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Purpose. Under this Work Assignment (W A) REAC personnel will provide on-site geophysical support to 
the United States Environmental Protection Agency I Environmental Response Team Center (U.S. 
EPAIERTC) and U.S. EPA Region I at the Centerdale Manor Site. Geophysical data will be collected over 
water to map sediment thiclrness in two river impoundments. A sediment-core sampling plan will be written 
and implemented for dioxinlfuran analysis. 

Background. The Centerdale Manor site is located in North Providence, Rhode Island. The area being 
investigated under this W A will consist of the Allendale and the Lymansville Impoundments on the 
WoonasquatucketRiver. The impoundments are downstream and south of the Centerdale Manor Apartments 
(Figure 1). 

Prior to 1936, the properties were occupied by Centerdale Worsted Mills, a woolens mill. Atlantic Chemical 
Company began operating on the properties around 1943. Atlantic Chemical Company changed its name in 
1953 to Metro-Atlantic, Inc. and continued to operate until the early 1970s. New England Container 
Company, Inc. operated an incinerator-based drum reconditioning facility on a portion of the site from 1952 
until 1971. A major fire in 1972 destroyed most of the structures at the site. Subsequently, apartment 
buildings were constructed on the site; the apartment buildings opened in 1977. 

In November 1981, a Notice of Violation and Order was issued by the Rhode Island Department of 
Environmental Management (RIDEM) to the property owners for violations of the State Hazardous Waste 
Management Act. This order required that the property owners immediately identify all hazardous material 
on-site and dispose of all hazardous wastes off-site. The response of the property owners to the order is 
unlrnown. In February 1982, according to RIDEM records, approximately 400 drums were excavated from 
the site. Chemical residue was analyzed from approximately 30 drums. The empty drums were crushed and 
sent to a solid waste facility and at least eight drums containing hazardous material were manifested as 
hazardous waste. RIDEM required that soil samples be collected in the area of the building footprint prior 
to the construction of the Centerdale Manor Apartments. As a result ofthe sampling analysis, approximately 
6,000 cubic yards of soil were excavated and disposed of as non-hazardous solid waste. The Centerdale 
Manor Apartments were opened in 1983. 

Dioxins were first identified in 1996 in fish collected from the Woonasquatucket River. Since that time, the 
U.S. EPA has documented elevated levels of several contaminants in soil, sediment, and surface water at the 
site. The contaminants included dioxins, polychlorinated biphenyls (PCBs), volatile organic compounds 
(VOCs), semi-volatile organic compounds (SVOCs), and metals. 
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In January 1999 the U.S. EPA initiated a time-critical removal action that included sampling and the 
installation of fencing and interim soil caps. The U. S. EPA began initial remedial investigation (RI) activities 
at the site in August 1999; a pilot tree study was completed in spring 2000. Additional site evaluations for 
ecological risk assessment (ERA) and a human fish consumption survey are currently on-going. From the 
autumn of 2000 through the summer of 2001, the U.S. EPA also conducted a source area investigation 
including the installation of groundwater monitoring wells, collecting surface and down hole geophysical data 
and collecting and analyzing soil and groundwater. A final report with recommended long-tenn response 
action is expected in late 2002. 

The U.S. EPA started a non time-critical removal action in February 2000 when the Agency signed an 
Approval Memorandum initiating the performance of two Engineering EvaluationiCostAnalyses (BE/CAs). 
The two EE/CAs were later combined into one, resulting in an EE/CA report issued in September 2000 
recommending the restoration ofthe Allendale Dam and the removal of dioxin-impacted soil and flood plain 
sediment from the residential and adjacent recreational-use properties. Following a 60-day public comment 
period, EPA issued an action memorandum on January 18, 2001 that approved the removal action plan. The 
initial phase of the non time-critical removal action plan involved the reconstruction of the Allendale Dam; 
rebuilding of the dam began in the summer of2001 and was completed in February, 2002. 

Scope of Work. The ERTC has been requested by a U.S. EPA Region IOn-Scene Coordinator (OSC) to 
perform a field investigation to map the sediment deposits of the Allendale and Lymansville Impoundments 
for further evaluation by the Region. Response Engineering and Analytical Contract (REAC) personnel will 
conduct this investigation using the technical approach described below. The U.S. EPA Region I OSC may 
provide subcontractors to perform tasks that cannot be done by REAC personnel within the time frame 
requested by the U.S. EPA or to perform tasks to achieve a lower overall cost. 

