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Executive Summary 

The Stancill Quarry, located southeast of the Fall Line within the Atlantic Coastal Plain 
Physiographic Province, is an active sand and gravel mine. The surface of basement rock in the 
area slopes toward the south and east. Local bedrock dip direction is to the south-southeast at 
approximately 100 feet per mile. 

In the area of Stancill Quarry, three geologic units have been defined based on their age and 
physical properties: post-Cretaceous (Quaternary/Tertiary) stream-laid sediment, Cretaceous age 
non-marine sediments, and the underlying crystalline rock residuum, termed saprolite. Sediment 
thicknesses range up to 150 feet. The sediments consist of interbedded lenses and layers of silt, 
clay, sand, and gravel. The Cretaceous deposits and post-Cretaceous sediments are of relatively 
low permeability. They vary vertically and laterally to such an extent as to make them 
uncorrelatable over even short distances. The Fall Line, located north and west of the site, trends 
northeast- southwest. 

Poorly consolidated Quaternary/Tertiary fluviatile deposits appear to have mantled the site prior 
to its development as a quarry, although most of these deposits have been removed by quarry 
operations. Saprolite appears to underlie the entire site. This low-permeability zone of saprolite 
tends to separate the surficial deposits of the Atlantic Coastal Plain from the underlying 
crystalline bedrock, which is the principal domestic water source in the vicinity of the quarry. 
The Cretaceous deposits between the Quaternary/Tertiary deposits and the saprolite were not 
encountered in all boreholes, suggesting that they were deeply eroded in Tertiary/Quaternary 
time. 

^JICM     i:\GAITHERSBURG\a9-00000229.00\REPORTS\CONCEPTUAL GEOLOGIC REPORT\CONCEPTUAL GEOLOGY REPORT.DOC\13-SEP-02\\ ES" 1 



SEGTIONONE   Introduction and Location 

This document presents the conceptual geologic interpretation of the Stancill Quarry and 
surrounding areas. This work was performed under URS Corporation (URS) Contract I.D. No. 
02-07-06 with Maryland Environmental Service (MES). The Scope of Work includes the 
preparation of a Conceptual Geologic Model Report. This interpretation is based on the available 
data and discussions at several meetings with MES, Stancill Quarry representatives, and KCE 
Engineering, Inc. (KCE). This report has been reviewed by an Independent Technical Reviewer 
as part of URS' corporate Quality Assurance Program. 

The purpose of conducting a geologic investigation, interpreting the geologic site characteristics, 
and preparing a geologic conceptual model of the Stancill Quarry site and surrounding areas is to 
construct a technical basis for a hydrogeologic conceptual model. The hydrogeologic conceptual 
model, or groundwater flow model, will be incorporated into scenarios for groundwater 
migration and used to estimate future concentrations, on a worst-case basis, to determine the 
impacts of dredge material placement on the local groundwater regime. The hydrogeologic 
conceptual model is described in a separate report. 

This report is divided into eight sections plus a table, figures, and an appendix. The first section, 
the introduction, presents the contractual authority and basis for the study and report, and 
introduces the reader to the concepts to be presented. The second section presents an overview of 
the regional geology. A summary discussion of previous reports is presented in Section Three to 
form the basis for the present interpretation. The processes used to obtain the present 
interpretation, including examination of the boring logs included in Appendix A, are presented in 
Section Four. The conceptual geologic interpretation is then presented in detail in Section Five 
and is supplemented by a table and figures. The table and figures are provided at the end of the 
written text. Section Six presents conclusions based on what has been presented, Section Seven 
discusses the limitations of the study, and Section Eight lists the references used and reports 
cited. 

The Stancill Quarry is located in the northeastern portion of Maryland not far from the Delaware 
and Pennsylvania borders (Figure 1). The site is located approximately 2 Vi miles east of 
Perryville, in Cecil County. Access to the site is from Mountain Hill Road. The site is 
surrounded by Long Creek and Amtrak train tracks (formerly Pennsylvania Railroad tracks) to 
the north. Mountain Hill Road and a wooded area to the east, a wooded area to the south, and 
Principio Creek and Furnace Bay to the west. The Chesapeake Bay and Carpenter Point are south 
of the site. The Stancill Quarry property occupies 130 acres on Carpenter Point Neck. 
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SEGTIONTWO ^_ Regional Geology 

The Stancill Quarry is close to the boundary of two major geologic provinces, the Appalachian 
Piedmont province to the northwest and the Coastal Plain to the southeast. The Piedmont 
Province consists of metamorphosed sedimentary and igneous rocks of early Paleozoic and older 
ages that have been subjected to sufficient heat and pressure to cause recrystallization of the 
original rocks, resulting in what is termed a crystalline basement complex. The Coastal Plain 
consists of a southeast thickening wedge of sedimentary rocks, ranging in age from early 
Cretaceous to Recent, that overlap the southeastward dipping surface of the crystalline rocks of 
the Piedmont. The boundary between the Coastal Plain and the Piedmont is called the Fall Line 
because the gradients of the streams draining the hard rocks of the Piedmont flatten at the 
Coastal Plain boundary, resulting in rapids and waterfalls upstream of the Fall Line. 

The Stancill Quarry site is in the Coastal Plain Physiographic Province, which is characterized 
by low-lying, gently rolling terrain. The Coastal Plain Physiographic Province is underlain by 
marine and non-marine sediments deposited on the eastern continuation of lithologies exposed in 
the Piedmont Crystalline Complex. The Piedmont Crystalline Complex consists of 
metamorphosed volcanic rocks and is bounded on the southeast by the Fall Line. The Coastal 
Plain is underlain by the downfaulted eastern extension of Piedmont rocks overlain by younger 
clays, silts, sands, and gravels. Transgressive and regressive seas and local streams created the 
Coastal Plain Physiographic Province by depositing layers of clay, silt, sand, and gravel. These 
interbedded layers form a wedge that begins at the Fall Line and thickens to the southeast. The 
Fall Line is the boundary between the crystalline metamorphic rocks of the Piedmont Plateau and 
the sedimentary units of the Atlantic Coastal Plain. The Fall Line lies about half a mile to the 
northwest of the Stancill Quarry site and roughly parallels US Route 40 and the Baltimore and 
Ohio railroad tracks. 

The Coastal Plain sediments range in age from Cretaceous to Quaternary. The dip of the upper 
surface of the Piedmont Crystalline Complex basement rocks on average is 100 feet per mile 
(ft/mi) (Otton and Mandle, 1984), but can range from about 60 to about 150 ft/mi (Overbeck et 
al., 1958). The materials directly overlying the crystalline bedrock are weathered bedrock, or 
saprolite. 

Variations over small distances, both laterally and vertically, in the lithology and texture of the 
Coastal Plain sediments are caused by the meandering nature of the streams (including 
downcutting during periods of marine regression) that deposited the sediments. Extremes in the 
fluctuation of sea level during late Cretaceous time, along with widespread erosion, explain the 
absence of stratigraphic units from some areas. 

The sediments of the Coastal Plain dip eastward at a low angle, generally less than one degree, 
and range in age from Cretaceous to Quaternary. In general, younger formations crop out 
successively to the southeast across Southern Maryland. A thin layer of Quaternary silt, gravel, 
and sand covers the older formations throughout much of the area. 

Mineral resources of the Coastal Plain are chiefly sand and gravel, and are used as aggregate 
materials by the construction industry. Clay for brick and other ceramic uses is also important. 
Small deposits of iron ore are of historical interest. Plentiful supplies of groundwater are 
available from a number of aquifers throughout much of the coastal plain. In addition, the 
Atlantic Continental Shelf contains abundant sand deposits, useful for beach restoration. 

The Stancill Quarry is on the Atlantic Coastal Plain roughly Vi mile south of the Fall Line and is 
underlain, from the ground surface downward, by (1) undifferentiated stream-laid sediments of 
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SICTIQNTWO Regional Geology 

presumed late Tertiary and Quaternary age, (2) stream-laid continental deposits of the Potomac 
Group of Cretaceous age, and (3) weathered residuum and fresh crystalline basement rocks of 
the Appalachian Pedmont province. Residuum refers to the highly weathered bedrock, which is 
characterized by variable degrees of chemical weathering, resulting in less weathered structured 
saprolite and more highly weathered non-structured saprolite. The saprolite is underlain by fresh 
crystalline rock. 

The Cretaceous deposits form a south to southeast dipping, truncated wedge-shaped mass, which 
rests on the eroded surface of the crystalline basement rocks and is overlain by less steeply 
dipping non-marine Tertiary/Quaternary deposits of the Potomac Group. Toward the Atlantic 
Ocean, the Tertiary and Cretaceous deposits grade into marine sediments that thicken rapidly 
down dip. At Chestertown, Maryland, about 25 miles south of the quarry, the top of the 
Cretaceous sediments are about 100 feet below sea level, and the base is about 1,400 feet below 
sea level. 

Various earlier reports cited by Higgins and Conant (1990) have attempted to subdivide both the 
Cretaceous deposits and overlying Tertiary/Quaternary deposits of the Coastal Plain into 
formational units; however, the modem view (Higgins and Conant, 1990) is that these 
subdivisions have little validity, particularly in the area between Chesapeake Bay and the Fall 
Line. This report follows that philosophy, and no attempt is made to differentiate stratigraphic 
units within the Cretaceous rocks or the Tertiary/Quaternary deposits at the Stancill Quarry. 
However, the saprolite forms a distinct blanket covering the crystalline basement. This dense, 
clayey mantle has low permeability and serves to protect groundwater in the crystalline rocks, 
the main source of domestic water supply in the area, from contamination from surface sources. 

2.1     CRYSTALLINE ROCKS 

In the Stancill Quarry area, the crystalline basement complex rocks consist of metamorphosed 
volcanic rocks, chiefly interlayered quartz amphibolite and gneiss, designated the James Run 
Formation by Higgins and Conant (1990). The James Run Formation is believed to be of 
Paleozoic age, although it may also include Precambrian rocks. 

At the Stancill Quarry, the crystalline metamorphic rocks are capped by a blanket of variable 
thickness consisting of a residuum formed in place by long-term surface weathering of the 
crystalline basement rock. This residuum (saprolite) is the residue left in place after the more 
soluble iron and magnesium-rich minerals of the metamorphic rocks have been altered to clay 
minerals by the physical and chemical processes of weathering. 

In the weathering process, the more soluble minerals are converted into clay minerals, and the 
saprolite forms a tough, dense silty clayey zone of low permeability. Saprolite commonly ranges 
from unstructured clayey silt near the upper surface to a clayey decomposed rock, retaining the 
structure of the parent rock with increasing depth until finally grading into fresh, unweathered 
rock. Saprolite will typically retain some of the structure of the parent rock, but the fractures that 
form water-yielding channels in underlying fresh rock are blocked by clay and silt in saprolite. 
The surface of the underlying crystalline basement rocks is irregular and slopes to the south and 
southeast at about 60 to 150 ft/mi. 

The water-bearing properties of rock depend on the number, size, shape, and distribution of 
openings (e.g., pores, partings, or fractures). In the crystalline rocks beneath the Atlantic Coastal 
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SECTIONTWO Regional Geology 

Plain, the openings are of two types: primary, formed at the same time as the rock, and 
secondary, formed later. Primary openings in the crystalline rocks of the Piedmont Crystalline 
Complex are less than 1% of the total volume, and therefore have little effect on the storage and 
movement of groundwater. Secondary porosity represents openings formed by dynamic earth 
forces resulting in fractures, joints, and faults, and openings formed by physical weathering. 
Fractures, joints, and faults are the main conduits of water to wells in the quarry vicinity. 

Weathering includes both physical and chemical processes. The physical processes break down 
rock by expansion and contraction during temperature changes and by enlargement of cracks by 
wedging. Chemical weathering mainly involves breakdown of unstable minerals to more stable 
clay minerals through solution and precipitation. Rock weathering to clay and silt size minerals 
forms a saprolite typically more porous than the parent material, but generally of low 
permeability. In Cecil County, the weathered zone ranges from 0 to 150 feet in thickness and 
averages 48 feet (Overbeck and Slaughter, 1958, p. 28). 

Yields of wells tapping crystalline rocks in Cecil County average about 11 gallons per minute 
(gpm), which is small for municipal and industrial supplies, but adequate for residential use 
(Overbeck and Slaughter, 1958, p. 29). The main geologic features bearing on well yields are 
rock type, degree and extent of fracturing, topography, and weathering. Overbeck and Slaughter 
(1958, p. 30) report that rock type (which influences fracture porosity) is a major influence on 
well yields, with contact zones and granodiorite producing the highest yield (12 and 14 gpm, 
respectively), and serpentine and schist having the lowest yields (8 and 7 gpm, respectively). 
Topography also plays a significant role in well yield, with wells at higher elevations usually 
yielding less than those on lower slopes and valley bottoms. 

Although the saprolite of the weathered zone plays an important role in storing groundwater and 
feeding recharge to the fracture systems in the crystalline rocks over broad areas, the saprolite 
generally is of low permeability, and therefore does not provide adequate water supplies to wells. 

2.2     CRETACEOUS DEPOSITS 
The Cretaceous deposits consist of discontinuous beds and lenses of unconsolidated clay, silt, 
sand, and gravel. Clay and sandy clay are the most abundant materials, sand is fairly abundant, 
and gravel least abundant. The clays are generally light colored - white, yellowish, pink, or red. 
Where clay contains considerable organic matter, it is dark gray. The sand is mainly fine grained, 
and white, yellowish or brown in color. Sands at places are firmly cemented with brown iron 
oxide. Gravel is present chiefly as scattered, rounded pebbles in sand or sandy clay. 

The Cretaceous deposits form a southeasterly dipping wedge thickening to the southeast. The 
upper surface slopes about 60 ft/mi and the basal surface slopes about 160 ft/mi, resulting in 
thickening of about 100 ft/mi down dip (Overbeck and Slaughter, 1958, p. 41). 

Although sands make up a substantial proportion of the Cretaceous deposits, the Cretaceous is 
not known for large well yields in the area west of Chesapeake Bay. Overbeck and Slaughter 
(1958, table 19) present data from 17 wells nearly all west of Chesapeake Bay, indicating a range 
of yield from 2.5 to 90 gpm. The highest yield was from a well on Elk Neck on the eastern shore 
of Chesapeake Bay. For the 15 wells west of Chesapeake Bay, the yield averaged 11 gpm, which 
suggests low to moderate permeability for the Cretaceous deposits in general in the area west of 
Chesapeake Bay. 
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SECTIONTWO        Regional Geology 

2.3     POST-CRETACEOUS DEPOSITS 

The deposits younger than Cretaceous age west of Chesapeake Bay include gravelly deposits of 
presumed late Tertiary age that occur mainly as isolated patches on hilltops, and younger 
deposits of Quaternary age that overlie the Cretaceous deposits of the lowlands between 
Chesapeake Bay and the Fall Line. These Quaternary deposits, believed to be of Pleistocene age, 
were subdivided into three formations by Overbeck and Slaughter (1958, table 10): the Talbot, 
Wicomico, and Sunderland formations. However, Higgins and Conant (1990, plate 1) recognized 
only the Talbot Formation and Upland Gravels as mappable units. 

The extent and thickness of the Tertiary/Quaternary deposits to the west of Chesapeake Bay is 
not well established in the literature. Overbeck and Slaughter (1958) do not show these deposits 
on a geologic map, and Higgins and Conant (1990, plate 1) on their Geologic Map of Cecil 
County show the area east of Furnace Bay on Carpenter Point Neck as Cretaceous deposits at 
land surface. Nevertheless, as described elsewhere in this report, a considerable thickness of 
post-Cretaceous deposits can be observed in the walls of the Stancill Quarry and in borings on 
the site. 

The Tertiary/Quaternary deposits are distinguished from the underlying Cretaceous deposits 
mainly by differences in color and density, as determined by ease of drilling and Standard 
Penetration Tests (SPTs). It appears that the deeper parts of the quarry have reached the 
Cretaceous deposits, that is, the Tertiary/Quaternary deposits have been largely removed in the 
quarrying operation. 
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SECTIONTHREE      Previous Studies of the Area Surrounding Stancill Quarry 

Several reports and investigations interpreting the geology of the area surrounding Stancill 
quarry were made available and have been reviewed for this report. Those reports and 
investigations are summarized here. 

3.1 THE GEOLOGY OF CECIL COUNTY, MARYLAND 
URS reviewed the report on the geology of Cecil County, including the geologic map of Cecil 
County (Higgins and Conant, 1986, 1990), to gain an overview of the geology of the area 
surrounding Stancill Quarry. The report discusses the crystalline bedrock in the area of Stancill 
Quarry as the James Run Formation (mainly metamorphosed volcanic rocks) and Port Deposit 
Gneiss. The geologic map shows Cretaceous Potomac Group (Kp) deposits on the surface at the 
Stancill Quarry site. The Quaternary Talbot Formation is shown in a narrow strip along the 
western portion of this site, near the upper extent of Furnace Bay. Quaternary Tidal Marsh 
Deposits (Qm) are shown in a small strip along the northern portion, around the beaver dammed 
Long Creek. Quaternary Alluvium (Qal) is shown in a small strip along the western portion, on 
the deltaic-like deposits on either side of Long Creek and Principio Creek where they enter 
Furnace Bay. 

3.2 SOIL SURVEY OF CECIL COUNTY 

URS reviewed the report on the soil survey of Cecil County (Soil Conservation Service, 1973). 
The soil map shows the following: 

Gravel and borrow pits (Gv) - Over the then current extent of the active quarry. 

Mixed alluvial land (Mr) - Borders Long Creek and the deltaic-like protrusion of Long Creek 
into Furnace Bay and consists of mixed and variable soil material on flood plains of small 
streams. 

Evesboro loamy sand (EvD) - A very sandy soil that formed mainly in old sand dunes; can be 
found in the central portion of the site. 

Butlertown silt loam (BuB2) - Well-drained soils that have a little fragipan in the lower part 
of the subsoil; can be found in the western portion of the site. 

Tidal marsh (Tm) - Along Furnace Bay and Principio Creek. 

Matapeake silt loam (MoB2) - Loamy soils formed in sediments high in silt; can be found in 
a small spot on the western portion of the site. 

Keyport silt loam (KpB2) - Well-drained soils formed in old deposits of clay or silty clay; 
can be found in the southeastern portion of the site. 

Sassafras sandy loam (SaC2 and SaB2) - Well-drained soils formed in sandy sediment that 
contains a moderate amount of silt and clay and gravel in places. 

3.3 THE WATER RESOURCES OF CECIL, KENT, AND QUEEN ANNE'S COUNTIES 

This report focuses on the groundwater resources of a three-county area, largely on the Eastern 
Shore of Chesapeake Bay, where the sedimentary deposits of the Atlantic Coastal Plain are thick 
and well represented. In the area between Chesapeake Bay and the Fall Line, data are generally 
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SECTION THREE      Previous Studies of the Area Surrounding Stancill Quarry 

sparse, particularly for Carpenters Point Neck. The principal geologic units described in this area 
include the crystalline basement complex, lower Cretaceous age rocks, and Tertiary/Quaternary 
lowland deposits. The report discusses the extent and water-bearing characteristics of five 
formations of Upper Cretaceous age in the three-county area and several units of Tertiary age as 
well; however, these units appear to be absent in the vicinity of the Stancill Quarry. The report 
also describes three formational units of Pleistocene age: the Sunderland, Wicomico, and Talbot 
formations; however, these are not delineated on maps or cross-sections in the Quarry vicinity 
(Overbeck and Slaughter, 1958). 

3.4 GEOTECHNICAL REPORT FOR STANCILL SAND AND GRAVEL QUARRY, 
CECIL COUNTY, MARYLAND 

The report entitled "A Preliminary Assessment of the Feasibility of Using Stancill's Inc. 
Property on Furnace Bay in Cecil County as a Dredge Material Containmert Facility," 
(Maryland Environmental Service, November 2000) is the principal source of detailed 
information on lithology and physical properties of the subsurface materials at the Stancill 
Quarry. The report presents boring logs of six test holes drilled on the quarry site, SPT results, 
and laboratory test results on representative samples. The laboratory tests included grain-size 
distribution, moisture content, Atterberg limits, Unified Soil Classification System (USCS) 
classification, and two tests of hydraulic conductivity of cores. Geologic correlations are 
presented in the form of three cross-sections through the quarry site. 

3.5 REPORT ON GEOLOGY AND HYDROGEOLOGY OF ABERDEEN PROVING 
GROUND 

The report on the geology of Aberdeen Proving Ground (APG) indicates that APG is underlain 
by Quaternary deposits directly overlying Lower (older) Cretaceous age sediments of the 
Potomac Group (USACE-WES, 1997). A major unconformity was identified between the 
younger Quaternary and older Cretaceous age sediments. Weathering and erosion during Late 
Cretaceous, Tertiary, and Early Quaternary time has produced a highly oxidized Cretaceous 
surface, which is recognizable in APG boring data. The Quaternary Talbot Formation was 
divided into three different age Pleistocene river terraces based on topography. Three major sand 
units were identified in the Cretaceous sediments at APG; the lower sand unit may contain some 
saprolite. 

The report on the hydrogeology of APG indicates that the upper surface of the Cretaceous 
deposits was formed by erosion during a time of lower sea level in the Pleistocene epoch 
(USAGE-WES, 1997). A major stream channel (the ancestral Susquehanna River) was 
previously located beneath APG and caused the erosion. A Pleistocene age paleochannel is 
depicted trending northeast to southwest through APG. The study indicates that the Potomac 
Group was deposited from channels, floodplains, and cutoff-meander streams and swamps. 

The report suggests that Pleistocene paleochannel deposits similar to those mapped at APG are 
common in the Chesapeake Bay region. These deposits typically consist of fluvial and estuarine 
sediments deposited during periods of rising sea level. 
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SECTiOMFOUR   Processes Used to Obtain the Present Geologic Interpretation 

The ultimate goal of the present study is to produce a geologic/hydrogeologic model that can be 
used as the technical basis for the development of a groundwater flow model. The procedures 
used to obtain the geologic/hydrogeologic interpretation presented in this report were carried out 
in three steps as summarized here. 

The first step involved interpreting the geologic framework. After a sufficient quality screening 
of boring (lithologic) logs located within the model area, lines for geologic cross sections were 
selected and plotted on a base map. Copies of boring logs of all wells/piezometers installed as 
part of the current study are displayed on Figure 2 and presented in Appendix A. The cross- 
sections were produced and interpretations of the subsurface stratigraphy were completed. 
Correlations were based on lithology, color, and available grain-size data. The second step 
involved delineating mappable hydrogeologic units based on the derived geologic interpretation. 
This proved to be difficult. Interpretations were based on geologic correlations as well as any 
available field permeability testing. The third step involved developing a contour map of the top 
of the saprolitic aquitard. 
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SECTIOMFIVE Interpretation of Local Geology 

Since most of the post-Cretaceous deposits at the Stancill Quarry have been mined out, the 
remaining sediments have been mapped as three geologic units consisting of a Quaternary/ 
Tertiary unit, a Cretaceous unit, and a saprolitic unit. The units are differentiated based on color 
of sediment, grain size, ease of drilling, and blow counts during SPTs. The Quaternary/Tertiary 
and Cretaceous age deposits are mapped as an aquifer, and the saprolite is mapped as an 
aquitard. 

The geology of the Stancill Quarry is presented on seven cross-sections (A-A' through G-G', 
Figures 3 through 9, respectively). Table 1 lists the borings used in each cross section. The 
alignment of the sections is shown on Figure 2. On the cross sections, borings installed by E2CR 
are identified by the letter E preceding the number, those installed during the present study by 
the letter P, and borings preceding the E2CR program by the letter B. The drilling of the P series 
borings was supervised by KCE and the borings were logged by URS geologists. 

Five principal geologic units are shown on the sections, as follows: (1) Quaternary/Tertiary 
(post-Cretaceous) deposits extending from land surface downward to underlying Cretaceous 
deposits or to saprolite, (2) Cretaceous sediments overlying saprolite, (3) saprolite, (4) the 
weathered bedrock, and (5) a unit .of dark brown organic silt recorded in the log of borings E-5 
and E-6, which appears to pinch out in the direction of boring E-5 and was not observed in other 
borings. Artificial fill is also shown on the sections, principally at boring E-5 where it extends 
from land surface (approximately elevation 38 feet above sea level) to approximately elevation - 
11 feet, representing about 49 feet of thickness. 

These geologic interpretations by URS agree generally with earlier work of E2CR, although not 
in detail. The URS interpretations used the earlier E2CR interpretations together with boring data 
collected in the current study. Geologic interpretations were primarily based on lithologic 
character as recorded on geologists' logs, color changes, and firmness of materials as indicated • 
by SPT blow counts, and drillers' observations. 

The most consistent unit recognized is the Quaternary/Tertiary deposits that apparently mantled 
the site originally and have been largely mined out. These typically are reddish brown to brown, 
predominantly silty-clayey deposits containing lenses of sand and gravel. These deposits 
generally are poorly consolidated, as indicated by low SPT blow counts (less than 50 blows per 
foot). Much of these deposits are above the current water table. 

The other highly consistent unit is saprolite, the weathered residuum of crystalline bedrock, 
which appears to underlie the entire site, although it was not reached in many of the shallower 
borings. The saprolite typically consists of gray to red-green-brown silty clay that is notably 
dense, as indicated by high SPT blow counts (commonly greater than 100 blows per foot) and 
difficult drilling. Cores and large fragments commonly exhibit the original structure of the parent 
rock. The structured saprolite is generally less weathered than the non-structured saprolite, but 
cannot be classified as firm rock. 

Cretaceous non-marine sediments are encountered in some but not all the borings between the 
Quaternary/Tertiary deposits and saprolite. Typically these deposits consist of light colored 
(white, tan to gray) clayey silts and sands. The Cretaceous sediments generally are more 
consolidated than the Quaternary/Tertiary deposits and less consolidated than saprolite as 
indicated by intermediate SPT blow counts (about 40-100 blows per foot). However, seams of 
highly consolidated materials occur sporadically within the Cretaceous section, as suggested by 
isolated zones of high SPT blow counts (see E2CR, 2000, Figures 3 through 5).  
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SICTIOMFIVE InterpretaUon of Local Geology 

Underlying the entire area is crystalline bedrock distinguished by very hard drilling and no 
penetration during SPTs. Few of the borings reached the crystalline bedrock, and the lithology of 
the bedrock has not been characterized. 

The only geologic unit not described above is the dark brown organic silt encountered only in 
borings Er5 and Er6. It was described in E2CR (2000, boring logs) as medium brown to dark 
brown, moist organic silt with a trace of fine sand and charcoal fragments. Standard penetration 
resistance was notably low, ranging from 1 to 3 blows per foot in 4 intervals tested at boring B-6 
to 7 to 11 blows per foot in a single interval at boring E-5. Just what this unit represents is 
unresolved with available data. At boring E-6, the organic silt is overlain by Quaternary/Tertiary 
deposits and at E-5 by artificial fill. The organic silt may be Cretaceous in age, however, URS 
interprets the low SPT blow counts as indicating these deposits were not buried deeply and, 
therefore, not consolidated by the weight of overlying sediment. It is more likely the organic silt 
deposits are Quaternary/Tertiary in age. The organic layer was not treated differently or 
separately in the model. It was included as part of the Quaternary layer, and the model 
parameters were based on values obtained from single-well permeability tests (i.e., slug tests) 
performed at the site. 

Regional trends as described in the literature of a steeply southeastward dipping bedrock surface 
overlain by a thickening wedge of Cretaceous sediments are not readily seen on the geologic 
sections. Rather it appears that within the quarry site, the natural irregularity of the upper 
boundary of the saprolite and erratic occurrence of the Cretaceous sediments tend to obscure the 
regional trends. 

Based on the cross sections, the top of the saprolite appears to be an irregular erosional surface 
with no apparent dip. The crystalline basement rock surface dips to the south-southeast at 
approximately 100 ft/mi. (USACE-WES, 1997). 

UXCSl l:\GAITHERSBURG\89-00000229.00\REPORTS\CONCEPTUAL GEOLOGIC REPORT\CONCEPTUAL GEOLOGY REPORT.DOai3-SEP-02\\ 5-2 



SECTION SIX Conclusions 

The entire Stancill Quarry site is located southeast of the Fall Line within the Coastal Plain 
Physiographic Province. The base of the geologic model area (top of saprolite) slopes toward the 
south and east. The crystalline basement rock surface dips to the south-southeast at 
approximately 100 ft/mi. 

The principal conclusions of the geologic investigation are as follows: 

(1) Poorly consolidated Quaternary/Tertiary fluviatile deposits appear to have mantled the 
site prior to development, although most of these deposits have been removed by quarry 
operations. 

(2) Saprolite, the weathered residuum of crystalline bedrock, appears to underlie the entire 
site. This low permeability zone tends to separate the surficial deposits of the Atlantic 
Coastal Plain from the underlying crystalline bedrock, which is the principal domestic 
water supply in the vicinity of the quarry. 

(3) The Cretaceous deposits, between the Quaternary/Tertiary deposits and the saprolite were 
not encountered in all boreholes, suggesting that the Cretaceous sediments were deeply 
eroded in Tertiary/Quaternary time. 

^JJCflS I:\GAITHERSBURG\89-00000229.00\REPORTS\CONCEPTIIAL GEOLOGIC REPORT\CONCEPTUAL GEOLOGY REPORT.DOC\13-SEP-021\ 6" 1 



SECTION SEVEN Limitations of the Study 

There are certain limitations in preparing an interpretation such as this. Borings are not placed 
uniformly throughout the study area. Consequently, more detailed data are available in some 
areas, allowing a reasonable confidence in correlation. Other areas, with sparse data, rely more 
on professional judgment resulting in a lower confidence in the correlation and interpolation, if 
correlation is even possible. Most borings are not drilled to bedrock or saprolite. Therefore, more 
information is available about the upper aquifer and less about the underlying aquitard. 
Additionally, there is a wide range in the quality of the boring logs. Some logs are based on 
downhole sampling and have a great amount of detail. Others are based solely on drilling 
"returns" and simply classify the material as either gravel, sand, silt, or clay. Lastly, the 
paleodepositional environment of the study area makes it difficult to accurately correlate 
between the borings; there are no distinct "marker beds" to aid in the interpretation. In spite of 
these obstacles, a reasonably sound geologic model has been prepared based on the available 
information. 
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Table 1: List of Wells and Borings Used in Cross Sections for Stancill Quarry Geologic 
Conceptual Model 

A-A' B-B' c-c 
E-6 E-6 E-2 

E-5 PZ-5 PZ-2 

E-2 E-2 PZ-3 

PZ-1 PZ-1 Abandoned Pump Test Well 

PZ-7 

B-2 

PZ-8 

D-D' E-E' F-F G-G' 

PZ-1 E-2 E-5 E-5 

E-l E-3 PZ-5 PZ-5 

PZ-7 PZ-4 E-4 PZ-4 

PZ-9 PZ-6 PZ-6 PZ-7 

PZ-8 PZ-9 

PZ-8 
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FIGURE 2 
LOCATION OF WELLS AND CROSS SECTIONS 
USED IN THE GEOLOGIC INTERPRETATION OF 

THE STANCILL QUARRY SITE 
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Executive Summary 

The Stancill Quarry, which is located in northeastern Maryland not far from the Delaware and 
Pennsylvania borders, may be used as a site to place dredge tailings resulting from dredging 
navigation channels in the upper Chesapeake Bay. Placement of this additional geologic material 
into the quarry may affect the local hydrogeologic flow regime. The Stancill Quarry is projected 
to be filled to an elevation of+45 or +90 ft. with dredge tailings most likely consisting of finer 
grained material, such as fine sands, silts, and clays, and occasional coarser grained sands and 
gravel. The +90 ft. future condition will be modeled to assume a "worst case" scenario for 
modeling purposes. 

The Stancill Quarry is located about one-half mile from the nearest exposures of crystalline 
basement rocks along Principio Creek, near Principio Furnace, Maryland. As such, the 
hydrogeologic regime at the site shares aspects of both the Piedmont and Coastal Plain. The 
Cretaceous deposits encountered at the Stancill Quarry appear to correspond to the Potomac 
Group; the lithologic character of the deposits corresponds closely to the description of the 
middle Potomac confining unit, which is predominantly silt and clay. 

Discharge from the groundwater reservoirs in the quarry area is almost entirely a natural 
discharge. Artificial discharge through pumps is a very small part of the total discharge. Natural 
discharge takes place through seeps and springs, chiefly along the sides and bottoms of streams. 
Discharge also may take place through evapotranspiration if the plant roots reach the saturation 
zone, or if the water table is very near the land surface. 

Water-level data were collected from boreholes P-l through P-9 from November 2001 to April 
2002. With the exception of borehole P-5, which showed little change throughout the time 
period, most of the boreholes showed modest declines. This trend is consistent with severe 
drought conditions, which prevailed in northern Maryland at the time the measurements were 
taken. Throughout the current investigation, water-level contours at the Stancill Quarry have 
consistently shown groundwater flow inward toward the quarry from all directions toward the 
lowest elevation pond in the quarry floor. However, in October 2000, groundwater levels 
recorded in temporary wells installed in the quarry showed a groundwater gradient to the south 
spreading laterally as it moved southward. Well E-6 in the southwestern part of the quarry 
suggests the possibility of leakance out of the quarry at that point. Based on a slope failure into 
Principio Creek in the past, it is possible that ponded water may be seeping out of the sides of the 
pond in that portion of the quarry, or it may be seeping out of the bottom of the settling pond 
when the settling pond is dredged and the bottom is disturbed. Reportedly, no water is 
discharged from the quarry to the waters of the state, although an unmeasured amount is believed 
to leave the quarry with product, suggesting that most direct precipitation on the site is consumed 
by evaporation and quarry operations. 

