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l. l 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 topography 

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 vicinity 

of NFSS. Natural drainage from the NFSS was moaified 

during construction of the Lake Ontario Oranance Works. 

The resulting series of canals and ditches currently 

diverts all surface drainage to Fourmile CreeK (See fi~ure 

2.1) 

The ground elevation in the general area ranges from 

approximately 185 m j610 ft), along the crest of the 

Niagara Escarpment, to approximately 79 m (2b0 ft) at La~e 

Ontario. Elevations within the NFSS range from 

approximately ~6-99M (315-3:l5 ft). 

Prominent features in the general area include the Niagara 

Escarpment, Lake Ontario, Niagara Gorge ana Falls, and an 

ancient beach ridge which is south and southeast ot 
'' 

Ransomville. This ridge was forn1ed by Lake Iroquois w11ic11 

was a predecessor of Lake Ontario. 

1.2 Structure and Stratigraphy 
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occupy a broad basin slopirig soutnward ·,·from the neighboring 
crystalline terrains of the Canadian snield and the 
Adirondack Dome. 

The 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 deptns varying from 
approximately 2,000 to 3,000 feet (Fisher et al., 1961). 
Surf icial deposits of glacial origin cover most of the 
area. 

The bedrock of the Ontario Plain is tne Queenston Formation 
(a s11ale or mudstone). To the south, the Niagara 
Escarpment is formed from rocks of the Heaina Group 

(sandstone, siltstone, snale), tne Clinton Group 
(limestone, dolomite, snale), and the Lockport Group 

(dolomite, limestone). The Lockport Formation is the cap 
rock of the Niagara Escarp~ent. Farther south, near 
Buffalo, the Lockport Group is overlaid by the Salina Grou~ 
(shale, gypsum). 

The bedrock of the region is nighly susceptiole 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 trend1ng 
escarpments and low plains (Figure 1.1) 

The surficial deposits of the Niagara County area, are 
described and.mapped in detail oy Kinale ana Taylor 

(1913). almost 
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ent~'rely to· the,)?le,istocenEf Series .. (approximately 12~ 000 

;/yea~~ .. before 'pf~~~nfL':~~d .... include g·l~ci'a1'a~ ift :and· 
·. ·~s~o~i~te·a:'i~c~~~r i~~· deposits·~ with the exception of 

minor exposures of bedrock, these deposits cover almost the 
entire area. 

The glacial deposits consist of till in various forms, 
principally from the most recent (Wisconsin) glaciation, 
and stratified 9rift in the form of Karnes, eskers, ana 
sheets of outwash sand and gravel. The lacustrine deposits 
were laid on tne bottoms and arouna 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 seaimentary rocks. 
These soil deposits are glacially derived sediments which 

include glaciofluvial sands and gravel, dense tills, and 
glacial lacuntrine 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). In order of increasing depth, these units 
are: surficial soils and fill, brown clay, gray clay anu 
silt, brown sand and gravels, red silt, and bedrock (the 
Queenston Formation). Geologic and stratigraphic 
~r~ss-section~ f~r the tra~sects indicated in Figure 1.3 

may be found in Acres American (1981, pgs. 45 and 46). 
Deta.iled descriptions of these stratigrapnic units are 



1. 2.2 

This soil is or yellowish silt with 

organics usually present iri 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 w~tted by 

precipitation. Relative density is in the range of 
loose to medium. 

Brown Clay 

Brown or redaish 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 tne 

other grain sizes. 
classification from 

In general, the unit ranges in 
a clayey silt to a silty clay. 

Sandy gravel or ~ravelly sand lenses are common, 

especially in the basal area of the soil where they may 
equal up to 1/3 of the total thickness of the unit. 

This soil is generally dry and of medium relative 
de~sity. 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 geaiments. 

The brown clay is thought to be predominately a grouna 

moraine.· . This unit exhfbits some lamination which 
indicates that it was probably deposited in shallow 

water that may have been pooled. Sandy or gravelly 
zon&s were deposited ln.~ relatively high energy 

.·. alluvial \'probably. glacial outwash c'nannels • . A;~ii·:c' ····· . ' . · ... · ··.··. 



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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LIST OF STRUCTURES 

401 ·DISMANTLED BOILER 8 
(BORON) Pt.ANT BLDGS. 

402 • INFIRMARY BlDG. 
403 ·• OFFICE 8 GARAGE 
408 • COOLING lOWER BLOG. 
409 • ORIGINAL F&RE RESERVOIR 

(UNUSED) 
410 • F·32 8 MIOOLESEX SANO 

STORAGE 
411 - L·30 RESIDUE STORAGE 
412 ·ACCELERATOR BLOG. 
4'13 • L•50 RESIDUE STORAGE 
414 • L •50 RESIDUE STORAGE 
416 • GATE HOUSE 
423 • MOTOR VEHICLE GARAGE 
430 ·SUPPLIES WAREHOUSE 
434 ·SILO 

IDOO 

[i], NLO, INC. a.nm 1-, ___ FE_RN_ALO_.OH_1_0, __ --f 
lllDll NFSS·sm: CMAIUCTDllZATJON 



1.2. 4 

Clay 

·· ... · . :.' .. " .. ·"f :·{·· ';Z~}~:;~.;~,~~;f'.~tl"'.~\:::'." 
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This unit is the thi~k~st soil ~n{t within tne NFSS anu 

is characterized by gray clay which occasionally grades 
to a silt and clay mixture. Witnin the clay unit, 
lenses of fine to medium grained sand are common, 
together witn varying quantities of gravel. The gravel 
is usually fine ~o medium-sized and dispersed 
throughout. Sanos and gravels become tne predominant 
constituent of the unit near the bqse 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 tne gravel and/or 
sand lenses are wet to very wet. The soil exhibits 
slight to high plasticity. 

This is the most homogenous unit on the site. Tnere are 
some lateral f acies 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 ano was 
deposited in a low-energy environment. Some erosion of 
this unit occurred later, as evidenceu by chann~ling anu 
filling by coarse-grairted material within the unit. 

Sanos 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~f the coarser grained 
sediments including sands and gravels with silt. 
onsite, this unit ranges from a clean silt to a sandy 
gravel. The unit is normally wet to very wet and has a 
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portions of this unit ,ar~~ p~ese~t' where ' ' 
' • ' , ' ~ • \ ' - ,' •' " ' • T < - ' 

depressions in tne bedrock su~f~~~ occur. Tnese coarse 
gravel sediments are thought to be of glacial-fluvial 
origin. 

Red Silt 

This unit is easily distin9uished from the other unit:s 
because of its red color and its very dense nature. 
Typically, it is composed of clayey, gravelly silt wi tn 
lesser amounts of sand. Gravel found within the unit 
consists of both rounded gravel and angular fragments of 
bedrock. This unit is generarly dry to moist with a 
relative density ranging from~eaium to very dense. 

The topography of this unit varies with that of the 
bedrock surface. The rea silt has been erodea away to a 
relatively uniform elevation with local deeper erosion 
caused by channeling of glacial melt waters. In some 

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 

silts tones ~f the Queens ton ~ormatioo. Within this 
formation, occasional lenses of green siltstone anu 
snale occur in the rock mass. The bedrock is slightly 
to 
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1. 3.2 

1. 3.3 

~se~ in compiling this s~rnmiry ~as tak~~, f~o~ 
Acres American Inc. (1981) unless indicated. A tabulation 
of the soils data is contained in Taole 1.1. 

' 
Soil Profile (Stratigraphy) 

The soil profile at NFSS as indicated in section 

1.2.1-1.2.6 consists of six major units: (1) surficial 
soils ana fill, (2) orown 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 surf icial 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. Tne 

data summarized in the following sections will 

differentiate between chese 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 ("'(a) 

Range 94-122 PCF (lb/ft3) 
Mean 109.8 PCF (lb/ft3) 

,,'· 
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Of the 

belt enc.ompasses the soutnern pa7t. of tne New Yo~k and 

the western parts of Pennsylvania and West Virginia. In 
the NFSS area, the Central Appalachian 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 region 
have generally been of moderate intensity (modified 

Mercalli VI or VII) or less. An exce~tion to this rule 
exists near the NFSS. Here, a small seismic area in 

western New York and adJoining Ontario nas suggested 

control by an unidentified westward-trending structure 
about parallel to the striKe of the south-dipping 

Paleozoic rocks of the region (Hadley and Devine, 

1974). Earthquake intensities are low except for an 

earthquake near Attica, New York, at the eastern end of 

the area. This earthquake and some le~ser ones nearb/ 

may be related to a buried no~th-trending fault that 

displaces the lower part of tne Paleozoic sequence ano 

probably the underlying basement. It is represented oy 
a west-dipping monocline in the surface rocKs known as 

the ~larendon-Linden structure. The configuration of 
this Attica seismic zone is not well definea. A diffus~ 

configuration (suggested by the historic seismicity of 
Figure l. 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. 
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The other principal region of ~arthqu~Ke~,ne~r 
the s'ite is located in northeastern NeJ ::York a~d 
adjoining parts of Quebec. It extends nortnwest~ard 

beyond Ottawa and northeastward beyond Quebec City. The 
region has an exceptionally long history of earthquaKes, 
with records dating to the 17th century. Several of 
these earthquakes (beyona a 200 mile raaius of the NF~S, 

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 reyion 

portions of the Canadian Shield, Adirondack Uplift, and 

Central Appalachian Fold delt, has been scat.terea ana of 
moderate to small size. This activity does not 
contribute significantli t.o tne eartnquake potential of 
the NFSS relative to the Attica seismic zone and the St. 
Lawrence Lowland area. 

Historic Earthquakes 

A compilation was rnaae of all earthqudkes of magnitLJa~ 

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 ot 
the site region were combined to give a complete and 

homogeneous data base. Both datd sets avpear in a 
seismic hazard analysis study by Tera Corporation (1979). 
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The iirst, d.ata set contains northeastern u.s. 
} •. ': ·,!,:.\ •:•~ ... ~:-" ,".'{"': ;, < t, /'' ' , I • 11 

earthquakes: from 1534 through 1.977. The primary· data 
·'sour~~r·~·~~~. S~1 th (196i~ 19G6) 1 Brooks (19ti0) , Mather 

and Godfrey (1927), NESA and LRSM records, and New 
England Seismic Network ana Lamont Oos~rvatory 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 from 
Smith (1962, 1966) for the period 1534 through 1959. 
'rhis data is supplemented by annual compilations of 
earthquakes published by the Earth Science Branch of toe 
Canadian Department of Ene%gy, Mines, and Resources from 
1960 through 1975. All earthquakes with magnitudes 
greater tnan or equal to 4.0 were reviewed ana 

recalculated. Earthquakes (in the magnitude range of 
4.0 to 5.5 in source references) for which no 
instrumental information existed were assigned 
magnitudes based on the felt area ot tne event (Nuttli 
and Zollweg,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 Io + 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 representative of the 
overall effects. 



1.4.3 

sets for 
(NFSS) ~rea··i's>lfst~d in Table 1~6 and· ~ho~n in 

Figure 1.7~ A review 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 tJ1e 
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, 18~7, April 27, 1954, August 22, 19~tl, 

and November 27, 1974) at dist~nces of between 9 and 14 
miles. 

Tne eartnquakes near Attica nave 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 Probabilitieo 

In recent years, several procedures nav~ oeen 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 (Alger1nissen 

and Perkins~· 1976; Cornwell and Merz, 1975, Shah et al., 
1975). In typical seismic risk stuaies of tnis kina, 
the region of interest is divided into seismic source8 

1 ,,~' ' {. ; ' ' • ' ' 

for which futur~.eartriquaKes are consider~a equally 
likely to occur at any location. For each seismic 
source, of occurrence for llirger 





than a 
·',"'' ' ' 

termed the.source a~tiviiy rate~ 
' ',. ·., ,· r'"•.•,' 

successive'~verits;for ~a6h sourc~ ~~e-~ssumed to be 
independent and' ·e~ponentially distributed with 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 
(McGuire, 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 equivdlent to tne 475-year 
acceleration). Their results are shown in Figure l.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 prooaoility level. 

Additional studies have been performea by Milne and 
Davenport (19t>9) Donovan et al., (1970), anu Basha;n et 
al. (197 9). Donovan et al. found an approximate a O. lg, 
475-year effective peak acceleration at tne NFSS. Milnu 
and Davenport (1969) found find the 100-year effective 
peak acceleration to be 0.03g for the NFt>S. Basha:o et 
al., (1979) determined that historical seismicity, not 
geology, controls the risk for Attica. They calculate a 

1000-year acceleration event of approximately 0.129. 
' ';., 
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·· . The principal differences in these derived accelerations 
.:.arise f~om the different pe~i:ods·.ciqo,', .. 475:; a~d. 1000 · 

' . ' I '. '. . . . . '· • 

'y~ars) that the acceleration calculations are based 
upon. As would be expected, the longer time periods 
result in higher accelerations. Differences can also oe 
the result of different characterizations of the source 

zones used in the analysis. 

Maximu~ 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 192~ Attica earthqudKe) govern tne 

maximum historical intensity. A reinterpretation of the 
isoseismals of the Attica earcnquake (Fox ana SpiKer, 
1977) suggests a reduction of the epicentral intensity 
from VIII to VII. Although not directly aduressed by 
Fox and Spiker, this might imply a reduction in the NF~S 

intensity as well. 
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intensity explic p~obabilistic ~ccelerations 
noted .above can be>'used to der i~~. estimates. 6£ ' ' 
equivalent probabilistic intensities. . us'.ing the· 
intensity-acceleration relations of Newmann (1954) ana 
Trifunac and Brady (1975), the 0.07g-O.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 wit\ a VII 1000-year intensity. 

Characterization of ma~imum potential site intensity 
depends critically on cnaracterizat1on of che Attica 
seismic source zone. A number of characterizations of 
tnis source zone have been published (Algerrnissen anu 
Perkins, 1976; Basham et al., 1979, and Tera 
Corporation, 1~80) • Estimates of maximum potential site 
intensity from these characterizations range from 
extreme values of XII (Tera Corporation, 19d0) to VI 

(implied by the recurrence of the Attica earthquake or a 
random intensity VI earthquake at or near tne 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 body 

wave magnitude of about 5.3 and 5.8 for intensities of 
VII and VIII. 

1.5 Unique Geologic Features and Hesources 





1. 5.2 

1. 5. 3 

1. 5. 4 

Mineral 

.No natural resources of imp~rtance are known to.exist 
beneath the NFSS facility. The lacustrine clay found in 
the~egion has been used in the manufacture of brick 

(Kindle & Taylor 1913). This clay is located throughout 
Niagara County and no manufacturing facilities ar~ known 
to exist adjacent to the NFSS. 

The natural resources of principal economic value in tne 
Niagara region are limestone and water (for power 
generation). Neitner of tnese 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 NFS$. In 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 Hazaros 

No significant geologic hazards exist in tne site 

vicinity. The area is flat with little topographic 
relief other tnan tne Niagara Escarpment, whicn is :l.5 

miles to the south of the NFSS. 

No rocks exist beneath the site whicn are susceptable to 
solutioning. large withdraws of ground water, oil or 

site vicinity .. that could .cause. land 
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2.0 SURFACE WATER HtDROLOG"[ 

2.1 General NFSS Drainage Pattern~ 

The Niagara Falls Storage Site {NFSS) is located on the 

Ontario Plain. about 4.5 km (2 mi) north of the Niagara 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 Ontario Ordnance Works to drain surf ace 

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 eastward into 
'---._ 

Twelvemile Creek. were diverted to the South-31 Ditch. 

Currently. runoff from the NFSS is diverted into three 

major drainage ditches: the Central Drainage Ditch. the West Ditch. 

and the South-31 Ditch. 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 ~o not presently receive 

runoff from the NFSS. The drainage pattern of the NFSS ia presented 

in Figure 2.1. A detailed diagram of the sub-drainage basins 

immediate~y surrounding the NFSS la found in Figure 2.2. 

2 .1.1 Drainage Ditch Description 

Onsito 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 ft) 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 Fourmile Creek. The West Ditch runs parallel 

to the Central Drainage Ditch and drains the western portion of the 

NFSS prior to joining the Central Drainage Ditch north of the site. 

It is approximately l.5 km (0.96 mi) in length. The only major 

offsite contributor to flow acroas the site is the South-31 Ditch 

This ditch drains an 
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offsite drainage area of approximately 200 acres and is about 421 m 

(1,400 ft) 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 drainage patterns, only 

three creeks (Fourmile Creek, Sixmile Creek, and Twelvemile Creek) 

could have received runoff from the NFSS. However, only Fourmile 

Creek is currently receiving site runoff. 

Fourmile, Sixmile, and Twelvemile 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 Niagara Counties Regulatory Planning 

Board, 1978). Fourmile, Sixmile, and Twelvemile Creeks are 8.4 km 

(S.2 mi), 4.S km (2.8 mi), and 19.6 km (12.2 mi) in 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 Fourmile, 

Sixmile and Twelvemile Cre~ks. The nearest continuous stream!low 

gauging Ptation to the NFSS is located in Manriing Muckland Creek 

basin near Barre Center, some 40 miles east of the NFSS, Although 

this creek is not located in the drainage basin containing the NFSS, 

information is included for comparative purposes. 

