SUPPORT
Neutron Count Ratio Measurements
In Vadose Zone Well LP-5

JN 4010




I o
3

#

| .
3

*: ~¢¢
<N
Q

| -
~t
g
o
~
l <

Gravimetric Moisture

Wel Log Content (g/g) Neutron Count Ratio Comments
0 5 10 15 20 25 00 03 10 20
0— o 0 3 | ' :
“F of of — =
: =
20 20f- 200 J%Z
or 301 sl :
[ - P/?> ——01/18/95
e o w0 —02/23/95
. [ : —03/28/95
so |- s0 [ 50 |-
80 60 [~ 80—
[ C
nr 0F 0F
80 [~ go [ 8o [—
s 80 [ o L
£ C 0 %0 -
i | ; :
° r o L
§ 3 - -
p 100 100 |— 100 }—
o B - -
H
g L L 2
o 110 - 110 -— 110 :-
£ L
120 — 120 (— 120 —
130 — 130 -— 130 '-
140 - 140 L 140 }—
150 | 150 |- 10 |-
i [
160 — 160 - 160 L
170 - 170 L 170 L
L
180 — 180 [~ 180 —
190 |- 190 |- 100 -
200 [~ 200 [— 200 f—
L
[ r r
2100 210 — 210~

Well Construction Symbols

50/50 bentonite
and sand

DANIEL B. STEPHENS & ASSOCIATES, INC.

4-95

10-20 silica sand Pagigy Sieved

FALT

Slough

tuff

LANL RFI SUPPORT
Neutron Count Ratio Measurements
in Vadose Zone Well LP-6

JN 4010




A6

M\4010\4010%; .

Gravimetric Moisture
Wel Log Content (g/g) Neutron Count Ratio Comments
0 5 10 15 20 25 0.0 03 10 L5 20
0r— M , § SO i N s ' o i ] | |
[ [ [
10 E— 10 L 10 L ‘/'S {_%
20 - 20 - 20 - g
i r L
. [ [ = 2
[ [ r -——11/15/94
; : : = = AR
o wr- 0 : —02/23/95
L r —03/30/95
L L .
50 - 50 50 |-
s B [ g
sor- 2 6ot 60— = =
L ; KK i L
L gy [ r
nor 2 : 70 700
: 2 [ :
80— ;\l 801 80 [
C & ; :
=N
[ [ [ r ~
90} = 80 L e

Feet Below Ground Surfoce
(0 10" ongle from vertical)
8
i

100 +— 100
110 - 1ol 1ol
A [ [
120 I 120 — 120 —
130 - 130 -— 130 -
140 :— 140 :— 140 —
150 E‘ 150 : 180 -
i i
160 — 160 (— 160 [—
o | 10 ol
180 - 180 [~ 180 [~
190 | 190 |- 190 |-
200 -— 200 — 200 -—-
i
3 L L
210 & 210 210
Well Construction Symbo Note: The neutron count ratio data was collected
TR . VR . utilizing @ CPN model 503DR Hydroprobe
m Bentonite pellets 2] 10-20 silica sand PRgAZY  Sieved tuff SN# H38018058
: . . LANL RFI SUPPORT
50/50 bentonite ;/f;gﬁ Slough
and sand A5 Neutron Count Ration Measurements

P In Vadose Zone Well LP-7

=—==—=| DANIEL B. STEPHENS & ASSOCIATES, INC.
4-95 JN 4010




&,

M\ 4010\ 401025 (WG

el

Gravimetric Moisture
Wel Log Content (g/g) Neutron Count Ratio Comments
0 5 10 15 20 25 0.0 0.3 10 LS 20
00— =—== T 0 0 | _n ! ]
10 — 10 10k
20— 20 20—
! [ —ee
or 30 w0l
! - ~—01/19,/95
i NUE - —02/24 /35
Y o
A b i —03/29,/85
SRS r
i W [
80— {}'/ =7 60 60—
7 By r
::\|I// ///:}‘ "
70 F ARG 7 70 -
[ A ,/:; L
127y Y%
i 4 //\—/\
'y ://\7/ 711_,1 8 il
° b G =
5 90 5 Y [
.§ I - . 30 sl
] ! S L
T Z y,
g 100 7 100 100 [—
[1] o -
i E ;
10 L L
‘é y 110 r 110 -
[ - -
b L
120 — [ -
i 120 t— 120 3
130 - 130 b 130
- L
- : -
140 1— 140 }— 140 —
150 - 150 |- 180
160 [ 160 [~ 160 |—
L [
[ [ [
170 1 170 - 170 |-
180 — 180 [~ 180 [—
[ [
180 :- 190 _ 190 ._
200 — 200 f~ 200 f—
F N : :
210 — 210 —~ 210