Recharge to the quarry consists of direct precipitation on the quarry plus groundwater inflow. 
Discharge from the quarry consists of natural evapotranspiration, water consumed in processing 
product, water exported with product, and possibly leakage from the higher altitude silt settling 
pond. 

The Stancill Quarry materials from bottom upward consist of (1) crystalline igneous and 
metamorphic rocks, of great but unknown thickness; (2) residuum of the crystalline rock, 
weathered in place, termed saprolite; (3) non-marine sediments of early Cretaceous age of the 
Potomac Group; and (4) unconsolidated non-marine deposits overlying the Potomac Group 
believed to be of Tertiary/Quaternary age. Conductivity values of these units range from 10" to 
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Executive Summary 

10"6 cm/sec. The average value obtained from slug testing piezometers P-l through P-9 is 
3.6X10"3 cm/sec. 

Specific conductance measured in boreholes P-l through P-9 on November 6, 2001 indicate that 
the specific conductance of the quarry groundwaters were slightly lower than those of crystalline 
rock aquifers of Cecil County, but slightly higher than Potomac Group aquifers in the county. 
The range of pH tested in the field in samples taken November 6, 2001 from boreholes P-l 
through P-9 are comparable to those cited by Otton et al. (1988). Laboratory analysis of 32 
parameters (including common chemical constituents plus iron and manganese, trace metals, and 
several miscellaneous parameters) carried out on water samples collected November 6, 2001 
from boreholes P-l through P-9 generally were within the range of samples from crystalline rock 
aquifers. Notable exceptions were iron and manganese. The iron content of water from borehole 
P-1 was reported to be 120 mg/L, which is nearly 5 times higher than the highest iron value 
reported for Cecil County (24 mg/L); the highest manganese content in a sample from borehole 
P-5 was 4.2 mg/L, compared to about 2 mg/L reported for Cecil County. 
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SECTION ONE introducfion 

This report presents an analysis and interpretation of the hydrogeologic characteristics of the 
Stancill Quarry and surrounding area. The Stancill Quarry may be used as a site to place dredge 
tailings resulting from dredging navigation channels in the upper Chesapeake Bay. The work was 
performed under URS Corporation's (URS) Contract I.D. No. 02-07-06 with Maryland 
Environmental Services (MES). The Scope of Work included preparation of a Conceptual 
Hydrogeologic Report to serve as a basis for a numerical predictive model of the groundwater 
regime at the Stancill Quarry. This interpretation is based on a review of publicly available data, 
data collected on-site during this investigation, and discussions with MES, Stancill Quarry 
representatives, and KCE Engineering, Inc. (KCE). As part of URS' corporate Quality Assurance 
Program, an Independent Technical Reviewer has reviewed this report. 

1.1 PURPOSE 
This report describes URS' development of a conceptual model to simulate groundwater flow 
and the transport and fate of groundwater within and surrounding the Stancill Quarry. This 
conceptual model will be used to create computer models for groundwater flow and constituent 
transport. The methods to be used to develop these computer models will be described in 
subsequent reports on the results of the computer modeling. 

The purpose of conducting a hydrogeologic investigation, interpreting the hydrogeologic site 
characteristics, and preparing a hydrogeologic conceptual model of the Stancill Quarry site and 
surrounding areas is to construct a technical basis for the groundwater flow and transport models. 
The purpose of this report is to present an interpretation of the hydrogeologic conditions at the 
Stancill Quarry site to serve as a framework for a predictive numerical model of the groundwater 
flow regime of the site. The numerical groundwater flow model will be used to characterize the 
current flow regime, which will be used to predict future heads and flows and chemical quality 
of groundwater if dredge tailings are placed in the quarry. The hydrogeologic conceptual model, 
or groundwater flow model, will be incorporated into the future scenario for groundwater 
migration and used to estimate future downgradient concentrations of select constituents to 
determine the impacts of dredge tailings placement on the local groundvwiter regime. 

1.2 REPORT ORGANIZATION 

The report is divided into eight sections, plus tables and figures. Section 1 presents the 
contractual authority and basis for the study and report, introduces the reader to the concepts to 
be presented herein, and provides a summary discussion of previous reports to form the basis fcr 
the present interpretation. Section 2 provides an overview of the regional and local 
hydrogeology. Section 3 discusses the general principles of the occurrence of groundwater and 
includes a discussion of data used in the study and the processes of data analysis and 
interpretation. Section 4 describes water-level observations, time trends and implications with 
respect to groundwater flow, and presents a conceptual water budget for the Stancill Quarry as a 
foundation for the numerical groundwater flow model. Section 5 discusses the hydrologic 
properties of the different types of materials encountered at the Stancill Quarry. Section 6 
describes groundwater quality in the quarry and provides information on the interstitial water of 
dredge tailings and how this could affect local groundwater under operating conditions. Section 7 
discusses future conditions as the quarry is filled with dredge tailings. Section 8 lists the 
references and reports cited in this document. 
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SECTION ONE Introduction 

1.3 LOCATION 

The Stancill Quarry is located in northeastern Maryland, not far from the Delaware and 
Pennsylvania borders (Figure 1). The site is located approximately 2 xh miles east of Perryville in 
Cecil County. The site is accessed from Mountain Hill Rd. It is surrounded by Long Creek and 
Amtrak train tracks (former Pennsylvania Railroad tracks) to the north. Mountain Hill Road and 
a wooded area to the east, a wooded area to the south, and Principio Creek and Furnace Bay to 
the west. The Chesapeake Bay and Carpenter Point are both south of the site. The Stancill 
Quarry has been in operation since 1972 for the production of sand, gravel, and clay materials 
(MES, 2000). The Stancill Quarry property occupies 130 acres on Carpenter Point Neck, of 
which 100 acres have been excavated. The remaining area is used primarily for processing and 
storage of product. The site is on the Atlantic Coastal Plain directly east of Principio Creek, near 
its confluence with Furnace Bay, which is an arm of the Chesapeake Bay. It is estimated that 
filling the existing quarry to an elevation of 90 ft. would provide storage space for approximately 
13.6 million cubic yards (MCY) of tailings, which would provide 34 years of storage space at the 
anticipated annual rate of 400,000 cubic yards (CY) per year. 

Detailed descriptions of the Stancill Quarry, background history, and site characteristics can be 
found in E2CR (2000), MES (2000), and the Conceptual Geologic Interpretation Report (URS, 
2002). 

1.4 REVIEW OF AVAILABLE INFORMATION 

The Conceptual Geologic Interpretation Report (URS, 2002) presents a current geologic 
interpretation of the site. Previous hydrogeologic studies especially pertinent to this investigation 
include reports by Overbeck and Slaughter (1958), Willey et al. (1987), and Otton et al. (1988). 
In 1958, Overbeck and Slaughter produced the first comprehensive report on groundwater 
conditions in Cecil County. In 1988, Otton et al. updated and expanded the Cecil County portion 
of the Overbeck and Slaughter report, based on basic data provided by Willey et al. in 1987. 

Information was collected from all available site-specific sources considered pertinent to the 
development of the conceptual geologic and hydrogeologic models. The data sources are listed in 
Section 8. The available information sources vary from general well drillers' logs to detailed 
geologic studies. Consequently, the quality of the available data varies considerably. Table 1 lists 
the wells, piezometers, and borings drilled at Stancill Quarry for the current investigation as well 
as for previous investigations. 

Additional sources of information for this study include the USGS quadrile maps and water 
surface elevations measured in monitoring wells to develop an approximation of the surface 
elevation of the water-table aquifer. 

Some distinctions are made when classifying certain data types as actual measurements or 
observations versus interpretations. The selection of the top of saprolite from the available 
geologic logs is based upon accepted scientific procedures. The procedures involve some 
subjectivity, however. Some subjectivity is also inherent in the evaluation of pumping and slug 
test data to determine hydraulic conductivity, specific yield, and storativity. These data, however, 
are treated as actual measurements or observations. The estimation of hydrogeologic properties 
based upon geologic materials from boring log observations is considered interpretive. 
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SECTIONONE introduction 

The available measurements or observations cannot provide complete coverage of all the data 
types required for model input requirements for the entire range of the groundwater model 
domain. Data gaps must be filled to develop a reliable groundwater model. For example, 
hydrogeologic properties are only known for a few locations. Also, much of the hydrogeologic 
data are from slug tests, which can have errors in accuracy on the order of magnitude. Other data 
gaps include estimation of the elevations of the top of saprolite in areas with no boring logs, and 
estimation of the groundwater surface in all aquifer zones in areas distant from the monitoring 
well data. Data gaps are filled by interpretation of measurements. Information is available to 
estimate a range of values for these data gaps. These estimates also provide another check on the 
data generated from actual measurements. 

Data gaps in hydrogeologic properties can be estimated by assuming published hydrogeologic 
values of geologic materials for similar geologic materials identified in the site boring logs. 
Water-surface elevations can be estimated by drawing contour maps using known values. 

^J J|CM!        I:\GAITHERSBURG\89-00000229.00\REPORTS\CONCEPTUAL HYDROGEOLOGIC REPORTOHYDROGEOLOGIC REPORT.DOCU6-SEP-02\\ 1-3 



8ECTI0HTWO Hydrogeology 

A hydrogeologic interpretation of the Stancill Quarry and surrounding area was developed using 
the available data and information sources. These sources included the geologic interpretation 
(URS, 2002); piezometric surface data collected from monitoring wells over several months; and 
hydraulic conductivities estimated from lithologic log interpretations, slug test data, and site 
observations. 

2.1     REGIONAL HYDROGEOLOGY 

Cecil County has two distinct types of geologic and physiographic terrains: the Piedmont and the 
Coastal Plain. The boundary between these terrains is termed the Fall Line. In the Piedmont west 
of the Fall Line, hard crystalline igneous and metamorphic rock occurs at or near land surface. 
East of the Fall Line, the surface of the crystalline rock slopes southeastward beneath a 
progressively thicker cover of unconsolidated sedimentary strata consisting of silt, clay, sand, 
and gravel. 

Drainage is well developed in both the Piedmont and Coastal Plain, except for a few marshes 
along the margins of the Chesapeake Bay. Stream gradients along some Piedmont streams are 
100-to 150 ft./mile, but they are much flatter on the Coastal Plain. 

Precipitation is the source of freshwater in the region. Some water from precipitation runs across 
the ground into streams, some of it soaks into the ground, and some evaporates. Most of the 
water that soaks into the ground is held in the soil and used by plants. Excess water in the soil 
moves downward to the water table and recharges the groundwater reservoir. 

Almost all groundwater movement in the Piedmont is between interstream drainage divides and 
adjacent streams. In the Coastal Plain, deeper interbasin flow is also significant. The streams, 
with rare exceptions, act as drains for the groundwater reservoir. Groundwater discharge to 
streams is the source of the base flow that sustains stream flow between precipitation events. 
Higher stream flows are produced by overland runoff during and following storms. 

A large percentage of the water derived from precipitation is returned to the atmosphere through 
evaporation and transpiration (collectively termed evapotranspiration). Most evapotranspiration 
is from soil moisture, but it also may come directly from groundwater (groundwater 
evapotranspiration) when the water table is near the land surface. 

Groundwater conditions differ considerably between the Piedmont and the Coastal Plain. In the 
Piedmont, water occurs in openings in the crystalline rock that are caused by fracturing and 
weathering of the rock. Although water within an individual fracture may be confined by the 
adjacent rock, the system functions on a somewhat larger scale as a water-table (unconfined) 
system. In the Coastal Plain, water occurs between grains in the sediments. Except in out-crop 
areas, these sedimentary units generally iunction as confined aquifers. 

Since the Stancill Quarry is located only about xh mile from the nearest exposures of crystalline 
basement rocks along Principio Creek, which is near Principio Furnace, Maryland, the 
hydrogeologic regime at the site shares aspects of both the Piedmont and Coastal Plain. Although 
deposits of Cretaceous and Quaternary/Tertiary age are observed in the quarry, their combined 
thickness is generally less than 65 ft., and they overlie a laterally continuous zone of saprolite, 
the weathered residuum of the crystalline basement rocks of the Piedmont. 
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SECTIONTWO  Hydrogeology 

2.2 PIEDMONT HYDROGEOLOGY 

The availability of groundwater in the crystalline rock of the Piedmont depends on the nature and 
distribution of secondary openings resulting from fracturing and weathering. Crystalline rock is 
highly indurated and contains free water only in openings where the rock has been fractured or 
decomposed by weathering. Permeability of fractured rock depends on the number of fractures, 
the size of the fracture openings, and the interconnection of the fractures. 

Various stresses have produced complex systems of fractures oriented at numerous angles, 
including horizontal and vertical. A group of closely spaced vertical fractures may sometimes 
result in a linear feature that can be mapped. In places where these fractures result in a weakened 
or otherwise altered zone in the rock, they may show up in the field or on aerial photographs as a 
straight stream segment or a linear variation in topography, vegetation, or soil. 

Weathering increases the size of fracture openings, but it is most significant because of the 
saprolite zone it produces. The mechanical and chemical breakdown of rock by air, water, 
temperature, and biological activity has created a mantle of unconsolidated, weathered rock 
(saprolite) at the land surface in the geologic past. The process works progressively downward 
from the surface. This unconsolidated zone grades from a soil at the land surface, to decomposed 
rock, to crumbly gravel-like material where pieces of rock remain in place in a clayey matrix. 
Below the unconsolidated zone, the rock is generally solid, but some minerals are weathered 
along the fractures. 

The major hydrogeologic significance of the weathered mantle is that it acts as a storage 
reservoir, providing water infiltrating from the ground surface to the fracture systems in the 
underlying sound rock that supplies water to wells. Recharge moves into this unconsolidated 
zone and discharge moves out to streams and to evapotranspiration. A large volume of water 
remains in storage in this unconsolidated zone. 

2.3 COSTAL PLAIN HYDROGEOLOGY 

The Coastal Plain sediments consist of unconsolidated, stratified layers of clay, silt, sand, and 
gravel that rest on a sloping basement of crystalline rock. The basement surface slopes 
southward at a rate of about 100 ft./mi. The maximum thickness of the Coastal Plain sediments 
in Cecil County occurs in the extreme southeastern comer of the county and is estimated to be at 
1,600 ft. 

The major aquifers in Cecil County are the upper and lower Potomac aquifers of early 
Cretaceous age. The total sequence of sediments comprising the Cretaceous Potomac Group in 
Cecil County are divided into three hydrogeologic units: (1) the upper Potomac aquifer, (2) the 
middle Potomac confining unit, and (3) the lower Potomac aquifer (Otton et al., 1988). The 
lower Potomac aquifer is about 500 ft. thick at Cecilton. The unit thins updip (northward), and at 
Elkton it is only about 180 ft. thick. The lower aquifer is present throughout most of the southern 
two-thirds of the county. A series of mostly clayey and silty beds comprise the middle Potomac 
confining unit above the lower unit. Some water-bearing sand occurs within the confining unit, 
but finer-grained materials predominant. This unit is about 325 ft. thick at Cecilton. At 
Chesapeake City, the confining unit is only about 230 ft. thick. Lying above the confining unit is 
the upper Potomac aquifer, which is about 235 ft. thick at Cecilton. Erosion has removed the 
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SECTIONTWQ Hydrogeology 

upper Potomac aquifer from much of the area and it remains only in the southern one-third of the 
county. 

The hydrologic subdivisions of the Potomac Group used by Otton et al. (1988) are not intended 
to infer stratigraphic correlation or uniform lithology. All of the units have a high degree of 
variability, both vertically and horizontally. Somewhat arbitrary boundaries are drawn between 
units based on predominance, or not, of water-bearing lithologies—sand and gravel. 

Sand layers in the Potomac Group are white to orange-brown, cross-bedded, moderately well 
sorted, and mostly quartzose. Gravel is almost entirely quartz or quartzite clasts, usually less than 
3 inches in diameter. Some large cobbles are found in the lower part of the unit. Localized iron- 
cemented layers occur throughout the section, varying from fractions of an inch to a few feet in 
thickness. Clay may be silty and runny, or tough, compact, and almost dry in places. The colors 
of fine materials range from white and yellow to deeper shades of red, purple, and dark gray. 
Localized occurrences of lignite and pyrite are common. 

The Cretaceous deposits encountered at the Stancill Quarry appear to correspond to the Potomac 
Group, and their lithologic character corresponds closely to the description of the middle 
Potomac confining unit, which is predominantly silt and clay (Otton et al., 1988). 

On the eastern shore of Chesapeake Bay, the Potomac Group is overlain by a considerable 
thickness of mostly marine sediments, including the Magothy Formation, Matawan Group, and 
Monmouth Group of late Cretaceous age; and Homerstown and Aquia Formations of Paleocene 
age (Otton et al., 1988). However, none of these units is known to extend as far west as the 
Stancill Quarry, although their updip non-marine age equivalents may be present locally in the 
Coastal Plain of the western shore. 

2.4     TERTIARY/QUATERNARY DEPOSITS 

The deposits of post-Cretaceous age in the Coastal Plain west of Chesapeake Bay are poorly 
known and defined (URS, 2002). As most water wells in the area tap Cretaceous sands or are 
completed in the crystalline basement rocks (Otton et al., 1988), little specific data are available 
on the hydrogeology of the Tertiary/Quaternary deposits. As observed in boreholes at the Stancill 
Quarry, these materials consist mainly of light brown, unconsolidated silty sands and silts. 
Gravel was reported in several boreholes, generally in the uppermost 10 ft. of the hole. In these 
holes, gravel and sand generally graded into silts and silty sands near the base of the unit. 
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SECTIOHTHREE     Groundwater Occurrence 

The general principles underlying the origin, storage, and movement of groundwater are 
described in detail in standard textbooks. They are discussed very briefly here and only insofar as 
they explain technical terms used in the report. 

Groundwater is derived almost entirely from precipitation. It is the portion of the precipitation 
(rain or melting snow) that moves from the land surface into the soil by infiltration and then into 
underground storage and circulation. Groundwater is defined as water in the zone of saturation. 
Of the water that falls on the land surface only about one-third gets into the groundwater 
reservoirs. The greatest losses occur through evaporation and transpiration by vegetation, both of 
which return water to the atmosphere. 

The direct surface runoff is the portion of the precipitation that has not gone underground but 
runs over the surface as streams. Total runoff includes groundwater that discharges into streams, 
maintaining their base flow. Total surface runoff in basins studied in Maryland ranges from 29% 
to 43% of the precipitation (Overbeck and Slaughter, 1958). 

The infiltration capacity of the soil depends on many factors, the most important of which are the 
texture and composition of the soil. Most of the land in the upper Chesapeake Bay area is 
cultivated and forested areas are small (16%). The soil is generally loamy or sandy. Infiltration 
capacity varies, however, in conformity with the soil type, as illustrated by the fact that in some 
areas farm ponds retain water and in others they do not. 

The rate and amount of infiltration also depends on climatic conditions. When precipitation 
occurs, the first requirement it must fiilfill is to make up moisture deficiency in the soil. After 
this has been satisfied, the water is free to move downward or over the surface. If the rainfall is 
heavy, runoff occurs as a sheet movement over the surface to the streams. This water does not 
reach the groundwater reservoir unless the streambed is above the water table and loses water to 
it. A slow long-continued rain or melting snow will contribute most to the groundwater supply. 
In the growing season or in the winter, when the ground is frozen hard, little water gets into the 
groundwater system. 

The process whereby the water of infiltration becomes groundwater is called recharge. When the 
groundwater reservoir is full and more water is added, excess water will move out of the 
reservoir as springs or seeps. This excess water is called groundwater discharge or runoff. It 
keeps the streams flowing after direct runoff has ceased. 

Groundwater is stored in, and moves through, open spaces in the rocks. The property of a rock 
whereby it contains openings is called its porosity. Porosity, which is expressed in percentages, 
is the ratio of the total volume of the rock occupied by openings to the total volume of the rock. 
A rock having a porosity of 25% is three-quarters solid rock and one-quarter openings. Open 
spaces in rocks differ greatly in size, shape, and arrangement, depending on the physical 
character of the rock in which they occur. Fresh crystalline rocks are only slightly porous, and 
openings in them are along fractures, joints, and parting planes, and planes of cleavage or 
schistosity. In the weathered crystalline rock and in the Coastal Plain deposits, the openings are 
the interstices or pores between gravel, sand, clay, and silt grains. The shape, assortment, and 
compaction of the grains determine the porosity of the rock. 

The size of openings in an unconsolidated rock is one of the chief properties of the rock that 
controls the movement of water through the rock or storage in it. Large openings, such as those 
in a well-sorted coarse gravel bed, permit the free passage of water. In small openings, the 
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effects of molecular forces that impede the flow of water under gravity become marked. In rocks 
having very small openings, such as silt or clay beds, most of the water under naturally stable 
conditions is held fast and the bed is said to be impervious. Such beds are called aquicludes. The 
natural conditions may be changed, however, so that the pressure on the aquiclude is increased or 
decreased. The withdrawal of water from an aquifer in a confined system, for example, causes an 
increase of rock pressure and water is squeezed from the aquicludes into areas of lower pressure. 

The water in a rock that is not held in storage by molecular attraction is called the specific yield 
of the rock. This water is free to drain out of the rock under natural conditions. 

As water sinks downward from the surface through openings in the rocks, it reaches a certain 
level, called the water table, below which is a zone in which the openings are filled with water 
under hydrostatic pressure, which is called the zone of saturation. Above the water table, the 
openings are only partly filled with water that is downward moving or is held by molecular 
attraction. The direction of motion of water in the saturated zone generally has a predominately 
horizontal component in the direction of decreasing groundwater elevations, which is called 
hydraulic gradient. The water table is a gently undulating surface that commonly conforms 
roughly to the major undulations of the land surface. The water table is a free surface that 
fluctuates slowly as water is added to or taken away from the groundwater reservoir. The 
position of the water surface in a water table in an artesian well (a well that flows without being 
pumped) coincides with the piezometric surface (the elevation to which groundwater would rise 
if it was confined to a tube) at the well—that is, the position the surface of the water takes when 
the aquifer is under artesian pressure. The water level in an artesian well rises above the water- 
bearing stratum, but an artesian well is not necessarily a flowing well. A flowing well results 
only when the artesian head is sufficient to raise the level above the collar of the well at the land 
surface. In some artesian wells drilled near tidewater, tidal forces may cause an artesian well to 
flow part of the time. 

Several terms that are used to describe the hydrologic properties of a water-bearing bed or 
aquifer require definition. The capacity or ability of a rock or formation to transmit water under 
pressure is called its permeability. The field coefficient of permeability is the number of gallons 
per day at the prevailing temperature that would flow through a cross-section 1-ft. square under a 
unit hydraulic gradient, that is, a difference of 1 ft. in head and 1 ft. of travel. A term more 
frequently used is coefficient of transmissibility (T), which is the field coefficient of permeability 
multiplied by the thickness in feet of the saturated part of the aquifer. 

The definition of the coefficient of storage as used by the U.S. Geological Survey is: 

"...the coefficient of storage of an aquifer is the volume of water it releases from 
or takes into storage per unit surface area of the aquifer per unit change in the 
component of head normal to that surface. 

The coefficient is a ratio expressed as a decimal fraction. It is very small for an artesian aquifer, 
generally between 0.001 and 0.00001. The coefficient of storage in a water-table aquifer is for 
practical purposes equal to the specific yield of the aquifer, and it is usually between 1% and 
20% or 30%. 

The "safe yield" of an aquifer is the yield "at which water can be withdrawn from an aquifer for 
human use without depleting the supply to such an extent that withdrawal at this rate is no longer 
economically feasible" (Freeze and Cherry, 1979). Over pumping may cause sich great lowering 
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of the water level that neighboring wells may be deprived of water or forced to install other types 
of pumps. It may lower the hydrostatic pressure of the wells so far as to permit the encroachment 
of salt or brackish water from bodies of surface water. Or, it may affect the head relationship 
between two aquifers so that the water from an aquifer containing poor water (water with 
unacceptable geochemical characteristics) may enter and contaminate the water of an aquifer 
containing good water. 

Groundwater is commonly in very slow motion in the rock or aquifer in which it occurs. A 
popular misconception is that water moves underground in rivers, analogous to those on the land 
surface. Under natural conditions, the velocity of water underground rarely exceeds more than a 
few feet per day. In some of the aquifers in the area, water has traveled hundreds of years to 
reach its present location. The velocity of the water depends on the permeability of the rock in 
which it occurs and on the hydraulic gradient or head under which it moves; in areas where these 
are low, the water barely moves at all. 

In the quarry area, discharge from the groundwater reservoirs is almost entirely a natural 
discharge. Artificial discharge through pumps is a very small part of the total discharge. Natural 
discharge takes place through seeps and springs, chiefly along the sides and bottoms of streams. 
Discharge may also take place through evapotranspiration if the plant roots reach the saturation 
zone or if the water table is very near the land surface. Due to leakage through breaks or slight 
permeability in the confining beds, water in confined aquifers may move from one aquifer into 
another or even to the land surface. Some water moves down the dip beneath the coast, 
eventually to discharge into the ocean. 
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Water-level Fluctuations, Groundwater 
SECTION FO U R Contours, and Water Budget 

4.1     WATER-LEVEL FLUCTUATIONS AND GROUNDWATER CONTOURS 

Water-level data collected from boreholes P-l through P-9 are presented in Table 2 and shown 
graphically on Figure 2. Table 2 summarizes groundwater level measurements taken for the 
previous (E2CR, 2000) and current studies. Figure 2 graphically represents the monthly 
groundwater level elevations obtained for the current study in boreholes P-1 through P-9. With 
the exception of borehole P-5, which showed little change throughout the November 2001 to 
April 2002 time period, most of the boreholes showed modest declines from November 2001 to 
March 2002 and a slight increase in April 2002. This trend is consistent with severe drought 
conditions that prevailed in northern Maryland throughout the period of measurement. 

Groundwater flow maps were generated from those readings. The flow was similar in all 
measurements taken for the current study, but they differed slightly from measurements taken for 
the previous study (E2CR, 2000). The groundwater flow patterns in the surficial aquifer vary 
depending on the location within the model area. Groundwater flow patterns are affected by 
factors such as the distance from natural recharge and discharge points, the location and size of 
natural recharge zones, changes in lithology, seasonal fluctuations in precipitation, and extraction 
of groundwater by production wells. As the surficial aquifer, outside of Stancill Quarry, is 
believed to discharge to surface water bodies, the elevation of the groundwater at the tidal 
contacts was assumed to be mean water level measured at a tidal gage station near Havre de 
Grace, Maryland. 

Figure 10 is a graph of the monitoring of water levels in piezometer P-6 over the period 
November 2001 through April 2002. The effect of the drought can be seen more readily on 
Figure 10, which has an expanded vertical scale and also shows rainfall events at Raintree 
Airport in Elkton, Maryland, about 8 miles east of Stancill Quarry. Although riot all rainfall 
events were reflected in the water level at borehole P-6, several were marked by a significant rise 
in water level followed by a pronounced decline. These effects are ascribed to runoff within the 
quarry to the pond near P-6, followed by pumping from the pond to other reservoirs on the 
property. 

The pronounced decline in water level in P-6 from January 30, 2002 to March 7, 2002 is 
attributed to a decline in groundwater storage during the drought. The overall trend suggests that 
a rough balance between recharge and discharge to the quarry was maintained up through 
January 30, 2002, but that net discharge exceeded recharge from January 30 2002 to March 7, 
2002. 

Under natural conditions, groundwater flow in the coastal plain deposits in the area of Stancill 
Quarry would have been generally southwesterly across the Stancill site to areas of discharge 
along Furnace Bay. However, the excavation of the Stancill Quarry has modified the 
groundwater and surface flow regime. The quarry now traps precipitation formerly collected by 
streams discharging to Furnace Bay, and the quarry also largely intercepts groundwater. 
Moreover, as water plays a major role in processing of the mined product, its management plays 
a major role in the hydrology of the site. The site includes a series of ponds and impoundments at 
varying elevations used to contain and treat water used in processing and washing operations. 
Previous reports (E2CR, 2000) document that there is no surface water discharging from the 
quarry, and it is difficult to ascertain with available data whether there is net groundwater 
discharge from or recharge to the site.   
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SEGTIONFOUR Contours, and Water Budget 

An essential element in hydrogeologic evaluation is a water-level contour map, under both 
confined and unconfmed conditions. Such maps are prepared by plotting the elevation of the 
static water surface in wells and drawing lines of equal elevation or contours of the water 
surface. These contours delineate the shape of the water table, or confined water surface, as the 
case may be, in the area under study. As groundwater flows down and normal to the hydraulic 
gradient, water-level contours portray the direction of groundwater movement, and give a 
measure of the slope of the hydraulic gradient, which is necessary for calculating the quantity of 
groundwater flow. 

Throughout the current investigation (October 2001 to April 2002), the water-level contours 
(Figures 3-8) at the Stancill Quarry haw consistently shown groundwater flow inward toward 
the quarry from all directions toward the lowest elevation pond (about mean sea level) in the 
quarry floor. However, in October 2000, groundwater levels recorded in temporary wells 
installed in the quarry showed a slightly different flow pattern. A map of the piezometric surface 
using the October 2000 groundwater measurements shows a groundwater gradient to the south 
and spreading laterally as it moves southward. Similar to the current data, this drawing is based 
on limited data points and the contours may exhibit a similar internal accumulation of water that 
is observed in Figures 3-8 if more data points were available. It should be noted that well E-6 in 
the southwestern portion of the quarry suggests the possibility of leakance out of the quarry at 
that point. Based on a slope failure into Principio Creek in the past, it is possible that ponded 
water may be seeping out of the sides of the pond in that portion of the quarry, or it may be 
seeping out of the bottom of the settling pond when the settling pond is dredged and the bottom 
is disturbed. If a monitoring well were installed in the vicinity of abandoned well E-6 as part of 
the current study, it is possible that the groundwater contours would be altered. It is reported 
elsewhere (E2CR, 2000) that no water is discharged from the quarry to the waters of the state, 
although an unmeasured amount is believed to leave the quarry with product, suggesting that 
most direct precipitation on the site is consumed by evaporation and quarry operations. 

4.2     WATER BUDGET 
The water budget for the Stancill Quarry can be summarized in the expression: 

Recharge ? Discharge = Change in Storage. 

Recharge to the quarry consists of direct precipitation on the quarry plus groundwater inflow, as 
the nearby terrain offers little opportunity for surface runon or runoff. 

Discharge from the quarry consists of natural evapotranspiration, water consumed in processing 
product (mainly by evaporation processes), water exported with product, and possibly leakage 
from the higher altitude silt settling pond. It is reported that no point discharge, as by pumping, is 
practiced (E2CR, 2000) 

Change in storage can be either as surface storage in siltation ponds, holding reservoirs, and 
sumps, or as change in groundwater storage, reflected by rises and declines in groundwater 
levels. 
It appears that under current operating conditions, the quarry maintains an approximate balance 
between recharge and discharge elements, so that neither import or export of water other than 
those specified above are required to maintain a dry-pit operation. 
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The recharge components lend themselves to quantification. Precipitation can be estimated from 
nearby weather stations and groundwater inflow can be calculated with knowledge of the 
hydraulic gradient and transmissivity of materials in the saturated zone. 

The discharge components are less readily quantified. Evaporation and transportation can be 
estimated from nearby weather station records, but the precision of such estimates is dubious. 
Water consumed in processing and exported with product is essentially unknown. Finally, there 
is a possibility of leakage offsite from the large desilting pond on the southwestern part of the 
quarry. Although the likelihood of large-scale leakage from a siltation pond seems remote, 
water-level data to exclude this possibility are not available, nor are records of water transferred 
into or out of the siltation pond. Thus, other than estimates of evapotranspiration all other 
discharge elements must be arrived at by difference calculations. 

Changes in storage in principle are straightforward calculations. Change in surface water storage 
is simply a matter of accounting for volume changes in the several ponds in the quarry. However, 
records of such changes are not available. While changes in pond level occur frequently over 
short time periods due to operational needs, such changes probably are minimal over longer 
periods of years. 

Changes in groundwater storage require knowledge of groundwater level fluctuations beneath 
and beyond the quarry over time. Except for water-level fluctuation measured during the present 
investigation, no such data exist. Moreover, specific yield data on materials in the zone of water- 
level fluctuations are not available, although specific yield can be estimated from lithologic 
character. It is obvious that over the long-term considerable groundwater-storage depletion has 
occurred due to excavation of the quarry and the need to maintain a dry pit. A reasonable 
estimate of water-level decline from natural conditions could be constructed from drillers' 
records and old topographic maps. Combined with estimated specific yield based on lithologic 
character of materials excavated in quarrying, this would produce an approximation of change in 
groundwater storage since quarrying began. 

