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ABSTRACT

Contaminated sediments within New York State are a Jefyam past activities;
municipal and industrial discharges from facilities andrapens adjacent to waterbodies
of the State. The Erie Canal provided a transportabodwit that allowed raw material
and finished goods to be transported across the state aonchomerous harbors and
seaports within the United States. The Canal also proeidehvenient source of water
for manufacturing operations and disposal of processintgadglany of these wastes
have found their way into the sediments of the C8&yatem and must be identified and
managed properly to maintain the integrity of the canstiesy. This project addresses
one portion of the canal between the Niagara River la&enesee River in Rochester
and evaluates the existing contaminants within the sedea@and makes some
recommendations for further action to deal with the@mmants that were identified.



CHAPTER 1
INTRODUCTION

The purpose of this project is to evaluate the generdldéwentaminants present
within the Erie Canal sediments between its confleemith the Niagara River in North
Tonawanda, New York and the Genesee River in Rochéstar York. The Canal
Corporation has conducted routine sediment samplectolh to document sediment
quality from 1991 until late 1998 for use in evaluating sedirgaatity. Studies by the
New York State Department of Environmental ConservgfiwtnSDEC) in the ear
1990s identified contaminants in the canal, a definite sdardee contamination was
not readily identified. The study further recommendedtti@sources of dioxin and
furans in the canal sediments be better defined, a plachedule for this investigation
was not established due to the intensive effort and cabisafype of study. From 1994
to January of 1998 the Canal Corporation collected routiderent samples from
numerous locations in the western canal system lmaseequests for sediment data by
the NYSDEC. Both shallow and deep depth core samplesheareused to show levels
of contamination in the canal sediment. This databeas presented to both the
NYSDEC and the New Yark State Department of HealthYR®H) to support car
maintenance, capital construction and development &esivil he reported data has not
precluded operational or development activities based ocotitaminant levels that have
been presented to both of the regulatory authoritiesastauggested by the NYSDEC 1
supplemental sediment sampling should continue to furthgrast the development of a

database of sediment quality. This data set might be usitfuh this reach of the
canal to support a forensic investigation into contaminantcss.

A program of extensive sediment sampling involves theyarsabf
polychlorinated dibenzo-p-dioxins and polychlorinated dibenzao&ir&hese analyses
are extremely expensive. With this in mind an alternatouarce for funding of these
analyses was sought through the Great Lakes NationgitdndOffice ofthe United

States Environmental Protection Agency (USEPA) in mid-189Qctober of 1997 a
grant award was offered to accomplish an evaluationeofjeneral profile of sediment
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guality within this section of the Canal. Bad weather during theufa winter of
1997orced the delay of sediment sampling to the spring ardsianmer of 1998.
Duplicate cores were collected during sampling activioesll of the deep depth cores.
gt pilite was sectioned based on visual charaateritiie sediment from each sec
was homogenized and sent to the analytical laboratorfalysis. The second core of
the pair was sectioned into 2 centimeter and 4 centirmetgions and refrigerated

future radionuclide dating.

Questions to be Addressed

As stated earlier, the history of the Canal in thisise®f the State provided an
opportunity for it to become a convenient locationrf@ny municipal, commercial and
industrial wastewater discharges. In many places the isatie lowest area of
topography within many of the communities of West em Nexk. Historically, there
was little awareness of the ability of contaminaatadccumulate in sediments or biota,
and the phenomenon of biomagnification was not re&dibyvn. Therefore individuals,
communities and industries alike routinely discharged cointnts both into the canal

and on property surrounding the canal. Some of the key quest be addressed by this
project include the following:

What are the spatial levels of contaminants currgmidgent in the sediment of
this portion of the canal?

Has there been an increase or a decrease in the téhantaminants discharged
to the canal over time?

Is it possible to pinpoint a current or historical sourceomtamination based on
the levels of contaminants found in the canal sedirflents



CHAPTER 2
BACKGROUND.

The New York State Canal Corporation (NYSCC) wasiied in 1992 by an act
of the New York State Legislature to be the caretak&lent York State's Canal System.
One of the Corporation's primary duties is the maintemari the system including the
dredging of sediments and the repair of the embanknteattsripound the canal system.
This project will focus on one of the obstacles thatlar the on-going dredging of canal
sediments and the repair of the Erie Canal systenaekniients: the presence of
contaminated sediments that impede or can possibly preéhes# activities. The area to
be addressed by this project is that portion of the sy#tat originates at the Erie Canal's
confluence with the Niagara River and flows eastwardugfinaaumerous communities
until it joins with the Genesee River near Rochestew Merk. In order to understand

why the sediments are contaminated, one must first uaddrthe hydraulic conditions
of the western Erie Canal system and some of iteryist

Site History

The Erie Canal was one of the first of two canalayst constructed by New
York State. Construction was initiated on July 4, 1817, aasla@mpleted on October
26, 1825 when then Governor De Witt Clinton opened the Eainal system. The
original Erie Canal was completed at a cost 0f$7,150,000. Dutaiaton's Ditch" or
"Clinton's Folly" during construction, once completedugg increased trade between the
eastern and western portions of the State. It extemdedAlbany westward to Buffalo,
was 12.2 meters wide and 1.2 meters deegh cauld accommodate boats of about 30
capacity, towed by horses or mules. It had 83 locks, eéashich were 27.4 meters long

and 4.6 meters wide. As its use increased, the needai@enhe capacity ofthe
system became evident.

The first enlargement began in 1836 and was completed in p862ding a channel

21.3 meters wide and 2.1 meters deep to handle boats of up tonZHpaxity.
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The cost of this enlargement plus subsequent improventeotsgh 1895 totaled sot

$80,000,000. The systems usage continued to grow, to the point aduitienal
capacity was needed to meet demand.

Construction of the current canal system, mostly alongailgmment, began in 19C
River and Lake Channels were utilized wherever possiblen&ivecanals were
put into operation as sections were completed, and in I@1@&ntire new Canal System
was in service. The current Erie Canal stretches Iaterford westerly across the State
to Tonawanda on the Niagara River. From its confluevittethe Hudson River in
Waterford, it uses the Mohawk River to Frankfort. Betwé&rankfort and New London
west of Rome, the Canal continues as a man-madecigrnthannel. Beyond New
London the Canal utilizes Wood Creek, Oneida Lake, theida River, Seneca River,
and Clyde River to Lyons. From Lyons to Rochester anm diockport, the Erie Canal
is an artificial land-cut channel, often located higlhantthe adjacent countryside,

sometimes by as much as 18.3 meters. The last segmantdackport to Tonawanda
consists of a nd-cut section and the canalized Tonawanda C

The total length of the Erie Canal is 547 kilometersis@iing of 354 kilometers
of canalized rivers and lakes and 193 kilometers oflandttannels. It has 35 locks (18
in river sections and 17 in land-cut sections), 2 guard ldé¢ksjovable dams, 2 taintor
gate dams, 13 guard gates and 42 canal terminals. The sebatestinder
consideration by this project consists of 108 kilometétara-cut channel and 18.5
kilometers of the canalized Tonawanda Creek betwseNitagara River and the
Genesee River in Rochester. Appendix A, included at the ftisqoroject repo

provides mapping of the area of the canal system undsidevation.

Hydraulic Conditions

F or nearly the last ninety years the @lasystem has been used as the downsi
recipient of wastes from surrounding property owners dja@rang communities. For
many of these years the Canal System has receivdthdigs from municipal



wastewater and industrial facilities and treatmenttplatong its path. Scores of storm
water and combined sewer overflows add to the organic angbimeo loading to the
canal. Many of these contaminants ultimately setttbeacanal bottom due to the
relatively low flow velocities in the system. Amabic conditions within the sedimel
decompose some of the constituents while other less desgpleompounds are
sequestered in the sediment matrix. Additionally, theging of snow into the canal by
adjacent municipalities has been performed for manysyaattributing organic and
inorganic contaminants in the water and sediments. Fpopes of this project the
Canal between Buffalo and Rochester will be divided five (5) reaches, approximat
24 kilometers in length which are discussed beBach section will discuss some of

physical attributes of the reach as well as any potesdi@ributors to the contamination
that have been observ

Reach Number :

From its starting point at the west end, the ErieaCaas draws as much as ¢
of its flow from the Niagara River on the Tonawandemit level. The confluence of
the Canal and the Niagara River is 339.2 miles or 546 kilamé&tam the Federal Dam
Troy, New York and has been labeled as milepoint 339.théopurposes of this project.
The Niagara River, carrying Lake Erie waters to suppdyErie Canal east to Rochester
and to augment the supply of water from Rochester t@#fwaego River, supplies the T
onawanda summit level. Flow between T onawanda ac#tflort is supplemented by
water from both the Ellicott Creek and T onawandaeKi&s the canal progresses
northeasterly. Road and wastewater drainage entecsutla¢ through numerous pipes ¢
structures from Tonawanda all the way to Lockport, aadltdw from five (5) small
creeks and streams enter the canal system between amdamand Pendleton. During
navigation season, historically early May through labeémnber, flow from all of these
creeks join with the water from the Niagara Rived aontinue toward the northeast.
Shortly after its confluence with T onawanda CreekGheal proceeds through a guard
gate structure (Number 18) near Pendleton and then oieéem@mrock cut for the
completion of its journey to Lockport. During the non-mgational



season, the Pendleton Guard Gate is lowered, prevehéingater from the Niagara
River from entering the canal system. When the guardigatesed the flow of water
from both Ellicott and Tonawanda creeks reversetiine and flows to the west into the
Niagara Rive. The entire canal from Pendleton all the way toGleaesee River is
drained during the non-navigation season to minimize thenpaitéor freeze/thaw effects
on the canal's elevated" embankments. During this tiamdithere is little flow in the
bottom of the canal prism; the water that is preseginates from drainage of
surrounding properties and through storm, combined, and sas@aer systems.
Numerous swales and drainage ditches provide surface matdf from nearby
commercial and industrial complexes. In some areasenthe canal is below the

surrounding topography, the dewatered prism acts as a taach collecting
groundwater from surrounding aquifers.

In Lockport, above the double canal lock structure (E34tBB)Canal is located
below the surrounding grade by some 6 to 10 meters withiockawb Numerous storm
sewer and combined sewer overflows enter the canal mathghe flow from the
southwest during the navigation season. Just abovedkestiucture, a power tunnel
(constructed around 1912) conveys water around the Locks theopgiverhouse and
reenters the canal at an elevation some 15 metensa.b&long both sides of the ravine
where the two locks are located, the rock is now haoegbed with power tunnels that
provided a source of power and a convenient place to discivages for over a century.
The power tunnels on the south side of the canal ate Ilqug and join with a tunnel that
was constructed for Eighteenmile Creek to pass under the. Gamaérous industries
used the water in the power tunnel and discharged to iflgoteluding Lockport
Electric Light Company (now New York State Gas anctEie), Thompson Milling
Company, Trevor Manufacturing Company and the Boston ankdost Block Compan
Two other companies Franklin Mills and Western Block Compangived water from
the power canal and directly discharged into the Eightder@®@neek tunnel. During Canal
construction a waste weir and a drain were placeceisitte and bottom of the canal
respectively to allow for draining of the canal into Eegrimile creek during the non-
navigational season. During the navigation season, twleeahree waste gates



remain open to supplement the flow in the creek by appreelynd.4 cubic meters per
second [personal communication R. Jordan, NYSCC]. Tbeoéthis study reach
terminates at milepoint 321.1; the total length of thismes@pproximately 18.1 miles or
29.1 kilometers.

Reach Number

From Lockport, milepoint 321.1, all the way to Middlepdw tand to the north
side of the canal, is at a lower elevation. In #nesa the only flow that can enter the
system is from the surrounding property south of thelcdha hamlets of Orangeport,
Gasport, Reynales Basin and the Village of Middleponxt ceantribute small amounts of
surface runoff and subsurface flow to the canal. In nmssances the surface water from
the south side of the canal is collected in paraltehds that transport the surface water
flow to culverts that pass under the canal bed. Inrélaish there are twenty-one (21)
such culverts. To the east of Reynales Basin exaass from the canal are spilled into
the East Branch of Eighteenmile creek. Three wasesgat maintained at this locati
during the navigation season approximately 0.3 cubic metesepend of excess canal
water is discharged. Between Reynales Basin and Middlepedste gate structure w
two gates is maintained which discharges (at a ratpbaimately 0.2 cubic meters |
second) excess canal water into Johnson Creek. Iniltage/of Middleport a structure
with two waste gates is maintained that spills approxin#t.3 cubic meters per second
of excess flows from the canal into Jeddo Creek. The etidsostudy reach terminates at
milepoint 309.4, for a total length under consideratiohlo? miles or 18.8 kilometers.

Reach Number

From Middleport, milepoint 309.4, to Albion, milepoint 2928 fand on the
north side of the Canal is at a lower elevatiorthia area the only flow that can enter
the system is from the surrounding property south o€amal. The hamlets of

Knowlesville, Eagles Harbor, and the Villages of Medama Albion can contribute
small amounts of surface runoff and subsurface flowhdochnal. In most instances



surface water from the south side of the canal i®ct@tl in parallel ditches that transj
the surface water flow to culverts that pass under thal teal. In this reach there are
twenty-four (24) such culverts. In the Village of Medaraaqueduct transports the canal
over Oak Orchard Creek which is flowing northward. Pathefaqueduct structure
includes a series of waste gates that spill approxim@télgubic meters per second of
excess canal flows during the navigational season intoréek. To the east of Medina,
Fish Creek runs under the canal and continues northwatteTeast of Eagle Harbor a
waste weir is maintained to spill excess flows from¢hnal at a rate of approximately
0.5 cubic meters per second into Otter Creek. Just to tsteofvthe Village of Albion,
Sandy Creek passes under the Canal. During navigatioonseasess water in the ca

is diverted through a four- (4) gate and spillway structotiee $andy Creek. During a
typical season, approximately 0.1 cubic meter per secahdedged.

Within this reach, approximately 3.2 kilometers east widi&port on the south side
ofthe canal, FMC operates an agricultural chemicaldg piahin about a hundred meters of the
canal. During canal sampling by this author on April 18, 199%.2
centimeter diameter PVC line was observed originatiogn fconstruction activities east
of Middleport on the north side of the canal. It ikoown if this line discharged
materials to the canal from reported on-site dryingslwedf water was being withdrawn

from the canal at the former FMC landfill. This stuggpch terminates at milepoint
292.9, for a total length under consideration of 16.5 mil&6d¥ kilometers.

Reach Number ¢

From Albion, milepoint 292.9, to Brockport, milepoint 274l& land on the
north side of the Canal is at a lower elevationnamy locations the canal is also higher
in elevation ofthe surrounding land on the south siddy @ areas such as the hamlets of
Hinds burg and Hulberton and immediately eaghefVillage of Albion can surface wa
flow enter the system from the surrounding property sotithe canal. These locations

can contribute small amounts of surface runoff andwstdse flow to the canal.
In most instances the surface water from the sadéhaf the canal is collected in parallel



ditches that transport the surface water flow to ctdvihat pass under the canal bel
this reach there are nineteen (19) of these culverteelarea of Brockville and in the
Village of Brockport,waste gate structures are located for the removataafss flov
from the canal. In the recent past there has beee®o to use these structures. In
Holley a waste gate is maintained that discharges apprtetina6 cubic meters p
second into the East Branch of Sandy Creek.

Approximately 3.2 kilometers east of Albion on the saitle of the canal there
an inactive hazardous waste landfill (McKenna Landtiliat is scheduled to be closed
capping within the next calendar year. There are nursegmundwater monitoring wells
on both the south and north side of the canal. Attieent time it is unknown
what the contaminants of concern are and whether baeréeen any offite migration o
potential contaminants. The total length of this readh@ftanal is 13.3 miles or 21.4
kilometers between milepoint 292.9 and the ending mile[2x8at6.

Reach Number:

From Brockport, milepoint 279.6, to South Greece the lanthe north side of
the Canal is at a lower elevation. In many locatidvesdanal is also higher in elevation
than the surrounding topography on the south side. Onlyeihdamlet of Adams Basin,
immediately east of the Village of Brockport, and babteand west of Spencerport can
surface water flow enter the system from the surroungliogerty south of the canal.
These locations can contribute small amounts of seinfanoff and subsurface flow to the
canal. In most instances the surface water from ththside of the canal is collected
in parallel ditches that transport the surface wi#aer to culverts that pass under the
canal bed. In this reach there are seventeen (17) slwats. In Adams Basin a waste
gate is maintained to spill excess flows to the SalmeeICrA flowrate of approximately
0.05 cubic meters per second is maintained during the navigateason. To the east of
the Village of Spencerport, a waste weir and gate istanagd to spill
excess flows from the canal into Northrup Creek. TeavNork State Department
Environmental Conservation (NYSDEC) has requested tfiatveate of at least 1.8
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cubic meters per second be maintained during the navigaseasdn. Within this reach
in South Greece an additional waste weir is locatatidan be used to spill excess canal
flows to Round Pond Creek. This structure has not beenfaisethny years.

From Greece to the Genesee River, milepoint 261.2, tlad isan a deep rock

cut, which is below the sUITounding grade. Numerous pipes\agent discharging into
the canal. It is suspected that the vast majoritystmen sewers.

At its junction with the Genesee River, the majoafythe flow from the Canal
turns to the north and flows toward Lake Ontarios likely that very little of the canal
water crosses the Genesee River to continue its jptorthe east due to the substantially
higher flowrate in the river. Therefore, it is bekel that the majority of contaminants
that could be present in the Canal would follow thesewf the Genesee River to Lake
Ontario. The end of this study terminates at milepoint26Mhe total length of this
reach under study is 18.4 miles or 29.6 kilometers.
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CHAPTER 3
MATERIALS AND METHODS

To evaluate the sediment conditions within the canal prasraview of all
studies, all available reports and sediment data wikisnportion of the canal was
conducted. Generally, there is scant published informanadrthere have been very few
studies of sediment quality within this project study at&gublished data was also
considered in the preparation of this project.

NYSDEC Project Reports

A four-year study of sediment quality was undertaken b\t¥8DEC during
1989 to 1992 within the Canal, focusing around Eighteenmile Credkjear areas
where creeks and streams cross under or are augmentetebyram the canal system
[2]. The sediment samples collected within the ErieaCaere surficial in nature and
generally represented surface sediment quality. The magfrihe sampling that was
performed as part of this project represents sedimentyoaierved in discrete grab
samples collected within the Eighteenmile Creek watersinel other streams and cre
that cross the Erie Canal. This document statedawals of both dioxin and furan
appear to have entered creeks and streams from discbéige®ml water. Although the
Canal System may be the intermediary recipient afaroination now in the Canal

sediments it is not the generator of the contaminafiba.NYSDEC report did not
locate the upstream source or sources of the contaomratthe Canal.
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Table Number 3.1
1991 to 1992 NYSDEC Sampling Locations

Sample Location Mile Comments
Date Point

9/91t0 1/92  Route 265 339.0 2?2;“ Dredge, Surface

9/91t01/92  Three Mile IsJand 33580 ot Dredge, Surfuce

9/91t0 1/92  Sherwood Avenue 334.52‘?2;llr Dredge, Surfuce

9/91t0 1/92  Sawyer Creek 334.42‘?{;‘;llr Dredge, Surfuce

9/91to 1/92  Dunnigan Road 326.92?2? Dredge, Surface

9/91to 1/92 Pendleton Gate 325.3 Surface Core Composite
5/92  Robinson Road 324.4 2?2;“ Dredge, Surface
5/92  Murphy Road 324.0 2?2;“ Dredge, Surfuce
5/92  Hinrmn Road 323.1 2?2;“ Dredge, Surfuce
5/92  Route 93 Bypass 322.82?2? Dredge, Surface

. Ponar Dredge, Surface
Botﬁ/ %ﬁcotwg%ﬁ'ogrqd Eighteenmile Cree%%rf]buﬁ'ﬂaiblsake Ontario, have

bee%/%%tté)r%r/l?r?ed Mat')ré %H%\ertea of Concern (AOC):%} t?esrg %‘6?@5@33?@ I%?S'rtﬁem(?é‘%tljon.