General Assumptions. 

Access to the site will be provided by the U.S. EPA Region I OSC. 

Aerial photographs will be provided to REAC personnel by the U.S. EPA. 

• REAC personnel will not perform any laboratory analyses. 

• Logistical support for this W A will be provided by U.S. EPA Region 1. 

The level of effort required to perform the geophysical surveys can not be accurately estimated due 
to unknown site conditions. Two geophysical methods are proposed but if either does not provide 
useful data, one or both methods will be discontinued. Survey parameters may need to be refined 
if the planned density or rate of acquisition does not provide sufficient data quality. A conservative 
estimate of 20 working days will be required to complete the geophysical surveys. 

REAC personnel will design and implement a sampling plan to collect sediment cores. The sampling 
plan will be developed based on sediment bed thicknesses obtained from the geophysical survey data. 
Based on the sampling plan, REAC personnel will provide the Work Assignment Manager (W AM) 
with a revised budget estimate. A W A amendment may be required. 
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REAC personnel may perform the sediment coring phase. However, a subcontractor may be used 
if lower costs can be achieved or if completing the work within the schedule requested by the U.S. 
EPA is not possible. Subcontracting will be the responsibility of the U. S. EPA Region I OSC. 

TECHNICAL APPROACH 

Task 1. Over the Water Geophysical Surveys. Geophysical surveys will be performed from a low-draft, 
pontoon-type boat which will be rented locally. Two geophysical methods will be used: ground penetrating 
radar (GPR) imaging and acoustic sub-bottom profiling. Both methods will be used concurrently. The 
methods operate using similar principles but respond to different physical properties. The resultant data are 
therefore expected to be complimentary. Either of these methodologies may be refined or discontinued based 
on the data generated on-site. 

GPR data will be collected with a GSSI SIR 2000 console and a 200 megahertz (MHz) antennae. The time 
interval and gain settings will be determined based on the on-site conditions. The instrument responds to 
changes in ground conductivity and dielectric constant~. Pulses of radar energy are reflected by significant 
contrasts in these properties with depth. Sediment strata or perhaps even a layer of flocculent at the bottom 
of the water column may cause a reflection. However, the penetration depth is highly variable with this 
method. For over water geophysical surveys, limiting factors include the depth ofthe water, the conductivity 
of the water, and amount of clay-rich sediments. The GPR instrument will likely provide useful information 
that the acoustic sub-bottom pro filer cannot provide. 

Acoustic sub-bottom profiling will be performed using an instrument such as the Datasonics CHIRP II. This 
type of instrument responds to changes in acoustic velocity in the sediments. This method is expected to 
provide good quality images of the sediment bed thickness. However, it may not be able to penetrate deep 
enough especially in areas of coarse sand or gravel. The acoustic sub-bottom profiler will likely provide 
useful information that the GPR instrument cannot provide. 

Bathymetric data will be compiled from the results of both methods. Some manual measurements of water 
depth will also be made for confirmation. A section of steel reinforcing bar will be used to indicate the 
approximate thickness of soft sediment. These sub-bottom probing data may be useful to calibrate the 
geophysical data displays. 

Navigation during the survey will be achieved using a Trimble™ PRO XRS differential Global Positioning 
System (GPS) receiver and specialized computer software. The computer software was developed for 
side-scan sonar survey so it is ideally suited for the marine navigation required for this W A. The line spacing 
will be 25 feet but may be changed based on field conditions, or to increase or decrease survey resolution as 
necessary. The lines will be oriented east-west andlor perpendicular to the water flow direction. Control 
lines will also be surveyed parallel to the water flow direction with a anticipated line spacing of 100 feet. 

The survey velocity will be approximately 1 mile per hour. However, due to survey logistics, weather, and 
unknown site factors, it is estimated that about 2 miles can be surveyed during a full day of production. 
About 8 miles of survey lines are estimated in the Allendale Impoundment and about 16 miles of survey lines 
are estimated in the Lymansville Impoundment. (Time will be required for adjusting survey parameters and 
to mobilize and demobilize the survey gear each day.) 
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The results of the surveys will be made available to the ·w AM as soon as possible following the surveys. 
Preliminary draft maps of bathymetry, sediment thickness, and cross-sections will be compiled while in the 
field. All data will be provided to the U.S. EPA in digital format so it can be incorporated in a site GIS 
database. 

