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INTEGRATING STATE-OF-THE-SCIENCE TECHNOLOGY FOR A COST-

EFFECTIVE HAZARDOUS WASTE SITE CHARACTERIZATION Muhr. C.A..

Dickerson K.S., Korte N.E., Oak Ridge National Laboratory, Environmental Technology

Section, P.O. Box 2567, 2597 B 3/4 Road, Grand Junction, Colorado 81503.

INTRODUCTION

Oak Ridge National Laboratory's Environmental Technology Section in Grand Junction,

Colorado has performed numerous hazardous waste site characterizations since 1985. One

of the most costly aspects of site characterization is the installation of groundwater

monitoring wells and the subsequent long-term sampling and analysis costs. By optimizing

the location of monitoring wells, better information can be obtained from fewer points,

resulting in considerable cost savings to the project. A number of different screening

techniques can be used prior to monitoring well installation allowing optimal well and soil-

boring placement. Additionally, these screening techniques can provide a large amount of

data in a small area to provide insight into local heterogeneities in the subsurface. Several

screening techniques have been used by ORNL to accomplish these goals including:

1) geophysical surveys (electromagnetic and magnetic) conducted with the UltraSonic

Ranging and Data System (USRADS®), 2) installation of temporary monitoring wells,

3) analysis of samples in the field with a gas chromatograph (GC), and 4) use of the

colloidal borescope for determining groundwater flow directions and velocities.



ULTRASONIC RANGING AND DATA SYSTEM (USRADS®)

USRADS® was originally developed to automate surface radiological screening surveys for

the Uranium Mill Tailings Remedial Action Project. USRADS® provides an interface for

an instrument signal with a computer to provide real-time data display and graphics. Since

its development, USRADS® has been interfaced with an electromagnetometer (EM) for EM

surveys and a magnetometer for magnetic surveys; the system is currently undergoing testing

to conduct x-ray fluorescence surveys. The USRADS® system utilizes a backpack mounted

ultrasonic sound source and a radio transmitter to transmit instrument data and surveyor

location information to an on-site computer which records the data once each second and

displays the information on the screen while the survey is being conducted. The data display

is such that field personnel can evaluate and interpret the survey data while still on the site.

Anomalies or areas needing additional data can then be re-surveyed without the time and

expense of returning to the site. Considerable field time is also saved when using

USRADS® since a grid for positioning does not have to be established. The coordinates of

the data points are determined through the set up of the system and can be tied to existing

features at that time. Because USRADS® collects data points at one-second intervals, a

considerably higher density of data is collected for evaluation. At one hazardous waste site,

EM and magnetic surveys were conducted to locate buried drums and trenches. Because

boreholes were required within the trenches, this technique provided information necessary

to allow optimal borehole placement. USRADS® has been used successfully at other sites



to determine abandoned landfill boundaries and to delineate the approximate extent of a

fuel spill. USRADS® is currently being interfaced with x-ray fluorescence instrumentation

for metals screening.

TEMPORARY WELL INSTALLATION

Due to the high cost of permanent monitor well installation, sample analyses costs, and

maintenance, the use of temporary wells is increasing. These wells are most often an

uncased, small diameter hole through which subsurface soil and water samples can be

obtained. The use of a temporary well provides a means for the collection of a groundwater

sample without the associated costs of installing a permanent well and the need to sample

the well on a routine (quarterly) basis. If the permanent well can be installed at an optimal

location, greater information can be obtained from fewer sampling points (i.e., reduce the

number of wells with no contamination or within the center of the plume where

contamination is known to exist).

Temporary wells are installed by drilling a hole to the desired sampling depth by one of

several methods: hollow stem auger rig, truck-mounted hydraulic probe rig, or a portable,

hand-operated augering system. For the first phase of a site screening process, it is often

advantageous to use a hydraulically or percussion-driven probe such as a Geoprobe or

similar sampling system that is capable of obtaining both soil and water samples for

Iithologic logging and contaminant screening purposes. Use of a probe system also

eliminates the potential for having to handle and dispose of contaminated drill cuttings and

minimizes contaminant exposure to personnel operating the drilling and sampling equipment.



The use of several temporary well at a specific location provides a snapshot in time of the

local contaminant distribution and/or potentiometric surface. If the temporary wells location

is to be used over a period of a few days or weeks, traditional drilling techniques can be

used to install PVC casing, screen, filter pack, bentonite seals and grout. This method

prevents the hole from caving and allows the well to be capped and locked to prevent

tampering. After the required data are collected, the well can easily be removed and

properly abandoned, thereby avoiding long-term sampling and well maintenance. Avoiding

the placement of a single permanent well can save up to $500,000 in sampling and analytical

costs over the life of a typical stainless steel monitoring well.

FIELD GAS CHROMATOGRAPH

The use of a field gas chromatograph is fast becoming standard practice for more and more

environmental services companies. The advantages of using a GC to determine contaminant

concentrations in the field become quite clear when turn around times and analytical costs

are compared with an off-site analytical laboratory. The GC can be used as either a

qualitative field screening tool to guide field personnel to optimal well/soil boring locations

or, if the instrument and procedures are of sufficient quality, to give quantitative

contaminant concentration results. For many projects the accuracy and confidence in the

analytical results obtained with a field GC often means the difference between finishing field

work in one trip or having to make multiple trips to the site as off-site laboratory results are

received and interpreted.