Well Construction Symbols

Bentonite pellets 10-20 silico sand

X e
R 50/50 bentonit K%
R25 30450 bentonite A Siough

=~==—=|DANIEL B. STEPHENS & ASSOCIATES, INC.

Sieved tuff

LANL RFI SUPPORT
Neutron Count Ration Measurements
In Vadose Zone Well LP-8

4-95 JN 4010




.

M\ 4010\ 4010%¢ .:OWG

wel Lo Gravimetric Moisture .
S Content (g/g) Neutron Count Ratio Comment
0 5 10 15 20 25 00 0.3 10 LS 20
00— 0 0 { | | |
! r —— «‘
10} 10 10k g
b oF s ==
of w0l ob L —_—=
[ == —01/19/95
wr o= 0= F ——02/23/95
i [ * ——03/28/95
+ >
50 - 50 |~ 50 |
70 b 7 _ oL
80 p— 80 :_ 80 |—
8 o 5 b
g 9oF 90 - 20 |-
&
g 3
g 100 100 |— 100 |[—
o L
§ [
% [ r r
¢ 1o 1ol 1o
g r b b
L
120 [~ 120 |- 120 [
130 - 130 F 130 +
140 " 140 [ 140 T'
1en b 150 - 150
160 |— 160 [— 180 |-
170 :— 170 -_ 170 :_
s L [
180 180 - 180 |—
180 :— 190 " 1980 L
200 — 200 {— 200 [~
1 [ L
210 ~— 210 — 210 -

Well Construction Symbols

m Bentonite peilets

%] 50/50 bentonite RAZ
R onc{ sand ‘4% Slough

Note: The neutron count ratio data
utilizing @ CPN mode! SC3DR
SN# H38018058

10-20 silica sand Sieved tuff

DANIEL B. STEPHENS & ASSOCIATES, INC.

was collected
Hydroprobe

LANL RFl SUPPORT
Neutron Count Ratio Measurements
In Vadose Zone Well LP-9

4—-95 JN 4010




¢

M\ 4010\ 401025, .OWG

Gravimetric Moisture

Wel Log Rati
Content (g/g) Neutron Count Ratio Comments
.o 0.5 1.0 L3 20
. 09 5 10 15 20 25 o | L ! )
10 ;__ 10 :. 10 : Z'
b r 1
. : : =
20 ._ 20 +— 20 — i
[ [ [
of 30k 30 S
[ 3 ! 2 ——01/19/85
‘0 - or- 0 — ——02/24/95
[ [ [ -—03/30/95
sof 50 |- 50 |-
s 60 - 80 — = >f
70 70 - »bL i
I C .
_ t ; == _
b sl sl Y
£ ot s s
£3 80 t— 90 |- 90
R L ! [
-3 r r
gg 100 [— 100 -_.. 100 L. k'
U_; : o L
-] [ [ [
s i r i
o ] 110_— 10 | 110 |
e | g i
120 [ 120~ 120 -
30 130 130 -
: f E
140 '_— 140 _—- 140 :—
150 :— 150 .-_ 180 i C
160 : 160 i 160 —
; : |
170 C 170 170 |-
; : :
180 F_ 180 — 180 —
190 [ 10 190 |-
200 L— 200 [~ 200 |—
210 210 - 210 &~
Waell Construction Symbols
10-20 silica sand Pajagl Sieved tuff

m Bentonite pellets

R 50/50 bentonite
XXM ond sand

DANIEL B. STEPHENS & ASSOCIATES, INC.

