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CONVERSION FACTORS, VERTICAL DATUM, AND SYMBOLS

Multiply by To obtain
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
square mile (mi?) 2.590 square kilometer
cubic foot per second (ft3/s) 0.02832 cubic meter per second
foot per day (ft/d) 0.3048 meter per day
pound per square inch (Ib/in?) 6,895 pascal
square foot per day (ft2/d) 0.0929 square meter per day

degree Celsius (°C)

‘F=18x°C+32

degree Fahrenheit (°F)

Vertical Datum:

In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929), a geodetic datum
derived from a general adjustment of the first-order level nets of both the United States and Canada, formerly called
Sea Level Datum of 1929. For all recent and current hydrologic investigations in the Fort Wainwright and Fairbanks

areas, the USGS uses the U.S. Coast and Geodetic Survey (1966) data.

Horizontal Datum:

The horizontal datum for all locations in this report is the North American Datum of 1927. The U.S. Army typically
uses local coordinate systems for each installation. These coordinates were converted to state-plane coordinates and

latitude and longitude.
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Abbreviations, Acronyms, and Symbols used in this report:

A substrate added

A* radioactivity added

AEC U.S. Army Environmental Center

ASTM American Society for Testing and Materials

a thermal coefficient, 1.28 x 103

atm atmosphere

BH Bushnell-Haas

BTEX benzene, toluene, ethylbenzene, xylenes

b thermal coefficient, 2.37 x 104

Chydrogen sample hydrogen concentration

Cyw concentration dissolved in ground water

COE U.S. Army Corps of Engineers, Alaska District
CRREL Cold Regions Research and Engineering Laboratory
c thermal coefficient, 9.06 x 108

DCE dichloroethylene

DCA dichloroethane

DMM digital voltage multi-meter

DODEC Department of Defense Environmental Clean-up Program
DPW Department of Public Works

DRO diesel-range organics

dpm disintegrations per minute

FID flame ionization detector

ft foot

f/d foot per day

GC gas chromatograph

GRO gasoline-range organics

g gram

g/L gram per liter

Hhpydrogen dimensionless distribution coefficient for hydrogen between the gaseous and dissolved phases
H nethane dimensionless distribution coefficient for methane between the gaseous and dissolved phases
IDW investigation-derived waste

1b/in? pound per square inch

K degree Kelvin

MPN most probable number

mg/L milligram per liter

mi mile

mL milliliter

mL/min milliliter per minute
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ug/L
HL
Hm
HS/cm

millimole per liter

normal

National Water Quality Laboratory
mole

nanomole per liter

ohm

Operable Unit 5

partial pressure of gas
phenylethylamine

parts per million

universal gas constant (0.08206 L-atm/mole-K)
Record of Decision

resistance

average mineralization rate
average rate of 14C02 production
in situ substrate concentration
temperature

trichloroethane

trichloroethylene

time-domain reflectometer
2,5-diphenyl-3 [a-naphthyl] tetrazolium chloride
ultra-high purity

U.S. Army Alaska

U.S. Geological Survey

University of Alaska Fairbanks
microgram

microgram per liter

microljter

micrometer

microsiemen per centimeter

volume
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Determination of Magnitude and Direction of Ground-Water Flow

Ground-water flow directions across the study site will be monitored continuously by pres-
sure transducers, which will be installed in at least four wells. The water levels in these wells will
also be measured manually, approximately monthly, to verify transducer measurements. The water
levels will be measured in reference to a measurement point on the top of the well (see section
“Ground-Water Level Measurements”) and the well measuring points will be tied into a vertical
and horizontal survey that will be completed in the summer of 1997.

Vertical surveys will be repeated in the summer of 1998 or as needed, to evaluate well move-
ment caused by effects such as frost jacking. Hydrologic properties, such as hydraulic conductivity,
are expected to vary across the site and affect measurements and interpretations sensitive to the
site-specific scale of the project. Results from previous and ongoing concurrent aquifer studies per-
formed at a larger scale will initially be used to describe the site (table 1). However, the scaling of
geohydrologic parameters will be taken into account when data indicate the necessity and when
supporting field data are available to make finer scale interpretations. As new information becomes
available, both analytical and numerical methods will be used to refine our characterization of the
hydrologic properties of the study area.