5/92 . Transit d nar e, Surface
Funding to conduct an Ladional study of the presencer@tahinants in both

Eig#@arimi@Zredkemh@dottaqarbor has been pr@%ﬁh@%@%@%’@u{ﬁa&%nited
States Environmental Protection Agency, Great LakeohatProgram Office
(GLNPO). The results of this study were released & 1898 and show a sampling
station was established downstream of where flow autatien from the Erie Canal
enters Eighteenmile Creek [3]. Although elevated levetataminants were
encountered during this study, this sampling station isdddatan area of both past and
present commercial and industrial use and is nearly 300 to d@smownstream of the
canal. No attempt was made by the NYSDEC to quantifgeldénents in the creek
upstream of its confluence with the canal; therefibie,unknown if upstream sources
exist that may be contributing to the sediment comtantiload in Eighteenmile Creek.
Although this report identifies contamination in the Crbelow the point of
augmentation by the canal, no sampling was conductée iGanal to show the
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contaminants were originating from that source or the e@stiportion of Eighteenm
Creek.

Other Past Sampling Activities

To maintain the canal, approval and authorization frorh teg New York State
Department of Environmental Conservation (NYSDEC) aeduthited States Army
Corps of Engineers (USACOE) must be obtained. The Raed Harbors Act of 1899
requires project sponsors to obtain a Section 10 ancdb8eifd approval from the
United States Army Corps of Engineers prior to conductingk\eaher in, above or next
to "Waters of the United States of America.”" The USA@kes jurisdiction over
Section 10, Waters ofthe United States, based on whbkhevaterbody currently or has
in the past been navigable. Prior to the USACOE issuisgo#inimit, applicants are
required to obtain a New York State, Section 401 Wateri@u2ertification (WQC).
The NYSDEC is the responsible agency that issuesehisication for activities within
or that could impact waterbodies within New York State.

Beginning in the summer of 1994 an investigation of sedimeality between
Lockport and the Genesee River in Rochester was conducéstatdish a database of
contaminant levels within canal sediments. This infoimmatvas used to justify the
continued repair of canal embankment and dredging actiwites the system. It was
further used to show compliance with the NYSDEC regweagaidance requirements for
obtaining permits. A significant effort was made by the auth continue routine
sampling activities between early November of 1994 andatly as July of 1997.
During the non-navigation season when the canal hasdeseatered, the bottom
sediments can be accessed relatively easily to obithier surface grab or push core
samples. Generally, most samples are obtained by pushorg &ube into the sediment
and compo siting the recovered material for analysim@ing conducted during the
navigational season was performed from a vessel withhar dredge or push core
apparatus. The recovered sediment was homogenized angagit@nrepresentative
sample sent to the laboratory for analysis.
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Table Number 3.2

Other Sampling Activities 1994 to 1998

Sample Location Mile Reason for Sampling
Date Point

February 4, 1998 Tonawanda Harbor 338.9 Proposed Harbor Project
July 7, 1997 Ellicott Creek Backwater 335.9 Proposed Project
July 7, 1997 Ellicott Creek Backwater 335.8 Proposed Project
November 28, 1995 Lockport C 324.4 Canal Survey
November 28, 1995 Lockport B 322.2 Canal Survey
November 28, 1995 Lockport A 322.0 Canal Survey
March 22, 1994 7-38.5-7D 3215 Pre-dredge Sample
April 18, 1995 Lock 35 3214 Canal Survey
December 1, 1996 Lock 35 3214 Contractor's Samples
April 18, 1995 Bypass 3214 Canal Survey
December 1, 1996 Bypass 321.4 Contractor's Samples
November 28, 1995 Exchange Street 320.7 Proposed Construction Project
April 18, 1995 Canal Survey 320.6 Canal Survey
April 18, 1995 Canal Survey 317.7 Canal Survey
November 10, 1994 Gasport GG 314.2 Proposed Construction Project
October 19, 1995 Gasport GG 314.2 Guard Gate Contractor
April 18, 1995 Canal Survey 312.6 Canal Survey
March 21, 1994 7-35-7D 310.2 Pre-dredge Sample
April 18, 1995 Canal Survey 309.5 Canal Survey
November 18,1996 7-34-7D 308.2 Canal Survey
November 18, 1996 7-34-7D 307.9 Canal Survey
March 21, 1994 7-34-7D 307.5 Pre-dredge Sample
April 18, 1995 Canal Survey 307.4 Canal Survey
November 9, 1994 Medina GG 303.2 Proposed Construction Project
October 19, 1995 Medina GG 303.2 Guard Gate Contractor
August 16, 1995 Canal Survey 303.0 Canal Survey
April 18, 1995 Canal Survey 302.4 Canal Survey
April 19, 1995 Canal Survey 296.9 Canal Survey
April 19, 1995 Canal Survey 292.3 Canal Survey
April 19, 1995 Canal Survey 287.0 Canal Survey
April 19, 1995 Ho lley GG 284.6 Canal Survey
September 26, 1995 Ho lley GG 284.6 Guard Gate Contractor
April 19, 1995 Canal Survey 282.5 Canal Survey
November 9, 1994 Brockport GG 280.4 Proposed Construction Project
October 19, 1995 Brockport GG 28Q.4 Guard Gate Contractor
April 19, 1995 Canal Survey 276.9 Canal Survey
April 19, 1995 Canal Survey 2721 Canal Survey
April 19, 1995 Canal Survey 267.4 Canal Survey
November 13, 1994 7-12-7B 261.4 Post Dredge Sample
November 13, 1994 7-10-7B 261.1 Post Dredge Sample
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USEP A Grant Sediment Sampling

There has been some continued concern by the NY SbBCnsufficient data
existed to properly characterize the canal between idmggaia River and Rochester, New
York. This continued concern provided a catalyst for tapaCCorporation to request
grant funding from the USEP A Great Lakes National RrogDffice in September of
1996. As part ofthe conditions of the grant offering a @ualssurance Project Plan
(QAPP) was prepared in early 1997 and submitted for revighet)SEP A. Existing
surface sediment and core samples collected between 4894087 were evaluated to
determine if there were gaps in the previously collectéal &ample locations were
selected to supplement and complement the existing data antleict information withii
back water areas of the canal where existing sedinoefd provide a time history
for evaluation. Both the USEP A and the NYSDEC revietiedproposed sampling
locations, analytical protocols and method of coltattor this project. After
modifications were made to the plan, it was approvedeptetber 30, 1997 [4]. Due to

the time of season and poor weather conditions, sampdind oot be started until April
1998

The proposed study is intended to document, in qualitagivest the levels of
organic chemicals and selected trace metals in therbadiments of the Erie Canal,
which flows from the Niagara River to the Genesee Ravel on to Lake Ontario.
Surficial sediment and sediment core samples welectedl as part of this study to
determine the levels of contamination for the parammeieconcern. The majority of
canal system is maintained with water within its baikgtie navigation season, while a
large portion of the canal is drained during the non-navigagason. This is performed
to eliminate the potential for freeze-thaw effectshm $ections that are elevated above
the surrounding area, as is the case from Pendletva,ork to Rochester, New York.
The rest of the canal system, from the Niagara Rwétendleton contains water c
year round basis.
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The first phase of this project took place within the devesl section of the canal
before water was introduced into the canal. Startingar.tdtkport, New York area, just
above the double lock structure and proceeding eastwapdesawere collected on April
15 and 16, 1998. A second sampling trip was conducted on April 22, E¥f8gsin the

Brockport, New York area and proceeding westward. Saropkgibns where water
maintained in the canal throughout the year were defemgl late summer of 1998 so
that analyses from the earlier sampling event couleviaduated on a preliminary basis.
There were also some locations within the dewaterea @frthe canal system that were

deferred until boat access to the sample points couldibedgdue to limited dry-weather
topography.

On September 9 and 10, 1998, sampling within the Genesee &éea, a locatic
within the rock cut west of the Genesee River and mdoboat turning basin location
was core sampled from a shallow draft vessel. Staiinhe Knowlesville area, samples
were obtained on October 6 and 7, 1998 proceeding westerly loy ashallow draft
vessel. On October 6, 1998 samples were collected bevemunlesville and Lockport

NY, and on October 7, 1998 samples were collected batix@ekport and the Niage
River, again by the use of a shallow draft vessel.

In order to allow for the collection of samples wittdSEP A and NYSDEC
contract laboratory holding time requirements, at al@ubcations a second duplicate
core sample was collected for radio-nuclide dating. Tescthat were collected for
dating were capped and sealed in an upright orientationt@yilcould be sectioned at a
later date. During the initial development of the QARMas proposed that sediment
cores and a companion surficial grab would be obtainedlatted locations, sectioned
and dried for radiowclide dating. Had the initial core dating showed cleangd
horizons, a second core was to be taken at a laterathal again sectioned. The
collection methodology was changed due to the limited twvadable for core collection
and the relatively long holding time for cores thatla@ang evaluated for dating
purposes. Core dating information is evaluated in a latgios of this report. At three
(3) of the deeper core locations, reasonable dating gsafduld be determined. There
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was some material left over from the core slices Was still under refrigeration at the
laboratory. The limited quantity of sediment could be Usednly one analysis. Since
the levels of PCB seemed to be significantly elevetesrefrigerated sediment was sent
to the analytical laboratory for PCB analysis. It masstnoted for the record that the
USEP A Method holding times for this sediment had beerexed, but the results still
provide a reasonable chronology of contaminated sedidegasition. Table Number

3.3, following, shows the listing of sample locationd sangth of core sample collected.

Study area maps, which show the location of the celiesamples, are includ

in Appendix A of this report. A summary of the sedimsabpling results are include
in Appendix B.
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Sediment Analysis Guidance

The removal of sediments from a navigable waterbody, as¢he Canal system
requires that the US Army Corps of Engineers issuectidh 10 dredge and fill permit
which normally is conditioned on the issuance of a 40leW@uality Certification
(WQC) by the NYSDEC. The requirements for a NYS 401 WQ®6upport a dredging
or other sediment removal project within the canalesysequire that an applicant
evaluate sediment quality within the project area agaii§ Hluidance documents. In
late November of 1993, the NYSDEC published a guidance docuhanised water
quality standards, information from the Ontario Ministfythe Environment and Energy
and the National Oceanic and Atmospheric Administratoestablish sediment criteria
for use in New York State.[5] The screening critergs\watterned after the Ontario
Ministry guideline definitions, establishing both a Loweeé& Level (LEL) and a
Severe Effect Level (SEL). Simultaneously with theedepment of this guidance, the
NYSDEC Division of Water was developing a similar docaty which established
levels of sediment contamination and related themi¢wed above which there was a
concern [6]. This document classifies sediments within gadole waterways into thr

categories, Classes "A" through "C". Class "A" sedinenonsidered innocuous and
the NYSDEC allows for the unrestricted reuse of théene once it has been remor

from a water environment. Class "C" sediments arerchdted based on seve

different approaches such as those contained in theYéekvState Technical Guidance
for Screening Contaminated Sediments [4]. Category "Bihsa&ts are considered to be
the area between the "A" and "c" criteria, by defdtdir the screening of contaminants
within the canal system between the Niagara River laad@enesee River, sediments are
required to be tested for the parameters listed in Tdteber 3.4, following. In

addition, sediment samples are tested for Total Ord2axibon (TOC) content and also

Total Volatile Solids (TVS) content to allow for themparison with the chemical
constituents
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Table Number 3.4

NYSDEC Sediment Guidance Levels
Threshold Values in Parts per Million (PPM), unless atfss noted

Parameter

CategoryA CategoryB CategoryC
Total Mercury <0.1 0.1t0 4.0 >4.0
Total Cadmium <0.6 0.6to0 10.0 >10.0
Total Lead <30.0 30.0to0 100.0 >100.0
Total Copper <16.0 16.0to 11 0.0 >110.0
Total PCB <0.1 0.1to 10.0 >10.0
2,3,7,8 TCDD
toxic equivalents (TEQ) <4.5 PPT 4510 50 PPT >50.0 PPT

Sediments are analyzed for total organic carbon (TOGY WSEP A Method
9060. This provides for a Minimum Practical Quantificatiomit (MPQL) of 0.1
percent on a dry weight basis. Total volatile so{ifgS) are analyzed using USEP A
Method 160 which also yields a MPQL of 0.1 percent. Botthe$e parameters are
sometimes used to "nonnalize" the contaminant cond&mtsao a standard percentage
of organic carbon or volatile solids. Inorganic compoumdsaaalyzed using USEP A
Method 6010 for Total Cadmium, Lead and Copper. This methogsafor a MPQL for
cadmium of 0.5 PPM, for lead 0.3 PPM and for copper 2.5 RR¥cury is evaluated by
use ofUSEP A method 7471 to a MPQL 0.02 PPM.

The level of PCB contamination in the sediments efdanal was perfonned
using USEP A Method 8080 (and more recently Method 8081) omalbg basis. Both
ofthese methods provide for a MPQL of 0.08 PPM. For purpaftigis project a
comparison of individual homolog groups or PCBs was not tgkkem since the general
homolog patterns seen for all samples are consiStetdal PCB is used to detennine
whether sediment can by removed from the environmenit@ndtimate fate after
removal. At the current time the USEP A does not es#guPCBs on a congener or
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homolog basis, evaluation is on a total PCB basise@me level of PCB in a soil or

sediment reaches 50 PPM its disposal is regulated urel@ottic Substance Control Act
(TSCA).

Dioxin/Furan analyses are performed on the sedimentlesamping USEP A
Method 1613A, which can provide a MPQL of2 PPT depending osgbeific congener
under consideration. The results of this USEP A methodyte results that identify the
concentration of the 2,3,7,8-substituted dioxin and furantsutesl congeners and the
different isomer or homolog groups for these compounks.f@llowing discussion
addresses these compounds as follows:

Polychlorinated dibenzo-p-dioxins (PCDDs) include 75 individwanpounds or
congeners of which 7 are thought to have dioxin-like toxisiimilar to 2,3,7,8-
tetrachlorodibenzo-p-dioxin. These are the congeners withigalsubstitutions in the
2,3,7, and 8 positions making the compound coplanar and pttemitae bioactive.
Polychlorinated dibenzofurans (PCDFs) include 135 individoatpounds or congeners
of which only 10 are thought to have dioxin-like toxicityesle are also the ones with
chlorine substitutions in the 2,3,7, and 8 positions.

PCDD and PCDF compounds are often found in complex netinrthe
environment. To evaluate these compounds for risk asselsparpnses a procedure of
toxicity equivalency was developed to describe the cumal#bxicity of these comple
mixtures. Toxic Equivalency (TEQ) is the method that edu® quantify the 2,3,7,8
substituted congeners by calculating their toxicity irpprtion to the toxicity of 2,3,7,8-
tetrachlorodibenzo-p-dioxin. This method was developed by theEPUSand is routinely

used by the NYSDEC in their regulatory role of dealindghwibntaminated sediment
ISsues

Analytical results for dioxin are reported in termgafts per trillion (PPT), by
use ofUSEPA Methods 1613A using high resolution mass specdtsofhiRMS)
analyses. The toxicity equivalency of sediment is ttedaulated by multiplying all of
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the concentrations in PPT for each loé tcongeners by their appropriate TEF. T
Number 3.5; below provides the factors that are cuyreised for these calculatio

The sum for the given sample is the total equivaleidihe sediment relative to 2,3,7,8-
tetrachlorodibenzo-p-dioxin.

Table Number 3.5 Toxic
Equivalency Factors [7]

DioxinlEr '1EF FWmIEr II:E
MJno chlorodibemodio 0 Nbno chlorodibemofurnns 0
a chlorodiremodio 0 a chlorodibemofurnns 0
Tri chbrodibemodio 0 Tri chbrodiberUDfurnns 0
2:3,7,8tetrachlorodibemodio LO 2:3,7,8 tetrachlorodibemofurnns 0.1
Qhertetrachlorodibemodio 0 Qhertetrachlorodibefurnns 0
2;3,7,8 pentachlorodibemodio 0.5 1,2,3,7,8 pentachlorodirerUDfurnnmsos
Qherpentachlorodibe 0 2;3,4,7,8 pentachlorodibefurnns 0.5
2:3,7,8hexdllorodibemodioms 0.1 Qher pentachlorodibemofurnns 0
QherrodirelUDdioms 0 2:3,7,8 hemllorodirerUDfurnns 0.1
2;3,7,8 heptachlorodibemodioms 0.01 Qher he20Chlorodibemofurnns 0
Qher heptachlorodibemodio 0 2;3,7,8 heptachlorodibemofurnns 0.01
Ctiachlorodlberwdioms 0.<xn Qher heptachlorodibemofurnns 0
0.00

iliachlorodirerUDfurnns 1

For this project, TEQ is used to determine the reldévels of Dioxin and Fure
concentration in sediments. No attempt is made inpdper to discuss the health or
biota impacts associated with the Dioxin/Furan TEQ leWads consistency in the

preparation of this project, analytical results witle\ael below the congener's detection
limit were reported as 1/2 of the detection limit farposes of the TEQ calculation.

A method of evaluation of both Dioxin and Furan compousds/icomparison of
the isomer or homolog groups as a percentage of the &igBPCDD and PCDF. The
data is plotted and compared to homolog profiles for nadéehat have been evaluatec
the USEP A in their inventory of sourcesdioxin in the United States][l]. Another mett

of evaluation used is the comparison 0f2,3,7,8 substitutegecers as a
percentage of the total2,3,7,8-PCDD and PCDF [1]. Thitiodeof evaluation gives a
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reasonable method for determining the seuwr sources of dioxins and furans to
environment.

At this point it is important to note that whether ttmtaminant is either a dio»
or a furan, a standardized numbering system identifeepabitions of the chlorine atoms
around the rings of the molecule. The term dioxini@s become an abbreviation with
several different meanings. As discussed above, theigdypically used to describe a
family of210 nearly planar, or flat, aromatic compountisis group includes 75 PCDD
congeners and 135 PCDF congeners. The term congener typiealhs the molecule
has a specific number of chlorine atoms in specifictjpos around the molecule. The
term isomer or homolog refers to a molecule or groupaécules where the same
number of chlorine atoms may be present around the alejdwut they may be in
different positions. Therefore, different congenerglé@é@ontain the same number of
chlorine atoms in the same proportion by weight but tleeyd possess differing physical
or chemical properties because of differences in struofufresir molecules. It is believed
that the more planar or flat molecules where the atdoatoms are in the 2,3,7 or 8
positions around the molecule are more toxic. The Tégigivalency Factors (TEF)

values on Table Number 3.5 are assigned to each cormyeimemolog based on that
belief.