4-95

%% Siough

2Lz AL

LANL RFI SUPPORT
Neutron Count Ratio Measurements
In Vadose Zone Well LPS-1

JN 4010




SUPPORT

Comments

LANL RFI
in Vadose Zone Well LPS-2

Neutron Count Ratio Measurements

Neutron Count Ratio

Gravimetric Moisture
Content (g/g)

Wel Log

ST
88
SN
=3
SN
e N
ﬂn_v
['2 31 &
-
o
7
n 4
o
S N VA I A A T I WV I ST DA TP A TP SN TP VI S |
b o
¢ s 88 ¥ 8 8 & 8 8 8§ 2 8 8 & ® 8 & 8 % 8 3
“-
et
=)
=
he)
[ V]
>
L
V2]
oy
E 7
2 ]
0
-
ke
o £«
- QO
5]
© o]
_ Q
0.;..._.......LL%.._...._...._..p._...._..:_........_.... 1 =
< e & 8 ¢ 88 8 R 8 8 8 @ & 8 ¥ & 8 g 8 8 § g| °©
(o]
o~
o

9 Ay
be2ess SMESAPSUISURS 2c% PR S S SN ST ST Shisash
%% :/L\.//«\_.nl«\_lz/« Te$2a% kv //«_//«.//«_//\Ls_/l«_zl«_/l« /1T

92028 SUPABOMPOAPS 42950

PSSO

% Slough

DANIEL B. STEPHENS & ASSOCIATES, INC.

JN 4010

.

5

X
L)

$
xJ
3
G'-l‘

"

s

L5
%
pS
beS

5

X
%
.Q

XX
BSS
X4

.0.

SERBXA A R 33 (F3S) ARATARATASATAAYY ¢ 09 O SIS SIS SIS RS ST
XK 2 ] G DS WISV 23 N NNV
s A RN AR et QAT S O S A ST O] SO RN
IBHBG585 : KO YA YA ) 4 A ARy e e o RS A A A IS
%] ]
- s
[
[T TS R T DT I PP Y DT PP DR P P T DR T PP P PP P P .m a &
o o Q (=3 o [
2 8 ] g 3 3 R 2 3 ] 2 ] 3 2 3 ] R 3 2 8 2 @ QAT
- - - - - - - - - - ~ N - =
‘e 0
5 Q 2 o
(pojiaa woy sibuo Gz ©) = 0 !
SODLNS punosd mojeg 984 ] c ~ND "
@ OC
W m o

AMa 3820 10F\OLOP\W




APPENDIX G

MATRIC POTENTIAL vs. TIME
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Matric Potential vs. Time
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Matric Potential vs. Time
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Matric Potential vs. Time
LP-5 @ 11 ft. bgs
4.0
3 e e e
30 T T T T e e e e e e e e e e e e e e e
g 2B e e
2
S
€
@ 204 o
-
o
& -
Q
=
g S eV U
10
0.5 A e
.,,/——/”’\.\ e
0.0 . ' . —— . R — . , .
10/01/94 11/30/94 01/30/95 04/01/95 06/01/95 08/01/95 10/01/95
Time (calendar days)




TN TN I T U S I S e W T T O W A s g e

Fa

Matric Potential vs. Time
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Matric Potential vs. Time
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Matric Potential (bars)

Matric Potential vs. Time
LP-7 @ 55 ft. bgs
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Matric Potential vs. Time
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Matric Potential vs. Time
LP-8 @ 54.5 ft. bgs
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Matric Potential vs. Time
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Matric Potential vs. Time
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Matric Potential vs. Time
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Matric Potential vs. Time
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APPENDIX H

TOTAL HEAD BENEATH
TA-73 LANDFILL
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Total Head beneath TA-73 Landfill
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January 31, 1995
0
1
-10 ] -
] =
-20
30 ] Uric
o) B,
e ] \\te\"\ha Isg
E
g40 .
1]
T
- -
5 -50 Say,
e Ung Ly,
Nsg S
Cragegy
-60 o
-70 "
-80 o
]
] . S
-90 .
0 10 20 30 40 50 60
Depth from Datum (m)




