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ABSTRACT

Two vadose zone mogitoring systers (VZMS) have been installed at Site 3-7, in Investigation
Cluster 34 (IC 34), in Operable Unit A (OU A} of McClellan AFB. The two borgholes, VZMS-A
and VZMS-B were instrumented at depths ranging from approximately ¢ ftto 113 ft. Instruments
were installed in clusters using a custom-made stainless steel cage with a spring-loaded mechanism
allowing instruments (0 be in contact with the well bore wall once in place. Each cluster contains 2
tensicmeter, suction lysimeter, soil gas probe and thermistor for measering hydraulic potential,
liguid- and gas-phase pressure, temperatere of the formarion and for collecting samples for
chemical analyses in both ‘ﬂ%{gﬁ]d and gas phases. Neutron probe logging is performed in two
separate, smaller borings, -1 ard VZMS-NP-2, to obtain 501l moistre content data.
Preliminary details of sm] gas analyses, laboratory field testing of soif samples, particle size
analyses and nevtron probe data are presented.

1.0 INTRODUCTION

1.1 Project Description

Lawrence Berkeley National Laboratory (LBNL), with assistance from Radian Corp.
(“Radian™) and Water Development Inc. (“drillers™ completed, in December of 1995, the
subsurface installation of two vadose zone monitoring systems (VZMS) for the purpose of
measuring the concentraticns and fluxes of volatile organic compotnds (VOCs). Tlus mstallation
took place at Site S-7, in Investigation Cluster 34 (IC 34), in Operable Unit A (OU A} of
McClellan AFB. These monitoring systems provide a unique opportunity to simuitaneously, and
over time, measure both dissoived and gaseous phase VOCs as well as their vertical gradients,
thereby producing a comprehensive data set for model validation. The underlying rationale for this
work is the need for the validation of vadose zone transpont modeling.

1.2 Site Description

Site 8-7 is the former location of the Indostrial Wastewater Trearment Plant (IWTP) #3 and
water cooling ponds. The IWTP #3 consisted of a free oil separator, an ol sump, a clarifying
tank, an air-saturation tank, a flotation tank, holding tanks, a bleed-off tank, two sand filters, and
an underground holding tank. All piping between tanks was below grade. All IWTP #3 structures
wepe removed in 1981. Since that time, the location has been used as a storage facility for
generztor and plumbing supplies. 1 is completely paved.

Previous investigations, which incinded the drilling of 16 soil borings and the sampling and
analysis of soil and soil gas, identified the presence of a number of contaminants. Soil
contaminants included benzene, chlorobenzane, ethylbenzene, toluene, xylene, methyl isobutyl
ketone, 1,1,2,2-tetrachdoroethane, oil and grease, acenapthene and phmantbrme Contaminanis
found in soil gas were benzene, tohzene, xylenes, total volatile hydrocarbons, cis-1,2-DCE, TCE,
and trans-1,2-DCE (McLaren, 1986; Jacobs, 1995). A single groundwater sample {well
SS7THP46) contained 13 pue/L TCE.

1.3 Geology
Previous investigations have shown the site to be underlain by interbedded poorly-graded sand

and silt layers, with thin and sparse gravel and clay layers. Apparently continuons, 5 to 10 fi thick
layers of sand are found between 20 and 30 ft below ground surface (bgs), 40 and 60 ft bgs, and
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60 and 80 ft bgs. The interval from the surface to 23 ft bgs is dommated by silt. The depth o
groundwater, as encountered in boring SS7HP46, is 110 ft bgs.

20 VZIMS DESIGN
2.1 General Design

The Vadose Zone Monitoring Systern { VZMS) is an array of instruments used to monitor water
flow in unsaturated soils. The array has been developed 10 allow its enmplacement down a borehole
to form a monitoring nest consisting of several sets of instruments arranged vertically along the
borehole. VZMS is an integration of technologies for assessing soil hydraolic potential, moisture
content, liquid- and gas-phase pressure, and temperathme of the formation, as well as the
concentrations of contaminants in both liquid and gas phases. Instuments are placed i clusters
(Figure 1) and installed at the desired depth as illustrated in Figure 2. The cluster includes a
stainless-steel, spring-loaded mechanism which, when triggered, pushes the instruments against
the borehole wall in order to enhance contact between the sensor and the formation. Those
instnxments which rely on the exchange of fluids between the formation and the sensor have
backfill sacks, which are described in a subsequent section. All parts of the instrurnents which
might be in contact with contaminated water or gas were made of stainless steel.