Table 1. Estimated values of geohydrologic parameters
[Values from Nakanishi and Lilly (1998)]

Parameter Estimated value
Riverbed conductance (R.) 350 ft?/d
Alluvinm
Vertical hydraulic conductivity (K,) 20 ft/d
Horizontal hydraulic conductivity (K},) 400 fv/d
Anisotropy (K\/Kp) 1:20
Specific yield (S) 30.25
Specific storage (Ss) 21 x 10°
Bedrock
Vertical hydraulic conductivity (K,) 20.005 f/d
Horizontal hydraulic conductivity (Kp,) 20.10 f/d
Specific storage (S;) 21 x 107

2Value assumed rather than estimated by calibration
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Assessment of Ground-Water/Surface-Water Interactions

As discussed previously, mixing of water from different sources—ground-water flow into the
river, river-water flow into the subsurface (bank recharge), or infiltration of heavy rainfall or snow-
melt to ground water—will likely have a significant effect on rates of contaminant degradation and
dilution. It is unclear, however, to what depth below the water table or to what distance away from
the river mixing will extend. The degree of mixing will probably be influenced by density differ-
ences among the different waters. The temperature of river water varies, ranging from 0°C to as
high as 15°C (1989, Chena River at Fairbanks gaging station), depending on the season. Con-
versely, ground water is typically between 2°C and 10°C (Kriegler and Lilly, 1995), and its tem-
perature changes slowly relative to surface water. Because water reaches its maximum density at
4°C, river water will be more or less dense than the ground water, depending on the season. There-
fore, the amount of mixing will not only depend on river stage fluctuations, but will likely exhibit
a seasonal pattern. The density of water will be calculated from temperature measurements.
Although density is affected to some degree by solute concentration, in most ground waters this
effect is negligible compared with the effect of temperature differences. Nonetheless, for confirma-
tion, we will periodically calculate the impact of solutes on density from measured concentrations.

Characterization of the Unsaturated Zone

To understand how biodegradation is affected by a fluctuating water table, it is important to
characterize hydrologic processes occurring in the unsaturated zone just above the water table. To
accomplish this, we have installed an array of suction lysimeters (fig. 8) to complement a nested
array of piezometers that span the expected range of water-table depths. These piezometers and
lysimeters will be used to collect samples from discrete depths and will thus allow measurement
of vertical gradients in microbial populations, dissolved gas concentrations, and nutrient levels in
the vicinity of the water table. In addition, we installed thermistor strings, C-Index probes, and
time-domain reflectometer (TDR) probes vertically through the unsaturated zone and into the sat-
urated zone. These instruments (described in a later section) will provide data on water movement
in the unsaturated zone, including rainfall and snowmelt infiltration rates. The C-Index probes will
also provide information on water chemistry through indirect measurements of electrical conduc-
tivity. These electrical conductivity measurements will be validated through analyses of water sam-
ples collected from lysimeters and piezometers.

General unsaturated-zone characteristics, such as soil type and bulk density, were recorded
during instrumentation installation. The soil profile was clearly layered, indicating a considerable
degree of anisotropy. Because alluvium occurs at this site to great depths, this layered, anisotropic
pattern likely extends into the saturated zone.

Geochemical Assessment

Geochemical analyses will provide information on the origin of and flow paths followed by
ground water. This information will be used to refine a conceptual model of contaminant transport
at the site, and will help in identifying and quantifying recharge zones. Because geochemical prop-
erties of ground water are directly related to processes such as biodegradation, chemical reactions,
and sorption, understanding the geochemistry of the ground-water system will also be used to
increase our understanding of the natural-attenuation processes active at OUS and, hence, to
improve and expand our conceptual model.
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Figure 8. Schematic detail of instrumentation installed in tests pits 1 and 2.

