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EXECUTIVE SUMMARY 

Monitoring of environmental conditions prior to and after the first year of 
subaqueous placement of dredged material was performed in the Site 92 designated 
dredged material placement area in the upper Chesapeake Bay. This report contains a 
summary of the 1998/1999 monitoring studies and is submitted to the Maryland 
Department of the Environment (MDE) by the Maryland Environmental Service (MES) 
to fulfill the requirements of Water Quality Certification 98-WQ-0003. MES manages 
the comprehensive environmental monitoring and produces the comprehensive 
monitoring report under contract to the U.S. Army Corps of Engineers, Philadelphia 
District (CENAP) and the Maryland Port Administration (MPA). The monitoring 
elements consisted of site management of the placement area; placement, consolidation 
and erosion studies; and a pre-placement benthic community evaluation. Project 
management, technical support and technical integration tasks were also performed. 

Site management, site placement, and consolidation and erosion studies found that 
the sediment berm placed in the northernmost section of the site had been placed within 
the authorized time constraints and according to the specifications in the Site 
Management Plan and Water Quality Certification issued by MDE. The sediment berm 
was created to form an enclosed basin within the site that would minimize the potential 
for sediment migration out of the site during any subsequent placement operations. The 
tracking results indicated that the scow loads were placed within site boundaries. A later 
survey performed by the Maryland Geological Survey (MGS) indicated that 4,600 cy + 
3,000 cy of the placed sediment had settled beyond the site boundary at the completion of 
placement, extending a maximum of 330 ft to the east of the site boundary and covering 
an area of 28,000 yd2. The MGS determined that sediment placed at the top of the berm 
during the latter weeks of the placement period likely moved downslope of the berm's 
steep east embankment and came to rest at the base of the slope. MGS further 
determined that the bottom characteristics did not change as a result of deposition in these 
areas and that there was no significant impact to the benthic environment in the vicinity 
of the placement area. The MGS study recommended greater setbacks and shallower 
slopes in the future to minimize the potential spread of placed sediment. 

An assessment of the benthic community in and around Site 92 was conducted by 
the Maryland Department of the Environment (MDE) to establish the baseline conditions 
at Site 92 prior to placement of dredged material. The study found that Site 92 had a 
typical benthic community when compared to nearby reference stations. Marenzelleria 
viridis and Rangia cuneata were the dominant species. The Benthic Index of Biotic 
Integrity (B-IBI) values at all stations exceeded the Chesapeake Bay Restoration Goal of 
3.0 during July and September, indicating the presence of unstressed benthic 
communities. The minimum B-IBI score at any station was 3.5; the maximum was 4.5. 
The study recommended that a post-placement study be conducted at least 18 months 
after all placement activity has ceased in the Pooles Island area. At that time, results 
between the pre- and post- placement studies will be compared to verify restoration of the 
benthic community within the placement area. 
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GLOSSARY OF TERMS 

BATHYMETRY: depth measurement and bottom characterization of waterbodies. 

BENTHIC: living in, on or in close association with, the bottom of a body of water. 

BERM: a protective ridge. 

B-IBI: the Benthic Index of Biotic Integrity. A system that allows comparison of a 
benthic community against a reference range that represents an established restoration 
goal for a given area. 

CENAP: US Army Corps of Engineers, Philadelphia District 

CONTROLLED BOTTOM PLACEMENT: the practice of placing dredged material 
using bottom release scows. 

CY: cubic yards 

DGPS: Differential Global Positioning System 

DO: Dissolved Oxygen 

ISOPACH: contour lines drawn through points of equal thickness. 

MCY: Million cubic yards 

MDE: Maryland Department of the Environment 

MES: Maryland Environmental Service 

MESOHALINE: Salinity of 5.0 - 18.0 parts per thousand 

MGS: Maryland Geological Survey, Department of Natural Resources 

MLLW: mean low-low water; mean low water (MLW) is the average of all low tides in 
a diurnal tide system. MLLW is the average of the lower half of the low tides calculated 
for MLW. 

MPA: Maryland Port Administration 

NUTRIENT: inorganic compound of nitrogen, phosphorus or silica used as food by 
organisms, specifically plants. 

OLIGOHALINE: Salinity of 0.5 - 5.0 parts per thousand 

RESTORATION GOALS INDEX (RGI): A combined measure of the number of taxa, 
abundance and number of each species present in a benthic sample. This is a general 
measure of the health of a benthic community, developed as part of the Chesapeake Bay 
Program. An RGI of 3 in the summer is the target for benthic communities in the Bay. 

IV 



1.        INTRODUCTION 

The U.S. Army Corps of Engineers, Philadelphia District (CENAP), and the 
Maryland Port Administration (MPA) share responsibility for developing placement 
options for dredged material removed from federal navigation channels leading to the 
Chesapeake and Delaware (C&D) Canal. Channel maintenance and improvement to the 
C&D Canal northern approach channels, located in the upper Chesapeake Bay, requires 
the removal of up to 1.5 million cubic yards (mcy) of material annually. The Site 92 
placement area (Site 92) was studied and developed as a designated open-water 
placement site for this purpose in 1997 (MES 1997). 

Site 92 is located immediately south of Pooles Island in the northern portion of 
the upper Chesapeake Bay (Figure 1). One of the former Pooles Island sites, also known 
as Area G, was initially divided into G-Central, G-North, and G-South; G-West was 
added in the mid 1990's. Placement in the original Area G sites and in the other Pooles 
Island sites, Areas D, E, and F, occurred from 1981 until 1997. G-West was utilized for 
placement beginning in 1994 and continued through 1997. 

In 1996, expansion of the Pooles Island area to include G-East and/or Site 92 was 
under consideration due to a need for increased capacity (Figure 1). Both G-East and Site 
92 were selected as potential sites because of the extensive data already available on the 
Pooles Island area, including ongoing environmental documentation and monitoring of 
G-West and G-South. Prior studies included sediment transport studies; sediment quality 
studies; sediment oxygen and nutrient exchange studies; water quality studies; fish 
abundance, size and species composition studies; fishing activity studies; and benthic 
studies. These studies did not reveal any regional water quality impacts from the 
placement of dredged material. Studies showed that a change in water depth as a result 
of placement likely eliminates habitat for some fish species during certain times of the 
year, whereas it improves habitat or is not a factor in determining habitat use for other 
fish species. Historic benthic studies suggested that recolonization of a benthic 
community typical of stable habitat conditions will occur within two to three years after 
placement (MES 1999). Evaluations of the area south of G-West following placement at 
that site during 1997-1998 indicated that the effect of sediment deposition is localized 
and short term (MES 2000). 

The proximity of G-West to Site 92 permitted results of prior environmental 
studies to be applied to determine the suitability of Site 92 for dredged material 
placement. Site 92, which is south of G-Central and includes part of G-South, was found 
to be outside of areas screened by state and federal resource agencies as having 
significant habitat value, and so was selected as a new dredged placement site to meet 
needs for increased capacity (MES 1997). In order to obtain the required environmental 
permits for placement, environmental data collection of the Site 92 placement area was 
performed, and a joint Environmental Assessment (EA) of the two proposed open-water 
placement areas, G-East and Site 92, was prepared. The final EA, titled Environmental 
Assessment - Designation of Aquatic Dredged Material Placement Areas G-East and Site 
92 for Maintenance Dredging, Inland Waterway Delaware River to Chesapeake Bay, 
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Delaware and Maryland Northern Approach Channel, was issued in July 1997, and a 
Finding of No Significant Impact was issued for both sites in August 1997. 

Site 92 is approximately 934 acres in size and, prior to its initial use, was 
estimated to provide approximately 7.0 mcy of capacity up to elevation -14 feet MLLW. 
Site 92 surrounds a shallow elongated basin, oriented in a northeast to southwest 
direction. The pre-placement depths at Site 92 ranged from about -15 ft (-4.5 m) MLLW 
along the northwest side of the site to a maximum depth of about -26 ft (-8 m) MLLW in 
the north. In the central section of the basin, the depth averaged around -23 ft (-7 m) 
MLLW (Halka et al. 1996). 

In accordance with the Water Quality Certification (WQC) #98-WQ-0003, 
dredged material was placed by controlled bottom release scow into the Site 92 area, in 
the upper Chesapeake Bay, from December 23, 1998 to March 31, 1999 (Figure 2). This 
placement action in Site 92 totaled approximately 1.09 mcy, according to the dredging 
contractor. The first stage of development of the site (Phase I) was to create an 
underwater berm along the northeastern comer of the designated area to create a basin for 
future placement activities. This includes placement along the northern and eastern edges 
of the site inward. Phase n included placement of material behind the berm within the main 
placement area. 

This report documents the findings of the first full year of placement monitoring 
in the Site 92 area in the upper Chesapeake Bay. The activities described in this report 
include pre-placement benthic sampling, pre- and post placement sediment core 
sampling, bathymetric surveys, and monitoring of the placement of material to create the 
berm in the northeastern section of the site, as well as placement of material within the 
basin of the site. The format of this report is to present a synopsis of each major study 
element, with full copies of the completed studies attached as appendices C, D and E. 
Also attached are copies of the Water Quality Certification (Appendix A) and the 
Monitoring Plan (Appendix B). The agencies responsible for performing the studies are 
listed in Table 1. 

Table 1. Site 92 Monitoring; 1998-1999 Study Elements 
|                     Study Element Agency 
Site Management Maryland Environmental Service 
Placement, Consolidation & Erosion Maryland Geological Survey 
Turbidity Plume Studies Maryland Geological Survey 
Technical Support Maryland Department of the Environment 
Technical Integration Maryland Environmental Service 
Project Management Maryland Environmental Service 
(MES 2001, Appendix B) 

2.        SITE MANAGEMENT 

2.1      Placement Operations 
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Dredging was accomplished using a clamshell bucket dredge with placement 
occurring by controlled bottom release scows within the basin of Site 92. Dredged 
material was placed in the northern portion of the site from December 23, 1998 to March 
31,1999 (Figure 2). The estimates for the quantity of material placed at Site 92 are based 
on daily reports of operations (DRO's) submitted by the contractor. Contractor's 
estimates for the quantity of material dredged for placement at Site 92 totaled 1,090,367 
cubic yards (cy). Of this material, an estimated 657,068 cubic yards (cy) was used to 
construct the berm and the remaining estimated 433,299 cy was placed inside the site 
contiguous to the berm. A total of 640 scows were placed during the 1998/1999 
placement season (December 23, 1998 to March 31, 1999) averaging 6.4 scows a day 
over a 99-day placement window. Because of equipment problems and weather related 
issues, 95% of the project was achieved in less than 30 days. 

2.2 Extent of Fill 

2.2.1 Berm Dimensions and Placement Depth 

The creation of the berm at Site 92 provides closure on the northern and eastern 
sides of a discrete underwater basin used for dredged material placement. The placed 
sediments formed a berm approximately 4,300 ft long and an average of 2,100 ft wide with 
a top crest elevation of between -15 and -16 feet MLW. 

The lateral extent and thickness of the newly placed material were determined 
from the MGS and CENAP pre- and post placement surveys to be concentrated in the 
northeastern half of the Site 92 basin area (Figure 3). 

2.2.2 Basin Area 

The scow tracking information compiled by MES from data submitted by the 
contractor to CENAP indicates that all material was placed within the Site 92 boundaries 
as required in the WQC (Appendix A). While tracking results indicated that the scow 
loads were placed within site boundaries, the April 1999 0-100% isopach drawing based 
on the 100% post-placement survey conducted by CENAP showed a small anomalous 
projection ranging in thickness from 1.6-8.2 ft off the northeast side of the placement area 
(Appendix C; Figure F-7). The tidally uncorrected MGS post-placement bathymetry 
survey, which was performed on April 7-9, 1999, did not show this projection. Because 
the April 100% completion surveys did not correlate, CENAP and MGS repeated the 
surveys between October 27 and November 9, 1999, approximately 6 months after 
placement ceased. The new surveys correlated. The anomalous projection was 
investigated and is discussed further in the MGS Placement, Consolidation, and Erosion 
report and is summarized in Section 3.4 (Appendix D). 

2.3 Conclusions 

Analysis of the data collected for the site management monitoring phase of this 
project is provided below. Overall project evaluation and conclusions are also provided. 
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Dredged material placement by controlled bottom release scow occurred within 
the authorized time constraints and according to the specifications in the Site 
Management Plan and WQC. Contractor's estimates for the quantity of material dredged 
for placement at Site 92 totaled 1,090,367 cy. Of this material, an estimated 657,068 cy 
was used to construct the berm and the remaining estimated 433,299 cy was placed inside 
the berm. 

2.4 Summary 

A review of the placement activities, quantities and locations of material placed 
and the surveys of the basin area and newly constructed berm indicate that the project 
met the objectives stated in the Site Management Plan. Because of equipment problems 
and weather related issues, 95% of the project was achieved in less than 30 days. 
Communication and coordination between all parties were accomplished in such a 
manner that even with the weather delays, the project was successfully completed within 
the tight time frame. 

2.5 Recommendations 

Based on the experience gained on this project, the following recommendations are 
offered: 

• For future placement activities, it is recommended that every effort be made to 
use the full window for dredging operations (October 1 - March 31). During this 
project, starting sooner in the allowed window could have resulted in placement 
during less harsh weather conditions. 

• Close coordination, frequent meetings, and active communication between the 
State and Federal agencies and the Contractor were key factors in enabling the 
positive outcome. This type of project coordination and communication is 
recommended for future placement activities. 

During the 1998/1999 placement season, the Contractor daily reports were 
received by MES in a timely fashion for daily tracking of information. This 
allowed the technical team enough time for review of information and the ability 
to recommend operation changes when necessary. This allowed continual site 
monitoring of placement activities that ultimately led to the overall success of the 
placement season. This type of monitoring is recommended for future placement 
activities. 

Continue investigation of anomalous projection off the northeast comer of Site 92 
through follow up surveys of the site by the MGS. 

3.        PLACEMENT, CONSOLIDATION AND EROSION 



3.1 Background 

The MGS has studied the placement, consolidation and erosion of dredged 
material in the upper Chesapeake Bay for over 15 years. These studies have documented 
the configuration and occupied volume of dredged material that was placed using 
different techniques. The studies have also found that subsequent to placement, 
deposited sediments may be subjected to volume changes due to two processes. First, 
resuspension and erosion may remove sediment particles from the site. Second, 
consolidation of deposited sediment and the underlying foundation will result in a change 
in volume and height of the deposit. Consolidation processes result in a change in the 
elevation of the deposit without the removal of sediment particles. 

During the 1998/1999 placement season, an underwater sediment berm was 
constructed along the northeast comer of Site 92 using controlled bottom release scow 
placement techniques. This study measures and documents the effects of resuspension, 
erosion, and consolidation on the sediments placed at Site 92. The study also is used to 
determine capacity for the following placement year. 

3.2 Objectives 

The objectives of the placement, consolidation, and erosion study were to gather 
data and report on the following elements: 

• To evaluate pre-placement conditions at the designated placement site; 
• To determine the placement location, thickness, and spatial extent of the 

deposited dredged sediment and changes in these characteristics through time; 
• To sample the dredged sediments to determine their physical and bulk 

properties in the channel and at the placement site; 
• To evaluate foundation settlement underlying the placed sediments during the 

placement and post-placement periods; 
• To evaluate the quantity of dredged sediment present at the placement site 

soon after the completion of dredging and placement operations; 
To evaluate consolidation and erosion of the placed sediments; and, 
To  develop  a total  sediment mass  budget for the placement and post- 
placement periods. 

3.3 Methods 

The methods used to gather data for the study objectives came from several 
sources. Bathymetric surveys of the Site 92 placement area were conducted by MGS, 
sediment core samples were collected and analyzed by MGS, and information on the 
dredged volumes were obtained from CENAP and the contractor's daily report of 
operations. These were the main data sources used for determining the pre-placement 
conditions and the subsequent post-placement consolidation of the berm and foundation 
sediments. Material loss during dredging, placement, sediment resuspension, and erosion 
after placement were then calculated from these sources of data. 



Placement and sampling activities for the Site 92 placement area over the 
1998/1999 placement season are presented in Table 2. The proposed schedule called for 
bathymetric surveys prior to placement, at the completion of placement, and at one, three, 
six, and nine months after placement, and bottom sediment coring prior to, at completion 
of, and nine months after placement. However, inclement weather and/or vessel 
scheduling conflicts resulted in a modified schedule. Coring cruises were actually 
performed at one month and eleven months following the completion of placement. An 
additional bathymetric survey was conducted at eleven months to coincide with bottom 
sediment coring. 

Bottom sediment cores were collected from the channel maintenance sediments 
and the Site 92 placement area prior to dredging and placement. After placement, cores 
were taken from the Site 92 placement area. These samples were analyzed for grain size 
and water content. From the water content, bulk density, porosity and void ratios were 
calculated. Based on changes in porosity, the amount of consolidation in the berm and 
foundation sediment was determined. From bathymetric surveys, cross sections were 
developed illustrating the changes in the sediment elevation over time. Core sample 
locations in the placement area are indicated in Figure 4. 

3.4      Discussion of Findings 

Table 2. Chronology of placement and study activities in Site 92 
Date Study Activity 
October 19, 1998 Bottom sediment coring prior to sediment placement 
October 30, 1998 Bathymetric survey prior to sediment placement 
December 23, 1998 Scow placement commences 
January 11, 1999 Additional bottom sediment coring prior to sediment placement 
March 31, 1999 Scow placement completed 
April 7, 1999 Bathymetric data for completion survey 
April 28, 1999 Bottom sediment coring for completion survey 
May 6,1999 Bathymetric data for one month survey 
July 12, 1999 Bathymetric data for three month survey 
September 29, 1999 Bathymetric data for six month survey   „ 
January 6, 2000 Bathymetric data for nine month survey 
February 21, 2000 Bathymetric data for eleven month survey 
February 22, 2000 Bottom sediment coring for eleven month survey 
(MGS 2001, Appendix D) 

3.4.1    Bathymetric Changes 

The contractor reported that 1,090,367 cy of material had been dredged from the 
C & D Canal approach channel with the intention of being placed in the Site 92 
placement area over the study period. CENAP reported a lesser volume of 759,534 cy of 
sediment dredged. The difference between the two is that the contractor's dredged 
volume was based on the quantity of sediment placed per scow load and CENAP's 
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dredged volume was based on the change between pre- and post-dredging bathymetric 
surveys in the channel and calculated as a pay volume to the allowable -41 ft depth. For 
this report, the contractor's cut value is reported as the actual cut volume placed at the 
site. Placement of dredged sediment in the northeast section of Site 92 resulted in a berm 
that filled the northeast end of the West Sailing Course tug channel that traverses the site. 

Although all sediments were placed within the site boundaries, a small amount of the 
placed sediment extended beyond the northeast site boundary at the completion of 
placement operations. This sediment extended a maximum distance of 330 ft to the east of 
the site boundary and had an estimated volume of 4,600 cy ± 3,000 cy. This represents less 
than one-half of one percent (0.4%) of the placed sediment identified at the site and of the 
volume reportedly placed by the contractor. Sediment that was placed at the top of the berm 
during the latter weeks of the placement period likely moved downslope of the berm's east 
steep embankment and came to rest at the base of the slope in the deeper portion of the 
trough to the northeast. In addition, tidal currents may have spread some of the less 
consolidated sediments beyond the site boundaries. The sediment deposits that had initially 
spread to the northeast of the site were relatively thin; upon completion of placement they 
were approximately 0.5 ft thick at the site boundary and thinned to the north and to the east. 

Due to redistribution of sediment, one month after placement the sediment mass 
immediately outside of the Site 92 boundary was between 6.6 and 8.2 ft thick and thinned in 
a northeast direction to a thickness of less than 1.6 ft. By the three month survey the 
sediment mass outside of the Site 92 boundary had been largely eroded away and was no 
longer apparent beyond the site boundary. By the nine month survey the sediments that 
spread into the peripheral areas were no longer identifiable. The sediments were deposited 
in areas where the existing bottom sediments had similar grain size and bulk properties. 
Cores were not taken outside of the Site 92 boundary to the north and east, only on the 
boundary itself and within the Site. Coring was conducted prior to the placement, as well as 
during the one month and eleven month surveys. The figures that depict the sediment that 
had moved outside of the Site 92 boundary are bathymetric surveys. Bottom characteristics 
did not change as a result of deposition in these areas. 

Survey history: CENAP performed six bathymetric surveys of Site 92. The first 
was a pre-placement survey that was performed on December 9-12, 1998. Throughout 
the placement period, 25%, 50% and 75% placement surveys were conducted on 
February 1,1999, February 23, 1999 and March 17, 1999, respectively. A 100% survey 
was conducted between April 7th and April 9th, 1999. The 100% survey was conducted 
a second time between October 27 and November 9, 1999 due to discrepancies between 
the initial 100% surveys conducted by CENAP and MGS. MGS conducted a total of 
seven bathymetric surveys of Site 92. The first survey was a pre-placement survey on 
October 30, 1998. Upon completion of placement, a survey was conducted on April 7, 
1999. Five additional surveys were conducted one month, three months, six months, nine 
months and eleven months following completion of placement. MGS also took bottom 
sediment cores of Site 92 twice prior to placement, following completion of placement, 
and during the eleven month survey. 
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3.5 Consolidation and Erosion 

The berm underwent elevation and volume changes over the eleven-month post- 
placement study period, as expected. Redistribution of sediment within three months of 
placement resulted in the area of the placed sediments increasing by two-thirds to 
approximately 1,432,000 square yards but did not result in a measurable change in the 
total volume. The redistribution included slumping of sediment to a short distance 
beyond the site boundary within a month after completion of placement. Sediment 
appeared to have moved over the peripheral areas of the berm and deposited as a thin 
layer in the tug channel to the northeast and in the basin within the site to the southwest. 
Between three and six-months after placement, a reduction in the elevation of the berm 
and thinning of the sediments in the peripheral areas resulted in an 11% volume 
reduction. Between six and nine-months after placement, the sediments that had 
previously spread into the peripheral areas were largely eroded, contributing to an 
additional 20% volume reduction. Between nine and eleven-months after placement, 
there was an additional 2% volume reduction. The net area covered by the berm 
sediments was reduced to approximately 637,000 square yards or three-quarters of the 
original footprint. The maximum elevation of the placed berm decreased by 2 ft since 
completion to -10.2 ft MLLW at eleven months. 

3.6 Placement Capacity 

Theoretical capacity estimates were calculated by MGS allowing for up to 10 
years of placement at Site 92 at a final elevation of -14 feet MLW. The theoretical 
estimate of total capacity at Site 92 is 7.0 mcy. This total capacity is based upon an 
estimated cut volume of approximately 1 mcy per year placed at Site 92 with a 30% 
volume reduction of the material due to consolidation and erosion between placement 
years. 

During the 1998/1999 season, the cut volume of the material placed at Site 92 was 
approximately 1 mcy. Monitoring found an estimated volume reduction of 30%, 
resulting in 0.7 mcy of capacity used. Therefore, the remaining capacity of Site 92 after 
the 1998/1999 placement season is 6.30 mcy. 

3.7 Conclusions 

The eleven-month survey of the placed sediments, performed in February 2000, 
indicated that 67% of the original sediment volume was accounted for. Bulk property 
data indicated that one-third of the volume change, approximately 12% of the originally 
placed volume, was attributed to dewatering and consolidation. The remaining two- 
thirds of the volume change, representing 21% of the original volume, was attributed to 
erosion of sediment from the surface of the deposit. In past studies of clamshell-dredged 
and scow-placed sediments, it has been found that one-third to two-thirds of the total 
volumetric reduction could be attributed to either consolidation or erosion. The 
sediments placed in this operation exhibited similar amounts of consolidation and erosion 
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as those placed in previous years in the northern Chesapeake Bay and the findings are 
consistent with those described in the Site 92 Environmental Assessment (MES, 1997). 

3.8      Recommendations 

The following recommendations are offered: 

• Continue the placement, consolidation and erosion studies. 

• Avoid developing an accumulation of sediment of thickness and slopes 
(<50H:1V [0.0200]) in deep areas similar to those in the 1998/1999 placement 
year. Shallower slopes should be anticipated and a greater setback from the 
site boundary identified for scow drops to minimize the spread of sediment 
outside of the site boundary. 

• Continue close coordination between CENAP, the dredging contractor, MES, 
and MGS during the development of a suitable site management plan. 

The time between the pre-placement bathymetric survey (October 30th) and 
the commencement of scow placement (December 23rd) is almost two months. 
In the interest of collecting the best possible scientific information, the pre- 
placement surveys should be conducted as close as possible to the 
commencement of scow placement, particularly since this is a high energy 
area where sediment moves around quite a bit. 

4.        BENTHIC COMMUNITY MONITORING 

4.1       Background 

Benthic macroinvertebrates are organisms that live on or in bottom substrates for 
all or part of their lives (Versar 1992). Benthic species are an important link in the 
ecology of the Chesapeake Bay because they are secondary consumers of detritus and 
bacteria from the bottom and are in turn an important food source for fish, crustaceans, 
and waterfowl. Benthic macroinvertebrate species diversity and distribution are reduced 
in the upper Bay compared to areas further south due to salinity and temperature 
fluctuations (Rogers and Rogers 1986; Diaz and Schaffner 1990; Ruddy 1990). In 
addition, diversity of benthic communities (number of species present) is theoretically 
lowest in environments with salinities of approximately 7 ppt; diversity increases 
progressively at salinities above and below 7ppt. (Gosner 1971). Salinity in the Pooles 
Island area, based on data collected from the Chesapeake Bay Monitoring Program, 
Chesapeake Bay Mainstem water quality monitoring station MCB 3.1, ranges from the 
oligohaline (0.5 - 5.0 ppt) to the low mesohaline (5.0 - 18.0 ppt) regimes. Oligohaline is 
the predominant salinity regime between February and July (MES 1997). Studies in the 
upper Bay have shown that benthic species diversity is typically highest in spring and fall 
(MDE 1996a). 
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The substrate in the upper Bay is predominantly silty clay, to clayey silt (mud) 
(MDE 1996a; MDE 1996b; MDNR 1996). Because of this, the upper Bay is dominated 
by macroinvertebrates that prefer mud substrates and that can survive in a low- 
mesohaline to oligohaline environment with wide fluctuation in salinity and temperature. 

The benthic macroinvertebrate component of the biota was selected as a study 
element for the Site 92 comprehensive monitoring program because benthic 
macroinvertebrate communities are good indicators of estuarine ecological conditions, 
due to their sedentary nature and other life-history characteristics. 

An assessment of the benthic community in and around Site 92 was conducted by 
the MDE to establish the baseline conditions at Site 92 prior to placement of dredged 
material. The methods and results of this baseline study are discussed in the following 
sections. 

4.2      Methods 

Benthic cruises were performed on May 6, July 31, and September 28, 1998, to 
establish baseline conditions in and around the Site 92 area prior to dredged material 
placement. Eleven benthic stations (S92-1 through S92-7, S92-R1, S92-R2, MDE-R1, 
and MDE-R2) were sampled for several habitat quality parameters and aspects of the 
benthic community structure. Station locations are shown in Figure 5. Stations S92-1 
through S92-7 lie within the boundary of the site and provide information on the pre- 
placement conditions within Site 92. Following the May sampling cruise, stations S92-3 
and S92-4 were found to lie outside the Site 92 boundary. These two stations were 
relocated a short distance to the northeast inside the boundary of the site and renamed 
stations S92-3A and S92-4A, respectively, for the remainder of the study. Stations S92- 
Rl and S92-R2 serve as reference stations for Site 92. These reference stations were 
selected based on their locations outside Site 92. Stations MDE-R1, in the area 
designated G-South, and MDE-R2, just north of the area designated as G-East, were also 
sampled by MDE. 

The monitoring stations (S92-1 through S92-7) ranged in depth from -16.1 to - 
24.6 feet MLLW, the reference stations (S92-R1 and S92-R2) ranged from -15.4 to -19.0 
feet MLLW, and the G-South (MDE-R1) and northeast (MDE-R2) stations were -15.1 
and -14.8 ft MLLW, respectively. The station locations were verified using a 
Differential Global Positioning System (DGPS) navigation unit. 

Water quality monitoring was also performed for the following parameters: 
temperature, depth, salinity, pH, conductivity, dissolved oxygen and turbidity. 
Monitoring was performed approximately 1.6 feet (0.5 m) from the surface, 3.3 ft (1.0 m) 
from the bottom, and at 6.6 ft (2.0 m) intervals from the bottom measurement to develop 
a vertical profile of water quality at each station (MDE 2000). 
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Benthic and sediment samples were collected with a Van Veen grab sampler. 
Benthic samples were sieved, preserved, and sorted and organisms were identified to the 
lowest practical taxon. Only infaunal macroinvertebrates (i.e., those organisms actually 
living in the sediments, as opposed to epifaunal, or those living on top of the sediments) 
were used in the analysis, as epifaunal macroinvertebrates are mobile and are thus not as 
good indicators of in-situ condiditons. Surface sediment was refrigerated and analyzed 
for grain-size and water content. 

The Chesapeake Bay Benthic Index of Biotic Integrity (B-IBI) is an index used to 
measure the health and the biological completeness of the infaunal benthic communities 
in the Chesapeake Bay. The B-IBI was developed to identify the degree to which the 
benthic assemblage meets the Chesapeake Bay Program's Community Restoration Goals 
(Weisberg et al. 1997). It provides a uniform scale for comparing the quality of the 
benthic assemblages across varying habitats (Weisberg et al. 1997). During the Site 92 
benthic sampling, the following attributes were measured: total abundance, relative 
abundance of pollution-indicative taxa, relative abundance of pollution-sensitive taxa, 
and the Shannon Weiner diversity index. Each parameter measured was assigned a score. 
The score was used to calculate the B-IBI. Taxa richness was also measured, but it was 
not used to calculate the B-IBI. The Shannon Weiner Diversity Index was used to assess 
the benthic community in and around the Site 92 area. The Shannon Weiner Index is a 
measure of biodiversity. It combines two quantifiable measures: the species richness (the 
number of species in the community) and the species equitability (how even are the 
numbers of individuals of each species). 

The B-IBI is scored on a scale of 0 to 5; 0 being severely degraded and 5 being 
pristine. For the July and September samples, analysis was performed in the context of 
the Chesapeake Bay Program's Benthic Community Restoration Goals using the Benthic 
Index of Biotic Integrity (Weisberg et al. 1997). B-IBI scores of 3 or greater were 
considered to meet the Chesapeake Bay Restoration Goal. A restoration goal and B-EBI 
have not been developed for spring, so B-LBI's were not calculated for the May samples. 
However, the May, July, and September samples were evaluated in terms of the benthic 
attributes that comprise the B-IBI for this area's salinity regime. Additional information 
about the methods can be found in the MDE benthic report located in Appendix E. 

4.3      Discussion of Findings 

The monitoring (S92-1 through S92-7) and reference (S92-R1 and S92-R2) 
sampling stations for Site 92 had similar benthic communities throughout the study. 
Differences between the stations could be attributed to the abundance of the clam Rangia 
cuneata and the worm Marenzelleria viridis. The Chesapeake Bay Benthic Index of 
Biotic Integrity was calculated for July and September 1998 sampling events. All 
sampling stations (S92-1 through S92-7; S92-R1 and S92-R2; MDE-R1 and MDE-R2) 
exceeded the Chesapeake Bay Restoration Goal (3.0) during both seasons, indicating 
healthy benthic communities (See tables 5a, 5b, and 5c from MDE report located in 
Appendix E).   The number of taxa was similar among all sampling stations as well. 
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Generally there were anywhere from 9 to 15 taxa per station during each sampling event. 
The Shannon-Wiener Diversity Index values were highly variable. 

Sediments at all of the monitoring stations, excluding S92-5, the reference 
stations and the G-South station (MDE-R1) were mostly silt/clay for all sampling events. 
At station S92-5, sediment consisted of mostly silt/clay during the May sampling event 
and mostly gravel during the July and September sampling events. At the northeast 
station (MDE-R2), above placement area G-East, the sediments consisted mostly of 
gravel with silt/clay during all sampling events. Salinity and temperature data followed 
normal seasonal variations for the upper Bay region. Dissolved oxygen (DO) 
concentrations decreased from May highs of 8.6 to 9.5 parts per million (ppm) to July 
lows of 6.2 to 7.2 ppm and rebounded slightly in September (6.9 to 8.2 ppm). Overall, 
the DO concentrations remained above the level considered stressful to aquatic life. 

4.4 Conclusions 

Water quality values were very similar among stations during each season and 
were similar to values found in previous studies. Seasonal fluctuations occurred as 
expected with temperatures warming from spring through mid-summer, then declining 
toward the end of summer. Seasonal fluctuations in temperature, dissolved oxygen, and 
salinity were important in determining the composition of the benthic community. 
Marenzelleria viridis and Rangia cuneata were the dominant species. B-IBI values at all 
stations exceeded the Chesapeake Bay Restoration Goal of 3.0 during July and 
September indicating the presence of unstressed benthic communities. The minimum B- 
IBI score at any station was 3.5; the maximum was 4.5. 

In a post-placement study of benthic organism recovery rates in Area G-West 
sediments, Scott (2001) determined that full recovery of the benthic community occurred 
within nine to twenty-one months of deposition. Similarly, post-placement studies of 
Areas G-Central and G-South indicated that the benthic community recovered to its 
original species composition and biomass within eight to eleven months (Versar, 1994). 
Studies of benthic recovery rates in Area G-West by Dalai (1996) found that the original 
community may completely recover within twelve to twenty-four months. Although no 
data on benthic organisms was collected during this monitoring effort, these earlier 
studies suggest that benthic community recovery should have been well underway 
between the six and nine month surveys. By the nine month survey, when the spread 
sediment was no longer apparent due to its removal from and/or consolidation into the 
existing bottom, recovery was likely complete or nearly complete. Thus, it is likely that 
the deposition of these sediments had no significant impact to the benthic environment in 
the vicinity of the placement area. 

4.5 Recommendations 

A post-placement study in the Pooles Island area will be conducted at least 18 
months after all placement activity has ceased. At that time, results between the pre- and 
post- placement studies will be compared to verify restoration of the benthic community 
within the placement area. 
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5.        SPECIAL NOTE/EPILOGUE 

Site Management operations have improved in response to the lessons learned from the 
"anomalous projection" identified during the first placement season at Site 92 in 
1998/1999. Following the recommendations made in the 1998/1999 Site Management 
Report (Appendix C), close coordination, frequent meetings and active communication 
between the State and Federal agencies and the contractor have continued. In addition, 
the implementation of guidelines for a greater setback and managing placement to ensure 
development of shallower slopes has contributed to successful placement seasons for the 
three subsequent years at Site 92. 

Measures have been taken to more closely follow the placement of dredged 
material at Site 92, including daily scow tracking and data reporting. Consistent delivery 
of and access to information throughout the placement process each year has allowed the 
technical team enough time for review of information and enabled the team members to 
recommend operation changes when necessary. Continual site monitoring of placement 
activities have resulted in the overall success of placement during the 1999/2000, 
2000/2001, and 2001/2002 seasons. 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
2500 Broemng Hiehwav • Baitimcre Maiyland   21^4 
(410)631-3000 MDE   ?Z^T£flTU .¥um. Tnp: 

Parhs K Glendrnrng 
Governor 

Jan: T. Nishida 
Secrstar-- 

SEP 141998 

Mr. Thomas M. Schina, P.E. 
Assistant Chief, Operations Division 
Philadelphia District, Corps of Engineers 
Wanamaker Building. 100 Penn Square East 
Philadelphia, Pennsylvania 19107-3390 

Dear Mr. Schina: 

The Maryland Deparunem of the Environment (MDE) has completed its review of the 
proposed maintenance dredging for the Chesapeake and Delaware Canal anc ^approach channel 
for calendar year 1998.  Please find enclosed Water Quality Certification 9S-WQ.0003 for the 
proposed maintenance dredging activities. 

I want to direct your attention to Condition #23 which requires that a pilot project be 
undertaken at the Courthouse Point upland disposal site. The pilot effon enoUs amending a_ 
portion of the dredncd material in order to minimize the potential for groundwater detenorauon. 
If successful it may be possible to implement such a measure at the Pearce Creelc upland disposal 
site to prevent further deterioration of groundwater in that area. MDE staff will be in contact 
with your office to discuss the technical details of the pilot project. 

If you have any questions, please contact me at (440) 631-3567 or Elder Ghigiarelli. Jr. of 

my staffat (410) 63 1-3093. 

Sincerely, 

Sir A 

Director • 
Water Management Administration 

JLH;EAGJr:cma 

cc: Secretary Jane T. Nishida 
Mike Haire 

TTY UMTJ l-»0(>-73«23 "Together We Can Clean  Up" 
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MDE 
MARYLAND DEPARTMENT OF THE ENVIRONMENT 
2500 BroeaingHighway • Bal-raore Maryland  ^12:4 
(410)651-3000 i 1-S00-535-6101 • hnp-J: »^w. mde. gate, r-d. us  

Jane T. NLshida 
Pains N. GkQdcning . _ Sccrrar.- 
Governor 

WATER QUALITY CERTIFICATION 

N^pop CERTIFICATION 98-WQ-0003 

PUBUC NOTICE DATE July 16. 1998 

TO-     Philadelphu Disrrict. Corps of Engineers RE.   1993 Maintenance Drd^ng of the 
Wan^rnL Buying. 100 Penn Square East Gesapea.e and Delaware Canal 

Philadelphia, Pennsylvania 19107-3391 

This ^ter qualitv cemfication is issued under authorny of Secrion 401 of .he Federd Water 

Pollution Control Act and its .Amendments and -he Environment Amde. S.CUOM J^3 ^ »4e 
Ludve Annotated Code of Marvlar.d. A copy of 'his reqmred cenincanon has been sent o CM 
Cot so E^g n «   This cenifkation does not relieve the applicant of responsMicy tor *«nmj «y 
oZll^s Senses or permits in accordance with federal. State, or local requirements and doe* 

HZL commencement of the proposed project. The Maryland ^"^tth^T 
has deiermined from a review of the plans that 'he construction or this laahty and 18 subse^nt 
operauon as noted herein will not violate Maryland's water quality standards, proved that the 

following conditions are satisfied. 

The applicant shall comply with the conditions marked (X) below: 

OO (1) The proposed project shall be constnjcted in a manner which will not violate Maryland's 
Wa4 Quality Sandards as set forth in COMAR 26.08.02. The applicant is to notitv this depanmem 
,en (10) days prior :o commencing work. Verbal notification is to be followed by written notice w,±:n 

ten (10) days. 

(X) (2) The proposed project shall be constructed in accordance with the plan and its revisions as 

approved by the: 

(X)  (a) Corps of Engineers 
(X) (b) Water Management Administration 

(X) (31  All fill and construction materials not used in the project shall be removed and disposed of in a 

manner which will prevent their entry into waters of this State. 

(X) (4) The applicant shall notify this D7pamnent upon transferring this ownership or responsibility 
for compliance with these conditions to another person. The new owner/operator shall request transfer 

of this water quality certification to his/her name. 

fX) (5) The cenifkation holder shall allow the Maryland Depanment of the Environment or its 
representative to inspect the project area at reasonable times and to inspect records regard.ng this ^ 

project. 

TTY U5«« l-MOOS-^S "Together We Can Qean  Up' 
via MarrttM Rdi» Service 
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Pa^e Two Water Quality Csnification 

( ) (6) Constnaction of anv bulkhead shall be completed prior to t.l..ng oeh.nd ,he bu^.ad   Tn. 
u 4 ad shall be corseted in such a manner so as :o prev.nc ±e loss or tu, mater:al t   water, or 

.^State.  Only clean fill, which is free of organic, merallic. tox.c or deleter-ous mater:als shai. be 

used. 

( ) (7) The disturbance of d» bottom of the water and sediment transpca into die adjacent State 
waters shall be minimaed. The applicant shall obtam and cenify comphance «r«h a gradmg and 

sediment control plan which has been approved by the; 

/ N t.\ Soil Conservation District or 
( ) (b) Erosion and Control Representative, Division of Environmentai Services. Bureau of 

Highways Depanment of Public Works of the City of Baltimore or 
( He) The Department of the Environment, Water Management Administration or 
( ) (d) Montgomery County Department of Environmental Protection. 

•Die approved plan shall be available at the project site dunng all phases or anstrucaon. 

(X) (8) The spoil disposal area(s). including dikes where applicable, shall be «^«* """" *e 

suspended solid* content in the discharge to the waters of this State to tour hundred (400) pans per 

million or less. 

(X) (9) Dredging shall be done only in the period specified in Condition 21. 

( ) (10) Stormwater nmoff from impervious surfaces shall be controlled to prevent the washing of 
debris into the waterway. The natural vegetation shall be maintained and restored when disturbed or 
eroded. Stormwater drainage facilities shall be designed, implemented, operated and maintained in 
accordance with the requirements of the applicable approving authority. 

  shall provide to the 

Water Management Administration a stormwater management plan including cross-sections which 
incorporates effective pollutant removal strategies in uplands to treat a minimum ot the first one-halt 
inch of mnoff from impervious surfaces prior to release of stormwater into State waters or wetlands. 
There shall be no discharge of untreated stormwater to State waters or wetlands. Tne plan shall be 
provided by  and shaI1 be implemented by • 

. , n2.  shall provide to the 

Water Management Administration a mitigation plan for the construction ot  
acre(s) of  wetland for review and approval by 

" . The plan shall be implemented by 
The plan shall show: 

-the source of hydrology for the cot^tructed wetland 
-the source and amount of soil to be used in constructing the wetland 
-the species, size and density of vegedtion to be planted in the constructed wetland and a planting 

schedule. 
-a monitoring/maintenance plan. 

, \/p-,   .' shall monitor the 

rrti'arion site for a penod of five years and shall determine whether the wetland construction has'been 
successful. A successful mitigation project shall result in; , plants/acre and 851! survivabihty of 



ihKin 

Page'lhree Water Quality Ccnincation 

„, jcar nf th* area for emsrges: 
« lB forest anc scn.b/shr.b wedands ar.d plants ^ns 15. o 

s. r^r^r^^^ r;?ua:!d plar. 
wet1 

ditcrminc 
and monitored. 

•.  .hall he -orstricted in accordance with Ae plan. ( ) (14) The mitigation site shall be .onsxr^ 

 shall provide a 
( ) (15). , ;       ^n for review andTpproval by  

This plan shall be implemented by 
• „ <k>ii he denressed at least one foot below 

( ) (,« A-, to, D» :-»«•. in ^^ »«. a«.-l ^  ^^^ ,„„ be provide i-.rough 

movement of aquatic species, 

prevent erosion ffl tne rs—iviu0 

^^^^_ hours. 

Shall restore and revegetate all temporarily disturbed waters 

U S^r^i^^ oI" ;onstnjc-ion- 
•   *- «« 92 onen water placement site shall be done only dunng 

pO ai) f^^J^^^  Dredging with upland disposal may be done 
Uie period October I, w* wvv0 
during the period June 16. 1998 through March 31. 1999. 

(X) (22) Pocles island to Sassafras River ;^rroximatdy 1.5 mimon^bic yards o^ 

Zol ^e maintenance dredging wi   ^ ^^^^ site taown as Site 92 in the 
controlled bottom placement scows in -he   ^oscd ^      ^ b    n by ^ creation as deserved 
Governs Dredged Material M^S^n P-an   PU.em^ ^ ^ ^ ^^ ^^ :he 

in the Environmental Assessment tor th^ site with ihe r.ma.nQer 
site boundaries not exceeding depths or -1?* teet.. 

50,000 cubic yards of the material shall ^^J^•^ site   j^nical "details on this .oncHtiOa 
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mararial - 
in the prsviously used upland 
Chesapeak. and Delaware Canal proper. ^o^^e 
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(X) (25) The ^^^f^XIro^t before plac^c operate be^n. 
Maryland Depanmen^h!!:^^ _. cw. MaaMement Plan for Site « 
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^ iaryund Dr^^^^LS and .odns of dun.pin, op^c 
disoosal operaucns. Tne plan snu «<y 

CERTIFICATION APPROVED 

V^ter 

Expiration Date 
Management Adminis^anon 



APPENDIX B 
Site 92 1998/1999 Monitoring Plan 



SITE 92 OPEN-WATER PLACEMENT MONITORING PLAN 

1998/1999 Monitoring (1st Year) - Controlled Bottom Placement 

GENERAL SUMMARY 

This document is the Monitoring Plan for the first year of open-water 
placement of dredged material at Site 92, which will occur over the 1998/1999 
dredging season. The placement method utilized in the first year will be controlled 
bottom placement. This Monitoring Plan is prepared for submittal by the Maryland 
Environmental Service to the Maryland Department of the Environment on behalf of 
the Philadelphia District, U.S Army Corps of Engineers (CENAP) and the Maryland 
Port Administration (MPA). 

Site 92 is an open-water dredged material placement area located immediately 
south of Pooles Island in the Chesapeake Bay. The site is approximately 934 acres in 
size and is estimated to provide 7.0 mcy of capacity when brought to elevation -14 
feet MLLW. A berm will be placed within the site along the northeastern edge. 
Material will also be placed by bottom release scow along the northern edge of the 
site and at necessary areas along the site boundaries to raise the elevations to -14 ft 
MLLW. 

In order to initially obtain the required environmental permits for placement, 
environmental data collection of the Site 92 placement area was performed, and a 
joint Environmental Assessment (EA) of two proposed open-water placement areas, 
G-East and Site 92, was prepared. The final EA, entitled Environmental Assessment 
- Designation of Aquatic Dredged Material Placement Areas G-East and Site 92 for 
Maintenance Dredging, Inland Waterway Delaware River to Chesapeake Bay, 
Delaware and Maryland Northern Approach Channel, was issued in July 1997, and a 
Finding of No Significant Impact was issued for both sites in August 1997. 

The CENAP submitted a Water Quality Certification (WQC) request to MDE in 
June 1998 for the use of Site 92 in addition to the Courthouse Point, Bethel and 
Chesapeake City upland disposal areas. This Monitoring Plan is submitted in 
accordance with Certification Number 98-WQ-0003 issued by the Maryland 
Department of the Environment to CENAP. 

The main objective of the monitoring at Site 92 is to determine if the 
predicted impacts presented in the EA are the same as the actual impacts associated 
with placement of dredged material. Results of the monitoring will be submitted to 
the Maryland Department of the Environment for use in evaluating future dredged 
material placement at this site. 

The Site 92 Open Water Placement Monitoring Plan is a multi-agency, multi- 
disciplinary, multi-year study. The objectives of the study are to assess the accuracy 
of predictions of the extent to which placement activities at Site 92 affect the 
physical,  biological,  and  water quality characteristics of the immediate area and 



1998/1999 Monitoring (I51 Year) - Controlled Bottom Placement 

adjacent aquatic habitats. Another objective is to collect data to continue to evaluate 
the capacity of Site 92 and the environmental acceptability of the current 
configuration and operation of the site. Monitoring will continue during and after 
construction of the berm in Fall 1998 and controlled bottom placement of dredged 
material during the 1998/1999 placement season. 

The activities described in this plan include pre-placement benthic sampling, 
pre- and post-placement core sampling and bathymetric surveys of Site 92, and 
monitoring of the placement of material to create the Site 92 berm, as well as 
placement of material within the Site 92 basin area. 

Monitoring will begin with pre-placement activities before the initiation of 
placement at Site 92. As stated in Certificate Number 98-WQ-0003, placement is 
planned to start in October, 1998 and end by March, 1999. Monitoring activities will 
then continue until December, 1999. This year, studies will include: site 
management; consolidation and resuspension studies; benthic community evaluation, 
technical support, technical integration and project management. All phases of the 
Site 92 monitoring plan will be conducted under the direction of the Maryland 
Environmental Service, in cooperation with the Maryland Geological Survey of the 
Department of Natural Resources, the Maryland Department of the Environment, the 
Maryland Port Administration and the Philadelphia District of the Corps of Engineers. 
Plan elements and parties with project responsibility are as follows: 

SITE 92 MONITORING PLAN 

1998/1999 Monitoring (I8' Year) - Controlled Bottom Placement 

STUDY ELEMENT PRINCIPAL INVESTIGATOR 

1. Site Management Maryland Environmental Service 

II. Consolidation & Resuspension Maryland Geological Survey 

III. Benthic Community Evaluation Maryland Department of the Environment 

IV. Technical Support Maryland Department of the Environment 

V. Technical Integration Maryland Environmental Service 

VI. Project Management Maryland Environmental Service 

The consolidation and resuspension and benthic studies are included in this 
plan with stated endpoints. It is not the intent of the monitoring to continue studies 
when the finding of no significant impact from the EA is borne out through repeated 
monitoring.    At the point when there are repeated findings of the short-term near- 
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field impacts which were predicted in the EA, the monitoring can safely be stopped. 
Prior to eliminating any monitoring elements, a meeting shall be convened with the 
DNPOP Upper Bay working group and the Site 92 principal investigators. At this 
meeting, the working group members shall make recommendations to the MDE for 
their approval to discontinue the monitoring elements. 

Final reports will be produced for the site management, consolidation and 
resuspension, and benthics tasks upon completion of the studies. A comprehensive 
1998/1999 placement monitoring final report will also be generated. The draft final 
comprehensive report will be issued by June 30, 2000 presenting an interpretation 
and synthesis of findings of the consolidation and erosion, the site management 
studies, and the benthic pre-placement evaluation. 

A draft report of site management activities will be produced within 12 weeks 
of final placement at Site 92. This report will detail survey and volume information 
and verify the sediment locations, the shape and slopes of the berm as well as the 
controlled bottom placement volume and location. 

The following sections of this Plan present study design details for each 
element of the monitoring plan: 

I. SITE MANAGEMENT 

STUDY ENDPOINT - The last placement action at Site 92. 

OBJECTIVES 

It is anticipated that controlled bottom placement of up to 1.5 mcy (cut) of 
dredged material will take place at the Site 92 placement area from around October 
1, 1998 to March 31, 1999. A berm will be created along the northeastern side of 
the site to prevent material movement. Material will also be strategically placed 
along the northernmost portion of the site. Pre-placement surveys will be performed 
by MGS to verify capacity of dredged material in the Site 92 area and will also be 
performed to characterize the bathymetry of the adjacent high relief area to the 
northeast. During placement, data will be collected by MES on the volume of 
material placed in the area, the duration of placement, and the location of the scows 
as they place material. After placement, MES will review the most recent post- 
placement surveys of the placement areas by MGS and CENAP and will produce a 
site management report on the dredging activities, including capacity evaluations. 

To ensure coordination of all parties involved, MDE has required under 
condition 26 of WQC 98-MD-0003, that CENAP submit a finalized Site Management 
Plan to MDE and obtain approval for its use prior to commencement of any 
placement activity at Site 92. MES shall create and submit this plan to MDE on 
behalf of CENAP. 
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METHODOLOGY 

1. Dredged quantity and placement location 

The location and quantity of material placed at the site will be reviewed on a 
regular basis after transmittal from CENAP to MES and for consistency, will be 
compared to the Site Management Plan. A map of the site will be produced with the 
scow locations plotted. This will enable review of placement operations and the 
movement of controlled bottom placed material within the placement area. The total 
quantity of material placed in the area will be tabulated in an Excel spreadsheet. This 
information will be transmitted via fax or electronic mail on a weekly basis to MGS, 
MDE, MPA and CENAP for review. 

2. Hydrographic surveys 

A pre-placement survey of the Site 92 area will be performed by the Maryland 
Geologic Survey and/or CENAP before placement activities begin in Site 92. Surveys 
will be performed immediately after placement has ceased in Site 92 and afterward in 
order to determine the placed volume and remaining capacity. A contour map of 
each survey will be developed and analyzed by MES. 

3. Data analysis and site management 

Surveys at Site 92 will be conducted by CENAP during the placement 
operation at the following intervals 25%, 50%, 75% and 100%. Each survey will be 
compared against previous surveys and the volume of placed material and remaining 
capacity will be calculated. This volume will then be compared with the dredged 
quantity to determine volumetric changes during dredging and placement. Cross 
sections will be developed from surveys to monitor the berm and placement areas. 
The dredged material quantity and placement locations will be compared with 
previous survey maps and checked for developing trends. Surveys will also be 
checked to determine the limits and distribution of placed material and to ensure that 
the material is remaining within the designated placement area. 

DELIVERABLES 

A Site Management Plan shall be submitted to MDE by MES, on behalf of 
CENAP, prior to the commencement of any placement action at Site 92. The Site 
Management Plan will include placement capacity estimates from MGS and the 
designated grid area in which all placement will occur. This shall include the 
sequence of placement with location and volume information. The operations plan 
submitted by the contractor for dredged material placement at Site 92 shall also be 
appended to the Site Management Plan. 

A Site Management Draft Report will be submitted by MES to MPA, CENAP, 
MDE and MGS for review within twelve weeks of conclusion of placement activities. 
This  report  will  consist of a summary of placement activities.     The quantity of 
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material placed in each area and the remaining capacity will be documented 
graphically and in a tabular format. The report will also include copies of all 
hydrographic surveys performed to date and the cross sections developed by MES. 

II. CONSOLIDATION AND RESUSPENSION 

NULL HYPOTHESIS - Dredged sediment is subject to predictable forces after 
placement which result in fairly standard rates of consolidation and erosion, based on 
the type of material, the type of placement and the placement location. Placement of 
dredged material will not deviate from these expected conditions. 

STUDY ENDPOINT - Monitoring will be performed each year that placement occurs 
within the Site 92 area, and for up to one year after placement is completed to 
document consolidation and erosion of materials. 

OBJECTIVES 

• To measure and evaluate changes in the placed material within the placement 
area and nearby areas due to erosion and consolidation of sediments. 

• To determine capacity of the Site 92 berm and interior areas before and after 
placement of dredged material. 

• To evaluate the results of the study and suggest modifications as necessary in 
the study design, and site management. 

• To  verify  whether  changes  are  occurring  in  the  high   relief  areas  to the 
northeast of Site 92 resulting from placement activities. 

BACKGROUND 

The MGS has studied the placement, consolidation and erosion of dredged 
material in the Upper Bay for over 1 5 years. These studies have documented the 
configuration and occupied volume of dredged material placed using different 
techniques. The studies have also found that subsequent to placement, deposited 
sediments may be subjected to volume changes due to two processes. First, 
resuspension and erosion may remove sediment particles from the site. Second, 
consolidation of deposited sediment and the underlying foundation will result in a 
change in volume and height of the deposit. The consolidation processes result in a 
change in the elevation of the deposit without the removal of sediment particles. 
This study will measure and document the effects of these processes on the berm 
and the controlled bottom placed sediments at Site 92. This study will also attempt 
to define when the observed placement, erosion and consolidation processes are 
within expected parameters. This study will also identify when these processes 
exceed expected parameters and what the potential reasons are for variation from 
expectations. 
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Observations of consolidation and erosion in the Site 92 Area will be 
determined though field work, laboratory analysis and data processing and synthesis. 
Sediments will be collected and analyzed before dredging and placement operations 
begin in Site 92 and in the channel. A hydrographic survey of the placement area 
will also be performed prior to placement to enable later measurement of the changes 
in the berm height and configuration and changes in capacity of the placement area. 
At the conclusion of the placement activities and at the end of the monitoring period, 
core samples will be collected from the placement area to determine the changing 
state of the deposited sediments over time. Selected samples will be subjected to 
grain size and bulk property analyses. This data will be analyzed to determine 
volumetric changes due to consolidation of the berm and foundation sediments. The 
amount of material which is resuspended from the surface of the berm will be 
estimated from a comparison between the calculated change in volume due to 
consolidation and the total observed change measured from the hydrographic 
surveys. 

METHODOLOGY 

1. Preplacement activities - Site 92 

Prior to dredging and placement activities, core samples will be taken from the 
Site 92 placement area and the channel. These samples will be analyzed for grain 
size and water content. From the water content, bulk density, porosity and void 
ratios will be calculated. This information will then be available to calculate 
foundation consolidation of existing sediments before placement of material. A 
detailed hydrographic survey of the site will also be performed and a contour map of 
the site will be developed. 

2. Material lost during placement 

It is anticipated that some percentage of sediments will be lost due to 
suspended sediment dispersion during placement activities. To estimate the quantity 
of suspended sediment lost as a turbidity plume at the placement location(s), 5 core 
samples will be collected from the channel maintenance sediments prior to dredging 
and analyzed for bulk properties. At the conclusion of placement, 8 core samples 
will be collected of the placed sediment and also analyzed for bulk properties. In 
addition, a hydrographic survey of the site will be conducted and the volume 
occupied by the placed sediment calculated. This data will be utilized to estimate the 
total volume of sediment lost during the placement process. 

3. Consolidation of the placement area sediments 

Consolidation of the placed sediments will alter the remaining capacity of the 
designated placement area. Calculation of the remaining capacity is necessary to 
determine an appropriate volume for placement in the next dredging operation. To 
accomplish the analysis of consolidation over time, a maximum of 6 bathymetric 
surveys of the placement area will be conducted, pre-placement, post-placement and 
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at the 1,3,6 and 9 month points after the completion of placement. In addition, 
sediment cores will be collected at eight sites in the placement area at three points in 
time - pre-, post and either 6 or 9 months following placement (depending on the 
following year's dredging schedule). 

4. Sediment resuspension and erosion after placement 

Based on previous studies that have been conducted in the vicinity of Pooles 
Island it is expected that some controlled bottom placed sediment may be 
resuspended and eroded from the area over time. The rate of erosion is anticipated 
to decrease over time as the sediments consolidate making individual particles less 
susceptible to erosion, and as the surface becomes armored with slightly coarser 
particles left behind by the erosion process. This study will estimate the erosion of 
the placed sediment during a six to nine month period following placement. The 
amount of material eroded from the placement area will be estimated by further 
analysis of the sediment bulk properties and volume data. The water content 
changes in the sediments will be converted to a volume change attributable to 
consolidation. The difference between the volume change and the total observed 
change will yield the volume of material estimated removed due to erosion. 

DATA BASE MANAGEMENT 

Survey data shall be collected in digital format and transmitted to the MES. 
Electronic data shall be transmitted in a form suitable for incorporation in AutoCAD 
files. 

DELIVERABLES 

Progress reports will be submitted monthly, on the last day of the month. 
The progress reports shall document progress on work tasks, findings to date and 
any unusual circumstances or problems that have arisen since the last report. 

An interim report with remaining capacity calculations for Site 92 will be 
produced six months after the completion of placement, and again prior to the 
initiation of the next year's placement activities (tentatively scheduled for October, 

1999). 

The final report will be produced six months following the completion of the 
last survey (approximately March 2000). It will document the lateral extent and 
thickness of the deposited sediments and the elevation and volumetric changes that 
the sediment has undergone during the study period. The report will contain a 
consolidation history of the placed sediments through analysis of the hydrographic 
surveys and the change in bulk properties of sediment in the collected core samples. 
The report will also document the estimated loss during dredging and placement, the 
remaining capacity of the placement area, and the sediment resuspension and erosion 
estimate for Site 92. The results of consolidation and resuspension study shall be 



1998/1999 Monitoring (1st Year) - Controlled Bottom Placement 

incorporated, as a separate chapter, in the overall placement effects assessment 
report. 

III.        BENTHIC COMMUNITY EVALUATION 

NULL HYPOTHESIS - There is no long term loss of the benthic community in terms of 
the multi-metric Benthic Index of Biotic Integrity (B-IBI) after placement of dredged 
material has ceased. 

STUDY ENDPOINT - This study will be performed during the Spring, Summer and Fall 
of 1998 (May, July and October 1998) before dredged material placement in Site 92. 
Then, at least 18 months after all placement has ceased at Site 92, this study will be 
repeated within the Site 92 placement area. 

OBJECTIVES 

The objectives of this study are: 

• To assess the benthic community at Site 92 to determine baseline conditions and 
to verify the re-establishment of a healthy benthic community more than eighteen 
months after completion of dredged material placement at the site. 

• To compare the results of sampling with established Chesapeake Bay 
benchmarks, including the B-IBI, to evaluate the benthic community conditions at 
Site 92. 

• To compare seasonal baseline data for Site 92 with other open-water and 
contained dredged material disposal placement sites. 

• To assess Site 92 benthic populations to determine the possible effects of the 
placement of dredged material at open-water sites in the Pooles Island complex. 

METHODOLOGY 

Baseline benthic species abundance data will be collected from seven 
locations in Site 92. Two reference stations will be used for comparison purposes. 
The reference stations have been selected based on their location away from the 
proposed Site 92 and the conditions affecting this area. In addition, two background 
stations will provide supplemental information for comparison purposes. 

1.   Sampling Locations 

Seven assessment stations have been selected in the Site 92 area (In May 
1998, five assessment stations were selected in Site 92). Additionally, two 
reference and two background stations have been selected in adjacent waters (In 
May 1998, six assessment stations were selected outside of Site 92). The two 
reference stations were selected in representative areas of varying depths and salinity 
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regimes. One background station is located in G-South and the other is located 
northeast of G-East. Three samples will be collected from each station. The latitude 
and longitude of each sampling location shall be recorded. 

2. Sampling Schedule 

The seven assessment stations, two reference stations, and two background 
stations shall be sampled in May, July and October 1998 before placement has 
occurred. 

3. Sampling Methods 

During each sampling cruise, triplicate samples shall be collected at each 
sample station. A physical description of the sediments will be recorded from each 
location for bottom sediment substrate characterization. Water quality parameters 
(including salinity, temperature, dissolved oxygen concentration, turbidity, and pH) of 
surface and bottom waters shall be measured at each location. 

4. Laboratory Processing 

Benthic samples shall be sorted and all organisms identified, to the lowest 
practical taxonomic level, and enumerated. All sample processing shall be subject to 
quality assurance and quality control procedures described in the Contractor's 
Laboratory Manual. 

5. Data Management 

Data shall be entered and edited using approved procedures to ensure 
accuracy. The data will be analyzed statistically using SAS and other 
methodologically appropriate software. All data sets will be stored on the 
Chesapeake Bay Program's VAX computer system. 

6. Data Analysis 

Benthic assemblage differences among the placement area and reference sites 
shall be identified and evaluated using appropriate ecological, statistical and graphical 
techniques. 

DELIVERABLES 

Data collected for the Site 92 benthic study shall be prepared by the Maryland 
Department of the Environment as fully documented SAS Data Sets in DEC 
VAX/VMS format. The draft report for this study element will be submitted to MES 
by January 31, 1999 (90 days after last cruise). The results of the benthic 
evaluation shall be incorporated, as a separate chapter, in the overall placement 
effects assessment report. This also includes attendance at site management and 

project status meetings. 
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V. TECHNICAL SUPPORT 

The Maryland Department of the Environment Technical and Regulatory 
Services Administration (TARSA) staff shall provide technical and regulatory support 
and advice to the Maryland Port Administration, the Philadelphia District of the U.S. 
Army Corps of Engineers and the Maryland Environmental Service, throughout the 
year. This includes coordination of the Water Quality Certification (WQC) request 
for dredged material placement, coordination of time of year restrictions and possible 
extensions of the WQC. 

VI. TECHNICAL INTEGRATION 

For the Site 92 Monitoring Plan, the Technical Integrator shall have 
responsibility for coordination of program activities by all participants, the integration 
of findings from all program elements, and the preparation of interim and final reports 
that address the overall program objectives stated earlier. 

OBJECTIVES 

The technical objectives of this element are: 

• To ensure that all elements of the data collection program are conducted in a 
coordinated and mutually beneficial manner. 

• To  provide  overall  program  QA/QC  to  ensure that  program  elements  are 
meeting stated technical objectives. 

• To  conduct  overall  impact assessments and  prepare  program  assessment 
reports. 

The management objectives of this study are: 

• To determine from an analysis of the study findings, the magnitude and extent 
of impacts resulting from placement activity. 

METHODOLOGY 

1. Coordinate   studies   and   principal   investigators  to   maximize   efficiencies  and 
exchange information during the study period. 

2. Conduct periodic meetings of principal investigators. 

3. Verify and track cruises, deliverables and findings. 

4. Produce final comprehensive monitoring report. 

10 
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5. Produce monitoring plan for 99/00 placement activities. 

6. Coordinate monitoring activities with dredging operations. 

7. Provide overall program QA/QC to ensure that project elements are meeting 
stated technical objectives. 

8. To provide technical support to MPA and CENAP on future placement actions 
and monitoring plans in the Pooles Island area. 

DATA BASE MANAGEMENT 

All data submitted from all program elements shall be assembled in an 
electronic format and stored in an acceptable, archivable format. 

DELIVERABLES 

A final comprehensive report of monitoring activities from the Site 92 
monitoring program will be prepared. Interim technical reports shall also be prepared 
as necessary. Interim reports will be structured around specific issues that have been 
raised about the project and augmented to address all additional issues which have 
been identified as a result of input received during the recent project approval 
process. 

The 1998/1999 draft placement monitoring report shall be prepared in June 
2000 and shall include a description of findings of the baseline monitoring. The 
report shall include an assessment of physical impacts resulting from placement, an 
evaluation of the ability for prediction of impacts from additional placement events 
and an assessment of potential impacts from additional placement at Site 92. Such 
an evaluation shall include identification of information gaps and needs, and the 
delineation of information areas for which data of greater precision may be required. 

A 1999/2000 monitoring plan shall be prepared for MPA and CENAP 
approval, if necessary and submitted to MDE before planned placement actions at 
Site 92 or elsewhere in the Pooles Island area. 

VII.       PROJECT MANAGEMENT 

OBJECTIVES 

• To manage the contract and subcontractors in a timely manner within the 
allowed budget and schedule. 

• To provide management support to the MPA and CENAP for dredged material 
placement in the Pooles Island area. 

11 
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• To provide administrative support to MPA and CENAP for the purposes of 
budgeting and scheduling future placement actions and preparing monitoring 
plans for the Pooles Island Area. 

METHODOLOGY 

1. Prepare  detailed   schedules  and   work  plans  to   ensure  timely  completion   of 
assessment report. 

2. Coordinate  routine  activities  between  all  parties  involved  including  MPA  and 
CENAP. 

3. Monitor progress on work tasks. 

4. Prepare and conduct 4 meetings if necessary for relevant committees and the 
general public. 

5. Prepare and conduct periodic coordination meetings for the clients and MES staff 
as necessary. 

6. Budget tracking and invoice payment. 

7. Monthly progress reports to client. 

8. Prepare fiscal year budgets and schedule as required by MPA and CENAP. 

9. Conduct budget reviews and projections as required by MPA and CENAP. 

10. Prepare scopes and agreements for monitoring plan elements. 

DELIVERABLES 

1. Monthly progress reports to the clients. 

2. Detailed schedules and budgets as requested by the client. 

12 
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EXECUTIVE SUMMARY 

Controlled bottom release scow placement of dredged material to Pooles Island area Site 
92 occurred during the 1998/1999 placement season. Site 92 is a designated open-water dredged 
material placement site in the upper Chesapeake Bay (Figure 1). Site 92 is a subaqueous basin 
that was developed as a concept in 1996 to provide placement capacity for dredged material 
(MES 1997). The material placed in Site 92 is generated from federal navigation dredging 
projects associated with the maintenance of the northern approach channels to the Chesapeake 
and Delaware (C&D) Canal in the Chesapeake Bay. Maintenance of these federal channels is the 
responsibility of the U.S. Army Corps of Engineers, Philadelphia District (CENAP). The 
Maryland Port Administration (MPA) shares responsibility for identifying placement options for 
the dredged material. 

This report is submitted to the Maryland Department of the Environment (MDE) by the 
Maryland Environmental Service (MES) to fulfill requirements of the Water Quality 
Certification (WQC) (98-WQ-0003) (Appendix A). MES manages the comprehensive 
environmental monitoring and produces a site management report under contract to CENAP and 
the MPA per the 1998/1999 Site 92 Monitoring Plan (Appendix B). 

A total of approximately 1.09 million cubic yards (mcy) was placed at Site 92 during this 
reporting period. Placement occurred between December 23, 1998 and March 31, 1999. The 
objectives this year were to perform controlled bottom placement of up to 1.5 mcy into the 
designated Site 92 area in such a manner as to complete placement within the authorized time 
constraints, within site boundaries and authorized elevations and without negative impact to 
nearby habitat areas. These objectives were met. Placement was completed by the March 31, 
1999 deadline and the material was placed as required within the site boundaries and within the 
authorized elevation of -14 ft MLW. While tracking results indicated that the scow loads were 
placed within site boundaries, the 0-100% isopach drawing showed a small anomalous projection 
off the northeast side of the placement area (Figure F-7). This projection is investigated and 
discussed further in the Maryland Geological Survey (MGS) Placement, Consolidation, and 
Erosion report (Panageotou 2001). 
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1 INTRODUCTION 

Controlled bottom release scow placement of dredged material was performed at the Site 
92 designated placement site in the upper Chesapeake Bay from December 23, 1998 to March 
31, 1999 (Figure 1). In accordance with Water Quality Certification (WQC) 98-WQ-0003, this 
Site Management Report is one of several monitoring requirements for the project (Appendix A). 
This report describes the dredged material placement activities, provides an analysis of the site 
management data gathered before, during and after placement, and provides recommendations 
for future open-water placement activities. 

2 SITE DESCRIPTION 

Site 92 is an open-water dredged material placement area located immediately south of 
Pooles Island in the northern portion of the upper Chesapeake Bay (Figure 1). The site is 
approximately 934 acres in area (MES 1997) and when brought to -14 feet Mean Low Water 
(MLW) is estimated to provide at least 7.0 million cubic yards (mcy) of capacity. Site 92 
surrounds a shallow elongated basin, oriented in a northeast to southwest direction. The 
coordinates (Geographic NAD 83 U.S. Foot) for Site 92 are presented below. 

Beginning at the western-most point at 39 15 05.07N, 076 17 40.37W, 
Running thence to 39 15 52.89N, 076 16 30.76W, 
Running thence to the northern-most point at 39 16 00.35N, 076 16 16.10W, 
Running thence to 39 15 56.19N, 076 15 59.30W, 
Running thence to 39 14 59.24N, 076 16 02.88W, 
Running thence to the southern-most point at 39 14 29.95N, 076 17 01.16W, 
and running thence to the point of beginning. 

3 BACKGROUND 

The U.S. Army Corps of Engineers, Philadelphia District (CENAP) and the Maryland 
Port Administration (MPA) share responsibility for developing placement options for dredged 
material removed from the federal navigation channels leading to the Chesapeake & Delaware 
(C&D) Canal. In order to initially obtain the required environmental permits for placement, 
environmental data collection of the Site 92 placement area was performed, and a joint 
Environmental Assessment (EA) of two proposed open-water placement areas, G-East and Site 
92, was prepared. The final EA, entitled Environmental Assessment - Designation of Aquatic 
Dredged Material Placement Areas G-East and Site 92 for Maintenance Dredging, Inland 
Waterway Delaware River to Chesapeake Bay, Delaware and Maryland Northern Approach 
Channel, was issued in July 1997, and a Finding of No Significant Impact was issued for both 
sites in August 1997. 
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The CENAP requested a WQC from the Maryland Department of the Environment 
(MDE) in spring 1998 for the placement of up to 1.5 mcy of dredged material in Site 92. The 
WQC (98-WQ-003) was issued by MDE on September 14, 1998 (Appendix A). The WQC 
identified the volume of material to be dredged and the timeframe for dredging and placement. 
The schedule for placement was specified to provide the least impact to fish spawning and 
recreational fishing in the project area. 

The WQC also specified that a Monitoring Plan (Appendix B) and Site Management Plan 
(Appendix C) be submitted and approved prior to placement. The Site Management Plan was 
required to include the sequence and location of placement operations. Both plans were prepared 
and submitted to MDE by the Maryland Environmental Service (MES) in advance of placement 
at the site. The Monitoring Plan was approved on December 16, 1998 and the Site Management 
Plan was approved on December 21, 1998. 

The CENAP developed contract plans and specifications for bottom release scow 
placement of 1.5 mcy of material in specified locations within Site 92 to address the 
requirements of the WQC. The scow drop zone within the berm was specified based on material 
slopes of 30H: IV, with all slopes (including the toe of the dike) to be within site boundaries. 
Fill elevations for the top of the berm were specified to be -14 feet MLW. Upon fulfilling these 
requirements, the contractor was required to place any remaining material within the site at a 
previously agreed upon location, not to exceed the restricted -14 feet MLW elevation. 

Numerous other controls were stipulated in the plans and specifications to ensure proper 
berm creation and material placement, including the requirement for the contractor to submit a 
disposal operations plan for approval prior to dredging. The dredging and placement contract 
was competitively bid by CENAP and the contract was awarded on November 16, 1998 to 
Weeks Marine, Inc (Weeks). 

On December 15, 1998, a contractor meeting was held with representatives from CENAP, 
MPA, MES, MDE, MGS, and Weeks to discuss the dredging operations plan for Site 92 
proposed by Weeks. This work plan was enveloped into the Site Management Plan submitted to 
MDE by MES on behalf of CENAP and MPA. 

On December 18, 1998, Weeks submitted the initial Dredging Operations Plan for Site 92 
(Appendix C; Appendix I). This plan included a description of the order of dredge excavation 
and material placement, the tug positioning systems, access to and from the placement area, 
placement area marking, a gridded layout of the placement area for proposed scow placement, 
and a table which designated the order of work. This plan was updated as necessary throughout 
the placement season. The plan and revisions to the plan are located in Appendix D. The final 
placement plan is presented in Figure 2. 
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4     OBJECTIVES 

4.1     Monitoring Objectives 

The principal study elements of the Pooles Island Site 92 Monitoring Plan (Appendix B) 
for controlled bottom placement, during the 1998/1999 dredging season, are outlined in Table 1. 
These elements are required by MDE to be reported for evaluation of the project impacts as part 
of the WQC. All phases of the Site 92 Monitoring Plan are conducted under the direction of the 
MES, in cooperation with the MPA, CENAP, MGS, and MDE. 

Table 1. 1998/1999 Placement Monitoring Elements 

Study Element Responsible Agency 
Site Management Maryland Environmental Service 

Foundation, Consolidation and Erosion Maryland Geological Survey 
Benthic Community Evaluation Maryland Department of the Environment 

Technical Support Maryland Department of the Environment 
Technical Integration Maryland Environmental Service 
Project Management Maryland Environmental Service 

5     SITE MANAGEMENT 

Site management activities were required to be conducted in accordance with the 
Monitoring Plan submitted by MES and approved by MDE (Appendix B). The site management 
objectives and monitoring methodology as specified in the 1998/1999 Site 92 Monitoring Plan 
and Site Management Plan are provided below. 

5.1     Site Management Objectives 

The main objectives of site management at Site 92 are: 

•    To describe the dredged material placement activities; 
a    To ensure that all required information is collected before, during, and after 

placement; 
a    To assure timely transmittal, analysis, and reporting of information; 
a    To provide for a review process; and 
a    To provide recommendations for future open-water placement activities. 

It is anticipated that controlled bottom release scow placement of up to 1.5 mcy (cut) of 
dredged material will take place at the Site 92 placement area from October 1, 1998 to March 
31, 1999. A berm will be created along the northeastern side of the site to prevent material 
movement. Material will also be strategically placed along the northern most portion of the site. 
Pre-placement surveys will be performed by MGS to verify capacity of dredged material in the 



Site 92 area and will also be performed to characterize the bathymetry of the adjacent high relief 
area to the northeast. During placement, data will be collected by MES on the volume of 
material placed in the area, the duration of placement, and the location of scows as they place 
material. After placement, MES will review post-placement surveys of the placement areas by 
MGS and CENAP and will produce a site management report on the dredging activities, 
including capacity evaluations. 

5.2    Site Management Methodology 

5.2.1 Dredged quantity and placement location 

The location and quantity of material placed at the site will be reviewed on a regular 
basis after transmittal from CENAP and MES. A map of the site will be produced with the scow 
locations plotted. This will enable review of placement operations and the movement of 
controlled bottom placed material within the placement area. The total quantity of material 
placed in the area will be tabulated in an Excel spreadsheet. 

5.2.2 Hydrographic surveys 

The MGS and/or CENAP will perform a pre-placement survey of the Site 92 area before 
placement activities begin in Site 92. Nearby high relief areas will also be surveyed. Surveys 
will be performed immediately after placement has ceased in Site 92 and afterward in order to 
determine the placed volume and remaining capacity, as well as the continued observation of the 
berm. A contour map of each survey will be developed and analyzed by MES. 

5.2.3 Data analysis and site management 

Each survey will be compared against previous surveys and the volume of placed 
material and remaining capacity will be calculated. This volume will then be compared with the 
dredged quantity to determine volumetric changes during dredging and placement. Cross 
sections will be developed from surveys to monitor the berm and placement areas. The dredged 
material quantity and placement locations will be compared with previous survey maps and 
checked for developing trends. Surveys will also be checked to determine the limits and 
distribution of placed material and to ensure that the material is remaining within the designated 
placement areas. 

6     PLACEMENT OPERATIONS 

6.1     Overview 

Operations that directly affected site management at Site 92 are documented below. This 
section includes procedures used by the contractor for placement of dredged material within Site 



92. Dredging started on December 23, 1998, with controlled bottom placement by scows in the 
designated berm construction area of Site 92. Dredged material placement ended in Site 92 on 
March 31, 1999. Table 2 presents a summary of the primary placement activities that occurred at 
Site 92. An analysis of the operations is included in Section 8. 

6.2    Data Collection and Transfer 

The contractor submitted a scow discharge report and a report of operations to CENAP 
on a daily basis. These reports included the scow and trip number, estimated quantity of material 
in the scow, and the exact Differential Global Positioning System (DGPS) coordinates of each 
placement. CENAP forwarded this information to MES on a daily basis. MES determined the 
position of the scow placements from these reports and created a spreadsheet compiling the 
quantity and placement location information. This spreadsheet was used to keep a running total 
of material placed (Appendix E). Maps of Site 92 were also generated from these reports, 
showing the pre-placement bathymetry overlain by the scow placement locations. This 
information was compared to the contractor's work and placement plan to determine compliance. 
The spreadsheet and the scow placement map were distributed on a weekly basis to MPA, 
CENAP, MDE, and MGS. 

Site management meetings were held on a regular basis before, during, and immediately 
after the placement activity at Site 92 (Table 2). Once placement began in December, meetings 
were usually held on a bi-weekly basis. The site management meetings included the contractor, 
MES, CENAP, MPA, MDE, and MGS. Summaries from the previous site management meeting 
were distributed at the next meeting for review and comment. These meetings proved useful in 
communicating information and coordination between all involved parties. 

7     MONITORING RESULTS 

A summary and description of the placement locations and quantity placed are given 
below. Data analysis and conclusions are presented in Section 8. 

7.1     Material Quantity and Placement Location 

Figure 3 depicts the grid area that was overlaid on the Site 92 boundaries to determine the 
locations for material placement. The material drop zone area was designated as column areas B 
through L, running east to west and rows 1-16, running north to south. Column area A was 
removed from the placement zone, as suggested by MGS, to increase the setback from the edge of 
the site. Within the drop zone, cells were created for material placement using the column and row 
designations. The placement cells were further divided into sub-cells with x and y designations. 



Table 2. Summary of 1998/1999 Placement Activities - Pooles Island Site 92 

Date Activity 
September 4, 1998 CENAP issued invitation for bids for maintenance dredging. 
December 9-12, 1998 CENAP performs pre-placement survey at Site 92. 
December 15, 1998 Pre-construction meeting held at CENAP. 
December 18, 1999 Contractor submits work plan for 2,000 cy scow placement within northern and eastern berm 

areas (loads 1-240). 
December 21, 1999 Site Management Plan submitted by MES and approved by MDE. 
December 23, 1998 Contractor began controlled bottom placement along northern end of berm area. 
Januarys, 1999 Principal investigator and contractor meetings held at Chesapeake City. Study team requests 

revised work plan. 
January 5, 1999 Contractor submits revised work plan for 2,000 cy scow placement within northern and eastern 

berm areas (loads 1-224). 
January 27, 1999 Contractor meeting at Chesapeake City. 
February 1, 1999 CENAP performs 25% survey of Site 92 area. 
February 14, 1999 Contractor submits revised work plan for 2,000 cy scow placement within northern berm area 

and northern portion of eastern berm area (loads 225-276). 
February 17, 1999 Contractor meeting at Chesapeake City. Study team approves February 14, 1999 revised 

placement plan. 
February 19, 1999 Contractor submits revised work plan for 2,000 cy scow placement along northern berm and 

northern and lower portion of eastern berm (loads 225-307). 
February 23, 1999 CENAP performs 50% survey of Site 92 area. 
March 2, 1999 Contractor submits revised work plan for 2,000 cy scow placement using more realistic scow 

estimates per MGS request. Placement along northern and eastern berm areas (loads 260-348). 
March 3, 1999 March 2, 1999 work plan approved by study team. 
March 5, 1999 Contractor submits work plan for 4,000 cy scow placement inside the site contiguous to the 

berm (loads 1-57). 
March 9, 1999 Contractor Meeting at Chesapeake City. Study team approves March 5, 1999 revised placement 

plan. 
March 11, 1999 Contractor submits revised work plan for 2,000 cy scow placement in northern berm area (loads 

349-394). 
March 12, 1999 March 11, 1999 work plan approved by study team. 
March 15, 1999 Contractor submits revised work plan for 2,000 cy scow placement in northern berm area and 

the 4,000 cy scow placement inside the site contiguous to the berm (loads 395-431, 58-115). 
March 16, 1999 March 15, 1999 work plan approved by study team. Contractor submits revised work plan for 

4,000 cy scow placement inside site, including revised scow yardage estimates (loads 37-114). 
March 17, 1999 CENAP performs 75% survey of Site 92 area. 
March 22, 1999 Contractor submits revised work plan for 2,000 cy scow placement (loads 421-495) inside site 

for use until 75% surveys are completed. Study team requests revised work plan. 
March 23, 1999 Contractor meeting at Chesapeake City. Contractor submits revised work plan for 2,000 cy 

scow placement (loads 422-495) and 4,000 cy scow placement (loads 115-155) inside the site to 
left of berm. March 23, 1999 work plan approved by study team. 

March 31, 1999 Contractor finishes controlled bottom placement at Site 92. 
April 6, 1999 Principal Investigator and Site Management meetings at Chesapeake City. 
April 7, 1999 MGS performs completion survey of scow placement at Site 92. 
April 7-9, 1999 CENAP performs 100% survey of the Site 92 area. 
October 27 - 
November 9, 1999 

MGS and CENAP perform 6-month post placement survey of the Site 92 area to correlate 
surveys. 
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The contractor provided information daily on the scow drop locations and estimated 
quantities of material placed. The scow drop locations for the 1998/1999 placement action were 
plotted over the grid area and are depicted in blue in Figure 3. Scow placement was also tracked 
by cell/grid location for quality control and evaluation purposes (Appendix E). The data was 
evaluated daily to ensure that material was placed according to the revised plan and within the 
designated drop zone. 

7.2    Hydrographic Surveys 

Five hydrographic surveys of Site 92 and surrounding areas were performed by CENAP 
as part of the placement activities (Appendix F). The pre-placement survey was performed on 
December 9-12, 1998, just prior to material placement in Site 92 (Appendix F; Figures F-l and 
F-2). Three condition surveys were also performed on February 1, 23, and March 17, 1999 at 
approximately 25%, 50% and 75% completion of the project (Appendix F; Figures F-3, F-4 and 
F-5). These surveys were used to verify the scow tracking information and to determine the 
exact placement and development of the berm. CENAP performed the 100% post-placement 
survey, between April 7-9, 1999 (Appendix F; Figure F-6). While tracking results indicated that 
the scow loads were placed within site boundaries, the 0-100% isopach drawing showed a small 
anomalous projection off the northeast side of the placement area (Appendix F; Figure F-7). The 
MGS post-placement bathymetry survey, which was performed on April 7-9, 1999, did not show 
this projection. This survey was uncorrected for secondary alignments. Because the 100% 
completion surveys did not correlate, CENAP and MGS repeated the surveys between October 
27 through November 9, 1999, approximately 6 months after placement ceased. The new 
surveys correlated. The anomalous projection is investigated and discussed further in the MGS 
report entitled Placement, consolidation, and erosion studies of sediments dredged from the 
approach channel to the Chesapeake and Delaware Canal (Panageotou 2001). 

The condition surveys have been used to evaluate the site conditions for this report. 
Figures F-l (0%), F-3 (25%), F-4 (50%), F-5 (75%), and F-6 (100%) show the condition surveys 
as bathymetric contour drawings. Figure F-2 (0%) shows the pre-placement condition survey as 
bathymetric color contours. The change in elevation from pre-placement to post-placement is 
shown in Figure F-7 (0 - 100% isopach). Figure F-8 illustrates the bathymetric cross sections of 
the placement area at 0%, 25%, 50%, 75% and 100% intervals. All condition surveys are 
included in Appendix F. 

