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1.0 Introduction 

Benthic macroinvertebrate communities are influenced by present and past environmental 

conditions, and will reflect stresses imposed by natural habitat parameters, as well as organic or 

chemical pollutants. Analysis of benthic macroinvertebrate communities is often incorporated as 

an important component of long-term environmental monitoring programs, ·and as a means of 

evaluating the effect of short duration events such as chemical spills. IT Corporation (IT) was 

retained by CSX Transportation (CSXT) to provide technical support and evaluate possible 

impacts from the December 23, 2001 train derailment and spill of acetone and methylene 

chloride into the Genesee River. As a component of the impact assessment, sediment sampling 

for benthic macroinvertebrate community analysis was conducted on January 10, 2001. Samples 

were collected from bottom sediments adjacent to the spill location, from two downstream 

locations, and from an upstream reference location. Samples for particle size and total organic 

carbon (TOC) were also collected. Potential benthic impacts were evaluated using several 

standard metrics of benthic macroinvertebrate community quality. All taxonomic and analytical 

work was performed by IT. 
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2.0 Methods 

Samples were collected in accordance with the Genesee River Benthic Macroinvertebrate 

Sampling Plan included as Appendix A of this document. The methods of data analysis are 

presented below. 

2. 1 Sampling Locations 

Samples were collected at four locations (sampling stations) on the lower Genesee River (Figure 

1). These were selected to be co-located with previous sampling of bottom water. The stations 

were located as follows: 

Station 1 - located upstream of bridge (under construction at time of field work) located 
upstream of spill area. 

Station 2 - located directly adjacent to the spill, approximately 25 feet offshore, east of burned 
dock. 

Station 3 - located mid-channel near Coast Guard Station, approximately half way between 
spill location and the river mouth. 

Station 4 - located at the river mouth near mid-channel. 

These stations were called Upstream +20, Middle +20, Downstream +20 and Channel/Lake 

respectively in field notes and previous sample collection. All samples were collected in a water 

depth of approximately 20-25 feet. 

2.2 Sample Collection 

Three replicate samples were collected at each location. Replicate samples were placed into 

individual three-gallon plastic buckets. Approximately 3 liters of sediment was collected for 

each replicate sample. Multiple grabs were sometimes necessary to obtain the necessary volume. 

Approximately 500 ml of sediment from each of the three replicate samples was placed into a 

pan and mixed thoroughly to create a composite sample for each of the four locations. The 

remaining sediment in each replicate was not composited, but was sieved as an individual sample 

for benthic macroinvertebrate analysis. The composite samples were placed in glass sample jars 

for grain size and TOC analysis. 

2.3 Sample Handling in the Field 

Each replicate benthic macroinvertebrate sample was passed through a 0.5 mm sieve, and the 

material retained on the sieve was retained for laboratory sorting and identification. The sieved 

samples were placed in I-liter glass jars, and sufficient buffered formalin was added to preserve 

the samples. The jars were closed and inverted several times to insure adequate mixing of the 
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sample and preservative. All sample containers were labeled with the location, time of 

collection, date and sample type, and method of analysis. 

2.4 Field Quality Assurance/Quality Control 

IT Field Activity Daily Logs (FADLs) were used to record all essential information for each 

sampling station. Included were descriptions of the sampling locations, total number and types 

of samples collected, time, date, weather and other pertinent information. Chain of Custody 

forms were prepared in the field and sealed in coolers with the samples for shipment to the 

laboratories. 

2.5 Macroinvertebrate Identification 

Organisms were identified in the laboratory to Genus or to the lowest practical tax.on. 

Identification of organisms was made using keys developed by Merritt and Cummins (1984), 

Peckarsky, et al (1990) and Pennak (1989 and 1978). Each family of organisms identified at 

each location was placed into separate vials containing ethanol as a preservative in order to 

assemble a reference collection for the project. 

2.6 Methods of Data Analysis 

Six metrics were calculated for the benthic macroinvertebrate data presented in Tables 2, 3, 4 

and 5. These metrics are described below. 

Taxa Richness 
Tax.a richness is calculated by counting the number of taxa (discrete different kinds of 

invertebrates) present in the sample. In general, taxa richness increases with increasing water 

quality. 

Total Abundance 
Total Abundance is the number of organisms present in the actual grab samples. Abundance that 

is either very high, or very low can be an indicator of environmental stress affecting benthic 

community composition. 

Diversity: Diversity is composed of two distinct components: (i) the total number of species, 

(i.e. richness) and (ii) how the abundance data are distributed among the species (i.e. evenness). 

