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1. Purpose. This letter provides information on the
capabilities and potential uses of the Tri-Service Site
Characterization and Anal ysis Penetroneter System (SCAPS) direct-
push technol ogy for the investigation of hazardous, toxic, and
radi oactive waste (HTRW sites.

2. Applicability. This letter applies to all USACE maj or
subordi nate conmands, districts, |aboratories, and field
operating activities having HTRWi nvestigati on and design
responsi bility.

3. References.

a. Anerican Society for Testing and Materials (ASTM D 3441-
86 Standard Test Method for Deep, Quasi-Static, Cone and
Friction-Cone Penetration Tests of Soi

b. Fugro Mbile Electronic Cone Penetroneter System
(Descriptive Bulletin, no date), Leidschendam the Netherl ands

c. Earth Technol ogy Corporation Testing Services G oup, June
1990, Application of the Electric Cone Penetration Test to
Envi ronmental Groundwater |nvestigations

d. U S Dept. of Comerce, Feb. 1992, The Cone Penetroneter
Test, Bulletin FHWA- SA-91-043, National Technical Information
Service and Federal H ghway Adm nistration

e. Osen, RS and Malone, P.G, 1988, "Soil C assification
and Site Characterization Using the Cone Penetroneter Test",
Penetration Testing 1988, |1SOPT-1, De Ruiter (ed), Rotterdam the
Net her | ands

f. Robertson, P.K and Canpanella, R G, 1983,
"Interpretation of Cone Penetronmeter Test. Part |: Sand",
Canadi an Geot echni cal Journal, vol. 20

g. Robertson, P.K and Canpanella, R G, 1983,
"Interpretation of Cone Penetronmeter Test. Part 11: Cay",
Canadi an Geot echni cal Journal, vol. 20
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4. Background.

a. The cone penetroneter has been used extensively to
determ ne subsurface stratigraphy and geotechnical properties in
conventional geotechnical investigations. The electronic cone
has been in use since 1969. The cone penetroneter is fast,
econom cal, provides a continuous stratigraphic record and can
identify thin subsurface strata. These characteristics make the
cone penetroneter a useful investigative tool on HTRWsites.

b. HITRWsite investigations including drilling, nonitoring
well installation and sanpling for |aboratory anal ysis have been
time consum ng and costly. An Arny, Navy and Air Force Tri-
Service research and devel opnent effort focused on the use of the
cone penetroneter to decrease the tinme and noney spent on HTRW
sites. The use of SCAPS as part of HTRWsite investigations may
optim ze the selection of boring |ocations and sanples for
chem cal anal yses, identify preferential pathways of contam nant
m gration, reduce or elimnate investigation-derived waste, and
reduce or elimnate worker exposure to environnental
cont am nant s.

c. The Arny Environmental Center (AEC), formerly the US Arny
Toxi ¢ and Hazardous Materials Agency (USATHAMA), sponsored the US
Arny Engi neer Waterways Experinent Station (WES) to devel op SCAPS
under a Tri-Service agreenent. Devel opnent began in 1986;
initial sensor devel opnment was based on a fluoronetric method of
det ecti ng hydrocarbons devel oped in conjunction wth the Naval
Command, Control and Ccean Surveillance, RDT&E Division (NRaD)
The first SCAPS technol ogy denonstration was conducted by WES and
AEC in 1992 at Fort Di x, New Jersey.

d. The Corps of Engi neers operates SCAPS vehicles in Kansas
Cty, Savannah, and Tulsa Districts. Refer to Appendix A for a
di scussion of the areas of responsibility for each of the SCAPS
Districts.

