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. 1 0 GE 'oc;rc AND son. DISCUSSIO‘ _OF:THE NIAGARA FALLS STORAGE.SITE
(NFSS) AND SURROUNDING REA R

1.1

Topography

The Niagara Falls Storage Site (NFSS) is located on tne
Ontario Plain south of Lake Ontario and north of the
Niagara Escarpment. The Ontario Plain is relatively fiat,
featureless, and slopes down toward Lake Ontario at an
average of six feet per mile. Due to the flat topograpiy
and fine-grained soils, poorly drained areas are common.

The Ontario Plain is drained by streams flowing directly
into Lake Ontario. Fourmile, Sixmile, Twelvemile, and
Eighteen-mile Creeks are the major streams in the vicinicy
of NFSS. Natural drainage from the NFSS was modified
during construction of the Lake Ontario Orunance Works.
The resulting series of canals and ditches currently
diverts all surface drainage to Fourmile Creex (See figure

2.1)

The ground elevation in the general area ranges from
approximately 185 m (610 ft), along the crest of the
Niagara Escarpment, to approximately 79 m (260 ft) at Laxe
Ontario. Elevations within the NFSS range from
approximately 96-99M (315-325 ft).

Prominent features in the general area include the Niagara
Escarpment, Lake Ontario, Niagara Goryge ana Falls, and an
ancient beach ridge which is south and southeast of
Ransomville. This ridge was formed by Lake Iroguois whicn
was a predecessor of Lake Ontario.

Structuré and Stratigraphyg




»deséribed and}mapped in deteil py Kinale ana Taylor

developed on essentxally undeformed‘sedlmentary’rocks‘
These_rocks have a regiona ‘ n ‘ ‘ one
oceupQ a broad basin slopi g s utuward from'the nelghoor1dg\
‘crystalline terralns of the Canad1an Snleld and the

Adirondack Dome.

Tne stratigraphy of the region consists of relatively
undeformed flat-lying sedimentary rocks ranging in age from
Ordovician to Silurian. These rocks were depositea between
400 and 500 million years ago. The predominant rock types
are limestone, dolomite, sanastone, shale, muastone, ana
minor gypsum. A metamorphic basement composed of gneiss
has been found in deep wells at depths varying from
approximately 2,000 to 3,000 feet (Fisher et al., 1961).
Surficial deposits of glacial origin cover most of the
area.,

The bedrock of the Untario Plain is tne Queenston Formation
(a shale or mudstone). To the south, the Niagara
Escarpment is formed from rocks of the Meaina Group
(sandstone, siltstone, shale), tne Clinton Group
(limestone, dolomite, snale), and the Lockport Group
(dolomite, limestone). The Lockport Formation is the cap
rock of the Niagara Eséarpment. Farther south, near
Buffalo, the Lockport Group is overlaid by the Salina Group
(shale, gypsum).

The bedrock of the region is nighly susceptiple to
erosion. The area was intensely modified by glaciers
during the Pleistocene. Variable erosional resistance of
the bedrock resulted in a series of east-west trending
escarpments and low plains (Figure 1.1)

The surficial deposits of the Niageta County area, are

(l9l3),

The depositskof,Quarternary age belong almost
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assoeiated 1acustr1nv,dep031ts. Wltn the exceptlon of
minor exposures of bedrock, these dep051ts cover almost the

entire area.

The glacial deposits consist of till in various forms,
principally from the most recent (Wisconsin) glaciation,
and stratified qrift in the form of kames, eskers, ana
sheets of outwash sand and gravel. The lacustrine deposits
were laid on the bottoms and around the shores of glacial

lakes.

The stratigraphy of the site has been reported previously
(Acres American, Inc. 1981). This information was
developed from an onsite subsurface investigation. The
Acres American report (1981) is the basis for the following
discussion of site stratigraphy.

The stratigraphy of the NFSS includes 40 to 50 feet of soil
deposits overlyiny a thick sequence of sedaimentary rocks.
These soil deposits are glacially derived sediments which
include glaciofluvial sands and gravel, dense tills, and
glacial lacustrine clays. Beneath the soil deposits are

shales, siltstones and mudstones of tne Queenston Formation.

Six major stratigraphic units were identified within the
interval from zero to 100 feet below ground surface
(Figure 1.2). 1In order of increasing depth, these units
are: surficial soils and f£ill, brown clay, gray clay and
silt, brown sand and gravels, red silt, and bedrock (the
Queenston Formation) Geologic and stratigraphic
cross-sections for the transects indicated in Fiqgure 1.3
may be found in Acres Ametican (1981, pgs. 45 and 46).
Detailed descriptions of these stratigrapnic units are

presented below.




This 5011 is generally a brown or yellow1sn Sllt with
organics usually present in the upper six inches (root
zone). Gravel and sand are usually present but rarely
constitute more than 40 percent of soil. The thickness
of these silts ranges between zero and five feet, with
the average being one to two feet. The unit is
generally dry, although frequently wetted by
precipitation. Relative density is in the range of

loose to medium.

Brown Clay

Brown or reddisnh brown clay preaominates in this
stratigraphic unit although significant amounts of sana
and silt are usually present. Gravel is dispersea
throughout but constitutes a lesser percentage than the
other grain sizes. 1In general, the unit ranges in
classification from a clayey silt to a silty clay.
Sandy gravel or ygravelly sand lenses are common,
especially in the basal area of the soil where they
equal up to 1/3 of the total thickness of the unit,
This soil is generally dry and of medium relative
density. Beneath the site, this unit varies in
thickness from 6 to 23 feet. As a result of localized
changes in depositional environments, tnis soil graaes

from brown clay to clayey silt, to silty sand. The
basal zone of this soil nas localized coarser seaiments.

The brown clay is. thougnt to be predominately a grouno
‘moraine. This unit exhibits some lamination which
indicates that it was probably deposited in shallow
water that may have been pooled. ‘Sandy or gravelly
zones were deposited in.a relatively high energy




Please find enclosed the following RIR/BRA reference documents:

RIR Reference:

2. BNI 1984a. "Niagara Falls Storage Site South Dike Piping Plan and Schedule",
Drawing No. 15-DD19-C-06, Rev. 2. Prepared for USDOE, August 3, 1984. Map.

BRA Reference:

9. Young, S. M. and T. W. Weldy. 2004. New York Natural Heritage Program Rare
Plant Status List. May 2004. New York Natural Heritage Program. Albany, New York.
90 pp. (on CD)
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‘Brown oF. yellov-brovn $11t vitr varying percentages of orgenics. In
wany eress, this unit S Sncistinguishable frow the unit below it. $oi)

"often containe sand and gravel. Cenerally dry and of loose to medium

density. .

Predoainantly brovn to red-browvn Clay contsining efgnificent evounts of
e4lt end eand vith lesser srounts of grevel. Portfons of this unit
ore often clayey $33t. Occosfonally entire unit 1o composes of tlsyey,
silty Sande and/or Cravels, But these are penerally restricted to the
benal sres. Eo1l 1o ueuslly dry and of medivs relstive dennity.

Cray or gray-brown Clay with varying awvounts of sflt and sand. Cravel
ie generally ovall) 4n sfxe md dfapersed randorly. Occosfonally the
sand, silt, or gravel becomes the dorinent constituent of the scid
especially dn the tronsftiensl zone st the base. Cumsistency 1o soft
to wedjum, Unit 20 generally seturated and $o sliphtly to woderately
plastic.

Unit rorposed predurinantly of gray o1 browvn sendy Bilt., Cenerslly o
transitionsl none, 4t can vonge frox almost clean aend te 8ilty cloy,
Crave) quantities vary frow sdsent to being over 302 of the unit. lone
i efte continuous vith vare, Jocalized adsences due to ercaion, Unit
is wet.

Red to ved-brovn clayey 833t. Cravel present throughout, eceanfonally
in quantity. Unit fo corsonly present wvhere bedrech 4o tepegrsrhically
depressed., Boil 2o generally dry and hes o relotive density closned
88 danse to very demes.

Queenoton Formatien., Red to drown-ved Shale and Siltstone. Occonfonas)
Jenses of green ailtotene are tommon, Bedding Is thin and herfronrtel,
Upper sene of 7och $8 s)ightly to muderately vesthered vith scme calelte
teplocenent oa tho wider fractures, Clay S0 prrocnt on sise vesthered

surfoces.

Reference report by Acres American Inc,, 1981,

Hydrologic Geologic Characterization of the

DOE-Nfagara Falls Storage Site.
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This unit is the thickest soil unit within tne NFSS ana
is characterized by gray clay which occasionally grades

to a silt and clay mixture. Within the clay unit,
lenses of fine to medium grained sand are common,
together witn varying quantities of gravel. The gravel
is usually fine to medium-sized and dispersed
throughout. Sanas and gravels become tne predominant
constituent of the unit near the base where they
sometimes are clean ana lighter in color.

The overall consistency of this unit ranges from soft to
medium. The clay is saturated, and the gravel and/or
sand lenses are wet to very wet. The soil exhibits
slight to nigh plasticity.

This is the most homogenous unit on the site. There are
some lateral facies changes but they are of a minor
nature and typically consist of an increase in silt

content.,

The gray clay appears to be of lacustrine origin ana was

deposited in a low-energy environment. Some erosion of
this unit occurred later, as evidenceu by channeling and
filling by coarse-grained material within the unit.

Sands and Gravels

This unit is commonly present below the gray clay. It
is absent only in areas where the gray clay is
exceptionally thick or bedrock rises in elevation. This
unit consists of a mixture ‘of the coarser grained
sedimentsvincluding sands and gravels with silc,
Onsite, this unit tangés from a clean silt to a sandy
gravel. The unit is normally wet to very wet and has a




”lOOSe to‘medlum relatxve density ,

vthlckest portlons of this un1t ar present where
'depre551ons in tne bearock surface occur.‘ Tnese coarse
gravel sediments are thought to be ofvglac1al-fluv1al

origin..

Red Silt

This unit is easily distinguished from the other units

because of its red color and its very dense nature,
Typically, it is composed of clayey, gravelly silt witn
lesser amounts of sand. Gravel found within the unit
consists of both rounded gravel and‘angular fragments of
bedrock. This uqit is generally dry to moist with a
relative density ranging fromimédium to very dense.

The topography of this unit varies with that of the
bedrock surface. The rea silt has been eroded away to a
relatively uniform elevation with local deeper erosion
caused by channeling of glacial melt waters, 1In sone
site locations this unit is absent.

Poorly sorted and unstratifiea units sucn as the reu
silt are classified as a till. The presence of angular
fragments of bedrock in the sandy silt matrix suggests
that this till was locally derived and emplaced as a
lodgment till. Generally, this type of till is very
dense and overconsolidated.

Queenston Formation

The underlying bearock consists of reu shales and
siltstones of the Queenston‘Formation.' Within this
formation, occasional lenses of green siltstone ana
shale occur in the rock mass. The bedrock is slightly
,vto moderatelyiweatnered near&the soil interface o




"Théhdaﬁaﬁﬁsea iﬁjéompiliﬁg‘this shﬁmaryfwéé taken from

Acres"Ame:ican Inc. (1981) unless indicated. A tabulation

of the soils'data is contained in Taple 1.1.
‘ \

Soil Profile (Stratigqraphy)

The soil profile at NFSS as indicated in section
1.2.1-1.2.6 consists of six major units: (1) surficial
soils and fill, (2) brown clay, (3) grey clay ana silt,
(4) brown sand and gravels, (5) red silt, ana (6)
bedrock. The two major units as relatea to founaations
and containment of surficial deposits are the brown clay
and the gray silt and clay. The laboratory and fielu
testing, which has been performed (Acres American Inc.
1981), was mainly centered around these two layers. Thne
data summarized in the following sections will
differentiate between these two units where possible.

Soil Moisture

Brown clay:

Mean Moisture: 20.7%
std. Deviation: 7.5%

Gray silt and clay:

Mean Moisture: 24.6%
Std. Deviation: 4.4%

Density
Brown clay:
Dry Density (vg)

%' 'Range 94-122 PCF (lb/ft3)
Mean 109.8 PCF (1b/ft3)







:Flnally, the Central Appalach1 n’ Fold Bel sjléCatéé
about 100 mlles southeast: of.. the NFSS.- Thls w1de fola
belt encompasses the soutnern part of tne New York and
the western parts of Pennsylvanla and West V1rgln1a. In
the NFSS area, the Central Appalachlan Fola Belt is made
up of relatively undeformed Paleozoic sedimentary rocks
above a deeply buried and little deformed basement.

The Central Stable Region is generally considered to be
tectonically stable. Eartnquakes within this reygion
have generally been of moderate intensity (modified
Mercalli V1 or VII) or less. An exception to this rule
exists near the NFSS. Here, a small seismic area in
western New York and adjoining Ontario nas suygestea
control by an unidentified westward-trenaing structure
about parallel to the strike of the soutn-dipping
Paleozoic rocks of the region (Haaley and Devine,
1974) . Earthquake intensities are low except for an
earthguake near Attica, New York, at the eastern end of
the area. This earthquake and some lesser ones nearby
may be related to a buried north-trending fault that
displaces the lower part of the Paleozoic sequence and
probably the underlying basement. It is represented oy
a west-dipping monocline in the surface rocks known as
the Clarendon~Linden structure. The configuration of
this Attica seismic zone is not well defined. A diffusw
configuration (suggested by the historic seismicity of
Figure 1.7) is shown in Figure 1.6. A possible
alternate interpretation would restrict the most
damaging earthquakes of this area to tne vicinity ot
Attica itself and, thus, exclude the NFSS.




1.4.2

lwahe other prinCipal
“othe site is located in’ northeastern New York' and

region of historlc earthquaxesv”

adjoining parts of Quebec., It extends nortnwestward
beyond Ottawa and northeastward beyond Quebec City. The
region has an exceptionally long nistory of earthyuakes,
with records dating to the 1l7th century. Several of
these earthquakes (beyona a 200 mile raaius of the NFsS,
and therefore, not discussed in the historical
seismicity section below nor shown in Figure 1) have
been rated as intensity IX or higher on the basis of
contemporary but obviously rather limited accounts. Tne
western limit of this zone occurs in the St. Lawrence
Lowland portion of the site region.

Earthquake activity in the remaining portion of the 200
mile radius surrounding the NFSS, including, site region
portions of the Canadian Shield, Adirondack Uplift, and
Central Appalachian Fold Belt, has been scattered ana of
moderate to small size. This activity does not
contribute significantly to tne eartngquake potential of
the NFSS relative to the Attica seismic zone and the St.

Lawrence Lowland area.

Historic'Earthquakes

A compilation was maae of all earthquakes of magnituae
3.0 or greater occurring within a 200 mile radius of the
NFSS. A number of sources were reviewed. Ultimately, a
data base for the United States portion of the site
region (Chiburis) and another for the Canadian part or
the site region were combined to give a complete and

. homogeneous data base, Both aata sets appear in a

seismic hazard analysis study by Tera Corporation (1979).







“?fearthquakesyﬁrom 1534 through 1977. The prlmary data
- ces were Smith (1962, 1966), Brooks (1960), Mather
and Godfrey (1927), NESA and LRSM records, and New
England Seismic Network ana Lamont Ooservatory bulletins
(Tera Corporation, 1979). All data were critically
reviewed. In-depth investigations into particular

earthquakes were performed. Many of the original
records were related and reinterpreted to produce the

instrumental local magnitudes contained in the catalog.

When only intensity reports were available, an

equivalent magnitude was estimated as discussed below.

The second data set also contains contrioutions fronm
Smith (1962, 1966) for the period 1534 through 1959.
This data is supplemented by annual compilations of ;
earthquakes published by the Earth Science Branch of tne :
‘ Canadian Department of Energy, Mines, and Resources from ’
1960 through 1975. All earthquakes with magnitudes !
greater tnan or equal to 4.0 were reviewed ana j
recalculated. Earthguakes (in the magnitude range of f
4.0 to 5.5 in source references) for which no ;
instrumental information existed were assigned
magnitudes based on the felt area of tne event (Nuttli
and 2ollweg,1974). Magnitudes of some larger historical

earthquakes were calculated using a distance-intensity-
magnitude relation developed for eastern Canada. Other
earthquakes were assigned maynitudes based on epicentral
intensity (Io) using the Gutenberg and Richter (1956)
formula M=2/3 lo + 1. This last proceaure was also
adopted by Chiburis (Tera Corporation, 1979). For all
‘larger events, a review of the macroscopic information
“was used to assign intensities tepresentative of ‘the '
overall effects. : : e




The combination of?the CthutlS and Basnam data sets for

the (NFSS). area 1s llsted in Table 1. 6 and shown in
Figure 1.7. A rev1ew ‘of Table 1.6 inaicates that the
largest earthquake within 200 miles of the site is the
August 12, 1929 magnitude 5.8 Attica, New York event,

This earthquake occurred approximately 40 miles from the
NFSS. Other near-site events occurred on October 23,
1857 (distance about 18 miles, magnitude 5.0), April 27,
1954 (distance about 14 miles, magnituae 4.1), ana a set
of smaller earthquakes (November 27, 1882, November 12,
1927, March 7, 1897, april 27, 1954, August 22, 1953,
and November 27, 1974) at distances of between 9 and 14
miles.

Tne eartnquakes near Attica have been relatea to the
Clarendon-Linden structure as discussed above. Other
site-region eartnquakes have not been related to known
geologic structures. Some of these earthquakes may be
due to stress concentrations in the crust resulting from
glacial unloading of the region.

Seismic Probabilities

In recent years, several procedures nhave peen developed
that allow formal determination to be made of earthquake
probabilistic design parameters (Cornell, 1968; Corneil
and Vanmarke, 1969). A number of studies have been
performed incorporating these procedures (Algermissen
and Perkins, 1976; Cornwell and Merz, 1975, Shah et al.,
1975). 1In typical seismic risk stuaies of this kinag,

~ithe region of 1nterest is, divided into seismic sources

for which future ea:tnquaxes are considerea equally
likely to occur at any’ location., For egch‘seismic

source, the :a;e fkoccorrence_for eartnquakes larger







than a threshold;levellls estlmated Thls parameter 1s
termed the source actlv;t"rate. The sxzes of :
successxve events for‘each source 'e assumed to be

1ndependent and exponentlally dlstrlbuted w1th the slope
of the log number versus frequency relationship being
estimated from the relative frequency of different sizes
of events observed in the nistorical data. This slope,
often termed the b value (Richter, 1958), is determinea
either for each seismic source indiviaually or for all
sources in the region jointly. Finally, the maximum
possible size of eartnquakes for each source zone is
determined using judgment and the historical record

(fcGuire, 1977).

Probabilities of peak dynamic accelerations have been
evaluated for the NFSS area in several recent studies.
Algermissen and Perkins (1976) calculate accelerations
with a 10 percent expectation during a 50-year period
(approximately egquivalent to tne 475-year

acceleration). Their results are shown in Figure 1.8
Interpolation between the 0.04 g acceleration contour
and the 0.09g point in Figure 1.8 shows that the site
has about a 0.07g acceleration at this propoapility level.

Additional studies have been performea by Milne and
Davenport (1969) Donovan et al., (197v), and Basham et
al. (1979). Donovan et al. found an approximate a 0.lg,
475-year effective peak acceleration at tne NFSS. Milne
and Davenport (1969) found find the 100-year effective
peak acceleration to be 0.03g for the NF5S. Bashan et
al., (1979) determined that historical seismicity, not
geology, controis the risk for Attica. They calculate a
1000~-year acceleration event of approximately 0.12g.




;{The przncxpal dlfferences 1n these derlved acceleratlons
ffarlse from the different perlods;(loo,,475 ‘and 1000
'years) that the acceleratlon calculations are based

upon. As would be expected, the longer time periods
result in higher accelerations. Dirfferences can also oe
the result of different characterizations of the source

zones used in the analysis.

Maximum Intensity and Magnitude

Several estimates of maximum site intensity (ana
magnitude associated with a near-site earthquake of this
maximum intensity) are possible. Tnese are maximum
historical intensity, maximum probable intensity (at a
specified probability) and maximum potential intensity.

A characterization of maximum historical site-region
intensities appears in Figure 1.9. The NFSS lies within
an area of Modified Mercalli intensity V. A review of
events through 1980 indicates that no earthquakes since
1965 have resulted in a higher intensity at the NFSS. A
comparison of Figures 1.6, 1.7, and 1.9 indicates that
earthquakes within the Attica seismic zone (in
particular the 1929 Attica earthquake) govern the
maximum historical intensity. A reinterpretation of the
isoseismals of the Attica earthquake (Fox ana Spiker,
1977) suggests a reduction of the epicentral intensity
from VIII to VII. Although not directly aauressed by
Fox and Spiker, this might imply a reduction in the NFsS

“intensity as well.







.noted ‘above can béJuSed‘to derive esflmates df»r”lt
equivalent probabilistic 1nten51t1es}f 051ng the
intensity- -acceleration relations of Newmann (1954) ‘ana
Trifunac and Brady (1975), the 0. 07g-0 lg, 475-year
acceleration can be associated with a VI to VI- =1/2 475
year intensity while the 0.12g 1000-year acceleration
can be associated with a VII 1000-year intensity.

Characterization of maximum potential site intensity
depends critically on cnaracterization of the Attica
seismic source zone. A number of characterizations of
tnis source zone have been published (Algerinissen and
Perkins, 1976; Basham et al., 1979, and Tera
Corporation, 1Y80). Estimates of maximum potential site
intensity from these characterizations range from
extreme values of XII (Tera Corporation, 1930) to VI
(implied by the recurrence of the Attica earthquake or a
random intensity VI earthquake at or near the site).
Preferred estimates are in the VII to VIII maximum

potential intensity range.

Estimates of magnitudes associated with these
intensities may be derived from magnitude intensity
relations (Nuttli and Herrmann, 1978) . These imply boay
wave magnitude of about 5.3 anda 5.8 for intensities of

VII and VIII.

1.5 Unique Geologic Features and Hesources







1.5.3

1.,5.4

'kEhéfgy and Mineral Resources

,NO natural resources Of 1mportance are known tO ex1st

" ,,-.:

beneath the NFSS fa0111ty. The lacustrxne clay found in
the -region has been used in the manufacture of brlck

(Kindle & Taylor 1913). This clay is located throughout
Niagara County and no manufacturing facilities are known

to exist adjacent to the NFSS.

The natural resources of principal economic value in the
Niagara region are limestone and water (for power
generation). Neitner of these resources are located on
or adjacent to the NFSS.

Landforms

The principal geologic feature in the entire region is
Niagara Falls which is located approximately 16
kilometers (10 miles) southwest of the NFSS. 1In the
immediate vicinity of the site there are no unique

geologic features.

Fossil locations

No fossil locations are known to exist in the immediate
vicinity of the NFSS.

Geologic Hazarus

No significant geologic hazards exist in the site
vicinity. The area is flat with little topographic
relief other tnan tne Niagara Escarpment, whicn is 2.5

,miles‘to the south qf thg NFSS,‘.;

No rocks ‘exist beneath the site whicn are susceptable to
solutioning. No large withdraws of ground water, oil or
gas exist in the site vicinity tnat could cause land
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2.0 SURFACE WATER HVYDROLOGY

2.1 General NFSS Drainage Patterns
The Niagara Falls Storage Site (NFSS) is located on the
Ontario Plain, about 4.5 km (2 mi) north of the Nlagara Escarpment.
Surface drainage from the site originally entered Fourmile, Sixmile,

and Twelvemile Creeks which all flow northward to Lake Ontario.