Groundwater modeling studies conducted at Aberdeen Proving Ground 10 miles southwest of 
Stancill Quarry and within the same geologic and hydrogeologic units (Whitten et al, 1992; 
McDonald Morrissey Associates, Inc., 1994) included the following hydrogeologic information 
for use in the MODFLOW model: 

• Average precipitation is 45 inches per year (in/yr) from 1969 to 1990; 48 to 49 in/yr 
respectively for 1989 and 1990 (Whitten et al., 1992) 

• Total evapotranspiration rates are 25 to 28 in/yr (Drummond, 1993; Rasmussen and 
Andreason, 1959) 

• Average annual recharge to the aquifer is 12 to 13 in/yr (Advanced Sciences, Inc. and 
McDonald Morrissey Associates, Inc., 1994) based on: 

- 45 inches of precipitation (Whitten et al., 1992) 

- 52% infiltration (Rasmussen and Andreason, 1959) 

- 23% of total precipitation evaporates from groundwater (Rasmussen and Andreason, 
1959) 
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Pan evaporation averages 40.91 in/yr (Whitten et al, 1997). The adjustment factor or pan 
coefficient for lakes in the U.S. varies from 0.64 to 0.81 (Bedient and Huber, 1995). Since the 
ponds on the Stancill Quarry property are shallow water and the water is potentially warmed 
while it is used for processing, the ponds can heat up and evaporate water quicker than the 
average lake. Therefore, the higher value of 0.81 is used to convert to evaporation from the 
ponds, resulting in 33.14 inches of water per year being evaporated from the ponds. Average lake 
evaporation for this part of the U.S. is 35 in/yr mean annual lake evaporation, based on data 
collected from 1946 to 1955 (Bedient and Huber, 1995). 
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SECTION FIVE Hydrologic Properties of Materials at Stancill Quarry 

As described elsewhere (URS, 2002), the materials at the Stancill Quarry from bottom upward 
consist of (1) crystalline igneous and metamorphic rocks, of great but unknown thickness; (2) 
residuum of the crystalline rock, weathered in place, termed sapprolite; (3) non-marine sediments 
of early Cretaceous age of the Potomac Group; and (4) unconsolidated non-marine deposits 
overlying the Potomac Group believed to be of Tertiary/Quaternary age. The following sections 
summarize the information available on the hydrologic properties of these materials. Table 3 is a 
summary of this information. 

5.1 CRYSTALLINE IGNEOUS AND METAMORPHIC ROCKS 

Crystalline igneous and metamorphic rocks underlie the entire Piedmont region of Maryland and 
adjoining states, and are the principle source of groundwater to rural households and small 
communities throughout the region. Even where overlain by saprolite or unconsolidated younger 
deposits, wells are generally cased-off opposite the younger material to prevent surficial 
contamination. 

The permeability of unfractured, fresh, crystalline rock is generally near zero. Water moves 
through crystalline rock only where the rock is weathered or fractured, and the yield of a well 
depends primarily on the amount of fracture openings penetrated by the well. Rock type 
influences the yield of wells by affecting the way the rock weathers and fractures. The yield data 
of Otton et al. (1988), however, only show minor differences between the crystalline units in 
Cecil County. The median yield of all units is 10 gal/min, except for the upper and lower 
members of the James Run Formation, the unit underlying the Stancill Quarry, which have a 
median yield of only 6 gpm (Table 3). The median specific capacity (gpm/ft. of drawdown) of all 
wells tapping the James Run Formation was between 0.1 and 0.2 (Otton et al., 1988) as 
compared to a median of 0.3 for all wells in crystalline rocks in the Piedmont of Cecil County. A 
210-ft. deep well drilled at the Stancill Quarry into the crystalline bedrock reportedly yielded 11 
gpm with 60 ft. drawdown, indicating a specific capacity of 0.2 gpm/ft. Other wells in the 
general vicinity of the quarry ranged in yield from 0.1 to 30 gpm, and in specific capacity from 
less than 0.1 to 4.6 gpm/ft. (Willey et al., 1987). The average was 0.9 gpm/ft.(Table 3) for the 12 
wells for which specific capacity was reported. 

5.2 SAPROLITE 
The residuum of the crystalline rock, weathered in place, appears to form a continuous blanket 
covering the basement rocks at the Stancill Quarry (URS, 2002). Evidently, the saprolite at the 
quarry was covered in early Cretaceous time (about 100 million years ago) by an unknown 
thickness of stream deposits of the Potomac Group, and of Quaternary/Tertiary age, which 
subsequently have protected the saprolite from erosion. The considerable thickness of overlying 
deposits (not known due to erosion) would have caused compaction and an increase in density of 
the saprolite. 

No information is available regarding the permeability of the saprolite in the vicinity of the 
Stancill Quarry; however, data from similar deposits elsewhere in Maryland suggest that 
permeability should be in the range of 1 ? 10"4 to 1 ? 10"6 cm/sec (Table 3). 
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5.3 POTOMAC GROUP 

The Potomac Group is laterally discontinuous at the Stancill Quarry (URS, 2002), where it has 
been eroded in past Cretaceous time. Yields of wells in the Potomac Group in the vicinity of 
Stancill Quarry ranged from 1 to 100 gpm and specific capacity from 0.2 to 3.7 gpm/ft. The 
average specific capacity for 14 wells for which data were available in the vicinity of Stancill 
Quarry was 1.2 gpm/ft. (Willey et al, 1987) (Table 3). 

Specific data on permeability of the Potomac Group deposits at the quarry is available for two 
samples reported by E2CR. A sample from 18 to 18.75 ft. at borehole Erl (Figure 2 and Table 
3), tested in the laboratory, showed permeability of 5.6 ? 10"6 cm/sec. in material described as 
white, moist clayey silt and fine to medium sand (ML). Another sample from 13.5 to 15.5 ft. at 
borehole E-2 (Figure 2 and Table 3) showed a laboratory permeability of 1.1 ? 10"6 cm/sec. in 
material described as white to tan and orange clayey fine to warm sand (SC). 

5.4 TERTIARY/QUATERNARY DEPOSITS 

The Tertiary/Quaternary stream deposits were 50 to 70 ft. thick and partly saturated under 
original conditions at the Stancill Quarry. Although these have been largely mined out in the 
active pit, 30 to 40 ft. remain locally (URS, 2002). The water table, which may have been 20 ft. 
below land surface, originally was lowered as quarrying progressed and it is now about at sea 
level in the deepest part of the quarry. The deposits exposed in the quarry walls are now 
unsaturated. 

Little information is available regarding the hydrologic properties of the Tertiary/Quaternary 
deposits. Otton et al. (1988) grouped together all the non-marine deposits of Tertiary/Quaternary 
age in the Columbia aquifer, but it was considered to be a minor source of water in Cecil County. 
Since few modem wells tap these deposits, little data on their water-bearing properties were 
available. 

Borings at the Stancill property suggest that the Tertiary/Quaternary deposits are predominantly 
silty materials containing sporadic, laterally discontinuous, sand, and gravel stringers. Standard 
Penetration Test blow counts suggest that these deposits are less dense and therefore more 
permeable than the older Cretaceous age deposits and underlying saprolite. URS conducted slug 
tests on eight of the piezometers, the results of which are discussed in Section 6. 

Little water is transmitted to the quarry from Long Creek and other nearby drainage courses, 
despite an inward hydraulic gradient, suggesting that the average permeability of the 
Tertiary/Quaternary deposits in the zone of saturation is low and not significantly greater than 
that of the Potomac Group and saprolite. 

5.5 IN-SITU HYDRAULIC CONDUCTIVITY TESTS (SLUG TESTS) 

In-situ hydraulic conductivity tests (slug tests) were performed at eight piezometers installed by 
KCE. Slug testing was completed on December 5, 2001 on piezometers P-^l to P-6, P-8, and P-9. 
The objective of the slug testing was to evaluate hydraulic conductivities of subsurface 
hydrogeologic units to aid in developing the groundwater model. 

Both falling-head and rising-head slug tests were performed. The falling-head tests were 
performed by the instantaneous insertion of a known volume (slug) into a piezometer in which 
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the water level was at equilibrium, thereby raising the water level within the piezometer. The 
subsequent fall in water level (falling-head) was measured over time as it returned to the 
equilibrium le\el. The rising-head tests were performed by the instantaneous removal of the slug 
from a piezometer when the water level was at equilibrium, thereby lowering the water level 
within the well. The subsequent rise in water level (rising-head) was measured over time as it 
returned to the equilibrium level. 

The static water level was measured and a pressure transducer was placed in the piezometer 
before a falling-head test was begun. The pressure transducer was connected to a Hermitt Model 
2000 automatic data bgger. A pre-run checkout test was performed on all eight piezometers 
tested. The checkout test consisted of setting the data logger to the appropriate parameters, 
initiating recording of measurements on the data logger, and raising and lowering the transducer 
probe in the piezometer to simulate water level changes. Upon confirmation that the equipment 
was functioning properly, testing activities were suspended for a minimum of 10 minutes to 
allow the water level to return to equilibrium. 

To start the falling-head test, the data logger was activated and the slug, which consisted of a 
steel cylinder with capped ends, was simultaneously inserted and submerged in the water column 
of the piezometer. The data logger incrementally recorded the falling water level as it returned 
toward the equilibrium level. Once the water level returned to within 90% of its equilibrium 
level, the data logger was stopped and the falling-head test was completed. 

The rising head test was initiated upon withdrawal of the slug and simultaneously restarting the 
data logger to record the rising head. The rising-head test was completed when the water level 
returned to within 90% of its equilibrium level and the data logger was stopped. The automated 
data logger recorded water-level readings at preset intervals on a logarithmic scale during the 
tests. 

Slug test data for both the falling- and rising-head tests were analyzed to calculate hydraulic 
conductivities (K) using the Bouwer and Rice analytical method (Bouwer and Rice; 1976, 1989). 
The Bouwer and Rice Solution is a variation of the general Theis equation that accounts for 
partially penetrating wells and wells that straddle the water table. The hydraulic conductivity (K) 
is calculated using the formula: 

K =   (rl) ^(so /st) XMre /rJ    where: 
2Lt 

^ = radius of well casing [L] 
So = initial drawdown in well [L] 
st = drawdown in well at time t [L] 
ln(re/rw) = empirical "shape factor" determined from tables provided in Bouwer 
and Rice (1976) 
re = equivalent radius over which head loss occurs [L] 
rw = radius of well (including filter pack) [L] 
L = Height of the portion of the well through which water enters 
t = Time since start of slug test 

Data interpretation was aided by the computer software package AQTESOLV?  (HydroSOLVE, 
Inc., 2000). Plots of the slug-test results are provided in Appendix A, and the results of the 
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analyses are summarized in Table 4. Hydraulic conductivity values interpreted from the slug- 
tests range from 8.85 x 10"3 to 9.50 x 10"6 centimeters/second (cm/s), and average 3.57 x 10 
cm/s. These values are consistent with silty sands encountered in the screened interval of all of 
the piezometers tested. 

All results were within the same order of magnitude, except P-8, where the results were three 
orders of magnitude lower than the other results. It should be noted that water was also slow to 
enter this well during the initial drilling. The falling-head test (insertion test) generally did not 
correlate with the rising-head test (withdrawal test) results because the height of the water in all 
but one piezometer (P-3) was less than the screen length; therefore, the entire sand pack was not 
saturated prior to the insertion of the slug for the falling head test. The portion of the sand pack 
affected by subsequently removing the slug for the rising-head test was saturated prior to the 
start of the test. As such, the results of the falling-head test were not taken into account for all but 
one piezometer and the hydraulic conductivities obtained by the analysis of the rising-head tests 
were assumed to be the actual results of the slug tests. In fact, the results of the rising-head tests 
at all of the wells were taken as the hydraulic conductivities. 
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SECTION SIX  Chemical Quality 

This section describes base-line water quality by crystalline rock sources, Potomac Group, and 
Quaternary/Tertiary deposits. Data on interstitial water of dredge tailings, based on information 
obtained from MES, are also presented. 

6.1     CHEMICAL QUALITY OF GROUNDWATER 

In order to evaluate the effect of potential contamination of groundwater by disposal of dredge 
tailings, the pre-project groundwater quality level must be established. Data on chemical quality 
of groundwater at the Stancill Quarry were available from three sources: (1) field analyses made 
during groundwater sampling of borings P-l through P-9 in the current investigation (Table 5), 
(2) laboratory analyses of groundwater samples of borings P-l through P-9 in the current 
investigation (Table 6), and (3) analyses published by Willey et al. (1987) and the interpretation 
of these records by Otton et al. (1988). Under the first source, water samples were tested for 
dissolved oxygen, pH, temperature, specific conductance, and oxidation-reduction potential 
using field gages. The samples reported by Willey et al. were analyzed for the same parameters 
in a U.S. Geological Survey laboratory following USGS standard methods for common chemical 
constituents and trace metals. Samples from 84 wells in Cecil County were reported by Willey et 
al. and are discussed below; these results are compared to the field and laboratory analysis of • 
groundwater samples obtained from piezometers P-1 through P-9. 

In their interpretation of the Willey et al. data, Otton et al. (1988) categorized the sources as 
crystalline-rock aquifers, Potomac Group aquifers, and all other coastal plain aquifers. The latter 
category would consist mainly of late Cretaceous and early Tertiary marine deposits, which are 
not found at the Stancill Quarry; therefore, only the crystalline rock and Potomac Group aquifers 
are discussed in the following section. 

6.1.1   Dissolved Solids and Specific Conductance 

The dissolved-solids concentration represents the quantity of dissolved mineral matter in a water 
sample. Dissolved solids in water may be estimated from the specific conductance of the sample, 
which is much easier to measure and can be done in the field. Based on the relationship shown in 
Figure 14 in Otton et al. (1988; Appendix B), a good approximation of the dissolved-solids 
concentration in Cecil County groundwater can be obtained by multiplying specific conductance 
by 0.75. Otton et al. showed that the range of dissolved solids in crystalline rock aquifers in Cecil 
County was 41-1,170 mg/L with a median value of 111 mg/L. The comparable range for 
Potomac Group aquifers was 16-439 mg/L with a median value of 42 mg/L. Based on the 
relationship of dissolved solids and specific conductance (dissolved solids in mg/L equals 
specific conductance in ?S/cm ? 0.75), the range of specific conductance in crystalline rock 
aquifers would be 55-1,560 ?S/cm with a median value of 148 ?S/cm. The comparable range for 
Potomac Group aquifers would be 21-585 ?S/cm with a median value of 56 ?S/cm. 

Specific conductance measured in boreholes P-l through P-9 on November 6, 2001 (shortly after 
completion) ranged from 77 ? S/cm in P-4 to 496 ? S/cm in P-1 and a median value of 119 
? S/cm. Therefore, field data from the Stancill Quarry indicate that the specific conductance of 
the quarry groundwaters were slightly lower than those of crystalline rock aquifers of Cecil 
County, but slightly higher than the Potomac Group aquifers. 
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SECTION SIX Chemical Quality 

6.1.2 Hydrogen-Ion Concentration (pH) 

The hydrogen-ion concentration of a water sample is indicated by the pH, which is the negative 
logarithm of the hydrogen-ion concentration in moles per liter of water. The pH is a measure of 
the extent to which the water sample is acidic or alkaline: a pH of 7 indicates a neutral condition; 
less than 7, acidic; and greater than 7, alkaline. Water that has a low pH is particularly significant 
because it may corrode well casings, pumps, and plumbing fixtures and dissolve copper, iron, 
lead, or zinc from equipment. 

The range of pH for crystalline rock aquifers as given by Otton et al. (1988) is 5.4 to 8.1, with a 
medium value of 6.0. The range for Potomac Group aquifers is 4.7 to 7.3, with a median value of 
5.6. 

The range of pH tested in the field samples on November 6, 2001 from boreholes P-l through P- 
9 was 4.61 to 5.77, with a median value of 5.26. Although the ranges and median values of pH at 
the quarry are comparable to those cited by Otton et al. (1988), the comparison is probably 
fortuitous because the water sources are distinctly different. The pH values of the shallow 
boreholes at the quarry are in the range of modem acid rainfall and probably represent current 
recharge on the quarry floor, whereas the samples interpreted by Otton et al. were derived from 
systems with long groundwater storage times. In the case of the Potomac Group, they were 
mainly confined waters in which the pH was a non-conservative parameter. 

6.1.3 Common Dissolved Constituents 

Otton et al. (1988) illustrated the common chemical constituents plus iron and manganese in 
. Cecil County groundwater in a single diagram, which is reproduced in Appendix B. The graph 

shows total range, median value, and the 25th and 75th percentiles of the frequency distribution 
for each parameter. Consistent with the dissolved solids distribution, the calcium, magnesium, 
sodium, chloride, sulfate, nitrate plus nitrite, hardness, and alkalinity are all lower in the Potomac 
Group aquifers than in the crystalline bedrock. Exceptions to these general trends are potassium, 
iron, and manganese. Potassium values are about equal in the Potomac Group aquifers and 
crystalline bedrock, and iron and manganese are higher in Potomac Group aquifers than in 
crystalline rocks. The solubility of these two metals is highly sensitive to pH and oxygen- 
reduction potential, and it is believed that the lower pH of waters of the Potomac Group is related 
to the higher iron and manganese content. 

Laboratory analyses of 32 parameters were carried out on water samples collected November 6, 
2001 from boreholes P-1 through P-9. The parameters analyzed included common chemical 
constituents plus iron and manganese, trace metals, and several miscellaneous parameters (Table 
6). Twent^two of the parameters analyzed were among those reported by Willey et al. (1987) 
and interpreted by Otton et al. (1988). Among the constituents illustrated in Appendix B, the 
samples from boreholes P-l through P-9 generally were within the range of samples from 
crystalline rock aquifers. Notable exceptions were iron and manganese. The iron content of water 
from borehole P-l was reported to be 120 mg/L, which is nearly 5 times higher than the highest 
iron value reported by Willey et al. of 24,000 ? g/L (24 mg/L). The highest manganese content in 
Appendix B is about 2,000 ? g/L (2 mg/L) in the Cecil County analyses versus a maximum of4.2 
mg/L in a sample from borehole P-5. 
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SECTION SIX Chemical Quality 

Boreholes P-l and P-5 appear to represent special chemical environments. In the field tests 
(Table 5), P-1 had the lowest dissolved oxygen, highest pH, highest specific conductance, and 
lowest oxidation-reduction potential of all boreholes sampled; samples from P-5 generally 
agreed with these trends. In the laboratory analyses, the P-1 sample had the highest dissolved 
solids, iron, bicarbonate, alkalinity, carbon dioxide, and chemical oxygen demand. Consistent 
with the field tests, the P-5 samples generally agreed with the P-l samples. More detailed 
investigation is necessary to explain more fiilly the implications of these results. 

6.1.4   Minor Constituents 

Minor constituents reported by Willey et al. (1987) included fluoride, silica, phosphorous, 
aluminum, arsenic, boron, cadmium, chromium, copper, lead, lithium, mercury, nickel, zinc, and 
organic carbon. As discussed in Otton et al. (1988), these constituents generally were found in 
low concentration in the groundwaters of Cecil County. Where drinking water standards were 
exceeded, this could be accounted for by local sources of contamination. 

Laboratory analysis of samples from boreholes P-l through P-9 collected November 6,2001 
included the trace metals (arsenic, cadmium, chromium, copper, lead, nickel, selenium, and zinc) 
as well as several other miscellaneous parameters. Several parameters were reported as non- 
detect in all samples at the method detection limit (sulfide, potassium, arsenic, and selenium as 
well as ferrous and ferric iron were reported as indeterminate). In general, with the exception of 
chromium in borehole P-l, which recorded a concentration level of 0.09 mg/L (versus the 
maximum contaminant level of 0.05 under the Natural Primary Drinking Water Regulations), the 
trace metals were in low concentration and within USEPA drinking water regulations. Other than 
unusual concentrations noted above no significant trends were observed in the analyses of 
samples from boreholes P-1 through P-9. 

6.2     CHEMICAL QUALITY OF DREDGE TAILINGS AND LEACHATES 

Tables 7, 8, and 9, and Appendix C present data supplied by MES on six samples of bottom 
material collected February 20, 2002 from Courthouse Point, Cecil County, on the eastern shore 
of the Chesapeake and Delaware Canal, and samples collected from 22 "clean" sites from 1985 
to 1999. It was assumed that these samples were representative of the tailings to be placed at the 
Stancill Quarry. Table 7 presents data on the chemical content of the solid materials collected 
February 20, 2002 from Courthouse Point. Table 7 presents a comparison of results of analyses 
of leachates by two well-known test methods, the USEPA-TCLP test and the ASTM deionized- 
water leachate test. Table 8 presents a comparison of the two leachate test results for constituents 
analyzed in both tests. 

Except for carbon dioxide and sulfide, which are low to non-detect in both sets of leachate 
samples, the ASTM method yields much lower values than the USEPA TCLP method This is 
principally ascribed to differences in the quality of the solvent used in the tests, deionized water 
in the ASTM test versus a weak acidic solution in the USEPA test. Clearly, the acidic solution 
specified in the USEPA-TCLP test method dissolves far more sodium, bicarbonate, and organic 
carbon from the bottom materials than the deionized water specified in the ASTM test. Which 
test is more appropriate for project conditions cannot be established without further investigation 
and data; however, the ASTM method is probably more indicative of natural conditions that 
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SECTION SIX Chemical Quality 

would be encountered at Stancill Quarry. Samples represented in Table 9 did not undergo a 
leaching procedure prior to analysis. 
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SECTION SEVEN  Future Conditions 

The Stancill Quarry is projected to be filled with dredge tailings over a 34-year period (E2CR, 
2000). The quarry could be filled to an elevation of+45 or +90 ft., depending upon the stability 
of the containment dike proposed in the western portion of the quarry. If it is filled to +90 ft., the 
topography upon completion will mimic the present topography. The +90 ft. future condition 
was modeled to assume a "worst case" scenario for modeling purposes. The dredge tailings most 
likely would consist of finer grained material, such as fine sands, silts, and clays and occasional 
coarser grained sands and gravel. 
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Table 1. Table 1: List of Wells, Piezometers, and Borings at Stancill Quarry and 
Surrounding Area Used to Develop Conceptual Hydrogeologic Model 

Piezometers and wells Borings (abandoned in 2000) 
P-l E-l 
P-2 E-2 
P-3 E-3 
P-4 E-4 
P-5 E-5 
P-6 E-6 
P-7 
P-8 
P9 Borings abandoned earlier 
Abnd. Pump Test Well B-l 

B-2 

Wells in Surrounding Area 
Ce720103 - Porter, George on Jackson Station Rd 
Ce720104 - Porter, George on Winch Rd 
Ce720105 - Porter, George on Winch Rd 
Ce730536 - Ingram, Jas J on Burnt Bam 
Ce730659 - Spadafora, James W on Carpenters Pt Rd 
Ce730741 - Porter, George on Jackson Sta Rd 
Ce731295 - Currin, Linda on Mountain Hill Rd 
Ce731339 - Better Homes Inc on Mt View Rd 
Ce731466 - Algar, Harry on Md 7 
Ce732168 - Vansickel, Harold C on Old Rt 7 
Ce732386 - Rogerson, Harry on Mountain Hill 
Ce732902 - Bostic, Stephen on Burnt Bam Rd 
Ce733987 - Stancills Inc on Mountain Hill Rd 
Ce811340 - Alexander Joseph on Mountain Hill Rd 
Ce812582 - Montgomery Bros Inc on Mountain Hill 
Ce880487 - Albanese John on Mountain Hill Rd 
Ce881819 - Gray Edward on Mountain Hill Rd 
Ce882359 - Jackson James on Mt Hill 
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Tables 

Table 3. Summary of Hydrogeologic Properties of Mode led Units at Stancill Quarry and Vicinity 

Crystalline tnits 
Yield of Wells Specific Capacity 

 mm^nrnw        i        i    i     i 

Permeabilitv 

Median of all crystalline units in Cecil County 
Upper and lower members of the James Run Formation* 

210-ft. deep well drilled at the Stancill Quarry into the 
crystalline bedrock  
Other wells in the general vicinity of the quarry 

10 gpm 
6gpni 

11 gpm PT 

range 0.1 to 30 gpm, 
average 0.9 epm/ft.(4) 

0.3 gpm/ft' 
between 0.1 and 0.2 
gpm/ft(2) 

0.2 gprn/ft1" 

0.1 to 4.6 gprn/ft'4' 

Potomac Group 
Range of values from wells in Map Unit Cc('' 
Average for 14 wells for which data were available in 
Map Unit Cc 
Borehole E-l, 18-18.75 ft. (white, moist clayey silt, and 
fine to medium sand [ML])' ) 

Borehole E-2, 13.5-15.5 ft. (white to tan and orange 
clayey fine to warm sand [SC]) 

Average slug test value of P-l through P-9 wr 

1.2gpm/ft. 

gpm - gallons per minute 
gpm/ft - gals per minute per foot of drawdown 
cm/sec - centimeters per second 
•Unit underlying the Stancill Quany 
"'Ottonetal., 1988, Table 7 
(2)Otton, et al., 1988, p. 19 

<3)Willey et al., 1987, Table? 
(4)Map Unit Cc, Willey et al., 1987 
(5)Otton et al., 1988 
(6)Willey et al, 1987, Table 7 
(7)E2CR, 2000, Table 1 
(8>See Table 5 below 

5.6? lO" cm/sec. (1.59 
v2 ? 10 Z ft/day)  

1.1 ? lO6 cm/sec. (3.1 
? 10 3 ft/day)  
3.57 ? 10"J cm/sec. (10 
ft/day)  
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Tables 

Table 4. Summary of Slug Test Results 

Piezometer Hydraulic Conductivity 

cm/sec m/sec ft/min ft/day U.S. gal/day/ff 

P-1 Withdrawal 5.46E-03 5.46E-05 1.07E-02 1.55E+01 1.16E+02 

P-2 Withdrawal 3.40E-03 3.40E-05 6.69E-03 9.63E+00 7.21E+01 

P-3 Insertion 2.96E-03 2.96E-05 5.82E-03 8.37E+00 6.26E+01 

P-3 Withdrawal 3.15E-03 3.15E-05 6.19E-03 8.91E+00 6.67E+01 

P-4 Withdrawal 4.02E-03 4.02E-05 7.91E-03 1.14E+01 8.52E+01 

P-5 Withdrawal 8.85E-03 8.85E-05 1.74E-02 2.51E+01 1.88E+02 

P-6 Withdrawal 1.50E-03 1.50E-05 2.95E-03 4.24E+00 3.17E+01 

P-8 Withdrawal 9.50E-06 9.50E-08 1.87E-05 2.69E-02 2.01E-01 

P-9 Withdrawal 2.77E-03 2.77E-05 5.45E-03 7.84E+00 5.87E+01 

Range 8.85E-03 to 
9.50E-06 

8.85E-05 to 
9.50E-08 

1.74E-02to 
1.87E-05 

2.51E+01 to 
2.69E-02 

1.88E+02to 
2.01E-01 

Average     i 3.57E-03 3.57E-05 7.02E-03 1.01E+01 7.56E+01 
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Table 5. 

Tables 

Results of Field Measurements of Groundwater Samples Taken on November 6, 2001 from Wells Installed in Stancill 
Quarry for the Current Study 

Piezometer # 
Dissolved Oxygen 

(mg/1) PH Temperature CQ 
Conductivity 

(?S/cm) 
Oxidation Reduction Potential 

ORP(mV) 

P-l 3.10 5.77 14.06 496 -16 

P-2 5.88 5.26 15.60 99 183 

P-3 4.26 5.29 14.28 200 -8 

P-4 4.03 5.33 16.57 77 132 

P-5 3.80 5.38 13.77 247 97 

P-6 5.95 4.70 12.76 87 277 

P-7 7.37 4.61 12.86 142 277 

P-8 8.76 5.18 12.14 101 252 

P-9 7.52 4.87 12.14 119 270 

Minimum 3.10 4.61 12.14 77 -16 

Maximum 8.76 5.77 16.57 496 277 

Median 5.88 5.26 13.77 119 183 

Average 5.63 5.15 13.80 174 163 
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Tables 

Table 6. Chemical Analytical Results From Wells Installed in Stancill Quarry for Current Study 

Parameter 

D
etection U

m
it 

c 
3. 
•> 

M
axim

um
 

C
oncentration 
 

 
M

inim
um

 
C

oncentration 

M
edian 

C
oncentration 

A
verage 

C
oncentration 

7 2 I I 7 2 2 

Methane, dissolved 0.0005 mg/L 0.00053 0.2 0.0063 0.052 0,2 0.0011 0.066 0,09 0,0063 0.0011 0,00053 <0 0005 <0,0005 

Carbon Dioxide 1 mg/L 8 140 20 35 140 9 24 8 60 16 20 14 25 

Total Petroleum Hydrocarbons 2 mg/L ND ND ND ND <2 <2 <2 <2 <2 <2 <2 <2 <2 

Sulfide 0.1 mg/L ND ND ND ND <0,1 <0.1 <0.1 <0,1 <0,1 <0,1 <0.1 <0.1 <0,1 

Nitrate - Nitrite Nitrogen 0.05 mg/L 0.12 1.7 0.29 0.50 0,23 0.35 0,12 <0,05 <0,05 <0,05 1.7 0.18 0,42 

Kjeldahl Nitrogen (Total) 0.5 mg/L ND ND ND ND <0,5 <0.5 <0,5 <0,5 <0,5 <0,5 <0.5 <0.5 <0,5 

Ammonia Nitrogen 0.2 mg/L ND ND ND ND <0,2 <0.2 <0.2 <0,2 <0,2 <0,2 <0.2 <0.2 <0,2 

Chemical Oxygen Demand 20 mg/L 21 230 49 70 230 21 <20 71 65 49 36 21 <20 

Phosphorous (total) 0.05 mg/L 0.09 0.65 0.33 0.36 0,49 0,26 0,17 0,57 0,65 0,55 0.33 0.12 0,09 

TOC (Total Organic Carbon) 0.1 mg/L 1.8 22 6.9 9,6 20 5 6,9 22 5.9 14 7.2 3.3 1.8 

Sodium 0.5 mg/L 3.6 13 7,5 7,5 5,8 13 7 4,9 9 3.6 8.2 7.5 8,5 

Potassium 5 mg/L ND ND ND ND <5,0 <5,0 <5.0 <5,0 <5,0 <5.0 <5.0 <5.0 <5,0 

Calcium 0.5 mg/L 2.8 9.7 5.5 5,6 5,5 5,9 8 5,6 9.7 3.6 4.8 4.3 2,8 

Magnesium 0.5 mg/L 0.9 8.3 2 2.5 1,3 1,9 2 2,3 8.3 2.1 2.4 0.9 1,6 

Iron 0.01 mg/L 0.27 120 4,5 17 120 5,7 0,89 7,6 11 2.5 4.5 0.27 0,35 

Manganese 0.01 mg/L 0.04 4.2 0,12 0,62 0,26 0,12 0,11 0,35 4.2 0.3 0.09 0.07 0,04 

Arsenic 0.005 mg/L ND ND ND ND <0,005 <0,005 <0,005 <0,005 <0,005 <0.005 <0.005 <0.005 <0,005 

Cadmium 0.0005 mg/L 0.0005 0.0007 0,0006 0,0006 0,0005 <0,0005 <0,0005 <0,0005 <0,0005 0.0007 <0,0005 <0.0005 <0,0005 

Chromium 0.005 mg/L 0.007 0.09 0,035 0,036 0,09 0,018 <0,005 0,047 0,011 0.035 0.047 <0,005 0,007 

Copper 0.005 mg/L 0.008 0.027 0,018 0,017 0,02 0,008 0,01 0,027 0,023 0.018 0.014 <0.005 <0,005 

Lead 0.005 mg/L 0.007 0,027 0,014 0,017 0.027 0.007 <0,005 0,025 0.016 0.012 0,012 <0.005 <0,005 

Zinc 0.01 mg/L 0.03 0.12 0,05 0,05 0.12 0,05 0,03 0,06 0,05 0.04 0,07 0.03 0,03 

Nickel 0.005 mg/L 0.007 0.037 0.011 0,014 0.015 0,007 0,008 0,014 0,019 0.011 0.037 0.007 0,009 

Selenium 0.005 mg/L ND ND ND ND <0.005 <0,005 <0.005 <0.005 <0,005 <0.005 <0.005 <0.005 <0,005 

Bicarbonates (as CaC03) 1 mg/L 4 39 25 23 39 <1 18 <1 32 <1 <1 4 <1 

Chloride 2 mg/L 6 25 14 15 15 13 14 10 13 6 25 19 22 
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Tables 

Parameter 

• 

D
etection Lim

it 

c 
-    3 
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M
inim

um
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C
oncentration 

M
edian 

C
oncentration 

A
verage 

C
oncentration 

1 s 7 2 

1 —rr 

y 
CM 

y 
at 

P-7 2? 2 

Sulfate 5 mg/L 6.1 41 16 16 17 16 6.7 41 20 20 9.2 6.1 

Nitrate Nitrogen 0.05 mg/L 0.1 1.7 0.2 0.5 0.2 <0.05 0.1 <0.05 <0.05 <0.05 1.7 0.1 0.4 

Nitrite Nitrogen 0.02 mg/L 0.02 0.35 0.03 0.10 0.03 0.35 0.02 <0.02 0.03 <0.02 <0.02 0.08 <0.02 

Total Nitrogen 0.05 mg/L 0.12 1.7 0.29 0.50 0.23 0.35 0.12 <0.05 <0.05 <0.05 1.7 0.18 0.42 

Alkalinity, total (as CaC03) 1 mg/L 4 39 25 23 39 <1 18 <1 32 <1 <1 4 <1 

Solids (dissolved) 1 mg/L 18 210 62 79 210 54 64 18 140 50 69 48 62 

Iron (ferrous) 0.01 OR 60 Ind Ind Ind Ind Ind Ind Ind Ind Ind 

Iron (Ferric by Calculation) 60 Ind Ind Ind Ind Ind Ind Ind Ind Ind 

lnH=inHfitfirminate: Iron fferrou s^ and Iro i (Ferrii : bv Cal( ;ulation ) result s were indeterminate. 