5. Discussion.

a. General System

(1) The SCAPS is nounted in a 18144 kil ogram (kg) truck
equi pped with two hydraulic ranms capable of exerting 17237 kg of
force to make a direct push. The weight of the truck is
supported by hydraulic jacks while the penetroneter is pushed
into the ground with hydraulic rans. Pushes are nade at the rate
of 20 mllimeters (mm/sec or about 1.2 neters/m nute.
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(2) The truck is divided into two conpartnents separated by
awall with a viewing window Al walls are stainless steel for
ease of decontam nation (if necessary). Push rods can be
automatical ly decontam nated bel ow the truck as they are
wi thdrawn fromthe push hole. This arrangenent mnimzes crew
exposure to potential contam nation and crew down tine for
decont am nati on

(3) The current SCAPS has three in-situ sensing
capabilities: defining soil stratigraphy, detecting polynucl ear
aromati ¢ hydrocarbon (PAH) contam nation with |aser induced
fluorescence (LIF), and profiling resistivity. The LIF sensor is
mounted on a cone penetroneter probe so that soil classification
data and fluorescence data are collected sinultaneously. The
resistivity sensor is nounted on a separate cone penetroneter
probe so that resistivity and soil classification data are
coll ected sinultaneously. Sensors are connected to electronic
signal processors through wiring bundl ed together into an
unbilical cord. The unbilical cord also contains a grout tube so
push hol es can be sealed as the penetroneter is wthdrawn. Two
optical fibers are contained in the LIF sensor unbilical. An
unbil i cal and sensor probe are supplied as one unit. Data are
handl ed by an on-board conputer system and el ectronic signal
processi ng equi pnent. Sensor data are collected every 20 nm and
di splayed in the formof panel plots as they are acquired. The
LIF and resistivity sensors are nounted on separate cone
penetroneter probes; therefore separate pushes are required for
each sensor

(4) The SCAPS can al so be used to collect ground water,
smal | volune soil sanples, and to install small dianmeter wells.
Each physical sanple obtained or well installed also requires a
separate push

(5) Subsurface conditions and rod di aneter affect push
depth. Equi pnent includes two sets of push rods; one set has an
O.D. of 44.4 mmand the other set has an O D. of 36.6 mMm
Pushes can be nmade in geologically suitable materials to
approximately 24 neters using 44.4 mmouter dianeter (O D.) rods
and 46 neters using the smaller dianeter rods.

(6) The truck is 4.1 neters tall, 2.6 neters wide and 10.7
meters long. The SCAPS truck also has a 4.3 neter long, 2.4
meter wi de support trailer containing a 1135 liter water tank, a
grout punp, and a high pressure hot water cleaner.
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b. Description of Sensors and Associ ated System
Capabilities:

(1) Cone Tip and Sl eeve Friction:

(a) The cone and sl eeve, or penetroneter portion of the
probe, profiles subsurface stratigraphy through soil strength
measurenents. The cone tip and sleeve friction sensors are
i ndividual load cells. Conputer-based routines use |oad cel
gauge readi ngs, calibration curves and enpirical equations to
determ ne soil classification in the field. The enpirical
equations are based on O sen (1988). The cone tip sensor
provi des a voltage output proportional to the axial force exerted
on the tip of the sensor by the subsurface material. The sleeve
friction sensor, directly above the cone tip, provides an output
proportional to the frictional force applied to the free floating
cylindrical sleeve.

(b) The configuration of the cone and sl eeve conforns to
ASTM D- 3441-86 Standard Test Method for Deep, Quasi-Static, Cone
and Friction-Cone Penetration Tests of Soil.

(2) Laser Induced Fluorescence:

(a) Chem sts have used the fluorescence nethod for dozens of
years as one technique to analyze for chem cal conpounds.
Fl uorescence is distinguished fromnost other anal ytical nethods
because of its extrenely high sensitivity. Fluorescence is a
type of |um nescence; in general, |um nescence occurs when an
el ectronically excited nolecule emts |light or electromagnetic
radi ati on. The phenonenon of fluorescence is characterized by
the Iight em ssion event occurring approxi mtely 50 to 250
nanoseconds (1 nanosecond = 10°° second) after the excitation
event .