Manning Muckland Creak 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. In 1977 and 1978, flows were not gauged during the 

winter months. The maximum discharge for this 4 year period was 100 

c!s with many days o! zero !low. Table 2.l presents mean monthly 

flow estimates for Manning Muckland Creek (U.S. Geological Survey 

1974-1978) 
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east of 
. ' 

·.the NFSS may be expected to the upstream hydrology of the 

So~fh~31 Ditch and increa~~~~:d~crease the'peak sio~m discharge. 

The actual effects on storm discharge are undetermined at this 

time. The current 100-year flood level within the N!'SS is estimated 

to be approximately 97m (319 ft.) (Acres American. Inc •• 1981). The 

N!'SS lies between an elevation of 96-99m (315-325 ft.) (Anderson et 

al. 1981). 

2.2 Water Quality Parameter~ 

2.2.l Fourmile. Sixmile. and Twelvemile 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 

drainages currently carrying NFSS runoff or historically having had 

the potential of carrying runoff. This survey included sampling in 

Fourm1le. 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 

backgroun~ concentrations of 0.5 pCi/g Ra-226. No concentrations 

were detected in excess of the U.S. EPA proposed guidelines of 5 

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 

includes. two on-site and two off-site surface .water sampling 
l t• ' ' ' , " c • '. ' 

locations. All water aamploa are collected quarterly (Table 2.4). 

anal~zed for gr~s~ ~lpha and beta 

ivity, and Ra-226 during NLO's 

t:or.-Ra-226 and total 



Month Discharge' (cfs) 

January 7.4 

February 15.J 

March 22.6 

April 13.3 

May 6.1 

June 2.4 

July 1.1 

August 0.7 

September 1.0 

October 2.6 

November J.4 

December 11.9 

Source: U.S. Geological Survey. Vater Resources for Nev York 
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CHEMICAL ANALYSIS,>.- !'OURMILE.,CREEK 

Silica (Si02 ) 

Iron (Fe) 

Calcium (Ca) 

Magnesium (Mg) 

Sodium (Na) 

Potassiuna (K) 

Carbonate (C03 ) 

Bicarbonate (HC03 ) 

Sulfate (S04 ) 

Chloride (Cl) 

:Fluoride (!') 

Nitrate (N03 ) 

Dissolved solids 

Total hardness 

as caco
3 

Specific conduct
o 

anr.e (2S C) 

naicromhos 

pH 

Color 

Aluminum (Al) 

Copper (Cu) 

Zinc (Zn) 

Phosphate (P04 )\ 

Date Collected 

Sample 

Point A11 

s.o 
0.02 

62 

31 

19 

3.0 

16 

186 

107 

16 

0.2 

o.s 
364 

282 

S83 

8.2 

6 

0.4 

0 

0 

0 

June 17, 1948 

~.see J'igure 2-2 for Sampling Locations 

. SOtmCE: Arrow, 1949 

Sample 

Point B~ 

l.8 

0.02 

41 

26 

15 

2.0 

0 

143 

83 

24 

0.2 

0.6 

280 

209 

467 

7.8 

7 

0.3 

0 

0 

0 

June 17, 1948 
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Source1 

',''• ; ,•', 

'.:;:·TABLE' ;:2·.3'. ,., ' ' 
' ) ' ' . 

Ra-226 Levels in Sediments of Fourmile, Sixmile, and Twelvemile 

Location(a) 

FlA (c) 
FlB (c) 

F2A 
F2B 
F3A 
F3B 
F4A 
F4B 
FSA 

SlA 
SlB 
S2A 
S3A 
S3B 
S4 
SS 

TlA 
TlB 
T2 
T3B 
'NB 
T.5 

Creeks~ 

226Ra Concentratio~ (oCi/g) 
S:reenioi;(b) 

· FOiJR.'{!LE CP.!::K 

<4 

<4 
<4 
<4 
<4 
<4 
<4 
d 

SIXY.I!.! CR!!K 

<4 
<4 
<4 
<4 
<4 
<4 
<.S 

'N!L vnn:u: CR!!~ 
<4 
<4 
<4 
<4 
<4 
<4 

(a) See 1i&ure 2. 3 

(b) Measureoent of 21~!1 as index of 226aa 

.· (c:) A and B are duplicate samples. 

Anderson 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 in ,Tables 2. 5 - 2 ~·9,.: , 

Battelle Columbus Laboratories (Anderson et al. 1981) 

conducted investigations of the drainage 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 while 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 avery 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. Battalla Columbus Laboratories (Anderson et al. 

1981) concluded that there was significant radioche1uical 

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 soils 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 

Fourmila Creek (Anderson et al. 1981). In the off-site section of 

Central Drainage Ditch. core analysis determined the contamination 

to be confined to the upper 0.3-0.6 • (1-2 ft) of sediment (Tabla 

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

Road and Central Drainage Ditch). no contamination greater than 5 

5·pC1/g Ra-226 was found at or below a depth of 0.6 m (2 ft). 



Location* 

SUIU"ACI VA'IElt: 

10 On-Site 

11 On-Site 

12 Ort-Site 

20 Otr-Sl te 

Taken From 

Central Drainage 

Ditch 

Central Drainage 

Ditch 

Central Drainage 

Ditch 

Central Drainage 

Ditch 

Frequency 

Quarterly 

Quarterly 

Quarterly 

Quarterly 

lemart.s 

SaJUpled South 

ot the former 

railroad bed 

Sampled at North 

perl111eter fence 

Sampled at 

Balmer load 

Sampled at 

Lutt. load 

* S•• Figure• 2.4 and 2.5 tor on-alt• and ott-alte aurtace water aampllng 

location•. 

Source: Veldner, 1981. 
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SAMPLING POINT 
Date 10 11 12 20 

Jan 1977 0.58 0.63 0.16 

Apr 0.33 0.15 0.005 

Jun 0.00 4.20 0.28 

Sep 0.06 0.06 0.02 

Jan 1978 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 1979 0.02 0.04 0.006 

Apr 0.05 0.10 0.04 

Jun 0.62 0.28 0.00 

Oct o. 50 0.30 0.13 0,06 

Jan 1980 0.05 0.07 0.004 0.02 

Mar 0.01 0.07 0.02 0.02 

Jun 0.65 0.17 0.13 0.01 

Oct 0.31 0.94 0 .14 0.02 

Jan 1981 0 .1:2"' 0. 34 111 NS 0.0:2 

Apr 0.03 0.05 0.03 0.02 

Jun 0.11 0.08 0.01 O.Ol 

Sep 0.12 0.:27 0.01 0.06 

Jan 1992 0.06 0.10 0.03 0.02 

Apr 0.06 0.13 0.03 0,03 

Jul 0.09 0.17 0.05 0.02 

.,, These· samples contained a large quantity ot solid mater 1al 
NS No Sample 



NFSS U-238 

SAMPLING POINT 
Date 10 11 12 20 

Jun 1977 2659 1396 93 

-Sep 20 20 7 

Jan 1978 2 17 1 

Apr 20 37 10 

Jun 332 93 17 

Oct 60 166 40 

Jan 1979 7 13 2 

Apr 17 33 13 

Jun 206 93 27 3 

Oct 167 100 43 20 

Jan 1980 17 23 l 6 

Mar 3 23 6 6 

Jun 216 57 43 3 

Oct 103 313 NS 6 

NS No Sample 

.. 



SAMPLING 
Date 10 . 11 

; 

12 20 
•'','" 

Apr 1972 0.9 1.4 0.9 

Jun 0.9 54.0 13.5 

Sep 0.9 63.1 18.0 

Dec 0.5 4.5 0.9 

Mar 1973 0.5 13.5 2.3 

Jun 0.9 6.8 13.S 

Oct 1.4 18.0 7.2 ' t 

Dec 0.5 6.8 0.9 r 
Apr 1974 0.5 2.3 o.s ~ 

f 

Jun o.s 12.2 11.7 
t 
f. 

Sep 2.3 12.6 9.0 • 
Dec 0.9 9.9 18.0 

!; 
i· 

Apr 1975 0.5 2.7 1.4 I 
f 

Jul 1.4 18.0 36.0 

f. Sep 0.9 7.2 6.3 

Dec 0.5 0.9 <0.5 

Apr 1976 <0.5 1.4 0.9 

Jun 0.9 5.4 2.7 

Sep 1.4 6.3 4.S 

Jan 1977 1.4 14 .o 5.0 

Apr 0.9 2.3 <O.S 

Jun 1.8 15.3 9.5 

Sep <0.5 1.4 o.s 
Jan 1978 <0.5 1.8 . 0. 5. 

Apr 0.5 0.9 0.5 

Jun. ' 0.9. 14 .o ' •. 2 .3. 

Oct ' 0~9 6 .• 8; o:.9 · 
;. 

Jan 1979' 0.9 7.2 



SAMPLING POINT 
Date 10 11 20 

.Apr o.s 3.2 1.4 

Jun 3.2 45.l s.o 3.6 

Oct 3.6 8.6 0.9 1.4 
Jan 1980 1.4 2.7 o.s 1.4 
Mar o.s 1.4 o.s 0.5 
Jun l.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 O.l 1.0 0.5 0.6 
Jul 0.6 0.5 0.0 0.6 

.. These samples contained a large quantity of solid material • 

NS No Sample 



N!'.~S GROSS 

,, 

SAMPLING POINT Data 10 11 12 20 

Ap.r 1972 27.0 40.5 13.5 
.Jun 189.0 310.5 135.0 
Sep 360.0 427.5 261.0 
Dec 153.0 94.5 13.S 
Ma.r 1973 NS 153.0 NS 
Jun 1125.0 450.0 189.0 
Oct 2565.0 1665.0 810.0 
Dec 13.5 31.5 13.S 
Apr 1974 13.5 58.5 9.0 
Jun 2430.0 2340.0 1080.0 e Sep 4860.0 3060.0 1575.0 
Dec 495.0 765.0 99,0 
Apr 1975 72.0 81.0 63.0 
.Jul 11970.0 126.0 153.0 
Sep 2925.0 333.0 1350.0 
Dec 63.0 220.5 117.0 
Ap.r 1976 126.0 279.0 121. 5 
.Jun 990.0 400.5 85,S 
Sep 1035.0 450.0 171.0 
.Jan 1977 337.5 495.0 99.0 
Apr 225.0 63.0 <4.5 
.Jun 3015.0 184.5 
Sep 31.5 13.S 
.Jan 1978 40.S 2.3 
Ap.r 81.0 31.S 

·Juri ' 234.0 36.0 



' i" 

-:::. '\\ .-·:, 

54.0 9.0 

85.5 31.5 

Jun 414.0 90.0 

Oct 261.0 81.0 58.5 

Jan 1980 72.0 9.0 22.5 

Mar 58.5 18.0 18.0 

Jun 90.0 76.5 13.5 

Oct 585.0 130.S 27.0 

Jan 1981 900.0 NS 103.5 

Apr 63.0 18.0 22.S 

Jun 99.0 9.0 4.S 

Sep 211.5 18.0 49.S 

Jan 1982 41.0 78.0 28.0 14.0 

Apr* 10.0 28.0 <8,0 <8.0 

* Last sampling for gross alpha (pCi/l) by Bechtel National, Inc •• 

NS No Sample 



NFSS GROSS BETA IN SURFACE WATER 

SAMPLING POINT 
Date 10 11 12 20 

Apr 1972 22.5 31.5 13.5 

Jun 90.0 117.0 67.S 

Sep 58.5 162.0 63.0 

Dec 36.0 18.0 13.5 

Mar 1973 135.0 40.5 40.5 

Jun 495.0 184.5 58.S 

Oct 495.0 351.0 153.0 

Dec 13.S 22.s <13.5 
~ 

~l 
Apr 1974 <13.5 22.5 <13.S 

Jun 765.0 675.0 180.0 

e Sep 1035.0 675.0 216.0 

Dec 121. s 184.5 49.S 

Apr 1975 27.0 36.0 22.5 

Jul 3690.0 40.5 202.5 

Sep 765.0 67.5 396,0 

Dec 27.0 85.5 40.5 

Apr 1976 36.0 54.0 63.0 

Jun 193.5 171.0 67.5 

Sep 364.S 180.0 54.0 

Jan 1977 72.0 99.0 54.0 

Apr 31.5 13.S <13,5 
,~· 

~~ Jun 450.0 54.0 

Sep 9.0 18.0 

Jan 1978 18.0 13.5 

Apr 22.s 31.5 
,.,I, 



POINT 

Date 10 11 12 20 

Jun 36.0 31.5 

Oct 67.5 18.0 

Jan 1979 18.0 18.0 

Apr 31.5 9.0 

Jun 135.0 45 .o 
Oct 63.0 22.5 18.0 

Jan 1980 27.0 9.0 13.5 

Mar 22.S 13.5 4.5 

Jun 81.0 36.0 13.5 

Oct 292.S 85.S 31. 5 

Jan 1981 720.0 NS 45.0 

Apr 31.5 13.5 9.0 

Jun 31.5 13.5 18.0 

Sep 58.5 18.0 31. 5 

Jan 1982 33.0 34.0 18.0 9.4 

Apr* 24.0 50.0 14 .o 15.0 

* Last sampling tor gross beta (pCi/l) by Bechtel National, Ino. 

NS No Sample 
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:·e 
contamination in the Central Drainage Ditch in excess of the ,:,, 

propbsed limit was c6nfined to a maximum depth of 0.6 m (2 ft). 

except for a short distance near the R-10 residue storage and spoil 

pile area. 

Although the sediments of the West Ditch are also Jn 

excess of the limit. ~hey 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). From available 

drill core sample analysis in the West Ditch, it is estimated that 

contamination is limited to the first 0.3-0.6 m (l-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 was detected in off-site tributaries 

to the South-31 Ditch. 

The volume of sediments exceeding the 5 pCi/g Ra-226 

limit for the Central Drainage Ditch, the West Ditch, and the 
3 

South-31 Ditch was estimated to be 18,100 m (645,200 cu ft), 
3 3 3,562 m (127,200 cu ft), and 504 m (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 ele~ents. Detection limits ware generally below or at 

naturally-occurring levels in soils. These results are summarized 

in Table 2.19. (Anderson et al. 1981). The exceptions in the 

Central Drainage Ditch were cobalt, nickel, copper, barium, lithium, 

fluorine, and cesium. In the West Ditch, sodium, cobalt, and 

lithium were greater than in naturally-occurring levels. 

2.2.3 Niagara River 

The Niagara Falls Storage Site drainage system does not 

include the Niagara River. However, intoraation concerning the 

water quality of the Niagara River may be useful for comparative 
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2~10: INSTRUMENTAL RF.ADINGS ANO 226 RA CONCF.NTRATIONS IN Tllf: CENTRAL DRAINAGE DITCH 

___ lf!•~r~•L.!!!!f.!!''trc;r 
21'aa Concntratlon (pC~~ Dl1tance fr09 Ditch C- (I •) kt•.C-• \,l ca 

Orl&lnatlon, (t (•) (~l/hr)(•) (~l/hr)t ) Scmn 'na m-1ta.ii Och(.. r. tr, 

0 18 10 n 
25 20 60 
50 n 10 6.J 

25 16 100 
100(30.5) n 90 7 

125 u 100 
uo 17 10 12 

1n 111 120 
200(61) 22 10 1.5 

225 20 70 
HO 19 60 5.4 

275 16 10 

N 300 17 50 7.4 
I lZS u 60 

N 
.!:> )50 u •o 16 

)25 u r.o 
400(122) 15 50 u 
425 21 60 

500(152.5) 22 90 22 

525 20 110 

550 25 no JO 
575 25 110 
600(1113) 26 10 22 

675 40 200 

650(f) 60 110 56 

675 110 ])Q 211 

700(21J.5) 211 120 
. uo 

725 500 uo ...... o 
no 9()() 1,100 210 

115 l,POO 2,000 670 

800(244) ~ 2,200 l,900 

825 l,000 2,200 410 

8~0 600 100 )70 

1115 IOO 1,600 \Ml 

900(274.5) 600 1,4tll) 71.0 

925 500 1,100 I \11 --------...... -..... -- .. -
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cit~,~~· 
ThBLE 2.10. (Continued) 

___ l".!~r~.~!':..~l_ng_• __ 
'''•• Concentretlon (pCl/1) Dl•tence fr1111 Ditch c- (l •) kta-G•-• ~l ca) 

Orlglnetion, ft (•) (111!/hr) (•) (11R/hr)I ) 'S'C(;,Pj, ln1t [t-r-"'"iaJioch..•lat ryTcfr 
-

950 400 1,400 40 
975 260 ROO 5110 

1,000()05) 400 60{) 9'1 
1,025 400 'Ill{) 600 
1,050 2MJ 611() 21) 
1,075 2110 700 470 
l,lOO(JJ5.5) JOO 1100 170 
1,125 2110 500 116 
1,150 140 6(11) 91 
1,175 400 11110 240 
1,200()66) 160 200 64 
1,225 200 )11) 64 
1,250 150 2110 40\ 
1,215 40 no 12 

N 1,)00()96.5) 90 zr.n 2n 
I l. )25 50 100 210 

N l ,JSO 10 240 so 
V1 l,l15 100 21.0 46 

1,400(427) 140 200 1'10 
1,425 llO 240 140 
1,450 90 )00 40 
1,415 140 2r.n 170 
1,500(452.5) 90 lt.O 270 
1,525 170 )90 400 
1,550 210 f.00 440 
1,515 200 sno 410 
1,600(488) loo 1,100 ''" 1,625 110 f.00 )40 
1,6\0 100 Jt.O 1110 
1,1175 200 600 lMJ 
1,700(5111.5) 1\1) '100 240 
1,125 lt.O "''° 11111 
l • 7'0 200 lf,{) 41 
J ,71\ 1.,0 110 2'111 

l ,1100(50) 170 no ,., 
I ,KJ'> 100 )t.O \\0 
1,11~1) 41) 1JI) '" -- .. _ -- - -- - . -- - - - -· 
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TABLF. 2.10 • (Continued) 

Dl•tanet fr09 Ditch 
OrlAln•tlon, ft (•) 

ln•tr~tal Reading_• c;;;;;cr-.r ~u-c • ..;8 (1 ca) 
(uR/hr)<•> (uR/hrJ<b> 

27'R• Concentration <lf.!/&) --~ 
scrPPn1iiircl----aadinehf.•l•tr~ ____ .... ·--·-------------

10,150(J,095.75) 
10,J90(Jl(J,)]4) 
11,050 
ll,R9o(k)(J,626) 
12,0'IO 
12, 590 (l, A40) 
14,140(4,]14) 
17,650(5,Jll)) 

10-15 
10-15 
10-15 
l0-15 
10-15 
10-15 
10-15 
10-15 

•5 ... ,,, ... 
>4 

~s 

•4 

7.5 
4.4 
5.1 
0, 1'.'i 

10.4 
11.4 
2.6 

---------------------------·· ·-, - ~-· .. ·----~-..... ---·----
(•) C• .... readlna• takrn at 1 • •bo•e af'dl.rnt nr aurracr: backAround ll u~/hr. 