8 DATA ANALYSIS AND CONCLUSIONS 

Analysis of the data collected for the site management-monitoring phase of this project is 
provided below. Overall project evaluation and conclusions are also provided. 
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8.1     Placement Operations 

Dredged material placement by controlled bottom release scow occurred within the 
authorized time constraints and according to the specifications in the Site Management Plan and 
WQC. A review of the site management records combined with the post-placement survey found 
that scow placement met the objective of being placed within the site and within the authorized 
elevation of -14 ft MLW. As mentioned in Section 7.2, the 0-100% isopach drawing showed a 
small anomalous projection off the northeast side of the placement area (Appendix F; Figure F- 
7). A discussion of this projection can be found in the MGS report entitled Placement, 
consolidation, and erosion studies of sediments dredged from the approach channel to the 
Chesapeake and Delaware Canal (Panageotou 2001). 

Contractor's estimates for the quantity of material dredged for placement at Site 92 
totaled 1,090,367 cubic yards. Of this material, an estimated 657,068 cubic yards was used to 
construct the berm and the remaining estimated 433,299 cubic yards was placed inside the berm. 
A total of 640 scows were placed during the 1998/1999 placement season averaging 6.4 scows a 
day over a 99-day placement window. Because of equipment problems and weather related 
issues, 95% of the project was achieved in less than 30 days. 

8.2     Berm Length 

The creation of the berm at Site 92 provides closure on the northern and eastern sides of a 
discrete underwater basin used for dredged material placement. The placed sediments formed a 
berm approximately 4,300 ft long and an average of 2,100 ft wide. 

8.3     Berm Height 

The surveys show the progressive development of a berm average width of 2,100 feet 
wide with a crest top elevation of between -15 and -16 feet MLW by the 100% survey 
(Appendix F, Figure F-8). 

8.4     Extent of Fill 

A comparison of the pre- and post-placement surveys is presented in Figure F-7 in 
Appendix F. This figure shows the lateral extent and thickness of the newly placed material. 
The lateral extent and the thickness of the layer of placed material was determined from the 
surveys to be concentrated in the northeastern half of the Site 92 basin area. The scow tracking 
information indicates that all material was placed within the Site 92 boundaries as required in the 
WQC. As mentioned previously, the 100% isopach drawing showed a small anomalous 
projection off the northeast side of the placement area (Appendix F; Figure F-7). This projection 
is investigated and discussed further in the MGS report entitled Placement, consolidation, and 
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erosion studies of sediments dredged from the approach channel to the Chesapeake and 
Delaware Canal (Panageotou 2001). 

8.5    Theoretical Capacity Estimates 

Theoretical estimates of capacity were provided by MGS allowing for up to 10 years of 
placement at Site 92 at a final elevation of -14 feet MLLW. The theoretical estimate of total 
capacity at Site 92 over the 10 year period is 7.0 mcy. This total capacity estimate is based upon 
an estimated cut volume of approximately 1 mcy per year for year 1, 0.5 mcy for year 2, and 1 
mcy per year for years 3 through 10. The theoretical estimate assumes that in the year following 
placement, a 30% volume reduction will occur due to consolidation and erosion. 

During the 1998/1999 season (year 1), the contractor's reported cut volume of the 
dredged sediment was 1.09 mcy. MGS identified 1.04 mcy after completion of placement at Site 
92. MGS estimated that the placed sediment had a volume reduction of 33% (0.34 mcy) over the 
year following placement. Two-thirds of this volume reduction was attributed to erosion and 
one-third attributed to consolidation. This resulted in 0.69 mcy of capacity being used. 
Therefore, the remaining capacity of Site 92 one year after the 1998/1999 placement season is 
6.31 mcy. 

8.6     Summary 

A review of the placement activities, quantities and locations of material placed and the 
surveys of the basin area and newly constructed berm indicate that the project met the objectives 
stated in the Site Management Plan. Because of equipment problems and weather-related issues, 
95% of the project was achieved in less than 30 days. Communications and coordination 
between all parties were accomplished in such a manner that even with the weather delays, the 
project was successfully completed within the tight time frame. 

9     RECOMMENDATIONS 

Based on the experience gained on this project, the following recommendations are 
offered: 

• For future placement activities, it is recommended that every effort be made to use the 
full window for dredging operations (October 1 - March 31). During this project, 
starting sooner in the allowed window could have resulted in placement during the 
less harsh environmental conditions. 

a Close coordination, frequent meetings, and active communication between the State 
and Federal agencies and the contractor was a key factor in enabling the positive 
outcome. This type of project coordination and communication is recommended for 
future placement activities. 

12 



During the 1998/1999 placement season, the contractor daily reports were received by 
MES in a timely enough fashion for effective tracking of information. This allowed 
the technical team enough time for review of information and the ability to 
recommend operation changes when necessary. This allowed continual site 
monitoring of placement activities that ultimately lead to the overall success of the 
placement season. This type of monitoring is recommended for future placement 
activities. 

Continue investigation of anomalous projection off the northeast comer of Site 92 
through follow up surveys of the site by the MGS. 

13 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
XAFiF        2500 Broemng Highway • Baltimore Maryland   21224 
iVl-LyJ-/        (410)631-3000 •  1-800-633-6101 • http:'/www. mde. state, md. us 

Parris N. Glendcning 
Governor 

SEP 141998 

Jane T. Mishida 

Mr. Thomas M. Schlna, P.E. 
Assistant Chief, Operations Division 
Philadelphia District, Corps of Engineers 
Wanamaker Building, 100 Penn Square East 
Philadelphia, Pennsylvania 19107-3390 

Dear Mr. Schina: 

hD^ 

The Maryland Department of the Environment (MDE) has completed its review of the 
proposed maintenance dredging for the Chesapeake and Delaware Canal and its approach channel 
for calendar year 1998. Please find enclosed Water Quality Certification 98-WQ-0003 for the 
proposed maintenance dredging activities. 

I want to direct your attention to Condition #23 which requires that a pilot project be 
undertaken at the Courthouse Point upland disposal site. The pilot effort entails amending a 
portion of the dredged material in order to minimize the potential for groundwater deterioration. 
If successful, it may be possible to implement such a measure at the Pearce Creek upland disposal 
site to prevent further deterioration of groundwater in that area. MDE staff will be in contact 
with your office to discuss the technical details of the pilot project. 

If you have any questions, please contact me at (440) 631-3567 or Elder Ghigiarelli. Jr. of 
my staffat (410) 631-8093. 

Sincerely, 

/S/-a 

Director t 
*. Water Management Administration 

JLH:EAGJr:cma 

cc:       Secretary Jane T. Nishida 
Mike Haire 

TTY Umi 1-«0».735J23 "Together We Can Qean  Up' 
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WATER QUALITY CERTin"&AT10N 

NAP OP 

PUBLIC NOTICE DATE July 16, 1998 

TO:     Philadelphia District, Corps of Engineers 
Wanamaker Building, 100 Penn Square East 
Philadelphia, Pennsylvania 19107-3391 

CERTIFICATION 98-WQ-O003 

RE;  1993 Maintenance Dredging of the 
Chesapealce and Delaware Canal 

This mter quality certification is issued under authority of Section 401 of the Federal Water 
Pollution Control Act and its Amendments and the Environment Anide, Sections 9-313 - 9-323, 
inclusive Annotated Code of Maryland. A copy of this required certification has been sent to the 
Corps of Engineers. This certification does not relieve the applicant of responsibility for obtaining any 
other approvals, licenses or permits in accordance with federal. State, or local requirements and does 
not authorize commencement of the proposed project. The Maryland Department of the Envtronmenr 
has determined from a review of the plans that the construction of this facility and its subsequent 
operation as noted herein will not violate Maryland's water quality standards, provided that the 

following conditions are satisfied. 

The applicant shall comply with the conditions marked (X) below: 

(X) (1) The proposed project shall be constructed in a manner which will not violate Maryland's 
Water Quality Standards as set forth in COMAR 26.08.02. The applicant is to notify this department 
ten (10) days prior to commencing work. Verbal notification is to be followed by written notice within 

ten (10) days. 

(X) (2) The proposed project shall be constructed in accordance with the plan and its revisions as 

approved by the: 

(X)  (a) Corps of Engineers 
(X) (b) Water Management Administration 

(X) (3)  All fill and construction materials not used in the project shall be removed and disposed of in a 
manner which will prevent their entry into waters of this State. ', 

(X) (4) The applicant shall notify this Department upon transferring this ownership or responsibility 
for compliance with these conditions to andther person. The new owner/operator shall request transfer 
of this water quality certification to his/her name. 

(X) (5) The certification holder shall allow the Maryland Department of the Environment or its 
representative to inspect the project area at reasonable times and to inspect records regarding this 

project. 

TTY U«« 1-SOO-735-22S8 
via Mirdind Rd«» Service 

"Together We Can Gean  Up" 
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Page Two Water Quality Certification 

( )(6) Corutniction of any bulkhead shall be completed prior to nllir.g behind the bulkhead. The 

bulkhead shall be consmicted in such a manner so as to prevent the loss of fill material to waters of 
this State. Only dean fill, which is free of organic, metallic, toxic or deleterious materials shal. be 

used. 

( ) (7) The disturbance of the bottom of the water and sediment transport into the adjacent State 
waters shall be mmimized. The applicant shall obtain and certify compliance wkh a grading and 
sediment control plan which has been approved by the: 

/ \ (a) Soil Conservation District or 
( ) (b) Erosion and Control Representative, Division of Environmental Services, Bureau of 
Highways, Department of Public Works of the City of Baltimore or 
( ) (c) The Department of the Environment, Water Majiagement Administration or 
( ) (d) Montgomery County Department of Environmental Protection. 

The approved plan shall be available at'the project site during all phases of construction. 

(X) (8) The spoil disposal area(s), induding dikes where applicable, shall be consmicted to limit the 
suspended solids content in the discharge to the waters of this State to four hundred (400) pans per 
million or less. 

(X) (9) Dredging shall be done only in the period specified in Condition 21. 

( ) (10) Stormwater runoff from impervious surfaces shall be controlled to prevent the washing of 
debris into the waterway. The natural vegetation shall be maintained and restored when disturbed or 
eroded. Stormwater drainage faculties shall be designed, implemented, operated and maintained in 
accordance with the requirements of the applicable approving authority. 

j. wji\  shall provide to the 
Water Management Administration a stormwater management plan induding cross-sections which 
incorporates effective pollutant removal strategies in uplands to treat a minimum of the first one-half 
inch of runoff from impervious surfaces prior to release of stormwater into State waters or wetlands. 
There shall be no discharge of untreated stormwater to State waters or wetlands. The plan shall be 
provided by  and shall be implemented by • 

/ -v /j2) sha11 provide ^ ^ 
Water Management Administration a mitigation plan for the construction of  
acre(s) of wetland for review and approval by 
 . The plan shall be implemented by 

. The plaiTshall show: 
-the source of hydrology for the coostructed wetland 
-the source and amount of soil to be used in constructing the wetland 
-the species, size and density of vegedtion to be planted in the constructed wetland and a planting 
schedule. 
-a monitoring/maintenance plan. 

t \ na^   .' shall monitor the 
citigation site for a period of five years and shall determine whether the wetland construction has been 
successful. A successful mitigation project shall result in:, plants/acre and Z5% survivability of 
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and monitored. 

( ) (14) Tbe mUigation site shall be constracted in accordance with the plan. 

dated 

^^^ shall provide a 
( ) (15) "— plan for review and approval by , . • 

This plan shall be implemented by .  

b^:r;rrirrhr:rL:r:iPnPp-^.ot^-c,.e 
movement of aquatic species. 

prevent erosion in the receiving waterway or wetland. 

( ) (19)   Authorized stormwarer detention ponds shall have a maximum detention time of 

 hours. 

shall restore and revegetate all temporarily disturbed waters 
i ) (20) ^_^   
and wetl^ds to original contours upon completion ot construct.on. 

...   , .„ ,^ ^P Ql onen water placement site shall be done only during 

during the period June 16, 1998 through March 31. 1999. 

rmovtd. The n»in.«ancC dredgmg w.11 b. [.erformd *> •^ or   •        ^       „ siK „ in 4e 

site boundaries not exceeding depths ot -1.4 feet. - 

prev.ously used upland banked d.spoa. area the j^^ 

50,000 eubic yvXlT^ZrtZ    i^and d^ si,e. Techni.I-de.iis 0. .his .ondUion 
. ^r^^^'at^etlen, J *e Maryiand Depan.en, **. E.vi^en. 
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nn (24) Courthouse Point to Maryland State '^V^^^^ 

Chesapeake and Delaware Canal proper. 
r      .f Pn^ineers shall subm.t a monitoring plan for Site 92 to the 

(X) (25) ^e ^^^t^^b^^ operate ^. 
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SITE 92 OPEN-WATER PLACEMENT MONITORING PLAN 

1998/1999 Monitoring (1st Year) - Controlled Bottom Placement 

GENERAL SUMMARY 

This document is the Monitoring Plan for the first year of open-water 
placement of dredged material at Site 92, which will occur over the 1998/1999 
dredging season. The placement method utilized in the first year will be controlled 
bottom placement. This Monitoring Plan is prepared for submittal by the Maryland 
Environmental Service to the Maryland Department of the Environment on behalf of 
the Philadelphia District, U.S Army Corps of Engineers (CENAP) and the Maryland 

Port Administration (MPA). 

Site 92 is an open-water dredged material placement area located immediately 
south of Pooles Island in the Chesapeake Bay. The site is approximately 934 acres in 
size and is estimated to provide 7.0 mcy of capacity when brought to elevation -14 
feet MLLW. A berm will be placed within the site along the northeastern edge. 
Material will also be placed by bottom release scow along the northern edge of the 
site and at necessary areas along the site boundaries to raise the elevations to -14 ft 

MLLW. 

In order to initially obtain the required environmental permits for placement, 
environmental data collection of the Site 92 placement area was performed, and a 
joint Environmental Assessment (EA) of two proposed open-water placement areas, 
G-East and Site 92, was prepared. The final EA, entitled Environmental Assessment 
- Designation of Aquatic Dredged Material Placement Areas G-East and Site 92 for 
Maintenance Dredging, Inland Waterway Delaware River to Chesapeake Bay, 
Delaware and Maryland Northern Approach Channel, was issued in July 1997, and a 
Finding of No Significant Impact was issued for both sites in August 1997. 

The CENAP submitted a Water Quality Certification (WQC) request to MDE in 
June 1998 for the use of Site 92 in addition to the Courthouse Point, Bethel and 
Chesapeake City upland disposal areas. This Monitoring Plan is submitted in 
accordance with Certification Number 98-WQ-0003 issued by the Maryland 

Department of the Environment to CENAP. 

The main objective of the monitoring at Site 92 is to determine if the 
predicted impacts presented in the EA are the same as the actual impacts associated 
with placement of dredged material. Results of the monitoring will be submitted to 
the Maryland Department of the Environment for use in evaluating future dredged 

material placement at this site. 

The Site 92 Open Water Placement Monitoring Plan is a multi-agency, multi- 
disciplinary, multi-year study. The objectives of the study are to assess the accuracy 
of predictions of the extent to which placement activities at Site 92 affect the 
physical,   biological,  and  water quality characteristics  of the  immediate  area  and 



1998/1999 Monitoring (1st Year) - Controlled Bottom Placement 

adjacent aquatic habitats. Another objective is to collect data to continue to evaluate 
the capacity of Site 92 and the environmental acceptability of the current 
configuration and operation of the site. Monitoring will continue during and after 
construction of the berm in Fall 1998 and controlled bottom placement of dredged 
material during the 1998/1999 placement season. 

The activities described in this plan include pre-placement benthic sampling, 
pre- and post-placement core sampling and bathymetric surveys of Site 92, and 
monitoring of the placement of material to create the Site 92 berm, as well as 
placement of material within the Site 92 basin area. 

Monitoring will begin with pre-placement activities before the initiation of 
placement at Site 92. As stated in Certificate Number 98-WQ-0003, placement is 
planned to start in October, 1998 and end by March, 1999. Monitoring activities will 
then continue until December, 1999. This year, studies will include: site 
management; consolidation and resuspension studies; benthic community evaluation, 
technical support, technical integration and project management. All phases of the 
Site 92 monitoring plan will be conducted under the direction of the Maryland 
Environmental Service, in cooperation with the Maryland Geological Survey of the 
Department of Natural Resources, the Maryland Department of the Environment, the 
Maryland Port Administration and the Philadelphia District of the Corps of Engineers. 
Plan elements and parties with project responsibility are as follows: 

SITE 92 MONITORING PLAN 

1998/1999 Monitoring (I5' Year) - Controlled Bottom Placement 

STUDY ELEMENT PRINCIPAL INVESTIGATOR 

1. Site Management Maryland Environmental Service 

II. Consolidation & Resuspension Maryland Geological Survey 

III. Benthic Community Evaluation Maryland Department of the Environment 

IV. Technical Support Maryland Department of the Environment 

V. Technical Integration Maryland Environmental Service 

VI. Project Management Maryland Environmental Service 

The consolidation and resuspension and benthic studies are included in this 
plan with stated endpoints. It is not the intent of the monitoring to continue studies 
when the finding of no significant impact from the EA is borne out through repeated 
monitoring.    At the point when there are repeated findings of the short-term near- 
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field impacts which were predicted in the EA, the monitoring can safely be stopped. 
Prior to eliminating any monitoring elements, a meeting shall be convened with the 
DNPOP Upper Bay working group and the Site 92 principal investigators. At this 
meeting, the working group members shall make recommendations to the MDE for 
their approval to discontinue the monitoring elements. 

Final reports will be produced for the site management, consolidation and 
resuspension, and benthics tasks upon completion of the studies. A comprehensive 
1998/1999 placement monitoring final report will also be generated. The draft final 
comprehensive report will be issued by June 30, 2000 presenting an interpretation 
and synthesis of findings of the consolidation and erosion, the site management 
studies, and the benthic pre-placement evaluation. 

A draft report of site management activities will be produced within 12 weeks 
of final placement at Site 92. This report will detail survey and volume information 
and verify the sediment locations, the shape and slopes of the berm as well as the 
controlled bottom placement volume and location. 

The following sections of this Plan present study design details for each 

element of the monitoring plan: 

I. SITE MANAGEMENT 

STUDY ENDPOINT - The last placement action at Site 92. 

OBJECTIVES 

It is anticipated that controlled bottom placement of up to 1.5 mcy (cut) of 
dredged material will take place at the Site 92 placement area from around October 
1, 1998 to March 31, 1999. A berm will be created along the northeastern side of 
the site to prevent material movement. Material will also be strategically placed 
along the northernmost portion of the site. Pre-placement surveys will be performed 
by MGS to verify capacity of dredged material in the Site 92 area and will also be 
performed to characterize the bathymetry of the adjacent high relief area to the 
northeast. During placement, data will be collected by MES on the volume of 
material placed in the area, the duration of placement, and the location of the scows 
as they place material. After placement, MES will review the most recent post- 
placement surveys of the placement areas by MGS and CENAP and will produce a 
site management report on the dredging activities, including capacity evaluations. 

To ensure coordination of all parties involved, MDE has required under 
condition 26 of WQC 98-MD-0003, that CENAP submit a finalized Site Management 
Plan to MDE and obtain approval for its use prior to commencement of any 
placement activity at Site 92. MES shall create and submit this plan to MDE on 

behalf of CENAP. 
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METHODOLOGY 

1. Dredged quantity and placement location 

The location and quantity of material placed at the site will be reviewed on a 
regular basis after transmitta! from CENAP to MES and for consistency, will be 
compared to the Site Management Plan. A map of the site will be produced with the 
scow locations plotted. This will enable review of placement operations and the 
movement of controlled bottom placed material within the placement area. The total 
quantity of material placed in the area will be tabulated in an Excel spreadsheet. This 
information will be transmitted via fax or electronic mail on a weekly basis to MGS, 
MDE, MPA and CENAP for review. 

2. Hydrographic surveys 

A pre-placement survey of the Site 92 area will be performed by the Maryland 
Geologic Survey and/or CENAP before placement activities begin in Site 92. Surveys 
will be performed immediately after placement has ceased in Site 92 and afterward in 
order to determine the placed volume and remaining capacity. A contour map of 
each survey will be developed and analyzed by MES. 

3. Data analysis and site management 

Surveys at Site 92 will be conducted by CENAP during the placement 
operation at the following intervals 25%, 50%, 75% and 100%. Each survey will be 
compared against previous surveys and the volume of placed material and remaining 
capacity will be calculated. This volume will then be compared with the dredged 
quantity to determine volumetric changes during dredging and placement. Cross 
sections will be developed from surveys to monitor the berm and placement areas. 
The dredged material quantity and placement locations will be compared with 
previous survey maps and checked for developing trends. Surveys will also be 
checked to determine the limits and distribution of placed material and to ensure that 
the material is remaining within the designated placement area. 

DELIVERABLES 

A Site Management Plan shall be submitted to MDE by MES, on behalf of 
CENAP, prior to the commencement of any placement action at Site 92. The Site 
Management Plan will include placement capacity estimates from MGS and the 
designated grid area in which all placement will occur. This shall include the 
sequence of placement with location and volume information. The operations plan 
submitted by the contractor for dredged material placement at Site 92 shall also be 

appended to the Site Management Plan. 

A Site Management Draft Report will be submitted by MES to MPA, CENAP, 
MDE and MGS for review within twelve weeks of conclusion of placement activities. 
This  report  will  consist of  a  summary of placement activities.     The  quantity  of 
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material placed in each area and the remaining capacity will be documented 
graphically and in a tabular format. The report will also include copies of all 
hydrographic surveys performed to date and the cross sections developed by MES. 

II. CONSOLIDATION AND RESUSPENSION 

NULL HYPOTHESIS - Dredged sediment is subject to predictable forces after 
placement which result in fairly standard rates of consolidation and erosion, based on 
the type of material, the type of placement and the placement location. Placement of 
dredged material will not deviate from these expected conditions. 

STUDY ENDPOINT - Monitoring will be performed each year that placement occurs 
within the Site 92 area, and for up to one year after placement is completed to 
document consolidation and erosion of materials. 

OBJECTIVES 

• To measure and evaluate changes in the placed material within the placement 
area and nearby areas due to erosion and consolidation of sediments. 

• To determine capacity of the Site 92 berm and interior areas before and after 
placement of dredged material. 

• To evaluate the results of the study and suggest modifications as necessary in 
the study design, and site management. 

• To  verify  whether  changes  are  occurring  in  the  high   relief  areas  to  the 
northeast of Site 92 resulting from placement activities. 

BACKGROUND 

The MGS has studied the placement, consolidation and erosion of dredged 
material in the Upper Bay for over 15 years. These studies have documented the 
configuration and occupied volume of dredged material placed using different 
techniques. The studies have also found that subsequent to placement, deposited 
sediments may be subjected to volume changes due to two processes. First, 
resuspension and erosion may remove sediment particles from the site. Second, 
consolidation of deposited sediment and the underlying foundation will result in a 
change in volume and height of the deposit. The consolidation processes result in a 
change in the elevation of the deposit without the removal of sediment particles. 
This study will measure and document the effects of these processes on the berm 
and the controlled bottom placed sediments at Site 92. This study will also attempt 
to define when the observed placement, erosion and consolidation processes are 
within expected parameters. This study will also identify when these processes 
exceed expected parameters and what the potential reasons are for variation from 

expectations. 
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Observations of consolidation and erosion in the Site 92 Area will be 
determined though field work, laboratory analysis and data processing and synthesis. 
Sediments will be collected and analyzed before dredging and placement operations 
begin in Site 92 and in the channel. A hydrographic survey of the placement area 
will also be performed prior to placement to enable later measurement of the changes 
in the berm height and configuration and changes in capacity of the placement area. 
At the conclusion of the placement activities and at the end of the monitoring period, 
core samples will be collected from the placement area to determine the changing 
state of the deposited sediments over time. Selected samples will be subjected to 
grain size and bulk property analyses. This data will be analyzed to determine 
volumetric changes due to consolidation of the berm and foundation sediments. The 
amount of material which is resuspended from the surface of the berm will be 
estimated from a comparison between the calculated change in volume due to 
consolidation and the total observed change measured from the hydrographic 

surveys. 

METHODOLOGY 

1. Preplacement activities - Site 92 

Prior to dredging and placement activities, core samples will be taken from the 
Site 92 placement area and the channel. These samples will be analyzed for grain 
size and water content. From the water content, bulk density, porosity and void 
ratios will be calculated. This information will then be available to calculate 
foundation consolidation of existing sediments before placement of material. A 
detailed hydrographic survey of the site will also be performed and a contour map of 

the site will be developed. 

2. Material lost during placement 

It is anticipated that some percentage of sediments will be lost due to 
suspended sediment dispersion during placement activities. To estimate the quantity 
of suspended sediment lost as a turbidity plume at the placement location(s), 5 core 
samples will be collected from the channel maintenance sediments prior to dredging 
and analyzed for bulk properties. At the conclusion of placement, 8 core samples 
will be collected of the placed sediment and also analyzed for bulk properties. In 
addition, a hydrographic survey of the site will be conducted and the volume 
occupied by the placed sediment calculated. This data will be utilized to estimate the 
total volume of sediment lost during the placement process. 

3. Consolidation of the placement area sediments 

Consolidation of the placed sediments will alter the remaining capacity of the 
designated placement area. Calculation of the remaining capacity is necessary to 
determine an appropriate volume for placement in the next dredging operation. To 
accomplish the analysis of consolidation over time, a maximum of 6 bathymetric 
surveys of the placement area will be conducted, pre-placement, post-placement and 
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at the 1, 3, 6 and 9 month points after the completion of placement. In addition, 
sediment cores will be collected at eight sites in the placement area at three points in 
time - pre-, post and either 6 or 9 months following placement (depending on the 

following year's dredging schedule). 

4. Sediment resuspension and erosion after placement 

Based on previous studies that have been conducted in the vicinity of Pooles 
Island it is expected that some controlled bottom placed sediment may be 
resuspended and eroded from the area over time. The rate of erosion is anticipated 
to decrease over time as the sediments consolidate making individual particles less 
susceptible to erosion, and as the surface becomes armored with slightly coarser 
particles left behind by the erosion process. This study will estimate the erosion of 
the placed sediment during a six to nine month period following placement. The 
amount of material eroded from the placement area will be estimated by further 
analysis of the sediment bulk properties and volume data. The water content 
changes in the sediments will be converted to a volume change attributable to 
consolidation. The difference between the volume change and the total observed 
change will yield the volume of material estimated removed due to erosion. 

DATA BASE MANAGEMENT 

Survey data shall be collected in digital format and transmitted to the MES. 
Electronic data shall be transmitted in a form suitable for incorporation in AutoCAD 

files. 

DELIVERABLES 

Progress reports will be submitted monthly, on the last day of the month. 
The progress reports shall document progress on work tasks, findings to date and 
any unusual circumstances or problems that have arisen since the last report. 

An interim report with remaining capacity calculations for Site 92 will be 
produced six months after the completion of placement, and again prior to the 
initiation of the next year's placement activities (tentatively scheduled for October, 

1999). 

The final report will be produced six months following the completion of the 
last survey (approximately March 2000). It will document the lateral extent and 
thickness of the deposited sediments and the elevation and volumetric changes that 
the sediment has undergone during the study period. The report will contain a 
consolidation history of the placed sediments through analysis of the hydrographic 
surveys and the change in bulk properties of sediment in the collected core samples. 
The report will also document the estimated loss during dredging and placement, the 
remaining capacity of the placement area, and the sediment resuspension and erosion 
estimate for Site 92. The results of consolidation and resuspension study shall be 
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incorporated, as a separate chapter, in the overall placement effects assessment 

report. 

III.        BENTHIC COMMUNITY EVALUATION 

NULL HYPOTHESIS - There is no long term loss of the benthic community in terms of 
the multi-metric Benthic Index of Biotic Integrity (B-IBI) after placement of dredged 
material has ceased. 

STUDY ENDPOINT - This study will be performed during the Spring, Summer and Fall 
of 1998 (May, July and October 1998) before dredged material placement in Site 92. 
Then, at least 18 months after all placement has ceased at Site 92, this study will be 
repeated within the Site 92 placement area. 

OBJECTIVES 

The objectives of this study are: 

• To assess the benthic community at Site 92 to determine baseline conditions and 
to verify the re-establishment of a healthy benthic community more than eighteen 
months after completion of dredged material placement at the site. 

• To compare the results of sampling with established Chesapeake Bay 
benchmarks, including the B-IBI, to evaluate the benthic community conditions at 

Site 92. 

• To compare seasonal baseline data for Site 92 with other open-water and 
contained dredged material disposal placement sites. 

• To assess Site 92 benthic populations to determine the possible effects of the 
placement of dredged material at open-water sites in the Pooles Island complex. 

METHODOLOGY 

Baseline benthic species abundance data will be collected from seven 
locations in Site 92. Two reference stations will be used for comparison purposes. 
The reference stations have been selected based on their location away from the 
proposed Site 92 and the conditions affecting this area. In addition, two background 
stations will provide supplemental information for comparison purposes. 

1.   Sampling Locations 

Seven assessment stations have been selected in the Site 92 area (In May 
1998, five assessment stations were selected in Site 92). Additionally, two 
reference and two background stations have been selected in adjacent waters (In 
May 1998, six assessment stations were selected outside of Site 92). The two 
reference stations were selected in representative areas of varying depths and salinity 
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regimes. One background station is located in G-South and the other is located 
northeast of G-East. Three samples will be collected from each station. The latitude 
and longitude of each sampling location shall be recorded. 

2. Sampling Schedule 

The seven assessment stations, two reference stations, and two background 
stations shall be sampled in May, July and October 1998 before placement has 

occurred. 

3. Sampling Methods 

During each sampling cruise, triplicate samples shall be collected at each 
sample station. A physical description of the sediments will be recorded from each 
location for bottom sediment substrate characterization. Water quality parameters 
(including salinity, temperature, dissolved oxygen concentration, turbidity, and pH) of 
surface and bottom waters shall be measured at each location. 

4. Laboratory Processing 

Benthic samples shall be sorted and all organisms identified, to the lowest 
practical taxonomic level, and enumerated. All sample processing shall be subject to 
quality assurance and quality control procedures described in the Contractor's 

Laboratory Manual. 

5. Data Management 

Data shall be entered and edited using approved procedures to ensure 
accuracy. The data will be analyzed statistically using SAS and other 
methodologically appropriate software. All data sets will be stored on the 
Chesapeake Bay Program's VAX computer system. 

6. Data Analysis 

Benthic assemblage differences among the placement area and reference sites 
shall be identified and evaluated using appropriate ecological, statistical and graphical 

techniques. 

DELIVERABLES 

Data collected for the Site 92 benthic study shall be prepared by the Maryland 
Department of the Environment as fully documented SAS Data Sets in DEC 
VAX/VMS format. The draft report for this study element will be submitted to MES 
by January 31, 1999 (90 days after last cruise). The results of the benthic 
evaluation shall be incorporated, as a separate chapter, in the overall placement 
effects assessment report. This also includes attendance at site management and 

project status meetings. 
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V. TECHNICAL SUPPORT 

The Maryland Department of the Environment Technical and Regulatory 
Services Administration (TARSA) staff shall provide technical and regulatory support 
and advice to the Maryland Port Administration, the Philadelphia District of the U.S. 
Army Corps of Engineers and the Maryland Environmental Service, throughout the 
year. This includes coordination of the Water Quality Certification (WQC) request 
for dredged material placement, coordination of time of year restrictions and possible 

extensions of the WQC. 

VI. TECHNICAL INTEGRATION 

For the Site 92 Monitoring Plan, the Technical Integrator shall have 
responsibility for coordination of program activities by all participants, the integration 
of findings from all program elements, and the preparation of interim and final reports 
that address the overall program objectives stated earlier. 

OBJECTIVES 

The technical objectives of this element are: 

• To ensure that all elements of the data collection program are conducted in a 
coordinated and mutually beneficial manner. 

• To  provide  overall  program  QA/QC to  ensure that  program  elements  are 

meeting stated technical objectives. 

• To  conduct  overall  impact  assessments  and  prepare  program  assessment 

reports. 

The management objectives of this study are: 

• To determine from an analysis of the study findings, the magnitude and extent 
of impacts resulting from placement activity. 

METHODOLOGY 

1. Coordinate   studies   and   principal   investigators  to   maximize   efficiencies   and 

exchange information during the study period. 

2. Conduct periodic meetings of principal investigators. 

3. Verify and track cruises, deliverables and findings. 

4. Produce final comprehensive monitoring report. 

10 
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5. Produce monitoring plan for 99/00 placement activities. 

6. Coordinate monitoring activities with dredging operations. 

7. Provide overall  program  QA/QC to ensure that project elements are meeting 

stated technical objectives. 

8. To provide technical support to MPA and CENAP on future placement actions 
and monitoring plans in the Pooles Island area. 

DATA BASE MANAGEMENT 

All data submitted from all program elements shall be assembled in an 
electronic format and stored in an acceptable, archivable format. 

DELIVERABLES 

A final comprehensive report of monitoring activities from the Site 92 
monitoring program will be prepared. Interim technical reports shall also be prepared 
as necessary. Interim reports will be structured around specific issues that have been 
raised about the project and augmented to address all additional issues which have 
been identified as a result of input received during the recent project approval 

process. 

The 1998/1999 draft placement monitoring report shall be prepared in June 
2000 and shall include a description of findings of the baseline monitoring. The 
report shall include an assessment of physical impacts resulting from placement, an 
evaluation of the ability for prediction of impacts from additional placement events 
and an assessment of potential impacts from additional placement at Site 92. Such 
an evaluation shall include identification of information gaps and needs, and the 
delineation of information areas for which data of greater precision may be required. 

A 1999/2000 monitoring plan shall be prepared for MPA and CENAP 
approval, if necessary and submitted to MDE before planned placement actions at 

Site 92 or elsewhere in the Pooles Island area. 

VII.       PROJECT MANAGEMENT 

OBJECTIVES 

• To manage the contract and subcontractors in a timely manner within the 

allowed budget and schedule. 

To provide management support to the MPA and CENAP for dredged material 

placement in the Pooles Island area. 

11 
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• To provide administrative support to MPA and CENAP for the purposes of 
budgeting and scheduling future placement actions and preparing monitoring 
plans for the Pooles Island Area. 

METHODOLOGY 

1. Prepare  detailed   schedules   and   work   plans  to   ensure  timely   completion   of 
assessment report. 

2. Coordinate  routine  activities  between  all  parties  involved  including  MPA  and 
CENAP. 

3. Monitor progress on work tasks. 

4. Prepare and conduct 4 meetings if necessary for relevant committees and the 
general public. 

5. Prepare and conduct periodic coordination meetings for the clients and MES staff 
as necessary. 

6. Budget tracking and invoice payment. 

7. Monthly progress reports to client. 

8. Prepare fiscal year budgets and schedule as required by MPA and CENAP. 

9. Conduct budget reviews and projections as required by MPA and CENAP. 

10. Prepare scopes and agreements for monitoring plan elements. 

DELIVERABLES 

1. Monthly progress reports to the clients. 

2. Detailed schedules and budgets as requested by the client. 

12 
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INTRODUCTION & PURPOSE: 

This document is the Site Management Plan for the first year of open-water 
placement of dredged material at Site 92, which will occur around December 18, 
1998 to March 31, 1999. The placement method utilized in the first year will be 
controlled bottom release scow placement. This Site Management Plan is 
prepared for submittal by the Maryland Environmental Service (MES) to the 
Maryland Department of the Environment (MDE) on behalf of the Philadelphia 
District, U.S Army Corps of Engineers (CENAP) and the Maryland Port 
Administration (MPA) in compliance with Water Quality Certificate number 98-WQ- 
0003. 

The purpose of this Site Management Plan is to monitor placement 
activities, assure timely transmittal, analysis and reporting of information, and to 
recommend operational changes, if necessary. 

SITE DESCRIPTION: 

Site 92 is an open-water dredged material placement area located 
immediately south of Pooles Island in the Chesapeake Bay (Figure C-1). The site 
is approximately 934 acres in size and is estimated to provide 3.7 mcy of capacity 
when brought to elevation -14 feet MLLW. Site 92 surrounds a shallow, elongated 
basin, oriented in a northeast to southwest direction. A berm will be placed within 
Site 92 (Figure C-2), along the north and eastern edge to minimize the potential for 
material migration. 

The boundaries of Site 92 are as follows (NAD 27 coordinates): 
Beginning at the western-most point at 39 15 05.07 N, 076 17 40.37 W, 
Running thence to 39 15 52.89 N, 076 16 30.76W, 
Running thence to the northern-most point at 39 16 00.35N, 076 16 16.10W, 
Running thence to 39 15 56.19N, 076 15 59.30W, 
Running thence to 39 14 59.24 N, 076 16 02. 88 W, 
Running thence to the southern-most point at 39 14 29.95N, 076 17 01.16W, 
and running thence to the point of beginning. 

BACKGROUND: 

In order to initially obtain the required environmental permits for placement, 
environmental data collection of the Site 92 placement area was performed, and a 
joint Environmental Assessment (EA) of two proposed open-water placement 
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areas, G-East and Site 92, was prepared. The final EA, entitled Environmental 
Assessment - Designation of Aquatic Dredged Material Placement Areas G-East 
and Site 92 for Maintenance Dredging, Inland Waterway Delaware River to 
Chesapeake Bay, Delaware and Maryland Northern Approach Channel, was 
issued in July 1997, and a Finding of No Significant Impact was issued for both 
sites in August 1997. 

A Water Quality Certification (WQC) (98-WQ-0003) was issued by MDE on 
September 14, 1998 for the use of Site 92 in addition to the Courthouse Point, 
Bethel and Chesapeake City upland placement areas. On November 16, 1998, 
CENAP awarded the dredging contract to Weeks Marine, Inc. On December 15, 
1998, a Contractor/Team Meeting was held with representatives from CENAP, 
MPA,' MES, MDE, Maryland Geological Survey (MGS), and Weeks Marine, Inc. to 
discuss the dredging operations plan for Site 92 proposed by Weeks Marine, Inc. 
This work plan would be enveloped into the Site Management Plan submitted to 
MDE by MES on behalf of CENAP and MPA. On December 18, 1998, Weeks 
submitted the Dredging Operations Plan for Site 92 (Appendix I). This plan 
includes a description of the order of dredge excavation and material placement, 
the tug positioning systems, access to and from the placement area, placement 
area marking, a gridded layout of the placement area for proposed scow 
placement, and a table which designates the order of work. 

Site Management will begin with pre-placement activities (meetings and 
surveys) before the initiation of placement at Site 92. Site Management is required 
to be conducted in accordance with the monitoring plan that was submitted for Site 
92 to MDE in December 1998. The Site Management objectives, dredging 
operations, placement operations, data collection and transfer, meeting plans, and 
deliverables are discussed below: 

OBJECTIVES: 

The main objectives of site management at Site 92 are: 
• to describe the dredged material placement activities; 
• to ensure that all required information is collected before, during and 

after placement; 
• to assure timely transmittal, analysis and reporting of information; 
• to provide for a review process; and 
• to provide recommendations for future open-water placement activities. 

Monitoring of dredged material placement is used to detect trends in material 
movement and site elevations to allow for appropriate adjustments to operations. 

DREDGING OPERATIONS: 

The dredge will commence work in Acceptance Section 2 of the channel. 
Acceptance Section 1 was eliminated from the contract due to lack of available 
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material. The dredge will be supported by one tugboat and two scows. The 
dredge will progress in a southerly direction. The dredge may at any time move 
into more southerly sections of the channels in order to facilitate the construction of 
the southern half of the underwater berm. 

The total estimated quantity of material necessary to be removed from the 
channels is as follows: 

Acceptance 
Section 

Estimated 
Quantity (cy) 

2 25,698 
3 76,962 
4 91,572 
5 127,561 
6 182,682 
7 140,908 
8 24,585 
9 38,009 
10 37,803 
11 15,250 
12 20,668 
13 103,779 

Total 885,497 

Shortnose Sturgeon Observer: 

Observations for shortnose sturgeon will be performed on a daily basis by 
CENAP inspection personnel. Coordination with the appropriate agencies, 
including the National Marine Fisheries Service, will take place immediately upon 
the observation of a shortnose sturgeon in the dredge. 

PLACEMENT OPERATIONS: 

Phase I - Berm Creation: 

The first phase of placement at Site 92 (Phase I) is to create the underwater 
berm (Figure C-3). A minimum of 300,000 cy of dredged material will be needed 
to construct the northern and eastern portion of the berm. Placement of material is 
restricted to -14 feet MLLW and below. 

Weeks Marine, Inc. will start Phase I of the placement at the northern end 
of the underwater berm in the manner depicted in the attached berm construction 
and dumping schedule location (Appendix 1: pages 5-7). The drop zone for the 
berm construction is divided into cells 100' by 200' in area as seen in Figure C-3. 
Each cell is labeled and the approximate number of scow drops are included in 
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parenthesis. Material will then be placed in the southern section of the eastern 
berm. After completion, the berm is designed to have a 301-1:1 V slope with all 
slopes contained within the site boundaries. The top of the berm is designed to 
have a final constant elevation along the entire length of -14 feet MLLW. The 
towing tugboats will place each load in a predetermined cell. 

Prior to placement, the scow equipped with a Differential Global Positioning 
System (DGPS ) will be brought to a complete stop and the exact location of the 
scow and the approximate quantity of material to be placed will be recorded. The 
limits of Site 92 will be delineated with approved markers. 

Phase II- Remaining Material: 

Following the satisfactory construction of the berm, which will be 
determined by analyzing CENAP survey data, Weeks Marine, Inc. will commence 
placement of material behind the berm within the main placement area (Phase II). 
This area is divided into cells 200 by 200 feet in area. An official placement 
schedule and location table will be developed by Weeks Marine, Inc. during the 
berm construction process. A suggested placement area will be discussed during 
the Site Management meeting scheduled on January 5, 1998. Upon submission 
of the official placement schedule and location table and agreement by CENAP, 
MPA, MDE, MES and MGS that the berm was satisfactorily constructed, Weeks 
Marine, Inc. will place the remaining material within site boundaries according to 
the Site Operations Plan. 

DATA COLLECTION & TRANSFER: 

Tug Positioning: 

Each scow will be equipped with a DGPS and pressure differential gages. 
The DGPS will indicate the position of the dredge and each placement scow. The 
DGPS will be interfaced with a computer to run HYPACK computer software. This 
system will record the tugboats position on computer disk and on the computer 
monitor. This minimizes any margin of error in horizontal control for placing 
material in the chosen cell. The towing tugboat will uiilize the DGPS tracking 
system to follow a predetermined route from the Upper Chesapeake Bay into Site 
92. The same route will be followed each trip. 

Data Collection: 

Records of the overboard placement operations will be recorded on disk 
every 15 minutes. The position of the scow shall automatically be recorded when 
the scow discharges material. Scow drop locations and estimated quantity of 
material placed at Site 92 will be submitted to CENAP on a daily basis. 
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Weeks Marine, Inc. will prepare a Daily Report of Operations form and a 
Scow Discharge Report, which will be submitted to CENAP daily for approval. 
CENAP will forward this data to MES on a daily basis. 

Data forwarded to MES from CENAP will be analyzed for volume of 
material placed in the area, the duration of placement, and the location of the 
scows material is placed. Quantity and placement information will be compiled by 
MES in Excel format and will be represented graphically. Data will be used to 
generate a map of the site showing scow placement locations overlain upon the 
pre-placement bathymetry. After being analyzed and quality controlled, the data 
(compiled in the excel format) and a scow placement map will be forwarded to 
MPA, MGS, CENAP and MDE for review on a weekly basis. All parties will review 
the information promptly and will report back to MES should they find any 
discrepancies with the data. MES will then contact CENAP for verification of the 
information. 

Dredged Quantity and Placement Location: 

Upon receipt of information from CENAP, MES will review the location and 
quantity of material placed at the site on a regular basis. This data will be 
compared to the Site Management Plan for consistency. A map of the site will be 
produced with the scow locations plotted. This will enable review of operations 
and the placement of controlled bottom placed material within the placement area. 
This information will be transmitted via fax or electronic mail on a weekly basis to 
MGS, MDE, MPA and CENAP for review. All parties will review the information 
promptly and will report back to MES should they find any discrepancies with the 
data. MES will then contact CENAP for verification of the information. 

HYDROGRAPHIC SURVEYS: 

Surveys of Site 92 will be performed by CENAP prior to, during and at the 
conclusion of placement operations in order to determine placement location and 
changes in bathymetry. A pre-placement survey of the Site 92 area will be 
performed before placement activities begin in Site 92. The pre-placement survey 
is used to verify capacity and bathymetry of the Site 92 area. 

Intermediate surveys will be performed at 25%, 50% and 75% of the total 
estimated quantity of material to be dredged. Each intermediate survey will be 
compared against previous surveys and the volume of placed material and 
remaining capacity will be calculated. This volume will then be compared with the 
dredged quantity to determine volumetric changes during dredging and placement. 
Cross sections will be developed from surveys to monitor the berm and placement 
areas. The dredged material quantity and placement locations will be compared 
with previous survey maps and checked for developing trends.   Surveys will also 
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be checked to determine the limits and distribution of placed material and to 
ensure that the material is remaining within the designated placement area. 

Prior to completion of placement, Weeks Marine, Inc. will notify CENAP 
approximately two weeks prior to the last placement. CENAP will then notify MGS. 
This will allow MGS and CENAP to complete their final surveys. 

All surveys upon completion will promptly be forwarded to MGS, MDE, MPA 
and CENAP for review. 

SITE MANAGEMENT MEETINGS: 

Status update meetings will be held between the contractor, CENAP, MES, 
MGS, and MDE approximately every other week to discuss placement activities, 
proposed changes to the work plan and overall progress. If necessary, meetings 
will be scheduled more frequently. The first meeting will take place on January 5, 
1999. 

DELIVERABLES: 

Daily Deliverables: 

Placement data (Daily Operating Reports) will be forwarded to MES from 
CENAP daily. This data will be analyzed for volume of material placed in the area, 
the duration of placement, and the location of the scows as material is placed. 
Quantity and placement information will be compiled in Excel format and will be 
represented graphically. Data will be used to generate a map of the site showing 
scow placement locations overlain upon the pre-placement bathymetry. 

Weekly Deliverables: 

After the placement data has been analyzed and quality controlled MES will 
forward the data in tabular format and a scow placement map to MPA, MGS, 
CENAP and MDE for review on a weekly basis. 

25%, 50% and 75% Surveys: 

MES will compare the 25% survey performed by CENAP against the pre- 
placement survey and the volume of placed material and remaining capacity will 
be calculated. The 50% and 75% surveys will be compared against other surveys 
and the volume of placed material and remaining capacity will be calculated. This 
volume will then be compared with the dredged quantity to determine volumetric 
changes during dredging and placement. Cross sections will be developed from 
this survey to monitor the berm to ensure that the material is remaining within the 
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designated placement area. After completion, the 25% survey will be forwarded to 
CENAP, MPA, MGS and MDE for review. 

Posf Placement Surveys: 

MES will review the most recent post-placement surveys performed by 
MGS and will produce a Site Management Report on the dredging activities, 
including capacity evaluations. 

Site Management Report: 

A Site Management Draft Report will be submitted by MES to MPA, 
CENAP, MDE and MGS for review within twelve weeks of conclusion of placement 
activities. This report will consist of a summary of placement activities. The 
quantity of material placed in each area and the remaining capacity will be 
documented graphically and in a tabular format. The report will also include copies 
of all hydrographic surveys performed to date and the cross sections developed by 
MES. 

10 
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WEEKS   ^s=^—^       MARINE. INC. 
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DISPOSAL OPERATIONS PLAN 
Disposal Sits *92 

Mamtcizncs Dredging 
Staaon 162-303 to 250-440 

Inland Waterway, Deirwars River to Upper Chesspeaks Bay 
Contract 2DACW61-99-0-0001 

Revised DecCTber 18, 1998 

Orag of Dredge Ejtsav«ion 

lie dredge *549 wul commrace work in .^csptaacs Secson 1 at Staricn 201-200 md contiaue 
dredgjng southward through the next sequential Accsptance Secaons. At -Jie 3tan of -Jxe wor3£. 
the dredge #549 <*& be supoorted by one to-wng tugboat, two scows md a crewboai. 
AddiconaJ plant and equ^jment msy be added to the project as required to meet the completicm 

schedule. 

• In cooiuncrion with what wis discussed at the Deceaber 15, 199S Site *92 CoaractorrTsam 
Meeting the dredge may jua=D ahead to perfonn work in some of the more sourhera Accsptaace 
Sesaons in order to fecfitate the consenction of the southern half of the underwater beau. 

Order of Disposal 

1.^ Berm Constraction 

The first order of disposal is to construct the aorthea end of the underwater berm. The durrpmg 
schednle and location plan to perfonn this task is atached.   Tie 'drop' zone for the berm 
censrrucrion wffl be divided into cells 100' x 200* in area. Each cdl has a specilic label The 
baseline for the cell labeflmg system will start at the cartarimc of the berm. A plan view or the 
grid system layout is also xttached. 

3.> Post Berm Dgjno'mg 

Follcwing the sansSictorv construcrion of the beta, which wiE be determined by malyzmg sur/ey 
data, we ^fl commencs dumping behind the berm wirhia the main disposal area.   Tms area is 
divided into cells 200' x 200' k area. Dummng will commeace in the north quadian^ ana 
£•s1L to eas, contknotty movkg southward. Cells 16 to E5 would be 513^ than c^ 
MTto E7 and so on. .An ofical dumpmg schedule and loaction table will be developed durmg 

:ajL_ -e-c-   -. , NC;5T^ AV-^C6 UST. CSAN^BC. ^ew .6*SSV (TTO-IS-MT     (Ma :72.4C-!0     FAX: ;3Ca5 Z72-740 
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the benn con^acdnn process. Tiis is uecc^sary because j»review of progress smvey, may 
indicate varJdons aeed to be made to insure the aiigriiy of Ac benn. 

T^e toW tuHbo^s) wffl be directed to chma eaca bad in a prrdetenmed cdL lUgubr 
hydroanobic ir/evs wffl be oerfbmed to monitor ceO consnuam progwss. From these 
S^kSabe detennmediow nany loads can bepbced in my ^ven «1 M dunqpn^ eSns 
wffl be coordinated to diminate the possibx&y of material cxreedmg the disposal area fczmes. 

A5 discussed at the December 1 £, 199S Team Mesria* onr dmnpmg activities ^ be defied 
nd cocidinated to, at the very least, tnmimize the use of a drag bar to obttn the desndIb^ 
elevations. Proper aomcation will be ^en prior :o the potential use of a dng bar wtc-a this 

area. 

Tug Posjponmg SvstesBa 

AH toW tugboats will be eq^sped with DG?S Diferntial Global Posironing Systens. Tne 
DGPS wffl be aueraced with a cotcputer to run KY?ACK ccsputer soitwnre.  Tie use ot 
HY?ACK enables us to record the tugboat's position on computer disk md, as anponacLy, 
enables the t^boat to have a real sme poddon dispiayeu on a conrputer monitor in the 
wfaeelhouse, both in coordinate focn and plan view. This mmmnzes any nargs of error in 
horizontal control for dimaring in the risht eel In addition, the scow is secured directly to tae 
tnwmg tugboat for accurate honzantal control dunag ±e dumpmg operanon. 

As contnicaally required, records of the overboard disposal operations will be recorded on disk 
every 15 minutes. The disk will be subcatted to the Corps Of Engineers. A Scow Diseaarse 
Report wffl be ffled out for each scow bad of materiii. A copy of this report is auaciei 

Access To and From the Disposal Area 

The towmo t«boat will utilize the DGPS trackmg system to follow a predetermined route from 
£ ^ oSpeake »ge mto Soe «2 Disposal Are. Tne same route will be follcweu tor 

ingress and egress transit. 

Disposal .ATM Marking 

«/   i.. vf,•,,. » -oHsracmallv -eauired. will delineate the boundaries of the berm area with 

United States Coast Guard approved aaats. 



I2-1S-1S9B 3:31PM F^CM CfiSGo/'CIv. 2N'i-  -<— 

SITE NO.  92 DISPOSAL AREA -  GRO SYSiEM 

t 

ID 
11 
i   / 

D 

s 
AT 



12-i&-lSSa 3:52FM r^CM ;GE/c:v. 2N0 Fi_2CR SZS aT23 '.3' C 

SITE #92 BEP^M CONSTRUCTION 
DUMPING SCHEDULE and LOCATION Revised 12'1S/9S* 

Load 
# 

TjGX2 
2! GY2 
3! FX2 
41    FY2 

6 
7 
8 
9 

10 
11 
12 

28! 
29 
30 
31 

E5- 
DX2 
DX2 
DY2 
DY2 
DX3 
DX3 

13J DY3 
14; DY3 
15 
16 
171 CY2 
13! CY2 

Cell   |  Volume 
#     !  Cv/Load 

2.000 
2.00C i 
2,000 
2.000: 
2,000: 
2.000 | 
2.000 i 
2.000; 
2.000 
2,000; 
2.000: 
2.000; 
2,000; 
2.000 ; 

CX2 2.000! 
CX2 2,000; 

2,000 ; 
2.000 ; 

CX3 2,000 j 
CX3 2.000 j 
CY3 2.0001 
CY3 2,0001 

2,000 
2.000 
2.000 I 
2,000' 
2,000 
2.000 
2,000 
2.000 
2,000 
2.000 
2,000 

BX4. 2.Q0C 
BY4 2.000 
BY4 2.000 
BY4 2,000 
BY4 2.000 
£Y4 2.000 
BX5 2.000 
BX5 2,000 

2.000 
2.000 

BX5 2.000 
BY5 2,000 

i Cumulative r. 
!   Volume   i"-'- 

Load 
# 

19 
20 
21 
22 
231    BX3 
24!    BX3 
25;    BX3 
26'    BY3 
27 j    BY3 

BYo 
BY3 
BX4 
5X4 

32 i    BX4. 
33!    BX4 
34! 

35: 
36; 
37: 
38: 
39! 
40; 
411 
42;    BX5 
43     BX5 
44; 
45 

2,000 ii .". 
4,000 i^r 
S.000 .?•;••. 
8.000 vv 

10,000 :v: 
12,0001. 
14.000;.::' 
16,000 ;£.• 
18.000^; 
20.000 ::•;: 
22.G00;:.:: 
24,000 •{.; 
26,000 -• ;• 
28.000 P- 

30.000 !v. 
32.000 ^r 
34.000 ';/ 
36,000 1:::- 
38.000 ;•- 
40,000!;" 
42.000 ;-: 

44,000;' 
46,000 ;,/. 
43,000 'ri 
50,000 i"- 
52.000 ::: 

54.000 r. 
56.000 i-/ 
58,000^ 
60,000 !•.. 

y... 62.000 
64,000,... 

66,000 « 
68.000-- 
70.0001.. 
72.0GC [ 
74,000 : 
76.000 • 
78.000 ;:. 
80.000: 
82.000 ; 
84,000 ;. 
86.000 I 
88,000: 
90.000; 

.a 

VI 

Cell 
# 

46 
47 
43 
49 
50 
51 

«! 
53 
54' 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
56 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
si; 
82' 
83^ 
841 
85' 
86': 
87; 

as! 
89! 
so! 

BY5 
BY5 
BY5 
BY5 
BX6 
BX5 
BX3 
BXS 
BX6 
BY6 
BYo 
BYS 
BY6 
BYS 
530 
B29 
B28 
B27 
B26 
B25 
B24 
B23 
B22 
B21 
B20 
B19 
618 
617 
B16 
BX6 
BXo 
BX6 
BX6 
BX6 
BYS 
BY6 
BY6 
BY6 
BX7 
EX7 
BX7 
BX7 
BY7 
BY7 
BY7 

Volume 
Cy/Load 

2,000 
2,000 
2.000 
2,000 
2.000 
2,000 
2,000' 
2.000 j 
2.000; 
2.000; 
2.000 . 
2,000 I 
2,000! 
2,000 ] 
1.800 ' 
1,300 
1,800, 
1,800 
1,800 
1,300' 
1.300' 
1,800' 
1.800; 
1,300; 
1,800 I 
1.800' 
1,800' 
1,300! 
1,500 i 
2,coc; 
2.000 '- 
2.000' 
2.000: 
2.000 j 
2.000 ' 
2.00C' 
2,000 ; 

2,000' 
2.00C • 
2.000 ! 
2.000 : 

2.000, 
2,000 
2.000 
2,000 

Cumulative! 
Volume I 
"92.000; 
94,000 ; 

•96,000 
98,000 

100,000. 
102.000; 
104.000 j 

106.000) 
lOS.OCOj 
110.000: 
112,000; 
114.000; 

116.000! 
118.000; 
119,300; 
121,600! 
123,400: 
125.200; 
127.000; 
123,500: 
130,600 : 

132.400 ' 
134.200 
136,000; 
137.800. 
139,500; 
141,400 l 

143,200: 
145,000! 
147,000; 
149,000'; 
151,000; 
153,000; 
155,000! 
157,000; 

159,000; 
161,000: 
163,000'. 
165.000 | 
167.000; 
169,000! 
171,000; 
173,000! 

175.000 
177,000 
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Load 
# 

91 
92 
93 
94 
95! 
96! 

* i 
98, 
99 

100 
10l| 
1021 
103! 
104 j 
1051 
106: 
107! 
108 
109 
110 
111 | 
112 
113! 
114J 
115: 
116; 

1-;3| 
119! 
120; 

122! 
123 I 
1241 
125; 

Cell 
# 

Vaiume 
Cy/Load 

jCumulatiye^r 
!   Volume   iy 

-J Lead Cell 
4* 

Volume 
Cy/Load 

j Cumulative; 
'   Volume   ! 

BV7 
BX3 
BX3 
EY8 
sva 
B9 

B10 
B11 
B12 
H2 

EY3 
EY3 
EX3 
EX3 
FY3 
FY3 
FX3 
GY3 
GY3 
GX3 
HY3 
HX3 
IY3 
CY4 
CY4 
CY4 
CY4 
CX4 
CX4 
CX4 
CX4 
DY4 
DY4 
DY4 
DY4 

2.000 i 
2.000 '• 
2.000! 
2,000 i 
2.000; 
2,000: 
2.000; 
2.000 J 
2,000! 
2.000 : 
2.000 j 
2.000; 
2.000; 
2.000 | 
2,000 ; 
2,000; 
2,000; 
2,000 ; 
2.000 
2.000; 
2.000: 
2,000! 
2.000: 
2.000; 
2.000; 
2.000 - 
2.000 '; 
2.000: 
2.000! 
2.000 j 
2,000' 
2.000 
2.000 
2.000 
2,QCC 

179,000 — 
181.000^. 
183,000'^ 
185.000 fc: 
137.000 £." 
189.000 jf; 
191,000!:' 
193,000 f • 
195,000 p 
197,000 p 
199,000 '•.;;' 
201.000 Ir; 
203.000 r- 
205,000 ;'•• 
207,000 f:. 
209,000 £: 
211,000 p 
213,000;'.- 
215,000/, 
217.000';.> 
219,000 p 
221,000!'- 
223,000;;' 
225,000;.. 
227,000 '- 
229,000 -r 
231.000 c 
233,000 ;.•" 
225,000'- 
237.000 ± 
239,000!;. 
241,000;" 
243,000 p- 
245.000 

-T 

:••} 

t- 
247.000 r.:l: 

.-.Li -i 

126: 
127 
1281 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143, 
144', 
1451 
146; 
147 
148 
149 j 
150! 
1511 
152' 
153 i 
154' 
155 
156 
157 
153 
153 
160 

DX4 
DX4 
DX4 
DX4 
EY4 
EY4 
EY4 
EX4 
EX4 
EX4 
FY4 
FY4 
FY4 
FX4 
FX4 
GY4 
GY4 
GX4 
GX4 
HY4 
HY4 
HX4 
HX4 
IY4 
1X4 
JY4 
CY3 
CY5 
CY5 
CY5 
CY5 
CX5 
CX5 
CX5 
CX5 

2,000 ; 
2.000 ; 
2.000 i 
2.000' 
2.000' 
2.oco: 
2.000! 
2,000! 
2.000; 
2.000: 
2.000; 
2.000 '; 
2.000 , 
2.000 
2.000 
2.000: 
2.000 ' 
2.000; 

2.000 . 
2.000; 
2,000 
2,000 
2,000 ! 

2.000! 

2,000; 
2.000; 
2.000; 
2.000; 
2.000j 
2.000; 
2.000 j 
2.000: 
2.000: 

2.000; 
2.000'; 

247,000 ; 
249.000! 

251.000; 
253,000 [ 
255,000 
257,000! 
253,000: 

261.000! 

263,000! 
265,000; 
267,000, 

263,300; 
271,000; 
273.000. 
275,000; 
277,000 • 
273.000 ! 

281,000' 
223,000! 
285,000! 
257,000 , 
299.000 ; 
291.000; 
293,000 j 
295,000 • 
297,000] 

299.000 1 
301.000; 
303,000; 
305,000 j 
307,000 j 
309,000 '• 
311,0001 
313,000! 
315.000', 
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Load 
# 

Ceil 
# 

1611 
162! 
163 
164; 
165; 
166' 
167! 
les; 
169; 
170; 
171 ! 
172! 
173; 
174 
175 
176 
177 
178! 
179' 
180; 
1311 
182; 
183,! 
184 
185 
186 
187; 
las; 
189' 
190 j 
191 | 
1S2. 
193 | 
194; 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 | 
205; 

CX5 
DY5 
DY5 
DY5 
DY5 
DX5 
DX5 
DX5 
DX5 
EY5 
EY5 
EY5 
EY5 
EX5 
EX5 
EX5 
FY5 
FY5 
FY5 
FX5 
FX5 
FX5 
GY5 
GY5 
GXS 
GX5 
HY5 
HY5 
HX5 
HX5 
IY5 
IX5 
JY5 
JX5 
CY6 
CY6' 
CY6 
CY5 
CXS 
CXS 
CXc 
CX6 
DY6 
DY6 
DY6 

Volume 
Cy/Load 

2,000 
2.Q00 
2.000 
2,000 
2,000 
2,000 
2,000 
2.000 
2.000 
2,000 
2,000 
2,000 
2,000 
2,000 
2.000 j 
2.0001 
2.000! 
2.000; 
2,000! 
2.000; 
2,000! 
2,000; 
2.000; 
2.000 j 
2,000 
2.000 ! 

2,000 
2,000 
2,000 
2.000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2.000 
2.000 
2,000 
2,000 
2,000 
2,000 
2.000 
2.000 

| Cumulative 
Volume 
317.000:: 
319,000;, 
321,000.: 
323.000!- 
325,000 ;•. 
327,000 y 

329,000 :: 
331.000-z 
333,000;-: 
335,000 '•:- 
337,000;:; 
339,000 ?. 
341,000 £ 
343,000;" 
345,000 \'\ 
347,000 T 
349.000 v 
351.000 > 
353,000 u- 
355,000 !•" 
357.000 •-• 
359,000;,. 
361,000'.' 
363,000 •<: 
365.000 : 
367,000 l 
369.000 -j? 
371,000^ 
373,000 J": 
375,000 ::. 
377,000 f 
379,000 1;; 
381,000-;, 
383,000 f, 
sss.ooo1; 
387,000 I. 
389.000;- 
391.000;. 
393,00C:;. 
395.000?: 
397.000:, 
399,000 •• 
401.000'- 
403.000:- 

405,000 I' 

•••? i 

.—i 

•.:) 

— 1 

Load 
# 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
2U 
215 
216 
217 
213 
219 
220 
221 
222 
223 
224 
225 
226 
227 
22S 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
2^0 

Cell 

;DY6 
'DXS 
;DX6 
!DX5 
;DX6 
!CY7 
;CY7 
!.CY7 
'CY7 
'CX7 
;CX7 
;CX7 
:DY7 
;DY7 
JDY7 
!DX7 
!DX7 
iDX7 
!CY8 
|CY8 
JCYS 
;cxa 
icxa 
cxa 

•DYS 
jDYS 
jDYS 
;DX3 
I cxa 
DXS 
CY9 
CY9 
CX9 
;cx9 
DY9 
DY9 
DY9 
;DX9 
DX9 
DXS 

•Volume 
Cy/Lcad 

Cumulative' 
Volume   I 

2.000' 
2,000; 
2.000 ; 
2,000; 
2.000; 
2.000'. 
2,000 
2.000: 
2,000 ; 

2,000; 
2.000; 
2.00C: 
2,00C: 
2,oco; 
2.000! 
2.000! 
2.000! 
2.000 ' 
2.000 
2,000 • 
2,ooc; 
2.000; 
2,000' 
2,000! 
2.000! 
2,000 i 
2,000 
2,000 
2,000 
2,000 ; 

2.000 j 
2,000 j 
2.000! 
2,ooc; 
2.000 j 
2,000' 
2.000! 
2.000! 
2.000! 
2.000 ; 

407,000 
409,000 
411,000 
413,000 
415,000 

417,000 
419.000! 
421.000; ' 
423,000 : 

425.000 ; 
427.000; 
429,000: 
431,000; 
433,000 : 

435,000 
437,000! 
439.000 ! 
A^ 1.000 ' 
443.000! 
445.000 ! 
4^7,000 : 

443,000; 
451,000; 

453.000; 
453,000; 
457.QCQj 
459,000; 
461.000; 
463.000 j 
465.000 j 
467,000, 
463.000; 
471,000; 
473.000 j 
475,000 | 

477,000; 
473.000 | 
481.000 
433,000 
485,000 
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DSPASTMENT OF THE ARMY 

U.S. ARMT CORPS OF ENGINEERS 
PHILADELPHIA DISTRICT 
WANAMAZ2S BUILDING 
100 PENN SQUARE EAST 
PHILADELPHIA, PA. 19107-3390 

DATE:       fij/irke 

^•^ P. 1/7 

PLEASE DEUVEn THE FOLLOWING f AGES TO 

Name: -^/fi/V*?/ 'c&'fi  

Location: Al^  

Phone Number        ^-97^7^1 

Name of Sender:        /^y^^^^/A?         fer/fi£o>P 

Sender's Phone Number:      -Zif-tJ?-* 6iT2'  

Comments: 

NUMBER OF PAGES:     */ (INCLUDING COVE?, SHEET) 

OUR FAX NUMBER IS : (215) -ftSo-      -        6742 

If the transaction is net completed or any ether difficulties arise, 

please contact the sender as noted accve. 
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WEEKS   r-g^^—^7       MARINE. INC. 
MARINE c:CNTr!ACTCRS-SC'JlPW£.\T CENTALS 

DflEDONG C1V15ICN. 90". BEACH STRE^: =AMC£X HJ 08102     (6031 363-3363     FAX :8C9) 3«3-0r73 cr (603) 3C3-3294 

DISPOSAL OPERATIONS PLAN 
Disposal Site #92 

Mamtouncs Dredging 
Station 162-3OS to 250^440 

fclaud Waterway, Ddawara River to Upper Ciesapeais Bay 
Contnct #DACW61-99-C-0001 

Revised December IS, 199? 

Order of Dredge Kxeavition 

Hie dredge #549 w31 commeace work in Acceptance Secsoa 1 at Starian 201-200 and continue 
dredging southward througii the next sequeatial Acceptance Secdons. Ax the staK of die work. 
the dredge #549 will be supoor:ed bv one towing tugboat, two scows and a crewooat. 
AddinonaJ plant and equipment miy be added to the project as required to meet the conmletion 

schedule. 

' la conjunction wiih what was discussed at the December IS, 1998 Site ^92 CoanactorTeaa 
Meeting, the dredge nay jurcp ahead to perform woric m some of the more sourhem Acceptance 
Seaions in order to facilitate "the conscuctian of the southemhalf of the underwatsr bena. 

nrdgr of Disposal 

l.) Berm Constrocdon 

The first order of disposal is to construct the northenj end of the undawater benn. The dumping 
schedule and location plan to perform this task is Ktached.   Tlxe 'drop' zone for the berm 
construction wffl be divided into cells 100' x 2001 in area. Each cell has a specific label Tie 
baseline for the cefl labeffing system will start at the centsrlinc of the besa. A plan view or the 
•*id system layout is also sttached. 

2.Nl Post Berm Dmnp'mg 

Following the sacs&cMTv constiucrion of the bca, which wiE be determined by analyzing survey 
data, we ^ul commence dumping behind the benn wirim the mam disposal area.   Tais area is 
divided into cells 200' x 200' m area. Dunmng will commence in the north quadrant ma 
J^ess west to east, continuaily moving southward. Cells 16 to ES wouU be nlkd Am ceOs 
xVto E7 and so on. An ofeul dumping schedule and loaction table wiE be deve:oped durmg 

CCPPCSATE CP=1CS. r.8 NCST* Ab£Nu£ UST. CSANPCTO. Ngw JESS^ im»6.»9T    ISCS 272^0     FAX: t3C8) 272^7-0 
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the bom consnacdm process. This is aeccsssaiy because a reviev.- of progress surveys may 
indicaie vaiiarions aeed to be made to insure the integriry of the benn. 

Tbe towing tugboats) will be directed to dump each load ia a predetenniaed cdL Rsgular 
hydrographic sur/eys wm be performed to monitor cell construction piogrcss. From these 
surveys it" caa be detemrined how many loads caa be placed ia tay nvea eel All dumping e5bns 
will be coordiaated to eliminate the possbi&y of material exceeding the disposal area Bxahs. 

As discussed at the December 15, 1998 Team Meariag, our dmnpiag actrvities uil be designed 
and coordiaated to, at the very least, minimize the use of a drag bar to obtain the desired benn 
elevations. Proper aodncatian will be given prior to the potential use of a drag bar within this 

area. 

Tug Posmnning Systgns 

AH towing tugboats will be equipped with DGPS Difiereatial Global Posmoning Systems. The 
DGPS wili be inier&ced with a computer to run HYPACX computer software. The use of 
HYPACK enables us to record the tugboat's position on computer disk and, as importantly, 
enables the tugboat to have a real ame position displayed on a computer monitor in the 
tvhcelhousc, both in coordinate form and plan view. This minimizes any margin of error in 
hoozontal control for dumping in the right eel In addinon, the scow is secured directly to the 
towing tugboat for accurate horizontal control dunag the dumping operation. 

As contractually re<juired, records of the overboard disposal operations will be recorded on disk 
every 15 minutes. The disk will be submiced to the Coips Of Engineers. A Scow Discharge 
Report wiEL be filed our for each scow bad of material A copy of this report is attached. 

Access To and From the Disposal Area. 

The towinz tugboat will utilize the DGPS traddag system to follow a predetermined route from 
the Upper Chesapeake range into Site *92 Disposal Area. The same route will be followed for 

ingress and egress amsir. 

Disposal .Area Marking 

Weeks Marine, as conrractuallv reauired. will delineate the boundaries of the berm area with 
buoys. Toe buoys will be accunteiy placed with the isc of DGPS. T^cy will also be lighted with 
United States Coast Guard approved lights. 
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SITE NO.  92 DISPOSAL AREA -  GRID  SYSTEM 
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SITE #92 BERM CONSTRUCTION 
DUMPING SCHEDULE and LOCATION Revised 12718/95* 

Load 

2i 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
13 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 I 
29! 
30| 

31! 
32 | 

341 
35! 
36! 
37: 
38: 
39 
40 
41 
42 
43 
44 
45 

Cell 
# 

Volume 
Cy/Load 

j Cumulative:: 
!   Volume   t"- 

Load 
# 

Cell 
# 

GX2 
GY2 
FX2 
FY2 
FY2 

DX2 
DX2 
DY2 
DY2 
DX3 
DX3 
DY3 
DY3 
CX2 
CX2 
CY2 
CY2 
CX3 
CX3 
CY3 
CY3 
BX3 
BX3 
BX3 
BY3 
BY3 
BY3 
BY3 
BX4 
BX4 
BX4 
BX4 
BX4. 
BY4 
BY4 
BY4 
BY4 
EY4 
BX5 
BX5 
BX5 
BX5 
BX5 
BY5 

2,000 
2,000 
2,000 
2,000 
2,000 j 
2.000 j 
2.000 i 
2.000; 
2.000 '• 
2,000! 
2.000 
2.000 | 
2,000; 
2,000 i 
2,000! 
2.00Q; 
2,000; 
2.000! 
2,000 i 
2,000 
2,000 
2,000 
2,000 
2.000 
2,000 
2,000 
2,000 
2.000 
2.000 
2.000 
2,000 
2.000 
2.000! 
2.000 j 
2.000 j 
2.000 ! 

2,000 : 

2.000^ 
2.000! 
2.000; 
2.000 j 
2.000 i 
2.0001 
2.0001 
2,000' 

2,000 u;.... 
4,000 iv- 
6,000 .?':;.,.:• 
8.300 j:4- ~ 

10,000 -v -:• 
12,000". 
14,000 b".';; 

le.aoo ;&•':: 
18.000'^'Jr 
20.000 :: :f': 
22.000!:.:; • 
24,000 !i }¥ 
26,000 r^-. 
28.000 P--;'. 
30.000''^ 
32,000 :f '•': 
34.000'•:.•':•.. 
36,000 u::.'';- 
38.000 ;.:r:--' 
40,000 \r"- ; 
42.000 ••' 
44,000; •.' 
46,000 !;.v:j 
48,000 £::• •'• 
50,000 if;-:' 
52.000 ir""- 
54.000 r.::.:- 

56.000 K/' 
58,000 $:>:* 
60,000 ;•...-" 
62.000;; .:: 

64,000 [;;.;"• 
66,000 W: ••': 

68.000 :-?.'• 
70.000 ;.:';.• •• 
72.0CC ' 
74,000 ;• • 
75.000' 
78.300 V'*'- 
80.000 J"'.':.- 
82.000 f::i;' 
84,000 ;•;"... 
86.000 l-^ 
88.000 h::: 
90.000;:;-.: 

'•:r':.:.l 

.-1 

46; 
471 
43' 
49! 
50 • 
51; 
52 
53 
54 
55 
56 
57 
58 j 
591 
60! 
61: 
62, 
63; 
64 i 
65! 

•66; 
67' 
68! 
69! 
70; 
71! 
72! 
73! 
74! 
75! 
76! 
77' 
78'; 
79 i 
80' 
si; 
82', 
83! 841 
65' 
86; 

S7i 
88. 
89 i 901 

BY5 
BY5 
BY5 
BY5 
BX6 
BX6 
BXS 
BX6 
BX6 
BY6 
BYo 
BY6 
BY6 
BY6 
B30 
B29 
B2S 
B27 
B26 
B25 
B24 
B23 
B22 
B21 
B20 
B19 
B18 
B17 
B16 
BX6 
BXS 
BX6 
BX6 
BX6 
BY6 
BY6 
BYo 
BY6 
BX7 
BX7 
BX7 
BX7 
BY7 
BY7 
BY7 

Volume 
Cy/Load 

2,000 ; 
2.000 ; 

2.000 •• 
2,000 '• 
2.000; 
2.000 '• 
2,000 
2.000; 
2.0001 
2.000 
2.000 , 
2,000 ! 
2,000' 
2,000: 
1.800! 
i.soo: 
1,800; 
1,800; 
1,800 : 

1,300! 
1.800 ' 
1,800 : 

i.soo: 
i.aoo! 
i.aoo! 
1.800 ; 

1,800 i 
1,300: 
1,800; 
2.000 j 
2.000'' 
2.000' 
2.000: 
2.000'; 
2.000' 
2.000! 
2,000' 
2,000! 
2.00C '• 
2.oco: 
2.0CG: 

2.000, 
2.000- 
2.000! 
2.000i 

Cumulative! 
Volume I 

"92.000; 
94,000 i 

• 96,000: 
98,oco: 

100,000, 
102.000! 
104.000 
106.000; 
108.0C0J 
110,000; 
112,000! 
114.000; 
116,000; 
118.000; 
119,800; 
121,600: 
123,400: 
125.200; 
127.000; 
128,300. 
130,600: 
132.400 ! 

134.200, 
136,000 ; 

137.800 j 
139,600; 
141,400' 
143,200; 
145,000', 
147,000! 
149,000; 
151.000; 
153.000! 
155.000! 
157,000! 
159,000; 
161,000; 
163.0001 
165.000] 
167.000; 
169,000: 
171,000! 
173,000 i 
175.000 
177,000 
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Volume 
Cy/Load 

Cumulative^ 
Volume   f»^ 

.::] Lead Cell 
# 

Volume 
Cy/Load 

2.000; 
2.000' 
2.000^ 
2.000 I 
2.0001 
2.000; 
2,000; 
2,000 j 
2.000! 
2.000; 
2.000; 
2.000; 
2,000' 
2,000 j 
2,000 
2,000 
2,000 
2,000 
2.000 
2.000 
2.000 
2,000 
2,000 
2.000 
2.000 
2.000 
2.000 
2,000 
2,000 
2,000 
2,000 
2.000 
2.000 
2,000 
2,00C 

173,000 i- 
181.000 r. 
183,000 p 
185.000 h: 
137,000- 
189,000 
191.000; 
193.000 
195,000 
197,000 
199.000      . 
201.000 irT: 
203.000 r- - 
205.000 •-; 
207,000 b • 
209,000 br. 
211,000 f? 
213,000 -•= 
215,000^." 
217.000 i^-; 
219.000 €\ 
221.000!' •: 
223,000;.:' ' : 
225.000 L.;. 
227.000 r.- 
229,0001:-:, 
231.000 I?'-" 
233,000 j.";" 
235.000 r • 
237,000 v^'.' 
239,000 !;.:•; 
241,000 for 
243,000 p--'- 
245.000 pr- 
247.000 |?£: 

:-J 

:i.."T 

126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139! 
140' 
141 
142 
143, 
1441 
145 j 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 

DX4 
DX4 
DX4 
DX4 
EY4 
EY4 
EY4 
EX4 
EX4 
EX4 
FY4 
FY4 
FY4 
FX4 
FX4 
GY4 
GY4 
GX4 
GX4 
HY4 
HY4 
HX4 
HX4 
IY4 
IX4 
JY4 
CY5 
CY5 
CY5 
CY5 
CY5 
CX5 
CX5 
CX5 
CX5 

2,000 • 
2.000' 
2.000: 
2.000 ^ 
2.000' 
2.000; 
2.000! 
2,000'; 
2.000; 
2.000 i 
2,000; 
2.000'; 
2.00c, 
2.0C0 
2,000 
2.000' 
2.00C' 
2.000: 
2.000. 
2,000; 
2,000: 
2,0CC 
2,000: 
2.000! 
2,000; 
2,000; 
2.00C i 
2.000; 
2,000 j 
2.00C i 
2.000! 
2.000! 
2.00c: 
2.000: 
2.000' 

''Cumulative1: 
! Volume ! 

247,000; 
249.000; 
251.000; 
253,000 ; 
255,000 ' 
257,000 I 
259,0001 
261,000 : 
263,000; 
265.000: 
267,000, 
269.00C; 
271,000; 
273.000, 
275.000; 
277,000 '• 
279.000' 
281,000' 
253,000! 
285,000! 
257,000 ! 
289.000 ; 
291,000; 
293,CC0 j 
295,000. 
297,000' 
299,0C0J 
301,000; 
303,000 i 
305,000! 
307,000 j 
309;0C0' 
311,000! 
313,000! 
315.000', 
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Load 
# 

Cell 
# 

161 CX5 
162 DY5 
163 DY5 
164 !    DY5 
165 ;    DY5 
166 '    DX5 
167 '    DX5 
168 :   DX5 
169 '    DX5 
170 i    EY5 
171 !    EY5 
172 J    EY5 
173 i    EY5 
174 !    EXS 
175 !    EXS 
176 i    EX5 
177 j    FY5 
178 !    FY5 
179 1    FY5 
130 FX5 
131 FX5 
182 FX5 
183 GY5 
184 GY5 
185 GX5 
186 GX5 
187 HY5 
188 HY5 
189 HX5 
190 HX5 
191 IY5 
192 1X5 
193 JY5 
194 JX5 
195, CY6 
196 CY6 
197 CY6 
198 CY5 
199 CXo 
200 CXS 
201 , CX6 
202 CX6 
203! DY6 
204 DY6 
205! DY6 

Volume 
Cy/Load 

2,000 
2.Q00 
2.000 
2.000 
2,000 
2.000 
2,000 
2.000 
2.000 
2,000 
2,000 
2,000 
2.000 
2,000 
2.000 
2.000 
2.000 
2.000 
2,000 
2,000 
2,000 
2,000 
2,000 
2.000 
2,000 
2.000 
2,000 
2.000 
2,000 
2.000 
2,000 
2,000 
2,000 
2,000 
2,000 
2.000 
2.000 
2.000 
2.000 
2,000 
2,000 
2.000 
2,000 
2.000 
2.000 

Cumulative[;-"-~~'-"•••'• 'j Load 
Volume   'E-.^'-I-r.Ti     # 
317.000 r:, 
319,000'L- 

321,000-;: 
323.000 I-;". 
325,000;.-:' 
327,000 £• 
329,000 •'=: 
331.000 v~ 

333,000 ;-:r 
335,000 ^? 
337,000 ;:;:; 
339,000 ?.':: 
341,000,^ 
343,000 ;".:• 
345,000 % 
347,000 "": 
349.000 •••".•' 
351,000;-:: 
353,000 u," 
355,000 »;•.•' 
357,000 ",- 
359.000 p" 
361.0001 ' 
363.000 p 
365.000 •- 
367.000 \ 
369.000 :^ 
371,000-: 

373,000 J-: 
375.000!;; 
377,000 \- 
379,000 ^: 
381.000^;; 
383.000 •..', 
3S5.000';: 

387.000^: 
389.000 I"; 
391.000 ;'.- 
393,000 ;.•:• 
395.000 V 
397,oco :.• 

399,000 \"- 
401.000;-- 
403.000 :•» 

405,000 r' 

Cel 
* 

.—'i 

•:.! 

• A 

... ) 

.— :-i 

201 jDYB 
202:0X6 
2C3!DX6 
204 !DX6 
205 :DX6 
2061CY7 
207 iCY7 
208 ;CY7 
209!CY7 
210iCX7 
21i;CX7 
212;CX7 
213!DY7 
214;DY7 
215JDY7 

216!DX7 
217iDX7 
213iDX7 
219 CY3 

CY8 

Volume 
Cy/Lcad 

Cumulative' 
Volume   I 

220 
221 
222 
223 
224 
225 
226 
227 

CY8 
CX8 
CXS 
CXS 
DY8 
DY8 
DY8 

228iDX3 
229 iDX3 
230 
231 
232 
233 
234 
235 
236 
237 

DX3 
CY9 
CY9 
CX9 
CX9 
DY9 
DY9 
DY9 

238 :DX9 
239:0X9 
240:DX3 

2.000' 
2.000 j 
2.000 j 
2,00c: 
2,000; 
2.000! 
2,000 : 
2.000: 
2.000 ; 

2.0001 
2,000 \ 
2,000: 
2,00C: 
2,000 j 
2.000, 
2.000 j 
2.000 . 
2.000 ! 
2,000; 
z.ooc; 
2.000; 
2.000: 
2,000! 
2.000! 
2.000; 
2,000 i 
2,000' 
2,000 j 
2,000! 
2,000' 
2.000 | 
2,000 
2.000! 
2,000 I 
2,000 i 
2,000! 
2.000 I 
2.000: 
2,000 i 
2,000 i 

I 
I 

407,000 | 
409,000; 
411,000: 
413,000: 
415,000; 

417,000 
419.000: 
421,000; 
423,000 ; 

425,000 ; 

427,000; 
429,000 i 
431,000'; 
4o3,CC0: 

435,000 
437,000 
439.000! 
441,000' 
443.0001 
445,000: 
447,000: 
449,000 : 

451,000 i 
453.000| 
455,000! 
457.000! 
459,000 | 
461.000 j 
463.000! 
465.000; 

467,000, 
469,000i 
471,000! 
473,000! 
475,000 
477,000 
479.000 
421,000 
483,000 
485,000 
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SITE #92 BERM CONSTRUCTION 
DUMPING SCHEDULE and LOCATION Revised  12/18/98' 

Load 
# 

1i 2i 3! 
4! 
5| 
6: 
7j 
8| 
Q! 
•* I 

10! 
11 
12; 
13! 

u! 
15; 
16' 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 i 
27' 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
33 
39 
40 
41 I 
421 

44! 

4£j 

Cell Volume 
Cy/Load 

Cumulative? 
Volume   t 

Load 
# 

GX2 
GY2 
FX2 
FY2 
FY2 
E3 

DX2 
DX2 
DY2 
DY2 
DX3 
DX3 
OY3 
DY3 
CX2 
CX2 
CY2 
CY2 
CX3 
CX3 
CY3 
CY3 
BX2 
BX2 
BX2 
AX2 
AX2 
AX2 
AY2 
AY2 
AY2 
AY2 
AY2 
8X3 
BX3 
BX3 
BY3 
BY3 
BY3 
BY3 
AX3 
AX3 
AX3 
AX3 
AY3 

2.000 
2,000 
2.000 
2,000 
2,000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2,000 
2.000 
2,000 
2.000 
2,000 
2.000 
2.000 
2.000 
2,000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2,000 
2,000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2,000 

2,000 •-• 
4.000 
6,000 [:- 
8,000 1 

lo.oco; 
12,000;'. 
14.000 I 
16.000;.. 
18,000-' 
20.000 L 
22.000 i- 
24.000 i; 
26.000 \.~. 
28.000 £ 
30,000 ''• 
32.000 j.. 
34,000 [• 
36,000 L 
sa.ooof 
40.000 
42.000 l; 
44.000 [ 
46.000 
48,000 
50,000 
52,000 
54,000 i- 
56.000! 
58,000:. 
60.000; 
62.000 [ 
64,000 i 
66,000 I' 
68.000 ) 
70.000 j 
72.000! 
74,000 ;• 
75.000 ;• 

73.000; 
SO.OOO! 
82.000 
84,000 
86.000 
88.000 
90,000 \ 

46 
471 

49 
50 
51 
52' 
53; 
54! 
551 

57; 
58! 