In the 1940's, a system of ditches was installed during the
construction of the Lake Ontarlo Ordnance Works to drain surface
waters to a central drainage ditch (The Aerospace Corporation
1982). Sixmile Creek, which originally flowed through the NFSS, was
‘diverted just outside the southwest corner of the NFSS boundary to
the Southwestern Drainage Ditch. Surface waters from the area to
the southeast of the NFSS, which originally flowed e{stward into
Twelvemile Creek, were diverted to the South-31 Ditch:\

Currently, runoff from the NFSS is diverted into three
major drainage ditches: the Central Dralnage Ditch, the West Ditch,
and the South-31 pitch. The West and South-31 Ditches discharge
directly into the Central Drainage Ditch which flows northward into
Fourmile Creek and ultimately into Lake Ontario (Acres American,
Inc., 1981). Sixmile and Twelvemile Creeks do not presently receive
runoff from the NFSS. The dralinage pattern of the NFSS is presented
in Figure 2.1. A detailed diagram of the sub-drainage basins
immediate’ly surrounding the NFSS i1s found in Pigure 2.2.

2.1.1 Drainage Ditch Description

Onsite the Central Drainage Ditch is a channelized ditch
approximately 3-4m (10-15 ft) deep, 3-6 m (10-20 ft) wide at the
base, and 12-15 m (40-50 f£t) wide at the top, The Central Ditch is
4.8 km (3 mi) in length from its origin at the south end of the NFSS
to its confluence with Yourmile Creek. The West Ditch runs parallel
to the Central Drainage Ditch and drains the western portion of the
NFSSs phio:,to,joining the Central Drainage Ditch north of the site.
It 18 appioximatoly 1.§:km (0.96 m1) in length. The only major
oftaite contributor to flow across the site is the South-31 Ditch

which flows into the Centcal Drainage Ditch. This ditch drains an
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offsite drainage area of approximately 200 actes'and is about 421 pn

(1,400 £t) in length (Anderson et al., 1981). Figure 2-1 shows the
locations of the drainage ditches surrounding the NFSS.

2.1.2 Stream Description
Based on current or historical dralnage patterns, only

three creeks (Fourmile Creek, Sixmile Creek, and Twelvemile Creek)
could have received runoff from the NFSS. However, only rourmile
Creek is currently receliving site runoff.

Fourmile, Sixmile, and Twelvemlle Creeks are all
intermittent at their upper reaches. Their streamflow consists of
natural surface runoff, agricultural drainage and treated industrial
and institutional waste discharges (New York State Department of
Environmental Conservation 1975). Fourmile and Sixmile Creeks have
a combined drainage area of 22,226 acres with Twelvemile Creek
draining 23,701 acres (Erie and Nlagara Counties Regulatory Planning
Board, 1978). Fourmile, Sixmile, and Twelvemile Creeks are 8.4 km
(5.2 mi), 4.5 xm (2.8 mi), and 19.6 km (12.2 mi) 4in length with
slopes of 0.21%, to 0.30%, and 0.13%, respectively, from their
headwaters to discharge into Lake Ontario (Erie and Niagara Counties
Regulatory Planning Board 1978).

Continuous flow records are not available for Pournmile,
Sixmile and Twelvemile Creeks. The nearest continuous streamflow
gauging station to the NFSS is located in Manning Muckland Creek
basin near Barre Center, some 40 miles east of the NFS8S8. Although
this creek is not located in the drainage basin containing the NFSSs,
information 1s included for conparative purposes.

Manning Muckland Creek drains an area of about 5.3
square miles at this gauging station. The mean annual discharge
over a period of 4 years (June 1974 to September 1978) was estimated
to be 7.3 cfs. 1In 1977 and 1978, flows were not gauged during the
winter months. The maximug digcharge for this 4 year period was 100
cfs with many days of 20:0 £1ow. Table 2.1 presents mean monthly
flow estimates for Manning Muckland Creek (U.S. Geological Bhrvey

1974-1978)
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F , Development at. Hodern‘Disposal located to the east of
"fthe‘Nrss may be expected to alter the upstream hydrology of the
ﬁSOuth 31 Ditch and increase or decrease the peak storm discharge.
&The actual effects on storm discharge are undetermined at this

time. The current lOO—year flood level within the NFSS is estimated
to be approximately 97m (319 ft.) (Acres American, Inc., 1981). ‘The
NFSS lies between an elevation of 96-99m (315-325 tt.) (Anderson et

al. 198l).

2.2 Water Quality Parameters

2.2.1 Fourmlle, Sixmile, and Twelvemlle Creeks
The U.S. Geological Survey performed chemical analyses
of water from Fourmile Creek in 1948 (Arnow 1949). Locations of the
sampling points are shown in Figure 2.2 and the results are

tabulated in Table 2.2
Battelle Columbus Laboratories (Anderson et al. 1981)

conducted radiological analyses of sediments from all natural
dreinages currently carrying NFSS runoff or hietoricall? having had
the potential of carrying runoff. Thils survey included sampling in
Fourmile, Sixmile, and Twelvemile Creeks. Sediment collection
locations are presented in Figure 2.3 and the results are given in
Table 2.3. Most Ra-226 levels in these sediment samples were at
background concentrations of 0.5 pCi/g Ra-226. No concentrations
were detected in excess of the U.S. EPA proposed guidelines of S
pCi/g Ra-226 (Anderson et al. 1981).

2.2.2 Drainage Ditches
A radionuclide water monitoring program of the Central
Drainage Ditch was conducted by National Lead of Ohio (NLO) from
1972 to 1981. Since 1982, collection and analysis of samples have
.been performed by Bechtel National. Inc. This water program
ylincludes two on-site and two ott—nite surface water eanpling

locationl. All water lanplos are collected quarteriy (Table 2.4).
S ' Water taaples were anelyzed tor groes alpha and beta
;activity‘ total ureniun 05238 ' ivity, andgna 226 during NLO's




February

March

April

May

June

July

Auvgust

Septenmber 1.0
Octobder 2.6
November 3.4

December 11.9

Source: U.S. Geological Survey, Water Resources for New York
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Silica (5102)
Iron (Fe)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (KX)
Carbonate (C03)
Bicarbonate (HCO3)
Sulfate (504)
Chloride (Cl)
Fluoride (F)
Nitrate (N03)
Dissolved sollids
Total hardness
as CaCO3
Specific conduct-
anse (25°¢)
micromhos
pH
Color
Aluminum (Al)
Copper (Cu)
Zinc (Zn) _
Phoaphate (PO ) 0
Date Collocted June 17, 1948 - June 17, 1948

souncz-f Arzov.
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‘ S : : » TABLE 2.3 v ,. : :
Ra-226 Levels in Sedlments of Fourmlle, Slxmlle, and Twelvemile
Creeks.

/

226Ra Concentraticn (oCi/g)
Location(®) Screenipg(d)

FOURMILE CPEZK

F2A <4
F23 <4
F3A <4
F3B <4
F4A <4
F43B <4
F5A <4

SIXMILE CREEK

S1A <4
<4
<4

S3A <4
<4

S4 <4

S5 <5 -

TWZLVIMILE CREER
T1A _ <
<4
72 <4
T3B <4
<4
T5 <4

ka) See Figure 2,3
(b) Measurement of 21434 ag index of 226Rs

.(e) A and B are duplicate saﬁbles,

Source: Ahderson et al., 1981.




uranium concentrations at the same water sampling locations. Total
”“uranium. U-238 activity. Ra- 226. gross alpha and gross beta values

are presented 1n Tables 2.5 - 2. 9.
Battelle Columbus Laboratories (Anderson et al. 1981)

conducted investigations of the dralnage ditch sediments to
determine concentrations of nuclides and metals. Sample acquisition
and analysis provided data sufficient to access the levels and the
depth of nuclide contamination along.the lengths of the drainage
ditches. From this data, the volumes of sediment above the U.S. EPA
proposed guidelines of 5 pCi/g Ra-226 was estimated (Anderson et al.
-1981).

Central Drainage Ditch and West Ditch on-site sediments
were sampled at 15 m (50 ft) intervals whille off-site sediments were
sampled at 30 m (100 ft) intervals. Samples were collected along
the Central Drainage Ditch to its confluence with Fourmile Creek, in
the West Ditch to its confluence w.th the Central Drainage Ditch,
and for a minimum of 300 m (1,000 ft) into every current or past
tributary of these ditches. Core sampling of the Central Drainage
Ditch and West Ditch was also undertaken to determine the depth of
contaminated sediments.

Based upon the results of the Central Drainage Ditch
sediment analyses, Battelle Columbus Laboratories (Anderson et al.
1981) concluded that there was significant radiochenical
contamination in the Central Drainage Ditch, the West Ditch and
South-31 Ditch (Tables 2.10-2.14). The portions of the Central
Drainage Ditch and the West Ditch exceeding the proposed regulatory
limit of 5 pCi/g of Ra-226 in golls are presented in Figure 2.6.

The Central Drainage Ditch sediments were found to exceed the limit
in all on-site areas and off-site nearly to its confluence with
Fourmile Creek (Anderson et al. 1981). In the off-site section of
Cenﬁtal.Drainage‘Ditch. core analysis determined the contamination
to be confined to the upper 0.3-0.6 m (1-2 ft) of sediment (Table

©2.15 and 2.16). With one exception (at the intersection of Lutts

" Road and céntral Dzbinago Ditch), bo‘contauination greater than 5

" '5.pCl/g Ra-226 was found at or below a depth of 0.6 m (2 f£t).
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_;t FSS SélPAC! WATER SANPLi LOCATIONS

]

Location¥® Taken From "~ Frequency Remarks

SURFACE WATER:

10 On-Site Central Dralnege Querterly Sanpled South
Ditch of the former
railroad bed

11 On-Site Centrel Drainsge Quarterly Sampled at North
Ditch perimeter fence
12 ofrf-Site Central Drainage Quarterly Sampled at
Ditch Balmer Road
20 off-Site Centreal Drainage Quarterly Sampled at
Ditch Lutts Road

% See Figures 2.4 and 2.5 for on-site and off-site surface water sampling

locations.

Source: Weldner, 1981.
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SAMPLING POINT
no 12

Date 10 11

Jan 1977 0.58 0.63 0.16
Apr 0.33 0.15 0.005

Jun 8.00 4.20 " 0.28
Sep - 0.06 0.06 0.02
Jan 0.006 0.05 0.03
Apr 0.06 0.11 0.03
Jun 1.00 0.28 0.05
oct 0.18 0.50 0.12
Jan ' 0.02 0.04 0.006
Apr 0.05 0.10 0.04
Jun 0.62 0.28 0.08
Oct 0.50 0.30 0.13
‘ Jan 0.05 0.07 0.004
Mar 0.01 0.07 0.02
Jun 0.65 0.17 0.13
Oct 0.31 0.94 0.14
Jan 0.12* 0.34» NS
Apr 0.03 0.05 0.03
Jun 0.11 0.08 0.01
Sep 0.12 0.27 0.01
0.06 0.10 0.03
0.06 0.13 0.03
0.09 0.17 0.05

Tﬁéséysanploi contained a‘largé'hﬁantity of salid material
No Sample :




SAMPLING POINT
11 12

NS No Sample
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TABLEw2.7,(Cont!d)

SAMPLING POINT
IR CH

Apr 0.5 3.2 1.4

Jun 3.2 45.1 5.0 ‘3.6
oct 3.6 8.6 0.9 1.4
Jan 1980 1.4 2.7 0.5 1.4
Mar 0.5 1.4 0.5 0.5

Jun 1.8 9.5 2.3 0.9
oct 5.9 1.4 1.4 ‘ 1.4
Jan 1981 99.0% 265.5* NS 22.5
Apr 0.5 2.7 0.9 0.9

Jun 5.9 5.0 0.5 0.5
Sep 0.5 4.1 0.5 1.8

Jan 1982 0.4 5.2 1.1 ' 0.4 :
Apr 0.1 1.0 0.5 0.6 ;
Jul 0.6 0.5 0.8 0.6

n These samples contained a large gquantity of solid material.

NS No Sample




Date

10

© NPSS GROSS ALPHA (pCi/1)

SAMPLING POINT

11

IN' SURFACE WATER

12 20

Jun
Sep
Dec
Mar 1973
Jun
Oct
Dec
Apr 1974
Jun
Sep
Dec
Apr 1975
Jul
Sep
Dec
Apr 1976
Jun

Jan 1977

Jan 1978

27.0
189.0
360.0
153.0

NS
1125.0
2565.0

13.5

13.5
2430.0
4860.0

495.0

72.0

11970.0

2925.0
63.0
126.0
990.0
1035.0
337.5
225.0

40.5
310.5
427.5

94.5
153.0
450.0

1665.0
31.5
58.5

2340.0

3060.0

765.0
81.0
126.0
333.0
220.5
279.0
400.5
450.0
495.0
63.0
3015.0
31.5
40.5
81.0
234.0

Jg},ésio

13.5
135.0
261.0

13.5

NS
189.0
810.0 i

13.5 B

9.0
1080.0
1575.0

99.0
63.0 .
153.0 “
1350.0
117.0
121.5
85.5
171.0
99.0
<4.8
184.5
13.5
2.3

. 31.8




54.0

85.5
414.0
261.0
Jan 1980 72.0
: h 58.5
Jun 90.0
oct | 585.0

Mar

Jan 1981 900.0
63.0

99.0
211.5

Apr
Jun
Sep
Jan 1982 41.0 78.0
Apr* 10.0 28.0

9.0

31.5
90.0
81.0
9.0
18.0
76.5
130.5
NS
18.0
9.0
18.0
28.0
<8.0

58.5
22.5
18.0
13.5
27.0
103.5%
22.5
4.5
49.5
14.0
<8.0

» Last sampling for gross alpha (pCi/l) by Bechtel National, Inc..

NS No Sample




NFSS GROSS BETA (pCi/1) IN SURFACE WATER

SAMPLING POINT
10 11

22.5 31.5
90.0 117.0
58.5 162.0
36.0 18.0
135.0 40.5
495.0 184.5
495.0 351.0
13.5 22.5
<13.5 22.5
765.0 675.0
1035.0 675.0
121.5 184.5
27.0 36.0
3690.0 40.5
765.0 67.5
27.0 85.5
36.0 54.0
193.5 171.0
364.5 180.0
72.0 99.0
31.5 13.5
450.0

9.0

18.0




:]SAHPLINCIPOINT

Date o ' : ‘ 11

Jun 36.0 31.5
Oct 67.5 18.0
Jan 1979 18.0 18.0
31.5 9.0
Jun 135.0 45.0
Oct 63.0 22.5
27.0 9.0 13.5
22.5 13.5 4.5
Jun 81.0 36.0 13.5
Oct 292.5 85.5 31.5
Jan 1981 720.0 NS 45.0
31.5 » 13.5 9.0
31.5 13.5 18.0
8.5 18.0 31.5

Apr

Jan

Mar

Apr
Jun

Sep
Jan 1982 33.0 34.0 18.0 9.4
Apr* 24.0 50.0 14.0 15.0

» lLast sampling for gross beta (pCi/l) by Bechtel Natlonal, Inc.

NS No Sample




SOn site contamination in the Central Drainage Ditch in excess of the

kproposed limit was confined to a maximum depth of 0.6 m (2 ft),
\except for a short distance near the R-10 residue storage and spoill
pile area.

~ Although the sediments of the West Ditch are also in
excess of the 1limit, they are not contaminated to the same extent as
those in the Central Drainage Ditch. The greatest Ra-226
concentration detected was 75 pCi/g (Figure 2.6). PFrom avallable
drill core sample analysis in the West Ditch, it is estimated that
contamination is limited to the first 0.3-0.6 m (1-2 feet) of
sediments (Table 2.17).

Radiochemical analysis in the South-31 Ditch detected
elevated Ra-226 concentrations in only a limited number of samples.
These values were only slightly in excess of the 5 pCi/g limit
(Table 2.18). No contamination Qas detected in off-site tributaries
to the South-31 Ditch.

The volume of sediments exceeding the 5 pCi/g Ra-226
l1imit for the Central Drainage Ditch, the West Ditch, and the

South-31 Ditch was estimated to be 18,100 m3 (645,200 cu ft),
3,562 m3 (127,200 cu £ft), and 504 m3 (18,000 cu ft),

respectively.
In addition to radiochemical analyses, the sediments of

both the Central Drainage Ditch and the West Ditch were analyzed for
stable eleuents. Detection limits were generally below or at
naturally-occurring levels in solls. These results are summarized
in Table 2.19. (Anderson et al. 1981). The exceptions in the
Central Drainage Ditch were cobalt, nickel, copper, barium, lithiun,
fluorine, and cesium. In the West Ditch, sodium, cobalt, and

lithium were greater than in naturally-occurring levels.

2.2.3 Nlagara River
The Niagara Falls 8to:age S8ite drainage system does not
include the Niaga:a Rive:. However,‘into:uation concerning the

water quality of the Niagara River nay be uselul for comparative




TABLE 2.10° INSTRUMENTAL READINGS AND 226RA CONCENTRATIONS IN TIE CENTRAL DRAINAGE DITCH

LT Inetrumental Readinge
pDistance from Ditch Casma (1 m)  Beta—Casma (1 cm) 226g4 Concentration (pCi/g)
Origination, [t (e) (uR/hr)(8) (ur/hr) (B) Screening(c)  Radiochemistry

0 . 18 13
23 20
0 ~ 15
2s ~ 16
100(30.5) 15
123 15
150 17
175 18
200(61) 22
225 20
250 19
215 16
300 17
325 15
350 15
328 : 15
200(122) 15
425 21
500(152.5) 2
25 20
350 23
575 25
600(183) 26
625 %0
650 60
o75(0) 110
100(213.5) an
728 300
750
73
. BOO(244)
823
850
818 - -
900(274.5) -
925 :




TABLE 2.10. (Continued)

. Instrumental Readings
Distance from Ditch Caswa () m) Beta-Gamma (1 cm) 226nq Concentration (pCi/p)
Origination, ft (®) (uRk/he) (8) (uRr/hr) (b) Screening (V" Xadiochemintry

950 &L00 1,400
973 260 R00
1,000(30%) 400 600
1,025 (111 00
1,050 260 600
1,075 280 100
1,100(335.5) ano
1,125 280
1,150 140
1,175 400
1,2000366) 160
1,225 200
1,250 150
1,27% &0
1,300(396.95) 90
1,325 50
1,350 10
1,375 100
1,400(427) 140
1,425 1)
1,450 90
1,475 140
1,500(452.5) 90
1,525 170
- 1,550 270
1,57% 200
1,600(488) 100
1,625 220
1,650 1o
1,675 00
1,700(%18.5) 2%
1,125 160
1,750 200
1,771% 150
1.800(%49) 120
1,K2% 100
1,A5%0 &0
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TABLE 2.10. (Continued)

hu_t‘r!-caul Reedings
Distsnce fros Ditch Casma (i m) Beta-GCamms 11 cw) 276pg Concentration (pCl/g
origination, [t (w) (uR/hr) (2) (uR/hr) (8) dioche

Screening (<] Radiochemintry

10,150(3,095.75) 10-1% »$
10,3904 (3,338) 10-15 "
11,050 10-15 4
11,890k (3, 626) 10-1% *4
12,090 10-15 4
12,590(3,840) 10-15

14,340(4,374) 10-15 e
17,650(5,383) 10-15 4

e e e cae oy

(a) Gamwea resdings taken at 1 m above sediment or surlace; background 13 wi/he.

(b) Beta-gawma readings taken st 1 cm ahove sediment or vater surface, background 60 uR/hr.
{c) HWessurement of 21%81 as Index of 276Ra

(d) Camma spectroscopy, background concentratlon averape ‘n sediment 0.9 pCl/p (*0,1)

(e) Confluence with S11 Ditch

(f) Water reservoir draln pipe (from recarhonation plt running north of Mildiag &11).
(g) - Sample taken st the north perimeter [ence.

(h) Sample taken 50 ft into = tributary ditch,

(1) Sample 100 [t north of Balmer Road

(J) Sample taken st Central nrainnge pitch snd Magezine Dralnage Ditch
(k) Sample just east of Lutts Road

Source: Anderson et al., 1981,
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. S . Gty Pkt T L Coa e
BADIONUCLIDES IN OM-SITE SEDIMENT SANPLES OF
T THR CENTEAL DRAIMAGE DITCH - .. - .

ACTIVITY pCi/g

Distance from Ditch Total
Origination, ft (m) Ursnium ug/g PA-231 TH-227 TH-234 BA-226 PB-214 BI-214 PB-210 CcS-137 TH-232

2,225(671) <1.32£1 <1,008-1 <3,00K-1 <4.00E-1 4.20E¢0 2.80K+0 2.20B¢0  2.10E40  6.10B+0 <1,00E-1 7.00E-1

2,250 <2,64K1 <g,00Kk-1 <4,00K-1 <4,008-1 <6,50K+0 2.20K+0 1,20K+0 2.10E+0 4,00801 <2,00B-1 4,00B-1

2,300(701.5) <2.64K1 <1.80K¢0 <1.108+0 <6.00E-1 5.008+0 3.00840 3.408¢0  3,10E+0  4.10Ee0 <2.00E-1 1.10E+0

2,350 <3.95E1 <2.60K+0 J.00K-1 4,.40K+0 8.50K+0 8.208+0 7.60E+0 1.30E+1 1.,00E¢0

2,400(732) <6.59E1 3.10K40  2.70K+0 <1.80K+1 6.10E+1 $.20E¢l  4.90E¢)  $.50E+1 <3,00E-1

2,450 <1.12E2 <7.70K+0 3.60K+0 4.00K+0 <2,80K¢1 1.1082 $.40E+1 9.30B+2 1.10842

2,500 <2.64K1 <8,00E-1 - <5,008-1 <8.008-1 <7.70K+0 2.00K+0 8.20E+.0 6.40E+0 1.008+1 <2.00EK-1 8.00ER-1

2,52% <3.J0E1l <2.00K+0 <$.00K+) <€1.008+1 <8.00E+0 7.50K+0 7.70E+0 7.40E+0 1.208¢1 <3.00Kk-1 9.00E-1

2,600 B8.57E1 <1.00K¢1 2.30K+0 2.00840 J.80Ke) 4,008+1 3.%0L.1 3. 9082 6,70E¢) <).00£-1 1,10E+0
<5,.27K1 1.90K+0 2.00R+0 <1.70Rel 3.00R¢1 3.9021 3.8084+1 6.,80R¢) <2.00K-1 <2,80E+0

2,650
2,750(838.75) (O££-Bite)<4.61E1 <3.30K+0 <1.00E+0  2.00E-1 1.40Eel  2.208+1 2.80E+l  2.608s1  2.308+) <2,00E-1 1.10840

t(ote-gite) <9.23E1 <6.50K+0  $.20840  $,40Ee0 <2,30K¢l 1.07B+2 1.05B¢2  1,02842  1.07Ee2 <4.00E-1 2.308+0

SOURCE: Anderson et el., 1981.
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TABLE 2.12 . INSTRUMENTAL RFADINGS AND 226RA CONCENTRATIONS -
IN THE WEST DITCH '

Instrumental Readings
Distance from Gamma (1) Beta-Gammalc)
Initial Sampling (micro R/hr) (mi11§ R/hr)
Point, () at 1 = above at 1 cm above 226p4 Concentration (pCi/g)
ft (m) Soll Surface Sotl Surlace Screenlogld] Radlochemintry(€)

0
100(30.5)
500
700(213.5)
a00
900 .
1,100(335.5)
1,200
1,300
1,400
1,500(452.5)
1,800
1,975¢0)
2,000(610)
2,025
2,050
2,015
2,100
2,125
2,150
2,179
2,200
2,225
2,250
2,279
2,300
2,32%
2,150
2,37%
2,400
2,425
2,450
2.415




- O

~TABRLE 2.12. (Continued)

Instrumental Readings

Distance from  Cammall) Beta-Gammalc)
Initiel Sewpling - (micro R/hr)  (willt R/br)
Polnt.("?‘ - at 1 m shove &t 1 cm abave 228p4 Concentration (pCi/g)
e (m) Soll Surface Soll Surface Screening(d)  Radlochemistry(e) -
2,500(8)(762.5) 14 60
2,525 ‘ 19 90
2,550 18 70 .
2,660 10-20 <b 3.1
2,700 10-20 1.8
2,760 10-20
2,860 10-20
2,960 10-20
3,060(933.3) 10-20
3,160 10-20 11.5
3,260 10-20 4 -
31,360 10-20
) 3,460 10-20 <5
5 3,660 10-201 < 1.2
() 3,960 10-20 S
4,160 10-20 >
4,660 10-20 19.9
4,760 10-20 >%
4,860 10-20 5
&,960 10-20 >
5,060(1563.3) 10-20 >S5
5,160 10-20 <4
5,260 10-20 2
5,360 10-20 l
$,460 10-20 3

()
)
(c)
(d)
(r)

(1)
(r)

Source: . l\ndcfson ot' al., 1981,

Sawpling initiated off-site In ditch due west on grid point SIGWIR (nee Flgure 2-1),
Casma teadinge taken st 1 w above sediment or vater nurface; backpround 13 pR/hr,
Beta-gaama readinge taken at | cm abnve snediment or vater murface} background 60 uR/hr.