(b) Fluoronetry frequently uses nonochromatic light, that is
light at a single wavelength or one color, to excite a defined
popul ati on of nolecules. One type of fluoronmeter provides a
burst or pulse of nonochromatic light to the group of nolecul es
to raise themto an excited state. Once the pul se ends and the
out si de energy source is gone, the nolecules |ose that energy by
a conbi nation of nechanisns. Sone energy is |ost by nol ecul ar
vi bration (or heat generation). Energy is also |ost through the
rel ease of electromagnetic radiation (sonetines in the form of
visible light). One of the first principles of light is that
shorter wavel ength light is nore energetic than |onger wavel ength
light. Since sone of the energy of an excited nolecule is |ost
to vibration, the energy left for fluorescence is |ess than that
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provi ded by the excitation source. Hence, the resulting

wavel ength of fluorescence or emtted light is always |onger than
t he wavel ength of the excitation source. Because a popul ation of
nmol ecul es i s being considered and each nolecule within the

popul ation has its own mcro environnent, a variety of decay
times and wavel ength em ssions can be observed. The intensity of
I i ght produced at a specified wavel ength and tine is indicative
of the nunber of nolecules wthin the popul ati on produci ng the
fluorescence. Fluoronetry data can be plotted in tw ways:
first, the intensity of |ight produced is graphed agai nst the
wavel ength of em ssion. Second, the intensity of |ight produced
is graphed against tinme after excitation has occurred.

(c) The SCAPS POL sensor uses | aser-induced fl uorescence
(LI'F) technology wthin a cone penetroneter probe. A diagram of
the fiber optic LIF probe is shown in Appendix C. The LIF sensor
uses a nitrogen (N,) laser as the ultraviolet excitation source.
The N, | aser has a wavel ength of 337 nanoneters (nm 1 nanoneter
= 10°° neter) and pulses at a rate of 10 tines per second. The N,
| aser has enough energy to excite polynuclear aromatic
hydr ocar bon (PAH) conpounds with 3 or nore rings with a high
degree of efficiency. Single ring aromatic, double ring
aromatic, and aliphatic hydrocarbons wll not fluoresce
efficiently when excited at 337 nm A 400 mcroneter (um 1
mcrometer = 10°°% meter) dianeter silica fiber optic cable
transmts light fromthe exit port of the laser, down through the
push rods and to a 6.35 mm di aneter sapphire wi ndow | ocated in
t he sensor probe. The windowis |located 0.6 neter above the cone
tip. After the laser light reacts with the soil matrix and
fluorescence is produced, the light returns through the w ndow
and is collected and transmtted back up the probe by another 400
umfiber optic cable. The return fiber termnates at the on-
board optical anal yzer. The anal yzer is conprised of a
diffraction grating, a photo diode array, a multichannel
anal yzer, and a data processor. The photo diode array consists
of 1024 di odes. The systemrecords the light intensity at each
di ode over the range between 300 and 800 nm thus the optical
anal yzer provides approximately 0.5 nmresol ved spectra.

Wavel engt h maxi num (peak wavel ength) and intensity are used to
characterize the nature and concentration of the fluorescent
material in the soil matrix.

(d) Higher excitation energies (or shorter wavel engths) are
required to produce fluorescence in |light aromati c hydrocarbons
such as benzene. The tunable dye |aser (normally operated at 290
nm devel oped by the Air Force is capable of detecting |ight
aromati ¢ hydrocarbons of |ess than 3 rings.
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(e) The efficiency of the |aser signal can degrade if the
sapphire window is abraded, or if the optic fiber is msaligned
or pitted. Therefore, the energy of the signal is eval uated
before and after each push. Degradation of the signal is assuned
to be linear and the data is corrected by conputer-based
routines.

(f) The LIF response can be affected by fluorescent dyes,
optical brighteners, sunlight in the top of the hole, and
natural ly occurring fluorescent mnerals. Dyes and brighteners
can be found in antifreeze and detergents.