ND=Non detect 
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Tables 

Table 7. Furnace Bay Groundwater Study Sediment Sample Results Collected February 20, 2002 at Courthouse Point 

PiramefeT^                      |Detec«on Limit   1   Maximum        Average     MnHs. [SS-I jSS-J pUP gg^ps^ ps^i 
TCLP Method 
Bicarbonate, Alkalinity 1 891 394 mg/L 170 165 130 170 891 840 

Carbon dioxide 1.25 6.25 3.75 mg/L ND ND ND 6.25 ND 1.25 

Chloride 0.39 24.8 22.1 mg/L ND 24.8 19.4 ND ND ND 

Ferrous Iron 0.02 ND ND mg/L ND ND ND ND ND ND 

Nitrate 0.06 2.14 1.256 mg/L 2.14 ND ND 0.372 ND ND 

Nitrate/Nitrite 0.08 2.14 1.256 mg/L 2.14 ND ND 0.372 ND ND 

Total Dissolved Solids 10 4,441 4,352 mg/L 4,262 4,402 4,394 4,204 4,409 4,441 

Sulfate 0.38 129 92 mg/L 91.5 129 120 115 18.2 78 

Total Alkalinity-Titration 1 891 394 mg/L 170 165 130 170 891 840 

Ammonia 0.2 0.73 0.42 mg/L 0.28 0.46 0.21 0.73 ND ND 

Chemical Oxygen Demand 10 5,630 5,478 mg/L 5,440 5,630 5,450 5,240 5,570 5,540 

Phosphorous, total 0.02 0.07 0.06 mg/L 0.06 0.05 0.05 0.06 0.07 0.06 

Total Kjeldahl Nitrogen 0.2 1.9 1.07 mg/L 1.4 0.85 0.7 1.9 0.77 0.78 

Nitrogen, total 0.2 3.5 1.48 mg/L 3.5 0.85 0.7 2.3 0.77 0.78 

Total Organic Carbon 100 1,947 1,925 mg/L 1,894 1,943 1,947 1,896 1,939 1,932 

Methane 2 2 jg/L 2 2 2 2 2 2 

Arsenic 0.1 0.15 0.14 mg/L ND 0.15 0.12 ND ND ND 

Chromium 0.1 ND ND mg/L ND ND ND ND ND ND 

Cadmium 0.1 ND ND mg/L ND ND ND ND ND ND 

Lead 0.1 ND ND mg/L ND ND ND ND ND ND 

Selenium 0.1 ND ND mg/L ND ND ND ND ND ND 

Calcium 5 21.1 14.6 mg/L 15 15 16 13 7.5 21.1 

Copper 0.1 0.36 0.36 mg/L ND ND ND ND ND 0.36 

Nickel 0.1 0.44 0.25 mg/L 0.16 ND ND 0.16 ND 0.44 

Iron 0.5 0.66 0.66 mg/L ND 0.66 ND ND ND ND 

Magnesium 0.5 12 7.13 mg/L 6 12 11 6.2 2.6 4.96 

Manganese 0.1 11 7.19 mg/L 6.5 11 11 7.1 3.8 3.71 

Sodium 10 1184 1146 mg/L 1,182 1,114 1,072 1184 1180 1143 

Zinc 0.1 0.89 0.57 mg/L 0.67 0.45 0.41 0.89 0.33 0.65 
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Tables 

Parameter Detection Limit Maximum'" Average. JUnife SS-1 SS-2 PUP SS-S 5S-*S SS-S 
Total Petroleum Hydrocarbons 5.5 21 15.4 mg/L 21 ND ND 97 ND ND 

Sulfide 0.03 ND ND mg/L ND ND ND ND MD ND 

ASTM Leachate Method 

Sodium 0.2 14 7.42 mg/L 2.76 9.6 14 2.95 7.6 7.61 

Bicarbonate, Alkalinity 1 6 3.7 mg/L 4 1 1 6_ 6_ 4.2 

Carbon Dioxide 1.25 6.25 3.44 mg/L ND 2.5 3.75 6.25 ND 1.25 

Dissolved Oxygen 1 6.1 5.94 mg/L 6.1 5.82 5.74 6.08 MISSING 

Redox Potential 155 140 mg/L 155 147 153 155 91 144 

Specific Conductance 1.08 269 195 mg/L 212 269 260 187 53 190 

Total Alkalinity- Titration 1 6 3.7 mg/L 4 1 1 6 6 4.2 

PH 8 6.64 mg/L 6.31 6.16 6.15 6.58 8.00 6.64 

Chemical Oxygen Demand 10 ND ND mg/L ND ND ND ND ND ND 

Total Organic Carbon 1 2.3 1.7 mg/L 2.3 ND 1 2.1 ND 1.3 

Sulfide 0.03 0.06 0.055 mg/L ND ND ND ND 0.05 0.06 
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Tables 

Table 8. Comparison Of TCLP versus 4STM Analytical Methods For Select Parameters 

Parameters SS-1 SS-2 DUP SS-3 SS-4                      SS-5 

ASTM     TCLP ASTM     TCLP ASTM     TCLP ASTM     TCLP ASTM     TCLP 
dto i- ^a,*.'  

ASTM     TCLP 

Sodium 2.76 1,182 9.6 1,114 14 1,072 2.95 1,184 7.6 1,180 7.61 1,143 

Bicarbonate, Alkalinity 4 170 1 165 1 130 6 170 6 891 4.2 840 

Carbon Dioxide ND ND 2.5 ND 3.75 ND 6.25 6 ND ND 1.25 1 

Total Alkalinity, Titration 4 170 1 165 1 130 6 170 6 891 4.2 840 

Chemical Oxygen Demand ND 5,440 ND 5,630 ND 5,450 ND 5,240 ND 5,570 ND 5.540 

Total Organic Carbon 2.3 1,894 ND 1,943 1 1,947 2.1 1,896 ND 1,939 1.3 1.932 

Sulfide ND ND ND ND ND ND ND ND 0.05 ND 0.06 ND 
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Tables 

Table 9. Summary of Chemical Analytical Results from Dredge Sediment Sampling of Sites in Chesapeake Bay 

Average of 22 clean sites within the TKN* TOTAL P* PH O&G* -'-TOC^: COD* f&t 
Chesapeake Bay from 1985-1995 MG/KG MG/KG i UNITS , MG/KG MG/KG MG/KG %           1 
OUTER CHANNEL AVERAGE (1985-1999) 1,456 1,230 7.56 867 24,635 66,236 39 

OUTER CHANNEL MAXIMUM (1985-1999) 5,000 14,917 8.50 5,842 90,500 390,909 85 

OUTER CHANNEL MINIMUM (1985-1999) 40 14 6.10 1 176 117 18 

Average of 22 clean sites within the 

Chesapeake Bay from 1985-1995 a 

ALUMINUM     ANTIMONY  ARSENIC       BARIUM         BERYLLIUM    CADMIUM     CHROMIUM 

MG/KG         ; MG/KG   ,.    MG/KG ,        MG/KG              MG/KG           MG/KG           MG/KG 

OUTER CHANNEL AVERAGE (1985-1999) 

OUTER CHANNEL MAXIMUM (1985-1999) 

OUTER CHANNEL MINIMUM (1985-1999) 

12,397                  5                    7                     56                        1                       1                      50 

29,400                 24                  33                   250                       2                       5                     640 

1,100                   0                    15                         0                       0                       2 

Average of 22 clean sites within the COPPER IRON LEAD MANGANESE MERCURY NICKEL SELENIUM  j 

Chesapeake Bay from 1985-1995 MG/KG MG/KG MG/KG MG/KG MG/KG MG/KG MG/KG 

OUTER CHANNEL AVERAGE (1985-1999) 33 29,365 50 1,967 0 36 3 

OUTER CHANNEL MAXIMUM (1985-1999) 240 94,000 464 7,000 2 79 12 

OUTER CHANNEL MINIMUM (1985-1999) 1 1,600 2 34 0 2 0 

Average of 22 clean sites within the 
^hesapeakaJBayfropi 1985-1995 

OUTER CHANNEL AVERAGE (1985-1999) 

OUTER CHANNEL MAXIMUM (1985-1999) 

OUTER CHANNEL MINIMUM (1985-1999) 

SILVER 
MG/KG 

THALLIUM 

MG/KG 
ZINC 

MG/KG 

1 

8 

0 

1 

5 

0 

197 

580 

8 
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URS Figure 3, Groundwater Contour Map For November 6, 2001 
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URS Figure 4. Groundwater Contour Map For December 11, 2001 
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URS Figure 5. Groundwater Contour Map For January 8, 2002 
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URS Figure 6. Groundwater Contour Map For February 6, 2002 
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URS Figure 7. Groundwater Contour Map For March 7, 2001 
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URS Figure 8. Groundwater Contour Map For April 3, 2002 
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URS Figure 9. Groundwater Contour Map For October 2000 



Figure 10: Graphical Representation of A Continuous Water Level Meter Placed in 
Well P-6 at Stancill Quarry (Precipitation Data for Raintree Airport in Elkton, Maryland Only Available up 

to January 6,2002) 
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Appendix A 

Plots of Slug-Test Results 
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WITHDRAWAL 

Data Set: C:\stancil\P-1 Withdrawal.aqt 
Date: 09/03/02 Time: 16:19:20 

PROJECT INFORMATION 

Company: URS Corporation 
Client: MES 
Project: 89-00000229.00 
Test Location: Stancill Quarry 
Test Well: P-l 
Test Date: 11/20/01 

SOLUTION 

Aquifer Model: Unconfined 
Solution Method: Bouwer-Rice 

K = 0.005456 cm/sec 
y0 = 1.401 ft 

Saturated Thickness: 10. ft 

AQUIFER DATA 

Anisotropy Ratio (Kz/Kr): !_. 

Initial Displacement: 1^ ft 
Wellbore Radius: 0.25 ft 
Screen Length: 10. ft 
Gravel Pack Porosity: 0.3 

WELL DATA (P-1) 

Casing Radius: 0.083 ft 
Well Skin Radius: 0,25 ft 
Total Well Penetration Depth: 8. ft 
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P-2 WITHDRAWAL 

Data Set: C:\stancil\P-2 Withdrawal.aqt 
Date: 09/03/02 Time: 16:20:04 

PROJECT INFORMATION 

Company: URS Corporation 
Client: MES 
Project: 89-00000229.00 
Test Location: Stancill Quarry 
Test Well: P^ 
Test Date: 11/20/01 

SOLUTION 

Aquifer Model: Unconfined 
Solution Method: Bouwer-Rice 

K = 0.003399 cm/sec 
yO = 1.37 ft 

Saturated Thickness: 20. ft 

AQUIFER DATA 

Anisotropy Ratio (Kz/Kr): !_. 

Initial Displacement: 1.185 ft 
Wellbore Radius: 0.25 ft 
Screen Length: 10. ft 
Gravel Pack Porosity: 0.3 

WELL DATA (P-2) 

Casing Radius: 0.083 ft 
Well Skin Radius: 025 ft 
Total Well Penetration Depth: 16.47 ft 



c 
CD 

E 
o 
Q. 
(0 

10. 

0.1 

0.01 

0.001 

i—i—1—i—r -|—i—i—i—|—i—i    i     r 

I I i I L I   i   i   i   i   I   i   i i i I i i i—i—L 

8. 12. 

Time (min) 

16. 20. 

P-3 INSERTION 

Data Set: C:\stancil\P-3 Insertion.aqt 
Date: 09/03/02 Time: 16:20:53 

PROJECT INFORMATION 

Company: URS Corporation 
Client: MES 
Project: 89-00000229.00 
Test Location: Stancill Quarry 
Test Well: P^3 
Test Date: 11/20/01 

SOLUTION 

Aquifer Model: Unconfined 
Solution Method: Bouwer-Rice 

K = 0.002955 cm/sec 
y0 = 1.347 ft 

Saturated Thickness: 30. ft 

AQUIFER DATA 

Anisotropy Ratio (Kz/Kr): 1. 

Initial Displacement: 1.261 ft 
Wellbore Radius: 0.25 ft 
Screen Length: 10. ft 
Gravel Pack Porosity: 0.3 

WELL DATA (P-3) 

Casing Radius: 0.083 ft 
Well Skin Radius: 0.25 ft 
Total Well Penetration Depth: 23.63 ft 
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P-4 WITHDRAWAL 

Data Set: C:\stancil\P-4 Withdrawal.aqt 
Date: 09/03/02 Time: 16:22:10 

PROJECT INFORMATION 

Company: URS Corporation 
Client: MES 
Project: 89-00000229.00 
Test Location: Stancill Quarry 
Test Well: FM 
Test Date: 11/20/01 

SOLUTION 

Aquifer Model: Unconfined 
Solution Method: Bouwer-Rice 

K =0.004017 cm/sec 
V0 = 1.212 ft 

AQUIFER DATA 

Saturated Thickness: 20. ft Anisotropy Ratio (Kz/Kr): 1_. 

Initial Displacement: 1.072 ft 
Wellbore Radius: 025 ft 
Screen Length: 10. ft 
Gravel Pack Porosity: 0.3 

WELL DATA (P-4) 

Casing Radius: 0.083 ft 
Well Skin Radius: 025 ft 
Total Well Penetration Depth: 9^8 ft 
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P-5 WITHDRAWAL 

Data Set: C:\stancil\P-5 Withdrawal.aqt 
Date: 09/03/02 Time: 16:22:47 

PROJECT INFORMATION 

Company: URS Corporation 
Client: MES 
Project: 89-00000229.00 
Test Location: Stancill Quarry 
Test Well: F^5 
Test Date: 11/20/01 

SOLUTION 

Aquifer Model: Unconfined 
Solution Method: Bouwer-Rice 

K = 0.00885 cm/sec 
yO = 1.226 ft 

Saturated Thickness: 20. ft 

AQUIFER DATA 

Anisotropy Ratio (Kz/Kr): 1. 

Initial Displacement: 1.685 ft 
Wellbore Radius: 025 ft 
Screen Length: 10. ft 
Gravel Pack Porosity: 0.3 

WELL DATA (P-5) 

Casing Radius: 0.083 ft 
Well Skin Radius: 0.25 ft 
Total Well Penetration Depth: 3J3 ft 
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P-6 WITHDRAWAL 

Data Set: C:\stancil\P-6 Withdrawal.aqt 
Date: 09/03/02 Time: 16:23:19 

PROJECT INFORMATION 

Company: URS Corporation 
Client: MES 
Project: 89-00000229.00 
Test Location: Stancill Quarry 
Test Well: FM> 
Test Date: 11/20/01 

SOLUTION 

Aquifer Model: Unconfined 
Solution Method: Bouwer-Rice 

K =0.001497 cm/sec 
yO = 1.068 ft 

Saturated Thickness: 20. ft 

AQUIFER DATA 

Anisotropy Ratio (Kz/Kr): 1^ 

Initial Displacement: 1.136 ft 
Wellbore Radius: 0.25 ft 
Screen Length: ICX ft 
Gravel Pack Porosity: 0.3 

WELL DATA (P-6) 

Casing Radius: 0.083 ft 
Well Skin Radius: (X25 ft 
Total Well Penetration Depth: 13.87 ft 
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P-7 WITHDRAWAL 

Data Set: C:\stancil\P-7 Withdrawal.aqt 
Date: 09/03/02 Time: 16:23:55 

PROJECT INFORMATION 

Company: URS Corporation 
Client: MES 
Project: 89-00000229.00 
Test Location: Stancill Quarry 
Test Well: P^7 
Test Date: 11/20/01 

SOLUTION 

Aquifer Model: Unconfined 
Solution Method: Bouwer-Rice 

K =0.001204 cm/sec 
yO = 1.003 ft 

Saturated Thickness: 20. ft 

AQUIFER DATA 

Anisotropy Ratio (Kz/Kr): 1^ 

Initial Displacement: 1.459 ft 
Wellbore Radius: 0,25 ft 
Screen Length: 10. ft 
Gravel Pack Porosity: 0.3 

WELL DATA (P-7) 

Casing Radius: 0.083 ft 
Well Skin Radius: 0.25 ft 
Total Well Penetration Depth: 14.95 ft 
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P-8 WITHDRAWAL 

Data Set: C:\stancil\P-8 Withdrawal.aqt 
Date: 09/03/02 Time: 16:24:39 

PROJECT INFORMATION 

Company: URS Corporation 
Client: MES 
Project: 89-00000229.00 
Test Location: Stancill Quarry 
Test Well: FMJ 
Test Date: 11/20/01 

SOLUTION 

Aquifer Model: Unconfined 
Solution Method: Bouwer-Rice 

K = 9.495E-06 cm/sec 
yO = 1.362 ft 

Saturated Thickness: 40. ft 

AQUIFER DATA 

Anisotropy Ratio (Kz/Kr): 1^ 

Initial Displacement: 1.634 ft 
Wellbore Radius: 0.25 ft 
Screen Length: 1^ ft 
Gravel Pack Porosity: 0.3 

WELL DATA (P-8) 

Casing Radius: 0.083 ft 
Well Skin Radius: 025 ft 
Total Well Penetration Depth: 33.25 ft 
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P-9 WITHDRAWAL 

Data Set: C:\stancil\P-9 Withdrawal.aqt 
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PROJECT INFORMATION 

Company: URS Corporation 
Client: MES 
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Test Location: Stancill Quarry 
Test Well: FM5 
Test Date: 11/20/01 

SOLUTION 

Aquifer Model: Unconfined 
Solution Method: Bouwer-Rice 

K = 0.002767 cm/sec 
yO = 1.332 ft 

Saturated Thickness: 35. ft 

AQUIFER DATA 

Anisotropy Ratio (Kz/Kr): 1^ 

Initial Displacement: 0.564 ft 
Wellbore Radius: 0.25 ft 
Screen Length: 10. ft 
Gravel Pack Porosity: 0.3 

WELL DATA (P-9) 

Casing Radius: 0.083 ft 
Well Skin Radius: 025 ft 
Total Well Penetration Depth: 27.78 ft 



Appendix B 

Otton et al. Diagrams (1988, Figures 14 & 15) of Common Chemical Constituents 
Plus Iron and Manganese in Cecil County Groundwater 
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Chemical Analytical Results from Sampling Piezometers 



Certificate of Analysis 

Sensible Scientific Solutions 
Thursday, Navembef 29,2001 

prepared expressly for: 

KCE Engineering Inc. 
3300 North Ridge Road 
Suite 360 
EWcott City. Maryland 21043 

Attention: Mr. Vlr Katfiurta 
Report for Lab No: 81185. 
Sampto received by Marie/. 
P.O. Number KATHURIA -«««« Pn^idBntlfiG0tfon:QWMonaoripg,StanallQu9rTy,11A36mi. 

MARTELNO. 
811BS OOQ001 

MtW, dwuived 

Ca*crDicwW« 

SuHitto 
NKmto-Mtttte NrtrogM 

K^ldtM Nltroo«n ITotal) 

Alnraoni»Nt^^ooB^ 
Chonveal oxyifltn Owiwnd 

PtwaphoniftttoW) 

TOC (Tola' organic cactonl 

Sodium 
Potasahm 

Caiduni 

iron  "' 

P-1 
CUENT SAMPLE 1OBNTIPICATI0N 

ToatValiM        TMitlinit 

Copper 

Zinc 

Mdwl 
Sdanlum 
aieartwnatM {v CaCOa) 

CttMMc 

Method 

EPARSK17S 

EPA 376.2 

EPA 3S31 
EPA 351.3 

EPA 360.2 

EPA MA 
EPA 366.2 

EPA 4^9.1 
EPA200.T 

EPA2O0.T 

EPA 200.7 

EPA 200.7 

NIMtofMmoan 
ToWMMgon 
AMcaHpHy. toUM tP» C*CO*> 

Marti tobortrtortt jpy inc.    ^^ 
.noc; r»wT«^ HrtdM Rood WUrwm, Mayw*1* *,aaft 

EPA20D.7 
EPA2D6J 
EPA 213.2 
CPA218.2 

EPA 220.2 
EPA2M.2 
EPAZ007 

EPA249-2 
6PA2T0J 

EPA ^01 
EPA 325.2 
EPA3T8J 
EHAlSa.t 

EPA3S3.1 

EPAVtr 
EPA 910.1 

CMKUonLMt 

00005 

1 

2 

0-1 
0.06 
OLS 

0.2 

20 

0M 
ai 
Q£ 
5 
0.5 

<W)1 

O.0OB 
OAOOS 

Q.D0S 
0006 
0009 

0.01 
0.003 

0.005 
1 
2 

6 

OAK 
0.08 
0.05 

1 

Sampto Oate/TimB 
1108/2001 10:30 

iifiaaooTiiioosuB 
11/07/2001 ISlOOHTA 

11/1*2001 HZfiDUJ 

11/12/2001 14:30 BM 

linSOOOl 23:51 MDS 
11/09/2001 09:10 TB 

ll/OAIZOOl 11:45 TB 
11/1M00111:30 BW 

11/14/2001 16:21 BM 
U/11«00111:OOAK 

11/140001 1fi:51 DU 
t1/14r»0116-.61DU 

11/14000119:01 DLJ 
11/140001IMIDU 

11/14/2001 18:51 PU 
11/1412001 IftSlDU 

11/10200110^2 LB 

11/14A001084$IB 

11/14«00111:40 LB 

11/140001 II^BLB 
11/15H001 07:58 LB 

11/14^00110^1 DU 
11/1*2001 11:46 LB 

linWDOl 09:17 LB 
1102/20011120• 

11/12/200113*5 BM 

11/19/2001 14:47 CBS 

11/16/2001 ZftSl C8S 
11ft7/aMH 14:30 BM 

/ / 

11/12/200111:20 TB 

KCEENG 11/29/2001 



It   oyi    ^uc   ciiy*ikB«< x-'y   xnk,., o    «.u<yi   a&fcwj 

MARTELNO. 
81185 000001        P-1 

Ootnpound 

Iron (feraut) 

inn {Fvrrta by fialcutidM) 

MARTELNO. 
81186 000002 

Coinpound 

Methane. «(io»*i5 

Ottttd Dhnrtds 
Total PHtraltum Hyrirocw bocis 

MMIM-Nllrtta MUnxnn 

Ammoric Mtragan 

CtMmlal OxyoMi Dcmaml 

Ptwsptanic (total) 
TOC (toui Onga^c csrtwn) 
Sotfum 
PotaMlMn 

Catdum 

lion 
ManpMM 

cadmium 
Chromium 

M 

Ztne 
Mckel 

Satonhm 
BkaitKinetM fas CftCOS} 

NtntoMbnaoMi 
MbteNBroetn 

TsttlNimoon 

Mktfrty, W* (« CoCOS) 

iiantfunm) 
•w(F«rteb¥Cala*rfon) 

fensibte Scientific Solutions 

CLIENT SAMPLE IDENTIFICATION 

TMtVriue 

210 

TMlUrtH hMVtad 

"EPAIWI 
8W31BB 

6M3600O 

CLIENT SAMfLE IDENTIFICATION 

TMtVMlM Test Unit 

0,D011 

<2 

<0.1 
O.te 

o.a 
<3.2 

21 
aw 
&o 
13 

<S.I1 
fl.0 

1.9 
5.7 
012 

<Q.0O9 
cOJQOOS 

0.016 

0,(K»-  

{1.007 

OLOS 

0.007 

•0.006 
<1 
11 
16 
43.05 
0.35 
<X35 
<1 

M 
IntWwtTiriite 

Indetennktate 

wo" 
m^i 

imyi 
mo/I 

rmeA 
mfl/i 

(ngA 

•ng/l 

fnun 

mg/i 

fng/1 

mo/I 
mol 

ingn 
mart 

mofl 

mgfl 

mg/l 

mgn 

Metiod 

EPA RSK175 

SM4SPQ 

EPA 418.1 
EPA 376 J 

EPA 353.1 
EPA 351.3 

EPAMO^ 

EPA41P.A 

EPA MM 
EPA 4151 
EPAaOUT 

EPA 200.7 
EPA 200-7 

EPA2W.7 

EPA 200.7 

EPA2B0.7 

EPA 213.2 

EPA. 218 J 

EPi 
EPA 23^2 

EPA 200.7 

EPA24Q.2 
EPA 4712 

EPA mi 
EFA32&2 

EPA 375.3 

EPA3Sa.1 
EPA 353.1 
EPAV«r 

EPA 319.1 
EPAIflOl 
SM315B 

8M3S00D 

McHMLObeNrterlMj^lne.      
102G CWT«-IM** Bo«l • B«*mo«. M«*Wid2•* 

W41MaS-77« fAX 410-621 lOM »Wt: malrt 0 mortotatocom 

Sample DateTnme 
11/001200110:30 

Dotodkin Liirtt 

"l 
OJOI 

M 

AntfpfttMtfTlinftlMllfl 

MrtOTOOl 13:07 TB 

11/1IV2D0110:00 LB 

1V1W00110;00LB 

DMacUon Ufrtt 

0.0005 

1 

2 

0,1 
0.05 
0.5 
0.2 
20 
OOfi 
0.1 

0.5 

s 
0.5 

OS 
0.01 

0.01 
0.005 
0.0005 
OLOOS 

0J00«!  __ 
0.009 
0u01 

OJOOS 

OJOOS 

1 

2 

5 
O.Ofl 

0.02 
0.05 
1 

1 

00 
W 

Sampte Data/Tim* 
MWMCOOI ia^9 

Aiwlyta DBta/TlmWim^ll 

~~ ii7ijnooi"i2'ia"suB 
11/af7a001 15:00 BTA 
unonooi naa DLJ 
11/1»20Ot 14:30 8M 

11rtW2001 00:05 MDS 
limOdOOlOftlOTB 
11/OBI2O01 11:45 TB 
ivisrcooi ivaoeu 
11/14^001 1521 BM 
11/11/2001 11:00 AK 

iVUttOOl 1656 QLJ 

11/14/2001 18:55 DU 
1in4AO0l 16:58 DU 

11/140001 16:66 DU 

11/14/200116:38 DU 

1VI4/2001 16* DU 

11719000110:42 LB 

11/14/2001 09*6 LB 
11/140001 11:46 tB 

11/14/200111 *S LB 
1Vl5rt00107^3LB 

11/14O0011*55 DU 

11/1«J001 IIJWLB 

11/1BQD0lO0e1TL£ 

1in2a»1 11:20 TB 

11/120001 13:»aM 

11/100001 16*1 CO* 
11/1800010005 CBS 

11/07/2001 14:30 BM 
V / 

imafiOOt 11:20 TB 

11/0*200113007 TB 

11/10/20011040 LB 
11/1W20O1 10*0 LB 

KCEENG 
Pao»2 
11/2SI2001 



I oy.     IX^IC    Ciiyx»iCC»   ^i-'W 

.tensib/e Scientific Solutions 

MARTEL NO. 
81195 000003        P-3 

Compound 

Metam. dlMChwl 
Caitan Diootidt 
Total Petroleum Hydracartora 

NKraM-WMM Nilragan 

l^MiM Nfiregn fToW) 
Ammonia NUrogon 

Chenircsl OwyflW Demand 

Ptioapdonn (MM) 
TOO {Total Orgwiic Carbon) 

Godlun 

Potassium 

Catchun 
Uagnaslum 

imrt 
Man^gnwe 

Araento 

CMimiiim 
Ctiiorriuni 

Oopp« 
Lead 

Znc 

CUENT SAMPLE IDENTIFICATION 

Sdenlum 
ncaiboMiiefi (a> CaC03> 

ChlofWe 

SMlfaw 

r«trittNtno«n 
Total NHrogcn 

AlkaHnfty. tattl {•» CKX13) 
Soldi (Dtedvod) 

Kontftnvui) 
iron rente by C^oulBtton) 

MARTELNO. 
81186 0000CV4        P-i 

Compound 

MBthVNi.daadvoa 

carton aoxXN 
Total PrtraiMm Hydnartnra 

StUhM 
Mtmta-MtriiB Nliraflan 

TattValu* 

coae 
24 
<2 

<0.1 
0.12 

<0.5 
<Q.2 

<20 
fi.17 

e.o 
7.0 
<5II 
6.0 
20 
CM 
o.n 
<0.MS 

0.0009 

40.009 
0 010 
0.005 
003 
0008 
0.006 
IS 
14 

87 
o *   — 

Tut Unit 

mpA 
mofl 
mgn 
\TQH 

mgn 
mg/l 

mg/l 
mod 

0.02 

0.12 

IB 
M 

indB*w»T*>a>» 
indatwiTinato 

rrtfl 
mQfl 

mofl 
fntfl 

mgA 

mod 
man 
mgrt 

man 
mg/i 
mo/l 
mg/l 
nv" 

—nod 
mpfl 
mgA 

m9rt 

Meinod 

"EPARSBK 175 

SM4500 

EPA418^ 

EPA W6-2 
EPASSi.-t 

EPA3St.3 
EPA 360.2 

EPA 410.4 
EPA365L2 

EPA 415.1 
EPA 200.7 

EPA 200.7 
EPA 200 7 

EPA 200 7 

EPA 200 7 
EPA 2007 

EPA 206.2 
EPA 213.2 

EPA 218.2 

fiPA 220.2 

EPA 238,2 
EPA 200.7 

EPA 249.2 

EPA 270 J 

EPA 310.1 
EPA 325.2 

EPA 375 J 

.EE&JKOl- 
EPAW3.1 
EPAW 

EPA 310.1 
EPA ieai 
SMSlSfl 

SM 39000 

CUENT SAMPLE IDENTlFICATWN 

TMtVlhJ« 

0.090 

s 
«2 
O.I 
<0.M 

TMtunit 

mgrt 
rngfl 

mel 
•myi 

TPARSKITS 

8M45O0 

EPA 419.1 
EPA 376,2 

EPA 853.1 

MaiWLflborat«rt«».*w,nC-     ^-^ 
PHAl(«2^77«) MX41Q-B210Q54 tMNi: mow <&n«la«».«»m 

0.0005 
1 
2 
0.1 
0.05 
0.5 
0.2 
20 
0.05 
0.1 
0.5 

S 
0.5 
0.5 
0.01 

0.01 
0.005 
00005 
0-005 
0.005 
0006 
0.01 
0.005 
0.005 
1 

2 
5 

 0.03  
(US 
0J05 
1 
1 

00 
GO 

Sample Date/Time 
11/IW2001 11*6 

Aittlrfif DM/ntaMUial 

— llfiiftOOTttSOSUB 

11/07000115:00 &TA 

11/16000111:25 OU 

H/IZmOOl 14:30 SM 

11/OB/2001 00:19 MOS 

11/CW2O01 09:10 TB 

11/0W20O1 11:45 TB 

11/15/2001 11:30BM 

11/14/20011521 BM 
llrtlfflOOl IVOOAK 

11/14*2001 16:58 DU 

11/14/300118*0 DU 
11/14/2001 1639 DU 

11/14/2001 1*50 DLJ 

11/14/200116:59 DU 

11/14/2001 1D:SSDLJ 
11/15(200110:43 LB 

11/14/2001 09.45 LB 
11/140001 11:46 LB 
1VU/20O1 11:40 LB 

11/15/2001 07:53 LB 
IVI'OOOl 10:50 QU 

11/14/200111:4* LB 
11/15/2001 00:17 LB 

11/12/200111:20 TB 
11/12ra0011*SSBM 

11/19000116:15 CBS 
11/10/2001 00:16 C8S 

1^/07/200114:30 BM 
/ / 

11/1»20011VJaTB 

11/0012001 13:07 TB 

11/18/2001 10:00 l£ 

11/15000110:00 LB 

DetscttonUmtt 

"o.ooos 
1 

2 
0.1 
0,05 

Sample Dato/Tims 
11/08000114*0 

AmiMDMamneAMai 

11/13Q001 12:00 BUB 

11/07/2001 13:00 BTA 
11/160001 1135 OU 
11/1200011430 BM 

11/08/2001 00:33 MOS 

KCEENG 
HageS 
11/2V20O1 



oy:   MC  crtyi-iieei ibiy  J. 