Radionuclide Dating Analysis

The evaluation of the quantity of radioactive isotomesediment is a useful tc
in determining the rates of sedimentation at a speloifiation as well as evaluating the
general timeframe of contaminated sediment depositiesiug-1 3 7, (Cs-13 7) is a
particle-associated, radionuclide that first entered abwater systems in measurable
amounts in the early 1950s as global fallout from the@apheric testing of nuclear
weapons. This knowledge yields a simple, but useful pédating information; any
core section with detectable Cs-137 activity containgraf&cant component of particles
deposited since about 1954. Cores that contain a continadisswbed record of
sediment accumulation can be dated on the basigiofdépth profile of Cs-13 7 activity.
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The deepest penetration of measurable Cs-137 activity pormés to about 1954, while
peak activity corresponds to 1963 to 1964, the years of maxgpaimal fallout. In an
ideal core, the Cs-137 activity decreases smoothly frenmid 1960s peak toward the

surface. In such a core, the top sample or two couithoodetectable activity of
Beryllium-7, (Be-7).

Be-7 is a cosmic ray produceadionuclide that is supplied continuously from
atmosphere to the earth's surface. Because of it'syedjashort half-life (53.4 days),
detectable activity of B&-is confined to upper core sections that contain a signi
component of particles deposited within about 6 monthsygaaof core collection.

Potassium-40, (K-40) is a radioactive element that magesbout 0.01 % of
naturally occurring potassium. It is used as a compoaitiodicator. For example,
since quartz sands are depleted in potassium relativaytontherals, coarser sediments
tend to have lower levels ofK-40 than figeained sediments. A fairly constant leve
K-40 throughout a core is a good sign, consistent with naihemmpositional variabilit

that can complicate interpretation of contaminant.data

As discussed previously, a duplicate core sample was tillet selected
sediment coring locations. Table 3.6 provides a listintp@fuplicate cores collected,
the collection date and their location.
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Table Numbr 3.€

Duplicate Cores for Radionuclide Testing

&ugie locatior Lelgth of ~~
Dilte Dfticate Chre Differeliial OHrected
fur Dafug
O:td:x:r 7, 1998 EP Al 59 Cerfurters 43-01-26.rouJ 78-583.8873!

O:td:xir 7, 1998 EPAS3 54 Cerful:ters 43-03-21.(1)159 78-4&-22.5m!
O:td:xir 7, 1998 EPAS 112 Cerfurters  43-05-01.26117 78-484.170&=

A{:ril15,1998 EPA7 56 Cerfurters 43-(J)- 5250215 78-4D4.3927!
O:td:x:r 6, 1998 EP A8 28 Cerfurters 43-(J)- 57.47350 78-41-
A{:ril15,1998 EPA9 30 Cerfurters 58.84433 43-10-21.30044 78-41-
O:td:x:r 6, 1998 EP All 95 Cerfurters 28.03316 43-12-~.454388-33-
A{ril22, 1998 EPA12 48 Cerfurters 26.3rJEl 43-12-49.27041 78-26-
0:td:x:r6,1998 EPA14 42 Cerlirrrtirs 20.23428 43-1447.59231 78-17-
A{ril22, 1998 EPA21 44 Cerfurters 68 1236280 43-12-51.8ili22 77-56-
&penb:r 10, 1998 EPAL Cerfurters 01.10886 43-11-12~326 77-45-
&penb:r 10, 1998 EPA: 100 Cerlirrrtfrs ~ 20.74385 43-07-38.340)3 77-39-
&penb:r9, 1998 EPA25 112 Chiurters ~ 11.81~2 43-08-07.33~1 77-37-
- 13.17323

The duplicate cores were capped onsite and stored duringdrtaign to a
central processing area to be sectioned. The coresexttuded from the core tube and
cut into 2-centimeter sections over the upper 8 cengirmetf the core using a stainless
steel knife. Between slices the sectmgnequipment was decontaminated to prever
transfer of chemical constituents from one sectiomtdteer. Below the 8-centimeter
level the balance of the core was cut into 4-ceriemgections. All core slices were

placed into new quart sized zip-lock bags labeled with apjtepnarkings for future
identification and refrigerated.

A sub-sample of the sediment core section to beuated was cut from each slice
in a wedge shape to better obtain a representative sénoyple@ach core slice. The
sample was dried under a hood using a heat lamp at tiss®&aer Polytechnic Institute
(RPI) geochemistry laboratory. Once dry the sample®\ground in a mortar with a
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pestle, weighed and transferred to plastic vials for gagounating.
The sub-samples were analyzed for Be-7, Cs-137 and Ket8:tGp sections
that had not "aged" more than a few months were alglyzed for the short-lived

radionuclide, Be-7. Radionuclide activities are reported in units obpigie pe

kilogram (PCi/kg). One picocurie is equivalent to 2.22 depaysninute.

All dates used for gamma counting are reported as Jidites. The first two
numbers of a Julian date represent the last two nurobéne year, while the last three
numbers of the Julian date represent the day of threcgpeaecutively numbered from
January kt

Examples:
98001=January 1, 1998
97365=December 31, 1997

Radionuclide measurements were carried out using a gamounter with an
intrinsic germanium detector. Blank corrections were agdglh each sample based on
the analysis of empty sample containers. Backgrouneciwns were applied to each
radionuclide based on the sample count rate at engugtesbove and just below each
peak of interest. Detector efficiency was calibrated uamd!BS sediment standard
(River sediment NBS 4350B), a liquid NBS standard (NBS 4953t)was used to
prepare spiked sediments (G-standards), and secondaryrd&(idastandards) prepared
at the Lamont-Doherty Earth Observatory and calilbr&aeNBS standards.

No major problems were encountered with the gamma couresults of
analyses of standards and blanks (empty sample vialg)vare later in this data
package. Data on samples is reported with an errorbfstdndard deviations based on
counting statistics. Counting errors associated with neigebks, background regions,
and blanks are all included in the calculation of the ntepostandard deviation. One
duplicate analysis (a second count of the same saigpl@® was run for every twenty
samples and results are reported later in this data packagport of the counting that
was conducted by RPI is included as Appendix E of this report.
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CHAPTER 4
DISCUSSION

Sediment Evaluatic

Each of the analyses, results and field observatioh$evdiscussed for each
the five canal sections. The results of the sedimenplsagrhave been evaluated us

the NYSDEC criteria shown in Table Number 3.4. It shdnddhoted that all PCB
concentrations are evaluated on an Aroclor

Reach Numbe 1

Within this reach nine push cores were collected withidl&iiometer stretch
from the confluence of the canal with the Niagara Ratanilepoint 339.4 to immediate
east of the double lock structure in Lockport at milepoint22At five of the sampling
sites the cores were sectioned based on visual obsaredthe sediments (light brown
silts and clay versus black silts and clay). Both the uppérower sections were

individually composited, placed into new, pre-cleaned sajapgewith teflon
coated lids, packed in ice and submitted to the laboratory.

Total PCB levels in the sediment between the NiaBarar and west of the
Prospect Street Bridge in Lockport were generally betweardetect and 0.3 PPM as
shown below on Figure # 4.1. Immediately west of Lockporter the Prospect Street
Bridge at sampling site EPA-7, a significant level of P€@Btamination is present in the
core sample collected mid-April prior to the canal beitgd for the navigation season.
PCB levels in the composited upper 30.5 centimeters ahsedishow a concentration of
93 PPM,; the level of contamination in a composite eflthwer 30.5 centimeters of
sediment is 40 PPM. At sampling site EP A-8, which istled approximately 188 meters
east of site EP A-7; another core was collected thrthuglwvater column in early October.
In both the upper and lower core sections, PCB concemsavere 0.2 PPM and 0.3
PPM, respectively. Below the double lock structure at samgite EPA-9, a 33.0
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centimeter core was collected and composited. The concentration of PCB within this core,

which represents a composite of the upper 33.0 centimeters of sediment, was 66

PPM. The geometry of the canal at this point is quite wide and there is little to no fic

velocity during canal operations. Based on observatibttssolocation on the canal

during the navigation season, it appears that the incread@dent depth and the

elevated total PCB concentrations found at this sampdicatibn are due to the low flow

velocities in this area. Based on the above redudiigpears that a source of the PCB
contamination exists in the vicinity of milepoint 322.2.
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Total PCB Concentration in Reach #1
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The cores collected and the sections obtained withichré were also analyzed
for total lead. What is curious about this group of sampld®e elevated levels that are
seen in sample EPA-I which exhibited the concentraifd85.0 PPM. This sample was
collected at the confluence of the canal and the Niagmex; it is unknown what the
source of this elevated lead level could be since it aggicesent upstream contaminants

in the Niagara River. The core collected at sampé&ERA-7 showed a level of 133.0-
PPM total lead within the upper section of the core whieldwer section was
significantly elevated to a level of 433.0 PPM. This phesoon is also evident at
sampling site EPA-8 where the upper 24.5 centimeters atigeshowed a lead
concentration of 51.9 PPM while in the lower 17.1 centamsedf the core showed a lead
concentration of 846.0 PPM. This leads me to believetiieatate of lead contamination
within the canal may have subsided over time. At samgite EP A-9 lead
concentration of the compo sited 33.0 centimeter cose343.0 PPM. Of note is that
sample site EP A-7 is almost underneath the Prospessit &ridge while the both EP A-
8 and EPA-9 is downstream of this bridge. This structurdéas closed for numerous
years due to its deteriorated condition and most likelytains leadased paint. Figure
4.2 below provides a graphical representation of the leackotmation within this reach.

Figure #4.2
Lead Concentration in Reach #1
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Within this reach only three areas are of interestwdre looks at mercury
contamination in the sediments; there is an eleVated (0.350 PPM) at sample site EP
A -1, most likely attributable to contaminants in thagddira River. Elevated levels are
also detected at sample site EPA-7. The upper section tsxhilevel of 0.400 PPM

while the lower core section contains 0.940 PPM mercurg.significant difference
between upper and lower sections suggests that contar@malstare decreasing in the
more recent sedimenegosits. The most surprising mercury contaminant coraten
identified was at sampling site EPA-9 where the levdlb PPM was identified within
the top 33.0 centimeters of the sediment. It is uncideether there is a supplemental
source of mercury to the system or if the effectowfflow velocity have contributed to
this elevated concentration. A third possibility is thme tesults of this sample may not
accurately represent the mercury concentrations inetiienent in this area.
Supplemental sampling is suggested to verify the preseradevatted Mercury levels.

Figure # 4.3, below show levels of mercury contaminatighimvthe sediments plotted
on an axis of canal milepoint.

Figure # 4.3
Mercury Concentration in Reach #1
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The results of the dioxin/furan analyses evaluated da@ Basis are similar to t
trend seen in PCB contamination. There is a slightagion of dioxin TEQs apparent at

sample site EP A -1; the level appears to be consistidmthe level of this contaminant

encountered in numerous other locations along the canadstern New York. A
significant TEQ concentration in the upper sectioraatde site EP A-7 of 574.55 PPT
compares with a level of 314.07 PPT within the lower saaif this core. Based on the
above results, it appears that quite possibly the sofifREB contamination may also be
the source of the dioxinlfuran contamination in the vigioif milepoint 322.2, near the
Prospect Street Bridge. At sample site EPA-8 the tremerses itself where the upper
core section is at 18.44 PPT while the lower secti@®i85 PPT on TEQ basis. At
sample site EPA-9, the levels ofDioxinlFurans on TEQibwithin the sediment compo
sited from a 33.0 centimeter core is 253.01 PPT.

Figure # 4.4
Dioxin/Furan TEQ in Reach #1
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Both the upper and lower core sections within Reach Nufnk&hibit the same
trend in congener profile with the exception of sampéitg EP A - 3. The general
congener profile for the sediments within this reachshoavn in Figure # 4.5.

Figure # 4.5 Congener Profile - Reach
Number 1 without core EPA-3)

Ratio (congener concentratibtotal CDD & CDF concentration)
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‘314’3%9&3%%% A-3 has a different congener profileth the upper and lower
core sections than any of the other samples fronm¢hsh. There are significantly
increased levels of 1,2,3,4,6,7,8 Heptachlorodibenzodioxin akthgslightly elevated
levels of all of the Pentachlorodibenzofurans and Heleacdibenzofurans and
1,2,3,4,7,8,9 Heptachlorodibenzofurans, There is about a 2thpdesease in the
percent of Octachlorodibenzodioxin within the sampleltgsli is currently unknown if
this shift in congener pattern might identify a diffeérsaurce or quite possibly an area
where biotic or abiotic degradation has caused a decre#se more highly chlorinated
congeners within the upper sediments. These sedimerdatsareloser to the surface of
the water column, hereby allowing for phategradation from sunlight (photolys

Figure # 4.6 following, shows the congener patterns obsemveale EPA-3.
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Figure # 4.6
Congener Profile Milepoint 332.9 (EPA #3)
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OEPA#3(upper) .EPA#3(lower)!

Reach Number2

Within this reach only 2 push cores were collected, oreavanilepoint 319.5,
(EP A-1 0) upstream (west) of the Cold Springs bridge aselcand at milepoint 313.9,
(EP A-11) in the Gasport widewater area that is aolgea marina. At sampling site
EPA-I0, a 55.9 centimeter long core was collected, ¢da@rseent compo sited and
packagedor shipment to the laboratory. For sampling site EPA-B, .1 centimeter
core that was collected was sectioned based on visualvabea of the sediments, bc
the upper and lower sections were individpalbmposited, placed into new sample
packed in ice and submitted to the laboratory.

PCB levels in the composite obtained at sampling St&HE O were 2.1 PPM ar
the sample collected at EP A-ll showed surface lewetlsa range of 0.5 to 0.6 PPM.
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The levels of PCBs in the lower section of the ametained PCBs in a concentratiol
0.4 PPM as shown on Figure # 4.7, below.

Figure # 4.7
PCB Concentration in Reach # 2
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Dioxin/furan analyses evaluated on a TEQ basis trend dowirwgayou move from
Lockport eastward. The TEQ concentration measurdakicdmposite of the core
collected at sampling site EP A-l 0, 224.02 P®Tess than the TEQ levels encountere
the Lockport area. The upper section obtained at sasitpl&P A-Il of 220.68 PPT is
only slightly elevated above the level of 163.91 PPT fourterlower section of this

core. Dioxin/Furan TEQ concentrations are shown belowigure # 4.8.
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Figure # 48
DioxinlFuran TEQ in Reach # 2
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_ The composite core and both the upper and lower core sections within this
réachexhibit the same congener profile. This profile is alseegsimilar to the profile

seen within reach 1.

Reach Number

Within this reach 9 push cores were collected, many weadl #1 length since
there is limited sediment within the main channel ofdaeal. The levels of PCB
encountered were 1.0 PPM or lower, many were non-detectadjacent to the canal at
milepoint 307.1 in the Middleport area, there is a ldhdifat has reportedly been used
for the disposal of arsenic wastes from pesticide matw& Two background core
samples were taken west of the landfill area. Tkaseples were collectethd
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composited, the first one was taken nearly 3 kilomatpssream of the site, and a sec
about 160 meters upstream. A core sample was taken im@lydiownstream of the
landfill and visually sectioned into an upper 33.0 centimstetion and a lower 33.0
centimeter section. Core samples were collected &@#fumeters further downstream
and another was taken over 3.2 kilometers downstredne ¢gandfill. The results of the
analysis for arsenic is shown on Figure # 4.9, below. i3trneam of the landfill, arsenic
levels are higher than background concentrations in thygedeolder sediments. The
arsenic concentrations within the more recently depbsiteficial sediments return to
background levels approximately 4.8 kilometers further dowas. Thus with no other
inputs, one might speculate that the elevated arsenid foithin the deeper sediments
originated from the landfill.

Figure # 4.9
Arsenic Concentration in Reach # 3
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DioxiniFuran TEQ levels in this reach trend downward@s move easterly.
Core samples collected at sample site EPA-12, mile@0intl are generally the same as
the levels found in reach number 2. At this locatiarehs little difference in TEQ
concentration between the upper and lower sectiongafdte. A composite from
sample site EP A3, milepoint 306.9 is nearly half of the levels seenipaint 307.1
Samples collected at sample site EP A-14, milepoint 2888 collected in a very large
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widewaterareaThis location appears to have seen little contamingpaandue to its
location. Figure # 4.10, below shows the TEQ concentragmcountered within this

reach.
Figure # 4.10
DioxinlFuran TEQ in Reach # 3
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The composite core and both the upper and lower coremsgetithin the channel
and the widewater area of this reach exhibit the samgecer profile. This profile is al
quite similar to the profile seen within reach number 1.

Reach Number ¢

Within this reach 5 push cores were collected, 3 were tiakenthe upper 20.3
centimeters of sediment to evaluate the surface satliquality adjacent to a bridge. The
levels of PCB contamination encountered in the sedinvere non-detectable within
this reach. Sample sites at EPA-18A, milep@80.7 represents the conditions 33 me
upstream ofthe Orleans County Rote 11 Highway bridge E$% A-18B was collectel
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meters from the downstream side of the bridge span aAdlBE was collected 20
meters downstream. Many were small in length sinaetisdimited sediment within the
main channel of the canal. The elevated levels exhibitedraple sites EP&0 anc
EPA-21 can not be accounted for since they are quite slistance from structures
crossing the canal. It is hypothesized thatlead level detected may have been caus
the downstream transport of paint flakes. Figure # 4.11 stielead concentrations

within this reach of the canal.

Figure # 4.11
Lead Concentration in Reach# 4
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As discussed for reach number 3, the Dioxin/Furan TEQderel generally
trend'i'r]g downward as one moves easterly. Core sangllested at sample site EPA-
20, midepoint 286.3 show a level that is substantially lothhan have been observed to
the west. TH& focation for this sample site was withni area of the canal of standard
cross-section, where there would be little depositiocootaminants over time. Samples
collected at sample site EP A-21, milepoint 280.0 werleceld in a relatively wide area
of the canal, on the outside of a curve. DioxinlFuraQT&vels are generally the same
those found in the western end of reach number 3. Atdatedion there is little
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difference in TEQ concentration between the upper andrlgections of the cer

Figure # 4.12, below shows the TEQ concentrations eneattvithin this reach.

Figure # 4.12 Dioxin/Fura
TEQ in Reach# 4
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The composite core collected at sampling site ER)A&nd the lower core sect
of the core collected at sampling site EP A-21 exhibisdmae congener profile, similar
to the profile seen within all of the western canattess. In the upper section of
sampling siteEP A-21 there is a significant reduction in the
Octachlorodibenzodioxiwith a corresponding increase in the concentratiéns o
1,2,3,4,6,7,8 Heptachlorodibenzodioxin, 1,2,3,4,6,7,8 Heptachl@axiuran and
Octachlorodibenzodioxin. There is no known reason farghift in congener pattern.
Figure # 4.13 following, shows the congener patterns obséotidhe upper and lower
sections of core EP A - 21.
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Figure # 4.13
Congener Profile Milepoint 280.0 (EPA #21)
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Reach Numter 5

Four push cores were collected within this reach, 3 wetéosed based ¢
characteristics of the sediment while the fourth eess compo sited over its entire
length. The levels of PCB contamination encountereldarsediment within this reach
ranged from 1.05 PPM to non-detectable. The concentratioreidury in the sediment
shows the dilution effects of the confluence of theatavith the Genesee River in
Rochester. The levels oftotal mercury within the Gemédger downstream of the
confluence are nearly an order of magnitude below tredeseen in the canal sediments.
Since the flowrate in the canal represents only dlshare of the combined flow, the
dilution effects can be clearly seen in Fig#ré.14.
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Figure # 4.14
Mercury Concentration in Rea¢h
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:Eo The dilution effects on the dioxin/fur an TEQ concetibras are also evident |
being nearly an order of magnitude less than the levelsumtered in the canal

sed ment§ upstream of the confluence of the Genesee. Rivsediments that were
evaluated prior to the confluence the level of dioxinuTEQ continues to show the

d®wnward trend when moving from west to east along thd.cEima levels within the
sedi ent:'alre approximately 1/5 of the TEQ levels fountiar_ockport, New York area,
with little clhange in the congener pattern. Figure # b&kw shows the dioxin/furan
TEQ concentrations within this reach.
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CHAPTER 5
RESULTS

Dioxin/Furan and PCB Contaminant Soul

Elevated levels of dioxin/furan contamination were encenaat within the
sediments under the Prospect Street Bridge in Lockpdraandetectable in the
sediments all the way to the Genesee River in Rgieheln some locations the 2,3,7,8
substituted TEQ levels exceed the NYSDEC Class C Settnigaria of 50 ppt [6]. In
no case does the level 0f2,3,7,8 TCDD TEQ found in tharemt exceed the USEPA
residential soil action limit of | PPB [8] or the NY&TQ Technical and Administrative
Guidance Memorandum allowable soil concentration oPB [2].