Diversity indices incorporate both species richness and evenness into a single value. Diversity is 

considered to be an indicator the health or quality of a community. Stressed communities will 

generally be dominated by a very few tolerant species, resulting in a low diversity index. The 

Shannon-Wiener Index (H') is one of the most widely used diversity indices. It is based on 

information theory and is a measure of the average degree of "uncertainty" in predicting to what 

species an individual chosen at random from a collection of S species and N individuals will 
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belong. This average uncertainty increases as the number of species increases and as the 

distribution of individuals among the specie becomes even. Therefore, H' incorporates both the 

number of species and the relative abundance of organisms among the species. H' equals zero if, 

and only if, there is one species in the sample. The maximum possible value of H' is the log of 

the total number of species in a sample. H' i maximum only when all S species are represented 

by the same number of individuals (i.e. when there is a perfectly even di tribution of 

abundances) . Thus, three perfectly evenly distributed samples of 3, 8 and 21 species each would 

have H' values of 1.09, 2.08 and 3.04 re pectively. For this investigation, H' was calculated 

using logarithmic base e. It should be noted that other studies might use logarithmic base 2 or 10 

for the calculation. All are correct, but will yield somewhat different H' values for a given data 

set. For example, an H' of 1.09 calculated using base e would equal 1.57 using base 2, and 0.48 

using base 10. The equation for estimating H' is: 

H'= f (!!.i_)n(!!.i_J 
l = I 11 11 

where ni is the number of individuals belonging to the ;th of S species in the sample and n is the 

total number of individuals in the sample. H' is a dimensionless number. 

Modified Family Biotic Index 

This index summarizes the tolerances of the benthic arthropod community to organic pollutants 

with a single value. This index was developed by Hilsenhoff ( 1988). Tolerance values used in 

the calculation of the Family Biotic Index (FBI) were obtained from Hil enhoff (1988) and Bode 

(1988). The FBI is calculated by multiplying the number of organisms in each taxon by the 

tolerance value for that taxon, summing the products, and dividing by the total number of 

organisms in the sample for which an index is calculated. Values for the FBI range from 0.00 to 

l 0.00 with higher values corresponding to greater levels of organic pollution as shown in the 

following table: 

Family Biotic Index Water Quali ty Degree of Organic Pollution 

0.00-3.75 Excellent Organic pollution unlikely 

3.76-4.25 Very good Possible slight organic pollution 

4.26-5.00 Good Some organic pollution probable 

5.01-5.75 Fair Fairly substantial pollution likely 

5.76-6.50 Fairly poor Substantial pollution likely 

6.51-7 .25 Poor Very substantial pollution likely 

7.26-10.00 Very poor Severe organic pollution likely 
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Although designed to reflect impacts from organic pollution, the FBI will also reflect stress from 
other factors such as chemical stressors or natural habitat variability. 
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3.0 Results and Discussion 

The composition of the aquatic benthic macroinvertebrate community is controlled by the 

characteristics and quality of the available habitat. These characteristics include nature and 

stability of the substrate, dissolved oxygen and pollutant concentrations in the ambient and 

interstitial waters, food availability, predation and other factors. 

The potential ecological value of an aquatic habitat is dependent upon the quality and 

composition of the habitat 's physical components. Healthy, high quality systems are 

characterized by a diverse habitat that has many ecological niches available. In flowing waters, 

important components of the physical habitat include: 

• Variation in the stream bed including sinuosity and patterns of velocity and depth 

• Vegetative condition of the stream banks and riparian zone 

• Diversity of natural features such as rocks, cobbles, gravel and logs 

• Degree to which gravel, cobbles and rocks are covered with sand, silt or mud 

• Uniformity of substrate and depth 

• Sediment deposition 

• Channelization (straightening, deepening, diversion into concrete channels, etc.) 

• Bank Stability. 

The Genesee River deep benthic habitat sampled in thi s investigation was uniformly silty, 

lacking the heterogeniety that is characteristic of high gradient stream habitats. This uniformity 

likely contributed to the low number of taxa found in the samples. The physical substrate 

characteristics are di scussed below, as well as specifics of the benthic communities present at the 

four sampling locations. 

3. 1 Physical Characteristics of Substrate 

The results of the physical characterization of the Genesee River substrate (particle size and total 

organic carbon (TOC) are shown in Table 1. The physical habitat was similar at the three 

locations within the river (see Site Map, Figure 1), with the particle size distribution being 

predominantly silt/clay. The field observations characterized the sediment as "very silty" and 

"greenish gray" in color. The field observations made during sampling at the river mouth 

("Channel/Lake" sampling location), were that the substrate was quite sandy. The laboratory 

analysis (Table 1) found a somewhat higher percentage of sand in the river mouth sample. This 

location also had the highest TOC concentration . The lowest sand percentage and TOC 
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concentration was found at the location adjacent to the acetone/methylene chloride spill 

("Middle" sampling location). 

3.2 Benthic Macroinvertebrate Communities 

The different types of benthic invertebrates (taxa) and number of organisms found in each 

replicate sample are given in Tables 2 through 5. The Upstream sampling station, which could 

not have been impacted by the spill, functions as a reference location to which the other locations 

may be compared. The benthic communities at all four locations are dominated by tubificid 

worms, and the dominance increases in a downstream direction . Fair numbers of chironornid 

larvae were present at the Upstream and Middle locations, with fewer numbers at the 

Downstream and river mouth (Channel/Lake) sampling stations. Dominance by one or two taxa 

is generally indicative of a benthic community affected by anthropogenic or natural 

environmental stress. 

Zebra mussels and Sphaerid clams were found at the Upstream and Middle locations, but not 

further downstream. Gammarid amphipods were present in low numbers at all locations 

sampled. 

Also shown in these tables are the totals for the replicates and tolerance values (Hilsenhoff, 

1988). The tolerance values range from 1 to 1 O; 1 assigned to taxa very sensitive to stress from 

pollutants and 10 assigned to organisms that are most tolerant of polluted environments. 