(3) Resistivity Measurenent:

(a) The resistivity sensor uses four equally-spaced
el ectrodes in a Wenner array to neasure soil resistivity. The
el ectrodes consi st of stainless steel rings encircling the outer
di aneter of the probe. They are separated by nonconductive
Teflon™ insulators. Resistivity neasurenents are nade by
passing a DC current between the two outer el ectrodes and
measuring the voltage drop across the two inner el ectrodes. The
SCAPS conputer is used to calculate the nomnal resistivity in
ohm nmeters by using the excitation current, the voltage drop
across the inner electrodes, and predeterm ned geonetric factors
derived frompotential field theory.

(b) The cl ose spacing of electrodes provides for a small
test area and limted horizontal extent of investigation (50 nm,
but provides well defined differences in neasured resistance.
Since electrical resistance is related to both the soil type and
the pore fluid constituents, the sensor can be used to determ ne
soil type and ground water table depending on soil type. The
sensor can also determne different relative | evels of
contamnants in a uniformsoil

C. Physi cal Sampling Capabilities:

(1) Soil Sanpling:

(a) SCAPS can use commercially available direct push
sanplers to obtain soil sanples. These sanplers are simlar in
that all have a retractable tip and a renovabl e stainl ess steel
inner barrel. Sanpler inner barrels can be split or whole. The
sanpler is pushed to a depth above the desired sanple interval
with the tip and barrel in place. The tip is then retracted and
| ocked into the top of the sanpler and the sanpler is pushed
t hrough the sanmple interval. The sanple can be extracted in the
field or capped and submtted for |aboratory analysis.
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(b) The volune of one soil sanple retrieved by the SCAPS is
usually smaller than that obtained by conventional drilling
met hods. At |east three manufacturers currently offer soi
sanpl ers. The di nensions of each sanple barrel are 25.4 mminside
dianeter (I.D.) by 203.2 nm 35.6 nm (1.D.) by 533.4 mm and 35.6
mm (I.D.) by 990.6 nm Assuming a soil density of 1.7
grans/ cubic cm sanple barrels can contain approximately 175
granms, 900 grans, or 1675 grans of material respectively.

(2) Gound Water Sanpli ng:

(a) SCAPS can use commercially avail abl e ground water sanple
probes such as the HydroPunch II™ (HP Il1). The body of the HP
Il is attached to the push rods and sanples are collected in one
of two ways:

- The manufacturer refers to the first way as the
hydrocarbon node. A 1.5-neter |ong disposable screen and tip is
inserted into the HP-11, the HP-11 is pushed to the desired depth
and the outer body of the HP-11 is retracted. The di sposable
screen i s exposed to the ground water and a 19 mm|.D. bailer is
| onered through the rods and into the screened zone for sanple
col | ecti on.

-  The manufacturer refers to the second way as the ground
water node. The HP Il is fitted with a check val ve assenbly and
pushed. At the desired depth, the body of the HP Il is retracted
about 0.3 neters. Water enters a 101.6 mm|long screen wthin the
body of the HP Il. Wwen the HP Il is full, the entire sanpler is
retrieved and the sanple is decanted through the check val ves.

(b) O her comercially avail abl e ground wat er sanpl e probes
such as the Bengt-Arne Torstensson (BAT)(® sanpler, and the
West bay® MP nmay be conpatible w th SCAPS.

(c) SCAPS can al so be used to install ground water sanpling
points made of 12.7 mm|.D. or 38.1 mm1|.D. polyvinyl chloride
(PVC) casing and screen. The casing and screen are flush jointed
and available in one neter or 1.5 neter |lengths. The screen slot
size is usually 0.25 nm The 12.7 mm|.D. PVC can be enpl aced
two different ways:

- One way is by using the Power Punch™ system This
commerci al | y-avai |l abl e system has a screen inside a drive casing.
This assenbly is driven to depth with special 47 mm O D. rods
fitted wth o-ring seals. The 12.7 mmI|.D. PVC is enpl aced
t hrough the center of the rods and fitted to the screen. The
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body of the Power Punch™ is retracted and separated fromthe
rods. The body forns a seal above the screen.