(b) Bet•-A..,... readlna• t•krn •t 1 ca aho•e sP«if 1.rnt or v~trr Rlarf acr, backArnund ~O uR/hr. 

(c) Hr••ur.-ent of 2l~a1 as Indra of 27'R• 

(d) CAllftA sprctro1copy, backRround cnncrntratlon •••r•r• 'n 'rdl•rnt 0,S pCl/a (•O,I) 

(e) Confluence vlth SJl Ditch 
(f) Water reaerYolr drain pipe (froia recarhonatlon pit runnlnr. north of ~1lldlna 411), 

(A} S..ple taken at t~ north prrlaeter fence. 

(h) S.-plt taken SO ft Into a tributary ditch. 

(I) Sa•ple 100 ft north of Bal1trr Raad 
(j) Sa•ple taken at Central nraln•a• Ditch and Maa•alne nralnaar Dltrh 

(k) Sa•plr Just eaat of Lutt• Raad 

Source: Anderson ct al., 1981. i 
CIT 
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Dlatanc• troa Ditch Total 
Orlglnatlon, Ct (•) Uranlua ug/g 

2,225(671) <1.3211 
2,250 <2.6411 
2,300(701.5) <2.6411 
2,350 <3.9511 
2,400(732) <6.5911 
2,450 <l.12&2 
2,soo <2.64&1 
2,525 <3.30&1 
2,600 1.5711 
2,650 <5.27&1 
2,750(131.75)(0tt-llte)<4.6lll 
rcott-lltel <9.2311 

SOUi.Ci: 

01121 
11/30/82 

1.Aderaon et al., 1911. 

PA-231 

<1.001-1 
<1.001-1 
<1.101+0 
<2.601•0 

<7.701+0 
<l.001-1 
<2.001+0 
<1.001•1 

<3.501+0 
<6.50&•0 

T~U·:- ;n•o ' 
llADIO•UCLIDIS IW OW-SITI SIDIKlllT SAJIPLIS OP 

THI ClllTIAL DIU.IWAGI DITCH . 

ACTIVITY pCl/g 

TH-227 IU.-223 TH-234 IU.-226 Pa-214 

<3.001-1 <4.001-1 4.201•0 2.101•0 2.201•0 
<4.001-1 <4.001-1 <6.501+0 2.201•0 1.901+0 
<l.101+0 <6.001-1 5.001+0 3.001•0 3.401+0 

3.00&-l 4,401+0 1.501+0 1.20&+0 
3.10&•0 2.701•0 <1.10&•1 6.10&•1 S.201+1 
3.60&+0 4.001+0 <2.10&•1 1.10&•2 9.40&•1 

<5,00&-1 <1.00&-l <7.70&•0 1.001+0 1.20&•0 
<5.00&•l <l.001+1 <1.00&•0 7,50&+0 7.70&•0 

2.30&•0 2.001•0 3.101•1 4.001+1 3,tOC•l 
1.901•0 2.00&•0 <l.701•1 5.001•1 3.101+1 

<1.001+0 2.001-1 1.401+1 2.201•1 2.101+1 
5.20&•0 5,40&•0 <2.30&•1 1.07&•2 1.051+2 

II-214 Pl-210 CS-137 TH-232 

2.101+0 6.101•0 <l.001-1 7.001-1 
2.101+0 4.101+1 <2,001-1 4.001-1 
3.10&+0 4.10&•0 <2.ooa-1 1.10&+0 
7.10&+0 1.301+1 1.00&+0 
4.90&+1 1.soa.1 <3,00&-1 
9.301+1 1.10&+2 
6.40&•0 1.00&•1 <2.00&-1 1.00&-l 
7,aOl•O 1.201+1 <3.00&-1 1.ooa-1 
3.901•1 6.701•1 <3.00&-1 1.101+0 
3,101+1 6.101+1 <2.001-1 <2.101+0 
2.60&+1 2.501+1 <2.001-1 1.101+0 
1.021+2 1.071+2 <4.001-1 2.501+0 

., 



N 
I 
w 
1--1 

01~00 

llhtenc• frOll 
lnltlal S••~llng 

Polnt,<a) 
(t (•) 

0 
100()0.5) 
500 
700(211.5) 
1100 
900 . 

l, 100(])5. 5) 
l,200 
1,)00 
l,400 
l,'i00(452.5) 
l,ROO 
l,91s<O 
2,000(610) 
2,025 
2,0 .. 0 
2,075 
2, 100 
2,12S 
2,150 
2,17S 
2,200 
2 ,225 
Z,250 
Z,215 
Z,100 
Z,l2S 
2,no 
2,)7S 
2,400 
2,4H 
2,4~0 ',,,,., 

'''''>4111 

TARLF. 2. 12 • INSTRUMENTAL RF.ADtNGS AND 2 21i RA CONCENTRATIONS 
IN THE WF.ST DITCH 

lnatrUIN'ntal lradlng11 
c;;_,. (h )----a,:-t-a-C:a.-a Tc> 
(•lcro l/hr) (•lilt 11./hr) 
at 1 • ehove et l c• ab<tve 
Soll Surr ace 'io ll surr llCP 

180 
40 

100 
120 

50 
40 
JO 
22 
71 
16 
711 
40 
21t 
26 
27 
11 
25 
17 
14 
11 
lh 

],000 
220 
]00 

]M) 
no 
110 
JOO 
•o 

too 
llO 

110 
uo 
too 
Ml 
~ 

lOO 
MJ 

10 
llO 
\fl 
711 

11'•• Concentration (p<;l/1) 
~ln1:!dl ll.adlochr111l11tr'j'ra" 

7.6 
4.2 

21 
76 
l'i 
n 

ft, 1 
II 
],6 

Ill 
'i 

n 

~9 

41 

--------·-"'· .. - ·-·---·- ____ .... _ 



N 
I 
w 
N 

, I ~ -/.. ··~~,.:. "ft •• ' ,'·O: :-::..·· ~. >-:::::· .. 

9' ,e 
&r<1~1 

\ 

Dht•nce fr1111 
Inltl•l S••pllng 

Point, la) 
rt <•> 

2. 500<1> (762. 5) 
2,525 
2,550 
2,66() 
2,rno 
2,760 
2,Rf,O 
2,960 
),060(9ll.l) 
), 160 
),2t.O 
J,)60 
),460 
),f.f>O 
J. %0 
4,lf,() 
4,r.r.o 
4, 7&0 
4,RhO 
4,'lhO 
5,0t.D(l5U.l) 
5, lhO 
5,2&0 
5,160 
5,460 

TllRl.E 2.12. (Continued) 

ln•tr.,..ntal Reading_• 
Caw{!>) &ru-c;l..,.(c) 

(•lcro ~/hr) (•1111 R/hr) 
•t 1 • •l>ove •t 1 c• a!Ktve 
Soll Sudace !ioll Surhce 

14 
19 
Ill 

10-20 
10-20 
10-20 
I 0-20 
10-20 
10-2() 
10-20 
10-20 
10-20 
10-2() 
ID-201 
J0-20 
I0-20 
10-20 
10-20 
10-20 
10-20 
10-20 
10-20 
10-20 
I0-20 
10-20 

60 
'10 
70 

21'Ra Cnnc•ntr•tlon (pel/g) 
ScrrrnlnlCd) Radlnrhr•l•try(r)" 

<4 

•4 

.. c; 

.... 
>'i 
>5 

>'i 
,.5 
>'i 
>5 .... 
.,4 
•4 
.. 5 

l.l 
7.11 

11.5 

1.2 

19.9 

(•) Sa.pl Ina lnltlatrd oll-alte In dltch d.,. v.at on lrld mint SlftWl~(•f'f' Fllur• ~-1), 

(b) C- r .. dlnaa t ... rn at 1 • abcrtt ardlwnt or v.trr aurl•r•r bar•uound tJ 11R/hr. 

(c) l•t•-a•:iaa r•adlnl• t•••n at I r• ai.n,,. ardlwnt nr vat•r aurlar•I bark~round 60 11R/hr. 

(d) Heaaur ... nt nr 11~al •• Indra nf 11'a.1 

(r) ro11- Al'f'rtrnunpy, bar•r.rn11nd rnnrl't'ltr41l"n a-r.11:r In •C'dl-nl n.5 J'(:I/~ (tn, U 

(I) S:t•pl• Jn•t nnrllt nr Sltr rrrl-trr lrncr "" ~Mtlh ,.,,,,. nf Ur'll ralrnl R1I, (<1r .. Flr,11rr ~-1), 

<~l S:t•rlr f.O rt c;.111th .. r nurll• rrrl..,trr f,...,..,. ..t.lch '" "' 1,"tloll ft (<er• Flr.11rr 2.•U. 

Source: l\ndcrson ct al., 1981. 

" ' -~L--· 

' 
• I.I 



N 
I 

w 
w 

'l'' . .J-

e 
<SJCf;l) 

Dl1tanc• troa Dltch Total 
Ori & I natl on, Ur-anlUA 
Ct (11) (a) ug/g P.l-231 TH-227 

-

0 <bl 2.Ul1 <2.701•0 <S.001-1 
100(30.5) 1.2512 <2.001•0 <7.001-l 

500 6.5911 1.001+0 
700(213.S) 5.2711 <3.00&:•0 6.001-1 
800 7 .9111 <S.001•0 7.001-l 
900 1.2512 5.001-1 s.001-1 
1,100 <l.3011 <2.101•0 <l.001•0 
1,200 1.3212 <J.001•0 <1.001+0 
l,JOO <1.9111 <1.1011+0 <7.001-1 
1,400 9.2311 <6.001+0 <1.201+0 
1,500(&52.Sl <1.1111 <1.601+0 
1,100 2.1112 <5.1011+0 2.201•0 
2,100 <2. 7012 1.201+1 1.901+1 
2,400 7.25!1 J.001•0 1.701+0 
2,700 <a.U!l <9.001-1 

e· 
TAllLE 2.lJ 

llADIO•UCLIDIS IW Oll-SITI SIDIKllrT SAKPLIS OF 
THI W&ST DITCH 

ACTIVITY pCl/g 

llA-223 TH-23" llA-226 PB-2U 

<1.001+0 t.tOl+O 2.601+0 1.101+0 
<6.001-1 s.1011+1 4.20h0 4.001+0 
9.001-1 2.001•1 2.lOl+l l.601+1 
1.001-1 2.SOl-1 2.601•1 2.ooa.1 
1.001-1 J.4011•1 J.SOl+l J.601•1 
4.001-1 a.101.1 1.501•1 t.601•0 

<l.101•0 1.0011•1 6.701•0 s.001+0 
1.001-1 a.101•1 1.101+1 6.SOl•O 

<5.001-1 J.601•0 J.501+0 
<l.001•0 J.201 .. 1 1.101+1 1.70lt1 
<l.001-1 1.101+1 s.001+0 6,101+0 

2.001+0 9.00ltl 7.SOl+l 3,301+1 
1.601•1 <6.501•1 S.901+2 2.001.2 
9.001-1 <1. 501•1 4.301+1 1.00ltl 

<1.001-1 9.201•0 7.101•0 5.401•0 

l•l Saapl• taken 1outh to north ott-elt• •••r7 100 tt, on-1lt1 1•1r7 ZS tt. 

(b) Saapl• 1tartln1 point le ott-elt• du• veet ot reald•• 1tor•&• b1lldlng1. 

SOUICI: .lnder1on It at., 1911. 

01121 
11/lO/U 

'"' '~ '?:" '''!"' ' "' . " ''f''\~;,y,11'.' , 
··,-.· 

BI-2U Pl-210 CS-137 TH-231 

1.101+0 <l.001•1 l.401+0 t,SOl-1 
J.tOl+O 1.JOl+l 3.2011+0 l.301•0 
1.6011•1 2.001+1 1.001+0 1.SOl•O 
l.tOl+l 2.201+1 1.201t0 l.201•0 
3.501•1 3.701tl 2.101+0 1.tOl+O 
1.601•0 1.SOltl <2,001+0 1,101•0 
a,SOl+O 6.1011+0 1.001-1 1.301+0 
6,701+0 1.201•1 1.101+0 1.ZOltO 
2.401+0 3.601+0 2.001-1 1.001-1 
1.601+1 2.201•1 2.401+0 1.101.0 
4,601+0 1.101+0 1.001-1 t.001-1 
3.301+1 5.SOl+l 6.601+0 2.tOl+O 
l.901+2 6.tOlt2 t.001-1 2.00ltO 
1.701+1 2.tOl+l Z,60ltl l. 701•0 
6.101+0 1.001•0 2.201+0 1.001+0 



TABLE 2, 14 • WSTRl.'MENT AL SUR\'EY DAT A 
FRO~ SOUTH 31 DITCH 

Location 
(Grid Points)(d) 

531\.\8 
531\.\7 
531W6 
531\.:5 
531\.:4 
S31W3(c) 
531\.\2 
531\.\l 
S31El 
531E2 
531E3 
531E5 
531E6 
S31E7 
S31EB 
S31Ell 
531El2 
531El3 

Beta-Gamma (a) 
(mR/hr) 

0.42 
0.30 
0.27 
0.20 
0.20 
0.23 
0.16 
0.18 
0.12 
0.15 
0.15 
0.13 
0.19 
0.13 
0.07 
0.11 
0.07 

(a)Eackground, 0.06 mR/hr. 

(b)~ackground, 0.01 mR/hr. 

Ca!!II:la(b) 
(mR/hr) 

0.18 
0.15 
0.10 
0.06 
0.15 
0.17 
0.10 
0.07 
0.08 
0.09 
0.10 
0.06 
0.04 
0.05 
0.04 
0.05 
0.05 

(c)Gamma spectroscopy analysis determined 
226Ra concentration to be 5.0 pCi/g. 

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

sources Anderson et al., 1981. 
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N 
I 
w 

°' 

,._,'_t 

9._ 

Ui1~) 

Dl1tance rrom o!tch 
Orl&lnatlon, !t 

l,OSO 

1,050 

1150 

1150 

1150 

750 

750 

·:. ::'·~~)L:;".· ,,~;.,.~ ~· ,. 