1 
59, 
60; 
61; 
62: 
631 
64 
65 
66 
671 
ea; 
69! 
70 j 
71 
72 
73 
74 
75 
76 i 
77 j 
73; 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

Cell 
# 

Volume   j 
Cy/Load  i 

AY3 
AY3 
BX4 
BX4 
BX4 
BX4 
BX4 
BY4 
BY4 
BY4 
BY4 
BY4 
AX4 
AX4 
AX4 
AY4 
AY4 
BX5 
BX5 
BX5 
BX5 
BX5 
BY5 
BY5 
BY5 
BY5 
BY5 
AX5 
AX5 
AX5 
AYS 
AYS 
8X6 
BX5 
BXS 
BX5 
BXS 
BY5 
BY6 
BY5 
BY6 
BY6 
B30 
B29 
828 

2,000 
2.000 
2.000 
2,000 
2.000 
2.000 
2.000 
2,000 I 
2.000 
2.000. 
2.000; 
2.000 : 

2.000: 
2,000 : 

2.000 : 

2.000 j 
2.000 • 
2,000; 
2.000; 
2,000 | 
2.000; 
2,000! 
2.000' 
2,000 j 
2.000 j 
2.000; 
2.000! 
2.000! 
2.000 | 
2.000 
2.000 « 
2,000 | 
2.000 i 
2.000 i 
2.000; 
2,000; 
2,000 ! 

2.000 
2.000 
2.000 
2,000 
2.000 
1.800 
1,800 
1.800 

Cumulative! 
_Volume_! 

•92.000! 
94,000 ' 
96.000 j 
98,000 : 

100.000 \ 
102.000! 
104.000': 
106.000 j 
108,000 
110.000' 
112.0001 
114,000; 
116.0001 
113.000 
12c,COO 
122,000 
124,000; 
126,000; 
128,000 j 
130.000; 
132.000; 
134,000! 
136.000' 
138.000! 
140.000; 
142,000 j 
144.000 
146,000 
143.000 
150.000 
152.000 
154,000 
156.000 j 
153.00o! 
160,000 
162.000'. 
164,000; 
166.000' 
168.000; 

170.000! 
172.000; 
174,000; 
175,800: 
177.600 
179.400; 
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Load 

sT 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102; 
103! 
104! 
105; 
106! 
107 j 
108: 
109 | 
1101 
111 
112! 
113! 
114j 

US! 
117! 
118| 
119; 
120; 
121 j 
122; 
123 I 
124: 
125 I 

Cell 
# 

Volume 
Cy/Load 

'Cumulative;- j Load 
i   Volume   W: -d    # 

827 
B26 
B25 
B24 
B23 
B22 
B21 
B20 
B19 
B18 
B17 
B16 
BX6 
BXS 
BX6 
BX6 
BX6 
BY6 
BY6 
BY6 
BY6 
AX6 
AX6 
AX6 
AY6 
AY6 
BX7 
BX7 
BX7 
BX7 
BY7 
BY7 
BY7 
BY7 
AX7 

1.800 
1,800 
1.800 
1.800 
1.800 
1,800 
1.800 i 
1.800! 
1.800; 
1.800 
1.800 
1.800 
2.000 
2.000 
2,000 
2,000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2,000 
2.000 
2,000 
2,000 
2,000 
2,000 
2,000 
2.000 
2,000 
2,000 
2,000 
2.000 
2.000 

181.200;  • 
183,000 •,.••; 
184.800" •' 
186,600 ;. 
I88.400ri 
190.200:- 
192.000 r- 
193,800; 
195,600'i:; 
197,400 f 
199.200 L 
201.000'" 
203,000; 
205,000;-' 
207,000" 
209.000 l 
211.000- 
213.000 [:• 
215.000 j"' 
217.000 h 
219.000 [' 
221.000'- 
223,000 '"• 
225.000 =' 
227,000 ;<; 
229,000 ' 
231.000 
233,000 
235.000 
237,000: 
239.000; 
241.000! 
243,000 [. 
245.000 
247,000 

126 
127 
128 
129 
130 
131 
132 
133 
134 
135! 
136; 
1371 
1381 
139; 
140 

Cell 
# 

AX7 
AY7 
BXS 
8X8 
BY8 
BY8 
AX8 
AY8 
B9 
A9 
B10 
A9 
B11 
All 
B12 

Volume 
Cy/Load 

Cumulative 
Volume 

2.000 
2,000 
2,000 
2.000 
2,000 
2.000 
2.000 
2.000 
2.000 
2.000 
2,000 
2,000 
2,000 
2,000 
2,000 

247.000 
249.000 
251,000 
253.000 
255.000 
257.000 
259,000 
261.000 
263,000 
265,000 
267,000 
269,000 
271,000 
273,000 
275.000 

•This schedule dees not include the deposition of material in row 1. 
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SITE #S2 BERM CONSTRUCTION 
DUMPING SCHEDULE and LOCATION Revised 1/5/39 

Load 
# 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
3S 
40 
41 
42 
43 
44 

Cell 
# 

GX2 
GY2 
FX2 
FY2 
FY2 
DX2 
DX2 
DY2 
DY2 
DX3 
DX3 
DY3 
DY3 
CX2 
CX2 
CY2 
CY2 
CX3 
CX3 
CY3 
CY3 
BX3 
BX3 
BX3 
BY3 
BY3 
BY3 
EY3 
BX4 
BX4 
BX4 
BX4 
BX4 
BY4 
BY4 
BY4 
BY4 
BY4 
BX5 
BX5 
BX5 
BX5 
EX5 
BY5 

Volume 
Cy/Load 

Cumulative 
Volume te 

Load 
# 

Call 
# 

Volume 
Cy/Load 

Cumulative 
Volume   I 

2.000 
2,000 
2,000 
2.000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2.000 
2,000 
2.000 
2,000 
2.000 
2.000 
2,000 
2.000 
2.000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2.000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2.000 
2.000 
2,000 
2.000 
2,000 
2,000 
2,000 
2,000 

2,000 
4,000 
6,000 
8,000 

10,000 
12,000 
14,000 
16,000 
18,000 
20,000 
22.000 
24,000 
25,000 
28,000 
30,000 
32.000 
34,000 
36,000 
38,000 
40,000 
42,000 
44.000 
46,000 
48.000 
50,000 
52,000 
54,000 
£6,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,CC0 
80.000 
82,000 
84,000 
86,000 
88,000 

-V; <<vci" 
li'.-.-Jc--^ 

->r.v-i.--'.r, 
; —- *r.o^- .**• i 

•*~.:'V.'' 

^•:. 

•"551 

!• • ^ata.';• -i 

>•.•'- .V.-V.51 

45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

•---r-A^ 56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 

BY5 
BY5 
BY5 
BY5 
BXS 
BX6 
BX8 
BX6 
BX6 
BY6 
BY6 
BY5 
BY6 
BY6 
BXS 
BXo 
BXS 
BXS 
BXS 
BYS 
BY6 
BYS 
BYS 
BX7 
BX7 
BX7 
BX7 
BY7 
BY7 
BY7 

2.000 | 
2,000; 
2.0001 
2,000 
2,000 
2,000: 
2.000 
2,000 
2,000' 
2.000 i 
2.000! 
2,000; 
2,000: 
2.000 | 
2,000! 
2,000! 
2,000 
2,000 
2,000 
2.000 
2,000 
2,000' 
2,000 I 
2,000 j 
2,000; 
2.000 
2.000 
2.000 
2,000 
2,000 

9CCC0 i 
S2,:CQJ 
94,000; 
36,000! 
38,000 

100.000' 
102.000' 
104,000 
106.000! 
108,000', 
110,000 
112,000 
114,000: 
116,000 j 
118,000 
120,000' 
122,000 I 
124,000! 
126.000; 
128.000 j 
130,000 j 
132,000' 
134,000' 
136,000 
138,000 
140,000 
142,000 j 
144,0001 
146,000; 
142,000; 
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Load 
# 

Cell 
# 

Volume 
Cy/Load 

Cumulative ^zkjq 
Volume   ^"'"•?l 

Load 
# 

Cell 
# 

75 BY7 2,000 
76 BX8 2,000 
77 BX8 2,000 
78 BY8 2,000 
79 BY8 2,000 
80 EY3 2.000 

81 EY3 2.000 
82 EX3 2,000 
83 EX3 2,000 
84 FY3 2,000 
85 FY3 2,000 
86 FX3 2,000 
87 GY3 2,000 
88 GY3 2,000 
89 GX3 2,000 
90 HY3 2,000 
91 HX3 2,000 
92 IY3 2,000 
93 CY4 2.000 
94 CY4 2,000 
95 CY4 2.000 
96 CY4 2,000 
97 CX4 2,000 
98 CX4 2,000 
99 CX4 2,000 

100 CX4 2,000 
101 DY4 2,000 
102 DY4 2,000 
103 DY4 2,000 
104 DY4 2.000 

150.000 ^--3 
152,000 
154,000 l^/^i 
156.000 %SM 
158,000^^ 
160,000^g^i 
162,000 fefej 
164,000 g&^J 
166.000 |£|g 
163,000 |~p^ 
170,000 p$^j 
172,000 ;^K:^ 
174,000 jN^pi 
176,000 ;|^,:H 

178,000 S^i 
lao.oco g^Hy 
182,000 ^'gf.'! 
184.000 ^:-^>j 
186.000 ^M4 
188,000 p^ 
190,000 p^gj 
192.000^?^ 
194,000^^ 
196,000^1 
198,000^^! 
200,000 feii'Ssj 
202,000 p^| 
204.000 ffisZrjd. 
206,000 ptT1 

208,000^1^ 

•.-a?*-.- 

105 i 
106! 
107 
108 
109 
110 
111 
112 
113 
114 
115| 
116! 
117! 
118 
119. 
1201 
121 | 
122, 
123: 
1241 
125 
125' 
127 
128 
129 
130 
131 
132 
133 | 
134 | 
135; 
136 
137 
138 
139 

DX4 
DX4 
DX4 
DX4 
EY4 
EY4 
EY4 
EX4 
EX4 
EX4 
FY4 
FY4 
FY4 
FX4 
FX4 
GY4 
GY4 
GX4 
GX4 
HY4 
HY4 
HX4 
HX4 
IY4 
IX4 
JY4 
CY5 
CY5 
CY5 
CY5 
CY5 
CX5 
CX5 
CX5 
CX5 

Volume 
Cy/Losd 

Cumulative \ 
Vciur.e   i 

2,000; 
2,000'! 
2,000 | 
2,0CO ; 
2.CC0! 
2,000; 
2.CCG j 
2,000; 
2,oco: 
2.CC0J 
2,000 
2.000 
2.000 i 
2.0001 
2.000! 
2,000 j 
2,000 
2,000; 
2,000 j 
2,000: 
2.000 | 
2,000 j 
2.000 
2,000 
2,000 
2.000 
2,000 
2,000 
2,000 
2,000 
2.000 
2,000 
2,000 
2,000 
2.000 

210, COO, 
2-2,000; 
214,000! 
215,000,' 
218,000 j 
220,200; 
222.000; 
224,000 
225,000; 
225,000 | 
230,000! 
232,000 j 
234,000 j 
236,000 :. 
238,000 | 
240,000'; 
242,000! 
244.000; 
246,000 j 
248,000! 
250,000 j 
252.000; 
254,000 
256,000 
258.000 
260,000 
262,000 
264,000 j 
266,000; 
263,000! 
270,0001 
272,000! 
274,000; 
276.0001 
273.0001 
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Load Cell Volume Cumulative '^«§ j Load      Call 
1 

Volume Cumulaiive 
# # Cy/Load Volume   ;«§SSi rr         1           »r Cy/Lcad Vciu~= 
140 CX5 zooo !     280.000^3^      165, DYS 2.CC0 j      370,000 
141 DY5 2,000 232,000^5^2      136 DXS 2,CC0 ;      272,:CC 
142 DY5 2,000 284,000 2^gj      187 DX6 2,0CO j      374.000 
143 DY5 2.000 286.000 :S2fr3& ]      168:DX6 2.000 |      375,000 
144 DY5 2.000 238,000 ?}%#: d      ISQjDXS 2,000 1      378.200 
145 DX5 2,000 230,000 j-%# 190|CY7 

131 CY7 
2,000 j      380,000 

146 ;    DX5 2.000 292.000^:2$ 2.CCC |      382,000 j 
147 DX5 2.000 2S4.0G0 ^^: ?      1S2:CY7 •                         1 2.0C0 ;      384,000 
148 I    DX5 2,000 296,000 -^M <      193 CY7 2,000 386,000 
149 EY5 2,000 2SQ,0QC^WC 1S4 CX7 2,000 !      388,000 j 
150 EY5 2.000 300,000 ^^ 195 CX7 2,000 390,000; 
151 EY5 2.000 302.000 £!rg-£ 1S6 CX7 2,000 392,000! 
152 EY5 2,000 304.000 [^X 1      197.DY7 2.000 394,000 j 
153 EX5 2,000 306,000 ^^g i      1S8:DY7 2,000 396,000: 
154 EX5 2,000 308.000 :^f 1SSpY7 2,000 398,000! 
155 EX5 2.000 310,000'*%^ 2C0;DX7 2.000 400,000 
156 FY5 2,000 312,000 ^M 201 DX7 2,000 402,000; 
157 FY5 2,000 314,000 ^gg 202 0X7 2,000 404,000 ! 

158 FY5 2,000 316,000;^^ 203iCY8 2,000 406,000; 
159 FX5 2,000 318,000 gp, 204 CY8 2,000 408,000 j 
160 FX5 2,000 320.000 !@%f 

322,000 il-tei 
205 CYS 2,000 4io,oco: 

161 FX5 2,000 2C6 iCXE 2,000 412,000! 
162 GY5 2,000 324,000 g^g 207 CXB 2,000 414,000 j 
163 GY5 2.000 325.000 i^fs? 208 cxa 2,000 416,000.. 
164 GX5 2,000 328.000 -V^I 209 DYS 2.000 418,000 
165 GX5 2,000 330,0001$1-: 210 DY8 2,000 420,000 
166 HY5 2,000 332,000 f}^: 211 DYS 2,000 422,000 
167 HY5 2.000 334,000 ^&a 212 DX8 2.000 424,000 
168 HX5 2,000 336,000 p~Z$?. 

338,000 ^^ 
340,000 ggpv 

213 DX8 2.000 426,000! 
169 HX5 2,000 214 DXS 2.000 428,000 
170 IY5 2,000 215JCY9 2,000 430,000 
171 IX5 2,000 342,000 ^V^ 216 CY9 2,QOO ; 432,000 
172 JY5 2,000 344,000'^% 217 CX9 2,000 434,000 
173 JX5 2,000 346,000 fe^ 218 CX9 2.000 436,000; 
174 CY6 2,000 348,000 M0Z- 

35o,oco p^: 
219 DY9 2.000 438,000 ^ 

175 CY6 2,000 220 DY9 2,000 4^0.000 
176 CY5  • 2,000 352.000^^1^ 221 IDY9 2,000 442.000 j 
177 CYS 2.000 354.000 ^f^j ??? JDX9 2.000! 444,000' 
178, CX6 2,000 356,000 If-.^iS; 

358,000 ]0;^A 
223 DX9 2,000 446,000 ! 

179 CX6 2,000 224'0X9 2,000 448,000 
180 CX6 2.000 360,000 '(Ct^ ] 

t 
1 
i 

181 CX6 2,000 362,000 fe'-^^Ii 
182 DYS 2,000 364.CC0;jp^] l 

i 

183 DY5 2,000 366,000 fZ'i^Xi i 

184 DY6 2,000 368, CCO ^^ i 
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REVISED: 14-Feb.B9 
Load Cell Volume Cumulative Load Cell Volume Cumulative 

# # Cy/Lcad Volume # Cy/Load Volume 
225" BY10- 2,000 460.000 

..'.'•.". 
270 DY4 2,000 540,000 

226 BX10 2,000 452.000 271 DX4 2 000 -542,000 
227 CY10 2,000 454,000 272 DX4 2,000 544,000 
228 CX10 2,000 456,000 i     •. 273 j    EY4 2,000 548,000 
229 CX10 2,000 458,000!' 274:   EX4 2,000 548,000 
230 DV10 2.000 460,000 275,    FY4 2,000 550,000 
231 DY10 2.000 462.000   ..."• 2761    FX4 2,000 552,000 
232 DX10 2,000 464.000 277 2,000 554,000 
233 DX10 2,000 466,000 278! 2,000 556,000 
234 DX10 2.000 468,000':    • 279! 2,000 558,000 
235 CX2 2.000 47o,ooo:  •••••.•• 280 2.000 560,000 
236 CX2 2,000 472,000  ..",.-: " 281 2.000 562,000 
237 DY2 2,000 474,000 "-::". 262 2,000 564,000 

238 DY2 2,000 476,000 ' ".'.'• .••:'.; 233; 2,000 566,000 1 

239 DY2 2,000 478,000 
....   •   . 

264 2.000 568,000 
240 DX2 2,000 480,000 ••'.   . 285, 2,000 570,000' 
241 EY2 2.000 482,000 286, 2,000 572,000 
242 EX2 2.C00 484,000 287 2,000 574,000; 
243 EX2 2,000 486,000 ..::. 288: 2,000 576,000 
244 FY2 2.000 488,000     •„••••:•; 289 2.000 578,000 
245 FX2 2,000 490,000 ;'"'•" 290 2,000 580,0001 
246 EY3 2.000 492,000 ' ":•. • 291 2.000 582.000; 
247 BY3 2,000 494,000   .''•- 292 2.000 584,000 
248 BY3 2,000 496,000 !"'• "• 293; 2,000 586,000 

1              i 

249 BX3 2,000 498,000! 294: 2,000 588,000' 
250 BX3 2.000 500,000     "••    ' 295 2,000 590,000' 
251 CY3 2.000 502,000!     • ' 296; 2,000 592,000, 
252 CY3 2,000 504,000 . :.•=•. . 297 !         2,000 594,000 
253 CX3 2,000 506.000' 298               i        2.000 596,000 \ 
254 CX3 2,000 508,000 299! 2.000 598,000; 
255 DY3 2,000 510,000 3001 2,000 600,000, 
256,' DY3 2,000 512.000 301, 2.000 602,000 
257 I DX3 2,000 514,000 :: 302! 2,000 604;000 1 

256 DX3 2.0C0 516,000            • 303 2,000 606,000 j 
259 EY3 2.000 516,000,' ;\.- 304 !        2,000 608,000 

260 EX3 2.000 520.0001' 305 2,000 610,000 ! 

261 GY3 2.000 S22.0CC;   .    .       306 2,000 612,000 

262 BY4    ' 2,000 524,000- 307; 2,000 614,000 

253 BY4    i 2,000 526,000 306' 2.000 616,000 i 
264 BY4 2,000 528.000'   , 309 2,000 I        618,000 

265; BX4 2,000 530,000;..       !      310 2,000 620,000 

265 BX4 2,000 532. CCO | 311 2,000 622.000 : 
I 

267 CY4 2.000 534,000 312 2,000 '        624,000, 

268 CY4 2.000 536,000      • 313, 2,000 625,000 

269; CX4 2.000 535, CGO 314 2,000 628,000 
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122 

REVISED: 19-F«b-W 

Load Call Volume Cumulativs '. Load Cell Volume Cumulative j 

# 
BY10 

Cy/Load Volume 
•'•'•'•:':rr: 

# tt Cy/Load 
2,000 i 

Volume    i 

225 2,000 450,000 270 DY4 540,000; 

226 BX10 2,000 452.000 ." 271 DX4 2,000 542,000: 

227 CY10 2,000 454,000:    •••:••••• 272 DX4 2,000 544,000: 

229 CX10 2,000 456,000   ..;.•..:: 273 EY4 2.000 546,000] 

229 CX10 2,000 458,000 i :;:; 274 EX4 2.000 i 548,000; 

230 DY10 2,000 460,000    ' • ':•:.• 275 FY4 2,0001 550,000 

231 DY10 2,000 462,000 I V"-: 276 FX4 2.000: 552.000' 

232 DX10 2,000 464,000.   •••^ 277 BY9 2,000; 55^,000 

233 DX10 2,000 466,000; """::::,v 278 BY9 2,000 i 556,000! 

234 DX10 2,000 468,000 j   .'-T 279 BXS 2.0COJ 558,000: 

235 CX2 2,000 470,000! '•';•.::•:• 230 BXS 2,000 560,000' 

236 CX2 2,000 472.000 " .•••;'•'; 23^ BY10 2,000 562,000. 

237 DY2 2,000 474,000  ":',:'•.•. 282 BX10 2,000 564,000'. 

238 DY2 2,000 475.000 .  . • 283 BX10 ZOCOj £66,000 

23S DY2 2,000 473,000'   ..•..:.• J     294 CY10 2.000 ! 568,000 

240 DX2 2,000 480,000 285 CY10 2,000 570,000 

241 EY2 2,000 482,000 ' ,.V.'';. 286 CX10 2,000 572,000 . 

242 EX2 2.000 484.0001'   •:';•• 287 CX10 2,000 574.000 : 

243 EX2 2.000 486.000;:: ••••• 288 DY10 2,occ; 576,000' 

244 FY2 2,000 488,oco ':'-:•:••;. 28S DY10 2.000 578,000' 

245 FX2 2.000 490.000 j   V-;-:- 290 DX10 2.000 •• 580,000 ! 

246 BY3 2,000 492,000 i"'r::;'. 291 DX10 2.000' 582.000! 

247 BY3 2,000 494.000:. 292 BY11 2.000 584,000 ; 

248 BY3 2,000 496,000 293 BX11 2,000 566,000] 

249 BX3 2,000 438,000 294 CY11 2,000' 588,000! 

250 BX3 2,000 500,000 
. 

295 CX11 2,QOO ; 590,000; 

251 CY3 2,000 502,000 296 DY11 2,000 ; 552.000: 

252 CY3 2.000 504,000 297 DX11 2fooo; 594.000, 

253 CX3 2,000 506,000 ... ;• 298 DY12 2,000! 556,000 

254 CX3 2.000 508,000 r.:.:.;. 299 DX12 2,000; 558,000 

255 DY3 2,000 510,000 '" '••'..•'..'::•! 300 DY13 2,000: 600.000 

256 DY3 2,000 512,000 '.' ' 301 DX13 2,000 j 602,000 

257 DX3 2.000 514,000 ..-  • • 302 DY14 2,000 • 604,000 j 

258 DX3 2,000 516,000 •:'•-•. 303 DX14 2,000. 606,000; 

259 ,    EY3 2,000 518,000;. '•••••_ 3C4 DY15 2,000 \ 608,000 | 

260 EX3 2,000 i        520,000 305 DX15 2,000; 610,0001 

251 GY3 2.000 522,000 1  '•'':''•• 306 DY16 2.000, 612,000 | 

262 BY4 2.000 524,000; ...'•:•,. 307 ;   0X16 2.000- 614,000 

263 BY4 2.000 '        525,000 j 308 
I zcoo: 616,000 | 

264 BY4 2.000 526,000;'.:.. 3C9 
] 

2,000 eie.cco: 

265 EX4 2,000 530,000   :••:-• 310 2.000. 620,000 

266 EX4 2.00C 532,000   ' :'•••>-•• 311 ; 2.000 j 622,000 • 
i 

257 CY4 2,000 !        534,000 312 i 
2,000 624,000, 

268 CY4 2,CCC 536,000   ..•.-.-" 313 2.000 626,000 ; 

269 i     CX4 2,000 j        538,300 314 2. COO; 623,000, 



'FEB. 16. IrSS1-"  7:55Arri      'hnvIG-1. IGiN llrixMiC 122B47S2'*?? iNo.rcc 11^ . -IS 

Load 
#_ 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 

248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 

261 
262 
263; 
264; 
265; 
266 
267 
268 

269 

Cell 

BY10 
BX10 
CY10 
cxio 
CX10 
DV10 
DY10 
DX10 
DX10 
DX10 
CX2 
CX2 
DY2 
DY2 
DY2 
DX2 
EY2 
EX2 
EX2 
FY2 
FX2 
EY3 
BY3 
BY3 
BX3 
BX3 
CY3 
CY3 
CX3 
CX3 
DY3 
DY3 
DX3 
DX3 
EY3 
EX3 
GY3 
BY4    j 
BY4    ! 
BY4 
BX4 
BX4 
CY4 
CY4 
CX4 

Volume 
Cy/Load 

2,000 
2.000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2.000 
2.000 
2,000 
2,000 
2,000 
2,000 
2,000 
2.000 
2.000 
2,000 
2,000 
2,000 
2.000 
2,000 
2,000 
2,000 
2.000 
2,000 
2.000 ; 
2,000. 
2,000' 
2,000 
2,000 
2,000; 
2,000 
2.0001 
2.000! 
2.000 | 
2,000' 
2,000 j 
2,000 | 
2,000 j 
2,000 
2,000 
2.000 
2.000 

Cumulative 
Volume 

460,000 
452,000 
454,000 
456,000 
458,000 
460,000 
462.000 
464.000 
466,000 
468,000: 
470.000 j 
472.0001 
474,000 
476.000 [ 
478,000 
480.000 
482,000 
484,000 
486,000 
488.0001 
490,000 
492,000 
494,000 
496,000 
498,000 
500,000 
502,000 
504,000 
506.000 
508,000 
510,000 
512,000 
514,000 
516,000 
516,000 

520,000 
£22.000 
524,000 
526,000 
528,000 
530,000 
532.000 
534,000 
536,000 
53S,C00 

Load 
# 

Cell 
# 

270 
271 

272 
2731 
274 
275, 
276! 
277 
278 
279' 
280' 
281 
282 
233 
284 
265 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 

305 

306' 
3071 
3081 
309 
310 
311 
312 
313 
314 

DY4 
DX4 

DX4 
EY4 
EX4 

FY4 
FX4 

REVISED: 
Volume 
Cy/Load 

14-Feb-99 
Cumulative 

Volume 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000, 
2.000; 
2.0001 
2,000 
2,000! 
2,000; 
2.000 j 
2.000 
2,000; 
2,000 
2.0001 
2,000! 
2,000: 
2,000; 
2,000 
2,000 
2.000 
2.000, 
2,000 
2.000' 
2,000 
2,000 
2,000; 
2,000 : 

2,000 
2,000 
2,000; 
2,000; 
2,000 j 
2,000 ! 

2,000 ' 
2,000 
2,000 , 

540,000 

542,000 
544!000 

546,000 
548,000 
550,000 
552,000 
554,000 
556,000 
558,000 
560,000 
562,000 
564.000 
566,000 
568,000 
570,000' 
572,000! 
574,000 
576,000 
578,000 
580,000; 
582,000: 
584.000 I 
586.0001 
588,0001 
590,000' 
592,000 
594,000; 
596,000; 
598,000; 
600,000: 
602.000 • 
604,000: 
606,000 i 
608.000! 
610,000! 

612,000 
614,000 
616,000 i 
618,000 
620,000 
622,000 
624.000 
626,000 
628,000 



K 
X|Y 

J 
X|Y X|Y 

H G 
X|Y X|Y XIY X;Y 

D 
XIY 

C 
X!Y 

B 
XIY 

A 
XIY 

2,000 CY SCOW - 

4,000 CY SCOW - 

MARYLAND 
ENVIRON 
SERVICE 

^M. ENVIRONMENTAL 
SITE 92 BERM 

PLACEMENT PLAN 
(REVISED 3/5/99) 
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riMR-es-??   oa:*6   pn     WEEKS.WARIHE. IHC j22»*7sa477 P. B3 

4,000 yd* SCOW DUMP PLAN 
REVISED: 05.Mar*9 

Load Cell Volume Cuimialive [ Load Cifl Volume Cumulative 

» # Cy/Load Vdumc    !:••:•• # # Cy/Load Volume 

1 EYE 3,200 3,200;   -•• 46 FX10 3.200 147,200 

2 EX5 3.200 6,400;..   .: 47 GY10 3,200 150.400 

3- FY6 3,200 9,600 j . 48 GY10 3,200 153,500 
4 FYS 3,200 12,800 48 GX10 3,200 156,300 

5 FX8 3.200 16,000 50 GX10 3,200 160,0001 

6 FX8 3.200 19,200 51 EY11 3,200 163,200 i 

7 GY6 3,200 22,400 52 EX11 3.200 166,400 

8 GY5 3,200 25.600! 53 FY11 3.200 169.600 
9 GX6 3.200 28.300 54 FX11 3.200 172.800 

10 GXS 3.200 32.000 55 GY11 3,200 176,000 
11 EY7 3.200 35.200 -   ". 55 GX11 3,200 179.200 

12 EX7 3.200 38,400 . .: 57 GX11 3,200 182.400 
13 EX7 3^200 41,600 .'" 58 3.200 185.600 
14 FY7 3,200 44,500 i :"..-;"" 59 3,200 188,800 f 

15 FY7 3.2C0 48,000;   " 60 3,200 192.0C0 

16 FX7 3,200 51,200.   '••••• 61 3.2C0 195,200, 

17 FX7 3.2C0 54,400 ... 62 3,200 196,400: 
18 GY7 3,200 57,600 63 3,200 201.500! 
19 GY7 3.200 60,800 64 3,200 204,900 J 
20 GX7 3.200 64,000 '    . ' 65 3.200 208,000; 
21 GX7 3,200 67.200 66 

• 

3.200 211,200 

22 EY8 3.200 7C.4C0 67 3.200 214,400 
23 EXS 3,200 73.600    •'••   • 68 3.200 217,600 
24 EX8 3.200 76.8001     • 63 3.200 220.500 

25 FY8 3.200 80.000.   '••.••• 70 
. 3.200 224,000 

26 FY8 3,200 83,200; 71 3,200 227,200; 
27 FX8 3,200 86,400      • . 72 3(2CC 230.400! 

23 FX8 3.200 89.500-   :•• •• 73 3,2C0 233,500 

29 GYS 3.200 92.800   • ' 74 3,200 236,900 

30 GY8 3,200 96.000;. 75 3,200 240,000 
3-1 GX8 3.200 99,200; 75 3,20C 243,200 

32 GX8 3.200 102.400, . • 77 3.200 246,400 

33 EY9 3.200 105,600! ' 73 3.200 249,600 
34 EXS 3.200 106,800 79 3.200 252,800 

35 FYS 3.200 112.000 80 3.200 256,000 

36 FYS 3,200 115,200 .- 81 3.200 259,200 

37 FX9 3,200 118,400 B? • 3.200 262.400 

38 FX9 3,200 121,500 83 3.200 265,600! 

39 GYS 3,200 124.500, 84 1 3,200 1        268,800 

40 GY9 3.200 128,000   '   . 85 3,200 '        272.000 
41 GXS 3,200 12*> ,200 86 3.200 275,200 | 

42 GX9 3.200 134.400 | 87 3.200 278.400 j 

43 EY10 3.200 137.600; 88 3,200 1        281.600 

44 EX10 3.200 140,800 89 3.200 ;       284,8001 

45 FY10 3.200 144.000 90 i 3,200 |       288,000 
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Load 
# 

Call 
# 

315 
316 
317 
318 
319 
320 
321 
322 
323 

CY5 
CX5 
CX5 
DY5 
DX5 
EY5 
EX5 
FY5 
FX5 

324 GY5 
3251 GX5 
326! HY5 
327 HX5 
3281 IY5 
329 IX5 
330 EY6 
331 BY6 
332 BX6 
333 BX6 
334 CY6 
335 CX6 
336 DY6 
337 DX6 
338 BY7 
339 BY7 
340 CX7 
341 DY7 
342 DX7 
343 BY8 
344 BYS 
345 CX8 
346 DY8 
347 DX8 
348 U-DX3 

7f^r\   34S CX2 
29        350 CX2 
""""       351 DY2  . 

352 DX2 
353 i    EY2 
354 EX2 
355 FY2 
356 FX2 
357 !    GY2 
358 !    BY3 
359 :    BY3 

Volume 
Cy/Load 

1,850 
1,850 
1.B50 
1,850 
1,850 
1,850 
1,850 
1,8501 
1,850! 
1,850 
1.850 
1,850 
1.850 
1,850! 
1,8501 
1,850 
1,850 
1,850 
1,850 
1.850 
1,850 
1,850 
1,850 | 
1,850 i 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850j 
1,850 i 
1,850 j 
1,850! 
1.850 j 
1,850 
1,850 
1,850 
1.850 
1.850: 

Cumulative 
Volume 

u- 

468,038 i 
469,888', 
471.736, 
473,588 
475,438 
477.288? 
479,138' 
480,988 
482,838; 
484,688 i. 
486.5381 
488,388! 
490,238 j. 
492,088! 
493,938 j 
495,788; 
497.638 [ 
499,488 , 
501,338: 
503,1881 
505,039 
506,388 
508,736 
510,588! 
512,4381 
514,288 
515.138 
517.988 
519,838] 
521,588 
523,538 
525.388 
527.238 
529.088 
530,938 
532,788 
534.638 
536,488 
538,3381 
540,188! 
542,0381 
543,588; 
545,738; 
547,588; 
549,438: 

Load 
# 
360 
361 
362 
363 j 
364! 
365' 
366! 
3671 
368; 
369! 
370 j 
371: 
372! 
373 
374! 
375! 
376 i 
377; 
378 
379 
SSOj 
381; 
382; 
383! 
384, 
3851 
386j 
387 
388; 
389, 
390 j 
391 j 
392 
393 
394 
395 
3S6 
397! 
398| 
399; 
400 
401 j 
402 
403 
404 

Cell 
# 

BY3 
BX3 
BX3 
CY3 
CX3 
DY3 
DX3 
EY3 
EX3 
FY3 
FX3 
GY3 
BY4 
BY4 
BX4 
CY4 
CX4 
DY4 
DX4 
EY4 
EX4 
FY4 
FX4 
GY4 
EY5 
BX5 
CY5 
CX5 
DY5 
DX5 
EY5 
EX5 
FY5 
FX5 
GY5 

REVISED! 
Volume   ] 
Cy/Load  I 

1,850;" 
1,850; 
1,850! 
1.850 j 
1,850! 
1,850 | 
1.8501 
1.850! 
1,850, 
1,850. 
1,850! 
1,850; 
1,850 j 
1,850 
1,850 
1,850, 
1,850! 
1,850' 
1,850 
1,850 
1,850; 
1,850, 
1,850! 
1.850; 
1,850; 
1,850 
1,850 
1,850 
1.850 
1,850 
1.850 
1,850 
1,8501 
1,850 
1.850, 
1.8501 
1,850 j 
1.850 
1.850; 
1,850; 
1,850! 
1,850; 
1,850; 
1,850, 
1,850 | 

11-Mar-8 3 
Cumulative 

Volume  
551,288 j 
553,138; 
554,988; 
556,838 | 
558,688 j 
560,538; 
562.388, 
564,238; 

566,088; 
567,938 j 
569,738 • 
571,638! 
573,488; 
575,338 j 
577,188 
579,038' 
580,888 
582,738 
584,588 
586,438, 
588,288 | 
590,138; 
591,988; 
593,838! 
595,688'! 
597,538; 
599,388 
601,238 
603,088 
604,938 
606,788 
608,538 
610,488 
612,338 
614,188 
616,036 
617,888 
619,738 
621,588 
623,438 
625,298 
627,138 
628,988 
630,838 
632,688 

J 



2,000 CY SCOW - 

4,000 CY SCOW - 
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MrtR-13-99    02:23    PM        WEEKS. n«RINE- IHC 

S<2:S~   65.   ST   fcWU 

1 228 *T5 2 *?"?• P.©* 

4,000 ytto SCOW DUMP PLAN 0 
Load 
# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39: 
40; 
41 
42 I 
43, 
44 
45 

Ceil Volume Cumulative Load 
# Cy/Load Volume ••' "•'.. a 

EY6 3,200 3,200 46 
EX6 3,200 6,400 i      . 47 
FY6 3.200 9,600 48 
FY6 3,200 12,800 49 i 

1 

FX6 3.200 16,000 ./ 50! 
I 

FX6 3,200 19,200 
51 i 

GY6 3,200 22.400 62 i 
GY6 3,200 25,600 .'•__•• 53; 
GX6 3,200 28,800 54; 

GX6 3,200 32.000 .' . 55; 

EY7 3.200 35.200 56 

EX7 3,200 38.400 • ,57 

EX7 3,200 41.600 
:;Av '   - 58; 

FY7 3,200 44,300 .     :,..-. 59! 
i 

FY7 3,200 48,000 60 

FX7 3,200 51,200 •.•;:", 61 
FX7 3,200 54,400 62; 
GY7 3,200 57,600    • 63; 

GY7 3,200 60,800 64i 

GX7 3,200 64,000 65, 

GX7 3,200 67,200 " .'..••: 661 
EY3 3,200 70,400   .". 67 

EX8 3.200 73,600  .. 68, 

exs 3,200 76.800;'    .•." 69 

FY8 3,200 80.000'   . 1° 
FY8 3.200 83,200 71! 
FX8 3.200 86.400 i •'::••.' 

72 

FX8 3.200 89.6C0 73 

GY8 3,200 92,800 !"'.'.••'.••• 
74 

GY8 3,200 96.000 .   ;- 75 

GX8 3,200 99,200 •.. • 
1                                                   •          • • 

78 

GX8 3,200 •  102,400 77 

EY9 3,200 •        105,600   ' • 78 

EXS 3,200 108,300;    ••..• 79 

FY9 3,200 1l2,000i     ••••'•. 80 

FYS 3,200 115,200;     ."•;-: 81 

FX9 3.200 118,400; 82 

FX9 3,200 i        121,600,    :': 83 

GY9 3,200 124,800;     ;.': 84 

GY9 3,200 128,000 85 

GX9 3,200 131,200; 86 

GX9 3,200 J        134,400 87 

EY10 3,200 137.600    '•' 88 

EX10 3,200 140,800   '  ' ' 89 

FY'O 3.200 144.000 1 90 

Cell 
# 

FX10 
GY10 
GY10 
GX10 
GX10 
EY11 
EX11 
FY11 
FX11 
GY11 
GX11 
GX11 
EY6 
EX6 
FY5 
FY6 
FX6 
FX6 
GY6 
GY6 
GX6 
GX6 
EY7 
EX7 
EX7 
FY7 
FY7 
FX7 
FX7 
GY7 
GY7 
GX7 
GX7 
EY8 
EXS 
EXS 
FYS 
FYS 
FX8 
FX8 
GY8 
GY8 
GX8 
GX8 
EY9 

REVISED: 
Volume 
Cy/Load 

3,200 
3,200 j 
3.200 
3,200 i 
3,200! 
3,200 j 
3,200! 
3.200 | 
3,200 j 
3,200: 
3,20c; 
3,200 - 
3,200" 
3,200 •• 
3,200! 
3.200; 
3,200; 
3,200 
3,200 i 
3,200' 
3,200 j 
3,200; 
3,200 : 

3,200, 
3,200 j 
3,200 | 
3,200 j 
3,200 ; 
3,200. 
3,200 j 
3,200: 
3.200 ; 
3.200' 
3,200 j 
3,200; 
3.200 
3.200 j 
3,200; 
3.200; 
3,200, 
3,200; 
3.200; 
3,200 j 
3.200! 
3.200! 

15-Mar-99 
Cumulative 
Volume  
147,200! 
150,400 
153,600 j 
156,800; 
160.000; 
163,200 | 
166,400; 
169,6001 
172,800; 
176,000' 
179,200! 
182,400. 
185,600 j 
188.800- 
192,000; 
195,200. 
198,400 
201.600; 
204,800: 
208.000 j 
211,200, 

' 214,400! 
217,5001 
220,800', 
224,000; 
227,200 j 
230,400; 
233,600 | 
236,800 i 
240,000; 
243,200 
246,400 
249,600 
252,800 | 
256,000: 
259,200; 
262.400: 
265,600 • 
268,300) 
272,000; 
275,200; 
278,400; 
281,600 | 
284,800; 
288,000 j 
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Load Cell Volume Cumulative Load 1    Cell       Volume Cumulative 
# # Cy/Load Volume 

136 
#._ 1  Cy/Load Volume 

91 EX9 3,200 1        275,200 I 3,200 419,200 
92 FY9 3,200 278,400 f 137 3,200 422,400 
93 FY9 3.200 i        281,600[    .. 138; 3,200 j        425,600 
84 FXS 3,200 284,800; • 139 3.200 ;        428,800 
95 FX9 3,200 288,000'"' 140 3,200 432,000 
96     GY9 3,200 291,200 j'   •   • 141 3,200 435,200 
97 GY9 3,200 294.400 142 3,200 438,400 
98 GX9 3,200 297,600 143 3,200 441,600 
99 GX9 3.200 300,800 144 3.200 444.800 

100 EY10 3,200 304,000 
:. :'• • 

145! 
I 3,200 448.000 

101 EX10 3,200 307,200; 146; 3,200 451.200 
102 FY10 3,200 310,400 147 j 3,200 454,400 
103     FX10 3,200 313,600      • 148; 3,200 457.600 
104    GY10 3,200 316,800 • us; 3,200 ,        460,800 
105    GY10 3,200 320,000 150; 3,200 464.000 
106 GX10 3,200 323,200 151 3,200 467,200 
107 GX10 3,200 326,400 j 152 3,200 470,400 
108!   EY11 3,200 329,600;....'. 153;      • 3,200 473,600 
1091   EX11 3,200 332.800, 154 3.200 476,800 
110 FY11 3,200 336.000 155 3,200 480,000 
111 FX11 3.200 339.200 156 3,200 483,200 
112 GY11 3,200 342.400 157 3,200 486,400 
113 GX11 3,200 345.600 158 3,200 489,600 
114 GX11 3,200 348.800 1591 3,200 482,800; 
115 3,200 352,000 160 3,200 496.000! 
116 3,200 355,200 161 3,200 499,200 
117 3,200 3*8,400 162 3,200 502,400; 
118 3,200 ! 361,600 163 3,200 505,600 

119 3,200; 364,800 164 3,200 508.800 

120 3.200; 363,000'     '. 165; 3.200 512,000 

121 3.200 ! 371,200 166 3.200 515,200 

122 3,200! 374,400 167; 3,200 518,400 

123 3,200 37/.600 i 168, 3.200 521,600 

124 3,200 ; 380,800' 169 3,200 524,800 

125 | 3,200 i 384.0CC 170 3,200 528,000 

126. 3,200 ! 387,200; 171 3,200 531,200 

127! 3,200 390,400 j . 172 j 3,200 534,400 

128! 3,200 393,500!     ; _ 173 I 
3,200 537,600 

129 ! 3,200 396.800! 174 3.200 540.800 • 

130; 3,200 400.000 175; 3,200 544.000 

131 3,200 403.200 ' 176 3,200 547,200 

132 3.200 | 406,400 177 3,200 550.400 

133! 3,200 j 409,600; 178' 3,200 553,500 

134 3,200.; 412,800' . 179 3,200 556,800 

135 3,200! 416,000! 180; 3,200 560,000, 

© 

I 
I 
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Load Cell 
# 

315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338; 
339 I 
340 i 
341 
342 j 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357J 
358 j 
359 

CY5 
CX5 
CX5 
DY5 
DX5 
EY5 
EX5 
FY5 
FX5 
GY5 
GX5 
HY5 
HX5 
IY5 
IX5 
BY6 
BY6 
BX6 
BX6 
CY6 
CX6 
DY6 
DX6 
BY7 
BY7 
CX7 
DY7 
DX7 
BY8 
EY3 
CX8 
DY8 
DX8 
DX8 
CX2 
CX2 
DY2 
DX2 
EY2 
EX2 
FY2 
FX2 
GY2 
BY3 
BY3 

Volume 
Cy/Load 

Cumulative 
Volume 

1,850 
1.850 
1,850 
1.850 
1.850 
1.850 
1,850 
1.850 
1,850 
1,850 
1,850 
1,850 j 
1,850, 
1.850 
1.850 
1,850 
1,850 
1,850 
1,850; 
1,850 | 
1,850; 
1.850; 
1.850- 
1.850; 
1.850 j 
1,850 
1,850; 
1,850! 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850j 
1.850; 
1.850; 
1,850; 
1,850! 
1,850: 
1,850; 
1.850, 

463,038 
469.888 
471,738 
473,588 
475,438 
477,288 
479,138 
480,983 
482.838 
484,888 
486.538 
488,388 
490,238 
492.088: 
493,938 
495,788; 
497,638 
499.488 I 
501,338' 
503,188; 
505.0381 
506,888' 
508,738 
510.588 
512,438 
514,288 
516,138 
517.988 
519.338 
521,688 
523.538 
525,388 
527,238 
529,088 
530,938 
532,788 
534,638 
536,488; 
538,338J 
540,188! 
542,038; 
543,888; 
545.738' 
547,563! 
549.433 ' 

Load 

360 
361 
362 
363 
364 
365! 

366; 
367! 
3681 
369; 
370 
371! 
372! 
3731 
374; 
375; 
376! 
377 j 
378: 
379! 
38C| 

381; 
382 I 
383 
384! 
385 
386 
387 
388 
389 
390 
391 
392 
393 

_3S4^ 
'   395! 

396! 
397 | 
398 
399' 
40C; 
401! 
402;' 
403 1 
4041 

Cell 
# 

BY3 
BX3 
BX3 
CY3 
CX3 
DY3 
DX3 
EY3 
EX3 
FY3 
FX3 
GY3 
BY4 
BY4 
BX4 
CY4 
CX4 
DY4 
DX4 
EY4 
EX4 
FY4 
FX4 
GY4 
BY5 
BX5 
CY5 
CX5 
DY5 
DX5 
EY5 
EX5 
FY5 
FX5 
GY5 
BY6 
BY6 
CY6 
CX6 
DY6 
DX6 
BY7 
BY7 
BX7 
CY7 

REVISED: 
Volume   I 
Cy/Load 

1.850 
1,850 
1.850 
1,850; 
1.850 
1,850 
1,850 
1,850 
1.850 
1,850 
1,850 
1.850 
1,850 
1.850 
1.850 
1.850 
1,850 
1,850 
1.850' 
1,850! 
1,850,' 
1.850 | 
1,850 
1.850 j 
1,850! 
1,850 
1,850; 
1.850 
1,850 
1.850 
1,850 
1,850 
1,850 
1,850 
1.850j 
1.850 
1.8501 
1.850! 
1,850 j 
1,850; 
1,850 | 
1.850 
1,850! 
1.8501 
1,850' 

16-Mar-89 
Cumulative 

Volume 
551,288 
553,138 
554,968 
556,838 
558.688 
560.538 
562,388 
564,2381 
566,083 
567.938! 
569.788 • 
571,638' 
573,488; 
575,338; 
577,188 
579,038) 
580,888 • 
582,738, 
584,588 l 
586,438 
588,2881 
590,138; 
591.988; 
593,838' 
595,688' 
597,538 
599.388 
601.238 
603,088 
604,938 
606,788; 
608,638; 
610488 
612,338 
614,188; 
616,038 
617,888 
619.738 
621,588 
623,438 
625,288 
627,138 
628,988 
630,833 
632.588 

<£> 
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Load Cell Volume Cumulative Load Cell 

# # 
CX7 

Cy/Load Volume # # 

405 1,850: 623,438 450. 
406 DY7 1,850 625,288 

.»• 
451 

407 DX7 1,8501 627,138;   •• 452 

408 BY8 1,850 628,988 453 

409 CY8 1.850 630,838,  . 454 

410- CX8 1,850 632,685; 455 j 

411 BY9 1,850 634,528 \ .'•.."' 456 

412 BY9 1,850 636,388.   .,'.•' 457 

413 BX9 1,860: 638.238,.. 458 

414 CY9 1,850 640,088     •.'... 459 

415 CX9 1,850 641,938    .':: 460, 

416 DY9 1,850 j 643,738     .••••. 461 

417 DX9 1,850. 645,838  .   . 462 

418 BY10 1,850; 647.488 463 

419 CX10 1,850, 649,338 464; 

420 DY10 1,850 651,188 465 
1 

421 BY12 1.850. 653,038 466: 

422 EX12 1,850j 654.888   ".•••'•: 467 j 

423 CX12 1,850; 656,738 Y :.:• 468; 

424 BY13 1.8501 658,588!    •'., 469. 

425 DY13 1,850! 660,438    . • •••.;: 470; 

426 BY16 1,850 662,288      : 471 i 

427 BX16 1,850 664,138       .. 472; 

428 CY16 1.850 j 665.988     ..•:-.•' 473, 

429 CX16 1.850, 667,838 474, 

430 DY16 1,850 669,538 475; 

431 DX16 1,850 671.538 '. 476; 

432 1.850 673,388 477 

433 1,850 675,238 478, 

434 1,850 677.088 479, 

435 1,850 678,338 | ...„.-.. 480 

436 1.850 680.788    ' 481 

437 1,850 682,638 "' 482 

438 1,850 684,488 |.   .. 483 
1 

439 1,850 686,338 484; 

440 1,850 638,188 i2' 
441 1,850 630,038!     •••.-. 486, 

442 1,850 691,888; 487 

443 
i 
i 1,850 693,738 

1 
488 

444 
i 
1 1,850 695,568, 489: 

445 
1 1,850 697.438 490 j 

446 j 1,850 !        69£,253; 491 j 
^ _  1 

<\A7 1 1,850 !        701,133, " ' 492 

448 i 1,850 !        702,983, 
1                              '                         . 

493; 

449 
| 1,850 !        704,838 1 |      494 ; 

REVISED: 
Volume 
Cy/Load 

15-Mar-89 
Cumulative 

Volume 
1,850 
1.850 
1.850 
1,850! 
1,850 I 
1,850: 
1,8501 
1,850 j 
1,850 j 
1.850; 
1,850 
1.850; 
1,850; 
1.850! 
1,850; 
1.850; 
1.850 j 
1,850; 
1,850 
1,850 
1,850; 
1,850 j 
1.850 j 
1.850 j 
1.850' 
1,850 j 
1,850 j 
1,850 
1,850 
1,850] 
1.850 j 
1,8501 
1,850; 
1,850; 
1.850 l 
1.850- 
1,850] 
1.850; 
1.8501 
1.850; 
1,850 i 
1.850] 
1,850, 
1,850; 
1.850, 

706.688 
708.538 
710,388; 
712.238! 
714,088; 
715,938 1 
717,788; 
719,638 
721,488; 
723,338 | 

725,138; 
727.038 j 
728,888, 
730,738, 
732,568 j 
734,438] 
736,298; 
738.138; 
739,988 | 
741,838 
743,688 
745.538, 
747,388 
749,238 
751,088 
752,938 
754.788 
756,538 
758,488 
760.338 
762,188 
764,038 
755,888 
767,738] 
769,588 l 
771.438; 
773,238 j 
775,138. 
776.988] 
778,338. 
780.638] 
782,538, 
784.388, 
786,238, 

& 

788,088 
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Load 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

"37 
38 
39 
40 
41 
42 
43 
44 
45 

4,000 yd» SCOW DUMP PLAN 
0 

Ceil 
# 

EY6 
EX6 
pre 
FY6 
FX6 
FX6 
GY6 
GY6 
GX5 
GX5 
EY7 
EX7 
EX7 
FY7 
FY7 
FX7 
FX7 
GY7 
GY7 
GX7 
GX7 
EY3 
EX8 
EX8 
FY8 
FY8 
pxa 
FX8 
GY8 
GY8 
GX8 
GX8 
EY9 
EX9 
FY9 
FY3 
FX9 
FX9 
GY9 
GY9 
GX9 
GX9 
EY10 
EX1C 
FY10 

Volume 
Cy/Load 

Cumulative 
Volume 

3,200 
3,200 j 
3,200 
3.200 
3,200 
3,200 j 
3,200 i 
3,200 
3,200 j 
3,2001 
3.200 
3,200 • 
3,200 i 
3,200 j 
3,200 ] 
3,200 j 
3,200 j 
3.200! 
3,200; 

3,200; 
6,400' 
9,600 j 

12,800 
16.000 i 
19,200j 

22.400; 
25,600; 
28,800; 
32,000 
35.200 
38.400 
41.600 | 
44,800 ;' 
48,000 | 
51.200; 
54.400' 
57.6C0 | 
60.800: 
64,000 
67,200 i 
70.400 [ 
73.600; 
76,800 
80,000 
83,200 
86,400: 
89,500; 
92,800 i 
96,000; 
99.200' 

102,400! 
105.500 
108,800 
112.000 

•.._78.0C01 
80.300; 
82,500 j 
84.300 
87.200 
89,500; 
91,800 j 
94, ICC; 
96.400'; 

Load 
# 

Cell 
# 

46 i 
48 
49 
50; 
51 I 
52! 
53, 

50: 

5/1 
58! 
59! 

60: 

61 j 
62 ! 

63 
u\ 
65! 
56! 671 
68! 
69 j 
70^ 
71; 
721 731 
74' 
75 
76; 
77 
78 
79 
80 
81 
82 
83 
84 
85 
66 
87 
88 
89 
90 

FX10 
GY10 
GY10 
GX10 
GX10 
EY11 
EX11 
FY11 
FX11 
GY11 
GX11 
GX11 
EY6 
EX6 
FY6 
FY6 
FX6 
FX6 
GY6 
GY6 
GX6 
GX6 
EY7 
EX7 
EX7 
FY7 
FY7 
FX7 
FX7 
GY7 
GY7 
GX7 
GX7 
EY8 
EX8 
EX8 
FY8 
FY8 
FX8 

:    FX8 
: GYS 
j GY8 

GX8 
j GX8 

EY9 

REVISED: 
Volume 
Cy/Load 

2.300 i 
2.300 j 
2.300 j 
2.300' 
2,300 j 
2.300: 
2.300 ; 

2.300 j 
2.300 1 
2.300! 
2.300 j 
2.300: 
2,300 j 
2,300 1 
2,300 I 
2,300 \ 
2,300 j 
2.300' 
2.300; 
2.300) 
2.300 j 
2,300 j 
2,300! 
2.300 
2.300 
2,300 
2,300 i 
2.300 j 
2,300 j 
2.300; 
2.300 i 
2.300 j 
2.300 
2.300 
2.300! 
2,300 I 
2,300 i 
2,300 j 
2.300 
2.300 j 
2.300 • 
2.300 ; 
2.300 ; 
2,300; 
2.300 

1S-Mar-99 
Cumulative 

Volume 
101,000 
103,300 
105.600 
107.900 
110.200 
112.500 j 
114,800. 
117,10CJ 
119,400, 
121,700- 
124,000; 
126,300; 
128,500; 
130.900: 
133,200; 
135,5001 
137,800! 
140,100 
142,400; 
144,700; 
147,000! 
149,300 I 
151,500: 
153.900; 
155,200 
158,500 
160,300 
163.100 
165,400 
167,700 

j        170.000 
•        172,300 
I        174.600 
!        176.900; 
!        179,200; 
i        181.500 j 

183,300; 
186.100, 
186.400; 
190.7001 
193,000, 
195,300; 
197,600, 
199,900; 
202.200; 

^w YARDAIE WAS CHANGED TO SErLECT MORE ACTUAL CONDTONS. 
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Load 
1 

91 1 
921 
93 i 
94: 
95! 

97! 
981 
99 

100 
101 ; 
102; 
103 1 
104 j 
105 j 
106 
107 j 
108! 
109 | 
110! 

112 
113 
114| 

115J 

116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
123 
134 
135 

Cell 

EX9 
FY9 
FY9 
FX9 
FX9 
GY9 
GY9 
GX9 
GX9 
EY10 
EX10 
FY10 
FX10 
GY10 
GY10 
GX10 
GX10 
EY11 
EXH 
FY11 
FX11 
GY11 
GX11 
GX11 

Volume 
Cv/Load   j 

2.300 j 
2.300 ; 
2,300 ; 
2.300', 
2,300 
2,300' 
2,300 j 
2,300; 
2.300; 
2.300 j 
2.300 
2.300 j 
2,300 1 
2,300': 
2,300! 
2.300 j 
2,300 ; 
2,300 j 
2,300 j 
2.300 j 
2,300 
2,300 
2,300 
2,300 
2.300 
2,300 
2.300 i 
2.300 i 
2.300' 
2.300 • 
2,300' 
2.300 
2,300 
2,300 
2.300 
2.300 
2,300 
2.300 j 
2,300 
2.300 ; 
2,300 . 
2.300 , 
2,300 : 

2.300 i 
2.300 j 

Cumulative 
Volume 

Load 
# 

Cell 
# 

193,000 
195,300 
197.600 
199,300 
202,200; 
204,500; 
206.800'; 
209,100. 
211.400 
213,700; 
216,ceo: 
218,300 
220,500, 
222. SCO 
225,200! 
227,500':. 
229,800 
232,100; 
234,4co; 
236,700, 
23S.000; 
241,300; 
243,500; 
245.900;'. 

'248,200; 
250.500 j. 
252,800;.. 
255.1 CO j 
257,400 i 
25S.7C0, 
262.0001 
264.300. 
266,600;' 
263,900; 
271,200;' 
273,500; 
275,500 ( 

273,1001. 
280;400; 
292,700! 
285,000; 
287,300 \ 
289.500 ( 

291.900! 
294,200; 

136 
137; 
138; 
139; 
140; 
141 ' 
1421 
,«; 
1^4! 
145; 
146 j 
147- 
1481 
149, 
150 
151, 
152! 

154 j 
155 
156 
157; 
158! 
15=! 
160, 
1611 
162 j 
163; 
164 j 
165; 
166 
167 
168 
169; 

171' 
1721 
173! 
«< 
175: 

176' 
177 j 
173: 
179; 
180 

REVISED 
Volume 
Cy/Load I 

2.300' 
2.300 • 
2.300; 
2.300 : 
2,300', 
2,300 ; 
2,300 I 
2,300 ;. 
2,300; 
2.300 • 
2,300! 
2,300; 
2,300 | 
2.300'; 
2,300 
2,300' 
2,300 
2,300 . 
2,300 i 
2.300': 
2,300: 
2,300; 
2.3C0 
2.300 
2,300 
2,300 
2,300 
2.300; 
2,300 ; 
2,300; 
2,300! 
2,3001 
2,300; 
2,300! 
2.300- 
2,300', 
2.300 ; 
2,300, 
2,300' 
2.300 
2,300' 
2.300; 
2,300 | 
2.300 
2,300! 

16.Mar-99 
Cumulative 

volume 
"296,500 ; 
298,800. 
301,100! 
303.400 
305.700; 
308.000 j 
310,300: 
312.500 j 
314,900; 
317.2001 
313,500 • 
321.800; 
324.100'. 
326,400 j 
328.700' 
331,000: 
333,300 j 
335.600': 
337,900' 
340.200 
342.5C0 
344.300 
347,100 
349,400 
351,700 
354,000 
356.3001 
358,600; 
360,300 
363.200 
365,500 
367.800 
370,100 
372.400 1 
374,700: 
377,000'; 
379,300! 
381,600', 
383.900 i 

386,2C0; 
388.500 
390,800 j 
393,100; 
395,400; 
397,700', 
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Load Cell 

315 
316 
317 
318 
319 
3201 
321 
322! 
323| 
324! 
3251 
326 j 
327| 
329 
3291 
330' 
331 ' 
332' 
333! 
334 
335. 
336 
337, 
338; 
339 
340; 
341 
342 
343! 
344 
345 
346 
347 
348 
349 
350 j 
351 | 
352 | 
353; 
354; 
355, 
356' 
357| 
358; 
359' 

CY5 
CX5 
CX5 
DY5 
DX5 
EY5 
EX5 
FY5 
FX5 
GY5 
GX5 
HY5 
HX5 
IY5 
1X5 
BY5 
BY6 
BX5 
BX6 
CY6 
CX6 
DY6 
DX6 
BY7 
BY7 
CX7 
DY7 
DX7 
BYS 
EYS 
CX8 
DY8 
DXS 
DXS 
CX2 
CX2 
CY2 
DX2 
EY2    I 
EX2    I 
FY2    ! 

FX2    i 
GY2 
BY3 
BY3 

Volume 
Cy/Loag 

Cumulative 
Volume 

1.850, 
1.850 ; 
1,850' 
1.850 
1.850 
1.850: 
1,850! 
1,850! 
1,850 
1,850] 
1,850' 
1.850 | 
1.850 
1.850; 
1,850; 
1,850; 
1,850; 
1,850 i 
1,850! 
1.850! 
1,850; 
1,850; 
1.850- 
1.850; 
1.850 i 
1,850 
1,850; 
1,350 
1.850j 
1,850 
1,850 
1,850 
1,850 
1,850 I 
1.850 j 
1,850; 
1,850! 
1.850 j 
1.850; 
1,850 l 

1,850; 
1,850; 
1,850; 
1,850, 
1.850, 

468,038;. 
469,888! 
4 /1,73S i 
473,538'' 
475,438. 
477,288; 
479,138. 
480,3881' 
482,338'' 
484,388 .. 
486.5381 
488,388:' 
490,238 j 
492.088 j 
493.338!' 
495,788; 
497,638 ;• 
499.488 
501,3281 
502,188; 
505.0261 
506,886 ! 

508,738;' 
510,588 j 
512,438;" 
514,238; 
516,138 
517.988;. 
519,338- 
521.688 ' 
523,535 
525,388 ,. 
527,238; 
529,088: 
530,328; 
532,758': 

536.466," 
538.328 
540.158 ] 
542,028' 
543,588. 
545.733 ] 
547.£c3| . 
549.436 ' 

Load 
» 
360 
361 
362 
363 
3641 
365' 
366; 
367' 
368 
369 
370: 
371! 
372! 
373; 
374; 
375; 
376 i 
377; 
378; 
379': 
38C! 

381; 
382 | 
383 | 
384, 

385! 
386 | 
387 
388 | 
389; 
390! 
391 I 
392| 
393! 

_3g4- 
' 395i 

396, 
3971 
398 
3991 

401 
402; 
4C3! 
404', 

2,0 

Call 
# 

BY3 
BX3 
BX3 
CY3 
CX3 
DY3 
DX3 
EY3 
EX3 
FY3 
FX3 
GY3 
BY4 
BY4 
EX4 
CY4 
CX4 
DY4 
0X4 
EY4 
EX4 
FY4 
FX4 
GY4 
BYS 
BX5 
CY5 
CX5 
DY5 
0X5 
EY5 
EX5 
FY5 
FX5 
GY5 
BY6 
BY6 
CY6 
CX6 
DY6 
0X6 
BY7 
BY7 
BX7 
CY7 

00  ty Scti 

REVISED: 
Volume 
Cy/Load 

1.850 
1,850 j 
1.850: 
1,850 j 
1.850' 
1,850! 
1,850; 
1,850 
1,850; 
1,850 ' 
1,850 ! 

1,850! 
1.850: 
1,350; 
1.850 
1.850 
1,850; 
1.850! 
1,350! 
1,850 ; 
1.850; 
1.850 | 
1,850; 
1,850; 
1,850; 
1,850 j 
1.850 ; 
1,850; 
1,850; 
1.850; 
1,850 
1.850 j 
1,850 
1.850 j 
1.850: 
1.850 i 
1,850; 
1.850' 
1.850: 
1,850' 
1.850: 
1,850 
1,850! 
1,850' 
1,850' 

15-Mar-89 
Cumulative 

Vclume 
2881 

128' 

& 

C=' 

553 
554.988 
556 
558 
560 
562 
564 

567 
563 
571 
Zi o 
575 
577 
579 
580 
582 
534 

566 
588 
590 
591 
593 
595 
597 
589 
601 
603 
604 
ece 
608 
610 
612 
614 
616 
617 
619 
621 
623 
625 
627 
628 
63C 
632 

338 
688 
538 
388 
238: 
083 
938; 
783 
538 
488' 
328 
133; 
038; 
388' 
738; 
588; 
438 
298: 
138 
388; 
838: 
638. 
538! 
388 
238! 
088; 
938! 
788, 
638 
438 I 
338; 
188; 
038 ' 
838 
738' 
588; 
438, 
285' 
128: 

988! 
823 
538 
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Load 

405; 
406 
407 
408 
409 
410. 
411 
412 
413 
414 
415 
416 
417 
418 
419 
420! 
421; 
422; 
423 
424 
425 
426 j 
427 j 
428: 
429; 
430 j 
431 I 
432 j' 
433 i 
434! 
435: 
436 
437! 
438 j 
439; 
440: 
441 | 
442! 
443; 
444! 
445 
446; 
447. 
448 l 

449' 

Cell 
# 

CX7 
DY7 
DX7 
BY8 
CY8 
CX8 
BY9 
BY9 
BX9 
CY9 
CX9 
DY9 
DX9 

BY10 
CX10 
DY10 
BY12 
EX12 
CX12 
BY13 
DY13 
BY16 
BX16 
CY16 
CX16 
DY16 
DX15 

Volume 
Cy/Load 

Cumulativ* 
Volume 

1,850: 
1.850: 
1.850 ; 
1,850, 
1,850! 
1.350; 
1,8501 
1.850- 
1.860j 
1.850 j 
1.850! 
1,850! 
1,850 
1,850' 
1,850 
1.850 
1.850, 
1,850 j 
1.850! 
1,850] 
1,850; 
1.850 | 
1,850! 
1.850 I 
1,850 
1.850 
1,850; 
1.8501' 
1,850; 
1.850 
1,850; 
1.850) 
1,850 | 
1,850 j 
1.850; 
1,850 1 
1,850; 
1,850 
1.850 
1,850 
1.850 
1.850 
1.850 
1,850 
1.850 

623,438! 
625.288 j 
627,138; 
623,988! 
630,8381 
632,688 
634,538 [ 
636,388:'. 
628.238 j 
64C,088i 
641,9381 
643,788i 
645,638 
647.488 j' 
649,338! 
651,188 j 
553,038: 
654,888! 
656,738[ 
658,538 : 

660.438! 
662,288; 
664,1381" 
665,968 
667,838 
669.588 
671,538 
673,388 
675,238! 
677,0881 
678,938 j' 
680.788; 
682,6381 
684,488!. 
686,338 
688,188; 
690,038 j 
691,888' 
693.7381 
695,568; 
697.438 
659,258: 
701,133', 
702,9881 
704,826, 

•2.,ceo cy Sctr*7~' 

REVISED: 15-Mar-99 
Load Cell Volume Cumulative 

# # Cy/Load 
1.850. 

Volume 
706.638 450. 

451 1,850 | 708,538 
452 1.850: 710,388: 
453 1,850 ! 712,238 ' 
454 1.850 j 714,088 j 
4551               !          1,850. 715,938, 
456;               i          1.850! 717.788, 
457;               j     .     1,850'• 719,528; 
453 1.850 721,488; 
459} 1,850; 723,338 
480, 1,850 725,188, 
461 j 1.850 ; 727.038 
462' 1.850; 728,388 
463! 1.850 730.738,' 
464 : 1,8501 732.568 
465' 1,850 734.438; 

466; 1,850 : 726.2SS 
I 

467! 1,850 728.138; 
468; 1,850; 739,988; 
469! 1,850; 741,838; 
470 1,850. 743,638: 
471; 1,850 j 745,538; 

472 1.850; !   747.388; 

473 1.850 j 749,233 

474. 1.850, 751,088, 

475! 1,850; 752.938; 

476', 1.350, 754.738! 

477 1,850; 756,536': 

478 1,850 j 758,488' 

479 1.850; 760,338 

480 1.350; 762,183 

481 1.850! 784.038 

482 1,850 j 765,888 

433 1.850; 757,738 

484 1,850) 769,538 

485 1.850. 771.433 

486' 1,850 • 773,238 

487- 1.850 775.138 

488: 1.850! 776.988 

48='               i          1.850: 778,228 

490: 1,850; 780.538 
i 

491^ 1.850; 782.538 
1 

492! 1,850, 784.38S 

4S3i 1.850 786,238 

494 ! 1,850, 788,083 

fes 
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Load Call Volume CumulativG •," * * '- 
Load Cell 

# # 
CX7 

Cy/Load Volume # 
450 

# 
)Y8 405 1.850 623.438 . 

406 DY7 1,850 625,288 ' '•'-v. 451 IX8 

407 DX7 1,850 627,138 .•••'-•. 452 IX8 

408 BY8 1,850 628,988 :'.::~.v' 453 IX8 

409 CY8 1,850 630.838' . • "* •' 454 JY8 

410 CX8 1,850 632.688 • •'  „ 455 JY8 

411 BY9 1,850 634,538 456 JXS 

412 BY9 1.850 636,388 457 JX8 

413 BX9 1,850 638,238 458 JY8 

414 CY9 1,850 640,088 - ••' '• 459 JY8 

415 CX9 1.850 641,938 460 JX8 

416 DY9 1,850 643,783 . •. '.'."- 461 JX8 

417 DX9 1,850 .    645,638 • '•;••.•• 462 JY8 

418 BY10 1,850 647,488 463 JY8 

..419 SKIP 0 - 647,488 •:.":••„» 464 JXS 

420 SKIP 0 647,488 .. 465 JXS 

421 BY12 1.850 649.338 ..':. .Z 466 JY8 

422 HY6 1,850 651,188 ...•! v." 467 JY8 

423 HX6 1.850 653,038 468 JXS 

424 IY6 1.850 654,868 469 JX8 

425 1X6 1,850 656,738 .•..••""''" 470 JY8 

426 JY6 1,850 658,588 •  .    [/ 471 JY8 

427 JX6 1,850 660,438 472 JX8 

428 KY6 1.850 662,288 v.- • 473 JX8 

429 KX6 1,850 664,138 ,_ ..   •   • »• 474 JY8 

430 HY7 1,850 .    665,988 •.r.;;-- 475 JY8 

431 HY7 • 1,850 667,838 . ."    " 476 JX8 

432 HX7 1,850 .    669.688 '"•..•.:. 477 JXS 

433 HX7 1,850 671,538 . ..'    ' 478 JY8 

434 IY7 1,850 673,388 " • ' .'  . 479 JY8 

435 IY7 1,850 675,238 • •       ,'\.V 
480 JXS 

436 1X7 1,850 677,088 481 JXS 

437 1X7 1,850 678,938 .' .*'   • *  ,' 482 JY8 

438 JY7 1,850 680.788 • •• " "'.. 483 JY8 

439 JY7 1,850 682.638 •'••':;.•:.': 484 JXS 

440 JX7 1,850 684.488 *,  .'. 485 JXS 

441 JX7 1,850 686,338 -'•*' 486 JY8 

442 KY7 1,850 688,183 •     '• " 487 JY8 

443 KX7 1,850 690,038 .."'•• 488 JX8 

444 HY8 1,850 691,888 489 JXS 

445 HY8 1,850 693,738 ..   .".. 490 JY8 

446 KY7 1,850 695,588 "•- 
491 JY8 

447 KX7 1,850 697,438 492 JXS 

448 HY8 1,850 699,288 493 JX8 

449 HY8 1.850 701,138 494 JY8 

REVISED: 
Volume 
Cy/Load 

1,850" 
1,850 
1,850 
1,850 
1,850 
1.850 
1.850 
1,850. 
1,850 
1,850 
1,850 
1.850 
1,850 
1.850 
1,850 
1,850 
1.850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1.850 
1,850 
1,850 
1,850 
1.850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 j 
1.850' 
1,8501 
1,850j 

22*Mar-9& 
Cumulative 

Volume 
702,988 
704,838 
706,688 
708,538 
710,368 
712,238 
714,088 
715,938 
717,788 
719,638 
721,483 
723,338 
725,188 
727.038 
728,888 
730,738 
732,588 
734,438 
736,268 
738,138 
739,988 
741,638 
743,688 
745,538 
747,388 
749,238 
751,088 
752,938 
754,788 
756,638 
758,488 
760,338 
762.188 
764,038 
765,888 
757,738 
769,588 
771,438 
773,288 
775.138 
776,988 
778,838 
780,688 
782,538 
784.388 

w 



HSR .22.1 •???        1 • i tri'» 

Load Cell 
# # 

" 496 "JY10 

496 JX10 
497 JX10 
498 JX10 
499 KY10 
500 KY10 
501 KY10 
502 KX10 
503 KX10 
.504 HY11 
505 HY11 
506 HX11 
507 HX11 
508 HX11 
509 IY11 
510 IY11 
511 lYU 
512 1X11 
513 1X11 
514 1X11 
515 JY11 
516 JY11 
517 JY11 
518 JX11 
519 JX11 
520 JX11 
521 KY11 
522 KY11 
523 KY11 
524 KX11 
525 KX11 
526 KX11 
•527 
528 i 

i 

529 
i 

530 
. 531 
532 
533 
534 
535 
536 
537 
538 
539 i 

Volume 
Cy/Lqad_ 
"   '"1.850] 

1,850 
1,850 
1,850 
1.850 
1,850 
1,850 
1.850 
1.850 
1.850 
1,850 
1,850 
1,850 
1.850 
1,850 
1.850 
1,850 
1,850 
1,850 
1,850 
1,850 
1.850 
1.850 
1.850 
1.850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1.850 
1,850 
1,850 
1,850 
1.850 
1.850 
1,850 
1,850 
1,850 
1.850 

Cumulative 
- Volume 

Load 
# 

Cell 
# 

775.138 
776.988 
778,838 
780,688 
782.538 
784,388 
786.238 
788,088 
789.938 
791,788 
793,638 
795.488 
797,338 
799,188 
801.038 

. 802,888 
804,738 
806.588 
608.438 
810,286: 
812.138 ...' 
813,988 
815,838 
817,688 
819,538 
821,388 
823,238 
825,088 
826,938 
828,788 
830,638 

• 832,488^.;. 
834,338- : 
836,188 L-; •: 
838,033! .:. 
839,888 i".7" 
841,738; ""• 
843,5881" 

. 845,438: .." 
847,288 
849,138 
850,988 
852.838 
854,688 
856,538-. 

540; 
541 
542 
543 
544 
545 
546 
547 
548 
549 
550 
551 
552 
553 
•554 
555 
556 
557 
558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 
583 
564 

REVISED: 
Volume 
Cy/Load 

1,850 
1,850 
1,850 
1,850 
1,850 | 
1,850 
1,850 
1,850 
1,850 
1,850 
1.850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1.850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1.850 
1,850 
1,850 
1.850 
1,850 
1,850 
1,850 
1,850 

22.Mir.99 
Cumulative 
Volume 

Q 
858,368 
860,238 
862,088 
863,938 
865,788 
867,638 
869.488 
871.338 
873,188 
875,038 
876,888 
878,738 
880,588 
882,438 
884,288 
886,138 
887,988 
889,838 
891.688 
893.538 
895,388 
897,238 
899,088 
900.938 
902,788 
904.638 
906.488 
908,338 
910,188 
912,038 
913,886 
915,738 
917,588 
919-, 438 
921,288 
923,138 
924,988 
926,838 
928,688 
930.538 
932,388 
934,238 
936.088 
937,938 
939,788 



L K 
X|Y 

J 
XIY X|Y 

H 
XIY 

G 
XIY 

F 
XIY XIY 

D 
XIY 

C B 
XIY XIY 

A 
XIY 

(2) 
• A 
(2) (2) 

• • 

(2) 
• • 
(2) (2) 

• • 

(2) (2) I (2) r 

• • AA 

(2) (2) 
AA 

(2) (2) 
A A 

(2) 
AA 

(4) (4) 

AA 
(4) (2) 

AA 

(2) (2) 
AA 

(2) (2) 

(2) (2) 

(2) (2) 
AA 
(2) (2) 

2,000 CY SCOW - • 

4,000 CY SCOW -A 

1 

(2) (2) 

(2) 

(2) 

(2) 

(2) 

(2) 

m 

(2) | (2) 

(2) 

(2) 

(2) 

(2) 

•S MARYLAND 
JiA ENVIRONMENTAL 

«£ SERVICE 

2_ 
3 

7 

8 

J2_ 
13 

14 
15 

16 

SITE 92 BERM 
PLACEMENT PLAN 

(REVISED 3/24/99) 



4,000 yds SCOW DUMP PLAN 

Load 
..„ „ 

2 
3 
4 
5 
6 
7 

, 8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 j 
381 
39; 
40 
41 I 
42 
43 
44 
45 

Cell 
JL 

"EYS"" 
EX6 
FY6 
FY6 
FX6 
FX6 
GY6 
GY6 
GX6 
GX6 
EY7 
EX7 
EX7 
FY7 
FY7 
FX7 
FX7 
GY7 
GY7 
GX7 
GX7 
EYS 
EX8 
EX8 
FY8 
FY8 
FX8 
FX8 
GY8 
GY8 
GXS 
GX8 
EYS 
EX9 
FY9 
FY9 
FX9 
FX9 
GY9 
GY9 
GX9 
GX9 
EY10 
EX10 
FY10 

Volume 
Cy/Load 
 3,200 

3,200 
3,200 
3,200 
3.200 
3,200 
3,200 
3.200 
3,200 
3,200 
3.200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3.200 
3.200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3.200 
3.200 
3.200 
3.200 
3,200 
3,200 
3,200 
3.200 
2.300 
2.300 
2.300 
2,300 
2,300 
2,300 
2,300 
2,300 
2.300 

Cumulative 
Volume 

3,200 
6.400 
9.600 

12,800 
16.000 
19.200 
22.400 
25.600 
28,300 
32,000 
35,200' 
38,400; 
41,600' 
44,800 
48,000 
51.200 
54,400 
57,600 
60,300 
64,000 
67.200 
70,400 
73,600 
76,800 
80,000 
83.200 
66,400 
89.500 
92.600 
96,000 
99,200 

102,400 
105.600 
106,800 
112,000 

•"78.000 
80,300 j 
82,800. 
84,9001 
87,200! 
89,500 
91,800 
94,100 
96,400 
98,700 

Load 
# 

46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68! 
69, 
70: 

"i 
72 i 

74! 
75! 

S! 
78! 
79; 
80' 

BI; 
82 j 
83, 
84 
851 
86! 
871 
88, 
89 
90 

Cell 
#_ 

FX10 
GY10 
GY10 
GX10 
GX10 
EY11 
EX11 
FY11 
FX11 
GY11 
GX11 
GX11 
EY6 
EX6 
FY6 
FY6 
FX6 
FX6 
GY6 
GY6 
GX6 
GX6 
EY7 
EX7 
EX7 
FY7 
FY7 
FX7 
FX7 
GY7 
GY7 
GX7 
GX7 
EYS 
EX8 
EX8 
FY8 
FY8 
FX8 
FX8 
GY8 
GY3 
GXS 
GXS 
EY9 

REVISED: 
Volume 
Cy/Load +- 

2,300 
2.300 : 

2,300' 
2,300 
2,300 
2,300 
2,300 
2,300 
2.300 
2,300 
2,300 
2,300' 
2.300 | 
2,300 
2,300 
2,300 j 
2,300 
2.300 
2.300 
2,300 i 
2,300 
2,300 i 
2,300! 
2.300 
2,300 
2,300 
2,300 
2,300 
2.300 
2,300 
2.300 
2.300 
2,300 
2,300 
2.300; 
2.300 • 
2.300 
2,300, 
2,300 • 
2,300 j 
2.300 ' 
2,300' 
2.300 | 
2,300 | 
2.300 

23-Mar-99 
Cumufalive 

Volume 
101.000! 
103,300 I 
105,600! 
107,900! 
110,200 
112,500; 
114.800! 
117,100! 
119,400 
121,700 
124,000 
126.300 
128,5001 
130,900 j 
133,200 
135,500 
137.800 
140,1001 
142,400! 
144,700! 
147,000 
149,300 
151,600 
153.900 
156,200 
158,500 
160,800 
163,100 
165,400.; 
167,700; 
170,0001 
172.300; 
174.600 
176,900 
179.200! 
181,500! 
183,800 j 
186,100 
188,400; 
190,700! 
193.000; 
195,300 ! 

197,600. 
199,900: 
202.200! 

• DUMF36 CUMMULATIVE TOTAL WAS CHANGED TO REFLECT THE ACTUAL TOTAL 
FROM DAILY REPORT FROM 3/14/99 AS PER CORPS INSTRUCTION, ALSO INDIVIDUAL 
SCOW YARDAGE WAS CHANGED TO REFLECT MORE ACTUAL CONDITIONS. 



n'HftR-24   '"99     10:27fiM USAGE OPERATIONS PHUNC 1228<»752«»77 P. 85 

4,000 yd3 SCOW DUMP PLAN 

Load Cell Volume Cumulative 
# # Cy/Load Volume 

91 EX9 2,300 193^00 
92 FY9 2,300 195,300 
93 FY9 2,300 197,600 
94 FX9 2.300 199,900 
95 FX9 2,300 202.200 
96 GY9 2,300 204,500 
97 GY9 2,300 206,800 
98 GX9 2,300 209,100 
99 GX9 2,300 211,400 

100 EY10 2,300 213,700. 
101 EX10 2,300 216,000 
102 FY10 2,300 218,300 
103 FX10 2,300 220,600 
104 GY10 2,300 222,900 
105 GY10 2,300 225,200 
106 GX10 2,300 227,500 
107 GX10 2,300 279,800 
108 EY11 2.300 232,100 
109 EX11 2,300 234,400 
110 FY11 2,300 236,700 
111 FX11 2,300 239,000 
112 GY11 2,300 241,300 
113 GX11 2,300 243,600 
114 GX11 

"   HY9 
2,300 
2,300 

245.900 
248.200 115 

116 HX9 2,300 250,500 
117 HX9 2,300 252,800 
118 IY9 2.300 255,100 
119 IY9 2.300 257,400 
120 IX9 2,300 :       259,700 
121 IX9 2,300 262,000 
122 JY9 2,300 264,300 
123 JY9 2,300 266,600 
124 JXS 2,300 268,900 
125 KY9 2,300 271,200 
126 KX9 2.300 '       273,500 
127 HY10 2,300 275,800 
128 HX10 2,300 278,100 
129 HX10 2.300 280,400 
130 IY10 2,300 282,700 
131 IY10 2.300 j        285,000 

132 1X10 2,300 287,300 
133 '    1X10 2,300 289,600 
134 JY10 2,300 291,900 
135 JY10 2,300 294,200 

Load 
# 

Cell 
# 

136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159; 
160 
161; 
162 
163! 
164; 
165- 
166 
167; 
168 
169 
170 
171 ! 
172! 
173; 
174, 
175, 
176 
177 
178 
179 
180 

JX10 
JX10 
KY10 
KY10 
KX10 
HY11 
HX11 
HX11 
IY11 
IY11 
1X11 
1X11 
JY11 
JY11 
JX11 
JX11 
KY11 
KY11 
KX11 
KX11 

REVISED: 
Volume 
Cy/Load 

23-Mar.99 
Cumulative 

Volume 
2,300 j 
2,300 
2.300 I 
2.3001 
2,300 
2,300 
2,300 
2,300 
2,300 
2,300 
2,300 
2.300 
2.300 
2,300 
2,300 
2,300 
2,300 
2,300 
2,300 
2,300 
2,300 
2,300 
2,300 
2,300 
2,300: 
2,3001 
2,300! 
2,300 I 
2,300 
2.300 
2,300 
2,300'; 
2.300 
2.300 
2.3001 
2,300 
2,300 
2,300 
2,300! 
2.300 | 
2.300 
2,300 j 
2,300 j 
2,300 
2,300; 

296,500 
298.800 
301,100 
303,400 
305,700 
308.000 
310,300 
312,600 
314,900 
317,200 
319.500 
321,8001 
324,100 
326,4001 
328,700 j 
331,000 j 
333,300 j 
335,600; 
337,900 
340,200 i 
342.500 
344,8001 
347,100; 
349,400 | 
351,700 
354,000 
356,300 
353,600 i 

360,900 j 
363,200 j 
365,500! 
367,800 
370,100 
372,400 
374,700 
377,000 
379,300 
361,600 
3133,900 
386,200 
388,500 
390,800 
393,100 
395,400 
397,700 



n,nPiR   ^4    '5^       xo-timi 

REVISED: 23-Mar-99 
Load Cell Volume Cumulative Load Cell Volume Cumulative 

# # Cy/Load Volume 
-—-•••' 

# 
" 450 GX15 

Cy/Load Volume 
405 CX7 1,850 623,438 1,850 702,9881 
406 DY7 1,850 625.288      ' 451 EX16 1,850 704,838 
407 DX7 1.850 627,138 452 FY16 1,850 706,688 
408 BY8 1,850 628,988 453 FX16 1,850 708,538 
409 CY8 1,850 630,838 454 GY15 1,850 710,388 
410 CX8 1,850 632,688 455 GX16 1,850 712,238 
411 BY9 1,850 634,533 "    . 456 GX16 1,850 714,088 
412 BY9 1,850 636,388;••..: .- 457 HY6 1,850 715,938 
413 BX9 1,850 638,238 . 458 HX6 1,850 717,788 
414 CY9 1,850 640,088 459 IY6 1,850 719,538 

i 

415 CX9 1,850 541,938 460 !X6 1,850 721,4881 

416 DY9 1,850 643,788 461 JY6 1,850 723.338; 

417 DX9 1,850 645,633 462 JX6 1,850 725,188: 

418 BY10 1,850 647,488      • 463 KY5 1,850 727,038 

419 SKIP 0 647,488 i " :.' 464 KX6 1,850 728,888 

420 SKIP 0 647,488     :•• 465 MY7 1,850 730,738 

421 BY12 1,850 649,338, .; 466 HY7 1,650 
4    Off f*i 

732,588 
734,438! Ml EX12 1,850 651,188' 467 HX7 1,850 

423 FY12 1,850 653,038;   ; 468 HX7 1,850 736,288; 

424 FY12 1.850 654,883, 489 IY7 1,850 738,138 

425 FX12 1,850 656,736 470 IY7 1,850 739,988 

426 FX12 1,850 858,588 471 1X7 1,850 741,838 

427 GY12 1,850 660,438 472 1X7 1,850 743,688 

428 GY12 1,850 662,288 473 JY7 1,850 745,538! 

429 GX12 1.850 664,138 
"• •:. 

474 JY7 1,850 747,388 

430 GX12 1,850 665.988 475 JX7 1,850 749,238 

431 EX13 1,850 667,838  . 476 JX7 1,850 751,0881 

432 FY13 1,850 669,688  "" 477 KY7 1,850 752,938; 

433 FX13 1,850 671,538    . 478 KX7 1,850 754,788 

434 GY13 1,850 673,388 479 HY8 1,850 756,638 

435 GY13 1,850 675,238  ' :••,• 480 .   HY8 1.850 758,488 

436 GX13 1,850 677.088.   ••:-' 481 HX3 1,850 760,338 

437 GX13 1,850 678,938 ••"• 482 HX8 1.850 7S2.188 

433 EX14 1,850 880,788 483 IY8 1,850 734,033 

439 FY14 1.850 682.633 434 1Y8 1,850 765,888 

440 FX14 1,850 884.488 485 1X8 1,850 767,738 

441 GY14 1,850 686,338 486 1X8 1,850 769,588 

442 GY14 1,850 688,188 487 1    1X8 1,850 771,438 

443 GX14 1,850 690,038 488 .    JY3 1,850 773,288 

444 GX14 1,850 691,888,    • 469 JY8 1,850 !        775,138 

445 EX15 1,850 693,738 i 
480 •    JX8 1,850 776,988 

446 FY15 1,850 ;       695,538 
. • 

491 JX8 1,850 778,838 

447 FX15 1,850 I        697,438 492 KY8 1,850 780,638 

448 GY15 1,850 699,288 
i 

493 KY8 1,850 !        782,536 

449 GX15 1,850 701,138 
i 

i 494 ,    KX8 1,850 ;        784,388 



"MfiR   24    "&3       lU^CDnri   usn*,^   vrzj\ri, 

Load 
# 
495 
4S6 
497 
498 
499 
500 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
514 
515 
516 
517 
518 
519 
520 
521 
522 
523 
524 
525 
526! 
527 
528 
529 
530 
531 
532 
533 
534 
535 
536 
537 
538 
539 

Cell Volume Cumulativ9 
# Cy/load Volume 

KX8* 1,850 775,138!    •: 
1,850 776,988 
1,850 778,838    "•". 
1,850 780,688! 
1,850 732.538    : 
1,850 784,388,:, 
1,850 786.238 
1,850 788,088 
1,850 789,938 
1,850 791.788 
1,850 793,638 
1,850 795,488 
1.850 797,338 
1,850 799,188 
1,850 801,038 •. 
1,850 802,888; 
1,850 804,733,   • 
1,850 806,588 
1,850 808,438! 
1,850 810,288        ;.• 
1,850 812,138 
1,850 813,988 .. 
1,850 815,838 
1,850 817,688 . 
1,850 8^9,538 
1.85C 821,385   • 
1,850 823,238 
1,850 825,088 
1,850 825,938. 
1,850 828,788:    • 
1,850 830,638     •••v 
1,850 832,488. 
1,850 834.338      • 
1,850 836.188    . 
1,850 838,038 '    ' 
1,850 839,888    . 
1.850 841,738.    • 
1,850 843.588;   : 
1,850 845,438 j    . 
1,850 847.2S8 
1,850 849,133 
1.350 ;       850,988    •• 
1,850 852,838;   , 
1,850 !       854,688 
1,850 856.538 1 

Load Call 
REVISED: 
Volume 
Cy/Load 

23.Mar.99 
Cumulative 
Volume 

540 
541. 
542, 
543, 
544 
545! 
546' 
547 
548 
549 
550: 

55l' 
552 •• 
553' 
554 
555 
556' 
557 
558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 
583 
584 

1,850 
1.850 
1.850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850 
1,850! 
1,850; 
1,850! 
1,850' 
1,850 
1,850 
1.850 
1.850- 
1.850 
1.850 
1.850; 
1,850! 
1,850] 
1,850 
1,850 
1,850; 
1,850; 
1,850 
1,850 
1.850j 
1,850; 
1.850, 
1.850. 
1.850, 
1,850 
1,850, 
1.850 j 
1,850; 
1.8501 
1,850 
1,850 
1,850 
1,850 
1,850 j 
1,8501 
1.850! 