MABTEL NO. 
S-M65 000004 

Compownit 

Amnonte MtrogMi 
Chenic*! Oxysan Demand 

Ptwplwv* PDtBl) 

TOG (ToM Orpinlc Caibon) 

Sodium 

Potsniuin 

Caldum 
MasnMltfri 

Inn 

Man^iMW 
AfMnic 

Cuiirium 
Ctiiwrtum 

CcppBT 

P-4 

znc 

•harlxxntes (w C«C03) 

CJjtartU* 

9U)Wa 

TcMlNttogan 
MkaMiy, taw i»CBcro> 

lllM(tallWCI| 

Iron tftrtc t»y CitaiWiwi) 

MART^LNO. 
81186 000005 

Compound 

P-5 

conc/^to snientific Solutions 

CLIENT SAMPLE IDeNTIFI CATION 

TwlVaitw 

<0.5 

«0.2 

71 

0.CT 

22 

4.9 
<i,o 
».e 
2J 

7.0 
0.35 

€0006 

«0.0OQS 

0.IM7 

0.027 

0.026 
0 06 
0,014 

<0.005 

<1 

10 

41 

<0.06 

<0<M 

OJtS 

<1 
IB 

IndelanrifMte 

TMtLMt 

nHJfl 

mgA 

tngfl 
mafl 

mgA 

mgn 

mgA 

rogfl 

mo/) 
mod 

mg/l 

mert 

mo/i 

mgA 

me* 

mgA 

mot 

mgn 

mgA 

Mattwd 

EPAU1-3 

EPA 350.2 

EPA 410/* 

EPA3B5.2 

EPA 419.1 

EPA 200.7 

EPA 2007 

EPA 300.7 

EPA200.7 

EPA 200.7 

GPA 200.7 

EPA 206.2 

EPA 2132 

EPA 218.2 

EPA 220.2 

EPA 239 2 

EPA 200.7 

EPA 249.2 

EPA 270.2 

EPA 310.1 

EPA 32S.2 

EPA 375.3 

EPA 3511 

EPA 3631 

EPAVflr 

EPA 310.1 

EPA 100.1 

Mteoton Limit 

~o5~". 
0.2 
20 
0.05 

01 

0.5 

b 
08 
0.8 

0.01 
0.O1 

aoos 
6.0009 

0,005 

ooos 
0.005 

0.01 

0.006 

0.005 

\ 
z 
0 

0.06 
DJD2 

0.05 

1 

1 
. .   60  

SM3000O 

CUENT SAMPLE IDENTIFIGAT»CW 

Nlb«l»MvM NHogen 

PlmotwnM (KM) 

TastVahie 

Todra" 
00 
<2 
<ai 
«Q.OS 

0.2 

65 
0.65 
5.0 

Taatumt 

mgA 

mgA 

mgA 

mgA 

mg* 

mglkB 
mgA 

Malted 

0>AR§K175 
8M4S00 

EPA 418.1 
EPA 976.2 

EPA 863.1 

EPA 3813 
EPA350J 

EPA 410J» 

EPA 3612 
EPA 415.1 

MorWLdbonrtortMjBtflnc.    ^^ 

(»Md1oil2S-779Cl WOUICMl-IOM EMM.; m-W 9 n«iaW».PPm 

B0 

D^acflonUmi 

0.0006 
1 

2 
OLI 

0J06 

QA 
0J 
211 

OJ05 

0.1 

Sample Date/TVne 
11/0En001 14LD0 

AnrivmDaWTima'initai 

iinooooinTofi 
11AK/200111:48 78 

11/150001 1130 BM 

11/140001 15:21 BM 

1 in 1/200111:00 AK 

1i;i«/200117:03 DU 

11/14000117:03 DU 

11/14/2001 17.03 DU 

1V14/2001 17:03 DU 

11N4/2001 17:03 DU 

11/140001 17303 nu 

11/1SQ00110:42 LB 

11/14000100:45 LB 

1V14/2001 11:46 LB 

1V14«001 11:46 LB 

11/16(2001 07:63 LB 

11/140001 17:08 DU 

11/140001 11:46 LB 

11/15/2001 00:1? LB 

11/12000111:20 TB 

11/12/200113:56 BW 

11/1*200115c2a CBS 

11/160001 0033 CBS 

11/071200114:30 BM 

/ / 

11/12/2001 liaOTB 

11/000001 iaA7TB 

11/16Q0O110:00 VB 

11/130001 1000 LB 

KCEENG 

11/06««111:15 

/MiyriitMWTnMArtMM 

— iiJi^aoor^flTsui 
11/07/200116cO0BtTA 

11/16/20011126 DU 
11/12000114:30 BM 

11/06/2001 0141 MOB 
11/000001 OfclOTB 

iinettOM ii>43 TB 

11/16000111:60 BM 
11/16000116:27 BM 
11/11/200111:00 AK 

PWQBA 

it/asnooi 



I l   ay.   fkut  ciiyi'i==i j-ny   i>iw.) 

ftensible Scientific Solutions 

WARTEL NO. 
B1185 000005        P-S 

Compound 

SoAum 

Polttrliim 

CaMum 
Magmahim 

trad 

AnaMc 

Ctirarrium 

Lnd 

Zinc 
Mckal 

BicrMnalM (as CaC03) 

SuMiti 
NltniM Wfccoon 

ToMNUregan 
Alfcainity.taMtKiCaC03)> 

SoUa (tNuohnd) 

1ran(fMvo««) 
Imr (Fvnic by ClloialW*) 

ai€NT SAMPLE lOENTlFICATlOM 

TMtVahi* 

To        " 
<8.0 

sr 
B.3 
1^ 
AZ 
<o.ooa 
O.0006 
0.011 
0.023 

0 016 

0.06 

Q.Olfi 

<0.OO6 
32 
15 
20 
0.05 
0.03 
O.fiS 

140 
indetanniiiBlB 
IndtttwrnlratE 

TMCLMH 

mqll 

rngfl 

n^/t 
mgi 
m^M 

mgfl 

mofl 
mo/l 
mgfl 

mo/l 

m»fl 

mgfl 

mgA 

mofl 
mgi 

mgl 

mod 

Method 

EPAiM.7 

EPA2M.7 
EPA 200.7 

OPA2007 

SPA 200.7 

EPA 2007 
EPA 206.2 

EPA 213 4 
£PA2ia.2 

EPA 220.2 

EPA 229.2 
EPA 200.7 

EPA 2*8.2 
EPAZT0.2 

ePAnai 
EPA32B.2 
EPA 375.3 
EPA 153.1 
EPA 333-1 

EPAV* 

EPA310.t 

EPA 160.1 
SM316B 

SMaSOOO 

CUEMT SAMPLE ID6NT1FK»T10N 

P-6 

Twtvamr"   TiiroBr-r"*****' 

MARTEL NO. 
81185 000006 

OaRfKxnd 

CartwnnotilM 
Tottl MMMjffl Hy^recwfeorw 

Sotftto 

MtfUB MBltt MfcnQMt 

igsMtfil Ntbogwi (TdM) 

Amnonta NIMBan 
ChemkMlChq^Dvnand 

Pbo^itanwitaM) 
TOC (Total Quarto Carton) 

Sodium 
Pwaaahim 

CaMum 

MagnMium 

M^MlUlborcrtoiMCjBtflne. 

[M«otlon Limit 

~0.9 
S 
0.5 
0.5 

0.01 

&.01 

0,006 
0.0006 

OJ09S 
0.DO5 

0.005 

0.01 
0.005 

0.006 
\ 
2 
5 
0.09 
o.oa 
0.05 
1 

1 
60 
00 

Sample Oste/Tlme 
nw/aioi 11:15 

Aflal)i«i»DailerTlmennN«l 

im*OT01 17:07 DU 
11/1*200117-07 QU 

11/14/MOl 17fl7 DU 

IVIWOOI 17:07 DU 
11^*000117fl7 DU 

11/1*^00117:07 DU 

11/1«200110;421£ 

11/14/2001 09c4S IB 

11rt4a001 11:46 LB 

1V14J2001 11MLB 
11/15000107:53 LB 

11/14/200117107 QU 
ll/liffllOl ll!46LB 

1V1«200100:17LB 

11/120001 11 20 TB 

11/120001 13:95 BM 

11/1S/2001 16:11 CBS 

llrtfi/2001 01*1 CBS 

11/07/2001 1*30 BM 
// 

11/120001 11:20 TB 
11/DM00113:07 TB 

11/150001 10^0 LB 

11/1BQ001 10:00 LB 

DMsctlcn-Urilt.- 

0.0011 mofl EPAR8K175 OJ0005 

16 fllQrl SM40OO 1 

<t msfl EPA41*1 2 

<0.1 mofl EPA 37*2 0.1 

O.D6 IHQfl EPA 358.1 0.05 

<J.6 mgfl EPA 351.3 QB 

<0J maA B>A 150.2 02 

40 moll EPA 410.4 20 

ass rngft EPAMBJ OJQS 

14 maA SPA41S.1 0.1 

3.0 nnQra EPA 20017 OS 

<5.0 mtfl SPA 200.7 s 

S& man EPA 200.7 as 

2.1 man EPA 200.7 0.S 

2£ mpn EPA 300.7 0.01 

Satnple Date/nir* 
11/00000114^0 

httl-fiifcltattTtaiaAnMaL.. 

iwiaflaoTiiooBLB 
ii/o7/2ooi ierf»errA 
unworn ii'^s DU 

11/12000114:90 BM 
11/oatt001 01:15MDS 

linWSOOl 09:1076 
11/06/200111:45 TB 
t1/lW00111-JOBM 
11/140001 1521 BU 
11/11/200111:00 AK 

11/140001 17:10 DU 
11/140001 17:10 DU 
11/14/2001 17:10 DU 
11/14/2001 17:10 DU 
11/14/200117:10 DU 

Kceene 11/20/2001 



oy:   ikut:  cd^J.riKkti'j.ny  JIIU., m  I U     CLJkJ     •SA.K.W i 

MARTEL NO. 
81185 000006        P-6 

ManganMa 
tomic 
Ca*nwtn 
Ctinmlum 

uad 
Zinc 

MciMl 

Sotarfrm 

Boiborafen (as CaCOS) 

GhtoMB 

SulMa 

Mitrtto NiMgMi 

Total NilroB*i 
AIMInNy. total (as CaC03> 

Solid* (DtoMhwU) 

lnw(bfn>us) 
Irvt (F«rlc by G*la4a««n) 

MARTEL NO. 
81165 000007       P-7 

Cwnpouhd 

Cw^onDtOMH* 
TDMM PetfoteuiT* Hydtoattten* 

sumo*   
NHnMMM Nfragwi 
K|rt*WNnre9»ft (Total) 
AmiraniB NHiogw* 
Ctwmloal O^gon Dwnand 
Phoophoni* <U*»n 
TOC fTo" Oganle Cartwn) 
Sodun 
Potatsiuni 
OiehjRi 
Migneafam 
Inn 
MangonMe 
Anento 
CMdmhiin 
Ohramluni 
Copper 

s&nslble Scientific Solutions 

CLIENT SAMPLE IDENTIFICATION 

TmlVriue rMtUittt 

0.30 
<0J(M5 

0.0007 
C03S 

0.0« 
0JQ12 
0J04 

0.011 
<0.006 

<1 

20 

<0.05 

«5.02 

«ft.ft5 

<1 

SO 
indflMrminale 

Indatamlnato 

moll 

mjl 
mtft 

irvfl 
mfifl 

n^l 

mg/l 
mgR 

IDQ/I 

flUjfl 
moA 
mg/l 
mgl 

mgA 

tmjrt 

Mttthod 

lpAaM.7-" 

Ef>A20a2 
ePA2«2 
EPA2ie.2 
EPA 220.2 
EPA 239.2 
EPA 200.7 
SPA 240.2 
EPA 270.2 
EPA 310.1 
EPA32S.Z 
EPA37S.3 
EPA 353.1 
EPA 863.1 
EPAW 
EPA 3101 
EPA 1M.1 
SM ai8B 
SM3S00D 

CUIEWT SAMPLE IDENTIFICATION 

TMl Valtlft 

OOOOiB 

20 
<2 

<0.1  

M 
0.5 
•flOi 

M 

0.3S 

7.2 

8.2 

<5.0 
4.5 

24 

A* 

0.09 
OAQO 

<0.00« 
0.0*7 

OJ014 

TeatUnll 

nnjfl 

TTQfy 
mg/l 

n^fl -' 

TtQfl 

•119/1 

ma/i 

tntfl 
mgA 

mg/l 

mQfl 

mon 
moll 

iron 

mot 

•no" 

Mettiod 

"EPA^CItft 
SM4600 
EPA4ia,1 
EPAJX&2  
EPA 353.1 
EPA3S1.3 
EPA 390.2 
EPA 410.4 
EPASSSi 
EPA4tM 
EPA 200.7 
EPA 200.7 
6PA 200.7 
EPA 200.7 
EPA 200.7 
EPA 200.7 
EPA2O0.2 
EPA213.2 
EPA21U 
EPA 220 A 

Detodton Limil 

O.OI" 
0.005 
0.0009 
O.W 
OJDOS 

0.0O5 

0.01 
0.005 
O.0Q6 

1 

2 

fl 
005 
0.02 
0.06 
1 
1 

00 

60 

Sample DataTOme 
11/06*00114:30 

fcufcnfc DitB/TllwIlnlwl 

ii«4«bbi ^iic ou 
II^SQOO110:42 LB 

11/14/2001 09^45 LB 

11/14/200111:46 LB 

11/140001 11:46 LB 
11/15/200107:53 LB 

11/14/2001 17:10 DU 

11/140001 11*6 LB 
11115/2001 09:17 LB 

unvzooi 11^0TB 
11/l2«001t3:55BM 

11/1W2001 1625 CB8 

1111612001 Ql:lS CBS 
11/07/2001 14;30BM 

// 

11/12/2001 11:20 TB 

11W20D113:07 TB 
11/15/2001 10:00 LB 

11/15/2001 10:00 LB 

OrtecBon Llm« 

0.0005 

1 
2 

...0J.  
(LOS 

0.5 
0.2 

20 

QjOB 
0.1 

05 
s 
0.5 
04 
001 
O.01 
OJOOO 

0.0005 

OOOft 
0.005 

Sample Date/Time 
11/D0AM1 15:00 

An«yal*a«ie/TlmMlnlMl 

11/13«b01 12:00 SLB 
11X17/2001 15:00 BTA 
11/16000111:2* DLJ 
liwagpi 1430 BW 

11/05/2001 01:26 MDS 
11/OW2D01 09:10 TB 
ll/DBOOOl 11:45 TB 
11^5/2001 11:30 BM 
11/14400110:21 BM 
11/11/2001 1TO0 AK 

11/14000117:14 DU 
11/14/200117:14 OU 
11/14000117:14 DU 
11/14000117:14 DU 
11/14/2001 17:14 DU 
11/14000117:14 OU 

11/15/20011IM2 LB 
11/14/2001 0W6 LB 
11/14/200111:46 LB 
11/14/2001 1146 LB 

NUffMUitooratorlMjrolnc. 
1025 cwrwBi »*» ft**! - Bornxw. Mewfcnd aiw 

PM410.e2S.77W FAX410-821-,I064 fMAI: moW ® nw***».com 

KCEENG 
paa«o 
11/29rt001 
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Sensible Scfenfific Solutions 

MARTELNO. 
81185 000007 

CorrpMinci 

CUEOTSMUPCS IMKHPICATWH 

P-7 

The 
Mdvl 

Sfltorfum 
Meartxvutes {as Ca003) 

ObiWtt 

$uU»to 
NtraM Nttragec 

MVM NHnoer 

MluMty, tottl («t C*C03> 

Iron (termw) 
Iran (Fwfk tiy Calcttolkan) 

T«miv«kj* 

"OJOIT- 

O.0T 

0.037 

<0005 

<1 

25 
92 

1.7 

«0.02 

17 

<1 

MARTELNO. 
8118S 000008 

CoiTfiaund 

M«ihan(s diwolved 
CMVanCHaxMe 

Totil P««ol6um My*neart»n» 

SutAde 

Mtrato-Nttitte Mkapfin 
iq^dahl Nilroam (TotolJ 

AiranonM NlMgan 
OMOiai Oxygin IMnand 

"phMpMrUiVinU) " 
TOCfro^OfgKicCwtwn) 

SodMn 
PotonHim 

Caldtim 

P-ft 

AmMle 

GhRxrium 

zmo 

TmttJhit 

IflQll 

IDBA 

mgfl 

mpfl 

rrgA 

mgA 

rngfl 

mflfl 

iMMmninato 

er>A»9^ 
EPA 2007 

EPA270i2 

EPAalO.I 

EPA 325^ 

EPA 375 J 
EPAiSS.I 
ePAJMi 

EPAVar 

EPA 310.1 

EPA 160.1 

SM3lSa 
SM3S00O 

Deteotton Urrtl 

owia 
•.01 

0006 

o.oos 
1 

2 

s 
0.06 
0.02 

DOS 

1 

1 
60 

Sample DoMTime 
11/060001 13:00 

Anity w DaM/ThM/MiW 

11/1S/2i»1D723Li 
1V1«O01 17'1d OU 

11714/2001 \\A» IB 

11/19000109c17 LB 

11/12/200111:20 TO 

11/12000113:90 BM 

11/IBffiOO116 33 CBS 
UrtBttOOl oiaBcas 

1lf07««)1 U30 BM 

/ / 
11/12/200111:2076 
11/00/200113:07 TB 

11*10200110:00 LB 

11/1&2001 10:00 LB 

GHENT SAMPLE IDENTIFICATION 

TertV»m» 

40.0005 

14 

<2 

<0,1 

OLIB 

<0JS 

<a2 
21 
0.12 '• 

33 

7.8 
«5.0 

4.3 

0.0 

0.Z7 
aor 
O.008 

<0J000Q 

<O.0OS 

OJOOO 

<0.008 
0.03 

QJ007 
<O.00ft 

4 

TMtUfft 

mgl 

mj/l 

mg/l 
mgA 

m0A 

mo* 

mgf\ 

mg/l 

•ngfl 

mg/l 

mg* 

mg/f 

mgfl 

mofl 

unoK 

MrtiwJ 

"B'ARSK'ITB 

SM4900 

EPA418.1 
6PA 375,2 

EPA 353.1 
EPA 351 3 

EPA3S0.2 

EPA 410.4 
EPA3BSL2— 

EPA4H.1 
EPA200.7 
EPAZO0.7 

EPA 200.7 

EPA200.7 

EPA 200.7 

EPA 200.7 

EPA 200.2 

EPA213J 

EPA 210.2 

EPA 220^ 
EPA 299^ 
EPA 200.7 
£PA 240.2 

EPA2m2 
EPA 210.1 

Umlt 

0.00O5 

1 

2 

0.1 
0.05 

0.6 

OJ 

20 
—gas . 

MorM LaborotoriMjj^lnc. 
1025 Caofw-t *** ft»d • **«**. "-J^ndjtW 

PW41O.B26.7790 FAX41M21-iaM BM1:m«««© ri******* 

0.1 

OS 
s 

03 
OJ 

0.01 
aoi 
OJOOS 

aoaos 
0.006 
0.009 
ojooe 
0.01 
o.oos 
0-009 
1 

KCEENG 

Sample Date/Time 
11/0W200110:30 

iifiaaoSTizioosuo 
11/07/2001 16.-0OBTA 
ll/lfiMOl 11^5 OU 

11/12/2001 14:30 BM 

11/08/200101^2 MD6 
llflaQOOl 09:10 TB 

11/080001 IVJSTB 

11/1600011130 BM 

nmffloPUjKnBW 
UrtlfflOOIIiaOAK 

I1/I4fl001 17:18 OU 
11/140001 17:18 DU 
11/140001 17:18 DU 

11/14000117:18 DU 

limODOl 17:18 DU 

11/14000117:18 OU 

11/16O0O1 10:42 LB 

11/140001 tOM LB 

11/14000111«tB 
11/14000111:40 LB 
11/190001 07^3 LB 

11/1400011T:180U 
11/140001 llvtOLB 
11/190001 09:17 LB 
11/12000111:20 TB 

I7 

11/280001 



I oy-   ^^c  ciiyj.ii«ci j.ny  XHV., 

MARTELNO. 
811BS 000006       P-S 

CompMind 

CMOfldt 

SullBfc 
Nlrata>urag«r 

Afttflnfe, total (isCaCOa) 

Scftto (DlMnhMd) 

tontfemu*) 
Inn (Fonte by CtfuUtik^) 

MARTEL NO. 
$11B$ 000009       P-9 

Convound 

Motmne. dtoaNti 
CvtwiOkwkiB 
Total tolfvltum Hydrocartwro 
Sulflds 
Nttra^MMtoHtreow 
K^d*H NUtragan (Total) 
Ammonia Nttogw 
Ctamioi Quwan Ownanrt 
PtMphDnn (HU) 
TOC r**"' OiganlcC^too) 
Sodum 
Potedum 
Candum 

- wwy>***"    -   _ 

•ran 

Aiwnte 

Qvuiriuin 
COODSI 

One 

McM 
tetoriiMn 

CMortde 
SuRMe 
HMmHWnam 

t0tMt NMroQan 
Total NMragwi 

Conc/ihta Snienfific Solutions 

CLIENT BAMPUE IDENnFlGATION 

TM«Valu» 

"l9 
e.i 
0.1 

0.00 
o.ia 
4 

46 
IntMwHniM 

indatorminato 

Tcatunlt 

nnpn 

ir0ll 

tnsA 

EPA 325-2 

EPA 37*3 

EPA 309.-1 
EPA 353,1 

EPAVar 

EPA 310.1 

EPAteO.1 

6M31SB 
8M3500O 

CUENT SAMPLE iDiMTIHCATlON 

TeatVibi       TwrUnll 

< 0.O0O6 

«2 
<0.1 
0.42 

«0.6 

-«0.2 

<ao 
0.09 

1.0 

J^ 
<9.0 

%.« 
-_t8  

mgfl 

mpfl 
mofl 

mQil 

fnpH 
mg/l 

RigA 

m&i 

Mathod 

TPARSK 1T5 

5M4500 

EPA 416.1 
EPA 378.2 
EPA 353.1 

EPA3S1.3 
EPA 380.2 

EPA 410^ 
EPA 366.2 

gPA4111 
EPA 200 7 

EPA 200.7 
EPA aw 7 
EPAMOT 

035 
O.0« 
0.005 
^0.0005 
0.007 
•<OA0& 
«O.0OB 
0.08 
O.OTO 
<0,O0S 

<1 

ii 
M 
40.02 
0.42 

ffl0l 
ntgit 

mo" 
mon 

mofl 

mg/l 

no" 

moft 
(IIQ/I 

mjfl 

EPA 200.7 

EPA 2007 

EPA 206.2 
EPAW12 

EPA 211.2 
EPA 220 2 

EPA 2302 

EPA20a7 

EPA 248 2 
EPA276J 

EPA 310.1 

EPA32i2 
EPA37&3 
EPA 353.1 
EPA 363.1 

EPAW 

Oatacttoo Ufrtt 

2 " 
5 
0.05 
0.02 
o.oa 

i 
1 
M 
00 

Sample DaWTlnie 
11/06000115:30 

AnayMOaHmmMM 

— Tirtaoooi 13.55 BM 

1l71W200l10d2C8& 
11/1«2001 01:42 CBS 

1tJ07<200114dOBM 
/ / 

11f12000111:20 TB 
11«a/200113307 TB 
11/150001 10:00 IB 
11/15/200110:00 LB 

Danaeilon LWt 

0.0005 

1 

2 
0-1 

0.0S 

0.5 
0,2 
20 
0.08 

0.1 

O.S 

0 
0.6 

0.5 

Sample Date/Time 
11AW200M4;45 

—" ilnaaoovttiposiJB 
11/07/200115CO0 BTA 

11/1«2001 11:25 OU 
11/120001 14:30 BM 

11fDW200lOV.5SMDS 
11/0*2001 09:10 TB 

11/080001 11:45 TB 

11/1SOOOI1V50 BM 

11/14/2001 15:21 BM 

11/11/200111:00 AK 
11/l4fl»Oi17220U 

11/14/2001 17«2DLJ 
11/1400011742 DU 

11/140001 17*22 DU 

0.0* 
Dill 
0.005 
0.0005 

0.006 
0,000 
OJHW 
0.01 

0J0O5 

0.005 
t 

z 
0 
0.06 

042 
0.06 

1V14/200117i2"eLJ" 

11/14000117:22 OLJ 

IIMMOOI lOUSLB 
11/1400010*45 LB 

11/140001 11« LB 
11/14000111;40 LB 
11/1W001 07:83 UB 

11/14000117:22 DU 

11/14/2001114* IB 
tt/IBraOOl 09:17 LB 

11/12/200111-^0 TB 

11/12/200113:56 BM 

iin«oooi iroacas 
n/icnooi ow* CBS 

11/0700011*1*1 BM 
/1 

1028 Q«rw<rt»rtt*oa R««> - fc,l*rws,**Sy!r^l!SLft«« 

KCEENG 
PagaO 
llfiWIOOl 



r\hi_    l_i»^^iiCOt 

MARTELNO. 
61186 000006 

Compound 

Mk<iinnyr towW^CO?) 

HKiftamus) 

MARTELNO. 
81165 001OT© 

Compound 

P-9 

Sensible Scientific Solutions 

OiENT 8AWPLE IDENTIFICATION 

TeStVtlL* 

<1 
to. 
iMwwmlnate 

tmW«mninatB 

T««tUnR 

"ipAaio.i 
EPA 100.1 
SM315B 

SM 35000 

CU^EMT SAMPLE IDENTIFICATION 

Trtp Blank 
TMlVMlN 

<Q.D6W 

rut unit 

mot 

Mfltud 

EPAR*Ki« 

OMctlmUmtt 

"~1 
1 

BO 

00 

Dolvctlon UmK 

0.0005 

Sample Date/Tim* 
11A6fafl0l 14)46 

AnrtyittOflWTww'MM 

—    iina/2OOt1l;20TB 
ti/oaaooi 14:07 TB 
11/150001 IftOOlB 
n^anoOl 10:00 LB 

Sample DateflTroe 
iii06aooioa:i» 

11113/2001 1200 SUB 

All Pfoceduraa \nmA am In aceerdanea with tha fdlowlna method*: 

-Metfiods of Chamiciil Analysis of Wfclar and Wastewatei-. BPAM0W-79AW0. U-S^EPA. 

Industrial Waatowater, U.S. EPA. Appandlx A10 40 CFR P*"^^. 49, ^. OT OOto^r ZB. 
1984 -Standard l*Hhod* tor tha Examination of Water and V*-"-**•'"*"'^^Z' 
^Eto^M Nltrata-Nttrtta Nitrogen * the sum of Nitrate and Nitrte an^yflca) "^^J* 
NSW, te tha aum of Total Sto-NBrte end KJaldahl Nkrogan analytical iBsute. ^2* and 
tSStaiM iMhodt we« Melaminata (drtection limit <rf about 80 mgn) given the reiattvely 

low levels of ttrtrt Iron present to the sample* 

Appioved. \Mttfil titortC 

Dote^ nla^/oi 

NMtalLdboialoitotjnrlne. 

PM410.825.7790 W««1M21^DW EMM: mcl* A tra»oW»««« 

KGEGNG 11090001 



PHAIN OF (iUSIUUY / bAM^LC inrofMviM i IWM » ^ 
.RoMi.a^lmo«.lg«««>t4W«fi-TTBO'FAX<4101Ki-1DS4 

ProjadNwWI _«««• Quarry Gra«i*wi«w» 

(SAME AS SAMPLE!) 

t8AME AS SAMPLE 1) 

(aAMEASSAMPlEI) 

(SAME AS SAMPLE 1> 

m^O fSAME AS SAMPLED 

^OpjlSAME AS SAMPLED 



CHAIN OF a 

Ctt«Tl NmWnwfW^AX  

CtanlMdr«u 

METHANE 

r. 
FT 

rr 
a 

IQ *-• 
3 « 

d 

N08a.TKM.W3> COD. ^T00 j 

(SA^^^AMPUt) 

i^ag^^i) 
L^A-L 

...14.-    l'1'*'-   ?   •£ 
yAMEABEAMPLHt) 

KaWp.A8aAMPtJEt) 

sil'^p^litliL 

1' 



Appendix D 

Chemical Analytical Results from Dredge Sampling of Upper Chesapeake Bay 



Table of Chemical Analytical Results of Sediment from 22 Dredge Sites in The Upper Chesapeake Bay 

PROJECT NAME, SAMPLING DATE 
AND SAMPLE LOCATIONS 

TKN*         TOTAL P*         pH         O&G*        TOC*        COD*      TS* 
MG/KG         MG/KG        UNITS     MG/KG     MG/KG     MG/KG      % 

ALUMINUM     ANTIMONY     ARSENIC     BARIUM     BERYLLIUM    CADMIUM 
MG/KG             MG/KG           MG/KG        MG/KG           MG/KG            MG/KG 

OUTER CHANNEL 1985-1999 
AVERAGE 1,456 1,230 8 867 24,635 66,236 39 12,397 5 7 56 1 1 

MAXIMUM 5,000 14,917 9 5,842 90,500 390,909 85 29,400 24 33 250 2 5 

MINIMUM 40 14 6 1 176 117 18 1,100 0 1 5 0 0 

MEDIAN 1,100 785 8 432 22,002 58,981 36 9,804 0 6 50 1 1 

Back River Bridge 
650 700 950 20200 50 3.6 71 3 

430 400 1200 14500 42 0.7 40 3 

310 120 74 7310 45 1 16 3 

SO' Project, September 1986 
1100 260 7 78 29000 29000 46 0.5 0.32 

1700 250 6.7 42 33000 69000 43 0.5 0.1 

280 230 8.5 38 3000 3100 79 0.5 0.6 

SO' Project, September 1986 
4300 48 8.3 420 58000 110000 21 0.5 0.95 

2700 430 7.8 180 29000 80000 30 0.5 0.63 

2700 220 8 320 39000 100000 26 0.5 0.5 

2500 320 8.1 340 42000 85000 28 0.5 0.57 

2000 240 7.4 48 27000 73000 40 0.5 0.18 

1400 240 7.1 71 21000 86000 42 0.5 0.1 

88 270 7.8 56 28000 97000 32 0.5 0.2 

200 430 8.3 40 38000 84000 28 0.5 0.6 

64 160 8 23 16000 51000 44 0.5 0.38 

4200 920 8.1 40 29000 100000 24 0.5 0.46 

160 310 7.2 40 38000 45000 35 0.5 0.54 

4800 870 8 40 89000 100000 23 0.5 0.48 

2800 470 8 40 38000 80000 34 0.5 0.47 

3300 520 8 40 41000 99000 23 0.5 0.43 

5000 1000 8 40 52000 110000 22 0.5 0.54 

4200 590 8.1 450 35000 110000 22 0.5 0.54 

180 14 7.1 69 1100 4900 74 0.5 0.07 

43 82 8.4 120 11000 11000 65 0.5 0.17 

2800 500 7.9 520 13000 96000 26 0.5 0.27 

1400 190 7.7 320 30000 43000 42 0.5 0.45 

3000 480 8 510 44000 79000 27 0.5 0.44 
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Table of Chemical Analytical Results of Sediment from 22 Dredge Sites i n The Upper Chesapeake Bay 

PROJECT NAME, SAMPLING DATE 
AND SAMPLE LOCATIONS 

CHROMIUM     COPPER       IRON        LEAD       MANGANESE      MERCURY 
MG/KG           MG/KG       MG/KG     MG/KG           MG/KG              MG/KG 

NICKEL 
MG/KG 

SELENIUM     SILVER    THALLIUM       ZINC 
MG/KG         MG/KG         MG/KG        MG/KG 

OUTER CHANNEL 1985-1999 
AVERAGE 50 33 29,365 50 1,967 0 36 3 1 1 197 

MAXIMUM 640 240 94,000 464 7,000 2 79 12 8 5 580 

MINIMUM 2 1 1,600 2 34 0 2 0 0 0 8 

MEDIAN 36 33 32,500 46 1,500 0 36 2 1 1 210 

Back River Bridge 
640 240 14900 280 0.3 0.2 1 

130 120 8000 120 0.2 0.1 0.39 

8 12 5400 12 0.04 0.1 0.1 

50' Project, September 1986 
61 15 94000 15 520 0.05 31 83 

58 17 35000 18 420 0.05 33 81 

34 2.4 7800 1.8 100 0.05 3 12 

50' Project, September 1986 
72 42 30000 52 2100 0.05 48 220 

79 42 32000 70 2000 0.05 44 260 

68 40 32000 54 1800 0.05 48 240 

71 41 31000 51 1500 0.05 42 200 

43 16 37000 17 620 0.05 30 80 

50 14 28000 16 570 0.05 28 65 

61 26 33000 30 810 0.05 38 140 

64 33 25000 41 1400 0.05 37 150 

37 23 17000 29 1100 0.05 25 120 

69 37 28000 52 2800 0.05 41 210 

58 35 32000 45 1100 0.05 45 180 

72 40 36000 54 3600 0.05 48 210 

78 41 37000 55 1500 0.05 50 220 

78 40 35000 50 2800 0.05 48 230 

85 44 43000 54 2000 0.05 51 230 

60 35 28000 44 2600 0.05 40 190 

5.3 2.2 1600 5 60 0.05 2.2 13 

17 7.1 6200 9.7 470 0.05 7.9 40 

72 36 32000 46 2200 0.05 45 180 

45 27 20000 33 960 0.05 28 140 

76 38 32000 52 1200 0.05 45 200 
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Table of Chemical Analytical Results of Sediment from 22 Dredge Sites in The Upper Chesapeake Bay 

PROJECT NAME, SAMPLING DATE 
AND SAMPLE LOCATIONS 

TKN*         TOTAL P*         pH         O&G*        TOC*        COD*       TS* 
MG/KG          MG/KG        UNITS     MG/KG     MG/KG     MG/KG      % 

ALUMINUM     ANTIMONY     ARSENIC     BARIUM     BERYLLIUM     CADMIUM 
MG/KG             MG/KG           MG/KG        MG/KG           MG/KG            MG/KG 

1900 250 7.8 390 38000 66000 37 0.5 0.32 

3100 320 8.4 540 35000 84000 28 0.5 0.43 

2700 970 6.7 520 47000 120000 33 0.5 0.36 

3500 692 7.9 700 32000 99000 26 0.5 0.61 

2100 520 7.5 310 28000 97000 42 0.5 0.48 

3300 1100 8.2 760 48000 97000 23 0.5 0.69 

2300 450 8 40 26000 84000 33 0.5 0.78 

2400 300 7.1 40 38000 110000 36 0.5 1 

3100 970 7.2 40 61000 100000 30 0.5 0.8 

3200 610 8.1 40 89000 100000 23 0.5 0.65 

3400 820 8.1 100 38000 120000 22 0.5 1 
4300 1100 8 71 59000 150000 21 0.5 0.76 

2900 25 8 40 29000 140000 23 0.5 0.82 

4300 1300 8 110 53000 140000 22 0.5 0.45 

4900 1100 7.7 60 60000 130000 18 0.5 1.5 

2400 590 7.8 110 41000 120000 32 0.5 1.5 

Brewerton/Tolchester, March 1989 
Core # 11 1200 3000 7.7 400 30600 41 10 50 2 

Core #12 1100 2200 7.5 400 39300 41.7 10 50 2 

Core# 13 1000 4200 7.8 600 39300 39.1 20 50 

Core# 14 1100 2000 7.6 500 42300 38.9 20 60 

Core #15 1100 3400 8.1 500 36800 37.6 20 60 

Core# 16 970 3700 7.6 300 34600 34.9 20 60 

Core# 17 1000 3000 7.4 300 34200 35.1 10 70 

Core# 18 1400 3800 7.1 700 32500 35.6 10 60 

Core# 19 1200 3000 7.5 600 36100 37.1 20 60 

Core #21 1100 4500 7.3 1400 40600 41.7 10 60 

Core # 22 1200 2700 7.5 1400 39900 43.4 10 60 

Core # 24 1200 5000 7.2 1200 43200 43.2 10 60 

Core # 26 1000 2500 7.6 500 40000 44.5 10 50 

Grab # 1 790 3300 7.1 400 29900 44.9 10 50 

Grab # 2 980 1200 7.5 400 27900 33.9 10 50 

Grab # 3 1000 4800 6.3 400 32700 34.4 20 50 

Grab # 4 830 2000 7.9 1500 26800 31.6 10 50 

Grab # 5 780 2900 7.8 900 29400 31.1 10 80 

Grab #6 840 3500 7.8 1000 21700 32.5 10 60 

Grab # 7 1100 4100 7 800 30200 30 20 70 

Grab # 8 |       1100               3800 7.8 300 28400 31.1 10 60 

Page 3 of 14 89-00000229.00/Chemical Analytical Dredge Results Appendix D Hydrogeologic Report.xls/22 clean 



Table of Chemical Analytical Results of Sediment from 22 Dredge Sites n The Upper Chesapeake Bay 

PROJECT NAME, SAMPLING DATE 
AND SAMPLE LOCATIONS 

CHROMIUM     COPPER       IRON        LEAD       MANGANESE     MERCURY 
MG/KG           MG/KG      MG/KG     MG/KG           MG/KG              MG/KG 

NICKEL 
MG/KG 

SELENIUM     SILVER    THALLIUM      ZINC 
MG/KG        MG/KG        MG/KG        MG/KG 

60 33 25000 45 860 0.05 37 160 

80 38 30000 50 1100 0.05 44 180 

110 69 47000 90 1800 0.05 68 340 

85 42 35000 58 2500 0.05 46 250 

96 45 38000 71 520 0.05 68 30 

90 43 37000 62 1900 0.05 48 210 

120 43 37000 81 840 0.05 52 330 

110 91 43000 25 1200 0.05 65 320 

130 54 51000 100 2000 0.05 79 350 

160 61 49000 82 1500 0.05 51 250 

180 71 48000 100 2000 0.05 58 33 

220 76 45000 98 3100 0.05 51 310 

150 69 38000 67 1400 0.05 46 240 

240 71 49000 87 2600 0.05 55 300 

390 71 59000 140 4300 0.05 63 410 

360 120 46000 160 520 0.05 52 450 

Brewerton/Tolchester, March 1989 
Core # 11 32 30 34800 37 0.1 5 172 

Core# 12 32 45 37600 55 0.1 5 280 

Core #13 40 64 38300 89 0.1 5 429 

Core# 14 40 63 39100 86 0.1 5 406    . 