O.pth Total 
(rt) Uranlua 

u&I& 

2 33.0 

• <52.7 

0 <65.9 

2 26.6 

6 <33.0 

2 <59.3 

• <59.l 

SOUICI: Anderaon el al. 1911 

OlUS 
11130/U 

. ~-'i - ;._"f,:> ~.: ~' :.;.!/;· 

·"~"'""'' .,,,,,v~r~,1~ '''C"+~~:~ , . .• <.' 
.• -... , 

e 
TABLE 2.15 

JU.DIOlfUCLIDIS I• OK-SITI DIILL COllS raoft THI CIJITJU.L DJU.IllAGI DITCH 

23lp, 227Th 22311 2191n 2l'Th 2l•p1 22611 2Upb 2u81 232n 1l7c. 210pb 

<2 0.2 <0.5 <0.5 11 <22 l.1 3.2 3.2 1.5 <0.2 <• 

<1.5 0.2 <a.5 <0.5 s.• <12 6.9 6.S 6.6 0.1 <0.1 6 

<JO 12 12 13 <9 <50 210 180 uo <5 >o.s 2'0 

<2 <0.3 <O.l <0.3 1.5 <20 2.1 1.• 1.3 0.1 <0.07 <3 

<2 <0.1 <0.6 <0.11 •.1 <2• 1.6 1.3 1.• 1.1 <0.2 <l 

<l.7 <1 0.1 0.1 <11 <JO 19 1l 1l 0.1 <Q,3 u 
<5 <1.4 1.3 0.3 <U <46 29 21 u 1.s <0.3 27 
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TABLE 2.16 RADlONUCLIDES tH OFF-SITE DRILL CORES FROH THE CEHTRAL Dt:AtNAGE DITCH 

~,,TtQ,.ce.. 1:°"0~ S-.plr hpth ~ p~l/1 
fJdcl, o,.~l"4.f10 .. , "-i.er<•> (ft) 7 ·r.ill Th21l lle21J lln71J Th71" Pe71" lle'15- PbZlla IUI'- Th2l2 CelJ7 Pb210 ff. -:>,./{ -

200 2 • .1'-•i' c0.9 <0.5 <0.6 <0.6 -- - 1.l 0.9 l 0.1 <0.2 <2 
4 < /~.' <1.2 - <0.4 <0.4 4.0 -- I.I 1 0.9 l <O.l <2 
6 < '"· f - - <0.7 <0.1 -- <Jl J. l 0.8 0.9 l <0.2 <2 

201 2 - <2.6 <0.8 <0.8 <0.8 <7 -- 2 2 2.6 -- <O.J 

" 11.t <1.11 -- <0.5 <0.5 7.1 <22 0.11 0.5 0.1 0.1 <0,2 <2 

207 2 < ~,.,,., - <0.4 <0.4 <0.4 -- -- 1.1 0.9 l 0.5 <O.l <2 

.3, s.so 211 2 .. . n.r .. 1.1 - <l <l -- -- 1.5 I 1.7 1.4 <0.4 <2 
4 < .,:1. 0 - - <0.7 <0.7 5 cJ) 2.4 1.8 l.l 0.1 <0,2 
6 < /'f.1 -- <0.5 <0.4 <0.4 <4,7 -- 1.4 1 I. I 0.9 <0.1 <2 

214 2 < ~"·"' -- <0.5 <0.5 <0.5 -- -- ].5 ].6 2.5 1.l <0,2 
4 < .l&..Y - <0.6 <0,5 <0,5 •4.5 <25 1.1 l.5 l.l 1.2 <0.2 <2 

222 2 < ,.,., - <0.9 <0.5 <0.5 <l.5 -- 1.l l.1 1.5 l <0,2 <2 
4 < .'.)J.O - <0.6 <0.6 <0.6 -- <24 Z.4 2 1.7 1.2 <0,] 

223.5 4 - - <0.11 <0,4 <0,4 -- -- 0.9 0.6 0.8 0.1 <0,2 c2 

N - 224 2 < JJ.o - -- <0,6 <0.6 5 -- 1. 7 1.6 l.6 1.z <0,1 
I 4 < 1q. 'il -- -- <0.4 <0.4 <].4 -- 1.8 0.11 1.4 0.8 co,z 
w - . 
CX) 22,.5 2 < :.c..q -- - <0.5 <0,5 ],II -- I. 5 l.) l. J 1 <O,l <2 

4 < ,.,. r -- -- <0.5 <0,5 l.5 -- 1.11 1.l l.J o.8 <0.l 

t., 7J"O ]00 2 < .:o.o <1.8 -- <0.6 <0.6 <7 -- l.4 I 1.2 0.1 <0,] c2 
4 • /'f.Y <l.l <0.5 <0.4 <0,4 •5.1 -- 0.6 0.8 O.R 0.11 <0, l <2 

)02 2 < J(,.'I -- <0,1 <0,'\ <0.5 •5,2 -- I 0.7 0,'I 0,6 cn.1 <2 
4 

< '"·, 
<l.l <0. '\ •0,5 <0.5 • ),4 -- O,I o.7 0,7 0.1 •O. I •2 

6 ( ,,., - <O,~ <0,4 •0.4 -- ell 1.1 "·" O.'I 0,) <0,l <2 

)Ol 2 < '"·, 
<l,4 <0,4 c0,4 c0,4 <l.R -- 2.2 l.7 1 1 <0,2 

" < '"· t 
<l.J <0.'\ <0.4 <D,4 ),7 -- I. 1 I.In l.Z o.R <O. l •2 

6 <IT. 1 -- -- <0.5 •0.5 -- -- 1.6 l.Z 1.6 0.9 •0, l - )06 6 < :Z'- 'I - c0,6" •0.5 •0.5 4.• •l'I O,'I o. 7 a 0.6 cO,Z <1 

)Oii 2 < '"· y -- co.• c0.6 <0.6 ~5 -- 1.1 l.Z I. I I •0, I . cl 
4 

< '"·' 
-- <0.4 •O. \ •O. '\ •'\ -- I 0.1 I 1.1 •0, l •Z 

)12 2 < /f I <J.2 •0.6 cn.5 •0,\ ... -- I.I I 1.1 0.1 <D,1 •Z 

" . '"·, -- •D.4 o. l n.1 '\.ll •1\ 1 2.5 .... 0.7 •0,1 

6 c /~ 2.. - -- •0.1 •0.1 ., do I.\ "·" 1.1 I, I c 11, I •1 

lit. 1 • /1. 'J •l.7 •O. '\ .n,\ •O,\ I •1\ .... I. .. 1.4 0.1 •O. I 

4 
• '"· 'i 

•1.4 -- • 11 ... •II.\ . '·, -- 1.1 II.If I. I "·" dl, 1 •1 
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TAlll! 2.18. RADlOCH!HICAl SCR!!NING OF 
CORIS IN niE SO~TH 31 DITCH 

(b) Depth 226Ra Concentration 
Location (ft) (pCi/g) Screening(a) 

S31!18 2 <!. 
4 <4 

S31El5 2 <4 
4 <4 

S31E4.5 2 >5 
4 <4 

S31W5 2 <4 

531'1.'7 2 <4 
4 <4 

S31W8.5 2 <4 
4 <4 

(a)Heasurement of 2l~Bi as index of 226Ra 

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

So~~ce: 'Anderson et al., 1981. 



purposes and as an additional index describing the environment 

surrounding the NFSS. Niagara River water quality data may be found 

in Appendix A. 

2.3 Recreational and Commercial Uses 

2.3.1 Fourmile. Sixmile. and Twelvemile Creeks 

Fourmile. Sixmile. and Twelvemile 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 sites 

(Erie and Niagara Counties Regional Planning Board. 1978). Fourmile 

Creek recreational area is a 248 acre public water oriented park 

located at Porter. New York (Figure 2.7. Number 4). The 

Wilson-Tuscarora recreational area (390 acres) is 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, Numbors 5 and 6, respectively) (Erie and Niagara 

Counties Regional Planning Board 1978). In addition. several boat 

launching sites are available along this segment of the river 

(Figure 2.7). 

Commercially, the lower Niagara River is used as a 

di&charge point in the U.S. for industrial and municipal waste water 

treatment plant effluents (Figure 2.8). A Canadian municipal water 

intake supply source is located in the town of Niagara-on-the-Lake 

(Figure 2.8). 



· .· TABLE · 2 ,19 • SUMMARY. OF STABLE ELEMENTS DETECTED IN. DITCH\ 
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 <22m) Ditch <22m) <22m) 

Element Mean Mean (SE) Mean (SE) 

Na 6,300 6,550 (l,535) 7,500 (3,354) 

Ti 5,000 3,400 (528) 1.666 (729) 

v 100 153 (100) 36 (16) 

Co 8 687 (513) 66 (58) 

Ni 40 828 (511) 32 (17) 

Cu 20 43 (19) 19 (8) 

Mn 850 54 (194) 560 (361) 

Zr 300 21 (5) 26 (9) 

Ba 500 733 (515' 270 (184) 

Li 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 

, . Source: Anderson et al., 1981. 
-;, ! ' 
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Figures 3.2 and 3.3 indicate a general northwesterly flow 

tor the alluvial ~quifer. The piezometric surface 

indicates that the ground water gradient across the NFSS is 

0.001. 

3.4 Ground Water Use 

Approximately 10' of the population of Niagara and Erie 

Counties is supplied by groundwater (Erie and Niagara 

Counties Regional Planning Board. 1978). Domestic 

groundwater supply in the NFSS area is generally of low 

yield and poor quality. The only municipal water system 

dependent on groundwater in Niagara County is located in 

the Middleport area (eastern Niagara County) ( Erie and 

Niagara Counties 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. 

3.5 Groundwater Quality 

3.5.1 Radiological Characterization 

From 197l to 1991 radiological monitoring at the 

NFSS was conducted quarterly onsite and annually 

offsite by National Lead of Ohio (NLO) (Weidner 

1981). Since 199l, this monitoring has been 

conducted by Bechtel National, Inc. Inform~tion 

about the sampling points is presented in Table 3.5 
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09!&~····· TABLE 3.4. Records of selected Wells in the NFS.S Area. 
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TABLE 3.5. 

NFSS GROUNDWAT~R MONITORING SAMPLES 

LOCATION 
'·NO.· LOCATION TAKEN FROM FREQUENCY REMARKS 

1-9 On-Site Wells at 28' Qllarterly Wells sur-
depth rounding the 

R-10 residue 
storage area 

13-14 On-Site French drains ~arterly Sampled from 8" 
outlet concrete pipe 

from French 
drains under 
Building 411 

15 On-Site Drinking Water ~arterly Sampled from 
water tap 
on site 

16 Off-Site Well Annual (end SCA 
t ~ (Drinking Water) of March) (water tap) 

17 Off-Site Well at 25' Annual (end •wojcik" 
depth of March) (water tap) 

18 Off-Site Water well Annual (end •Joway• 
of March) (water tap) 

19 Off-Site Well at 25' Annual (end •waddell" 
depth of March) (water tap) 

j • ~ ' 

1981 
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Figure 3.6. On-Site Groundwater Sampling Points 
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with onsite and offsite locations shown in Figures 

3.6 and 3.7, respectively. Groundwater is 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 is an onsite 

water tap served by a municipal supply while point 

16 is 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 uranium, 

uranium-238 activity, radium-226, and gross alpha 

and gross beta activities by NLO. Currently, 

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 limit of 30 pCi/l for water 1n 

uncontrolled areas. The only exception was in the 

samples collected from sampling points 2-4 and 6 in 

~ecember 1974 (Table 3.8). The DOE concentration 

guid~ limit 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 N!'SS periphery and in the R-10 residue 

storage area. The location of these wells is shown 

in Figures 3.8 and 3.9. During May, June and August 

1980, saturated zones (Tabla 3.11) ware sampled and 

concentrations of total uranium and radium-226 in 
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e -(fiyfo) 
Table 3.6 XFSS Total Uranlua (11&/l) ln Groundvater 

s-pllng Point 

Date 1 2 3 4 5 • 7 a 9 

Jun 1977 0.003 0.004 <0.003 <0.003 <0.003 0.003 0.220 0.004 0.004 

Sep 0.001 <0.003 0.004 0.003 <o.oo3 0.001 0.004 <0.003 <o.oo3 

Jan 1971 <0.003 <0.003 <0.003 <0.003 <O.OOl <0.003 <0.003 <0.003 <0.003 

Apr 

Jun 

Oct 

0.005 <0.003 o.004 <o.oo3 0.003 o.ooa 0.020 0.006 0.001 

0.005 0.007 <0.003 <0.003 0.001 0.006 0.004 0.001 0.009 

0.004 0.003 0.007 0.009 0.006 0.005 0.004 0.004 <0.003 

Jan 1979 0.009 0.001 0.005 <0.003 0.005 <0.003 0.010 0.003 0.001 

Apr 

Jun 

Oct 

0.020 0.00) <0.003 0.004 <0.003 <0.003 0.006 0.004 0.005 

<0.003 0.007 <0.003 <0.003 0.003 0.005 o.ozo 0.005 <0.003 

0.005 0.003 0.001 0.005 0.004 0.003 o.oos 0.010 0.001 

Jan 1980 <0.003 0.004 <o.oo3 0.004 <0.003 <0.003 0.010 0.010 o.oos 

Kar 

Jun 

Oct 

0.010 0.009 <0.003 <0.003 0.006 <0.003 0.009 0.005 0.003 

0.004 <0.003 0.001 0.003 0.004 <0.003 0.005 0.003 0.005 

0.001 0.003 0.003 <0.003 '-0.003 <0.003 0.007 <0.003 0.005 

Jan 1981 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <O.OOl 

Apr 

Jun 

<0.003 <0.003 0.003 0.003 0.004 <0.003 <0.003 <0.003 0.004 

<0.003 <0.003 <0.003 <0.003 <0.003 0.001 0.004 0.006 <0.003 

<0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.003 <0.003 Sep 
Jan 1912 <0.005 0.009 0.006 0.001 0.006 0.006 0.010 <0.005 0.006 

Apr 

Jul 

0.006 <O.OOS <0.005 0.006 <0.005 <0.005 <0.005 <0.005 <0.005 

0.006 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

13 14 1S 

0.460 0.120 <0.00) 

0.100 0.120 <0.003 

0.120 0.620 <0.003 

0.430 0.290 0.003 

0.780 0.640 <0.003 

16 17 11 19 

1.400 1.100 <0.003 <0.003 <0.003 <0.003 <0,003 

1.000 1.000 <~.003 

0.510 0.600 <0.003 <0.003 <0.003 o.oos <0.003 

1.100 1.000 <0.003 

0.230 0.210 <0.003 

1.000 1.100 <0.003 

0.900 0.750 <0.003 <0.003 <0.003 0.010 <0,003 

4.100 4.300 <0.00) 

0.500 0.540 <0.003 

l.400 l.400 <0.00) 

0.690 0.710 <0.003 <0.003 <0.003 0.010 <0.003 

0.260 0.210 <0.00) 

.0.010 0.090 <0.003 

0.150 o.1so <o.oos 

0.240 0.210 <0.005 <O.OOS 0.013 <0,005 <0.005 

0.110 <o.oos <o.oos 



' '.~ ·: 

<.:;':,;-,;:' NFSS U-238 in 
)_"!: :\ ' 

':~Y:.'.1:' '1· • ••. ~. -- • :<;··(·.\.,: .. ~. 
Sampling Point 

Date 1 2 3 4 5 6 7 8 9 13 14 15 16 17 18 12_ 

Jun 1977 1 1 1 1 1 1 73 1 1 153 206 1 

Sep 2 1 1 1 1 2 1 1 l· 33 40 1 

Jan 1978 1 1 1 1 1 1 1 1 1 239 206 1 

Apr 2 1 1 1 1 3 7 2 3 143 93 1 

Jun 2 2 1 1 3 2 1 3 3 259 213 1 

e Oct 1 1 2 3 2 2 1 1 1 465 598 1 1 1 1 1 

Jan 1979 3 3 2 1 2 1 3 3 2 332 332 1 

Apr 7 1 1 1 1 1 2 1 2 193 200 1 1 l 2 l 

Jun 1 2 1 1 1 2 7 2 1 366 333 l 

Oct 2 1 3 2 l l 2 3 2 77 70 l 

J.ln 1980 l 1 l l l l 3 3 2 333 366 l 

Mar 3 3 1 1 2 l 3 2 1 300 250 l l l 3 l 

Jun 1 l 3 l l 1 2 l 2 1365 1432 l 

':. 3 l l l l l .2 l 2· 167 180 l 
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Data 

Apr 1972 
Jun 
Sep 
Dac 
ll•t' 1973 
.Jun 
Oct 
Dec 
Apr 1974 
Jua 
Sep 
Dec 
Apr 1975 
Jul 
Sep 
Dec 
Apr 1976 
Jun 
Sep 
Jan 1977 
Apr 
Jun 
Sep 
Jan 1971 
Apt' 
Jun 
Oct 
Jan 1979 
Apr 
Jun 
Oct 
.Jan 1980 
liar 
Jun 
Oct 
Jan 1911 
Apr 
Jun 
Sep 
Jan 1912 
Apr 
Jul 

1 2 3 

o.9 1.4 o.9 
o.9 J.2 o.9 
o.9 1.4 o.9 
o.5 1.1 o.9 
2.l 0.9 0.5 
o.s 1.4 0.5 
o.5 0.9 0.5 
o.5 5.o o.5 
0.5 l.6 0.9 
0.5 0.9 0.5 
o.5 o.9 o.5 
0.5 90.l 17.1 
0.5 5.4 l.2 
0.5 0.9 0.9 
0.5 

<0.5 
0.5 
o.5 
2.7 
0.5 
0.5 
0.5 
0.5 
0.5 
5.9 

<0.5 
<O.S 

4.S 
l.6 
0.5 

<O.S 
<0.5 
1.4 
o.1 
0.5 
0.5 
0.5 
o.s 
1.4 
0.2 

<O.l 
O.l 

0.9 
o.5 
2.l 
0.1 
l.2 
o.5 
0.9 
0.9 
0.9 
0.5 
o.5 
o.5 

<0.5 
0.5 
0.5 
0.9 

<0.5 
<0.5 
1.4 
o.s 
o.s 

<0.5 
o.5 
o.s 
o.s 
o.• 
0.2 
0.2 

o.s 
o.5 
0.5 
0.5 
0.5 
1.4 
0.5 
0.9 
o.5 

<0.5 
2.7 
0.5 

<O.S 
6.1 
0.5 
0.5 
4.1 
0.5 
1.4 
o.s 
2.l 
0.5 
1.. 

u.1 
4.5 
1.1 
O.l 
O.l 

-:-··: ~ ' 