Tolerance values for the taxa found in this study (all locations) ranged from 4 to 10, with the 

very pollution tolerant Tubifex worms being by far the most abundant organism at all for 

locations. 

The community metrics calculated for the data presented in Tables 2 through 5 are shown in 

Table 6. Density exceeded 4000 organisms per square meter at all locations, primarily due to 

the abundance of tubificid worms. This metric alone does not indicate differences in community 

quality among the locations sampled. Sp~cies richness and diversity are shown graphically on 

Figure 2. Species richness showed a decreasing trend proceeding from the reference station 

toward the lake, with 7 taxa at the Upstream station, 6 taxa adjacent to the spill (Middle), 5 at the 

Downstream station, and 4 taxa at Channel/Lake. This apparent decreasing trend in community 

quality was also reflected in the diversity index, which decreased at each location proceeding 

from the Upstream reference station toward the lake. 

The final metric employed to evaluate the benthic data was the Family Biotic Index (Hilsenhoff, 

1988). The values calculated for this index are shown in Table 6 and graphically in Figure 3. 
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As previously stated, a higher index value indicates a poorer quality benthic community, and as 

shown in the table in Section 2, values calculated for all sampling locations indicate very poor 

habitat quality. As with the taxa count and diversity, the FBI increased from Upstream to the 

Channel/Lake sampling station, indicating decreasing habitat quality in a downstream direction. 

However, it should be noted that the habitat being evaluated is a silty river bottom, a habitat that 

characteristically ha parse benthic assemblages. 

It is also worth noting that the benthic community of the Genesee River in areas sampled (near 

the river mouth at Lake Ontario) resembles benthic communities of the Lake. Organism density, 

species composition, and number of taxa found in the present survey are quite similar to the data 

for benthic communities of Lake Ontario in surveys conducted by the EPA Great lakes National 

Program Office (USEP A, 2000). 
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4.0 Conclusions 

Although the metrics used to evaluate the benthic community indicated steadily decreasing 

quality in a downstream direction, this does not indicate community effects resulting from the 

acetone/methylene chloride spill. The chemicals spi lled into the river, acetone and methylene 

chloride, have been shown to exhibit very low toxicity in laboratory tests. Although initial 

sampling show elevated concentrations of both acetone and methylene chloride, all bottom 

samples, and surface samples collected several days after the spill were low (< 100 ppb) or non

detected. There are no National Ambient Water Quality Criteria for either of the chemicals. 

However, Tier II benchmarks published in Suter and T ao ( 1996) are appropriate for use in 

estimating the likelihood of toxicity to aquatic invertebrates. The aquatic biota toxicological 

screening benchmarks for acetone are 28,000 ppb (acute) and 1,500 ppb (chronic). The 

benchmarks for methylene chloride are 26,000 ppb and 2,200 ppb (acute and chronic 

respectively). These concentrations are based on laboratory toxicity te ts with sensitive 

invertebrates. Since both of these compound will dissipate rapidly in the aquatic environment, 

chronic effects are very unlikely, and the higher acute benchmark are relevant. Only acetone in 

a small number of surface water samples taken just after the spill had concentrations exceeding 

the acute benchmark. Since the density of acetone is less than that of water, it is unlikely that 

concentrations of either chemical approached the acute toxicity value in bottom waters where 

exposure of benthic invertebrates would have occurred. The density of methylene chloride is 

greater than water, and therefore the potential of chronic effect from this chemical cannot be 

excluded. Sediment sampling for chemical analysis is planned, and the results will be used to 

evaluate potential chronic impacts to benthic communities. 

The likelihood of adverse effects to benthic invertebrate populations is likely to be very low 

based on the following factors: 

1. Low ecological toxicity of both acetone and methylene chloride; 

2. Brief time of potential exposure to elevated concentrations; 

3. Time of year (cold water/low metabolic rates, absence of emerging insect life stages). 

If the spill had impacted the benthic community, the data would likely have shown the greatest 

decrease in benthic community quality at the "Middle" station adjacent to the spill, with recovery 

at locations further downstream. Rather, the steady downstream decline is likely a result of the 

river widening and slowing as it nears the Jake, becoming less lotic and more lentic in its 

characteristics. This is a natural process known as the river continuum concept (RCC), first 

described by Vannote et. al. ( 1980). The decline in a downstream direction in the lower reaches 
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of the Genesee River was noted by Bode et. al. (1993). That study, which used benthic 

invertebrate data to evaluate water quality of streams and rivers throughout New York State, 

used multi-plate samplers to collect benthic invertebrate data. The results are therefore not 

directly comparable to the present survey. However, the site judged to have the poorest water 

quality in the Bode study was the furthest downstream station, located a few miles from the river 

mouth. The habitat in this reach of the river is typical of larger rivers, where depth and slow 

currents allow the deposition of fine sediment. This habitat typically provides poorer substrate 

for benthic invertebrates than smaller, shallower rivers and streams. In a recent comparison of 

benthic assemblages in rivers and streams in British Columbia, Reese and Richardson (2000) 

found that the large river sites had low invertebrate abundance, species richness, and diversity, 

relative to the small streams. Also, as previously noted, the characteristics of benthic 

communities urveyed in this study were very similar to that reported for adjacent Lake Ontario. 