858,388 
860,238 
1362,088 
863,938 
865,788 
867,638 
669,488 
871,338 
873,188 
875,038 
875,388 
878,738 
080,588 
882,438 
884,288 
886,138 
887.988 
889,336 
891,688 
893,538 
895,388 
897.238 
699,088 
500,938 
902,788 
S04.538 
906,488 
908,338 
910,188! 
912,038 
913,888 
915,738 
917,538 
919,438 
921,288 
923,138 
924,988 
926,838 
928,688 
930,538. 
932,388! 
934,238' 
936.088: 
937,938 j 
939,788' 



APPENDIX E 

1998/1999 PLACEMENT MONITORING 

SCOW PLACEMENT DATA 



Table 3 Scow drop locations and estimated quantity of material placed daily. 

Date Load# Scow# 

Est.Scow 
Quant./cy 

Location MDGrid Location in 

X Y Drop Zone 

12/23/98 1 250 1100 1518469 582895 Gx2 

12/24/98 2 139 1100 1518525 582995 Gy2 

12/25/98 NO ACTIVITY 

12/26/98 3 250 820 1518647 582906 Fx2 

12/26/98 4 250 1200 1518747 582929 Fy2 

12/26/98 5 139 1500 1518801 582829 Fy2 

12/27/98 6 139 1500 1519018 582953 Dx2 

12/27/98 7 139 1420 1519054 583021 Dx2 

12/27/98 8 251 1420 1519123 582954 Dy2 

12/28/98 9 139 1550 1519122 582929 Dy2 

12/28/98 10 251 1500 1519052 582750 Dx3 

12/28/98 11 139 1550 1519049 582776 Dx3 

12/29/98 12 251 1200 1519146 582728 Dy3 

12/29/98 13 139 1250 1519158 582746 Dy3 

12/29/98 14 251 1200 1519209 582921 Cx2 

12/29/98 15 139 1150 1519237 582891 Cx2 

12/30/98 16 251 1500 1519340 582966 Cy2 

12/30/98 17 139 1450 1519369 582948 Cy2 

12/31/98 18 251 1350 1519193 582795 Cx3 

12/31/98 19 139 1400 1519242 582710 Cx3 

1/1/99 NO ACTIVITY 

1/2/99 NO ACTIVITY 

1/3/99 NOACnVIlY 

1/4/99 NO ACTIVITY 

1/5/99 NO ACTIVITY 

1/6/99 20 251 1400 1519348 582833 Cy3 

1/7/99 21 139 1400 1519303 582755 Cy3 

1/7/99 22 251 1500 1519459 582762 Bx3 

1/7/99 23 139 1500 1519422 582761 Bx3 

1/7/99 24 251 1500 1519440 582735 Bx3 

1/7/99 25 139 1500 1519508 582725 By3 

1/8/99 26 251 1450 1519550 582761 By3 

1/8/99 27 139 1450 1519526 582773 By3 

1/8/99 28 251 1450 1519512 582737 By3 

1/8/99 29 139 1450 1519447 582521 Bx4 

1/8/99 30 251 1450 1519464 . 582592 Bx4 

1/9/99 31 139 1465 1519456 582559 Bx4 
1/ st y s 

1/9/99 32 251 1624 1519439 582499 Bx4 

1/9/99 
1/9/99 
1/9/99 
1/10/99 
1/10/99 
1/10/99 
1/10/99 
1/10/99 
1/11/99 

33 
34 
35 
36 
37 
38 
39 
40 
41 

139 
251 
139 
251 
139 
251 
139 
251 
139 

1624 
1624 
1624 
1503 
1381 
1381 
1381 
1381 
1418 

1519442 
1519585 
1519556 
1519548 
1519557 
1519519 
1519450 
1519421 
1519402 

;-82512 
582513 
582537 
582476 
582518 
582549 
582269 
582293 
582293 

Bx4 
By4 
By4 
By4 
By4 
By4 
Bx5 
Bx5 
Bx5 



Date Load# Scow# 
EstScow 
QuantVcy 

Location MDGrid Location in 
Drop Zone X Y 

1/11/99 42 251 1417 1519355 582244 Bx5 
1/11/99 43 139 1417 1519445 582275 Bx5 
1/11/99 44 251 1417 1519563 582300 By5 
1/11/99 45 139 1417 1519525 582282 By5 
1/11/99 46 251 1418 1519525 582225 By5 
1/12/99 47 139 1200 1519519 582351 By5 
1/12/99 48 251 1300 1519451 582348 By5 
1/12/99 49 139 1300 1519414 592175 Bx6 
1/12/99 50 251 1350 1519428 582111 Bx6 
1/12/99 51 139 1300 1519418 582123 Bx6 
1/13/99 52 251 1150 1519422 582159 Bx6 
1/13/99 53 139 1150 1519437 582153 Bx6 
1/13/99 54 251 1150 1519545 582186 By6 
1/13/99 55 139 1150 1519526 582189 By6 
1/14/99 56 251 1330 1519480 582075 By6 

1/14/99 57 139 1330 1519112 582112 By6 

1/14/99 58 251 1330 1519479 582166 By6 

1/14/99 59 139 1330 1519418 582203 Bx6 
1/14/99 60 251 1330 1519390 582204 Bx6 
1/15/99 61 139 1200 1519399 582123 Bx6 
1/15/99 62 251 1150 1519399 582111 Bx6 
1/15/99 63 139 1200 1519399 582111 Bx6 
1/16/99 64 241 1350 1519503 582166 By6 
1/16/99 65 139 1400 1519541 582094 By6 
1/16/99 66 251 1400 1519512 582111 By6 
1/16/99 67 139 1350 1519518 582063 Bv6 
1/16/99 68 251 1450 1519433 581917 Bx7 

1/17/99 69 139 1278 1519410 581982 Bx7 

1/17/99 70 251 1278 1519391 581953 Bx7 

1/17/99 71 139 1278 1519401 581947 Bx7 

1/17/99 72 251 1278 1519500 581947 By7 

1/17/99 73 139 1278 1519504 581941 By7 

1/17/99 74 251 1278 1519538 581923 By7 

1/17/99 75 139 1278 1519481 581941 By7 

1/18/99 76 251 1600 1519387 581725 Bx8 

1/18/99 77 139 1600 1519398 581673 Bx8 

1/18/99 78 251 1600 1519525 ' 581778 By8 

1/18/99 79 139 1600 1519478 581745 By8 

1/18/99 80 251 1600 1518942 582659 Ey3 

1/18/99 81 139 1600 1518913 532639 Ey3 

1/18/99 82 251 1600 1518863 582669 Ex3 

1/18/99 83 139 1600 1518860 582689 Ex3 

1/19/99 84 251 1800 1518720 582688 Fy3 

1/19/99 85 139 1800 1518766 582779 Fy3 

1/19/99 86 251 1800 1518601 582729 Fx3 

1/19/99 87 139 1800 1518540 582729 Gv3 



Date 

1/19/99 
1/19/99 
1/19/99 
1/20/99 
1/20/99 
1/20/99 
1/20/99 
1/21/99 
1/22/99 
1/22/99 
1/23/99 
1/23/99 
1/23/99 
1/23/99 
1/23/99 
1/23/99 
1/24/99 
1/24/99 
1/25/99 
1/25/99 
1/25/99 
1/25/99 
1/25/99 
1/25/99 
1/25/99 
1/25/99 
1/26/99 
1/26/99 
1/26/99 
1/26/99 
1/26/99 
1/26/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/27/99 
1/28/99 
1/29/99 
1/29/99 
1/29/99 
1/29/99 
1/29/99 
1/30/99 
1/30/99 
1/30/99 

Load# 

"li 
89 
90 
91 
92 
93 
94 

95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 

Scow# 

EstScow 
Quant./cy 

Location      MD Grid 
X 

Location in 
Drop Zone 

251 
139 
251 
139 
251 
139 
251 

NO ACTIVITY 
139 
251 
139 
251 
139 
251 
139 
251 
139 
251 
139 
251 
139 
251 
139 
251 
139 
251 
139 
251 
139 
251 
139 
251 
139 
251 
139 
251 
139 
251 
139 
251 
139 
251 
251 
139 
251 
139 
251 
139 

1800 
1800 
1800 
1400 
1300 
1350 
1300 

1400 
1450 
1400 
1450 
1500 
1500 
1500 
1500 
1450 
1450 
1600 
1650 
1600 
1650 
1600 
1650 
1600 
1650 
1500 
1350 
1350 
1350 
1350 
1350 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1600 
1200 
1200 
1200 
1200 
1600 
1600 
1600 
1600 

1518530 
1518408 
1518366 
1518257 
1518275 
1519298 
1519348 

1519287 
1519361 
1519230 
1519240 
1519235 
1519223 
1519092 
1519098 
1519099 
1519132 
1519027 
1519060 
1519041 
1519053 
1518900 
1518892 
1518905 
1518811 
1518835 
1518820 
1518730 
1518726 
1518763 
1518656 
1518621 
1518555 
1518491 
1518418 
1518412 
1518310 
1518344 
1518192 
1518225 
1518148 
1518022 
1517957 
1519261 
1519336 
1519304 
1519312 

582776 
582758 
582727 
582769 
582800 
582546 
582553 

582522 
582523 
582564 
582504 
582565 
582535 
582549 
582551 
582509 
582502 
582581 
582575 
582579 
582500 
582604 
582577 
582509 
582531 
582492 
582561 
582524 
582584 
582589 
582541 
582525 
582529 
582546 
582625 
582595 
582630 
582588 
582581 
582578 
582579 
582534 
582536 
582237 
582371 
582268 
582377 

Gy3 
Gx3 
Hy3 
Hx3 
Hx3 
Cy4 
Cy4 

Cy4 
Cy4 
Cx4 
Cx4 
Cx4 
Cx4 
Dy4 
Dy4 
Dy4 
Dy4 
Dx4 
Dx4 
Dx4 
Dx4 
Ey4 
Ey4 
Ey4 
Ex4 
Ex4 
Ex4 
Fy4 
Fy4 
Fy4 
Fx4 
Fx4 
Gy4 
Gy4 
Gx4 
Gx4 
Hy4 
Hy4 
Hx4 
Hx4 
Iy4 
1x4 
Jy4 
Cy5 
Cy5 
Cy5 
Cy5 



Date Load# Scow# 

EstScow 
Quant./cy 

1/30/99 
1/30/99 
1/30/99 
1/30/99 
1/31/99 
1/31/99 
1/31/99 
1/31/99 
2/1/99 
2/2/99 
2/3/99 
2/4/99 
2/5/99 
2/6/99 
2/7/99 
2/7/99 
2/7/99 
2/7/99 
2/8/99 
2/8/99 
2/8/99 
2/8/99 
2/8/99 
2/8/99 
2/8/99 
2/9/99 
2/9/99 
2/9/99 
2/9/99 
2/9/99 
2/9/99 
2/9/99 
2/10/99 
2/10/99 
2/10/99 
2/10/99 
2/10/99 
2/10/99 
2/10/99 
2/10/99 
2/11/99 
2/11/99 
2/11/99 
2/11/99 
2/11/99 
2/11/99 
2/11/99 

135 251 
136 139 
137 251 
138 139 
139 251 
140 139 
141 251 
142 139 

NO ACTIVITY 
NO ACTIVITY 
NO ACTIVITY 
NO ACTIVITY 
NO ACTIVITY 
NO ACTIVITY 

142A 251 
143 139 
144 251 
145 139 
146 251 
147 139 
148 251 
149 139 
150 251 
151 139 
152 251 
153 139 
154 251 
155 139 
156 251 
157 139 
158 251 
159 139 
160 251 
161 260 
162 139 
163 260 
164 139 
165 260 
166 139 
167 260 
168 139 
169 260 
170 139 
171 260 
172 139 
173 260 
174 139 

1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 

^• 
Location MDGrid Location in 

Drop Zone X Y 

1519288 582285 Cy5 
1519228 582316 Cx5 
1519202 582340 Cx5 
1519204 582321 Cx5 
1519209 582315 Cx5 
1519237 582370 Cx5 
1519166 582327 Dy5 
1519142 582363 Dy5 

1600 
1600 
1600 
1600 
1600 
1600 
1600 
1700 
1700 
1700 
1700 
1825 
1825 
1825 
1825 
1825 
1825 
1825 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 

1519100 
1519100 
1519081 
1519034 
1519019 
1519029 
1519024 
1518907 
1518961 
1518925 
1518959 
1518803 
1518845 
1518845 
1518708 
1518751 
1518718 
1518604 
1518628 
1518581 
1518529 
1518524 
1518421 
1518415 
1518275 
1518344 
1518264 
1518231 
1518133 
1518022 
1517939 
1517873 
1519322 

582314 
582364 
582383 
582369 
582390 
582363 
582338 
582319 
582386 
582350 
582319 
582343 
582331 
582337 
582360 
582366 
582318 
582377 
582353 
582332 
582298 

. 582383 
582333 
582406 
582278 
5b2423 
582410 
582368 
582376 
582391 
582378 
582356 
582146 

Dy5 
Dy5 
Dy5 
Dx5 
Dx5 
Dx5 
Dx5 
Ey5 
Ey5 
Ey5 
Ey5 
Ex5 
Ex5 
Ex5 
Fy5 
Fy5 
Fy5 
Fx5 
Fx5 
Fx5 
Gy5 
Gy5 
Gx5 
Gx5 
Hy5 
Hy5 
Hx5 
Hx5 
Iy5 
1x5 
Jy5 
Jx5 
Cy6 



Date Load# Scow# 

2/12/99 175 260 

2/12/99 176 139 

2/12/99 177 260 

2/13/99 178 139 

2/13/99 179 139 

2/13/99 180 260 
i in 

Est.Scow 
QuantVcy 

Location  MD Grid Location in 
Drop Zone 

2/12/99 175 260 

2/12/99 176 139 

2/12/99 177 260 

2/13/99 178 139 

2/13/99 179 139 

2/13/99 180 260 

2/14/99 181 139 

2/14/99 182 260 

2/14/99 183 139 

2/14/99 184 260 

2/14/99 185 139 

2/14/99 186 260 

2/15/99 187 261 

2/15/99 188 260 

2/15/99 189 261 

2/15/99 190 260 

2/15/99 191 261 

2/15/99 192 260 

2/15/99 193 261 

2/16/99 194 260 

2/16/99 195 261 

2/16/99 196 260 

2/16/99 197 261 

2/16/99 198 260 

2/16/99 199 261 

2/16/99 200 260 

2/16/99 201 261 

2/17/99 202 260 

2/17/99 203 261 

2/17/99 204 260 

2/17/99 205 261 

2/17/99 206 260 

2/17/99 207 261 

2/17/99 208 260 

2/17/99 209 261 

2/18/99 210 260 

2/18/99 211 261 

2/18/99 212 260 

2/18/99 213 261 

2/18/99 214 260 

2/18/99 215 261 

2/18/99 216 260 

2/18/99 217 261 

2/19/99 218 260 

2/19/99 219 261 

2/19/99 220 260 

2/19/99 221 261 

1800 
1800 
1800 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 

1519314 
1519300 
1519338 
1519192 
1519234 
1519182 
1519196 
1519130 
1519119 
1519107 
1519158 
1519002 
1518970 
1519040 
1519012 
1519273 
1519297 
1519316 
1519292 
1519170 
1519188 
1519198 
1519080 
1519059 
1519150 
1519009 
1519056 
1518957 
1519317 
1519341 
1519287 
1519246 
1519294 
1519242 
1519100 
1519133 
1519115 
1519010 
1519001 
1519006 
1519286 
1519282 
1519165 
1519234 
1519050 
1519083 
1519064 

582122 
582150 
582135 
582097 
582136 
582075 
582170 
582169 
582128 
582120 
582133 
582180 
582095 
582168 
582095 
581927 
581964 
581910 
581920 
581898 
581913 
581897 
581889 
582026 
581933 
581931 
581956 
581925 
581758 
581752 
581764 
581739 
581775 
581721 
581741 
581742 
581714 
581792 
5S1737 
5S1713 
581509 
581466 
581532 
581539 
581507 
581507 
581495 

Cy6 
Cy6 
Cy6 
Cx6 
Cx6 
Cx6 
Cx6 
Dy6 
Dy6 
Dy6 
Dy6 
Dx6 
Dx6 
Dx6 
Dx6 
Cy7 
Cy7 
Cy7 
Cy7 
Cx7 
Cx7 
Cx7 
Dy7 
Dx7 
Dy7 
Dx7 
Dx7 
Dx7 
Cy8 
Cy8 
Cy8 
Cx8 
Cx8 
Cx8 
Dy8 
Dy8 
Dy8 
Dx8 
Dx8 
Dx8 
Cy9 
Cy9 
Cx9 
Cx9 
Dy9 
Dy9 
Dv9 



Date Load# Scow# 

2/19/99 222 260 

2/20/99 223 261 

2/20/99 224 260 

2/20/99 225 261 

2/20/99 226 260 

2/20/99 227 261 

2/20/99 228 260 

2/21/99 229 261 

Est.Scow 
Quant./cy 

Location      MD Grid Location in 
Drop Zone 

2/21/99 
2/21/99 
2/21/99 
2/21/99 
2/21/99 
2/22/99 
2/22/99 
2/23/99 
2/23/99 
2/23/99 
2/23/99 
2/23/99 
2/23/99 
2/23/99 
2/23/99 
2/24/99 
2/24/99 
2/24/99 
2/24/99 
2/24/99 
2/24/99 
2/24/99 
2/24/99 
2/25/99 
2/25/99 
2/25/99 
2/25/99 
2/25/99 
2/25/99 
2/25/99 
2/26/99 
2/26/99 
2/26/99 
2/26/99 
2/26/99 
2/26/99 
2/27/99 
2/28/99 
3/1/99 

230 260 
231 261 
232 260 
233 261 
234 260 
235 261 
236 260 
237 261 
238 260 
239 261 
240 260 
241 261 
242 260 
243 261 
244 260 
245 261 
246 260 
247 261 
248 260 
249 261 
250 260 
251 261 
252 ' 260 
253 261 
254 260 
255 261 
256 260 
257 261 
258 260 
259 261 
260 260 
261 261 
262 260 
263 261 
264 260 
265 261 

NO ACTIVITY 
NO ACTIVITY 
NO ACTIVITY 

1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1677 
1677 
1677 
1677 
1677 
1677 

1518994 
1518989 
1518980 
1519504 
1519373 
1519250 
1519207 
1519189 
1519103 
1519117 
1519005 
1519000 
1518981 
1519218 
1519220 
1519184 
1519115 
1519180 
1519095 
1518987 
1518816 
1518845 
1518751 
1518614 
1519496 
1519543 
1519512 
1519403 
1519400 
1519305 
1519333 
1519224 
1519234 
1519139 
1519167 
1519048 
1519054 
1518927 
1518856 
1518540 
1519533 
1519473 
1519570 
1519410 

581488 
581500 
581478 
581310 
581260 
581308 
581344 
581314 
581343 
581380 
581306 
581300 
581324 
581910 
582983 
582929 
582867 
582934 
582975 
582866 
582877 
582944 
582913 
582960 
582700 
582786 
582804 
582784 
582663 
582705 
582717 
582765 
582728 
582794 
582807 
582788 
582712 
582781 
582762 
582711 
582518 
582510 
582519 
582523 

Dx9 
Dx9 
Dx9 
BylO 
BxlO 
CylO 
CxlO 
CxlO 
DylO 
DylO 
DxlO 
DxlO 
DxlO 
Cx2 
Cx2 
Cx2 
Dy2 
Dy2 
Dx2 
Ey2 
Ex2 
Ex2 
Fy2 
Fx2 
By3 
By3 
By3 
Bx3 
Bx3 
Cv3 
Cy3 
Cx3 
Cx3 
Dy3 
Dy3 
Dx3 
Dx3 
Ey3 
Ex3 
Gy3 
By4 
Bx4 
By4 
Bx4 



Date Load# Scow# 

EstScow 
QuantVcy 

Location MDGrid Location in 
Drop Zone X Y 

3/2/99 266 260 1000 1519405 582590 Bx4 

3/3/99 267 260 1700 1519381 582578 Cy4 

3/3/99 268 261 1700 1519325 582577 Cy4 

3/3/99 269 260 1700 1519245 582534 Cx4 

3/3/99 270 261 1700 1519117 582527 Dy4 

3/3/99 271 260 1700 1519004 582575 Dx4 

3/3/99 272 261 1700 1519023 582545 Dx4 

3/4/99 NO ACTIVITY 

3/5/99 273 261 1500 1518934 582459 Ey4 

3/5/99 274 260 1500 1518870 582537 Ex4 

3/5/99 275 261 1500 1518716 582542 Fy4 

3/5/99 276 260 1500 1518607 582590 Fx4 

3/5/99 277 261 1500 1519498 581595 By9 

3/5/99 278 260 1500 1519499 581431 By9 

3/5/99 279 261 1500 1519409 581491 Bx9 

3/5/99 280 260 1500 1519361 581546 Bx9 

3/6/99 281 261 1500 1519448 581273 BylO 

3/6/99 282 260 1500 1519382 581279 BxlO 

3/6/99 283 261 1500 1519373 581315 BxlO 

3/6/99 284 260 1500 1519288 581320 CylO 

3/6/99 285 261 1500 1519250 581284 CylO 

3/6/99 286 260 1500 1519150 581356 CxlO 

3/6/99 287 261 1500 1519179 581332 CxlO 

3/6/99 288 260 1500 1519080 581307 DylO 

3/6/99 289 261 1500 1519090 581276 DylO 

3/6/99 290 260 1500 1519003 581376 DxlO 

3/6/99 291 261 1500 1519115 581386 DylO 

3/6/99 292 260 1500 1519497 581152 Byll 

3/7/99 NO ACTIVITY 

3/8/99 293 260 1525 1519369 581163 Bxll 

3/8/99 294 261 1525 1519275 581126 Cyll 

3/8/99 295 260 1525 1519180 581156 Cxll 

3/9/99 296 261 1700 1519110 581167 Dyll 

3/9/99 297 260 1700 1518944 581172 Dxll 

3/9/99 298 261 1700 1519097 580899 Dyl2 

3/9/99 299 260 1700 1518927 580911 Dxl2 

3/9/99 300 261 1700 1519070 580736 Dyl3 

3/9/99 301 260 1700 1518995 580723 Dxl3 

3/9/99 302 261 1700 1519039 580506 Dyl4 

3/9/99 303 260 1700 1519006 580554 Dxl4 

3/9/99 304 261 1700 1519088 580348 Dyl5 

3/9/99 305 260 1700 1518913 580365 Dxl5 

3/9/99 306 261 1700 1519042 580117 Dyl6 

3/9/99 307 260 1700 1518952 580164 Dxl6 

3/10/99 308 261 1800 1519529 582330 By5 

3/10/99 309 260 1800 1519497 582300 By5 

3/10/99 
3/10/99 

310 
311 

261 
260 

1800 
1800 

1519511 
1519407 

582312 
582305 

By5 
Bx5 



Date Load# 

3/10/99 312 
3/10/99 313 
3/10/99 314 
3/10/99 315 
3/10/99 316 
3/10/99 317 
3/10/99 318 
3/10/99 319 
3/10/99 1 
3/10/99 2 
3/10/99 3 
3/10/99 4 
3/10/99 5 
3/10/99 6 
3/10/99 7 
3/10/99 8 
3/11/99 320 
3/11/99 321 
3/11/99 322 
3/11/99 323 
3/11/99 324 
3/11/99 325 
3/11/99 326 
3/11/99 327 
3/11/99 328 
3/11/99 329 
3/11/99 330 
3/11/99 331 
3/11/99 9 
3/11/99 10 
3/11/99 11 
3/11/99 12 
3/11/99 13 
3/12/99 14 
3/12/99 15 
3/12/99 16 
3/12/99 17 
3/12/99 18 
3/12/99 19 
3/12/99 20 
3/12/99 21 
3/12/99 22 
3/12/99 332 
3/12/99 333 
3/12/99 334 
3/12/99 335 
3/12/99 336 

Scow# 

261 
260 
261 
260 
261 
260 
261 
260 
254 
255 
254 
255 
254 
255 
254 
255 
261 
260 
261 
260 
261 
260 
261 
260 
261 
260 
261 
260 
254 
255 
254 
255 
254 
255 
254 
255 
254 
255 
254 
255 
254 
255 
261 
260 
261 
260 
261 

Est.Scow 
QuanL/cy 

1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
2300 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
2550 
2550 
2550 
2550 
2550 
2261 
2261 
2261 
2261 
2261 
2261 
2261 
2261 
2261 
1477 
1477 
1477 
1477 
1477 

Locarion  MD Grid Location in 
Drop Zone 

1519421 
1519425 
1519299 
1519308 
1519209 
1519209 
1519123 
1519019 
1518865 
1518829 
1518741 
1518720 
1518587 
1518583 
1518471 
1518438 
1518939 
1518798 
1518699 
1518595 
1518500 
1518420 
1518321 
1518274 
1518173 
1518072 
1519517 
1519484 
1518453 
1518390 
1518926 
1518835 
1518809 
1518693 
1518699 
1518566 
1518614 
1518501 
1518479 
1518412 
1518416 
1518909 
1519423 
1519395 
1519340 
1519196 
1519135 

582341 
582378 
582310 
582341 
582315 
582309 
582369 
582429 
582109 
582100 
582127 
582217 
582075 
582060 
582066 
582065 
582360 
582385 
582432 
582341 
582431 
582430 
582411 
582381 
582465 
582392 
582130 
582184 
582147 
582148 
582009 
581983 
581960 
581875 
581963 
581962 
581922 
581980 
581873 
581917 
581906 
581663 
582153 
582171 
582176 
582194 
582175 

Bx5 
Bx5 
Cy5 
Cy5 
Cx5 
Cx5 
Dy5 
Dx5 
Ex6 
Ex6 
Fy6 
Fy6 
Fx6 
Fx6 
Gy6 
Gx6 
Ey5 
Ex5 
Fy5 
Fx5 
Gy5 
Gx5 
Hy5 
Hx5 
Iy4 
1x5 
Bx5 
Bx6 
Gx6 
Gx6 
Ey7 
Ex7 
Ex7 
Fy7 
Fy7 
Fx7 
Fx7 
Gy7 
Gy7 
Gx7 
Gx7 
Ey8 
Bx6 
Bx6 
Cy6 
Cx6 
Dy6 



Date Load# Scow# 

Est.Scow 
QuantVcy 

Location  MD Grid Location in 
Drop Zone 

3/12/99 337 
3/12/99 338 
3/12/99 339 
3/12/99 340 
3/13/99 23 
3/13/99 24 
3/13/99 25 
3/13/99 26 
3/13/99 27 
3/13/99 28 
3/13/99 29 
3/13/99 341 
3/13/99 342 
3/13/99 343 
3/13/99 344 
3/13/99 345 
3/13/99 346 
3/13/99 347 
3/14/99 348 
3/14/99 349 
3/14/99 350 
3/14/99 351 
3/14/99 352 
3/14/99 353 
3/14/99 354 
3/14/99 355 
3/14/99 356 
3/14/99 30 
3/14/99 31 
3/14/99 32 
3/14/99 33 
3/14/99 34 
3/14/99 35 
3/15/99 357 
3/15/99 358 
3/15/99 36 
3/16/99 359 
3/16/99 360 
3/16/99 361 
3/16/99 362 
3/16/99 363 
3/16/99 364 
3/16/99 365 
3/16/99 366 
3/16/99 367 
3/16/99 368 
3/17/99 369 

260 
261 
260 
261 
254 
254 
255 
254 
255 
254 
255 
260 
261 
260 
261 
260 
261 
260 
261 
260 
261 
260 
261 
260 
261 
260 
261 
254 
255 
254 
255 
254 
255 
260 
261 
254 
260 
261 
260 
261 
260 
261 
260 
261 
260 
261 
260 

1477 
1477 
1477 
1477 
2200 
2200 
2200 
2200 
2200 
2200 
2200 
1353 
1353 
1353 
1353 
1353 
1353 
1353 
1291 
1291 
1291 
1291 
1291 
1291 
1291 
1291 
1291 
2200 
2200 
2200 
2200 
2200 
2200 
1500 
1500 
2200 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1400 

1519001 
1519543 
1519519 
1519221 
1518802 
1518804 
1518702 
1518678 
1518581 
1518598 
1518494 
1519127 
1518990 
1519506 
1519496 
1519199 
1519058 
1519010 
1519001 
1519213 
1519275 
1519128 
1519052 
1518949 
1518840 
1518713 
1518642 
1518500 
1518384 
1518397 
1518876 
1518790 
1518647 
1518552 
1519531 
1518670 
1519581 
1519522 
1519380 
1519432 
1519336 
1519224 
1519149 
1519078 
1518941 
1518809 
1518719 

582154 
581970 
581917 
581951 
581729 
581691 
581768 
581646 
581738 
581733 
581679 
581993 
581921 
581747 
581759 
581793 
581744 
581719 
581713 
582983 
582886 
582916 
582988 
582939 
582974 
582997 
582918 
581724 
581785 
581698 
581479 
581511 
581500 
582911 
582743 
581531 
582749 
582664 
562681 
582730 
582656 
582716 
582709 
582745 
582720 
582677 
582797 

Dx6 
By7 
By7 
Cx7 
Ex8 
Ex8 
Fy8 
Fy8 
Fx8 
Fx8 
Gy8 
Dy7 
Dx7 
By8 
By8 
Cx8 
Dy8 
Dx8 
Dx8 
Cx2 
Cx2 
Dy2 
Dx2 
Ey2 
Ex2 
Fy2 
Fx2 
Gy8 
Gx8 
Gx8 
Ey9 
Ex9 
Fy9 
Gy2 
By3 
Fy9 
By3 
By3 
Cy3 
Bx3 
Cy3 
Cx3 
Dy3 
Dx3 
Ey3 
Ex3 
Fy3 



Date Load# Scow# 

Est.Scow 
Quant./cy 

Location MDGrid Location in 
Drop Zone X Y 

3/17/99 370 261 1400 1518583 582717 Gy3 

3/17/99 371 260 1400 1518531 582759 Gy3 

3/17/99 372 261 1400 1519547 582555 By4 

3/17/99 373 260 1400 1519490 582482 By4 

3/17/99 374 261 1400 1519400 582516 Bx4 

3/17/99 375 260 1400 1519330 582474 Cy4 

3/17/99 376 261 1400 1519206 582619 Cx4 

3/17/99 377 260 1400 1519141 582495 Dy4 

3/17/99 378 261 1400 1519066 582490 Dx4 

3/17/99 379 260 1400 1518944 582499 Ey4 

3/18/99 380 261 1825 1518792 582615 Ex4 

3/18/99 381 260 1825 1518698 582499 Fy4 

3/18/99 382 261 1825 1518626 582548 Fx4 

3/18/99 383 260 1825 1518574 582571 Gy4 

3/18/99 384 261 1825 1519567 582285 By5 

3/19/99 385 260 1600 1519407 582329 Bx5 

3/19/99 386 261 1600 1519351 582256 Cy5 

3/19/99 387 260 1600 1519227 582322 Cx5 

3/19/99 388 261 1600 1519100 582327 Dy5 

3/19/99 389 260 1600 1519025 582302 Dx5 

3/19/99 390 261 1600 1518935 582380 Ey5 

3/19/99 391 260 1600 1518831 582343 Ex5 

3/19/99 392 261 1600 1518746 582409 Fy5 

3/19/99 393 260 1600 1518652 582348 Fx5 

3/19/99 394 261 1600 1518529 582316 Gy5 

3/20/99 395 260 1900 1519479 582209 By6 

3/20/99 396 261 1900 1519447 582044 Bx6 

3/20/99 397 260 1900 1519338 582019 Cy6 

3/20/99 398 261 1900 1519234 582136 Cx6 

3/20/99 399 260 1900 1519144 582115 Dy6 

3/20/99 400 261 1900 1519007 582150 Dx6 

3/20/99 401 260 1900 1519509 581935 By7 

3/20/99 402 261 1900 1519486 581911 By7 

3/20/99 403 260 1900 1519436 581844 Bx7 

3/20/99 404 261 1900 1519358 581995 Cy7 

3/20/99 405 260 1900 1519164 581932 Cx7 

3/20/99 37 254 2000 1518569 581497 Fx9 

3/21/99 406 261 1900 1519103 581980 Dy7 

3/21/99 407 260 1900 1519022 581901 Dx7 

3/21/99 408 261 1900 1519501 581735 By8 

3/21/99 409 260 1900 1519299 581685 Cy8 

3/21/99 410 261 1900 1519162 581694 Cx8 

3/21/99 411 260 1900 1519480 581431 By9 

3/21/99 412 NO ACTIVITY 

3/21/99 413 260 1900 1519390 581485 Bx9 

3/21/99 
3/21/99 

414 
415 

261 
260 

1900 
1900 

1519267 
1519267 

581478 
581478 

Cy9 
Cx9 



Date Load# Scow# 

Est.Scow 
QuantVcy 

Location  MD Grid Location in 
Drop Zone 

3/21/99 38 254 

3/21/99 39 139 
3/21/99 40 254 

3/22/99 41 139 

3/22/99 42 254 

3/22/99 43 261 
3/22/99 44 139 
3/22/99 45 260 
3/22/99 46 254 

3/22/99 47 261 
3/22/99 48 260 
3/22/99 49 139 
3/22/99 50 261 
3/22/99 416 261 
3/22/99 417 260 
3/22/99 418 261 

419 NO ACTIVITY 
420 NO ACTIVITY 

3/22/99 421 260 
3/23/99 51 255 
3/23/99 52 254 
3/23/99 53 261 
3/23/99 54 260 
3/23/99 55 255 

3/23/99 56 254 
3/23/99 57 261 
3/23/99 58 260 
3/23/99 59 255 
3/23/99 60 261 
3/23/99 61 254 

3/23/99 62 260 
3/23/99 63 255 

3/23/99 64 261 
3/24/99 65 260 

3/24/99 66 254 

3/24/99 67 261 

3/24/99 68 255 

3/24/99 69 260 

3/24/99 70 261 

3/24/99 71 254 

3/24/99 72 255 

3/24/99 73 260 

3/24/99 74 254 

3/24/99 75 261 

3/24/99 76 255 

3/24/99 422 260 

3/24/99 423 261 

1300 
1300 
1300 
1600 
1600 
1750 
1600 
1750 
1600 
1750 
1750 
1600 
1750 
1750 
1750 
1750 

1750 
2500 
2500 
1825 
1825 
2300 
2400 
1800 
1800 
2300 
1800 
2300 
1800 
2300 
1800 
1400 
2500 
1500 
2500 
1500 
1500 
2500 
2500 
1800 
2500 
1800 
2500 
1800 
1800 

1518559 
1518472 
1518469 
1518374 
1518399 
1518900 
1518759 
1518698 
1518593 
1518504 
1518466 
1518357 
1518381 
1519073 
1518970 
1519481 

1519432 
1518859 
1518756 
1518671 
1518581 
1518478 
1518411 
1518397 
1518913 
1518829 
1518710 
1518712 
1518579 
1518729 
1518474 
1518516 
1518422 
1518436 
1518905 
1518806 
1518796 
1518739 
1518721 
1518593 
1518588 
1518552 
1518519 
1518758 
1518635 

581582 
581514 
581551 
581604 
581471 
581360 
581328 
581298 
581412 
581399 
581434 
581434 
581422 
581537 
581464 
581298 

580963 
581159 
581079 
581127 
581163 
581161 
581143 
581113 
582173 
582115 
582178 
582144 
582106 
582148 
582133 
582170 
582133 
582182 
581912 
581948 
581972 
581966 
581887 
581992 
581928 
581885 
581873 
580949 
580921 

Fx9 
Gy9 
Gy9 
Gx9 
Gx9 
EylO 
ExlO 
FylO 
FxlO 
GylO 
GylO 
GxlO 
GxlO 
Dy9 
Dx9 
BylO 

Byl2 
Eyll 
Exll 
Fyll 
Fxll 
Gyll 
Gxll 
Gxll 
Ey6 
Ex6 
Fy6 
Fy6 
Fx6 
Fy6 
Gy6 
Gy6 
Gx6 
Gx6 
Ey7 
Ex7 
Ex7 
Fy7 
Fy7 
Fx7 
Fx7 
Gy7 
Gy7 
Exl2 
Fyl2 



Date Load# 

3/24/99 424 
3/25/99 77 
3/25/99 78 
3/25/99 79 
3/25/99 80 
3/25/99 81 
3/25/99 82 

Scow# 
EstScow 

Quant/cy 
Location      MD Grid Location in 

Drop Zone 

3/25/99 
3/25/99 
3/25/99 
3/25/99 
3/25/99 
3/25/99 
3/25/99 
3/25/99 
3/25/99 
3/25/99 
3/25/99 
3/26/99 
3/26/99 
3/26/99 
3/26/99 
3/26/99 
3/26/99 
3/26/99 
3/26/99 
3/26/99 
3/26/99 
3/26/99 
3/26/99 
3/26/99 
3/26/99 
3/26/99 
3/26/99 
3/26/99 
3/26/99 
3/26/99 
3/26/99 
3/26/99 
3/26/99 
3/26/99 
3/26/99 
3/27/99 
3/27/99 
3/27/99 
3/27/99 
3/27/99 

425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 
441 
442 
443 
444 
445 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 

446 
447 
448 
449 
450 

260 1800 1518691 580970 
254 2500 1518400 581963 
255 2500 1518434 581913 
254 2500 1518939 581809 
255 2500 1518754 581674 
254 2500 1518770 581668 
255 2500 1518694 581735 
261 1800 1518573 580932 
260 1800 1518550 580956 
261 1800 1518497 580968 
260 1800 1518469 580992 
261 1800 1518389 580955 
260 1800 1518380 580943 
261 1800 1518768 580782 
260 1800 1518693 580703 
261 1800 1518565 580811 
260 1800 1518429 580731 
261 1800 1518478 580737 
260 1800 1518370 580750 
261 1800 1518372 580789 
261 1800 1518789 580497 
260 1800 1518656 580559 
261 1800 1518529 580519 
260 1800 1518483 580470 
261 1800    1518467 580610 
260 1800    1518364 580550 
261 1800    1518335 580609 
260 1800    1518774 580351 
254 3000    1518732 581692 
255 3000    1518627 581837 
254 3000    1518553 581703 
255 3000    1518501 581733 

NO ACTIVITY 
254 

NO ACTIVITY 
255 

NO ACTIVITY 
NO ACTIVITY 

254 3000    1518705 
255 3000    1518568 

NOACnVTTY 
254 3000 1518460 
260 1300    1518691 
261 1300    1518559 
260 1300    1518418 
261 1300    1518365 
260 1300    1518365 

3000    1518392  581770 

3000    1518881  581463 

Fyl2 
Gx7 
Gx7 
Ey8 
Ex8 
Ex8 
Fy8 
Fxl2 
Fxl2 
Gyl2 
Gyl2 
Gxl2 
Gxl2 
Exl3 
Fyl3 
Fxl3 
Gyl3 
Gyl3 
Gxl3 
Gxl3 
Exl4 
Fyl4 
Fxl4 
Gyl4 
Gyl4 
Gxl4 
Gxl4 
Exl5 
Fy8 
Fx8 
Gy8 
Gy8 

Gx8 

Ey9 

581589 Fy9 
581551 Fx9 

581496 Gy9 
580338 Fyl5 
580325 Fxl5 
580348 Gyl5 
580348 Gxl5 
580427 Gxl5 

I 



Date Load# Scow# 

Est.Scow 
Quant/cy 

Location MDGrid Location in 
Drop Zone X Y 

3/27/99 451 261 1300 1518702 580168 Exl6 

3/27/99 452 260 1300 1518457 580106 Gyl6 

3/27/99 453 261 1300 1518546 580149 Fxl6 

3/27/99 454 260 1300 1518395 580245 Gxl6 

3/27/99 455 261 1300 1518329 580141 Gxl6 

3/27/99 456 260 1300 1518320 580135 Gxl6 

3/27/99 97 NO ACTIVITY 

3/27/99 98 255 3100 1518417 581599 Gx9 

3/27/99 99 NO ACTIVITY 

3/27/99 100 NO ACTIVITY 

3/27/99 101 254 3100 1518792 581268 ExlO 

3/27/99 102 255 3100 1518712 581290 FylO 

3/27/99 103 254 3100 1518578 581290 FxlO 

3/27/99 104 255 3100 1518480 581338 GylO 

3/27/99 105 NO ACTIVITY 

3/27/99 106 106 3100 1518418 581271 GxlO 

3/27/99 107 NO ACTIVITY 

3/27/99 108 NO ACTIVITY 

3/27/99 109 NOACTTVliy 

3/27/99 110 255 3100 1518686 581146 Fyll 

3/27/99 111 254 3100 1518557 581114 Fxll 

3/28/99 459 261 1900 1518125 582167 Iy6 

3/28/99 460 260 1900 1518052 582233 1x6 

3/28/99 461 261 1900 1517884 582147 Jy6 

3/28/99 462 260 1900 1517799 582178 Jx6 

3/28/99 463 261 1900 1517719 582140 Ky6 

3/28/99 464 260 1900 1517591 582151 Kx6 

3/28/99 452 261 1900 1518670 580170 Fyl6 

3/28/99 457 260 1900 1518336 582248 Hy5 

3/28/99 458 261 1900 1518247 582235 Hx6 

3/28/99 464a 260 1900 1517572 582181 Kx6 

3/28/99 465 261 1900 1518291 581992 Hy7 

3/28/99 112 255 3200 15184S7 581226 Gyll 

3/28/99 113 254 3200 1518383 581133 Gxll 

3/28/99 114 NO ACTIVITY 

3/28/99 115 255 3200 1518300 581519 Hy9 

3/28/99 116 254 3200 1518201 581518 Hx9 

3/28/99 117 255 3200 1518218 581500 Hx9 

3/28/99 118 254 3200 1518089 581528 Iy9 

3/28/99 119 255 3200 1518082 581572 Iy9 

3/28/99 120 254 3200 1517983 581498 1x9 

3/29/99 466 260 1300 1518286 581917 Hy7 

3/29/99 467 261 1300 1518174 581931 Hx7 

3/29/99 468 260 1300 1518182 581922 Hx7 

3/29/99 469 261 1300 1518103 581912 Iy7 

3/29/99 470 260 1300 1518083 581999 Iy7 

3/29/99 471 261 1300 1518023 581911 1x7 



Date Load# Scow# 

Est.Scow 
Quant./cy 

Location  MD Grid Location in 
Drop Zone 

3/29/99 472 
3/29/99 473 
3/29/99 474 
3/29/99 475 
3/29/99 476 
3/29/99 477 
3/29/99 121 
3/29/99 122 
3/29/99 123 
3/29/99 124 
3/29/99 125 
3/29/99 126 
3/29/99 127 
3/29/99 128 
3/30/99 478 
3/30/99 479 
3/30/99 480 
3/30/99 481 
3/30/99 482 
3/30/99 483 
3/30/99 484 
3/30/99 485 
3/30/99 486 
3/30/99 487 
3/30/99 488 
3/30/99 489 
3/30/99 490 
3/30/99 491 
3/30/99 492 
3/30/99 129 
3/30/99 130 
3/30/99 131 
3/30/99 132 
3/30/99 133 
3/30/99 134 
3/30/99 135 
3/31/99 493 
3/31/99 494 
3/31/99 495 
3/31/99 136 
3/31/99 137 
3/31/99 138 
3/31/99 139 
3/31/99 140 
3/31/99 141 
3/31/99 142 
3/31/99 143 

260 
261 
260 
261 
260 
261 
255 
254 
255 
254 
255 
254 
255 
254 
260 
261 
260 
261 
260 
261 
260 
260 
261 
260 
261 
260 
260 
261 
260 
255 
254 
255 
254 
255 
254 
255 
261 
260 
361 
254 
255 
260 
255 
261 
255 
260 
261 

1300 
1300 
1300 
1300 
1300 
1300 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
2400 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
1500 
1500 
1500 
2000 
2000 
1500 
2000 
1500 
2000 
1500 
1500 

1518032 
1517947 
1517895 
1517819 
1517786 
1517683 
1517959 
1517870 
1517921 
1517788 
1517718 
1517606 
1518291 
1518164 
1517607 
1518255 
1518279 
1518222 
1518166 
1518085 
1518090 
1517962 
1517962 
1517977 
1517896 
1517873 
1517807 
1517760 
1517680 
1518230 
1518057 
1518098 
1518003 
1517980 
1517871 
1517866 
1517698 
1517585 
1517599 
1517772 
1517767 
1517664 
1517690 
1517565 
1518293 
1518151 
1518147 

581960 
582002 
581977 
581958 
581970 
581963 
581552 
581534 
581558 
581677 
581484 
581513 
581355 
581305 
582017 
581816 
581780 
581773 
581743 
581760 
581766 
581802 
581814 
581753 
581777 
581795 
581806 
581764 
581739 
581379 
581321 
581317 
581316 
581371 
581376 
581370 
581769 
581786 
561811 
581436 
581387 
581338 
581349 
581337 
581137 
581184 
581129 

1x7 
Jy7 
Jy7 
Jx7 
Jx7 
Ky7 
1x9 
Jy9 
Jy9 
Jx9 
Ky9 
Kx9 
HylO 
HxlO 
Kx7 
Hy8 
Hy8 
Hx8 
Hx8 
Iy8 
Iy8 
1x8 
1x8 
1x8 
Jy8 
Jy8 
Jx8 
Jx8 
Ky8 
HxlO 
lylO 
lylO 
IxlO 
IxlO 
JylO 
JylO 
Ky8 
Kx8 
Kx8 
JxlO 
JxlO 
KylO 
KylO 
KxlO 
Hyll 
Hxll 
Hxll 



Date Load# Scow# 
Est.Scow 

QuantVcy 
Location MDGrid Location in 

Drop Zone X Y 

3/31/99 144 254 2000 1518042 581238 lyll 

3/31/99 145 260 1500 1518066 581171 lyll 

3/31/99 146 261 1500 1517962 581207 Ixll 

3/31/99 147 260 1500 1517991 581189 Ixll 

3/31/99 148 255 2000 1517864 581145 Jyll 

3/31/99 149 261 1500 1517826 581145 Jxll 

3/31/99 150 260 1500 1517760 581173 Jxll 

Total: 645 1090367    | 

Site 92 Scow Placement Totals 

CY Berm Construction 
CY Placed inside of Berm 

Total CY 

657068 
433299 

1090367 



APPENDIX F 

1998/1999 PLACEMENT MONITORING 

CONDITION SURVEYS 



GRAPHIC  SCALE 

( IN FEET ) 

1 inch =   500 ft 

^  MARYLAND 
^A ENVIRONMENTAL 

SERVICE 

SITE  92   BATHYMETRY 
PRE-PLACEMENT  CENAP   SURVEY 

PERFORMED:   DEC   9-12,   1998 
FIGURE   F-l 



GRAPHIC SCALE 

SCO 2£0 1000 

( m FEET ) 

1 inch =   500 ft. 

cr 
Q. I o 
& 
cr I 

LEGEND (FEET) 
Color Range Beg. Range 

-36.00 
-27.00 
-25.00 
-23.00 
-21.00 
-19.00 
-16.00 
-14.00 
-12.00 
-10.00 

End 
-27.00 
-25.00 
-23.00 
-21.00 
-19.00 
-16.00 
-14.00 
-12.00 
-10.00 
-8.00 

< 

MARYLAND 
JiA ENVIRONMENTAL 

SERVICE 

SITE   92   BATHYMETRY 
PRE-PLACEMENT   CENAP   SURVEY 

PERFORMED:   DEC  9-12,   1998 
FIGURE   F-2 



GRAPHIC  SCALE 

600 260 600 

( m FEET ) 

1  inch =   500 ft. 

1000 

/\JU 

S 

^ MARYLAND 
^AA ENVIRONMENTAL 

SERVICE 

SITE   92   BATHYMETRY 
25%   CENAP   SURVEY 

PERFORMED:   FEB   1,   1999 
FIGURE   F-3 



(  IN FEET  ) 

1  inch =   500 ft. 

^ MARYLAND 
^AA ENVIRONMENTAL 

SERVICE 

SITE   92   BATHYMETRY 
50%   CENAP  SURVEY 

PERFORMED:   FEB   23,   1999 
FIGURE   F-4 



GRAPHIC  SCALE 

250 BOO 

(  m FEET  ) 

1 inch =   500 ft. 

^ 

_i 

^ 

vJ 

•'• C M 

M 
£VAA' 

>   /- 
1000 

\   AAT 

J ^K ENVIRONMENTAL 
SERVICE 

SITE   92   BATHYMETRY 
75%   CENAP   SURVEY 

PERFORMED:   MARCH   17,   1999 
FIGURE   F-5 



GRAPHIC  SCALE 

( IN FEET ) 

1  inch =   500 ft. 

^ MARYLAND 
^QA ENVIRONMENTAL 

SERVICE 

SITE  92   BATHYMETRY 
100%  CENAP  SURVEY 

PERFORMED:   APRIL  7-   9,   1999 
FIGURE   F-6 



GRAPHIC  SCALE 

^ MARYLAND 
^AA ENVIRONMENTAL 

SERVICE 

SITE  92  BATHYMETRY 
0   -   100%   ISOPACH 

Performed   April  7-9,   1999 
FIGURE   F-7 
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SITE 92 
t! 

SCALE: 1" = 1000' 

LEGEND 

100% SURVEY 
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ABSTRACT 

A clamshell bucket dredge was used to excavate clayey silt sediment from the Chesapeake 
& Delaware Canal approach channel between December 23, 1998 and March 31, 1999. The 
volume of sediment dredged was reported as 833,695 m [1,090,367 yd ] by the contractor, 
Weeks Marine Inc., and 580,740 m3 [759,534 yd3] by the U.S. Army Corps of Engineers, 
Philadelphia District (CENAP). The reported volumes typically differ because of the different 
methodologies used to determine the quantities dredged from the channel. The sediment was 
placed via bottom-release scows into the northernmost section of Site 92, in the tug channel, 
known as the West Sailing Course, that traverses the placement site. Placement was designed to 
create a sediment berm, not to exceed an elevation of 4.27 m [14 ft] below mean low water 
(MLW), in the northernmost section of the site. This would form an enclosed basin within the site 
that would minimize the potential for sediment migration out of the site during any subsequent 
placement operations. 

Studies are routinely conducted by Maryland Geological Survey (MGS) on the dredged 
sediments to monitor their placement locations, elevation changes, physical characteristics, 
volumes occupied, and the changes in these attributes over time. The studies showed that 
placement resulted in a berm that filled the tug channel in the northern section of Site 92. The 
contract specification of 4.27 m [14 feet] below MLW was confirmed over the site. The 30H:1V 
[0.0333] sediment slope that was used in planning site management and for determining the set- 
back from the boundary was not achieved during this placement operation. The steepest slopes 
identified along the northeast side of the placement area fell between 35H:1V [0.0286] and 
50H:IV [0.0200]. 

The initial area of the completed berm was approximately 719,000 m2 [860,000 yd2]. The 
volume of placed sediment identified by MGS at Site 92 after the completion of placement was 
792,000 m3 ±73,000 m3 [1,035,500 yd3 ±95,000 yd3]. This represents an excess of 211,500 m3 

[276,000 yd3] or 36% more than the CENAP reported dredged volume and a deficit of 41,500 m3 

[55,000 yd3] or 5% less than the contractor's reported dredged volume. Based on the total 
volume of sediment identified and discussions with CENAP personnel, the volume that CENAP 
reported dredged is pay yardage removed by the contractor and an underestimate of the gross 
quantity removed from the channel. 

Although all sediments were placed within the site boundaries, a small amount of the 
placed sediment extended beyond the northeast site boundary at the completion of placement 
operations. This sediment extended a maximum distance of 100 m [330 ft] to the east of the site 
boundary and had an estimated volume of 3,500 m3 ±2,300 m3 [4,600 yd3 ±3,000 yd3]. This 
represents less than one-half of one percent (0.4%) of the placed sediment identified at the site 
and of the volume reportedly placed by the contractor. Sediment that was placed at the top of the 
berm during the latter weeks of the placement period likely moved downslope on the berm's east 
steep embankment and came to rest at the base of the slope in the deeper portion of the trough to 
the northeast. In addition, tidal currents may have spread some of the less consolidated sediments 
beyond the drop zones. 



Over the eleven month post-placement study period, as expected the berm underwent 
elevation and volume changes. Redistribution of sediment within three months after completion 
of placement resulted in the area of the placed sediments increasing by two-thirds to 
approximately 1,200,000 m2 [1,432,000 yd2] but did not result in a measurable change in the total 
volume. The redistribution included slumping of sediment to a short distance beyond the site 
boundary, within a month after completion of placement. Sediment appeared to have moved over 
the peripheral areas of the berm and deposited as a thin layer in the tug channel to the northeast 
and in the basin within the site to the southwest. Between three and six months after placement, a 
reduction in the elevation of the berm and thinning of the sediments in the peripheral areas 
resulted in an 11% volume reduction. Between six and nine months after placement, the 
sediments that had previously spread into the peripheral areas were largely eroded, contributing to 
an overall 20% volume reduction. Between nine and eleven months after placement, there was an 
additional 2% volume reduction. The net area covered by the berm sediments was reduced to 
approximately 533,000 m2 [637,000 yd2] or three-quarters of the original footprint. The 
maximum elevation of the placed berm decreased by 0.6 m [2 ft] since completion to 3.1 m [10.2 
ft] at eleven months. 

At the end of the eleven month post-placement period, 67% of the original sediment 
volume was identified at Site 92 with a net decrease of 263,500 m3 [344,500 yd3], or 33% less 
than the volume identified on the completion survey. Bulk property data indicated that one-third 
of the volume change, approximately 12% of the originally placed volume, was due to dewatering 
and consolidation. The remaining two-thirds of the volume change, representing 21% of the 
original volume, was attributed to erosion of sediment from the surface of the deposit. In past 
studies of clamshell dredged and scow placed sediments, it has been found that one-third to two 
thirds of the total volumetric reduction could be attributed to either consolidation or erosion. The 
sediments placed in this operation exhibited similar amounts of consolidation and erosion as those 
placed in previous years in the northern Chesapeake Bay. 

It is recommended that future placement near site boundaries should avoid developing a 
sediment pile (lift) of similar thickness and slopes (<50H:1V [0.0200]) as those in this year's 
placement operation in deep areas such as this. Shallower slopes should be anticipated and a 
greater set-back from the site boundary identified for scow drops to minimize the potential spread 
of sediment outside of the site boundary. However, it is unlikely that any future operations in Site 
92 will result in these conditions occurring given the bathymetry at the site. Close coordination 
between CENAP, the dredging contractor, Maryland Environmental Service (MES), and MGS 
and development of a suitable site management plan will minimize the potential for spread of 
sediment outside of the site boundary and slumping events in future placement operations. 



PROJECT DESCRIPTION 

Dredging of shipping channels in the northern Chesapeake Bay is routinely required to 
maintain navigational access to the Port of Baltimore. Portions of the sediment dredged from 
these operations are placed overboard, on the Bay bottom, in designated sites adjacent to the 
shipping channels. Figure 1 is a location map of the upper Chesapeake Bay showing the dredged 
navigation channels and the designated open-water placement sites. The designated sites are 
located south and east of Pooles Island, just to the west of the lower reach of the Chesapeake and 
Delaware (C&D) Canal approach channel. 

Maintenance dredging of sediment from the C&D Canal approach channel was conducted 
during the winter of 1998-1999 under contract from the U.S. Army Corps of Engineers, 
Philadelphia District (CENAP) to Weeks Marine, Inc. (Invitation For Bid No. DACW61-98-B- 
0013; Contract No. DACW61-99-C-0001). Sediments were removed from the channel by 
clamshell bucket dredge and transported and placed within a designated portion of Site 92 via 
bottom-release scows. Site 92 straddles a channel known as the West Sailing Course which is 
used principally by tugs running without barges and tugs with empty or light-loaded barges. 
Placement was designed to create a sediment berm along the northeastern corner of the site within 
this channel to minimize the potential for the spread of sediment deposited in subsequent 
placement operations (Maryland Environmental Service, 1997). The final elevations for the 
placed sediment berm was not to exceed 4.27 m [14 ft] below mean low water (MLW) to allow 
for continued access by the tugs. 

The drop zone for berm construction was modified from the design presented in the Final 
Environmental Assessment (Maryland Environmental Service, 1997) and the original bid 
specifications (U.S. Army Corps of Engineers, Philadelphia District, 1998, chart number 58081). 
Based on the October 30, 1998 bathymetry, and discussions between CENAP, the contractor, and 
Maryland Geological Survey (MGS), the originally proposed drop zone was reduced in length and 
the setback from the Site 92 boundary was increased. This change was brought about in an effort 
to ensure that the berm's footprint, with anticipated side slopes of 30H:1V [0.0333], would 
remain within the site boundary (Figure 1, inset; Figure 2). The approved placement plan called 
for the initial construction of the berm in the reconfigured zone designated as phase I. Following 
satisfactory construction of the berm, placement was to occur directly behind the berm within the 
adjoining area designated as phase II. The disposal operation plan as well as the location and 
quantity of each scow placement, or drop, is presented in the Site Management Report (Maryland 
Environmental Service, 2001). 

The contractor reported on their Daily Report of Operations (DRO) that a sediment 
volume of 833,695 m3 [1,090,367 yd3] was removed from the channel between December 23, 
1998, and March 31, 1999, and placed within the designated drop zone. CENAP reported that a 
sediment volume of 580,740 m3 [759,534 yd3] was removed from the channel. The contractor's 
dredged volume was based on the quantity of sediment placed per scow load. CENAP's dredged 
volume was based on the change between pre- and post-dredging bathymetric surveys in the 
channel and calculated as a pay volume to the authorized -41 ft depth. 



Location Map 

Figure 1.   Location of overboard disposal areas in the northern Chesapeake Bay. Site 92 was utilized 
for placement. Original drop zone is shaded. Reconfigured drop zones are designated as I and II. 
Light dotted lines indicate position of dredged shipping channels. In this operation, sediments were 
taken from the C&D Canal approach channel. 
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Studies are routinely conducted on the dredged sediments to monitor their placement 
locations, elevation changes, physical characteristics, volumes occupied, and the changes in these 
attributes over time. This document reports the studies conducted by MGS on the overboard 
placement of sediment dredged from the approach channel to the C&D Canal during the winter of 
1998-1999. The studies were funded by the Maryland Port Administration (MPA) and CENAP 
and administered through a contract with the Maryland Environmental Service (MES). The 
specific objectives of the studies conducted by MGS were: 

(1) to evaluate pre-placement conditions at the designated placement site; 
(2) to determine the placement location, thickness, and spatial extent of the deposited dredged 

sediment and changes in these characteristics through time; 
(3) to sample the dredged sediments to determine their physical and bulk properties in the 

channel and at the placement site; 
(4) to evaluate foundation settlement underlying the placed sediments during the placement 

and post-placement periods; 
(5) to evaluate the quantity of dredged sediment present at the placement site soon after the 

completion of dredging and placement operations; 
(6) to evaluate consolidation and erosion of the placed sediments; and, 
(7) to develop a total sediment mass budget for the placement and post-placement periods. 

On site monitoring activities were conducted aboard the Maryland Department of Natural 
Resources' Research Vessel Kerhin. Field work included bathymetric surveys of the placement 
site and surrounding areas and bottom sediment sampling (Figure 2). Eleven cruises were 
required to accomplish the stated objectives. The chronology of placement and study activities 
are described in greater detail in the Methods section. 



METHODS 

Table I lists the chronology of placement and scheduled study activities. The proposed 
schedule called for bathymetric surveys prior to placement, at the completion of scow placement, 
and at one, three, six, and nine months after placement and bottom sediment coring prior to, at 
completion of, and nine months after placement. Inclement weather, ice in northern Bay, or 
vessel scheduling conflicts delayed the completion and nine month bottom sediment coring cruises 
until one month and eleven months after placement, respectively. An additional bathymetric 
survey was conducted at eleven months to coincide with bottom sediment coring. 

1 Table I. Chronology of placement and study activities in Site 92. 

October 19, 1998 bottom sediment coring prior to sediment placement 

October 30, 1998 bathymetric survey prior to sediment placement 

January 11, 1999 additional bottom sediment coring prior to sediment placement 

December 23, 1998 scow placement commences 

March 31, 1999 scow placement completed 

April?, 1999 bathymetric data for completion survey 

April 28, 1999 bottom sediment coring for completion survey 

May 6, 1999 bathymetric data for one month survey 

July 12. 1999 bathymetric data for three month survey 

September 29, 1999 

January 6, 2000 

February 21, 2000 

February 22, 2000 

bathymetric data for six month survey 

bathymetric data for nine month survey 

bathymetric data for eleven month survey 

bottom sediment coring for eleven month survey 

BATHYMETRIC SURVEYING 
Data Collection 

Tracklines running northeast to southwest were established for bathymetric surveying in a 
wide area surrounding the designated drop zones (Figure 2). The spacing between tracklines was 
45 m [150 ft]. All tracklines were surveyed prior to the placement operations in order to establish 
a baseline record of the bottom depths, and as soon as possible after placement operations were 
completed in order to establish the initial spatial extent, thickness, and volume of the placed 
dredged sediment (Table I). Surveys were repeated on five other occasions to evaluate the 
bathymetric and volumetric changes of the deposit through time. 



Bathymetric data were collected using a Magnavox 300 survey-grade Differential Global 
Positioning System (DGPS) and a Furuno FCV-800 echosounder. DGPS differential corrections 
broadcast by the United States Coast Guard provided a horizontal accuracy of 2 to 5 m [7 to 16 
ft]. Horizontal position was recorded in Maryland State Plane Coordinate System (MSPCS) in 
meters based upon the North American Datum of 1983 (NAD 83). The echosounder generated 
repetitive acoustic pulses, ten soundings per second, at 198 kHz for bottom recognition. The 
acoustic wave reflected off the density gradient separating the water column from the bottom 
sediment. The reflections were then filtered and integrated within the echosounder to produce an 
accurate measurement from the transducer to the water/sediment interface every two seconds. A 
data point was collected approximately every 6 m [20 ft] along the survey tracklines. Bathymetry 
and positioning data were logged to a personal computer at a rate of one point every two 
seconds. Both the DGPS and the echosounder were checked against known horizontal and 
vertical measurements before and after each survey. 

The depth data were referenced to mean lower low water (MLLW) at the Tolchester 
Beach location for 1960-1978 National Tidal Datum Epoch. This station is maintained by 
National Oceanic and Atmospheric Administration/ National Ocean Service (NOAA/NOS). 
MLLW is 7 cm [2.8 in] below mean low water (MLW) at Tolchester. The depth data were 
adjusted by using tide data from the tide station, recorded at six minute intervals, and subtracting 
the tide level from the bathymetric data collected during the same time interval. Incorporated into 
the tidal adjustments was a +20 minute offset from Tolchester Beach to Site 92. Quality 
Assurance/Quality Control (QA/QC) analyses indicated that the practical resolution of the post- 
processed bathymetric data is ± 2.5 cm [1 in]. 

Bathymetric Interpretation and Volumetric Calculations 

Bathymetric data were interpreted with Surfer, a commercially available contouring 
software package (product of Golden Software, Golden, CO). The raw data was processed using 
the Surfer's Triangulation with linear interpolation method. This method is based on the works of 
Lawson (1977), Lee and Schachter (1980), and Guibas and Stolfi (1985). A 25 m [82 ft] 
regularly spaced grid was calculated from the bathymetric data. After the regularly-spaced grids 
were created, volumes and thicknesses of the placed dredged sediments could be calculated 
between upper and lower surfaces by comparison. The vertical resolution of the isopach maps 
showing bottom elevation changes was estimated to be 0.1 m ±0.05 m [4 in ±2 in]. This 
resolution produces a range of uncertainty in the volume calculations that is a function of the area 
covered by placed sediments. Ground-truthing the isopach maps showing bottom elevation 
changes was accomplished by collecting gravity cores both within and outside the area of the 
placed sediments. 

BOTTOM SEDIMENT SAMPLING 

Bottom sediment sampling occurred prior to placement and at one month and eleven 
months after completion of placement. The sampling sites are shown in Figure 2. Bottom 
sediments were collected in 6.7 cm [2.6 in] diameter cellulose acetate butyrate (CAB) core liners 

8 



inserted into either a Benthos open-barrel gravity corer, model, 2171 or a Benthos piston corer, 
model 2450. The recovered cores were trimmed at the sediment-water interface, capped, and 
returned to the laboratory for bulk property and granulometric analyses. 

In the laboratory, the sediment cores were first X-rayed in their liners using a TORR- 
MED medical X-ray unit. Prints of the X-ray images were developed using a Xerox 125 
xeroradiograph processor. X-rays of cores facilitated recognition of small-scale internal 
structures, such as clam and worm burrows or tubes, sheUs, and gas voids. These observations 
were used to evaluate benthic activity and identify the pre-placement bottom. On a negative 
xeroradiographic print, less dense material, such as burrows or gas voids, appear darker as 
compared to denser material, such as shells or sand, which appear lighter. 

After the cores were X-rayed, the sediment was extruded from the core liner, split along 
the axis, photographed, and described. The core was then carefully examined to identify the pre- 
and post-placement sedimentary units. Each sedimentary unit was subsequently sub-sampled in 
equal 10 cm [3.9 in] interval volumes along the entire length, homogenized into a single 
representative sample, and analyzed for water content and grain size. Analyses were conducted 
according to MGS standard techniques as outlined in Kerhin and others (1988). Samples used for 
water content analysis were divided into 15 to 20 g portions, dried at 65 0C, and then reweighed. 
Water content was calculated as the percentage of water weight to the total weight of wet 

sediment: 

W, 
%H2O = (^)_100 (1) 

where Ww is the weight of water, and W, is the weight of wet sediment. The water content, as 
sub-sampled from the homogenized intervals, was assumed to represent the mean water content 
present down-core in each pre- and post-placement sedimentary unit (MGS, unpublished data). 

The water content may be underestimated because of water being lost from the sediment 
during the time interval between collection and extrusion of the core. Recently placed sediments, 
contained within the core liner, exhibit a measurable amount of dewatering between the time of 
collection and analysis, resulting in compaction. The amount of water expressed from the 
sediment subsequent to collection can be calculated by measuring the change in core length prior 
to extrusion. Water contents calculated in the laboratory were corrected by assuming that this 
compaction occurred evenly throughout the thickness of the most recently placed sediment layer. 
The percent water contents reported for the samples represent corrected values. 

During collection of fine-grained sediments via open-barrel gravity coring, a significant but 
generally variable and indeterminable amount of compression (core shortening) also occurs in the 
sediment due to frictional forces against the inner wall core liner. The shortening of the collected 
sediment results from a physical thinning caused by lateral extrusion in front of the core (Weaver 
and Schultheiss, 1983; Blomqvist, 1988). Lateral thinning of sediment ahead of the retained 
sediments in the corer does not alter the water content (Halka and Panageotou, 1993). 



The precision of water content measurements was determined by calculating the relative 
standard deviation from replicate measurements made on fine-grained sediments collected at 
disposal Areas D and F in 1991 (Figure 1). For sediment samples collected and analyzed in this 
manner, the relative standard deviation for percent water content was determined to be 4.46% 
(Halka and Panageotou, 1993). The standard deviation (a) for any particular water content may 

be calculated as: 

100   ~ ^'^ (2) (JH20 = ^1I^_4.46 

This function yields a plus or minus value (±) indicating the range of variability possible in water 
content for each sediment sample. 

Bulk density (pb), porosity (P), and void ratio (e) were calculated from water content 
utilizing equations (3), (4), and (5) by assuming an average grain density (ps) of 2.65 g/cm3 and 
saturation of voids with water of density pw = 1.0 g/cm3. This method was adopted from the 

work of Bennet and 
Wt Lambert (1971): 

Pb~Wd /2.65 + Ww 

where Wd is the weight of dry sediment. 

P_J %H20 
Ps p,%H20 + pJl-%H20) (4) 

e=V^ (5) 

Vs 

where Vv is the volume of voids, and V, is the volume of solids. 

A statistically verifiable change in mean water content over time can be used to definitively 
quantify volumetric change through time. Using a t-test, two water contents can be compared at 
a certain confidence level to determine if the values are statistically different (Davis, 1973; Ott and 
others, 1978). If the water content values are determined to be statistically different, then the 
percent volume change over a specified time interval can be calculated at the specified confidence 
level. 

The percentage of volumetric change (VA) attributable to either bulking (water-loading 
during dredging and placement) or in situ consolidation (dewatering of foundation sediments and 
post-placement sediments) was determined from the change in porosity over time. Percent 
volume change can be calculated utilizing equation (6): 
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v. = ^ 100 (6) 

l-pf 

where P-, is the initial 
porosity at time one, and Pf is the final porosity at time two. The amount of erosion in placed 
sediments can subsequently be estimated by first calculating the total sediment volume change 
from the bathymetric analyses, and then subtracting the volume due to in situ consolidation. 

Grain size analysis involved cleaning 40 g samples in solutions of 10 percent hydrochloric 
acid and 15 percent hydrogen peroxide and subsequent rinsing with deionized water. This 
process removes soluble salts, carbonates, and organic matter that could interfere with the 
disaggregation of the individual grains. The samples were then treated with a 0.26 percent 
solution of the dispersant sodium hexametaphosphate ((NaPOs^) to ensure that individual grains 
did not reaggregate during analysis. 

The separation of sand and mud portions of the sample was accomplished by wet-sieving 
through a 4-phi mesh sieve (0.0625 mm, U.S. Standard Sieve #230). The sand fraction was dried 
and weighed. The finer silt and clay sized particles were suspended in a 1000 ml cylinder in a 
solution of 0.26 percent sodium hexametaphosphate. The suspension was agitated, and at 
specified times thereafter, 20 ml pipette withdrawals were made (Carver, 1971; Folk, 1974). 
The rationale behind this process is that larger particles settle faster than smaller ones. By 
calculating the settling velocities for different sized particles, times for withdrawal can be 
determined at which all particles of a specified size will have settled out past the point of 
withdrawal. Sampling times were calculated to permit the determination of the amount of silt (4 
phi) and clay sized (8 phi) particles in the suspension. Withdrawn samples were dried at 60oC and 
weighed. From these data, the dry weight percentages of sand, silt, and clay were calculated for 
each sample and classified according to Shepard's (1954) nomenclature (Figure 3). 

Clay 

Sand 

Figure 3. Shepard's (1954) classification of sediment types. 
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RESULTS 

APPROACH CHANNEL SEDIMENT PROPERTIES 

Table II summarizes the physical properties of the C&D Canal approach channel 
sediments collected on October 19, 1998, prior to any dredging. Five sediment cores were 
collected in designated maintenance areas (acceptance sections) to specified dredging depths, 
based on the bid specifications (U.S. Army Corps of Engineers, Philadelphia District, 1998). The 
cores were labeled by the acceptance section (AS) in which they were collected. The locations of 
the acceptance sections are found on the soundings chart numbers 58077, 58078, and 58079, 
dated September 4, 1998 (U.S. Army Corps of Engineers, Philadelphia District, 1998). 

Table II. Physical properties of C&D approach channel sediments (10/19/98). 

Core location AS-3 AS-5 AS-6 AS-7 AS-13 

Sediment thickness in core (m) 1.04 1.13 1.11 1.18 1.04 

Sand/silt/clay fraction (%) 3/55/42 3/57/40 4/58/38 4/59/37 1/57/42 

Shepard's (1954) classification clayey silt clayey silt clayey silt clayey silt clayey silt 

Water content (%) 54.1 ±2.4 58.9 ±2.6 56.0 ±2.5 55.9 ±2.5 57.3 ±2.6 

Bulk density (g/cm3) 1.40 ±0.03 1.34 ±0.03 1.38 ±0.03 1.38 ±0.03 1.36 ±0.03 

Porosity 0.758 ±0.018 0.792 ±0.018 0.771 ±0.018 0.771 ±0.018 0.780 ±0.018 

Void ratio 3.1 ±0.3 3.8 ±0.4 3.4 ±0.4 3.4 ±0.4 3.6 ±0.4         1 

All five sediment cores were primarily an olive gray clayey silt mud (Shepard's 1954 
classification, Figure 3). There was relatively little variation in the sand/silt/clay fractions. The 
sand content ranged from 1 to 4%, silt from 55 to 59%, and clay from 37 to 42%. Mean water 
content ranged from 54.1 to 58.9%, a range of 4.8%. The average of the mean water content 
values, 56.4%, was utilized to calculate a bulking factor for the placed sediments at the disposal 
site (see Tables X and XI in section: Volumetric Analyses - Dredged and Placement Amounts). 
The bulk property values are consistent with clayey silt muds sampled in previous years. The 
water content for dredged maintenance sediments from previous years' sampling ranged between 
53 and 62%. The average of the water content values in any given year (1991 through 1997) was 
between 56 and 59%. This variation is due to the location of the designated maintenance areas 
(acceptance sections) dredged. The long term average of all maintenance dredged sediment cores 
collected to date is 57.4%. 

Higher water content values are generally found in the upper reaches of the navigation 
channel and lower values in the lower reaches. This trend may be due to a greater shoaling rate in 
the lower reaches of the channel than the upper reaches during the spring freshet. During the 
latter months of the year, shoaling occurs at greater rates in the upper reaches as the fresh water 
flow decreases and the turbidity maximum shifts northward. Thus, the accumulated sediment in 
the lower reaches has an opportunity to dewater over a relatively longer period of time prior to 
collection than does the sediment in the upper reaches. Channel bathymetric surveys conducted 
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by CENAP commonly indicate that shoaling occurs first in the lower reaches, supporting this 
hypothesis (W. DePrefontaine, oral commun., 1999). 
PRE-PLACEMENT CONDITIONS 

Bathymetry 

Site 92 is approximately 934 acres in size (Maryland Environmental Service, 1997). The 
site straddles a trough known as the West Sailing Course channel between Buoy R "6" to the 
south and Buoy G '7" to the north. The western portion of former placement Area G-South is 
included within the site (Figure 1). The West Sailing Course channel is used principally by tugs 
running without barges and tugs with empty or light-loaded barges. The trough is oriented in a 
northeast to southwest direction and extends beyond the site boundary both to the northeast into 
deeper water and to the southwest into shallower water. In the northeast direction, the trough 
opens to variable bottom topography referred to as the high relief area. 

A pre-placement bathymetric survey of Site 92 was conducted on October 30, 1998 
(Figure 4). Pre-placement water depths throughout Site 92 ranged from 3.0 to 9.0 m [9.8 to 29.5 
ft]. Relatively shallower water depths, less than 5.0 m [16.4 ft], were located along the margins of 
the northwest and southeast boundary. From the northwest and southeast margins, the bottom 
sloped into the West Sailing Course channel that runs through the center of the site. Depths 
within the West Sailing Course tug channel ranged from 5.8 m [19 ft] in the southwest to 9.0 m 
[29.5 ft] in the northeast. 

Water depths in the northern half of the site, within the designated drop zone, were 
between 5.0 to 8.5 m [16.4 to 27.9 ft]. The variable topography within the northeast sector, 
characterized by irregular semi-circular contours, resulted from scow placement of up to 2.0 m 
[6.6 ft] of dredged sediment into Area G-South in 1997 (Panageotou and others, 1998). The 
southern end of the high relief area is located immediately east of this sector of the site. Water 
depths vary in the high relief area from 3.5 to 12.0 m [11.5 to 39.4 ft] over very short distances. 

Sediment Properties 

Bottom sediment coring occurred on two dates: October 19, 1998 and January 11,. 1999 
in order to characterize the pre-placement bottom sediment and establish bulk property data to 
evaluate subsequent foundation consolidation. The bottom sediments were sampled to a depth of 
0.5 m [1.6 ft] at sixteen locations throughout the northern half of the placement area (Figure 2). 
Cores 92-1 through 92-8 were collected on the former date along the center line in the originally 
configured drop zone. These sites were located along the northern and eastern margins of Site 
92. Cores 92-9 through 92-13 were collected on the latter date in the phase I drop zone. Cores 
92-14 through 92-16 were collected on the latter date in the phase II drop zone. Tables III and 
IV summarize the sediment physical properties in the upper 0.5 m [1.6 ft] of each core. 
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Site 92 
bathymetry prior to placement 
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Figure 4. Bathymetry on October 30, 1998, prior to sediment placement. Depths in meters 
(contour interval 0.5 m). Grain size distribution for foundation sediments collected on 
October 19, 1998 and January 11, 1999 is indicated. Refer to Figure 2 for identification of 
sediment core sites. 
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1 Table III. Physical properties of foundation sediments prior to placement in the original drop zone (10/19/98). 

Core location 92-1 92-2 92-3 92-4 

Sediment thickness in core (m) 0.50 0.50 0.50 0.50 

Sand/silt/clay fraction (%) 2/57/41 8/53/39 25/26/49 4/36/60 

Shepard's (1954) classification clayey silt clayey silt sand silt clay silty clay 

Water content (%) 58.0 ±2.6 57.6 ±2.6 57.3 ±2.6 55.4 ±2.5 

Bulk density (g/cm3) 1.35 ±0.03 1.36 ±0.03 1.36 ±0.03 1.39 ±0.03 

Porosity 0.785 ±0.018 0.783 ±0.018 0.780 ±0.018 0.767 ±0.018 

Void ratio 3.7 ±0.4 3.6 ±0.4 3.6 ±0.4 3.3 ±0.3 

n-> c m g n-» n m o 

Sediment thickness in core (m) 0.50 0.50 0.50 0.50 

Sand/silt/clay fraction (%) 3/44/53 15/53/32 5/52/43 4/52/44 

Shepard's (1954) classification silty clay clayey silt clayey silt clayey silt 

Water content (%) 56.9 ±2.5 48.3 ±2.2 53.7 ±2.4 54.1 ±2.4 

Bulk density (g/cm') 1.37 ±0.03 1.47 ±0.03 1.41 ±0.03 1.40 ±0.03 

Porosity 0.778 ±0.018 0.713 ±0.018 0.754 ±0.018 0.758 ±0.018 

Void ratio 3.5 ±0.4 2.5 ±0.2 3.1 ±0.3 3.1 ±0.3 

Table IV. Physical properties of foundation sediments prior to placement in phase I and II drop zones (1/11/99). 

Core location 92-9 92-10 92-11 92-12 

Sediment thickness in core (m) 0.50 0.50 0.50 0.50 

Sand/silt/clay fraction (%) 2/54/44 3/55/42 8/32/60 1/57/42 

Shepard's (1954) classification clayey silt clayey silt silty clay clayey silt 

Water content (%) 59.6 ±2.7 57.8 ±2.6 61.6 ±2.7 48.5 ±2.2 

Bulk density (g/cm3) 1.34 ±0.03 1.36 ±0.03 1.31 ±0.03 1.47 ±0.03 

Porosity 0.796 ±0.018 0.784 ±0.018 0.810 ±0.018 0.714-±0.018 

Void ratio 3.9 ±0.5 3.6 ±0.4 4.2 ±0.5 2.5 ±0.2 

nt n 51-1 15 9-' 16 

Sediment thickness in core (m) 0.50 0.50 0.50 0.50 

Sand/silt/clay fraction (%) 2/30/68 2/53/45 9/46/45 8/34/58 

Shepard's (1954) classification silty clay clayey silt clayey silt silty clay 

Water content (%) 56.3 ±2.5 57.6 ±2.6 57.7 ±2.6 56.9 ±2.5 

Bulk density (g/cm3) 1.37 ±0.03 1.36 ±0.03 1.36 ±0.03 1.37 ±0.03 

Porosity 0.774 ±0.018 0.783 ±0.018 0.783 ±0.018 0.778 ±0.018 

Void ratio 3.4 ±0.4 3.6 ±0.4 3.6 ±0.4 3.5 ±0.4 
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The foundation sediments were predominantly banded grayish black, dark gray, or olive 
gray muddy sediments that fell into one of three categories (Shepard's 1954 classification. Figure 
3). Of the sixteen sites sampled, ten were clayey silts, five were silty clays, and one was sand-silt- 
clay (Figure 4). The natural foundation sediments in Site 92 are the clayey silt muds (Halka and 
others, 1996). For clayey silts, the sand fraction ranged from 1 to 15%, silt fraction from 46 to 
57%, and clay fraction from 32 to 45%. Water contents ranged from 48.3 to 59.6%. The silty 
clays resulted from the placement of sediments dredged from the Cutoff Angle, Swan Point, and 
Craighill Entrance channels and placed into former Area G-South in 1992-93 (Panageotou and 
Halka, 1994b). The silty clays had a sand fraction that ranged from 2 to 8%, silt fraction from 30 
to 44%, and clay fraction from 53 to 68%. Water contents ranged from 55.4 to 61.6%. The 
sand-silt-clay had a sand fraction of 25%, silt fraction of 26% and clay fraction of 49%; water 
content was 57.3%. The average of the water contents at all 16 sites was 56.1%. 