. Tabla At 
MFSS ladl1111-226 ActlYlt7 (pCl/l) la Groundwater 

Saaplln& Point 

4 s 6 1 

0.9 0.9 0.9 0.9 
0.9 0.9 0.9 l.6 
0.9 0.5 0.9 1.4 
0.9 0.5 0.9 1.4 
0.5 0.5 0.9 0.5 
0.5 o.5 1.4 o.s 

<0.5 <0.5 1.1 0.5 
1.1 o.9 4.1 o.5 
o.5 0.5 2.7 0.5 
0.5 <0.5 1.1 <0.5 
o.5 <0.5 0.5 0.5 

11.1 26.4 ll.5 0.5 
1.4 0.9 6.l o.5 
0.5 o.s 1.1 0.5 
o.5 

<0.5 
0.9 
0.5 

<o.5 
<0.5 

0.9 
<0.5 
0.5 
o.5 
0.9 
0.5 

<0.5 
0.5 
0.5 
o.s 
o.s 
0.5 

<0.5 
o.s 

<0.5 
<O.S 
co.s 
<o.5 
0.5 
0.1 
0.1 
O.l 

<O.S 
<0.5 
0.5 
0.5 

<0.5 
<0.5 
<0.5 

0.5 
0.5 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
1.4 
o.5 

<O.S 
<0.5 
o.9 

<O.S 
o.s 

<o.S 
o.s 
1.0 
0.2 
0.1 

l.• 
1.4 
6.l 
0.5 
l.6 
1.1 
l.6 
2.l 
0.9 

<O.S 
10.4 
0.9 

<0.5 
<o.5 
o.s 
1.4 

<o.s 
<O.S 
<O.S 
o.s 
0.9 
o.5 
0.9 
1.4 
1.1 
0.4 
0.1 
0.2 

2.l 
•s 

<0.5 
o.s 
o.5 

llS 
0.9 
o.5 

<0.5 
<0.5 
o.5 
o.5 

co.s 
1.4 
2.l 
1.4 
o.5 
1.4 
1.4 

co.s 
1.4 
0.1 
1.4 
0.9 
0.5 
0.5 
O,l 

<o.1 

• 9 

0.9 0.9 
27.0 0.9 

7.2 o.s 
l.2 o.s 
4.1 <0.5 
4,1 <o.5 
2.7 <0.5 
2.l <0.5 
1.• <o.s 
2,7 <0.5 
2.l <0.5 
1.1 o.5 
2.l <0.5 
2.l <0.5 
0.5 
1.1 
o.s 
1.4 
0.5 
1.4 
1.4 
1.4 
0.5 
0.5 

<0.5 
<0.5 
co.s 
<0.5 
0.5 

<O.S 
<0.5 
1.4 
o.s 

<O.S 
<O,S 
<0,5 
o.s 

co.s 
0.9 
0,3 
0,3 
0.2 

<0.5 
<o.s 
<0.5 
<0.5 

3.2 
<0.5 

0.9 
<o.s 
o.s 

<O.S 
o.5 
o.5 

co.s 
<O,S 
o.s 
o.s 
o.s 
0.5 

<o.s 
o.5 
2.7 

co.s 
o.s 
o.s 
o.s 
0.2 
0.2 

<o.1 

13 14 15 

0,9 0.9 0.9 
0.9 0.9 o.s 
0.9 0.9 0.5 
0.9 0.9 <O.S 
1.1 0.9 <0.5 
1.4 1.4 <0.5 
1.4 1.4 <0.5 
1.1 2.l <0.5 
1.4 0.9 <0.5 
1.1 1.4 <0.5 
1.4 1.4 <0.5 
1.1 1.4 <0.5 
1.1 <o.s <o.s 
1.1 1.1 <0.5 
1.4 
2.l 
1.4 
2.3 
1.4 
1.4 
2.3 
2.3 
1.4 
2.3 

·2.3 
2.1 
2.1 
3.2 
4.1 
l.2 
O:t 
3.2 
2.1 
1.1 
2.7 
2.7 
3.6 
0.1 
0.1 
1.1 
0.4 
o.s 

0.9 
1.1 
1.1 
2.l 
0.1 
1.• 
2.3 
1.1 
o.1 
1.1 
2.3 
2.7 
2.1 
2.7 
5.4 
2.7 
0.1 
3.2 
l.2 
1.1 
s.o 
2.7 
2.3 
0.1 
0.1 
2.1 
O.J 
0.1 

<o.s 
co.s 
<0.5 
<O.S 
<0.5 
<O.S 
<0.5 
co.s 
<o.s 
<0.5 
<o.s 
<o.s 
o.s 

<0.5 
<o.s 
o.s 

<o.s 
co.s 
<o.s 
<o.s 
co.s 
co.s 
<O.S 
<o.s 
<O,S 
0.1 
0.2 
0.4 

16 17 11 19 

o.s o.9 o.5 o.5 

0.9 <0.5 o.s o.s 

0,9 1.4 <O,S O.S 

1.4 <O.S <O.S <0.5 

<O,S o.s <o.s <o,s 

<O,S co.s <o.s co.s 

co.s <o.s <o.s co.s 

co.s <O.S co.s co.s 

o.s co.s co.s co.s 

co.s <O,S o.s co.s 

0.1 O,J 0.1 0.4 

llS llo la.ple 
source: lrLO Iabo••• a.port. ftylrot19t1tal !01!torl11 tt tbt ll111r1 P1ll1 ltor111 lltt. lllt Corr11po1d1ac1 to I, V, 

llautz Croa J, r. &a1lart CJ ... l00 1911). 

01101 

I 9'l 
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;~}1 e ... -©1·•~4~ Table l. 9 11rs11 Orou Alpha :(pCl/1) In Groundwater 
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Suaplln& Point 

~ 

Apr 1972 
Jun 
Sep 
Dec 
11ar 1973 
Jun 
Oct 
Dec 
Apr 1974 
Jun 
Sep 
Dec 
Apr 1975 
Jul 
Sep 
Dae 
Apr 1976 
Jun 
l•P 
Jan 1977 
Apr 
Jun 
Sep 
Jan 1971 
Apr 
Jun 
Oct 
Jan 1979 
Apr 
Jun 
Oct 
Jan 1910 
liar 
Jun 
Oct 
Jan 1911 
Apr 
Jun 
Sap 
Jan 1912 
Apr** 

4.5 
111 
a,5 
a.5 
9 

13.5 
ca,5 
ca.5 

4.5 
C4,5 
ca.5 
C6,5 
<4,5 
U.5 
lJ,5 

4,5 
C4,5 
ll,5 
11 
4.5 
9 

c10 
Cl 

• &w•r•&• Value 

2 

22.5 
9 
a.5 

22.5 
9 

C4,5 
<4.5 
27 
lJ,5 
ca.S 
<4.5 

1012.5• 
11 
•.5 
9 
a.5 
9 
a.5 

' ' 9 

ClO 
<60 

J 4 

4.5 4.5 
a.5 9 
9 9 
9 a.5 

<•.5 <&,5 
9 <4.5 
9 22.5 

lJ,5 31.5 

' ll.5 
oea.S <a.5 
13.5 9 

571,5• 1260• 
11 a.5 
a.5 4.5 

<4.5 4.5 
4.5 4.5 
4.5 4.5 
a.5 <4.5 

4.5 ' 
a.5 <a.5 
a.5 60.5 

ClO 
<I 

ClO 
<17 

5 

a.5 
a.5 

111 
4.5 

<a.5 
9 

13.5 
a.5 
9 

ca.5 
11 

675* 
13.5 
11 
<4.5 

a.5 
ca.5 
67.5 
11 
C6.S 
11 

ClO 
<I 

6 

ll.5 
49.5 
a.5 
4.5 

<a,5 
9 

22.5 
11 
11 
27 
13.5 

459* 
27 
4.5 
4.5 
4.5 

6J 
60.5 

9 
<a.5 
22.5 

<10 
~ 

1 

4.5 
166.5· 

63 
45 

103,5 
lS7.5 

99 

51.5 
49.5 

110 
Jl.5 

135 
49.5 
31.5 
40.5 

•s 
11 
IS.5 

ll\ 

•s 
234 

c10 
ct• 

•• La1t aaaplln& tor Croaa Alplla (pCl/1) ~ a.c•tal .. tloaal. lac. 
llS •o Saapla 

011011 

• 

4.5 
27 
27 
a.5 
9 
9 

11 
ca.5 
<a.5 
11 
11 

' 4,5 
ll.5 
<a.5 
a.5 

ll.S 
11 

' ' l6 

ClO 
<11 

9 

1035 
9 
9 
6,5 

ca.5 
C6,5 
22.5 
<a.5 
4.5 

l6 
ll.5 
a.5 

' 3.5 
9 
6.5 

13.5 
ll.5 
22.5 

' ' 

ClO 
<U 

1l 

155 
94.5 
67.5 

400.5' 
351 
1215 

162 
515 
llO.S 

1710 
720 
us 
515 
lSS.S 
lOl,5 
515 
265.5 
126 
15.5 

110 
112.5 

110 
79 

14 

315 
90 
51.5 

uo 
217 

1260 
lU,S 
292.5 
217 

1615 
7U 
945 
SIS 
495 
11 

ISS 
27 

141.S 

" 110 
Ul 

170 
60 

15 

4.S 
4.S 
4,5 
4,5 

<6,S 
4.S 

C4,S 
C6,S 
c4,5 
<4.S 
ca,S 
<4,S 
C4,S 
<4,5 
<4,5 

4,5 
4,S 

<4,S 
C4,S 
<6,5 
ca.S 
2.7 
l.6 
1.6 
1.6 
2.1 
o.t 
o.s 
0.9 
2.l 
1.1 
2.3 

co.9 
0,9 

<1,1 
c1.1 
Cl.I 
<l.1 
Cl.I 

ClO 
<S 

16 

11 

11 

' 
<4.S 

9 

C6,5 

<O.I 

0.1 

17 11 

''_·-·•<···-_.· 
~\5~~~--;~>~~ '-_; 

.:·::.-~·-

:: ·:2 ~- -:-·-

19 '' 

4,S 4.5 4.S 

C4,5 c4,5 C6.S 

6,S 6,S 6,S 

c4,5 <a.S c4,5 

<6,S 4.5 4.5 

4,S 4.5 c4,5 

CO.I 6,J O.t 

C0,9 7,2 CO.I 

co.I O,, 13.S 1.4 

1.6 co.1 13.S co.1 

s cs Cll cu 

! 
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··,. ' ·~- Table 3.10 

':CR(tcff' 11rss Gro•• Bete (pCl/1) In Groundveter 

Saapllng Point 

Date 

Apr 1972 
Jun 
Sep 
Dec 
liar 1973 
Jun 
Oct 
Dec 
Apr 197' 
Jun 
Sep 
Dec 
Apr 1975 
Jul 
Sep 
Dec 
Apr 1976 
Jun 
Sep 
Jan 1977 
Apr 
Jun 
Sap 
Jan 1978 
Apr 
Jun 
Oct 
Jan 1979 
Apr 
Jun 
Oct 
Jan 1980 
liar 
Jun 
Oct 
Jan 1911 
Apr 
Jun 
Sep 

1 

13.5 
36 
22.5 
lJ.5 

<13.5 
<13.5 
<13.5 
13.5 
18 

2 

22.5 
36 
ll.5 
ll.5 
lJ.5 
&0.5 
u 

<13.5 
<13.5 

<13.5 <13.5 
<13.5 ll.5 
<ll.5 ll0.5• 
<13.5 <ll.5 
13.5 <ll.5 
13. 5 <ll. 5 
22.5 <ll.5 
36 36 

<13.5 <ll.5 
&0.5 13.5 

<ll. 5 <13. 5 
<lJ.5 <13.5 

Jan 1982 <6.1 <6.1 
Apr•• <8 <10 

• Aweraae Value 

3 

13.S 
5• 
31.5 
11 

<ll.5 
<13.5 
11••• 

<ll.5 
22.5 
&0.5 
u 

103.5• 
<ll.5 
3' 

<ll.5 
<ll.5 

36 
<ll.5 
<ll.5 
<ll.5 

&0.5 

<6.1 
<I 

• 
13.5 
45 
40.5 
u 

<13.5 
<ll.5 

11 
13.5 

<ll.5 
ll.5 

<ll.5 
220.5• 
<13.5 
22.5 
31.5 

<ll.5 
13.5 

<ll.5 
<13.5 
<ll.5 
<ll.5 

<6.1 
<7 

5 

ll.5 
ll.5 
ll.5 
13.5 

<ll.5 
<ll.5 
<13.5••• 
<ll.5 
<ll.5 
<ll.5 

22.5 
195.1• 

11 
<13.5 
<13.5 
<13.5 
<ll.5 

36 
<13.5 
<13.5 
<ll.5 

11 
<I 

• 
5& 
u 
ll.5 
11 

<ll.S 
<ll.5 
<1J.5H• 
<13.5 

22.5 
<ll.5 

31.5 
101.3• 
<ll.5 
<ll.5 
<ll.5 
<13.5 

22.5 
31.5 
11 

<ll.5 
11 

<6.1 
<7 

1 

13.5 
67.5 
36 
ll.S 
22.s 
51.5 
12 
31.5 
22.5 
31.5 

<ll.5 
31.5 
11 
11 
27 
ws 
ll.5 
36 
36 
H 
36 

<6.l 
<7 

•• Laat •aapllng for C~oee Bete (pCl/l) ., &.c~lel .. lleaal. lac. 
••• lechect Yalu•• 
llS llo Sa11ple 
01101 

• 
13.5 
31.5 
ll.5 
13.5 

<ll.5 
27 
11 

<ll.5 
22.5 

<ll.5 
ll.5 

<ll.5 
<ll.5 
11 
ll.5 

<ll.5 
&9,5 
22.5 

<ll.5 
<ll.5 
<ll.5 

1.1 
<10 

9 

270 
13.5 
11 
ll.5 
ll.5 
ll.5 

<13.5 
<13.5 
13.5 
15.5 

<13,5 
11 
22.5 

<13.5 
<ll.5 
U.5 
22.5 

<ll.5 
27 

<ll.5 
<13.5 

1.1 
<10 

ll 

270 
36 
ll.5 

117 
76.5 

675 
51.5 

153 
&0.5 

'95 
119 
229.5 
202.5 
U0.5 

11 
110 

99 
6l 
u 

Ut.5 
<ll.5 

11 
JOO 

1' 

135 
45 
11 

112.5 
6l 

aoo.s 
U.5 
76.S 
12 

05 
202.5 
2U 
157.5 
to 
u 

139.5 
lU.S 
ao.s 
6l 

23& 
72 

u 
no 

'A·"'-
W ..... ~·~, 

15 u 17 11 1' 

u.s 
11 
u.s 

11.0 13.5 13.5 13.5 

13.5 
<13.S 

27 
<U.5 
<ll.S 

11 
<U.5 
<U.S 
<U.S 

<13.5 <13.5 <13.S <13.5 

<13.S <13.5 <13.5 11 

<13.5 <13,S <13,S <13.S <13.5 
<ll.5 
<ll.S 
<ll.S 
<13,5 <13.S <13.S <13.S 11 
<13.5 
<ll.5 
<U.S 
<13,S <13.S <13.5 <13,S 31.S 

9 

'·' ll.5 

' &,5 

4.5 ' ' 
4,5 
a.s 4.5 4.5 

' 4.5 
4.5 
•.s 4.s e.s 

'·' u.s 

' 13.S 13.S 4,5 

' '·' <6,1 
<12 <12 <12 

U.S 4.S 

•.s •.s 

u.s uo 

11 ' 

11 <7 ~ ~;t 
tl1 
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Depths 

Location 

Periphery 

NlO.O E7.0 

NlO.O ElO.O 

N 0 W8 .O 

Nl.0 W26.0 

N4.0 W29.0 

N7.0 W30.0 

Nlo.o w0.o 
NlO.O Wl7.0 

Nl2.0 W31.0 

Sl4.0 Wl8.0 

Sl8.0 Wl8.0 

521.0 W7.0 

522.0 Wl8.0 

526.0 W7.0 

S26.0 Wl8.0 

S36.0 Wl8.0 

S42.0 Wl8.0 

R-10 Area 

SlS.O Wl3.0 

SlS.O Wl7.0 

·. 517.0 Wl3.0 

520 •. 0 WlO.O 

.520.0 Wl3.0 

520.0 WlS.O 

· s20.o w11.o 

Table .. ':,:/' ·-... .. ,, . 

Saturated Zones arid Wells, at the NFS.S 

12-16 

Saturated Zones 
ft 

14-16 

4-20 

14-36 

>20 

6-20 

4-20 

16-26 

14-34 

10-22 

14-36 

8-36 

18-20 24-28 

12-18 

6-10 32-36 

8-22 

14-16 

8-20 

6-20 

>20 

6-10 16-22 

6-14 16..:.20 

4-28 

30-32 

Depth of Well 
ft 

20 

20 

42 (bedrock) 

20 

20 

20 

36 (bedrock) 

36 (bedrock) 

24 

40 

40 

36-40 40 

34 

36 

22 

20 

20 

20 

20 

24 

20 

34 

28 

20 

' . 