Figure # 5.1
2,3,7,8 Substituted DioxinlFuran 1EQ Levels in Sediments

USEPA Residentiaboil Action Umit, 1 PPB or 1000 PPT

YSDEC Class C Sediment criteria, 50 PPT

10C n N
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339.4335.8 331.7 325.8 322.1 319.5 313.9 307.1 304.8 294.9 293.5 290.7 286.3 272.4 261.8 261.2
Canal Mlepoint

Elevated PCB levels are apparent in the Lockport aiganating in the same area as the

dioxin/furan contamination but do not seem to be spreaddsywo the east.

45



Two locations showed levels of total PCB that exceeded 86A disposal criteria of 50
PPM. These two areas should be further sampled to detettmimxtent of the
contaminated area.

Figure # 5.2
PCB Concentration in Sediments
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An evaluation of individual dioxin/furan congeners is utgd in Appendix C of
this report while dioxin/furan congener groups or homolog gravp#cluded in
Appendix D. The cores show that a distinct DioxinlFurattgpa prevails throughout
nearly all of the sediment samples with some mexaeptions. By evaluating each cores
individual congener profile, it appears that the congpnafile has a distinct pattern
similar to the profile encountered for the dischargeadtewater effluent from a pulp
and paper mill [1]. When evaluating the congener or hoghgfoup profile, the
sediment shows a distinct similarity to the histdrle@DD/PCDF concentrations in
technical Pentachlorophenol products [1]. The Buffalo Regaed Corporation
(Repulping Operation), Niagara Materials Company (Phesjadind Occidential
Chemical Corporation (Unknown Operations) operated ilgémeral area ofthe
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suspected discharge [2]. These types of industries couldchatebuted to the potential
sources of both DioxiniFuran and PCB contamination thginates in this area. The

New York State Canal Corporation does not haveegulatory or enforcement

capabilities to investigate the area outside the carshgo determine the potential
dischargers of past contamination. In New York Staiédhty falls to the New York
State Department of Environmental Conservation. | resend that additional
investigation within storm sewers and drainage swales tinergeneral upland areas
adjacent to the Canal be undertaken by the New York Stepartment of Environmen
Conservation to attempt to track down the past discha)ger(

LeadContamination Sourc

Distances downstream of structures have been obtaineaiferous sediment
cores over the past four years. By plotting the digamecses lead concentration, a
general trend can be shown for the lead concentratithe canal sediments. Sampling
that was conducted as recently as the Fall of 1999 atst&aoation project for the
Exchange Street lift bridge showed visible flakes odl lbased paint downstream of the
bridge structure. Samples collected immediately upstadahe bridge did not exhibit
visible paint flakes [Dergosits, unpublished data]. Based ®@ddka, lead concentrations
can be predicted from flaking or deteriorated paint asvalan Figure # 5.3.

Figure # 5.3
Lead Concentration Downstream of Bridges

0 10 20¢ 300 400 Distance from Bridge 50C 60C 70C
500 " " (meters)
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Although the amount of data points that are used to prépauadove figure and
analysis may be somewhat limited, it is clear thatip#ate lead has caused an impact

on the canal sediments. Supplemental data collectibbevcontinued to better define
the trend in sediment contaminati

Radionuclide Dating Chronologies

All sections of cores EP A 7, EP A 8 and EP A 9 werented. Due to delays in
laboratory processing, only the top sectiorafe EP A 8 was counted within 200 day:
collection allowing for a reliable Be-7 analysis. Thp s&ction did have detectable Be7,
but the Cs-13 7 profile did not allow for detailed datingwlevels of Cs-13 7 were
detected in all EP A 8 samples analyzed with the exameptithe 12-16 cm section that
also had the lowest level 0fK-40. This suggests a composittfference of the
sediments in this interval.

Based on the Cs-13 7 profile, core EP A 9 exhibited repeist 1954) sediment
to about 20 cm. in depth. The small increase in Cs-13%léetween the surface and
about 8cm suggests that mixing had a significant influendesasite evidenced by the
physical geometry of the area and its location just doeas of the Erie Canal Lock
34/35 s¢ructure. The calculated sedimentation rate in thig besed on the information
the dating profile, suggests that a depositional rate obajpately 0.2 cm/year may be
possible in this area.

The core EP A 7 has an excellent Cs-13 7 profile thamiperather detailed
dating. The deepest penetration of detectable Cs-137 (att 2®a@m) would correspond
to deposition in about 1954. The well-defined maximum (at ab2«m) identifies mid
1960s deposition. Both markers yield a net sedimentatierofdl.6 to 0.7 cm/yr. This
core is an excellent candidate for analyses to dewsofaminant level chronologies. In
an effort to unmistakably identify a 1999 time horizotha site, an additional core, EP
A 7 A was collected and the top section analyzed fev Bathin a few weeks of
sampling. The effort was not successful, as Be- 7 whdetected.
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A screening strategy was developed for the other corewénatcollected. The
core sections between 0-2 cm and 12-16 cm were first aubtgzdetermine ifBe-7 was
present in the upper section and if Cs-137 was presenher éie 0-2 cm or 12-16 cm
depth. Cores EPA 1, EPA 3, EPA 5, EPA 14, EPA 23,and EPA 25eligrinated from
consideration for further radionuclide analyses basetth@fact that C4-37 was nc
detected in the 12-16 cm, and sometimes not in the 0-2atrarse

Cores EP A 11, EP A 12, EP A 21 and EP A 24 all had at1éastn of recent
(post 1954) deposition based on the detection ofCs-137. &iedadections of core EPA
21 were analyzed and, based on the Cs-137 profile, this eota&irts sediment deposited
from about the mid 1950s (the bottom section still had teterCs-137) to date of
collection. Analyses of sections from cores codecat sites EPA 7, EPA 8, EPA 9 and
EP A 21 were used to develop contaminant level chronologiash will be discussed in
the following section of this report. A copy of the sednt dating report is included
Appendix E.

PCB Level Contaminant Chronologies

As discussed above, the cores collected in Reach galmtle site EP A 7 and EP
A9, and in Reach #4 at sample site EP A 21 showed rddsatating profiles that could
allow chemical contaminants to be identified basetheir initial date of introduction in
the bottom sediments. Since the core obtained aEBit& 8 appeared to
show evidence of severe mixing, the sections fromdiie were also analyzed for tc
PCB concentrations to determine if a significant peakeotnation was identifiable in
the core. It must be stated at this point, that athefsediment cores that were collected
for radionuclide dating were held longer than the USERdmMmMended holding times
for PCB analyses. Although the analyses may not thegtolding time requirements,
the core slices were refrigerated to preserve them wadienuclide dating was
accomplished. The contaminant profile data still provide=sagonable presentation of
the PCB discharge events. Since it is now known testet three areas provide
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reasonable dating horizonsitdire sampling activities can be designed and conducte
would comply with all EP A holding time requirements.

A second point that should be mentioned is that due timtited volume of
sediment that is contained in a 2-centimeter sliceSoflaentimeter diameter core, only
an evaluation for PCB could be conducted at these sdogalgons. The vertical profile

for PCB contamination within the core collected at BRA 7 is shown below.

Figure # 5.4
Core EPA 7 - Total PCB Profile
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The information that is provided by this profile is quite dramatic, théiah
detection of PCB that appears significant in the sedlirappears in the 24 to 28
centimeter depth. Based on extrapolation this sedimet#dmis estimated to have be
deposited in approximately 1958. The low level of PCB detethanoccurs in the 28 to
52 centimeter range are believed to be remnants of eatiirom upper layers of the
core, smearing within the core tube while the coreisdpushed into the sediment.
More significant discharges appear to have occurred ih96#& to 1979 era with a more
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peak discharge apparent in the 8 to 12 cm range, which worrkespond t

approximately 1982.

At site EP A 9 the peak contaminant levels have been redonoet likely by
mixing of the contaminants as they progressed over tliealedrop of the flight of
Locks. Based on the Cs-137 profile in this area the deposates at this location are
slower than were determined at site EPA 7, about 0.21eam/¥his peak occurrence of
Cs-137 appears in the duplicate sample analyzed in th8 éeotimeter range.

Rgure # 5.5
] CoreEPA9- Total PCE
Profile
0.0 &1. 1009@ PCB Le.lelin PP 150.C 200.C 250.(

38.4

210.0

The information provided by this profile does not readilyncmle with the
information found at site EPA 7. The initial detect@frPCB that appears significant in
the sediment appears in the 20 to 24 centimeter depthayeak concentration
appearing in the core section at 8 to 12 centimeter dBpied on extrapolation of the
Cs-137 data, the initial occurrence of PCB would have app&et before the historical
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use of this compound, before the turn of the century.ridwee significant peak

discharge apparent in the 8 to 12 centimeter range wouldspmmd to approximately
1948. Based on the wide difference between core EP A 7R#d%Eit is doubtful that

the dating information in this core is accurate. It isqilnle that water diversions through
the lock structure or the nearby hydroelectric facilityrhave increased turbulence in
the water column leading to the questionable resultsisrcore. What is interesting is the
correlation between the depths of the peak contamieesis in both core EP A 7 and EP
A 9. Both cores show initial introduction ofthe contaminiarthe 20 to 28

centimeter depth range. At core EP A 7 which is upstrdaarinttial contaminant depth

is in the 24 to 28 centimeter range while at core ER#e%epth is in the 20 to 24
centimeter range. This would be consistent with the dreeas flow of contamination
over time. It is also interesting that the sedinaapth for the peak contaminant leve
consistent, at the 8 to 12 centimeter level in botesxo

At sample site EP A 8 theirbulence caused by vessel propellers in this loc
might have mixed up the sediments so that a contaminafiiepwas not identifiable.
This core was also subjected to an evaluation of thensetl by core slice for PCB.
Generally, this core shows the wide range of PCBaroimant mixing throughout the

Figure #5.6
Core EPAS8 -Total PCB Profile

Total PCB Level In PPI
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vertical core striation. It is interesting how signdntly lower the PCB concentratic

are at this core sampling location, the highest coragon is well below 1 PPM total

PCB

dating profile. This location was also evaluated fonical extent of PCB

In Reach #4, the sample core collected at site EP Alabited a reasondd

concentration. Peak occurrence ofCs-137 appears in th@esanalyzed in the 24 to 28

centimeter range, based on this Cs-137 profile the deposdties at this location are

about 0.8 em/year. The wide variation of PCB concentratirough the core suggests

that a relatively dilute source of PCB was discharginthé sediments over a long time

frame. The peak concentration of PCB of 0.53 PPM would appately equate to
1960, with a secondary peak of 0.40 PPM around 1980.

Figure # 5.7 Core EPA 21 - Total
PCB Profile
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Other Heavy Metal Contaminants

Samples were collected and analyzed for mercury, cadand copper during
the study. The results from these analyses were ihgine and cannot be used to

identify a contaminant source.

The levels of cadmium within the canal sediments apjoebe elevated above 1
NYSDEC class C sediment criteria 0f3.0 PPM startindnwithe City of Lockport in th
vicinity of core EP A 7 and easterly to the Medinaaae®re EP A 13. The general trend
is that the lower core sections, which represent lder gediments, are higher in
cadmium contamination. This would appear to coincide thighpotential for a historic
discharges in the Lockport area. At core EPA 21 the eadrevel is 2.90 PPM, slightly
below the 3.0 PPM threshold in the upper sediments. lloter core section the

cadmium concentration is 3.3 PPM, this suggests thahgbas played a role in the
deposition of this contaminant.

Figure # 5.8
Cadmium Concentration in Sediment
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The general trend of mercury contamination within theataediment appears
be close to the NYSDEC class C sediment criteriallef 0.5 PPM for most of the cal
between Lockport and the Genesee River with one majepéra. That exception was
found in core EP A 9 which was collected below the flighiocks in Lockport where tl
mercury concentration was 13.5 PPM. The first elevateeld of mercury was found at
core location EP A 7 wherthe lower older sediments showed mercury at 0.94 PPM
the upper, newer sediments were below the 0.5 PPM tidesh

Figure #5.9
Mercury Concentration in Sediments
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The concentration of copper within the sediments gelgeshdwed the same

trend as the level of cadmium in the sediments. Lawez sections also showed higher
copper concentrations than the upper more recent corersect

Figure #5.10
Copper Concentration in Sediments
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An evaluation of arsenic contamination within the casaliments seems to point

to a historical discharge into the canal prism. Thelle¥arsenic in the deeper sediments

Immediately below the former Dublin Road landfill am@arly double the NYSDEC

threshold for this contaminant.
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CHAPTER 6
CONCLUSIONS

There have been discharges of metals; PCBs and dioxmdorapounds
introduced into the canal system that have contandredme of the sediments
within the canal system.

Two locations showed levels of PCB that exceeded TSCAeveateria; they
should be further sampled to determine the depth andlleteeat of the

contaminatior

The core at site EP A 7 shows that the initial disghaf PCB into the canal
occurred in approximately 1958, while the peak discharge octcimrtee 1980 to
1982 time horizon.

There is a general trend of decreasing dioxin/furan corat@nris as one moves
easterly from milepoint 322.2. Sediments located withirGhaeesee River at
milepoint 261.2 showed significantly lower dioxin/furan centrations due to
dilution effects.

There is a general trend of increased lead concentsatmnnstream of bridges
that cross the canal. Past activities of bridge wasimagabrasive blasting prior
to painting may be the cause of this contamination. Autifidetailed sediment
sampling should be conducted before and after bridge mamterfunctions to
determine if these activities are impacting sediment qu&8itbsequent benthic
testing of the sediments may be warranted.

Heavy metal contamination generally starts in the Lodkg@a and is evident all
the way to Medina, New York.

There appears to be elevated levels of arsenic presi sediments
downstream of the Dublin Road landfill just east of Migaig. Although this
landfill was capped. within the last five years, ofegiigration of arsenic
compounds is apparent in the older canal sediments. Sugginampling to
determine the nature and extent of this contaminatiortssgread to the canal is
warranted. In addition it would be prudent for the NewRky8tate Department
Environmental Conservation to reopen the Record of [et{®OD) for the

Dublin Road site to investigate this off-site migration.
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CHAPTER 7
QUALITY ASSURRANCE/QUALITY CONTROL

Data Quality Requirements

Field sampling and laboratory analyses were performed cocordance wit
approved EP A standard procedures unless otherwise notedlm T.4. Data Qualil
Objectives (DQOs) and acceptance cidefor precision and accuracy are
summarized in Table 7.1. The precision and accuracyiarpeesented in that table -
based upon historical laboratory results and not fieddlte

Very little existing data were available to evaluatpezted oncentrations for tho
analytes quantified during this study. Data resulting frora gtudy will be useful fc
evaluating distributions of sediment contaminants. &#ating of some of the sedim
cores collected did not show areas where uniform depoaitrates occurred; those cores
were eliminated from further study. Three cores did steagonable depositional profi
and depositional rates could be calculated.

Complete data packages have been provided with all saegulis for this projec
Included with the data packages are chaiotsftody records, data results, case narra

chromatograms (where appropriate), raw and intermerhatdts, instrument calibration

data, and results of quality control evaluations as aec
below:

Precison: Precision can be defined as the relative uncertaiobyt
given measurement and is determined by replicate ana@sesto th

difficulty in obtaining true, duplicate sediment core sEapnone were
collected However, eight replicate samples were submitted for

laboratory analysis. These samples were collectdteatame time and
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represent a check of laboratory accuracy. Acceptabilftysampl
results was based upon the precision criteria presenfesbie 7.1.

Accuracy: Accuracy can beefined as the absolute uncertainty al
the true value. The accuracy or abilities of the latary to determin
the true values or concentrations of proposed analytess bee
pvadimiety by the NYSDEC during the laboratory contractdecsier
and certification process. This process includes theresyanalysis of
NYSDEC prepared Perfonnance Evaluation samples é&-site audits
by a team ofNYSDEC chemists. Laboratory matrix spilafix spike
duplicate (MS/MSD) samples were analyzed to evaltize accuracy
each batch of samples submitted for this project. Diowmi® also
evaluated in the MS/MSD on a limited basis due to hmgt associated wi
this analysis and because rigorQAIQC procedures are associated with
EPA 1613A analysi. The acceptable accuracy in quantifying those an.

to be examined has been summarized in ~
7.1

. Blanks: Due to the type of matrix to be sampled (sedis), no fieli
blanks were prepared for analysis. Method blanks werleiaea as
requiredcomponent of the NYSDEC Analytical Services Protdoo
control labs (NYSDEC ASP Exhibit E).

Representativeness: It is expected the sediment coltested will be
representative of areas of the Erie Canal that havéeen dredged f{

quite some time. They are generally taken from backveatas and

other locations that would be minime
disturbed

Comparability: Standard procedures were followed when samplid
analyzing all parameters of concern. As low detection apdrtiag limits
were emplged during this study, resulting data should be compatiliie

data from other investigations.
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Completeness: Completeness can be defined as the pgeenht
acceptable data necessary to accomplish the studyieegeddue to th
high cost of samp analysis and the limited number of samples 1
collected, it was important that all QA criteria hectly adhered to ¢
as to accomplish project objectives. Successful anaysigeporting ¢
at least 75% will define completeness for this aspéthe study. Alsi
any data not meeting minimum QA criteria will be idéed.
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Sampling Procedures

All sampling for this study was performed from the NY Sf@ting plant using a
push core sampler or by accessing the bed of the canalitwvas dewatered to obtain a
push core. The Principal Investigator was responsibledora that all sampling is
performed in accordance with standard sampling protocolgidimg all sediment coring
equipment necessary for the successful conduct of tm@eed study induding: the
sediment coring apparatus. The Principal Investigatoressonsible for transporting the

sediment cores and surficial sediment samples toahore sample processing
location

At the sample processing location the Principal Invastigwas responsible for;

removing all of samples from core tubes, homogenizatiGamples, placement
sample material in sample containers and packing oflsanpcoolers,
Providing all sample processing materials and suppéesssary for theuccessft
processing of samples as proposed herein.