Figure I. Schematic drawing of VEMS cluster.

Each level of the vadose zone monitoring system (VZMS) is instrumenied to provide the following
types of measurements:

+ Hydranlic potential measurements:
- Tensiometer




separated from underlying and
moisture content measiuement is

performed in separate, smaller boreholes. The description of individval instruments follows.
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2.2 Instrument Design

The instruments used in this installation were custom-made at LENL. Among the goals of this
design were the collection of representative samuples for chemical analysis, minfaturization of
instruments to fit in a relatively nammow borehole, and integration 1o allow easy deployment.

2.2.1 Tensiometer

The tensiometer provides a means of meaguring soil water pressures that may be ezther negative
{vnsaturated zone) or positive (saturated zone). Conventional tenstometers with water filled tubes
can not be used at depths greater than 510 7 m.  The disadvantage of conventional fensiometers is
that the water level in the water-filled tube of the tensiometer is uncontrollable, which may increase
its nse time and distorb the equilibrium of the “soil-tensiomerer” systam. We have mnstalled a
aew desipn of air-pocket tensiometer m which a porous tip is connectad to a two-cell transducer
with a constant water level above the porows tip (Faybishenko, 1996). This type of tensiometer
has been used for monitoring water movement in the vadose zone at many field sites in the former
Soviet Union (Faybishenko, 1986), and has been tested and used to montor hydraulic pressure in
fractured unsaturated-saturated basalt at the Box Canyon site of the Idaho National Engineering
Laboratory. For this project, all parts of the tensiometer were custom made in order to fit the
tensiometer inte a borchole monitonng closter.

The iensiometer consists of three parts: (1) a porous tip of cylindrical shape, (2) 2 two-cell
transducer, and (3) a module conmsisting of three gzir-filled tubes that provide a means for
measurements and mainienance. The porous tip was fabricated from a stainless steel porous tube
[distributed by Mewmet Krebsoge, Termyville, CT). The fabrication layout of the tensiometer is
shown in Figure 3.

The porous tip is filled with water and connected through a coupling o the two-cell transducer.
The transducer, an essential component of the tensiometer, is designed to maintain an ¢ssentially
constant water level above the ceramic tip. This is accomplished by constructing the transducer
with a lower and upper cell. These cells are separated by & concentric ring-plate with an opening &
the center. A short tube located in the lower cell is fixed to the opening ir the plate and provides a
means of contro U%thawarerhvalinthe!uwercell, Such a design creates a confined air pocket
in the top portion of the lower cell. The upper cell serves as a reservoir to recharge the fower cell
with water as nesdad.

The comnecting tubes provide a means of measuring pressure and replenishing water to the
mwansducer as needed. One of the tubes connects the top point of the upper oell and aliows
measureinent of the air pressure in the vpper cell. The second tube is wenminated 1-2 ¢m beneath
the top of the upper cell and is vsed to add or withdraw water from the tensiometer. The third mbe

connects to the top point of the lower cell , iding access to and measurement of the air pressure
in the lower cell. The tobes at the top thclﬂwetandupperceﬂsmcmmcmdmpmsm
transducers and a computerized data acquisition sysiern. To accelerate the process of equilibrating

the ensiometer with the soil, ap initial vacoum can be applied to the te:nsmmmc: The direction in
which the pressure lstrendmglsthcnnbsemadmtheﬁeld and the vacuum can be modified
accordingly. During installation, the porous tip of the tensiometer is enclosed in a bag filled with
silica sand, called a backfill sack.