PROJECT APPROACH 15



Assessment of Spatial and Temporal Distribution of Contaminants

The distribution of various contaminants provides insight into the degree to which they are
being transformed by degradation, diluted by dispersion, and (or) retarded by sorption and thus,
how quickly and how far contaminants are migrating. We will sample and analyze ground water to
determine the concentrations of dissolved chlorinated hydrocarbons and expected degradation
products of these compounds (fig. 9). Results of analyses will be used to map the spatial distribu-
tion of contaminants and degradation products within the study area and determine how their dis-
tribution changes with time.

/ Acetic acid

PCA TCA |———» 1.1-DCA

CA Ethanol

Cis1,2-DCE

‘ 02+H20
PCE | TCE -\ Trans-1,2-DCE ‘E CO2+H2

4  1.1.DCE

PCA = Tetrachloroethane
1,1,1-TCA = 1,1,1-Trichloroethane
1,1-DCA = 1,1-Dichloroethane
Cis-1,2-DCE = Cis-1,2-Dichloroethene
CA = Chloroethane
PCE = Tetrachloroethylene
TCE = Trichloroethylene
Trans-1,2-DCE = Trans-1,2-Dichloroethene
VC = Vinyl chioride
1,1-DCE = 1,1-Dichloroethene

Dashed lines are minor pathways

Figure 9. Transformation pathways and products of selected chlorinated hydrocarbons
(modified from Davis and Olsen, 1990).

Spatial and Temporal Characterization of Ground-Water Chemistry

The various mechanisms of natural attenuation in ground water are related to the geochemi-
cal nature of the environment in which contamination exists. In addition, the geochemistry of
ground water typically provides insight into the timing and extent of exchange between surface
water and the ground-water system. Therefore, in addition to assessing the presence of contamina-
tion in ground water, we will measure pH, specific conductance, alkalinity, dissolved oxygen, and
temperature, and will sample and analyze for a number of inorganic constituents including nutri-
ents, major dissolved ions, and indicators of oxidation-reduction conditions.
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Microbiological Assessment

Degradation of organic contaminants by microorganisms is one of the major mechanisms of
removal of these compounds from the environment, and natural attenuation is therefore highly
dependent on these microbial processes (National Research Council, 1993; McAllister and Chiang,
1994). Because no one measurement can be used to establish that biodegradation is occurring
(National Research Council, 1993), documentation of natural attenuation requires several mea-
surements that, taken together, support the assertion that biodegradation is occurring. The strategy
recommended by the National Research Council (1993) and used in this study requires (1) docu-
mentation of loss of target contaminants from the site, (2) laboratory analyses showing that micro-
organisms from the site have the potential to catalyze the appropriate transformations under
conditions at the site, and (3) evidence that biodegradation is occurring in the field. Loss of con-
taminants in this study will be documented through organic chemistry analyses of ground water.
The potential of the indigenous microbial population to biodegrade chlorinated hydrocarbons
under site conditions will be evaluated using the laboratory assays described below. Geochemical
analyses—especially those relating to oxidation-reduction potential—as well as measurements of
dissolved hydrogen and methane, will be used to provide evidence of in sifu microbial activity. In
addition to examining factors supporting natural attenuation in general, we will address how site-
specific factors (e.g., proximity to the Chena River) influence microbial populations and activity.

Enumeration of Contaminant-Degrading Microorganisms

We will use miniaturized most-probable-number (MPN) enumerations to document the pres-
ence of microorganisms that can metabolize contaminants present in the ground-water system at
OUS. Specific populations enumerated will include total heterotrophs, gasoline degraders, toluene
degraders, and TCE degraders. Population enumeration results will be evaluated with respect to
contaminant levels in the wells tested.

Determination of Microbial Mineralization Potentials

Mineralization potentials will be determined for microbial populations present in ground
water at OUS. Laboratory assays will be conducted under temperatures approximating those in the
field and at atmospheric and in situ oxygen levels. Specific laboratory mineralization potentials
will be measured for toluene and TCE.