't '" ., 

522.0 Wll.O 8-16 .·· 20 

522.0 Wl4.0 0-4 18-20 30 

522.0 Wl7~0 8-18 26 

524.0 W9.0 8-10 16-20 20 

524.0 Wll.O 12-14 20 

524.0W14.0 10-16 20 

524.0 Wl7.0 6-20 26 

526.0 W9.0 >20 20 

526.0 Wll.O 4-8 20 

526.0 Wl6.0 0-2 6-30 30 

527.0 Wl7.0 8-22 26 

529.0 Wl7.0 20-22 28 

Source: Anderson et al. (1981) 



3.0 Ground Water Hydrology 

3.1 Characteristics of the Local G~~und Water System 

Within Niagara County. ground water is present within both 

Pleistocene surficial deposits and the underlying Silurian 

and Ordovician bedrock. The more productive aquifers are 

generally found in bedrock formations. although soil 

deposits are capable of supplying 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 yields from the Queenston 

shale-siltstone are typically less than 7 gpm; however. in 

unweathered portions of the formation. well yields are 

estimated to be less than l gpm (Johnson 1964). 

Soil deposits within Niagara County primarily consist of 

clays or silts with occasional sand and gravel lenses. 

T:1ese 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 beneath the gray lacustrine 

, clay and above the glacial till. The intermittent sand 

lenses are not considered a continuous aquifer. They 

probably represent a aeries of isolated lenses or a series 

of lenticular stream channel deposits. 



Deep soil monitoring wells (approximately 50 feet in depth) 

are installed at the NFSS in th~ intermittent 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 indicated in Figure 3.1. Water levels from 
\ 

the deep and shallow aquifers are listed in Tables 3.1 and 

3.2. respectively. Contours of the piezometric surface for 

these units are presented in Figures 3.2 and 3.3. 

The upper brown sand unit is recharged by percolation of 

meteoric water. The lower gravelly sand-silt unit is 

confined by the overlying gray clay and the underlying red 

till. 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 is not present. 

Ground water discharges to the Niagara River and Lake 

Ontario both of which are hydrologic sinks. In the NFSS 

area, the movement is generally to the northwest. Local 

discharge iR also to streams crossing the Ontario Plain. 

3.2 Aquifer Characteristics 

Aquifers of limited extent and yield are present in both 

the non-indurated deposits and bedrock beneath the NFSS. 

The discontinuous brown sands are present within the 

glacially derived brown to red-brown clay. These sands are 

not considered a true aquifer. Thay range from 1 to 9 feet 

thick. No information is available on the hydraulic 

conductivity or yield of these sand deposits. Variable 

head field permeability teats ware conducted in these 
-5 -6 sands. Permeabilities ranged from 2xl0 to 2xl0 

cm/sec (Acres American, Inc. 1981). 
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LIST OF STRUCTURES 
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401 ·DISMANTLED BOILER 8 
(BORON) PLANT BLDGS. 

402 - INFIRMARY BLDG. 
403 ·• OFFICE 8 GARAGE 
408 • COOLING TOWER BLDG. 
409 - ORIGINAL FIRE RESERVOIR 

(UNUSED) 
410 • F-32 8 MIDDLESEX SANO 

STORAGE 
411 • L-30 RESIDUE STORAGE 
412 • ACCELERATOR BLOG. 
413 • L ·SO RESIDUE STORAGE 
414 - L·SO RESIDUE STORAGE 
416 ·GATE HOUSE 
423 • MOTOR VEHICLE GARAGE 
430 ·SUPPLIES WAREHOUSE 
434 ·SILO 

IOO 
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TATIT.E 3. l 4 • (Continued) 

VALUES ABOVE VALUES BELOW 
DETECTION LIHITS CPPH, D~TE:TIOM LIHITS CPPH) 

ELE11EMT N• HEAN STD OEV. HIN. HAX. ... HIN. OL•• MAX. DL•• 

P~ASEODYHIU11 0 17 Jelt5E-03 r..r.sE-03 
CE RIU"1 6 Ze16E-03 4. 68E-O It 1. 7JE-03 J.OJE-03 11 1.73E-03 z.oc.E-oJ 
LA NT HAN U"1 0 17 Jelt5E-03 r..1t5E·Ol 
e.l RIU"1 17 1e1'lE-01 8e65E-OZ Z.JOE-02 Z·96E•01 0 
CE.SlU'1 0 17 5e19E•Oft 9128E•oe. 
lOOlNE 12 5e76E-OZ 5e5ZE-OZ 1. 7 JE-0 Z 1.73E•01 5 ". 63 e:- 0 3 4o38E•02 

w TE LLU~I UH 0 17 1.1s~-02 1elt8E•OZ I 
w ANTIHONY 0 17 3eft5E•03 ... lt5E•Ol w Tl N 3 1elt'lE•01 ZeZ5E-O 1 1.zee:-02 It• 0 9E•01 1r. 1e15E•02 z ... JE•OZ 

IN OI U'1 0 ---.....- 17 1e 73E•OJ z.2ze:-03 
Cil 0111UH 0 17 J.ft5E-~2 1e19E•01 
SILVER 0 17 117lE•OJ ..... i:;e:-o J 
PA LLAOI UH 0 17 1o15E•02 Zelt8E•OZ 
R40DIUH 0 17 3elt5E•Cl 711t1E•Ol 
RUTHE.NI UH 0 17 1e15E•CZ 1ole8E•OZ 
HO L YBQE HUH 6 leZC.E-02 5e 17E-OJ &. 1+U:-OJ 1e86E-:JZ 11 5e76E•OJ 1.J2e:-oz 
NIOBIUH 0 17 3e67E•OJ 6e19E-02 
ZIRC:JNIUH fJ 17 5.761!-0J l115E•OZ 
vnq1u11 0 17 Ze31E•OJ a..J~E-03 
SlRONTIU"1 17 lt15JE+O'l l11t 1E+C 1 It• 91E•O 1 1.01tE+01 0 
RU 8101 UM 17 7.HE-03 7, 66E-G l 6e91E-O .. 2.1e1JE•OZ 0 
ElR.OHINE 17 7,J1E-01 5. Z 6E·'J 1 9 • 76E•D Z 1e7tE+OO t 
S:LENlUH 0 17 lteOJE•'lJ le11E•02 
~Q.SENlC J 1e20E•OZ &,ltJE•OJ 5.76E·OJ 1.86~-~ z tit 1e95E•OJ 2e1CJE•OZ 
GERMANI U"1 0 17 6e1Z~·CJ ff .~AE'•Ol 
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TABLE 3.14. (Continued) 

VALUES ABOVE VALUES BELOW 
DETECTION LIHITS (PP"1 t DET~CTlON LIHITS (PPH) 

ELEMENT N• HEAN STD OEY • HIN. HAXe N• 11IH. DL•• 1ux. DL•• 

---------· 
GA LLIUH 1 3 • O 7E-O J .E+O D 3.0TE-03 3. 0 7E-O 3 16 2e88E•OJ J.71E-OJ 
ZINC 17 1.c.JE+OO Ze 16E+C 0 1.1c;E-01 7elt1E+!JO 0 
c 0 pp~~ 17 5.J&E-OZ 7e69E-OZ 6. 0 6E•O l J.1CJE-01 c 
NICKEL 3 z.Z7E-OZ 1eZ9E-OZ 1eZ&tE-OZ 3e71E•OZ 14 i:;.76E•OJ 1elt6E-OZ 
CO SALT & 1elt1E•OZ Ze1+5E•02 1eZltE·O3 6. 39E-OZ 11 5. 77E-O .. 1e15E-OJ 
l~ON 17 J.5&tE·01 e.z 1t-o 1 1 e It !SE-OZ J •It &E•OO 0 
H~NGANESE 17 9.1ZE-01 1•17E+O0 &.est-oz J.9&tE+OO 0 

w C HF<Ot-1IU H 17 Je90E·OZ 1. 8 OE-0 Z 7. 6fiE-OJ 7e9JE-DZ 0 
I VANADIUM 0 17 6e91E•Olt r..r.5E•OJ w 
""' TITANIUH 1 1e92E•01 .E+O 0 1. 9ZE.•O1 1e9ZE-01 1& 1e15E•OZ 5e7&E•OZ 

SCANDIUM 0 17 1e15E•OZ Ze7ZE·DZ 
CALCIUH 17 5. 89E +OZ 5.1 &E+O Z 1e15E+OZ z.zzt•OJ 0 
POTASSI UH 17 1.oc.E+01 e. & 7E+O C 1eZl\E+OO J.a.OE+D1 0 
CHLO~lNE 17 J e61E +O 0 7 • 9 CE +O Q Ze&OE•OZ 3e3:JE•01 0 
SULPHUR 17 &e95E +OZ 5el1E+OZ Zelt5E+OZ z.zzt+oJ D 
PHOSPHORUS 17 z.est-oz c. • 0 ZE-0 Z 1te81tE•OJ 1e7&E•01 0 
Sl LICON 17 CJe59E+OO 1e01E+Cil 3 • Z8E+OO 1teltZE+01 0 
AL:.J11INUH 11 1eZ1tE•01 7.1tc.E-OZ Jelt'iE•OZ Ze31E•01 (, le97E•OZ e.76E•Oz 
HA GNESI UH 17 3 • J9E +OZ 1e70E+OZ 5. 76E+01 1.a.1E•OZ 0 
SO DIU"1 17 Za&ZE+OZ la 1 OE +CZ 7 • 6CJF. +O 1 5e11E+OZ 0 
FLUORINE 1& 1.JOE•Ol 1e0JE•U1 z.J0£•0Z Z • 9&E•O 1 1 z,r.7E•OZ 2elt7E•OZ 
80RON 17 1.15E·01 .9a 7ZE•O Z 6 ... 0E•OJ la9&E•l1 ~ 

BERYLLI UH 0 17 le15~•0Ct 1eft8E·~r. 

LlTl-flUH 17 z.1zE-01 1e16E•O 1 6. 91E•OZ ft ale 5E-O 1 ~ 

-
•N : NU"1~E~ OF VALUES OUT OF 17 SA~PL[~. 

•• tl = OETECTIO~ LI~ITS FO~ AN ELEHENT ON ~ SAHOLt•BY·S~HPLF ~ASIS • 

Soun:e: /\111l<'rson e>t ii 1 • , 1'JH1 
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0 q l/ to~ TABLE 3. 15. SUMMARY RESULTS OF SPARK SOURCE HASS SPECTROSCOPY or 
SATURATED ZONE WATER SAMPLES FROM THE R-10 RF:SIDUE AREA 

VALUES ABOVE VALUES BElOW 
OF. TECT ION L 1111 T~ (PPH I DETECTIO~ LIHITS CPP~) 

/ 

ELEMENT H• HEAN STD tiEV. '1!~. HAXe H• 'UH. OL • • 11AX, CL•• 

U~ANIUH 9 1e52E·D1 Je81E-01 5.7JE•03 1.1&E+Or. C':f 5e32E•03 8e9SE•03 
THORIUM 0 1f' 1.o&E-az 1e73E•OZ 
BI S"1Ul H 0 15 5e3ZE•OJ 8e95E-OJ 
LEAD q 1e&OE-OZ s.zoE-03 1. 0 &E-0 Z z.5~E-OZ 9 1.15~-oz 1.c.JE•OZ 
THALLIUH 1 Ze81E-01 .E+OO z.su.-01 2.e1E-01 17 1.1•n:-oz ;,oi,E-0~ 
HE t.cuq,y 0 16 Ze1JE•01 J.56E•01 
GO LO 0 16 5eJZE•t'J 8e9SE•OJ 
PLATI~UH 0 16 1eO&E•?2 1e79E•02 
I~IDIUH c 15 1.o&E-oz 1e79E•OZ 
OSHIUH 0 16 z.ue:-cz Je51SE•t'Z 
~HENIUH 1 1.&0E-01 .E+C ~ 1e60f-01 1.6:.E-01 17 ieO&E-OZ 1e79E•OZ 
TUNGSTEN 0 113 1e06E•li2 1a79E•OZ 
TA NTALU H 0 16 5e3lE•OZ ... 1~e:-01 
HAFNIUM 0 16 1e06E-OZ 1e79E•OZ 
LUTETIU"1 0 18 5eJZE•OJ 8.9SE•OJ 
YT TE Ru! Ul1 0 1e 1.0&E•OZ 1e79E•OZ 
THULIUH 0 16 5e JZE• OJ 8e95E•OJ 
ER8IU"1 0 1e 1.o&e:-rz 1e79E•OZ 
HOLHIUH 0 B 5eJZE•OJ ,,,9i;E-OJ 
DY SPROS IUH 0 16 leO&F.·~Z 1179E•OZ 0 TE ROIUH 0 115 Je23E•03 5·.3 7£.•0 J ~~ 
GA OOLlH IUH 0 18 1e06E•l)Z 1.19e:-oz .. \ 
[UROPIU11 0 18 1eO&F;•CZ 1e79E•OZ "-'., 
SAHA~IUH 0 18 1eD6E•OZ 1e79E•OZ '7 
N::.:OOY~I UH· I) 1R 3.zo~·cz i;.37E•OZ .... ---- - -------
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TABLE J.15. (Continued) 

VALUES ABOVE V•LUES BELOW 
DETECTION ll"lTS (PPH) OETECTIO~ llHITS CPPH) 

ELEHENT N• HEAN STD DEV. HIN. HAX. H• HIH. OL•• HAX. OL•• 

PqASEOOYHIUH 0 1, leZOE•03 5e31E•OJ 
CERIUP1 11 ZeOJE-03 5.1JE•Olt 1e 7ZE-03 3 .It 6E•03 1 1e60E•OJ Ze69E-OJ 
LANTHAH UH 0 18 J.zoE-CJ 5.J7E•OJ 
BA RIU11 18 1e1JE-01 1eD1E•01 Z e l8E-D Z 3. 69E•01 0 
CE SIU'1 !) 18 5e22E•O .. 8e98E•OC. 
IODINE 9 Je53E•OZ 9. 8 OE•G .S 1. 71tE•DZ -. • 79E•O Z q 5e5JE•'l3 J.8C.E•OZ 
TE LLUP.I UH ~ 18 1.0&E-OZ 1.79E•OZ 

w ANTIHONT 0 1~ leZOE•OJ 5el7E•OJ 
I TIN z 5.53E•OZ 1. 0 ltE•D Z 1te 79E-OZ 6. Z l)E•OZ 16 1eCi&E-~Z Ze35E•OZ w 

IN OIU11 1 7.18E-OJ .E•OO 7 e111E•O J 1.1 P.E•O J 17 1.&DE-~3 2e69E•OJ O"I 

CA c:i11llJH 0 18 JeZOE•':Z 1e1JE•01 
SILVER 0 le 1e60E-~J feeZ1E•OJ 
PA LLAOI UM 0 18 1eO&E•OZ Je19E•02 
R~ OOlUH 0 1l' 3.Z~E-CJ 7.DZE•OJ 
RUTHPH UH c us 5eJZE•OJ 1e79E•OZ 
HOLYOOENUH 7 9e51E•OJ 5e6ZE•OJ 5e73E•OJ 1. 7~E-OZ 11 5oJZE•OJ 8e9SE•OJ 
NIO BIUH 0 18 JoZOE•OJ 7e98E•OZ 
ZIRCONIUM 1 5eJJE•OZ .(•OD 5. JJE·OZ 5.JJE-oz 11 5e7JE•Ol leltOE•OZ 
YTTRIUM 0 18 Zol5E•OJ 5,J7E•OJ 
STl\ONTI UH 18 J.11,;E•OO Ze8JE+O:J Ze1.lE•G1 1 e1ZE•D1 (! 

r..ue101u" 18 5eZJE•OJ &e1ZE-Dl 6e3CJE•O .. Ze81E•OZ 0 
8°' OHINE 1e 5eZlE•D1 5. 71tE•ll1 7e99E•OZ ZeltZE•DO 0 0 
SE LE NIU 11 1 1.01tt•Dll .E•GD leG~•OO 1. OttE•O 0 17 laeOlE•'l lte1ZE•OZ ~·J 
A'lSENIC 5 7. 7SE-OJ 7.51E-OJ 1.7 .. E•OJ le91E•OZ 1J le 60E·~r. z,tt;E•OZ .• \ 

~~ 
GER 11AN I UH G 18 5,71~-~J a..71E·O~ Cir ----. -- - - ---- ,_. __ ....,.._ __ '·--· 
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ocr4ro< TABLE 3.l5. (Continued) 

VALUES A80YE VALUES BELON 
DETECTION LlHITS (PPH) OETECTIOH LIHITS lPPH) 

ELEMENT N• HEA"M STD DEV. HIN. HAX. N• HlHe OL•• '1AX, OL•• 

GA LLIUH G 18 1e60E-~3 2o11E•DZ 

ZINC 1~ 1.Z9E+OO 1. 55E+C 0 1.ZJE•OZ &.i.1E+OO tJ 

COPPE~ 18 1.9ZE·OZ 1 ... zE-OZ z.9f>E-:Ol 6.1SE•OZ 0 

NlCl(EL 2 1t.1t2E•OJ ZeZ1E-03 Z.8f.E-OJ 5. 99E•03 16 5e93E•03 .. •It '5E•O Z 

COOALT s 1e91E•OZ J.lt)E-02 1. zc;E-0 J 7.96E•OZ 13 5.JJE-C .. 8e9°SE•Clt 

If< ON 18 &.OOE-01 1.1t9E•01 3 .1~E-02 z.&r,E+OO 0 

Hh NGANE SE 18 1.09E+OO 1. It OE +O C 1. fi7E•DZ lt.79E+OO c 
w CH R0'1IU 11 18 lte&OE-OZ J.{i '4E-OZ J.tec.E-03 1e11E•ll1 0 
I 