=~
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Deep Well Tensiometer
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Figure 3. Yensiometer fabrication layout,
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2.2.2 Suction Lysimeter

The suction lysimeter is a two chamber design used for sampling at depths greater than 7-8 m.
The fabrication layout of the suction lysimeter design is shown in Figure 4. Two 1/8 in tubes
connect the hysimeter to the surface. One tube is used for the introduction of a purge gas and the
other line allows the sample collected to be transpenied to the surface. A miniamre check valve
separaies the lower chamber from the upper chamber. A 0.5um porous stainless sizel cylinder
permits the collection of the sample which is drawn by vacuum through the check valve inmo the
upper chamber.

The porous end of the suction Fysimeter is enclosed in a nylon backfill sack. To withdraw a
water sample from the soils into the suction lysimeter, a vacuum js applied to the {ube connected to
the top of the upper chamber. In order to bring the water sample to the surface, dry gas, either N,
or clean air, is used to pressurize the vpper chamber, forcing the water sample up through the
second tube that connects the botiom of the upper chamber to ground surface. The check valve
closes, preventing liquid from being forced back into the lower chamber.

Suction Lysimeter

' ‘ Je3 55 TUBE
il -
Wald tubs 125 above chack wilve bpladgr #30 Deill on SE7HAC

Upper Lid |

1l M=05%w S5 TUBE

13129

‘ Lysmeter Doty

)

E Prezs Fift Check 'Wblve

Check Volve Helder

©.30%-.935 FORDLE 55 TUBE

)

300

ey End Cop

All moterial: Type 30435 LUse only woter solublg cutting fluils, Ferform lower lysimeter
bBody weld prior ta ngtollng check wvalve.

Figure 4. Suction lysimeter fabrication layous.
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2.2.3 Soil Gas Probe

The soil gas probe, shown in Figure 3, consists of a 7.62 ¢m long, 100 wm porous metal
cylinder with welded top and bottomn flanges. A 1/4 in diameter stainless steel tube extends out
from the top flange and is connected using Swagelok® compression fittings to a 174 in Teflon tube
that goes up to the ground surface. A Swagelor:ﬁ plug with a silicon septum stopper is used to seal
the Teflon line. In ozder to purge the gas collected in the gas probe, the PID-580 is used. A gas
sample is then taken by applying a vacuum thwough ap absorbent tube. EPA TO14 analyses will be
performed by the Environmental Measurements Laberatory of LENL.

Soil bGas Sampler

2250 $5 TLIBE——’/I

LAl Upper Lidl

f,.——ﬁl.ﬂﬂx,ﬂ4'9w 55 TUBE

13123 Gas Sampler Bady

©.250 De-ul
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A3 ]

1D oF Forous tube determines @ of feed-throuwgh
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3.000

00 mcron pare SiZe

S, End Cop

Al mroteral Type 284535, Use only woter solubole cutting fluids.

Figure 5. Soil gas probe fabrication lavout,
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224 Thermistor

Thermistors are thermally sensitive resistors which exhibit a change in electrical resistance with
a change in temperature. The thermistors used in this system (NTC-DC95, Thermometrics, New
Jersey) are coramic semiconductors with a negative temperatire coefficient of resistance, e,
reststance readings decrease with increasing temperature. These bead-shaped thermistors have Pi-
alloy leadwires, directly centersd into a cermmic body. The standard resistance for the thermochip at
25°Cis 10,000 £, The vnit is accurate to within £0.1°C within the range 0°C 1o AFC when using
the standard resistance ratio curve. Data to generate the nominal corve for this thermister am
shown in Table 1. Due to the high resistance of the thermochip, the resistance measurement can be
teken in a two-wire configuration with less than 0.05% error due 1o leadwire length.

Each thermistor was sokdered onto a 100-ft-long Belden #8451 twisted and shielded 22AWG
instumentation cable. To protect the thermistor from mechanical stress, each bead was housed
a stainless-steel shield. erm moisture from seeping into the leadwires, each wire was
shrink-wrapped and then insulated with epoxy.