- The other way is to screw an expendable netal tip into the
end of a slotted PVC screen. The 12.7 mm PVC i s pl aced through
the center of the 44.4 nm O D. rods. As the screen is pushed to
depth additional screen or casing is added along with direct push
pi pes. At the desired depth, the push rods are retracted | eaving
the netal tip, PVC screen and risers in place. The 38.1 nmm1.D.
PVC is enplaced in a simlar way, but the PVC is placed over,
rather than inside, the 36.6 nmm push rods.

(d) Sanpling fromwell points is nore desirable froma
production standpoint; if the truck is tied up in ground water
sanple collection (e.g., with a HydroPunch™), it is not
avai l able to collect sensor data at other |ocations. Depending
on the nunber of analytes and the perneability of the formation,
ground water sanpling can be very tinme consum ng.

d. Gouting Capabilities: Cone penetroneter push holes are
grouted through the tip of the probe as the rods are w thdrawn
fromthe push hole. A grout consisting of mcrofine cenment or
portland cenment, water, and bentonite (if desired) is mxed. The
grout is punped to the probe tip via a 9.5 nmmdi aneter Tefl on™
tube contained in the unbilical cord. The grout forces a snal
expendabl e netal tip fromthe end of the probe. Holes nmade to
col | ect physical sanples are grouted after the rods are retracted
si nce sanpling devices do not have grouting capability.

e. Survey: SCAPS is equipped with either a Sokkia Tot al
Station el ectronic distance neasurenent (EDM survey instrunment
or Trinble global positioning system (GPS) capability. The EDM
i nstrument can provide readings in both vertical and horizontal
directions. A three prismmrror configuration yields a range of
1067 nmeters. An electronic field notebook is attached for data
collection. Data are downl oaded into a software programthat
renders draw ngs of survey points. GPS equi pnent provides
differential |ocation accuracies of 30 to 50 mm (horizontal and
vertical) and automatic annotation of the boring data file with
| ocation information.

f. New Sensors: The SCAPS program continues to devel op new
sensors and sanplers to expand and enhance system capabilities.
Sensors currently being field tested include a sensor for
nitrate-based expl osives, electrochem cal sensing of volatile
organi ¢ conpounds (VQOCs), and a spectral gamma sensor for
detection and speciation of radioactive contam nation. Sanplers
undergoing field testing include a multi-port soil gas sanpler,
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in-situ sparging device for sanpling groundwater, and a thernal
desorption soil sampler; all for VOC sanpling. Sensors under
devel opnment include one for heavy netals utilizing | aser-induced
br eakdown spectroscopy, and vol atil e organics/sol vents sensor
using fiber optic Raman spectroscopy.

g. Data Collected:

(1) Geotechnical: Tip resistance and sleeve friction are
recorded versus depth at 20 nmintervals. These data are
recorded in ASCII formon the systemconputers. The push rate is
hydraulically controll ed, however dense material may sl ow down
the rate of advance.

(2) Laser Induced Fluorescence: Fluorescence data are
coll ected as the cone penetroneter is continuously pushed at a
rate of 20 mm sec. One data point represents approximately 40 nm
The rate of data collection is conputer controlled, however the
rate can be adjusted by the operator. Returned light intensity
versus wavel ength is recorded digitally as binary data for each
data point. The maximumintensity and correspondi ng wavel ength
versus depth are also displayed in real tine on a conputer screen
panel plot as the push is in progress. Hard copies of the panel
plots are produced at the end of a push. Data storage and
retrieval are possible by acquiring the data on the hard drive
and transferring the data to a renovable disk at the conveni ence
of the operator.

h. 3-D Visualization: 3-dinensional visualization of data
is currently avail able through WES. SCAPS districts should have
this capability in FY96 with either Silicon G aphics™ or
| nt er graph™ packages.

i. Field Testing Options: Soil and water sanples collected
w th SCAPS can be analyzed in the field to enhance deci si on-
maki ng capability. |Imrunoassay test kits and field gas
chromat ographs are available to provide near-real-tine
contam nant identification. This allows SCAPS to provide a
flexible, optimzed site characterization program An lon Trap
Mass Spectroneter will be available in FY96 for field analysis of
vol atil e organi c conmpounds.