Core# 15 40 63 39900 84 0.1 5 401 

Coretf 16 44 57 40800 75 0.1 5 367 

Core# 17 36 52 39000 64 0.1 5 336 

Core//18 34 48 37700 63 0.1 5 304 

Core// 19 39 55 39800 70 0.1 5 358 

Core #21 34 52 34800 62 0.1 5 324 

Core # 22 31 46 35600 56 0.1 5 265 

Core # 24 32 48 35600 57 0.1 5 276 

Core # 26 30 45 34100 54 0.1 5 256 

Grab // 1 39 36 34100 55 0.1 5 271 

Grab # 2 48 44 33000 64 0.1 5 288 

Grab // 3 58 56 40300 86 0.1 5 398 

Grab # 4 42 42 32700 60 0.1 5 290 

Grab // 5 45 49 40000 66 0.1 5 319 

Grab # 6 40 45 35800 60 0.1 5 303 

Grab # 7 40 44 35600 62 0.1 5 309 

Grab #8 38 44 34000 57 0.1 5 275 
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Table of Chemical Analytical Results of Sediment from 22 Dredge Sites in The Upper Chesapeake Bay 

PROJECT NAME, SAMPLING DATE 
AND SAMPLE LOCATIONS 

TKN*         TOTAL P*         pH         O&G*        TOC*        COD*      TS* 
MG/KG         MG/KG        UNITS     MG/KG     MG/KG     MG/KG      % 

ALUMINUM     ANTIMONY     ARSENIC     BARIUM     BERYLLIUM    CADMIUM 
MG/KG             MG/KG           MG/KG        MG/KG           MG/KG            MG/KG 

Grab # 9 980 4300 7.6 600 31100 31.3 10 70 1 

Grab# 10 1700 4600 7.9 400 27300 28.8 10 60 1 

Grab # 20 1200 4500 8.1 400 29700 30.9 10 50 1 

Grab # 23 40 4100 6.9 700 40900 41.9 20 50 1 

Grab # 25 960 1600 7.9 800 43100 33.3 10 50 1 

Craighill Channel, July 1989 
VC-l-TOP 2543 1512 5842 8591 99656 29.1 9107 17 4.5 1.7 1.7 

VC-1-MIDDLE 484 833 4301 2366 53763 37.2 7742 

VC-1-BOTTOM 304 179 1038 1038 21467 55.9 4472 

VC-2-TOP 932 932 2564 2564 46620 42.9 8578 12 3.5 1.2 1.2 

VC-2-MIDDLE 597 764 2387 2076 50119 41.9 8878 

VC-2-BOTTOM 1072 992 2440 3217 58981 37.3 7641 

VC-3-TOP 1307 235 3183 1323 36851 59.7 3551 8 4.7 0.8 0.8 

VC-3-MIDDLE 409 288 3125 1034 38462 41.6 7091 

VC-3-BOTTOM 1133 939 3039 3039 63536 36.2 8011 

VC-4-TOP 966 757 3655 3133 67885 38.3 10653 13 5.0 1.3 1.3 

VC-4-MIDDLE 439 537 4634 1756 24390 41 6463 

VC-4-BOTTOM 485 306 3827 1837 20663 39.2 6505 

VC-5-TOP 725 828 2692 2692 35197 48.3 4969 10 2.7 1.0 1.0 

VC-5-MIDDLE 1133 1076 3399 4249 56657 35.3 8215 

VC-5-BOTTOM 272 298 440 1192 8549 77.2 1658 

VC-6-TOP 1709 1317 3922 4762 53221 35.7 9804 14 6.2 1.4 1.4 

VC-6-M1DDLE 1078 727 3509 2757 32581 39.9 8221 

VC-6-BOTTOM 878 653 2928 2703 33784 44.4 7387 

C-10 609 1445 655 11738 67720 44.3 6208 11 4.7 1.1 I.I 

C-ll 864 815 741 6667 46914 40.5 9012 12 3.5 1.2 1.2 

C-13 418 505 505 2857 21978 45.5 6769 11 4.8 1.1 1.1 

C-14 103 164 29 176 117 85.2 1444 6 1.5 0.6 0.6 

C-15 665 421 510 5543 66519 45.1 5100 11 5.3 1.1 1.1 

C-16 233 202 187 2022 13530 64.3 5365 8 7.8 0.8 0.8 

C-17 461 346 202 2305 11816 69.4 8646 7 14.4 0.7 0.7 

C-18 593 256 229 1348 9704 74.2 3342 7 6.7 0.7 0.7 

C-19 300 240 288 637 9976 83.2 2584 6 3.1 0.6 0.6 

C-20 581 839 710 3871 43011 46.5 4946 11 1.1 1.1 1.1 

C-23 184 368 1034 2759 27586 43.5 4483 11 4.8 1.1 1.1 

C-26 305 266 279 1992 22576 75.3 1700 7 1.2 0.7 0.7 

C-27 503 395 354 1905 19048 73.5 2517 7 1.6 0.7 0.7 

C-28 700 2045 700 11204 58824 35.7 7703 14 2.0 1.4 1.4 

C-29 104 816 454 3175 29478 44.1 6463 11 1.1 1.1 1.1 
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Table of Chemical Analytical Results of Sediment from 22 Dredge Sites in The Upper Chesapeake Bay 

PROJECT NAME, SAMPLING DATE 
AND SAMPLE LOCATIONS 

CHROMIUM 
MG/KG 

COPPER 
MG/KG 

IRON 
MG/KG 

LEAD       MANGANESE      MERCURY 
MG/KG           MG/KG             MG/KG 

NICKEL 
MG/KG 

SELENIUM 
MG/KG 

SILVER 
MG/KG 

THALLIUM 
MG/KG 

ZINC 
MG/KG 

Grab # 9 39 41 38200 59 0.1 5 276 
Grab# 10 36 40 34200 58 0.1 5 272 
Grab # 20 30 39 30600 44 0.1 5 228 
Grab # 23 30 55 34800 63 0.1 5 304 
Grab ft 25 37 40 32900 44 0.1 5 233 

Craighill Channel, July 1989 
VC-l-TOP '    41.2 17.2 31271 62 0.3 32.6 8.6 3.4 3 337 
VC-I-MIDDLE 
VC-1-BOTTOM 
VC-2-TOP 32.6 12.8 8578 55.9 0.2 28.0 5.8 1.2 2 322 
VC-2-MIDDLE 
VC-2-BOTTOM 
VC-3-TOP 7.5 10.1 15745 13.4 0.2 8.4 4.2 0.8 2 37 
VC-3-MIDDLE 
VC-3-BOTTOM 
VC-4-TOP 26.1 15.7 29765 44.4 0.3 28.7 6.5 1.3 3 196 
VC-4-MIDDLE 
VC-4-BOTTOM 
VC-5-TOP 31.1 13.5 16977 33.1 0.2 19.7 5.2 1.0 2 178 
VC-5-MIDDLE 
VC-5-BOTTOM 
VC-6-TOP 53.2 23.8 9804 64.4 0.3 36.4 7.0 1.4 3 305 
VC-6-MIDDLE 
VC-6-BOTTOM 
C-10 24.8 15.8 19639 36.1 0.2 19.2 5.6 1.1 ' 2 172 

C-ll 24.7 12.3 24321 29.6 0.2 18.5 6.2 1.2 2 143 

C-13 16.5 12.1 27473 17.6 0.2 12.1 5.5 1.1 2 55 
C-14 14.1 2.9 5423 1.8 0.1 5.3 0.6 0.6 2 8 
C-15 10.0 14.4 28381 17.7 0.2 11.1 5.5 1.1 2 53 
C-16 23.3 10.9 26827 10.1 0.1 20.2 0.8 0.8 4 47 
C-17 34.6 15.9 24424 13.7 0.1 21.6 0.7 0.7 3 58 
C-18 16.2 6.1 13005 4.7 0.1 12.8 0.7 0.7 3 24 
C-19 4.8 7.2 6611 7.2 0.1 3.0 3.0 0.6 1 16 
C-20 10.8 5.4 17204 21.5 0.2 9.7 5.4 1.1 2 90 
C-23 9.2 14.9 15200 17.2 0.2 8.0 5.7 1.1 2 64 

C-26 6.6 7.3 6972 3.3 0.1 3.3 0.7 0.7 1 19 
C-27 10.9 8.2 7211 10.2 0.1 5.4 3.4 0.7 1 46 
C-28 50.4 14.0 28291 58.8 0.3 28.0 7.0 1.4 3 280 
C-29 21.5 6.8 20975 27.2 0.2 13.6 5.7 1.1 2 145 
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Table of Chemical Analytical Results of Sediment from 22 Dredge Sites in The Upper Chesapeake Bay 

PROJECT NAME, SAMPLING DATE 
AND SAMPLE LOCATIONS 

TKN* 
MG/KG 

TOTAL P* 
MG/KG 

pH 
UNITS 

O&G* 
MG/KG 

TOC* 
MG/KG 

COD* 
MG/KG 

TS* 
% 

ALUMINUM 
MG/KG 

ANTIMONY 
MG/KG 

ARSENIC 
MG/KG 

BARIUM 
MG/KG 

BERYLLIUM 
MG/KG 

CADMIUM 
MG/KG 

C-31 374 857 747 3956 35165 45.5 3956 11 4.0 1.1 1.1 

DT-I 868 1396 528 9434 116981 26.5 14717 19 11.3 1.9 1.9 

DT-2 906 2520 1969 16929 118110 25.4 10236 20 5.1 2.0 2.0 

DT-3 1619 4333 2810 18095 142857 21 15619 24 9.0 2.4 2.4 

DT-4 1318 4318 5000 23636 390909 22 9318 23 3.2 2.3 2.3 

DT-5 1639 2418 3648 23770 114754 24.4 10656 20 5.7 2.0 2.0 

DT-6 756 756 2493 7843 56022 35.7 6162 14 5.3 1.4 1.4 

DT-7 1209 3150 549 16484 124542 27.3 11538 18 6.6 1.8 1.8 

DT-8 1131 1651 291 11315 82569 32.7 8410 15 4.0 1.5 1.5 

DT-9 1190 3048 929 22305 122677 26.9 12082 19 6.7 1.9 1.9 

DT-IO 1472 2415 792 18868 124528 26.5 8491 19 3.4 1.9 1.9 

Brewerton Eastern Extension 
March 1991 
GRAB SAMPLE 1 910 460 7.5 210 6300 30 3 5 

GRAB SAMPLE 2 1100 590 7.2 130 11000 26.5 3 10 

GRAB SAMPLE 3 940 560 7.4 69 10000 26.3 3 10 

GRAB SAMPLE 4 880 410 7.4 240 8400 26.4 33 17 

GRAB SAMPLE 5 1200 510 7.7 330 7600 25.8 3 10 

GRAB SAMPLE 6 870 460 6.9 170 9400 22.2 2 39 

CORE SAMPLE 1 880 590 7.8 240 6400 37.9 5.2 24 

CORE SAMPLE 2 890 540 7.7 350 10000 38.2 4.7 69 

CORE SAMPLE 3 790 270 8.2 200 4700 40.7 2.8 92 

CORE SAMPLE 4 790 380 6.9 280 7900 43.4 3.3 15 

CORE SAMPLE 5 690 360 7.9 1 5800 44.4 3 17 

Tolchester Channel 
March 1991 
GRAB SAMPLE 1 206 104 7.9 72 2310 23.1 1 5 1 

GRAB SAMPLE 2 328 208 7.6 97 2312 33.5 1.3 25 1 

CORE SAMPLE 1 398 173 7.5 113 3287 33.2 1.6 26 1 

CORE SAMPLE 2 150 150 7.3 104 2148 35.8 1.4 18 1 

C&D Canal Northern Approach 
Channel 

March 1991 
GRAB SAMPLE 1 3797 1424 8 823 18671 31.6 9.2 3 

GRAB SAMPLE 2 3478 1536 6.8 1188 26087 34.5 10.1 3 

GRAB SAMPLE 3 4319 1462 7 432 29568 30.1 9.3 3 

GRAB SAMPLE 4 2613 618 7 162 13064 42.1 5.7        | 2 
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Table of Chemical Analytical Results of Sediment from 22 Dredge Sites in The Upper Chesapeake Bay 

PROJECT NAME, SAMPLING DATE 
AND SAMPLE LOCATIONS 

CHROMIUM     COPPER       IRON        LEAD       MANGANESE      MERCURY    NICKEL    SELENIUM     SILVER    THALLIUM       ZINC 
MG/KG           MG/KG      MG/KG     MG/KG           MG/KG              MG/KG        MG/KG         MG/KG         MG/KG         MG/KG        MG/KG 

C-31 16.5 17.6 8050 39.6 0.2 9.9 5.5 1.1 2 132 

DT-1 35.8 37.7 31509 52.8 0.4 32.1 9.4 1.9 4 234 

DT-2 25.6 19.7 20866 43.3 0.4 19.7 9.8 2.0 4 213 

DT-3 38.1 33.3 33571 66.7 0.5 35.7 11.9 2.4 5 286 

DT-4 22.7 15.9 19318 34.1 0.5 22.7 11.4 2.3 5 173 

DT-5 28.7 24.6 27459 49.2 0.4 26.6 10.2 2.0 4 221 

DT-6 11.2 16.8 27031 18.2 0.3 12.6 7.0 1.4 3 53 

DT-7 29.3 29.3 28205 51.3 0.4 27.5 9.2 1.8 4 220 

DT-8 18.3 15.3 16820 22.9 0.3 15.3 7.6 1.5 3 86 

DT-9 33.5 26.0 29368 52.0 0.4 31.6 9.3 1.9 4 223 

DT-IO 24.5 13.2   . 21509 45.3 0.4 22.6 9.4 1.9 4 219 

Brewerton Eastern Extension 
March 1991 
GRAB SAMPLE 1 14 14 12000 21 0.08 82 

GRAB SAMPLE 2 12 13 8800 13 0.09 78 

GRAB SAMPLE 3 15 14 8700 14 0.08 82 

GRAB SAMPLE 4 9 12 8300 15 0.07 1 66 

GRAB SAMPLE 5 9.9 12 9100 18 0.05 67 

GRAB SAMPLE 6 8.1 11 8000 13 0.05 59 

CORE SAMPLE 1 21 20 13000 27 0.005 130 

CORE SAMPLE 2 21 20 13000 32 0.06 120 

CORE SAMPLE 3 11 6.9 14000 10 0.05 36 

CORE SAMPLE 4 8.9 16 13000 13 0.04 60 

CORE SAMPLE 5 13 8.5 14000 8 0.06 43 

Tolchester Channel 
March 1991 
GRAB SAMPLE 1 1.9 2.3 1709 2.1 0.014 1 1 12 

GRAB SAMPLE 2 4.7 6.4 4020 9.0 0.010 1 1 37 

CORE SAMPLE 1 5.0 6.6 3984 11.0 0.027 1 1 33 

CORE SAMPLE 2 3.9 5.4 3938 6.4 0.125 1 1 30 

C&D Canal Northern Approach 
Channel 

March 1991 
GRAB SAMPLE 1 31.6 38 212 0.06 3 3 348 

GRAB SAMPLE 2 34.8 52.2 464 0.06 3 3 580 

GRAB SAMPLE 3 32.2 49.8 133 0.07 3 3 365 

GRAB SAMPLE 4 23.5 18.8 71 0.05 2 2 147 
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Table of Chemical Analytical Results of Sediment from 22 Dredge Sites in The Upper Chesapeake Bay 

PROJECT NAME, SAMPLING DATE 
AND SAMPLE LOCATIONS 

TKN* 
MG/KG 

TOTAL P* 
MG/KG 

pH 
UNITS 

O&G* 
MG/KG 

TOC* 
MG/KG 

COD* 
MG/KG 

TS* 
% 

ALUMINUM 
MG/KG 

ANTIMONY 
MG/KG 

ARSENIC 
MG/KG 

BARIUM 
MG/KG 

BERYLLIUM 
MG/KG 

CADMIUM 
MG/KG 

GRAB SAMPLE 5 2735 1766 6.4 712 26496 35.1 8.3 3 

GRAB SAMPLE 6 3315 14917 6.7 470 14917 36.2 7.2 3 

GRAB SAMPLE 7 2271 1208 6.4 459 18599 41.4 7 2 

GRAB SAMPLE 8 1031 1521 6.8 119 7474 38.8 8 3 

GRAB SAMPLE 9 1387 535 7.1 136 11436 41.1 2.2 2 

GRAB SAMPLE 10 2164 760 6.1 102 21345 34.2 4.1 3 

Swan Point Turn 
March 1991 
SPC1 2708 1662 7.2 3.1 5800 32.5 12 234 3.1 

SPG1 3824 1849 7.6 1218 8800 23.8 8 46 4.2 

SPC2 3165 1867 7.4 1013 9800 31.6 12 111 3.2 

SPG2 4314 1848 7.6 1991 11000 21.1 10 47 4.7 

SPC3 3788 1780 7.8 720 5400 26.4 12 250 3.8 

SPG3 4280 1921 7.7 1179 8200 22.9 13 43 4.4 

SPC4 3000 1725 7.2 1425 6600 40 11 138 2.5 

Poplar Island, COE 1995 
PI1SED 106 61.4 3280 2680 77.4 2080 0.32 1.3 0.14 0.17 

PI2SED 515 147 14400 6010 77.4 4820 0.46 3 0.46 0.46 

PI3SED 132 61.8 2500 1340 78.4 1100 0.19 1.5 0.13 0.13 

PI4SED 106 61.4 3280 2680 78.8 1290 0.13 0.94 0.13 0.13 

PISSED 515 147 14400 6010 66.1 4110 0.15 2 0.2 0.37 

Deep Trough, COE 1995 
DT1SED 1830 843 47500 36700 21.1 21400 0.5 8 1.1 1.5 

DT2SED 1370 614 14000 18600 41.9 21100 0.17 13.3 1.1 1.3 

DT3SED 2180 632 50700 29000 18.2 19900 0.62 10.9 1.2 1.5 

Kent Island Deep, COE 1995 
KJ1SED 236 68.6 13600 22100 75.3 •   1150 0.16 2.1 0.13 0.13 

KI2SED 131 661 7250 23900 32.2 16400 0.39 9.7 1.3 1.4 

KJ3SED 335 92.6 10100 6170 74.1 3100 0.13 2.6 0.29 0.32 

Pooles Island, COE 1995 
POL1SED 982 467 36100 88200 39 17800 0.21 9.3 1 1.1 

Swan Point Channel, COE 1995 
SWP1SED 2260 1570 90500 13800 24.2 20400 0.38 14.8 1.8 1.3 

SWP2SED 2230 1930 44800 91300 23.1 27800 0.32    • 13.9 1.7 1.9 
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Table of Chemical Analytical Results of Sediment from 22 Dredge Sites in The Upper Chesapeake Bay 

PROJECT NAME, SAMPLING DATE 
AND SAMPLE LOCATIONS 

CHROMIUM 
MG/KG 

COPPER 
MG/KG 

IRON 
MG/KG 

LEAD 
MG/KG 

MANGANESE 
MG/KG 

MERCURY 
MG/KG 

NICKEL 
MG/KG 

SELENIUM 
MG/KG 

SILVER 
MG/KG 

THALLIUM 
MG/KG 

ZINC 
MG/KG 

GRAB SAMPLE 5 26.8 31.3 40 0.2 3 3 160 
GRAB SAMPLE 6 27.6 33.1 41 0.06 3 3 177 
GRAB SAMPLE 7 29 29 46    • 0.27 2 2 237 
GRAB SAMPLE 8 38.7 28.4 258 0.1 3 3 247 

GRAB SAMPLE 9 20.4 11.9 80 0.02 2 2 146 
GRAB SAMPLE 10 28.4 17.8 50 0.32 3 3 143 

Swan Point Turn 
March 1991 
SPC1 43 55 71 0.28 3.1 3.1 308 

SPG1 31.1 39 50 2.1 4.2 4.2 189 

SPC2 44.3 51 85 0.16 3.2 3.2 313 

SPG2 31.8 42 33 0.33 4.7 4.7 213 

SPC3 41.7 53 80 0.15 3.8 3.8 288 

SPG3 36.2 52 57 0.35 4.4 4.4 232 

SPC4 30 40 35 0.2 2.5 2.5 158 

Poplar Island, COE 1995 
PI1SED 3.3 2.1 3620 2.8 65.8 0.06 4.2 0.48 0.41 0.27 22.1 

PI2SED 8.3 3.2 7180 7.2 126 0.22 10.9 0.91 1.4 0.88 57 

PI3SED 3.2 0.51 3240 1.5 33.8 0.06 2.6 0.25 0.38 0.23 10.4 

PI4SED 2.4 0.86 2300 2.1 43.4 0.06 3 0.26 0.4 0.28 15.9 

PISSED 6.8 3 7170 5 132 0.1 8.3 0.68 0.45 0.32 42.2 

Deep Trough, COE 1995 
DT1SED 42.2 25 31300 31.1 622 0.3 34.7 0.95 1.4 0.99 166 
DT2SED 35.2 10.3 39900 5.7 1550 0.16 28.5 1.5 0.51 0.41 87.6 

DT3SED 39.7 25.4 32500 30.5 789 0.35 34.4 1.7 1.3 0.92 183 

Kent Island Deep, COE 1995 
K.I1SED 4.3 2.1 3700 3 221 0.09 5.8 0.25 0.5 0.23 49.8 
KJ2SED 39 29.8 33300 39.4 1060 0.24 37.3 1.8 0.87 0.48 219 
KISSED 10.3 3.9 7530 6.9 446 0.07 9.5 0.51 0.4 0.27 87.6 

Pooles Island, COE 1995 
POL1SED 26.5 14.6 35100 16.3 1290 0.12 30.6 1 0.64 0.4 94.1 

Swan Point Channel, COE 1995 
SWP1SED 47.2 40.1 44300 45.6 3730 0.28 51.5 1.8 7.7 0.81 281 
SWP2SED 51.6 39.7 44600 50.5 2840 0.36 50.2 2.5 0.96 0.88 272 
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Table of Chemical Analytical Results of Sediment from 22 Dredge Sites in The Upper Chesapeake Bay 

PROJECT NAME, SAMPLING DATE 
AND SAMPLE LOCATIONS 

TKN*         TOTAL P*         pH         O&G*        TOC*        COD*      TS* 
MG/KG         MG/KG        UNITS     MG/KG     MG/KG     MG/KG      % 

ALUMINUM     ANTIMONY     ARSENIC     BARIUM     BERYLLIUM    CADMIUM 
MG/KG            MG/KG          MG/KG       MG/KG          MG/KG            MG/KG 

SWP3SED 2550 1290 37000 58500 27.5 21600 0.36 13.6 1.8 1.9 

Craighill Entrance, COE 1995 
CRE1SED 855 586 29600 73400 56.8 5190 0.22 4.9 1 0.66 

CRE2SED 1190 397 21300 50900 40.6 22100 0.22 9.8 1.5 1.5 

CRE3SED 1140 344 17700 50500 40.2 25200 0.21 9.9 1.2 1.7 

Craighill Channel, COE 1995 
CRISED 635 130 10600 25600 61.9 5880 0.11 4.8 0.47 0.58 

CR2SED 666 359 13500 76300 62.7 8390 0.2 7.4 0.71 0.89 

CR2SEDFD 922 1100 46200 104000 27.7 20000 0.28 15.4 1.5 1.8 

CR3SED 1150 344 29000 81200 40.1 16500 0.17 12 1.4 1.5 

Craighill Angle, COE 1995 
CRA1SED 2000 1060 42700 52800 30.8 16100 0.26 12.8 1.5 1.7 

CRA2SED 1260 1220 47400 133000 24.9 18900 0.39 15.1 1.7 1.9 

Craighill Upper Range, COE 1995 
CRUISED 1490 1120 46500 69100 28.4 12800 0.26 11.4 1.7 1.5 

CRU2SED 824 451 8180 40100 44.2 6170 0.23 6.3 0.14 0.64 

CRU3SED 1190 437 19900 32600 47.5 17200 0.18 9 1.3 1.4 

Cutoff Angle 
CUT1SED 1950 686 41500 81300 25.9 18100 0.3 17.9 1.8 1.7 

CUT2SED 2220 1460 38800 81200 22.5 14900 0.3 15.3 1.9 1.7 

CUT3SED 1950 1080 33700 53700 32 12000 0.84 15.1 2.1 1.4 

Tolchester Channel-Van Veen, COE 
1995 
TLC1SED 675 430 56700 91200 46.3 23200 0.15 11.5 2.1 1.1 

TLC2SED 1080 328 23600 28300 44 18900 0.14 8.1 1.4 1 

TLC2SEDFD 1020 1210 19000 38100 36.7 18800 0.19 9.9 1.3 0.89 

TLC3SED 1470 1310 35300 87700 31.1 21300 0.27 13.7 1.8 1.5 

Tolchester Channel-Gravity Core, COE 
1995 
TLV1SED 444 985 54800 63000 44.7 18500 0.19 14.3 2.4 1.6 

TLV2SED 1030 1050 75300 78900 47.3 18700 0.19 15.1 2.2 1.5 

TLV3SED 721 983 64500 56400 46.7 17700 0.19 12.7 2 1.7 

TLV4SED 854 1370 55200 66900 44.2 |        21300 0.26 16.5 2.4 2 
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Table of Chemical Analytical Results of Sediment from 22 Dredge Sites i n The Upper Chesapeake Bay 

PROJECT NAME, SAMPLING DATE 
AND SAMPLE LOCATIONS 

CHROMIUM 
MG/KG 

COPPER 
MG/KG 

IRON 
MG/KG 

LEAD       MANGANESE      MERCURY 
MG/KG           MG/KG              MG/KG 

NICKEL 
MG/KG 

SELENIUM 
MG/KG 

SILVER 
MG/KG 

THALLIUM 
MG/KG 

ZINC 
MG/KG 

SWP3SED 46.9 47.2 42200 56.3 2460 •     0.5 47.5 1.8 0.68 0.74 283 

Craighill Entrance, COE 1995 
CRE1SED 16.6 10.6 25600 15.3 1340 0.25 17.1 0.45 0.72 0.47 87.3 

CRE2SED 41.9 8.4 45900 17.1 803 0.14 29.6 1.1 1.4 0.4 96.7 

CRE3SED 44.2 8.7 - 39800 17.9 1190 0.12 43.2 1.7 1.3 0.46 104 

Craighill Channel, COE I99S 
CR1SED 13.1 2.8 18000 5.8 412 0.06 8.8 0.87 0.86 0.25 37.9 

CR2SED 23.4 12.9 19700 17.5 2120 0.17 17.3 1.1 0.55 0.37 103 

CR2SEDFD 53 30.7 39400 42.8 5700 0.35 41.5 1.4 0.86 0.58 246 

CR3SED 29.5 10.1 40300 17.6 809 0.16 39.4 1.8 1.2 0.43 94.1 

Craighill Angle, COE 1995 
CRA1SED 48.5 30.6 37400 44.3 3450 0.32 38.8 1.8 0.79 0.51 242 

CRA2SED 58.6 36.6 41600 52.4 3620 0.41 49.2 1.2 0.77 0.68 286 

Craighill Upper Range, COE 1995 
CRUISED 49.3 34.3 41100 53.5 3140 0.37 42.3 1.6 1.5 0.58 273 

CRU2SED 29.9 16.8 1840 24.5 1430 0.18 18.5 1.2 0.43 0.28 120 

CRU3SED 31.6 7.6 42600 16 1190 0.12 26.5 0.83 1.3 0.43 88 

Cutoff Angle 
CUT1SED 66.8 36 42100 64.4 6780 0.44 46.2 1.7 1.5 0.6 317 

CUT2SED 66.9 40.4 45200 60.6 2500 0.43 43.8 0.59 1.2 0.65 308 

CUT3SED 81.9 42.6 52000 67 5150 0.4 43.1 1.9 0.87 0.43 319 

Tolchester Channel-Van Veen, COE 
1995 
TLCISED 27.2 42.4 34500 32 950 0.24 51.6 1.2 0.44 0.39 192 

TLC2SED 22.5 26.1 32300 21.5 850 0.12 35.7 0.41 0.43 0.35 118 

TLC2SEDFD 24.2 22.8 32000 19.8 713 0.1 32.1 0.38 0.57 0.35 111 

TLC3SED 40.8 38.3 38500 43.1 4710 0.25 57.6 1.9 0.82 0.58 249 

Tolchester Channel-Gravity Core, COE 
1995 
TLV1SED 39.1 59 37500 58.3 2430 0.58 72.2 2.4 0.57 0.4 316 

TLV2SED 35.2 56.2 37200 55.8 2060 0.53 70.9 1.6 0.57 0.38 318 

TLV3SED 36.6 49.6 35400 51.5 2130 0.42 66.5 1.2 0.5 0.33 307 

TLV4SED 42.1 60.3 41900 66.3 2320           |        0.56 75.6 3 0.62 0.43 365 
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Table of Chemical Analytical Results of Sediment from 22 Dredge Sites in The Upper Chesapeake Bay 

PROJECT NAME, SAMPLING DATE 
AND SAMPLE LOCATIONS 

TKN*         TOTAL P*         pH         O&G*        TOC*        COD*       TS* 
MG/KG         MG/KG        UNITS     MG/KG     MG/KG     MG/KG      % 

ALUMINUM     ANTIMONY     ARSENIC     BARIUM     BERYLLIUM 
MG/KG             MG/KG           MG/KG        MG/KG           MG/KG 

CADMIUM 
MG/KG 

TLV5SED 1030 1210 47400 67500 43.8 20000 0.23 13.1 2 2 

Brewerton Eastern Extension-Van Veen 
COE 1995 
BE1SED I860 1430 66900 163000 29 20700 0.41 14.2 2.1 2 

BE2SED 815 1010 61500 90200 30.2 24500 0.27 19.6 2.3 2.3 

BE3SED 1320 •    948 53500 39000 27.2 22900 0.22 15.1 2.3 2.3 

BE4SED 1570 1110 49000 58000 42.4 21800 0.31 20.3 2.4 2.5 

Brewerton Eastern Extension-Gravity 
Core 
COE 1995 
BEV1SED 930 1050 64200 43800 36.9 23100 0.17 17.4 2.4 2.7 

BEV2SED 1330 672 43900 47600 43.4 26700 0.21 14 2.2 2.3 

BEV3SED 922 385 26200 33300 45.4 20000 0.22 12.8 1.3 1.7 

BEV4SED 1020 644 15400 46700 45.6 22800 0.19 10.4 1.6 1.9 

BEV5SED 1120 842 27500 32600 38.9 29400 0.18 13.9 2.1 2.1 

BEV6SED 1460 436 28400 36600 39.2 22400 0.21 12.9 1.5 1.7 

Blind Splits 
BLINDSPLITIA(BRI) 1380 1090 55900 86100 33.3 23100 0.46 20.7 1.9 2.6 

BLINDSPUT2A(BR3) 657 807 9710 92000 35.6 22000 0.22 16 1.6 2.3 

* Note the following abbreviations: 
TKN = Total Kieldahl Nitrogen O&G = Oil and Grease COD = Chemical Oxygen Demand 

Total P = Total Phosphorus TOC = Total Organic Carbon TS = Total Solids 

1 1                 1 1 
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Table of Chemical Analytical Results of Sediment from 22 Dredge Sites n The Upper Chesapeake Bay 

PROJECT NAME, SAMPLING DATE 
AND SAMPLE LOCATIONS 

CHROMIUM     COPPER 
MG/KG           MG/KG 

IRON 
MG/KG 

LEAD 
MG/KG 

MANGANESE 
MG/KG 

MERCURY 
MG/KG 

NICKEL 
MG/KG 

SELENIUM 
MG/KG 

SILVER 
MG/KG 

THALLIUM 
MG/KG 

ZINC 
MG/KG 

TLV5SED 38.4 47.8 42200 55.9 2660 0.44 64.1 2.2 0.63 0.38 294 

Brewerton Eastern Extension-Van Veen 
COE 1995 
BE1SED 50.2 38.2 41300 54.2 6000 0.5 62.7 1.9 1.2 0.61 305 

BE2SED 57.8 45.7 48000 63.2 3910 0.47 65.6 0.95 1 0.57 354 

BE3SED 51 43.2 46000 60.5 7000 0.49 76.4 2.4 1.3 0.43 332 

BE4SED 75.7 53.4 52300 78.7 6610 0.63 72.1 1.9 1.3 0.59 412 

Brewerton Eastern Extension-Gravity 
Core 
COE 1995 
BEV1SED 52.5 50.7 45500 72.1 4780 0.52 75.5 1.9 1.4 0.39 362 

BEV2SED 45.1 39.1 49000 46.3 1890 0.42 60 1 0.64 0.36 242 

BEV3SED 35.6 16.7 39900 42.7 1440 0.26 29.4 1.5 0.65 0.36 111 

BEV4SED 34.7 23.5 25900 29 2030 0.93 38.8 1 0.57 0.31 123 

BEV5SED 42.2 29.8 48900 31.7 2400 0.16 48.9 1.4 0.54 0.49 154 

BEV6SED 37.9 11.4 43300 18.4 1360 0.11 33.3 1.7 0.62 0.42 101 

Blind Splits 
BUNDSPLITIA(BRI) 101 58.8 48200 88.1 3380 0.55 51.7 2.1 0.83 0.4 404 

BL1NDSPLIT2A(BR3) 76.4 43.9 49200 63.1 1970 0.33 38.6 2.2 0.66 0.4 290 
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Executive Summary 

URS Corporation, Inc. (URS) developed a model to simulate the flow of groundwater and 
transport of groundwater constituents at the Stancill Quarry site in Cecil County, Maryland. The 
Stancill Quarry may be used as a site to place dredge tailings resulting from dredging navigation 
channels in the upper Chesapeake Bay. Placing dredge tailings at this site may contribute 
chemical constituents to the groundwater that could be transported in the groundwater. 