PROJECT DATES, ORGANIZATION, AND RESPONSIBILITY

This project began in September 1996, and is scheduled for completion in September 1998.
Interim reports explaining the progress and status of the project will be submitted periodically at
project meetings with the U.S. Army Corps of Engineers (COE), USARAK, and U. S. Army Envi-
ronmental Center (AEC).

Larry D. Hinzman, UAF, Principal Investigator—Responsible for project management;
installation of hydrologic instrumentation; hydrologic data collection, analyses, and interpretation;
writing of reports and scientific journal articles.

PROJECT DATES, ORGANIZATION, AND RESPONSIBILITY 17



Joan F. Braddock, UAF, Co-Principal Investigator.—Responsible for microbiological
data collection, analyses, and interpretation; writing of reports and scientific journal articles.

Michael R. Lilly, Arctic Region Supercomputing Center—UAF, Co-Principal Investi-
gator.—Responsible for project management; installation of hydrologic instrumentation; hydro-
logic data collection, analyses, and interpretation; project coordination with COE, USARAK, and
AEC.

Kathleen A. McCarthy, USGS, Co-Principal Investigator.—Responsible for interpreta-
tion of geochemical data; reports coordination; writing of reports and scientific journal articles.

Stanley A. Leake, USGS, Hydrologist.—Responsible for assisting in the interpretation of
ground-water/surface-water interactions and the application of analytical or numerical methods to
interpretation of ground-water flow modeling.

Sharon A. Richmond, UAF/USGS, Graduate Student.—Jointly responsible for collection
and analyses of microbiological data; collection and analyses of ground-water samples for mea-
surement of dissolved methane and hydrogen gases; interpretation of all data relevant to microbial
transformations of chlorinated-hydrocarbon contaminants. Will assist in writing reports and jour-
nal articles.

Nada I. Raad, UAF, Graduate Student.—Jointly responsible for field data collection and
interpretation. Will assist in writing reports and journal articles.

Matthew A. Wegner, UAF, Graduate Student.—Jointly responsible for field data collec-
tion; primarily responsible for investigations related to ground-water/surface-water interactions.
Will assist in writing reports and journal articles.

FIELD PROCEDURES, DATA COLLECTION, AND ANALYSES

The procedures for installing instrumentation and monitoring wells, collecting and analyzing
data, and documenting field work are described in the following sections.

Instaliation and Instrumentation of Test Pits

Two test pits were excavated west of, and adjacent to, the contaminated study site, along a
line perpendicular to the Chena River (fig. 10). The purpose of the test pits is to provide back-
ground geochemistry data and allow use of measurement equipment that could not be installed in
auger-drilled borings. The selection of the test pit locations was based on the extent of existing con-
tamination, existing roadways, buried utilities, overhead utilities, and buried antenna systems in
the area. These test pits were instrumented with clustered piezometers, lysimeters, thermistors,
C-Index probes, and TDR probes (fig. 8; table 2).

Lysimeters

Suction lysimeters were constructed in the laboratory to enable collection of samples in both
test pits from the zone above the water table. The lysimeters were constructed using 1 Bar, High
flow 653X02-B 1M3 Round Bottom, neck top, 2-inch porous cups (Soilmoisture Equipment Corp.;
Goleta, CA). These cups were attached to 24-inch sections of 2-inch inside-diameter PVC pipe.
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Table 2. Instrumentation in test pits

Probe Types:

1, Time domain reflectometer (TDR) probes (unfrozen moisture content)

2, C-Index probes (relative electrical conductivity)

3, Thermistors (temperature)

4, Discrete suction lysimeter sampling points (5-cm cup lengths)

S, Discrete piezometer-screen sampling points (1-inch PVC, 5-cm screen lengths)

6, Single 10-foot piezometer screen for continuous water-level measurements with pressure transducer