Calibraton of cach thermmistor was dene in the laboratory, using the procedure recormmended
by the manufacturer. The Steinhart and Hart equation was used:

%= a+ b(ln Ry+c(ln R (1}

where B s registance in obims and g, &, and ¢ are coefficients derived from measuremsent. For
this set of thermistors, the average valves for 4, b, and ¢ are 1,1x107, 2.35x10, and 9.56x10°%,
respectively. The complete table of calibration cocfficients can be found in Appendix A

Table I. Nominal Resistonce versus Temperature Curve for Thermistor

Temperature °C *C
0 32
L 7.3301
10 1.989%
3 13710
0 1.2492
25 1.000X)
30 0.8057

~ 33 0.6531

40 0.3327 |
L] 04360 |
0] 0.3603
55 0.20886 |
7 0.24582 |
(& 0.20828
70 017517 |
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2.2.5 Neuiron Probe

Relative measuremnents of soil moisture content are made using a downhole nentron probe.
Neutron probe measurements are based on the Pnncrple of nentron thermalization during collisions
with hydrogen atems. "Fast” neutrons are emitted by the probe mto the formation, A detector in
the probe counts the "slow"” meutrons produced by these collisions. The number of "slow™
neutrons is proportional to the moistire content uft}w surrounding medium. In conjunction with
tensiometer dats, neutron probe measurements help define movement of water in the subsurface.
The neutron source required for a measurement with an effective radius of 15 cm is of sufficiently
low strength that it 8;15&5 an insipmnificant health hazard when properly used. The probe nsed i
this system (CPN 503DR Hydroprobe) consists of a 50 mCi Am-Be neutron source which emits
1. 1% 107 neutrons per second and a He detsctor of thermal neutrons. When high energy neutrons
are emitted into the rock or sediment formation, they are “slowed down”™ or “thermalized™ when
they collide with hydrogen nuclei. The slow or thermal neutrons are detected and their count is

ional to the hydrogen concentration in the formation. Since water is by far the main source
of gdmgen in this setting, the conmt is proporticnal to the moisture content. Although many
calibrations exist for converting ¢ounts to moistare content, conversion is always highly formation-
and well-completion-specific. Therefore, the counts, or ratio of counts to some standard count, are
raost reliably used in the determination of relative moisture content changes.

The neurtron probe logging is performed in separate aceess boreholes adpacent to the VZMS
installations. Two additional bonings, VZMS-NP-1 and VZMS-NP-2, 4 in in diameter, each 100
ft deep, were constructed with 2-in PYC casing grooted in place. The casing provides a
continuous sheath through which the probe is lowered. Readings are taken at selecied depth
mtervals, usually on the order of 1 to 2 fi.

3.0 VZMS INSTALLATION

Instrument installation took place between 12/13/95 and 12/21/95. Dnlling services were
provided by Water Development Inc. and geologic logging and soil-gas sample collection were
provided by Radian personnel.

3.1 Drilling and Sampling

Standard hollow-stem drilling, coring and sampling methods were used duning the installation.
Two vertical borings were dnilled to 115 ft using an 10 in OD hollow-stem auger. The borzholes
were then reamed with a 12 in OD auger. ion of nested instruments occurred in these two
borzholes, through the 12 in OD auger. Continnous samples were taken using 2 Modified
California split-spoon sampler 2nd logged in the field by field geologists from Radian and LENL.
Each borehole was drilled to approximately 2 ft below the water tabke. Out of concern for borehcle
collapse, the anger stem was gradually raised as the instruments were installed through the auger
slent.

Soil samples not slated for physical or TOC analyses were placed in wax-impregnated
cardboard core-boxes, labeled, and described by the mathud in ASTM [ 2487-90. Selected soil
samples for TOC analysis and physical pararneter determination were sent 1o BSK & Assoc.
laboratory. Samples were capped and sealed to preserve moisture content.  Soit gas les were
cuﬂe.%ted in t.:aul;xiisters at approximately 10-ft depth intervals and were submitted for TO-14 analysis
{Air Toxies Ltd.).

12




Vadose Zone Mositoring System Installation Repore for McClellan AFB

Two additional vertical 4-in borings were drilled using a solid-stem auger for the porpose of
neutron prebe access pipe installation. These were drilled to the water table. The neutron probe
borings were not sampled because a larger boring would have been required and in tum would
have resulted in a larger annulus of backfill and a reduced effective radms of penetration into the
formation for neutron logging.