Messurement of 21%p1 as index of 27%Ra
Gamaa specttoscopy, backpround concentrat lon averapre In sediment 0.3 pCl/g (10,12

Sample Just porth of Site perincter fence on <outh side of Ueat Fattol W, (are Flpure 4-8).

Sample &0 (¢ <outh of mrth prrineter fence which bs at 2,500 1t (<ee Fipure .10,




TABLE 2.13

RADIONUCLIDES IN OX-SITE SEDINENT SANPLES OF
THE WEST DITCH

ACTIVITY pCisg

Distance from Ditch Total

Origination, . Urenium
tt (m)(8) ug/g TH-234 PB-214 BI-214 PB-210 TH-232

of®) 2.6411 <2.70240 <$,00R-1 <8.00K+0 9.90K+0 2.60K40 1.10K+0 1.10E+0 <1,00E+1 1.40K40 ®.508.1
100(30.5) 1.2582 <2.00K+0 <7.00K-1 <6.00K-1 5.10K+1 4.20K40 4,008+0 3.908+0 1.308:1 3.20%40 1:30100
500 6.59K1 1.00K+0 9.00E-1 2.00K+1 2.30Ks) 1,60E+1 1.40B41 2.00E+1 1.00%+0 1.30%.0
700(213.5) $.2781 <3.00E+0 6.00E-1 8.00K-1 2.50B-1 2.608e1 2.00841 1.908s1 2,208+1 1.20K+0 1.20K+0
800 7.910 <$.008+0 7.008-1 8.00K-1 3.40Ke1 3.30K¢1 3.60K:1 3.30841 3.70841 2.10K+0 1.90K40
900 1.23K2 5.00E-1 $.00K-1 4.00K-1 4.10K+1 1.50Ke1 9.60E+0 €.60840 1.50841 <2,00K40 1.10840
1,100 <3.30E1 <€2.10K+0 <1.00K+0 <1,10%+0 1.008+1 6.70K4+0 $.00E+0 4,50R+0 ¢.10E¢0 7.00%-1 1.308:0
1,200 1.3282 <3.00E+0 <1.00K+0 4,008-1 4,10K:1 1.1081 €.30K+0 8,708+0 1.20841 3.70R+0 1,208+0
1,300 <1,98K1 <1.80K+0 <7.00E-1 <3.00E-1 3.60K+0 3.30840 2.40840 3.608+0 2.008-1 8,008-1
1,400 9.2381 <6.00E+0 <1.20K40 <1.00K+0 3.208s1 1.8081 1.70Ee1 1.608+1 2.208+1 2.40840 1.70840
1,500(452.8%) <1.9881 <1.60K+0 <8,00K-1 1.80Ke1 $.008+0 4,.80K40 6.60840 6.80R+0 7.00E-1 ©.00E-1
1,800 2.9782 <5.80K+0 2.208+0 2.00K+0 9.00Ke1 7.508e1 3.30K+1 3.308+1 $.50Ee1 €.80K+0 2.908+0
2,100 <2,7082 1.20E+1 1.908s1 1.608+1 <6.30Ke1 S.90K2 2,002 1.908+2 6.90842 9.00K-1 2.00E+0
2,400 7.25K1 3.00E+0 1.708+0 9.008-1 <1.308+1 4.308e1 1.00K+1 1.708e1 2.908+1 2,40K41 1.708+0

2,700 <4.61E1 <9.00k-1 <8.00%-1 9.20K.0 7.80E+0 3.40k+0 4.00E+0 8.00k+0 2.208+0 1,008+0

(sa) Senmple taken south to north off-zite every 100 ft, on-site every 23 ft.

(b) Sample stacting point is off-site due west of resldue storsge bulldings.

SOURCK: Anderson et at., 1981.
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TABLE 2.14.INSTRUMENTAL SURVEY DATA
'FROM SOUTH 31 DITCH

(a)

Location Beta-Gamma
(Grid Points)(d) (oR/hr)

$31w8
$31w7
S31W6
$31W5
S31w4
S31W3
$31w2
$31W1
S31El
S31E2
S31E3
S31E5
S31E6
S31E7
S31E8
S31Ell
§31E12
S31E13

OO?OOO

(c)

C OC‘O.C)OO

OOOOOO"‘OOO;-"-‘F‘ | el ol
U'U‘bU!L\O‘O\O(D\lO\lU‘gOU!m

.
= ONNDN b
\JH\I“‘OUU‘U‘NGDO‘UOQ"SN

.
O O
OOOOO?coooo

e XoNoNoNoleNoNoRolois)

(a)zackground, 0.06 mR/hr.

(b)nackground, 0.01 mR/hr.

.

(C)Gamma spectroscopy analysis determined
2263, concentration to be 5.0 pCi/g.

(d)See Anderson et al. (1981), Appendix I, Table I1-5.

_SOﬁ:cex Anderson et al., 1981.
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TABLE 2.15

RADIONUCLIDES IN OK-SITE DRILL CORES FRON THE CENTRAL DRAINAGE DITCH

Distance From Ditch Totel
Originetion, ft Uranium
ug’/g

33.0

<32.7

<65.9

26.4

SQURCE: Anderson el al. 19863
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TABLE 2.16 RADIONUCLIDES IN OFF-SITE DRILL CORES FROM THE CENTRAL DILAINAGE DITCH

E—

Oi3tance. Fram cooie Depth 7 pCi/g

Oifch Of%l;ta.‘ffou, ,,::,:(.) "'t, f‘;"lp‘".rn Thiz? Th7I%  PaZis  Re??6  Pb2i%  Bi2Iv  Thid2  Csid7  Pb2ie
r+ >7al (L

« 26-%¥0.9 <0.5

« I17-8 .2 -

< 198 . -
T «2,6

B 2 SO W |

< 81T .

<« J1J <1
< _’10 -—
</9.F --
<34 -
¢cdbY | ea
PEL & 4

<33.0

.
-

<0.2 <2
<0.1 <2
<0.2 <2

«0,)
<0.2 <2

<0,1 <2

<0.4 <2
<0.2
<0,1 <2

<0,2
<0,2 <2

<0.2 <2
<0.)
<0,2 <2
<0,1
<0.2
<0,1
<0,1
<0.3
<0,1
< 1
0.\
<0,]}
<0,2
<0.1
0.1
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0.2
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TABLE 2.17 RADIONUCLIDES IN OFF-SITE DRILL CORES FROM THE WEST DITCH

' From Pc,lll
S gl Yot 03 2350 i

Paorant +
2,660 400

&
<4
5.6
b
). b

<2
<2

A
L3
.
-

L)
- -R-]
.

.
W~

)9,
<19.

—

2¢ 4
<.7

264
«19.§

<2l 4
<197

< 13.1J
PEL ¥ 4

<14.9
<l *

<19.9 --
€At H - 0.5

«2H .- <0.4 «0.é
. — 0.4 «0.%

< .‘lL."l - 0.9 «0.%
PY RN SR <0,9% «0.$

19§ -~ «0.4 0.4
<199 <l.1 0.5 «0.3

€2l ¥ <1 «0.6  «0,4

.
.

-
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(s) See Table 1-3 for exs-t distance location (Anderson, et al. 1981),




TABLE 2.18. RADiOCHEHICAL SCREENING OF
CORES IN THE SOUTH 31 DITCH

(b 226pa Concentration
ing (@)
Location A (pCi/g) Screening

S31E18 <!
<4

S31E15 <4
<4

S31E4.5 >5
<4

S31W5 <4

S31w7 <4
<4

S31w8.5 <4
<4

(')Measurement of 214B{ ag index of 22fRa

(b)See Anderson et al. (1981), Appendix I, Table I1-9,

i
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purposes and as an additidnal,index describing the environment
surrounding the NFSS. Niagaté‘River water gquality data may be found
in Appendix A.

2.3 Recreational and Commercial Uses

2.3.1 Fourmile, Sixmile, and Twelvemile Creeks

Fourmile, Sixmile, and Twelvemlle Creeks are
predominantly used for boating and fishing (New York State
Department of Environmental Conservation 1975). However, at their
confluence with Lake Ontario, both Fourmile and Twelvemile Creeks
are designated as recreational areas with public swimming siies
(Erie and Nlagara Counties Reglional Planning Board, 1978). Fourmile
Creek recreational area is a 248 acre public water oriented park
located at Porter, New York (Figure 2.7, Nuhber 4). The
Wilson-Tuscarora recreational area (390 acres) 18 located near

Wilson, New York (Figure 2.7, Number 3).

2.3.2 Niagara River
Recreational uses of the Lower Niagara River include

boating and fishing. Two water oriented recreational areas are Fort
Niagara cecreational area (504 acres) located at Porter, New York
and Joseph Davis recreational area (388 acres) at Lewiston, New York
(Figure 2.7, Numbeors 5 and 6, respectively) (Erlie and Niagara
Counties Regional Planning Board 1978). 1In addition, several boat
launching sites are avallable along this segment of the river
(Figure 2.7).

Commercially, the lower Niagara River is used as a
discharge point in the U.S8. for industrial and municipal waste water
treatment plant effluents (Figure 2.8). A Canadian municipal water

intake supply source 1s located in the town of Niagara-on~-the-Lake

(FPigure 2.8).




- TABLE: 2.19 . SUMMARY. OF STABLE ELEMENTS. DETECTED IN DITCH
S SEDIMENT SAMPLES FROM ON-SITE DITCHES USING

SPARK SOURCE MASS SPECTROSCOPY - - COMPARED

TO NATURALLY-OCCURRING

LEVELS IN SOIL '

Naturally Occurring

Central Drainage

West Ditch

in Soil (ppm) Ditch (ppm) (ppm)
Element Mean Mean (SE) Mean (SE)
Na 6, 300 6,550 (1,535) 7,500 (3,354)
T4 5,000 3,400 (528) 1,666 (729)
v 100 153 (100) 36 (16)
Co 8 687 (513) 66 (58)
N 40 828 (511) 32 (17)
Cu 20 43 (19) 19 (8)
Mn 850 54 (194) 560 (361)
Zr 300 21 (5) 26 (9)
e Ba 500 733 (515° 270 (184)
L1 30 121 (30) 150 (45)
Sr 300 106 (47) 102 (51)
F 200 311 (194) 8 (3)
La 30 59 (49) 4 (1)
Ce 50 84 (51) 9 (3)
cr 100 43 (19) 20 (4)
As 6 2 (1) 0.9 (0.5)
Pb 10 20.2 (6.4) 0.5 (0.3)

(SE) Standard Error
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Source;
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' Intakes and Outfalls in the Lower
Niagara River North of Queenston.’
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SECTION 3.0

GROUND WATER HYDROLOGY OF THE NIAGARA FALLS
STORAGE SITE AND SURROUNDING AREA




Flgures 3.2 and 3.3 indicate a general northwesterly flow
for the alluviqlf&quifez. The plezometric surface
indicates that thé‘gfound water gradient across the NFSS isg

0.001.
Ground Water Use

Approximately 10% of the population of Nilagara and Erie
Countles is supplied by groundwater (Erie and Niagara
Counties Reglonal Planning Board, 1978). Domestic
groundwater supply in the NFSS area 1s generally of low
Yleld and poor quality. The only municipal water system
dependent on groundwater in Nlagara County is located in

the Middleport area (eastern Niagara County) ( Erie and

Niagara Countles Regional Planning Board, 1978). Location
of wells and individual well records are presented in
Figure 3.4 and Table 3.3, respectively. A map key (Figure
3.5) and table key (Table 3.4) are also included.

The aquifer in the unconsolidated deposits and the aquifer
in the upper fractured bedrock are the only sources of
groundwater on the Ontario Plain (which is the location of
the NFSS). Since these aquifers produce only small
quantities of water and are locally interconnected, they

may be considered a sole source aquifer.

Groundwater Quality
3.5.1 Radiological Characterization

From 1972 to 1981 radiological monitoring at the
Nrs8s was conducted quarterly onsite and annvally
offsite bykNational Lead of Ohio (NLO) (Weidner
1981). Since 1982, this monitoring has been
conducted by Bechtel National, Inc. Information
about ;he sampling points 1ghp:esented in Table 3.5




FIGURE 3.4. WELL IN BEDROCK
WELL LOCATIONS. ) o
WELL IN UNCONSOLICATED DEPOSITS

SOURCE: JOHNSON 1964 b )
SPRING {SOURCE 19 BEDROCK) '

¢

WELL YIELOING WATER CONTAINING
HYDROGEN SULFIDE IN NOTICEABLE
AMOUNTS

-~

WELL YIELOING WATER EITHER SALTY TO
TASTE OR CONTAINING MORE THAN
500 PFM CHLORIDE

1~LAST Dldl'l’ OF WELL OR SPRING NU“DER. SEE "WELL- NUMBERING SYSTE
s IN TEXT FOR EXPLANATION ;

1B 1s-YIELD OF WELL IN GPM (b INDICATES YIELO FROM BAILING TEST, ¢ INCICATES.
» " “ESTIMATED YIELD, ¢ INDICATES REPORTED YIELD), cieATe

16-DRAWDOWN OF WATER LEVEL, IN FEET, REQUIRED TO OBTAIN STATED VIELD

40 — TEST NeLZ. LETTER 1S LAST PART OF TEST-HOLE DESIGNATION, SEE
WELL NUMBERING SYSTEM® 18 TEXT FOR EXPLANATION.

QUEENSTON SHALE

AVERAGE YIELD OF ADEQUATE WELLS I8 7 GPM. MANY WELLS MAVE
BEEN ABANDONED BECAUSE OF POOR QUALITY AND INADEQUATE
YIELDS. GROUND WATER OCCURS PRINCIPALLY IN FRACTURED ZONE
IN TOP § FOOT OF SHALE. WATER IS VERY HARD AND ONE=ThIRD OF
WELLS YIELD SALTY WATER, WELLS IN OVERLYING GLACIAL TILL AND
LAKE DEPOSITS YIELD LITTLE WATER AND ARE ADEQUATE ONLY
WHEN SAND BEDS OR A "WASHED ZONE™ AT TOP OF ROCX 15
PENETRATED.




TARLE 3.3. Records of Selected Wells in the Niagara Falls Area. & . . Source: Johnson 1964,
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TABLE 3.4. Records of Selected Wells in the NFSS Area.

Vell number: See 'Validumbering Systew'* In test for sxplenation,

Omar: PASKY = Powsr Authority of the State of New York,

Type of well: Aug -oogoni
Or) = drllled
Dug,Drl = dug and drilled

Depth of well: All depths below land surfece.
8 = about
r = reported
all others msasured

Depth of cosing: All dopths below land surface,
drilled welis = depth to bottom of casing or depth to top
of slots or screen
dug wells « depth omitted for stone=curbed wells
= depth to bottom of tlle or cuivert pipe
8 = about
r = reported

Dlemater of walls: Olsmaters of dug walls are spprosimete,
Vhere two Or more 3izes of casing were used the top and
bottom discsters are glven,

Depth to bedrock: All depths below lond surfece,
a = about
r = reported
all others mesyured

Voter-bearing material: Oq = Queenston Shele
Qd = Plelstocene deposits, undiflferentiated
Qic = Plelstocens laks deposits; siit and cley
Qls « Plelstocene lake deposits; sand
Usg = Plalstocens sand and gravel
Qtl = Plalstocens glaclel till
$a = Albion Group
$c = Cliaton Group
$1 < Lockport Dolomlte

Altitude sbove ted level: 5 = altitude of isnd surfece masured by swurveying
Instrussnts ond glven to nearest foot,
All others estimsted from topogrephic meps to
nearest § foot,

foesur! Int Itlon: Clven In foet sbove loné surface, eacept those
"8 points bt preceded by & ninus (=) sign which ore below
lond surfece.,
LS « ot lond surfece

Source: Johnson 1964.

Vater level below e
laad surface: Al]l weter levels are below land |urlm ucopt those

Vield:

Use: A = abandoned
C = commrclel
D « domestic
Ds = destroyed

preceded by & plus (+) slign which are sbove lond surfece,
r = reported
8l) others esasured by personns! of the U,$.G.S. or
Uhl, Msll & Rich,
¢ = water level while PASNY condults were dewetered
dé » waler level after PASNY condults were flooded
F = sorles of water-level msesuresants on flle In ¥,5.6.9.
office, Albeny, M, ¥,
g = water level prior to (looding of PASNY raservolrs
h = water lave) aftar PASNY reservolr flooded to nlqvnlu\
of sbout 64J feet obove cwen see level
P = pumping offects probebdle

Yield In golions per minuto bosed on pumping test or continuous
pumpage except® b = ylold based nn short balllag test
e = ostimated ylole
P ° reporied yleld by cwner
> groster then
< less then

le » lerigotion

0 = observation

PR = pressure=rellef well
PS « public supply

Or = dralnage $ = stock
Ow = dewstrering T = test

| = Industrial U = unuted
In = Institutional

Romarks :

Vell nusber = PASNY = well number assigned by Power Authority of the
State of Mew York,
Od = observetion well
PR = prassureeralief woll
R = residential well used for observetion
YP « wall finlshad with screenad well point
ensl, * chemicel anelysie In this report
€l = chloride content In perts per milllon
dd = drovedowm
9pm = gollont par -lmu
28 « noticesble edor of hydrogen tulflde
Inedoquate = reporied [medequate by ownor
log = grephicel log Ia this report
LS = lond surfece
pt © pumping test dete en (lle, U,8,6,8, olllco. Albony, B, ¥,
rT = tesperature, In dogroes Fehrenhelt, reported by emer
selty = selty to taste
T « temperature, In degrees Fohrenhelt, msosured by V,8,6.8,




LOCATION
. ~~'.No. B

NFSS GROUNDWATZiR MONITORING SAMPLES

LOCATION

TABLE 3.5.

TAKEN FROM

1-9

On-Site

Off-Site
Off-Site
Of£f-Site

Off-Site

Wells at 28!
depth

French drains
outlet

Drinking Water

Well

(Drinking Water)

Well at 25'
depth

Water well

Well at 25°
depth

FREQUENCY

Quarterly

Quarterly

Quarterly

Annual (end
of March)

Annual (end
of March)

Annual (end
of March)

Annual (end
of March)

REMARKS

Wells sur-

rounding the
R-10 residue
storage area

Sampled from 8"
concrete pipe
from French
drains under
Building 411

Sampled from
water tap
on site

SCA
(water tap)

"Wojcik"
(water tap)

*Jowdy"
(water tap)

"Waddell”
(water tap)
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Figure 3.6, On-Site
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NIAGARA FALLS

Off-Site Groundwater Sampling Locations

Figure 3.7.




with onsite and offsite locatlions shown'in Flgures
3.6 and 3.7, tespectively. Groundwater 18 sampled
at nine onsite wells around the R-10 residue storage
area at a depth of approximately 28 feet (sampling
points 1-9). Groundwater draining into two French
drain outlets from under Building 411 is collected
at points 13 and 14. Sampling point 15 i1s an onsite
water tap served by a municipal supply while point
16 1s an offsite water tap served by the same
municipal main after it passes through the NFSS,
Sampling points 17-19 are from offsite wells which
are approximately 25 feet in depth.

Analyses were performed for total uraniun,
uranium-238 activity, radium-226, and gross alpha
and gross beta activities by NLO. _Curtently.
sampling is being conducted by Bechtel for total
uranium and radium-226. The results of these
analyses are presented in Tables 3.6-3.10. Nearly
all observed radium-226 concentrations have been
below the DOE guide 1limit of 30 pCi/l for water in
uncontrolled areas. The only exception was in the
samples collected from sampling points 2-4 and 6 in
December 1974 (Table 3.8). The DOE concentration
guide 1imit for uranium-238 in uncontrolled areas is
2 mg/l., Uranium concentrations have consistently
been reported below this limit. Two exceptions were
collections from sampling points 13 and 14 in June
1980 (Table 3.6).

In 1980, Battelle Columbus Laboratories (Anderson,

et.al 1981) collected water samples from monitoring
wells at the NFSS periphery and in the R-10 residue
storage area. The location of these wells is shown
in rigures 3.8 and 3.9, During May, June and August
1980, saturated zones (Table 3.11) were sampled and
cdncénttqtions ot‘iéf&} urghiuﬁ‘and radium-226 4n




Table 3.6 NFSS Totsl Urenium (mg/1) in Groundwetoer

Sampling Polnt

1977 0.003 0.220 0.004 0.004 0.480 <0.003
0.007 0.004 <0.003 <0.003 0.100 <0.003
1978 <0.003 <0.003 <0.003 <0,00) 0.720 <0.003
0.005 0.020 0.006 ©.008 0.430 0.003
0.00% 0.004 0.008 0.009 0.780 <0.003

0.004 0.004 0.004 <0.00) 1.400 <0,003 <0.003 <0.003

0.009
0.020 0.006 0.004 0.003 0.580 <0.003) <0,.003 <0.003

0.010 0.003 0.007 1.000 <1.003

<0.00) 0.020 0.008 <0.003 1.100 <0.003
0.00$ 0.003% 0.010 0.007 0.2)0 <0,003
0.010 0.010 0.00% 1.000 <0.003
0.00% 0.00% 0.00) 0.900 «0,003 <0.003 <0.00)

1980 <0.003

0.010
0.004 0.00% 0.003) 0.003 4.100 <0.003

0.008 0.007 <0.00) 0.00% 0.500 <0.003
<0.00) <0.00) <0.003 1.400 <0.003
<0.003 <0.00) 0.004 0.6%0 <0.003 <0.003 <0,003

1981 <0.003
<0.003
<0.00)
<0.00)

0.004 0.0086 <0.00) 0.260 <0.003

<0.00) 0.003 <0.00) .0.080 <0.00)3

1982 <.l).OOS ’ 0.010 <0.00% 0.008 0.1%0 <0.00S%
0.008 <0.003 <0.00% <0.00% 0.240 <0.00% <0.00%

0.006 <0.00% <0.00% <0.00% 0.110 <0,00%




Date

Jun

Sep

Jan

Apr

Jun

Oct

Jan

Apr

Jun

Oct

Jan

Mar

Jun

1977

1978

1979

1980

'NFSS U-23

W

‘T§b19‘3.