The objective of the groundwater modeling was to identify the potential affects to groundwater 
flow and constituent transport within and away from the quarry, as they are associated with the 
proposed placement of dredge tailings in the quarry. The conceptual hydrogeological model 
studies and field investigations indicated that groundwater at Stancill Quarry currently flows into 
the quarry from all sides. The groundwater flows mainly to the west toward surface water bodies 
after the placement of dredge tailings in the quarry. 

The computer programs MODFLOW (a finite-difference numerical groundwater flow modeling 
code) and MODPATH (a particle tracking package used with MODFLOW) were used for this 
modeling task. To ensure that the model boundaries included all of the regions that may be 
potentially affected by the placement of dredge tailings in the Stancill Quarry, the physical 
model boundaries encompassed the natural drainage basin that encloses the quarry. The physical 
model boundaries were as follows: 

• The northern model boundary, located slightly north of the quarry, is composed of Long 
Pond and its associated stream channels east and west of the pond; 

• The western and southwestern boundaries consist of the tidal portions of Principio Creek 
and Furnace Bay, which is an arm of the Chesapeake Bay; 

• The southern model boundary is the drainage basin divide south of the quarry; 

• The eastern model boundary is the drainage basin divide east of Mountain Hill Road. 

The model area is nearly rectangular, with dimensions of approximately 3,480 ft. wide by 3,120 
ft. long at the widest and longest active points of the model, respectively. Creeks and tidal 
embayments surround approximately two-thirds of the site. 

The water table surface of the surficial aquifer is the upper boundary of the MODFLOW model. 
The base of the model is within the crystalline rock complex underlying the unconsolidated 
materials of the surficial aquifer and saprolite. The base of the model is at a point approximately 
150 ft. into bedrock. These boundaries are determined from site-specific data, including water 
surface elevation data from wells and piezometers and lithologic data from well and boring logs. 
The base of the model was chosen as a surface 150 ft. beneath the bottom of the saprolite, based 
on other studies in the area (Otton et al., 1988). The thickness of the bedrock is based on data in 
Otton et al., 1988, which shows that 80% of wells completed in the James Run Formation in 
Cecil County terminate at depths only slightly greater than the selected value of 150 feet. 
Although Otton et al. 1988 selected a bedrock thickness of 200 feet for their model, the 
difference is not considered to be significant and is not expected to impact the results of the 
model. 

The finite difference grid for the model consists of 78 rows and 87 columns at the longest and 
widest regions of the model area, respectively. Since the available data for the model is 
distributed throughout the area being modeled, the grids are evenly spaced at 40 ft. by 40 ft. 
throughout the model area. 

^JXCa^ |.\GAITHERSBURG\89-00000229.00\REPORTS\MODFLOW MODEL REPORTWODFLOW REPORT.DOC\6-SEP-02ft ES" 1 



Executive Summary 

The groundwater model of the Stancill Quarry consists of four layers. The top two layers are 
within the sedimentary units. Layer 1, initially, is mostly within the Quaternary/Tertiary Age 
deposits in order to calibrate the model to present day conditions. After the model is calibrated, 
Layer 1 includes the dredge tailings proposed for placement in the quarry. The dredge tailings 
were added to Layer 1 after the model was calibrated to present day conditions. Layer 2 is mostly 
within the Cretaceous Age deposits, La>er 3 is mostly within the saprolitic zone, and Layer 4 is 
mostly within bedrock. In order to increase model efficiency, the model layers identified above 
were smoothed; therefore, the contacts between layers that were identified in the Conceptual 
Geologic Interpretation Report (URS, 2002a) and Conceptual Hydrogeologic Interpretation 
Report (URS, 2002b) could not be followed precisely. Since hydraulic conductivity and other 
model parameters can be changed for individual cells in the model area, model layers that are 
approximate to the mapped geologic layers should not significantly influence the model results. 

The only other geologic material not accounted for in the model is the dark brown organic silt 
with low Standard Penetration Test (SPT) counts encountered only in borings E-5 and E-6. 
Borings E-5 and E-6 were placed on the edge of the dike constructed to keep the upper silt- 
settling pond intact. It is possible this organic silt was brought in during construction of the dike 
and are, therefore, introduced sediment. The organic silt may be Cretaceous in age, however, 
URS interprets the low SPT blow counts as indicating these deposits were not buried deeply and, 
therefore, not consolidated by the weight of overlying sediment. The low blow counts may be 
due to the fact that the material was deposited recently to build up the dike. 

General head boundary conditions (head-dependent boundary conditions with a flow 
conductance factor) were used to represent the model boundaries with the coastal water bodies. 
River reaches (Long Pond and Principio Creek) were modeled using the MODFLOW river 
package. 

The model was calibrated using horizontal and vertical hydraulic conductivity values that were 
typical for coastal plain deposits. The maximum value of hydraulic conductivity used in the 
groundwater model of the Stancill Quarry is 25 ft./day, equivalent to a clean sand. 

During the calibration process, sensitivity of model results to river boundary conditions, 
hydraulic conductivity, and recharge were observed. The most sensitive parameter used in the 
model is the change in Layer 1 horizontal hydraulic conductivity. 

Using the computer program MODPATH, the movement of particles in the groundwater flow 
field was simulated under the scenario of the quarry being filled with dredged tailings. Particles 
were placed at the highest points in the quarry and the pathlines indicate that constituents will 
migrate to the west, towards Furnace Bay and Principio Creek. 

Given the data available for the site, the model provides a consistent regional representation of 
the overall groundwater flow in the Stancill Quarry. It can be deduced from the MODPATH 
simulations that Furnace Bay would receive constituents that are a part of the dredge tailings 
placed in the quarry. 
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SECTIONQNE Intraduction 

This report describes the development and use of a hydrogeologic model to simulate the flow of 
groundwater at the Stancill Quarry located in Cecil County, Maryland (Figure 1). The Stancill 
Quarry is proposed for use as a site to place dredge tailings resulting from dredging navigation 
channels in the upper Chesapeake Bay. The modeling was performed under URS Corporation 
(URS) Contract I.D. No. 02-07-06 with Maryland Environmental Services (MES). The Scope of 
Work includes preparation of a Groundwater Flow Model Report of the groundwater regime at 
the Stancill Quarry. This hydrogeologic interpretation is based on review of publicly available 
data; data collected on-site during this investigation; and discussions with MES, Stancill Quarry 
representatives, and KCE Engineering, Inc. (KCE). As part of URS' corporate Quality Assurance 
Program, an Independent Technical Reviewer has reviewed this report. 

1.1 OBJECTIVES 
The objective of the groundwater flow modeling is to identify the potential impacts to 
groundwater flow within and away from Stancill quarry, after the proposed placement of dredge 
tailings in the quarry. 

1.2 PREVIOUS REPORTS 

Detailed descriptions of the Stancill Quarry history and site characteristics were presented in the 
November 2000 report by MES entitled, A Preliminary Assessment of the Feasibility of Using 
the Stancill's Inc. Property on Furnace Bay in Cecil County as a Dredged Material Containment 
Area and in the November 2000 report by Engineering, Consultation, Construction Remediation, 
Inc. (E2CR) entitled, Geotechnical Report for Stancill Sand and Gravel Quarry, Cecil County, 
Maryland. Two additional reports were written in the process of developing the groundwater 
model. The first report. Conceptual Geologic Interpretation for Stancill Quarry, Cecil County, 
Maryland (URS, 2002a), provides a detailed evaluation of the geology of the Stancill Quarry. 
This conceptual geological model was the basis for the conceptual hydrogeologic model 
presented in the second report, Conceptual Hydrogeologic Interpretation of the Stancill Quarry 
Site, Cecil County, Maryland (URS, 2002b). The groundwater flow model described in this 
document is based on the conceptual hydrogeologic model. 

1.3 ORGANIZATION OF THE REPORT 

This report is divided into five sections and includes tables and figures. The figures are provided 
at the end of the written text. Section 1 presents the contractual authority and basis for the study 
and report and identifies previous reports on Stancill Quarry referenced in the development of 
the model. Section 2 presents an overview of the model development. Section 3 summarizes the 
calibration and sensitivity analysis of the model. Section 4 presents conclusions based on the 
model results. Section 5 lists the references used during the modeling and documentation effort. 
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SEGTIONTWO Model Development 

2.1 SOFTWARE SELECTION 

One of the tools available for understanding groundwater flow is numerical simulation modeling. 
A numerical model can represent the hydrogeologic conditions at the Stancill Quarry by 
incorporating data from numerous available sources. When developing a computer model, 
simplifying assumptions must be applied to permit practical solution of the inherent 
mathematical equations and to accommodate the data that are typically available. Since the 
assumptions and types of data required by each model can vary considerably, selection of the 
appropriate model is critical to the reliability of the modeling predictions. 

Modeling the flow of groundwater and the flowpaths of constituents requires a mathematical 
system that can model the velocity and direction of groundwater flow. Several computer 
programs exist to solve these mathematical problems and are accepted by the regulatory 
agencies. These programs exist in both finite difference and finite element solution methods. In 
general, the finite difference programs are easier to set up and require shorter computer time to 
solve. The finite element programs, using the same number of entry points as the finite 
difference method, provide a more precise physical representation of complex hydrogeologic 
sites. The output results are comparable for both methods. 

The computer programs MODFLOW-96 (a finite-difference numerical groundwater flow 
modeling code) and MODPATH (a particle tracking package used with MODFLOW) are used 
for this modeling task (McDonald and Harbaugh, 1988; Harbaugh and McDonald, 1996). These 
programs are standard models utilized for this problem and are accepted by the U.S. Army Corps 
of Engineers, the U.S. Environmental Protection Agency, the U.S. Geologic Survey, and the 
Maryland Geological Survey. MODFLOW simulates groundwater flow, including conditions of 
unconfmed, semi-confined, and confined aquifers, precipitation recharge, river interaction, and 
no-flow and fixed-head boundaries; these conditions characterize groundwater flow at Stancill 
Quarry. MODFLOW was utilized for calculating groundwater head, groundwater flow 
quantities, and direction of flow at Stancill Quarry. MODPATH can interface with MODFLOW 
to simulate the flowpaths of constituents and was used to identify potential receptors at Stancill 
Quarry. 

2.2 MODFLOW COMPUTER MODEL SETUP 

Hydrogeologic data are available at some points of the modeled domain, such as in proximity to 
boreholes drilled during investigations of the site. Data was extrapolated from areas where data 
exist for model input and calibration to other areas of the site. The input data used to set up the 
MODFLOW computer model are discussed in the following sections. 

2.2.1   Horizontal Extent of the Modeled Domain 

To ensure that the model boundaries include all regions that may be affected by dredge tailings 
placed in the Quarry, the physical model boundaries encompass the natural drainage basin that 
encloses Stancill Quarry. The model area is nearly rectangular with dimensions of approximately 
3,480 ft. wide by 3,120 ft. long at the widest and longest points of the "active" model area, 
respectively. Approximately two-thirds of the site is surrounded by creeks and tidal embayments. 
The physical model boundaries are as follows (Figure 2): 
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• The northern model boundary is located slightly north of the quarry and is comprised of 
Long Pond and its associated stream channels east and west of the pond; 

• The western and southwestern boundaries consist of the tidal portions of Principio Creek 
and Furnace Bay, an arm of the Chesapeake Bay; 

• The southern model boundary is the drainage basin divide south of the quarry; and 

• The eastern model boundary is the drainage basin divide east of Mountain Hill Road. 

2.2.2 Top and Bottom Extent of the Modeled Domain 

The water table surface of the surficial aquifer is the upper computational boundary of the 
MODFLOW model (Figure 3). However, the groundwater table is able to vary in Layer 1 up to 
the ground surface, which is set at the present day quarry and surrounding topography. The base 
of the model is represented by the crystalline rock complex underlying the unconsolidated 
materials of the surficial aquifer and saprolite. The base of the model represents a thickness of 
approximately 150 ft. of bedrock (Figure 4). These boundaries are determined from site-specific 
data, including water surface elevation data from wells and piezometers and lithologic data from 
well and boring logs. The base of the model was chosen as a surface 150 ft. beneath the bottom 
of the saprolite based on groundwater studies in the area (Otton et al., 1988). 

2.2.3 Layer Top and Bottom Elevations 

The groundwater model of the Stancill Quarry consists of four layers. Figures 5 and 6 are cross- 
sections through the quarry showing the four model layers; Figure 2 shows the location of these 
cross-sections. The top two layers are within the sedimentary units. Layer 1 is mostly within the 
Quaternary/Tertiary Age deposits and Layer 2 is mostly within the Cretaceous Age deposits. 
Layer 1 is initially situated mostly within the Quaternary/Tertiary Age deposits to calibrate the 
model to present day conditions. After the model was calibrated, the dredge tailings proposed for 
placement in the quarry were added to Layer 1. The dredge tailings are added after the model 
was calibrated to present day conditions because this material will not exist until some time in 
the future when the quarry is filled with dredge tailings. The initial condition top surface of 
Layer 1 cells was obtained by digitizing the present-day quarry topography for the site (KCE 
Engineering, 2001). The future condition top surface of Layer 1 cells was obtained by digitizing 
future conditions quarry topography information obtained from MES (2000). Layer 3 is mostly 
within the saprolitic zone and Layer 4 is mostly within bedrock. To increase model efficiency, 
the model layers identified above were smoothed, and therefore the contacts between layers that 
were identified in the Conceptual Geologic Interpretation Report (URS, 2002a) and Conceptual 
Hydrogeologic Interpretation Report (URS, 2002b) could not be followed precisely. Since 
hydraulic conductivity and other model parameters can be changed for individual cells in the 
model area, model layers that are approximate to mapped boundaries should not significantly 
influence the model results. 

2.2.4 Finite Difference Grid Spacing 

The finite difference grid for the model consists of 78 rows and 87 columns at the longest and 
widest regions of the "active" model area, respectively (Figure 7). The grids are evenly spaced at 
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approximately 40 ft. by 40 ft. throughout the model area to provide sufficient spatial resolution 
for the model area and to optimize the numerical groundwater flow and transport computations. 
Due to the small scale of the model, cell sizes did not have to vary to accommodate specific 
areas of interest. 

2.2.5 Layer Types 

Layer types can be considered unconfined, confined, or a mixture of both. For this model, Layer 
1 is modeled as under unconfined conditions. Layers 2 and 3 are modeled as under 
unconfmed/confined conditions; they behave as confined until the water table drops into Layer 2 
or 3, at which time they act as unconfined conditions. Layer 4 was modeled under confined 
conditions. 

2.2.6 Boundary Conditions 

All layers contain no-flow boundary conditions along the edge of the active region of the model, 
except parts of Model La>er 4 as described below. This effectively removes the hydraulic 
connection with Principio Creek and Furnace Bay beyond the model boundary. The base of the 
model is also set as a no-flow boundary condition and is located approximately 150 ft. into the 
bedrock layer (La>er 4). General head boundary conditions (head-dependent boundary 
conditions with a flow conductance factor) are used to represent the model boundaries with the 
coastal water bodies (Figure 8). These boundaries include Furnace Bay and Principio Creek. All 
of these general head boundary conditions are in Model Layer 1 The model contains no-flow 
boundary conditions along the edges and base of the active region of the model. 

2.2.7 Interaction with Surface Water Bodies 

Long Pond was modeled as variable-head cells with cell top elevations ranging from slightly 
over 4 ft. in the western portion of the pond to slightly over 4.5 ft. in the eastern portion of the 
pond. Principio Creek, Furnace Bay, and the southern unnamed tributary were modeled using the 
MODFLOW RIVER package. Input for the RIVER package includes the stage, or altitude of the 
water-body surface, the bottom elevation of the water-body, and the conductance of the bottom 
material. Principio Creek and Furnace Bay were modeled with a stage of -0.32 ft., given as mean 
tidal water level for the area per Section 8.2 of the Conceptual Hydrogeologic Interpretation 
Report (URS, 2002b). Principio Creek and Furnace Bay were modeled with a bottom elevation 
of-3 ft. and conductances ranging from 0.12 to 152 ft2/day. The elevation of the cells for the 
southern unnamed stream were set from 3.5 ft. near the mouth to 48 ft. at the headwater, based 
on the site topographic data (KCE, 2001). Conductances for this reach ranged from 0.99 to 20.57 
tf/day. 

2.2.8 Pumping Well Locations and Pumping Rates 

No pumping wells were identified within the model area. 
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2.2.9 Geologic Boundaries 

The vertical geologic contacts identified in previous reports (URS, 2002a and b) could not be 
followed precisely if model efficiency were to be increased. See the discussion under Subsection 
2.2.3 above. 

2.2.10 Vertical and Horizontal Hydraulic Conductivities 

Starting and calibrated values for vertical and horizontal hydraulic conductivities are presented in 
Sections 2.4.1 and 3.1, respectively. 

2.2.11 Total Recharge to Groundwater 

Starting and calibrated values for groundwater recharge are presented in Sections 2.4.2 and 3.2, 
respectively. 

2.3 MODPATH COMPUTER MODEL SETUP 

The additional input data used to set up the MODPATH simulations are described below. 

2.3.1 Location and Extent of Identified Groundwater Constituents 

Locations along the eastern side of the quarry were chosen as starting points for chemical 
constituents since dredge tailings will contain the constituents to be modeled, and the dredge 
tailings will be placed throughout the quarry. The points include the highest future elevation in 
the quarry. 

2.3.2 Aquifer Effective Porosity 

Conservative aquifer effective porosities of 0.2 (unconsolidated material) were assumed for the 
proposed dredge tailings based on textbook values for sand (Spitz and Moreno, 1996; Anderson 
and Woessner, 1992; Freeze and Cherry, 1979). 

2.4 MODEL ASSUMPTIONS 

The model was developed using the following assumptions: 

• Groundwater flow is assumed to be steady state. 

• Within a given area, hydraulic conductivity is assumed to be uniform and isotropic in the 
horizontal plane. 

• Vertical hydraulic conductivity is assumed to be one-tenth the horizontal hydraulic 
conductivity for all geologic units. 

• Recharge is assumed to be uniformly distributed over the model domain and to be steady. 

• The base of the model is impermeable. 

• The groundwater constituents of concern will originate from the dredge tailings to be 
placed in the quarry. The concentration of these constituents of concern were defined in 

^JXCM^ I:\GAITHERSBURG\89-00000229.00\REPORTS\MODFIOW MODEL REPORTWIODFLOW REPORT.DOC\6-SEP- 0Z\ 2-4 



SECTIONTWO Model Development 

•   Chemical Analytical Results From Dredge Sediment Sampling of Sites in Chesapeake 
Bay (MES, 2002). 

2.5     MODEL PARAMETERS 

2.5.1   Hydraulic Conductivity 

Site hydrogeologic data were compiled to give an initial estimate of the overall horizontal and 
vertical hydraulic conductivities. These values are utilized as starting points for assigning 
hydraulic conductivities to the geologic units in the model. These values are adjusted by geologic 
unit during the calibration process to allow the modeled head results to reconcile with the 
observed head values. Each model database number can be adjusted independently of the others, 
including different hydraulic conductivity values for materials in the various layers. Table 1 
below summarizes the initial horizontal hydraulic conductivity values (Kh) and the initial vertical 
hydraulic conductivity values (Ky) for each geologic unit. This table is a compilation of data 
predominantly from the interpretation of geologic materials identified in the lithologic logs and 
slug tests, and from available literature. 

Table 1: Initial Estimates of Geologic Unit Hydraulic Conductivity 

Initial Hydraulic Conductivity (ft/d) 
 :  

Geologic Unit Model layer Kh Kv Kh/Kv Reference 

Dredge Tailings Quaternary i 0.027 to 25.49 0.0027 to 2.549 10 (a) 

Present-Day Quarry Quaternary i 0.027 to 25.49 0.0027 to 2.549 10 Site Slug Tesxts 

Mostly Cretaceous 2 0.027 to 25.49 0.0027 to 2.549 10 Site Slug Tesxts 

Mostly Saprolite 3 0.283 0.0283 10 Site Slug Tesxts 

150 feet into Bedrock 4 0.00283 0.000283 10 Ottonetal, 1988 

(a) - Vertically averaged values using site slug tests and an assumed conductivity of 2.83 
feet/day for silty sand (Spitz and Moreno, 1996; Anderson and Woessner, 1992). 
Note that the range in conductivity for the Dredge Tailings Model Layer 1 and Present Day 
Model Layer 1 are the same, however, the mean or average conductivity is lower for the Dredge 
Tailings Model Layer 1. 

Hydraulic conductivities in Layer 1 were modified based on the thickness of "present-day model 
Layer l"and the thickness of "dredge tailings model Layer 1" as these thicknesses changed 
throughout the quarry. The top of "dredge tailings model Layer 1" is shown in Figure 9 to 
distinguish it from the "present-day model Layer 1" shown in Figure 2. The approach taken was 
to combine the dredge tailings layer with the existing Layer 1 and calculate a weighted Kh based 
on the proportion of each layer that contributes to the new Layer 1 total thickness. This also 
accounted for the highly variable topographic interface between the present day quarry 
topography and the introduced dredge tailings. 

The Khs used for the present day quarry model Layer 1 (the lower layer) were the contoured 
values for Layer 1, shown in Figure 10. The Kh used for the dredge tailings (initial) is 2.83 
ft./day (10"3 cm/s), which is representative of silty sand or the lower end of clean sand (Spitz and 
Moreno, 1995; Anderson and Woessner, 1992). The weighed average approach discussed above 
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for calculating the new hydraulic conductivities preserves the cell thickness and K values of the 
present-day quarry model in areas outside of the dredge tailings (because dredge tailings 
thickness is zero here), and assigns appropriate layer top surfaces based on dredge tailings 
topography and appropriate Ks to cells within the dredge tailings area. Therefore, Layer 1 cells 
located in deeply excavated areas (present-day quarry conditions) will have a hydraulic 
conductivity more proportionally represented by the selected dredge tailings hydraulic 
conductivity value, whereas cells at areas not presently excavated will reflect the hydraulic 
conductivity values derived from the slug test analyses. 

2.5.2 Water Levels 

Water-level data collected at the Stancill Quarry starting in December 2001 showed very little 
changes in water levels in the surveyed wells (Figure 11). The observed hydraulic gradients 
remained constant during the fluctuations in water levels. The observed hydraulic gradient 
changed depending upon location within the quarry: the gradient in the northeastern portion of 
the quarry is 0.008 ft. per foot to the south-southwest; the gradient in the western portion of the 
quarry is 0.012 ft. per foot to the east; and the gradient in the southeastern portion of the quarry 
is 0.029 ft. per foot to the north-northwest. 

Groundwater flow patterns are affected by factors such as the distance from natural recharge and 
discharge points, the location and size of natural recharge zones, changes in lithology, and 
seasonal fluctuations in precipitation. 

2.5.3 Precipitation, Recharge, and Discharge 

Groundwater recharge is a factor of precipitation and evaporation (both evapotranspiration [ET] 
and surface evaporation). Groundwater modeling studies conducted at Aberdeen Proving Ground 
10 miles southwest of Stancill Quarry and within similar geologic and hydrogeologic units 
concluded that precipitation averages 45 inches per year (in/yr) (Whitten, et al, 1997), 52% of 
which infiltrates groundwater in wooded areas and fields (Rasmussen and Andreason, 1959), and 
23% of the total precipitation evaporates from groundwater (Rasmussen and Andreason, 1959). 
Surface water evaporation is calculated from pan evaporation rates. Pan evaporation averages 
40.91 in/yr in this part of Maryland (Whitten, et al, 1997). The adjustment factor or pan 
coefficient for lakes in the U.S. varies from 0.64 to 0.81 (Bedient and Huber, 1995). The ponds 
on Stancill Quarry heat up and evaporate water more quickly than the average lake, since the 
pond water is shallow and is likely warmed while used for processing. Therefore, the higher 
value of 0.81 is applied to convert to evaporation from the ponds, which results in 33.14 inches 
of evaporated water per year. Average lake evaporation for this part of the United States is 35 
in/yr mean annual lake evaporation, which is based on data collected over the period of 1946 to 
1955 (Bedient and Huber, 1995). 

ET was withdrawn from each cell in Layer 1 according to the depth below land surface of the 
simulated water table in that cell. A maximum ET rate of 32.4 in/yr was withdrawn from a cell if 
the depth to the water table in that cell was at the ground surface and vegetation did not hinder 
infiltration of rainwater. This rate approximates the lake evaporation for water at or near the 
ground surface. The maximum ET elevation was the digitized land surface elevation that 
represents the top of Layer 1. ET was adjusted to 2 ft./day at the southeastern quarry pond to 
simulate removal of water via ET and by facility pumping. No ET was withdrawn from a cell if 
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the depth to the water table was greater than 6 ft. below the land surface (i.e., ET "extinction 
depth" of the cell) at all cells except the pond cells. The pond cell extraction depth was adjusted 
to 10 ft. during calibration. A linear relation is used to calculate ET if the water table depth was 
between the ground surface and 6 ft. below grade. ET was not used in the dredge-tailing model. 
In the dredge-tailing model (the future conditions model after the dredge tailings are added to the 
quarry), recharge is used as a surrogate parameter that implicitly accounts for ET. 

2.6 PARTICLE TRACKING 

MODPATH uses the flow calculations generated by MODFLOW. It calculates flow velocity 
vectors within the active model and then traces the path of the particles in the flow field. The 
flow velocity calculation requires a value for effective porosity. The average effective porosity 
assumed for the groundwater model for the sedimentary layers is 0.15, a typical value for 
sedimentary materials (Spitz and Moreno, 1996; Anderson and Woessner, 1992; Freeze and 
Cherry, 1979). The average porosity's assumed for the groundwater model for the saprolitic and 
bedrock layers are 0.002 and 0.0002, respectively, also typical values for these materials (Freeze 
and Cherry, 1979; Otton et al ,1988). 

2.7 LIMITATIONS OF THE MODEL 
The reliability of the results of the computer model simulations depends upon the reliability and 
availability of site-specific data. However, even when data are reliable and available, the 
computer programs operate with inherent limitations. The key limitations for each of these 
computer programs as it applies to this task are described below. 

2.7.1 Limitations of the MODFLOW Computer Program 

Limitations of the MODFLOW computer program are as follows: 

• The flow of groundwater through unsaturated soil is not modeled. Rather, an estimated 
rate of water leaving or entering the saturated groundwater is provided. This applies to 
rivers, wetlands, rainfall infiltration, and ET. 

• Groundwater is assumed to flow in a laminar state, parallel to the piezometric surface. 
The velocity of vertical flows should be at least an order of magnitude smaller (e.g., 10% 
or less) than the horizontal flows. 

• Abrupt, large changes in layer thickness or hydraulic conductivity decrease the accuracy 
of the modeling results. 

2.7.2 Limitations of the MODPATH Computer Program 

Limitations of the MODPATH computer program are as follows: 

• Particle migration is based upon advective flow with groundwater. Dispersion and 
diffusion are not accounted for, so the zone of impacted receptors may be larger than 
indicated. This should not be a significant limitation if the impacted areas of concern 
involve short particle travel distances in highly conductive materials (as expected at 
Stancill Quarry) or converging flow fields. 
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•    For all of the computer programs, the models developed can only be considered reliable 
when the model domain is the same or smaller than the data domain. A model cannot 
provide a reliable result when it is used to extrapolate predictions beyond the extent of 
available data. 
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3.1     CALIBRATION 

The initial inputs to the model were based upon field-measured values. To develop a model 
representative of actual conditions, the model was calibrated by adjusting model input values, 
using a reasonable range of values based on the field measurements, until modeling output 
results compare favorably with field observations. 

The model was calibrated by varying horizontal and vertical hydraulic conductivities, recharge, 
ET rates, and riverbed conductances. The groundwater flow model was calibrated to a data set of 
observations at nine water table piezometers that were measured December 11, 2001 (see Figure 
12 for piezometer locations). Figures of groundwater flow for all periods of measurement were 
presented in the Corceptual Hydrogeologic Interpretation Report (URS, 2002b). The difference 
in average groundwater surface elevation between the different plots in the Conceptual 
Hydrogeologic Report is less than 1 ft. As this difference is small, only the December 11, 2001 
data set was used for calibration. 

As discussed by Anderson and Woessner (1992), the calibration objectives are to minimize the 
differences between simulated and measured heads. Table 2 compares the simulated versus 
observed heads at each piezometer location. Figure 13 contains a plot of these values and shows 
the mean of the head difference in feet (mean error). The head difference is the difference 
between the observed head and the simulated head. As a general guide, the variance of the head 
difference should vary less than about 10% of the total head change across the model (Spitz and 
Moreno, 1996). This quantifies the average error in the calibration but overlooks the distribution 
of the errors. As Figure 13 demonstrates, the mean error in calibration is 0.53 ft., indicating that 
the calibrated model only slightly overestimates the observed head. Figure 14 shows the 
difference between the observed and simulated heads on the base map. Representative plots of 
the head elevation contours for the present day model Layers 1 and 2 are provided in Figures 15 
and 16, respectively. 

Table 2: Observed Head Versus Simulated Head at Calibration Points for Present- 
Day Quarry Model 

Piezometer # Observed Head Simulated Head Head Difference* 

P-l 7.10 6.83 -0.27 

P-2 8.92 7.56 -1.36 

P-3 3.28 4.75 + 1.47 

P-4 -0.24 2.95 -3.19 

P-5 13.58 11.01 -2.57 

P-6 1.86 5.99 +4.13 

P-7 0.91 -0.10 -1.01 

P-8 38.78 38.45 -0.33 

P-9 2.17 3.74 +1.57 

Head Difference is positive when Simulated Head exceeds Observed Head 
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3.1.2   Horizontal and Vertical Hydraulic Conductivities 

The hydraulic conductivity fields for Layers 1 and 2, which represent the Quaternary/Tertiary 
and Cretaceous materials, were constructed by contouring the results of the single-well 
permeability tests (i.e., slug tests) performed at the site. The contoured horizontal conductivity 
field was assigned to model Layers 1 and 2 cells, and ranged from a low of 0.027 ft./day at P-8 to 
slightly greater than 25 ft./day at P-5. The distribution of horizontal conductivities used for 
calibrated model Layer 1 is shown in Figure 17. For these layers, the spatial distribution of 
hydraulic conductivities was varied in the vicinity of P-8 to provide simulation results in the 
present-day model that closely matched the groundwater flow field in this area. Hydraulic 
conductivity values in other areas of the site were not varied during calibration. Vertical 
hydraulic conductivities were set at 10% of the horizontal hydraulic conductivities assigned to 
each model cell. Values of horizontal and vertical hydraulic conductivity are similar in the 
calibrated Stancill Quarry groundwater model to the assumed initial values. Table 3 presents the 
initial and calibrated hydraulic conductivity values. 