Augers, drill bits, and split-spoon samplers were steara-cleaned prior to drilling and in between
boreholes. In addition, split-spoon samplers and brass sleeves were rinsed with distifled water
immediately before sampling.

3.2 Criteria for Insirument Location

Geologic information from sampled cores and soil-gas analysis results were used in the
selection of depth imtervals at which instruments were instalied. The primary criterion was to
capture data from all or most of the lithologic units of notable thickoess. Another critedion was to
ensure that each cluster was placed entirely within a single lithologic unit. The sections below
summarize the geologic logs and soil-gas apalyses. The complete resnlts can be found in
Appendices B and C.

3.2.1 Lithology

Although the lithologic sequences in the two 8-in boreholes differed 1n detail, in peneral they
consisted of interlayered silts and sands, with occasional layers of coarse sand, especially toward
the bottom of the profile. These laye=rs wers generally 5 to 10 fi thick. Core recovery was high,

i y 90 to 100% in most cases and provided an almost continuous record. No samples
were taken below 100 £t but the cuttings indicated sandy sediment.

The most significant feature of the sequence was the predominance of sandy silt in the top 30 ft
of borehole VZMS-A and the top 20 ft of VZMS-B. Sands dominate both profiles below 60 ft,
with 2 coarse sand layer in both boreholes between 61 and 66 i, again around 72 £, and once
d more below 93-95 ft. Litfle moisture was observed, with most samples characterized as dry to

amp.

3.2.2 Soil-(zas Analysis

Twenty soil-gas samples, ten from each borehole, were collected during the drilling operation.
At any given sampling depth, a drive point connected to a Teflon tube was daven into the soils at
the bottom of the borehole. Before sampling, a gas volume equal to three times the volume of the
connecting tube was purged from the line. A gas sample was then taken in a SUMMA canister.

Gas samples were analyzed for VOCS osing the TO-14 method. The results are summarized in
Tables 2 and 3, and Fipures 6 through 11 ard listed in entirety in Appendix C. Blank spaces in the
tahles indicate non-detection. In both boreholes, VOC concenirations declined to depths of 40
50 ft. TCE, and cis-1,2-DCE are the dominant contaminants, with TCE as high as 38,000 ppbv
(VZMS-A, 10 f1) and cis-1,2-DCE as high as 8,200 ppbv (VZMS-B, 20 ft). The details of VOC
distributions are conspicuously different from borehole to borehgle. For example, a significant
relative low in overall aromatic concentrations observed at 40 ft in VZMS-A is contrasted by a high
m VZMS-B. Furthermore, some compounds were observed in only one of the two boreholes
(e.g. ethyl benzene). It is anticipated that samples collected from permanently installed gas probes
will be more representative of acmal concentrations in the formation.

13
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Table 2. VOC Concentrations in VZMS-A.

V2ZMS-A
YOU Concentrations in pphv

Vinyl Methy- 1.1- cis-1.2- Chloso- Benzepe 1.2- TCE  Chloro- Toluens

Chlocide keneCl IDXCE  DCE form DCA benzens
Depth (Ft}
i} 270 8] 3700 100 160 38000
20 27 45 2300 0z 4400
k¥ 52 12 6.7 5600 4.3 45 940 7.2
40
20 8.3 24 6.8 46 53
60 36 4.4 6.3 I8 8.5
T0 &7 48 150 L] 4.4 30 120
50 45 12 Pl L 14 1o 3 10
L2
1040 ! A |

Etyl- PCE Xylene 1.3.5- 1.24- 13- 14- 1.2- Propy- Accone

benzene: THE THE DCE DCB DCE ke
L ______________________________ ]
Depth (ff)
10 100 400 240 740
20 Q20 1700 540 T 4% 31 390 36
io 250 &10 260 20 180 31 160 50
40 6.85 ] 20 0 5.9 265
50 30 3B I 78 47 iz 140 140 43
60 281 76 2% 52 W 44 33 34
TO £l 12 12 M 13 150 18
80 17 160
29 1200 10000
100 7! 1200
D —— ey A
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Table 3. VOC Concentrations in VZMS-B.