. w Y.\ NAOIU H 0 1'J 3 eleltE•Olt 1te79E•'lJ 
-.J 

TITA~IUH ; 11) 1el&E•02 1.1n~o1 

St;ANOIUH IJ 1, 1.o&E-:z 3.1cH:.-oz 

CdLCIUH 18 5.81E+OZ 1t.8JE+OZ 2.&&E•Ol 1.&UE+OJ 0 

POT ASSl UH 18 5 • 8 C.E + 0 fl 5.21EH J 1•1ftE• DO 2.JqE+Ol 0 

CHLO~l~E 18 1.oi.e:-01 9.te9E•01 J.1c:ir-oz C..11E+Oll D 

SUL PHU~ 1, Ct• 1 c.E •OZ Se53E•OZ 1e19E•G1 1. 97E+IJ3 0 

PH OSP40RUS 18 z.zzE-oz 1.9&E•OZ 1te56E•Ol &.J3E•02 0 

SI LICON 1 ft 9.16E•OO 1e1 OE •O 1 Ito 79E•01 It. T&E•O 1 0 

ALL'HINU H 1J 1.1Jr-01 9o25E•OZ J.1t,E-OZ Z.87E-~1 ii; &e90E•:l2 le07E•01 

HI\ !~Nr. ~I UH UI Z .1 TE •OZ l.JM•OZ 1. 0 7f •OZ & • &ZE•:JZ 0 

SOLlllH 1 " 
1.i:t&E•OZ 1e11tE+02 1. o 11r-o 1 r..o~E•OZ 0 

I L uu•1.1 NL l ,, '•• o•.r;-o ;o r •• r.;or-o ;o '/ • I 'r - o :' :- • r.•.r-:J' 1 ?o.1?~•:2? J.i;ftF.•D? 

sor..o.., 18 1.oeE-01 1.1zE-O 1 5.91E·OJ 1to7r.E•01 0 0 
£1ERYLLIU'1 0 18 1e06E·~lt 1e7CJE•OC. \.·;) 

LI THIUH 1 IJ 1e73E-01 1.27£-01 6.31.ft•OZ It. 79E•O 1 IJ .. \ 
·-- .. -· ·-- ··- ----- ··- ··--- ~ 

. . - ·---- -- ------- --·- ---· . -·. . ..... .,. -· ·- . Ci1 
• N : N tiHUf~ OF' VALUES OUT OF 18 SAHPlE ~ • 

.. DL : OETECTlO .. LI'1ITS FO~ 4M ELEH(lfT Otf A S.t11rLE-~Y-Sl\HPL~ rAc;ts. 

SourcC': Anderson C't al., l9H1 
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ilell b fype Starting Alkalinity (ppm} 
Nunber or Well EH farbonate 91carbonate Total 11 

Punped Sanples 

BH-Xl4 Shallow aoil 7.4S 0 460 460 
BH-404 7 • .)4 0 417 417 
BH-47A 7.6S .)6 294 J.)Q 
BH-SOA 7.74 26 .)77 4().) 
BH-648 7.61 .)6 .))4 .)60 

BH-16 Deep soil 7.76 16 116 1.)2 
BH-40 7.71 10 90 100 
BH-47 7.4J .)0 280 .)10 
BH-SO 7.91 14 64 78 
BH-S9 7.84 26 121 147 
BH-61 7.8.) 14 10S 119 
BH-6.) 7.94 12 61 7' 
BH-64 7. 71 26 :m .).)7 

BH-12 Rock 7.89 10 " 4) 
BH-S7 7.4' 12 44 S6 
BH-62 7.9.J 10. .)4 44 

Bailed S8tl!Oles 

BH-.J04 Shallow aoil 7.46 .)6 S9 9S 
BH-404 7 • .)4 0 Xl6 )06 
BH-474 a.as 8 JS 4) 
BH-SO.\ 7.76 20 2S2 272 
BH-648 7.89 1C 8) 9) 

8 No hydro~ide was detect1d in any a~le. 
(ORNL, 1981) 

+o1t1 collecttd and an1ly?11d by DRNL as part or ~search activities oo the 
•i9r1tion or low level radionuclidea. 

b. See Figure 3.1 • for well location. 

Source: Acres American, Inc., 1981 
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Table 3.17. 
GROlJNOWAlER QUhLHY DATA AT NrSS• 

b oncenlraTloil-TfiiWJ 
Well fvnn -z 

Nuniier of' Woll Hq Ca Sr O_a ___ ---1'_a __ A_1 ___ ~--~-~---}4<L ___ _J;l P S011_ 

011-JM 

Oll-llOA 

Oll-117A 

Dll-SOA 

ntl-640 

011-16 

011-40 

011-47 

Oll-:>O 

011- S9 

011-61 

Dll-6) 

nll-1\ll 

91allow eoil 

Occp Soll 

78 

110 

74 

S4 

96 

08 

7 i) 

122 

86 

68 

86 

96 

86 

64 

146 

90 

62 

76 

100 

1S4 

220 

146 

76 

144 

160 

60 

OS~ 

2.9 

2.J 

2.0 

1.4 

J.S 

s.1 

s.e 
4.6 

2.a 

4.6 

4.2 

2.4 

D.041 <O.S <0.01 <0.01 0.1) <0.010 

o.oJo <o.s 0.12 0.01 o.ooJ 0.016 

O.OJS 120 0.02 co.01 o.1s o.oJO 

o.oso co.s <0.01 co.01 o.2s 0.011 

O.OJJ <D.S <0.01 <0.01 0.11 <0.010 

o.o:>a 49 0.06 co.01 o.s1 

0.044 co.s 0.12 co.01 0.12 

0.021 1SO 0.26 0.01 o.2s 

0.069 20 0.09 <D.01 0.6S 

o.os2 <0.s <0.01 <u.01 0.14 

O.OSJ 

0.024 

JS o.oa co.01 o.os 

S6 0.12 <0.01 0.24 

0.040 <O.S 0.01 <0.01 0.04 

0.042 

0.021 

0.018 

0.021 

0.020 

0.02J 

0.16 

o.01s 

4.7 

S.7 

4.6 

0.10 

0.21 

270 

920 

0.10 1,oso 

4.0 <0.01 

6.1 <0.01 

720 

S10 

4.J 

4.B 

6.Z 

4.Z 

4.7 

S.7 

4.0 

S.6 

0.14 11 010 

0.06 900 

o.u 1,010 

0.14 11 120 

o.oe 600 

Q.12 1, 1JO 

0.11 1,020 

0.11 480 

~,,,(c~>· 

Ct- r· 

17 0.6 

1l 0.2 

.. •r' 

IC 

1.B 

s.o 

too o 4 10.9 

S7 0.4 

19 0.2 

so o.s 
72 0.1 

4.8 

J.2 

6.9 

o.4 

190 o.J 17.Z 

7S 0.11 

20 O.J 

9.1 

7.6 

66 o.J 11.8 

1SO O.J 12.7 

21 o.) o.s 
011-12 

011-~7 

011-62 

Rock 40 )}00 

46 )JOO 

12 )JOO 

7.2 

7.0 

6.lt 

0.020 

0.026 

0.008 

'~ o.JJ co.01 o.u 
6~ 0.29 <O.Ot O.SS 

200 0.22. <0.01 0.40 

0.022 

0.021 

0, 0 l.J 

'·' 
1.2 

0.10 2,410 2,100 o.e S9 

0.10 111160 2,200 0.6 S6 

2.1 <0.01 2,)60 

(ORNI., 190 I) 
• Uola collected aod analyzed by 00M.. H part or raeearch ecllvlllH on •lgrallon or low level tedlonuclldee, 

h. Seo riqurc 3. I. for wcl 1 loc:.ition. 

Sou1·r:": /\c:r,.s /\m<'rjcan, Inc., l'lRl 
\ 

100 0.1 n 

l 



of s'odium and calcium 

su~gesf,~h~t ground~ater in the soil ov~r~uiden is 

less mineralized and softer than the groundwater in 

rock. Groundwater yn the upper soil zones and the 

lower soil aquifer ~e similar in chemical 

characteristics. 

However. groundwater in the deep soil zone and 

Queenston shale. is significantly less alkaline than 

groundwater in the shallow soil 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 1960s (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 in 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 

from upper strata (Johnson 1964). 
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CROUNOWATER QU41.1TY DATA· roR Tl£ SCA . 

Par-ter 

pH 
Speci fie Gravity 
Specific Conductance (aicr0illlhos/et11 I 25°C) 
Total Carbon (ppm) 
Total Inorganic Carbon (pp.a) 
Total Organic Carbon (pp111) 
Total Dissolved Solids (ppm) 
Chet11ical Oxygen Demand (ppai) 
Chloride (ppai) 
Boron (ppm) 
CadmilJll (pp111) 
C:>bal t (pp111) 
chrOlllil.Jll <Pr> 
Copper (ppm 
Iron (pp111) 
Nickel (ppm) 
Hanganese (pp111) 
Zinc (ppm) 
SeleniUlll (ppm) 
Arsel'lic (ppm) 
Hercury (ppm) 
SuH1te (ppm) 

(W£:HRANt 1977) 

Hallllll\Jll 
Value 

B.6 
1.022 

4400 
176 
47 

148 
4920 
426.5 

1586 
1.46 

<0.01 
0,0:J 
o.o:J 
1.2 

15.4 
0.15 

11,0 
:J.5 
0.009 
0.005 
0.001 

1060 

FACILITY 

klll1111U11 
Value 

7.7 
1.001 

'70 
18 

0 
420 
(40 
'4 
0,1) 

<0.01 
<0.01 
<0.01 
<0.01 
0,14 

<0.01 
Q,1.) 
o.oa 

(Q,005 
(0,00) 
<0.001 

475 

• S1111ples collected rrOlll lt'I il'lterval which includes the lower 10il 11quirer. 
the red till and the ~per portions or the Queel'lstol'I rorsation. 

Source: Acres American, Inc., 1981 

• 



Par1111eter 

pH . 
Chloride (ppm) 
Sp~iric Conductance (~icrlllllhos/cm a 2S"C) 
Total Organic Carbon (ppm) 
Total Solid Iron (ppm) 
Amlllorlia (ppm) 
Nit'ratu (pp111) 
Nitrites (pp111) 
5-0ay Biochemical Oxygen Oe111and (ppm) 
Che111ical Oxyger\\ Demand (ppm) 
Total Kje!dahl Nitrogen (ppm) 
Sulrates (pp111) 
Alucinu11 (ppm) 
Arsenic (ppm) 
Trivalent Chromit.111 (ppm) 
Hexavalent Chromi1111 (ppm) 
Copper ( pp!ll) 
Lead (ppmJ 
Mercury (ppni) 
Potusi1.111 (ppm) 
SodiUlll (pp111) 
Methylene B!ue Active Substances (ppm) 
Pheno!s (ppm) 
Calci1.11 (ppm) 
Silver (ppm) 
Total Coliform (HPN/100 ml) 
A!kalinity (pH • 4,S) (ppm Caco,> 
Total Solids (ppm) 
True Color (Pt/Co Units) 
Total Hardness (ppm)(caco,> 
Total Phosphorus (ppm) 

(WtHRAN, 197') 

H1"11111.111 
Value 

B.4) 
4S7 
~80 
4'0 

O.H 
4,5 
1,14 
0.01 

420 
475 
2)0 

2840 
0,4 

,0)1 
<0.00) 
<0.01 
0,00) 
0.11 
0,5 

46 
1000 

),8 
0,014 

)40 

0,007 
2400 
277) 

146000 
15 

6)40 
0.022 

Hln1m1.J11 
Value 

7.80 
16.2 

1150 
6,5 
0.02 
0,26 

<0.01 
<0.01 
4,2 

)2. 7 
0,8) 

'20 
0.2 

< ,0015 
<0.002 
<0.01 
<0,002 
<0.02 
<O.S 
4.2 

20 
<1.5 
<0,00) 
40 
<0.002 

<20 
68.4 

20)) 
2.5 

680 
<0.001 

• S1111Ples collected rrOlll en interval ~ich includes the lower soil aquirer, the 
red till and the ~per portions or tht Queenston rot'lllation. 

Source: Acres American, Inc., 1981 
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Table 3.20. Off-Site Groundwater Chemical Analyses 

j * ** f ,~ ....... 
j ~ i" :'!ii ,., hthl :I I i 

r ;;. ~ i 
-;; .. t:' - - - - - ·- • i1-l:; - j~ .. : ! - ' ll .a .a 

.. _ ., j • ¥ .. i - ' • !! r ,_ 
3 ~ i I . I ; ~ i 5 

~· 
~-t ' a= ~::; ~ ll ;; 

i 
. - • -l !! I ;; . l 6 j jf~ ~ .. - I i ;;:: ii 

z_ 
; & I .. 3 ;1 -

,~ I -
"·'°° I s.1 

Jll-lft-4 "'" ... riS °" J.O 1.0 SJI 6$ J,,_, ' J,~o 1,100 1.0 " l,tt• l,SJO ·-
Jll..,J•I II/ 1160 ,. 

°" - - - - - JJI 1,1'0 1SO - ... - '·"' ·- .... 1.1 
•J 11/ 1/60 11 °" - - .. - - - "' u• l,oSO - - - 1'$ ··- - '·' m-en-1 "11/"5 IS cw u ,,. IJJ SI " " "' I" IOS 1.1 lJ Ill "' - l,JIO e.1 ,.,.., ... ""' ... ... 114, °' II .n 12\ I~ 106 '·' 

,,. 
"' I~ .a ISO 1,ne '°' - '·"' u 

* See Figure 3.4 • for well locations. 

•• See Table 3.4 • for water-bearing material identification. 

Source: Johnson, 1964 

t 
;; 

J -.. 
9 

I 

·~··-. 

-.• 

' 

•.-, •·.,,.-· 

Ro.r\a 

•••• Al 1.0, c ••• '" '·'· '°" • 

II SI COJ U, •I I.I, la 0,8 

:..:-·;_··. 

11 U1 CO, IJ, Al 0,6, C. I, '" t, "la 1,1 
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··•APPENDIX A 
NIAGARA RIVER WATER QUALITY 

The Niagara River flows in a northerly direction from the east end 
of Lake Erie to Lake Ontario, a distance of about 37 miles. The 
Niagara River drainage is approximately 1,700 sq. mi. Average flow 
of the Niagara River is 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 its discharge into Lake 
Ontario. Figure A-1 shows the locations of these monitoring sites. 

New York's monitoring site is at Fort Niagara in Youngstown, New 
York. The NYSDEC (1982) analyzed samples for conventional water 
pollutants as well as priority 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 is at Niagara-on-the Lake in Ontario. 
Environment Canada (1981) has bee~ 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 
radionucl1des have been monitored at the Niagara-on-the-Lake 
sampling site since 1979. The results of these teats are summarized 
in Tables A-4 - A-6. The maximum observed concentrations of PCBs, 
dieldrin, ~BHC, "!Schlordane, 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, a&d metals were 
more frequently detected in suspended sediments from the river. 
Occurrence of these substances in suspended sediment&\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 quality 
objectives specifically applicable to suspended sediment. 
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lABOtATOlY rcsr MTA SIHtMT - INJU PROPCRTICS or SOILS 

llll erl>erg [ l•lh ifla v"rlWJfl 
SAlllPI• Nal 11rel Pl111tll- 5(M!c trlc Soll * OP.pl h W11LP.r llquld Pl .. tlc caly CrH lty CIHlll-

Borl119 SMple lnlf!rYel QmlPnt l••it l••ll Incle• or Sol Ide r1r.11t Ion 
tuober- Du I qo•tl on (rt) w(::) "t •e •e G s,,.tJol Solle Dncrlpllon 

lm-6 62~-8G-14 
,_., I & 211 " 12 2.M Cl llra.n rane lo coer• •Indy cley, ltace r1ne guv.J -tn J-S 17 " 11 16 2.1J Cl • • 

->A 
,,_,, ZJ JZ 17 IS z.1 J Cl Cray a I Jl y. t I l'r ,. trace r lne lo coer• Hnd, trace rlne 9f, 

-~ J1-H 22 J2 17 1 ') 2.69 Cl II II 

ftH-9 62~-0G-1 JO 7-9 "' " 111 n 2.n Cl llrOW1 •lily clay, lrace rJne lo coer• •bf bf 9"•"1 
-1'C 1-9 18 ,6 19 17 2.71 Cl • • 
-144 17-19 27 ,., 19 16 2.7J Cl Brow •lily cley, trace rane •aid 
-148 17-19 JO '9 2tJ 19 2. 7 J Cl • • 

8H-t• '™-8G-'>A 29-Jl ,. 62 ll 20 2.77 Cl - Cray ellly clay, lrl9Ce rlne lo coeu" Hnd 
-~ 29-H ., ')') n JO 2.112 CH Cuy clAy, ._ alll, trace r&ne einl Ind qreYll 
-M J7-J8., - 18 14 6 2.1'> n-K Red chyey •Ill, 90lll9 r&ne lo coerM Hnd, tuce rlne IJf 

I-' Bff-2• 62~-80-11\A 6-6 1J 19 1'9 2 2.67 K nr.,.., clayey •lit, -- rane to co•r• •Ind, trace rane I-' -tnc 6-6 n 18 17 t 2.68 K. Ora.n rane la coane •9\dy •Ill, trace r&ne lo coer• gr 

8H-JO 62S6-80-17A 28-}0 ZS J6 111 I& 2.67 Cl er.,. •lilt clay, ._ rane lo c:•n• ·~· trace rane IJf -178 28-JO 28 J7 20 17 2.66 Cl 

BtJ-3' 62S6-80-7A 7-9 - " 111 111 2.71 ct 8rCN1 •lily cley, ._ rane lo coer• •Ind, lrlC9 rlne ff 
-7C 7-9 17 )7 18 19 Z.69 Cl . . ~ 

8"-'1 62~-80-tM 10-12 17 JZ 17 IS z.n n 8rCNI allly chy, llOlle rlne lo coer• a.net, lr1C9 rlne CJ' 
-1111 to-12 16 '° 

.,, 16 Z.t.9 n • • 
-1111 2•-26 ,, 60 2f1 20 2.1J n er., •lily cl.,, lrec:9 rane la co•t• •.net 
-Ile Zll-26 26 J') 18 17 2.n Cl Cuy •lily cl.,, ac- r1ne la coene •Ind Ind 9r8"I 

ftH-)) 6Z~-80-2M J-) 16 J') II 17 2.1J Cl Rr-. al llr cl.,, ... rane lo coene aend Ind qreyel 
-iuc ,_., 1) J6 19 11 1.1 J Cl llrowt Billy l'lllfe lfllCe rlne lo COit• 111ndl lr111:e rlrw 
-214 11-1'> 19 2J •• • . 1.1' n r.ra, elltr cla,, .._ Fine to co•r• eenct, nee r1ne qr 
-21A 1 J-1) 21 " 11 16 2.1, n Cray ellly clay, mc... fine lo coer• em Ind 9t1Y1I 
-114 2 J-1'> 27 611 2J 1'1 z.1 J n Cray •Ill~ cla, 1 luc:e rtne lo ~oer• eend -21c 2J-1) 26 6(J 211 10 Z.'9 n . 