Samp;ing.Pdinf :

7

Bfﬂctiviﬁf (§01)1)Lip'6roupdwétét 

3 4 5 6 8 9 13 14 15 16 17 18 19
1 1 1 173 1 153 206 1
2 11 2 1 1 33 40 1
1 1 1 1 1 1 239 206 1
2 1 1 3 7 3 143 93 1
2 1 3 2 1 3 259 213 1
1 3 2 2 1 1 465 598 1 1 1 1 1l
3 1 2 1 3 2 332 332 1
7 1 1 1 2 2 193 200 1 1 1 2 1
l 1 1 2 7 1 366 333 1
2 2 1 1 2 2 77 70 1
1 1 1 1 3 2 333 366 1
3 1 2 1 3 1 300 250 1 1 1 3 1
1 1 1 1 2 5’1365 1432 1

2 167

180
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Sampling Po!nt

Apr 1972

Nar 1970

Apr 1974

Apr 1975

Apr 1976

Jan 1977

Jen 1978

Jan 1979

Jan 1980

Jan 1981

Sep

Jen 1982

xS Mo Semple

Source: KLO Inhouse Report

. faviconmentel Monitoring at the Niegare Falle Etorgse Fite, Site Corcespondence te B, VW,

Neutz from J. ¥- Eaglert (Jume 30, 1981).




Teble 3.9 MFSE Groes Alphs (pCl/1} in Groundwater -
Snnpllni ?;lﬁt

? 8

1035 855 313
9 94.5 90

9 67.3 38.3%
H 4,3 400.3 . 450
<4.5 S <4.3 JI31 297
° <4.83 <4.3% 1213 1260

? 22.5 22.% 162 184,53

27 13.3 1.3 <4.8 583 292.8
13.3 9 13.3 4.5 310.3 k3 Y
<4.% <e.9 <4.5% 3 1710 la8%
<4.3 13.3 9 720 763

1012.5* S571.5% 1260* 245

is 18 s8s
4.3 358.3

103.8
88
265.3
12¢
85.93
10
112.3

.
w

Apr 1972
Jun

Sep

Dec

Har

Jun

Oct

Dec

Apr

Jun

Sep

Dec

Apr

Jul

Sep

Dec

Ape

Jun

Bep

Jan

Apr

Jun

Sep

Jen 1978
Apr

Jun

Qct

Jan

Apr

Jun

Oct

Jan 1980
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Jun
Oct
Jan
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Sep
Jan
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¢ Aversge Value
«¢ Last sampling for Gross Alpha (pCi/1l) by Bechtel Betiomal, Iamc.
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Table 3.10

WFSS Gross Bets (pCi/1) In Groundwater

Sempling Point
7 (] 13 16 17 18

sS4 13.5 13,8 18.0 13.% 13.%

18 87.5 18
13,5 38 13.3
18 3.8 13.3
<135 22,8 <«3.s <13.3 <13.3 <13.5%
<13.3 388 27
<13.5vee 72 <13.3
<13.3 3. <13.%
22,3  22.8 18 <13.5 <13.3 18
<3.s 313 <13.3
31,8 <13.3 <13.3
101.3* 313 <13.3
<13.3 18 <13.3 13,3 <13.3 <13.3
<13.s 18 <13.3
<13.3 27 , <13.%
<13.3 <13.3
22.3 <13.% <13.3 <33 18
s <13.3
18 <13.3
<13.3 <13.3 :
18 <13.3 <13.3 <13,% 31.%

»e
LB ]
.
“

« . . -
LYY )

-
L N IR Y V]

o
L B N I I I N PP

o
-
“

<6.1 <6.1
<8 <10

Aversge Value
Last ssmpling for Gooss Beta (pCl/1) by Bechtel Natleasl, Isc.

Recheck Values
NS Mo Sample
01108
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Location

e - Table 3-11. EaEE
"Depths'oﬁjSatu:atédfzbhéé“indfWells‘A£‘%hé NFSS

gSaturated Zones
(ft)

Depth of Well

(ft)

Periphe:y
' N10.0
N10.0

E7.0
E10.0

N O W8.0

N1.0 W26.0
N4.0 W29.0
N7.0 W30.0

N10.0
N10.0
N12.0
$14.0
$18.0
$21.0
822.0
826.0
826.0
$36.0

1842.0

R-10 Area
815.0
815.0

-817.0
820.0
. 820.0
 ‘5?0105
£ 820.0
821.0

w8.0

W17.0
w31l.0
wls.0
wls.0
W7.0

Wwle.0
W7.0

wl8.0
W1l8.0
w1l8.0

W13.0
W17.0
W13.0
W10.0
W13.0
W15.0
W17.0
W13.0
W9.0

14-16
4-20
14-36

>20
6-20
4-20
16-26
14-34
10-22
14-36
8-36

12-16 18-20 24-28
12-18
6-10 32-36

8-22

14-16
8-20
6-20

>20

30-32

6-10 16-22
6-14  16-20

4-20
18-22
12-14 .

36-40

(bedrock)

(bedrock)
(bedrock)




$22.0 W11.0
$22.0 W14.0
822.0 W17.0
824.0 W9.0

$24.0 W11.0
$24.0 W14.0
$24.0 W17.0
$26.0 W9.0

$26.0 W11.0
$26.0 W16.0
$27.0 W17.0
$29.0 W17.0

Source: Anderson et al.

8-16
18-20
8-18
8-10 16-20
12-14
10-16
6-20
>20
a-8
0-2  6-30
8-22
20-22

(1981)




B [

~3,0 Ground Water szrologx

\3.1 Charaéteristiéshof‘thévboéil‘craﬁha Wéééf §yéféﬁ>'

Within Nliagara County, ground water is present within both

Pleistocene surficial deposits and the underlying Silurian

and Ordoviclian bedrock. The more productive aquifers are

generally found in bedrock formations, although soil

deposits are capable of supplylng adequate ground water for

domestic uses.

The bedrock beneath the NFSS is the Queenston Formation.
The Queenston Formation consists of shales and siltstones
which are generally less permeable than other surrounding
bedrock aquifers. The major zone of ground water movement
is the weathered and fractured zone located in the upper
few feet of the formation. Well ylelds from the Queenston

‘ shale-siltstone are typically less than 7 gpm; however, in
unweathered portions of the formation, well ylelds are
estimated to be less than 1 gpm (Johnson 1964).

Soil deposits within Niagara County primarily consist of
clays or silts with occasional sand and gravel lenses.

Tiese deposits are not considered an important source of
water because of their low permeability and limited areal

extent.

The two most significant water-bearing zones within the
soil overburden onsite include intermittent brown sand
lenses found in the brown glacial clay and the brown
sand-silt with gravel found bgneath the gray IAcustrine

~ clay and above the glacial till. The intermittent sand
lenses are not considered a cbhtinuoud'Aﬁuifer;{ﬂThoy
probably represent a lo;;eslot isolated lenses or;ﬁ series

of lenticular strean chanhel doposits.




' Deep soil monitoring wells (approximately 50 feet 1n depth)
are 1nsta11ed at the NFSS 1n the 1nterm1ttent brown sand
lenses. Shallow soil monitoring wells (29 6 - 31 5 feet in
depth) are sampled in the sand-silt zone. The location of
these wells is 1nﬁ1cated in Figure 3.1. Water levels from
the deep and shaliow aquifers are listed in Tables 3.1 and
3.2, respectively. Contours of the plezometric surface for

these units are presented in Figures 3.2 and 3.3.

The upper brown sand unit i1s recharged by percolation of
meteoric water. The lower gravelly sand-silt unit is
confined by the overlying gray clay and the underlying red
ti11. Recharge of this lower unit is by leakage through
the overlying sediments and by upward migration of connate

water from the underlying Queenston Formation, especially

where the red till 1s not present.

Ground water discharges to the Nlagara Rlver and Lake
Ontario both of which are hydrologic sinks. In the NFSS
area, the movement 18 generally to the northwest. Local

discharge iR also to streams crossing the Ontario Plain.

Aquifer Characteristics

Aquifers of limited extent and yleld are present in both
the non-indurated deposits and bedrock beneath the NFSsS.

The discontinuous brown sands are present within the
glacially derived brown to red-brown clay. These sands are
not considered a true aquifer. They range from 1 to 9 feet
thick. No information 1s available on the hydraulic
conductivity or yield of these sand deposits. Varliable
heod‘tield potncubility tclts‘wezo conducted in these
sands. Permeabilities ranged from 2x10"° to 2x107°

cm/oec (Acres American, Inc. 1981).




8

i

|

H
&

L i — — —

B S




“'SOIL BORING .~~~

'DEEP SOIL MONITORING WE

" SHALLOW SOIL MONITORIN

WELL R
ROCK MONITORING WELL

LIST OF STRUCTURES

40l - DISMANTLED BOILER &
(BORON) PLANT BLDGS.

402 = INFIRMARY BLDG,

403 .= OFFICE 8 GARAGE

408 - COOLING TOWER BLDG,

409 - ORIGINAL FIRE RESERVOIR
(UNUSED)

410 = F-32 & MIDDLESEX SAND
STORAGE

411 = L-30 RESIDUE STORAGE

412 = ACCELERATOR BLDG,

413 = L-30 RESIDUE STORAGE

414 -~ L-50 RESIDUE STORAGE

416 - GATE HOUSE

423 - MOTOR VEHICLE GARAGE

430 - SUPPLIES WAREHOUSE

434 - SILO

. CALTLE AARDEN ROAD

FIGURE 3.1

OLE LOCATI

(
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TARLE 3.14 . (Continued)

VALUES ABOVE
DETECTION LIMITS (PPM)

VALUES BELOW
DETESTION LIMITS (PPM)

ELEMENT N® MEAN STD DEV. MIN, MAX. N® MIN, DL%%® MAX. OL®®
PRASEODYMIUM 0 i7 JokS5E=-(Q3 beLWS5E=03
CERIUM 6 2.16E-03 &4.68E-0 1.73E-03 3JI.03E-03 11 1.73E=-03 2.0LE=-D3
LANTHANUM o 17 JebS5E~-03 belbSE=-D3
BARIUM 17 {.19E-01 B8.65E-02 2.30E-02 2.96E-01Q 9
CESIUM ] . i7 5¢19E=06 9.28E=06
I00DINE 12 S.76E-02 5.52E-02 1.73E-02 1.73E-01% 5 8.63E~-03 bo38E=-02
TELLURIUM 0 i7 1e15E=02 1.W8E=-Q2
ANTIMONY 0 7 JebS5E=03 bobSE=03
TIN 3 1.69E-0% 2.25E-01 1.,208E-02 GL.O09E-01 1b 1.15E=02 2o43E~02
- INOIUM 0 — 17 1.73E-03 2:22E-03
CAOMIUM 0 17 Jeb5E=92 1.19E-01
SILVER 0 17 173E=-CG3 bolbS5E=~0J
PALLADIUN 0 b4 1.45E-02 2.bBE=Q2
RHOODIUM 0 17 3eSE-C3 PolbiE-03
RUTHENT UM 0 17 {.15E=-02 LebBE=-02
MOLYBOENUM 6 L1e2UE-02 S5.17E-03 6.41E-03 1.,86E~-72 11 S¢76E~03 1.32E=02
NIOBIUM 0 17 Je67E=-03 6.19E=02
YTTIRIUM 0 17 2e31E=0J be3BE=03
STRONTIUM 17 GLoS3E40N0 3J.L1E¢C? &L.91E-01 1.04EeQ1 ]
RUBIOIUM 17 T7e8L€E-03 Te66E-(3I 6,91E-04& 2,L9E=02 0 .
BROMINE 17 7+31E=01 5.26E-01 9.76E-02 1.7CE+0Q0 ¢
SCLENIUM 0 17 ke 0JE~D3 3.44E=02
ARQSENIC 3 1,20E<02 6.,43IE-03 5.76E-03 1,86E=32 14 1.95E=03 cei9E=-02
GERMANI UM 0 : 17 6.125=C3 b.JAE=]C




TABLE 3.14.

(Continued)

ELEMENT

VALUES ABOVE
DETECTION LIMITS (PPY)

N®

MEAN

STD DEVe.

MIN,

MAX.

DETECTION LIMITS (PPM)

VALUES BELOW

N.

MIN. OL®®

-

MiX. OL®**

GALLIUM
ZING
copPPER
NICKEL
COBALT
IRCON
MANGANE SE
CHROMIUM
VANADIUM
TITANIUM
SCANDIUNM
CALCIUNM
POTASSI UM
CHLORINE
SULPHUR

PHQSPHORUS

SILICON
ALUMINUN
MAGNESIUM
SOOIUM
FLUORINE
BORON
BERYLLIUNM
LITHIUM

i
17
17

3

6
17
17
17

0

1

]
17
17
i7
17
17
17
11
17
17
16
17

0
17

3.07E-03
1.63E400
5¢36E=-02
2.27E-02
1.lE-02
3.54E~01
9.12E-01
3.90€E=02

1.92E-01

5.89E4+02
1.06E401
3.61E¢00
6+95E402
2.85€=-02
G.59E+00
1.24E-01
3.39E402
2.62€4¢02
1.30E-01
1.15€-01

2.12€-01

«E+00
2.16E400
70695'02
1.29E-02
2+65E=-02
8.21E-01
1.1 7€E400
1.80E-02

«E+D0

5«16E402
8.87€+0C
T.9CE+QU
Se31E+02
Lo02E~02
1.01E+01
TebWE=-D2
1.70€¢02
1.10€E¢C2
1.03E~-0U1

9.72E-02

1.16€E-01

3.07E-03
1.15€-01
6+06E~DJ
1.24E=02
1 424LE=-D03
1.QBE-02
5.85€-02
T«66E~-03

1.92e-01

1.15€+02
1.2AE+00
2¢60E-02
2e45E¢02
boeBLE-03
3.20E¢00
J.u5E=-02
SeT6E0L
T.69FE¢01
Ce30E-02
6.L0E-03

6.91E-02

3.07€-03
7T.L1E+00
Jel9E-01
J«TiE=02
6.39E=02
J.46E400
3.9GE®0D
T+93E=-02

1.92E-01

2e22E403
JeW0E4DL
Je3JES0L
2¢22E403
1.,78E-012
bob2E*0L
2.31E=-01
T.blE®Q2
Se.11E¢02
2+96€E-01
Je96E=J1

bsWSE-D1

16
0
G

16

(oS
-

- pe pe
ONg ~NO OO

[
D NMO DO MTOO0OOCOO

2+88E=-03

S.76E=03
Se7TE=04

6.91E=06
1.15€E~02
1.15E=02

f.97E=-02

Z.b?E-OZ

1155=06

3.71E=-03

1.46E=02
1.15E=-03

bo“SE-UJ
SeT6E=02
2. T2E=D2

8.76E=02

2.6TE=02
1.68E=T0

*N = NUMUER OF VALUES QUT 0OF 17 SAMPLES.

$2CL = DETECTION LIMITS FOR AN ELEMENY ON A SAMOLE-BY=-SBMPLF RASES,

Source:

Anderson et al., 1981
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TABLE 3.15. SUMMARY RESULTS OF SPARK SOURCE MASS SPECTROSCOPY OF
SATURATED ZONE WATER SAMPLES FROM THE R-10 RESIDUE AREA

VALUES BELOW
DETECTION LIMITS (PPV)

MAX. N®

VALUES ABOVE

DETECTION LIMITS (PPM)

MEAN STO CEV. MIN. MINo OL®® MAX, OL®®

=z
[}

ELEMENT

URANIUM
THORIUM
BISMUTH
LEAD
THALLIUM
MEFCURY
GoLD
PLATINUM
IRIOIUM
OSHIUM
RHENIUM
TUNGSTEN
TANTALUM
HAFNIUM
LUTETIUM
YTTERSIUM
THULIUM
ERBIUM
HOLMIUNM
DYSPROS IUM
TERDIUM
GADOLINIUM
EURQPIUM
SAMARIUN
NZOOYMIUM-

DO OO0 00O OOO0AQPRO0MNMOOOMm aaY

1.52E-01

1.60E=-02
2.81E-01

1.60E-01

3.81E-01

5¢20E=-03
+E+00

S«73E~03

1.06E-02
2.81e-01

1.60€E-01

1.16E¢00

2+5CE=02
2.81E-012

5¢32E=03
1.06E=02
5¢32E=-03
1.158=02
1.15E=02
2eL3E=C1
5.32E=03
1.06E=92
{.06E=02
‘2013E=-C2
i1.06E=-02
1.06E~02
5¢33E=02
i1.06E~-02
5¢32E=03
L1.06E=02
Se32E~-03
1.06E-C2
$5032E=03
1.06E=02
J¢2JE~-03
1.06E=12
1.06E=C¢2
1.06E=02
JtipE-CZ

8.95E~-03
1.73E-D2
6.95E=03
1.0JE=02
5.08E=02
3.58E=01
8.95E=-03
1.79E=0Q2
10795’02
J«S58E=02
1.79€=02
1.7%E=02
bo7IE~01
1.79E=02
8.95E=03
1.79E=02
B¢95E=03
L1.79E=02
B8¢95E=~03
1.79E=02
Se3TE=03
1.79E~02
1.79€=02
1.79€=02
5.,37€=02




TABLE 3.15.

(Continued)

ELEMENT

VALUES

ABOVE

DETECTION LIMITS (PPM)

VALUES BELOW
DETECTION LINITS (PPM)

HEAN

STD Dev.

MIN,

N®

HIN. OL®=®

MAX. DL®®

PRASEODYMIUM
CERIUM
LANTHAN UM
BARIUM
CESIUN
IODINE
TELLURIUN
ANTIMONY
TIN

INDIUM
CAGMIUM
SILVER
PALLAOI UM
RHOD1UM
RUTHENIUM
MOLYBOENUM
NIOBIUH
ZIRCONIUM
YTTRIUM
STRONTIUM
RUBIOIUM
BI OMINE
SELENIUM
ARSENIC
GERMANI UM

2.03E-03
1.13E-01
3¢53E-02

5.53E-02
7.18E-03

9.51E=-03
SeJ3E=02

3.15€E¢00
5.23E-03
5.23E-01
1.06E400
T.75€-03

5¢13E~-06&
1.07E~-01
9.8C0E-G3

1.0&E-D2
«E400

5¢62E-03
«E¢00

2+83E40)
6.12€E-03
5075E‘°1
+E00
T.53E-03

1.72E-03
20 38E-D2
1.7E=-02

~.79E-°Z
Tel18E~-D3

Se73E-03
Se33E-02

Ce13E-C1
639E=00
T«99E=-02
1.06E¢00
1.,74E-03

J.bb6E-03
3.69E=-01
o 79E-02

6.26E-02
T.1PE-D3

10755'02
5.33E=02

1.12€¢01
2.81E-02
2.62E400
1.06E400
1.91E-02

i3

7
i8

0
i8

9
i8
19
16
17
i8
ie
18
ie
i8
i1
18
i7
i6

e

0

0
17
13
i8

3020E=03
1.60E=-03
3.20E=-C3

5022E=06
5¢53E=13
1.06E=02
3.20E=03
1.06E-02
1.60E=53
Je20E=C2
1.60E=23
1.06E=-02
3.29E=C3
5¢32E=03
$¢32E~-03
3e20E~-03
5¢73E~03
2e35E=03

%.01E=13
1460E=1%
5e71E=13

- a————

5¢3TE~-D3
2+.69E-03
5.37E-03

8.98E=-0&
308“5‘02
1.79E=02
5.37€E=03
2+35E=02
2+69E=-03
1.13E-01
6.21E=-03
Je19E-02
7.02E=03
$.79E-02
8.,95E=03
?+98E~02
1.60E=-02
5¢37E=03

be12E=02
2.15E-02
e 79E=02

-
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TABLE 3.15.

(Continued)

ELEMENT

VALUES ABOVE
DETECTION LIMITS (PPM)

MEAN

STD DEV.

MIN.

VALUES BELOW
DETECTION LIMITS (PPM)

N®

HIN., OL®®

MAXe.

DL2s®

GALLIUM
ZINC
COPPER
NICKEL
COBALT
IR ON

MANGANE SE

CHROMIUM
VANADIUM
TITANIUHN
SCANDIUM
CALCIUAH

POTASSIUM

CHLORINE
SULPHUR

PHOSPHORUS

SILICON
ALUMINUMN

MAGNLSIUM

SOL UM
I LUUZLINL

BOKON

PERYLLIUM

LITHIUM

18
18
18
18
13
16
iR
1o
18

0
1%

1.29E4+00
1.92E=-02
boW2E-D03
1.91€E-02
6.00E-01
1.09E4¢00
be6UE=-02

S.81E¢02
S.B84E*DC
T.0E-Q1
LoTUE #02
2+22E=-02
9.18E4¢00
1.135F-01
2+17E 402
1.58E€402
heQ%EL=-02
1.08E-01

10735‘01

1.55E+C0
1.42E-02
2421E~03
J.uJE=-02
7.“9E'01
1.40€¢08
J.LUE=D2

LeB83E402
5.21E¢C]
G.63E~01
5.53E¢02
1.96E=02
1.10E+01
9025E'02
L.38E%02
1.14E402
heWl=07

1.12€-01
1.27e-01

1.23E-02
2.96E-03
2.86E-03

'1425E=03

3.13E=-02
1.67E-02
3.LLE=-D3

2+.66E+01
1.18E+00
3.1QF=02
1.19E+0G1
be58E-03
be79E-01
JebBE-02
1.076¢02
1.,065F=01
2.8 W02

5¢91E-03
6.39E-02

6.L1E400
6.15E=02
5.99E-03
7.98E=02
2.6HE*D0
L.T3E*Q0
1.11€=-91

1.60E+03
2+39E¢01
L.L11E*DU
1.97E403
6.33E=-02
b.76E¢01
2.87E=J1
6.62E¢)2
beGuteD2
Qo=
GLo7LE=01

be79%-01

i6
9
0
16
i3
0
t
0
15
i3

o
(2 ]

: Land
O OMOVO O VOO OO OOoO

1.60E-C3

5¢93E~03
Se33E=Cl

JekbE=0b
1.16E=02
1.06E=32

6.93E-32

PelPFPe}?
{106E=30

2.11E=02

bo43E~02
B.9SE~Ch

be79E=23
1.15E=01
J+19E=-02

1.07E-01

J.6RE=0?
1.79E=006

= NUMBER OF VALUES OUT OF 18 SAMPLES,

sspL =

Source:

Anderson ot al., 1981

T e i m————————— 1 we

DETECTION LIMITS FOQ AN ELEMENT ON A SAMPLE=-RY-SAMPLS PASIS.