In conclusion, the lower Genesee River benthic community is representative of deep riverine 

habitat and does not appear to have been impacted by the acetone and methylene chloride spilled 

in the CSXT River Street derailment. 
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Table 1 
Genesee River Particle Size and TOC Results 

Sample Location Particle Size Total Organic Carbon 
Percent Sand Percent Silt/Clay mg/kg 

Upstream 3.6 96.4 20,000 
Middle 2.9 97. l 15,000 

Downstream 6.7 93 .3 20,000 
Channel/Lake 13.3 86 .7 32,000 



• • • • 

Class Order 
Oligochaeta Tubificida 

Lumbruculida 
Bi val via Sphaeracea 

Veneroida 
lnsec ta Megaloptera 

Diptera 

Crustacea Amphipoda 

Class Order 
Oligochaeta Tubificida 

Lumbruculida 
Bi val via Sphaeracea 

Veneroida 
In sec ta Megaloptera 

Diptera 

Crustacea Amphipoda 

• • • • • - • • - • 

Family 
Tubificidae 
Lumbriculidae 
Sphaeriidae 

Dreissenidae 
Sialidae 
Tanypodinae 
Chi ronomin i 
Gammaridae 

Family 
Tubificidae 
Lumbriculidae 
Sphaeriidae 

Dreissenidae 
Sialidae 
Tanypodinae 
Chironomini 
Gammaridae 

Table 2 
Genesee River Benthic Macroinvertebrate Survey Results 

Upstream (Upstream of Acetone/Methylene Chloride Spill) 

Genus&Species Common Name Tolerance Life Stage REP-A 
not determined tubifex worm 10 adu lt 164 
not determined lumbriculid worm - adult 
not determined clam 8 ju ve nile 4 
Dreissenea 

polrmorpha zebra mussel - ju ve nile 
Sia/is sp. aldern y 4 larva 
not determined midge 6 larva 16 
not determined midge 8 larva 12 
Gammarus sp. side swi mmer 4 ad ult 

Total 196 

Table 3 
Genesee River Benthic Macroinvertebrate Survey Results 

Middle (Adjacent to Acetone/Methylene Chloride Spill) 

Genus&Species Common Name Tolerance Life Stage REP-A 
not determined tubifex worm 10 adult 160 
not determined lumbriculid worm - adult 
not determined clam 8 ju venile 4 
Dreissenea 
polvmorvha zebra mussel - juveni le 
Sia/is SfJ. aldertly 4 larva 
not determined midge 6 larva 17 
not determined midge 8 larva 12 
Gammarus S!J. side swimmer 4 adult 

Total 193 

• - • • -

REP-B REP-C Total 
264 142 570 

5 I 10 

3 I 4 
I 1 

64 36 116 
48 26 86 
I 1 

386 206 788 

REP-B REP-C Total 
224 236 620 

5 9 

I 1 

38 10 65 
12 16 40 

I 1 
280 263 736 
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Class Order 
Oligochaeta Tubificida 

Lumbrucul ida 
Bi val via Sphaeracea 

Veneroida 
lnsecta Megaloptera 

Diptera 

Crustacea Amphipoda 

Class Order 
Oligochaeta Tubificida 

Lumbrucul ida 
Bi val via Sphaeracea 

Veneroida 
Insec ta Megaloptera 

Diptera 

Crustacea Amphipoda 

• • • • • - • • • • 
Table 4 

Genesee River Benthic Macroinvertebrate Survey Results 
Downstream (downstream of acetone/methylene chloride spill) 

Family Genus&Species Common Name Tolerance Life Staee SEO-A 
Tubificidae not determ ined tu bifex worm 10 adult 139 
Lumbriculidae not determ ined lumbriculid worm - adult 
Sphaeri idae not determi ned clam 8 juvenile 

Dreissenea 
Dreissenidae polymorpha zebra mussel - ju ve ni le I 
Sialidae Sia/is sp. alde rtly 4 larva 
Tanypodinae not determined midge 6 larva 7 
Chironomini not determined midge 8 larva 4 
Gammaridae Gammarus sp. side swimmer 4 adult 

Total 151 

Table 5 
Genesee River Benthic Macroinvertebrate Survey Results 

Channel/Lake (downstream of spill at river mouth) 

Family Genus&Species Common Name Tolerance Life Stage SEO-A 
Tubificidae not determi ned tu bi fex worm 10 adu lt 290 
Lumbriculidae not determi ned lumbriculid worm - adul t I 
Sphaeriidae not determined clam 8 juvenile 

Dreissenea 

Dreissenidae polvmorpha zebra mussel - juveni le 
Sialidae Sialis sp. aldertly 4 larva 
Tanypodi nae not determ ined midge 6 larva 4 
Chironomin i not determined midge 8 larva 
Gammaridae Gammarus sp. side swimmer 4 adul t 

Total 295 

• • - - -

SE0-8 SEO-C 
214 290 643 

2 I 4 

4 6 17 
10 4 18 
2 2 

232 301 684 

SE0-8 SEO-C 
230 250 770 

1 

2 6 

I J 
232 251 778 
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Table 6 
Genesee River Benthic Macroinvertebrate Sampling Results 

Community Metrics 

Index Upstream a Middle8 Downstream a Channel/Lake8 

Total Abundance 788 736 684 778 
Density (orqanisms/m2

) 4925 4600 4275 4863 
Species Richness 7 6 5 4 
Species Diversity (H ') 0.86 0.59 0.29 0.065 
Family Biotic Index 9.1 9.5 9.8 9.9 
Community Loss Index NA 0.17 0.4 1 

a: See Figure 1 for sampling station locations 
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Safety: 

Genesee River Benthic Invertebrate Sampling Plan 
CSXT Charlotte - Project Number 834540 01000000 

PFDs must be worn at all times when on board the vessel. Sub-freezing air temperature 
will make the sampling work more hazardous due to icing on deck. 