Task 2. Sediment Sampling. REAC personnel (or a U.S. EPA Region I subcontracted team) will collect 
30 sediment cores from the Allendale and Lymansville Impoundments. The sediment cores will be located 
using the results from the geophysical surveys. Sampling will be conducted using a portable and light weight 
vibracore unit to allow the collection of undisturbed cores from 10 to 30 feet in length. A high frequency, 
low amplitude vibration that is generated and transferred from the vibracore head down through the core tube. 
The vibrational energy liquefies the sediment enabling the core tube to penetrate into the sediment. A trap 
at the end of the tube holds the sediment inside the tube when it is withdrawn. Samples from the sediment 
cores will be transferred to the U.S. EPA Region I for all chemical analyses. 

Sampling Equipment Decontamination 

The following procedure will be employed to decontaminate non-dedicated sampling equipment prior and 
subsequent to sampling location: 

-L physical removal 
.l.. non-phosphate detergent wash [Liquinox] 
J... potable water rinse 
A.. acetone rinse 
2. air dry 
..2.. distilled/deionized water rinse 
~ air dry 

Standard Operating Procedures 

Sample collection, documentation, packaging, and shipment will be conducted per the following U.S. 
EP AlERT and REAC standard operating procedures (SOPs): 

SOP #2001, General Field Sampling Guidelines 
SOP #2002, Sample Documentation 
SOP #2005, Quality Assurance/Quality Control Samples 
SOP #2006, Sampling Equipment Decontamination 
SOP #2016, Sediment Sampling 
SOP #4001, Logbook Documentation 
SOP #4005, Chain of Custody Procedures 

In addition to guidance provided by the site Health and Safety Plan (HASP) and the site Health and Safety 
Coordinator (SHSC), the following SOPs will apply to site health and safety: 

SOP #3001, REAC Health and Safety Program Policy and Implementation 
SOP #3010, REAC Personal Safety/Protective Equipment 
SOP #3012, REAC Health and Safety Guidelinesfor Activities at Hazardous Waste Sites 
Draft SOP #3022, Boat Safety 
Draft SOP #3023, Boat Operation 
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Waste Disposal All investigation-derived waste (IDW) will remain on-site and will be handled in 
accordance with the procedures outlined in U.S. EPA documents and according to the site's existing IDW 
disposal procedures. 

STAFFING PLAN AND SCHEDULE 

Staffing Plan. The REAC Task Leader will maintain contact with the U.S. EP AlERTC W AM to provide 
information on the technical and financial progress of this project. This communication will commence with 
the issuance of the W A. Activities will be summarized in appropriate format for inclusion in REAC monthly 
reports. 

The WA for this project was received on August 5,2002. The Work Plan (WP) was initiated within 30 days 
after receiving the W A. The project will be completed by May 31, 2004. 

The REAC Task Leader/Quality Control (QC) Coordinator is the primary point of contact with the U.S. EPA 
W AM. The Task Leader is responsible for th~ development and completion of the WP, W A team 
organization, and supervision of all W A tasks, including reports and deliverables. In addition, the QC 
Coordinator is responsible for ensuring field adherence to the WP and recording any deviations from the WP' 

The following REAC field sampling personnel will work on this W A: 

Personnel 
Physical Scientist 
Geophysicist 
Technician/Geologist 
Technician 

Responsibilitv 
Task Leader/QC Coordinator 
Field Geophysical Survey and Data Interpretation 
Field Sampler 
Field Sampler 

Level 
P2 
P3 
T31P2 
T3 

The REAC Quality Assurance Officer, the Health and Safety Officer, the Operations Section Leader, and 
the Program Manager are responsible for auditing and guiding the W A team, reviewing/auditing the 
deliverables and proposing corrective action, if necessary, for nonconformity to the WP or the HASP. 

Vendor Services. Vendor service costs have not been included in the cost estimate. If vendor services are 
required, a revised cost estimate will be submitted. 