" pH AND ALKALINITY DATA. FOR, GROUNDHATER'

Alkalinity (ppm)

Well b iype Starting .
Number of Well pH Carbonate Bicarbonate Jotal®
‘ Pumped Samples
BH-30A Shallow soil 7.45 0 450 460
BH-40A 7.34 0 417 417
BH-47A 71.65 36 294 330
BH-50A 7.74 28 . m 403
BH-648 7.61 36 334 360
BH-16 Deep soil 7.76 16 116 132
BH-40 .71 10 90 100
BH-47 7.43 30 280 310
BH-50 7.9 14 64 78
BH-59 7.84 26 121 147
BH-61 7.83 14 105 119
BH-43 7.94 12 1) 3
BH-64 7.71 26 3N 337
BH-12 Rock 7.89 10 3 43
BH-57 7.43 12 1.3 56
BH-62 7,93 10. 34 44
* Bsiled Samples
BH-30A Shsllow soil 7.46 36 59 95
BH-40A 7.34 0 306 Jos
BH-47A 8.05 8 35 43
BH-50A 7.76 20 252 272
BH-648 7.89 1C 83 93

®No hydroxide was detected in any sample.
(ORNL, 1981)

*Data collected snd enalyzed by ORNL es part of resesrch sctivities on the

migration of low level radionuclides.

b. See Figure 3.1 . for well location.

Source: Acres American, Inc., 1981

t
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" Table 3.17.
GROUNDWATER QUALITY DATA AT NFSS®

b Concentrat ion {ppm)
Medde  oFRan Hq De Ne Al fe H Ho s P 50t

78 0.041 <0.5 <0.01 <0.00 0,13 <0.010 4,7 0.10 210
110 0.0J0 <0.5 0,12 0.0y 0,003 0,016 5.7 0.21 920

nli-30A Shallow soil

DIl-40A

Bl-a7A 74 0.038 120 0.02 <0.01 0,15 0.0J0 4.6 o.1¢ 1,050

O11-50A 4 0.058 <0.5 <0,001 <0.01 0,25 0,013 4,0 <0.01 720

BH-64D 96 0.033 <¢0,5 <0.01 <0.00 0.11  <0.010 6,9 <001 $10

88 0.0%8 49 0.06 <0,01 0,51 0.042 4.3 0.14 1,070

nl-16
0i1-40 70 5. 0.084 <¢0,5 0.12 <0.00 0,12 0.021 4,8 0,06 900
DIl-47 5.8 0.027 150 0.26 0,00 0,25 0.018 6.2 0,13 1,070
=50 86 4.6 0.069 20 0.09 <0.01 0,65 0.027 a,2 0,14 1,120
Bil-59 68 2.8 0,052 <0,01 <001 0,14 0,020 4,7 0,08 éno
DI1-61 86 a.6 0,053 8 0.08 <0.01 0,05 0.023 5.7 0.12 1,130
DIl-63 96 8.2 0.024 56 0.12 <0.01 0.24 0,16 40 0,11 1,020
Nil-64 86 2.4 0.040  <0.5 0.00  <0.00  0.04 0,015 5.6 0,11  4A0

n-12 flock 40 1.2 0.020 950 0.33 <0,0% 0.4 0.022 1.6 a.10 2,410

01157 46 >0 1.0 0.026 650 0,29 <0.01 0,5 0,021 1,2 0,10 1,460
nil-62 12 300 6,4 0,008 200 0,22 <0.01 0,40 0,013 2,1 <0,01 2,360

(nnnt., 1901)
. Uol:n collecled and enalyzed by ORNL ee parl of ressarch activities on migrallon of low Jevel redionucl ldees,

I, See Figqure 3. 1. for well location.

Sourere:  Acres American, Inc., 1981
1




Observed concentrations of sodium and calcium ‘
euggest;that groundwater 1n the soil. overburden 15

‘less mineralized and softer than the groundwater in
rock. Groundwater (: the upper soll zones and the
lower soil aquifer are similar in chemical

characteristics.

However, groundwater in the deep soil zone and
Queenston shale, is significantly less alkaline than
groundwater in the shallow soll zone. Groundwater
in the Queenston shale is more mineralized than in
the soil aquifers due to high concentrations of
sulfate, chloride, calcium, and sodium (Acres
American, Inc. 1981).

———

Off-site water chemical analyses include 1977 data
for the SCA Facility (formerly Chem-Trol) located
north of the NFSS (Acres American, Inc. 1981), 1979
data collected at the Modern Disposal Landfill
property located east of the NFSS, (Acres American,
Inc. 1981) and data collected by the State of New
York in the early 19608 (Johnson 1964). This
information is presented in Tables 3.18-3.20. The
major chemical constituents in the lower soil
aquifer-Queenston Formation which are generally
present 1in high concentrations include chloride,
sulfate, iron, and manganese. The high mineral
content in these waters is thought to be a result of
the mixing of connate water with recharge waters

trom‘upper strata (Johnsoh 1964).




oo o mmE 3ass
X cﬁo’un'omm ._00,“117? DATA® FOR THL.. SCA . FACILITY

Haxlmun Kinamum
Parsmeter Value Yalue
pH 8.6 7.7
Specific Gravity . 1.022 © 1.001
Specific Conductance (microshos/ce @ 25°C) 4400 370
Total Carbon (ppe) 176 18
Total Inorganic Carbon (ppa) a7 s
Total Organic Carbon (ppm 148 0
Total Dissolved Solids (ppm) 4920 420
Chemical Oxygen Demsnd (ppe) 426.5 <40
Chloride {ppn) 1586 34
Boron (ppmg 1.46 0.13
Cacniun (ppm) <0.01% <0.01
Cobalt {ppm) 0.03 <0.01
Chroaium (p 0.03 <0.01
Copper (ppm 1.2 <€0.01
Iron (ppm) 15.4 0.14
Nickel (ppm) 0,15 <0.01
Manganese {(ppm) 11.0 0.3
2inc (ppm) 3.5 0.08
Selenium (ppm) 0.009 €0.00%
Arsenic (ppm) 0.005 <0,003
Mercury (ppm 0.001 <0.00%
Sulfate (ppm) 1060 475

. (WEHRAN, 1977)

® Samples collected from an interval which includes the lower soll squifer,
the red till and the upper portions of the Queenston Formation.

Source: Acres American, Inc., 1981




OR THE MOOERN DISP

DSAL LANDF

Maximum

. Hinimum
Parsmeter Value Value
pH 8.43 7.80
Chloride (ppa) . 457 16,2
Specific Conductance (micromhos/ce @ 25°C) 5480 1150
Total Orgenic Cerbon (ppm) 430 6.5
Total Solid Iron (ppm) 0.15 0.02
Asmonia (ppm) 4.5 0.26
Nitrstes {ppm) 1.14 <0.01
Nitrites (ppm) 0.01 <0.01
5-Day Biochemical Oxygen Demand (ppm) 420 8,2
Chemical OxygentDemand (ppm) 475 32.7
Total Kjeldahl Nitrogen (ppm) 230 0.83
Sulfates (ppm) 2840 320
Alusinua (ppm) 0.4 0.2
Arsenic (ppm) 031 < 0015
Trivalent Chromium {ppm) <0.003 €0.002
Hexavalent Chromium (ppm) <€0,01 <0.01%
Copper (ppm) 0.003 <0,002
Lead (ppmpgm o1 <0.02
Mercury (ppm) 0,5 <0.5
Potassium {ppm) 46 4,2
Sodium (ppm) 1000 20
Methylene Blue Active Substances (ppm) 3.8 <1.5
Phenols (ppm) 0.014 <0,003
Calcium (ppm) 340 40
Silver (ppm) 0,007 <0,002
Total Coliform (MPN/100 ml) 2400 €0
Alkalinity (pH = 8.5) (ppa CaCO;) 2773 68.4
Total Solids (ppm) 146000 2033
True Color (Pt/Co Units) 1% 2.5
Total Hardness (ppm)(CaCOy) 6380 680
Tota} Phosphorus (ppm) 0.022 <0,001

(WEHRAN, 1979)

® Samples collected from en interval which includes the lower soll equifer, the
red till end the upper portions of the Queenston Formation.

' Source: Acres American, Inc., 1981




Table 3.20. Off-Site Groundwater Chemical Analyses

Rerdnass
{ev Cotty)

.
-

i
]

»
»

Chierlda (C1)
Fluwries (r)

Gate of
celloction
Yoter-besring
eateriat
Sitice (8107)
Catclum (Ca)
Fograsium {ny)
Potassium (K)
Ofssolved sofldy
(resieve ot 180°¢C)
Spacific conducte

Cepth of walt
(foet)

Vicartonets (KO,)

!

3

BB A1 1.0, Cu 0, 1a 0,2, PO, @

&
w

BIRE D) o 1708
BIRE 3 1Y) 117 ed

) 1/ 160
3118931 /1S
31385981 Vivae

-
~

og
o[ og
g
o

w

hanad Bl §3 €0y 12, A) 0.1, In 0,0
haaad ul 22 €0y 23, AV 0.6, Cu @, In 0, ", 0.}

£
£
2

* See Figure 3.4 . for well locations.
** cece Table 3.4 . for water-bearing material identification.

Source: Johnson, 1964
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. . - APPENDIX A :
NIAGARA RIVER WATER QUALITY

The Niagara River flows in a northerly direction from the east end
of Lake Erle to Lake Ontario, a distance of about 37 miles. The

Niagara River drainage is approximately 1,700 sgq. mi. Average flow
of the Nliagara River 1s about 202,000 cfs (Vincent and Franzen 1982).

Both the New York State Department of Environmental Conservation
(NYSDEC, 1982) and Environment Canada (1981) have monitored the
chemical quality of the Niagara River at 1ts discharge into Lake
Ontario. PFigure A-1 shows the locations of these monitoring sites.

New York's monitoring site 1s at Fort Niagara in Youngstown, New
York. The NYSDEC (1982) analyzed samples for conventional water
pollutants as well as prilority pollutants. Results from the
conventional pollutant testing are listed in Table A-1, Of the
priority pollutants tested for in 1981, only two (dichloromethane
and chloroform) ever had levels above the detection limits (Personal
communication, Kurcher 1982). These detection limits are listed in

Table A-2.

Canada's monitoring site 1s at Nlagara-on-the Lake in Ontario.
Environment Canada (1981) has been measuring trace metal levels in
the Niagara River since 1975 (Table A-3). Copper and iron were the
only metals found to frequently exceed the 1978 Great Lakes Water
Quality Agreement (GLWQA) objectives (0.005 ppm and 0.3 ppm for
copper and iron, respectively). Exceedences were also observed, but
less frequently, for other metals such as cadmium, chromium and
nickel (0.2, 50, and 25 ppb GLWQA objective limits, respectively).

PCBs, organochlorine pesticides, dioxin, hydrocarbons, and
radionuclides have been monitored at the Niagara-on-the-Lake
sampling site since 1979. The results of these tests are summarized
in Tables A-4 - A-6. The maximum observed concentrations of PCBs,
dieldrin, <« BHC, Ychlordane, endrin, and HCB were higher during 1980
than in 1979 while the maximum concentrations of lindane, heptachlor
expoxide, and«-endosulphan were lower in 1980 than in 1979. Dioxin
was not detected in any of the water samples analyzed. Maximum
concentrations of alkanes, halogenated aliphatics, aromatics and
halogenated aromatics were generally greater in 1980 than in 1979.

In contrast to the water samples, PCBs, pesticides, ahd metals were
more frequently detected in suspended sediments from the river.
Occurrence of these substances in suspended sediments\at the
Niagara-on-the-Lake sampling site are shown in Tables A-7 and A-8.
Concentrations of PCBs, HCB, lead, copper, and zinc are the most
significant although there are not presently any water guality
objectives specifically applicable to suspended sediment.




LABORATORY TEST DATA SUMMARY - INDEX PROPERTICS OF SOILS

OWG’:’ | fwle1.1.

Aver age Allsrberqg Limitle tnilled
“ Sample Nalurel PTasti= Specific  Soil
Deplh Waler Liquid Plastic cily cfr';::’w _lr.‘l‘“::-
Semple “Interve]l  Content  Limit Limit Index ] » cat fon
Designet on (re) w(%) " "o In Symbal Solle Deecelpt lon

' A 35 16 2 16 12
6234-80- 0 3.5 17 Y 1 16
IV T 23 32 2 Y

I I T 22 )2 17 "

Brown nn= to coeree sendy clty; trace Fine grevel

Grey sllty 't 'sy,.trece fine to coerse vend, trace fine gri
" L]

6254-80-1 9 7-9 18 )3 18 195 Brown silty cley, trece fine to coerss send end grevel
-13C 7-9 18 J6 19 17 o n
=184 17-19 7 )5 19 16

Beow elity cley, trece Fine send
-148 17-19 Jo 39 20 19 L "

Crey slity cley, trece fine to coeran sand
Gray clay, some sllt, trece Fine sand and grevel 4
Red clayey eilt, some fine to cosrse sand, trace Fine grevy

22 2223 agga

-80-5A 29-31 » &2 22 0
6 =% 29-31 4) % 2% Jo

-6A J1.38,9% - 18 12 ]

=)
3

Brown cleyey allt, come Fine to coaree send, trece Fine g

B0-1PA - [ 13 18 16 2
6254 Beown fine Lo cosree sendy ellt, trece fine Lo coeres grevy

-10C 4-6 15 10 17 1

6254-B0-17A 28-30 25 3L 18 16
-178 28-50 28 3 20 17

6254-80-7A . 1-9 - 36 18 18
«7C . 7.9 17 n 18 19

Cray slity clay, soms fine to coeres send, trace flne gr f |

Brown lll.l'y cley, eome fins Lo cosrse sand, trece (ine qrw

6254-B0-104 © 1012 19 n 17 15 Brown elity cley, 2oms Pine to coerse sand, troce rlm'qr Y
-1 -~ 10-12 16 30 % 18 » M ,
-121) 24.26 » a0 20 n

«12C : 20-26 26 )» 18 17

Geay eilly cley, trece Fine Lo coeree mand
Grey »illy cloy, eome fine Lo coerse sand end grevel

Brown eiity clay, enme Fine Lo coeree sand and grevel -
Neown silly clay, Leace Fine to corrse sand, trace fine ¢
Geey allly cloy, some Fine Lo coerse eand, Lrece line gt
Ceay oiily clay, some Fins Lo coeres sand end qeevel
Grey ulllz cley, teece fine Lo coatee send

-B80-20A 35 16 3% 18 17
624 U 3% 15 % 19 7

<214 . 1313 19 23 (1} ®
<218 1)) 2% 3 ” 19
<224 . 23-2% 27 an ) 2y
«22C . 23-2% 28 &0 m m

62%54-80-29 2-4 16 3o 1" 0
«26A 8-10 23 ”n 1] 0
~25A 1616 25 33 18 1

Prown elily cley, rome fine uhd. trece medivm to coerse
feown eilty clay, oome fine Lo coerse mand end qravel
Geey ollty cley, Lrace fine Lo contee ennd, troce fine ge

frown ellly cley, Lrece Pine Lo coarre pand end qgreve}
frown ellty cley, trece Tins Lo coarse eand
Cray cleyny lll(. eame (ine Lo coocne smd, Lrece Flne gt

6254-B0-26A = 3.5 18 at 0 21
2718 - 9-11 P24 36 e 18
-28A -2 2 22 3] 7

[ 8
M
a
(A R
(a8
a
a
2 8
a
a
aQ
o
a
(2}
o
a
a
a
a
(v}
a
vy

a

* Boring locations may be found in Fiqure 1.3
Source: Acres American (1981)




DC? (L(OS‘ : Table 1.1 Contd.

LABORATORY IEST DATA SIMHMARY - ENGINCERING PROPERTIES OF SOILS

= he Dimengionol Lonsol idat ion
Unified tlTect- Void
;Sample Soil Natural  Specific Degree Inilial Dry ive Over- Precon- Compros Ratio at
. -Depth Classi- Water Gravily of Sat- Void Unit burden solidetion sion Swelling . Start of
Sample " “Interval fication Conlent of Solids uration Ratio Weight  Stress Stress Index Index Swelling
Designation . (ft) Symbol w(%) G S(%) o r(pcr)  Pe(tar)  P.(tef) Cc Cs e

0.13 0.020 0.3
0.16 0.0)5 0.3
0.23 0.065 0.364
0.20 0.050 0.397

0.16 0.045 0.389

0.20 0.040 0.547
0.30 0.075 0.464

0.24 0.060 0.53%
1.00 0.140 0.%12

0.0% 0.010 0.307
0.0% 0.010 0.3%8

0,27 0.080 0.8
0.29 0.070 0.467

09 0,463 114 0.26
i3} 0,50% 108 0.26
97 0.628 104 L2
100 0.592 106 .21

.
-0

6254-B0-1A X5 1%.4
-10 S 2% 12.4
<A 31-35 22.7
-8 335 22.0

.
.

.
N~ On
o e D

93 0.545 m 0.44

.
-d
w

6254-80-128 7-9 18.5
-13¢ - 7-9
-16A = 17-19 a0
-148 -0 17-19 27.3

0.750 99 0.77
N 0.014 94 0.1

(X - At et A O

.
~ w4
A

99 0.813. 95 1.14
98 1.224 19 1.14

Bl-18  6258-B0-5A . 29-31 29.2
-8 29-31 82,5
Bll-26  6256-BO-1BA Q-6 13.0
-18C  4-6 14,5

.
.
O O v ~NO & ©

.
(<o -2} D~
@~ N~

95 0. 304 0.32
%0 0.429 0.32

95 0.710 1.1
0.746 .1

25,3
20.5

PN NN NN NN N NN
Do
O~

st N - RV N o>
.

Bl-J0  6254-BO-17A  28-30
; -170 28-30

BH-34 6254-B0-7C 279

Bt 37 6254-B0-10A  '10-12
-100 10-12
-120 24-26
-12C 24-26

0.1% 0.397
0.325 0.654

6254-B0-20A . 3.5 0.13 0,362

<20C T Je5

«21A 1)-13
=218 . 1J.15
-22h  23.25
«22C 23-25

6254-80-230 2.4
-28A 7 B-10
<25 18-16

0.20 0.399
0.22 0.343

0.09 0.3%3
0,19 0.433
0.19 0.40%

0.19 0.8t
0,16 0.)93%
0.2 0.386

pa paapRR fape R Pp ER

UH-71 6254-B0-26A 3.3
-1 . 9-11
<20A - 19-20

o
LN




Bulk Densztytrt)

Range 119. 7 137 9. PCF:

‘§1b/ft3):
Mean 130. 4 PCF (lb/ft

Gray silt and clay.

Dry Density (Yg3)

Range 79-110 PCF (1b/ft3)
Mean 98.2 PCF (lb/ft )

Bulk Density (Y¢)

Range 112.6-131.8 PCF 5lb/ft3)
Mean 124.2 PCF (lb/ft

1.3.4 Particle Size Distribution

A total of 33 particle size distribution tests were
performed as part of the Acres American Inc. (1981)
investigation. A summary of the particle size
distribution for the surficial soil and brown clay are
shown on Figure 1.4 and for the gray clay ana red siit

‘ on Figure 1.5. The individual grain size curves are
contained in Appendix F-1 of tne Acres American, Inc.
1981,

1.3.5 Atterberqg Limits

Brown clay

Liquid Limit (LL) = 33
Plastic Limit (PL) = 18
Plasticity Index (PI)




Liquid Limit (LL) - =
Plastic Limit (PL) "
Plasticity Index (PI)

Red silt

Liquida Limit (LL)
Plastic Limit (PL)
Plasticity Index (PI)

1.3.6 Soil Classification

USDA:

The USDA classifications of the site surface soils
according to the Soil Survey (United States Department
of Agriculture, 1972) are as follows:

0"-10" Silt Loam
10"-60" Silt Clay Loam and Clay

NNOTE: The Soil Survey designates the NFSS as made land,
it was assumed the site soils are similar to
those surrounding the site.
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"The USCS classifications of the NFSS soils are as
follows: e o

Surficial soil ML

Brown clay CL

Gray silt and clay CL-CH

Brown sand and gravel GP, SP, SM, ML
Red silt ML

Porosity, Specific Gravity, and Void Ratio

Brown clay
Porosity
Specific Gravity
Void Ratio

Gray silt and clay
Porosity
Specific Gravity
Void Ratio

Permeability

The Acres report contains data from both field and
laboratory tests. The testing included both falling
head and constant head permeability tests. The results
of the field tests are divided between the "Upper Soil
Horizons® (Table 1.2), and the "Lower Soil Agquifer"
(Table 1.3). The mean permeability in the Upper Soil

. Horizons is: / i e s D

2.64 x lofsicm/seqf;_f{f




l. 3.9

h”theiLqWer'SOil A§ﬁiféf,is:

3.74 x lo'svcm/sec

The laboratory pérmeability tests were divided between
the brown clay and the gray silt and clay. The
laboratory tests were all constant head tests witn a
head differential of 50 psi. The resulting average
values are as follows:

8

Brown clay: 3.42 x 10°° cm/sec

Gray silt and clay 7.34 x 1078 cm/sec

Soil Strength

The shear strengtn of a soil is defined by the equation:

S = c + o tan§
where ¢ = cohesion
# = angle of internal friction

For a clay soil for total stress conditions/— 0
therefore, for the clayey soils at NFSsS

The laboratory tests indicated the following:

Brown clay: =~ = 85 = 2900 psf
Gray silt and clay: S = 800 psf




1.3.11

‘Consolidation

A total of 24 consolldatlon tests were perrormed on the
site soils, 13 on the brown clay and ll on the gray silt
and clay. The results of the tests are containea in
Table 1.4. The individual test results are shown in
Appendix F-2. (Acrgs American, Inc., 198l1) The test
results are as follows:

Brown clay

Compression Index 0.15
Swelling Index 0.04
Preconsolidation Stress 4.25 TSF
(Tons/ftz)
Overconsolidation Ratio 13

Gray silt and clay

Compression Index 0.31
Swelling Index 0.07
Preconsolidation Stress 2.42 TSy

. (Tons/Et2)
Overconsolidation Ratio 3

All of the compression tests were run only in initial
compression and decompression (swelling) and not in
recompression. As a result, recompression index values
are not available. However, recompression index values
are normally similar in magnitude to the swelling index.

Volume Stability

The near surface soils at the NFSS are classifiea'
basically as ML and CL,soils. Soils of th‘se types




SUMMARY OF FIELD PERMEABILITY TESTING IN THE UPPER SOIL HORIZONS

;!ent
Borehole | Interval | Soil [~ Ria Permesbility®s Dete of | Duretlon

Number (feet) Clessificstion® cm/nec lest Heimin,
%

BH-30A 13.1.18.0 Cley with occaszionel send lensed _ 7x 10 e/11/8¢ 1144
BH-38 11.0 S11t/Cley interflece No ELake ) &/22/8% 17:10

BH-&0 15.2 Send No teke s/2i/et 005 Thin lene within
cley leysr

QILYHOLHOINI NVIIHINY S3uIY

5 S/22/81 0128 Thin send lens

o2 Teel .