Documentation: 
All activities must be recorded on FADL sheet or water proof note books. Chain of 
Custody forms must be filled out in the field and must accompany the samples to the 
laboratory. 

Sample locations: 
Samples to be collected from the four (4) locations in the river where deep water samples 
were collected. These locations are: 

1. Directly offshore of the acetone/methylene chloride spill area; 
2. Upstream of the spill area; 
3. Approximately half way between the pill area and the mouth of the river; 
4. At the river mouth. 

The depth at these locations is expected to be approximately 20 feet. Preliminary 
sampling has indicated that the substrate is silt and hould be suitable for collection using 
an Ekman dredge. 

Number of samples and Sample Volume: 
Three replicate samples to be collected at each location. For each replicate, the Ekman 
dredge is to be emptied into a 3 gallon plastic bucket. The amount of sediment to be 
collected and sieved for each replicate is 2.5 to 3 liters. The buckets are marked in liter 
increments. A 5 cm. deep grab will be approximately 2.6 liters of sediment. Multiple 
grams may be necessary to obtain sufficient volume. If excess sediment is collected, the 
surface sediment should be retained, the deeper sediment excluded from the samples. 

Grain Size and TOC sampling: 
Approximately 500 ml of sediment from each of the three replicate samples must be 
placed into a pan and mixed thoroughly to create a composite sample for each of the four 
locations. The composite samples are to be placed in glass ample jars for grain size and 
TOC analysis. 

Sample Sieving and Preservation: 
Each replicate sample must be passed through the 0.5 mm Nalgene sieve, which will 
retain the organisms and coarse sediment. Thi may be done from the vessel or on shore, 
as site conditions may indicate. 

The sieved samples are placed in the l or 2 liter plastic jars, and sufficient buffered 
formalin is added to preserve the samples. Exce s water should be poured from the 
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benthic samples and at least 250m1 of formalin should be added. The jars should be 
closed and inverted several times to insure adequate mixing of the sample and 
preservative. Care should be taken to clean the jar threads to prevent leakage during 
transport. The jar lids should also be taped or sealed with parafilm and tape. 

Sample Labeling: 
The field crew must insure that all sample containers are clearly labeled with the location, 
time of collection, date and sample type and method of analysis. The sample 
identification information must also be recorded on the COCs and field notes. Labels 
should be covered with clear tape to prevent loss prior to analysis. 

Sample Packing: 
The glass jars should be placed in bubble wrap and put into ziploc bags. The lids of the 
benthic samples should be sealed with parafilm or tape. The benthic samples should be 
placed into large ziploc bags and sealed. They need to remain upright in the cooler. The 
jars should not be filled all the way to the top. There should be vermiculite in the coolers. 
The COCs also need to be in the coolers. 

We do not need to ship the amples as hazardous because they contain less than 25% 
formalin. However, care must be taken to insure that they will not leak. 

Sample Shipping: 
The three sample types are to be packed in separate coolers with sufficient packing to 
prevent breakage during transport. The TOC samples must be packed with ice. 
Shipment should be via Federal Express to the addresses below. 

Benthic invertebrate and TOC samples to: 

Shirley Scarborough 
IT Corp 
304 Directors Drive 
Knoxville , TN 37923-4700 
Phone: (865) 690-3211 

The grain size samples are shipped to: 

Ralph Cole 
IT Corp 
1570 Bear Creek Road 
Oak Ridge TN 37830 
Phone: (865) 482-6497 
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rn INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

Mike Murray 
IT Corporation 
2200 Cottontail Lane 
Somerset NJ 08873 

GEOTECHNICAL 
LABORATORY 

CERTIFICATE OF ANALYSIS 

This is the Certificate of Analysis for the following samples: 

Project ID: 
Project Number: 
Date Received by Lab: 
Number of Samples: 
Sample Type: 

CSX Charlotte 
834540.01000000 
January 11 , 2002 
Four (4) 
Soil 

I. Introduction/Case Narrative 

February 8, 2002 

Four soil samples were received by the IT Geotechnical Laboratory on January 11 , 2002. 
Requested testing particle-size distribution determination . A gradation (sieve analysis was 
used to classify coarse sample particles. A hydrometer analysis was used to estimate the 
quantity and size of silt- and clay-size particles. Moisture content data (dry basis) is 
provided as ancillary information . Sample results were originally transmitted on January 
23, 2002. 

Please see Appendix A, Sample Number Cross Reference List; Appendix B, Analysis 
Results; and , Appendix C, Chain-of-Custody and Request-for-Analysis Records. 