Schedule of Activities. The anticipated scheduled of activities is as follows: 

Item 
WP 
Final Geophysical Report 
Sampling Plan (Sediment Core Sampling) 
Revised WP (if required) 
Trip Report 
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January 10, 2003 
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February 14,2003 
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This schedule assumes the following 5 trips: 

Trip #1 Geophysical Survey of Allendale Impoundment (Late SeptemberlEarly October 2002) 
• Number of days 10 
• Number of personnel 2 

Trip #2 Geophysical Survey of Lymansville Impoundment (Late OctoberlEarly November 2002) 
• Number of days 10 
• Number of personnel 2 

Trip #3 Site Visit in Preparation for Vibracoring, if Applicable (March 2003) 
• Number of days 3 
• Number of personnel 2 

Trip #4 Vibracoring at Allendale Impoundment, if Applicable (AprillMay 2003) 
• Number of days 5 
• Number of personnel trip 3 

Trip #5 Vibracoring at Lymansville Impoundment if Applicable (AprillMay 2003) 
• Number of days 5 
• Number of personnel trip 3 

COST PROJECTION 

The estimated costs (including labor, travel, equipment and sub-contractor services) to complete this project 
are given in the attached cost summary. 

Photodocumentation, computer graphics and support, report preparation, and purchasing support are required 
in order to accomplish the objectives of this W A and are included in the cost estimate. 
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QUALITY ASSURANCE ATTACHMENT 

Field monitoring equipment will be calibrated and used as per the manufacturers' instructions and 
recommendations. All calibration data will be documented in site log books. 

Documentation of site activities and observations will be in the form of field logbooks and the appropriate 
field data sheets completed with information to sufficiently describe the site and any conditions which may 
have a bearing on the final data interpretation. 

All W A deliverables will receive an internal peer review prior to release, as per guidelines established in 
REAC Administrative Procedures (AP) #22, Peer Review of REAC Deliverables. 
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Measuring Sediments In Situ 
Biot Theory is Key to Determining Engineering Properties; Test 
Process Yields Synthetic Seismogram: Acoustical Response 
O/Seafloor 

B) Richard G. McGee 
Parametrix Inc. 
Kirkland. Washington 
Je([rey 1\1. Cox 
E\'ans-Hami/ton Inc. 
Seallie. Washing tOil 
and 
Dr. Paul R. Ogubwitz 
PRO Scientific Consulting 
Hackeflstown. New Jase} 
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ediments hope to obtain informa­
tion about stratigraphy. compo "ilion. 
and detailed physical properties. 
Traditionally, acoustic subbonom pro­
file . urveys have yielded the strati­
graphic infonnation. and the sediment 
descriptions have been obtained by 
correlating the stratigraphy with 
strategically placed sediment cores. 
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S./smogr.ms, (top, right) consisting of composlted veri/cal traces taken from the 
reflllCtlon data near core locations. were simulated usIng synthetJc seismograms. 

EHI applied th. Blot method (above) to 7-kHz acoustic reflect/on data obtained In the 
chann"'. 
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Recent methods reduce the acou tical 
mea urement to a few statistic. 
which are then correlated with archival 
measurements to broadly classify the 
compo luon of the sediment. 
Statistical methods, however. do not 
provide the detailed engineering prop­
erties (including density. porosity. 
grain size. and elastic moduli) that are 
often desired as the end product of a 
survey. Moreover. staLi tical method 
rely on compilation. of data world­
wide and do nOI always faithfully 
charncterize the condition at the local 
ite of inteI'CSL 
This paper presents a straightfor­

ward. well-tested deterministic tech­
nique. which does not suffer from the 
limitation of the statistical methods. 
Just as in the earlier methods. we con­
duct acou.~tical reflection urveys and 
colleci subbottom profiles. and we 
correlate the acoustic data with core 
samples obtained locally. thereby 
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are using the Biot theory, but the way 
we are u ing it. We stan with a com­
puter program developed at PRO 
Scientific Consulting and modified 
under funding provided by Evans­
Hamilton (EHl). The code assumes a 
multilayered seafloor. which is being 
insonilied at nonnal incidence. For 
assumed frequencies and as umed 
properties of the layers. the code uses 
Biot theory to estimate the sound 
speed and absorption of each layer, 
determines relevant physical proper­
ties of the layers. and produces a syn­
thetic seismogram representing the 
acoustical response of a seafloor with 
the assumed structure and properties. 
The results are compared to the actual 
measurements, and the bottom proper­
lies in the model are modified until the 
synthetic seismogram matches the 
actual measurements within some o 500 1000 1500 2000 