POST-PLACEMENT CONDITIONS 

Bathymetric Changes 

Figures 5 through 10 depict the post-placement bathymetry over the study period. These 
figures are presented in metric units with the contours labeled in meters. The figures are 
presented again in Appendix I in standard English units with the contours labeled in feet. The 
proposed work called for surveys to be conducted prior to placement, at the completion of 
placement, and at one, three, six, and nine months after placement. All the scheduled surveys 
were conducted; however, in addition to the scheduled nine month survey on January 6, 2000, an 
additional survey was conducted on February 21, 2000. Inclement weather and vessel scheduling 
conflicts delayed the nine month bottom sediment coring cruise until February 21, 2000. The final 
bathymetric survey, referred to as the eleven month survey, coincided with the final bottom 
sediment collection date. 

The bathymetry at the completion of placement (April 7, 1999) is presented in Figure 5. 
The placed sediments formed a berm that filled the northeast end of the trough (tug channel) 
within Site 92. This created a basin near the center of placement site. Water depths throughout 
the phase I drop zone averaged 5.0 m [16.4 ft] and ranged from a minimum of 4.6 m [15.1 ft] to a 
maximum of 5.3 m [17.4 ft]. Water depths decreased since the pre-placement survey by as much 
as 3.7 m [12.1 ft] across the area of the placed berm. The lower southeast corner of the phase I 
drop zone, where the pre-placement water depth averaged 5.0 m [16.4 ft], was not affected by 
placement. Water depths throughout the phase II drop zone were more variable than in the phase 
I drop zone, averaging 5.5 m [18 ft] and ranging from 4.7 to 6.0 m [15.4 to 19.7 ft]. Water 
depths in the phase II zone decreased since the pre-placement survey by 0.1 to 3.0 m [0.3 to 9.8 
ft]. 

Along the outside edge of the phase I drop zone, the placed sediments generally sloped to 
the north and east at an average gradient of 100H:1V [0.0100]. In one section, in the vicinity of 
northing 177,500, steeper gradients were present. In this area slopes ranged from 35H:1V 
[0.0286] to 50H:1V [0.0200]. As discussed in the Project Description section, the original plan 
for determining the phase I placement area utilized a bottom slope of 30H:1V [0.0333] for 
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Site 92 
bathymetry at completion 
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Figure 5. Bathymetry on April 7 1999, after completion of sediment placement. Depths in meters 
(contour interval 0.5 m). 
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Site 92 
bathymetry at one month 

May 6,1999 
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Figure 6. Bathymetry on May 6, 1999, one month after completion of sediment placement. 
Depths in meters (contour interval 0.5 m). Grain size distribution for placed sediments collected 
on April 28, 1999 is indicated. Refer to Figure 2 for identification of sediment core sites. 
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Site 92 
bathymetry at three months 

July 12,1999 
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Figure 7. Bathymetry on July 12, 1999, three months after completion of sediment placement. 
Depths in meters (contour interval 0.5 m). 

19 



Site 92 
bathymetry at six months 

September 29,1999 
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Figure 8. Bathymetry on September 29, 1999, six months after completion of sediment placement. 
Depths in meters (contour interval 0.5 m). 
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Site 92 
bathymetry at nine months 

January 6, 2000 
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Figure 9. Bathymetry on January 6, 2000, nine months after completion of sediment placement. 
Depths in meters (contour interval 0.5 m). 
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Site 92 
bathymetry at eleven months 

February 21,2000 
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Figure 10. Bathymetry on February 21, 2000, eleven months after completion of sediment placement. 
Depths in meters (contour interval 0.5 m). Grain size distribution for placed sediments collected on 
Februarv 22. 2000 is indicated. Refer to Figure 2 for identification of sediment core sites. 
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calculating the set-back from the site boundary. The 30H:1V [0.0333] estimated slope was based 
on the berm design proposed in the Final Environmental Assessment (Maryland Environmental 
Service, 1997). However, slopes of this magnitude were not achieved in this placement 
operation. In the phase II drop zone the placed sediment sloped to the southwest into deeper 
water in Site 92 at a lower gradient of 200H to 300H:1V [0.0050 to 0.0033]. The shaUower 
slope in the phase II drop zone resulted from the wider distribution of the individual scow drops 
by the contractor. The completion survey indicated that the autoerized depth of4.27 m [14 ft] 
MLW depth was maintained over the entire placement area. 

The bathymetric surveys over the eleven month post-placement period showed, in general, 
a gradual deepening over both the phase I and II drop zones (Figures 6 through 10). The greatest 
increases in water depth took place over the thicker sediment deposits of the berm in the phase I 
placement area. Depths over much of the berm top were 5.0 m [16.4 ft] at the completion of 
placement (Figure 5). The 5.0 m [16.4 ft] depth contour over the berm top showed a decrease in 
size on both the one month (Figure 6) and three month (Figure 7) surveys. By the six month 
survey most of the top of the berm had a depth between 5.0 m [16.4 ft] and 5.5 m [18 ft] (Figure 
8), and the berm top remained at near this depth on both the nine and eleven month surveys 
(Figures 9 and 10). In the phase II placement area, where the deposited sediments were generally 
thinner, relatively smaller depth changes took place over the study period. Depths within this area 
largely remained between 5.5 m [18 ft] and 6.0 m [19.7 ft] on all the survey dates. 

An obvious localized change occurred on the northeast periphery of the berm between the 
completion survey (Figure 5) and the one month survey (Figure 6). The one month survey 
showed a finger-like projection of the contour lines along the steep northeast slope (at 
approximately northing 177,500 - easting 463,200). This projection extended to the northeast 
approximately 150 m [500 ft] from the original base of the berm, and protruded as far as 100 m 
[330 ft] outside the site boundary. Apparently, sediment had slumped down the berm slope where 
the initial gradient was a relatively steep 50H:1V [0.0200] and had come to rest at a lower 
gradient of 80H: 1V [0.0125] sometime between the completion and the one month survey. By 
the three month survey, these projecting contours were no longer evident (Figure 7). 

The six month survey showed a continued increase in water depth over the top of the 
berm and minor changes in bathymetry over the northeast-southwest peripheral areas of the berm 
since the three month survey (Figure 8). The nine and eleven month surveys exhibited nearly 
identical bathymetries (Figures 9 and 10). Over the eleven month study period, water depths 
gradually increased over the berm by an average of 0.5 m [1.6 ft] (compare Figures 5 and 10). 
Eleven months following placement the average water depth in the phase I drop zone was 5.5 m 
[18 ft] and 6.0 m [19.7 ft] in the phase II drop zone. The resultant berm sloped to the northeast 
at a gradient of approximately 150H:1V [0.0067]. The placed sediments in the phase II drop 
zone sloped to the southwest at a gradient of 375H:1V [0.0027]. 

The extent of bathymetry changes over the study period can also be depicted as isopach 
maps created from the bathymetric data. Figures 11 through 16 depict bottom elevation changes 
that occurred between the pre-placement and each of the post-placement surveys (completion, 
one, three, six, nine, and eleven months). In these figures it is easier to delimit the areal extent of 
the bathymetric changes as well as the thicknesses of the deposited sediment. The 0.1 m [0.3 ft] 
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Figure 11. Isopach map showing change in elevation (in meters) between pre-placement 
(October 30, 1998) and completion of placement (April 7, 1999). 
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Site 92 
change in elevation between 

pre-placement and one month 
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Figure 12. Isopach map showing increase in elevation (in meters) between pre-placement 
(October 30, 1998) and one month (May 6, 1999). Refer to Figure 2 for identification of 
sediment core sites. 
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Figure 13. Isopach map showing increase in elevation (in meters) between pre-placement 
(October 30, 1998) and three months (July 12, 1999). 
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Site 92 
change in elevation between 

pre-placementand six months 
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Figure 14. Isopach map showing increase in elevation (in meters) between pre-placement 
(October 30, 1998) and six months (September 29, 1999). 
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Site 92 
change in elevation between 

pre-placement and nine months 

178000- 

177500- 

177000- 

176500- 

176000 

175500- 

175000- 

-| 1 1 1 1 1 1 1 1 1 1 1 1 1   I   I   |   '   '    '    r 

461000    461500    462000    462500    463000 
M.S.P.C.S. (NAD83-METERS) 

463500 

Figure 15. Isopach map showing increase in elevation (in meters) between pre-placement 
(October 30, 1998) and nine months (January 6, 2000). 
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Site 92 
change in elevation between 

pre-placement and eleven months 
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Figure 16. Isopach map showing increase in elevation (in meters) between pre-placement 
(October 30, 1998) and eleven months (February 22, 2000). Refer to Figure 2 for identification 
of sediment core sites. 
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contour is presented as a bold line and delineates the minimum elevation change discemable from 
the bathymetric data. The figures are presented again in Appendix II in standard English units 
with the contours labeled in feet. 

Figure 11 presents the isopach of sediment thickness that resulted from the initial 
placement in the phase I and phase II drop zones. Sediment placement in the adjoining drop 
zones resulted in a thick contiguous deposit at the northeast end of Site 92. The initial area of 
placed sediments covered approximately 719,000 m2 [860,000 yd2]. The placed sediments 
formed a berm 1,300 m [4,300 ft] long and an average of 650 m [2,100 ft] wide. A comparison 
of Figure 11 with Figure 4 indicates that the thicker sediments were located along an axis 
stretching in a northeast-southwest direction in the center of the trough that had existed in the 
area prior to placement. The maximum deposited sediment thickness was 3.7 m [12.1 ft] in the 
phase I drop zone between northing 176,750 and 177,800, at the northeast comer of the berm. 
The placed sediments also exhibited maximum slopes at that location as indicated on Figure 5. 
Approximately 44% of the total area of placement, 315,000 m2 [377,000 yd2], had a deposited 
sediment thickness of 1.0 m [3.3 ft] or greater. 

The extension of the 0.1 m [0.3 ft] contour in both a northeast and southwest direction 
from the defined placement areas suggests that tidal currents may have spread some of the less 
consolidated sediments beyond the drop zones (Figure 11). In addition, the thick sediment pile 
(lift) created at the edge of the placement area may have contributed to the movement of sediment 
to the northeast, beyond the site boundary. As indicated in the Site Management Report 
(Maryland Environmental Service, 2001), multiple scow drops were made within the northeast 
corner of the phase I drop zone. The maximum water depths prior to placement were 8.5 m [27.9 
ft], and the bottom was elevated by as much as 3.7 m [12.1 ft] in the vicinity of northing 177,500 
creating a steep slope on the east side of berm. Sediment that was deposited during the latter 
weeks of the placement period at this location likely moved downslope on the steep embankment 
and came to rest at the base of the slope, in water depths of 8.0 to 8.8 m [26.2 to 28.9 ft], thus 
pushing the 0.1 m [0.3 ft] contour to the northeast beyond the site boundary. The resultant 0.1 m 
[0.3 ft] contour line extended a maximum distance of 100 m [330 ft] in a northeast direction. At 
the site boundary, this sediment was approximately 0.15 m [0.5 ft] thick and thinned to the north 
and east. The sediment located outside of the boundary covered an area of 23,000 m2 [28,000 
yd2] and had an approximate volume of 3,500 m3 ±2,300 m3 [4,600 yd3 ±3,000 yd3]. This 
represented less than one-half of one percent (0.4%) of the placed sediment identified at the site 
and of the volume reportedly placed by the contractor. 

One month after placement, minimal elevation changes occurred over the top of the berm; 
however, some redistribution of sediment occurred on the periphery (Figure 12). As discussed 
above, sediment along the relatively steep northeast slope had slumped northeastward appearing 
in this figure as a finger-like projection. Immediately outside of the Site 92 boundary this 
sediment mass was between 2.0 and 2.5 m [6.6 and 8.2 ft] thick, but thinned rapidly in a northeast 
direction to less than 0.5 m [1.6 ft]. In addition, some additional sediment accumulated as a thin 
layer to the northeast and southwest of the center of the deposit. This area of sediment 
accumulation was revealed by the extension of the 0.1 m [0.3 ft] isopach contour when compared 
to the completion survey one month earlier (Figure 11). Apparently, some of the less 
consolidated and easily eroded surficial sediments were transported by tidal currents and 
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deposited in the basin/tug channel located to the northeast and the southwest of the berm. The 
total area of the deposited sediment increased by one-fifth to 871,500 m2 [1,042,000 yd2] one 
month after placement due to this redistribution of material. 

Three months following placement, sediments swept from the berm top decreased its 
thickness somewhat and appeared to be deposited as a thin, broad deposit, less than 0.25 m [0.8 
ft] thick, in the deeper portion of the basin/tug channel (Figure 13). To the northeast, this deposit 
was present to the limits of the surveyed area and probably spread a short distance beyond. This 
accumulation covered an additional area of 400,000 m2 [478,000 yd2] in the deepest area of Site 
92. The total area covered by the placed sediments increased above that identified on the 
completion survey by two-thirds to approximately 1,200,000 m2 [1,432,000 yd2]. However, by 
this date the slumped sediment mass observed on the one month survey had been largely eroded 
away and were no longer apparent beyond the site boundary. 

The six month survey showed a continued reduction in the elevation of the berm to a 
maximum thickness of 3.4 m [11.2 ft] and some thinning of the sediments in the peripheral areas 
to the northeast and southwest (Figure 14). By the nine month survey, the sediments that had 
previously spread into the peripheral areas were no longer identifiable (Figure 15). By eleven 
months, the net area of the berm was reduced to approximately 533,000 m2 [637,000 yd2] or 
three-quarters of the original footprint (Figure 16). Approximately 44% of the total area of 
placement had a thickness of 1.0 m [3.3 ft] or greater. This was the same proportion as that 
identified at the completion of placement. The maximum thickness was reduced by 0.6 m [2 ft] 
since completion to 3.1 m [10.2 ft] at eleven months. 

The sediment that spread to the northeast portion of the tug channel between the 
completion and three month surveys was located on similar, fine-grained bottom sediment (Figure 
13). In a post-placement study of benthic organism recovery rates in Area G-West sediments, 
Scott (2000) determined that full recovery of the benthic community occurred within nine to 
twenty-one months of deposition. Similarly, post-placement studies of Areas G-Central and G- 
South indicated that the benthic community recovered to its original species composition and 
biomass within eight to eleven months (Versar, 1994). Studies of benthic recovery rates in Area 
G-West by Dalai (1996) found that the original community may completely recover within twelve 
to twenty-four months. Although no data on benthic organisms were collected during this 
monitoring effort, these earlier studies suggest that benthic community recovery should have been 
well underway between the six and nine month surveys. By the nine month survey, when the 
spread sediment was no longer apparent due to its removal and consolidation into the existing 
bottom, recovery was likely complete or nearly complete (Figure 15). 
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Sediment Properties 

Sediment cores were scheduled for collection at completion of placement and nine months 
after placement. However as discussed in the Methods section, collection occurred on April 28, 
1999 and February 22, 2000, approximately one month and eleven months, respectively, after the 
completion of placement. Of the sixteen sites selected for sampling prior to placement (Figure 2), 
only eleven were covered by placed sediments. Eight of the covered sites were selected for 
evaluation based on a range of sediment thicknesses (Table V). Three additional sites (92-4, 92- 
5, 92-6) were sampled for ground-truthing the bathymetric surveys. The bathymetry surveys 
indicated that these sites were not covered by placed sediments. The absence of placed sediments 
within the respective cores confirmed the bathymetric data. 

In addition to sampling the placed sediments, these cores re-sampled the underlying 
foundation sediments to evaluate foundation consolidation due to the weight of the overburden. 
Tables V and VI summarize the physical properties of the placed sediments at the one month and 
eleven month collection dates. Figures 6, 10, 12, and 16 show the core locations on the 
bathymetric and isopach maps. Figure 17 exhibits cross-section profiles at the core locations 
depicting the bathymetry and the in situ placed sediment thickness at completion, one month, and 
eleven months. The sediment thicknesses listed in the tables are less than the in situ thickness due 
to core shortening (refer to Methods section). The discussion concerning bulk properties focuses 
on the results of the mean water content analyses. The other properties (bulk density, porosity, 
and void ratio), calculated from the water content, are included in the tables for completeness. 

The grain size classification at the eight sites sampled was clayey silt (Shepard's 1954 
classification, Figure 3). The placed sediments were primarily olive gray in color. The sand 
content ranged from 2 to 6%, silt from 51 to 54%, and clay from 40 to 46%. Water content 
ranged from 53.9 to 58.8%, a 4.9% variation. This variation is primarily related to the time lapse 
in the chronology of scow placement. The average of the mean water content values, 56.5%, was 
utilized to calculate a bulking factor for the placed sediments at the disposal site and for post- 
placement consolidation/erosion calculations (see Tables X and XI in section: Volumetric 
Analyses - Dredged and Placement Amounts and Table XIV in section: Volumetric Analyses 
After Placement - Consolidation and Erosion). The average placed sediment water content was 
0.1 percent greater than that of the channel sediments. Clamshell dredged sediments in the Bay 
typically undergo a volume increase of approximately 10 to. 15% because of water-loading when 
placed in scows (J. Martin and R. Jackson, Great lakes Dredge & Dock Company; D. Nelson, 
Weeks Marine, Inc., personal communication). However, dewatering of the sediments during 
placement and over the one month period following placement reduced the placed sediment water 
content to nearly that measured in the channel sediments prior to dredging. 

At the time of the eleven month survey, the grain size classification at all eight sites was 
clayey silt (Table VI). The sand/silt/clay fractions were within a few percent of those collected at 
one month following placement. The placed sediments exhibited a 6.6% water content variation, 
from 50.4 to 57.0%. The sediments dewatered by an average of 2.9% over the post-placement 
study period to an average 53.6%. This value was utilized for consolidation/erosion calculations 
(see Table XIV in section: Volumetric Analyses After Placement - Consolidation and Erosion). 
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Site 92 
cross-section profiles at core locations 
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Figure 17. West to east cross-section profiles at core locations depicting bathymetry through 
time and in situ sediment thickness at times of collection. Refer to Figure 2 for core locations. 
Horizontal coordinates are S.P.C.S., NAD 83- meters. Elevation below MLLW is in meters on 
left axis and feet on right axis. Vertical exaggeration is 50x. 
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Table V. Physical properties of placed sediments one month after completion of placement (4/28/99).                        | 

Core location 92-1 92-2 92-3 92-9 

Sediment thickness in core (m) 0.80 2.75+ 2.40 0.52 

Sand/silt/clay fraction (%) 4/51/45 3/52/45 5/51/44 3/52/45 

Shepard's (1954) classification clayey silt clayey silt clayey silt clayey silt 

Water content (%) 55.1 ±2.5 55.1 ±2.5 53.9 ±2.4 58.3 ±2.6 

Bulk density (g/cm3) 1.39 ±0.03 1.39 ±0.03 1.40 ±0.03 1.35 ±0.03 

Porosity 0.765 ±0.018 0.765 ±0.018 0.756 ±0.018 0.787 ±0.018 

Void ratio 3.3 ±0.3 3.3 ±0.3 3.1 ±0.3 3.7 ±0.4 

n-i in ni ii n-> p 9"' 13 

Sediment thickness in core (m) 1.54 2.80 0.70 0.47 

Sand/silt/clay fraction (%) 3/53/44 6/54/40 3/51/46 2/53/45 

Shepard's (1954) classification clayey silt clayey silt clayey silt clayey silt 

Water content (%) 57.0 ±2.5 55.5 ±2.5 58.8 ±2.6 58.5 ±2.6 

Bulk density (g/cm') 1.37 ±0.03 1.38 ±0.03 1.35 ±0.03 1.35 ±0.03 

Porosity 0.779 ±0.018 0.767 ±0.018 0.791 ±0.018 0.789 ±0.018 

Void ratio 3.5 ±0.4 3.3 ±0.3 3.8 ±0.4 3.7 ±0.4 

+ Site 92-2 did not penetrate the full thickness of the pla :ed sediments 

| Table VL Physical properties of placed sediments eleven months after completion of placement (2/22/00).                  || 

Core location 92-1 92-2 92-3 92-9 

Sediment thickness in core (m) 0.38 2.33 2.11 0.27 

Sand/silt/clay fraction (%) 4/51/45 3/52/45 4/51/44 3/52/45 

Shepard's (1954) classification clayey silt clayey silt clayey silt clayey silt 

Water content (%) 54.3 ±2.4 53.2 ±2.4 50.4 ±2.2 56.7 ±2.5 

Bulk density (g/cm3) 1.40 ±0.03 1.41 ±0.03 1.45 ±0.03 1.37 ±0.03 

Porosity 0.759 ±0.018 0.751 ±0.018 0.729 ±0.018 0.776 ±0.018 

Void ratio 3.1 ±0.3 3.0 ±0.3 2.7 ±0.3 3.5 ±0.4 

m  in tfi p  1>3-H  

Sediment thickness in core (m) 1.12 2.03 0.83 0.38 

Sand/silt/clay fraction (%) 4/53/43 6/54/40 3/51/46 2/53/45 

Shepard's (1954) classification clayey silt clayey silt clayey silt clayey silt 

Water content (%) 53.4 ±2.4 52.6 ±2.3 51.0 ±2.3 57.0 ±2.5 

Bulk density (g/cm3) 1.41 ±0.03 1.42 ±0.03 1.44 ±0.03 1.37 ±0.03 

Porosity 0.752 ±0.018 0.746 ±0.018 0.734 ±0.018 0.779 ±0.018 

Void ratio 3.0 ±0.3 2.9 ±0.3 2.8 ±0.3 3.5 ±0.4 
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DISCUSSION 

Consolidation of Foundation Sediments 

Dewatering of the foundation sediments is expected to occur through time and result in 
some consolidation after placement. Without accounting for foundation consolidation, the placed 
sediment volumes determined through the bathymetric surveys may be underestimated. 
Therefore, foundation consolidation was evaluated and included in the calculations to derive the 
most accurate volumes possible. 

The depth to which foundation consolidation is affected by the overburden of placed 
sediments is unknown. This study evaluated the upper 0.5 m [1.6 ft] foundation layer because 
this was the estimated maximum thickness that the coring device could penetrate through placed 
sediments and recover pre-placement foundation sediments. Poindexter-Rollings (1990) 
determined that foundation consolidation should be greatest in the upper portion of the underlying 
sediment column. Based on that research, it was assumed that if minimal foundation 
consolidation was identified in the upper 0.5 m [1.6 ft] layer, then it was likely consolidation was 
negligible below this level. 

Tables III and IV list the physical properties of the foundation sediments within Site 92 
sampled prior to placement. Tables VII and VIII list the properties of the foundation sediments at 
one month and eleven months after completion of placement. At coring location 92-2, the placed 
sediments were not fully penetrated during post-placement sampling; therefore, foundation 
sediments were not recovered. Table IX summarizes the change in mean water content values 
over the three sampling periods at the remaining seven sites affected by the overburden of placed 
sediments. 

Table VII. Physical properties of foundation sediments one month after completion of placement (4/28/99). 

Core location 92-1 92-2 92-3 92-9 

Sediment thickness in core (m) 0.50 n/a 0.50 0.50 

Sand/silt/clay fraction (%) 2/53/45 12/28/60 1/50/49 

Shepard's (1954) classification clayey silt silty clay clayey silt 

Water content (%) .  56.1 ±2.5 57.8 ±2.6 57.7 ±2.6 

Bulk density (g/cm3) 1.38 ±0.03 1.36 ±0.03 1.37 ±0.03 

Porosity 0.772 ±0.018 0.784 ±0.018 0.783 ±0.018 

Void ratio 3.4 ±0.4 3.6 ±0.4 3.6 ±0.4 
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1 Table VII continued. Physical properties of foundation sediments one month after completion of placement). 

Core location 92-10 92-11 92-12 92-13 

Sediment thickness in core (m) 0.50 0.50 0.50                       0.50 

Sand/silt/clay fraction (%) 4/53/43 5/45/50 1/58/41                   1/50/49 

Shepard's (1954) classification clayey silt silty clay clayey silt                clayey silt 

Water content (%) 53.6 ±2.4 50.3 ±2.2 50.2 ±2.2                49.3 ±2.2 

Bulk density (g/cm3) 1.42 ±0.03 1.46 ±0.03 1.46 ±0.03               1.47 ±0.03 

Porosity 0.754+0.018 0.729+0.018 0.727 ±0.018          0.720 ±0.018 

Void ratio 3.1 ±0.3 2.7 ±0.3 2.7 ±0.2                  2.6 ±0.2 

Table VIII. Physical properties of foundation sediments at eleven months (2/22/00). 

Core location 92-1 92-2 92-3 92-9 

Sediment thickness in core (m) 0.50 n/a 0.50 0.50 

Sand/silt/clay fraction (%) 3/58/39 17/29/54 5/51/44 

Shepard's (1954) classification clayey silt silty clay clayey silt 

Water content (%) 57.8 ±2.6 58.4 ±2.6 56.7 +2.5 

Bulk density (g/cm5) 1.36 ±0.03 1.35 ±0.03 1.37 ±0.03 

Porosity 0.784 ±0.018 0.788 ±0.018 0.776 ±0.018 

Void ratio 3.6 +0.4 3.7 ±0.4 3.5 ±0.4 

m  ir\ 9-1 p 9"' 13 

Sediment thickness in core (m) 0.50 0.50 0.50 0.50 

Sand/silt/clay fraction (%) 4/53/43 5/51/44 2/50/48 3/43/54 

Shepard's (1954) classification clayey silt clayey silt clayey silt silty clay 

Water content (%) 55.4+2.5 54.2 +2.4 50.8 +2.3 52.7 ±2.3 

Bulk density (g/cm3) 1.38 ±0.03 1.40+0.03 1.44+0.03 1.42 ±0.03 

Porosity 0.767 ±0.018 0.758+0.018 0.733 ±0.018 0.747 ±0.018 

Void ratio 3.3 ±0.3 3.1 ±0.3 2.7 +0.3 2.9 ±0.3 
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| Table IX. Change in foundation sediment water content values through time . 

site 92-1 site 92-2 site 92-3 site 92-9 

olacement oeriod 
change in water content between pre- 

placement (10/19/98 & 1/11/99) and one 
month after placement (4/28/99) 

-1.9 n/a +0.5 -1.9 

site 92-10 site 92-11 site 92-12 site 92-13 

-4.2 -11.3 +1.7 -7.0 

post-Dlacement period 
change in water content between one month 
after placement (4/28/99) and eleven months 

after placement (2/22/00) 

site 92-1 site 92-2 site 92-3 site 92-9 

+1.7 n/a +0.6 -1.0 

site 92-10 site 92-11 site 92-12 site 92-13 

+1.8 +3.9 +0.6 +3.4 

1 Positive values indicate an increase in water content. Negative values indicate a decrease in water content.                | 

No trend was immediately evident from the data. The change in foundation sediment 
water content values over the sampling periods varied significantly from site to site (Table IX). In 
most cases, the change in the mean water content values fell within the uncertainty range of the 
water content measurements. The variations resulted from factors including the overlying 
thickness of the placed sediments, the porosity and permeability of the foundation sediments, and 
sampling and analytical errors. 

An average of the mean water content measurements from the multiple cores was 
calculated at pre-placement, at one month after completion, and at eleven months. The average of 
the foundation sediment water content prior to placement was 57.0% ±3.8%. At one month after 
completion of placement, the average water content was to 53.6% ±3.4%. A reduction of 3.4% 
occurred between pre-placement and one month after placement. At eleven months after 
placement, the average water content was to 55.1% ±2.6%, an increase of 1.5% over the post- 
placement period. 

Statistical analyses were run on the data (t-test) to determine if the change in foundation 
sediment water content values over the sampling periods was definitively quantifiable. The first 
test demonstrated that change in foundation sediment water content values between pre- 
placement and one month was statistically significant (at 90% confidence level). Therefore, 
foundation consolidation occurred over this period. The 3.4% decrease in the average water 
content values over the placement period equated to a 10% volumetric reduction in the 
foundation sediments throughout the area. Assuming uniform settling throughout the 0.5 m [1.6 
ft] foundation, 5 cm [2 in] of sediment consolidation occurred. A change of this magnitude 
increased the calculated volume of placed sediment by 36,000 m3 [47,000 yd3]. A second test 
demonstrated that the change in foundation sediment water content values between one month 
and eleven months was not statistically significant (at 99% confidence level). Therefore, no 
quantifiable consolidation occurred after one month of completion of placement. 
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In three previous studies of foundation consolidation at Area G-West, a 4 and 5% 
volumetric change occurred in the foundation sediments over the placement period, and a 2 and 
4% volumetric change occurred over the post-placement period (Panageotou and others, 1997, 
1998; Panageotou, 1999). The relatively greater amount of foundation consolidation during 
placement at Site 92 may be due to a much thicker pile (lift) of placed sediments in this operation. 
In Area G-West, maximum thicknesses of placed sediments were generally between 1.5 and 2 m 
[5 and 6.5 ft] in comparison to 3.5 m [11 ft] at Site 92. Another factor may be the one month 
delay in collecting the Site 92 completion cores. This would have the effect of reducing the 
volume change over the post-placement period by adding that amount into the placement period 
calculations. 

Volumetric Analyses - Dredged and Placement Amounts 

The study evaluated the quantity of dredged sediment present at the placement site soon 
after the completion of dredging and placement operations. CENAP and the contractor both 
provided estimates of the quantity of dredged sediment. In this year's operation, there were 
differences in the reported quantity dredged. This is not unusual given the variations in 
measurement techniques for large volumes of sediment and water. CENAP reported a "pay 
yardage" sediment volume of 580,740 m3 [759,534 yd3] was dredged from the channel. The 
contractor reported on their Daily Report of Operations (DRO) that a sediment volume of 
833,695 m3 [1,090,367 yd3] was dredged from the channel. The contractor's dredged volume 
was 252,955 m3 [330,833 yd3] or 44% more than CENAP. 

The reported dredged volumes in conjunction with bulk property and bathymetric data 
collected by MGS were used to estimate the change in sediment volume at completion of 
placement operations. During mechanical excavation, scow loading, and bottom placement 
operations, dredged sediment is initially bulked to a greater volume than the in situ volume due to 
water-loading (Dortch and others, 1990, Poindexter-Rollings, 1990, Palermo and others, 1990). 
However, deficit of sediment is expected at completion of placement operations. This deficit 
results from the following processes: (1) consolidation of the placed sediment during the 
placement period, (2) suspended sediment loss in primary turbidity plumes during dredging and 
placement, and (3) erosion of placed sediment during the placement period. The completion 
bathymetric survey was conducted seven days after the final day of placement. Additional 
consolidation and erosion occurred in the seven day interval between the completion of placement 
and the completion survey. 

The volumetric analyses is presented in both cubic meters (Table X) and cubic yards 
(Table XI). The expected volume at the placement site (column e) was determined by multiplying 
a derived bulking ratio (column d) by the reported volume of dredged sediments (column a). The 
expected volume (column e) was rounded off to the nearest 500 m3 [500 yd3]. The bulking ratio 
is a function of the change in porosities (equation 6, Methods section) which are calculated from 
the mean water contents of the dredged channel sediments (column b) and the placed sediments 
(column c). The percent water content of the C&D Canal approach channel sediments (column b) 
was the calculated average of five sediment cores collected on October 19, 1998 in areas where 
maintenance dredging was to occur (Table II). The percent water content of the placed sediments 
in Site 92 (column c) was the calculated average of eight cores coUected on April 28, 1999, one 
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month after completion of placement (Table V). The standard deviation (a) for each water 
content average is shown as the ± component of the water content in columns b and c. The 
volume of sediment identified at the placement site (column/) was calculated on the basis of 
bathymetric measurements. The ± component in column/reflects the possible range in the 
volume of sediment identified. The ranges are shown for completeness. 

Table X. Comparison of bulk property and volumetric data in < :ubic meters using CENAP' s and contractor's (DRO) 
reported volume dredged. 

(a) 00 (c) (d) (e) if) (g) (A) 
expected volume of volume volume 

bulking volume of sediment difference difference 
% water % water ratio from sediment identified identified identified 

reported content of content of water at at at at 
volume channel placed content placement placement placement placement 

dredged sediment sediment data site (m3) site (m3) site (m3) site (%) 
(m3) [range] [range] [range] [range] [range] [range] [range] 

C 
E 

580,500 +211,500 +36 

580,740 [528,500 [+74,500 [+12 
N to 792,000 to to 

A 
P 

56.4 ±1.6 

[54.8 
to 

56.5 ±1.6 

[54.9 
to 

1.00 

[0.91 
to 

644,500] ±73,000 

[719,000 
to 

+336,500] +64] 

833,500 -41,500 -5 
D 
R 833,695 

58.0] 58.1] 1.11] 
[758,500 

865,000] 
[-206,500 [-22 

0 to 
925,500] 

to 
+ 106,500] 

to 
+ 14] 

Table XI. Comparison of bulk property and volumetric in cubic yards data using CENAP' s and contractor's (DRO) 
reported volume dredged. 

(a) (*) (c) (d) (*) (/) 0?) (h) 
bulking volume of volume volume 

ratio expected sediment difference difference 
% water % water from volume of identified at identified identified 

reported content of content of water sediment at placement at at 

volume channel placed content placement site (yd3) placement placement 

dredged sediment sediment data site (yd3 [range] site (yd3) site (%) 

(yd3) [range] [range] [range] [range] [range] [range] 

759,500 +276,000 +36 

C 
E 759,534 [691,000 [+97,500 [+12 

N to to to 

A 56.4 ±1.6 56.5 ±1.6 1.00 843,000] +439,500] +64] 

P 
[54.8 [54.9 [0.91 

1,035,500 
±95,000 

to to to 1,090,500 -55,000 -5 

D 58.0] 58.1] 1.11] [940,500 
R 1,090^67 [992,000 to [-270,000 [-22 

O to 
1,210,500] 

1,130,500] to 
+138,500] 

to 
+14] 
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After the completion of placement, the volume of placed sediment identified at Site 92 was 
792,500 m3 ±73,000 m3 [1,035,500 yd3 ±95,000 yd3]. This represented an excess of 211,500 m3 

[276,000 yd3] or 36% utilizing the CENAP reported dredged volume, and a deficit of 41,500 m3 

[55,000 yd3] or 5% using the contractor's reported volume. Based on the total volume of 
sediment identified and discussions with CENAP personnel, the volume that CENAP reported 
dredged may be an underestimate. It was reported that the CENAP volume was calculated as a 
pay yardage volume to the -41 ft depth (W. DePrefontaine, oral commun., 2000). The volume 
that the contractor reports is a gross quantity that often includes dredging below the -41 ft depth, 
and thus is probably a more valid volume. The volumetric deficit of 41,500 m3 [55,000 yd3] or 
5%, calculated from the volume the contractor reported dredged, is a reasonable approximation 
of the sediment loss from scow placement in Site 92. 

It should be noted that because of the lapse in time between the completion survey (seven 
days) and the collection of the cores (one month), the effect of consolidation on the sediment 
volume change could only be roughly estimated. The bulking ratio of 1.00 (Tables X and XI, 
column d), is lower than typically determined in sediment cores collected within one week of 
completion of placement. In order to more accurately estimate the effect of consolidation on the 
volume change near the time of completion , a bulking ratio of 1.04 could be used (Panageotou, 
1999). This bulking ratio, calculated from cores collected three days after placement from last 
year's scow placement study, would yield a volumetric deficit of 9% near the time of completion 
of placement rather than 5%. This loss is in line with previous studies of scow placed sediments 
in the Pooles Island area. There was an estimated 3 to 8% sediment volume loss for the berm 
construction at Area G-West in 1994 (Halka and others, 1995). In 1996-97, there was a 6% loss 
for the berm maintenance at Area G-West and an 11% loss from placement in Area G-South 
(Panageotou and others, 1998). In 1997, there was a 14% loss from scow placement in Area G- 
West (Panageotou, 1999). 

Consolidation of Placed Sediments 

The study evaluated dewatering and consolidation trends within the placed sediments 
during the post-placement period. Mean water content was determined for the entire placed 
sediment column and for every 10 cm [3.9 in] interval in the collected cores. The mean water 
content data for the 10 cm [3.9 in] intervals were averaged and grouped into four equal quarter 
intervals: upper, upper middle, lower middle, and lower. The mean water content measurements 
for each core and the corresponding percent volume changes through time due to dewatering and 
consolidation are presented in Table XII. 
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Table XII. Percent mean water content and corresponding percent volume change through time at each site. 

core location section of placed sediments one month eleven months percent volume change 

92-1 

upper 

entire sediment 
column 

56.7 

55.1 

56.7 

54.3 

0 

-2 
upper middle 55.4 53.8 -2 

lower middle 57.0 53.5 -10 

lower 56.8 52.2 -13 

92-2 

upper 

entire sediment 
column 

56.6 

55.1 

54.3 

53.2 

-7 

-6 
upper middle 56.9 53.0 -11 

lower middle 55.0 52.6 -7 

lower 52.0 52.0 0 

92-3 

upper 

entire sediment 
column 

58.1 

53.9 

51.2 

50.4 

-19 

-10 
upper middle 56.4 50.5 -16 

lower middle 53.3 48.1 -14 

lower 51.9 49.5 -7 

92-9 

upper 

entire sediment 
column 

59.0 

58.3 

56.4 

56.7 

-8 

-5 
upper middle 58.1 56.4 -5 

lower middle 57.6 56.4 •4 

lower 57.4 55.8 -5 

92-10 

upper 

entire sediment 
column 

58.7 

57.0 

52.8 

53.4 

-17 

-11 
upper middle 57.7 50.0 -21 

lower middle 55.3 51.1 -12 

lower 54.6 52.7 -6 

92-11 

upper 

entire sediment 
column 

57.7 

55.5 

53.7 

52.6 

-12 

-8 
upper middle 57.1 53.3 -11 

lower middle 53.3 53.6 + 1 

lower 51.6 51.9 + 1 

92-12 

upper 

entire sediment 
column 

62.8 

58.8 

52.3 

51.0 

-29 

-21 
upper middle 60.2 51.5 -24 

lower middle 54.4 49.0 -15 

lower 55.6 48.6 -19 

92-13 

upper 

entire sediment 
column 

61.2 

58.5 

59.7 

57.0 

-5 

-5 
upper middle 57.9 57.5 -1 

lower middle 57.1 56.0 -3 

lower 56.4 54.6 -5 
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At seven of the eight sites, mean water contents measured for the entire sediment column 
over the post-placement period decreased by 0.8 to 3.6%. The corresponding volume reductions 
attributed to dewatering ranged from 2 to 11%. At core location 92-12, a large decrease in water 
content over the post-placement period (7.8%) was recorded, with a correspondingly large 
decrease in volume (21%). The site to site variations at the other locations are related to the 
initial sediment thicknesses (Table V). In locations where the initial thickness was less than 1 m 
[3.3 ft] (92-1, 92-9, 92-13), the volume reduction from dewatering ranged from 2 to 5%. In 
locations where the initial thickness was 1 to 3 m [3.3 to 9.8 ft] (92-2, 92-3, 92-10, 92-11), the 
volume reduction from dewatering ranged from 6 to 11%. It is believed that the water content 
decrease at core location 92-12 is anomalous because a change this great has not been 
documented in previous studies of scow placed sediments in the northern Chesapeake Bay 
(Panageotou and others, 1998; Panageotou, 1999) and is inconsistent with the changes observed 
in the other core locations during this study. 

Water contents measured for the quarter intervals over the post-placement period 
exhibited much variation from site to site. The corresponding volume reductions attributed to 
dewatering through time did not demonstrate a clear trend. At each site, the interval water 
content data generally decreased with depth at both sampling periods. The placed sediments at 
one month generally exhibited a greater range in water content between the upper and lower 
intervals than at eleven months. At one month, the upper two intervals had an average water 
content that was 3.2% greater than the lower two intervals. At eleven months, the difference was 
1.5%. The data demonstrated that consolidation occurred rapidly within the lower most 
sediments during the placement period because of the initial applied overburden and self-weight 
consolidation. During the post-placement period, further dewatering and volumetric reduction 
occurred at a relatively greater rate in the upper most sediments. 

The average of the mean water contents and corresponding volumetric changes through 
time, for the entire sediment column and the quarter sections, is listed in Table XIII. The site to 
site variations in Table XII are smoothed out when averaged. Averaging the data provides the 
best estimate of dewatering and consolidation trends over the post-placement period. 

Table XIII. Average of the mean water contents and corresponding volumetric changes through time for entire 
sediment column and quarter sections. 

section of placed sediments 
averaged % water 

content at one month 
averaged % water 

content at eleven months 
averaged % volume 

change 

1 
upper 

entire 
sediment 
column 

58.9+1.9 

56.5 ±1.7 

54.6 +2.5 

53.6+2.1 

-13 

-9 

upper middle 57.5+1.2 53.3 ±2.3 -12 

lower middle 55.4 ±1.5 52.5 ±2.7 -8 

lower 54.5+2.1 52.2 ±2.1 -6 
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The average of the mean water content data one month after completion was 56.5% for 
the entire placed sediment column and 58.9, 57.5, 55.4, and 54.5%, respectively, for the down 
core quarter sections. Clayey silt sediments with water contents of approximately 55 to 60% 
typically have a consistency of slightly soft to slightly firm mud. The average of the mean water 
content data at eleven months was 53.6% for the entire placed sediment column and 54.6, 53.3, 
52.5, and 52.2% for the down core quarter sections. Sediments with water contents in the 50 to 
55% range typically have a consistency of slightly firm to firm mud. The change in the average of 
the mean water content values over the post-placement period was -3.0% for the entire placed 
sediment column and -4.3, -4.2, -2.9, and -2.0% for the down core quarter sections. 

A t-test was used to determine if a change in placed sediment water content values 
occurred over the post-placement period. The test demonstrated that change in placed sediment 
water content values between one month and eleven months, in the quarter intervals and the entire 
placed sediment column, was statistically significant at 95% confidence level. Therefore, 
consolidation occurred over this period. The 3% decrease in the average water content values 
over the placement period equated to a 9% volumetric reduction in the placed sediments 
throughout the area. 

The measured change in water content values equated to a 9% volumetric reduction for 
the entire placed sediment column and 13, 12, 8, and 6% for the down core quarter sections. This 
data suggests that consolidation occurs initially in the lower half during the placement period and 
subsequently in the upper half during the post-placement period. 

Clayey silt sediments previously placed in Area G West, both hydraulically and from 
scows, generally had water contents that ranged from approximately 50 to 55%, six months to a 
year after placement (Halka and others, 1995, Panageotou and others, 1996, 1997, 1998, 
Panageotou, 1999). These and previous studies at nearby sites determined that placed sediments 
consolidate at a relatively rapid rate during the first two months after completion, at a more 
gradual rate between two and six months, and even more gradually thereafter (Panageotou and 
Halka, 1989, 1994b). In some cases, these sediments served as the foundation for subsequent 
placements. Recent foundation consolidation studies at G-West demonstrated that additional 
consolidation occurred due to the overburden of placed sediments (Panageotou and others, 1997, 
1998, Panageotou, 1999). After burial, foundation sediment water contents were in the upper 
40% to lower 50% range. The additional consolidation resulted in further volume reductions of 6 
to 9%. 

Naturally deposited, clayey silt bottom sediments in nearby areas of non-placement, such 
as the southeast section of Area G-East, exhibited water contents in the upper 40% range (Halka 
and others, 1996). Placed sediments dewatering to this degree either require burial or a time 
frame that exceeds the monitoring studies. A sediment core collected four years after placement 
in Area F had a mean water content of 51% (MGS, unpublished data). The buried sediments with 
water contents in the upper 40% range have always been gas-charged. Salem and Krizek (1973) 
determined that gas-charged sediments may counteract further consolidation; therefore, water 
contents in this range represent the limit of consolidation at depths encountered in these studies. 
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Volumetric Analyses After Placement - Consolidation and Erosion 

The volumetric reductions that occur after placement result from both consolidation due 
to dewatering and erosion of sediment from the surface of the deposit. The reduction in sediment 
volume due to consolidation can be estimated from changes in the water content over time. The 
amount of erosion can be estimated by first calculating the total sediment volume change from the 
bathymetric data and then subtracting the volume change determined to be due to consolidation. 

Table XIV, columns a-d, summarize the mean volumes estimated to be present at the 
completion of placement and at one, three, six, nine, and eleven months after placement. Column 
e is the percent cumulative volume change over time adjusted for foundation consolidation. The 
associated volumetric changes attributed to consolidation and erosion were estimated from the 
sediment core data collected on the one month and eleven month after completion survey dates 
and are presented in columns/-,/. 

Table XIV. Volumetric analyses of placed sediments through time. 

Bathymetric analyses and associated volumetric changes. 

(a) 
survey survey date 

(c) 
measured volume present 

(yd3) 

(d)                                    (e) 
measured volume present       cumulative volume 

(m3)                             change (%) 

completion 4/7/99 1,035,500+95,000 792,000±73,000                          0 

one month 5/6/99 1,048,500±115,500 802,000±88,500                         +1 

three month 7/12/99 1,045,500±158,000 799,500+120,500                        +1 

six month 9/29/99 922,500±145,500 705,000±111,500                       -11 

nine months 1/6/00 717,000±73,000 548,000±56,000                         -31 

eleven months 2/21/00 691,000±72,500 528,500±55,500                        -33 

Water content ai 
(/) 

survey 

nalV; 'ses and associ 
(g) 

sampling 
date 

ited volumetric changes. 

average % 
water content 

(0 
% mean volume change 

due to consolidation 
 [range]  

(/) • 
% mean volume 
change due to 

erosion [range] 

one month 4/28/99 56.5±1.7 0 0 

eleven months 2/22/00 53.6±2.1 -9 [0 to -9] -24 [-14 to-33] 

The underlying assumption in estimating consolidation and erosion is that the recovered 
sediment accurately reflects the water content of the in situ sediment. Water makes up a 
relatively large proportion of the bottom sediments by volume, and relatively small differences in 
the calculated water contents can result in large volume differences. This can affect the analyses 
in two ways. First, in recently placed sediments, water contents are at their highest and 
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dewatering occurs very rapidly. Because the water contents are at their highest levels, the effect 
of small water content variations on the volumetric change analyses is greatly magnified in the 
early stages of dewatering. Calculating dewatering rates over periods of less than approximately 
three months has yielded ambiguous results in previous studies conducted by MGS (Panageotou 
and Halka, 1994a; 1994b). Secondly, there exists variability in the water content values over the 
site. The standard deviation (a) of mean water content measurements is shown as the ± 
component of the water contents reported in column h. The values reported for consolidation 
(column 0 and erosion (column j) in brackets indicate the possible range in the volumetric 
analyses. The mean water content value represents the best approximation of the consolidation 
changes occurring in the sediments over the longer term. 

The volumes calculated for the one month and three month surveys are 1 % greater than 
the volume calculated to be in place on the completion survey. The six month survey showed a 
net decrease in sediment volume of 87,000 m3 [113,000 yd3] or 11% less than the volume 
calculated to be in place on the completion survey. The nine and eleven month surveys showed a 
net decrease in volume of 244,000 m3 [318,500 yd3] or 31% and 263,500 m3 [344,500 yd3] or 
33%, respectively. 

In general, it is expected that the placed sediment volume should decrease through time; 
however, the volume remained relatively constant over the three month period following 
placement. The 1% increase in the calculated volumes, 10,000 m3 [13,000 yd3] at one month and 
7,500 m3 [10,000 yd3] at three months are within the uncertainty range of the bathymetric 
calculations. Two past studies of scow placed sediments in Area G-West indicated a decrease in 
sediment volume over this time-frame. Panageotou and others (1998) calculated a 10% volume 
reduction after three months in the G-West berm maintenance operation in 1996-97 and 
Panageotou (1999) calculated a 10% volume reduction after one month for scow placed sediment 
in 1997-98. In contrast, Halka and others (1995) found that the sediment volume of the G-West 
berm constructed in 1994 remained constant over the first four months following placement. 
Given that the sediment volume is anticipated to decrease over time, but did not during the first 
three months following placement, the thickness and extent of the sediment spread to the 
northeast and southwest that are shown on Figure 13 is questionable. The material shown in 
these areas would have contributed to the total volume calculated from the bathymetric 
comparisons, and may have resulted in the 1% increase in volume. By three months after 
placement, the area of the placed sediments increased by two-thirds, as shown on Figure 13, 
primarily as a relatively thin layer of sediment (<0.25 m [0.8 ft]). It is possible that during the 
spring months after placement, currents enhanced by the spring freshet and storm events 
promoted erosion from the newly deposited berm with deposition to the northeast or southwest in 
the trough depending on tidal current direction. However, the volume increase suggests that this 
result may be slightly overstated. 

Between three and six month after placement, a reduction in the elevation of the berm and 
thinning of the sediments in the peripheral areas resulted in an 11 % volume reduction. During 
these summer months, (July through September), relatively quiescent flow and weather conditions 
resulted in little redistribution of the sediment. Between six and nine months after placement, the 
sediments that apparently had spread into the peripheral areas were eroded or reduced in 
thickness below the limits of bathymetric resolution. This resulted in the greatest volumetric 
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reduction during the study period, an additional 20%. The area covered by dredged sediments 
was reduced to approximately 75% of the original footprint. This period coincided with the fall 
and winter months when strong wind generated currents from storms, such as northeasters, are 
common and the erosion potential is at its greatest. 

At the end of the eleven month post-placement period, 67% of the original sediment 
volume remained was identified with a net decrease of 263,500 m3 [344,500 yd3], or 33% less 
than the volume identified on the completion survey. During the period between one and eleven 
months after placement, the average sediment water content decreased 2.9%, from 56.5 to 53.6% 
(Table XIII). This equated to a 9% volume reduction due to dewatering and consolidation. The 
remainder of the volume change, 24%, was attributed to erosion. Thus, approximately one- 
quarter of the mean volumetric reduction was from consolidation and three-quarters from erosion. 
However, as noted above, there was a lapse in time between the completion survey (seven days) 
and the collection of the cores (one month) for the completion survey. Due to this lapse in time, 
dewatering and consolidation of the sediments in the month following completion resulted in 
some of the volume deficit being erroneously attributed to erosion. Using the average water 
content from last year's scow placement, 57.8%, from sediment cores collected three days after 
placement (Panageotou, 1999), there would be a volumetric reduction due to dewatering and 
consolidation of 12%. Thus, erosion would account for 21%. In this case, one-third of the mean 
volumetric change was from consolidation and two-thirds from erosion. This scenario is more 
probable. In past studies of clamshell dredged and scow placed sediments, it has been found that 
one-third to two thirds of the total volumetric reduction could be attributed to either 
consolidation or erosion. (Panageotou and Halka,1993, 1994a, 1994b, Panageotou and others, 
1998). 

Sediment Mass Budget 

A sediment mass budget estimates the movement of sediment mass from the placement 
site during the placement and post-placement periods, which can be recorded as a loss of material. 
Sediment loss occurs due to transport of suspended sediment in turbidity plumes during 

placement and resuspension and erosion of the deposited sediments after placement. The effects 
of consolidation and interstitial water loss are not included in the analysis. Whereas volumetric 
data (cubic meters or cubic yards) allows for site capacity calculations and provides ready 
comparison to the reported channel sediment volumes dredged, sediment mass calculations 
(metric tons or tonnes) allow for comparison with sediment input information available from other 
studies conducted in the Chesapeake Bay. Primary sources of sediment input into the upper Bay 
are from the Susquehanna River and shoreline erosion. A discussion of sediment input into the 
upper Bay in relation to a sediment mass budget resulting from the 1994-95 dredging and 
placement operations was presented in Panageotou and others (1996). 

Sediment mass is calculated by multiplying the weight of the solids determined from the 
bulk property analysis by the volume of placed sediment. A metric ton (tonne) is equal to 1,000 
kilograms (2,205 pounds). Table XV summarizes the sediment mass calculated from the reported 
volumes dredged and the sediment mass identified at the completion and eleven month 
bathymetric surveys. The sources of the sediment mass values are listed. As discussed earlier, 
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there was a difference in the dredged volume reported by CENAP and the contractor in this year's 
operation. Therefore, both of the reported volumes were used and compared to determine the 
sediment mass dredged from the channel. Also, as noted above, there was a lapse in time between 
the completion survey (seven days) and the collection of cores (one month) for the completion 
survey. Due to this lapse in time, it is necessary to back calculate the bulk property for the 
completion cores. This was done using the average water content from last year's scow 
placement as discussed in the Volumetric Analyses After Placement - Consolidation and Erosion 
section. 

TableXV. Sediment mass for dredging and placement operations and post-placement period. 

source metric tonnes 

sediment mass dredged 
CENAP 347.300 

contractor 498,600 

sediment mass identified at completion MGS 452,900 

sediment mass identified at eleven months MGS 345,100 

Table XVI presents the differences in sediment mass between the reponed tonnes dredged 
and the tonnes identified at Site 92 on the completion survey, for the interval between the 
completion and eleven month surveys, and for the eleven month survey. The loss of sediment 
mass at eleven months accounts for sediment transported as suspended material from Site 92 
during both the placement and post-placement period. 

—=-=^  
Table XVI. Deficit/surplus in sediment mass in tonnes and percentage. 

source CENAP contractor 

at completion reported dredged/MGS + 105,600   (+30%) -45,700   (-9%) 

completion to eleven months MGS -107,800   (-24%)                           1 

at eleven months reported dredged/MGS -2,200   (-1%) -153,500   (-31%)      | 

At the completion survey, there was a 9% deficit of sediment mass (-45,700 tonnes) 
identified at the site using the contractor's dredged volume and a 30% surplus (+105,600 tonnes) 
using the CENAP dredged volume. Over the post-placement period, MGS calculated an 
additional 24% loss (-107,800 tonnes) from resuspension and erosion processes. Over both the 
placement and post-placement periods, there was an overall 31% reduction of sediment mass (- 
153,500 tonnes) identified at site using the contractor's dredged volume and a 1% reduction (- 
2,200 tonnes) using the CENAP dredged volume. As previously noted, the pay yardage volume 
that CENAP reported dredged is underestimated, and the gross yardage volume that the 
contractor reported is probably more valid. 

The average annual input of fine-grained sediment from shoreline erosion and the 
Susquehanna River to the upper Bay (during years without major floods) has been estimated at 
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1,446,000 tonnes (see Panageotou and others, 1996). This year's dredging operation involved 
the movement of 498,600 tonnes of sediment mass from the C&D approach channel to Site 92. 
By the end of the monitoring period, 153,500 tonnes were estimated to have been transported 
from Site 92 and dispersed by prevailing currents over the upper Bay. The sediment mass 
dispersed over the upper Bay represents 11% of the average annual input of fine-grained sediment 
from shoreline erosion and the Susquehanna River. Spread evenly over the area covered by fine- 
grained sediment north of Tolchester (174 km2) [67 mi2], a thickness of 0.2 cm [0.08 in] would 
result from the mass of sediment transported from the Site 92 during this monitoring period. 
These results are similar to the reduction of sediment mass from other Pooles Island placement 
sites. There was a 28% reduction of sediment mass from the 1994-95 G-West hydraulic 
placement operation and a 20% reduction from the 1996-97 G-West/G-South scow placement 
operation (Panageotou and others, 1996, 1998). The amount of sediment moved from these sites 
represented 12% of the average annual input of fine-grained sediment from shoreline erosion and 
the Susquehanna River. 
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CONCLUSIONS 

The volume of clayey silt sediment dredged from the C&D Canal approach channel during 
the winter of 1998-1999 was reported as 833,695 m3 [1,090,367 yd3] by the contractor and 
580,740 m3 [759,534 yd3] by CENAP. The reported volumes typically differ because of the 
different methodologies used to determine the quantities dredged from the channel. The 
contractor's dredged volume was based on the quantity of sediment placed per scow load. 
CENAP's dredged volume was calculated as a pay yardage volume and based on the change 
between pre- and post-dredging bathymetric surveys in the channel to the -41 ft depth. The 
volume that the contractor reports likely included some sediment that was dredged from below 
the -41 ft dredging depth. After the completion of placement, the volume of placed sediment 
identified by MGS was 792,000 m3 ±73,000 m3 [1,035,500 yd3 ±95,000 yd3]. This represented an 
excess of 211,500 m3 [276,000 yd3] or 36% utilizing the CENAP reported dredged volume, and a 
deficit of 41,500 m3 [55,000 yd3] or 5% using the contractor's reported volume. Based on the 
total volume of sediment identified and discussions with CENAP personnel, the pay yardage 
volume that CENAP reported dredged is likely an underestimate and the contractor's reported 
dredged volume is more valid. 'o^ 

The deficit of sediment identified at completion of placement operations is the result of: 
(1) consolidation of the sediment during placement and in the interval between the completion of 
placement and the completion survey, (2) suspended sediment loss in primary turbidity plumes 
during dredging and placement, and (3) erosion of sediment both during placement and in the 
interval between the completion of placement and the completion survey. Due to the lapse in time 
between the completion survey (seven days) and the collection of the completion sediment cores 
(one month), the effects of consolidation on volume could not be completely determined. The 
estimated 5% sediment loss may be as much as 9% when consolidation is accounted for this lapse 
in time in data collection. 

Placement of dredged sediment in the northeast section of Site 92 resulted in a berm that 
filled the northeast end of the West Sailing Course tug channel that traverses the site. The initial 
area of the completed berm was approximately 719,000 m2 [860,000 yd2]. The berm had a length 
of 1,300 m [4,300 ft] and an average width of 650 m [2,100 ft]. The maximum increase in 
bottom elevation was 3.7 m [12.1 ft] near the northeastern corner of the placement area. Water 
depths at completion of placement in the designated drop zones ranged from 4.6 to 6.0 m [15 to 
20 ft]. The contract specification for maintenance of a minimum 4.2 m [14 feet] depth below 
MLW was confirmed over the site. The 30H:1V [0.0333] sediment slope that was used in 
planning site management and for determining the set-back from the boundary was not achieved 
during this placement operation. The steepest slopes identified along the northeast side of the 
placement area fell between 35H:1V [0.0286] and 50H:1V [0.0200]. 

A small amount of the placed sediment extended beyond the site boundary at the 
completion of placement operations. This sediment extended a maximum distance of 100 m [330 
ft] to the east of the site boundary and had an estimated volume of 3,500 m3 ±2,300 m3 [4,600 yd 
±3,000 yd3]. This represents less than one-half of one percent (0.4%) of the placed sediment 
identified at the site and of the volume reportedly placed by the contractor. Sediment that was 
placed at the top of the berm during the latter weeks of the placement period likely moved 
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downslope of the berm's east steep embankment and came to rest at the base of the slope in the 
deeper portion of the trough to the northeast. In addition, tidal currents may have spread some of 
the less consolidated sediments beyond the drop zones. 

Over the post-placement period, the berm underwent elevation and volumetric changes. 
Redistribution of sediment within three months after completion of placement resulted in the area 
of the placed sediments increasing by two-thirds to approximately 1,200,000 m2 [1,432,000 yd2]. 
Between the completion and one-month surveys, a mass of sediment apparently slumped down a 
portion of the steepest sediment deposit and came to rest approximately 100 m [330 ft] beyond 
the site boundary. The thick deposit of sediment in this area coupled with the relatively steep 
slopes resulted in a mass movement along a failure plane in the sediment deposit. In addition, 
sediment eroded from the top of the deposits was also swept over the northeast-southwest 
peripheral areas of the berm. These sediments were deposited as a thin layer to the southwest, in 
the deepest area of site, and to the northeast in the tug channel, probably a short distance beyond 
the limits of the surveyed area. However, volume calculations indicate that the extent of the 
spread may be slightly overstated. These sediment deposits were relatively thin and were 
deposited in areas where the existing bottom sediments had a similar grain size and bulk 
properties. Thus the bottom characteristics did not change as a result of deposition in these areas. 
Sediments were also apparent in these areas six months following the completion of placement 

operations. Normal tidal erosion and consolidation of these sediments beyond the periphery of 
the placed berm resulted in their removal or incorporation into the normal bottom sediments by 
the time of the nine month post-placement survey. Thus, the deposition of these sediments should 
have resulted in no significant impact to the benthic environment in the vicinity of the placement 
area. 

The redistribution of the sediments did not result in any measurable volume change over 
the three month period following placement. Between three and six months after placement, a 
reduction in the elevation of the berm and thinning of the sediments in the peripheral areas 
resulted in a 11% volume reduction. Between six and nine month after placement, the sediments 
that had previously spread into the peripheral areas were largely eroded resulting in a 20% volume 
reduction. Between nine and eleven months after placement, there was an additional 2% volume 
reduction. The net area covered by the berm sediments was reduced to approximately 533,000 
m: [637,000 yd2] or three-quarters of the original footprint. The maximum elevation of the 
placed berm decreased by 0.6 m [2 ft] since completion to 3.1 m [10.2 ft] at eleven months. 

At the end of the eleven month post-placement period, 67% of the original sediment 
volume was identified with a net decrease of 263,500 m3 [344,500 yd3], or 33% less than the 
volume identified on the completion survey. Bulk property data indicated that one-third of the 
volume change, approximately 12% of the originally placed volume, was due to dewatering and 
consolidation. The remaining two-thirds of the volume change, representing 21% of the original 
volume, was attributed to erosion of sediment from the surface of the deposit. In past studies of 
clamshell dredged and scow placed sediments, it has been found that one-third to two thirds of the 
total volumetric reduction could be attributed to either consolidation or erosion. The sediments 
placed in this operation exhibited similar amounts of consolidation and erosion as those placed in 
previous years in the northern Chesapeake Bay. 
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Consolidation occurred rapidly within the lower most sediments during the placement 
period because of the initial applied overburden and self-weight consolidation. During the post- 
placement period, further dewatering and consolidation occurred at a relatively greater rate in the 
upper most sediments. In areas where the placed sediments were 1 to 3 m [3.3 to 9.8 ft] thick, 
the volume reduction from dewatering and consolidation was at least 2 times greater than in areas 
where the initial thickness was less than 1 m [3.3 ft]. 

This year's dredging operation involved the movement of 498,600 tonnes of sediment 
from the C&D approach channel to Site 92. During the placement and post-placement period, 
153,500 tonnes were estimated to have been transported from Site 92 as suspended sediment and 
dispersed by prevailing currents over the upper Bay. The sediment mass dispersed over the upper 
Bay represents 11% of the average annual input of fine-grained sediment from shoreline erosion 
and the Susquehanna River. Spread evenly over the area covered by fine-grained sediment north 
of Tolchester (174 km2) [67 mi2], a thickness of 0.2 cm [0.08 in] would result from the mass of 
sediment transported from Site 92. 

It is recommended that future placement near site boundaries should avoid developing a 
sediment pile (lift) of similar thickness and slopes (<50H:1V [0.0200]) as those in this year's 
placement operation in deep areas such as this. Shallower slopes should be anticipated and a 
greater set-back from the site boundary identified for scow drops to minimize the spread of 
sediment outside of the site boundary. However, it is unlikely that any future operations in Site 
92 will result in these conditions occurring given the bathymetry at the site. Close coordination 
between CENAP, the dredging contractor, MES, and MGS and development of a suitable site 
management plan will minimize the potential for spread of sediment outside of the site boundary 
and slumping events in future placement operations. 
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Site 92 
bathymetry prior to placement 

October 30, 1998 
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Figure 4. Bathymetry on October 30, 1998, prior to sediment placement. Depths in feet 
(contour interval 1 ft). Grain size distribution for foundation sediments collected on October 
19, 1998 and January 11, 1999 is indicated. Refer to Figure 2 for identification of sediment 
core sites. 
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Site 92 
bathymetry at completion 

April?, 1999 
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Figure 5. Bathymetry on April 7 1999, after completion of sediment placement. Depths in feet 
(contour interval 1 ft). 
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Site 92 
bathymetry at one month 
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Figure 6. Bathymetry on May 6, 1999, one month after completion of sediment placement. Depths 
in feet (contour interval 1ft). Grain size distribution for placed sediments collected on April 28, 1999 
is indicated. Refer to Figure 2 for identification of sediment core sites. 

57 



Site 92 
bathymetry at three months 
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Figure 7. Bathymetry on July 12, 1999, three months after completion of sediment placement. 
Depths in feet (contour interval 1 ft). 
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Site 92 
bathymetry at six months 

September 29,1999 
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Figure 8. Bathymetry on September 29, 1999, six months after completion of sediment placement. 
Depths in feet (contour interval 1 ft). 
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bathymetry at nine months 
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Figure 9. Bathymetry on January 6, 2000, nine months after completion of sediment placement. 
Depths in feet (contour interval 1ft). 
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Site 92 
bathymetry at eleven months 

February 21, 2000 
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Figure 10. Bathymetry on February 21, 2000, eleven months after completion of sediment placement. 
Depths in feet (contour interval 1 ft). Grain size distribution for placed sediments collected on 
February 22, 2000 is indicated. Refer to Figure 2 for identification of sediment core sites. 
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Site 92 
change in elevation between pre-placement 

and completion of placement 

178000- 

177500- 

177000- 

176500- 

176000- 

175500- 

175000- 

"i i i i i i i i i i i i i i i i—i—i—i-—i—i—|—i—i—i—i—p 

461000    461500    462000    462500    463000    463500 

M.S.P.C.S. (NAD83-METERS) 

Figure 11. Isopach map showing change in elevation (in feet) between pre-placement 
(October 30, 1998) and completion of placement (April 7, 1999). 
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Site 92 
change in elevation between 

pre-placement and one month 
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Figure 12. Isopach map showing increase in elevation (in feet) between pre-placement 
(October 30, 1998) and one month (May 6, 1999). Refer to Figure 2 for identification of 
sediment core sites. 
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Figure 13. Isopach map showing increase in elevation (in feet) between pre-placement 
(October 30, 1998) and three months (July 12, 1999). 
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Figure 14. Isopach map showing increase in elevation (in feet) between pre-placement 
(October 30, 1998) and six months (September 29, 1999). 
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Site 92 
change in elevation between 

pre-placement and nine months 
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Figure 15. Isopach map showing increase in elevation (in feet) between pre-placement 
(October 30, 1998) and nine months (January 6, 2000). 
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Site 92 
change in elevation between 

pre-placement and eleven months 
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Figure 16. Isopach map showing increase in elevation (in feet) between pre-placement 
(October 30, 1998) and eleven months (February 22, 2000). Refer to Figure 2 for 
identification of sediment core sites. 
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EXECUTIVE SUMMARY 

Site 92 is an open-water placement site located south-southwest of Pooles Island in the 
Upper Chesapeake Bay. The site comprises 934 acres and has an estimated placement capacity 
of 3.7 million cubic yards (mcy), giving the site a useful life of approximately 2 to 3 years. Site 
92 will be used for the placement of uncontaminated material dredged from the shipping 
channels leading to the Port of Baltimore. The deposition of material began in December 1998. 

The Maryland Department of the Environment's Dredging Coordination and Assessment 
Division (MDE/DCAD) conducted baseline benthic community monitoring studies for Site 92. 
The benthic cruises were conducted in May, July and September 1998, in order to establish 
baseline conditions prior to dredged material placement. As part of this baseline study, MDE 
evaluated seasonal effects on the benthic macro invertebrate community in and around the site. 
Each of the three cruises included in-situ water quality measurements and collection of samples 
for benthic macroinvertebrate community and sediment grain-size analyses. This report provides 
the results of the baseline benthic community and sedimentary analyses. Benthic and sediment 
samples were also collected in area G-South and at a station north of proposed area G-East for 
comparison to previous studies in these areas. Results of these comparisons are also presented in 
this report. 

Benthic community assessment stations are grouped into four categories based on their 
locations. Seven stations are located within Site 92; these stations are referred to as Inner 
stations (S92-1 through S92-7). Stations S92-R1 and S92-R2 lie close to but not within the 
boundary of the site and are included as Reference stations. Two additional stations were 
surveyed as a cost-share for comparison with previous work (Dalai et al. 1996a; Dalai et al. 
1996b; Ranasinghe and Richkus 1993). One of these stations, referred to as the G-South station 
(MDE-R1), was located in the G-South area. The other, referred to as the Northeast station 
(MDE-R2), was located north of the proposed G-East open-water placement area. 

Salinity increased markedly from May (spring) lows of 0.1 to 0.5 parts per thousand (0/oo) 
to September (late summer/early fall) highs of 8.0 to 9.5 %o. Temperatures increased from an 
average of 16.6 0C in May to an average of 26.7 0C in July. Temperatures decreased slightly in 
September to an average of 22.8 0C. Changes in dissolved oxygen (DO) concentrations were 
inversely related to changes in the temperature. Dissolved oxygen (DO) decreased from May 
highs of 8.6 to 9.5 parts per million (ppm) to July lows of 6.2 to 7.2 ppm; concentrations 
remained above the level considered to be stressful to aquatic life. Dissolved oxygen 
concentrations rebounded slightly in September (6.9 to 8.2 ppm) but did not reach the high levels 
seen in May. 

Benthic communities at Inner and Reference stations were similar throughout the study. 
Differences between the two station groups could be attributed to differences in the abundance of 
the clam Rangia cuneata and the worm Marenzelleria viridis. The Chesapeake Bay Benthic 
Index of Biotic Integrity (B-IBI) was calculated for the July and September 1998 sampling 



events. All Inner and Reference stations exceeded the Chesapeake Bay Restoration Goal (3.0) 
during both seasons indicating healthy benthic communities. 

Seasonal variation was seen in most benthic parameters. Total infaunal abundance was 
highest at most stations in May due to spring recruitment. Shannon-Wiener Diversity Index 
values were highly variable. Diversity was highest at the Reference stations in July and at most 
Inner stations during May. Abundance of pollution-sensitive taxa was highest at most Inner 
stations during May or July, and at the Reference stations during May. Total abundance, the 
Shannon-Wiener Diversity Index, and the relative abundance of pollution-sensitive taxa were 
largely determined by the abundance of the clam Rangia cuneata and the polychaete worm 
Marenzelleria viridis. These two species are considered pollution-sensitive in the Chesapeake 
Bay (Weisberg et al. 1997). Either or both of these species were the dominant taxa in the 
communities of all Inner and Reference stations in May and most stations in July and September. 
Abundance of pollution-indicative taxa was low during all seasons. 

The B-IBI scores for the G-South and Northeast stations exceeded the Chesapeake Bay 
Restoration Goal (3.0) during July and September, indicating that benthic communities in both 
areas were not stressed during the summer of 1998. Diversity was highest at the G-South and 
Northeast stations during September. Abundance of pollution-sensitive taxa was highest at these 
stations during May due to high seasonal recruitment of Marenzelleria viridis. 

In May, higher abundance of M viridis resulted in higher total abundance, lower 
diversity, and higher relative abundance of pollution-sensitive taxa at the G-South station than at 
the Reference stations. The benthic community at the G-South station was similar to Reference 
stations during July and September 1998. The benthic community present in September 1998 
was similar to the pre-placement community found in August 1991 except that Marenzelleria 
viridis has replaced Rangia cuneata as the dominant taxon in G-South. The benthic community 
found at the G-South station was somewhat different from the community present in September 
1996, two years after placement had ceased. Total abundance and diversity were lower in 1998 
than in 1996. Placement of dredged material in a portion of G-South during January and 
February 1997, may have contributed to the differences seen in the benthic communities of 1996 
and 1998. 

The Northeast station was similar to Reference stations during May and July 1998. 
Abundance was severely depressed at this station during September 1998. This change may 
have been the result of habitat disturbance caused by nearby Langenfelder fossil oyster shell 
dredging that was occurring at the time of the September collection. The benthic community 
present at theNortheast station during 1998 was not significantly different from the community 
present in the vicinity of G-East during the 1995 study, except that total infaunal abundance was 
much lower in 1998. 



INTRODUCTION 

Site 92 is an open-water dredged material placement site in the vicinity of Pooles Island. 
This subaqueous site in the Upper Chesapeake Bay has been designated for the placement of 
uncontaminated material dredged from the shipping channels leading to the Port of Baltimore. 
Site 92 comprises 934 acres and will provide a placement capacity of approximately 3.7 million 
cubic yards (mcy) with a useful life of approximately 2 to 3 years. Berm construction on the 
northeast end of the site began in December 1998. A thorough baseline assessment of the 
benthic community in and around Site 92 was conducted from May through September 1998. 
The purpose of this assessment was to establish baseline conditions and to determine whether 
placement of dredged material at adjacent open-water sites in the Pooles Island complex (G- 
West, G-West berm, G-North, G-Central, and G-South) has affected this area. Baseline 
characterization of the existing benthic community will also permit statistical comparison with 
conditions after placement at Site 92 has been completed. 

Three seasonal baseline sampling cruises (May, July and September 1998) were 
conducted to assess the condition of the benthic community in relation to seasonal fluctuations in 
water quality parameters and recruitment potential. Sampling was conducted in May (spring) to 
examine the extent of spring recruitment. Samples were collected in July (early summer) 
because the summer months typically have the highest temperatures and lowest dissolved oxygen 
levels. Late September sampling was conducted to evaluate the late summer/early fall conditions 
of warm temperatures and higher salinity. July and September also fall within the index period 
for which the Chesapeake Bay Benthic Index of Biotic Integrity (B-IBI) has been calibrated. 

This report contains the analysis and interpretation of data from the complete Site 92 
baseline benthic community study. Raw data, the cruise report, spreadsheets, and other 

- documentation from the September cruise are attached as appendices to this document. Raw 
data, cruise reports, spreadsheets, and other documentation from the May and July cruises are 
found in Dalai et al. (1998a and 1998b, respectively). 

Summaries of benthic community data from past studies (Ranasinghe and Richkus 1993; 
Dalai et al. 1996a; Dalai et al. 1996b) in the Pooles Island Complex are included as Appendix 
VIII of this report. These studies were carried out at the adjacent G-South area and in the 
vicinity of the proposed G-East open-water placement area. The benthic community found at 
station Northeast during 1998 was compared to the benthic community found in the vicinity of 
the proposed area G-East in 1995 (Dalai et al. 1996a). Conditions in G-South during 1998 have 
been compared to present reference conditions in the Pooles Island area to determine whether the 
benthic community at this former placement site is significantly different from present reference 
conditions. Results of the present G-South study have also been compared to results of pre- and 
post-placement studies in G-South (Ranasinghe and Richkus 1993; Dalai et al. 1996b). These 
comparisons will help MDE develop expectations for post-placement benthic community 
recovery in Site 92. 
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Figure 1. Site 92 Open-Water Placement Location and Benthic Monitoring Stations. 



SITE DESCRIPTION 

Site 92 lies in the Upper Chesapeake Bay northeast of Baltimore, Maryland. Site 92 is 
located south of Pooles Island and southwest of open-water placement site G-West. Site 92 
encompasses'a portion of area G-South (Figure 1). Salinity in the Pooles Island area varies 
seasonally and typically ranges from tidal freshwater (0-0.5 parts per thousand [%o]) or 
oligohaline (0.5-5 %o) in the spring to low mesohaline (5-12 0/oo) in the summer and fall. 

METHODS 

A. Sampling Design 

Eleven benthic stations in and around the Site 92 area were assessed for several habitat 
quality parameters and aspects of the benthic community structure on May 6, July 31, and 
September 28, 1998. Station locations are shown in Figure 1; latitude and longitude (in degrees 
decimal minutes) for each station are provided in Table 1. Stations designated S92-1 through 
S92-7 lie within the boundary of the site and provide information on the conditions existing 
within Site 92. Following the May sampling cruise, stations S92-3 and S92-4 were found to lie 
outside the Site 92 boundary. These two stations were relocated a short distance to the northeast 
inside the boundary of the site and renamed stations S92-3A and S92-4A, respectively, for the 
remainder of the study. Stations S92-R1, to the south of Site 92, and S92-R2, to the east, serve 
as reference stations for Site 92. These reference stations were selected based on their locations 
outside of Site 92. Stations MDE-R1, in the area designated G-South, and MDE-R2, just north 
of the proposed G-East area, were sampled by MDE as a cost-share effort for comparison to 
reference conditions in the Pooles Island area and to previous studies in the Pooles Island 
Complex. 

B. Field Sampling Techniques 

Station locations were verified using a Differential Global Positioning System (DGPS) 
navigation unit. Latitudes, longitudes, and total depth at each station during all three benthic 
cruises are provided in Table 1. Standard U.S. EPA biological sampling protocols were followed 
during field collections and subsequent laboratory identifications of benthic macroinvertebrates 
(Klemmetal. 1990). 

1.        Water Quality Measurements 

In May and September, temperature, depth, salinity, pH, conductivity and dissolved 
oxygen were measured in-situ using a Hydrolab Surveyor II, calibrated based on the 
manufacturer's instructions prior to sampling (Hydrolab 1994). In July, a Yellow Springs 
Instrument (YSI) water quality meter, calibrated based on the manufacturer's instructions prior to 
the sampling event (YSI 1998), was used to measure temperature, depth, salinity, pH, 
conductivity and dissolved oxygen. The YSI meter was also used to measure turbidity 



throughout the water column in July and in the bottom water layer in September. Water quality 
parameters were measured at approximately 1.6 ft (0.5 m) from the surface. 3.3 ft (1.0 m) from 
the bottom, and at 6.6 ft (2.0 m) intervals from the bottom measurement to develop a vertical 
profile of water quality at each station. These data and other field observations (e.g., weather 
conditions, sediment composition estimates) were recorded on Benthic Community Field Data 
Sheets. These data were archived electronically using Microsoft Word (September. Appendix I; 
May and July. Appendix I in Dalai et al. 1998a and 1998b. respectively). This information was 
used to generate the cruise report (September, Appendix II; May and July. Appendix II in Dalai 
et al. 1998a and 1998b? respectively). 

Station 
Designation 

Latitude 
(Degrees 

Decimal Minutes) 

Longitude 
(Degrees 

Decimal Minutes) 

Total Depth (ft)                1 

May July Sept     1 
Inner Stations                                                               | 

S92-1 39015.5232 76016.5192 24.6 2J.J 23.6      i 

S92-2 39015.4182 76017.0766 16.4 13.8 14.8      | 

S92-3 39014.9898 76017.7060 18.0 * *             ! 

S92-3A 39°! 5.0762 76017.4918 * 18.4 17.4 

S92-4 39° 14.6976 76° 17.4468 17.4 * * 
I 

S92-4A 39014.8314 76017.2578 * 18.0 18.0      i 

S92-5 39014.8488 76016.7352 17.1 16.4 16.4      i 

S92-6 39o14.9802 76° 16.1772 16.1 17.7 16.4      | 

S92-7 39015.1464 76o16.8702 20.7 20.7 20.3      j 

Reference Stations 
S92-R1 39014.3352 76016.7754 15.4 14.8 14.4       : 

S92-R2 39014.9772 76015.6906 19.0 18.4 18.0 

G-South Station 
MDE-R1 39015.4542 76015.9054 15.1 11.5 13.4      j 

Northeast Station 
MDE-R2 39o17.6706 76o14.3070 14.8 15.4 .   13.1 

Table 1. Station designations, locations (latitude and longitude in degrees decimal minutes), 
and total depth (feet) of Site 92 Inner, Reference, G-South, and Northeast stations, 
in May, July, and September 1998. *Stations S92-3 and S92-4 were moved a short 
distance after the May sampling cruise and renamed as stations S92-3A and 
S92-4A, respectively. 

2.        Benthic Community Sampling 

Semi-quantitative benthic samples were collected using a Van Veen grab sampler, which 
collects 1.1 ft2 (0.1 m2) of bottom substrate. Three replicate benthic grab samples were collected 
from each station for statistical analysis. Collection efforts were standardized to assure 



reproducible volumes in each replicate sample. Grab samples in which the Van Veen sampler 
was at least 90% filled with sediment were considered acceptable. Samples were rinsed through 
a standard No. #30 (0.5 mm) sieve on the vessel to remove fine sediment particles. Organisms 
small enough to pass through this mesh were not considered macroinvertebrates (Klemm et al. 
1990). The remaining material from each replicate was condensed, flushed into a container, and 
preserved in a solution of 10% formalin and bay water. A paper label with station and date 
information was placed inside the sample container. Station and date information were also 
written on the lid of the container to ensure proper sample identification. Upon return from the 
field, a chain-of-custody form was completed indicating the transfer of the benthic samples from 
the vessel to the laboratory (September, Appendix III; May and July, Appendix III in Dalai et al. 
1998a and 1998b, respectively). 

3. Sediment Sampling 

During the July and September cruises, a fourth grab sample was collected at each station 
for sediment analysis using the Van Veen grab sampler. A small subsample of the sediment in 
this grab sample, approximately 100 to 400 grams, was collected using a plastic scoop and 
placed into a labeled plastic bag for storage and transport to the laboratory. During the May 
cruise, a subsample of approximately 200 to 400 grams of sediment was removed from the third 
benthic community replicate sample using a plastic coring device. The subsample was placed 
into a labeled plastic bag for storage and transport to the laboratory. Subjective estimates 
(nearest 5%) of the percent contributions of gravel, shell, sand, and silt/clay (mud) were made in 
the field by the senior scientist and recorded on field data sheets. All sediment subsamples were 
transferred to MDE's Benthos Lab and refrigerated pending grain-size and water content analysis 
in the laboratory. A chain-of-custody form was completed for the transfer of sediments to the 
laboratory (September, Appendix III; May and July, Appendix III in Dalai et al. 1998a and 
1998b, respectively). 

C.        Laboratory Processing Techniques 

1.        Benthos 

Replicate samples were recorded in the Maryland Department of the Environment's 
Benthic Log Book upon transfer to the MDE Technical and Regulatory Services Administration 
(TARSA) Benthos Laboratory in Baltimore. Each replicate was given a log number for reference 
purposes. In the laboratory, each sample was placed into a 0.5-mm sieve and rinsed with tap 
water to remove fine sediments and the field preservative. A small quantity of the sample was 
then placed into a shallow white pan with a small amount of water to facilitate removal of the 
organisms, which were extracted from the remaining debris using forceps. Periodic checks were 
made by senior lab personnel to assure that at least 95% of the organisms present in the sample 
were recovered. Organisms were separated into vials by major taxonomic groups and preserved 
in 70% ethanol for subsequent identification and enumeration. 



Large organisms were identified to the lowest practical taxon, usually species, using a 
stereo dissecting microscope. Members of the insect family Chironomidae and some annelid 
worms were mounted on microscope slides, cleared and stained using a mixture of CMCP-10 
and CMCP-9AF. Mounted organisms were identified using a binocular compound microscope. 
Identifications were based on available taxonomic keys and in-house reference specimens. 
Identifications and enumerations were recorded in the taxonomists' bench notebooks/bench 
sheets and later transcribed onto MDE's Taxa Inventory Sheets (September, Appendix IV; May 
and July, Appendix IV in Dalai et al. 1998a and 1998b, respectively). Routine Quality 
Assurance/Quality Control (QA/QC) examination by senior personnel was performed to ensure 
proper identification. In addition, organisms from one of every ten samples identified was sent 
to an independent consultant for confirmation or identified by a second MDE taxonomist as part 
of the QA/QC protocol (September, Appendix V; May and July, Appendix V in Dalai et al. 
1998a and 1998b, respectively). 

2.        Sediments 

Standard Operating Procedures (SOP's) established by MDE/DCAD were followed 
during all laboratory sedimentological analyses. A single sediment sample was used for both 
water content and size fractionation. Three size fractions were obtained by this method: gravel 
particles (>2.00 mm), sand (<2.00 mm to >63 ,um), and silt/clay (<63 fj.m). In preparation for 
determining both water content and sediment size-fraction, the sample was removed from the 
refrigerator, allowed to warm to room temperature, and thoroughly homogenized by massaging 
the zip-lock bag in which the sediment was stored. 