j. Data Validation:

(1) Geotechnical Validation: The cone penetroneter probe
does not produce sanples for direct observation of soil types.
This can be overconme by conparing sensor results to existing
stratigraphic information. Mst HTRWsites have been
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investigated to sone extent and will have boring information.
Mlitary HTRWsites will have construction boring information

whi ch can be accessed. Soil classification by cone penetroneter
testing (CPT) and factors affecting CPT results have been
established enpirically and discussed in the literature. Several
references are provided in paragraph 3.

(2) Sensor Validation: The LIF sensor responds to
pol ynucl ear aromati c hydrocarbons and was designed to detect
petroleumoil/lubricants (POLs). Laboratory and field validation
experinments have been perfornmed on a nunber of sanples.
Conmpari sons have been nade between the LIF response and
conventional analytical nmethods. Available chem cal data
indicate that the LIF sensor equipped with the nitrogen |aser
(excitation wavel ength of 337 nn) can detect diesel, heavy wei ght
fuel oils, and coal tar derivatives at relatively |ow
concentrations and gasoline and JP4 at relatively high
concentrations or as pure products. The tunable dye | aser
(excitation wavel ength of 290 nn) is nore capable of detecting
the lighter or nore volatile fuels than the LIF probe equi pped
with the nitrogen |laser, although only imted field tests have
been conducted. Prelimnary detection Iimt determ nations have
i ndi cated response is influenced by soil type and other matrix
effects. Additional validation work is in progress and is
pl anned for the future. Reports on this work will be avail able
periodically.

k. Field Applications:

(1) SCAPS can be used anywhere static direct push is
feasible. A static direct push nethod is nost suited for fine
grai ned unconsolidated materials including sands, silts and cl ays
which are typically found in recent flood plains, coastal plains,
and | ake beds. Unconsolidated Pl ei stocene and Tertiary deposits
corresponding with the environnental settings |listed above are
al so suitable as is eolian loess. |In sone areas where hard
surficial materials are found, it nmay be possible to pre-push
holes with non-instrunmented probes prior to using a sensor probe.
Al t hough geot echni cal data cannot be obtained with this approach,
it does all ow sensor probe data (e.g., LIF) to be obtained while
mnimzing the risk of damage to the sensors.

(2) The LIF sensor can be used on sites where petrol eum
hydr ocar bons are expected to be contam nants. These sites
i nclude fuel storage areas, refueling stations, forner
manuf actured gas plants, air base flight lines, fire training
areas, fuel pipelines, fuel spill areas, and vehicl e maintenance
shops. The use of the LIF sensor to delineate in-situ
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contam nation can reduce and focus the anobunt of physical
sanpling and | aboratory analysis required by regul atory prograns.

(3) SCAPS can be used in different phases of site
i nvestigation and renedi ation. For exanple, in a phased
i nvestigation approach SCAPS can install well points to determ ne
flow direction or obtain ground water sanples for analysis prior
to permanent well installation. Field sensor results can be used
to optimze well placenent or sanpling | ocations.

(4) SCAPS can be used on sites where investigation derived
waste is a problemsince drill cuttings are not produced. |f
necessary, decontam nation water can be collected as it is
generated to facilitate appropriate disposal.

(5) SCAPS can be used to collect sanples or sensor data to
monitor the effectiveness of on-going renediation.