BH-40 25.0 Fine to med. send cley InterfacH ‘2w 107

BH-404 10,9-15.7 | Clay with occeslonel send lcnmJ Ix ll)'s é/3/8¢ 207

BH-48 11.0 Yery thin send lens in cley No take 8/12/81% 15:15 Yoty thin send
lens

b

BH-49 1.0 Send/cley interface 7x 10 $/19/81 0181

BILAIA | 13.6-18.5 | Clay with siity send 15.5-12.0° 22 1078 | eomr | esiae

BH-50A 14,1-19,0 Send with occesionsl silt zones - & w“ -¢/10/81 49132

BH-S8A | 13.1-18.0 | Cley with ellt zone 12.8-13.0' 121078 | wym 1100

BH-68A 11.6-16.3 Clay with occeslional send rones
$-7 inches thick sx 107 | 11080

3

6/19/61%

BH-71 1.0 Siity send Iu 107

® for Detalled Sol) Strstiqrephy end Clessificstion, see Boring Loge Appendix A.
% Permasbilit ins celculsted sccording to procedures oullined in NAWAC (M.7 -
(U.S. Dapstiment of Lhe Navy, 191'3.

Source: Acres Amcerican (1981)
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Tehle 1.3 R :
. SIMMARY OF FICLD PERMEABILETY (ESTING IN TIE lMl SOfL AQUIFLR

Test lype of Test '
intervel Soi) "Hising TalTing Pormosblility®s Detle of Duret lon -

(feol ) Clessificet ion® Hand {inad cm/vec fest Heimin,
3

27.2-41.8 | Cley, slit, weslhered bedrock SERI) 3/12/81 10

]

21,8-36.5 | Cley and send 1w 0 6/2/8% 1100

5

31,6-45.6 | Cley, send, wasthersd bedrock 22 10 5/14/8% 7:00

QILVHOJHOINI NVYIIHIANY S3YIV

S

16,3-31,0 | Cley, send end elily send ax 10 6/¢/81 0:49

b

24,8-38.3 | Siit, grevel, westhered bedrock Sx 10 $/13/81 0123

H

20.4-82.7 | Cley, sand, sillt &x 10 s/18/81 2136

3

25.8-40.5 | Clay, send, siity ssnd T otw 10 6/1/81 0120

6

oH-66 | 33.4-42.6 | Cley, send, siity sand 9w 10 | 7t/ | 20026

® For Detalled Soll Stratigrephy end Clessificst ion, see Boring Loge ix A,
®0 Pormesbi)ities calculsted sccording Lo procedures outlined 1n NAVFAC DM-7

(0,5, Depaclmunt of the Nevy, 1971].

Source: Acres American (1981)




'would be classxfled ezther F3 or F4,_wh1ch are’ tne
highest levels of frost- susceptlble 50115.

The swelling index of the brown clay and gray silt ana
clay is 0.04 and 0.07, respectively. It is important to
note that both the brown clay and gray silt and clay are
overconsolidated which would limit the settlement of

these layers upon loading.

Compaction Relationships

There is no information available in the existing
literature regarding the compaction relationship of any
of the site soils. Work currently being performed at
the site in relation to the dike construction
surrounding the R-10 spoils pile could provide some

information regarding the compactability of the brown

clay.

Chemical and Mineral Properties

Limited data is available on the chemical and mineral
properties of the site soils. The following information
was taken from Anderson et al (19dl).




LABORATORY [EST DATA SIMMARY - [NCINEERXNG PROPERTILS OF SOILS .

o Une Dimensional Lonsol Idat ion -
RS Unified ’ ElTect - - DR Yoid
. Sampls Sail Natura} Spacific Degree Initial Dry - - jve Over- Precon- Compres- “ Retio at
: Depth Classi- Waler Gravity of Set- '~ Void Unit burden solidation =sion Swelling .Start af -
Sample Interval fication Content of Solids wuration Ratio Welght  Stress Stress Index Index ~ Swelling

Designation  (ft) Symbol w(%) G S(%) e, r{pcr) Pe(ter)  P.(Lsf) Cc Cs e,

0.13 0.020 0.331
0,16 0.035 0.371
0.23 0.065 - 0.)64
0.20 0.050 0.397

0.16 0.045 0.389

0,20 0.040 0.547
0.0 0.075 0.46%

0.24 0.060 0.%35
1.00 0.140 0,512

0.0% 0.010 0.307
0.0%5 0.010 0.358

0,27 0.080 0.368
0.29 0.070 0.467

2.68 89 0.463 114 0.26

4.80-1A -5 CL 15.4
s8-8 - -5 CL 17.4 2.73 81 0.505 108 0.26

0
-3\ J1-35 CL 22.7 2.7) 97 0.628 104 1.21
-3 31-35 cL 22.0 2.69 100 .0.592 106 1.21

18.5 . 93 0.545 11 0.44

27.1 2.73 0.730 99 0.77
21.3 N 0.814 94 0.77

29.2 99 0.81) 95 S 1.14
42.5 98 1.228 79 1.14

\A\A:-l“
Q=00

6254-80-1J6 7-9
-13C 7-9
-14A 17-19
=140 17-19

~ D o
. o

.
QL O &0 ~NNO O

BH-14 6254-B0-5A 29-31
=50 29-31

13.0 95 0.384 0.32

4-BO-1BA  4-6
BI-26  6254-8 18.5 90 0.429 0.32

-18C 4-6

25.3 95 0.710 .1
- 2805 0.746 .11

BH-30 6254-B0-17A 28-30
-170 28-)0

o o N s
*

BH-34 6254-B0-7C 7-9
0.%46 0.13 0.035 0,397

0.997 0.325 0,136 0.654

BH-37  6254-D0-10A  10-12
-0 10-12
120 28-26
-12C 24-26
BlI-55  6254-B0-2MA 3-5 0.486 0.13 0.060 0.362
-20C 3-5
~21A
-218
~22A
-22C

0.567 0.20 0.035 0.299
0.647 0.22 0.065 0.343

0.447 0,09 0.0)0 0.355
0.632 0,19 0.0%5 0.43)
0.6%5 0.19 0.040 0.405

0,508 0.19 0.060 0.J)01
0,999 0,16 0.0n% 0.395
0.708 0.2% 0.050 0.306

6254-80-230
=24A
=257

BH-71 6254-00-26A
=218
-20A

$Ae amn ppanep 2peR f oRa FE 2R pRap

o




LABORATORY TEST DATA SUMMARY - ENGINEERING PROPERTIES OF SOILS (Cont'd.)

Undrained Compressive Strength ’
Unified Shear Lonfin-
R Shear Confin- T
ample Soil Nstural -Specific  Dry Unit Strength ing Strain Natural Specific  Dry Test
. Depth Classi- ¥ater Gravity Weight - ¥-1; Pressure Rate Water Cravity Unit Preasure
- Sample Interval fication Content of Solids r £ T in/ "Conteat of Solide Weight Head bility -
Designation  (rt) Symbol w (%) G {pcr) (psf) (psr) in/min w(%) [ y(pel)  allpsi) (cn/sec)

- - - 50
15.8 2,73 107 50

21.2 2.69 107 50 2.8 x 10-8
12.4 2,75 m 50 9.4 x 10~?

Lonstant Head Permeabilily Tesfs

6254-B0-14 3.5
10 . 3-5
S3A L 31-35
<38 - 31-35

epap

6254-B0-138 1-9
-13C 1-9
=144 17-19
-148 17-19

2.13

2.73
2.73 31.4 2.13 91 50 1.3 x 10°8

6254-B0-5A  29-31 3.7 2. 82 50 1.4 x 10~8

-58  29-21
6254-B0-18A 4-6 13.3 - 2.67 Invaelid te
-18C  4-6 : ‘
2,67 3.2 x 1078
2.66 5.4 x 1078

8.7

2.69 10-9

6254-B0-17A  28-30
-178 28-30

6254-B0-7C 7-9

6254-D0-10A  10-12
-108 10-12
-128  24-26
-12C  24-26

2,69 2.2 x 1078
2,75 2.0 x 10°8

6254-B0-20A 35
=20C )5
-21A 13-15
=210 13-1%
220 23-25
=220 23-25

2.73
2.76
2,69
2,70

2,69
2,1

BH-T1  62%4-BU-26A  3-5 2.70
-2 9-11 ; 2,67
-28A 19-21 QLML LN

BH-65 6254-80-23B 2-4
«24A 8-10

254  14-16

CL
a
CL
a
a
(o)
ML
[ B
L
L
a
a
(al
a8
a
Q
a
a
a
L
a
(o]
a
a
u E
a

* Boring Locations may be found in Figure 1.3
Scource: Acres American (1981)

.
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8.28
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2.75
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Soil Distribution Map

A surficial soils distribution map of NFSS is shown on
Sheet #27 of the Niagara County, New York Soil Survey
(U. S. Dept. of Agriculture, 1972). The map shows tne
actual site area as made land. the soil to the north,
west, and south is classified as soil unit Ma (Madalin
silt loam) and to the east the soil is classified as
soil unit RbA (Rhineveck silt loam, 0 to 2 percent
slopes). Botnh units are part of the
Rhinebeck-Ovid-Madalin soil association. A detailed
description of this soil association can be founda in the
New York Soil Survey (U. S. Dept. of Agriculture, 1972).

Soil Erosion

The soil Erosion Factor (K) =~ indicates the
susceptibility of a soil to sheet and till erosion by
water. Estimates are based primarily on percentages of
silt, sand, and organic matter and on soil structure and
permeability. Values of K range from 0.05 to 0.69. Tne
higher the K value, the more susceptible the sdil is to
sheet and rill erosion by water.

Soil Lazer

surficial Soil
‘ Browpzc;éy B




The K- factors were calculated‘by using the s
properties contained in (Acres American, 1981 and U. S.
Dept. of Agriculture, 1977) and the 801l-erod10111ty
nomograph developed by W. H. wischmeier, C. B. Johnson,
and B, V. Cross in 1971,

Wind Erodibility - Each wind erodibility group is made
up of soils tnat have similar properties atfecting their
resistance to wind erosion. The surficial silty loam
soils present at the NFSS would be part of a group of
soils that would typically b: highly to moderately
erodible by wina action. The underlying silty clay loam
and clay would be moderately erodible by wind action.

Critical Velocity - Typical critical velocities for clay
soils range between 80 to 100 cm/sec. The critical
velocity is that velocity at which runoff will begin to
erode and transport soil particles.

Engineering Parameters

Engineering parameters of tne brown ana grey clay units
are indicated in Table 1.5. Additional onsite
geotechnical studies are being conducted by Becntel at
NFSS. Data and/or results will be provided to Argonne

when tney become available.

1.4 Seismology

1.4.1

Tectonic Provinces

The principal tectonic divisions within 200 miles of the

‘Niagara Site are shown in Figure 1.6.

The NFSS lies within the Central Stable Region. This
region has been described by . Eard ey'(1962)’as a region
consisting of a veneer of. sediments overlying "




Téble 1.5

RANGE OF VALUES OF ENGINEERING PROPERTIES FOR THE BROHN’CLAY AND GRAY CLAY UNITS i

BROWN CLAY

GRAY CLAY

Test
Parameter

Range of
Values Medlian Value

Range of Values Median Value

Coefficient of
Permeability

"k (cm/sec)

Ory Unit Weight
Y (]bS/Cf)

Standard Penetration
Resistance - blows/ft

Moisture Content
w (%)

Undrained Shear
Strenyth%™s/2 (PSF)

Preconsolidation
Stress, Pc-Tsf

Compression index, Cc

a4 x 1077 to 4 x 1078

2 x 1077

108 to 122
10 to 47
13.0 to 27.2

991 to 4,268

3.0to 7.0
0.05 to 0.20

Source: Acres American (1981)

1x108 to

- 8 x 1078
2 x 10'7

" 79 to 107

J to 2U
14.2 to 42.5
6580 to Y62

1.7 to 3.6
0.1y to 1.00




TPrecambrian crystalllne rocks that haveVbeen formea 1nto
azches, baszns, and other structures prlmarzly as a -
result of .Paleozoic epe1rogenic act1v1ty. The Central
Stable Region extends from the eastern Appalachlan
Mountain Chain to the western Rocky Mountains, and from
the Canadian Shield in the north to the onlapping
Cretaceous and Tertiary sediments of the Coastal Plain
in the south.

To the north of the site (at apout 100 mile at its
closest approach), the Canadian Shield is cnharacterizea
by a vast expanse of Precambrian rock. Its upiana
surfaces are uniform in height over large areas and
represent an old erosion surface. The extensive surface
rises 1000 to 2000 feet above sea level north of the St,.
Lawrence River ana Lake Superior.

Approximately 160 miles east-northeast of the NFSS, the
Adirondack uplift exposes shield-type Precambrian rocks
flanked to the nortn and south by younger sedimentary
rocks. The uplift is a zone of high-angle faulting
along the southeastern edge of the Canadian Shield.
Tnis circular zone, with a radius of 75 miles, contains
many faults., A west-trending fault and graben zone
penetrates the snielda and separates the Adirondack
Uplift from the Canadian Shield.

North of the Adirondack Uplirt is the western part ot
the St. Lawrence Lowlands. The rocks in the lowlands
are Paleozoic limestones, dolomites, ana sandstones. It
is a rift valley in which major block faulting has
occurred (Fox, 1970).
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“Free Fluoride _

{Ammonia

Nitrito

Nitrate
Chloride 21,00 Th e LT S
; “Phenols <0 . OO R R e e e e e e e o
; V pH 7 . 9 O e T T TR E R B
Total Suspended Solid 3.0¢ - ' z scumran = T s e : yoe
! 1-Day BOD
3-Day BOD
5-Day BOD o e
w 7-Day BOD 1.70= — -

Kjeldahl Nitrogen

Fecal Coliform
¢1o0ML) 230.

Alkalinity 99.0 "I LT emnene s

Temperature (°C)

! Conductivity . 295. ‘ : " -
' (micromho/cm) -

Dissolved Oxygen

Total Phosphate

coD

SOURCE: Department of Envircr==

at Fort Niagara, Youngstown

01178
12723782
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o EASRE -

.- UNIAGARA RIVER WATER QUALITY AT YOUNGSTOWN, NY -

h k. L ot o e, S
~ - o L 2781 3/81°  4/81 5/81 6/81 . 7/81 8/81 9/81.

'

free Fluoride ~ <0.100 0.100  0.100 — 0.100  0.100 0.100 0.100 . 0.200 - 0.100 . 0.100

Ammonia 0.070 .0.035 0.030 0.050 0.070 0.050 0.030 0.020 €0.020 0.020 <0.020

Nitrite. <5.00 <5.00 5.00 10.0 10.0 10.0 10.0 <5.00 -10.0 10.0 5.0
Nitrate , . 0.300 0.275  0.350 0.300 0.250 0.200 0.100 <0.100 <0.100 0.150 . .0.,250

Chloride . 21.0 16.0 17.0 17.0 18.0 18.0 17.0  18.0 18.0 21.0

Phencls - "~ €0.001 €0.001 <0.001 <0.001 - <0.001 o.ooi;,f 6!bo; 0.002  ¢0.001

pH ~ -~ 7.90 7.50 8.10 8.30 8.20 - o 8.30 7.40

Total Suspended Solid 5.00 - 4.00 4.00 8.00

1-Day BOD 0.10Q 0.300 0.200
; .
3-Day BOD 0.800 1.20

-

5-Day BOD
7-Day BOD
Kjeldahl Nitrogen

Fecal Coliform R
¢JioonL 230. 50.0 77.0 <10..0  230.

Alkalinity ' 99.0 102. 87.0 97.0 105,

Temperature (°C) 0.000 1.75 2.00 14.0

Conductivity 295. 276. 245, -
(micromho/cm)

15.4 14.4 15.2 9.20 9.20 8.80 9.00 11.8 -

Dissolved Oxygen 15.8
Total Phosphate 0.0319 0.044 0.029 0.029 0.019 0.023 _ 0.013, 0.002 - 0.146

coD 6.40 6.20 4.80 10.0 $.60 $.60 - 13.0 8.70 14.0.

" SOURCE: Department of Environmental Conservation.

at_Fort Niagaras, Youngstown. Mater Quality Surveillance Network. (July, 1982).

01178
12723782




DL‘"CTI;N,LIMITS PCR‘PRIORITY POLLUTANTS

NEW YORK S4%=2=Z UEPARTHENT OF ENVIRONMENTAL CONSERVATION

Pollutant DETECTION LIMIT (ppb)* -
Chloromethane 16.
Chloroethene 18.
Chlorocethane 21.
Dichloromethane 6.
1,1- Dichloroethylene 13.
Bromomethane 16.
Trans 1,2 D1 Ci Ethene 13.
l,1 - Dichloroethane l6.
1,2 - Dichloroethane -
Chloroform 3.
1.1,1 - Trichloroethane 5.
Trichlorofluoromethane 6.
Carbon Tetrachloride 4,
Bromodichloromethane -
Benzene 4.
Toluene 11.
Ethylbenzene 3.
CIS 1,3 Dichloropropene 8.
1.2 - Dichloropropane 6.
Chlorobenzene 8.
Trichloroethylene 4.
1. 1, 2 - Trichloroethane 4.
Tetrachloroethene 4.
l, 1, 2, 2 - Tetra Ci Ethane 9.
Dibromochloromethane 6.

Bromoforn

* Pollutant levels were below the detection limits for all samplings
done for the Niagara River at Youngstown in 1981 except
dichloromethane which was present in the Oct. 1981 sample and

chloroform which was present in the Sept.

1981 sample.

Source: New York State Department of Environmental Conservation.

Conventional and Priority Pollutant Levels for the Niagara River at
Fort Niagara, Youngstown. Water Quality Surveillance Network.

(July 1982)




MEAN ANNUAL TRACE METAL CONCENTRATIONS (ppm)

PARAMETER/YEAR 1975 1976 1977 1978 1979 1980
incomplete

19 51 . 48 43 39 41

NO. OBS.

ALUMINUM .085 .100 .082 .082 .115 .155% ) :
CADIUM <.001 <.001 <.001 <.001 <.001 <.001 Z
CHROMIUM .003 .002 .003 .002 .001 .005 |
COPPER ~.004 .007 .010 .005 .006 .003
IRON .128 .177 .214 .282 .336 .391
LEAD .002 .002 .002 .002 .001 .001
MANGANESE .005 .011 .007 .015 .011 .024
NICKEL .002 .003 .004 .002 .003 .003
ZINC .004 .005 .007 .006 .004 .005

® 1980 Data set includes data from Jan. 3 - Oct. 7, 1980

SOURCE: Environment Canada. Environmental Baseline Report of the
jagara River - Nov. 1981 Update. Ontario Review Board. (November

16, 1981)




'NIAGARA RIVER ATfNIAGARA ON-THE~LAKE'

CONCBNTRATION RAVG&'(ppb . OF:PCBs/,
: AND DIOXIN‘”

ORGANOCdLORINL PESTICIDES,

1980

Parameter

Range

Aldrin
Dielarin
- BHC
‘BHC
Lindane ( =-BHC)
- Chlordanel¥

- Chlordane

- DDT+rietabolites
Endrin
Heptachlor

Heptachlor
expoxiae

Hexaclorobenzene

(d4CB)

Mirex

ND-0.020
ND
ND=-0.001
ND-0.003
ND
ND-0.002
ND
ND
ND
ND-0.003

ND

ND-0.010

ND

ND-0.032
ND
ND-0.0U5
ND-0.005
ND
ND-0,001
Nv
ND-0.003
ND
ND-0.009

Nb

ND"O.UO&

ND-0.005

N




Parameter ‘( Range

Thiodan I ND-0.003
(-- -Endosulphnan)

Thiodan II1 ND
(E-£Zndosulphan)

Dioxin

N Number of samples
n Number of samples witn detectable concentration or compound.

ND Not detected (below detection limit)
- = Not available

SOURCE: Environment Canaua. Environmental Baseline Kedort of toe
Niagara River - Nov. 1931 Update. Ontario Review Board. (Novemver 1o,

1981)




_.».NIAGARA RIVER AT NIAGARA ON THE LAKE.‘
'5CONCENTRATION RANGE (ppb) -OF HYDROCARBONSG

1§79f

1980

Parameter

N .

n

Range

n

Range

Alkanes:
Hexane
Pentane
Alkenes:
Methyl pentene
Aliphatlcs
Halogenated aliphatics:
Carbon tetrachloride
Bromoform
Chloroform
Chlorodibromomethane
Dichlorobromomethane
Dichloroethane ‘
Trichloroethane (1,1,1-)
: ‘ Trichlorotrifluoroethane
Dichloropropane
Methylene chloride
Trichloroethylene
Tetrachloroethylene
Aromatics:
Benzene
Ethyl benzene
Di-ethyl benzene
Toluepna
Xylene(s)
Styrene
Halogenated aromatics:
Dichlorobenzene
Chlorotoluene isomer-1
Chlorotoluene isomer-2
m -Chlorotoluene
trifluoride
. Alcohols:
n-Butanol
sec-Butanol
tert- Butanol
Ethers: .- :
" Ether
Di-ethyl ether
Methyl furan
Aldehydes:
-.Butanal

VWO OVYWOOOODOYYVOYOY O O

Lo e e BV JVe Y ]

\D 0 oo

‘O OV

0 O OV

w o

DBUVUVHOFRKFNNWO M

000 ONWKrHFO L

el ONHVoooﬁw

ND-<0.001
ND

ND
ND-(+)

ND-<0.001
ND
ND-0.5
ND-(+)
ND-0.2
ND-<0.001
ND-~-(+)

ND
ND-<0.001
ND-9.0
ND-0.184
ND-0.1

ND-0.263
ND
ND-0.059
ND-0.049
ND-0.03
ND

ND
ND
ND

ND-(+)

ND

ND

" ND-<0.001
.. ND-(+)

ND

S NDo

14
14

14
14

14
14
14
14

14
14
14
14

14
14

14
14
14
14
14
14

14
14
14

14

14
14
14

14
14

14

wo

WOHFOOWONNKFOO

oCouvnooom

SRR

O

'O 00D Owo

__ND

ND-<0.1
ND-<0,1

ND
ND-(+)

ND

ND
<0.001-2.4
ND-0.2
ND-0.3
ND
ND-0.4
ND

ND
ND-2.1
ND-0.1
ND-0.1

ND-0.6
ND
ND
ND-0.3
ND-0.4
ND

ND-<0.1
ND-<«<0.1
ND-<0.1

ND

ND-<0.1

ND

“ND

ND
ND




‘Isobutanal

Hexanal

Benzaldehyde
Ketones:

Hexenone
Sulphides:

Carbon disulphide

Diethyldisulphide

Number of samples
Number of samples with detectable concentration of compound.