Providing a chain of custody form for all samples anbnsitting all samples to tl

selected laboratories within the proper field holding times

Documentation, Data Reduction and Reporting

The laboratory results were reported to the NYSCC eo@ance with the
requirements of ASP, Exhibit BCategory B Deliverables (NYSDEC, 1991). Thi
aomplete document package, which allows for full datalatibn. Data reduction and
evaluation was performed using a Microsoft Excel spreatisBample concentrations
are reported in PPM dry weight, PPB dry weight or PBTwekight. All field and
laboratoryQAIQCresults have been reported including any and all fielakisla
duplicate analyses, matrix spike and matrix spike dafgganalyzed during this study.
Areediatingtafdbg, and completeness based upon repicdtspike analysis has &

been included.
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Data Validation

All data were reviewed by the Principal Investigator to miete its validity
Those data not meeting the previously identified catéor precision, accuracy, a
blank values were reanalyzed where possible, or flaggadditional sample mater
was not available. Data that have been flagged irgiedty theydid not meet th
trabonator()Q Argangple evaluation included analysis abbgate spikes to detennine the
average percent recovery and method blanks, which wargated to respective batch
results. The following statistical equations were utilize quantify the precision,
accuracy and completeness of laboratory data resutongthis project. Results from
these statistical calculations have been used to detemhetber data quality

requirements presented in Table 7.1 were met.

Precision:

The laboratory precision was evaluated by performing dupliaaalyses and
comparing results. Matrix spike/matrix spike duplicateS{MSD) were utilized for
organic parameters. Laboratory duplicate analysis aredumbed to evaluate inorganic
and conventional parameters. These QC samples walyzed at a frequency of 1 per
batch as required by the NYSDEC ASP Exhibit E.

If calculated from duplicate measurements, relative perdiéference is use

meaSLE(r)e preClISla

RPD=(C1 -Cz)xIO0%
(C1+Cz)/2

Where RP D= relative percent difference
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c/ = larger of the two observed values

c2 = smaller of the two observed vall

If calculated from three or more replicates, thetnedastandard deviation ratt
than RPD is used to determine precision:

RSD~(oo%

Where RSD= relative standard deviati

S = standard deviatic

Y = Mean of replicate analyses

Standard deviation is defined as follo

1l ( )2
S=,ILyiry
i=\ n-I
Where S = standard deviatic
Yi = measured value of the ith replicate
Y = Mean of replicate measurements

n = number of replicates
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Accuracv

Accuracy is quantified by detennining the percent recovetgraiwn" surrogatt
spike material in samples. Matrix spikes, matrix spilplicates, reference standards

and laboratory blank samples may also be used in thesasset of accuracy. These

@ﬁlgnples are analyzed at the frequency specified in tieDNYC ASP, Exhib
E.

F or measurements where matrix spikes are used, tbenpeecovery is calculat
as follows:

%R 100%x( S;wU J

where  95R= percent recovery

S

measured concentration in spiked aliquot

u

measured concentration in unspiked aliquot

Csa = actual concentration of spike added

When a standard reference material (SRM) is used:

%R=100%x- 0™
Csn)

where %R = percent recovery

Cm = measured concentration of S

Csrm= actual concentration of Sk
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Completeness

The completeness of analytical results has beenlatdduto determine if
sufficient analytical results are provided to achieveptizgect objectives.
Completeness was calculated using the following equation:

v
% Completenessn- x| 00%

where V. = number of valid samples

= number of valid samples necessary to achieve project
objectives

Quiality Control Evaluation

Analytical quality control rasits were evaluated to determine whether the

Quality Objectives (DQOs) and acceptance criteria foptbgect were achieved. In
general, these objectives and criteria \
met.

Using the quality control criteria and methods previouslytlimed; these

evaluations are summarized below. They are based updabibeatory case narrati

Lahprategy calculations of precision and accuracy hbeen randomly sp
checked.

Metals

All sample holding times as required by the method weet and a
preparation blank results were below the required detelatndts.

67



Matrix Spike recoveries were within the 75-125% controitBrexcept for sample
EPA 10 (SDG#NYS033) where cadmium, copper and mercury nsqike recoveries
were slightly beyond the control limits (Cadmium 52.2%6pper 68.6% and Mercury
126%).

The lead ICP serial dilution result for sample Middkfpowas not within th
required control limit (10%)

All duplicate analyses were within the 20% Relative Parbefference (RPD)
control limits except for cadmium for sample EP A 1B8eTadmium results for that
batch are flagged.

PCB:

Two surrogate spikes, tetrachloro-m-xylene (TCX) and decadiifdrenyl
(DCB), are applied to each sample. Acceptable percenveees are between 50 and
150%. The DCB recoveries in the majority of samplesevitased high on one or both
columns due to unresolved interfering peaks. TCX recoveses within the acceptable
range with the exception of high results on one colioniP A 7, Lower and EP A 9

due to coeluting interference and low results on bothnmadufor EP A 25 Upper Matrix
Spike Duplicate.

Matrix spikes and matrix spike duplicates were run fobatiches of samples.
The 60 to 150% recovery guidelines was used as the acceptabiation guideline for
these results. All samples with the exception of Helpibr for sample EP A 10 were
within this range, Heptachlor in the MS analysis wasrestlved from a large

interference on one of the columns, therefore thelref the other column was reported.
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A method blank is also run with each batch of samisk results were
evaluated and all found to be acceptable since all asakgee less than the laboratory
reporting limits.

DioxiniFuran:

The analytical laboratorAIQC included an internal standard spike as part of
each sample and a method blank, also with an intetaradard spike added, run with
each sample batch. The internal standard spikes tondiS carbon-1 3 and one
chlorine-37 labeled isotopes.

For this study, internal standard spikes were added sediment samples and
method blanks. The acceptable percent recoveries feptked congeners is 60 to
150%.

All percent recoveries for the internal standard spiealyzed for this sediment
study were within the acceptable range of 60 to 150% withxtepéion of the following.
Both sample EPA 24 Lower - Octachlorodibenzo-p-dioxin at 188étsample EP A 23
Upper - Octachlorodibenzo-p-dioxin at 157% show interferdémaa a high native
Octachlorodibenzo-p-dioxin response. In the case of st A 7 Upper, EP A7
Lower, EP A 10 and EP A 13, the reported recoveries slgatly low due to the spiking
level being to low relative to native PCDD/F levelsdetermine spike recoveries.

69



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

CHAPTER 8
REFERENCES

USEP A, April 1998, The Inventory of Sources of Dioxin argl tmited States,
United States Environmental Protection Agency, Office egdarch and
Development, External Review Dratft.

NYSDEC, June 1994, An Investigatiof the Dioxin/Furan Concentrations in the
Sediments of Eighteenmile Creek and the Erie Canat Neckport, New Yor}
New York State Department of Environmental Conservatinvision of Watetr
NYSDEC, October 1998, Eighteenmile Creek/Olcott HarborrSed Survey,
New York State Department of Environmental Conservatiowision of Wate
Dergosits, J. R., September 20, 1997, Quality Assurance @tantaminated
Sediment Evaluation of the Erie Canal North Tonawdadapencerport, New
York, New York State Canal Corporation, Office of Claviaintenance and
Operations.

NYSDEC, November 1993, Technical Guidance for Screeningaunatec
Sediments, New York State Department of Environmendalk€rvation, Division
ofFish and Wildlife and Division of Marine Resources.

NYSDEC, October 1994, Interim Guidar- Freshwater Navigational Dredging,
New York State Department of Environmental Conservatinvision of Water.
USEP A, 1989, Interim procedures for estimating risks@ated with exposures
to mixtures of chlorinated dibenzo-p-dioxins and dibenzofuran©&anhd
CDFs), United States Environmental Protection Agencyk R&sessment Forum
Paustenbach, D., Wenning, R., Lau, V., Harrington, N., Relihj Parsons, A.,
January 3, 1992, Recent Developments on the Hazards po2e2] h§-
Tetrachlorodibenzo-p-Dioxin in Soil: Implications faeting Risk-Based Cleanup
Levels at Residential and Industrial Sites, Journdloxii<?ology and
Environmental Health, 36:103-149.

NYSDEC, January 24, 19, TAGM HWR-94-4046, New York State Department
of Environmental Conservation, Division of Hazardous WR&tmediation.

70



[12]
[13]

[14]

[15]

Baudo, R., Giesy, 1., Muntau, H., 1990, Sediments: Chenastiyl oxicity ofln-
place Pollutants, Lewis Publishers.

McGovern E. Carol, Undated, Background Concentrations el&@ents in soils
with special regard for New York State, New York Stat@d@yament of
Environmental Conservation, Wildlife Pathology Unit.

NYSDEC, Solid Waste Regulations 6NYCRR F360-4.4.

Cleverly, D., Monetti, M., Phillips, L., Cramer, Peit, M., McCarthy, S.,
O'Rourke, K., Stanley, 1., Winters, D., August 1996, A Timerdls Study of the
Occurrences and Levels of CDDs, CDFs and Dioxin-like P@Esediment Cores
From 11 Geographically Distributed Lakes in the United Starganohalogen
Compounds, 28:77-82.

Czuczwa, Jean M., McVeety, Bruce D., Hites, Ronaldyevaber 2, 1984,
Polychlorinated Dibenzo-p-Dioxins and Dibenzofurans inilgedts from
Siskiwit Lake, Isle Royale, Science, 226:568-5609.

Bowen, H. J. M., 1979, Environmental Chemistry of thertelets, Academic
Press.

71



sd~W ~~IIV AptnS 1~gfOld

V x1pu~ddV



S~~.mmrnns m~a :Ju~~P~s

H x!puaddy



€202T T00
/S0°TT 0Ste0>
022°06
0€0.6 150°
ovT'68  0VvE
066°8. 0v0°'0> ¥e aIN
0T0'SET 600
S8T'8TT 0S0°0> R Al
€62°€CT TS0'0>1e dIN
1€9C 70 01
090°€ S¥0°0> 1e aIN
€50°TT
125°9T €v0°0> W Al
€8Y°LT £v0'0>m a
v 0
SE0°0TT 00T ¥'9
881°€02 500 6 T
£v6°222 600 v 8
6V
TV
S06°€9T 0
050
089002 065
020'v2e 112
0T0ESE 00'99
S70'98 082
T8l T09
0L0vTE 000
08525 00°€6
00S'S 9,0°0> e AIN
8eT8  TOV
199°T 80" 08N
G197 800> 1e AIN
1580 ¥¥0°0> ¥ aIN
SleTAr 9v0° 08N
¥S0ROZIN
S61°S 010
22v6T
26£°22 1€0
( (
1dd) wdd)
o031 90d

g'lc 8500 8'0¢ 800
Tee G.00 991 S0°0
v'SL 0.0 0'00T ov'e
6,9 09€°0 0cot 06'T
0'6vT 0Tv'o 0'90T 180
6,9 0850 8'¢€L 09T
*ya4 0.T°0 SvS ¢6'0
G'¢8 0290 0viT 0g'€e
2’88 [0)2°)0] 0'L1T 06°¢
0'STT 0cL0 L'V, ¢s0
<M otv'o 0'v8 €90
G99 oveo T¢L 160
gev 0cT0 091¢ 0917
L'19 0€S0 c'08 08T
v'v9 09€°0 €99 o't
0'8L 0920 o07¢cet 06°0
I AVASS 06T°0 6°¢y 00T
STL 08¢0 189 ov'e
6°€9 0.0 6°0L 00¢
€/lc 290°0> [SWAN 950
8',€ 8800 0've 060
'69 0920 8',€ 180
7'€8 [0} 27dl0] 6°'G8 00€
029t 0v6°0 o'ovT 0g's
oOviT 0,80 00T oL¢
8°09 2’08 6'69 G6°0
8',€ 0L20 019 TS0
0'8TT 0280 0'0¢t 08'v
[0R 74N 0€80 0'0TT ov's
0'90T 0€9°0 066 oLy
10 096°0 0'8¢T 00y
GEW’ 00S°ET 0'eve 0S¢
069 08T°0 0978 09°¢
jowad 0€T'0 619 0e'T
0LVl 0v6°0 o'eey 08'v
G'¢8 0010 0€eT 0L¢
Tve 0TT°0> Z'6¢ 00T
€0¢g 1600 6'GC 0ct
€T 9900 0€T €50
69T 8G0°0> 90T LS50
€91 250°0> 8/, cro
6°¢CT 090°0> 08 L€°0
2ee 0cT'0 WA or't
6,2 00T0 '6¢ ¢6°0
6°0L 0S€0 0'GET 0ce
(wdd)
(wdd) 1 wdd) (wdd) (wdd)
addoo IN2JBN pea wniwpey

Jlussly

SAlL

1T '19¢
€T '19¢
8'19¢
9€ 8'19¢
9¢ 8'19¢
6T G'69¢
L'T G'69¢
TT v'eclLe
LT 0°08¢
9¢ 0'08¢
e £'98¢
x4 £98¢
8V 1062
TT 1L°06¢
T¢ ,°06¢2
0¢ 2'€6e
T G'€6¢
6'T 662
8T 662
6T 6'76¢
6'86¢C
91T 6'86¢
L0 6'86¢
€ 8'V0€
8¢ 6'90€
'€ T°L0€
L' 1°L0€
§¢ ¢'L0E
a4 €'60€
6¢C 6°€TE
6¢C [CRS
0'€ 6'€TE
S S'61€
S'S c'1¢ee
G'€ T¢ee
0€ A4S
8'S 2'eee
8'G 2'eee
'€ 8'GcE
e 0'8¢e
R4 0'8¢€
€T L'T€EE
9¢C 6°CEE
6'T 6°CEE
e 8'GEE
€7¢ 8'GEE
7'6€€
€€ 7'6€€
. wiod
>oL aln

19MOT] GZ-vd3a
Jaddn SZ'vd3
Jamo (arealdna ge) ve-vd3
19MOT] vZ-vd3a
Jaddn ¥Z'vd3
J19MO] €2'vd3
Jaddn €2V d3
ansodwo) z2zvd3a
19MOT] 12-vd3a
Jaddn 12-vd3a
ansodwo)d (0z-vd3) e#dna
aysodwo) 02'vd3
ansodwo) 08T-vd3
aysodwo) d8T-Vd3
ansodwo) V8T-Vd3
aysodwo) LT-vd3
aysodwo) 9T-vd3
ansodwo)d (ST-vd3) z#dna
ansodwo) (ST-vd3) T#dNA
aysodwo) ST-vd3
J19MOT (rT-vd3) 9#dna
19MOT] ¥T-vd3
Jaddn ¥1-vd3a
aysodwo) VET'Vd3
aysodwo) €T-vd3a
19MOT] Z¢T-vd3a
Jaddn 21-vd3a
aysodwod T# WodajppIN
ansodwo) punoibxoeg uods|ppiN
19MO] TT'vd3
Jaddn (TT-vd3) 2#dNa
Jaddn TT-vd3a
aysodwo) 0T-vd3
ansodwo) 6-Vd3
JamoT 8-vd3
Jaddn 8-vd3
JamoT /-vd3
Jaddn L'vd3a
ansodwo) 9-Vd3
JamoT S-vd3
Jaddn S-vd3
ansodwo) -vd3
J1amoT €-vd3
Jaddn £vd3a
ansodwo)d (2-vd3) 8# dna
aysodwo) 2'vd3
aysodwod (T'vd3) 6# dNA
aysodwo) Tvd3
JaquUWIN
s|dwes uoneso



v'/8TT ¥'820T 0°0¥8 0°0ST 0'6¢ v'e 09 0°6ST 0'ee 0’19
0'TTL 0809 0°00S 0'S8 0'ST 6T 79 0°€0T 0'Le 0'Lg
0'605T¢ 0°6€08T 0°000¥T 0'oove 0°0eS 0SS 0'vs 0'0LvE 0°0TL 0°009T
0299S¢ 0'¢89T¢ 0°0004T 0°000% 0085 005 0¢s 0'086¢€ 0°000T  0°008T
0°S0.ST 0°S¥TZT 0°00€6 0'00t¢ 0°09¢ 0'8¢ 0'Ly 0°095€ 008 00041
8'88ESG¢ 8'850T¢ 0°0004T 0°009¢€ 00ey 06T 8'6 0'ogey 0°0v8 0°009¢
0°960SY 0'9689¢ 0°0000€ 0°00T9 00TL O¢cv ovv 0°0028 0'008T  0°00SY
0 TTIEY 0°T/Z8€ 0°000cE€  0°00%S 008L 0vE 0'LS 0'0v8Y 0'00€T 0°00c¢
0'9/¢cev 0'9¥6¢€ 0°0009¢  0°00T9 0°08L 0'Se 0Ty 0'0€E6 0°006¢ 0°00.L¥

0°¢e9 6'19S 0°08v 0'€L 8, 90 S0 T°09 00T 0'ee
2'€86 8'C16 0°0LL 0°0€T 0¢ct €0 S0 0L 01T 0'6¢
€veey Tcley 0°009¢ 0°029 0'1S 80 €0 2'¢s9 0°0€T 0°00v
€0egeL a'eve9 0°00€S 0°0v8 0°00T 8T 0 1'886 0°0LT 0°0T9
6'8¢89 6'GZ8Y 0°000% 0'0gL 098 8¢ T9 0'€00T 0°0S¢ 0°0€S
0'9/05¢ 09681 0°0009T 0°009T 0'0ve 0¢ct ovy 0'08T.L 0°00L¢ 0°00ce
0°'§6v¥06 0'G6...  0°00029 0'0096 0°00TT 0'ST 0°08 0°004¢T 0°00TE 0°0002
0'85900T 0 86898 0°0009L 0°0086 0°000T 0'6T 0'6L 0°09LET 0°00EY 0°0002
0'88¢6. 0'86T/9 000085 0'00v8 0°0cL 0'TE 0'Ly 0°060¢T 0°008¢ 0°00T9
0°¢T0C9 072T9€S  0°00091 0°0069 0°06S 0'1S 0'TL 0'00¥8 0°00¥C 0°006€
0'89¢60T 0'895€6  0°000¥8 0°00€8 0°00¢T o've o've 0°004ST 0°00SE 0'0096
006608 0°00TZ9 0°000.S 0°00.8 0°00€T 0'Sy 0'SS 0'068€T 0'00¥E 0°0089
0'T¢6¢T  0'Tr06 0°0092 0°00¢T 0°0ST 0°'se 0'99 0088 0'00€T 0'00¥T
0'68T€ 0'TTEC 0°008T 00Ty 0'89 01T 0'ce 0'8.8 0°0S¢ 0°09€
¢'6SYT9T 2'6L29€T 0°0000CT 0°000%T 0°00c¢ 26 0'0L 0°08TSC 0°00€9 0°000ST
0°L06¢¥¢ 0'L¢9T¢¢ 000000 0°0006T 0'00S¢ 0'8¢ 0'66 0°08¢T¢ 0°00.S 0°0000T
L'8T0T L°0¥8 0°0S9 0°0ST 0'Le 1574 96 0'8.T o'ey 0'1S
2'¢00¢ 2'6CLT 0'00vT 0°08¢ 0Ty 2 0'S 0'€Le 0'¢s 0°0TT
T'lcc 0°48T 0°0ST 0'T1E S'€ €0 x4 Tov 0'TT 66
A4 816 0°09¢ 0'9¢ 8V c0 80 9'ee 06 0'TT
8'0¢ cee 09T 29 90 c0 €0 9L T¢ €¢
6'LTT €68 0TS 0'ce 01T 0T €0 9'¢ce L9 00T
00 00 00
1976 [ WAZA 0°0€9 0'69 0°0¢ TL 0'T¢ 0°69T 0'6T 0'98
0'96¢€ 0'TL9¢ 0'00T¢ 0°08v 0'99 01T o've 0°G29 0°0€T 0°0LT
0'vE6E 0'vSTE 0'00v¢ 0°029 0'v6 0'€T 0'Le 0°08L 0°00C 0°0¢c

sueun,|

pue

suixolg  suixold adoero a aoeidsy] agoexsH  ddaod aaoslt suein| |a0eRO

[eloL [eloL [eloL [eloL [eloL [eloL [eloL [eloL

0'ee
01T
0°08v
0°0SS
0°00v
0°0¢L
0'00vT

0°002
0°00€T

0¢ct

09T

0°0TT
0°08T
0°0LT

0°096
0°00T¢
0°006T

0'TE
0°0TT
0°0¢T

JaoeydaH
[eloL

06T 0'€e
0€T 0'ST
009¢ 0°0¢cv
0'0€c 000
0'0vc  006€
0°0vT 0'0e
00€e 0°0LT
00¢e 0°0cv
0°0€C 0°00¢
cL 6,
98 8'S
00T ¢¢
(0574 TS
0'1€ 0'¢ce
0°0LT 0°0ST
0'ove 0°09T
0°08¢ 0°08T
0'09¢ 0°0€T
0°08€ 0°0cE
0'0¥c 0°09T
0064 0°009
0°09¢ 0°09T
0'€9 0'SS
0°0¢c 0°09T
0'00€T 0086
0¢¢ 08¢
0'ee 0'6€
8V 8'6
43 Ve
c0 €0
6€ 0T
ovT 0'6T
0°0¢T 0'S6
0°0¢T 0°0¢T