Reviewed and Approved: 

Ralph Cole 
Laboratory Manager, Geotechnical Services 

IT Environmental Technology Development Center 
P.O. Box 4339 • 1570 Bear Creek Road • Oak Ridge. TN 37830 • 615-482-6497 • FAX: 615-482-1890 681A-6-93 
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Page 2 of 13 
Mike Murray 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

IT Corporation 
February 8, 2002 
IT Project ID: CSX Charlotte 
IT Project No. : 834540.01000000 

11. Analytical Results/Methodology 

REFERENCES: United States Army Corps of Engineers (USAGE), Engineer Manual 
1110-2-1906, Laboratory Soils Testing, appendix II , 1970; United States Environmental 
Protection Agency, SW846, Test Methods for Examining Solid Waste, Physical/Chemical 
Methods, 3rd ed. , Nov 1986 (EPA SW-846). Annual Book of ASTM Standards, Section 
4, Construction , Volume 04.08, Soil and Rock (I) , and Volume 04.09, Soil and Rock(//), 
2001. 

Laboratory Determination of Water (Moisture) Content of Soil and Rock ASTM D 2216 
Particle-Size Distribution of Soils . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ASTM D 422 

111. Quality Control 

Quality control checks such as duplicates and spikes (QC samples) , are not normally 
applicable to geotechnical testing. This is due largely to the inability of obtaining samples 
with known characteristics , the heterogenous nature of the samples, and quality control 
procedures built-in to the analytical method. 

QC measures to ensure accuracy and precision of test results include the following: 

• 100% verification of all numerical results - raw data entries, transcriptions and 
calculations entered by lab technicians are checked , recalculated and verified . Most 
data calculations are performed by computer programs. 

• Data validation through test reasonableness - summaries of all test results for 
individual reports are reviewed to determine the overall reasonableness of data and 
to determine the presence of any data that may be considered outliers. 

• Quality control procedures are built into most standardized geotechnical procedures. 
For example, liquid limit and plastic limit analyses call for re-analyses and specify 
acceptance criteria. 

• Routine instrument calibration - instruments, gauges and equipment used in testing 
are calibrated on a routine basis. All instrument calibration follows ASTM or 
manufacturer guidelines. 

• Maintenance of all past calibration records - calibration records and certification 
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Page 3 of 13 
Mike Murray 
IT Corporation 
February 8, 2002 
IT Project ID: CSX Charlotte 
IT Project No.: 834540.01000000 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

documents of all instruments, gauges and equipment are updated routinely and 
maintained in the Quality Control Coordinators Quality/Operations files. 

• Certified and trained personnel - all technicians are certified by the National Institute 
for Certification of Engineering Technicians (NICET) in geotechnical soil testing , and 
are trained in the application of standard laboratory procedures for geotechnical 
analyses as well as the quality assurance measures implemented by IT. 

IV. Data Qualification 

None. 
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Sample Cross-Reference List 
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Page 4 of 13 
Mike Murray 
IT Corporation 
February 8, 2002 
IT Project ID: CSX Charlotte 
IT Project No.: 834540.01000000 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

SAMPLE NUMBER CROSS-REFERENCE LIST 

LAB SAMPLE NO. CLIENT SAMPLE NO. MATRIX 

ETDC-9845 .. .... . .. ........ Upstream +20/SED . ............. . Soil 

ETDC-9846 ...... ... ...... .. Middle +20/SED . ................. Soil 

ETDC-9847 ....... .... .. .... Downstream +20/SED ... .. ... ..... Soil 

ETDC-9848 ......... . ....... Channel-Lake +20/SED . ...... ..... Soil 
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Mike Murray 
IT Corporation 
February 8, 2002 
IT Project ID: CSX Charlotte 
IT Project No.: 834540.01000000 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

PARTICLE-SIZE ANALYSIS 
ASTM D422 

Project Name CSX Charlotte/Rochester NY 

Project No. 834540.01000000 

Speci fic Gravity ' 2.65 
assumed for ca lculations 

SIEVE ANALYSIS 

Sieve Diameter Percent 

c No. mm Finer 

0 3" 75.000 100.0% F 
A 1.5" 37 .500 100.0% I 
R 0.75" 19.000 100.0% N 
s 

0.375" 9.500 100.0% 
E 

E 

#4 4.750 100.0% 
#10 2.000 100.0% 

Client Sample No. Upstream +20/SED 

IT Lab Sample No. ETDC-9845 

Moisture Content= 100.2% 
based on d ry sample weight 

Sieve Diameter Percent 

No. mm Finer 

#20 0.850 100.0% 

#40 0.425 100.0% 

#60 0.250 99.9% 

#100 0.149 99.6% 

#140 0.106 99.0% 
#200 0.075 96.4% 

HYDROMETER ANALYSIS 

Diameter Percent 

mm Finer 
H 
y 

D 
R 0.02815 74 .5% 

0 0.01583 50.5% 
M 0.01114 37.2% 
E 0.00890 29.3% 
T 
E 0.00590 19.5% 

R 0.00468 15.1 % 

0.00325 10.6% 

0.00143 6.2% 

0.0% Gravel 3.6% Sand 96.4% Si lt /Clay 
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Mike Murray 
IT Corporation 
February 8, 2002 
IT Project ID: CSX Charlotte 
IT Project No.: 834540.01000000 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