(6) Typical cost and production data are included as
Appendi x B.

| . Obtaining SCAPS Services:

(1) Information on the availability of SCAPS can be obtai ned
fromeach SCAPS District. Contacts are also contained in
Appendi x A

(2) Districts requesting SCAPS support shoul d provide
prelimnary information on site geol ogy, standard penetration
test (SPT) blow counts if available, nature of contam nation
depth to water and specific objectives of investigation. |If a
determnation is nade that a site is feasible for direct push
the SCAPS district will supply a cost estimte, SCAPS health and
safety plan, and contribute to the site work plan. Custoner
districts should be able to coordinate with site personnel and
appropriate regulatory agencies to provide or identify the
fol | ow ng:

) water source for decontam nation

) site or installation contact

) permt issues

) |IDWrequirements for decontam nation water or limted
fromany soil sanples which m ght be obtained

) trash and PPE di sposal options

) notification to appropriate State & Federal regulators
) length of tinme for utility clearances

) accessibility problens

) unique safety issues

11
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(3) SCAPS districts will provide data in the form of panel
plots. Final reports and data interpretation may be a
col | aborative effort between SCAPS and custoner districts and
w || depend on project requirenments (scope of work), funding, and

schedul e requirenents.

6. Action. Recommend district technical staff nake a
determ nation regardi ng SCAPS applicability to all projects
schedul ed for intrusive activities, before comencenent of field

activities. |If assistance is needed contact a SCAPS Operating

District as noted in Appendix A

FOR THE DI RECTOR OF M LI TARY PROGRAMS: ﬁ::)

3 Appendi ces CARY JONES, P.E _

APP A - SCAPS Areas of Chief, Environmental Restoration
Responsi bility Di vi si on

APP B - Conparison of
Costs for SCAPS Versus
Conventional Drilling

APP C  Fiber Optic
Fl uoronetric Probe
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Appendix A
SCAPS Areas of Responsibility

The Site Characterization and Anal ysis Penetroneter Systemis
a resource to be used by all Corps districts and | aboratories.
The three SCAPS operating districts serve as a teamto neet the
needs of requesting offices anywhere within CONUS. OCONUS
| ocations are not considered feasible for SCAPS application due
to high nobilization/denobilization costs. However, SCAPS sensor
and sanpl er technol ogies nay be interfaced with existing OCONUS
cone penetroneter vehicles. WES is the POC for OCONUS projects.

This appendix lists the initial point of contact for a
district or laboratory requesting information about SCAPS or
requesting SCAPS services. The district having project or
constructi on managenent responsibility should be responsible for
arrangi ng for SCAPS services (as opposed to a district that has
been "subcontracted" by another to provide site investigation or
ot her support services).

Districts with SCAPS units are assigned operating areas based
on established customer relationships and geographic proximty to
potential site |ocations. The areas of responsibility are defined
in Table A-1. The defined areas are not the only areas in which a
particul ar SCAPS unit nmay work. The SCAPS district wll
coordi nate requested work to determine who will performa given
proj ect (based on crew availability, project |ocations, and
schedul e) .

Wth the current distribution of civil works and mlitary
construction responsibilities within the Corps, sone overlap of
areas is inevitable (e.g., the civil works boundary of St. Louis
district overlaps the mlitary boundary for Louisville District).
Therefore, a map show ng areas of responsibility for SCAPS is not
practical, and Table A-1 is preferred for ease of use. Districts
requesting SCAPS i nformation or services should contact the SCAPS
Coordi nator at the appropriate SCAPS Qperating District (as shown
in Table A-1) regardl ess of whether a project is civil or
mlitary. SCAPS points of contact are:

U S. Arny Engineer District, Kansas Cty
ATTN:  CEMRK- EP- GG

601 East 12th Street

Kansas City, MO 64106-2896

Phone: (816) 426- 3554

Fax: (816) 426-5462
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U S. Arny Engineer District, Savannah
ATTN.  CESAS- EN- GG

P. OO Box 889

Savannah, GA 31402-0889

Phone: (912) 652-5674 /| 5676

Fax: (912) 652-5311

U S. Arny Engineer District, Tulsa
ATTN. CESW- EC GS

1645 South 101st East Avenue

Tul sa, OK 74128-4629

Phone: (918) 669-7169 / (918) 832-4122
Fax: (918) 669-7532

U S Arny Waterways Experinment Station, WES
ATTN. CEVES- EP-J

3903 Halls Ferry Road

Vi cksburg, MsS 39180-6199

Phone: (601) 634-2446

Fax: (601) 634-2732
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TABLE A-1