Ping Number 
Density, 
g/cm' pecified tolerance. 

obtaining stratigraphic and composi­
tional information. Beyond that, how­
ever, we use proven analytical lech­
niques to determine the quantitative 
physical properties of the sediments 
for all data along the survey. providing 
a continuous. complete sediment 
description. Our fundamental analyti­
cal tool is Biot theory. 

The Biot Theory 
The Biot theory was developed to 

explain the physics of porous materi­
als that are fluid-saturated '. The theory 
turns OUI to be an excellent de 'criptor 
of the acoustical behavior of sedi­
ments. The applicability of the Biot 
theory has been demonstrated for the 
entire uite of sedimentary mmerials, 
from surficial materials with porosities 
as high as 100 percent to well consoli­
dated materialt, with porosities as low 
as one percent . 

The Biot theory predicts that sound 
speed and anenuation in sediments 
depend on the frequency of the signal. 
on the density and elastic properties of 
the sediment grains and pore fluid. and 
on bulk properties of the material 
including porosity, mean grain size, 
permeability. elasticity. and effective 
stress. In total. there arc 13 physical 
parameters in the model. 

It has been argued that the theory is 
not useful because too much informa­
tion ha to be known. Tn response. it is 
imponant to note three Ihings. First. 
orne of the par:uneters (e.g .. fluid 

densities and elastic properties) are 
well known and available in the litera­
lUre. Second. some parameters are 
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After cllllbral/on, th,e dllta (llbove) were fully IInlllyzed lind sediment property mllps of 
the chllnnel were prepllred. 

The District expressed special Interest In our maps (lop) of the highly fluidized muds 
accumulating within the chllnnel, because fluid muds may be an Impediment to nav/­
gilt/on 

dependent on others and are ea y to 
constrain . Third and most important. 
Biot-based estimates of acoustical 
properties are particularly sensitive to 
just a few of the parameters (particu­
larly porosity), while the remaining 
parameters have a much smaller effect 
on the acoustic response. The most 
sensitive parameters are precisely 
those of interest to the engineering 
community. 

Modeling 
What's different here is not that we 

The proces is repeated for each 
seismic trace where core information 
exists, developing the attenuation and 
wave speed coefficients for the entire 
site. We then analyze every seismic 
trace (i.e., all locations) automatically 
using ancillary software. In this way, a 
3-D map of the entire survey area is 
developed. The map presents the inter­
preted sediment propenies as a func­
tion of position and subbottom depth. 

The above method is an example of 
" forward modeling". Software to 
determine sediment properties by 
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"Hi' I/(In' succe.\·.I/itl(1' /oed till' lec/miq/((' (() del'clop sile charae­
tl'r;;.af;ol/s ill regard to hellell lI(Juris/lll1el/l, I/(11';1;alioll dredgillg, 
dredge di.l'posal /IIllIIitorill/.:, lIal'igable dl'plII, lake H'd;IIIl'IIfs, elll'i­
rflllmellwi a.uess11Il'lIfs, .l'edimcllI conl(lmillatillll, (II/(I gel/eral 
marine .\·edill/em inw~sli/.:a(i(}"s." 

"il1\crs~ TIlodding" of ac.)Usti<:al mea­
sur~l11ents using Biot theory is h~ing 
validated. 

To ohtain usable. unambiguous 
result.. with our method. we u.se phys­
ical mcasur~rllCllb fronl some of the 
core "Imples to cons/rain the initial 
model. As a way of testing the validity 
or the m<!lhnd. we predict the phy;.k:tl 
properties of sedimcnb in nearby parts 
of the survey arca and compare thelll 
with ~lIfe samples that havc not 
already been used. Prediclions of Ihe 
engineering properties of the sedi­
ments in the nearby arcas ha\c bcen 
uniformly c;>.cellel1t. 