1adexsH  .1a0d 1aoL

[eloL

[eloL

1 ulod

SN

JaMOoT SZ'vd3
Jaddn SZ'vd3
lamo (arealidng gey) yg-vd3
JaMO| vZ-vd3a
Jaddn yZ'vd3
JBMO| €2-vd3a
Jaddn €2-vd3a
aysodwo) 2¢-vd3a
JBMO| T2-vd3a
Jaddn T2-vd3a
aysodwod (0z-vd3) e#dna
aysodwo) 0¢-vd3
aysodwo) 08T'vd3
aysodwo) a8T-vd3a
ansodwo) V8T vd3l
aysodwo) /1-vd3
aysodwo) 9T-vd3a
a)sodwod (ST-vd3) z#dNa
ansodwo) (§T-vd3I)T#dNA
aysodwo) ST'vd3a
lamoj (rT-vd3) 9#dna
19MO| ¥1-vd3
Jaddn ¥1-vd3a
aysodwo) VET-Vd3
ansodwo) €T-vd3a
JaMO| Tvd3a
Jaddn Z¢T-vd3a
ausodwo) T# HOoda|PPIN
aysodwo)
punoibyoeg yods|ppIN
19MO| TT'vd3a
Jaddn (TT-vd3) /#dNa
Jaddn TT'vd3
aysodwo) 0T'vd3
ansodwo) 6-vd3
Jamo| 8-vd3
Jaddn 8-Vd3
Jamo| L'vd3
Jaddn /-vd3
ansodwo) 9-vd3
Jamo| S-vd3
Jaddn S-vd3
aysodwo) v-vd3a
Jamo| €-vd3
Jaddn £vd3a
ansodwo)d (z-vda)8# dNA
aysodwo) Z2-vd3
a)sodwod (I-vd3) 6# dNa
aysodwo) T-vd3a
JlaquinN
a|dwes uoned0



€¢-vd3
€¢-vd3a
¢evd3a
T¢-vd3a
1¢-vd3

(0z-vd3) e#dna

0¢-vd3

081-vd3
a81-vd3
v8I-vd3
ARZE!

9T-vd3
(§T-vd3) z#dna
(§T-vd3) T#dNA
ST-vd3

(rT-vd3) 9#dna

¥1-vd3

¥1-vd3
VEI-Vd3
€T-vd3
¢1-vd3
¢1-vd3

T# HodarppIN

ayusodwo) punoibxoeg uods|ppin

0°000.LT 0°009T 0'eeC 0cL €6 i) Ts §'69¢ 1amoT
0°0000€ 0°006¢ o'vy 0°0TT 09T 2’8 6'8 G'69¢ Jaddn
v'2.e ansodwod
0°000¢e 00042 08¢ 0'86 0'€ET T8 09 0°08¢ 1amoT
0°0006T 0°00ze 08¢ 002t ovT 'S oe 0°08¢ Jaddn
" 20 " 20
0'08% 0¢ce L0 80 €0 £'98¢ w:wOQEOU
0°0LL 0TS 90 z1 2o " 20 T eo cogz  eusodwon
1°062 ansodwod
1°062 ansodwod
1°062 ansodwod
€62 ansodwod
S'€62 ansodwod
6762 ansodwod
6762 ansodwod
6762 ansodwod
" €0 " 20 " €0
0°009¢ 0°0€eC 81 L9 6°86¢C 1amoT
. . . . . . " vo .
0°00€S 0'0ge 9¢ 0ctT 0T 90 6°86¢C 1amoT
" €0
0°000% 0'0TE €€ 7’6 A L0 6°86¢C Jaddn
8'%0¢ ansodwod
. . . . " oLe 92 " ove .
0°0009T 0089 0'€ET 00¢C 6°90€ ansodwod
000049 0°009¢ 08¢ 0°08T 0ctT 8 0'€ET T°L0€ 1amoT
"1
0°0009L 0'oove 00€ 002t 0ctT 9L T°L0€ Jaddn
Z'L08 ansodwod
€'60€
00008 0°000% o've 002t €8 [N 87 6°ETE 1amoT
6'€TE Jaddn
0°0009% 0'00€e 0'6¢C 0cL 88 SL 01T 6°ETE Jaddn
" g9
0°000%8 0°008¢ ocy 0°0ST 09T ovT S'6TE w:wOQEOU
0°000.S 0°00TE 06T 0°0€T z8 LS LY ZTze  ausodwod
0°009. 0029 6 08T o€ o€ 12 T22e 1amoT
0°008T 0002 €g 69 6T LT A T22e Jaddn
0°00002T 0°00v9 0TS 0'052 a9 €6 0ST zeee 1amon
0°000002 0'0098 0L 0°0ST oz "8 et zzee saddn
0'059 o'sL 62 62 60 L0 " £0 g'sze ausodwod
0'00%T 00T A4 8¢ 80 80 €T 0'8gze 18mo
00T 09T T ro T o t o " Eo e 0'82¢ Jaddn
0092 0°€T S0 90 " eo T 2o " e L'Tee  ansodwo)
. . =20 " 20 " 20 LA} " €0 .
09T ze 62€€ 1amon
0TS 0et T €1 0 z0 €0 62€€ laddn
8'5e€ ansodwod
0°0€9 0'€e 9T 6T S0 60 0T 8G€ee ansodwod
00012 0°05¢ LS '8 T 81 €Z v'6E€ ansodwod
0°00v2 0'0TE TL 0Tt 9T vz €€ ¥'6€€ ausodwod
aao ®ewo agoeidsH aqaoexsH aqaoexsH aqaoexsH agoeiuad aaol
8'2'9'v'e'2'T  6'8LE 2T 8'2'9'e'2'T  8'LY%'€TT 8'2'€'2'T  8'L't'z  wod  JsqunN
9N 9|dwes

1T-vd3
(I-vd3) Z#dna
1T-vd3
0T-vd3
6-Vd3

8-Vd3

8-Vd3

/L-vd3

L-Vd3

9-vd3
S-vd3

S-vVd3

y-vd3

€-vd3

€-vd3

(z-vd3) s# dna
Z-vd3a
(1-vd3) 6# dNa

T-vd3

uoneos0T]






o'or8

0°008T

0°00€T

0°006¢

00T

01T

0'0€T

0'0LT

0'0S¢

0°00L¢

0’00TE

0'00eY

0°008¢

0°00¥2

0°00s€
0°00vE

0°00€T

0'0S¢

0°00€9

0°00.S

0ey

0'¢cs

01T

06

T¢

L9

0'6T

0°0ET

0°00¢

4d0ero0

0'Le

0'99

0'6€
069

L0

o€

1274

'S

0'Lg

0'66

0'0TT

0’18

0'sy
0'6L
0°09T
0've
9'S
0'0LT

0'0Le

6T

90

80

L'y

L'S

4aoeiden

682 1eT

" ocy

0'00TT LT ozt 0ve 0T vy
0'009T ez 08z 0'0e oS 0z 9
0°00L 80 0'6E o0'ge " oss 0T tov
0°00vT 0T 0's§ 0’8y 00vT 0TI T
0TI e 0T 7T o€ 60 80
o€t "t z1 71 92 0T 90
0'08T Lo ee 8y Le z1 teo
0082 " 60 TS S 65 €T 60
0052 T o 6'S 86 o€z ¥4 T
0'0002 et T o 0v8 0'0ee s 0TI
0'002Z "t 90 0'8L 09 " ooer 09T e
00052 Vo 0vL 0021 " oore 4 "t os
0'008T tew 0’8y 0Ty T ose "o 09
0'006T " ee o0'8e 0’88 oove " oev 0T
0'00/2 tos ) o'or 0'00T 0'0e 98
0'008T e 0'se 00€T 0098 00TT 081
0°00€T T v 0'sT 019 00.2 0'sz 0T
0012 80 69 0TI 0'se tav Lz
0'006Z e 0'85 029 00T 00z v'8
0'009Z "t e 09D 00.Z 0028 00T 09z
0vz 80 8z zz v 0z 60
0'6e " Eo zz Lz 6 12 60
9 " S0 " S0 " ¥0 L A 70 Al
ey teo 80 80 60 50 tro
€T teo 60 90 L0 " eo Tee
69 tvo £z €1 8z 60 o
0'1S " eo 9T 8z S5 ST €T
0'6L "o 08 zL TS 68 vz
001t TS0 98 €8 T oSt €L s
Jaoeiden eaD 4aoexeH 4aoexeH 4aoexen Jaoeioed Jaoeioed
8'L9V'€ETT 6'8LET L'98V'€EC 8°L9€CT 8.LVET 8LvE 8°L€CT

16

0'¢ce

0'9g

0'8T

TC

97T

60

0T

4

0'Le

09T

0'ee

0'ST

0’6y

0'Se

0°00T

0'9¢

S8

0'¢e

0°06T

v

L'y

LT

60

0T

Ve

ovT

0'0¢

4001

8LE

S'69¢

§'69¢

v'ele

0°08¢

0'08¢

£'98¢

£'98¢
L06¢
L'06¢
L06¢
2'€6¢
S'€6¢
6'v6¢C
6'v6¢C
6'v6¢
6'86¢
6'86¢
6°86¢
8'v0€

6'90€

TL0e

T'L0E

2'L0e
£60€

6°€ETE
6'€1E
6°€ETE

S'6TE

c'tee

Teee

Teee

ceee

c¢ece

8'Gee

0'8ce

0'8¢e

L'TEE

6¢cee

6'¢cee
8'GeE
8'GEE

'6EE

'6EE

iod
EIN

1aMmo|

Jaddn
ansodwo)

1aMmoT

-addn

ansodwo)d

ausodwo)

aysodwo)d
ausodwo)
ausodwod
ausodwo)
ausodwo)
ansodwo)d

ansodwo)d

ausodwo)

19Mo
19MoT

Jaddn
aysodwod

ausodwo)

19MmoT

Jaddn

ansodwo)d

€¢-vd3a

€¢-vd3a
¢¢-vd3a
T¢-vd3a

T¢-vd3a

(0z-vd3) e#dna

0¢-vd3

08T-Vd3
g81-vd3
v81-vd3
JAREE]

9T-vd3
(GT-vd3) z#dna
(GT-vd3) T#dNA
ST-vd3

(rT-vd3) 9#dna
v1-vd3a

¥1-vd3
VET-Vd3

€T-vd3

¢1-vd3a

[AREE]
T# HOd3IPPIN

ausodwo) punoigoeg uoda|ppiIN

Jamo
Jaddn
Jaddn

ausodwo)

ausodwod
1Mo

Jaddn
1Mo
Jaddn
ausodwo)d
1Mo
Jaddn
ausodwod
1Mo

Jaddn
aysodwod

ausodwod

ausodwo)

ausodwo)d

JEGTTIN]

a|dwes

1T-vd3

(I-vd3) #dna
1T-vd3

0T-vd3
6-vd3a

8-vd3a
8-vd3a
L-vd3
L-vd3
9-vd3a
S-vd3
S-vd3
-vd3

€-vd3a

€-vd3
(z-vd3) 8# dna
2-vd3

(I-vd3) 6# dna

1-vd3

ple)ictelon |






SguJold dn01D 19U9~UOJ

J x!pugddv



80

1dd 22¥'6T ©3L (T-vd3) 6# sredldnar

L0 90 S0

1dd 26€'2¢ = Ofpusodwo)) T-vd30

¥'0 €0 A

(uomrennua2UOd 40D ® O [L10] | UOHRIIUSIUOD Jauabuod) oney

(T-vd3) ¥'6€€ wiodaiN 8|1joid Jausbuo)

T0

JeT daodewro
d4a0oeidsH 6'8'L'7'€'2'T
daoeideH  8'2'9'v'€'C'T
4Q0exeH 6'8°2L'€'2'T
4aoexeH 8'L'9'7'e'e
4QoexeH 81'9'€'C'T
e 4QOexaH 8'L'%'€'T'T
d4aoewed 8°2'7'e'z
d4aoeed 8'2'€'2'1 o%o
40018'2'€'C I
aaoero
_ aaoeidsH 8'2'9'v'€'C'T
adaoexeH 6'8'L'€'2'T
aqoexeH 8L'9'€'C'T
aqoexeH 8L'v'€C'T
agoeed 8L'€C'T
aaolg'l'e'e

00



80

I

| Ldd S6¢°'S = O31 ¢ Vd3D'

0 90 50 P £0 z'0 10

(uolenU32U0d 40D ® OOD [LICIGIEIUSDUO0D Jaushuod) oney

(2-vd3) 8'seg wiodajiN ajjoid J1susbuo)

[} 309°K0
4aoeidsH 6'8'L'7'€'2'T
4aoeideH 8'2'9'%'€'2'T
4a0exeH 6'8°2'€'2'T
4a0exeH 8'2'9'v'e'C
4a0exeH 8'2'9'€'2'T
d4aoexeH 8'.L'%'€Z'T
d4aoewed 8°2'7'e'z

q

daoeiued 8°2'€C'T
4991 8¢
D%OE%O &e

AH_ aqaoeldsH g°2'9'y'e'2'T

adoexeH 6'8°L°€C'T
aqgoexeH 8°29°€C'T
aqdoexeH 8'2v'€C'T
aqoewsd 8°2°€C’T
aaoLlsg'L'ee

00



1dd 2580 = O3 (Jamo)) g-vVdT

L0 90 S0

(uorrenuadU0d 4aD ® AOD [el0} | UOIRIUSIU0D Jausbuod) oney

(e-vd3A)6'2€E

1dd §52'z = 031 ‘(1eddn) -vd3D

¥'0 €0 Y

wioda|iN 91jold 1auabuo)

4a208100
4Q0oeNdaH 6'8'L'V'E'C'T
4QoeNdaH 8'2'9'7'€'2'T
4Q0exsH 6'8°L'€'2'T
4Q0exsH 8°2'9'7'e'C
4Q0exsH 8°2'9'€'2'T
4Q0exeH 8'L'v'€'2'T

dQoesd 8°L ‘v'e'e

dQoeusd 8°L'€'¢'T

4a018°','e'e

aaoero
aqaoeidsH 8'2'9'7'€'2'T
dqaoexsH 6'8'2'€'2'T
aqgoexsH 8'2'9'€'Z'T
aqaoexsH 8'2L'7'€'Z'T
agoewed 8'2'€'2'T
aaolg'l'e'e

00

Q000 _ 0O ~00 >



60

80

| 1dd ST9'T = O31 -(ansodwody-vd3 1l

L0 90 50 7’0 £0 A 10

(uolenuaduod 4D ® AdD [LICUGIERAUSIU0I JBUsBuod) oney

(-vd3) L' TEE wiodaiN 8|1joid Jausbuo)

Qu_n_

q

00

J€10

400®.1doH 6'8'L'7'€'2'T
Q 4aoeidsH 8'2'9'7'€'2'T
4a0exeH 6'8'2'€'Z'T
4a0exeH 8'2'9'v'€'Z
d4a0exeH 8'2'9'€'Z'T
4a0exeH 8'2L'7'€'Z'T

daoeiued 8°'2'v'e'e

Jaoewed 8°2°€'2'T

4001 8'2'e'e
0Qoero

aqaoeldsH g8°2'9'y'e'2'T
aqaoexsH 6'8'2L'€'2'T
aqaoexsH 8°2'9'€'2'T
aqaoexsH 8°L'v'€'2'T
aqgoeiusd 8'2°€'2'T
0aoLsgl'e'e

O 00000 S



60

80

L0

1dd 8€T'8 = O3L ‘(18m0)) 5-vd3g 1dd T99'T = O3f(eddn)G-yd30

q-

C:

4a0®e1P0
d4a0oeidsH 6'8'L'7'€'2'T
4aoeideH 8'2'9'v'€'C'T
4a0exeH 6'8'2'€'2'T
4aoexeH 8','9'v'E‘C
d4aoexeH 8'2'9'€'Z'T
d4aoexeH 8',L'%'€'Z'T
d4aoewed 8°2'7'e'z
daoened 8'2'€'2'1
4001 8'2'€'e
aaoero
aqaoeidsH 8'2'9'7'€'2'T
dqaoexsH 6'8'2'€'2'T
aqaoexsH 8'2'9'€'Z'T
aqaoexsH 8'L'%'€Z'T
aagoeed 8'2'€Z'T
aaolg8'l'e'e

90 S0 0 €0 20 T0 00

(uonenuadsuod 4aD ® OO [L101 | UOIRUS2UOD Jauabuod) oney

(5-vd3) 0°8z¢ wiodajiN ajjoid J1ausbuo)



O

80

~

1dd 00S5°'S 231 -(susodwod) 9-¥vd30

90 3’0

P0

20 A 10

(uoirenuasuod 40D 100D [eICUQITRIUS2UOD Jauabuod) oney

(9-vd3) 8'Ge¢<

wioda|iN 91jold 1auabuo)

Q =[C}oLch:

00

20

dagoedsH 6'8°L'7'€'2'T
Q dgoeidsH 8°2'9''€'2'T
4Q0exeH 6'8°L'€'2'T
4Q0exeH 8°2'9'7'e'C
4Q0exeH 8°2'9'€'Z'T
4Q0exeH 8°2'v'€'C'T

dQoeiusd 8°L'v'eC
dQoeusd 8°L°€'¢'T

4001 8°2'e'e

aaoero

aqaoeidsH 8'2'9'7'€'2'T
dqaoexsH 6'8'2'€'2'T
aqaoexsH 8'2'9'€'Z'T
aqaoexsH 8'2L'%'€'Z'T
agoewad 8'2'€'2'T
aaolg'l'e'e

0 0O0_ 0O ~B0D



(9]

| 1dd0.0VTE =03--0-).-vdad 1dd 086 7/G = O3 Waddn) Z-vd3 II'