TESTPIT 1 TESTPIT 2
Depth below land surface (centimeters) Depth below land surface (centimeters)
Probe type Probe type
1 2 3 4 5 6 2 3 4 5 6
8 0 0 409 370 250 335 300 190 370 250
15 15 5 414 375 555 350 350 196 375 555
41 30 15 439 385 365 365 262 385
66 45 35 444 390 380 380 267 390
91 60 55 470 400 395 395 292 400
122 75 80 475 405 410 410 297 . 405
152 90 105 500 415 425 425 323 415
203 105 130 505 420 440 440 328 420
300 120 180 531 430 455 455 353 430
340 135 230 536 435 470 470 358 435
405 150 280 445 485 485 384 445
425 165 330 450 500 500 388 450
440 180 345 460 515 515 414 460
457 195 360 465 530 530 419 465
470 210 375 475 545 545 475
485 225 390 480 480
495 240 405 490 490
506 255 420 495 495
270 435 505 505
285 LAS0 510 510
300 465 520 520
315 480 525 525
330 495 535
345 510 540
360 525 550
375 555
390
405
420
435
450
465
480
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/j r/{— 275 Feet I

Figure 10. General location of test pits 1 and 2, Fort Wainwright.

One end of each pipe section was heated in hot cooking oil to the point of becoming pliable, at
which point a porous cup was forced into the pipe. The pipe was then allowed to cool around the
porous cup. After the pipe was cool, it was cleaned using hot water and dish-washing soap. A new
porous cup was then glued into the pipe section using epoxy. Two sections of polyethylene tubing
were then inserted into a rubber stopper. One tubing section ended near the top (open end) of the
pipe section, and will be used to apply air pressure to remove water samples. The other tubing sec-
tion continued to the bottom of the porous cup, and will serve to remove the water samples. Both
tubing sections were run through a rubber stopper with two holes, and the tubing sections were
sealed once the proper tubing lengths were verified. The rubber stopper was inserted tightly into
the open end of the pipe section by heating the pipe slightly with a hot air gun. The rubber stopper
was coated with silicone sealant prior to insertion. A total of 12 lysimeters were installed: five in
test pit 1 and seven in test pit 2.
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Thermistors

Thermistor theory.—Thermistor probes are used to measure temperature. The thermistor
has a resistance that varies inversely with temperature: if the temperature increases, the resistance
of the thermistor decreases. The relationship between the temperature and resistance can be
expressed by the following theoretical equation (Omega, 1992):

T = a+b(log,Ry) +c(log,Ry)" (1)

where T is temperature (K), R, is resistance (£2), a is 1.28 x 103, bis 2.37 x 10, ¢ is 9.06 x 10°8
and log, is the natural logarithm. The values for thermal coefficients a, b, and ¢ were determined
by regression analyses in our laboratory.

By measuring the temperature and associated resistance of the probe in an ice-bath, we can
calculate the appropriate offset for this equation to accurately describe the response of the ther-
mistor to changes in temperature. Most of the temperature measurements at the study site will be
close to 0°C, so this method is particularly useful. We can then use this equation to calculate sub-
surface temperature based on the measured resistance.

Thermistor construction.—The following steps describe the procedure for constructing
thermistor probes:

* Lay 25-pair telephone cable in a location where it can be stretched to its full length. (The
type of cable used depends on the number of probes per thermistor string and the length of
cable required per probe.)

* Designate one end of the cable as the top and the other as the bottom.

« Starting at the bottom, measure the appropriate distances between the thermistor probes and
mark the locations on the cable with a permanent marker.

» Strip approximately 6 inches of insulation off the top end of the cable to expose the bundle
of wires.

« Starting at the position where each thermistor is to be located and extending toward the bot-
tom of the string, make 0.5-inch lengthwise incisions on the cable for each thermistor.

* Select two wires for each thermistor location, and cut these wires near the bottom of each
incision. Bend the wires such that they protrude approximately 0.5 inch from the bundle at
the location where the thermistor is to be located. (At each thermistor location, carefully
check field log book and the top of the cable where the bundle of wires are exposed to
assure that the wires selected have not been previously used for another thermistor loca-
tion.)

« After each pair of wires is cut, record their colors and the intended depth of the associated
probe in the field book. (Record the primary wire color first, followed by the color of the
stripe, or secondary color.) Label the ends of the wire pairs (at the top end of the cable) with
the depth of the associated probe.