VIMS-B
VOU Conceptrations in ppbv

k. —— - _—_—]
Vinyl Methy- 1.1- <cis-1,2- Chloro- Benzene 1.2- TCE  Chloro- Toloene

Chicride leneCt DCE  DCE form DCA benzene
Depth (ft)

10 1500 13 2100

20 80 8200 15 250 70 &b 61
3D 9.7 4.2 4H) 59 4] 500 3.2
40

50 304 6.4 14 325 7.5%
&0 &4 140 4.3 20 a3 M 4 7
7

30 0 19 320 10 x2 750 81 11
29 6.7 65 4.7 83 54 5.6
104 32 3 605

k. . . ... ]
Bihyl- PCE Xylene 1.3.5- 1.24- 13- 14- 12- Propy- Aceions
b THE THE DCB (B DCB e
Depth (ft)

10 3 23 28

20 &7 ¥/ 3 180 100G 290 350

10 25 3 22 120 20 44

40 25 i5 N 25 610 7400

&0 1232 7.2 695 325 125% 1445

&0 4.7 1595 12 £3 18 140 17 63

TH 6.7 20

30 ) 51 42 T 23 28 54

94 4 66 58 46
1040 500
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YZMS-A
1 10 PRbY 100
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| —8— Vinyl Clodide
| B Methylene 3

2 1.1-DCE
—— Chlcroform

W DBenzene
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R 14DCH
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Figure 6. VOU concentrations for conpoinds with concentrations less than 1000 ppbv in

VZMS-A.
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Figure 7. VOC concenirations for compowunds with concenivations greater than 1000 ppbv in

VZMS-A,
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YZIMS-B -‘
1 10 PRBY 100 1000 |
o - " Vinyl Qloride |
B MethyleneCl |
10 - B LIIKE !
20 - @ Chloroform ‘
B Benzaye
30 —®-12DCA |
£40 W Chlorobenzens | |
B  Tolucne r
;Ejﬂ | m PCE ’
S 50 A Xylene |
% .. E 135THB I
® 124THB
&0 N 1.3DCB i
90 | —G-12DCB |,
: : I Fropylene | :
100 = = FEthyl Benzzne |

Figure 8. VOC concentrations for compounds with concentrations less than 1000 ppby in
VZMS-B.
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Figure 9. VOC gﬂgc:emmriam Jor compounds with concentrations greater than 1000 ppbv in
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YIMS-A

bv
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Figure 10. Toral halogenated and aromatic hydrocarbons in VIMS-A.
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Figure 11. Total halogenated and aromatic hydrocarbons in VZMS-B.
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3.3 VZMS Instrument Installation Procedures

A schematic construciion log of the VZMS instrumentation is shown m Pigure 12. The
generalized lithology shown in Figure 12 is given in detail in Appendix B. Soil descriptor codes
include W (well-sorted sand), SP (poorly-sorted sand), SM (silty sand), SC (clayey sand), and
ME (silt). Instruments installed at a single depth were aranged in clusters prior to installation.
The spring-release mechanism which was ised to press instruments against the borehole wall was
set up in the “closed” position and hooked up to a nylon string which was later used to “open up”
the springs. Each instrumentation level was underain by at keast 1 ft of bentonite which was
poured through an auger and was sahwrated with water. Care was taken to introduce only encugh
waler to saturate the bentonite without excessively wetting the borehole. On top of the bentonite, a
0.5 ft layer of fine sand was set. Subsequently the instaument cluster was lowered down the
borehole, after which the springs were released. More fine sand was poured to cover all sensors,
approximately a 1 ft thickness. All intervals betwesn instrument clusters were backfilled with
coarse bentonite and samrated with water.  Afier the top-most level of instumentation was
installed, a cement grout slumry was poured to a depth of 2 ft below iand surface. A flush-mounted
utitity vavlt was installed and will be used for access during water and gas sampling.

The peutron probe access pipes were instafled after the solid-sterm anger used in drilling
operations was pulled gut of the hole. A 2-in, Sch. 40 PYC pipe was installed down 10 a depth of
100 ft and gronted in with a cement stuery. A flush-mounted water-tight utility vaule was installed
at ground surface.