COLLOIDAL BORESCOPE

The colloidal borescope has been used successfully at several Department of Energy sites

to confirm the existence of groundwater mounds, zones of preferential flow, stagnation

zones, and to provide information on the breadth of capture zones for interceptor systems.

The colloidal borescope, developed by the ORNL Grand Junction office, is a

microscope/video camera assembly whereby the direction and velocity of colloids passing

through a well bore can be observed and recorded on standard VHS cassettes. The data-

collection process is automated, and data are processed in the field by computer to provide

direction and velocity information. Relative sizes of colloids can also be determined.

The borescope is lowered into the borehole, and the camera is oriented with respect to

magnetic north. After flow has reached a steady state, about 20 minutes of flow data are

recorded on VHS tapes for analysis. This process can be repeated at various depths and

at several wells to determine representative flow fields. Analysis of particle movement

across the flow field is done on a frame by frame basis. The distance between initial and

final particle positions across the camera field of view (corrected for camera magnification)

and the time of travel as determined by the number of video frames are then used to

determine both the velocity and direction of groundwater flow. As a result of direct

observation of groundwater in the well bore with the colloidal borescope, traditional well

purging and sampling techniques were re-examined for representativeness and cost

effectiveness (Kearl, Korte and Cronk, 1992). It was noted that upon insertion of the

colloidal borescope into the well, a massive disturbance of the flow field was observed. This



disturbance was typified by turbulent flow, with numerous colloidal and larger-sized particles

observed. The borescope view of this activity was similar to a blizzard, with the larger sized

particles believed to be debris from the well screen and casing. This phenomenon has been

observed at all field sites evaluated, regardless of how carefully the borescope was inserted

into the well. This massive disturbance of the water within the well casing and screen is

likely typical of the disturbance encountered when installing a sampling pump or bailer.

During testing in wells in a sand and gravel aquifer at Grand Junction, Colorado, hundreds

of colloidal particles were present in the field of view up to six hours after borescope

insertion into the well. After 24 hours, the density was down to one colloidal particle every

few minutes. This change in colloidal density has a significant impact on sampling and total

contaminant load as many contaminants are physically associated with colloids. Research

cited in Kearl and others (1992) has shown a strong inverse correlation between turbidity

and representativeness of samples.

Additional observations with the borescope during pumping activities have shown that, as

long as the pumping rate does not exceed the recharge capabilities of the aquifer, stagnant

water in f.he well casing is unaffected by pumping. This agrees with research cited in Kearl

and others (1992) that states that water in the well casing is not removed during sampling.

Direct observations with the colloidal borescope suggest that, from a hydrodynamic

standpoint, water samples should be obtained in the following manner: wells should not be

purged, water samples should be taken from dedicated sampling lines or pumps with intakes

in the screened interval and at flow rates of 100 mL/min, and water samples should not be



filtered when assessing the total, mobile-contaminant load. It is important to note that by

eliminating well purging prior to sampling, significant savings will be realized in both time

involved in purging and the cost associated with purge-water disposal.

SUMMARY

Several field screening techniques can be used to give insight to field conditions at relatively

low cost. Using techniques such as USRADS®, temporary wells, field gas chromatography,

and the colloidal borescope allows optimization of the placement of more expensive field

investigations (e.g., monitoring wells and boreholes). In addition, these field-screening

techniques provide more data and information in a specific area at a reduced cost as

compared to permanent monitoring well installation. These methods have been field tested

and used to define the nature and extent of subsurface contaminants while avoiding

unnecessary sampling and analytical costs.
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S y s t e m requireinents

• May be used in urban, suburban, or rural
environments

• Easy to operate and quick to set up

%/ Accuracy of +/- 6 inches

• / Low cost
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The set-up program performs tasks that
make system set-up quick, easy, and

flexible

• Calibrate speed of sound

%/ Determines placement of the stationary receivers

%/ Establishes echo path reception

%/ Plots locations

iP 0
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Survey program functions performed each
second provide excellent data collection

and on-line verification of system operation

Sorts for valid stationary receivers

Computes surveyor's location

Plots surveyor's location

Stores all raw data

•/ Signals surveyor in case of system malfunction

,0- -10,
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U S R A D S hardware consists of five
main components

Man-pack

• / Stationary receivers

Master receiver

Custom computer interface

Compaq 386 computer

ornf
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U S R A D S data reduction programs have
outstanding capabilities arid yield

cost and time savings of at least 50%

Replay

• Block statistics

• / Area statistics

• / Contour plot

• 3-D plot

orrvl



The Ultrasonic Ranging and Data System
( U S R A D S )

combines three technologies to solve
survey data-collection problems

Ultrasonics

• / Radio frequency (if) transmission

Personal computers

ornl



Field Gas Chromatograph

Provides:

• Rapid sample turn-around (20 min/sample)

%/ Low analysis cost per sample

• / Screening tool for off-site lab services

• Quantifiable results with proper equipment and
QA/QC procedures

ornl
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