CSX Charlotte/Rochester NY 
U.S. STANDARD SIEVE SIZES HYDROMETER 
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PARTICLE SIZE, mm 

CLIENT SAMPLE NO.: Upstream 
IT LAB SAMPLE NO.: ETDC-9845 

B GRAVEL SAND 
0 c 
u 0 
L B SILT 2 - 75 microns 
D B M 
E L c c 

F 0 E F CLAY <2 microns R E 0 I D I A 
s A N I N s R R 

E s u E s M 
E E 
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Mike Murray 
IT Corporation 
February 8, 2002 
IT Project ID: CSX Charlotte 
IT Project No.: 834540.01000000 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

PARTICLE-SIZE ANALYSIS 
ASTMD422 

Project Name CSX Charlotte/Rochester NY 

Project No. 834540.0 l 000000 

Specific Gravity = 2.65 
assumed for calculations 

SIEVE ANAL YS/S 

Sieve Diameter Percent 

c No. mm Finer 

0 3" 75.000 100.0% F 
A 1.5" 37.500 100.0% I 
R 0.75" 19.000 100.0% N 
s 

0.375" 9.500 100.0% 
E 

E 

#4 4.750 100.0% 
#10 2.000 100.0% 

Client Sample No. Middle +20/SED 

IT Lab Sample No. ETDC-9846 

Moisture Content= 94.9% 
based on dry sample weight 

Sieve Diameter Percent 

No. mm Finer 

#20 0.850 100.0% 

#40 0.425 100.0% 

#60 0.250 99.9% 

#100 0.149 99.7% 

#140 0.106 99.3% 
#200 0.075 97.1% 

HYDROMETER ANALYSIS 

Diameter Percent 

mm Finer 
H 
y 

D 
R 0.02849 80.9% 

0 0.01945 63.9% 
M 0.01169 45.0% 
E 0.00740 28.0% 
T 
E 0.00607 22.0% 

R 0.00467 18.0% 

0.00325 12.0% 

0.00143 7.0% 

0.0% Gravel 2.9% Sand 97 . l % Si lt /Clay 
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Mike Murray 
IT Corporation 
February 8, 2002 
IT Project ID: CSX Charlotte 
IT Project No.: 834540.01000000 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

CSX Charlotte/Rochester NV 

I 
I 

U.S. STANDARD SIEVE SIZES HYDROMETER 

12" 6" 3" 1.5" 314" 318" #4 #20 #4() #60#100#140#200 <200SIEVE 

\ 
1 

~"" 10 ~1-+W+-l--+--1+1;w.+.+-t--t.--fill-tt.-1H-+---++H+8-+-t---ttf.l-H+-t-t~ttttt+t--~~~"----tttttt-Hr---t---J 
I' 10 

0 ___J..LLJLJ__l__µJ.u.1..LL_i._-+w..LJ....LL__.1_~f1-LI-J....L..L--'-J.__-t'-"LJ...L...l-...L---'--t'-;..w._,~~---1~~~'----1 

1000 100 10 0 .1 0.01 0 .001 0 .0001 

PARTICLE SIZE, mm 

CLIENT SAMPLE NO.: Middle +20/SED 
IT LAB SAMPLE NO.: ETDC-9846 

B GRAVEL SAND 
0 c 
u 0 
L B SILT 2 - 75 microns 
0 B M c E L c F E F CLAY <2 microns 0 R E 0 I D I A 
s A N A I N s A u E E s s M 

E E 
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Mike Murray 
IT Corporation 
February 8, 2002 
IT Project ID: CSX Charlotte 
IT Project No.: 834540.01000000 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

PARTICLE-SIZE ANALYSIS 
ASTMD422 

Project Name CSX Charlotte/Rochester NY 

Project No. 834540.01000000 

Specific Gravity '2.65 
assumed for calculations 

SIEVE ANALYSIS 

Sieve Diameter Percent 

c No. mm Finer 

0 3" 75.000 100.0% F 
A 1.5" 37.500 100.0% I 
R 0.75" 19.000 100.0% N 
s 

0.375" 9.500 100.0% 
E 

E 

#4 4.750 100.0% 
#10 2.000 100.0% 

Client Sample No. Downstream +20/SED 

IT Lab Sample No. ETDC-9847 

Moisture Content= 84.9% 
based on dry sample weight 

Sieve Diameter Percent 

No. mm Finer 

#20 0.850 99.9% 

#40 0.425 99.8% 

#60 0.250 99.6% 

#100 0.149 98.9% 

#140 0.106 97.2% 
#200 0.075 93.3% 

HYDROMETER ANALYSIS 

Diameter Percent 

mm Finer 
H 
y 

D 
R 0.02964 71 .8% 

0 0.02012 55.8% 
M 0.01084 34.9% 
E 0.00899 29.9% 
T 
E 0.00632 20.9% 

R 0.00469 16.0% 

0.00325 12.0% 

0.00143 7.0% 

0.0% Grovel 6.7% Sand 93 .3% Silt/Clay 
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'Mike Murray 
IT Corporation 
February 8, 2002 
IT Project ID: CSX Charlotte 
IT Project No. : 834540.01000000 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