We usc the code before. dUTlng. and 
after the survey. Before (onducting the 
survey, we usc the C'Oli<: along with 
arl'hiv,,1 information to predict the 
aCllUsliGl1 response of the arc.1. From 
that. we develop a preliminary experi­
mental desi~n. establishing frcqu<'n­
Lics. sound powcr len:\;.. and ()/h~r 

cxperilll~ntal ,~ttillgs that will llpti­
lIIizc the survey rcstlII s. During Ihe 
surn:y, we w,c the code in conjunction 
wilh "coll.'tic calincalioll of Ihe mea­
surcmen/ illqrumenwtil)lI to contirm 
thai we are collc(;ling reproducihle 
acoustic data and tll monitor spccitic 
genacollstic propcrtks ,ur.:h ", impcd­
am:c. 

While in the licit!. we lise thc theory 
III tcst /he measurelllenis for mcasure­
l11enl crror and to waldl for unantici­
pated survcy results. After the survcy. 
we usc the code to analY/.c all Illca­
sured data to determinc- engincering 
propcrties of thc surlic"JI and suhbot­
tom scdiment. 

Since 1997. we hace applied thc 
Biot method to survey, in many loca­
Lions following coll;Jllehellsiv~ lield 
calibration protocols '. Thc results havc 
been reproducihle within cadI surwy 
arca. The overall apr" .ad1 "ppcals til 
yield accurale estimates of the cnl,:i­
m:cring properties of snlilllcnh. 

EJ(umIJle: Mobile Ship Channel 
The Corps of Engineers Mohile 

Districi office n.-qucsted EIlI. provide 
assistance in determining the physical 
properties of s"dilllcllh in the Mohile 
Bay ship channel in support of plan­
ning for future chmlllci maintenance 

and deepening "p.:rations. EHI 
applied thc BiOi melhod 10 7-kHz 
m:ouslic reilee/ion dala ontained in the 
channel. 

Sedimcnt core dal .. provided hy Ih.: 
District were used 10 dl'VC lop con­
.strainls on Ihe illili~1 model. 
Seismograms, consisling of composit­
cd vertic',,1 trace.s taken from the 
rctlection data ncar core locations. 
wl.'rl.' sil11ulated using .sYlJlhelic seis­
l11ograms. After calihratiun. the data 
were fully analyzed and sedimenl 
prnpeny maps of the channel wcre 
prepared. 

We mapped thc density and sedi­
ment type to an average depth of H 
meters below the existing channel bot­
tom for the entire 32-mile length of the 
Mobile ship channel. The analysis 
revealed a broad range of ;.ediment 
types. induding unconsolidated linc­
grained sedimcnh ( .. tluid muds"). fat 
days. silty sand". and poorly graded 
fine-medium sands. The District 
exprc"ed special interest in our maps 
of thc highly Iluidiz.:d muds accumu­
lating within the channcl. hecausc 
tluid muds llIay he an Impedilllent to 

na\ igatiol1. 
The sedilllent property interpreta­

tion for the tluid mud survey revealed 
a layer of gassy native day' and sands 
dctining the dredgc prislll ullLkrlying 
thc tluid mud throughout the Mobile 
!:lay ship ehann.:!. The tluid mud was 
dl'lracteri7.ed as gas free with densities 
hctwe<'n I.OH .md 1.20 gramlcubic­
ccntimcters. IXlrtlsitics greater than l)() 
percent, and minimal da~tic modulii. 
Typically. these ~<.'dill1l'nts begin accu­
mulating within the channel soon after 
dredging has hecn completed. 

Conclusion 
Thi~ paper descrihes geoacoustic 

modeling and data inver~iJ)n tools that 
quantit,ui".:!y asscss II/ .1/111 .'cdimclll 
characll'ri~li('~ hy correlating mea­
sured acou."';(; re,'p()n. ... ~ ..... wirh aClual 
and predicted sedi melll propenics. We 
have sun'essfuJly used the technique 
to develop site charact.:ri7.ations in 
regard 10 heal'll nourishnlenL naviga­
tion dredging. dredge dispo:;al moni­
toring. navigahle depth. lake ,edi-
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llIents. environmcntal assessments, 
sediment contamination. and general 
marine sediment investigations. 
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