For sediment size-fraction analysis, two brass sieves (2.00 mm and 63 fj.m) were stacked 
over a solid brass collection pan and placed on a sieve-shaker with the 2.00-mm sieve on top. 
Approximately 50 grams of wet sediment were randomly scooped from the sediment sample bag, 
added to a pre-weighed aluminum pan, and weighed on an analytical balance. Wet sediment 
weight was calculated as the difference between the weight of the wet sediment sample in the 
pan and the weight of the aluminum pan. After weighing, the sediment was rinsed from the 
aluminum pan into a small beaker. Care was taken to ensure that all the sediment was washed 
from the pan into the beaker. Approximately 80 milliliters of water were added to the beaker and 
the resulting sediment slurry was stirred to break up the mud. The slurry was then poured onto 
the 2.00-mm sieve. A gentle stream of water from a wash bottle was used to rinse the beaker to 
ensure that all of the sediment was transferred to the sieve stack. The sample was rinsed to 
remove fine particles that adhered to the coarse fraction. In some instances, a small brush was 
used along with the water to remove mud that adhered to shell fragments. A cover was then 
placed onto the top sieve and the stack was shaken by the sieve-shaker for 5 minutes. The coarse 
fraction was then rinsed to remove any remaining fine particles, removed from the sieve, and 
placed into a pre-weighed aluminum weigh pan. The weigh pan with the coarse particles was 
placed into a convection oven at 150oC until completely dry. After the coarse fraction was 
removed, the 2.00-mm sieve was rinsed briefly to remove any finer particles that may have 
adhered to it and removed from the stack. The contents of the 63 /^m sieve were then rinsed to 
help separate the mud from the sand. A small brush was used to help break up any small clumps 



of mud and to help move the material through the sieve. After the brush was rinsed, the lid was 
placed back onto the sieve and the stack was shaken for 5 minutes. The lid was then removed, 
the sand fraction brushed and rinsed, and the lid replaced. The sieves were then shaken for an 
additional 5 minutes. This procedure was repeated one or two more times, if necessary, to help 
separate the sand and mud fractions. After separation was complete, the sand fraction was 
washed into a pre-weighed aluminum weigh pan, placed into the oven, and allowed to dry 
completely. The contents of the bottom brass pan (i.e., mud fraction) were then rinsed into one or 
two large beakers depending on the amount of water present. The sediment was allowed to settle 
undisturbed for at least 48 hours, after which excess water was removed using a syringe, and the 
beaker was placed into the oven at 150 0C until the sediment was nearly dry. The silt/clay 
fraction then was transferred to a pre-weighed aluminum weigh pan and allowed to dry 
completely. After drying was complete, pans and their contents were allowed to cool to room 
temperature prior to being weighed to the nearest milligram on the analytical balance. 

The weights of the various size fractions were calculated as the difference between the 
weights of the empty pans and the pans plus their contents. Total dry weight was determined by 
summing the weights of the various size fractions. Each fraction was also expressed as a 
percentage of the total dry weight. Water weight was determined as the difference between the 
wet sediment weight and the total dry sediment weight. Water content was also expressed as a 
percentage of the wet sediment weight. 

All information was recorded on the Dredging Coordination and Assessment Division's 
(DCAD) Sediment Grain Size and Water Content Analysis Sheets (September, Appendix VI; 
May and July, Appendix VI in Dalai et al. 1998a and 1998b, respectively). As part of MDE's 
QA/QC protocol, one randomly selected subsample out of every ten analyzed was duplicated to 
ensure accuracy. The analysis of the first sample was accepted if the standard deviation of the 
two samples was < 5 % for each fraction and for the water content. If the standard deviation was 
> 5 % for any fraction or for the water content, then a third sample was analyzed and an average 
of the three samples was used. 

D. Data Management Methods 

Information from Taxa Inventory Sheets was transferred to the spreadsheet program 
Excel to generate benthic community spreadsheets (September, Appendix VII; May and July, 
Appendix VII in Dalai et al. 1998a and 1998b, respectively). These spreadsheets were evaluated 
by a senior scientist to confirm that the data were accurately transferred from the inventory sheets 
to the computer database. Data from the sediment analyses were also entered into an Excel 
spreadsheet. Data from the Benthic Field Data sheets were archived into Microsoft Word. 

E. Analytical Methods 

Sediment size-fraction data were compared graphically using Microsoft Excel. Water 
quality data were also entered into an Excel spreadsheet and used in statistical analyses. 



Five main measures of benthic community condition were examined: total abundance, 
relative abundance of pollution-indicative taxa, relative abundance of pollution-sensitive taxa, 
the Shannon-Wiener diversity index, and taxa richness. The first four of these measures were 
used to calculate the Chesapeake Bay Benthic Index of Biotic Integrity (B-IBI; Weisberg et al. 
1997) for both the July and September sampling events. The benthic community measures were 
calculated using formulas in the benthic community spreadsheets. All measures were calculated 
based solely on the presence of the infaunal taxa because the B-IBI is based only on infaunal taxa 
(Ranasinghe personal communication 1998; Ranasinghe et al. 1994). Taxa richness was also 
based solely on the infaunal taxa because of its relationship to the Shannon-Wiener diversity 
index. Seasonal fluctuations in the abundance of the three dominant infaunal taxa were also 
examined. 

Abundance measures were calculated based on the average abundance of infaunal taxa in 
the three replicate samples at each station. Total Abundance was calculated as the total number 
of organisms per square meter (m:). Pollution-Sensitive Taxa Abundance was calculated as the 
percentage of total abundance represented by pollution-sensitive taxa. The pollution-sensitive 
taxa found during the Site 92 sampling cruises were the clams Macoma bahhica and Rangia 
cuneata, the worm Marenzelleria viridis, and the isopod Cyathura polita. Pollution-Indicative 
Taxa Abundance was calculated as the percentage of total abundance represented by pollution- 
indicative taxa. Pollution-indicative taxa tend to reproduce rapidly and often dominate disturbed 
habitats. The pollution-indicative taxa found during the Site 92 sampling were the midges 
(Insecta: Chironomidae) Coelotanypus sp. and Procladius sp., and the polychaete worms 
Streblospio benedicti and Hypereteone heteropoda. Taxa were designated as pollution-indicative 
or pollution-sensitive according to Weisberg et al. (1997)1. 

The Shannon-Wiener Diversity Index (H') is a theoretical measure of community 
diversity based on a combination of taxa richness (total taxa found in all replicates) and the 
evenness of distribution of individuals among the taxa. This index was estimated using the 
standard formula: 

//•=if—;iog,r—; 
N       •   N 

where rij = number of individuals in a given taxon and N = total number of individuals in the 
sample. Calculations were made in Excel using the machine formula provided in Weber (1993). 
Because this diversity index represents the theoretical total diversity found in an area, the value 
for each station was calculated based on the total numbers of individuals in each infaunal taxon 
for all replicates (i.e., the composite average). Taxa richness (number of taxa) was calculated for 
each station as the total number of infaunal taxa found in all replicates. 

Chesapeake Bay Benthic Index of Biological Integrity (B-IBI) scores were calculated for 
the July and September sampling events. The B-IBI was not calculated for May samples because 

1 The terms "pollution-indicative" and "pollution-sensitive" have replaced the terms "opportunistic" and 
"equilibrium", respectively, used in previous documents (Dalai et al. 1998a and 1998b). 
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the B-IBI has been calibrated only for the summer index period - July 15 through September 30 
(Ranasinghe personal communication 1998; Weisberg et al. 1997). Calculation of the B-IBI 
requires scoring individual measures (attributes) of the benthic community according to criteria 
provided by Weisberg et al. (1997). The scores of the individual measures are then averaged to 
yield the B-IBI score. Selection of measures to be used depends on the bottom salinity and 
sediment composition (silt/clay content) present at the site during sampling. Summer salinity in 
the Pooles Island area ranged from 3.6 %o at station S92-2 in July (average July salinity at all 
stations = 4.3 0/oo) to 9.5 %o at station S92-R1 in September (average September salinity at all 
stations = 8.9 0/oo). The average salinity at all stations over the summer index period was 6.6 %o. 
Therefore, the area was classified as "low mesohaline" (salinity > 5 to 12 0/oo) for the purposes of 
calculating the B-IBI. No distinction is made between sand and silt/clay sediments in 
mesohaline environments (Weisberg et al. 1997). Measures appropriate to the B-IBI in low 
mesohaline environments are total abundance, relative abundance of pollution-indicative taxa, 
relative abundance of pollution-sensitive taxa, and the Shannon-Wiener Diversity Index. 

Threshold limits for the B-IBI were 1.7 - 2.5 for the diversity index2, 10-20% for the 
abundance of pollution-indicative taxa, and 5-25% for the pollution-sensitive taxa abundance. 
Values within the threshold ranges are given a score of 3. Diversity and pollution-sensitive taxa 
abundance increase with improved habitat conditions. Values above threshold for diversity and 
pollution-sensitive taxa abundance are, therefore, considered optimal and given a score of 5. 
Pollution-indicative taxa abundance decreases as habitat conditions improve. Therefore, values 
lower than threshold for pollution-indicative taxa abundance are considered optimal and given a 
score of 5. Values below threshold for diversity and pollution-sensitive taxa abundance, or 
above threshold for pollution-indicative taxa abundance, are assigned a score of 1. Total 
abundance was scored bimodally because the response of the benthic community to organic 
pollution varies with the amount of enrichment (Pearson and Rosenberg 1978; Dauer and Conner 
1980; Ferraro et al. 1991). Stations were given a score of 3 if abundance was between 500 and 
1,500 or between 2,500 and 6,000 organisms per square meter. Abundances between 1,500 and 
2,500 organisms per square meter were considered ideal and scored as five. All other values 
were given a score of one. The scores for each of these four measures were then averaged to 
determine the B-IBI. B-IBI scores of 3 or greater were considered to meet the Chesapeake Bay 
Restoration Goal (Ranasinghe et al. 1994). Scoring criteria for the four measures (metrics) used 
in this study are provided in Table 2. 

Several taxa found during the study have been noted on the benthic community 
spreadsheets but excluded from calculations of individual measures, because these taxa are not 
included in the B-IBI (Ranasinghe, personal communication 1998; Ranasinghe et al. 1994). The 
B-IBI is based solely on the condition of the benthic infaunal community (organisms that live 
within the sediments). The taxa that were excluded are members of the epifaunal community 
(organisms that live on rather than in the sediment). The excluded taxa were snails in the family 
Hydrobiidae, the mussel Mytilopsis leucophaeata, the amphipods Melita nitida and 
Apocorophium lacustre, the crab Rhithropanopeus harrisii, the barnacle Balanus improvisus, and 
the isopod Edotea triloba. Members of the phyla Bryozoa (bryozoans) and Porifera (sponges) 

; This range was incorrectly reported as 1.9 - 2.5 in Dalai et al. 1998b. 
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were excluded from the Taxa Inventory Sheets and spreadsheets, as well as the calculations, 
because these groups are not only epifaunal but were only qualitatively sampled. 

Measure 
Score 

Shannon Diversity Index (H') >2.5 1.7-2.5 <1.7 

Total Abundance 
(individuals per square meter) 

> 1,500-2,500 
500-1,500 or 

> 2,500- 6,000 
< 500 or > 6,000 

% Pollution-sensitive Taxa > 25% 5-25% <5% 

% Pollution-indicative Taxa < 10% 10-20% > 20% 

Table 2. Scoring Criteria for Measures Used in Calculating the Chesapeake Bay Benthic 
Index of Biological Integrity (B-IBI) 

F.        Statistical Analysis 

Multiple correlation analysis was applied separately to the in-situ habitat data, a 
combination of in-situ habitat data and certain measures of the benthic community, and to certain 
measures of the benthic community in order to determine whether any significant relationships 
existed among variables. Significant (p < 0.05) strong (r > 0.75). moderately strong (r = 0.50 to 
0.74), and weak (r < 0.50) correlations were found between several parameters. 

T-tests were performed to determine whether significant differences existed 1) between 
Inner and Reference stations during each season; 2) between G-South and Reference stations; 3) 
between Northeast and Reference stations; 4) between present conditions at the Northeast station 
and conditions in the vicinity of G-East during September 1995; and 5) between present 
conditions in G-South and conditions during previous studies of G-South in the early 1990's and 
1996. These tests were performed using the statistical software package Statistica. Results of 
both the t-tests and correlation analysis are found in Appendix IX. 

RESULTS AND DISCUSSION3 

Stations were separated into categories based on their location inside or outside Site 92, 
or in G-South or in the vicinity of G-East. Stations S92-1 through S92-7, which lie within Site 
92, were designated as Inner stations. Stations S92-R1 and S92-R2, which lie outside Site 92, 
are referred to as Reference stations. Stations MDE-R1 and MDE-R2 are designated as the G- 
South and Northeast stations because they lie within area G-South and north of area G-East, 
respectively. 

3 EDITOR'S NOTE: After the May and July 1998 data were published, the data were re-examined and a number 
of minor discrepancies were found. Corrections have been made and the data that appear in this report are correct. 
Conclusions of the earlier reports are unchanged. An addendum to the May report (Dalai et al. 1998a) and revised 
copies of the July seasonal report (Dalai et al. 1998b) are available on request from MDE. 

12 



A.       Habitat Parameters 

Data from in-situ surface and bottom measurements of water quality parameters are 
provided in Tables 3a-c. Water quality measurements at other depths are included in the Benthic 
Field Data Sheets [September, Appendix I; May and July, Appendix I in Dalai et al. (1998a and 
1998b, respectively)]. Results of sedimentological analysis are found in Table 4. 

1.        In-Situ Water Quality, May, July and September 1998 

Salinity, conductivity, dissolved oxygen, pH and temperature were measured at all 
stations at 1.6 feet (0.5 m) below the surface, at 3.3 feet (1.0 m) from the bottom, and at 6.6 feet 
(2 m) intervals from the bottom measurement during each of the three cruises in 1998. Turbidity 
was measured at 3.3 feet (1.0 m) from the bottom during July and September. Secchi depth was 
measured during all seasons. Little variation in measurement values was seen throughout the 
water column indicating that no vertical stratification was occurring. Little spatial variation was 
seen in any water quality parameter within each season. Therefore, the following discussion 
focuses on seasonal variation within the bottom waters. 

Salinity. Seasonal variation in salinity during 1998 was typical for this region of the 
Bay. Salinity increased from May to September in the Pooles Island Area. In May 1998, salinity 
was very low and fell within the "tidal freshwater" range (0.1-0.5 %o; Weisberg et al. 1997). 
May salinity values ranged from 0.1 %o to 0.5 %o (Table 3a; average = 0.3 + 0.1 %o) with the 
lowest salinity found at the northern-most station, MDE-R2. Low salinity in May was attributed 
to high freshwater influx, mainly from the Susquehanna River. By July, salinity had climbed 
into the oligohaline range (> 0.5-5 0/oo; Weisberg et al. 1997) with a range of 3.6 to 4.9 %o (Table 
3b; average = 4.3 + 0.5 %o) due to a decrease in freshwater influx. Salinity continued to increase 
over the summer due to low freshwater influx. By September, bottom salinity in the Pooles 
Island area averaged 8.9 + 0.4 %o with a range of 8.0 to 9.5 %o (Table 3c), placing it within the 
"low mesohaline" classification (> 5 - 12 0/oo; Weisberg et al. 1997). This was a large increase 
over the salinity values recorded in May, as well as July, and is likely to have affected the 
benthos in the Pooles Island Area. Average summer salinity based on July and September data 
was 6.6 %o. Salinity at the Northeast station, MDE-R2, was typically lower than average due to 
its location closer to the head of the Bay and freshwater influx from the Susquehanna River. No 
other spatial patterns were present during any season examined. 

Temperature. Water temperatures in May (Table 3a) were cool (average = 16.6 + 0.2 
0C; range = 16.4 to 17.0 0C). By July (Table 3b), water temperatures had risen by 50% to an 
average of 26.7 + 0.10C (range = 26.5 0C to 26.9 0C). Water temperatures were slightly cooler, 
though still warm, in September (Table 3c; average = 22.9 ± 0.10C; range = 22.8°C to 23.0° C). 

Secchi Depth. Secchi depth was lowest at all stations in May (Table 3a; average = 2.5 ± 
0.7 ft; range = 1.6 to 3.9 ft). Secchi depth increased at most stations in July (Table 3b; average 
4.3 + 0.5 ft; range = 3.9 to 5.2 ft). A slight increase in secchi depth was seen at most stations in 
September (Table 3c; average = 5.2 + 0.7 ft; range = 3.6 to 6.0 ft). 
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Station \ 
Layer 

Depth 
(ft) 

Temp. 
CC) pH 

Dissolved Oz 
(mg/l) 

Conductivity 
(limhos /cm) 

Salinity 
(PPt) 

Secchi 
Depth (ft) 

Inner Stations 

i 
Surface 1.6 17.1 7.4 8.5 361 0.2 

3.9 
Bottom 21.3 16.5 7.3 8.6                     980 0.5 

1 
Surface 1.6 17.0 7.4 8.5 348 0.2 

2.3 
or; Bottom 13.1 16.6 7.5 8.6 907 0.5 

i 
j  Surface 1.6 16.8 7.4 8.5 621 0.3 

1.6 O 
W ;   Bottom 14.8 16.9 7.5 8.7                       576 0.3 

i 
:  Surface 1.6 16.6 7.5 8.5 857 0.5 

2.0 
|  Bottom 14.1 16.6 7.5 8.6                        848 0.4 

in 
i 

j   Surface 1.6 16.6 7.4 8.8 807 0.4 
o 
c^ Bottom 13.8 16.4 7.6 8.7 863 0.5 

i   Surface 
i 

1.6 16.5 7.3 8.9 742 0.4 
2.0 

Bottom 12.8 16.4 7.7 8.9 749 0.4 

(^4 
Surface 1.6 16.9 7.6 8.8 374 0.2 

2.6 
y: Bottom 17.4 16.6 7.7 8.7 451 0.2 

|                                                          Reference Stations 

££ Surface 1.6 16.8 7.7 8.9 804 0.4 
1 

2.6 
0^ Bottom 12.1 16.5 7.6 9.3 815 0.4 

1 

00 

Surface 1.6 17.0 7.8 9.2 493 0.3 
2.0 

Bottom 16.4 16.5 7.8 9.1 585 0.3 

1                                                                  G-South Station                                                                  1 

i 
Surface 1.6 17.2 7.9 9.2 301 0.2 

23 
Bottom 11.8 16.6 7.7 9.4 372 0.2 

y^^.r rjvz,; =•:•'-' •• ;-.5:\?~:.":- y^z- Northeast Station - J: ; ••..;:.':i:;,-, >- .;>;;•..r-vv;;;* .:-•• 

2 

Surface 1.6 17.2 8.0 9.5 167 0.1 
2.6 

Bottom 11.5 17.0 8.0 9.5 166 0.1 

Table 3a. Water Quality Parameters Measured at Site 92 Inner, Reference, G-South and 
Northeast Stations During the May 1998 Cruise. In-situ measurements were 
taken at approximately 1.6 ft (0.5 m) from the surface and 3.3 ft (1.0 m) from the 
bottom. 

14 



Station \ 
Layer 

Depth 
(ft) 

Temp. 
CQ pH 

Dissolved 
02 (mg/I) 

Conductivity 
(umhos/cm) 

Salinity 

(PPt)" 

Turbidity 
(NTU) 

Secchi 
Depth (ft) 

Inner Stations                                                              j 

i 
CM 

Surface 1.6 26.8 7.4 6.9 5980 3.2 11.2 
3.9 

IT. Bottom 19.7 26.8 7.4 6.4 7010 3.8 11.0 

ri 
i 

pi 
Surface 1.6 26.8 7.4 7.0                 6600 3.6 10.9 

3.9 

1 
ir. Bottom 9.8 26.8 7.4 7.0                 6640 3-6 34.4      i 

$ Surface 1.6 26.7 7.4 7.0 6690 3.6 10.2 
4.6 ri 

Bottom 15.1 26.8 7.3 6.9                7600 4.2 8.4       ! 

< 
•3- 

Surface 1.6 26.7 7.3 6.7       i         7608 
1 

4.2 8.2       ! 
i 4.6 

Bottom 14.8 26.8 7.3 6.6 7815 4.3 8.2       , 

li-l Surface 1.6 26.6 7.4 6.8                 7700 4.2 8.2 
4.6 

Bottom 13.1 26.6 7.3 6.2                 8097 4.5 8.7 

i 
Surface 1.6 26.9 7.3 7.0 8054 4.5 6.8 

4.6 
Bottom 14.4 26.5 7.3 6.3                 8538 4.7 4.2 

i 
Surface 1.6 26.9 7.5 7.3                 7437 4.1 6.2 

4.6 
Bottom 17.4 26.8 7.3 7.1 8030 4.4 8.3 

Reference Stations 
Surface 1.6 26.7 7.2 7.2 8715 4.8 11.5 

3.6 
Bottom n. 26.7 7.2 7.2 8719 4.9 16.5 

Surface 1.6 27.0 7.8 8.1 7180 3.9 9.9 
i 

3.6 
Bottom 15.1 26.5 7.4 6.6 8700 4.9 11.4 

1                                                                               G-SniitVi Station                                                                               1 

I 
Surface 1.6 27.0 7.5 7.7 7680 4.2 6.0 

5.2 

2 Bottom 8.2 26.6 7.3 6.5 8220 4.5 6.1 

...   . Northeast Station 

Surface 1.6 26.9 7.4 6.5                 6730 3.7 8.0 
3.9 

2 Bottom 12.1 26.8 7.4 6.6 6740 3.7 10.0 

Table 3b. Water Quality Parameters Measured at Site 92 Inner, Reference, G-South and 
Northeast Stations During the July 1998 Cruise. In-situ measurements were 
taken at approximately 1.6 ft (0.5 m) from the surface and 3.3 ft (1.0 m) from the 
bottom. 
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Station \ 
Layer 

Depth 
(ft) 

Temp. 
pH 

Dissolved 
O, (mg/1) 

Conductivity 
(umhos/cm) 

Salinity 
(PPO* 

Turbidity 
(NTU) 

Secchi 
Depth 

(ft) 

I                                                                  Inner Stations                                                                   f 

r. 
c^ 
c^ 

Surface 1.5 23.2 7.5 8.7 15,000 8.5 NR 
5.2 

Bottom 19.7 23.0 7.3 8.1 15.700 9.0 7.4    • 

n 
o 
on 

Surface 1.5 23.2 7.6 8.8 15,200 8.6 NR 
5.2 

Bottom 13.1 22.9 7.2 7.6 15.600 8.8 7.4 

< Surface 1.5 23.1 7.5 9.0 15.100 8.6 NR 
5.2 

Bottom 14.8 23.0 7.1 8.2 15.800 9.0 4.7 

< 
i 

Surface 1.5 22.9 7.1 7.4 15,600 8.8 NR 
4.6 

Bottom 14.8 22.8 7.0 7.8 15.600 8.9 7.2 

1 
Surface 1.5 22.8 7.1 7.1 15.600 8.8 NR 

5.2 
Bottom 14.8 22.8 6.9 7.1 16,100 9.0 15.1 

Surface 1.5 22.9 '  7.1 7.3 14,580 8.2 NR 
5.2 

Bottom 14.8 22.8 : 7.0 7.1 16.100 9.0 4.7 

ri 

V3 

Surface 1.5 23.0 j 7.0 7.6 14,450 8.1 NR 
4.9 

Bottom 18.7 22.9 | 6.8 7.6 15,800 9.0 12.4 

Reference : Stations 

i n 
Surface 1.5 22.8 |  7.3 7.5 16.240 9.5 NR ! 

3.9      | 
Bottom 12.5 22.8 1 7.2 7.7 16,230 9.5 10.9 

Surface 1.5 23.1 7.0 7.1 13,770 7.7 NR 
4.6      ; 

i Bottom 16.4 22.8 6.9 6.9 15.700 ! 
9.0 4.4 

G-South Station 

ti 
2 

Surface 1.5 23.3 7.5 8.3 14,590 8.2 NR 
5.9 

Bottom 10.8 22.9 J7.3 7.1 15,600 8.8 3.5 

... ...... -.... . • Northeas t Station 

5 
Surface 1.5 23.4 7.3 !   « 13,410 7.3 NR 

!•    6.6 

Bottom 10.5 23.0 7.2 7.1 14,230 8.0 4.7 

Table 3c. Water Quality Parameters Measured at Site 92 Inner, Reference, G-South and 
Northeast Stations During the September 1998 Cruise. In-situ measurements 
were taken at approximately 1.6 ft (0.5 m) from the surface and 3.3 ft (1.0 m) 
from the bottom. Turbidity was not recorded (NR) at the surface during 
September due to low battery in the YSI water quality meter. 
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Turbidity. In July (Table 3b), turbidity averaged 11.5 Nephlometric Turbidity Units 
(NTU) and ranged from 4.2 to 34.4 NTU. The moderately high turbidity seen at station S92-2 in 
July (34.4 NTU) may have been caused by use of the Van Veen grab sampler at about the same 
time the reading was taken. Turbidity was low (< 17 NTU) at all stations during September 
(Table 3c). The range in September was from a low of 3.5 NTU (MDE-R1) to a high of 15.1 
NTU (S92-5) with an average of 7.5 NTU. 

Dissolved Oxygen. Dissolved oxygen (DO) concentrations were highest in May (Table 
3a; average = 8.9 + 0.3 ppm; range = 8.6 to 9.5 ppm) when the water temperature was lowest and 
freshwater influx was highest. DO concentrations were slightly higher at Reference stations 
(average = 9.3 + 0.2 ppm) than at Inner stations (average = 8.6 + 0.1 ppm). This difference was 
not ecologically important as all stations were well above the level at which low DO becomes a 
stressor. By July (Table 3b), DO concentrations had dropped to an average of 6.7 + 0.3 ppm; 
average values at Inner stations were similar to values at Reference stations. Changes in DO 
concentration were significantly correlated with temperature (r = -0.93; Table IX-1). Therefore, 
the decrease in average DO. concentration has been attributed primarily to increases in 
temperature. July DO concentrations were still above the level considered stressful to aquatic 
life. Dissolved oxygen concentrations increased in September (Table 3c; average = 7.5 + 0.4 
ppm) when water temperature was lower, but did not reach the level of May DO concentrations. 

pH. No significant variation was seen in pH either among stations within a season or 
among seasons. In most cases, pH was near or only slightly above neutral. In May (Table 3a), 
pH ranged from 7.3 to 8.0 (average 7.6 + 0.2 pH units). In July (Table 3b), a very slight decrease 
(0.1 to 0.6 pH units) was seen at all stations, except at S92-1, where pH increased very slightly 
(0.1 pH units). July pH values averaged 7.3 + 0.1 and ranged from 7.2 to 7.4. Another very 
slight decrease (0.1 to 0.5 pH units) was seen at many stations in September (Table 3c). 
September pH values averaged 7.1 + 0.2 and ranged from 6.9 to 7.3. 

Correlation Analysis. Significant relationships (p < 0.05) were found among a number 
oiin-situ water quality parameters (Appendix IX, Table IX-1). Some of these significant 
correlations were strong (r > 0.75); other correlations were moderately strong (r = 0.50 to 0.74) 
or weak (r < 0.50). Many of these correlations can be explained as similar seasonal responses by 
both parameters. For example, salinity was moderately correlated with temperature (r = 0.58). 
Both are expected to increase from spring through summer (temperature as solar radiation 
increases, salinity as freshwater influx decreases). Other correlations may suggest the existence 
of cause-and-effect relationships. 

A strong negative correlation was found between temperature and dissolved oxygen 
concentration (r = -0.93). The effect of temperature on'the saturation of dissolved gasses has 
been well documented in the literature. There was also a moderate negative correlation between 
temperature and pH (r = -0.55); pH, in turn, was positively correlated with DO (r = 0.60). This 
supports the hypothesis that temperature not only affects DO concentrations directly, but also 
indirectly by increasing benthic metabolism. Increasing benthic metabolism would cause an 
increase in carbon dioxide leading to decreased pH. There was a moderate negative correlation 
between DO and salinity (r = -0.55). Salinity is also known to affect DO saturation (Reid and 
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Wood 1976). However, given the stronger correlation between temperature and DO, and the 
relatively low salinity in the Pooles Island area, it is unlikely that salinity played a major role in 
determining DO concentration during 1998. 

There were moderately strong negative correlations between Secchi depth and bottom pH 
(r = -0.74) and bottom dissolved oxygen (r = -0.68). There was a weak positive correlation 
between Secchi depth and bottom turbidity (r = 0.37). This suggests that the increase in Secchi 
depth may have been due to settling of organic material, resulting in slightly increased bottom 
turbidity and benthic metabolism. 

2.        Comparisons of Site 92 In-Situ Water Quality with Previous Studies in the Pooles 
Island Area 

Water quality has been measured in the Pooles Island area as part of previous studies 
(Appendix VIII, Table VIII-1). Temperature varies seasonally, increasing from spring lows in 
the teens to highs in the mid to upper 20's (degrees Celsius) in July or August. Temperatures 
recorded in May, July and September 1998 were similar to those measured by Versar in the early 
1990's (Ranasinghe and Richkus 1993) and by MDE in 1995 and 1996 (Dalai et al. 1996a and 
Dalai etal. 1996b). 

Dissolved oxygen concentrations generally remain above 5.0 ppm, because the water 
around Pooles Island is shallow in depth. DO concentrations vary from season to season with 
higher values seen in the spring when the water is cooler and lower in salinity. Lowest values 
are typically seen in July and August due to increased temperatures and decreased freshwater 
influx. DO concentrations typically increase in September or October as water temperatures 
decline. DO concentrations recorded in May, July and September 1998 were similar to those 
reported by Versar in the early 1990's (Ranasinghe and Richkus 1993) and by MDE in 1995 and 
1996 (Dalai et al. 1996a and Dalai et al. 1996b). 

Rainfall in the Upper Chesapeake Bay drainage plays a major role in determining the 
salinity of the waters around Pooles Island. Typically, salinity is lowest in spring when freshets 
introduce large volumes of freshwater from the Susquehanna River and other rivers of the Upper 
Bay. Salinity values are often in the oligohaline range (> 0.5 to 5.0 0/oo) and may even drop into 
the "tidal freshwater" range (0.1 to 0.5 0/oo) if spring precipitation is heavy as it was in the spring 
of 1998. Salinity is lower than normal in years with greater than average rainfall and higher than 
normal in years with less than average rainfall. Average salinity recorded in May 1998 (0.3 %o) 
was slightly lower than the average value recorded in May 1993 (1.6 %o). Salinity climbs into 
the low mesohaline range (> 5.0 to 12.0 %o) during summer as the amount of freshwater entering 
the Bay declines. Typically, July and August salinity values are in the lower end of this range 
(5.0 to 7 0/oo). Average values recorded in July 1998 (4.3 0/oo) were slightly higher than the 
average salinity recorded in August 1992 (2.5 %o). During dry summers, such as 1991 and 1993, 
salinity may become even higher. Average salinity in August 1991 was 9.3 %o; average salinity 
in July 1993, 10.6 0/oo. During especially wet years, salinity may remain low even through 
September; for example, the average salinity in September 1996 was 5.5 0/oo. During other years, 
the salinity has been higher in September. For example, average September salinity was 10.0 0/oo 
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in 1995 and 8.9 %o in 1998. 

3.        Sediment Composition 

Laboratory sediment analyses were performed to improve upon the accuracy of the field 
estimates. Sediments at stations 592-1, S92-2, S92-6, S92-7, S92-R2 and MDE-R1 consisted of 
over 60% silt/clay (dry weight) during all seasons (Figure 2 and Table 4). Sediments at S92-1 
and S92-2 consisted of over 85% silt/clay with little or no gravel material (< 5%). Silt/clay 
accounted for over 90% of the dry sediment weight at MDE-R1 in the G-South placement area 
during all seasons; the ratio of sand to silt/clay at MDE-R1 is similar to that found at other 
stations. Gravel accounted for less than 1% of the sediment at this station. Numbers ofRangia 
cuneata, whose shells comprise most of the "gravel" fraction at other stations, have generally 
been low at MDE-R1 since 1992 (except in July 1993). Thus, it is not surprising that little 
"gravel" is found at MDE-R1. 

Silt/clay was the dominate sediment type at Stations S92-4 and S92-4A (> 70%), and 
S92-3 and S92-3A (> 83% in each season). S92-3, sampled only in May, had a lower relative 
amount of silt/clay (52.22%) and a higher gravel fraction (36.81%). S92-6 and S92-7 had high 
silt/clay contents in May and September. The silt/clay content at stations S92-6 and S92-7 was 
lower in July due to a higher gravel (shell) content (24.20% and 30.57%, respectively). In 
contrast, silt/clay accounted for less than 51% of the dry weight at Inner station S92-5 and 
Northeast station MDE-R2 during all seasons. Silt/clay content was less than 61% at Reference 
station S92-R1 during May and July. The relative contribution of silt/clay increased at S92-R1 
during September due to a decrease in the gravel (shell) fraction. 

Sand accounted for an average of 11.16% of the dry sediment weight at Inner stations in 
May (range = 3.47 to 14.47 %), 8.19 % in July (range = 3.47 to 12.56%), and 7.84% in 
September (range = 4.32 to 14.44 %). Average sand content at Reference stations was slightly 
higher than at Inner stations (12.13%, 9.62%, and 14.45% in May, July and September, 
respectively). S92-R1 had slightly higher than average sand content during all three seasons. 

The gravel fraction was composed almost exclusively of shell fragments from bivalves, 
primarily Rangia cuneata, at all stations during all seasons. Stations S92-5 and MDE-R2 were 
composed of over 36% gravel during all seasons. Station S92-3, sampled only in May, also had 
a relatively high gravel content (36.81%). S92-R1 and S92-7 had comparatively high gravel 
contents in May and July (> 25%), but lower gravel contents in September (< 10%). Other 
stations averaged less than 25% gravel during any season. 

B.        Benthic Community 

Stations were separated into categories based on their locations around Pooles Island. 
Stations S92-1 through S92-7 are Inner stations lying within Site 92. Station S92-R1 and 
S92-R2 are Reference stations located outside Site 92. Station MDE-R1, located in area G- 
South, and station MDE-R2, located north of the proposed area G-East, were designated as the 
G-South and Northeast stations, respectively. 
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Figure 2. Sediment Grain Size Distribution at Site 92 
Inner, Reference, G-South and Northeast Stations, 1998 
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Station 
May 1998 July 1998 September 1998 

% gravel % sand c i^o silt/clay % gravel   % sand % silt/clay % gravel % sand % silt/clay 
|                                                             Inner Stations 
S92-1 0.37 11.30! 88.33 7.92!     4.86| 87.22 0.01! 4.32 95.67! 
S92-2 3.40 11.30: 85.30 2.13!    10.00] 87.87 1.69! 9.37 88.94, 
S92-3 36.81 10.98; 52.22 I 
|S92-3A i 7.13J       9.39 83.48 1.83! 7.80 90.37! 
|S92-4 2.53 14.47: 83.00 1 
|S92-4A  i 0.90:       7.47 91.64 20.78! 8.60 70.62! 
S92-5 36.17 13.54: 50.29 52.37!       9.58 38.05 54.79! 5.42 39.79) 
S92-6 5.40 13.07; 81.53 24.20i     12.56 63.25 4.91! 14.44 80.66! 
S92-7 25.07 3.47: 71.45 30.57:       3.47 65.96 7.62; 4.93 87.46i 

Reference Stations                                                            [ 
S92-R1 25.63 14.06 60.31 31.06 12.16 56.78 9.86 18.67 71.47i 

S92-R2 0.24 10.19 89.58 19.20 7.09 73.72 0.62 10.20 89.18! 

G-South Station 
|MDE-R1 0.00 3.44 96.56 0.03 9.04 90.93 0.13 7.61 92.26, 

Northeast Station 
|MDE-R2 63.09 11.10 25.81 49.73 6.74 43.52 45.67 10.16 44.17! 

Table 4. Sediment Composition at Site 92 Inner, Reference, G-South and Northeast Stations 
Based on Laboratory Analysis, May, July and September 1998. The gravel 
fraction was composed almost entirely of shell in each case. 

1.        Seasonal and Spatial Comparisons of Site 92 Stations 

Values of the measures used to describe the benthic communities at Site 92 Inner and 
Reference stations are presented in Tables 5a-c. The measures used were Total Abundance, 
Pollution-Indicative Taxa Abundance (%), Pollution-Sensitive Taxa Abundance (%), the 
Shannon-Wiener Diversity Index, Taxa Richness, and the Chesapeake Bay Benthic index of 
Biotic Integrity (B-IBI), which was not calculated for May. Seasonal changes at each station 
were examined using bar graphs. 

Three additional characteristics of the benthic community were examined: the relative 
abundance of the three most common taxa at each station during each season (Table 6; Figures 9, 
10 and 11), the abundance of the polychaete worm Marenzelleria viridis (Figure 12; Appendix 
X, Tables X-l, X-2 and X-3); and the abundance of the clam Rangia cuneata (Figure 13; 
Appendix X, Tables X-1, X-2 and X-3). 

Correlation analysis was performed to determine whether relationships existed between 
benthic community and habitat parameters and among the benthic community parameters 
themselves. Significant correlations (p < 0.05) were found between several of the benthic 
parameters and certain habitat parameters (Appendix IX, Table IX-2). Significant correlations 
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were also found between several benthic community parameters (Appendix IX. Table IX-3). 
Some of these correlations were moderately strong (r = 0.50 to 0.74); others were weaker (r = 
0.35 to 0.49). T-tests were performed to determine whether significant differences (p < 0.05) 
existed between station types (e.g.? Reference versus Inner stations) for certain benthic 
community parameters (Appendix IX, Table IX-4). 

Total Abundance. Average total abundance (Figure 3) was highly variable among 
stations and within station groups. Moderate, but significant (p < 0.05). correlations were found 
between total abundance and the abiotic parameters temperature, salinity, DO, and pH (Appendix 
IX, Table IX-2). Total abundance was higher when salinity and temperature were lower. 
Increased temperature would be expected to affect benthic organisms' metabolic rates and 
oxygen consumption, as well as have a direct effect on DO concentrations. DO and pH were 
positively correlated with total abundance. Total abundance was moderately influenced by the 
relatively high abundance of the clam Rangia cuneata and more strongly by the abundance of the 
polychaete worm Marenzelleria viridis (Appendix IX, Table IX-3). Abundances of R. cuneata 
and M. viridis were negatively affected by increased temperature and salinity (Appendix IX, 
Table IX-2). The effects of increased temperature could not be separated from the effects of 
increased salinity. There were no significant differences in total abundance between Reference 
and Inner stations during the study (Appendix IX. Table IX-4). 

Station 

Average 
Total 

Abundance 
(#/nr) 

Pollution- 
Indicative Taxa 

Abundance 

Pollution- 
Sensitive Taxa 

Abundance 

Shannon- 
Wiener 

Diversity 
Index 

Taxa 
Richness 

S                                                                 Inner Stations                                                                 1 
S92-1 1633 0.80 74.76 2.19 13         i 
S92-2 4390 0.21 97.77 1.25 11         ; 

S92-3 4090 0.00 89.60 1.36 ii       ! 
S92-4 870 0.00 83.87 2.12 10 
S92-5 3840 0.00 95.40 1.52 9 
S92-6 940 0.00 79.74 2.10 9          1 
S92-7 3183 0.18 90.54 1.57 12 

Reference Stations 
S92-R1 3690 0.00 95.23 1.52 9 
S92-R2   | 2173 0.10 92.72 1.13 10 

G-Sou th Station 
MDE-R1 | 5847 0.00 97.67 0.62 10        | 

Northeast Station                                                              1 
| MDE-R2 1630       | 0.63 86.42 1.35 15        I 

Table 5a. Values of Measures Used to Assess Infaunal Benthic Community Condition at 
Site 92 Inner, Reference, GSouth and Northeast Stations, May 1998. 
*Differences from 100% for the two tolerance categories combined are due to 
the presence of taxa not classified as pollution-sensitive or pollution-indicative. 
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Total abundance was highest in May at seven of the eleven stations sampled (Figure 3; 
Table 5a). Average May abundance for Inner stations at Site 92 was 2.707 + 1.522 
individuals/nr and ranged from 870 (S92-4) to 4.390 individuals/nr (S92-2). Site 92 Reference 
stations averaged 2,932 + 1,072 individuals/nr and ranged from 2,173 individuals/nr (S92-R2) 
to 3,690 individuals/nr (S92-R2). Northeast station MDE-R2 averaged 1,630 individuals/nr. 
There was no significant difference between Reference stations and Inner stations or between 
Reference stations and the Northeast, station (MDE-R2). The greatest abundance observed 
during May was at the G-South station MDE-R1. which averaged 5,847 individuals/nr. 
Abundance at MDE-R1 was more than twice the average of the other stations and was 
significantly higher than at Reference stations (p = 0.0138: Table IX-4). This was attributed to 
the very high abundance of the pollution-sensitive worm M viridis at MDE-R1. 

Station 

Average 
Total 

Abundance 
(#/m2) 

Pollution- 
Indicative Taxa 

Abundance 

Pollution- 
Sensitive Taxa 

Abundance 
(%)* 

Shannon- 
Wiener 

Diversity 
Index 

Taxa 
Richness B-IBI 

1                                                                 Inner Stations                                                                1 
S92-1 2617 0.11 !          94.39 1.00 13 3.5    1 

S92-2 2253 0.00 |          95.59 1.11 9 4.0    : 

S92-3A 1227 0.73 i           95.13 1.27 11 3.5 

S92-4A 1490 1.00 i           89.34 1.79 12 4.0    i 

S92-5 1073 6.70 !          66.58 2.94 16 4.5    • 

S92-6. 1637 0.56 i          89.20 1.74 13 ;    4.5    ; 

S92-7 1993 0.14 !          96.11 1            1.17 12 1    4.0 

Reference Stations 
S92-R1 2463 3.35 |          67.95 i           2.12 :    17 :       4.5       ; 

S92-R2 510 1.37 |          72.04 !           2.62 1    12 1       4.0      : 

G-South Station 
MDE-R1 1597 0.00 |          88.57 !           1.39 !       13 i    4.5    ! 

Northeast Station 
!           1.31 i       13 !    3.5    | MDE-R2 3500 1.29 |          79.83 

Table 5b. Values of Me asures Used to Assess Infaunal B enthic Community Condition at 
Site 92 Inner, Reference, G-South and Northeast Stations, July 1998. 
*Differences from 100% for the two tolerance categories combined are due to 
the presence of taxa not classified as either pollution-sensitive or pollution- 
indicative. 

In July (Table 5b), average total abundance for Inner stations at Site 92 was 1,756 + 559 
individuals/nr and ranged from 1,073 (S92-5) to 2,617 individuals/nr (S92-1). Total abundance 
was very different between the two Site 92 Reference stations. Total abundance at S92-R1 was 
2,463 individuals/nr, similar to abundances seen at Inner stations S92-1 and S92-2. Total 
abundance at S92-R2 was very low, only 510 individuals/nr, or less than half the abundance at 



any other station. The decrease at Reference station S92-R2 was due to a large decrease in the 
abundance of M. viridis at this station compared to May. Total abundance at MDE-R1 was 1,597 
individuals/nr, similar to the average total abundance at Inner stations and not significantly 
different from Reference stations. Abundance at the Northeast station MDE-R2 was 3,500 
individuals/nr. High total abundance at this station resulted from the large number of R. cuneata 
(700 individuals) found in the third 0.1 nr (1.1 ft2) grab sample. The vast majority of the clams 
were juveniles less than 15 mm in length. The average of the other two replicates from MDE-R2 
was 1,310 individuals/m2, similar to the Reference station average of 1,486 individuals/nr. 

Station 

Average 
Total 

Abundance 
(#/m2) 

Pollution- 
indicative Taxa 

Abundance 
(%)* 

Pollution- 
sensitive Taxa 

Abundance 
(%)* 

Shannon- 
Wiener 

Diversity 
Index 

Taxa 
Richness B-IBI 

Inner Stations 
S92-1 927 5.48 77.32 2.28 11 4.0    | 
S92-2 1140 6.04 83.46 1.70 11 4.0    ! 
S92-3 1387 0.72 92.36 0.99 8 3.5    | 
S92-4 1430 0.65 88.97 1.28 11 3.5 
S92-5 1673 2.28 78.34 1.81 13 4.5    j 
S92-6 1610 2.49 67.99 1.95 12 4.5    | 
S92-7 2060 1.07 94.63 0.84 10 4.o   ; 

!                                                             Reference Stations                                                              1 
S92-R1 2230 0.64 81.38 1.36 12 4.0 
S92-R2   , 940 7.09 23.23 2.27 15 3.5    I 

G- South Station 
MDE-R1 j 1543 1.43 84.76 1.93 12 4.5    i 

1                                                            Northeast Station 
[ MDE-R2 453 8.00 29.49 2.66 9 3.5    j 

Table 5c.  Values of Measures Used to Assess Infaunal Benthic Community Condition at 
Site 92 Inner, Reference, GSouth and Northeast Stations, September 1998. 
*Differences from 100% for the two tolerance categories combined are due to 
the presence of taxa not classified as either pollution-sensitive or pollution- 
indicative. 

In September (Table 5c), average abundance for Inner stations at Site 92 was 1,461 + 370 
individuals/nr, with a range from 927 individuals/m2 (S92-1) to 2,060 individuals/m2 (S92-7). 
Reference stations averaged 1,538 individuals/m2, with 940 individuals/m2 at S92-R2 and 2,230 
individuals/m2 at S92-R1, which had the highest total abundance of any station. There was no 
significant difference in total abundance between Inner and Reference stations. Little change in 
total abundance was seen at four stations (S92-3, S92-4, S927, MDE-R1) between July and 
September. Decreases in abundance of the polychaete worm Marenzelleria viridis were offset by 
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increases in the abundance of the clam Rangia cuneata at these four stations. Large decreases in 
total abundance were seen at Inner stations S92-1 and S92-2. At station S92-1, decreases in R. 
cuneata contributed to decreases in total abundance. The decrease at S92-2 was due to a 
decrease in the abundance of M. viridis. Total abundance also decreased slightly at Reference 
station S92-R1, although the change could not be attributed to declines in any one taxon. Total 
abundance nearly doubled at Reference station S92-R2 due to increases in several taxa, most 
notably the polychaete worm Neanthes succinea. Total abundance at station S92-5 also 
increased from July to September. The increase at S92-5 was due to increased abundance of R. 
cuneata. Total abundance at G-South station MDE-R1 was 1,543 individuals/m2, similar to 
Reference stations during September. The lowest total abundance was seen at the Northeast 
station (MDE-R2) in September (453 individuals/m"1). Abundance at MDE-R2 was significantly 
lower than at Reference stations (p = 0.0299). The maximum abundance based on any replicate 
at MDE-R2 in September (550 individuals/m2) was less than half of the minimum abundance 
found in July (1,280 individuals/m2; Appendix IX, Figure IX-1). Low abundance at MDE-R2 
was due to loss of individuals from all taxa, particularly the isopods and amphipods (Appendix 
X, Table X-3). Fossil oyster shell dredging was occurring in the area around MDE-R2 in 
September and a 2-5 cm layer of light gray material was observed on the top of the sediments. 

Abundance of Pollution-Indicative Taxa. Abundance of pollution-indicative taxa is 
expressed as a percentage of the total abundance. Pollution-indicative taxa found during the Site 
92 baseline study were the polychaete worms Hypereteone heteropoda and Streblospio benedicti, 
and the midges (Insecta: Chironomidae) Coelotanypus sp. and Procladius sp. Statistically 
significant correlations were found between the relative abundance of pollution-indicative taxa 
and DO, pH and salinity (Appendix IX, Table IX-2). Relative abundance of pollution-indicative 
taxa increased as DO and pH decreased and salinity increased. These changes were due to both 
numeric increases in pollution-indicative taxa and to decreased abundance of pollution-sensitive 
taxa such as Marenzelleria viridis and Rangia cuneata. A strong negative correlation (r = -0.86) 
was found between pollution-indicative taxa abundance and pollution-sensitive taxa abundance. 
This is expected because pollution-indicative taxa are tolerant of environmental conditions that 
lead to decreased abundance of pollution-sensitive taxa. 

The relative abundance of pollution-indicative taxa was less than 10% throughout the 
study (Figure 4). Pollution-indicative taxa abundance was very low (< 1%) at all stations in May 
(Table 5a). Slight increases in pollution-indicative taxa abundance occurred at most stations by 
July (Table 5b). In July, average pollution-indicative taxa abundance at Inner stations was 
1.32%; at Reference stations, 2.36%. G-South station MDE-R1 and Northeast station MDE-R2 
had pollution-indicative taxa abundances of 0% and 1.29%, respectively. Pollution-indicative 
taxa abundance increased again, but remained below 10%, at many stations in September due to 
the addition of//, heteropoda and slight increases in the numbers of other pollution-indicative 
taxa. 

Abundance of Pollution-Sensitive Taxa. Abundance of pollution-sensitive taxa is also 
expressed as a percentage of the total abundance. Four pollution-sensitive taxa were found 
during the Site 92 baseline study. These were the clams Macoma balthica and Rangia cuneata, 
the isopod Cyathura polita, and the polychaete worm Marenzelleria viridis. Stations with high 
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abundance of M. viridis or R. cuneata also had high pollution-sensitive taxa abundance. 
Pollution-sensitive taxa abundance was weakly correlated with the numeric and relative 
abundance of./?, cuneata and numeric abundance of M. viridis (Appendix IX, Table IX-3). Lack 
of stronger correlations with either of these taxa individually is not surprising because two 
stations had few R. cuneata but many M viridis. Pollution-sensitive taxa abundance was 
strongly correlated with the combined abundance of these two taxa (r = 0.96). Pollution- 
sensitive taxa abundance was also weakly correlated with pH and salinity (Appendix IX, Table 
IX-2). Increased salinity can cause stress to sensitive organisms. 

In May (Appendix X. Table X-l), many samples were dominated by R. cuneata or M. 
viridis, with total numbers often more than 1,000 individuals per square meter. Average 
abundance of pollution-sensitive taxa was 87.38% (range = 74.76% to 97.77%) for Inner 
stations, 93.98% for Reference stations (range = 92.72% to 95.23%), and 86.42% for the 
Northeast station (Table 5a, Figure 5). Relative abundance of pollution-sensitive taxa was 
significantly higher at the G-South station (97.67%) than at the Reference stations in May 
(Appendix IX, Table IX-4) due to large numbers of M. viridis in G-South. The highest 
percentage of pollution-sensitive taxa in May was 97.77% at Inner station S92-2 where R. 
cuneata and M. viridis accounted for nearly 96% of all individuals. Inner station S92-1 had the 
lowest abundance of pollution-sensitive taxa, 74.76%. This was most likely due to a 
combination of lower relative abundance of R. cuneata and M. viridis coupled with the higher 
abundance of the amphipod Leptocheirus plumulosus found at this station. 

In July (Table 5b), average abundance of pollution-sensitive taxa for Inner stations was 
slightly higher (average = 89.48%; range = 66.58% to 96.11%). The increased pollution- 
sensitive taxa abundance at S92-1 was largely due to an increase in the abundance ofRangia 
cuneata. Relative abundance of pollution-sensitive taxa decreased at Inner station S92-5 where 
C. polita replaced M. viridis as second-most dominant taxon. Pollution-sensitive taxa abundance 
at S92-2 also decreased due to a decrease in the number of R. cuneata, M. viridis, and C. polita. 
Decreases in the numeric abundance of R. cuneata and M. viridis at the Site 92 Reference 
stations, coupled with increases in other taxa, resulted in a significant decrease in the abundance 
of pollution-sensitive taxa at these stations (see Appendix X, Tables X-l and X-2). The average 
pollution-sensitive taxa abundance for Site 92 Reference stations was 70.00% (range: 67.95% to 
72.04%) in July. Pollution-sensitive taxa abundance was significantly lower at Reference 
stations than at Inner stations in July (Appendix IX, Table IX-4). This was due to the lower 
abundance ofRangia at the Reference stations. Pollution-sensitive taxa abundance at the G- 
South station (MDE-R1) was 88.57%, lower than the abundance in May (97.67%), due to a 
decrease in the abundance of M. viridis. Pollution-sensitive taxa abundance at the G-South 
station was significantly higher than at Reference stations (Appendix IX, Table IX-4) due to the 
higher abundance of M. viridis in G-South. Pollution-sensitive taxa abundance for the Northeast 
station decreased (from 86.42%) to 80.63%)), again due to a decrease in the abundance of 
M. viridis. 

Abundance of pollution-sensitive taxa decreased from July to September at all Inner 
stations except S92-5 (Figure 5). Average abundance of pollution-sensitive taxa was 83.30%) 
(range: 67.99% to 94.63%)) at Inner stations in September (Table 5c). Average pollution- 
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sensitive taxa abundance was 52.30% at Reference stations. This was significantly lower than 
abundance of these organisms at Inner stations (Appendix IX, Table IX-4). G-South station 
MDE-R1 had a high pollution-sensitive taxa abundance (84.43%) due to the large number of M 
viridis present at this station in September. Pollution-sensitive taxa abundance at Northeast 
station MDE-R2 was greatly depressed (29.49%) compared to July, due to decreases in M 
viridis, R. cuneata, and C. polita, and increases in the oligochaete worm Tubificoides sp. These 
changes may have been due to disturbance of the habitat by nearby fossil oyster shell dredging. 

Shannon-Wiener Diversity Index. The Shannon-Wiener Diversity Index is affected 
primarily by taxa richness and distribution of individuals among the species (Weber 1973). 
Diversity was below the B-IBI threshold value for low mesohaline environments at most stations 
during each season. Significant negative correlations were found between diversity and total 
abundance, abundance of pollution-sensitive taxa, and numeric abundance ofRangia cuneata and 
Marenzelleria viridis (Appendix IX, Table IX-3). Significant positive correlations were found 
between diversity and taxa richness and pollution-indicative taxa abundance (Appendix IX, 
Table IX-3). Relative abundance of R. cuneata and M viridis combined was also an important 
factor influencing diversity (Appendix IX, Figure IX-3). When combined relative abundance of 
these two taxa was greater than 71%, the diversity index was less than 1.7, which is below the 
threshold value used in calculating the B-IBI. At combined relative abundances between 51% 
and 71%, the Shannon-Wiener diversity index values were higher, but still not in the optimal 
range. Only when the combined abundance of R. cuneata and M viridis was less than 51 % did 
the diversity index value climb into the optimal range (i.e., above 2.5). 

* Clear trends in diversity were seen at only four stations: S92-3/3A, S92-4/4A, S92-7, and 
MDE-R1 (Figure 6). Diversity decreased throughout the study at S92-3, S92-4, and S92-7. The 
relative abundance of the clam Rangia cuneata increased at these three stations over the study 
period primarily due to the loss of individuals in other taxa, especially the amphipods 
(Amphipoda). Diversity increased throughout the study at MDE-R1 as both relative and numeric 
abundance of the polychaete worm Marenzelleria viridis decreased and additional taxa were 
found. Changes in diversity at other stations showed no regular pattern but were often tied to the 
abundance of R. cuneata. 

Diversity values for Inner stations were low (average =1.73; range = 1.25 to 2.19) in 
May (Table 5a). Reference stations averaged slightly lower diversity (average = 1.33; range = 
1.13 to 1.52) due to larger numbers of R. cuneata and M. viridis at these stations. Diversity at 
the G-South station (0.62) was significantly lower than at Reference stations (Table IX-4) due to 
the large number of M. viridis at this station. Diversity for the Northeast station was 1.35. 

In July (Table 5b), large numbers of ft cuneata, coupled with decreases in the number of 
individuals of M viridis and other taxa, resulted in slightly lower diversity values for most Inner 
stations compared to May values. Overall, diversity values for Inner stations were low (average 
= 1.42; range: 1.00 to 2.94). Diversity increased at Inner station S92-5 where the number of both 
R. cuneata and M. viridis decreased. Diversity at Reference stations (average = 2.37; range: 2.12 
to 2.62) was higher than in May and significantly higher than at Inner stations (Table IX-4). 
Increased diversity at the Reference stations was the result of decreases in the number of/?. 
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cuneata and M viridis and the addition of taxa not present in the May samples. Diversity at the 
G-South station (MDE-R1) increased compared to May, primarily due to a decrease in the 
number of M. viridis and the addition of several taxa not found in the May samples. Diversity 
for the Northeast station (MDE-R2) was 1.30, which is very similar to the May value of 1.35. 

For seven of the eleven stations sampled, diversity values for September were very 
similar to those of July (Table 5). Diversity was higher at S92-1 due to a decrease in the 
abundance ofRangia cuneata. Diversity was lower at station S92-5 due to increased abundance 
of R. cuneata and decreased taxa richness. Increased abundance of R. cuneata and decreased 
abundance of Marenzelleria viridis resulted in lower diversity at S92-4. The lowest diversity, 
0.84, occurred at Inner station S92-7. Average diversity at the Inner stations in September (1.33 
+ 0.51) was slightly lower than the July average (1.57 + 0.68). However, diversity at Inner 
stations was similar to the average diversity at Reference stations (average = 1.82 j; 0.55). A 
decrease in taxa richness at Reference station S92-R1 resulted in lower diversity at this station. 

Chesapeake Bay Benthic Index of Biotic Integrity (B-IBI). B-IBI values were 
calculated based on total abundance, pollution-indicative taxa abundance, pollution-sensitive 
taxa abundance, and the Shannon-Wiener Diversity Index. Individual metrics were scored 
according to Table 2 [based on Weisberg et al. (1997)]. All stations met or exceeded the 
Chesapeake Bay Restoration Goal of 3.0 in July and September (Figure 7) indicating that the 
benthic communities in the Pooles Island area were healthy. During July (Table 5b), the average 
B-IBI score for Inner stations was 4.1; the Reference station average was 4.0. The average B-IBI 
scores for Inner stations in September was 4.0; for Reference stations, 3.8. The G-South station 
had B-IBI scores of 4.0 and 4.5 in July and September, respectively. The Northeast station had a 
B-IBI score of 3.5 in both July and September. 

Taxa Richness. Taxa richness (Figure 8) was calculated as the total number of infaunal 
taxa found in all replicates at a station. As with other measures of the benthic community 
condition, epifaunal taxa were excluded from calculation of taxa richness because these taxa are 
excluded from the B-IBI. Only minor changes (increases or decreases of 1 or 2 taxa) were seen 
at most stations between seasons. Larger changes (3 or more taxa) occurred between May and 
July at stations S92-5, S92-6, S92-R1, and MDE-R1, and between July and September at stations 
S92-3A, S92-5, S92-R1, S92-R2 and MDE-R2. Taxa richness was significantly correlated with 
temperature and dissolved oxygen (Appendix IX, Table IX-3). Taxa richness was also affected 
by the number of pollution-indicative taxa present, which increased as environmental conditions 
became less favorable. Taxa richness was generally similar among stations. 

In May, taxa richness ranged from 9 taxa (S92-5, S92-6, and S92-R1) to 15 taxa (MDE- 
R2). Average taxa richness for Inner stations was 11. Average taxa richness for Reference 
stations was 10. The G-South station, MDE-R1, was represented by 10 taxa; the Northeast 
station, MDE-R2, by 15. 

In July, taxa richness ranged from 9 taxa (S92-2) to 17 taxa (S92-R1). Average taxa 
richness for Inner stations was 12; average taxa richness for Reference stations was 15. The 
G-South station, MDE-R1, was represented by 13 taxa; the Northeast station, MDE-R2, by 13. 

28 



Increases in taxa richness at stations S92-6, S92-7, and MDE-R1 from May to July were due to 
increases in the number of polychaete worm taxa. The most dramatic increases in taxa richness 
occurred at Inner station S92-5 and Reference station S92-R1 due to an increase in the number of 
polychaete worm taxa and the addition of three genera of midges (Insecta: Chironomidae). The 
slight decrease in taxa richness at MDE-R2 was due primarily to loss of midge taxa. 

In September, taxa richness ranged from 8 (S92-3) to 15 (S92-R2). Average taxa 
richness for Inner stations was 11; average taxa richness for Reference stations was 14. The 
G-South station was represented by 12 taxa. The Northeast station, MDE-R2, was represented 
by only nine taxa, a large decrease compared to May (15 taxa) and July (13 taxa). The lost taxa 
at MDE-R2 were primarily amphipods (Amphipoda) and midges (Insecta: Chironomidae). A 2 
to 5 cm layer of light gray sediment was seen during September at MDE-R2. This sediment 
layer, not seen in May or July, may have resulted from fossil oyster shell dredging activity that 
was taking place in close proximity to the station and may have caused the resultant loss of taxa. 

Abundance of the Three Most Dominant Infaunal Taxa. The three most abundant 
infaunal taxa at each station are listed in Table 6 in order of abundance. Abundances of other 
taxa are provided in Tables X-l, X-2 and X-3 (Appendix X). The clam Rangia cuneata and the 
polychaete worm Marenzelleria viridis were the two numerically dominant taxa at the Inner 
stations in May 1998 (Figure 9a). The isopod Cyathura polita alternated with the amphipod 
Leptocheirus plwnulosus as the third most abundant taxon at Inner stations. In July (Figure 10a), 
Rangia cuneata and the polychaete worm Marenzelleria viridis were again the two numerically 
dominant taxa at Inner stations. An exception occurred at station S92-5 where the C. polita was 
the second most abundant taxon after R. cuneata and M. viridis was third most abundant. C. 
polita was the third most abundant taxon at other Inner stations. Fewer L. plumulosus were seen 
at any Inner station in July than had been seen in May (Appendix X, Table X-2); L plumulosus 
was not among the three most dominant taxa at any Inner station during July. R. cuneata, M. 
viridis, and C polita were again the three most abundant taxa at Inner stations S92-1, S92-2, 
S92-4 and S92-7 in September (Figure 1 la). Increases in abundance of the clam worm, 
Neanthes succinea, made it one of the three dominant taxa at the other three Inner stations where 
it replaced either M. viridis or C polita. 

At Reference stations S92-R1 and S92-R2, the clam R. cuneata, the polychaete worm M. 
viridis, and the isopod C. polita were the three most abundant taxa in May (Figure 9b). 
M viridis and C. polita were the two most abundant taxa at both the G-South (MDE-R1) and 
Northeast (MDE-R2) stations in May. The oligochaete worm Tubificoides spp. was third most 
abundant at MDE-R1, whereas the clam worm Neanthes succinea was third most abundant at 
MDE-R2. In July (Figure 10b), Rangia cuneata was among the three most abundant taxa at both 
Reference stations and at MDE-R2. The abundance of Rangia had increased at stations MDE-R1 
and MDE-R2 but decreased at stations S92-R1 and S92-R2 compared to May values (Appendix 
X, Tables X-l and X-2). Increased abundance of the polychaete worm Polydora cornuta 
resulted in its being one of the three most abundant taxa at S92-R1 and MDE-R2 in July. 
Relatively high numbers of P. cornuta were also present at Inner stations S92-4A and S92-5 
where it was the fourth most common taxon. P. cornuta had not been found in any of the May 
samples. The oligochaete worm Tubificoides spp. was the third most abundant taxon at S92-R1 
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in July. The polychaete worm Neanthes succinea was among the three most abundant taxa at the 
two Reference stations, the G-South station and the Northeast station in September (Table 6; 
Figure lib). Most of the iV. succinea present were young and small (<15 mm in length). C. 
polita was also among the three most abundant taxa at both Reference stations and the G-South 
station MDE-R1. The oligochaete worm Tubificoides spp. was among the three most abundant 
taxa at S92-R2 and the Northeast station, MDE-R2. The polychaete worm Marenzelleria viridis 
was among the three most abundant taxa only at the G-South station. This station usually had a 
high abundance of M. viridis even when other stations have not. 

Abundance ofRangia cuneata and Marenzelleria viridis. The abundance of the clam 
Rangia cuneata and the polychaete worm Marenzelleria viridis are important factors influencing 
the B-IBI and its component metrics in the Pooles Island area. Both of these taxa have been 
designated as "pollution-sensitive" in the Chesapeake Bay (Weisberg et al. 1997). High numbers 
of either of these species resulted in low diversity and low relative abundance of pollution- 
indicative taxa. High abundance of these taxa also results in high total abundance and high 
relative abundance of pollution-sensitive taxa. 

Rangia cuneata and Marenzelleria viridis were the two most abundant taxa at all Inner 
stations and both Reference stations in May (Table 6; Appendix X, Table X-l). Relative 
abundance of these two species combined ranged from 67% to almost 96% at these stations. R. 
cuneata was significantly more abundant at Inner stations than at Reference stations (Appendix 
IX, Table IX-3). M. viridis was significantly less abundant at Inner stations than at Reference 
stations. R. cuneata was rare at the G-South and Northeast stations. M. viridis was very 
abundant at these two stations, comprising over 78% of the individuals. 

By July, numeric abundance of M. viridis had decreased at all stations (Figure 12). M. 
viridis continued to comprise more than 75% of the individuals at the G-South station. Numeric 
abundance ofRangia fluctuated at many stations, increasing at some stations and decreasing at 
others (Figure 13); however, Rangia was the most abundant taxon at all Inner stations and at 
S92-R1 (Appendix X, Table X-2). Relative abundance ofRangia increased at all Inner stations 
and at S92-R1. Although numeric abundance ofRangia decreased at Reference station S92-R2, 
relative abundance increased slightly due to decreases in abundance of other taxa. Rangia 
continued to be rare at the G-South station. Abundance ofRangia at the Northeast station 
increased dramatically compared to May due in part to very high abundance (700 individuals) in 
the third replicate sample taken at MDE-R2 in July. 

By September, numeric and relative abundance of M. viridis continued to decline at all 
stations except Inner station S92-1 where both numeric and relative abundance increased. M. 
viridis comprised less than 6% of individuals at all stations except Inner station S92-1 and G- 
South MDE-R2, where it comprised over 51% of all individuals. Again, populations of Rangia 
cuneata were more variable. Rangia continued to comprise more than 59% of the individuals at 
all Inner stations except S92-1 (7.6% Rangia). Rangia also continued to dominate Reference 
station S92-R1 (74.2% Rangia). Rangia continued to occur in low numbers at Reference station 
S92-R2 (30 individuals/m2), the G-South station (70 individuals/nr) and the Northeast station 
(60 individuals/m2). 
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Station 
• -";-. ••"'"•                                                 Season . 

"""•. May July September 
| .•••••                                                       Inner Stations                                                                | 

S92-1 Rangia cuneata 
Marenzelleria viridis 
Leptocheirus plumulosus 

Rangia cuneata 
Marenzelleria viridis 
Cyathura polita 

Marenzelleria viridis 
Cyathura polita 
Rangia cuneata 

S92-2 Rangia cuneata 
Marenzelleria viridis 
Cyathura polita 

Rangia cuneata 
Marenzelleria viridis 
Cyathura polita 

Rangia cuneata 
Cyathura polita 
Marenzelleria viridis 

S92-3/3A Rangia cuneata 
Marenzelleria viridis 
Leptocheirus plumulosus 

Rangia cuneata 
Marenzelleria viridis 
Cyathura polita 

Rangia cuneata 
Marenzelleria viridis 
Neanthes succinea 

S92-4/4A Marenzelleria viridis 
Rangia cuneata 
Cyathura polita 

Rangia cuneata 
Marenzelleria viridis 
Cyathura polita 

Rangia cuneata 
Cyathura polita 
Neanthes succinea 

S92-5 Rangia cuneata 
Marenzelleria viridis 
Leptocheirus plumulosus 

Rangia cuneata 
Cyathura polita 
Marenzelleria viridis 

Rangia cuneata 
Neanthes succinea 
Marenzelleria viridis 

S92-6 Marenzelleria viridis 
Rangia cuneata 
Leptocheirus plumulosus 

Rangia cuneata 
Marenzelleria viridis 
Cyathura polita 

Rangia cuneata 
Neanthes succinea 
Cyathura polita 

S92-7 Marenzelleria viridis 
Rangia cuneata 
Leptocheirus plumulosus 

Rangia cuneata 
Marenzelleria viridis 
Cyathura polita 

Rangia cuneata 
Cyathura polita 
Marenzelleria viridis 

Reference Stations 
S92-R1 Rangia cuneata 

Marenzelleria viridis 
Cyathura polita 

Rangia cuneata 
Polydora cornuta 
Tubificoides sp. 

Rangia cuneata 
Neanthes succinea 
Cyathura polita 

S92-R2 Marenzelleria viridis 
Rangia cuneata 
Cyathura polita 

Marenzelleria viridis 
Cyathura polita 
Rangia cuneata 

Neanthes succinea 
Cyathura polita 
Tubificoides sp. 

::v;#fe-'^3:-;;-v-^-i;:.>                                                                  :'--•..<:'• '^•••J:;y-- ..;-•'•           "                   •.''"•1.2 
MDE-R1 Marenzelleria viridis 

Cyathura polita 
Tubificoides sp. 

Marenzelleria viridis 
Cyathura polita 
Leptocheirus plumulosus 

Marenzelleria viridis 
Cyathura polita • 
Rangia cuneata 

|;'':-;^i^^g^a^--;r^-#^--'^                                                                     in'*--- ••..••••-"; ^^5-| 
MDE-R2 Marenzelleria viridis 

Cyathura polita 
Neanthes succinea 

Rangia cuneata 
Marenzelleria viridis 
Polydora cornuta 

Neanthes succinea 
Tubificoides sp. 
Rangia cuneata 

Table 6. Three Most Numerically Abundant Infaunal Taxa at Site 92 Inner, Reference, G- 
South and Northeast Stations, May, July and September 1998. Taxa are listed in 
decreasing order of abundance. 



2.        Comparison of the 1998 G-South Station with Previous Studies in G-South 

Studies of the Pooles Island area were conducted by Versar, Inc. during the early 1990's 
(Ranasinghe and Richkus 1993). Included among these studies were a baseline study of the 
G-South area and studies to determine the early effects of placement activities on the benthic 
community. Cruises were conducted in June 1991 and August 1991 prior to placement. The first 
post-placement studies were conducted in August 1992, October 1992, May 1993, June 1993, 
and July 1993. Results of the August 1991 /August 1992, May 1993, and July 1993 cruises have 
been compared with the September 1998, May 1998 and July 1998 data, respectively. Table 
VIII-2 (Appendix VIII) summarizes the benthic community data from the 1991 through 1993 
studies. In addition, MDE studied the recovery of the benthic community at G-South during 
September 1996 (Dalai et al. 1996b). Table VIII-3 (Appendix VIII) summarizes the benthic 
community data from MDE's 1996 study. The results of the present study have also been 
compared with the results of the 1996 study. Total abundance, Shannon-Wiener diversity index 
values, relative abundance ofRangia cuneata and Marenzelleria viridis, relative abundance of 
pollution-sensitive taxa, and B-IBI values were compared. T-tests were used to determine 
whether total abundance, relative abundance ofRangia cuneata and Marenzelleria viridis, and 
relative abundance of pollution-sensitive taxa differed between selected study periods (Appendix 
IX, Table IX-5). B-IBI and Shannon-Wiener diversity index values were not included in the t- 
tests. 

B-IBI values were above the threshold (3.0) established as part of the Chesapeake Bay 
Restoration Goals during all sampling periods for which they were applicable (August 1991, 
August 1992, July 1993, September 1996, July 1998 and September 1998). A significant 
decrease in the abundance of the clam Rangia cuneata occurred between pre-placement in 
August 1991 and the first year after placement, August 1992. No other significant differences 
were found between these two dates. The decrease in abundance of Rangia has persisted through 
September 1998. Total abundance was also significantly lower in September 1998 than in 
August 1991 or August 1992. Abundance of the worm Marenzelleria viridis was significantly 
higher in September 1998 than in August 1991. 

Values for the Shannon-Wiener diversity index, the relative abundance of pollution- 
sensitive taxa, and the relative abundance of M. viridis in May 1998 were different from values 
for May 1993, less than one-half year after dredged material placement. The numeric and 
relative abundance of M. viridis was higher in May 1998 than in May 1993. Because this species 
has been classified as pollution-sensitive (Weisberg et al. 1997), the relative abundance of 
pollution-sensitive taxa also increased. M. viridis comprised almost 90% of the individuals 
collected in May 1998 resulting in a low diversity value. Other measures were similar between 
the two years. 

The benthic community found in July 1993 was somewhat different in regard to the 
measures examined from the community that was found in July 1998. Total abundance and 
diversity were higher in July 1993 than in July 1998, as was the abundance ofRangia. The 
relative abundance of M. viridis increased from July 1993 to July 1998, although the numeric 
abundance decreased (see Appendix VIII, Table VIII-2 and Appendix X, Table X-2). 
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Dominance by A/, viridis lead to an increase in relative abundance of pollution-sensitive taxa and 
a decrease in the Shannon-Wiener diversity index in 1998. 

Total abundance and diversity were significantly higher in September 1996 than in 
September 1998 (Appendix IX, Table IX-5). Relative abundance of M. viridis and relative 
abundance of pollution-sensitive taxa were not significantly different between the two years. 
The relative abundance ofRangia cuneata was statistically significantly higher in 1998 than in 
1996, although the actual difference was small (Appendix IX, Table IX-5). Rangia still 
accounted for less than 5% of the total individuals in G-South in 1998. 

Additional placement of dredged material occurred in a limited portion of G-South during 
January and February 1997. The benthic community residing in G-South during 1998 was likely 
still recovering from the effects of placement during 1997, slightly more than one year prior to 
sampling. This might have contributed to the differences between the community seen in 1993 
and the community seen in 1998. 

j. Comparison of the Northeast Station with the 1996 G-East Baseline Study 

No statistically significant differences were found between the benthic community that 
was sampled in the vicinity of G-East in 1996 and the community sampled in 1998 (see 
Appendix IX, Table IX-6). Total abundance was much lower in 1998 (453 individuals/m:) than 
in 1996 (4,297 individuals/m2). This was not a statistically significant difference at p < 0.05 due 
to the variability seen in the September 1996 data. However, the average number of individuals 
found in 1998 (Appendix X, Table X-3) was less than half the lowest value found in 1996 
(Appendix VIII, Table VIII-4). In 1996, the community was dominated by the clams Rangia 
cuneata and Macoma balthica, with an average of over 1,000 individuals of each per square 
meter. The third most abundant taxon in 1996 was the isopod Cyathura polita. No Macoma 
were found at the Northeast station (MDE-R2) in 1998. In addition, the average number of 
Rangia per square meter was less than 100 in 1998, although Rangia was still the third most 
abundant taxon. The relative abundance of Rangia was not significantly different between the 
two years (Appendix IX, Table IX-6). The benthic community at MDE-R2 was dominated by 
the polychaete worm Neanthes succinea and by the oligochaete worm Tubificoides spp. in 1998. 
Shannon-Wiener diversity was slightly higher in 1998 (2.66) than in 1996 (2.45) most likely due 

to the greater evenness with which the individuals were divided among taxa. Fewer taxa (9) 
were found in 1998 than were found in 1996 (16). Most notable was the absence of the clam 
species Macoma balthica and Macoma mitchelli, which were found in 1996 but not 1998. The 
abundance of pollution-indicative taxa was slightly higher in 1998 (8.0 %) than in 1996 (1.2 %) 
due to a higher abundance of the oligochaete worm Tubificoides spp. in 1998. The abundance of 
pollution-sensitive taxa was slightly higher in 1996 (51'.0 %) than in 1998 (29.5 %) due to the 
lower abundance ofRangia and the absence of Macoma in 1998. Decreases in overall abundance 
and the abundance of sensitive organisms, such as Rangia and Macoma, may have been related 
to Langenfelder fossil oyster shell dredging that occurred in the vicinity of the Northeast station 
during September 1998. 
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Figure 3. Total Abundance of Infaunal Taxa at 
Inner, Reference, G-South and Northeast Stations, 

May, July and September 1998 
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Figure 4. Relative Abundance of Pollution-Indicative Infaunal Taxa 
at Inner, Reference, G-South and Northeast Stations, 

May, July and September 1998 
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Figure 5. Relative Abundance of Pollution-Sensitive Infaunal Taxa 
at Inner, Reference, G-South and Northeast Stations, 

May, July and September 1998 
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Figure 6. Shannon-Wiener Diversity Index at Inner, Reference, G- 
South and Northeast Stations, May, July and September 1998 

3.00-,'' 

2.50 

2.00 

1.50 

1.00 

0.50 -A 

0.00 
S92-1 S92-2 S92-3/3A      S92-4/4A S92-5 S92-6 S92-7 

Benthic Station 

S92-R1 S92-R2        MDE-R1        MDE-R2 

I May DJuly B September 



oo 

0) 
3 

> 
x 

XJ c 

Figure 7. Benthic Index of Biotic Integrity at Inner, Reference, 
G-South and Northeast Stations, May, July and September 1998 
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Figure 8. Infaunal Taxa Richness at Inner, Reference, G-South and 
Northeast Stations, May, July and September 1998 
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Figure 9a. Relative Abundance of the Three Most Dominant 
Infaunal Taxa at Site 92 Inner Stations, May 1998 

Site 92-1 Site S92-2 
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Site 92-7 

EB Rangia cuneata 

E3 Marenzelleria viridis 

• Cyathura polita 

• Leptocheirus plumulosus 
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Figure 9b. Relative Abundance of the Three Most Dominant 
Infaunal Taxa at Site 92 Reference, G-South and Northeast Stations, 

May 1998 

Site 92-R1 Site S92-R2 

Site MDE-R1 

Site MDE-R2 

E Rangia cuneata 

E3 Marenzelleria viridis 

• Neanthes succinea 

• Tubificoides sp 

• Cyathura polita 
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Figure 10a. Relative Abundance of the Three Most Dominant 
Infaunal Taxa at Site 92 Inner Stations, July 1998 
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Figure 10b. Relative Abundance of theThree Most Dominant 
infaunal Taxa at Site 92 Reference, and G-South and Northeast 

Stations, July 1998 
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Figure 11a. Relative Abundance of the Three Most Dominant 
Infaunai Taxa at Site 92 Inner Stations, September 1998 
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Figure 11b. Relative Abundance of theThree Most Dominant 
Infaunal Taxa at Site 92 Reference, and G-South and Northeast 

Stations, September 1998 
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Figure 12. Numeric and Relative Abundance of Marenzelleria 
viridis at Inner, Reference, G-South and Northeast Stations, 

May, July and September 1998 
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Figure 13. Numeric and Relative Abundance of Rangia cuneata at 
Inner, Reference, G-South and Northeast Stations, 

May, July and September 1998 
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CONCLUSIONS 

A baseline study was conducted at Site 92 to assess the existing benthic community 
during the spring recruitment and summer index periods. Data were gathered during cruises on 
May 6, July 31, and September 28, 1998. Placement of dredged material at Site 92 began in 
December 1998. A post-placement study will be conducted 18-20 months after all placement 
activity has ceased. At that time, results between the pre- and post-placement studies will be 
compared to determine the effects placement of dredged material has had on the benthic 
macro invertebrate communities in and around Site 92. 

Water quality values were very similar among stations during each season and were 
similar to values found in previous studies in the Pooles Island area. Seasonal fluctuations 
occurred as expected with temperatures warming from spring through mid-summer, then 
declining toward the end of summer. Dissolved oxygen concentrations closely followed the 
temperature changes, decreasing through mid-summer then increasing toward the end of summer 
as temperatures declined. Salinity increased throughout the course of the study as freshwater 
influx declined. Sediment composition varied, but most stations were dominated by the silt/clay 
fraction. During this study, sediment composition played only a minor role, if any, in 
determining the abundance and diversity of the benthic infauna. 

Seasonal fluctuations in temperature, dissolved oxygen and salinity were important in 
determining the composition of the benthic community around Pooles Island. Increases in the 
abundance of pollution-indicative taxa paralleled increases in salinity and temperature, and the 
associated decreases in dissolved oxygen. Increases in salinity and temperature and decreases in 
dissolved oxygen were also associated with decreases in the abundance of pollution-sensitive 
taxa, particularly the polychaete worm Marenzelleria viridis. 

Differences among station types (Inner, Reference, G-South and Northeast) were 
primarily related to differences in the abundance of M. viridis or the clam Rangia cuneata. 
These two taxa had a major influence on species diversity (Shannon-Wiener diversity index) and 
the relative abundance of pollution-sensitive taxa. 

Total abundance was not significantly different between Inner and Reference stations 
during any month sampled. There was no significant difference between Inner and Reference 
stations in regard to diversity or relative abundance of pollution-sensitive taxa in May. However, 
abundance of Rangia was generally higher at Inner stations than at Reference stations in July and 
September, resulting in higher pollution-sensitive taxa abundance and lower diversity at Inner 
stations. 

Total abundance was significantly different between Reference stations and the G-South 
station during May but not during July or September. Higher abundance of M. viridis at the 
G-South station resulted in lower diversity than at Reference stations in May and July. 
Abundance of M viridis was also significantly higher at G-South station than at the Reference 
stations during September. The Northeast station was generally very similar to the Reference 
except that total abundance was significantly depressed at this station in September. This 
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depression may have been related to Langenfelder fossil oyster shell dredging that was occurring 
near the station in September 1998. 

Benthic Index of Biotic Integrity (B-IBI) values were calculated based on infaunal taxa 
found in July and September. B-IBI values at all stations exceeded the Chesapeake Bay 
Restoration Goal of 3.0 during both months indicating the presence of unstressed benthic 
communities. The minimum score at any station was 3.5; the maximum, 4.5. 

The benthic community in the G-South area has changed since pre-placement in 1991. 
The most notable change has been the decrease in the abundance of the clam Rangia cuneata that 
occurred between August 1991 (pre-placement) and August 1992 (post-placement). Concurrent 
with the decline of Rangia has been an increase in the abundance of the worm Marenzelleria 
viridis, which now dominates the benthic community. Total abundance and the abundance of 
Rangia cuneata were significantly lower in September 1998 compared to August 1991. 
Abundance of Marenzelleria viridis was significantly higher in September 1998 compared to 
August 1991. Other measures of the benthic community condition remain largely unchanged 
between pre-placement conditions in August 1991 and post-placement conditions in September 
1998. The benthic community found in September 1998 was slightly different from that found in 
September 1996. Placement of dredged material in a portion of G-South during January and 
February 1997 may have contributed to the differences seen. Benthic Index of Biotic Integrity 
values indicate that the community in G-South is not currently stressed. 

No statistically significant differences were found between the Northeast station sampled 
in September 1998 and baseline conditions found in the vicinity of G-East during September 
1995 due to the large variation in the September 1995 data. However, the abundance in 
September 1998 was less than half the minimum abundance found at any station in the vicinity 
of G-East during September 1995. 
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APPENDIX I 

Benthic Community Field Data Sheets 
September 1998 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Survey Site 92 

Benthic Field Data Sheet 

Collector Evans, Lathrop. Lookingland. Rasmussen Station     S92-1 

Lat.1 

Date 
Collected 

3 9 1 5 5 2 3 2 

YR MO DY 
9 8 0 9 2 8 

Long. 

Time Coll. 

7 6 1 6 5 1 9 2 

1 
Gear 

| 0 | 4 

No. 
Reps.2 

Submitter 
Code 

Data 
Category 

0 3 6 0 B C 

Equip. 
Set Unit# 

c* R 

Tide 

Sample Size 

MDCode 

Total 
Depth 

Field 
Fixative 

X I G 5 8 2 5 

Meters Feet 
7 • 2 2 3 6 

Secchi Depth (m) 

0 1 0       2 1 6 

Wind Speed (knots) Air Weather Code 
Wave 
Height 

Wind 
Direction Min Max 

lemp. 
CC) 

Past 
24hrs Today 

vo uioua 
Cover 

0 3 N N W 1 5 2 0 28.0 1 0 1 0 1 0 

% SiltClay 

9     5 

% Sand 

Observed Bottom Sediment 

% Shell % Gravel 

5 

Comments 
'Latitude and Longitude are in degrees, decimal minutes. 
24'1, grab taken and used for sediment sample only. 

*C - used for bottom turbidity only 

% Detritus 

Sample 
Depth (m) 

Water 
Temp. (0C) 

Field pH 
D.O. 

(mg/1) 
Conductivity 

limhos/cm 
Salinity 

(ppt, °/oo) 
Turbidity 

(NTU) 

0.5 23.2 7.5 8.7 15,000 8.5 

2.0 23.2 7.5 8.4 15,000 8.5 

4.0 23.0 7.3 8.1 15,800 9.0 

6.0 23.0 7.3 8.1 15,700 9.0 7.4 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Survey Site 92 

Benthic Field Data Sheet 

Collector Evans, Lathrop, Lookingland. Rasmussen Station     S92-2 

Lat.1 

Date 
Collected 

3 9 1 5 4 1 8 2 

YR MO DY 
9 8 0 9 2 8 

Long. 

Time Coll. 

7 6 1 7 0 7 6 6 

1 3    0 

Gear 
0 I 4 

No. 
Reps.2 

Submitter 
Code 

Data 
Category 

0 3 6 0 B C 

Equip. 
Set Unit* 

C* R 

Tide 

Sample Size 

MD Code 

Total 
Depth 

Field 
Fixative 

X I G 5 7 1 6 

Meters Feet 
4 5 1 4 • 8 

0 1 0 2 
Secchi Depth (m) 

1 • 6 

Wave Wind Speed (knots) Air Weather Code 
Height 

(m) 
Wind 

Direction Min Max 
lemp. 
(0C) 

Past 
24hrs Today 

vo cioua 
Cover 

0 3 N N W 1 5 2 0 27.0 1 0 1 0 1 0 

% SiltCIay % Sand 

Observed Bottom Sediment 

% Shell % Gravel 

9     5 5 

Comments 

% Detritus 

'Latitude and Longitude arc in degrees, decimal minutes. 
24lh grab taken and used for sediment sample only. 

*C - used for bottom turbidity only 

Sample 
Depth (m) 

Water 
Temp. (0C) 

Field pH 
D.O. 