H

H

80

L0 90 30 70 0 0 0]
(uonenuaduod4Qd ¥ @A 101 | UONEIIUBJUOI JBuabuod) oney

(L-vd3) Z'Zzg wiods|iN 8jjoid Jauabuod

0

4a0®e1P0
d4aoeidsH 6'8'L'7'€'2'T
aoeydsH 8'2'9'7'€'2'T
4a0exeH 6'8°2'€'2'T
aoexeH 8L'9'%'e'C

HaoexeH 8°L'9'€'C'T
HaoexeH 8'L'v'€'C'T

daoeiued 8°'2'v'e'e

HgO®eluad 8°L'€C'T

4001 8'L'e'e
aadaero

aaoeldsH 8°2'9'y'e'2'T

adoexeH 6'8°L°€C'T

dQoexeH 8'2'9'€'C'T
[llaaoexsH  8'2'%'e'e'T
Qaoewed 8°2'€C'T

aaoLlsg'L'e'e

0

SRt



60

80

1dd §70°98 = O3 ‘(1omo])8-vd3

L0 )0 10

70

4a0®e1P0

4aoeideH 6'8'L'7'€'2'T
d4aoeideH 8'2'9'7'€'2'T
4Q0exeH 6'8°2'€'2'T
4a0exeH 8'2'9'v'e'2
4a0exeH 8'2'9'€'2'T

1dd T¥¥'8T H31 ‘()eddn) 8-vd30

4aoexeH 8'L'v'e'e'T

daoeiued 8'2'v'e'e

Jqaoewsd 8°2€'2'T

4a018'2'e'2
aaoero
[IT QQOewdoH 8'2°9'v'e'2'T

'aaoexsH 6'8°L'€C'T
aaoexeH 8°2'9'e'2'T
aaoexeH 8'L ‘¥'e'e'T
agoead 8'2'€'z'T
aascB’L'e’e

>0 0 70 00

(uoenu3duod 4D ® AdD [LICUGIERNUSIU0I JBUsBU0d) oney

(8-vd3) T°2zg wiodajiN ajjoid J1susbuo)

O00Um 0o D

i0o



60

80

| 1dd 0T0°€S¢ = 031 -(s1sodwod) 6-Vd3D

L0 9'0 S0 ¥'0 €0 Z0 10

(uolrenU32U0d 40D ® OOD [LICIGIEIUSDUO0D Jaushuod) oney

(6-vd3) T'12€ WIods|IN 3|joid Jausbuo)

Q 4a2e10
dagoedsH 6'8°L'7'€'2'T
Q dagoeldsH 8°2'9'7'€'2'T
4Q0exeH 6'8°L'€'2'T
4Q0exeH 8°2'9'7'e'C
4Q0exeH 8°2'9'€'Z'T
4Q0exeH 8°2'v'e'C'T

dQoeiusd 8°L'v'eC
dQoeusd 8°L°€'¢'T

4001 8°2'e'e
aaoero

Q aqaoeidsH 8'2'9'7'€'2'T
dqaoexsH 6'8'2L'€'2'T
aqaoexsH 8'2'9'€'Z'T
aqaoexsH 8'2L'7'€'Z'T
agoewad 8'2'€'2'T
aaolg'l'e'e

00

i0oO0_S50o0oD



60

80

1dd0202Z = O3 1 *(81S0dwod) 0T-Vd3D

L0 90 o) v0 €0 20 10

(uonenULIUOD 4aD P AAD [LIANQIIRIIUSJUOD Jauabuod) oney

(0T-vd3) S'6TE wiods|iN 8|joid Jausbuo)

Q 4d2er0o

4Q0oeNdaH 6'8'L'V'E'C'T
ﬁ_ 4QoeNdaH 8'2'9'7'€'2'T
4Q0exeH 6'8°L'€'2'T
4Q0exsH 8'2'9'7'e'e
4Q0exsH 8°2'9'€'2'T
4Q0exsH 8'L'v'€'2'T

dQoeiusd 8°L'v'eC
dQoeusd 8°L'€'¢'T

4aoL8'2'e'e

aaaero

Q aqaoeldsH g8'2'9'y'e'2'T

-+
00

adoexeH 6'8°L°€C'T
aqdoexeH 8°29°¢C'T
aqdoexeH 8'Lv'€C'T
aqoesd 8°2€C'T
aaolsg'L'e'e

0

o
(e}

©



60

8'0

1dd S06°€9T = O3 (1omo]) TT-vd38 1dd089'00z = O3 ‘(48ddn) TT-¥d30

L0 90 S0 0 €0 A T0

(uonenuaduo240D % OOD [EI01 | UOIRNUSIUOI Jsusbuod) oley

(TT-vd3) £'60¢ wiods|iN 8|1joid Jausbuo)

4a0®eP0
4aoeidsH 6'8'L'7'€'2'T
d4aoweideH 8'2'9'7'€'2'T
~ 4a0exeH 6'8°L'€'2'T
4a0exeH 8'2'9'7'e'2
4a0exeH 8'2'9'€'2'T
d4a0exeH 8'2L'7'€'Z'T
d4aoewed 8°2'7'e'z

Jqaoewed 8°2°€'2'T

4001 8'2'€'e

aaoero

aqaoeidsH 8'2'9'7'€'2'T
-

dqaoexeH 6'8'2'€'2'T

aqaoexsH 8'2'9'€'Z'T

dqaoexsH 8'2L'%'€'2'T

agoewad 8'2'€'2'T

aaolg8'l'e'e

00



1dd 887°€02 = OAL ‘(Jamo)) ZT-vd3g

20 50

I~
o

1dd ev6'zee ©31 -(1addn) ZT-vd3ID

P0 £0 ¢'0

(uonenuaduod 4ad ® AAD [eIoUPIIRNUSIU0D Jouabuod) oney

(2T-vd3) T°20€ wioda|iN 8|ijold Jsuabuo)

g

4a0ero
d4a0oeideH 6'8'L'7'€'C'T
4aoeidsH 8'2°9'7'€'2'T
4Q0exeH 6'8'2'€'2'T
4a0exeH 8'2'9'7'e'C
4a0exeH 8'2'9'€'2'T
4a0exeH 8'L'7'€'2'T

dQoeusd 8°L'v'eC

dQoesd 8°L°€'¢'T

4001 8'2'e'e
aaoero

aqaoeldsH g8°2'9'y'€'2'T
aqaoexsH 6'8'2L'€'2'T
aqaoexsH 8°2'9'€'2'T
aqaoexsH 8°L'v'€'2'T
aqgoelusd 8'2°€'2'T
aaonLg'l'e'e

00

i 000 _0wcOoc



60

80

L0

1dd GE0'0TT =e31 ‘(s1sodwod) €T-VdID

90

S0

0

€0

20

(uoneyUB2UOD 402 ® OOD [RIANQIRIUSIUOI Jauabuod) oney

(ET-Vd3) 6°90¢€ wioda|iN 81j0id J1suabuo)

4a2ero
4aoeldsH 6'8°2'7'€'2'T
4aoeldsH 8°2'9'y'e'2'T

4a0exeH 6'8°L°€'C'T
4aoexeH 8°29'v'e‘C
4aoexeH 8°2'9°€'e'T
Q 4aoexeH 8°L'v'€'C'T

daoeiued 8°'2'v'e'e
Jqaoewsd 8°2€'2'T

4001 8'2'€'e
aaoero

Q aqaoeidsH 8'2'9'7'€'2'T
dqaoexsH 6'8'2'€'2'T
dqaoexsH 8'2'9'€'Z'T
dqaoexsH 8'2L'7'€'2'T
agoewad 8'2'€'2'T
aaolg'l'e'e

o0_0O~0vo >



1dd €50°11 1~~E8V LT = 3L Ueddn)yT- ,
= e3l ‘()omo| pI-¥d3) o# ereondng e 1dd 225'9T =e31 ‘(1amo)) yT-vd3w H_M_HOMMMO

d4aoeidsH 6'8'L'7'€'2'T
™= 4Q0eldeH 8'2'9'v'€'2'T

4a0exeH 6'8'2'€'2'T
4a0exeH 8'2'9'%'€'e
4a0exeH 8°2'9'€'Z'T
4a0exeH 8'L'7'€'C'T
4aoead 82 '7'€'g

Jaoewed 8°2°€2'T
4001 8'L'e'e
aadero

RSt

56066000

aqaoeidsH 8'2'9'7'€'2'T
daoexsH 6'8'2L'€'Z'T
aqgoexeH 82'9'€'Z'T
aqgoexeH 8L v'€7'T
aagoewed 8'2'€'Z'T
aaolg8'l'e'e

80

~
o

90 3’0 P0 £0 ¢'0 10 J’0

(uonenuadu0d 402 ® OO [LICHQITRUBJUO0I Jausabuod) oney

(¥T-vd3) 6°86¢ wWioda|iN 8Ij0id J1suabuo)



8T 4Q2e0
4aoeldsH 6'8°2'7'€'2'T

I 1dd Z€97C =e3 1 (8Ns0dwod 02-Vd3) € 91edldnd’ Ldd 090°€ = e3 L "(dNsodwod) 0Z-Vd3Cll
e{ 4JgoeideH 8'2°9'r'€'2'T
4Q0exeH 6'8°2'€'2'T
4Q0exeH 8'2'9'r'e'z
4Q0exeH 8°2'9'€'2'T
A 4Q0exeH 8'2'7'€'2'T

daoeiued 8'2'v'€'e

Jqaoewed 8°2°€2'T

40018‘,'e'e

aaoero

aqaoeidsH 8'2'9'7'€'2'T
daoexsH 6'8'2L'€'2'T

6’0

8'0

.0 9’0 G0 70 €0 20 T0
(uonenuaduod 4@D ® AdD [LICIQNENUSDUO0D J1auabuod ) oney

(02-vd3) £'982 wioda|iN 8|ijold Jsuabuo)

aqgoexsH 8°2'9°€'C'T

aqgoexsH 8'Lv'€C'T

aaoeusd 8°2°€C'T

00

aaoLlsg'L'e'e



6’0

8'0

11dd S8T'81T §31 (JI9MO]) TZ-Vd38 Ldd €6¢°¢¢T =031 -(leddmjg-vd3DlI

"0 )0 30 7’0 >0 20 [0
(uolenuaduod 4D ® AdD [LICUGIENUSIUOI JBUsBU0d) oney

(T2-vd3) 0°08Z wioda|iN 8|ijold Jsuabuo)

" 4ddero

4aoeldsH 6'8°2'7'€'2'T

d

d4aoeideH 8'2'9'7'€'2'T
d4a0exeH 6'8'2'€'Z'T
4Q0®exeH 8'2'9'v'€'C
4aoexeH 8'2'9'€'Z'T
4a0exeH 8'2L'7'€'Z'T
d4aoewed 8°2'7'e'z

dQoeusd 8°L'€'¢'T

40018°2'e'e

aaoero

aqaoeidsH 8'2'9'7'€'2'T

dqaoexeH 6'8'2'€'2'T
aqgoexeH 8'2'9'€'Z'T
aqaoexeH 8'2%'€'C'T
aagoewed 8'2'€Z'T

aaolg8'l'e'e
A

r)

10
19

19



80

[~=~dd~6 8~0I-(~MOI €eV~=-~ “Idd ~~0'SeT 2L (1oddn) £2'VdID I_

L

4d2er0o

dgoeldsH 8°2'9''€'2'T

4aoexaH 8297’

4aoexeH 8'L'v'e'e'T

dQoeusd 8°L°€'¢'T

aaaero

adoexaH 6'8°L'€'C'T

adoexaH 8°L'v'E'C'T

aqgpisLee

-+

‘0 90 50 A0 20 Z'0 10 00

(uoienuaduod 4D ® AdD [LICUGIERNUSIU0I JBUsBU0d) oley

(€2-VdA)G'692Z 1lodajiN 3|110id Jauabuo)

us

©
©



[¢d~ 02206

=03l

60

TIoMOT]

80

1dd 0vT68 BIL0—)- 7 vd3-
vevd3a) emwdldna  qeld 440026 —03L {(leMo)) vZ-¥dT' e ¢vdl

=[€01-1%]0)

dgoedsH 8°2'9''€'2'T
4Q0exeH 8°2'9'7'e'C

4aoexeH 8°Lv'e'C'T

dQoesd 8°L°€'¢'T

aaaero
adoexeH 6'8°L°€C'T
aqdoexeH 8'2v'€C'T

aaolg'Lee

-+

o ©

L0 90 S0 0 €0 2’0 T0

(uolenU32U0D 40D ® OOD [LICHGNEIUSDUO0D Jaushuod) oney

(¥2-vd3) 8'192 wiods|iN 8|joid Jausbuo)

O oo D

an



60

80

1ddez02T = O3l (Jamo|)5z'vd3d 1dd /S0 TT =031 ‘(Jaddnz-vd3 O

L0 90 G0 70 €0 20 10

(uonenuaduod 40D % OO [B10] [ UoNRIIUSIU0D Jauabuod) oney

(§2-Vd3) 2'T9Z wioda|iN 8ijoid J1suabuo)

‘___/ 4d2®e1d0
4aoeldsH 6'8°2'v'€'2'T
& 4aoeldsH 8°2'9'y'e'2'T

4a0exaH 6'8°L'€C'T
4a0exaH 8°'L'9''e'C
4a0exaH 8°L'9°¢'2'T
4a0exaH 8'L'v'€C'T

- 4ddewed 8'L'v'e'e

dQoeusd 8°L'€'¢'T

h. 4aoL8'2'e'e

aaoero
aqaoeidsH 8'2'9'7'€'2'T
dqaoexsH 6'8'2'€'2'T
aqaoexsH 8'2'9'€'Z'T
aqaoexsH 8'2L'7'€'Z'T
agoewad 8'2'€'2'T

] QadL8LeT

00

OOA 0o 0>

So



SguJold dn01D ~olomoH
a x!puaddv



442ero0

(T-vd3) 6# aveondng 8 (ensodwod) T-vd30
4aoeideH

d4d3exsH

4d2d

)
10

1
i
®

agoeldsH

adaoexsH

dasd
aaolt

3
%06 %08 %0. %09 %05 %0Y %0€ %02 %0T %

(uonenuaduod 40D % OOD [e0yuoie.IUa2u0d dnolb Jauabuod) Juadiad

6# 91e21|dng pullg pue T-vd3 NS



4
-Vd30'l

2

=[€)01-1%]0)

4aoeidsH

d4d3exsH

4d2d

4d21

agoeldsH

C

agoexsH

1add2d

aaslt

%06 %08 %0. %09 %05 %0t %0€ %0¢ %0T

(uonenuaduod 40 D % 009 |e10)/UoneIUS2U0d dnoib Jsusbuod) usdiad

(usodwo)) z-vd3 aus

%0

0 dddero *

He) oO‘A’Goo:)

L=

S



[ (Mo €-VdT (18ddn) €-Vd3lI

' '4aoeno

I I 4goeideH

I HdOexaH

¢ Hood

4d01

o0 O50oD

| daoero o

|
T

_ _ aqaoeldsH

-1

agoexsH

1d0d

1adolL

%06 %08 %0.L %09 %09 %0t %0€ %0¢ %0T %0

(uorenuaduod4OD ® OOD [eloyuoieIuaduod dnolb Jsusbuod) Jusdiad

(suonoas alo) J1amo pue Jaddn) £-vd3 aus



%06

%08

%0.L

17-Vd30!

%09 %08 1014 %0€

(uonenuaduod 4D ® AA [eloyuoeJuaduod dnoib Jsusbuod) Jusdiad

(susodwo)) -vd3 aus
%0¢

%0T

442ero0

Jooe|daH

4dOexsH

4d0d

4d01

aaaero

agoeldsH

00DexaH

daaod

0aol

%0

It OO0 - 00

HESPEN

i_o

=



%06

%08

%0L

{emoT) G-vdg (1addn) §-vd3aD'

Y009 Y008S a0t Yo0€ %0¢

(uorennuaduod 4QD ® QD Ieloyuoiesuaduod dnolb Jsusbuod) Jusdiad

(suonoas 810 1emo pue Jaddn) G'vd3

alS

Y01

4a2e10
4aoeidsH
4goexeH

4d0d

4a01

aaosero

aaoeldsH

adaoexsH

dasd

aaolt
T
%
0



442ero0

4aoeidsH

4d3exsH

(emsodwod) 9-vd30"
4d0d

4d01

aaaero

agoeldsH

aaoexsH

0d od

aaolt

]

Y06 %08 0L %09 Y08 01014 ¥%0€ %0¢ 0T %
0

(uonenuadsuod 4 O % daD [eyuonenuad’uod dnoib Jsusbuod) Juadiad

(dusodwod) 9'\yd3g s

O ~00O0 00O C

1T~

=



%
06

%
08

1Uemo) Z-vd3 ~  (yeddn) Z-vd3 [I _

%0.L %09 %05 »0v %0€

(uonenuaduod 40 2 ® 00D [e10)uoneuUadu0d dnoib Jsuabuod) Jusdiad

(suonoas al10)D 1omo pue Jaddn) L-vVd3 aus



| (4am0]) 8-Vd3™ (18ddn) 8-Vd3D _

1 4dJ2erO

L
_ 4aoeidsH

I-
|| 3d9EXxeH

4d2d

4d21

- @aoero °

-
7| agoeldsH

agoexsH

aasd

| aaoL

%06 %08 %0. %09 %05 %0v %0¢€ %0¢ %0T %0

(uorennuaduod 4QO ® QD Ieloyuonesuaduod dnolb Jsusbuod) Jusdiad

(suonoasg alo) Jamo pue Jaddn) 8'vd3 aus

Qo5

12
10

SO

0



%06

%08

%0.L

(eusodwio?) 0T-vd' (ewsodwod) 6-vd3 r]

%09 %0S 71017 %0€ %0¢

(uorennuaduod4QD ® OD [eloyuoiesIuaduod dnolb Jsusbuod) Jusdiad

(dusodwo)) 0T-vYd3 pue (susodwo)) 6-vYd3 aNS

0T

%

4Q2e0
4aoeldaH
4goexsH

4d0d

4d01

aaoero

aaoewdsH

adgoexsH

a
aoad
a
aolt

<0
10

o
(0]

no :

n



(1oM0)) TT-VdT (BddN)TT-Vd3D"

%06 %08 %0. %09 %08 Y0P »0¢€

(uorennuaduod 4QD ® QD Ieloyuoieuaduod dnolb Jsusbuod) Jusdiad

(suonoasg 210D 1omoT pue Jaddn) TT-Vd3 21S



%06

403epOo

4@oeldsH
T (COFAREER (/5ddn) ZT-vd3r
400€exaH

4d0d
n
4401 0
o
(0
(o)
o
©
_ (
J
5 _

aoero

agoeidsH

0O0OexaH
%08 %0L %09 %08 %0t %0€ %02 %0T %0
aaoad
(uorenuaouod4( D 7 009 [elo)uoeNUSoUod dnolb Jsuabuod) Jusdlad
adaoli

(210D O suonoas Jamo pue 1addn) ZI-vd3 a1S



(211S0dWOI)ET-Vd3D'

I

%06

%08

%0L %09

(uonenusdsuod 4

%05 %0 %0€ %0¢

D % daD [eyuonenuad’uod dnoib Jsusbuod) Juadiad

(8usodwod) £T'vd3 s

%0T

%0

4doe1n0

4
aoeidoy

4doexsH

4d0d

=[C}o]]

aaoero I
prel

agoeldsH

agoexsH

aasd

aaa!

)}



%06

%08

%0.