CSX Charlotte/Rochester NY 
U.S. ST AND ARD SIEVE SIZES HYDROMETER 
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PARTICLE SIZE, mm 

Downstream CLIENT SAMPLE NO.: ETDC-9847 IT LAB SAMPLE NO.: 

B GRAVEL SAND 
0 c 
u 0 
L B SILT 2 - 75 microns 
D B M 
E c c 

L F 0 E F CLAY <2 microns R E 0 I A D I 
s A N A I N s A E u E s s 

E M 
E 
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Mike Murray 
IT Corporation 
February 8, 2002 
IT Project ID: CSX Charlotte 
IT Project No.: 834540.01000000 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

PARTICLE-SIZE ANALYSIS 
ASTMD422 

Project Name CSX Charlotte/Rochester NY 

Project No. 834540.01000000 

Specific Gravity '2.65 
a ssumed for calculat ions 

SIEVE ANALYSIS 

Sieve Diameter Percent 

c No. mm Finer 

0 3" 75.000 100.0% F 
A 1.5" 37 .500 100.0% I 
R 0.75" 19.000 100.0% N 
s 

0.375" 9.500 100.0% 
E 

E 

#4 4.750 100.0% 
#10 2.000 100.0% 

Client Sample No. Channel-Lake +20/SEI 

IT Lab Sample No. ETDC-9848 

Moisture Content = 195. 7% 
based on dry sample weight 

Sieve Diameter Percent 

No. mm Finer 

#20 0.850 99.9% 

#40 0.425 97 .4% 

#60 0.250 95.7% 

#100 0.149 93.1% 

#140 0.106 90.5% 
#200 0.075 86.7% 

HYDROMETER ANALYSIS 

Diameter Percent 

mm Finer 
H 
y 

0.04111 
D 

77 .7% 

R 0.02996 70.7% 

0 0.02040 52.5% 
M 0.01272 30.3% 
E 0.00924 21 .2% 
T 
E 0.00665 15.1% 

R 0.00474 11 .1% 

0.00328 9.1% 

0.00143 6.1% 

0.0% Gravel 13.3% Sand 86. 7% Si lt /Clay 
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Mike Murray 
IT Corporation 
February 8, 2002 
IT Project ID: CSX Charlotte 
IT Project No. : 834540.01000000 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

CSX Charlotte/Rochester NY 
U.S. STANDARD SIEVE SIZES HYDROMETER 
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PARTICLE SIZE, mm 

Channel-Lake CLIENT SAMPL:E NO.: 
IT LAB SAMPLE NO.: ETDC-9848 

B GRAVEL SAND 
0 c 
u 0 
L B SILT 2 - 75 microns 
D B M c E L c F E F CLAY <2 microns 0 R E 0 I A D I 
s A N I N s A A E s u E s M 

E E 
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Appendix C _ 
Chain-of-Custody and Request-for-Analysis Records 
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0\ <~\~A 1'= ocJ o o 
J o, .oo. . 
~ 3~ 5 ~O CHAIN OF CUSTODY RECORD 

FACILITY/LOCATION: METHOD OF SHIPMENT: feJ ~" 
C~'I.. c~t\o~e 1~ex).~J,e.rl JJY TO <:AV-¥:"~~ 1 T .N 

FROM ~c.\...e">t~<. ~y 

SAMPLING AND ANALYSES AUTHORIZED BY: ("\ ~~ ffc..../<'~"f DATE: ' }10/o:z. J- 4co-11qS--1 5"f-r ~ ... +. 3,~ 
SAMPLE SAMPLING LOCATION SAMPLE TYPE # OF ANALYSES 

# AND DESCRIPTION DATE TIME c G SOLID CONT. REQUIRED 

9 845 iJ.~--. -\ ~ /5-f. D ih>/o}. cic<c<:> ~~~t- \ Cre.. .... 5-,~ 

9846 
f'i ~~\~ ~ ").o /5 t\J ' 101.;' ( 

1)iwl'lsh'e<t~ +020 /5~D \\~O \ 
9847 

w iDl\O ' / I 
9848 

~K.,..e)-~~ l- ;z.o /6fD \V 

SAMPLE COLLECTED BY: 
C-6¥ J A:S f 

l!J.p:.,~ ~VLI;JU~r:r:z BY: 77 ,, j JO t-:rdO 
fVLVA 

SAMPLE RfiINQUISHED BY: 

SAMPLE RELINQUISHED BY: 

SAMPLE RELINQUISHED BY: 

SAMPLE RELINQUISHED AFTER 
ANALYSES: 

SAMPLE DESCRIPTION: 

EXACT SAMPLING LOCATION: 

SAMPLE RECEIVED BY: DATE TIME 
D.-,. .~ d--_ tT/£-rlJc_ 1-J/-Ol... 07.3o , 
SAMPLE RECEIVED BY: DATE TIME 

SAf.1PLE RECEIVED BY: DATE TIME 

SAMPLE RECEIVED BY: DATE TIME 

ANALYZED SAMPLE RECEIVED BY: 
DATE TIME 

I# OF CONTAINERS: 

AQUA SURVEY, INC. 
(908 ) 788-8700 