(mg/1) 
Conductivity 
umhos/cm 

Salinity 
(ppt, 0/oo) 

Turbidity 
(NTU) 

0.5 23.2 7.6 8.8 15,200 8.6 

2.0 23.1 7.4 8.5 15,300 8.6 

4.0 22.9 7.2 7.6 15,600 8.8 . 7.4 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Survey Site 92 

Benthic Field Data Sheet 

Collector Evans, Lathrop, Lookingland, Rasmussen Station     S92-3A 

Lat.' 3 9 1 5 0 7 6 2 Long.1 7 6 1 7 4 9 1   8 

Date YR MO DY Time Coll. Gear          Tide 

Collected 9 8 0 9 2 8 1 1 4 0 0 4 F 

MDCode X I G 4 9 0 6 

Total Meters Feet 

Depth 5 3 1 7 4 

No. 
Reps.2 

Submitter 
Code 

Data 
Category 

Equip. 
Set Unit* Sampl e Size 

Field 
Fixative Secchi Depth (m) 

0 3 6 0 B C C* R 0 1 0 2 1 6 

Wave Wind Speed (knots) Air Weather Code 
Height 

(m) 
Wind 

Direction Min Max 
lemp. 
(0C) 

Past 
24hrs Today 

"/o cioua 
Cover 

0 2 N N W 1 5 2 0 26.0 1 0 1 0 1 0 

% SiltCIav % Sand 

Observed Bottom Sediment 

% Shell % Gravel 
9     5 5 

Comments 

% Detritus 

'Latitude and Longitude are in degrees, decimal minutes. 
W grab taken and used for sediment sample only. 

*C - used for bottom turbidity only 

Sample 
Depth (m) 

Water 
Temp. (0C) 

Field pH 
D.O. 

(mg/l) 
Conductivity 
umhos/cm 

Salinity- 
(ppt, %o) 

Turbidity 
(NTU) 

0.5 23.1 7.5 9.0 15,100 8.6 

2.5 23.0 7.2 8.3 15,500 8.8 

4.5 23.0 7.1 8.2 15,800 9.0 .4-7 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Survey Site 92 

Benthic Field Data Sheet 

Collector Evans, Lathrop, Lookingland. Rasmussen Station     S92-4A 

Lat.* 

Date 
Collected 

3 9 1 4 8 3 1 4 

YR MO DY 

9 8 0 9 2 8 

Long.1 

Time Coll. 

7 6 I 7 2 5 7 8 

8 0 
Gear 
0 I 4 

No. 
Reps.2 

Submitter 
Code 

Data 
Category 

0 3 6 0 B C 

Equip. 
Set Unit# 

Tide 

Sample Size 

MDCode 

Total 
Depth 

Field 
Fixative 

X I G 4 4 1 0 

Meters Feet 

5 5 1 8 • 0 

Secchi Depth (m) 

C*     R 0 1 0 2 1 • 4 

Wave Wind Speed (knots) Air Weather Code 
Height 

(m) 
Wind 

Direction Min Max 
lemp. 
(0C) 

Past 
24hrs Today 

7b t-ioua 
Cover 

0 1 N N W 5 1 0 24.5 1 0 1 0 0 

% SiltClay 

9     5 
% Sand 

5 

Comments 
'Latitude and Longitude are in degrees, decimal minutes. 
24tt' grab taken and used for sediment sample only. 

*C - used for bottom turbidity only 

Observed Bottom Sediment 
% Shell % Gravel % Detritus 

Sample 
Depth (m) 

Water 
Temp. (0C) 

Field pH 
D.O. 

(mg/1) 
Conductivity 
umhos/cm 

Salinity 
(ppt, %o) 

Turbidity 
(N'lU) 

0.5 22.9 7.1 7.4 15,600 8.8 

2.5 22.9 7.1 7.3 15,600 8.8 

4.5 22.8 7.0 7.8 15,600 8.9 • 7.2 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Survey. Site 92 

Benthic Field Data Sheet 

Collector Evans, Lathrop. Lookingland. Rasmussen Station      S92-5 

Lat.' 3 9 1 4 8 4 8 8 Long.1 7 6 1 6 7 3 5 2 

Date YR MO DY Time Coll. Gear         Tide 
Collected 9 8 0 9 2 8 0 9 1 5 0 4 F 

No. 
Reps.2 

Submitter 
Code 

Data 
Category 

Equip. 
Set Unit# Sample Size 

MDCode X I G 4 7 2 2 

Total Meters Feet 
Depth 5 0 1 6 4 

Field 
Fixative Secchi Depth (m) 

0 3 6 0 B C C* R 0 1 0 2 1 6 

Wave Wind Speed (knots) Air Weather Code 
Height 

(m) 
Wind 

Direction Min Max 
lemp. 
(0C) 

Past 
24hrs Today 

"/o Cloud 
Cover 

0 1 N N W 5 1 0 24.5 1 0 1 0 0 

% SiltCIay % Sand 

Observed Bottom Sediment 

% Shell % Gravel 

9     5 5 

Comments 

% Detritus 

'Latitude and Longitude are in degrees, decimal minutes. 
24ll, grab taken and used for sediment sample only. 

*C - used for bottom turbidity only 

Sample 
Depth (m) 

Water 
Temp. (0C) 

Field pH 
D.O. 

(mg/l) 
Conductivity 
umhos/cm 

Salinity 
(ppt, 0/oo) 

Turbidity 
(NTU) 

0.5 22.8 7.1 7.1 15,600 8.8 

2.5 22.8 7.0 7.0 15,700 9.0 

4.5 22.8 6.9 7.1 16,100 9.0 .15.1 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Survey, Site 92 

Benthic Field Data Sheet 

Collector Evans. Lathrop. Lookingland. Rasmussen Station     S92-6 

Lat.1 

Date 
Collected 

3 9 1 4 9 8 0 2 

YR MO DY 

9 8 0 9 2 8 

Long.' 

Time Coll. 

7 6 1 6 1 7 7 2 

0 
Gear 
01 I 4 

No. 
Reps.2 

Submitter 
Code 

Data 
Category 

0 3 6 0 B C 

Equip. 
Set Umt# 

Tide 

Sample Size 

MD Code 

Total 
Depth 

Field 
Fixative 

X I G 4 9 3 1 

Meters Feet 
5 0 1 6 4 

C* R 0 • 1 0       2 
Secchi Depth (m) 

1 • 6 

Wave Wind Speed (knots) Air Weather Code 

Height 
(m) 

Wind 
Direction Min Max 

lemp. 
CC) 

Past 
24hrs Today 

vo i_ioua 
Cover 

0 • 1 N N W 5 1 0 24.5 1 0 1 0 0 

Observed Bottom Sediment 
% SiltClay % Sand % Shell % Gravel 

8 5 1 0 5 

Comments 
'Latitude and Longitude are in degrees, decimal minutes. 
'i* grab taken and used for sediment sample only. 

*C - used for bottom turbidity only 

% Detritus 

Sample 
Depth (m) 

Water 
Temp. (0C) 

Field pH 
D.O. 

(mg/1) 
Conductivity 
umhos/cm 

Salinity 
(ppt, 0/oo) 

Turbidity 
(NTU) 

0.5 22.9 7.1 7.3 14,580 8.2 

2.5 22.8 7.1 7.0 15,000 8.5 

4.5 22.8 7.0 7.1 16,100 9.0 • 4.7 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Survey Site 92 

Benthic Field Data Sheet 

Collector Evans, Lathrop, Lookingland, Rasmussen Station     S92-7 

Lat.1 3 9 1 5 1 4 6 4 Long.1 7 6 1 6 8 7 0 2 

Date YR MO DY Time Coll. Gear          Tide 
Collected 9 8 0 9 2 8 1 0 5 5 0 4 F 

MDCode X I G 5 2 2 0 

Total Meters Feet 
Depth 6 2 2 0 3 

No.^ 
Reps.2 

Submitter 
Code 

Data 
Category 

Equip. 
Set Unit# Sampl eSize 

Field 
Fixative Secchi Depth (m) 

0 3 6 0 B C C* R 0 • 1 0 2 1 5 

Wave Wind Speed (knots) Air Weather Code 
Height 

(m) 
Wind 

Direction Min Max 
lemp. 
(0C) 

Past 
24hrs Today 

u/o Cloud 
Cover 

0 3 N N W 1 5 2 0 25.0 1 0 1 0 1 0 

% SiltClay % Sand 
Observed Bottom Sediment 

% Shell % Gravel 
9     5 5 

Comments  
'Latitude and Longitude are in degrees, decimal minutes. 
!4lh grab taken and used for sediment sample only. 

*C - used for bottom turbidity only 

% Detritus 

Sample 
Depth (m) 

Water 
Temp. (0C) 

Field pH 
D.O. 

(mg/1) 
Conductivity 
umhos/cm 

Salinity 
(ppt, %o) 

Turbidity 
(NTU) 

0.5 23.0 7.0 7.6 14,450 8.1 

1.7 22.9 7.0 7.3 14,800 8.4 

3.7 22.9 6.9 7.4 15,600 8.9 

5.7 22.9 6.8 7.6 15,800 9.0 12.4 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Survey, 

Lat.1 

Date 
Collected 

Site 92 

Benthic Field Data Sheet 

Collector Evans. Lathrop, Lookingland, Rasmussen Station     S92-R1 

3 9 1 4 3 3 5 2 

YR MO DY 

9 8 0 9 2 8 

Long 

Time Co 

7 6 1 6 7 7 5 4 

8 1 

Gear 
0 I 4 

Tide 
LS 

MDCode X I G 3 9 2 1 

Total Meters Feet 

Depth 4 4 1 4 5 

No. 
Reps.2 

Submitter 
Code 

Data 
Category 

Equip. 
Set Unit* Sampl eSize 

Field 
Fixative Secchi Depth (m) 

0 3 6 0 B C C 0 • 1 0 2 1 • 2 

Wave Wind Speed (knots) Air Weather Code 

Height 
On) 

Wind 
Direction Min Max 

lemp. Past 
24hrs Today 

VO <wlOUU 

Cover 

0 1 N N W 5 1 0 24.0 1 0 1 0 0 

% SiltClay 

Observed Bottom Sediment 
% Sand % Shell % Gravel 

7 0 1 5 1 5 

Comments 
'Latitude and Longitude are in degrees, decimal minutes. 
24'1, grab taken and used for sediment sample only. 

% Detritus 

Sample 
Depth (m) 

Water 
Temp. (0C) 

Field pH 
D.O. 

(mg/1) 

Conductivity 
umhos/cm 

Salinity 

(ppt, %o) 

Turbidity 
(NTU) 

0.5 22.8 7.3 7.5 16,240 9.5 6.4 

1.8 22.8 7.3 7.7 16,250 9.5 6.3 

3.8 22.8 7.2 7.7 16,230 9.5 .10.9 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Survey. 

Lat.1 

Date 
Collected 

Site 92 

Benthic Field Data Sheet 

Collector Evans, Lathrop, Lookingland. Rasmussen Station     S92-R2 

3 9 1 4 9 7 7 2 

YR MO DY 
9 8 0 9 2 8 

Long. 

Time Coll. 

7 6 1 5 6 9 0 6 

Gear 
0 I 4 

No. 
Reps.2 

Submitter 
Code 

Data 
Category 

0 3 6 0 B C 

Equip. 
Set Unit# 

Tide 

Sample Size 

MDCode X I G 4 9 3 9 

Total Meters Feet 
Depth 5 • 5 1 8 0 

Field 
Fixative Secchi Depth (m) 

C*     R 0 • 1 0       2 1 4 

Wave Wind Speed (knots) Air Weather Code 
Height 

(m) 
Wind 

Direction Min Max 
lemp. 
(0C) 

Past 
24hrs Today 

yo V-IOUQ 

Cover 

0 3 N N W 1 5 2 0 25.0 1 0 1 0 2 0 

% SiltClay 

Observed Bottom Sediment 
% Sand % Shell % Gravel 

8 0 1 0 1 0 

Comments 
'Latitude and Longitude are in degrees, decimal minutes. 
24u, grab taken and used for sediment sample only. 

*C - used for bottom turbidity only 

% Detritus 

Sample 
Depth (m) 

Water 
Temp. (0C) 

Field pH 
D.O. 

(mg/1) 
Conductivity 
umhos/cm 

Salinity 
(ppt, 0/oo) 

Turbidity 
(NTU) 

0.5 23.1 7.0 7.1 13,770 7.7 

1.0 23.1 7.0 7.0 13,800 7.7 

3.0 22.9 7.0 6.7 15,100 8.5 

5.0 22.8 6.9 6.9 15,700 9.0 4.4 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Survey. Site 92 

Benthic Field Data Sheet 

Collector Evans, Lathrop. Lookingland, Rasmussen Station     MDE-R1 

Lat. 

Date 
Collected 

3 9 1 5 4 5 4 2 

YR MO DY 
9 8 0 9 2 8 

Long. 

Time Coll. 

7 6 1 5 9 0 5 4 

0 
Gear 
0 I 4 

No. 
Reps.2 

Submitter 
Code 

Data 
Category 

0 3 6 0 B C 

Equip. 
Set Unit* 

C*     R 

Tide 

Sample Size 

MDCode X  I G 5   7 3 6 

Total Meters Feet 
Depth 4 1 1 3 4 

Field 
Fixative 

0 • 1 0 2 

Secchi Depth (m) 

1 8 

Wave Wind Speed (knots) Air Weather Code 
Height 

(m) 
Wind 

Direction Min Max 
lemp. 
(0C) 

Past 
24 hn Today 

7o (wioua 
Cover 

0 2 N N W 1 0 1 5 NR 1 0 1 0 1 0 

Observed Bottom Sediment 
% SiltCIay % Sand % Shell % Gravel 

1 0 0 

% Detritus 

Comments 
'Latitude and Longitude are in degrees, decimal minutes. 
H* grab taken and used for sediment sample only. 

•C - used for bottom turbidity only 

Sample 
Depth (m) 

Water 
Temp. (0C) 

Field pH 
D.O. 

(mg/1) 
Conductivity 
umhos/cm 

Salinity 
(ppt, %o) 

Turbidity 
(NTU) 

0.5 23.3 7.5 8.3 14,590 8.2 

1.3 23.3 7.5 8.2 14,580 8.2 

3.3 22.9 7.3 7.1 15,600 8.8 • 3.5 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Survey Site 92 

Benthic Field Data Sheet 

Collector Evans. Lathrop, Lookingland. Rasmussen Station     MDE-R2 

Lat.1 

Date 
Collected 

3 9 1 7 6 7 0 6 Long.1 6   14   3   0 7   0 

YR MO DY 
9 8 0 9 2 8 

Time Coll. 
0 

Gear 
0 1 4 

No.^ 
Reps.2 

Submitter 
Code 

Data 
Category 

0 3 6 0 B C 

Equip. 
Set Unit# 

C*     R 

Tide 

Sample Size 

MDCode 

Total 
Depth 

Field 
Fixative 

X  I G 9 4 6 2 

Meters Feet 
4 0 1 3 • 1 

0 1 0       2 
Secchi Depth (m) 

2      .      0 

Wind Speed (knots) Air Weather Code 
Wave 
Height 

Wind 
Direction Min Max 

temp. 
(0C) 

Past 
24hrs Today 

vo Lioua 
Cover 

0 • 3 N N W 1 5 2 0 28.0 1 0 1 0 5 

% SiltClay % Sand 
Observed Bottom Sediment 

% Shell % Gravel 
9 0 1 0 

Comments 

% Detritus 

'Latitude and Longitude are in degrees, decimal minutes. 
'4* grab taken and used for sediment sample only. 

*C - used for bottom turbidity only 
Rep. #3 and sediment rep. light gray in color - appeared fresh; barge with gray material (gravel or shell?) within 
100 m of station, appeared to be depositing material  

Sample 
Depth (m) 

Water 
Temp. (0C) 

Field pH 
D.O. 

(mg/l) 
Conductivity 

umhos/cm 
Salinity 

(ppt, %o) 
Turbidity 

(MTU) 

0.5 23.4 7.3 7.8 13,410 7.3 

1.2 23.4 7.3 7.7 13,480 7.6 

3.2 23.0 7.2 7.1 14,230 8.0 4.7 
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APPENDIX H 

Benthic Cruise Report 
September 1998 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 

MDE 
i-max^m^mmfs^ma 

TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 
Field Operations Program 

TO: Visty Dalai 

FROM: William Evans 

CC: Ellen Lathrop-Davis 

DATE: September 30,1998 

SUBJECT: Site 92 Benthic Cruise Report 

On September 28, 1998, MDE personnel William Evans, Ellen Lathrop-Davis, Gilbert 
Lookingland, Dennis Rasmussen conducted the third of three benthic sampling events at the 
open-water placement area Site 92. Sampling consisted of a collection of four subsamples at 
eleven stations (S92-1 through S92-7, S92-R1, S92-R2, MDE-R1 and MDE-R2) using a Van 
Veen bottom grab sampler. The fourth subsample was collected from the Van Veen using a 
plastic scoop and stored in labeled plastic bags for future grain size analysis. Triplicate samples 
were sifted in the field through a 0.5 mm screen. Remaining material was put into Vz gallon 
buckets and preserved with 10% formalin and bay water. All samples were transported to the 
MDE Benthos Laboratory in Baltimore. Sampling sites were verified using a Differential Global 
Positioning System (DGPS) Navigation Unit. 

The research vessel R/V Hopkins left Dundee Creek, located within Gunpowder State Park, at 
0700 and returned at 1600 hours. Wave height averaged 2-3 feet with variable winds ranging 
from 5-20 knots. Tides were flooding during the morning sampling and later ebbing in the 
afternoon. 

Bottom salinity levels ranged from 8.8 ppt (S92-2 and MDE-R1) to 9.5 ppt (S92-R1). Bottom 
dissolved oxygen levels ranged from 6.9 mg/1 (S92-R2) to 8.2 mg/1 (S92-3A). Due to a low 
battery level in the YSI unit, turbidity levels were only taken at the bottom. Lowest bottom 
turbidity levels were observed at station MDE-R1 (3.5 NTU's) and maximum levels at S92-5 
(15.1 NTU's). 

When sampling station MDE-R2, oyster shell dredging was observed in close proximity of the 
station. As a result, a thin layer of grayish, newly deposited material was viewed in the first one 
to two inches of the sediment. Any effects that this may have on the benthos will be determined 
once the September 1998 samples are analyzed. 
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APPENDIX III 

Standard Chain of Custody Forms for the 
Transfer of Benthic and Sediment Samples 

September 1998 
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Standard Chaiti-of-Custadv Farm 

MDE-TARSA 
Annapolis Field Office 

Chain of Custody 

Collector/ Phone m£v^ A'/.o) ^|-^L[f    Signature/Initials  UJ^I.A._^//;N.__J/ /\ 

Sample Collection Date:    $^^Ur-  3 g.  /9<9 

Sample Source:      O.Vvq-^^ yo^clCfl     ^v 

Project Name: ^S '."t'o  ^3  
^ 

Sample Number: 3 >s ^ ., U S *. ^SLJ- y 

Media Sampled: ftp»44: cl 

Date Sample sent to Laboratory:     9/39 

Sample Preservation Method: 

az 

Frozen - 
Refrigerated 

Holding Time: _ 

/0 '/of O'T/n*. 1^ 

M//V 

Analysis Requested:     T Jah f:-Cf- c^-)-i o^   , 

Chain of Custody sample possession:   -r      \ 

to From Vgs&J /ffr^ofr,*,/ Q/JQ 

'Name/Time/Dat^ 
From ;  to 

Samples Iced? 

Name/Time/Date 

Name/Time/Date Name/Time/Date 
From_ 

From 

to 
Name/Time/Date Name/Time/Date 

to 

Y N- 

Y N 

Y N 
Name/Time/Date Name/Time/Date 
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Standard Chain-of-Custodv Form 

MDE-TARSA 
Annapolis Field Office 

Chain of Custody 

Collector/ Phone * ^, ^r^\(^^L>\ -3,)) Signature^nitials (^^)CL-^ C*^ fl     It. u 

Sample Collection Date: ' ^ , ^ ^ * ^ 3 X  '(9 9 P ^ 

Sample Source:     ClvASfe. ^, < /Cg.   ft^^  

Project Name:_j21±2__9_3 __2  

Sample Number: jj  

Media Sampled: CSg-ci, r^ e>n T 

Date Sample sent to Laboratory:      ^ 13 S'/S %  

Sample Preservation Method: 

Frozen . , 
Refrigerated-     M/X . 

Holding Time:        /Q A-'          

Analysis Requested:    ^^-^^4 c,r^; ^.3; 7^' ^J^:s 

Chain of Custody sample possession: 
31^ V^OSA, Samples Iced? 

From Vassal/v.'ftOp?/q/OT to   ^jt'+kof L*kk'-oor~/<lhf     ' Y (N) 
'Name/Tinie/t>ate        :                                   Narfie/Time/Dite 

From ; to   Y    N 
Name/Time/Date                                         Name/Time/Date 

From to   Y    N 
Name/Time/Date                                         Name/Time/Date 

From . __to   Y    N 
NameA'ime/Date Name/Time/Date 
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APPENDIX IV 

Benthic Taxa Inventory Sheets 
September 1998 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Taxa Inventory Sheet 

Survey 

Lat.1 

Site 92      Collector Evans, Lathrop-Davis. Lookingland Station 

MDCode 

S92- 

Date 
Collected 

Temp." 

YR 
8 

Long.1 

Latitude and Longitude are in degrees, decimal minutes. 

Time Coll. 

7 6 I 6 5 1 9 2 X I G 5 8 2 5 

MO 
0 

DY 
8 1 3 0 5 

Gear 

HI 
Tide 

DCT Salinity2 

Water 
Depth 

Conductivitvz 

Meters Feet 
7    .    2 2   31.6 

Turbiditv2 

0C 
0 

PH2 

7.3 
mg/I 
8 

•Water quaJity measurements are from the bottom layer. 

Samp. Size 

1 
ppt, %0 

0 
umhos/cm 

1 7    0 i 0 
NTU 

0 1 0 

Grab# 

1 
2 

3 

Log Number 

Samp. Type 

ID By 

B E N 0 

YR 

Field Fixative 

MO      DY QC By YR      MO      DY 
9 8 0 0 1 1 7 I 1 E L B 9 

8 1 2 2 2 H 
9 8 0 0 1 1 8 i 1' E L H9 8 1 2 2 4 IQ 
9 8 0 0 1 1 

9 1 1' E L 0 9 8 1 2 2 4 H 

r PPSP m nMD rnnc " VALUE FOR GRAB TAXON |     CODE     •         -^v— i       jflf"     2       M      3 
112i 4i om   1   1 1     1 3 M            M        3 Carinoma tremaohoros 

1     I     1     H4I9I0 41011 9 H            Ml Hydrobia so. 
01 61 8 1 6 m 4 91 0 510    1 1 Hi         H MytiloDsis leucoohaeata 
01 5121 Oil 4 91 0 51 0I 0 9 m       m     2 Macoma balthica 
0 51 2 6H4 91 0 51 0| 0 8 3 1 T •           5 Ranqia cuneata 
0 61 6 m I I     I •           2 Hobsonia florida 
0 4i 11 emu 4 81 0 1 I 0I 0I 3 g      m Heteromastus filiformis 
01 4| 1 1 M 4 8 0 11011    7 Hypereteone heteropoda 
01 4! 31 OM 4 8   0 1 I 0I 0I 5 43 M          44 Ml          73 Marenzelleria viridis 
014   2I0IM4   810 1 1 01 01 4 4 B            2 Si           8 Neanthes succinea 
014   21604   8   0 1 1 01 51 7 S       H Polydora cornuta 
0   4   3I3S4   8   0 1 1 01 1 1 8 2 111            2 ill           3 Streblospio benedicti 
1    01 31 9M 4   8   0 210   213 M M           3 Tubificoides so. 

I     m 5| 31 01 7! 01 1 I 1 M M Balanus imorovisus 
0   1 ! 01 3 •• 5i 31 1 : 9! 01 1 l 4 M            M Rhithrooanooeus harrisii 
01 11 01 am   1 | M            SI Neomysis americana 
0   4   9| 7tm 5 3 I 1 610   1    2 9 •I             7 (M          14 Cyathura polita 
01 6! 21 SIM 5 3 1 6 I 0 2 1 M            M Chiridotea almyra 
0   4   9 8M5 3 1 61 0 2 4 1 Uj]             4 M            5 Edotea triloba 
01 4 6 8 M 5 I 3   1 71 0 2 5 M         1 M        4 Ameroculodes SDO.comolex 
0| 6 3 5 M 5 I 3   1 71 0 1 3 M            M Apocoroohium lacustre 
Ol 4 6 4 M 5 I 3   1 71 0 0I 1 m      •• Gammams so. 
01 4 6 6 M 5 I 3   1 7| 0I 1 I 6 s 19         Hi     10 Leptocheirus plumulosus 
0 4 6 7H5 31 1 7| 0 2   2 IM         M Melita nitida 
0 3 0 a5 

4 2 41 0 4   6 2 fh^ 1         ' Coelotanypus sp. 
0 5 6 4*5 4 2 4l 0 4   7 • Procladius so. 
0 6 3   3 •• 5 4 2 41 0 4   9 •       H Cryptochironomus sp. 
0   2 9 sm5 4 21 41 0 5   1 •       • Polypedilum so. 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Taxa Inventory Sheet 

Survey. 

Lat.1 

Site 92 

1   8 

Collector Evans, Lathrop, Lookingland Station 

MDCode 

S92-2 

Long. 
'Latitude and Longitude are in degrees, decimal minutes 

Date     I YR    MO | DY |        Time Coll. 
Collected 

7 6 1 7 0 7 6 6 X  I G  5 7 1 6 

YR MO DY 
9 8 0 9 2 8 

Gear Tide 
1 2 3 0 0 4 F 

Temp." DO^ Salinity" 

Water 
Depth 

Conductivity2 

Meters Feet 
4   . 5 1 4 8 

Turbidity 

"C PH2 

7    .     2 
mg/1 ppt, %o 

8 
umhos/cm 

1 6   0   0 
NTU 

•Water quality measurements are from the bonom layer. 
Samp. Type Samp. Size 

Grab# 

1 
2 
3 

0 1 0 B E N | 0 | 2 

Log Number IDBv YR 

Field Fixative 

MO      DY QC By YR      MO      DY 

9 8 0 0 1 2 0 
9 8 0 0 1 2 1 
9 8 0 0 1 2 2 II 9 8 1 2 2 8 m 

9 9 0 1 2 5 m 
9 9 0 1 2 5 H 

r~ PPSP 1 | 
p \Mr ) r*t •"If'lC ~l VALUE FOR GRAB TAXON 

CODE      1 
•            uiiir^ O^L^C 1     •    2    n 3 

1    2 
4'o n II           II 4Ji     iH 5 Carinoma tremaohoros 

1     B4 91014   01119 M            PfM Hydrobia sp. 
0    6 8 6 1 1 4 91015   01111 Ml            IH Mytilopsis leucophaeata 
0    5 2 0 1 •T 9 0 5 0   0 9 H        H Macoma balthica 

_0J 5 2 6 1 Li. 9 0 5 0   0 8 100 Wi          80 H 65 Ranqia cuneata 
0 4 1 6 1 1 4 8 0 1 | 01 0 3 n     m Heteromastus filiformis 
0 6 6 g mm I H     • Hobsonia florida 
0 4 1 i 4 8   01 1 I 01 1 7 •               •          2 Hypereteone heteropoda 
0 4 3 I 0 I 4 81 0|11 01 0 5 61!      6H 4 Marenzelleria viridis 
0    4 2 I 0 1 4 81011    010 4 2lB             4B 4 Neanthes succinea 
0    4 2 16 1 4 8   011    0| 5 7 m       m Polydora comuta 
0 | 4 3    3 1 4 8   011    011 8 m     8m 5 Streblospio benedicti 

11 I 0 I 3 I 9 • 4 8   012   012 3 m     em 3 Tubificoides sp. 
i    i    i    |    HH 5 3   017   011 1 mi      Mil Balanus improvisus 

0    1    0 3* • 5 31 1 I 9   011 Li H      H Rhithropanopeus harhsii 
0    1     0 8 M I   I   I iH             IH Neomysis americana 
0    4    9 i E 3 1 1 61 01 1 2 i      em     14 m 6 Cyathura polita . 
0    6    2 5 It 3 1 1 61 01 2 1 m       m Chiridotea almyra 

I 0 I 4 9 8 • 513 1 1 61 01 21 4 m     1 Jjj 1 Edotea triloba 
0 4 6 8 5   3   117 0   2   5 4 AmeroculPdes spp.complex 
0 6 3 5 5   3    117 0   1    3 M         H Apocorophium lacustre 
0 4 6 4 5   3    117 01 0 1 M         Bi Gammams sp. 
0 4 1 6 6 5   3    117 01 1 6 RM            HI        1 Leptocheirus plumuiosus 

0 4 6 7 5   3    117 01 2 2 Hi        ill Melita nitida 
0 3 0 1 514   214 0 I 4 I 6 i        m      in 4 Coelotanypus sp. 

0 5 6 4 • 5141214   014   7 iH               JH Procladius sp. 
0 6 3|8| 1 51 41 21 4| 01 4   9 H        H Cryptochironomus sp. 

10 12 19 15 1 • 51412141015    1 H        H Polypedilum SP. 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Taxa Inventory Sheet 

Survey Site 9' 

Lat.1 3 9 1 5 0 7 6 2 

Collector Evans, Lathrop. Lookingland Station 

MD Code 

S92-3A 

Long. 
'Latitude and Longitude are in degrees, decimal minutes. 

Date     |  YR | MO | DY |        Time Coll. 
Collected 

7 6 1 7 4 9 1 8 X I    G 4   9 0 6 

YR MO DY 
9   8 0   9 2|8 

Gear Tide 
114    0 0    4 F 

Temp.' DO2 Salinitv 

Water 
Depth 

Conductivity" 

Meters Feet 
5   .    3 1   7   . | 4 

Turbidity" 

0 
PH2 

7    . 
mg/1 
8 

ppt, %o 

•Water quality measurements are from the bottom layer. 

Samp. Size 0.10 

Grab# 

1 
2 

3 

Log Number 

Samp. Type    B 

ID By 

N 

umhos/cm 
1 | 5    8 0 0 

d Fixative 0 2 

NTU 

YR      MO DY QC By YR       MO      DY 

9    8    0    0    1    2    3 m J    E   L HI 9    8 1    2    2 *• 9    s    0    0     1     -    4 H J    E    L H 9    8 1    2    2 I 
9    8    00    12    5HJELH9T1 1    2    3 s 

r PPSP • nMD nr\ric ~l VALUE FOR GRAB TAXON |     CODE     •         — —<-        | 1       ••       2       ••      3 
112 4 0H I  . 3 83            2 H           2 Carinoma tremaohoros 

•U   9 0| 4 01 1    9 mM               pi Hydrobia sp. 
0 6 8 6M4 9 0 5 0    1    1 H       Hi     1 

Mvtilopsis leucoohaeata 
0 5 

2 0H4 
9 0 5 010   9 Hi       ill Macoma balthica 

0 5 2   6M 4 9 0 5 010   8 118 Ml        131 M       101 Ranqia cuneata 
0 6 6 9M   ' 1 HI            H Hobsonia florida 
0 4 1    6M4I8 0 11010 3 m    H Heteromastus filiformis 
0 4 1 1*1418 011    011 7 m      iii    1 Hypereteone heteropoda 
01 4 3 OH 4   8   01 1 I 01 0 5 7 M            4 Mi           8 Marenzelleria viridis 
01 4 2 0H4I8 0    1 I 01 0 4 6 &•            3 HI         10 Neanthes succinea 
0    4 2 6 M 4 8 0    11015   7 H        ill Poly do ra cornuta 
0    4 3   3 d 4 8 0    11011    8 RM            M Streblosoio benedicti 
1 1 0 3    9 B| 4 8 0   21012   3 III            pH Tubificoides so. 

Si 5 3 0   7   011    1 wSi             Wm Balanus improvisus 
01 1 01 3H 51 3_ 1 I 9   011    4 M          1 Ml Rhithrooanopeus harrisii 

loi 11 oi SHI   I I           I •BJ            H Neomysis americana 
[0   4   9 7M5I3 1 610   12 6 l|i         7 iii         3 Cyathura polita 

01 6 2 5 Mi 5 3 1 610   2   1 HI        Hi Chiridotea almyra 
01 4 9 8 m 5 3 1 61 01 21 4 199      11ll      1 Edotea triloba 
0 4 6 8 H 5 3 1 71 01 21 5 1 M            H        1 Ameroculodes spp.complex 
0 6 3 ""5 S 5 3 1    71 011    3 H      ill Apocorophium lacustre 
0 6 5 8 01 5 3 1    7| 01 3   3 iii        H Gammarus so. 
0 4 6 6 9 5 3 1    71011    6 H      H Leptocheirus piumulosus 
0 4 6    7M 5 3 1    71 01 2   2 WM            wM Melita nitida 
0 3 oi i m 5 4 2   4| 014 Li 1 m    1M Coelotanypus sp. 

1 01 51 6| 4Hi 5 4 2   4| 01 4 7 H      IS Procladius sp. 
1 0 1 6 1 3 1 8 H 5 1 4 21 4| 01 4| 9 ill      iii Cryptochironomus sp. 
1 0! 21 91 5fm 51 4| 21 41 01 51 1 9        H Polyoedilum sp. 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Survey Site 92 

Lat.1 3 9 1 4 8 1 4 

Taxa Inventory Sheet 

Collector Evans. Lathrop. Lookingland Station 

MD Code 

S92-4A 

Long. 
Latitude and Longitude are in degrees, decimal minutes. 

Date 

7 6 1 7 2 5 7 8 X I G 4 4 1 0 

Collected 

Temp.: 

YR MO DY 
9| 8 0| 9 2   8 

Time Coll. Gear Tide 
0   8    5    0 0   4 F 

DO2 

8 
P^ 

0 

Salinity" 

Water 
Depth 

Conductivitv2 

Meters Feet 
5   .    5 18.0 

Turbiditv" 
mg/1 

'Water quality measurements are from the bottom layer. 

Samp. Size 

ppt. %0 

0 1 0 Samp. Type B E N 

umhos/cm 
15    6    0    0 

d Fixative 0 2 

NTU 

Grabs' 

1 
2 
3 

1 -og Number ID By YR MO DY QCBy YR MO DY 
9 8 0 0 1 2 6 ffl J E LF • 9 8 0 1 2 7 mm 
9 8 0 0 1 2 7 H ^ E L i a 9 9 0 1 2 8 |H 
9 8 0 0 1 2 8 ^ j E L j 1 9 

9 0 1 2 8 HI 

1      PPSP 1 | HMD nr\na VALUE FOR GRAB 
TAXON |     CODE     | 1         ^ 1       PP|      2       pm      3 

1 [2   4 OH   1   1   1   1 2 M            3 Efll           4 Carinoma tremaphoros 
1 • • 4910 4| 0| 1 9 SS           M Hydrobia sp. 

01 6 8   61 •41910 5| 01 1 1 M            HI        3 Mytilopsis leucophaeata 
01 5 2   Of I4 9 0 5   0| 0 9 •J         1 HI Macoma balthica 
0   5 2 i 1 9 0 5 0    1 0 1 HI         2 HI Macoma mitchelli 
01 5 2 61 1 9 0 5 0| 0| 8 105 pi        106 M       128 Rangia cuneata 
01 6 6 911 jfifl        9 Hobsonia florida 
0i 4 1 6 1 4 8 0 1 0| 0   3 Hj           H Heteromastus filiformis 
01 4| 1 1 I 4 8 0 1 0|17 H        Q Hy'pereteone heteropoda 
0   4   3 L9 I 4 

8 0 1 0| 0   5 
2 ffl    3 PS    4 

Marenzelleria viridis 
0| 4| 2 0 •4|8|0 1    0| 0 4 4 ill           11  III            7 Neanthes succinea 
01 4| 2 6 

!4 8| 0 II o 5 7 H      BH Polydora cornuta 
0| 4 3 3 14 8 0 1 01 1 8 H      1H Streblospio benedicti 
11013 9 «4|8 0 2 0| 2 3 H      "fl Tubificoides so. 

1 1 |5|3|0 7 0| 1    1 S        n Balanus improvisus 
0   1|0 31 15   3   1 9 0    1    4 lH        H Rhithropanopeus harrisii 
0    1|0 5M H        9 Neomysis americana 
0   4| 9 i 1 5| 31 1 6| 0| 1    2 10 HH     10 9     11 Cyathura polita 
01 6 2 5 5 31 1 6   0 2   1 H      H Chiridotea almyra 
0   4   9 8 5 3    1 6   0 2   4 19        9 Edotea triloba 
0   4   6 8 5 3    1 7   0 2   5 1 iHV     1H    1 Ameroculodes spp.complex 
0   6   3 5 5 3    1 7   0 1    3 HI               •• Apocorophium lacustre 
0   4   6 4 5 3 1 7   0 0   1 H           in Gammarus sp. 
0   4 T1 6 5 3 1 7   0 1    6 1 HI        2 9        5 Leptocheirus plumulosus 
0   4   6 7 5 3 1 7| 0 2   2 H      H Melita nitida 
013   0 1 5 4 2 4| 0 4   6 HI                M           2 Coelotanypus sp. 
0   5   6 4 5 4 2 4    0 4   7 IH            HI . Procladius sp. 
0   613 8 5 4 2 4| 0 4| 9 9        9 Cryptochironomus sp. 

|0|2|9|5i 1 514| 2 4| 0 51 1 H        9 Polypedilum sp. 



MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Taxa Inventory Sheet 

Survey Site 92 Collector Evans. Lathrop. Lookingland Station      S92-5 

Lat.1 3   9    14   8   4   8   8 Long.' 
Latitude and Longitude are in degrees, decimal minutes. 

Date 

7   6    16   7   3   5   2 MDCode    X  I    G m] 
Collected 

Temp.2 

YR MO DY 
9   8 0   9 2   8 

Time Coll. Gear Tide 
0   9    15 0    4 F 

DO2 

0C PH2 

2   2 8 6    .     9 
mg/1 

Salinity" 

1 
'Water quality measurements are from the bottom layer. 

Samp. Type 

ppt, 0/oo 

Water 
Depth 

Conductivity2 

Meters Feet 
5        0 1|6   .|4 

umhos/cm 
16    10 

Turbidity2 

NTU 

BEN Field Fixative    0 

DY 

PPSP 1 •~~ VALUE FOR GRAB 
TAXON CODE     | •          UINR uuuc 1       •      2       M      3 

|1|2|4|0Bi     I     I     |     I     | 1 IH      1 Mid     3 Carinoma tremaphoros 
I 1     •14    910   41011 9 SS           M Hydrobia sp. 

0| 6   8 61 II 4    9 0|5|0    1 1 ill              H Mytilopsis leucophaeata 
0| 5   2 of 1 4    9 01 5 0 0 9 H        9 Macoma balthica 
0| 5 2 1 | I 4    9 0 5 0 1 0 N      2 H Macoma mitchelli 
0 5 2 6| 1 4    9 0   5 0 0 8 99 H        107 ••       127 Rangia cuneata 
0 6 6 LJLSL. H              H Hobsonia florida 
0   4 1 6| 1^ 8| 0 1 0   0 3 m     H Hetercmastus filiformis 
0   4 1 ii E 81 0 1 0    1 7 2 S     3fl Hypereteone heteropoda 
0| 4 3 oi • 418   0 1 0   0 5 5 •          23 H           2 Marenzelleria viridis 
0| 4 2 "oj • 48 0 1 I 0! 0 4 15 Wm       30 tM       21 Neanthes succinea 
0| 4 2 rrl 1 4   8 0 1 0 5 7 BE        H Polydora comuta 
0| 4 3 Tl 1 4   8 0| 1    0 1 8 lii      3 iiii Streblospio benedicti 
1 0 3 Ti I 4| 8! 0| 2   012 3 IH       2 ri Tubificoides sp. 

I HI 5 3! 01 7| 01 1 1 IHHH      • Balanus improvisus 
| 0    1    0 31 1 3    1|9 0 1 4 1H        H Rhithropanopeus harrisii 

0 1 0 8 HI 1 SH     1 MI Neomysis americana 
JDJ 4| 9 71 1 5 3    1 6 0    1 2 9 IH          10 M           7 Cyathura polita 
0 6   2 Tl 1 5 31 1 6| 0! 2 1 jUl      jm Chiridotea almyra 
0   4| 9 Ti IT 3 1 6 0| 2 4 2 in      1 HI      1 

Edotea triloba 
0| 4| 6 8 1 5 3 1 I 7 0| 2 5 1 113            6 H           5 Ameroculodes spp.complex 
0   6| 3 5 1513 117   011 3 

m    • 
Apocorophium lacustre 

0 4   6 4 5 3| 1 I 7| 0| 01 1| iii    H Gammarus sp. 
0 4   6 3 51 3    1 7 0| 4| 5| u    1 m Gammarus mucronatus 
0   4| 6 6 5 3| 1 7   0116 4 U            8 ••           2 Leptocheirus plumulosus 
0   4| 6 7 5 3 1 7| 01 2   2 H      H Melita nitida 
0   3| 0 1 5 4 2 4   01 4   6 1HH      2 M      1 

Coelotanypus sp. 
o 51 6 4 5 4 2 4| 0   4| 7 iWH       • Procladius sp. 
0| 61 3| 8 5 4| 2| 4   0   4! 9| H        IH Cryptochironomus sp. 
01 2   9 5 I 51 4! 21 4| 01 51 1| M          H Polypedilum sp. 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Survey _ 

Lat.1 

Site 92 

Taxa Inventory Sheet 

Collector Evans. Lathrop. Lookingland Station      S92-6 

9   1 9   8 0 Long. 
'Latitude and Longitude are in degrees, decimal minutes. 

Date     I  YR I MO I DY |        Time Coll 
Collected 

7   6    16    17   7   2 MDCode    X   I    G 9   3    1 

YR MO DY 
9   8 0   9 2|8 

Gear Tide 
0   9   4    5 0    4 F 

Temp.' DO^ Salinity" 

Water 
Depth 

Conductivirv2 

Meters Feet 
51.    0 116    .|4 

Turbiditv" 
PH2 

7    .     0 
mg/1 

"Water quality measurements are from the bottom layer. 
1 

ppt, 0/oo 

Samp. Size [ 0 

Grab# 
1 
2 
3 

1 

Loa Number 

Samp. Type    BEN 

ID By 

umhos/cm 
116    1 0 0 

d Fixative 0 2 

NTU 

YR MO      DY QC By YR      MO      DY 
9 8 0 0 I •^ 

J 2 I 1 J E L «a 9 9 0 1 2 9 ma 
9 8 0 0 1 3 3 1 1 J E L jgH 9 9 0 1 2 9 jlji 
9 8 0 0 1 3 4 1 g J E L m 9 9 0 I 2 9 HI 

r ror         EKBi             riMD ooinc ~l VALUE FOR GRAB 
TAXON 

CODE    m 1       ffiB       2       iffiH      3 
1    21 4! oH           ||          II 1  M             3 WB            2 Carinoma tremaphoros 

I     |     |     •1419101410119 MB             M Hydrobia sp. 
0|6l8l6ffl4|9   0151011 1 MB           U       2 Mytilopsis leucophaeata 
Oi 5i 21 0M 41 9   0   5|0|0 9 fij                    M Macoma balthica 
0| 5| 2   6M 4| 9   0   5   0   0 8 98 in     84 EH    105 Rangia cuneata 
0! 5, 5; 9 M S         M Hobsonia florida 
0141116914   8   0|1|0|0 3 nl         1 tjm Heteromastus filiformis 
0|4|1    1 HI 4   8|0|1 0    1 7 1 H             H         1 Hypereteone heteropoda 
0 I 4 | 3 | 0 m 4 | 8 | 0 | 1 0| 0 5 1 RH MM        3 Marenzelleria viridis 
0 I 4 | 2 | 0 m 4 I 8 I 0 | 1 | 0 1 0 4 21 Si 23 H         50 Neanthes succinea 
0|4|2|6W4i8|0|1|0|5 7 MM           m Polydora com Ufa 
0| 4| 3| 3S 4| 8! 0| 1 I 0| 1 8 4 H       1H      5 Streblospio benedicti 
1|0I3|9«4|8|0I2   0|2 3 6 ffl        3 ia       s Tubificoides so. 

I     |     I     m 51 3| 01 7| 0| 1 1 10 in        5 in      10 Balanus improvisus 
0111013885   31 1 I 91 0    1 4 M        1 m Rhithropanopeus harrisii 
oi 11 o sin          I S      PI Neomysis americana 

0|4|9    7m 5    31 1 1 6| 0    1 2 15 H            4 HJ         14 Cyathura polita 
0   6I2    5M 5| 3| 1 I 61 0   2 1 9             IM Chiridotea almyra 
0   4|9   333 5: 3i 1 i 6   0   2 4 5 m     iw     4 Edotea triloba 
0   4|6    8901513    1|7   0   2 5 7 HI      2 51    12 Ameroculodes spp.complex 
0|6|3    SJH 5| 3| 1| 7   0|1 ~3 HB            mi Apocorophium lacustre 

0   4|6|4«B5   31 1 I 7| 0| 0 1 Si          109 Gammarus sp. 
0| 4| 6   oM 5   3    1 I 7| 0| 1 "6 3 fH      3 ?§      1 Leptocheirus plumulosus 
0| 4   6    701 5    3    1 | 7| 0| 2 2 jfii         n Melita nitida 
01 3   0! 1 iffl 5   4|2|4I0|4 6 fij        5H      1 Coelotanypus sp. 

0| 5    6| 4H 5| 4| 2|4| 0| 4| 7 Procladius sp. 

I 0   61 3| 3 SB 51 4| 2   4| 0| 4 9 •       B Cryptochironomus sp. 

0| 2| 9| 5m 51 4| 2| 4| 0| 5| 1| • I         M Polypedilum sp. 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Taxa Inventory Sheet 

Survey Site 92 Collector Evans. Lathrop, Lookingland Station      S92-7 

Lat.1 3   9   15   14   6   4 Long.1 

'Latitude and Longitude are in degrees, decimal minutes 
Date     | YR I MO I DY |        Time Coll 

Collected 

7   6    16   8   7   0   2 MDCode    XfT G   5 

YR MO DY 
9   8 0| 9 2   8 

Gear Tide 
10    5    5 0    4 F 

Temp." DO2 Salinity 

Water 
Depth 

Conductivity2 

Meters Feet 
6        2 2   0.3 

PH2 

6    .     8 
mg/1 

Turbidity 
ppt, 0/oo umhos/cm 

1    5 18    0 10 
"Water quality measurements are from the bottom layer. 

NTU 
1    2 

Samp. Size    0 1    0 

Grab* 
1 

Log Number 

Samp. Type    BEN 

ID By YR      MO 

Field Fixative    0 

DY QCBy      YR      MO      DY 
9 8 0 0 1 3 5 HIJ E L Ml9 9 0 2 0 i mm 
9 8 0 0 1 3 6 H J E L iH9 9 0 2 0 i u 
9 8 0 0 1 3 7 B -i E L H 9 9 0 2 0 i M 

r PPSP ^^1                      PMklC r-f -inr — ~l VALUE FOR GRAB 
TAXON |     CODE     •         —-—        | 1      m      2      ••     3 

1 1 1 2 I 41 :M   I           1 3 JMJ           5 B           1 Carinoma tremaphoros 
I M 4| 91 01 41 0 1 9 H        EEjl Hydrobia sp. 

0 6   8 6I|| 4    910 5| 0 1 1 HI        ill Mytiloosis leucophaeata 
0 5   2 Oil 4    910 5| 0 0 9 Ml            III        1 Macoma balthica 
0 5   2 6M 4    9I 0 5   0 0 8 233 lU        165 HI       143 Rangia cuneata 
0 6   6 9 Hj     |     | Hobsonia florida 
0 4    1 efl 4| 81 0 1    0 0   3 Heteromastus filiformis 
0 4    1 1 • 4 | 8 1 0 1    0 1    7 H         H Hypereteone heteropoda 
0 4   3 Oil 4| 8| 0 1    0 0! 5 6 pjj            3 fl           5 Marenzelleria viridis 
0 4   2 OH 4| 81 0 1 0 0| 4 5 EEI            4 H           5 Neanthes succinea 
0 4| 2 6 III 4| 81 0 1 0 5   7 H         n Polydora cornuta 
0 4   3   3a 4! 8   0 1 0 1 8 11H        HI Streblospio benedicti 
1 0| 3 9M 4| 81 0 2 0 2 3 EBj        flH Tubificoides sp. 

I     •5I3I0 71 0 1    1 H        B Balanus improvisus 
0 1 0 3 M 5 1 31 1 91 0 1    4 S        Si Rhithropanopeus harrisii 
0 1 0   8 H         I ij|          Hi Neomysis americana 
0 4 9   711 5   3   1 6 0 1 2 11 HD         9 H       10 Cyathura polita   . 
0 6 2   5m 5   311 61 0 2    1 H      HM Chiridotea almyra 
0 4 9| Sm 5   311 61 0 2 4 1 fiH        •• Edotea triloba 
0 4 6 8M 51 3    1 7   0 21 5 i fii       1 H Ameroculodes spp.complex 

0 6   31 5m 51 31 1 71 0 1 3 H      1H Apocorophium lacustre 

0 4   6   AM 5| 3! 1 7   0 0   1 H      • Gammarus sp. 
0   4   6   6 i|| 5   3    1 7   0 1    6 H      H Leptocheirus plumulosus 

01 4| 6   7m 51 3! 1 71 0 2   2 •      M Melita nitida 

0| 3 0| 1 •• 5| 4   2 4| 0 4   6 Hj           2 H           3 Coelotanypus sp. 

0| 5 6| 4M 5   4   2 41014   7 H      B Procladius sp. 

0   6 3| 8 li 51 41 2 41 014| 9 N      in Cryptochironomus sp. 

0| 2 91 5m 51 4| 2 1410   511 m        m Polypedilum sp. 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Taxa Inventory Sheet 

Survey Site 92 

Lat. 3   9    14   3   3   5   2 

Collector Evans. Lathrop. Lookingland Station 

MDCode 

S92-R1 

Long. 7 6 1 6 7 7 5 4 
Latitude and Longitude are in degrees, decimal minutes. 

Date     |  YR I MO I DY |        Time Coll. 
Collected 

X       G  3   9   2   1 

YR MO DY 
9   8 0   9 2   8 

Gear Tide 
0   8    17 0    4 LS 

Temp.' DOz Salinity" 

Water 
Depth 

Conductivitv: 

Meters Feet 
4      14 1| 4   .    5 

Turbiditv' 

2   2 8 
PH2 mg/1 

•Water quality measurements are from the bottom layer. 

ppt. 0/oo umhos/cm 
16   2    3 

NTU 
1    0 

Samp. Size | 0 

Grab# 

1 

2 

1 0 

Log Number 

Samp. Type    B | E 

IDBv YR      MO 

Field Fixative [0 

DY QCBy       YR      MO      DY 
9 8 0 0 1 3 8 gflj J E L wm 9 9 0 2 0 2 n 
9 8 0 0 1 3 9 Hi J E L Ml 9 9 0 2 0 2 IM 
9 8 0 0 1 4 o H i E Lf3 9 9 0 2 0 3 H N K M 9 9 0 2 2 2 

r PPSP 1 1 r \KIC r*i-\r\c . "1 VALUE FOR GRAB             | 
TAXON 

CODE     • 
•                  UINP.  OWL^L. 

1 9 2 I 3 

rr 2|4|0«i 3 1 Carinoma tremaphorus 

1      1    M.4 9 0    4    0 11 9 Hydrobia so. 
01618   6| UJ 9 0 510   11 2 m      IM Mytilopsis leucophaeata 
01512    Oi B 9 0 5|0   0[9 HI           H Macoma balthica 
01512   61 IT 9 0 51 0   0   8 142 m    165 M 169 | Rangia cuneata 
016   6 9« m     m Hobsonia florida 
0 4| 1 61 4 8 0 110   0 3 m      m    2 Heteromastus filiformis 
0 4| 1 "Tl 4 8 0110    1 7 

1HH                m Hypereteone heteropoda 
0 41 3 "STJ 4 8 0 110   0   5! 6 •    4n 8 Marenzelleria viridis 
0|4| 21 01 4 8 "o 110   0 4 36 1          23 • 34 Neanthes succinea 
014   2161 4 8 0 110   5 7 H           Ml Poiydora comuta 

|0   4|3 si 4 8 0| 1 I 0| 1 8 1 •           Hi 1 Streblospio benedicti 
1 0| 3 i 1 4 8 0   2| 01 2 3 1 M M| Tubificoides sp. 

I     1     Hi 5 3 0   710    1 1 MM III Balanus improvisus 

0 110131 • 5 3 1    91011 4 Rhithropanopeus harrisii 
OMiO   SMj 1     1 Neomysis americana 
0   4   9   7| 1513 1 6| 0 1 2 10 H        13 H 5 Cyathura poiita 
0   6   2Tl 15   3 1 6| 0 2 1 Chiridotea almyra. 

[O" 4    9 8 1 5 3 rr 61 0 2 4 2 M         1 M 1 Edotea triloba 

0 4   6 8 j 5 3| 1    71012 5 2 M            3 M 2 Amemculodes spp.complex 

0 6   3 "ii 5 3   1 71 0 1 3 1 9            M 3 Apocorophium lacustre 

0 416   4i 5 31 1 I 71 0   0 1 i       ii       m Gammarus sp. 

0 416 6l 5 3! 1 1 71 0   1 6 2 M        ihH 1 Leptocheims plumulosus 

0 4   617 5 3| 1    7| 0   2 2 •M            •• Melita nitida 

0 31 0    1 5 4| 2 4   0   4 6 1 ••         •• Coelotanypus sp. 

0 51 6   4 5 I 4| 2    4| 0| 4 7 H      H Prodadius sp. 

0 61 3    8 • 5   41 2! 41 01 4 9 M      Hi Cryptochironomus sp. 

0 2! 9| 5 • 51 4| 21 41 0   5   1 M      • Polypedilum sp. 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Survey 

Lat.1 

Site 92 

Date 
Collected 

Temp." 

YR 
8 

Taxa Inventory Sheet 

Collector Evans. Lathrop. Lookingland Station 

MDCode 

S92-R2 

Lon?. 
'Latitude and Longitude are in degrees, decimal minutes. 

Time Coll 

7 6 1 5 6 9 0 6 X I G 4 9 3 9 

MO DY 
8 1 0 

Gear 
0 I 4 

Tide 

DO: Salinitv" 

Water 
Depth 

Conductivity2 

Meters Feet 
5 • 5 1 8 0 

Turbidity" 

8 
PH: 

6    .     9 
mg/1 ppt, 0/oo umhos/cm 

5    7    0 10 
NTU 

•Water quality measurements are trom the bottom layer. 

Samp. Size | 0 
Grab# 

1 

1 0 

Log Number 

Samp. Type    BEN 

ID By YR      MO 

Field Fixative    0 

DY QC By       YR      MO      DY 
9 8 0 0 1 4 i mm ) E L HI9 9 0 1 2 IS 
9 8 0 0 1 4 2 m J E L m 9 9 0 1 2 2m 
9 8 0 0 1 4 3 H J E L H 9 9 0 1 2 m 

r PPSP i 1 nMO r^ryntC            \ VALUE FOR GRAB            | 
TAX ON 

CODE     I 
•                    UMIA   OVJU'L.                   1 

1       • 2   H 3 
1 1 1 21 4 oM   I I           I :S 2Q 3 Carinoma tremaohoros 

1 «4 9 0 41 0    1 I 9 M            M Hydrobia sp. 
0 6 8 6 I 1 4 9 0 510    111 HI 1 M 1 Mytilopsis leucophaeata 

-0J 5 2 "oil fT 9 0 510   019 
ia     n Macoma balthica 

0 51 2 ""i"3 1 4 9 0 51 0 1 1 0 iB       •       I Macoma mitchelli 
0 5 2 ~tu • 41 9 0 5 0 0   8 4iH 3 M 2 Ranqia cuneata 

_2J 6 6 9H 
1B       • Hobsonia florida 

0 4 1 6 j 4 8 OMIO 0   3 iH       • Heteromastus filiformis 
0 4 1 ij 4 8 0 1 | 0 1    7 1 Hi 1 Hypereteone heteropoda 
01 4 3 inl 4 8 0 110   01 5| 1 E 7 jBH Marenzelleria viridis 
01 4 2 OB 4 8 0    110 01 4 48 m 44 H 61 Neanthes succinea 
01 4 2 s 9 _4J 8 0   110 51 7 m       m Polydora cornuta 
Oi 4 3 3j| 4 8 0 1 1 01 1 1 81 6 m 12 Hj Streblospio benedicti 
1 I 0 3 ""§"1 4 8 0 21 0 2   3 15 • 7 M Tubificoides so. 

I m s 3 "o 71 0 1 I 1 7 m 7 H 19 Balanus improvisus 
0 1 1 0 ~3i • 5 3 1    91 0 1 I 4 3 m 6 M 3 Rhithropanopeus harrisii 
0 1    0 3M I m       m Neomysis americana 
0 4| 9 7 • i 5 3   16   0 1 I 2 ism 21 HI 10 Cyathura polita 
0 6 2 "Ml IT 3 1    6   0 21 1 •     n Chiridptea almyra' 
0 4 9 Sj • 5 3 1 1 61 01 21 4 sli      m Edptea triloba 
0 4 6 Si IT 3 I 1 7   01215 1       • 1 Hi 6 Amerpculpdes SOD.complex 
0 6 3 5 | • 51 3 1 7| 01 1 1 3 s     n Apocprpphium lacustre 

0 4 6 "4j| 151311 71 01 01 1 a     • Gammaws so. 
0 4 6 "§J • 51 3 1 71 01 1 I 6 1 m m Leptpcheirus plumulpsus 
0 4 6 | 7 1 •T 3 1 71 01 21 2 m 2 Melita nitida 
0 3 0 "Yi •T 4 21 41 01 41 6 •i           1 WM Cpelptanypus so. 
0 5 6 4 | IT 4 2   4| 01 4| 7 mm            H Prpcladius so. 
0 6 3 8 | • 5! 4 2   41 01 41 9 H        HI Cryptpchirpnpmus sp. 

I 0| 2| 9 5| • 51 4| 21 4| 01 51 1 H        H Pplypedilum so. 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Survey Site 92 

Lat. 

'Latitude and Longitude are in degrees, decimal minutes. 

Date     I YR I MO I DY I        Time Coll. 
Collected 

Taxa Inventory Sheet 

Collector Evans, Lathrop. Lookingland Station 

MD Code 

MDE-R1 

Long. 7 6 1 5 9 0 5 4 X I G 5 7 3 6 

YR MO DY 
9 8 0 9 2 8 0 

Gear 
0 I 4 

Tide 

Temp.' 
—57=— 

DO; Salinity" 

Water 
Depth 

Conductivity" 

Meters Feet 
4 1 1 3 4 

Turbidity* 
PH2 ma/1 

1 
''Water quality measurements are from the bonom layer. 

Samp. Type 

ppt, %o umhos/cm 
1 5    6    0    0 

NTU 

Samp. Size 

Grabd 

1 

0 1 0 B E N 

Log Number ID By YR     MO 

Field Fixative | 0 | 2 

DY QCBy       YR      MO      DY 

9 8 0 0 1 4 B E im 9 9 0 1 2 i m 
9 8 0 0 1 4 1 E LB 9 9 0 1 2 1 B N M K 9 9 0 2 2 2 

9 8 0 0 1 4 I E LH 9 9 0 1 2 2 H 
r PPSP 1 1 kin f*r M-ir m "I VALUE FOR GRAB             | TAXON 

CODE     I 
•                  UINIA OVJUU.                 • 1   9 

2  • 3  | 

1 2   4 "TT 7g| sB 51 Cahnoma tremaphorus 
B4 9 0   4| 0| 11 9 •HI              HUH Hydrobia sp. 

0 6 8 Tl li- 9 Ol 51 0| 1 1 
m     ^ jjj 

Mytilopsis leucophaeata 

0 5 2 "ol [I 9 0| 5 0 0 9 H       Hi Macoma balthica 

0 5 2 ~6~I IT 9 0 5 0 0 8 9M 6H 6 Rangia cuneata 

_0J 6 6 9 M iH :H 6 Hobsonia florida 

0 4    1 6 4 _§J 0 1 0 0 3 n     • Heteromastus filiformis 

0 4    1 1 4 8 0 1 0 1 7 iH         • Hypereteone heteropoda 

0 4 3 0 4 81 0 1 Ol 0| 5| 80 H 135 H 56 Marenzelleria viridis 

0 4   2 0 4 8! 0| 1 0 0 4 eB 
.a 

4 Neanthes succinea 

0 4   2 6 4 8 I 0 1 0 5 7 m       m Polydora comuta 

0 4 3 3 4 8| 0 1 I 0 1 8 ^m 1 H 3 Streblospio benedicti 

1 0 3191 4 8   Ol 2 0   2 3 H       H Tubificoides sp. 
H~5 3 0 7   0 1 1 H      1H Balanus improvisus 

0 1 0 "31 • 5 3 1 9   0 1 4 H    ^"fl Rhithropanopeus harrisii 

0 1 0 3|H ini        M Neomysis americana 

0 4 9 7 E 3 | 1 6   0 1 2 I          37 11 31 H 36 Cyathura polita 

0 6 2 5 T l_3_ 1 6 L9 2 1 1       m     ^m Chiridotea almyra 

0 4 9 8 5 3 1 T 0 2 4 12 M 10 H 5 Edotea triloba 

0 4 6 8 5 3 M 7|0 2 5 2 li 2D 4 Ameroculodes spp.complex 

0 6 3 5 5 3 11 7 L-O. 1  3 H     n Apocorophium lacustre 

0 4 6 4 5 3 117 0 0 1 
I    1H      a Gammarus sp. 

0 4 6 6 5 3 1 1 7 I 0 1 6 • 
—* 

5 Leptocheitvs plumulosus 

0 4 1 6 7 5 3 1 7|0 I2 2 I      • Melita nitida 

0 3 0 1 5 Li. 2 4| 0 4 6 Ml           M Coelotanypus sp. 

0 5 6 4 5 4 2 4| 0 IT 7 H       H Procladius sp. 

0 6 I 3 8 5 4 I2|4!0 4 9 H       H Cryptochironomus sp. 

0 2 MM 5 4 I 2|4| 0 5 1 1 H            H Polypedilum sp. 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Survey. Site 92 

Lat.1 3 9 1 7 6 7 0 6 

Taxa Inventory Sheet 

Collector Evans, Lathrop. Lookingland Station 

MD Code 

MDE-R2 

Long. 
Latitude and Longitude are in degrees, decimal minutes. 

Date     I YR | MO | DY |        Time Coll. 
Collected 

7 6 1 4 3 0 7 0 X I G 9 4 6 2 

YR MO DY 
9 8 0 9 2 8 1 

Gear 
0 I 4 

Tide 

Temp.' 
—3^- 

DOJ Salinity" 

Water 
Depth 

Conductivity2 

Meters Feet 
4 0 1 3 1 

Turbiditv" 
PH2 

7    .     2 
mg/L 

1 
ppt. %o umhos/cm 

1 
NTU 

'Water quality measurements are from the bottom layer. 

Samp. Type Samp. Size 

Grab;* 

1 

0 1 0 B E N 0 

Log Number ID By YR 

Field Fixative 

MO      DY QC By YR      MO      DY 

9 8 0 0 1 4 1 E 

E 

E 

Li' 9 0 I 2 6 • 
9 8 0 0 1 4 1 i" 9 0 1 2 7 H 
9 8 0 0 1 4 1 L|9 9 0 1 2 7 H 

r PPSP nkiD ^(-IOC 1 VALUE FOR GRAB 
TAXON 1     CODE     •         — —-        | 1       ••       2       ••      3 

[112 14 oil 1      1       1 4 H            1 H           4 Carinoma tremaphorus 
• 4 9|014|0 1 9 MI        MM Hydrobia so. 

0   6 8I61|4 9 0| 5   0 1 1 H      H    1 
Mytilopsis leucophaeata 

0   5 21 Oil 4 9 01 S| 0 0 9 •H           M Macoma balthica 
0   512   6IB 4 9 0 51 0 0 8 8 H            4 H           6 Rangia cuneata 
0   6| 6   9M B         H Hobsonia florida 

•o 4    1 I 6Bi 4 8 0 1    0 0 3 ^         HP Heteromastus filiformis 
0 4 1|lHi4 81 0 11 0 1 7 m   1 HI Hypereteone heteropoda 
01413 oM 4 8| 01 1 1 0 0| 5| 2 U      2 Bl      2 Marenzelleria viridis 
0|4| 2 0H4 8 0 1 10 0 4 8 HI            7 M         34 Neanthes succinea 
0| 4! 2 6 P| 4 8| 0 1 I 0 5   7| ^   :     |H Polydora cornuta 
0|4   3 3H 4 

810   1 | 0| 1    81 5 H      2 IB      2 Streblospio benedicti 

1 1 I 0i 3| 9m 4 81 0 21 0|2   3 16 H      5 H      3 Tubificoides sp. 

I • 5 3| 0 7| 0 1 1! 15 H          14 H         12 Balanus improvisus 
0    1 01 3M 5 3 1 9 01 1    4 M      H Rhithropanopeus harrisii 

o 1 018*1 mi       H Neomysis americana 
| 0| 4   9 7Mi 5 3 1 6 0112 6 U             4 H            4 Cyathura polita 
I 0| 6! 2| 5M 5 3 1 6   0 2| 1 m    •• Chiridotea almyra 

0 4 9 8M 5 13. 1 6   0 2 4 H      H Edotea triloba 
0 4l el am 5 3 1    7   0 2 5 5 H            1 III Ameroculodes sop.complex 

0 6| 3 5H 5 3    1    7 0 1 3 ill         Ml Apocorophium lacustre 

0 4   6 4 H 5 3 LL 7 0 0 1 •      HI Gammarus sp. 
0 4 6 6 HI 5 3 LI 7   011 6 H         Hj Leptocheirus plumulosus 

I 0   4 6 7M 51 3 1 7| 0 2 2 M           H Melita nitida 

ro" 3 0 1 • 514 2   4| 0 4 Fe H        H Coelotanypus sp. 

0|6 3 8M 5 4 21410   4 9 H        HI Cryptochironomus sp. 

0!2| 91 5tm 5|4   2   4! 0   51 1|               •               • Polypedilum sp. 

80 



APPENDIX V 

External Quality Assurance/Quality Control (QA/QC) 
of Identified Benthic Macroinvertebrate Samples 

September 1998 

81 



(A 
0) 

a 
E 
0) 
00 
a» O) 

Oi 05 

^" J2 

01 
A 

CM 

"S 
E O) oi Oi oi oi oi oi Oi oi oi oi oi oi oi oi oi oi 05 CJ5 05 05 05 05 05 05 05 

0) o> a> o en O) 05 <j> O) 05 O) OJ O) 05 O) a> 05 05 05 O) 05 O) 05 05 CJ5 05 C5 

CQ CO o m tn m CQ m GO CD CD CD CD CD CD CD CD CD CD m CD CD CD CD CD CD CD 
a. HI LU ^^ LU LU LU LU LU LU LU LU LU LU LU LU LU LU LU LU LU LU LU LU LU LU LU LU 
o Li- U- c u. u. u. U. LL. LL LL. U_ Ll_ LI- Li. U_ Li_ Li_ LL. U_ Ll_ LL. Ll_ U_ U. u_ Ll_ U_ 
(0 es CM 3 CM CM CM CM CN CN CM CN CN CM CN CN CN CM CN CN CM CN CN CN CM CN CM CM 

CN CN o 
2 

CM CM CM CM CM CM CN CN CN CM CM CN CN CN CN CM CN CN CN CM CM CM CM CN 
PJ 

(A •o -a "D T3 TJ TJ TJ •o TJ TJ TJ TJ TJ T3 TJ TJ "O "D T3 "O TJ TJ TJ TJ TJ TJ 
0) ^ ^ >> o 

^ i_ i- L. C t- v_ u. i_ ^ i_ u. i_ v. t- i_ 1- i_ t~ i. u_ !~ \_ 
C o o o O O O o o O O £ £ O O O O ^ O O o ^O O £ £ ^ £ 

« Or ^ iw w^ ^ <+£ ^ vS Cl l£l **- 

E 
c 
ra 4^ c c c C c c c c c c C C c C c c C c c c c c C C c C 

</J D 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

E 
o 

O o O O O O O o O O O O O O O O O O O o O O O O O O 

w" 2 s 2 2 S 2 S s S 2 2 2 S S S 2 S S 2 s S S 2 S 2 2 
c 
o 

O id id •D id id id id id id id id id id id id ^ id id id id id id id id id id id 
>v >v 

a> >* >. >< >. >. >s >> >< >> >> >« >> >< >* >. >> >< ^ >< >< >> >> >. >* *rf o a o o o o o o o o o o o o o o o o o CJ o CJ o CJ u o CJ 
re c c (U c c c c c c c c c c c c c c c c c c c c c c c c 
o ro ro t ra ro ro ro ro ro ro ro ro ra ro ro ra ra ro ro ro ra ra ro ro ro ro ra 

»»- 2 Z o 2 z 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
'•<-i >> >> u >. >s >. >s >. >< >> >. >. » >« >. >. >. ;* >« >. >* >< >< >> >N >- >N 

c ^2 J2 

.8 
J3 .a JD JD XJ J2 XI Si XI XJ XI X2 X3 X2 n x: XI X2 X2 n XI J2 XI -O 

0) TJ •o "D TJ •D -D -a •D TJ TJ TJ TJ TJ TJ TJ TJ -a TJ TJ TJ TJ T3 TJ T3 TJ TJ 
•a 0) (U ^ (U <U 0) 0) CU CU CU CU <U CU CU <U (U CU CU CU CU CU CU CU CU (U CU CU 

E E E E E E E E E E E E E E E E E E E E E E E E E E o w u. <0 ^ ^ ^ ^ t_ I. u. i_ u. ^ i_ u. L_ u. ^ i- i- t— 
is iz: .Q is is i= IS IS IS IS IS IS IS IS IS IS IS IS IS IS IS is IS IS IS IS IS 

E c c c c c c c c c c c c c c c c c c c C C C c c c c 
o o <0 o o o o o o o o o o o o o o o o o o o o o o o o o o o s o u u o u o o u CJ o o o o o CJ CJ o CJ CJ CJ CJ CJ CJ o 

c c c p c c c c c c c c c c c c c c c c c c c c c c c c 
o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
X JS ra ra 5 ra ro ro ro ro ro ro ro ro ro ro ro ra ra ro ra ra ro ro ro ro ra ra ro re o o u u o o o o o u o o o o o o CJ o CJ CJ CJ CJ u o CJ o 

J- i= t= vi i= is is IS IS IS IS IS IS IS IS IS IS IS IS IS IS IS IS IS IS IS IS IS 

*^- c c <o c c c c c c c c c c c c c c c c c c c c c c c c o 0) co 0) <D (U <u CU (U <u CU CU CU <u (U (U 0) CU (U (U 0) <u CU <u CU CU CU 

1 
c 
o 

2 2 2 5 2 2 2 2 •v 2 2 2 ^ •£ 5 •u -£ 5 5 5 ;o 2 2 5 •u 2 

c 
O u 

<N ,r— m m CO CO CM m •^- CD m _ c 
.o ^ 

CM oo IT) _ CN un ^ 
CN 

^ 
CO 

O 

"re 

o o 

3 g oo 
X 
CU 

o> Q. Q. 
"55 
o 
c 
S2 
3 
tf) 
V) 
< 
> 

"55 
3 

c 
o 
X 
(0 
1- 

CO 

<«» 
O 

1 
•s. 
5 

(TJ 

s 
o 

2 
(0 

I 
(0 
& o 

s 
(0 

p 

(0 

.•6 

> 

•2 
"53 
N 
c 
CD 

m 
c 
u 
s 
CO 

CO 

f 
•c 

c 
o 
CD 

ID 

c 
-Q 
.O 

o 
-Q 

d. 
en 

CO 

o o 

ro 

"5 

1 

CO 
-Q 
.o 
'2 

CTJ 

5 

E 
o 
o 
a. 
Q. 
<s> 

CO 

o 

8 to 
5 

CO 

3 
CO 

3 

3 
Q. 
CO 

•5 

CO 

5 
CO 

c 

! 
3 
5 
CO 

5 
CO 

5 
S 
co 

CO 

c 
.8 
CU 

S 
CO 

1 
c 

CO 

3 
C 
CU 

1 
.Q. 

-Q 

5 
5 

oo 
CD 
o> 

3 

tn 

O 

CO 

8 o 

f 
S 

co 
5 
o 
c 

ro 
ro 
<u 
§ 
o 
CO 

CO 

jo 

S 

"S 
N 
C 
P 

CO 

<U 
.c 
u 
CJ 
3 
CO 

CO 

CU 

"c 

(U 
c 
0} 

-Q 
o 
Q. 
CO 

-Q 

CO 

| 

CO 

3 
"55 
CO 

S 
8 

CO 

"5 
Q. 

1 

CO 
-Q 

CO 
OJ 

E 
o 
o 
d 
Q. 
co 

CO 

o 

3 
1 
5 

CO 
3 
<o 

3 

s 
3 
Q. 
CO 

.8 
CU 

u 
5 

5 
d 
-2 
s 
.3 

! o 
a V) c 

(0 

u 
5 

o 
5 

C 

5 0) a 2 '1 2, •§ a) 
o 
CU (0 ro CO 

CO 

-3? ^ ^ S 1 o 
Q. 

re 
c (0 

O cc § 5 5 S i 55 K= o UJ ^ CD ^ 5 O Q: 5 s 00 a: CJ UJ <3: •~J ^: 
, 

4-> 
X 

o c 
o 

ra 
(0 

•^ CN CO •«r ID CD i«- 00 O) o ^Z CN co •* m CO 

• 
CM 
O 

0) 

i^- CO 05 o 
CN CM 

CM 
CN 

CO 
CM CM CN 

CD 
CN CN 

LU > 
** 

82 



at 
T3 
C 

'(O >. 
CO s 
'E 2 
-o 
c 
CD 

JD 

O 

'w 

3 
"co 
O 
a. 

_l 

C 
O 

ai ai O) oi ai oi oi 05 ai ai O) a> ai 05 ai o> 
2 
o 
a. 

OT O) CD O) ay OJ OI O) Oi CT) Oi CT) oi 

CD 

o> 
a> 
CD 

en Oi CT> Oi ^ o 
O 

> 

CD CD m CD GO CD CD CD CD CD CD CD m CD CO CD 
in LU LU HI LU LU LU LU LU LU LU LU LU LU LU LU 1 
Ll_ u. UL Li. LL. LL. Li. Li. U- a. Lt_ LI- LU 

Ll_ 
CO 

LU 
Ll_ 
CO 

LL Ll_ LL LL 
CM CM CM CM CM CM CM CM CM CM CM CM CM CM CN CN c o 
CM CM CM CM CM CM CM CM CM CM CM CM CN CM CM CM 0) 

E 
O 

TJ TJ T3 "O TJ •D •o T3 T3 •a TJ TJ CM CM TJ TJ T3 "O "o i_ i- L. i- \- i- v_ ^ i_ k- k- u. u_ L. i— u. o 
CD o o o o o o O ^ ^O o £ ^ </) eo ,0 £ £ £ V) ^1 £l 1*1 w. <*- L— i— a. c c c C c c c c c c C C o 

2 
o c c C C o 

rj 3 3 3 3 Z3 Z3 3 3 3 3 3 3 3 3 3 2 o o o O o o o O O o O O O O O O 0) 

5 2 2 2 2 2 2 ^ 5 5 S S >< 2 2 2 2 
^ ^ * * ^ ^ ^ id ^ ^ X. ^ o o ^ *L ^ ^ E 

o 

>% >. >. >. >. >. >. >. >s >. >« >< E E >« >. >. >« o P o o o o u o o o o o o o o o CJ o o 
c c c c c c c c c c c c h- i- c c c c c d «J CD CO CO CO CO m CO CO CO CO CO CO CO CO CO 

Z Z z Z Z z Z Z Z Z Z Z d d z Z Z Z Oi •a 
>. >* >. >< >» >. >. >. >< >. >s >. >> >< >< >. >> >> TJ 

CD 

E 
CD 
LU 
LL 

c 

xi J3 J3 J3 jQ ja £1 .a ^3 JQ JO ja J2 ^2 XJ JO ja JD -o 
TJ •o T3 •D TJ •D •o -o •D TJ T3 TJ TJ TJ -n T3 T3 TJ o 
a) 0) (U CD CD <u <U <u <U CD 0) 0) <U 0) 0) 0) CD a> IS 

£ E E E E E E E E E E E E E E E E E o 
CO 
CN 

~c 
L. ^ u. ^ ^ ^ t_ L u. i_ u. u. k— i_ i_ i_ u. i— 3 

U= i= >= 1= cs u= u= <s c= 1= 1= 1= IS IS IS IS IS IS CJ CO O 
c c C c c c c c C C C C c c c c c c ^^ 'u. 2 
o o o o o o o o O o O o o o o o o o o ^ 
o o o u o o o u u o o o o u o o CJ CJ c O 

2 ^ 
c c c c c c c c c c c c c c c c c c c >. 
o o o o o o o o o o o o o o o o o o .o >. 

t- 

Z to CO CO CO co co co CO CO CO CO CO CO CO CO CO CO CO co 
o o o o o o o o o u o o o o o u CJ CJ o o 

1= 1= u= 1= i= IS IS 1= y= IS IS IS IS IS IS IS IS IS IS E >* 
J3 

c c c c c c c c c c c c c c c c c c c i— •^ 

(U <B <u 03 0) <u <u 0) <u OJ <u 0) (U OJ CD OJ <u OJ 0) <U 5 ^ ^ 5 2 2 2 2 2 5 2 5 2 2 ^ 2 5 2 TJ o £ 

- co CO LO CO CM - m - irj CM m - - •^ CO m - - 

5 
V 
a. 
a; 

5 
<n 
c 
o 

"to 
u 

X 
0) 

Q. 

eo 
-2 
0) 

<0 

1 
E 
o 
o 

CO 
3 
<o 5 

CO 

s 
CO 
•c 

CO 

3 

o 
C 
CO 
Q. 

S 

00 OO 

5 
CO 

0) eo CD 

c 
0) 

at 

3 

to 

O 

<0 

! 
3 

o 
-c 
& 

CO 

S 
o 
c 

-2 
"co 

I 
CO 

CO 

jo 
.c 

<0 

-£ 
"S 
N 

0) 

CO 
ID 
.C 

e 
3 
CO 

CO 
<a 

c 

•8 
c 

«§ 

2 
o 
CO 

"cj 

•5 
a> 
c 
(D 
-Q 

O 

5. 
CO 

o 
-Q 

-2 
"5 
a 

1 5 

1 
CO 

<o 

:§ 

CO 
-Q 

'-S 
CO 
<v> 

d. 
a. 
in 

CO 

•8 o 
"3 
o 
s 
to 
5 

3 

| 
Q. 

1 
•§ 

CO 
3 

.<" 
5 

1 
.5 

CO 
3 
C 

eo 
en 

oo 

35 

co 

.2 

CO 

o 

S 
CM 

55 

co 
«- o 

1 
'5 
-2 

CO 
3 

> 

1 
.§ 

CO 
3 
C 

-2 
"co 
CQ 

OJ 
T- 

00 

55 

CO 

o 

co 

t 
1 
-32 
.<" 
55 
Q. 
O 

o> 
o> 

eo 

55 

CO 

o 

c 
2 
c 
0) 

S 
m 

.*> 

S 

'E 
o 
c 
o 
X 

"o 

c 
.o 
(0 

1 CO 

O 
c 

s 
<0 •Q 

5 5 
CO 1 '•2 -2 

co 
QQ 

O 

CO 

CJ 

I CM I CO 

! % 
o 

£ 

o 

a: 
i 

CM CM < O 
co Oi o •r- CM CO •f IT) CD r^- CO a> o T— r* CM a: CO •<T a: m CO CO lii 

lU CM CM CO CO co CO co CO CO co CO co "j- •"T i 
CM 

•^• 
CM 

T •"J- i 
CM 

•v 1 
CM 

•^r 1- a o> CD o> <J> O 
2 CO CO CO CO 2 



APPENDIX VI 

Sediment Grain Size and 
Water Content Analysis Sheets 

September 1998 

84 



MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Sediment Grain Size and Water Content Analysis Sheet 

Survey Site 92 

Lat.1 | 3| 9| l| S| S| 2| 3| 2|   Long.1 

'Latitude and Longitude are in degrees, decimal minutes. 

Date 
Collected 

Collector Evans, Lathrop-Davis. Kamens       Station 

MDCode 

S92-1 

7 6 1 6 5 1 9 2 X I G 5 8 2 5 

YR MO DY 
9 8 0 9 2 8 

Temp.' 

2   3 0 
PH2 

Time Coll. 
1 3 0 5 

DO2 

mg/1 
8 | .     1 

"Water quality measurements are from the bottom layer. 

Date Completed 

YR MO DY 

9 9 0 1 2 7 

Analyzed 
By 

c E B 

Gear 
0 I 4 

Tide 

Salinity" 
ppt. %o 

QA/QC By 

Water 
Depth 

Conductivity2 

Meters Feet 
7 2 2 3 6 

umhos/cm 
15    7    0    0 

QA/QC Date 

YR MO DY 

Turbidity 
NTU 

I. Water Content Analysis 

Weight of Pan 
(a) 

15.655 

Weight of Pan + 
Wet Sediment 

(b) 

69.209 

Weight of Wet 
Sediment 
(c = b-a) 

53.554 

Weight of Dry 
Sediment 

(d) 

23.462 

Water Weight 
(e = c-d) 

30.092 

Percent Water 
(f=[e/c]*100) 

56.19 

II. Grain Size Analysis 
Weight of 

Pan 
(g) 

Weight of Pan 
+ Fraction 

(h) 

Weight of 
Fraction 
(i = h-g) 

Percent of 
Total 

G = [i/d]*100) 

Dry Weight, Sieve # 10 (2.00 mm; gravel) 2.704 2.707 0.003 0.01 

Dry Weight, Sieve # 230 (63 um; sand) 1.699 2.712 1.013 4.32 

Dry Weight, Pan (silt/clay) 2.704 25.150 22.446 95.67 

Total Dry Weight (d) 23.462 miiii 
Note 1: Latitude and Longitude are in degrees, decimal minutes. 
Note 2: The water quality parameters DO, Salinity, Temperature, Conductivity, and pH are bottom measurements. 
Note 3: All weights are in grams. 

III. Comments 

"Gravel" consisted of no shell fragments, only organic detritus. 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Sediment Grain Size and Water Content Analysis Sheet 

Survey 

Lat.1 

Site 92 

3 
'Latitude and Longitude are in degrees, decimal minutes. 

Date 

Collector Evans. Lathrop-Davis, Kamens       Station 

Long.1 I 7| 6| 1 I 7| 0| 7| 6| 6|        MD Code 

S92-2 

X I G 5 7 1 6 

Collected 

Temp.2 

YR MO DY 
9   8 0   9 2   8 

Time Coll. 

2\2\ .  |9 
PH2 

rjrr 

1   2|3 0 

DO2 

me/1 
m- 6 

Gear Tide Water 
Depth 

Meters Feet 
|4   .    5 14.8 

Salinity2 

•Water quality measurements are from the bottom layer. 

Date Completed Analyzed 
By 

ppt, %o 

YR MO DY 
9 9 0 1 1 8 

QA/QC By 
c E B C E B 

Conductivity2 

umhos/cm 
15    6    0    0 

QA/QC Date 

YR MO DY 
9   9 0   2 0   3 

I. Water Content Analysis 

Weight of Pan 
(a) 

15.690 

Weight of Pan+ 
Wet Sediment 

(b) 
66.316 

Weight of Wet 
Sediment 
(c = b-a) 

50.626 

Weight of Dry 
Sediment 

(d) 
35.861 

Water Weight 
(e = c-d) 

Turbidity2 

NTU 
71-  14 

14.765 

Percent Water 
(f=[e/c]*100) 

29.16 

II. Grain Size Analysis • Biiiim Weight of 
Pan 
(g) 

Weight of Pan 
+ Fraction 

(h) 

Weight of 
Fraction 
(i = h-g) 

Percent of 
Total 

(j = [i/d]*100) 
Dry Weight, Sieve # 10 (2.00 mm ; gravel) 2.703 4.215 1.512 4.22 
Dry Weight, Sieve # 230 (63 urn; sand) 2.673 4.853 2.180 6.08 
Dry Weight, Pan (silt/clay) 2.697 34.866 32.169 89.70 
Total Dry Weight (d) fflfljflffllff MMBK 35.861 

Note 1: Latitude and Longitude are in degrees, decimal minutes. 
Note 2: The water quality parameters DO, Salinity, Temperature, Conductivity, and pH are bottom measurements. 
Note 3: All weights are in grams. 

III. Comments 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Sediment Grain Size and Water Content Analysis Sheet 

Survey Site 92 

Lat.1 

Collector Evans, Lathrop-Davis, Kamens       Station 

MDCode 

S92-3A 

Long. 
'Latitude and Longitude are irHlegrees, decimal minutes. 

Date 
Collected 

7 6 1 7 4 9 1 8 

YR MO DY 
9 8 0 9 2 8 

Time Coll. 