* Strip slightly less than 0.5 inch of insulation off each end of the wires.

* Cut pieces of shrink tubing (about half the length of the exposed wires) and fit loosely over
the exposed wire ends where the probe will be located.
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Bend each wire pair such that they are slightly apart, forming an angle with one another of
approximately 30 to 45 degrees.

* On each thermistor, bend the two exposed wires in the same manner as above, then tightly
twist one thermistor wire around one of the exposed wires on the cable. Repeat with the
other thermistor and cable wires. There may be some excess loose wire from both sets,
which will be snipped off later.

* After cleaning the tip on a wet sponge, use a hot soldering iron to solder the wires together.
Keep the iron close to the thermistor for as little time as possible so as not to damage the
thermistor with the heat from the soldering iron.

* Gently pull on the wires to make sure that a good connection has been formed.
* Snip off the loose ends of the wires.

« Straighten the wires so that the shrink tubing can be pulled up over the top of the connec-
tion. (A heat gun can be used to shrink the tubing, which increases the strength of the con-
nection.)

* Test each thermistor by attaching a digital voltage multi-meter (DMM) to the two free wires
at the top of the string corresponding to that thermistor. Set the DMM to read electrical
resistance with the appropriate number of significant figures and check the resistance of the
wires. Verify that the resistance decreases in response to being warmed by the touch of your
fingers. (Note that the thermistor may still be hot from the heat gun and the resistance may
still be decreasing when the circuit is first tested.) A decrease in resistance with the addition
of heat indicates that the thermistor is functioning. If this is not the case, there may be a
break in the circuit, the thermistor may be defective, the DMM may be set up incorrectly,
or the incorrect wires may have been used. Verify that the thermistors all have similar resis-
tance values.

* Cut a piece of shrink tubing to fit over the entire thermistor probe, and place the tubing over
the probe flush against the cable. The tubing should be slightly longer than the probe so as
not to expose the tip of the thermistor.

To waterproof each thermistor probe, fill both ends of the shrink tubing with silicone; assure
that all of the incision is filled with silicone so that no water can enter the cable.
 Allow the silicone to harden overnight.
o After the silitone hardens, use a heat gun to shrink the tubing.
 To further waterproof and strengthen the probes, apply a heavy-duty waterproofing tape
over the probe and incision. Tightly wrap each probe and associated cable incision area
with the tape. Apply the tape so as to completely cover the probe and surrounding area and
provide support to the probe so that it is difficult to move.
Thermistor calibration.
thermistor strings:

The following steps describe the procedure for calibration of

* Select the thermistor string to be calibrated.

* Prepare an ice bath by filling a cooler with crushed or small-cube ice and then fill remaining
volume with water.

* Prepare a log book for the calibration and record the time, date, name of the person per-
forming the calibration, intended depth of each probe, wire color used for each probe, tem-
perature of the water bath, and resistance of the probe at that temperature.
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* Immerse all of the thermistor string except for the wires at the top of the string into the
water/ice bath. Agitate the water bath slightly to make sure the water has not thermally
stratified.

* Let the thermistor string equilibrate with the bath for approximately 30 minutes.

» Using a high precision thermometer, measure the temperature of the water bath and record
in the log book.

* Using a digital volt/ohm meter, measure the resistance of each thermistor probe by attach-
ing the leads to the two wires that correspond to that probe. Record each resistance in the
log book.

* Using the temperature and associated resistance measured during the calibration procedure,
calculate the appropriate linear offset for equation 1.

C-Index Probes

The basic theory underlying C-Index probes is the measurement of electric potential. An
electric potential is generated by running the string of probes parallel to a metal ground spike; the
difference in concentration of metals creates an electric cell. The ion concentration of the soil water
in the vicinity of the probe and ground spike determines the relative strength of the electric poten-
tial. By measuring the electric potential, a relative measure of the soil water ion concentration can
be determined—this is referred to as the C-Index (Outcalt and others, 1989). The principles of the
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