(1amo] ¥T-vd3) 9# aredydna g (Jamo])  YT-vdT (1oddn) $T-vd30

%09 %085 Y0V %0€ %0¢

(uorennuaduod4QD ® OD [eloyuonesuaduod dnolb Jsusbuod) Jusdiad

(suonoasg 210D 1omo pue Jaddn) vT-VYd3 21S

%0T

442ero0

4aoeidsH

4d3exsH

40 Od

4d01

aaoero
({1
agoeldsH

aaoexsH

0d od

aaolt

]
%
0



4d2¢€100
(0Z-vd3) e# sredldngr (emsodwod) 0z-vd30 4goeiday
d4d0exsH

4d2d

4d01

aaaero

agoeldsH
aaoexsH

aaodsd

aasilt
-
%
%06 %08 %0. %09 %09 %0V %0¢€ %0¢ %0T 0

(uonenuaduod 40 2 ® 00D [e10)uoneuUadu0d dnoib Jsuabuod) Jusdiad

e# arealdnq pulg pue 0Z-vd3 aus



%06

%08

Mg\ d Ueddmz-vda0 _

%0L %09 %05 %0V 9%0€ %02

(uonenuaduod 40 2 ® 00D [e10)uoneuadu0d dnoib Jsuabuod) Jussiad

(suonoasg 210D 1omoT pue Jaddn) T2-Vd3 a1S

%0T

4Q0ero
4Qgoeiday
4a2exsH

4d0d

4d01

aaaero

agoeldsH

adaoexsH

dasd
aaolt

]

%0

OOOAOVO >

19

(]



%06

%08

109MOI) €2-Vd3s (1addn) €z-vd30’

%0L %09 %085 Y0V %0¢€ %0¢

(uonenuadsuod 4 D % da [eyuonenuad’uod dnoib Jsusbuod) Juadiad

(suonoasg 210D 1omoT pue Jaddn) £2-Vd3 a1S

%0T

4Q0ero
4Qgoeiday
4a2exsH

4d0d

4d01

aaaero

agoeldsH

adaoexsH

a
aoad
a
aolt

%0



(Jamo))yz-vd3 8 (4oddn)yyz-vd3D

(1amo|yZ-v 43keandng qew
4doe0

4aoeidsH
4aoexaH
4a0d

4d21

aaoero -

M agoeidsH

agoexsH
aasd

aaslt

»0v %0€ %0¢ %0T %0

%06 %08 %0.L %09 %05

(uonenuaduod 40D % OOD [e1oyuoireIUa2u0d dnolb Jauabuod) Juadiad

(suonoasg 2109 1omo pue Jaddn) vz-vd3 a21S



%06

%08

I (J9M0I) GZ-Vd3 8 (18ddn) GZ2-Vd3D'

%0L %09 %0S %01 %0€ %02

(uonenuaouod 4@ O ® dOD [eloyuonenuaduod dnoib Jsuabuod) usdiad

(suonoasg 210D 1omo pue Jaddn) Gz-vYd3 a1S

%0T

%0

4ddoe1n0

4Qgoeiday
4aoexsH

4d0d

=[C}0XR

aaaero

agoeldsH
aaoexsH

aaodsd

aaslt

=)
<

0, 0O0~,0OA 0O

R
HE

. Q0o



SglO:)~Ug"£ll1Pgs JO ~~~~a gannuo~p3II
X!pu~ddV
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Radionuclide Dating of Sediment Cores

Under USEPA Grant # GL985364-01-0
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Sciences Room €25 Science Center Troy, Ne
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COVER PAGE

EPA 1 0-2cm EP A8 0-2cm EPA14 0-2cm

EPA1 12-16cm EP A8 2-4cm EPA14 12-16cm
EPAS8 4-6cm

EPA3 0-2cm EPAB 6-Bcm EPA21 0-2cm

EPA3 12-16cm EPAB 8-12cm EPA21 2-4cm
EPAB 12-16cm EP A21 4-6cm

EPA5 0-2cm EP A8 20-24cm EPA21 6-8cm

EAP5 12-16cm

EPAB 24-28cm

EPA21 8-12cm

EPA21 12-16cm

EPA? 0-2cm EPA9 0-2cm EPA21 16-20cm
EPA? 2-4cm EPA9 2-4cm EPA21 20-24cm
EPA? 4-6cm EPA9 4-6cm EPA21 24-28cm
EPA? 6-Bcm EPA9 6-8cm EP A21 28-32cm
EPA? 8-12cm EPA9 B-12cm EPA21 32-36cm

EPA? 12-16cm

EPA9 12-16cm

EPA21 36-40cm

EPA? 16-20cm

EPA9 16-20cm

EPA21 40-44cm

EPA? 20-24cm

EP A9 20-24cm

EPA? 24-2Bcm

EPA9 24-2Bcm

EPA23 0-2cm

EPA? 2B-32cm

EP A9 2B-30cm

EPA23 12-16cm

EPA? 32-36cm

EPA? 36-40cm EPA11 0-2cm EPA24 0-2cm
EPA11 2-4cm EP A24 2-4cm
EPA?A 0-2cm EPA11 4-6cm EPA24 4-6cm
EPA11 6-8cm EPA24 6-8cm

EPA11 B-12cm

EPA24 B-12cm

EPA11 12-16cm

EPA24 12-16cm

EPA12 0-2cm

EPA25 0-2cm

EPA1212-16cm

EPA25 12-16cm

| certify that this data package is complete and accurate. Release of the data contained
in this data package has been authorized by the Laboratory Director or the Director's

designee, ()~'ified by the following signature:

Signature~LR8'~Name: R,d"«1",-JI. &pp
Date: & | ~9 - Title:j Ab )1 ~-f~
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1. sSample Receipt:

All samples were collected and deli\"ered to RichBapp at RPI byJohr
Dergosits of the NYS Thruway Authority.

2. Sample Analysis:

Subsamples of sediment core sections were dried in a tooder a heat lam,
They were ground in a mortar with a pestle and traredfelor plastic vials for gamma
counting.

The sub-samples were analyzed for 137 Cs and 40K. Coretbipns that had
not "aged" more than a few months were also analyzethé short-lived radionuclide,
7Be. Radionuclide activities are reported in units of pices per kilogram (pCi/kg).
One picocurie is equivalent to 2.22 decays per minute.

All dates for gamma counting are reported as Julian dates.

Examples:
98001= January 1, 1998
97365 = December 31, 1997

3. Instrument Calibratiol

Radionuclide measurements were carried out using a gaounger with an
intrinsic germanium detector. Blank corrections were agdglh each sample based on
the analysis of empty sample containers. Backgrounectwns were applied to each
radionuclide based on the sample count rate at engugtesbove and just below each
peak of interest. Detector efficiency was calibrated uamd!BS sediment standard
(River sediment NBS 4350B), a liquid NBS standard (MBS3-C)that was used to
prepare spiked sediments (G-standards), and secondaryrd&s(idlatandards) prepart
at the Lamont-Doherty Earth Observatory and calilbr&aeNBS standards.

No major problems were encountered with the gamma couresults of
analyses of standards and blanks (empty sample vialg)vare later in this data
package. Data on samples is reported with an error df standard deviations based on
counting statistics. Counting errors associated with neigebks, background regions,
and blanks are all included in the calculation of the ntepostandard deviation. One
duplicate analysis (a second count of the same saigpl@® was run for every twenty
samples and the results are reported later in thespiatkage.



~. Additional Information

Gamma counter log books. laboratory notebooks. and ligtrioigein log shee
are kept at the laboratory and are available on request.

Raw data sheets are kept at the laboratory and areldeasia request as hard c«
or on disk (Excel v 7.0 spreadsheet format).



EPA1

Depth
Interval Cs-137 Be-7 K-40
(em) (pCilkg) lcr (pCilkg) lcr (pCilkg) lcr
0-2 99 32 305 267 12765.3 966.7
12-16 43 39 11485.9 1187.1
EPA 3
Depth
Interval Cs-137 Be-7 K-40
(em) (pCilkg) lcr (pCilkg) lcr (pCilkg) 10
0-2 11 27 567 283 11328.8 933.0
12-16 -6 31 14488.7 1245.0
EPAS
Depth
Interval Cs-137 Be-7 K-40
(em) (pCilkg) 10 (pCilkg) 10' (pCilkg) 10'
0-2 -8 31 466 350 14985.6 1153.6
12-16 45 40 16247.1 1387.3
EPA 7
Depth
Interval Cs-137 Be-7 K-40
(em) (pCilkg) 10' (pCilkg) 10' (pCilkg) 10'
0-2 157 47 20417.5 1579.8
2-4 182 49 19832.3 1573.3
4-6 77 50 19269.4 1656.4
6-8 140 63 18810.6 1836.7
8-12 425 68 13235.2 1474.0
12-16 309 58 13361.2 1377.5
16-20 574 63 15281.2 1351.6
20-24 937 98 16321.0 1728.4
20-24 Dup 904 81 17617.4 1481.1
24-28 311 47 17352.1 1322.1
28-32 40 37 18206.1 1315.5
32-36 5 57 18068.0 1761 .1
36-40 -16 53 14779.5 1598.1
EPA 7A
Depth
Interval Cs-137 Be-7 K-40
(em) (pCilkg) 10' (pCi/kg) 10 (pCi/kg) 10
0-2 175 54 -200 323 14071.9 1405.2




EPAS8

Depth
Interval Cs-137 Be-7 K-40
(em) (pCilkg) 1" (pCilkg) 1" (pCilkg) 1c;
0-2 132 35 1026 432 21169.5 1391.7
2-4 175 47 711 594 20972.0 1594.4
4-6 164 44 2679 4023 22092.3 1586.5
6-8 162 66 20039.0 1978.1
8-12 206 58 21933.2 1874.7
12-16 30 50 16392.6 1499.3
20-24 103 63 22523.9 2046.4
24-28 168 72 23471.6 2180.8
EPA9
Depth
Interval Cs-137 Be-7 K-40
(em) (pCilkg) 10" (pCilkg) 10" (pCilkg) 10"
0-2 763 57 12548.3 975.7
2-4 846 95 14157.8 1618.8
4-6 932 69 14592.7 1144.6
6-8 951 88 13530.6 1367.8
6-8 Dup 1107 102 14982.4 1553.4
8-12 829 78 10759.0 1192.3
12-16 285 52 9466.7 1100.3
16-20 135 33 12838.8 1040.9
20-24 9 25 11341.6 875.8
24-28 40 26 12854.9 978.8
28-30 -13 38 13354.4 1276.1
EPA
11
Depth
Interval Cs-137 Be-7 K-40
(em) (pCi/kg) 10" (pCi/kg) 10" (pCi/kg) 10"
0-2 209 45 -227 418 21685.4 1569.5
2-4 352 73 23646.7 2091.8
4-6 395 67 21958.5 1840.7
6-8 635 63 20924.3 1523.6
8-12 501 .58 20501.1 1492.4
12-16 514 74 19865.0 1804.3
12-16dup 656 65 18541.0 1458.8
EPA12
Depth
Interval Cs-137 Be-7 K-40
(em) (pCilkg) 10" (pCilkg) 10" (pCilkg) 10"
0-2 446 56 -3750 3281 19047.3 1490.5
12-16 457 76 22562.3 2000.8




EPA 14

Depth
Interval Cs-137 Be-7 K-40
(em) (pCi/kg) 10" (pCi/kg) 10" (pCi/kg) 10"
0-2 104 30 -182 298 13373.6 1034.3
12-16 -21 34 14605.3 1231.9
EPA 21
Depth
Interval Cs-137 Be-7 K40
(em) (pCi/kg) 10" (pCi/kg) 10" (pCi/kg) 10"
0-2 214 43 15398.9 1238.1
2-4 185 56 19048.5 1690.3
4-6 263 53 19333.0 1596.7
6-8 324 41 15634.5 1158.4
8-12 736 63 21304.3 1471.3
12-16 1025 105 18831.5 1863.7
12-16 Dup 908 93 20068.7 1856.3
16-20 1120 80 18026.1 1319.6
20-24 1355 95 16831.2 1318.4
24-28 1752 126 18917.8 1621.1
28-32 1298 84 18057.4 1230.3
32-36 989 78 18196.3 1398.1
36-40 670 56 17957.6 12443
40-44 353 43 16344.1 1176.7
EPA 23
Depth
Interval Cs-137 Be.7 K40
(em) (pCi/kg) 10" (pCi/kg) ler (pCi/kg) lcr
0-2 130 41 8 580 16655.1 1355.0
12-16 -21 38 18220.2 1397.8
EPA 24
Depth
Interval Cs-137 Be-7 K-40
(em) (pCi/kg) ler (pCilkg) lcr (pCilkg) ler
0-2 262 49 90 616 17848.0 1448.1
2-4 250 46 20629.1 1483.1
4-6 391 61 20504.2 1669.3
6-8 298 47 19635.6 1470.5
8-12 432 62 18720.2 1578.6
12-16 503 67 21369.8 1762.8
EPA 25
Depth
Interval Cs-137 Be.7 K-40
(em) (pCilkg) 10" (pCi/kg) lcr (pCi/kg) ler
0-2 -23 32 723 502 16547.0 1179.7
12-16 43 55 15702.3 1624.1




Duplicates

Depth Cs-137 Be-7 K-40
Core Ir(léir]\)/al (pCilkg) la (pCilkg) la (nCilkg) la
EPA7 20-24 937 98 16321.0 | 17284
EPA7 20-24 Dup 904 81 17617.4 | 1481.1
EPA9 6-8 951 88 13530.6 | 1367.8
EPA9 o.a Dup 1107 102.. 14982.4 | 15534
EPA 11 12-16 514 74 19865.0 | 1804.3
EPAl1l 12-16 Dup 656 65 18541.0 | 1458.8
EPA21 12-16 1025 105 18831.5 | 1863.7
EPA21 |12-16 Dup 908 93 20068.7 | 1856.3
ECPN 48-52 640 48 15985.9.| 1052.3
ECPN 48-52 dup 606 72 1'5745.3| 1467.9




Blanks

Cs-137 Be-7 ) K-40
Count date (PCilkg) 10- (PCilkg) 10 (PCilkg) 10-
97155 2 27 -559 213 -105.8 | 4142
98312 -6 29 -31 185 281.3 | 5257
98341 -6 25 272 169 -86.9 454.8
99052 -3 29 -216 180 -174.4 | 503.8
99123 -41 25 11 164 7.6 455.1
99190 25 32 7 209 -120.4 | 561.5
Standard
Cs-137 I K40
Standard Count Date (PCilkg) 10 (PCilkg) 10-
G std 98314 608 74 12696.3 | 1299.8
G std 99141 568 58 15278.9 | 1146.2
G std 99156 557 58 14525.5 | 1119.8
G std 99209 597 65 14666.3 | 1197.0
Accepted Values: | 571 | 36 | 14000 | 2200
Cs-137 , K-40 ,
Standard Count Date (PCilkg) 10 (PCilkg) 10
D-Std 97160 998412 | 50103 | 95708.0 | 8746.6
D-Std 98140 983404 | 49399 | 91897.9 | 9529.8
D-std 98337 941207 | 47189 | 77132.7 | 7324.2
D-Std 99118 1006258 | 50595 | 88458.7 | 10104.1
D std 99131 1006645 | 50614 | 87988.3 | 10182.4
D std 99152 1018169 | 51228 | 93709.8 | 10811.6
Dstd 99154 1014077 | 50949 | 87479.7 | 9652.7
D std 99197 997461 | 50136 | 80683.4 | 9583.4
Accepted Values: | 1000000 | 100000 | 85000.0 | 12800.0
Cs-137 , K-40
Standard Count Date (PCilkg) 10 (pCilkg) 10
NBS 4350B 98317 775 83 | 13959.3 | 1177.9
NBS 4350B 99154 846 77 | 142450 | 1079.6
AcceptedValues: | 784 | 50 | 140001 2200




Data Interpretation

.C<-137 is a particl-associated radionuclide that first entered natural v
systems in measurable amounts in the early 1950s withlghlilout from the
atmospheric testing of nuclear weapons. This fact yietdsple. but useful piece of
dating infonnation any core section with detectable Cs~ 13 7 activity contains a
significant component of particles deposited since about. I8&#s that contain a
continuous undisturbed record of sediment accumulatinoealated on the basis of
their depth profile ofCs-137 activity. The deepest penetrationeasurable Cs-137
activity corresponds to about 1954. while peak activity cpoeds to 1963-4, the years
of maximum global fallout. In an ideal core, the Cs-1&:fivity decreases smoothly
from the mid 1 960s peak toward the surface. In such att@réop sample or two could
contén detectable activity of E-7.

Be-7 is a cosmic ray produced radionuclide that is supplietintmusly from the
atmosphere to the earth's surface. Because of itsredyashort half-life (53.4 days),
detectable activity ofBe-7 is confined to upper core sectlmatscbntain a significant
component of particles deposited within about 6 monthsygaaof core collection.

K-40 is a radioactive element that makes up about 0.01 %atfrally
occurring potassium. It is used as a compositional @dic For example, since quartz
sands are depleted in potassium relative to clay mineragsser sediments tend to
have lower
levels ofK-40 than fme-grained sediments. A fairly comiskavel ofK-40 throughout a
core is a good sign, consistent with minimal compasiti variability that can complicate
interpretation of contaminant data.

All sections of cores EPA 7,8 and 9 were counted. Onlgarcase ofEPA 8 was
the top section counted within 200 days of collection afigweliable Be-7 analysis. The
top section did have detectable Be- 7, but thd &&profile ( see figure) did not allow f
detailed dating. Low levels of Cs-13 7 were detected isaatiples analyzed with the
exception of the 12-16 cm section that also had the toeesl 0ofK-40 suggesting a
compositional difference.

Based on the Cs-137 profile (see figure), EPA 9 had repest 1954) sediment
to about 20 em. The small increase in Cs-137 levels bettte surface and about 8 cm
suggests that mixing had a significant influence at this site

EPA 7 has an excellent Cs-137 profile that permits ratétiled dating. The
deepest penetration of detectable Cs-13 7 (at about 30 anmg warrespond to
deposition in about 1954. The well-defined maximum (at ab@@m) identifies mid
1960s deposition. Both markers yield a net sedimentatierofdl.6 to 0.7 em/yr. This
core is an excellent candidate for analyses to dewsofaminant level chronologies. In
an effort to unambiguously identify a 1999 time horizon & $ite, core EP A 7 A was
collected and the top section was analyzed for Be-7mitliew weeks of sampling. The
effort was not successful, as Be- 7 was not detected.

/0.



A screening strat~gy was dewloped for the other coresirédteahalyzl.:u the 0-2
em sections and the 12-16 cm sections. How to proceed wagdéesed on these
results. Cores 1. 3. 5. I-J.. 23. and 25 were eliminaded consideration for further
radionuclide analyses based on fact that Cs-137 was texteie in the 12-16 cm (and
sometimes not even in the 0-2 cm) section.

Cores EP A 11. 12. 21. and 24 all had at least 16 cm ofrguesit1954) deposition
based on the detection ofCs-137. All of the sections ofleBre21 were analyzed and. based
on the Cs-13 7 profile (see figure). this core contaidgvent deposited from about the mid
1950s (the bottom section still had detectable Cs-13 7) taatkeeoficollection. Analyses of
sections from this core could be used to develop contaimma chronologies.

Radionuclide analysis of additional sections of sd® A 11, 12. and 24
is suggested. In each case, it is possible that con(pseil7 profiles will allow
for detailed dating interpretation and ultimately the tgwaent of contaminant
level chronologies.
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