Table 3: Initial and Calibrated Hydraulic Conductivity Estimates Used in 
Groundwater Flow Model 

Initial Hydraulic Conductivity 
(fl/day) 

Calibrated Model Hydraulic 
Conductivity (ft/day) 

Geologic Unit Model 
layer 

Kh Kv Kh/Ky Kh Kv Kh/Kv 

Dredge 
Tailings/Quaternary 

i 0.027 to 25.49 0.0027 to 2.549 10 0.027 to 25.49 0.0027 to 2.549 10 

Present-Day Quarry 1 0.027 to 25.49 0.0027 to 2.549 10 0.027 to 25.49 0.0027 to 2.549 10 

Mostly Cretaceous 2 0.027 to 25.49 0.0027 to 2.549 10 0.027 to 25.49 0.0027 to 2.549 10 

Mostly Saprolite 3 2.83 0.283 10 2.83 0.283 10 

150 ft. into Bedrock 
 ;  

4 2.83xlO-J 2.83x10"4 10 0.367 0.0367 10 

Note that the range in conductivity for the Dredge Tailings Model Layer 1 and Present Day Model 
Layer 1 are the same, however, the mean or average conductivity is lower for the Dredge Tailings 
Model Layer 1. 

The calibrated values are consistent with the range of values used in the Aberdeen region of the 
Harford County models by the Maryland Department of the Environment (Drummond, 1999) 
and Woodward Clyde (1998). A value of just over 25 ft./day is the highest hydraulic 
conductivity value used in the groundwater model of the Stancill Quarry. Based on URS' 
experience in modeling coastal plain sediments in other areas of the East Coast, 25 ft./day is an 
average value among those values occurring with reasonable expectation. 

The horizontal hydraulic conductivity of Layer 3 (saprolite material) was set at 2.83 ft./day or 
10"3 cm/sec, which is the midrange of permeability reported for saprolite in this region (Otton et 
al., 1988). The horizontal hydraulic conductivity for the bedrock model layer (Layer 4) was 
initially assigned a value of 0.0023 ft./day to provide a relatively low permeability for this 
material. It was then adjusted to 0.367 ft/day based on an average transmissivity of 55 ft /day for 
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bedrock in the area and a bedrock thickness of 150 ft. Vertical hydraulic conductivities for both 
Layers 3 and 4 were set at 10% of the horizontal hydraulic conductivity values. 

3.1.3 Recharge and Evapotranspiration 

Recharge was set at 0.00274 ft/day (12 in/yr) prior to calibration of the present-day quarry 
model. During calibration, the quarry area was adjusted to 0.0005 ft/day (2.14 in/yr). Recharge at 
the east settling pond was adjusted to 0 ft./day, because the bottom material is considered to be 
composed of fine material and likely does not provide for recharge prior to evaporation. 
Recharge for the west settling pond, however, was adjusted to 0.49 ft./day to account for water 
pumped to this pond during facility operations, and to simulate higher groundwater levels 
observed in the area of well P-5. Recharge from the forested southern portion of the model was 
adjusted to 0.0032 ft/day (14 in/yr). The western edge of the model near P-5 was adjusted to 
0.009 ft/day, and tte Long Pond area was adjusted to 0.015 ft/day. For the dredge-tailing model, 
recharge was set at 0.0032 ft./day (14 in/yr) in the southern portion of the model and 0.00274 (12 
in/yr) in the remainder of the model domain based on assumed vegetation in the area and ET of 
35 in/yr with 45 inches of precipitation. 

3.1.4 River Bed Conductance 

River conductances for Principio Creek and Furnace Bay were initially set at 0.003 to 0.15 
ft2/day. During calibration, the river conductances were adjusted to 0.12 to 152 fr/day. 
Conductances for the southern unnamed tributary ranged from 0.99 to 20.57 f^/day. These 
values appear to provide a suitable calibration for the model near the surface water bodies, and 
are within the range of MODFLOW conductances arrived at by Drummond and Bloomquist 
(1993) for rivers along the western shore of the Chesapeake Bay. 

3.2     SENSITIVITY ANALYSIS 

The objective of the sensitivity analysis is to quantify the uncertainty of the calibrated model 
resulting from uncertainty in the values of hydrogeologic properties and other model inputs. 
Even after the model is calibrated, the values entered to the model may approximate field 
conditions, but they do not exactly match actual field conditions. The model is insensitive to a 
wide range of values for some inputs, but is very sensitive to others. 

A test for which model parameters are most sensitive to slight changes is important when 
evaluating modeling output and defining which parameters need to be better quantified, for 
example, by additional field measurements, if model accuracy must be improved. Determining 
the sensitive parameters also aides in defining the range in potential error, or the level of 
accuracy, of the modeled output. The inherent error of those values to which the model is more 
sensitive receives greater weighting than errors associated with less sensitive values. 

During the calibration process, sensitivity of model results to hydraulic conductivity, recharge, 
ET, and river conductance were observed. The most sensitive parameters used in the model are 
changes to the Layer 1 horizontal hydraulic conductivity, followed by recharge, Layer 2 
horizontal hydraulic conductivity, and ET (Table 4). Because the model areas of concern are 
distant from most of the river boundary conditions, changes in these boundaries were found to 
have little effect on the model results. 
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SECTIONTHREE Calibration and Sensitivity Analysis 

Table 4: Summary of Sensitivity Analysis 

Layei 
Adjustment 
Multiplier 

Calibrated 
MODFLOW 
Model Values 

Sensitivity Analysis 
Value or Range of 

Values 

Average 
Simulated 

Groundwater 
Elevation 

(Arithmetic 
Mean of All 

Model Cells in 
Ft. [MSL]) 

Change in 
Average 

Simulated 
Groundwater 

Elevations 
(Ft.) 

Normalized 
Sensitivity 
Index (a) 

Sensitivity 
Rank 

"alibrated model 9.93 

Sensitivity Runs 
Adjusted Parameter 
Horizontal hydraulic conductivit) 1 + 10 0.027 to 25.4 0.27 to 254 3.27 -6.66 0.74 9 

Horizontal hydraulic conductivity 1 -10 0.027 to 25.4 0.0027 to 2.54 102.41 92.48 102.76 1 

Vertical hydraulic conductivity 1 + 10 0.0027 to 2.54 0.027 to 25.4 9.83 -0.10 0.01 >10 

Vertical hydraulic conductivity 1 -10 0.0027 to 2.54 0.00027 to 0.254 11.11 1.18 1.31 8 

Horizontal hydraulic conductivitj 2 + 10 0.027 to 25.4 0.27 to 254 9.93 0.00 0.00 >10 

Horizontal hydraulic conductivitj 2 -10 0.027 to 25.4 0.0027 to 2.54 14.99 5.06 5.62 4 

Vertical hydraulic conductivity 2 + 10 0.0027 to 2.54 0.027 to 25.4 9.54 -0.39 0.04 >10 

Vertical hydraulic conductivity 2 -10 0.0027 to 2.54 0.00027 to 0.254 12.07 2.14 2.38 7 

Horizontal hydraulic conductivitj 3 + 10 2.83 28.3 8.97 -0.96 0.11 >10 

Horizontal hydraulic conductivitj 3 -10 2.83 0.283 10.34 0.41 0.46 10 

Vertical hydraulic conductivity 3 + 10 0.283 2.83 9.92 -0.01 0.00 >10 

Vertical hydraulic conductivity 3 -10 0.283 0.0283 9.92 -0.01 0.01 >10 

Horizontal hydraulic conductivity 4 + 10 0.00283 0.0283 9.90 -0.03 0.00 >10 

Horizontal hydraulic conductivity 4 -10 0.00283 0.000283 9.93 0.00 0.00 >10 

Vertical hydraulic conductivity 4 + 10 0.000283 0.00283 9.93 0.00 0.00 >10 

Vertical hydraulic conductivity 4 -10 0.000283 0.0000283 9.93 0.00 0.00 >10 

Recharge 1.25 0.00 0.003425 to 0.0225 12.71 2.78 11.12 3 

Recharge 0.75 0.003162 to 0.0135 6.02 -3.91 15.64 2 

Evapotranspiration 1.25 0.00724 to 0.4 0.00925 to 0.5 8.87 -1.06 4.24 6 

llEvapotranspiration 0.75 0.00724 to 0.4 0.0056 to 0.3 11.04 1.11 4.44 5 

|River conductance + 10 0.03 to 0.15 0.3 to 1.5 7.25 -2.68 0.30 >10 

||River conductance -10 0.03 to 0.15 0.003 to 0.015 9.74 -0.19 0.21 >10 

(a) Represents average change in groundwater levels per unit change in the indicated sensitivity variable in the first column. 

Varying hydraulic conductivity affected the upper layers of the model much more than the lower 
layers. Likewise, increasing the horizontal conductivity in a layer has a greater effect than 
increasing the vertical hydraulic conductivity. This observation shows that, in general, a greater 
amount of water is conveyed horizontally from the recharge areas of the model than is conveyed 
vertically. However, because groundwater circulates in vertical and horizontal directions, vertical 
hydraulic conductivity changes affect the ability of the model to convey water. As such, model 
simulations indicate that vertical hydraulic conductivity values in the calibrated model are 
approximately one-tenth of the horizontal hydraulic conductivity values. 

ET was withdrawn from each cell in Layer 1 according to depth below land surface of the 
simulated water table in that cell. A maximum ET rate of 32.4 in/yr was withdrawn from a cell if 
the depth to the water table in that cell was at the ground surface. This rate approximates the lake 
evaporation for water at or near the ground surface. The maximum ET elevation was the 
digitized land surface elevation that represents the top of Layer 1. ET was adjusted to 0.4 ft./day 
at the southeastern quarry pond to simulate removal of water via ET and by facility pumping. No 
ET was withdrawn from a cell if the depth to the water table was greater than 6 ft. below the land 
surface (i.e., ET "extinction depth" of the cell). A linear relation is used to calculate ET if the 
water table depth was between the ground surface and 6 ft. below grade. ET was not used in the 
dredge-tailing model. In the dredge-tailing model, recharge is used as a surrogate parameter that 
implicitly accounts for ET.  
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SECTION FOUR Conclusions 

4.1 DREDGE-TAILINGS MODEL 

Upon placing dredge tailings in the quarry, the model exhibited groundwater flow to the west 
toward Principio Creek and Furnace Bay. 

4.2 PARTICLE TRACKING 

Constituent migration from different constituent sources was evaluated using MODPATH. 
Locations along the eastern side of the quarry were chosen as starting points for the constituents 
since dredge tailings will contain the constituents to be modeled. Furthermore, the dredge 
tailings will be placed throughout the quarry and groundwater flow in the dredge-tailings model 
is toward the west. The points include the highest future elevation in the quarry. Figure 18 
displays equipotential lines and pathlines in the calibrated future condition model for Layer 1. 
The pathlines indicate that constituents will migrate to the west, towards Furnace Bay and 
Principio Creek. Constituent fate and transport will be evaluated using MT3D and will be 
presented in a separate report. 

4.3 MODEL CONCLUSIONS 
Given the data available for the site, this model provides a consistent regional representation of 
the overall groundwater flow in the Stancill Quarry. Constituents from the areas of concern 
would remain on Stancill Quarry property and eventually discharge to Furnace Bay. 
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SECTION ONE  Introduction 

URS Corporation (URS) conducted groundwater chemical fate and transport modeling as part of 
a study of the Stancill Quarry in Cecil County, Maryland to evaluate the potential for constituent 
transport of chloride, Total Dissolved Solids (TDS), and iron. The Stancill Quarry may be used 
as a site to place dredge tailings resulting from dredging navigation channels in the upper 
Chesapeake Bay. Placing dredge tailings at the site may introduce constituents to the 
groundwater. These constituents are capable of being transported in the groundwater as the 
groundwater flows toward surface water bodies. The objective of the groundwater modeling was 
to identify the potential impacts, if any, the placing of dredge tailings in the quarry would have 
on the groundwater flow and constituent migration within and away from the site. This report 
presents the construction, calibration, and application of this model to assess potentially 
introduced constituents to the groundwater system. 

The conceptual hydrogeological model studies and field investigations indicate that, prior to the 
placement of the dredge tailings, groundwater at Stancill Quarry flows into the quarry from all 
sides; after the placement of dredge tailings, groundwater is anticipated to flow westward to the 
nearest surface water discharge point in Furnace Bay. 

The Conceptual Geologic Interpretation for Stancill Quarry, Cecil County, Maryland report 
(URS, 2002a) categorized the underlying geology, and the Conceptual Hydrogeologic 
Interpretation of the Stancill Quarry Site, Cecil County, Maryland (URS, 2002b) report 
categorized the hydrogeology of the site. The calibrated groundwater flow model was presented 
in the Groundwater Flow Model Report for Stancill Quarry, Cecil County, Maryland (URS, 
2002c). 

Chloride, TDS, and iron are believed to be typical of dissolved constituents entering the 
groundwater from the dredge tailings, which will be placed throughout the quarry. The points of 
entry for these constituents will therefore be evenly distributed throughout the quarry. 

Because of varying aquifer hydraulic properties and the vertical/horizontal extent of the placed 
constituents, a three-dimensional model was needed to simulate adequately the movement of the 
constituents. Therefore, a Modular Three-Dimensional Multispecies Transport Model 
(MT3DMS) was used to simulate site-specific transport and to evaluate the flow of constituents 
in groundwater. 

The transport model shows that constituents will discharge to Furnace Bay. The results of the 
modeling suggest that an increase of TDS in excess of the Federal and State Secondary 
Maximum Contaminant Level (SMCL) would likely result from the addition of dredge materials 
to the Stancill Quarry. However, simulated levels of chloride leaving the site in groundwater or 
entering Principio Creek and Furnace Bay would be below the SMCL for drinking water. The 
expected addition of iron to groundwater is negligible compared to the average background 
concentration presently detected in groundwater at the quarry. Because of the intensity of the 
Toxicity Characteristic Leaching Procedure (TCLP) leachate tests, the simulated input 
concentrations are expected to overestimate the amount of iron that will be leached from tailings 
via incoming precipitation. Furthermore, the results do not take into account the effects of 
adsorption and chemical precipitation of constituents, which may result in lower levels of 
constituents than those provided in the simulations. 

This document presents the groundwater transport modeling performed for the Stancill Quarry 
site, Cecil County, Maryland (Figure 1) using information that URS Corporation (URS) gathered 
in earlier studies of the geology and hydrogeology of the quarry. This report is part of a series 
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SECTION ONE Introduction 

that characterizes the geology and hydrogeology of the project area. In this report, we present the 
details and results of numerical simulations conducted to model subsurface solute-transport of 
chloride. Total Dissolved Solids (TDS), and iron at the site and describe the solute-transport flow 
model development and calibration. Figures applicable to this report but contained in the earlier 
conceptual model reports or the groundwater flow model report are referenced to those 
documents. 

This work was performed under URS Contract I.D. No. 02-07-06 with Maryland Environmental 
Service (MES). The Scope of Work includes preparation of a Modular Three-Dimensional 
Transport Model (MT3D) Report. This report is based on modeling results, review of publicly 
available data, data collected on site during this investigation, and discussions with MES, 
Stancill Quarry representatives, and information obtained from KCE Engineering, Inc. (KCE). 
As part of URS' corporate Quality Assurance Program, an independent technical reviewer has 
reviewed this report. 

The Stancill Quarry may be used as a site to place dredge tailings resulting from dredging 
navigation channels in the upper Chesapeake Bay, and the local hydrogeologic flow regime may 
be affected by the placement of this additional geologic material in the quarry. This section 
summarizes the site background, and presents the purpose and objectives of the development of 
the groundwater transport model and the quality assurance measures taken. 

1.1 PURPOSE AND OBJECTIVES 

The purpose of the groundwater modeling was to create a tool to evaluate the long-term behavior 
of chloride, TDS, and iron constituents in groundwater at the Stancill Quarry site. Future 
concentrations of these constituents were estimated on a worst-case basis to determine the 
impacts on the local groundwater regime of dredge material placement. The groundwater 
transport model was used to predict future downgradient concentrations of select constituents 
and chemical quality of groundwater caused by placement of dredge tailings at the quarry and to 
determine the impact, if any, of dredge tailing placement on the local groundwater. 

1.2 BACKGROUND 

Detailed descriptions of the Stancill Quarry history and site characteristics were presented in the. 
November 2000 report by MES entitled, A Preliminary Assessment of the Feasibility of Using 
the Stancill's Inc. Property on Furnace Bay in Cecil County as a Dredged Material Containment 
Area " and in the November 2000 report by Engineering, Consultation, Construction 
Remediation, Inc. (E2CR) entitled, Geotechnical Report for Stancill Sand and Gravel Quarry, 
Cecil County, Maryland. Three additional reports were written in the process of developing the 
groundwater model. The first report entitled, Conceptual Geologic Interpretation for Stancill 
Quarry, Cecil County, Maryland (URS, 2002a) provides a detailed evaluation of the geology of 
the Stancill Quarry. This conceptual geological model was the basis for the conceptual 
hydrogeologic model presented in the second report entitled Conceptual Hydrogeologic 
Interpretation of the Stancill Quarry Site, Cecil County, Maryland (URS, 2002b). The 
conceptual geological and conceptual hydrogeological models were used as the basis for the 
groundwater flow model presented in MODFLOW Flow Model Report for Stancill Quarry, Cecil 
County, Maryland (URS, 2002c). The groundwater transport model described in this document is 
based on the conceptual hydrogeologic model.      
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SICTIOMONE Introduction 

1.3     ORGANIZATION OF THE REPORT 

This report is divided into five sections including tables and figures. The figures are provided at 
the end of the written text. The first section, the introduction, presents the contractual authority 
and basis for the study and report, and identifies previous reports written about the site that 
contain background information about the site. The second section presents an overview of the 
model development. Section Three summarizes the results of the calibration and sensitivity 
analysis of the model. Section Four presents conclusions based on what has been presented. 
Section Five lists the references cited in this report. 

^J ACfl^ l:\GAITHERSBURG\e&-00000229.00\REPORTS\MT3DMS MODEL REPORT\MT3DMS REPORT.DOC\17-SEP-02\\    1-3 



1 

SECTIONTWO Technical Approach 

2.1 DATA SOURCES AND DATA QUALITY 

Input data for the model include the site's stratigraphy, hydraulic properties and distributions, 
boundaries, source locations of chloride, TDS, and iron, and the constituents' chemical 
properties. The source of data consisted primarily of field and laboratory data collected in the 
upper Chesapeake Bay (MES, 2000) and presented in Conceptual Hydrogeologic Interpretation 
of the Stancill Quarry Site, Cecil County, Maryland (URS, 2002b). Other data sources included 
site maps and background site information. Data quality is assumed to be adequate for the 
modeling effort. Where appropriate, parameters used for the solute modeling were taken from 
previous investigation efforts and site investigation reports. Source concentrations were 
determined from the results of leachate tests performed on sediment samples considered to be 
representative of incoming dredge material (MES, 2000). The primary features affecting 
contaminant transport include time-varying historical sources due to changing operating 
conditions and time-varying historical sinks. 

2.2 SELECTION OF MODEL CODE 

Model selection was based on the need to simulate fixture conditions and to meet the modeling 
objectives. The objectives were to evaluate the transport of chloride, TDS, and iron in a complex 
heterogeneous flow system and evaluate potential future migration of these constituents. 
Technical requirements of the selected model are the ability to simulate numerically the 
following items: 

Porous media 

Unconfined groundwater flow 

Horizontal and vertical groundwater flow 

Saturated conditions 

Heterogeneous and variably anisotropic hydraulic properties 

Contaminant advection, dispersion, and adsorption 

Space- and time-varying boundary conditions (such as groundwater recharge, discharge, 
and pumpage) 

Space- and time-varying constituent of concern (COC) sources (point or areal sources 
and concentrations). The COCs for this modeling effort are chloride, TDS, and iron. 

Implementation criteria applied include: 

• Is the model available for review in the public domain? 

• Is the model readily available and well documented? 

• Has the model been verified against analytical solutions or other previously verified 
models? Are the verification data sets available and well documented? 

• Has the model been applied successfully at other similar sites (i.e., has the model been 
field-tested under conditions similar to those known at this site)? 
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•    Is the model tractable for the modeling team and the computers available for this project? 

Based on a review of previous investigations, site data, and project needs, the Modular Three- 
Dimensional Multispecies Transport Model (MT3DMS) (Zheng and Wang, 1999) was selected 
to model the trareport of the target constituents. MT3DMS is a modular mass transport modeling 
system that can simulate changes in groundwater concentrations of contaminants while 
considering advection, dispersion, diffusion, and basic chemical reactions. MT3DMS is unique 
in that it includes three major classes of transport solution techniques that can be used to evaluate 
a wide variety of transport conditions, and it has the capability to accommodate add-on reaction 
packages for modeling general biological and geochemical reactions. It can also be used to 
model dual-domain advective-diffusive mass transport for both mobile (advective-dominant 
transport) and immobile (diffusion-dominant transport) domains. It is configured to run in 
conjunction with the results of the Modular Ground Water Flow Model (MODFLOW) that was 
used to model groundwater flow (URS, 2002c). The precursor model to this model, MT3D 
(Zheng, 1990), was documented for the U.S. Environmental Protection Agency by Ken- 
Environmental Research Laboratory. Both versions of the models are widely accepted for 
contaminant transport modeling by governmental regulatory agencies and the scientific 
community. 

Data were formatted for input to MT3DMS using the Department of Defense Groundwater 
Modeling System (GMS) 3.1. GMS is a pre- and post-processor for several model codes, 
including MODFLOW and MT3DMS. In addition to formatting data for input, GMS was also 
used to analyze the model results graphically for incorporation into this modeling report. 

2.3     MODEL CONSTRUCTION 

2.3.1   Model Setup 

The solute-transport modeling was initiated using the calibrated MODFLOW groundwater flow 
model constructed to simulate conditions after placement of the dredge material (URS, 2002c). 
Model input parameters were selected to provide a worst-case scenario of the potential transport 
of three dissolved constituents/constituent groups within aquifers below the site. Chloride, TDS, 
and iron were modeled for their dissolved phases only in the saturated zone. The locations and 
concentrations of chloride, TDS, and iron were determined based on the proposed placement of 
the dredge materials and the results of leachate tests conducted on sediment samples considered 
representative of potential incoming dredge material (MES, 2000). 

Table 1 lists the primary aquifer-related and chemical-related variables used for this model 
effort. A variety of input variables is required for MT3DMS. Because the values and 
distributions of many of these variables are not known for the site, most were selected using 
typical values for the COCs. The model was constructed to simulate the primary transport 
processes of advection and hydrodynamic dispersion. Other transport processes, such as 
adsorption, speciation, and dissolution/precipitation, were not simulated because of the highly 
variable and complex nature of these processes, and the lack of site-specific data on which to 
base assumptions regarding potential future geochemical reactions at the site. Futhermore, 
chloride is a relatively non-reactive constituent. Therefore, these additional transport 
mechanisms are not considered to be important for this constituent. 
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Table 1: IVIT3DMS Model Input Parameters 

Parameter Value or Range of Values Value 
Selected 

Units Primary Source 

Model Input Cone: 

Chloride 

TDS 

Iron 

Less than 0.39 to 24.8 

4,204 to 4,441 

Less than 0.5 to 0.66 

24.8 

4,441 

0.66 

mg/L 

mg/L 

mg/L 

TCLP Leachate tests of sediment 
samples (MES, 2002). 

TCLP Leachate tests of sediment 
samples (MES, 2002). 

TCLP Leachate tests of sediment 
samples (MES, 2002). 

Effective Porosity 
(unconfined) 0.10 to 0.15 0.15 

Achmad (1991); Hughes (1995); 
Rasmussen and Andreason (1959); 
Johnston (1976); Chapelle (1985); 

Effective Porosity 
(confined) 

0.00005 to 0.005 0.0002 
Otton et al. (1988); Drummond and 

Bloomquist(1993) 

Dispersivity- 
Longitudinal (Ld) 

Typically less than 200 (alluvium 
and sand); 20 feet used by Tenbus 
and Fleck (2001) for local study 

30 ft 
Spitz and Moreno (1996); Gelhar, et 
al., 1992; Tenbus and Fleck (2001) 

Dispersivity- 
Transverse 

l%to 10%ofLd 3 ft Gelhar, et al., (1992); Tenbus and 
Fleck (2001) 

Dispersivity- 
Vertical 

l%tol0%ofLd 0.3 ft 
Gelhar, et al., (1992); Tenbus and 

Fleck (2001) 
Diffusion coefficient - 

Iron 
1.72e"4to2.0e'4 0 ft2/day Spitz and Moreno (1996); 

Considered negligible 
Coefficient of 
Retardation 

0 Assumes no retardation 

Adsorption coefficient 
(Kd) 

0 ft3/mg Assumes no adsorption 

Degradation rate - 
dissolved 

0 day" Assumes no decay because 
constituents are inorganic 

mg/L = milligrams per liter (parts per million) 

2.3.2   Contaminant Sources 

The model source inputs were chosen based on the assumption that the quarry would be filled 
with dredge tailings 34 years in the future, according to the Preliminary Assessment Report 
(MES, 2000). The groundwater COCs originate from the dredge tailings and are derived from 
Chemical Analytical Results From Dredge Sediment Sampling of Sites in Chesapeake Bay (MES, 
2002). Constituent migration from different sources was evaluated for potential impact on 
downgradient receptors. The area of the quarry fill was chosen as the starting point for the 
constituents since dredge tailings will contain the constituents to be modeled, and the dredge 
tailings will be placed throughout the quarry. To be conservative for estimates from present into 
the future, assuming no hot-spot removal, a continuing source equal to the maximum 
concentrations observed in leachate test data was used to evaluate the constituent flow patterns 
and potential for off-site migration. The three constituents were modeled for their dissolved 
phases only in tte saturated zone. The model was constructed to simulate the primary transport 
processes of advection and hydrodynamic dispersion. Other transport processes, such as 
adsorption, speciation, and dissolution/precipitation, were not simulated. Chemical decay was 
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not simulated because the constituents are inorganic, and this transport mechanism is, therefore, 
not applicable. 

For the purpose of this model, simulated constituent source inputs were evenly distributed 
throughout the area of the proposed quarry fill. Initial chloride, TDS, and iron concentrations 
were set to the highest measured detection reported for leachate tests of sediment samples 
considered representative of potential quarry fill material (see Table 1). The range of constituent 
values detected in the tests are summarized in Table 1 above, and are detailed in Table 8 of the 
hydrogeologic report (URS, 2002b). These values are considered to be conservative because the 
maximum concentrations were chosen for the tests, and the leachate test concentrations are 
expected to be greater than those resulting from the impacts of infiltrating precipitation. These 
higher concentrations are due to the intensity of the TCLP leachate tests used for the study. 

2.3.3 Initial Conditions 

The initial conditions for the transport simulations consisted of constant-rate source input 
concentrations of chloride, TDS, and iron in the areas of Layer 1 of the model selected to receive 
dredge material. Initial solute concentrations (i.e., background) were set to zero (i.e., no 
detectable concentrations). This provides simulation output free of the complications of 
background to reflect the impact of the tailings only. 

The MT3DMS model selected for analyzing this site has the following assumptions: 

A porous-media model can approximate the flow patterns in the surficial aquifer, 
saprolite, and bedrock. 

All contaminants are dissolved. 

Density effects are ignored. 

Uniform anisotropy is assumed. 

Dissolved contaminants do not hinder advective groundwater movement. 

Recharge and constituent source input are constant through time. 

Leachate test results provide conservative estimates of future tailing constituent leachate 
concentrations. 

2.3.4 Model Limitations 

The model is limited to the simulation of chloride, TDS, and iron. Although conservative 
estimates were used to simulate the plume, unmapped sources and residual sources, if present, 
can change the study conclusions. In addition, previously published data provided a range to 
calibrate within, but site-specific data provide the best estimates. The modeled values that 
resulted in the best match to anticipated flows, heads, and concentrations were used in evaluating 
the future conditions. 
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2.4     MT3DMS MODEL CALIBRATION AND SENSITIVITY ANALYSIS 

The purpose of model calibration is to obtain reasonable estimates for uncertain model input data 
such that model predictions match observed data to the degree possible, given site conditions and 
the distribution of site chemical data. However, a review of the target constituent data collected 
for the site does not indicate the presence of a consistent spatial distribution for which to 
compute and evaluate initial solute transport parameters. For example, initial dispersivity is 
typically estimated by the approach used by Gelhar et al. (1992) based on the shape of the plume 
and a travel distance of the constituent from the "source area." Since the constituents will be 
introduced throughout the excavated areas of the quarry, there is presently no plume, and the 
source area will cover a majority of the quarry. No site-specific data exist for unconfmed and 
confined effective porosity. Therefore, the parameters were selected based on values obtained in 
the general transport literature (e.g.. Spitz and Moreno, 1996; Gelhar et al., 1992), or local 
studies (e.g., Otton et al., 1988; Achmad, 1991; Tenbus and Fleck, 2001; etc.). The results are 
qualified with a discussion of uncertainty based on the sensitivity analysis. 

To calibrate the transport model, dispersivity, and effective porosity were varied repeatedly to 
produce simulated plumes of reasonable shape. The final selected values used in the calibrated 
model are presented in Table 1. During this calibration process, the effects of dispersivity and 
effective porosity were noted, and the model values adjusted for additional runs. 

The model was considered calibrated when the shape and concentrations of the simulated 
chloride, TDS, and iron distributions approximated those assumed using engineering judgment. 
The calibrated transport model was used to predict future concentrations on a worst-case basis to 
determine impacts to the surrounding groundwater. Model validation runs (comparison of actual 
conditions in the future to simulated predictions) were not part of this project's scope. 

For each transport case run, the model solution behavior was checked for: 

• Convergence of flow and transport solutions 

• Stability 

• Mass balance 

The flow runs and the transport runs were typically converged to less than 5% mass error. These 
solution errors have negligible influence on the predicted results because of the uncertainties in 
model input data. 
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SECTIOHTHREE Hesults 

3.1 SENSITIVITY ANALYSES 

Model sensitivity analysis consisted of varying dispersivity and effective porosity from 2 to 10 
from the selected values in Table 1. The parameters were varied to evaluate the impacts of 
changes to these variables and assess uncertainty in the model. 

The results of the sensitivity analysis are demonstrated by the impact on simulated constituent 
concentrations along a groundwater flow path near Furnace Bay (Figure 2). Source input 
concentrations and all other variables are held constant with the exception of the varied 
parameters, dispersivity and effective porosity in this case. Figure 2 shows the location of the 
observation point (i.e., "observation well") where the simulated concentrations were recorded 
over the total simulation time (100 years after emplacement of the tailings and achieving 
constituent equilibrium concentration in Layer 1). Figures 3 through 4 show the concentrations 
over time at this "observation well" for the varied values of dispersivity and effective porosity. 

The results show that downgradient constituent equilibrium concentrations in the transport model 
are most sensitive to dispersivity. Dispersivity and effective porosity can both vary by several 
orders of magnitude. However, change by a factor of 3.3 (233? % increase) for dispersivity, for 
example, only results in slightly more than a 14% increase in the equilibrium concentration of 
chloride at the observation point. 

3.2 FUTURE SIMULATIONS 

The results of the MT3D simulations are shown in Figures 5 through 10, and concentration 
versus time plots for these constituents for model Layers 1 through 4 are shown in Figures 11 
through 13. The maps show the concentrations of each constituent within the model area over 
time. The plots show concentrations over time at the observation well location shown in Figure 2 
in model Layers 1, 2, 3 (saprolite), and 4 (bedrock). As shown in Table 1, the input 
concentrations in the quarry fill area are 24.8 milligrams/liter (mg/L), 4,441 mg/L, and 0.66 
mg/L for chloride, TDS, and iron, respectively. The maximum concentrations appear in model 
Layer 2, with steady-state maximum concentrations of 20.6 mg/L, 3,700 mg/L, and 0.55 mg/L 
for chloride, TDS, and iron, respectively. Layer 1 concentrations are slightly less than Layer 2, 
but are similar. Steady-state maximum concentrations appear at the observation well 
approximately 8 to 20 years after the beginning of the simulation. 
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SEGTIONFOUR SummaryandConclusions 

A steady-state solute transport model was constructed for the Stancill Quarry project site. Using 
the groundwater flow solution from a steady-state MODFLOW model, a multispecies transport 
model was constructed using MT3DMS. For the purpose of this project, three indicator 
constituents (chloride, TDS, and iron) were simulated. 

The results of the modeling suggest that an increase of TDS in groundwater would likely result 
from the addition of dredge materials to the Stancill Quarry. The simulated concentration of TDS 
exceeds the SMCL of 500 mg/L. However, the addition of 20.5 mg/L of chloride to an existing 
average chloride background concentration of 15 mg/L suggests that simulated levels leaving the 
site in groundwater or entering Principio Creek and Furnace Bay are below the SMCL of 250 
mg/L for drinking water. The expected addition of 0.55 mg/L of iron to groundwater is 
negligible compared to the average background concentration of 17 mg/L presently detected in 
groundwater. The simulated additional iron input of 0.5 mg/L is only slightly above the SMCL 
of 0.3 mg/L, and is one-half of the freshwater Ambient Water Quality Criteria for iron of 1 mg/L. 
Because of the intensity of the TCLP leachate tests, the simulated input concentrations are 
expected to overestimate the amount that will be leached from tailings via precipitation. 
Furthermore, the results do not take into account the effects of adsorption and chemical 
precipitation of iron and TDS, which may result in lower levels of constituents than those 
provided in the simulations. 
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FIGURE 12 

Concentrations Versus Time Plots 
for Total Dissolved Solids in Layers 1 Through 4 
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FIGURE 13 
Concentrations Versus Time Plots 

for Iron in Layers 1 Through 4 
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APPENDIX F 

Topographic Map 