3.4 Surface Completion

Tobe bundles from the nested instruments are terminated below the ground surface in Christy
boxes covered with stee] plates. Figure 13 shows the dimensions of the Christy boxes. Four inch
PV conduit connects to a side access port of the Christy box and cames through the concrets pad.
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Figure I12. VZMS instrumeniation log.
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_ Figure 13, Surface completion of VZMS

4.0 PRELTMINARY RESULTS

4.1 Laburator}f Testing of Field Soil Samples

Twenty-two soil samples taken from YZMS-A and VZMS-B were submitted 10 BSK & Assoc,
laboratory for TOC analysis and physical parameter determination. Soil samples were tested to
determine bulk (wet) density, moisture content, specific gravity, porosity and total crganic carbon.
Moisture content of soil samples ranged in values from 6.0 to 41.4 %. Builk density of samples
ranged from 86.4 pcf (1384.0 kg/m’y 10 121.4 pef (1944.7 kg/mv'). Porosity measurements ranged
from 36.1 up to 39.9 %. Total organic cartbon in sarmples ranged from non-detectable to 350
m.gjkg A complete report of laboratory testing results provided by BSK is included in Appendix

4.2 Particle Size Analyses

Particle size analyses were performed on the 501l samples taken from VZMS-A and VZMS-B
using hydrometer method in ASTM D 422-63. Results are provided in Table 4 and Figures 14 and
15. In VZMS-A, the entages of sand, silt and clay for the samples taken from the field ranged
from 22.5 to 100 %, 0 t0 67 % and 1.7 to 12.8 %, respectively. In VZMS-B, similar ranges of 36
to 99 %, 0 to 60.4 % and 0.6 10 7.9 % described the sand, silt and clay content respectively.
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Table 4. Results of Particle Size Analyses for VEMS-A and VZMS-B.

pepth | Class |SIEVE { %) PSA | (%)
1. >2000 pm_[425-2000 pm 75425 ym | sand | silt | elay

ML 00.0 11.0 13.2 33.8 £0.0 |
5P 00.3 01.3 86.1 76.5 17.4
SM 000 003 31,7 50.7 44.8
SM 0.0 00.0 27.9 56.2 41.1
5M 000 00.2 58.9 88,7 28.2
SM 00.0 03.5 40.3 49.2 43.0
ML 00.0 40.0 14.5 22.5 87.0
ME D0.0 03.7 15.4 85.0 56.8
SM 00.2 00.2 73.6 70.4 27.8
SM 00.0 13.8 58.2 75.0 21.6
SP 00.0 35.4 §4.8 77.5 18.7
SM 00.0 06.1 24.0 49.8 44.9
SP 00.0 33.2 4.4 95.7 62.7

ML 00.0_ 01.7 £9.6 39,8 £3.7
sP 00.0 237 73.9 97.7 00.7
SM 00.0 00.9 08.2 55.9 27.2
SW 0.0 00.3 94.6 100.0 | ©6.0
ML 00.0 00.6 00.6 34.9 58.2
SP an.; 67.7 97.2 0.5

ML 0.0 00.0 51.5 59 2
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Figure 15, Sand, silt, and clay distributions in VZMS-B.
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4.3 Neutron Probe Data

Shortly after the cerent grout had set in the neuiron probe access holes (12/21/93), preliminary
readings were taken. VZMS-NP-1 was found to have an obstruction at a depth of about 25 fi and
thus was only logged above that depth. As of the date of this repont, this obstruction has not yet
been cleared and the hole has not been logged since. VZMS-NP-2 was logged to its total depth of
100 ft bgs. The data for VZMS-NP-2 are preseated in Figore 16 and compared with 2 “relative
lithology" as evaluated froe the lithologic log. The neutron reading was nommalized o the “blank™
reading taken with the probe in its shielded casing; this accounts for any changes in source strength
or vaniations in electronic signal. Relative lithology was digitized by assigning increasing values
with decreasing particle size: SW=1; SP=2; SM=3; SC=4; ML=5. Therefore, finer-textured
inaterials, soch as silts, should have higher moisture contents becange of higher water retention
properties. As seen i Figure 16, the comrelation between higher nevtron covnts and fiper-textured
raterials is good. In this figure, che r horizontal axes uses the square root of the wmiative
lithology rankings. There are slight offsets observed in the top 40 ft, suggesting minor eeror in
astimating depths of cores during drilling, which is not unreasonable. Owverall, it appears that the
neutron probe has excellent sensitivity 10 moismare variations. Aside from the lithology effect on
moistire coptent, no water or systematie trend with depth are observed.