Not detected (below detection limit which varies with
compound, but generally 1s in the range of 0.2-0.5 ppb)

(+)= Present but not quantitated

Environmental Baseline Report of the
Ontario Review Board. (November

SOURCE: Envitdnment Canada.
Niagara River - Nov. 1981 Update.
16, 1981)




'TABLE: A-6

. NIAGARA RIVER.AT KIAGARA-ON-THE-LAKE
CONCENTRATION .(pC1/1) OF RADIONUCLIDES

Radiénuclide

Gross alpha (o4 )
Gross beta ( F;)
Cesium-134
Cesium-137
Cobalt-60
Radium-226
Strontium-89
Strontium-90
Tritium

Values prefixed by "<* are dectectlion limits
- = Not available

SOURCE: Environment Canada. Environmental Baseline Report of the

Niagara River - Nov. 1981 Update. Ontario Review Board, (November
16, 1981)




SUMMARY OF TRACE' ELEMENT CONCENTRATION (ug/g)
"IN, SUSPENDED - SEDIMENT. AT NIAGARA-ON-THE-LAKE

" PARAMETER 1979-1980

MEAN N.OBS. MEAN

COBALT

COPPER

NICKEL

CHROMIUM

ISQURQE: Environment quada gnV;gggmehtal Basgi;ge Rgpoit of the Niagag

River - Nov., 1981 Update Ontario Review Bbard.l (ﬁovember 16, 1981)




: MEAN CONCENTRATIONS‘OF ‘ORGANIC" CONTAMINANTS (ng/g) IN SUSPENDED
BEDIMENT AT NIAGARA ON THE LAKE 1980 o

' PARAMETERS " No. oF N CONFIRMED nzrzcrxous
S ' SAMPLES

NO. MEAN (ng/g) ST. DEV:

PCBB (TOTAL) 24 24 642
ALDRIN 24 0 N.b.
DIELDRIN 24 : 21 4
o, BHC 24 18

¥ BHC (LINDANE) 24. 10

</ CHLORDANE 24 14

% CHLORDANE . 24 20

o,p DDT 24 8

ﬁ.p - DDT 24 18

P.P DDE 24 24

P.P TDE (DDD) 24 13

ENDRIN 24 1

HEPTACHLCR 24 0

HEPTACHLOR EPOXIDE 24 14

HCB (packed col)* 24 24 (23) 160 (51)

HCB (CAP. COL) l8 18 83

MIREX | 24 17 6
‘bV- ENDOSULPAN Y 0 ‘ <

inETHOXYCHLOR .21 o e 10

'd.znnosunrhn : f» 24  ;f?‘rj;;”"_' ey

% Ona high value eliminated
,N D., ‘Values not detected = -
‘Data’ set. from Jan § - Aug 19/1980




The wildespread occurrence of PCBs was evident from analysis of
bottom sediments collected from 9 Lower Niagara River.station in
1979 (Figure A-2). - Significant: ccntamination of sediments with
organochlorine pesticides was also detected. It was concluded by
Vincent and Franzen (1982) that tHhe lower river north of Queenston
appears to be an accumulation point for pesticide contaminated

sediments.

No chlorophenoxy acid herbicides or chlorophenols were detected in
the bottom sediments. However, heavy metals were detected in all
bottom sediments. Chromium, mercury, copper, lead and zinc
exhibited the most significant concentrations (Table A-9).

In addition to the water gquality sampling program conducted by
NYSDEC and Environment Canada, the State University of New York
College, Great Lakes Laboratory (Badorek and Frederick 1982)
conducted ambient water quality analyses at 24 sites 1in the Lower
Niagara River Basin north of Bloody Run Creek. TFlgure A-3 1s a map
showing the locations of the amblent water quality sampling
locations in the Lower Niagara River Basin. Table A-10 lists and
provides a description of each of the sites, including the reference
numbers that are associated with the information that was collected
for each site. Some of the sites include data from different
sources which all had sampling points that were in close proximity
with each other, and thus were considered to represent the same
location in the river. Information on the concentrations of
inorganic and organic substances analyzed for in water, sediment,
and suspended sediment are presented in Tables A-11 - A-22,
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 TABLE A-9

' SUMMARY OF 1979 ENVIRONMENT ONTARIO (MOE) ANALYTICAL RESULTS FOR PCBs,
ORGANOCHLORINE PESTICIDES, CHLOROPHENOXY ACID HERBICIDES AND CHLOROPHENOLS
: (ppb = ug/kg), ARSENIC AND HEAVY METALS (ppm = ug/g)
IN NIAGARA RIVER BOTTOM SEDIMENTS®##

PARAMETER MOE LOWER NIAGARA RIVER STATIONS
. Dredging 3 4 5 6 7 &
Guideline

PCBs, Total 50
Aldrin

Dieldrin

o{ - BHC

B - BHC

Lindane (¥ — BHC)
ol - Chlordnno‘

¥ - Chlordane

o,p -DDT

p.p - 00T

p.p = DDE

p.p - DDD

€0DT + metabolites
Endrih

Heptachlor
Heptachlor epoxide
Hexachlorobenzene
Mirex

Thiodan I

Thiodan IIX

01178
12723782




i "%Z”‘ ‘ © TRBLE A-9 (Cont'd) .. .
. i‘ PARAMETER MOE LOWER NIAGARA RIVER STATIONS (NL)

Dredging 3 4 5 6 7 8
Guideline ' :

2,4-D ND  .ND

2,4,5-T ND ND
2,4-D8 ND ND

Silvex ND ND

2,3.,4-
Trichlorophenol ND ND

2,4,5 -
Trichlorophenol ND ND

2‘4'6 -
Trichlorophenol ND ND

Pentachlorophenol ND ND
Arsenic 2.0 8.2
Cadmium 0.65 <0.40
Chromium 20 170
Copper 13 - 32
Lead 10 60

Mercury 0.22 0.86
Nickel 25 7.5 17
Zine: 100 150 170

ND = below detection limit
- = = no data available
S Tr = trace
wi# o orab Shioek surf




WHIRLPOOL

Source: Badorek .. -
and Frederick (1982)

BLOODY RUN CREEK

000 O ‘
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‘ff+ébfe,ﬁA410 T[féifngfbf Ambiéntuwater Qualfty Sites SltegDesé}fpt!onsv

~and Reference Numbers in Section 6

“site: Reference*

Number Number

(7)
(11,12,13,14)

(2,3,10)
(2,3)
(2,3)

(3)

(3)

(9)

(9)
(2,3)

(9)

(9)
(2,3,10)

(3)
(2,3,10)

(8)

(3)
(2,3,10)

(3)

(8)
(3)

(3)
(3)

(3)

(3)

/.

Site Description

New York State Department,Environmental Conservation,
Fort Niagara, New York, Water Quality Station 01-0001-00
United States Geological Survey, Fort Niagara, New York,
Water Quality Monitoring Station
Environment Ontario, Station NIL-2

Environment Canada Niagara-on-the-lake Station
Niagara-on-the-Lake WTP Intake

Niagara River Biomonitoring Station (Algze/Clams)

Niagara-on-the-lLake/Fort George, Ontario
Niagara River Sampling Range 1.3

Great Lakes Laboratory, Transect E, Niagzara Station

Great Lakes Laboratory, Transect E, Niagara Station
Environment Ontario Station NIL-3

Great Lakes Laboratory, Transect D, Niagara Station
Great Lakes Laboratory, Transect D, Niagara Station
Environment Ontario Station NIL-)
Environment Ontarfo Station NIL-5
Environment Ontario Station NIL-7

Great Lakes Laboratory, SCA Sample Station 31
Niagara River Bjomonitoring Station (clams) at Queenston,

Ontario
Environment Ontario Station NIL-9
Environment Ontario Station NIL-4

Great Lakes Laboratory SCA Sample Stations 32-37
Environment Ontarjo Station NIL-6

Environment Ontario Station NIL-8

Niagara River Blomonitortng station (Algae) at Niagara-
on-the-lLake/Fort Mississauga, Ontario

Niagara River Bjomonitoring Station (Fish, Algae) at
Peggy's Eddy/Joseph Davis Park, New York

Niagara River Biomonitoring Station (Algae) at Queenston,

Ontario




i.j;b!E.A?iQ(¢thfnu§4):;4,

‘Site = Reference®

Number ~ __ Number 'f:"SftE"béscrubtlbn

17 (3) Niagara River Biomonitoring Station (Fish) at Niagara-on-
the-Lake : '

18 (3) Niagara River Biomonitoring Station (Fish) at Queenston,
Ontario

19 (8) Great Lakes Laboratory, SCA Sample Stations 38 and 39
20 (8) Great Lakes laboratory, SCA Sample Station 40

(4,6) New York State Department of Environmental Conservation
- Lewiston Fish Monitoring Station

(4,5,6) New York State Department of Environmental Conservation
- Fort Niagara Fish Monitoring Station

(4) New York State Department of Environmental Conservation
- Niagara Bar Fish Monitoring Station

() Bloody Run Creek Sample Stations

% See: References - Ambient Water Quality

A% Approximate station locations. The area trawled is actually more expansive.




TABLEPrll Ambient Water Quality Data for Segment 6 - Inorganic Substances Analyzed |
(U.5.G.S. Mater Quality Station). ’ vee for 2t Sampling Site v

Concentration, mean ug/L*

Sampling Datelreference)

Parameter 1976(11) 1977(11) 1978¢12) 1979(13) 1980{14)

Total Arsenic LOL 1 1
Dissolved Arsenic LDL 1 1
Total Barium - - 50
Dissolved Barium - '
Total Cadmium

Dissolved Cadmium

Total Chromium

Dissolved Chromium

Total Cobalt

Dissolved Cobalt "

Total Copper

Dissolved Copper

Dissolved Fluoride

Total Iron

Dissolved Iron

Total Lead

Dissoived Lead

Dissolved Magnesium

Total Manganese

Dissolved Manganese

Total Mercury

Dissolved Mercury

Total Nickel

Dissolved Nickel

Total Selenium

Dissolved Selenium




TABLE A-11 Ambient Water Quality for Segment 6 - Inorganic Substances Analyzed for at Sampling Site 1

(U.S.G.S. Water Quality Station). (cont.)

Concentration, mean ug/m*
(reference)

Sampling Date

parameter 1976011 g7z 1g78(12)  4g59(13)  1gg9(14)

Total Silver - LoL LDOL LOL
Dissolved Silver - LDL LOL LOL
Total Zinc 30 28 30 23
Dissolved Zinc 10 3 17 : 13

+ - The 1976 values represent mean of 2 samples (Nov. and Oct., 1976). The Remainder of 1976 values are taken
from 1 October sample. The values for 1977 - 1980 are generally mean values for 4 or 5 samples taken
between April 1 and November of the specified year.

LDL - Less Than Detection Limit.

— - Not analyzed or not available

LT -Lless Than




®

'FTABLEpkléjhmbientrwater Quality Data for Segment 6 - Inorganic Substances Analyzed for at Samplinngite‘Z*.

Concentration, mq/1
19752 19762 19772 19782 19792 19802 1980

Aluminum 0.085 0.100 0.082 0.082 0.115 0.155 0.164
Arsenic - - - - - - L70.001
Cadmium LT0.001 L70.001 L70.001 LT70.001 LT70.001 LT70.001 L70.0002
Chromium 0.003 0.002 0.003 0.002 0.001 0.005 L70.020
Copper 0.004 0.007 0.010 0.005 0.006 0.003 L70.002
Cyanide - - - - - - LT0.010
Iron 0.128 0.177 0.214 0.282 0.336 0.391 0.165
0.002 0.002 0.002 0.002 0.001 0.001 L70.003

Lead

Manganese 0.005 0.0n 0.007 0.015 0.01 0.024 -
Mercury (filtered) - - - - - - LT0.0001
Nickel 0.002 0.003 0.004 0.002 0.003 0.003 L70.020
Zinc 0.004 0.005 0.007 0.006 0.004 0.005 L70.010

Parameter b

Not Analzyed

Less Than

Environment Canada Niagara-on-the-Lake Station
Niagara River Sampling Range 1.3

Data Source is Reference 3




0ales

TABLE p-13 Ambient Hater Quality Data for Segment 6 - Organic Substances Analyzed'for at Sampling Site 2
and Site 4

Mean Concentration, ug/t
Site (reference)

site 20205 site 48] gipe 2(2)C gipe 20302 e o(B)e il (30
1974-78 1979 1979 1980 1980 1980

PCB LT0.020 ND-0.020 LT0.020 ND-0.032 0.010
Aldrin L70.001 ND LT0.001 ND LT0.001
Dieldrin LT0.001 ND-0.002 LT0.001 ND-0.002 0.001
s - BHC L70.001 ND-0.003 0.004 ND-0.005 0.011
8 - BHC LT0.001 LT0.001 ND -

v - BHC LT0.001 . LT0.001 ND-0.001 0.004
« - Chlordane LT0.001 L70.001 ND L70.001

Parameter

y - Chlordane ‘ LT0.001 L70.001 ND-0.003 LT0.001

0,p' - DOT LT0.005 LT0.005 LT0.001
p,p - DOT LT0.005 LT0.005 - LT0.000
p,p’ - DOE LT0.001 LT0.001 - LT0.001
p,p' - DDD LT70.005 LT0.005 - L70.001
L DOT + Metabolites L70.005 LT0.005 ND -
Endrin L70.001 L70.001 ND-0.009 LT0.001
Heptachlor LT70.001 LT0.001 ND LT0.001
Heptachlor epoxide LT0.001 LT0.001 ND-0.008 LT0.001
HCB L70.001 LT0.001 ND-0.005 0.001
Mirex L70.005 LT0.005 ND LT0.001
Thiodan 1 LT0.001 LT0.001 ND LT0.001
Thiodan II : LT0.001 LT0.001 ND LTD.001
Pheno) - L71.0 ND

Methoxychlor - - - LT0.001

— - Hot analyzed or not available

ND - Hot Detected

LT - Less Than

x - Lindane onlw detected in 1974

a - Niagara River Sampling Range 1.3

b - Environment Canada Niagara-on-the-Lake Daily Station. Data from 8 January-9 September, 1980; 31 samples analyzed
¢ - Niagara-on-the-Lake Water Treatment Plant Intake. , '




JABLE A-14 Ambient Water QUéiifjfbat$ for Segment 6 - Additional Organic

"0 T substances Analyzed for at Sampling Site 2 (Niagara-on-the-Lake

Water Treatment Plant Intake). -~ ' S :
Concentration, vg/% .

(reference)

- Parameter
Sampf;qg Date

1978(2) 1979(3) 1980¢3)

Hexane ND ND .
Pentane(s) - ND ND-~0.5
Methyl pentene ND ND ND
Carbon tetrachloride ND ND ND
Bromoform ND ND-0.889 ND-0.4
Chloroform ND-Trace 8.0-20.0 - 4.1-9.1
Chlorodibromomethane ND LT0.001-(+) 1.7-5.2
Dichloro bromo methane ND (+)-20.0 3.6-13.5
Dichloroiodomethane - ND ND-(+)
Dichloroethane ND ND ND
1,1,1 - Trichloroethane ND ND-(+) ND-0.001
Trichlorotrifluoroethane - ND ND
Dichloropropane ND ND ND
Methylene chloride ND 0.147-0.400 ND-3.0

‘ Trichloroethylene ND-Trace LT70.001-0.231 ND-0.1
Tetrachloroethylene ND ND-0.340 ND
Dichloropropylene ND - -
Trimethylbenzene ND - -
Benzene ND-0.190 ND-0.324 ND-1.9
Ethylbenzene ND ND-0.062 ND
Di-ethylbenzene ND-Trace ND ND
Cumene * ND ND-0.061 ND
Toluene ND-0.200 0.100-1.90 LT0.001-0.8
Ethyl Toliuene ND ND-D.105 ND
Xylene(s) ND-0.250 ND-0.182 ND-0.2
Stryene - ND ND
Chlorobenzene ND ND-0.021 : ND
Dichlorobenzene - ND ND-0.001
Chlorotoluene (Isomer 1; ND ND ND-0.001
Chlorotoluene (Isomer 2 ND ND ND
m-Chlorotoluene trifluoride - ND-(+) ND-~0.1
n-Butano) - ND ND
sec-Butanol - ND ND-LT0.00)
tert-Butanol - ND ND
Ether ND ND ND
Di-ethyl ether ND ND ND
Methyl furan - ND ND
Butanol - ND ND-~0.1
Isobutanol ND ND ND
Hexanal - ND ND-~0.4

. ND- - ND
~ND 7

- Benzaldehyde -
ne - o e




i _TABLE A1 pobient Water Qua’hty Data for Segment 6 - Additional Organic

Substances Analyzéd for at Sampling’ Swge 2 (N1agara -on-the- Lake

Water Treatment Plant Intake)

Parameter

Carbon Disulfide
Diethyldisulfide

1978(2)

(cont

Concentratvon. va/L

Sampling Date

(reference)

1979(3)

ND-(+)
ND

1980(3)

ND-~0.1
ND

ND

LT
(+)

Not Analyzed

Not Detected

Approximately
Less Than

Present but not

quantitated




:E'TABLE A_lsAhbiént Water Quality Data for Segment 6 - Arsenic, Copper, Cyanide, Mercury and Phénol in Hétéri%ﬁd
' ' Sediment Samples. Sl

~

Mean Concentration in Water, ug/t Concentration in Sediments, mq/kq dry wéﬁ"

Sampling Site(reference) Arsenic  Copper Cyanide Mercury Phenol Arsenic _ Cyanide Mercury Phenol ¥

site 117) (1976) ; - - - 1.0 .
site 117) (1077) - - - - - 2.0 .
site 17) (1978) - - - . 4.0 .
site 107) (1979) - - 5.0 .
site 3¢9 (1980)a 0.5 .
site 4¢9) (1980)a 0.9 -
site 5(9) (1980)a LT 0.5 - . - .

site 6(%) (1980)a LT 0.5 3 ] ] ] :
site 9(8) (1980)b . 4.7:0.8  0.01:0.00 1.2:0.2  0.26:0.09

Site 1252; (1980)b, 6.0 3.2:0.5 0.35:0.53 1,2:0.2  0.65:0.85 }
site 19(8 (1980)b,c - - - - 3.2:0.3  0.060.07 0.22:0.17 0.46:0.31 §
site 20(8) (198005 - - - 3.450.1  6.69+9.07 1.22:0.99 1.63:0.58 |

Concentration in Elutriate Water, ug/t

site 12(9) (1980) - 2:2  0.3750.09 1629 .

LT - Less Than
- - Not analyzed
a2 - Data represents mean values from July and August samplings.
b - Data represents values from January sampling.
¢ -Site values represent means and standard deviations of 2 or more pooled stations,




‘=16 Concentrations' of Organic‘Cbﬁtémihéhts‘Ahglfééd‘fon,ih:wgféf':
‘_;"lﬂ_or;*Sedimgn@gatw§ite‘24‘inﬁthe'Lower NiagarauRivgr - Segment 6,

Compound | | | Site 24"

Chlorobenzenes

Chlorobenzene
Dichlorobenzenes
Trichlorobenzenes
Tetrachlorobenzenes
Pentachlorobenzene
Hexachlorobenzene

Chlorotoluenes

Dichlorotoluenes
Trichlorotoluenes
Tetrachlorotoluenes
Pentachloretoluenes
Hexachlorotoluenes
Heptachlorotoluenes

Polycyclic Aromatic Hydrocarbons and Derivatives

Methylnapthalenes
C2-naphthalenes
C3-naphthalenes
Chloronaphthalene
Dichloronaphthalene
Trichloronaphthalene
Biphenyl
Phenanthrene
Chlorophenanthrene
Dichlorophenanthrene
Trichlorophenanthrene
Pyrene

Fluoranthene

Polychlorinated Biphenyls

Dichlorobiphenyls
Trichlorobiphenyls
‘Tetrachlorobiphenyls
Pentachlorobiphenyls
Hexachlorobiphenyls




31
32
33
34

35
36
37
38

43
44
45
46
47
48
49
50
51

52
53

s
57

TABLE A-16 Con;ehtrétions?of'Or

’ﬂ"SS"'}Trich]oro(metbyl)bis(phenylmethyl)benzenesc
*fTetrachloro(methylgbis(phenyimethvl)benzenesc

- Pentachloro(methyl bis(phenylnethyl)benzenest

~ ' Bis(methylphenyl phenylmethaned

.. or Sediment at Site
F?‘Comgound Sl 2 l
Phenols

Phenol

Dichlorophenol

Trichlorophenol
(1.],3.3,-Tetramethy1buty1)pheno]

Cyclohexane Derivatives

BHC (hexach]orocyc]oheéane)
Cyclohexylcyclohexanol
Cyclohexylcyclohexanone
Phenylcyclohexane

C7-Benzyl Dekivatives

Benzyl alcohols (0-5C13d
Benzaldehydes (0-5 C1)
Benzoic acids (0-5 €1)d
Benzamides (0-4 C1)d

C]4-Benzyl Derivatives

(Methylphenyl)phenylimethaned
Chloro(methylphenyl)phenylmethanes
Dichloro(methylphenyl)Phenyimethanes
Trichloro(methylphenyl)phenyimethanes
1phenylmethy1;benzenemethanols
(phenylmethyl benzgic acidd
Methylbenzophenone

Benzoylbenzoic acidd

Benzyl etherd

C,,-Benzyl Derivatives

“‘Méthylbis(pbenyImethy1)béﬂzéheﬁd

Chloro(methyl)bis (phenylmethyl )benzenes®
Dichloro(methyl)bis(phenyimethyl )benzenest

ganic Contaminants Analyzed for in Vater
Zq‘in_tbe,Lowerkﬂiagaragniver -.S

CUsite 28T

Segnent 6. (cont

+U'IN§

[ S,

et 4 3




;’VTABLE Ar16 Concentrations of Organic Contaminants Ana1yzed for in Water or
‘ Sediment at Site 24 in the Lower N1agara River - Segment 6. (cont )

No.  Compound ; [' . site 24"
C,g-Benzyl DeriVatiye :

59 Methyltris(pheny]methy])benzenesdi | -

Fluorine-Containing Compounds

60 Benzotrifluoride +

61 Chlorobenzotrifluoride +

62 Dich]o"obenzotrifluorida +

63 3-Aminobenzotrifluoride +

64 N-(3-trifluoromethyl)phenylbenzamide 30 -301)9 +

65 Dichloro(trifluoromethyl)benzophenone 25

66 Dichloro(trifluoromethyl)-a,a~-difluorodi-
phenymethaned 15

Miscellaneous
‘ 67 Mirex +

68 Phenothiazine -

69 Phenyl ether

70 DDE(1,1'-(dichloroethylidene)bis-
(4- chlorobenzene) +

71 Methoxybenzophenoned +

72 Chloromethoxybenzophenone +

73 Chlorohydroxybenzophenone: 15

74 Aminoacetophenone -

75 1-dodecanehiol -

76 Trichloroethylene +

77 Tetrachloroethylene +

78 Hexachlorobutadiene S

79 Furan -

NA - Sample not analyzed for this compound.

+ - Compound detected in water at a level of 0.1-]1 ppb or in sediment at a
level of 0.5-2 ug/g dry weight but was not quaatified.

— - Compound not detected in water or sediment. Lower 1imits of sensitivity

are 0.1 ppb in water and 0.5 pg/g in sediment.
b - Maximum level in pg/g dry wetght 1n sediment. Same for all values presented.
¢ - Or another isomer - -
d - Structure presented in paper referenced
* - Samples taken at approximately 130 and 150 meters downstream (in Bloody
gun Creek)]from the boundary of the Hyde Park landfill. Data source is
eference 1.
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TABLE A-17Inorganic and Organic Contaminants Detected in Sediment in Segment 6, 1979

Parameter ‘ Concentration, ug/kq for organics; ug/q for metals (dry weights)

Site 17 Sited  site7 site 8

Site 9 Site 10 Site 11 Site 12 Site 13

.5 2.0 2.5 3.5 4.2 3.7 8.2 4.0 2.8 -
0.72 . 0.88 0.72 LT0.4 0.88 0.60
15. . 35. 27. 170. 25, 16.
8.8 28. . ' 16. 13.
16, 13.
0.34 0.26
17. 15.
96. .

Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Zinc

NOONMTNNOO —
* e s e 4 s o

PCB (total) . . . . . 82.
Aldrin ND
Dieldrin . . . 5,
a - BHC . . . . ND
8 - BHC ND
y - BHC (Lindane) . ND
a - Chlordane . . . . . ND
y - Chlordane . . . . -

0,p'- DOT . . ND
p.p' - DOT . ND
p,p' - DOE . . . . . 4.
p,p' - DDD . ND
L 0DT + metabolites . . . 4,
Endrin ND
Heptachlor ND
Heptachlor epoxide . . . 1.
Hexachlorobenzene . . . .
Mirex

Thiodan 1

Thiodan 11
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TABLE'A;17 Inorganic and Organic Contaminants Detected in Sediment in Segment 6;; 1979" (cont.)

paraméggﬁ , Concentration, ug/kg for organics; ug/g for metals (dry weights)
b

Site 13 Site 4  Site 7 Site 82 Site9  Site 10 Site 11 Site 12 Site 13

ND - ND ND ND
ND ND
ND ND
ND ND
- Trichlorophenol ND ND
- Trichlorophenol ND ND
- Trichlorophenol ND ND
chlorophenol ND ND

- Not Analyzed
Not Detected

Less Than
3-grab Shipek surface sediment (0 to 3cm) composite samples per station. Data source is Reference 3.

- Environment Ontario Station NIL 2,
- Environment Ontario Station NIL 5.




TABLE A—lsofganics Analyzed for in Sediments in Segment 6.*

Concentration, ug/kg wet weight

Parameter Site 92 Site 12b Site 19b
. 1980 1980 1980

DDE 19-31 14-50 12-21
00D 6-12 8-23
00T 32-66 7-17 2-12
Hirex 104 Trace-7 4-1
PCB 1242 Trace Trace
PCC 1254 Trace Trace

PCB 1260 Trace-413 227

Hot Analyzed

Data Source is Reference 8.

1 or 2 Samples Analyzed.

Site values represent mean ranges of 2 or more pooled stations.




o TAB ,Aflg Inorgénic Contaminants Analyzed for in Suspended Sediment Samp1e§ Taken‘from Vdrioug}gffég'in
, (:>CKL¥JQ,' o= Segment 6. o ) ‘ R
Paramétebv Concentration, ug/q dry weight
' Site(reference)

. (10)a (3)b (3)b (10) - (10) (10
Site 1 Site 2 Site 2 Site 7 Site 9 site 10(10)
ToTT— TT979=50) (1979] (T979) ‘11§7§T““‘

" Cadmium - 2.4 2.4 -
Chromium 39.0 3.0 -
Cobalt 6.6 6.5 ‘ .
Copper 46.0 44.0 -
Lead 80.0 58.0
Mercury - - . -

Nickel - 29.0 24.0
Zinc 380.0 177.0 163.0

Hot Analyzed or Not Available
Environment Ontario Station NIL 2
Environment Canada Niagara-on-the-Lake Station




TABLE A-20 Organic Contaminants Analyzed for in Suspended Sediment in Segment 6.

Mean Concentration, ng/q dry weight
Site(reference)

Parameter Overall Mean - Sites 1,7,9,10(2) site 2(2)a , site 2(3)a .
1979 1979 1980 -

4 493 + 30/1080 + 253° a2,
o ND

16 + 10/74 s 162° n.
19 & 1]

} 22
15
12

25

o]

PeB 137
Aldrin

Dieldrin

a-BHC

v-BHC

a-Chlordane
y-Chlordane

0,p - DOT

p,p - DOT

pPsp - ODE

p,p - TOE

Endrin

Heptachlor
Heptachlor epoxide
HCB (packed column)
HCB (capillary column)
Mirex

Methoxychlor

L ODT + Metabolites
Thiodan 1

Thiodan 11

g-BHC

—
gL wm
= z = ¢ =
ST+ I+ 1+ DTt e 1+ 1+ 1+ O I+
(3, X4, ] QoOVN g\lb\l\l
L]
[=)]
o
= 2=
+ O OO+ I+ I+

b

w e
[ee N3, ] W W

F-Y
-—
o
o
- Cad
0o

wn
o
—-—
~n

—
w
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,TABLE <A~Zfﬁon Routine Organ1c Contamlnants Ident1f1ed 1n'Suspended Sediment

Samp]es from Site 2%, Segment 6, January 1980

L3

Comgound
Chlorinated Hydrocarbons

Trichlorobenzenes 1 isomer
Tetrachlorobenzene 2 isomers
Pentachlorobenzene

Hexachlorobenzene

Polyaromatic Hydrocarbons

Naphthaiene

Methyl naphthalenes 2 isomers
Dimethyl naphthalenes 3 jsomers
Trimethyl naphthalenes 4 isomers
Tetramethyl -4-propenyl-(E)-naphthalene
Phenathrene
Methyl phenanthrenes 2 isomers
Dimethyl phenanthrenes 2 isomers
E Fluorathene
‘ Pyrene
Methyl pyrenes or methyl fluoranthenes 4 isomers
Chrysene or Triphenylene or Benzanthrathenes
Benzopyrenes or perylene or benzofluoranthenes 2 isomers

111 Alkyl Benzenes

Toluene

Cz-alkyl benzene : 1 isomer
: C3-a1kyl benzene - 2 isomers
: C4-alky? benzene 6 jsomers

v Phthalic Acid Esters

Phthalates 3-4 unidentified

b ?‘ Environment Canada Niagara on-the-Lake Station. Data extracted from
"Jgp1Reference 3. (Ministry of the Environment, Ontario 1981), Table 10




TABLE A-42 Quantification of Se]ected Resudues in Suspended Sedlment Samp]es
. from Site 2 » Segment 6, March -April 1980.

Chlorinated Hydrocarbons (ppml

1,2,4-T4CB (Trlchlorobenzene) Trace

1,2,4,5-T,(B (Tetrachlorobenzene) ~ 0.003-0.010
1,2,3,4- T4CB(tetrachlorobenzene) 0.019-0.145
Pentachlorobenzene 0.023-0.115
Hexachlorobenzene 0.017-0.064

Polyaromatic Hydrocarbons (ppm)

0.012-0.510
0.004-0.016
0.008-0.038
0.010-0.042
0.166-1.58

Naphthalene
Acenaphthylene
Acenaphtene

Fluorene
Anthracene/Phenathrene

Fluoranthene 0.173-0.942
Pyrene 0.141-0.824

Chrysene/Benzo(A)anthracene 0.105-1.51

Benzo fluoranthene(BAK) 0.193-1.08
Benzo pyrene(ALE) 0.190-1.10

No quantitation on the alkylated PAH due to lack of standards

Phthalic Acid Esters (ppm)

di-n-butyl

Butyl benzyl
Bis (2-ethyl hexyl) 5.9-107.0
Di-n-octy) 0.12-7.0

0.07-1.0
Trace

Environment Canada Niagara-on-the-Lake Station. Data extracted from
Reference 3 (Ministry of the Environment, Ontarfo 1981), Table 11.
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DATES
6-8-81 - 6-10-81 6-135-81  6-22-81  6-24-81  6-29-81 7-2.-81 7-10-81 7-15-81

305,10 312.73 .82

: 34,2 | 31a,2 31530 318.99 C 3822 3820 314,00
m#)sn 315,13 315.2 315.% 315,56 315.67 315,96 315,99 316,08 315.85
BH-40A 315.80  315.8 315.3 315,10 315.62  315.86 315.13 314 313.81
BH-47A 317.4 317.3 316,93 317,26 315.27 315.89
BH-49A 312,2 3118 311,88 312,28 311,88 319,92 311.58
BH-50A 314.0 315.5 314,82 315.23 313,58 313,88 312,53
BH-5BA 320.70 309.5 313,53 313,92 314,82 318,97
BH-648 315,01 .22 315,88 315,42 318,24
BH-68A 311,69 311.3)

: a BH-T1A 318,58 313,52 312,84
;

© Becsuse of the short time period in which these wells ‘were monitored, end the fluctuations observed in some
wells, monitoring should be tontinued to establish long-term water level fluctustions. The greatest asccuracy
for water level measurements is generally sccepted to be + 0.04 feet,

Source: Acres American, Inc. 1981,




& s
3 W el “'I. @
[ 634100% WIATTIY ¥2N0)
L EAA2YNE DVIINOIDv
(] B8 Sewaut STV wvewin
LT

_2°€ MNOId
4324 M1 YW

o A s e
000 008 OOv (v O3 O

.
©
!

‘1961 ‘08 1005 '3} wedsewry
2020y ‘a1 s0si0ig oy
wedeiy « 300 S| §0 BOBN
004> #bo10ed pud dijadupdy
WGIJ SNO|BADID [8AD] Mo m

TJI0N

- _0
w0 !s‘ .o.t._o .‘m_ u
. Nepm Jaol!ot 99 S0yedi3

n.o. Do: !.Dvcg

or:z M




3HNOY ATV M3ddN

348 Jevedit NI Wy

..H Cr:d

ko, 2110} ]l ¥ Lo} 7]

900100904 0o

) P IR
£t MOId

174 W TWXR

1961 ‘0g ...n‘ wean soury
T 004y ‘arg - sberes o193
LL1IVIRS Wy )e Be e
*50420.043 Nn0ooed pue NjResply

oL f3IoW
B51-1 50 my1be peeaaq sedde @

i G008 ubwond jo weuasr)

e Ml e s O

ANYONNOG 3118




The gravelly sand silt unit 13 reported to be continuous
beneath the NPSS (Acres American, Inc. 1981). This aquifer
is 3-°to 7 feet thick and is confined. ‘with an average o
piezometric surface 25 to 30 feet above the top of the unit
(Acres American, Inc. 1981). Average permeability within
the unit 1s reported to be 1.3x10—3 cm/sec (Wehran Eng.
Corp., 1979).

The upper fractured portion of the Queenston Formation 1s a

water bearing zone and 1is used to supply water for domestic
wells. This fractured zone 1s probably only a few feet
thick. Groundwater in the NFSS area 1s transmitted through
fractures and solutlion channels 1n the bedrock (secondary
porosity). The unfractured Queenston Formation is
essentially impermeable. The average yield of wells

screened in the Queenston Formation 18 reported to be 7 gpm

(Johnson, 1964).
Ground water Flow Characteristics

The uppermost ground water in the unconsolidated deposits
consists of locally discontinuous alluvial sand and gravel
lenses within the lacustrine clays. The piezometric
surfacs of this ground water is shown in Figure 3.3. The
agquifer in the surficial deposits consists of a continuous
alluvial sand unit that overlies the red clay. Where the
red clay is absent, the alluvial aquifer and the underlying
bedrock aquifer are in contact. The piezometric surface of
the alluvial aquifer is shown in Figure 3.2. The water
levels in wells installed into the bedrock coincide with
the piezometric contours on this figure. Therefore at
least locally, the alluvial aquifer and the weathered zone

‘aquifer of the Queenston Yormation are connected.




tfradium were‘detected 1n,satﬁ£ated zones 1n the R-10

'flnonitozing wells. and 3‘bedrock wells:on\;he site.

reaidue storage area and ‘in pezipheral wells on the
west. side of the NFSS (Tables 3. 12 - 3.13). The
'average,uranium and radium—226 concentzations in the
saturated zones of the R-10 storage area were 40.8
ug/1 U And 2.14 pCi/l Ra-226 (Table 3.12) (Anderson
et al. 1981). In the perlpheral areas, average
concentrétions were 20.36 ﬁg/l U and 0.26 pCi/1
Ra-226 (Table 3.13) (Anderson et.al. 1981),

Nonradiological Characterization

Battelle Columbus Laboratories (Anderson et al.
1981) evaluated samples collected at the NFSS in
May, 1980 for dissolved concentratlions of metals and
rare earths. Well locations are the same as those
shown in Figures 3.6 and 3.7. Summary results of
these analyses from the site periphery and R-10
residue area are given in Tables 3.14 and 3.15,

respectively.

Periphery well water sanmples from the west side of
the NFSS and from the R-10 residue storage area
exhibited trace (ppb) levels of lead, barium,
nickel, copper, chromium, and cobalt. In addition,
selenium and zirconium were also detected in water

from the R-10 residue storage area.

In addition to the Battelle study, Qater quality
sanpling wan'porformed by the Oak Ridge National

‘Laboratory (ORNL) 1n July 1981 at the NFSS and is

proscntod 1n Acres Ametican. Inc. (1981) Analyses
were. porto:med £o: 17 chemical parameters at each of
5 upper soil uonitozing wells. 8 lower soil




TABLE 3 12.;

RESULTS OF um.wn A\D 225RA ALALYSES OF SATLRA"ED

20NE WATER SAMPLES COLLECTED IN MAY, JUNE, AND AUGUST
hIAGARA FALLS

1980 IN THE PERIPHERY WELLS OF THE
STORAGE SITE ’

Wibel

MONITORING SAMPLING TOTAL U k4=226
WeLL PERIOD wG/L. .1 8D PCI/L 1 SD
PERIPHERY

NiCeO £ 7.0 MAY 2.40 « 3C olbl P}
NiCol E 7.0 JUNE Lol 59 -1 012
NiC.D £ 7. AUG Le.6" «5C 53 o1t
N10.0 E10 MAY 025 «03 « 08 o (5
N12.0 :1( D JUNT 2440 o b «0¢ o058
N1GeD £130.0 AUG 3.00 e 20 e 08 «08
N C H 8.2 JUNE 4.C0 oLl ol 05
N 0 W 8.9 AUG 22.00 1.09 022 (5
N 1.0 W26.0 MAY «25 »03 27 «LE
N 1.0 W26.0 JUNE 2.93 oD o085 «08
N 1.0 W26.0 AUG 13.00 1.317 08 <08
N Lo A29.0 MAY 630 «080 «09 « 05
N Lo.0 W29.0 JUNE Le60 bt «03 o DE
N 4,0 N2%.0 AUG 1.0C 20 «05 oC8
N 7.0 W30.0 MLY 27 «03 013 e Db
N 7.0 W30D,0 JUNE 15.00 1,00 15 «315
N 7.0 W3J.0 AUG LelD e50 e 0> oC8
NiO«D W #.0 JUNE 16.00 1.J0 12 oLl
Ni10sd W 8.0 AUG 2ebi 20 e 22 « 05
NiO.D Wi7.0 MAY 46,00 3.00 09 « U6
N1Do.0 W17.0 JUNE 14,00 1. 00 « 08 «08
N1iGoeO WiT7.0 AUG 55.00 3,C0 e 0c «08
Ni2¢0 W31s0 HAY 6.,3C «b60 56 o185
Ni2.0 N31,0 JUNE 5.50 ob0 o 00 o8
Sikel W18.0 MAY 1.70 Y] ° 39 « 00
SiheD W18eD JUNE 98.00 5. G0 32 oC7
SiheD WiksD AUb 12,09 1.00 «19 06
54c.0 H18.0 MAY 238.00 12,00 13 e Db
S183.0 Wi8.0 JUNE 45,00 2,00 « %0 L7
‘S18.0 A1EsD AUG 28.00 1,06 021 o0&
S21.0. K 7.0 HAY 78.00 4.00 1.15 o1
352100 W Te0 JUNE 8.00 e 80 ‘o118 . elB
G210 W TeD AUG 10,00 1. 00 013 e Gle
522.0 Wit.D HAY . 84,60 1,1C i.58 . s 16
S22.0 Wibs0 JUNE 15005 1,006 «00 o058
ol « D2 «08

nderson et




TABLE 3.12.

(Continued)

HONITORING SAMPLING T0TaL U RA=226
- WELL PERIOD - ¥G/L 1 sSD PCI/L 1 SD

PEZIPHEFRY

: 52640 ® 7.0 HAY 37,00 oD e 39 «00C
S26e0 W 769 JUNE 15,00 1.0C 013 oCHh
S26¢0 H 7.0 hUG 10.0° 1,00 023 e J8
526-0 “15‘0 "AY ‘09-0\0 3.DC .Zk 005
52640 d19, 0 JUNE 5.30 20 %) e 36
S2E.0 W19, 0 AUG 2.00 50 o i1 o (L
536.0 W1E,0 KAY 1.4 «20 e 30 o110
S36.0 KW18,0 JUNE 25400 1.00 «08 « 08
L5640 HW15.0 AUG 25.10 i.90 1.09 11
S%2.0 Wi4,.C MAY 49.00 I.00 e 12 o 03
SW2.0 H15.0 JUNE J.10 ok « 0% 08
SL2.0 W36 LUS 2.50 T Wil Ul




3.13. ANALYSES OF TOTAL URANIUM AND 226RA DISSOLVED

TABLE
IN WATER OF SATURATED ZONES IN R-10 RESIDUE -
STORAGE AREA DURING MAY, ‘JUNE, AND AUGUST 1980
HMONI TORING SAHPLING TOTAL U RA=226
KHELL PERIOD wG/L 1 SD pCI/zL 1SD
R=10 AREA
S15.0 W13.0 MAY 13,00 2.00 « 32 o NE
515.0 H13.0 JUNE 0.90 50 «08 <02
S415.,0 N13.0 AUG 2.40 o 20 012 oMU
515,0 N1T7.0 MAayY 56.00 7.0 «16 « 08
S15.,0 W17.0 AUG 14.00 1.00 e 22 of3
$17.C W13.0 JUNE «519 «10 17 « 05
$17.0 W13.0 AUG 15 ) 4 o2l
3520.0 WiCe0 - HAY 5.00 «50 b3 «05
S2u+0 W1C.0 JUNC 6.6" oD .08 o8
320.0 HIO.D AUG 20.0° 1,00 33 « 06
S20.0 W13.0 MAY 15.00 2,00 2+59 «50
520.0 Wi13. 0 AUG 80 « 26 o bR «C7
S2C.0 Hi5.0 HAY 1.10 20 «73 09
S20.0 H1S.0 JUNE 14.00 1,00 oTh 09
52C0+0 H15.C AUG 6.1C +60 67 oLB
S2vel N1TWJ MAY 149,00 8.00 33 « 01
§20.0 W17.0 JUNE 2400 100 37 « 06
$20C.0 WiT7.0 AUG 1150.00 6L.00 28 « 05
$21.0 W13.0 MAY 16.00 200 3L, 4C o 70
§21.0 Wi13.0 AUG 9.10 +50 2.90 20
52¢.0 W 9.0 HAY 5.90 o7C 8,10 e 4D
522.0 ¥ 9,0 JUNE 16.00 1.00 o b3 «08
522.0 H 3.0 AUG 3.60 50 e 37 o007
$22.0 H11.0 MAY 15,097 2+00 J.70 20
$22.0 W1i1,0 JUNE 19.00 1.C0 o b3 s 0OF
522.0 W11.0 AVUG 28.04 1,00 «17 o 05
522.0 Hi4.0 MAY Shell 3,00 79 ¢10
$22.0 Hiked JUNE 6.60 50 +19 s 05
§22.0 W1i4,0 AUG 1400 1,00 09 " 05
‘ 32240 ¥17.0 MAY 33,00 5. 00 2037 o188
~3522.D’“1700 JUNE 11,00 1,00 o 68 o082
§22.0 N1760 AUG 1000~ 1.00 o226 e 06
S2L.0' N 90 MAY 8,10 80 e« 20 06
52440 W 9.0 JUNE 5,50,  okC .35 08
S24.,0 W 5.0 AUG 4e70 Y13 e 00 e 05
S24.0 WileD MAY. 145.00 Tewl 16,60 o3
52U .0 JUNE . 67.00 4,00 . 4.97 oi7

52400,

f' 30.C0 S g




TABLE 3.13. (Continued)

MONI TORING SAMPLING TOTAL U RA=-225
HELL PERIOD wG/L 1 SD PCI/ZL 1 SD

S2L.0 H1L,.D MAY 63.00 3.00
S24L.0 W1L.OD JUNE 5.60 o0 e 3b o 0B
S2LhoD WiLeO AUG 27.00 i.00 082 013
S24.0 HW17.0 MAY L.7C «60 97 011
352L.0 W17,0 JUNE 6.4 o&D o1 o0l :
52L.,0 N17.0 AUG 6.6C YR o 30 s0e |
526.0 W 9.0 MAY 3+90 1.10 1.12 o1
526.,0 ® 9,0 JUNE 12,00 1.0)9 « 77 (S :
S26.0 W 9,0 AUG 11.00 1.00 1.0¢C 017 ;
S26.0 Wi11,0 MAY 13.00 2.00 5. 438 o2b :
S2640 W11,0 JUNE 13.00 1.0°? 2.00 o10 :
S26.0 Wil,0 AUG J.8C 1,00 + 85 oll !
‘ S26¢0 Wib.D MAY 12.0v 2.L0 e 63 «C9 : ,
S2€.0 W16.0 AUG 3.6 «3) 227 o3t ;
5270 W17.0 HAY 122,06 5.J0 16 o (F !
5270 W17.0 JUNE 21.C19 1.090 o 61 o 07 i
S2740 W17.0 AUG 55,00 3.00 5,86 ol ‘
52540 W17.0 MaY 33,00 5.00 13 +0E :
§$29.0 W1 7,0 AUG 20.00 2eul 27 ¢35 f
—_— ;

Source: Anderson et al., 1981




TABLE 3.14. SUMMARY RESULTS OF SPARK SOURCE MASS SPECTROSCOPY OF
SATURATED ZONE WATER SAMPLES FROM THE SITE PERIPHERY -

ELEMENT

VALUES ABOVE
DETECTION LIMITS (PPM)

MEAN STD DEV. MIN. MAX.

VALUES BELOWM

ODETECTION LIMITS (PPNM)

MIN. DL®®

MAX, DL®®

URANIUM
THORIUM
BISHUTH
LEAD
THALLIUN
ME RCURY
GoLo
PLATINUN
IRIDIUM
OSMIUM
RHENIUM
TUNGSTEN
TANTALUNM
HAFNIUM
LUTETIUNM
YTTERBIUM
THULIUM
ERDIUAM
HOULMIUM

DYSPROSIUM

TERBIUM

GUDOLINTIUNM

EVROPIUM
SAMAPIUPM
NFOOYHI UM

OO A O0000O0AO0AUOOWUWOOACO0CO~NyyOO &

B.i8E~03 2.78E-03 6.39E-03 1.23E-02

1.5E-02 ».95E-03 1.15E-02 2.55E=02

5.76E=03
{.15E=02
S5¢76E~C3
L1045E~02
1.45E=02
2:30E=-0¢
5«76E=03
4.45E=02
Le15E=02
2e3J0E=02
{1.15E=02
1.45E=02

3.7LE=02 -

1.15E=02
S5e76E=03
1.45€E=02
5076E'03
{e¢155-02
50765.03
1.155=02
3.65E=03
1.15€E=02
1,15€=92
1.46E=02
JobBE=T2

?.31E-03
10535‘02
Pol LE-03
10585'02
5.93E=02
2¢96E=014
Peb1E-03
L.LBE=Q2
1.68E=02
2e96E=02
LebRBE=Q2
i.48E~0D2
3.72E=01
1.L8E~-02
70“15'03
1e6BE=02
T biE~03
LobBE-D2
PelelE~0J3
L.L8E=02
lbolbSE=QS
febkBE-D2
{ebAE=02
febHE=D2
QO“SE'QS_

——— .
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