Temp.' 

0 
PH2 

1 

1 1 4 0 

DO2 

mg/1 
Sf.    2 

•Water quality measurements are trom the bonom layer. 

Date Completed Analyzed 
By YR MO DY 

9 8 1 2 3 0 C E B 

X I G 4 9 0 6 

Gear 

mi [ 
Tide 

Salinity" 
ppt, %o 

QA/QC By 
M C R 

Water 
Depth 

Conductivity2 

Meters Feet 
5 3 1 7 4 

umhos/cm 
I    5    8    0 T} 

QA/QC Date 

YR MO DY 

9   8 1    2 3    0 

Turbidity2 

NTU 

I. Water Content Analysis 

Weight of Pan 
(a) 

Weight of Pan+ 
Wet Sediment 

(b) 

Weight of Wet 
Sediment 
(c-b-a) 

Weight of Dry 
Sediment 

(d) 
Water Weight 

(e = c-d) 
Percent Water 
(f=[e/c]*100) 

2.697 53.051 50.354 20.774 29.580 58.74 

II. Grain Size Analysis 

B Hj nn Weight of 
Pan 
(g) 

Weight of Pan 
+ Fraction 

(h) 

Weight of 
Fraction 
0 = h-g) 

Percent of 
Total 

(j = [i/d]*100) 

Dry Weight, Sieve # 10 (2.00 mm; gravel) 2.697 3.077 0.380 1.83 

Dry Weight, Sieve # 230 (63 um; sand) 2.675 4.295 1.620 7.80 

Dry Weight, Pan (silt/clay) 2.696 21.470 18.774 90.37 
Total Dry Weight (d) 20.774 Bssfm! 

Note 1: Latitude and Longitude are in degrees, decimal minutes. 
Note 2: The water quality parameters DO, Salinity, Temperature, Conductivity, and pH are bottom measurements. 
Note 3: All weights are in grams. 

III. Comments 

'Gravel" consisted of small shell fragments. 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Sediment Grain Size and Water Content Analysis Sheet 

Survey. Site 92 

Lat, 9 1 4 8 3 1 4 

Collector Evans, Lathrop-Davis. Kamens 

i 

Station     S92-4A 

Long.' 
'Latitude and Longitude are in degrees, decimal minutes. 

Date     I YR I MO I DY I        Time Coll. 
Collected 

7 6 1 7 2 5 7 8 

YR MO DY 
9 8 0 9 2 8 

Temp. 
—375— PH2 

0 8 5    0 

DO2 

mg/1 
71.     8 

Gear 
0 I 4 

Salinity2 

Tide 

MDCode 

Water 
Depth 

Conductivity2 

X I G 4 4 1 0 

•    Meters Feet 
5 5 1 8 0 

jpt, %0 umhos/cm 
1    5    6 10    0 

'Water quality measurements are from the bottom layer. 

Date Completed               Analyzed 
QA/QC By 

QA/QC Date 

YR MO DY By YR MO DY 

9    9 0    1 0    7 J      E     L | 

Turbidity2 

NTU 

I. Water Content Analysis 

Weight of Pan 
(a) 

Weight of Pan + 
Wet Sediment 

(b) 

Weight of Wet 
Sediment 
(c = b-a) 

Weight of Dry 
Sediment 

(d) 
Water Weight 

(e = c-d) 
Percent Water 
(f=[e/c]*100) 

4.395 53.591 49.196 22.623 26.573 54.01 

II. Grain Size Analysis 

Dry Weight, Sieve # 10 (2.00 mm; gravel) 

Dry Weight, Sieve # 230 (63 um; sand) 

Dry Weight, Pan (silt/clay) 

Total Dry Weight (d) 

Weight of 
Pan 
(g) 

1.699 
2.697 
2.706 

Weight of Pan 
+ Fraction 

(h)  
6.401 
4.642 

18.682 

Weight of 
Fraction 
(i = h-g) 

4.702 

1.945 
15.976 
22.623 

Percent of 
Total 

G = [i/d]*100) 
20.78 

8.60 
70.62 

Note 1: Latitude and Longitude are in degrees, decimal minutes. 
Note 2: The water quality parameters DO, Salinity, Temperature, Conductivity, and pH are bottom measurements. 
Note 3: All weights are in grams. 

III. Comments 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Sediment Grain Size and Water Content Analysis Sheet 

Survey 

Lat.1 

Site 92 

8 8 

Collector Evans, Lathrop-Davis. Kamens        Station 

MDCode 

S92-5 

Long. 
'Latitude and Longitude are in degrees, decimal minutes. 

Date     I YR I MO I DY |       Time Coll. 
Collected 

Temp.2 

 5F— 

7 6 1 6 7 3 5 2 X I G 4 7 2 2 

YR MO DY 
9 8 0 9 2 8 

8 
PH2 

0 9 1 5 

DO2 

men 
7    .     1 

Gear 
0 | 4 |     [ 

Salinity2 

Tide Water 
Depth 

Conductivity2 

Meters Feet 
5 0 1 6 4 

Turbidity" 
ppt, %o umhos/cm 

16    10 10 
NTU 

1    5 
•Water quality measurements are from the bottom layer. 

Date Completed Analyzed 
By 

QA/QC Date 

YR MO DY 

9 9 0 1 0 7 

QA/QC By 
J E L 

YR MO DY 

I. Water Content Analysis 

Weight of Pan 
(a) 

Weight of Pan+ 
Wet Sediment 

(b) 

Weight of Wet 
Sediment 
(c = b-a) 

Weight of Dry 
Sediment 

(d) 
Water Weight 

(e = c-d) 
Percent Water 
(f=[e/c]*100) 

4.387 56.526 52.139 30.260 21.879 41.96 

II. Grain Size Analysis 
Weight of 

Pan 
(g) 

Weight of Pan 
+ Fraction 

(h) 

Weight of 
Fraction 
(i = h-g) 

Percent of 
Total 

G = [i/d]*100) 

Dry Weight, Sieve # 10 (2.00 mm; gravel) 1.687 18.267 16.580 54.79 

Dry Weight, Sieve # 230 (63 um; sand) 1.681 3.322 1.641 5.42 

Dry Weight, Pan (silt/clay) 2.709 14.748 12.039 39.79 

Total Dry Weight (d) Sifflliffl ̂ KHl          30.260 m BHilf 
Note 1: Latitude and Longitude are in degrees, decimal minutes. 
Note 2: The water quality parameters DO, Salinity, Temperature, Conductivity, and pH are bottom measurements. 
Note 3: All weights are in grams. 

III. Comments 

Couple of medium Rangia; 1 had been alive. 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Survey __ 

Lat.1 

Sediment Grain Size and Water Content Analysis Sheet 

Site 92    Collector Evans. Lathrop-Davis. Kamens       Station     S92-6 

3 9 1 4 9 T 0 2 Long. 
Latitude and Longitude are in degrees, decimal minutes. 

Date      I YR I MO I DY |        Time Coll. 
Collected 

7 6 1 6 1 7 7 2 

YR MO DY 
9 8 0 9 2 8 

Temp.* 
—5F— PH2 

0 

0 9 4 5 

DO: 

me/1 
I7|.     1 

Gear 
0 | 4 |     [ 

Salinity2 

Tide 

MDCode 

Water 
Depth 

Conductivity" 

X I G 4 9 3 1 

Meters Feet 
5 0 1 6 • 4 

Turbidity2. 

'W2ater quality measurements are from the bottom layer 

ppt. %o yimhos/cm 
16    10    0 

NTU 

Date Completed Analyzed 
By QA/QC By 

QA/QC Date 

YR MO DY YR MO DY 

9     9 0    1 2    7 C     E     B 

I. Water Content Analysis 

Weight of Pan 
(a) 

Weight of Pan + 
Wet Sediment 

(b) 

Weight of Wet 
Sediment 
(c = b-a) 

Weight of Dry 
Sediment 

(d) 
Water Weight 

(e = c-d) 
Percent Water 
(f=[e/c]*100) 

14.667 69.894 55.227 22.853 32.374 58.62 

II. Grain Size Analysis 
Weight of 

Pan 
(g) 

Weight of Pan 
+ Fraction 

(h) 

Weight of 
Fraction 
(i = h-g) 

Percent of 
Total 

G = [i/d]*100) 

Dry Weight, Sieve # 10 (2.00 mm; gravel) 1.698 2.819 1.121 4.91 
Dry Weight, Sieve # 230 (63 urn; sand) 2.697 5.996 3.299 14.44 

Dry Weight, Pan (silt/clay) 2.687 21.120 18.433 80.66 

Total Dry Weight (d) MiPftMiB1 flPBHiiSi 22.853 iMSiMi 
Note 1: Latitude and Longitude are in degrees, decimal minutes. 

Note 2: The water quality parameters DO, Salinity, Temperature, Conductivity, and pH are bottom measurements. 
Note 3: All weights are in grams. 

III. Comments 

Very fine mud in silt/clay portion = long settling time. 
"Gravel" consisted of small shell fragments. 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Survey. 

Sediment Grain Size and Water Content Analysis Sheet 

Site 92     Collector Evans, Lathrop-Davis. Kamens        Station      S92-7 

Long.1 

Latitude and Longitude are in degrees, decimal minutes. 

Lat.1 3 9 1 5 1 4 6 4 7 6 1 6 8 7 0 2 

Date 
Collected 

Temp.2 

YR MO DY Time Coll. Gear Tide 

2| 2 | .  |9 
PH2 

I     16!.  18 

1 0 5    5 

DO2 

mg/1 
17?.    6 

HEL] CZH 
Salinity2 

MDCode 

Water 
Depth 

Conductivity2 

X I G 5 2 2 0 

Meters Feet 
-6 2 2 0 3 

Turbidity 
ppt. %o umhos/cm 

15    8    0    0 
NTU 

1    2 
'Water quality measurements are from the bottom layer. 

Date Completed Analyzed 
By 

QA/QC Date 

YR MO DY 

9 9 0 2 0 1 

QA/QC By 
J E L 

YR MO DY 

I. Water Content Analysis 

Weight of Pan 
(a) 

Weight of Pan + 
Wet Sediment 

(b) 

Weight of Wet 
Sediment 
(c = b-a) 

Weight of Dry 
Sediment 

(d) 
Water Weight 

(e = c-d) 
Percent Water 
(f=[e/c]*100) 

4.383 57.929 53.546 22.698 30.848 57.61 

II. Grain Size Analysis 
gaMM^^^MHMBSgHttglBM    Weight of 
IflHiflHBM                                                   Pan 

Weight of Pan 
+ Fraction 

00 

Weight of 
Fraction 
(i = h-g) 

Percent of 
Total 

(j = [i/dri00) 

Dry Weight, Sieve # 10 (2.00 mm; gravel) '      1.687 3.416 1.729 7.62 

Dry Weight, Sieve # 230 (63 um; sand) 2.697 3.815 1.118 4.93 

Dry Weight, Pan (silt/clay) 2.708 22.559 19.851 87.46 

Total Dry Weight (d) wammm 22.698 HiMMi 
Note 1: Latitude and Longitude are in degrees, decimal minutes. 
Note 2: The water quality parameters DO, Salinity, Temperature, Conductivity, and pH are bottom measurements. 
Note 3: All weights are in grams. 

III. Comments 

"Gravel" consisted of small shell fragments. 
2 small Ranzia. 
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Survey 

MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Sediment Grain Size and Water Content Analysis Sheet 

Site 92    Collector Evans, Lathrop-Davis, Kamens       Station     S92-R1 

MDCode Lat.1 Long. 
'Latitude and Longitude are in degrees, decimal minutes 

7 6 1 6 7 7 5 4 

Date 
Collected 

Temp.2 

YR MO DY Time Coll. 

T 
2   2 8 

PH2 

7    .     2 

0 S 1 7 

DO2 

mg/1 
71.  |7 

Gear 
0 I 4 

Tide 
LS 

Water 
Depth 

le X I G 3 9 2 1 

Meters Feet 

4 4 1 4 • 5 

Salinity2 Conductivity Turbidity2 

ppt, %o umhos/cm 
16   2    3    0 

NTU 
1    0 

Water quality measurements are from the bottom layer. 

Date Completed Analyzed 
Bv 

QA/QC Date 

YR MO DY 

9 9 0 1 1 5 

QA/QC By 
J      E     L 

YR MO DY 

I. Water Content Analysis 

Weight of Pan 
(a) 

Weight of Pan + 
Wet Sediment 

(b) 

Weight of Wet 
Sediment 
(c = b-a) 

Weight of Dry 
Sediment 

(d) 
Water Weight 

(e = c-d) 
Percent Water 
(f=[e/c]*100) 

4.389 53.743 49.354 21.660 27.694 56.11 

II. Grain Size Analysis 
Weight of 

Pan 
(g) 

Weight of Pan 
+ Fraction 

(h) 

Weight of 
Fraction 
(i = h-g) 

Percent of 
Total 

G = [i/d]M00) 

Dry Weight, Sieve # 10 (2.00 mm ; gravel) 1.686 3.821 2.135 9.86 

Dry Weight, Sieve # 230 (63 um; sand) 2.696 6.741 4.045 18.67 

Dry Weight, Pan (silt/clay) 2.969 18.449 15.480 71.47 

Total Dry Weight (d) 1 21.660 
Note 1: Latitude and Longitude are in degrees, decimal minutes. 
Note 2: The water quality parameters DO, Salinity, Temperature, Conductivity, and pH are bottom measurements. 
Note 3: All weights are in grams. 

III. Comments 

"Gravel" consisted of * 6 valves (Rgngia) and a large amount of tiny shell fragments. 
Many very small shell fragments in sand portion. 
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Survey 

MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Sediment Grain Size and Water Content Analysis Sheet 

Site92     Collector Evans. Lathrnp-Davis. Kamens        Station      S92-R2 

MD Code 2    Long.1 Lat. 
Latitude and Lonsitude are in desrees. decimal minutes 

Date     1 YR | MO 1 DY |    _ Time Coll. 
Collected 

Temp.2 

7 6 1 5 6 9 0 6 X n 
8 I 0 8 

2   2 
PH2 

1 0 2 0 

DO2 

mg/1 

6    • 9 

Gear 
0 | 4 | 

Tide Water 
Depth 

Meters Feet 
5 • 5 1 8 0 

Salinity2 

Water quality measurements are from the bonom layer. 

ppt. %o 

Date Completed 
YR MO DY 

9 9 0 2 0 1 

Analyzed 
By 

J      E     L 
QA/QC By 

Conductivity 
umhos/cm 

15    7   0    0 

QA/QC Date 

YR MO DY 

Turbidity2 

NTU 

I. Water Content Analysis 

Weight of Pan 
(a) 

Weight of Pan + 
Wet Sediment 

(b) 

Weight of Wet 
Sediment 
(c = b-a) 

Weight of Dry 
Sediment 

(d) 
Water Weight 

(e = c-d) 
Percent Water 
(f=[e/c]*100) 

4.408 54.568 50.160 22.944 27.216 54.26 

II. Grain Size Analysis 

Dry Weight, Sieve # 10 (2.00 mm; gravel) 

Dry Weight, Sieve # 230 (63 urn; sand) 

Dry Weight, Pan (silt/clay) 

Total Dry Weight (d) 

2.706 
1.703 
2.699 

Weight of Pan 
+ Fraction 

(h) 
2.848 

4.043 

23.161 

Weight of 
Fraction 
(i = h-g) 

0.142 
2.340 

20.462 
22.944 

Percent of 
Total 

G = [i/d]«100) 
0.62 

10.20 
89.18 

Note 1: Latitude and Longitude are in degrees, decimal minutes. 
Note 2: The water quality parameters DO, Salinity, Temperature, Conductivity, and pH are bottom measurements. 
Note 3: All weights are in grams. 

III. Comments 

'Gravel" consisted of shell fragments. 



MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Sediment Grain Size and Water Content Analysis Sheet 

Site 92 Survey. 

Lat.1   
'Latitude and Longitude are in degrees, decimal minutes. 

Time Coll 

Collector Evans. Lathrop-Davis. Kamens       Station 

MDCode 

MDE-R1 

Long. 7 6 1 5 9 0 5 4 X I G 5 7 3 6 

Date 
Collected 

Temp." 

YR 
8 

MO DY 
8 

T 
2   2 

ptf 
7    .     3 

1 3 5 0 

DO2 

ma/1 
7).     1 

Gear 
0 I 4 

Salinity2 

Tide Water 
Depth 

Conductivity 

Meters Feet 
4 • 1 1 3 • 4 

Turbidity" 

ppt. %o 
8 

"Water quality measurements are from the bottom layer. 

Date Completed Analyzed 
By YR MO DY 

9 9 0 1 0 7 

QA/QC By 

J E L M C R 

umhos/cm 
15    6    0   0 

QA/QC Date 

YR MO DY 

9   9 0    1 0    7 

NTU 

I. Water Content Analysis 

Weight of Pan 
(a) 

Weight of Pan + 
Wet Sediment 

(b) 

Weight of Wet 
Sediment 
(c-b-a) 

Weight of Dry 
Sediment 

(d) 
Water Weight 

(e = c-d) 
Percent Water 
(f=[e/c]*100) 

10.544 60.704 50.160 24.847 25.313 50.46 

II. Grain Size Analysis 
Weight of 

Pan 
(g) 

Weight of Pan 
+ Fraction 

(h) 

Weight of 
Fraction 
(i = h-g) 

Percent of 
Total 

(j = [i/d]*100) 

Dry Weight, Sieve # 10 (2.00 mm; gravel) 2.688 2.720 0.032 0.13 
Dry Weight, Sieve # 230 (63 pm; sand) 2.709 4.601 1.892 7.61 

Dry Weight, Pan (silt/clay) 2.699 25.622 22.923 92.26 

Total Dry Weight (d) gjUBIBi 24.847 M^MMiM 
Note 1: Latitude and Longitude are in degrees, decimal minutes. 
Note 2: The water quality parameters DO, Salinity, Temperature, Conductivity, and pH are bottom measurements. 
Note 3: All weights are in grams. 

III. Comments 

'Gravel" portion consisted of 2 small Ramia valves and small amount of organic detritus. 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Sediment Grain Size and Water Content Analysis Sheet 

Site 92 Survey. 

Lat.1 ____________ 
'Latitude and Longitude are in degrees, decimal minutes. 

Date 
Collected 

Temp.2 

Collector Evans, Lathrop-Davis, Kamens       Station 

MDCode 

MDE-R2 

YR MO DY 
9 8 0 9 2 8 

Long.1 

Time Coll. 

7 6 1 4 3 0 7 0 

0 
PH2 

1 4 3 0 

DO2 

ma/1 
|7l.     1 

"Water quality measurements are from the bottom layer. 

Date Completed Analyzed 
YR MO 

1 
DY 

1 
By 

J      E     L 

X  I G 9 4 6 2 

Gear 
0 | 4 |     [ 

Salinity2 

Tide 

ppt, %0 
8 

QA/QC By 

Water 
Depth 

Conductivity 

Meters Feet 
4 0 1 3 1 

umhos/cm 
14    2|30 

QA/QC Date 
YR MO DY 

Turbidity2 

NTU 

I. Water Content Analysis 

Weight of Pan 
(a) 

Weight of Pan+ 
Wet Sediment 

(b) 

Weight of Wet 
Sediment 
(c = b-a) 

Weight of Dry 
Sediment 

(d) 
Water Weight 

(e = c-d) 
Percent Water 
(f=[e/c]*100) 

4.403 59.001 54.598 32.929 21.669 39.69 

II. Grain Size Analysis 

MPH^^^aai Weight of 
Pan 
(g) 

Weight of Pan 
+ Fraction 

00 

Weight of 
Fraction 
(i-h-g) 

Percent of 
Total 

(j = [i/d]*100) 
Dry Weight, Sieve # 10 (2.00 mm; gravel) 1.700 16.738 15.038 45.67 
Dry Weight, Sieve # 230 (63 um; sand) 2.703 6.048 3.345 10.16 
Dry Weight, Pan (silt/clay) 2.703 17.249 14.546 44.17 
Total Dry Weight (d) SBBI m 32.929 HM^g 

Note 1: Latitude and Longitude are in degrees, decimal minutes. 
Note 2: The water quality parameters DO, Salinity, Temperature, Conductivity, and pH are bottom measurements. 
Note 3: All weights are in grams. 

III. Comments 

'Gravel" consisted of shell fragments. 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Sediment Grain Size and Water Content Analysis Quality Control 
Sample: S92-2 

QC Check #1 
I. Water Content Analysis 

Weight of Pan 
(a) 

Weight of Pan+ 
Wet Sediment 

(b) 

Weight of Wet 
Sediment 
(c = b-a) 

Weight of Dry 
Sediment 

(d) 
Water Weight 

(e = c-d) 
Percent Water 
(f=[e/c]*100) 

15.669 70.486 54.817 23.663 31.154 56.83 

II. Grain Size Analysis 

Dry Weight, Sieve # 10 (2.00 mm; gravel) 

Weight of 
Pan 
(g) 

2.705 

Weight of Pan 
+ Fraction 

(h) 
2.843 

Weight of 
Fraction 
(i = h-g) 

0.138 

Percent of 
Total 

(j = [i/d]*100) 
0.58 

Dry Weight, Sieve # 230 (63 urn; sand) 2.699 5.197 2.498 10.56 
Dry Weight, Pan (silt/clay) 
Total Dry Weight (d) 

2.704 23.731 21.027 
23.663 

88.86 

Percent 
Water 

Percent 
Gravel 

Percent Sand Percent 
Silt/Clav 

Standar 
Origina 

i Deviation: 
Sample &OC#l 

19.564 2.57 3.17 0.60 

QC Check #2 
I. Water Content Analysis 

Weight of Pan 
(a) 

Weight of Pan + 
Wet Sediment 

(b) 

Weight of Wet 
Sediment 
(c = b-a) 

Weight of Dry 
Sediment 

(d) 
Water Weight 

(e = c-d) 
Percent Water 
(f=[e/c]*100) 

15.662 70.193 54.531 23.873 30.658 56.22 

II. Grain Size Analysis m« Weight of Weight of Pan 
+ Fraction 

(h) 

Weight of 
Fraction 
(i = h-g) 

Percent of 
Total 

(j = [i/d]*100) 
; gravel) 

Pan 
(g) 

Dry Weight, Sieve # 10 (2.00 mm 2.681 2.746 0.065 0.27 
Dry Weight, Sieve # 230 (63 um; sand) 1.697 4.437 2.740 11.48 
Dry Weight, Pan (silt/clay) 1.700 22.768 21.068 88.25 
Total Dry Weight (d) fl'fl'IIMIIM in&HKi 23.873 iWP^SW 

^H^HH       Wat? 
Percent 
Gravel 

Percent Sand 
Percent 
Silt/Clay 

Average:                                                                  47 406 

Original Sample, QC# 1 & QC#2                               n -•0 1.691 9.371 88.938 

Standard Deviation:                                                    1 S 80 
Original Sample, QC# 1 & QC#2                                   3*8U 2.19 2.89 0.73 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Sediment Grain Size and Water Content Analysis Quality Control 
Sample: S92-3A 

QC Check #1 
I. Water Content Analysis 

Weight of Pan 
(a) 

Weight of Pan + 
Wet Sediment 

(b) 

Weight of Wet 
Sediment 
(c = b-a) 

Weight of Dry 
Sediment 

(d) 
Water Weight 

(e = c-d) 
Percent Water 
(f=[e/c]*100) 

15.658 65.710 50.052 20.787 29.265 58.47 

II. Grain Size Analysis 
Weight of 

Pan 
(g) 

Weight of Pan 
+ Fraction 

(h) 

Weight of 
Fraction 
(i-h-g) 

Percent of 
Total 

(j-[i/d]*100) 
Dry Weight, Sieve # 10 (2.00 mm; gravel) 

Dry Weight, Sieve #230 (63 urn; sand) 

Dry Weight, Pan (silt/clay) 

Total Dry Weight (d) 

2.709 3.093 
2.699 4.617 
2.706 21.191 

0.384 
1.918 

18.485 
20.787 

1.84 
9.23 

Standard Deviation: 
Original Sample & QC #1 

Percent 
Water 

0.191 

Percent 
Gravel 

0.007 

Percent 
Sand 

1.004 

Percent 
Silt/Clav 

1.025 

QC Check #2 
I. Water Content Analysis 

Weight of Pan 
(a) 

Weight of Pan + 
Wet Sediment 

(b) 

Weight of Wet 
Sediment 
(c = b-a) 

Weight of Dry 
Sediment 

(d) 
Water Weight 

(e = c-d) 
Percent Water 
(f=[e/c]*100) 

II. Grain Size Analysis 
Weight of 

Pan 
(g) 

Weight of Pan 
+ Fraction 

00 

Weight of 
Fraction 
G = h-g) 

Percent of 
Total 

a = [i/d]*100) 

Dry Weight, Sieve # 10 (2.00 mm; gravel) 
Dry Weight, Sieve # 230 (63 um; sand) 
Dry Weight, Pan (silt/clay) 
Total Dry Weight (d) mmmsm issii^n^ 

Percent 
Water 

Percent 
Gravel 

Percent Sand 
Percent 

Silt/Clay 

Average: 
Original Sample, QC#1 & QC#2 
Standard Deviation: 
Original Sample, QC#1 & QC#2 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
TECHNICAL AND REGULATORY SERVICES ADMINISTRATION 

DREDGING COORDINATION AND ASSESSMENT DIVISION 

Sediment Grain Size and Water Content Analysis Quality Control 
Sample: MDE-R1 

QC Check #1 
I. Water Content Analysis 

Weight of Pan 
(a) 

Weight of Pan + 
Wet Sediment 

(b) 

Weight of Wet 
Sediment 
(c = b-a) 

Weight of Dry 
Sediment 

(d) 
Water Weight 

(e = c-d) 
Percent Water 
(f=[e/c]*100) 

4.400 54.730 50.330 24.986 25.344 50.36 

II. Grain Size Analysis 
Weight of 

Pan 
(g) 

Weight of Pan 
+ Fraction 

(h) 

Weight of 
Fraction 
(i = h-g) 

Percent of 
Total 

(j = [i/d]*100) 

Dry Weight, Sieve # 10 (2.00 mm; gravel) 1.700 1.701 0.001 0.004 
Dry Weight, Sieve # 230 (63 um; sand) 2.700 4.625 1.925 7.70 
Dry Weight, Pan (silt/clay) 2.703 25.763 23.06 92.29 
Total Dry Weight (d) ^^sfemS^ S^^^S^^I 24.986 

^MMI^^^M^       Wa'teT 
Percent 
Gravel 

Percent Sand 
Percent 

Silt/Clav 
Standard Deviation: 
Original Sample &0C#1 

0.077 0.089 0.063 0.021 

QC Check #2 
I. Water Content Analysis 

Weight of Pan 
(a) 

Weight of Pan + 
Wet Sediment 

(b) 

Weight of Wet 
Sediment 
(c = b-a) 

Weight of Dry 
Sediment 

(d) 
Water Weight 

(e = c-d) 
Percent Water 
(f=[e/c]*100) 

II. Grain Size Analysis 

HRHBHHi Weight of 
Pan 
(g) 

Weight of Pan 
+ Fraction 

(h) 

Weight of 
Fraction 
(i = h-g) 

Percent of 
Total 

(j = [i/d]*100) 

Dry Weight, Sieve # 10 (2.00 mm; gravel) 

Dry Weight, Sieve # 230 (63 urn; sand) . 

Dry Weight, Pan (silt/clay) 

Total Dry Weight (d) •gsasaggsaggg 

1 Percent 
Water 

Percent 
Gravel 

Percent Sand 
Percent 
Silt/Clay 

Average: 
Original Sample, QC#1 & QC#2 
Standard Deviation: 
Original Sample, QCSl & QC#2 

98 



APPENDIX VII 

Benthic Community Spreadsheets 
September 1998 
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Site 92 Sampling Station S92-1 
September 28, 1998 

Taxon 1 
Grab 

2 3 
Composite 
Average 

Standard 
Deviation 

NEMERTINEA * 

Carinoma tremephorus ' 

MOLLUSCA 

30 30 20 0 

Hydrobia sp. * 

Mytilopsis leucophaeata' 

Macoma balthica + 20 7 

Macoma mitchelli 

Rangia cuneata * 30 130 50 70 53 

ANNELIDA 

POLYCHAETA 
Heteromastus Miformis 

Hypereteone heteropoda # 

Hobsonia florida 20 20 13 0 

Marenzelleria viridis * 430 440 730 533 170 

Neanthes suctinea ' 40 20 80 47 31 

Polydora comuta 

Strablospio benedicti # 

OLIGOCHAETA 

20 20 30 23 6 

Tubificoides sp 10 30 13 14 

ARTHROPODA 

fla/anus improvisus ' 

IRMhropanopeus harrisii' 

iNeomysis americana 

ISOPODA 

Cyathura polita *' 90 70 140 100 36 

Chiridotea almyra ' 

Edotea thloba ' 10 40 50 33 21 

AMPHIPODA 
Amemculodes spp. complex 10 40 17 21 

Apocorophium lacustrg ' 

Gammanjs sp. 

Gammarus mucronatus 

Leptocheirus plumulosus 

Melita nitida ' 

80 100 60 14 

INSECTA 

Chironomidae * 
Coelotanypus sp #* 20 40 10 23 15 

Total Abundance (#/m2) 740 760 1280 927 306.16 

Taxa Richness1 8 9 12 12 2.08 

Shannon-Wiener Diversity Index2 

Pollution-Indicative Taxa Abundance 5.41 7.89 3.13 
2.28 
5.48 2.39 

Pollution-Sensitive Taxa Abundance 74.32 84.21 73.44 77.32 5.98 

Note: Only infaunal taxa have been included in metric calculations 

' Taxa Richness for the composite is the total number of infaunal taxa for all replicates. 
2 Shannon-Wiener Diversity Index was calculated based on a composite of the 3 replicates 

Epifaunal Taxon 

#Pollution-lndicative Taxon 

+Pollution-Sensitive Taxon 

•Camivore/Omnivore Taxa 
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Site 92 Sampling Station S92-2 
September 28,1998   ,. 

Grab Composite   Standard 
Taxon 1 2 3 Average     Deviation 

NEMERTINEA * 

Cahnoma tremephorus' 40 10 50 33                   21 

MOLLUSCA 
Hydrobia sp. * 

Mytilopsis leucophaeata ' 

Macoma balthica • 

Macoma mitchelli 

Rangia cuneata * 1000 800 650 817                 176 

ANNELIDA 

POLYCHAETA 
Heteromastus filiformis 

Hypereteone heteropoda U 20 7 

Hobsonia fiorida 

Marenzeileria viridis * 60 60 40 53                   12 

Weanthes succinea ' 20 40 40 33                   12 

IPolydora comuta 

\streblospio benedicti # 80 50 43                  21 

OLIGOCHAETA 
iTubificoides sp 60 30 30                  21 

ARTHROPODA 
Balanus improvisus ' 

Rhithropanopeus harrisii * 

Neomysis americana 

ISOPODA 
Cyathura polita *' 60 140 60 87                  46 

Chiridotea almyra ' 

Edotea triloba ' 10 10 7                    0 

AMPH1PODA 

Amemculodes spp. complex 10 40 17                  21 

Apocorophium lacustre ' 

Gammarvs sp. 

Gammarus mucronatus 

Leptocheirus plumulosus 10 3 

Melita nitida ' 0 

INSECTA 
Chironomidae * 
Coelotanypus sp #* 10 40 17 

Total Abundance (#/m2) 1180 1210 1030 1140          96.44 

Taxa Richness1 5 9 11 11            3.06 

Shannon-Wiener Diversity Index2 1.70 

Pollution-Indicative Taxa Abundance 0.00 7.44 10.68 6.04           5.48 

Pollution-Sensitive Taxa Abundance 94.92 82.64 72.82 83.46          11.07 

Note: Only infaunal taxa have been included in metric calculations 

' Taxa Richness for tfie composite is the total number of infaunal taxa for all replicates. 
2 Shannon-Wiener Diversity Index was calculated based on a composite of the 3 replicates 

Epifaunal Taxon 

SPollution-lndicative Taxon 

•Pollution-Sensitive Taxon 

"Camivore/Omnivore Taxa 
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Site 92 Sampling Station S92-3A 
September 28,1998    ' 

Taxon 1 
Grab 

2 3 
Composite   Standard 
Average     Deviation 

NEMERTINEA * 
Carinoma trewephorus ' 30 20 20 23                    6 

MOLLUSCA 

Hydrobia sp. * 

Mytilopsis leucophaeata ' 10 3 

Macoma balthica * 

Macoma mitchelli 

Rangia cuneata * 1180 1310 1010 1167                  150 

ANNELIDA 

POLYCHAETA 

Heteromastus Uliformis 

Hypereteone hetempoda # 10 3 

Hobsonia florida 

Marenzelleria viridis * 70 40 80 63                    21 

Neanthes succinea ' 60 30 100 63                    35 

Polydora comuta 

Streblospio benedicti tt 

OLIGOCHAETA 

Tubilicoides sp 

ARTHROPODA 

Balanus improvisus ' 

Rhithropanopeus harrisii ' 10 3 

Neomysis americana 

ISOPODA 

Cyathura polita *' 60 70 30 53                  21 

Chiridotea almyra ' 

Edoteatriloba ' 10 10 10 10                    0 

AMPHIPODA 

Amemculodes spp. complex 10 10 7                    0 

Apocorophium lacustre ' 

Gammarus sp. 

Gammarus mucronatus 

Leptocheirus plumulosus 

Melitanitida ' 

INSECTA 

Chironomidae * 
Coelotanypus sp tt' 10 10 7                    0 

Total Abundance (#/m2) 1420 1480 1260 1387       113.72 

Taxa Richness1 
7 6 7 8           0.58 

Shannon-Wiener Diversity Index2 0.99 

Pollution-Indicative Taxa Abundance 0.70 0.68 0.79 0.72           0.06 

Pollution-Sensitive Taxa Abundance 92.25 95.95 88.89 92.36           3.53 

Note: Only infaunal taxa have been included in metric calculations 
1 Taxa Richness for the composite is the total number of infaunal taxa for all replicates. 
2 Shannon-Wiener Diversity Index was calculated based on a composite of the 3 replicates 

Epifaunal Taxon 

#Pollution-lndicative Taxon 

•Pollution-Sensitive Taxon 

'Camivore/Omnivore Taxa 
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Site 92 Sampling Station S92-4A 
September 28,1998   ,. 

Taxon 
Grab Composite   Standard 

Average     Deviation 

NEMERTINEA * 
Carinoma tremephorvs' 

MOLLUSCA 

Hydrobia sp." 

Mytilopsis leucophaeata * 

Macoma balthica * 

Macoma mitchelli 

Rangia cuneata * 

ANNELIDA 

POLYCHAETA 

Heteromastus Uliformis 

Hypereteone heteropoda # 

Hobsonia florida 

Marenzelleria viridis * 

Neanthes sucdnea ' 

Polydora comuta 

Streblospio benedicti 9 

OUGOCHAETA 

Tubificoides sp 

ARTHROPODA 

Balanus improvisus ' 

Rhithropanopeus harrisii ' 

Neomysis americana 

ISOPODA 

Cyathura polita *' 

Chiridotea almyra ' 

Edotea thloba ' 

AMPHIPODA 

Ameroculodes spp. complex 

Apocorophium lacustm ' 

Gammams sp. 

Cammarus mucronatus 

Leptocheiws plumulosus 

Melita nitida ' 

INSECTA 

Chironomidae * 
Coelotanypus sp #* 

20 

20 

40 

Total Abundance (#/m ) 

Taxa Richness1 

Shannon-Wiener Diversity Index2 

Pollution-Indicative Taxa Abundance 
Pollution-Sensitive Taxa Abundance 

10 

10 

1270 

8 

0.00 
92.91 

30 

10 

10 20 

1060 1060 

30 

110 

10 

10 

20 

40 

30 

1280 

100 100 110 

10 

10 

50 

20 

1400 

10 

0.71 
85.71 

1620 

8 

1.23 
88.27 

30 

10 

3 

10 

1133 

30 

73 

27 

10 

7 

127 

103 6 

3 

10 

21 

1430 176.92 

11 1.15 

1.28 
0.65 0.62 

88.97 3.65 

Note: Only infaunal taxa have been included in metric calculations 
1 Taxa Richness for the composite is the total number of infaunal taxa for all replicates. 
2 Shannon-Wiener Diversity Index was calculated based on a composite of the 3 replicates 

Epifaunal Taxon 

^Pollution-Indicative Taxon 

•Pollution-Sensitive Taxon 

•Camivore/Omnivore Taxa 
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Site 92 Sampling Station S92-5 
September 28,1998    •• 

Grab Composite   Standard 
Taxon 1 2 3 Average     Deviation 

NEMERTINEA * 
Carinoma tremephorus ' 10 10 30 17                   12 

MOLLUSCA 

Hydrobia sp.* 

Mytilopsis leucophaeata ' 

Macoma balthica * 10 3 

Macoma mitchelli 

Rangia cuneata * 990 1070 1270 1110                  144 

ANNELIDA 

POLYCHAETA 

Heteromastus liliformis 

Hypereteone heteropoda # .     20 30 17                      7 

Hobsonia florida 

Marenzelleria viridis * 50 230 20 100                  114 

Neanthes sucdnea ' 150 300 210 220                    75 

Polydora comuta 

Steblospio benedicti # 30 10 

OLIGOCHAETA 

TubiUcoides sp 20 7 

ARTHROPODA 

Balanus improvisus ' 

Rhithropanopeus hamsii ' 10 3 

Neomysis americana 10 3 

ISOPODA 

Cyathura polita *' 90 100 70 87                    15 

Chiridotea almyra ' 

Edotea triloba ' 20 10 10 13                      6 

AMPHIPODA 

Ameroculodes spp. complex 10 60 50 40                    26 

Mpocoropft/um lacustre ' 

WSammarus sp. 

Gammarus mucmnatus 10 3 

Leptocheirus plumulosus 40 80 20 47                    31 

Melitanitida ' 

INSECTA 

Chironomidae * 
Coelotanypus sp #* 10 20 10 13                      £ 

Total Abundance (#/m2) 1370 1970 1680 1673       300.06 

Taxa Richness1 9 13 8 13           2.65 

Shannon-Wiener Diversity Index2 1.81 

Pollution-Indicative Taxa Abundance 2.19 4.06 0.60 2.28            1.73 

Pollution-Sensitive Taxa Abundance 82.48 71.57 80.95 78.34           5.91 

Note: Only infaunal taxa have been included in metric calculations 

' Taxa Richness for the composite is the total number of infaunal taxa for all replicates. 
2 Shannon-Wiener Diversity Index was calculated based on a composite of the 3 replicates 

Epifaunal Taxon 

#Pollution-lndicative Taxon 

•Pollution-Sensitive Taxon 

'Camivore/Omnivore Taxa 

104 



Site 92 Sampling Station S92-6 
September 28, 1998   • 

I Grab ' Composite Standard 
|Taxon 1 2 3 Average Deviation 

NEMERTINEA * 
Cahnoma tremephorus ' 10 30 20 20 10 

MOLLUSCA 

Hydrobia sp. * 

Mytilopsis leucophaeata ' 20 7 

Macoma balthica * 

Macoma mitchelli 

Rangia cuneata * 980 840 1050 957 107 

ANNELIDA 

POLYCHAETA 

Heteromastus filiformis 10 3 

Hypereteone heteropoda # 10 10 7 0 

Hobsonia florida 

Marenzelleria viridis * 10 30 13 14 

Neanthes succinea ' 210 230 500 313 162 

Polydora comuta 

Streblospio benedicli # 40 10 50 33 21 

OLIGOCHAETA 

TubiUcoides sp 60 30 80 57 25 

ARTHROPODA 

Balanus improvisus ' 100 50 100 83 29 

Rhithropanopeus ham'sii ' 10 3 

Neomysis americana ' 

ISOPODA 

Cyathura polita *' 150 40 140 110 61 

Chihdotea almyra ' 

Edotea triloba ' 50 10 40 33 21 

AMPHIPODA 

Amemculodes spp. complex 70 20 120 70 50 

Apocorophium lacustre ' 

Gammarus sp. 

Gammarus mucronatus 

Leptocheirus plumulosus 30 30 10 23 12 

Melita nitida ' 

INSECTA 

Chironomidae * 
Coelolanypus sp #* 10 3 

Total Abundance (#/m2) 1570 1240 2020 1610 391.54 

Taxa Richness1 10 9 11 12 1.00 

Shannon-Wiener Diversity Index2 1.95 
Pollution-Indicative Taxa Abundance 3.18 0.81 3.47 2.49 1.46 

Pollution-Sensitive Taxa Abundance 72.61 70.97 60.40 67.99 6.63 
=•'                —— 

Note: Only infaunal taxa have been included in metric calculations 
1 Taxa Richness for the composite is the total number of infaunal taxa for all replicates. 
2 Shannon-Wiener Diversity Index was calculated based on a composite of the 3 replicates 

Epifaunal Taxon 

#Pollution-lndicative Taxon 

•Pollution-Sensitive Taxon 

'Camivore/Omnivore Taxa 
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Site 92 Sampling Station S92-7 
September 28,1998    ' 

I 
|Taxon 1 

Grab 
2 3 

Composite 
Average 

Standard 
Deviation 

NEMERTINEA * 
Carinoma tremephorvs ' 30 50 10 30 20 

MOLLUSCA 
Hydmbia sp." 

Mytilopsis leucophaeata ' 

Macoma balthica * 10 3 

Macoma mitchelli 

Rangia cuneata * 2330 1650 1430 1803 469 

ANNELIDA 

POUYCHAETA 

Hetervmastus filifoimis 10 3 

\Hypereteone heteropoda * 

Hobsonia florida 

Marenzelleria viridis • 60 30 50 47 15 

Neanthes sucdnea ' 50 40 50 47 6 

Polydora comuta 

Streblospio benedicti # 10 3 

OLIGOCHAETA 

Tubificoides sp 

ARTHROPODA 
Balanus improvisus ' 

Rhithropanopeus harrisii ' 

Neomysis americana 

ISOPOOA 

\cyathura polita *' 110 90 100 100 10 

iChihdotea almyra ' 

Edoteatriloba ' 10 3 

AMPHIPODA 
Ameruculodes spp. complex 10 10 7 0 

Apocomphium lacustre ' 10 3 

Gammams sp. 

Gammarus mucmnatus 

Leptocheiws plumulosus 
Melitanitida ' 

INSECTA 
Chironomidae * 

jcoefofanypus sp #' 20 30 17 7 

Total Abundance (#/m2) 2600 1890 1690 2060 478.23 

Taxa Richness1 7 7 8 10 0.58 

Shannon-Wiener Diversity Index2 

Pollution-Indicative Taxa Abundance 0.38 1.06 1.78 
0.84 
1.07 0.70 

Pollution-Sensitive Taxa Abundance 96.15 93.65 94.08 94.63 1.34 

Note: Only infaunal taxa have been included in metric calculations 
1 Taxa Richness for the composite is the total number of infaunal taxa for all replicates. 
2 Shannon-Wiener Diversity Index was calculated based on a composite of the 3 replicates 

°Epifaunal Taxon 

#Pollution-lndicative Taxon 

•Pollution-Sensitive Taxon 

'Camivore/Omnivore Taxa 
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Site 92 Sampling Station S92-R1 
September 28,1998    • 

Grab Composite Standard 
Taxon 1 2 3 Average Deviation 

NEMERTINEA * 
Cahnoma tremephorvs' 30 40 10 27 15 

MOLLUSCA 
Hydrobia sp. * 

Mytilopsis leucophaeata ' 20 10 10 7 

Macoma balthica * 

Macoma mitchelli 

Rangia cuneata * 1420 1650 1690 1587 146 

ANNELIDA 
POLYCHAETA 

Heteromastus filiformis 20 7 

Hypereteone heteropoda tt 10 3 

Hobsonia florida 

Marenzelleha viridis • 60 40 80 60 20 

Neanthes succinea ' 360 230 340 310 70 

Polydora comuta 

Streblospio benedicti # 10 10 7 0 

OLIGOCHAETA 

Tuiwffco/ctes sp 10 3 

ARTHROPODA 
Sa/anus improvisus ' 

nRhithropanopeus harrisii ' 

Weomys/s americana 

ISOPODA 

Cyathura polita •" 100 130 50 93 40 

Chihdotea almyra ' 

Edotea triloba ' 20 10 10 13 6 

AMPHIPODA 

Ameroculodes spp. complex 20 30 20 23 6 

Apocorophium lacustre ' 10 30 13 14 

Gammams sp. 

Gammarus mucmnatus 

Leptocheirus plumulosus 20 10 10 13 6 

Melita nitida ' 

INSECTA 

Chironomidae * 
Coelotanypus sp #" 10 3 

Total Abundance (#/m2) 2050 2130 2230 2137 90.18 

Taxa Richness1 11 7 9 12 2.00 

Shannon-Wiener Diversity Index 2 1.36 

Pollution-Indicative Taxa Abundance 1.46 0.00 0.45 0.64 0.75 

Pollution-Sensitive Taxa Abundance 77.07 85.45 81.61 81.38 4.19 

Note: Only infaunal taxa have been included in metric calculations 

' Taxa Richness for the composite is the total number of infaunal taxa for all replicates. 
2 Shannon-Wiener Diversity Index was calculated based on a composite of the 3 replicates 

Epifaunal Taxon 

#PolliJtion-lnflicative Taxon 

•Pollution-Sensitive Taxon 

"Camivore/Omnivore Taxa 

107 



Site 92 Sampling Station S92-R2 
September 28,1998 

I Grab Composite Standard 
Taxon 1 2 3 Average Deviation 
NEMERTINEA * 
Cahnoma tremephorvs ' 20 20 30 23 6 

MOLLUSCA 

Hydrobia sp. * 

Mytilopsis leucophaeata ' 10 10 7 0 

Macoma balthica + 10 3 

Macoma mitchelli 10 3 

Rangia cuneala + 40 30 20 30 10 

ANNELIDA 

POLYCHAETA 

Heteromastus filiformis 10 3 

Hypereleone heteropoda # 10 10 7 0 

Hobsonia Rorida 10 3 

Marenzelleria viridis * 10 70 27 42 

Neanthes succinea ' 480 440 610 510 89 

Polydora comuta 

Streblospio benedicti # 60 120 60 42 

OUGOCHAETA 

Tubificoides sp ISO 70 73 57 

ARTHROPODA 

Balanus improvisus ' 70 70 190 110 69 

Rhithropanopeus harrisii * 30 60 30 40 17 

Neomysis amehcana 

ISOPODA 

Cyathura polita •" 180 210 100 163 57 

Chiridotea almyra ' 

Edotea triloba ' 30 10 

AMPHIPODA 

Ameroculodes spp. complex 10 60 23 35 

Apoconsphium lacustre ' 

Gammarus sp. 

Gammarvs mucronatus 

Leptocheirus plumulosus 10 10 7 0 

Melitanitida ' 30 20 17 7 

INSECTA 

Chironomidae * 
Coelotanypus sp #* 10 3 

Total Abundance (#/m2) 990 1000 830 940 95.39 

Taxa Richness1 12 11 6 15 3.21 

Shannon-Wiener Diversity Index 2 2.27 
Pollution-Indicative Taxa Abundance 6.06 14.00 1.20 7.09 6.46 

Pollution-Sensitive Taxa Abundance 24.24 31.00 14.46 23.23 8.32 

Note: Only infaunal taxa have been included in metric calculations 

' Taxa Richness for the composite is the total number of infaunal taxa for all replicates. 
2 Shannon-Wiener Diversity Index was calculated based on a composite of the 3 replicates 
eEpifaunal Taxon 

#Pollution-lndicative Taxon 

•Pollution-Sensitive Taxon 

'Camivore/Omnivore Taxa 
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Site 92 Sampling Station MDE-R1 
September 28, 1998    , 

Taxon 

NEMERTINEA * 
Cahnoma tremephoms ' 

MOLLUSCA 

Hydmbia sp.' 

Mytilopsis leucophaeata ' 

Macoma balthica * 

Macoma mitchelli 

Rangia cuneata * 

ANNELIDA 

POLYCHAETA 

Hetemmastus filiformis 

Hypereteone hetempoda # 

Hobsonia florida 

Marenzelleria viridis * 

Neanthes succinea ' 

Polydora comuta 

Streblospio benedicti # 

OLIGOCHAETA 

Tubificoides sp 

ARTHROPODA 
Balanus impmvisus ' 

Rhithropanopeus harrisii ' 

Neomysis americana 

ISOPODA 

Cyathura polita *' 

Chiridotea almyra ' 

Edolea tnloba ' 

AMPHIPODA 

Ameroculodes spp. complex 

Apocorophium lacustre * 

Gammaws sp. 

Gammarvs muonnatus 

Leptocheirus plumulosus' 

Melita nitida ' 

INSECTA 

Chironomidae * 
Coelotanypus sp #* 

Total Abundance (#/m2) 

Taxa Richness1 

Shannon-Wiener Diversity Index 2 

Pollution-Indicative Taxa Abundance 
Pollution-Sensitive Taxa Abundance 

Grab 

70 

90 

10 

370 

120 

20 

10 

10 

30 

10 

60 

10 

10 20 

800 1350 

60 60 

10 

10 

10 

310 

10 

100 

20 

50 

Composite   Standard 
Average     Deviation 

so 

60 

60 

560 

40 

30 

360 

50 

40 

50 

1460 

11 

1.37 
86.30 

1920 

10 

0.52 
89.58 

1250 

9 

2.40 

78.40 

Note: Only infaunal taxa have been included in metric calculations 

' Taxa Richness for the composite is the total number of infaunal taxa for all replicates. 
2 Shannon-Wiener Diversity Index was calculated based on a composite of the 3 replicates 

'Epifaunal Taxon 

#Pollution-lndicative Taxon 

•Pollution-Sensitive Taxon 

•Camivore/Omnivore Taxa 

50 

70 

3 

30 

903 

53 

17 

347 

3 

90 

27 

37 

1543 

12 

1.93 
1.43 

84.76 

20 

17 

26 

405 

12 

12 

32 

36 

12 

23 

0.94 
5.75 
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Site 92 Sampling Station MDE-R2 
September 28, 1998 

Grab Composite Standard 
Taxon 1 2 3 Average Deviation 

NEMERTINEA * 

Cahnoma tremephorus ' 40 10 40 30 17 

MOLLUSCA 

Hydrobia sp." 

Mytilopsis leucophaeata ' 10 3 

Macoma balthica * 

Macoma mitchelli 

Rangia cuneata * 80 40 60 60 20 

ANNELIDA 

POLYCHAETA 

Hetemmastus filiformis 

Hypereteone heteropoda tt 10 3 

Hobsonia florida 

Marenzelleria viridis * 20 20 20 20 0 

Neanthes succinea ' 80 70 340 163 153 

Polydora comuta 

Streblospio benedicti # 50 20 20 30 17 

OLIGOCHAETA 

Tubificoides sp 160 50 30 80 70 

ARTHROPODA 

Balanus impmvisus ' 150 140 120 137 15 

Rhithropanopeus harrisii * 

Neomysis americana 

ISOPODA 

Cyathura polita *' 60 40 40 47 12 

Chihdotea almyra ' 

Edoteatriloba ' 

AMPHIPODA 

Ameroculodes spp. complex 50 10 20 28 

Apocorophium lacustre ' 

Gammarus sp. 

Gammarus mucronatus 

Leptocheirus plumulosus 

Melita nitida ' 

INSECTA 

Chironomidae * 
Coelotanypus sp #" 

Total Abundance (#/m2) 540 270 550 453 158.85 

Taxa Richness1 8 9 7 9 1.00 

Shannon-Wiener Diversity Index 2 2.66 

Pollution-Indicative Taxa Abundance 9.26 11.11 3.64 8.00 3.89 

Pollution-Sensitive Taxa Abundance 29.63 37.04 21.82 29.49 7.61 

Note: Only infaunal taxa have been included in metric calculations 
1 Taxa Ricftness for the composite is the total number of infaunal taxa for all replicates. 
2 Shannon-Wiener Diversity Index was calculated based on a composite of the 3 replicates 

Epifaunal Taxon 

#Pollution-lndicative Taxon 

•Pollution-Sensitive Taxon 

"Camivore/Omnivore Taxa 
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APPENDIX VIII 

Water Quality and Benthic Community 
Summary Tables for Previous Studies In G-South and 

In the vicinity of G-East 
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Table VIII-1. Average In-situ Water Quality Measured During Previous Studies of the 
Pooles Island Area. 

Area, Date 
Temperature 

(0C) 
Dissolved Oxygen 

(ppm)   • --i 
Salinity 

(%o) 
Pooles Island, August 1991l 25.8 5.5 9.3 
Pooles Island, August 1992l 24.9 6.3 2.5 
Pooles Island, May 1993' 18.8 7.5 1.9 
Pooles Island, July 1993l 23.0 5.0 10.6 
G-East, September 1995' 25.4 6.1 10.0 
G-South, September 1996J 24.9 6.3 5.5 

: Dalai etal. 1996 
3Dalaletal. 1998a 
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Table VIII-2. Benthic Community Composition in the G-South Dredged Material 
Placement Area During Selected Months of the Pooles Island Baseline and Early Post- 
Placement Studies, August 1991 to July 1993. 
(Adapted from Ranasinghe and Richkus 

TAXON 

Date of Sampling 
Aug-91 Aug-92 Oct-92 May-93 Jun-93 Jul-93 

PLATYHELMINTHES 
Euplana gracilis 15 
Planariidae 15 
NEMERTINEA * 
Carinoma tremephoros * 150 105 45 15 105 
MOLLUSCA 
Littoridinops tenuipes 15 555 45 75 255 
Mytilopsis leucophaeata' 45 
Macoma balthica + 150 375 195 45 60 
Macoma mitchelli 450 45 60 60 
Rangia cuneata + 3825 210 540 105 30 2205 
ANNELIDA 
POLYCHAETA 
Bocardiella ligerica 45 
Heteromastus filiformis 45 330 75 90 60 
Hypereteone heteropoda # 120 
Marenzelleria viridis + 420 2490 1905 2550 1638 2850 
S'eanthes succinea * 105 30 15 
Polydora cornuta 15 15 
Streblospio benedicti # 180 270 105 615 

OLIGOCHAETA 
Tubi/icoides sp 195 615 405 420 2115 405 
ARTHROPODA 
Balanus improvisus' 15 
Rhithropanopeus harrisii' 15 15 15 
Neomvsis americana 15 75 
ISOPODA 
Cyathura polita +* 300 630 825 165 420 465 
Chiridotea almyra * 15 15 
Edotea triloba ° 15 180 285 15 30 

AMPHIPODA 
Ameroculodes spp. complex 45 75 705 375 15 
Apocorophium lacustre ' 135 15 15 
Cammarus sp. 30 
Gammarus daiberi 60 15 
Leptocheirus plumulosus 15 690 390 60 795 390 

Melita nitida * 30 45 
INSECTA 
Chironomidae * 
Procladiussp * 15 
Cryptochironomus sp *     - 15 
Coelotanypus sp #* 1; 

Total Abundance (#/m2) 5,985 6,360 4,65C 4,305 5,583 7,500 

Taxa Richness 14 12 13 13 12 14 

Shannon-Wiener Diversity Index 2.09 2.86 2.6'! \        2.0: !         2.3C 1         2.51 

Carnivore/OmnivoreAbundance .:; 9.65 11.6C 19.98 t         4.84 \        7.01 7.88 

Pollution-Indicative Taxa Abundance 5.04 4.29 2.62 o.oc 1         0.00         7.96 

Pollution-SensitiveTaxa Abundance 78.41 53.6"? 74.26 •       65.61 36.98      72.76 

NOTE: Only infaunal taxa have been included in metric calculations. 
c Epifaunal taxon 
# Pollution-indicative Taxon 
+ Pollution-sensitive Taxon 
* Camivore/Omnivore Taxon 
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Table VIII-3. Benthic Community Composition in the G-South Dredged Material 
Placement Area During the Post-Placement Study, September 1996. 
(Adapted from Dalai et al. 1998a) 

Benthic Assessment Station 

TAXON GS-1 GS-2 GS-3 GS-4 GS-5 
NEMERTINEA 107 90 57 50 117 

MOLLUSCA 

Brachidontes recurvus' 3 

Gemma gemma 90 3 

Rangia cuneata + 143 3 23 70 50 

Macoma balthica + 3 3 7 

Macoma mitchelli 3 13 

ANNELIDA 
POLYCHAETA 
Hypereteone heteropoda # 

Marenzelleria viridis + 2430 1023 1443 807 940 

Streblospio benedicti tt 

Neanthes succinea 

103 

7 

140 

10 

123 

3 

10 97 

43 

Heteromastus fdiformis 
OLIGOCHAETA 

10 10 30 7 3 

Immature Tub. w/o cap. chaetae # 83 307 27 387 50 

ARTHROPODA 

ISOPODA 

Cyathura polita + 

Chiridotea almyra 

Chiridotea sp. 

530 

3 

334 750 

100 

7 

653 593 

AMPHIPODA 

Gammarus daiberi 80 27 100 40 

Ameroculodes spp. complex 

Leptocheirus plumulosus 
INSECTA 
Coelotanypus sp. + 

Procladlus sp. + 

43 

153 

3 

3 

10 

27 

7 

3 

57 

87 

30 

517 

20 

17 

30 

57 

23 

Total Abundance 3,597 1,921 2,593 2,103 1,933 
Taxa Richness 14 9 12 10 9 
Shannon-Wiener Diversity Index 1.73 1.94 1.82 2.14 2.02 

Pollution-indicative Taxa Abundance   , 5.38 23.78 5.78 20.60 8.79 

Pollution-sensitive Taxa Abundance 86.38 70.84 85.60 73.06 81.90 
e Epifaunal Taxon 
# Pollution-indicative Taxon 
+ Pollution-sensitive Taxon 
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Table VIII-4. Pre-Placement Benthic Community Composition in the Vicinity of the G- 
East Area, September 1995. (Adapted from Dalai et al. 1996) 

TAXON 
Benthic Assessment Station                | 

GE-1 GE-2 GE-3 GE-4 GE-5 
NEMERT1NEA 183 130 243 183 

MOLLUSC A 
Brachidontes recurvuse 7 10 
Rangia cuneata* 137 1067 410 503 9557 
Macoma balthica* 2903 57 1477 837 
Macoma mitchelli 37 10 30 

ANNELIDA 
POLYCHAETA 
Boccardiella ligerica 3 
Hypereteone heteropoda # 10 3 
Marenzelleria viridis 23 230 13 70 290 
Streblospio benedicti # 13 10 73 
Hobsonia florida 
Neanthes succinea 380 20 400 17 110 
Heteromastus filiform is 37 87 47 240 27 

OLIGOCHAETA 
Tubificidae 

ARTHROPODA 
ISOPODA 
Cyathura polita* 157 1320 47 653 463 
AMPHIPODA 
Gammarus sp. 13 23 7 
Gammarus daiberi 7 20 

Total Abundance (individals/m") 950 5,727 1,110 3,293 1,1517 

Taxa Richness 9 11 7 11 10 

Shannon-Wiener Diversity Index 2.35 1.88 2.15 2.27 1.04 
i 

Pollution-Indicative Taxa Abundance (%) 1.40 0.35 0.00 2.23 0.03 

Pollution-Sensitive Taxa Abundance (%) 14.39 69.32 42.04 60.12 90.25 
eEpifaunal Taxon 
# Pollution-indicative Taxon 
+ Pollution-sensitive Taxon 
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Table IX-1. Correlation Among Selected Habitat Parameters Measured During the Site 
92 Baseline Study, 1998 / 

Water QuaUty •••:•...' ^Secchi Temperature Dissolved Salinity^ 
Parameter Date Depth (m) (0C) PH    Oxygen (ppm) (%o) 

Secchi Depth (m) 0.86 

Temperature ("C) 0.61 0.67 

pH ,-^:^;.- -0.84 -0.74 -0.55 
Dissolved Oxygen 
(ppm^.;\;>:^;. 

-0.59 -0.68 -0.93 0.60 

Salinity (%o) .;; •' 1.00 0.84 0.58 -0.85          -0.55 
Turbidity (NTU) 0.44 0.37 0.70 -0.42          -0.58 0.40 

Note: All correlations are significant at p < 0.05. 
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Table IX-2. Correlation Between Selected Habitat and Benthic Community Parameters Measured During the Site 92 
Baseline Study, 1998 

;</• •••,    ..-'    ; • :-:  , , i; 

•;i.' 
:;   - 

Pollution- Pollution- 
• • 

Relative Numeric Relative 
' ..s        ••••;•    : • •   • 

••• 'try. '-... : if. •• ••>• MyA/.i. .':- :', Shannon- Indicative •', Sensitive Numeric Abundance Abundance Relative Abundance of 
• >'>?i'   i1'" *''• *A?i '•'' • • -, Wiener Taxa Taxa Abundance of Rangia of Abundance of R. cuneata 

Water. Quality 'Total Taxa Diversity Abundance Abundance of Rangia cuneata Mamzelleria Mamzelleria and M. viridis. 
^Parameter:; Abundance Richness Index (%) (%) cuneata (%) viridis viridis (%) combined 

S^cchi Ddptiitm)f -0.55 0.14 0.25 0.55 0.38 -0.26 0.06 -0.45 -0.37 -0.40 

•:.%:•$ '1?.  ?;> 'V^is 
fempefature^Qlfe' -0.41 0.39 0.12 0,29 -0.16 0.00 0.28 -0.51 -0.46 -0.17 

pH^;^;t |: 0.40 0.15 0.16 -0.43 0.38 -0.03 -0.34 0.56 0.66 0.36 

Dissblye^Oxygerf' 

(PpiT>)-\.   r;/;-'v^ 0.44 0.42 -0.29 -0.35 0.31 0.01 -0.22 0.55 0.50 0.32 

Salinity (PPt)'^.^ -0.52 0.12 0.18 0.54 -0.40 -0.18 0.16 -0.51 -0.50 -0.41 

Turbidity -0.19 0.13 0.05 0.11 0.01 0.18 0.39 -0.39 -0.43 0.01 

%Siit/ciayn' '.;- -0.06 0.32 -0.24 0.15 0.19 -0.20 -0.06 0.13 0.15 0.11 

NOTE: Correlations in bold type are significant at p < 0.05000 



Table IX-3. Correlation Among Selected Benthic Community Parameters Measured During the Site 92 

Baseline Study, 1998 

^o 

Benthic Community 
Parameter 

1:;. Taxa RicHhess ' 
•<\ '\  :   \   • ~ 

MteShanribnWYiener, v' 
rlMP vers Wlndex-ji 

Pollution-rndiqative Taxa 
^l#Abundancei,:(%)' 
Pollution'Sirisitive Jaxa 
>|^Aboncianc^(%)?   • 
ra -K f.. .its. ^v'l'i^"    -.* 
.Numerlc'Aburidapce of 
l^gRanglacuneata-i 
^Relative Xbtmpance of 
fManglavunehiail{%) 
• Numeric;Abundance of 

•]i MamielleiiBivindis; 

; Relative ^bundahce of 
'Wvz0llefliviri(Jls-<y>) 

Relative Abundance of 
- ;^; ci/nea^-arid Af.^ 
^ v^yifidisfcombined t 

Poilution-      Pollution- Relative 
Shannon-    Indicative      Sensitive      Numeric Abundance      Numeric Relative 
Wiener        Taxa   ;:       Taxa       Abundance of Rangia   Abundance of Abundance of 

Total;''    Taxa      Diversity 'Abundance Abundance   of Rangia      cuneata     Marezelleria Marezelleria 
Abundance Richness     Index /'' (%)              (%)          cuneata          (%)             viridis viridis (%) 

-0.16 

-0.60 0.37 

-0.47 0.33 0.66 

0.49 -0.35 -0.72 -0.81 

0.57 -0.11 -0.46 -0.38 0.41 

0.14 -0.16 -0.40 -0.27 0.39 0.78 

0.71 -0.22 -0.41 -0.32 0.35 -0.15 -0.46 

0.28 -0.08 -0.16 -0.30 0.30 -0.46 -0.75 

0.58        -0.34 -0.79 -0.79 0.96 0.57 0.51 

0.76 

0.31 0.19 

NOTE: Correlations in bold type are significant at p < 0 05 



Table IX-4: Results of T-tests Performed to Determine Whether Significant Differences Exist Among Station Types at 
Site 92 During May, July, and September 1998.   

Site 92-Reference versus Site 92-lnner 
MAY 

Benthic Community Parameter 

Mean 
INNER 

Mean 
REF t-value         df P 

Std.Dev. 
INNER 

Std.Dev. 
REF 

F-ratio 
variancs 

P 
variancs 

Taxa Abundance 
Pollution Sensitive Taxa Abundance 
Rangia cuneata (%) 
Marenzelleria viridis (%) 

2706.667 
87.3819 

50.16762 
31.10048 

2931.667 
93.98 

28.58667 
60.09333 

-0.300989       25 
-1.702058      25 
2.341554       25 

-3.630491       25 

0.76591220 
0.10114959 
0.02747467 
0.00127106 

1727.783 
9.31136 

18.14438 
15.30641 

1047.844 
1.958867 
25.79057 
23.47214 

2.71885 
22.59521 
2.020401 
2.351572 

0.270823411 
0.002649665 
0.238663029 
0.156454667 

JULY 

Taxa Abundance 
Pollution Sensitive Taxa Abundance 
Rangia cuneata (%) 
Marenzelleria viridis (%) 

1755.714 
89.47611 
69.05587 
12.93053 

1466.667 
69.99524 
35.56005 
16.11035 

0.766011       25 
3.872343       25 
3.741473       25 

-0.662719      25 

0.45084203 
0.00068718 
0.00095936 
0.51357449 

596.2346 
10.47094 
16.45886 
5.236593 

1206.858 
12.32773 
28.04563 
20.67597 

4.097115 
1.386101 
2.903561 
15.58958 

0.020121193 
0.543075205 
0.079070815 
5.25422E-06 

SEPT 

to 
o 

TaxaAbundance 
Pollution Sensitive Taxa Abundance 
Rangia cuneata (%) 
Marenzelleria viridis (%) 

1460.952 
83.29499 

65.4691 
11.07744 

1538.333 
52.3051 
38.6616 

2.734247 

-0.344551       25 
3.8949       25 

1.977087       25 
1.023349       25 

0.73331333 
0.00064865 
0.05915916 
0.31594380 

430.2314 
10.34711 
26.30947 
19.65265 

660.6789 
32.38669 

39.0007 
2.455401 

2.358179 
9.797039 
2.197458 
64.06155 

0.155155816 
0.000150478 

0.19023423 
0.000208538 

G-South (1998) versus Site 92 Reference 
MAY 

Benthic Community Parameter 

Mean 
G-SOUTH 

Mean 
REF t-value         df P 

Std.Dev. 
G-SOUTH 

Std.Dev. 
REF 

F-ratio 
variancs 

P 
variancs 

Taxa Abundance 
Pollution Sensitive Taxa Abundance 
Rangia cuneata (%) 
Marenzelleria viridis (%) 

5846.667 
97.67 

0.056667 
88.95333 

2931.667 
93.98 

28.58667 
60.09333 

3.262983        7 
3.002993        7 

-1.851052        7 
2.051212        7 

0.01380741 
0.01985788 
0.10660241 
0.07938825 

1685.714 
0.988079 

0.09815 
2.889366 

1047.844 
1.958867 
25.79057 
23.47214 

2.588063 
3.930308 
69047.07 
65.99336 

0.338453276 
0.430362024 
2.89655E-05 
0.029987519 

JULY 

TaxaAbundance 
Pollution Sensitive Taxa Abundance 
Rangia cuneata (%) 
Marenzelleria viridis (%) 

1596.667 
88.57667 
1.143489 
75.46449 

1486.667 
69.99524 
35.56005 
16.11035 

0.144088        7 
2.46309        7 

-2.052195        7 
4.63836        7 

0.88949156 
0.04326894 
0.07927320 
0.00237418 

662.143 
4.294885 
1.543022 
8.80276 

1206.858 
12.32773 
28.04563 
20.67597 

3.322071 
8.238788 
330.3592 
5.516889 

0.494812377 
0.223536559 
0.006041211 
0.321072086 



Table IX-4. Continued 

IO 

SEPT 

Benthic Community Parameter 

Mean 
G-SOUTH 

Mean 
REF t-value         df P 

Std.Dev. 
G-SOUTH 

Std.Dev. 
REF 

F-ratio 
variancs 

P 
variancs 

Taxa Abundance 
Pollution Sensitive Taxa Abundance 
Rangia cuneata (%) 
Marenzelleria viridis (%) 

1543.333 
84.76157 
4.696461 
56.63567 

1538.333 
52.3051 
38.6616 

2.734247 

0.012033        7 
1.666458        7 

-1.456826        7 
10.61957        7 

0.99073526 
0.13956185 
0.18851049 
0.00001438 

342.6855 
5.748476 
1.522335 
12.85552 

660.6789 
32.38669 

39.0007 
2.455401 

3.716974 
31.74152 
656.3332 
27.41159 

0.450974753 
0.061645234 
0.003043986 

0.00403907 

Northeast versus Site 92 Refe rence 
MAY                                                                                                                             1 

Benthic Community Parameter 

Mean 
G-EAST 

Mean 
REF t-value          df P 

Std.Dev. 
G-EAST 

Std.Dev. 
REF 

F-ratio 
variancs 

P 
variancs 

Taxa Abundance 
Pollution Sensitive Taxa Abundance 
Rangia cuneata (%) 
Marenzelleria viridis (%) 

1630 
86.42 

0.42 
78.39 

2931.667 
93.98 

28.58667 
60.09333 

-2.076122        7 
-4.162932        7 
-1.827411         7 

1.30241         7 

0.07652201 
0.00422626 
0.11036342 
0.23398772 

81.85353 
3.673255 
0.36428 
2.03315 

1047.844 
1.958867 
25.79057 
23.47214 

163.8771 
3.516351 

5012.46 
133.2804 

0.012152327 
0.222611276 

0.00039895 
0.0149275 

JULY 

Taxa Abundance 
Pollution Sensitive Taxa Abundance 
Rangia cuneata (%) 
Marenzelleria viridis (%) 

3500 
79.82796 
59.53458 
14.89539 

1486.667 
69.99524 
35.56005 
16.11035 

1.254473        7 
0.997502        7 
1.231306        7 

-0.096663        7 

0.24993361 
0.35174546 
0.25796782 
0.92570311 

3793.31 
17.32739 
26.21819 
6.092458 

1206.858 
12.32773 
28.04563 
20.67597 

9.879254 
1.975605 
1.144261 

11.5172 

0.036655893 
0.466391442 

1 
0.163623627 

SEPT 

Taxa Abundance 
Pollution Sensitive Taxa Abundance 
Rangia cuneata (%) 
Marenzelleria viridis (%) 

453.3333 
29.49495 
13.51291 
4.915825 

1538.333 
52.3051 
38.6616 

2.734247 

-2.716779        7 
-1.165727        7 
-1.078281        7 
1.299453        7 

0.02990450 
0.28190397 
0.31665726 
0.23494515 

158.85 
7.610321 
2.254971 
2.158036 

660.6789 
32.38669 

39.0007 
2.455401 

17.29841 
18.11036 
299.132 

1.294575 

0.111096211 
0.106302758 
0.006670396 
0.979774619 

NOTE: Parameters in bold type are significant at p < 0.05 
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Table IX-5: Results of T-test Comparisons of the G-South Benthic Community Found During August 1991, August 1992, 
September 1995, and September 1998 

1                                                                    August 1991 (pre-placment) versus August 1992 {post-placement lyr.) 
Mean Mean Std.Dev. StdDev. F-ratio P 

Benthic Community Parameter Aug-91 Aug-92      t-value df P Aug-91 Aug-92 variancs variancs 
Taxa Abundance 5985 6360 -0.232732 4 0.82739 360.00 2767.53049 59.09896 0.033278448 
Pollution Sensitive Taxa Abundance 78.41 53.67   2.199187 4 0.09274 1.48 19.4263455 173.419 0.01146664 
Rangla cuneata (%) 63.86 3.45   21.07177 4 0.00003 4.75 1.43542096 10.96813 0.167110495 
Marenzellaria viridis (%) 6.94 31.97  -1.493096 4 0.20970 5.73 28.4688479 24.68926 0.07785353 

September 1998 versus August 1991 (pre-placement) 
Mean Mean StdDev. Std.Dev. F-ratio P 

Benthic Community Parameter Aug-91 Sep-98       t-value df P Sep-98 Aug-91 variancs variancs 
Taxa Abundance 5985 1543    -15.4785 4 0.00010 342.69 360.00 1.103605 0.950748874 
Pollution Sensitive Taxa Abundance 78.41 84.76   1.854675 4 0.13724 5.75 1.48 15.18518 0.123569829 
Rangia cuneata (%) 63.86 4.70  -20.52912 4 0.00003 1.52 4.75 9.751485 0.186020807 
Marenzellaria viridis (%) 6.94 56.64   6.116114 4 0.00362 12.86 5.73 5.034396 0.331433318 

September 1996 versus September 1998 
Mean Mean Std.Dev. Std.Dev. F-ratio P 

Benthic Community Parameter Sep-96 Sep-98       t-value df P Sep-96 Sep-98 variancs variancs 
Taxa Abundance 2613 1543    2.568896 7 0.03707 662.19 342.69 3.733999 0.449257878 
Pollution Sensitive Taxa Abundance 67.08 84.76 -1.615672 7 0.15020 17.95 5.75 9.746262 0.191327162 
Rangla cuneata (%) 1.83 4.70  -2.903392 7 0.02288 1.35 1.52 1.279152 0.711859341 
Marenzellaria viridis (%) 41.87 56.64  -1.114986 7 0.30167 20.62 

;ri~r,—  
12.86 2.573199 0.606350834 

NOTE: Parameters in bold type are significant at p < 0.05 



Table IX-6: Results of T-test Comparisons of the Northeast Benthlc Community (September 1998) with a Previous 
Study (September 1995) in the Vicinity of G-East   

Benthic Community Parameter 
Taxa Abundance 
Pollution Sensitive Taxa Abundance 
Rang/a cuneata (%) 
Marenzelleria viridis (%) 

September 1995 versus September 1998 

Mean Mean 

Sep-96       Sep-98       t-value df 
4519.4 
55.224 
33.644 
2.4644 

453.3333 
29.49495 
13.51291 
4.915825 

1.560859 
1.478571 
1.159961 
-2.244248 

6 
6 
6 
6 

NOTE: Parameters in bold type are significant at p < 0.05 

0.1695785 
0.1897356 
0.2901318 
0.0659607 

Std.Dev. 

My98 

Std.Dev. 

JI98 
4367.304 

28.682 
29.061 

1.013 

F-ratio 

variancs 
P 

variancs 
158.850 

7.610 
2.255 
2.158 

755.879 
14.204 

166.094 
4.534 

0.003 
0.134 
0.012 
0.187 

to 



Figure IX-1. Total Infaunal Abundance at Northeast Station, MDE-R2, 
July and September 1998 
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Figure IX-2. Total Abundance at the Northeast Station, MDE-R2, in 
September 1998, and in the vicinity of G-East during September 1995. 
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Figure IX-3. Relationship of the Combined Relative Abundance of 
Marenzelleria viridis and Rangia cuneata to the Shannon-Wiener 

Diversity Index at Pooles Island, 1998 
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Table X-1. Average taxa abundance (per m2) and composite metric values for Inner, Reference, G-South and Northeast 
Stations, May 1998 
  ______^ SIAI1QU 

TAXQN                                 "         " — 
NEMERTINEA * 

S92-1 S92-2 S92-3 S92-4 S92-5 S92-6 S92-7 S92-R1 S92-R2 MDE-R1 MDE-R2 

Carinoma Uemephoros 37 23 37 20 20 3 30 10 10 7 13 

MOLLUSCA 
Macoma balthica * 10 3 10 7 13 3 

Rangia cuneata * S63 2693 2963 230 1517 490 2107 1890 127 3 7 

ANNELIDA 
POLYCMAETA 
Hobsonia Honda 3 3 17 7 

Mammelleria viridls * 540 1517 653 387 1973 177 633 1487 1780 5233 1277 

Neanthes succlnea * 3 3 20 10 10 50 57 30 10 83 

OLIGOCHAETA 
Tubifiddae 
Tubificoides sp 17 10 3 3 3 13 37 3 

ARTHROPODA 
Balanus impmvisus' 3 13 147 

Rhithropanopeus hamsii' 3 3 10 3 83 

ISOPODA 
Cyathura polita •" 120 80 113 107 167 80 100 137 110 483 123 

Chiridotea almyia " 3 3 

Edotea Iriloba' 10 7 33 3 20 10 10 3 

AMPHIPODA 
Americoludes spp. complex 3 7 30 10 17 17 43 23 27 20 10 

Apocorophium lacustre' 3 7 3 17 13 17 87 10 

Gammams daiberi 10 17 20 3 23 23 37 20 60 30 .  40 

Leplocheinis plumulosus 313 37 210 97 107 97 207 53 23 7 47 

Melita niUda' 3 17 

INSECTA 
Chironomldae * 
Coelolanypus sp #* 10 7 3 3 

Pmcladiussp »' 3 3 3 3 7 

Crytochimnomus sp * 3 

Polypedilum sp * 3 

Dicrotendipes sp • 3 

ToUl Abundance (HWm1) 1633 4390 4090 870 3840 940 3183 3690 2173 5847 1630 

Taxa Richness' 13 11 11 10 9 9 12 9 10 10 15 

Shannon-Wiener Diversity Index' 2.19 1.25 1.3$ 2.12 1.52 2.10 1.57 1.52 1.13 0.62 1.35 

Pollution-Indicative Taxa Abundance 0.80 0.21 0.00 0.00 0.00 0.00 0.18 0.00 0.10 0.00 0.63 

Pollution-Sensitive Taxa Abundance 74.76 97.77 89.60 83.87 95.40 79.74 90.54 95.23 92.72 97.67 86.42 

Note 1: Only Inliuiul Uxi have been Included In metric calculations Epifaunal Taxon 

Note 2: Revised bom Dalai el al. 19083 
# Pollution tndicallve Taxon 
• Potlulion-Sensltive Taxon 

* CamivoieyOmnivota Taxa 
1 Taxa Richness (or ilia composite Is the total number ol taxa lor all replicates. 
2 Shannon-Mener Diversity Index was calculated based on a composite ol the 3 replicates 



Table X-2 Average taxa abundance (per m2) and composite metric values for Inner, Reference, G-South and Northeast 
Stations, July 1998 
•— ____^ &TAI1QH 

TAXON                                           •  
NEMERTINEA * 

S92-1 S92-2 S92-3A S92-4A S92-5 S926 S92-7 S92-R1 S92-R2 MDE-R1 MDE-R2 

Carinoma Uemaphoros ' 37 33 23 37 33 17 7 27 27 17 7 

MOLLUSCA 
Hydrobla sp. 7 3 3 7 3 

Bivalvia 3 

Congeria sp. * 3 7 3 

Macoma batthiea * 7 10 17 3 

Rangia cuneata * 2213 1707 037 023 390 1093 1577 1460 63 23 2727 

ANNEUDA 
POLYCHAETA 
Heteromastus tilitoimis 13 3 

Hobsonia Honda 7 3 10 

Mannzelleria viridls * 107 270 160 260 150 227 223 67 170 1230 370 

Neanlhas succinea * 13 23 3 50 30 13 20 

Polydora comula 33 17 3 60 07 33 37 423 30 3 107 

Streblosplo benedicU # 10 10 17 3 80 7 

OLIGOCHAETA 3 

Tubllkoktos sp 3 3 27 3 3 133 7 3 17 

ARTHROPOOA 
Ba/anuj/mprawsus* 40 3 70 

Rhtthmpanopeus hamsil' 13 3 30 40 
3 

17 

Crangon sp. 
ISOPODA 
Cyathura polita *' 57 67 63 117 180 133 97 97 147 160 93 

37 Chiridolea almyra * 10 3 7 7 3 7 23 

Edotea triloba" 10 17 3 3 27 23 3 13 20 

AMPHIPOOA \ 
Amerocoludea spp. complex 27 30 10 7 50 63 13 43 7 27 

7 
47 

3 Apocorophium lacustm' 
Gammams sp. 20 10 23 17 3 3 17 23 57 

Leptochelms ptumulosus 
Melita nilida' 

7 3 17 37 13 10 13 
3 60 

60 
10 

0 
3 

INSECTA 
Chironomldae * 
Coelotanypus sp #* 10 7 3 

Ptocladius sp #' 3 3 33 7 3 10 3 
3 

13 

Cryptochlmnomus sp * 3 7 3 3 3 7 

Polypedilum sp * 3 

Total Abundance (Wm1) 2617 2253 1227 1490 1073 1637 1993 2463 510 1597 3500 

Taxa Richness* 13 9 11 12 16 13 12 17 12 1J 13 

Shannon-Wiener Diversity Index' 1.00 1.11 1.27 1.79 2.94 1.74 1.17 2.12 2.62 1.39 1.31 

Pollution-Indicative Taxa Abundance 0.11 0.00 0.7J 1.00 6.70 0.56 0.14 3.35 1.37 0.00 1.29 

Pollution-Sensitive Taxa Abundance 94.39 95.59 95.13 89.34 66.58 89.20 96.11 67.95 72.04 88.57 79.83 

Note 1: Only Infaunal Uia have been included in metric calculations 

Note 2: Revised from Dalai et a! t998b 
• Pollution-lndicalive Taxon 

• Pollution-Sensitive Taxon 

' Epifaunal Taxon 
* Camlvore/Omnlvore Taxa I 
1 Taxa Richness lor the composlle Is the total number of taxa lor all replicates. 
1 ShannonVMener Diversity Index was calculated based on a composlle of the 3 replicates 



o 

Table X-3. Average taxa abundance (per m2) and composite 
Stations, September 1998 

metric values for Inner, Reference, G-South and Northeast 

IAXQN 
NEMERTINEA * 
Carinoma tremephoros' 
MOLLUSCA 
Mytilopsis leucophaeata' 
Macotna balthica * 
Macoma mitchelU 
Rangia cuneala * 

ANNELIDA 
POLYCHAETA 
Heteimastus filifonnls 
Hypereleone helempoda 
Hobsonia Honda 
Marenzelleria viridis * 
Neanthes succinea ' 
Polydora conwta 
SUeblospio benedicti U 
OLIGOCHAETA 
Tubfficoides sp 
ARTHROPODA 
Balanus impmvisus' 
Rhithmpanopeus harrtsii* 
Neomysis americana 
ISOPOOA 
Cyatlwra polita +* 
Chuidotaa almyra ' 
Edotea triloba' 

AMPHIPODA 
Ameroculodas spp. complex 
Apocomphlum lacustre' 
Gammama sp. 
Gamma/us mucronatus 
Leptocheirvs plumulosus 
Uelita nitida' 
INSECTA 
Chlronomidae * 
Coelotanypus sp »*  

ToUl Abundance ((Mm1) 

Taxa Richness' 
Shannon Wiener Diversity Index' 

Pollution-Indicative Taxa Abundance 

Pollution-Sensitive Taxa Abundance 

S92-1 

13 

100 

33 

17 

60 

23 
927 

12 

2.28 

5.48 
77.32 

Nats: Only Inhunil Uxa have been Included in metric calculation* 
* Epifaunal Taxon 
* Pollution-Indicative Taxon 
* Pollution-Sensitive Taxon 

S92-2 

20 33 

7 

70 817 

7 
13 

533 53 
47 33 

23 43 

30 

17 

S92-3A 

23 

3 

1167 

63 
63 

87 53 

7 10 

17 7 

S92-4A 
STATION 

S92-5 S92-6 S92-7 S92-R1 S92-R2 MDE-R1 

1140 1387 

11 8 

1.70 0.99 

6.04 0.72 

83.46 92.36 

30 

10 
3 

10 
1133 

30 
73 

103 

3 

10 

27 

1430 

11 

1.28 

0.65 

88.97 

17 

3 
1110 

17 

100 
220 

10 

7 

20 

7 

30 

3 

957 1803 

3 3 
7 

13 47 
313 47 

33 3 

57 

83 
3 

27 

10 

1587 

60 
310 

23 

7 
3 
3 

30 

3 
7 
3 

27 
510 

60 

73 

110 
40 

50 

3 

70 

3 
30 

903 
53 

17 

* Camivoie/Oinnivore Taxa 
1 Taxa Richness for the composite Is the total number ol taxa (or all replicates. 
* Shannon-Wiener Diversity Index was calculated based on a composite ol the 3 replicates 

MDE-R2 

30 

3 

60 

20 
163 

30 

80 

137 

87 110 100 93 163 347 
3 

47 
\ 

13 33 3 13 10 90 

40 70 7 
3 

23 
13 

23 27 

3 

20 

3 
47 23 13 7 

17 

37 

13 3 17 3 3 

1673 1610 2060 2137 940 1543 453 

13 12 10 12 16 12 9 

1.81 1.95 0 84 1.36 2.27 1.93 2.66 

2.28 2.49 1.07 0.64 7.09 1.43 8.00 

78.34 67.99 94.63 81.38 23.23 84.76 29.49 