relative [thology
{500 1.000 1,500 2000 2 50
o0 i il
—_— _———— .
we 4 T et rdl
I

200 =

300 -

A0 -
=)
£ 500 -
e
b~}

600 o ;

o - e ————

i — =

BOO -

SO0 -

100.0 tl-ﬁ . I I ¥

Q.600 Q.700 0,800 0,800 1.000 1.100

relaiive Mdishire
Figure 16, VZMS-NP-2 newutron probe and relavive lithologic log.
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APPENDIX A--THERMISTOR CALIBRATIONS
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APPENDIX B--VZMS GEOLOGIC LOGS
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APPENDIX C--SOIL GAS ANALYSIS

Appendix C is not included hete but is printed under a separate cover.
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APPENDIX D--SOIL SAMPLE PHYSICAL
PROPERTIES

Note that references to VZMS-1 and VZMS-2 comespond to VZMS-A and
VZMS-B, respectively.
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1181 Quarry Lane, Building 300
Pleasanion, CA 94566
(510) 462-4000 « FAX (510) 462-6283

Yanpary 10, 1996 BSE JOB NO. 04-20-0103
' F.O. NO. 6418237

Lawrence Berkeley Labacatory

I Cyclotron Road, Building 50-E
Berkeley, California 94702
Attentior;: Mr. Cort Oldenburg

Subject:  Laboratocy Testing Services for your
VZMS Project

Gentlemen:

At your request and anthorization, we have performed laboratory testing services on soil from 22 stainkess
steel tube samples that were obtained from your office on December 18, 1995, and deliveresd to cur
laboratory by a member of our staff

The following laboratory tests were performed on goil from the X2 tube samples:

Test ——Msthod
Bulk (we(} Dexnsity of Soil ASTM D 2937
Muistire Conterst of Soil ASTM D 2216
Specific Gravity of Soil ASTM D 834
Porosity of Soil Equation
Totzal Organic Carbon “Walkley Black™

The following is a brief description of procedures used wo perfom the above indicated tests:

Buik Density: The diameter, lepgth and w2al weight of the samples were determined
and froan that data, the bulk densities were caloufatad (weaight/volome).

Moistere Content: The percent mojsture content is the ratie of the weight of water in the
sarmple and the weight of the dry semple. Each moisture sampie was
obtained from the mid-portivnn of the tube and oven dried for a

mimmer: of 24 hours at 110°C.

Specific Gravity: A specific gravity test was performed on one of the sandy soils and
another one was performed on one of silty soils.

Geolechnica! Engineering + Engineering Gedlogy * Emvironmental Services = Construclion inspeclion & T esling = Analylical Testing




BSK Job No. 04-20-0103
January 10, 1996
Page 2

—

Porosity: Porosity is the ratio of volume of voids and total volume of seil and
is also a function of soil dry unit weight, specific gravity (determined
" in the laboratory), and water unit weight (62.4 pcf). The equation used

may be provided at your request.

Total Organic Carbon:  Procedure may be provided at your request.

Enclosed is a summary of our laboratory test results. We appreciate the opportunity to be of service to
you. Should you have questions regarding this report, please contact us.

Respectfully submitted,
BSK & Associates \

A\

Alex Y. Eskandari, P.E.
Manager, Geo-Envi ental Services

C.E. 38101

Doug Réynolds”

Field and Laboratory Supervisor
AYE:hhe
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Enclosure:

Summary of Laboratory Test Data
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l * Sampies were loose and disrurbed.
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