SCAPS (perating Areas by Division/Di strict

SCAPS OPERATI NG

DI VI S| OV LAB DI STRI CT Dl STRI CT
NG SAS
LMD LMK MRK

LMM MRK
L MN MRK
LNVS MRK
NRD MRK VR
MRO MRK
NAD NAB MRK
NAN MRK
NAO SAS
NAP MRK
NCC MRK
NCE MRK
NCR MRK
NCS MRK
NED SAS
NPD* NPP SWr
NPS SWr
NPW SWr
ORD ORH SAS
ORL SAS
ORN SAS
ORP SAS
SAD SAC SAS
SAJ SAS
SAM SAS
SAS SAS
SAW SAS
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TABLE A-1
( CONTI NUED)
SCAPS (perating Areas by Division/Di strict
SCAPS OPERATI ON
DI VI SI OV LAB DI STRI CT DI STRI CT
SPD SPK SWr
SPL SWr
SPN SWr
SWD SWA SWr
SWF SWr
SWG SWr
SWL SWr
SWr SWr
LABS CERL SAS
CRREL SAS
HEC SWr
TEC SAS

* NPAis not included in this table due to high
nmobi | i zati on/ denpbi |l i zati on costs associ ated with SCAPS
depl oynent to Al aska.
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APPENDIX B

COMPARISON OF COSTS FOR SCAPS VERSUS CONVENTIONAL DRILLING

1. Current experience has shown that daily costs to operate the
SCAPS may be hi gher than operation of a hollow stem auger. The
foll ow ng conparison will show, however, that because of the

uni que capabilities of the SCAPS, total project costs wll
probably still be less than if conventional drilling techniques
al one are used. The costs used for this illustration are based
on CEMRK drill crew and SCAPS average daily rates. Assunptions
are the sane as those shown on page B-3: working days do not

i ncl ude nob/ denob but nob/denpob costs are averaged in total cost.
Resi stivity pushes, prepushes and pushes to obtain soil sanples
have not been accounted for in this conparison. Twenty-five LIF
pushes and el even wells are installed during an average project.

2. Assunptions are:

a. An average 25 foot deep LIF direct push boring (from
table on B-3) is equivalent to a 25 foot deep auger boring nade
to collect five soil sanples for |aboratory anal ysis.

(1) two of these 25-foot-deep borings can be drilled and
sanpled in a day

(2) includes set up, drilling, sanpling, sanple
preservation, decontam nation, and backfilling

(3) 25 borings/2 a day = 12.5 days

b. An average 21 foot deep well point installed in sand by

direct push is equivalent to the sane depth well installed
t hrough hol |l ow stem augers (the nost frequently used nethod of
well installation on HTRWsites).

(1) Each well installed through hollow stens will take
approximately 12 hours to set up, drill, set well, decon, and
devel op.

(2) 11 wells x 12 hours = 132 hours/8 hours = 16.5 days
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c. The average daily cost for hollow stem auger drilling, at
$2, 765/ day, includes | abor, overhead, perdiem and materials and
two days nob/ denob.

(1) Soil boring and sanpling is estimated to be $34, 563.
(2) Well installation is estimated to be $45, 622.
3. It is estimated to cost $80, 185 and take 29 days to

acconplish with conventional drilling equipnent essentially the
sanme work that SCAPS can do in 6 days for $24, 185.
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Typical Cost and Production Data for the Kansas City District SCAPS - FY95

Number of Pushes per Project

Number of Pushes
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Average Working Days per Project: 6*
Average Project Cost: $24,185**

Notes:
*Average Working days do not include Mobilization and Demobilization time.

** Average Project Cost includes cost of Mobilization and Demobilization, Labor, Per Diem, Material

*** Other pushes include resistivity, soil samples, pre-pushes.
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Appendix C
Schematic of SCAPS Probe for POL and Geophysical Sensors
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