BH-0 62~-BG-2 '1 2-6 1& " 
,,. 20 1.10 n Rr-- •lily clay,·..,.. Fine eancf, h11ee •dh• to coer• -264 8-10 ZJ JA •it 2f1 2.69 Cl llrowt •lily clar1 ~ rt1111 lo c01n11 Hnlf encl qre"I -2'>4 IG-16 ZJ JJ Ill n 2.71 n r.r., elltr cl•r, hM"e Flnt lo coer111 ennd, 1t11c:1 ,.,. 9' 

BH-71 62)6..S0..2M J-S 11 61 10 21 1.10 Cl Rrowt •lily c1.,, lr11c:e r1ne lo coene und ancf 9r1Y1I 
-2111 9-11 ll u. 18 111 2.67 n nr_, elltr clar, lrllC'll rf1wt lo COlfff 1"'1Cf _ -28" f 1-21 zz 22 I) 1 1.11 n-K Cray cl1yt1y 111 , .._, '6111 ta coer111t l•tcf, trece fine 9rlff: 

/l 

* Borin•( loc,1tinns may ltr foun•I in ••iqurr 1. 3 
Soun.:e: /\r.: res /\mcric&1n ( 1 'JH I ) 
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Table 1.1 Contd. 

LAOORAIORY l(SJ OArA Slffil\RY - ENGUURJNC PROPCRJJCS or SOILS 

1'1e IJ1mensloool C:ooaol JaaE Ion 
I.kl tfied ec - Ol 

. Sa11ple Soil Nntural Specific Dngree lnilinl Ory ive Over- Precoo- Colipraa- Ratio at 
Depth Classl- Water Grav ily of Sal- Void llntl burden solldatlon alon Swelling . start of 

Ao ring Sa111ple ·interval fl cation Coolenl or Sol ids uralion Ratio Ncight Stress St re1111 lnde11 lnde11 SNeJ I Ing 

IUnber Des ignal ion . (rt} Sylllbol .. (:;) c S(~) Co r (pcf) Pe(lef) Pc(lar) Cc Ca e8 

BH-6 62S4-B0-1A J-S Cl 1 'i.4 2.60 09 0.46} 114 0.26 6.a a.11 0.020 o.n1 
-111 J-S Cl 17.4 2.7} 01 O. C,O'i 100 0.26 l.4 0.16 O.OlS o. )71 
-JA ll-J'.> Cl 22.7 2.7 J 97 0.620 104 1.21 l.1 0.2l O.D6S o.J64 
-J8 Jl-JS Cl 22.0 2.69 10() O.'i92 106 1.21 J.O o.2a a.osa a.)97 

BH-9 6254-B0-1 JB 7-9 Cl 18.S 2.7S 9J 0.54'.> 111 0.44 4.6 a. 16 o.a4S 0.)89 
-tJC 7-9 Cl 
-14A 17-19 Cl 27.1 2. 7 J llJ(J 0.7 JO 99 a.77 4.n a.20 o.a40 a.S47 
-148 17-19 Cl 27.J 2.7 J 91 0.014 'J4 o.77 2.7 a.JO o.01s a.464 

BIJ-14 62'.>4-BD-SA 29-)1 Cl 29.2 2.77 99 o.nu. 9S 1.14 1.9 0.24 o.o6a a.HS 
-~ 29-J1 01 42 • ., 2.82 90 1.224 79 t.14 2.4 1.00 a.140 a.s12 

Bll-24 62S4-BD-1BA 4-6 tl. tl.a 2.67 9S o.Jo4 122 o. Jl S.6 a.as a.at a a.)07 
-18C 4-6 Hl 14.'i 2.68 90 0.42'1 117 o.J2 4.a o.ass a.ala o.Jsa 

Bii-JO 62S4-BD-17A 28-)0 Cl 2'i.} 2.67 9'.> O. 7 IO 98 1.11 2.4 0.27 a.coo o.J68 
-170 28-JO Cl 20.s 2.66 101 o.746 9S 1.11 J.a 0.29 o.a10 a.467 

OIJ-)4 62S4-B0-7C 7-9 Cl 

BU-J7 62S4-80-10A 10-12 Cl 18.7 2.n 9S 0.'>46 111 a.so 4.4 a.n a.alS 0.'91 
-HD 10-12 Cl 
-120 24-26 Cl J7.2 2.7 J 102 0.997 86 D.9S 2.s a. JZS 0.1)6 0,6S4 
-12C 24-26 n 

OH-SS 62'.>4-BD-204 ,_., Cl tS.7 2.7 J ea 0.406 11S 0.26 s.2 o.u o.a60 O,J6Z 

I -20C J.S n 
·ZIA u.n n 
·ZIB 

,,_,., a. 19.8 Z.76 96 0,\61 '10 o.sa 2.4 o.zo o.an 0,:99 
·22A 2J.U Cl 2J.7 2.11 100 0.647 104 0.90 2.J 0.22 a,06S O,JO 
-22C ZJ-ZS a. 

Bll-6S 62S4-8D-Z JO 2-6 n 1'i.8 2.70 96 0.447 117 0,19 J.a o.a9 O,OJO o. JSJ 
-24'\ 8-10 Cl ZJ.'i Z.69 100 o.&JZ IOJ o.J9 2.4 a.19 a.a)S 0,4H 
-2SA 14-16 a. 2J. J 2.71 96 0.6)'.> 102 O,S9 

'· 7 
0.19 0,040 0,40S 

Ull-71 6254-ll0-26A )-) n 18.8 Z.70 UICI O.\ll& 112 0.16 7.0 0.19 0.060 a.Jet 
-270 9.11 a. 21.9. 2.67 IOI O,\Y7 11>' P.O J,O 0, 16 o.ons O,J9S 
-ZOA 19-21 n-tt. 2 J.6 2.71 91 0.1110 1111 0.111 z.o o.n o.oso o.Ja& 



1. 3.4 

1.3. 5 

De'rtsi ty ("( tf 
,"·I • ,,' • ,. <' '• ' ., 

. Range 119~ 7-137 .9 PCF._ !lb/ft3) • 
Mean 130~4 PCF (lb/ft ) 

Gray silt and clay: 

Dry Density (la) 

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

Bulk, Density (it> 

Range 112.6-131.8 PCF ~lb/ft3) 
Mean 124.2 PCF (lb/f~ ) 

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 tor the gray clay ana red silt 

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

l9E$l. 

Atterberg Limits 

Brown clay 

Liquid Limit (LL) a 33 
Plastic Limit (PL) a 18 

Plasticity Index (PI) a 15 



1. 3.6 

,i,1; 

Liquid 
Plastic Limit (PL) =~18 

Plasticity Index (PI) = 16 

Red silt 

Liquid Limit (LL) . - 18 

Plastic Limit (PL) = 14 

Plasticity Index (PI) = 4 

Soil Classification 

USDA: 

Tne 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 

N0TE: 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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PARTICLE-SIZE DSTRIBUTIONS 
TED SOILS 
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1. 3. 7 

1. 3.8 

. ~,' . " . 

classifications 
follows: 

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 0.355 
Specific Gravity 2.71 
Void Hatio 0.551 

Gray silt and clay 
Porosity 
Specific Gravity 
Void Ratio 

Permeability 

0.430 
2.73 
0.753 

are as 

The Acres report contains data from both field and 

laboratory tests. The testing included both falling 
head and constant head permeability tests. Th~ results 
of the field tests are divided between the "Upper Soil 
Horizons" (Table 1.2), and the "Lower Soil Aquifer 11 

(Table 1. 3). 1'he mean permeability in the Upper Soil 
Horizons is: 

2.64 x io- 5 cm/sec · 



l. 3.9 

Aquifer is: 

3.74 x 10-S cm/sec 

The laboratory permeability 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: 

Brown clay: 

Gray silt and clay 

Soil Strength 

3.42 x 10-a cm/sec 

7.34 x 10-a cm/sec 

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

where 
s = c + o- tan¢ 
c = cohesion 

¢ = angle of internal friction 

For a clay soil for total stress conditions/_,,. O 
therefore, for the clayey soils at NF~S 

s .. c 

The laboratory tests indicated the following: 

Brown clay: S • 2900 psf 

Gray silt and clay: S • 800 psf 



A total of 24 consoli~ation tests were ~erfor~ed on the 
site soils, 13 on the brown clay and 11 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. (Acres American, Inc., l~dl) The test 
results are as follows: 

Brown clay 

Compression Index 
Swelling Index 
Preconsolidation Stress 

Overconsolidation Ratio 

Gray silt and clay 

Compression Index 
Swelling Index 
Preconsolidation Stress 

Overconsolidation Ratio 

0.15 

0.04 

4. 25 'l'.SP 

(Tons/ft 2 ) 

13 

0.31 
0.07 
2.42 TSr' 
(Tons/ft 2) 

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. 

1.3.11 Volume Stability 

,•)_ 

The near surface soils at the h~SS ar~ classitiea 

·.· .. '~ · ·· .. :~;~::~~~· .... ::v:~m:d~ u~~t:j!i:~, p:::~:i:~·.i::;,~; r :~~e:c t ion 

···~f i>l~;)~·. iilf ;v~:it:f R; t'i·,;,; ,i: l . .·· . . . t •·•,1;.: • •; • . . •;;, :;~Q;;:Ji\ :.. ;,y . 
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SlffMT II" f'ICLD PCIKA81LIJY IESllHC IN nc tnER SOIL fl'JRIZIJCS 

Borehole 
tbiber 

!eat 
Jntervel 
(reet) 

Soil 
Cl •H lrlcatlon• 

rer-llbll uy•1 o.t. or I 0urat1"" 
e91/s~ Teal Hra•ln. 

BH-JQll 

BIJ-J8 

BH-.a 

BH-40 

BIJ-4Qll 

BH-49 

BIJ-U 

BIJ-OA 

BIJ-~ 

BIJ-™ 

BIJ-66' 

8"-11 

1'.1-18.0 Chy with OCCHlon•I Hiid lemie., 

11.0 Slit/Chy lnterrece 

15.2 Send 

25.0 

10.,-15.7 

11.0 

rine to •d. Hild cley lnlerr 

CJey with occnlonel eand lenae 

Yery thin nnd leM In cley 

tl.O I S.nd/cley lnlerrace 

1J.6-19.5 I Cley with ellty ehf 1s.s..11.01 

14.1-1'.0 I Send with occ•lonel ellt zonee 

1J.1-11.0 CJey with elll·ione 12.l-1J.0' 

11.'91'.J I Cley wllh occulonel und ionee 

S-1 lnche• lhlclc 

H.O I Silty Hild 

x 

x 

Jt 

x 
I 

I 

Jt 

x 

x 

x 

I 

x 

• ror Oehlled Soll St rel lqr.,.,, end et ... 1racet Ion, ... Ri:trl"9 loqe Apptndlc A. 
•• Per•aibiliUH celculehd .ccordi"9 lo prattdutee oulllllH In NAWfAC llf.7 · 

(U.S. Oeperl~ or lhe MaYJ, 1'71). 

f.iourcc: /\crc-s /\111(•ric.111 (1981) 

1 1C 10-5 

No hlce 

No hlce 

·2. 10·5 

' • 10·
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No hb 
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z. 10·6 

4 • 10·' 

1. 10·' 

5. 10~ 

J • 10·5 

'111/91 

4/27/81 

5/Zl/81 

5/Z2/81 

"'/81 

5/12/91 

5/19/81 

'19/81 

·UtD/81 

6/5/81 

1/10/11 

""/81 

'841 

t7a10 

0105 

Daza 

ZaD7 

IS1U 

DaU 

'5•46 

49alZ 

hDO 

oan 

"°' 

:-~ ·1);;'; •• 
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to-ente 

thin Jene within 
clay layer 

thin •and lane 
.z feel 

V.ry thin ehf 
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lahle '1. 3 
SlfffARY II" rrno PCIKABILHY ICSUHC IN nr. l<Mll SOil AQ!llrtl 

Tut 1y(le or feel 
Borehole lnlerwel Soll na1111MJ I t All ang ,,.,....a,11 u1•• O.le or n.rel Ion . 
Hi•1er creel) Cleeslrlcallon 1 HelMf lllled r:a/~ fut ftr••ln. 

Bll-lS 

I 

%7.Z .. 1.I j Cley, silt, "'8alhered bedrock I l! I I J • 10-S I S/1Z/81 I eato I 
21.•-"·s I c1., and unc1 I x I 1. , • ,o-• I wz111 I 1100 I 
Jt.~s.• I ca.,, eand, watt.nd bedrock I l! I I 1. to-s I S/14/H I JaOO I 
16.J-n.o J ca 111 , ..,.. end alltr und I x I l • • to-s I '1V11 I 010 f 

ze.1-J1.J l slit, 9rawet, .. .it.red bedrock I x I I s • 10-s I s1u111 I 01u I 
21.•-u.1 ( c1.,, ..,.., •lit I x I I • • 10-s I S/t•/81 I 21'6 ( 

Bll-J9 

en .. .a 

en-u 

OH-~ 

011--SB 

811-60 I zs.9-40.S I ca.,, und, allty Mild I r I I t • 10-s I '1t/8i I oazo I 
00-6& I n.e .. 1., I c1 91 , •-"'· a11l1 ..,.. I • I I '• to-' I 111111 I to1H I 

• ror Oehlled Soll Slretl9r9f1hr end ct ... lrlcellon, .. Borlng loqe ll1ic1111lltl• A. 
11 Pef9911bU•llea calculalH 8CCOfCh"9 lo proHduree outlined tn NAYfAC· b4-1 

(u.s. Oeparl-.nt or the HllYJ, 1f71J. 

Source: Acres American (1981) 

~. ~'>-~15It\·' 

ro-.le 

m I 



would be classified either F3 ~r are tne · 

highest levels of frost-susceptible.soils. 

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. 

1.3.12 Compaction Relationships 

There is no information available in the exiscing 

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. 

1.3.13 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). 
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Table 1.4 

oq if~ LAllllllAIOOY !CST OAIA SlHWIY • ENGll£ER1NC PaOPERllES IF SOILS ~ 

Boring Sarnple 
· .._.,,ber · Designation 

Bll-6 

Bll-9 

Bll-14 

Bll-24 

Bil-JO 

Bll-J4 

Bll-J7 

Bii-SS 

BH-6S 

Bll-71 

6254-80-1A 
-10 
-JA 
-JO 

6254-00-1 JB 
-1JC 
-14A 
-140 

62S4-B0-5A 
-SO 

62'.14-00-1 RA 
-10C 

62S4-00-17A 
-170 

6254-B0-7C 

62S4-D0-10A 
-10!1 
-1211 
-12C 

6n4-B0-211A 
-20C 
-21A 
-2 ID 
-22A 
·22C 

6n4-B0-2 JO 
-24/\ 
-2'.>A 

6254-00-261\ 
-2711 
-2M 

Sample 
Depth 
Jnlerval 
(rt) 

J-S 
J-S 

J1-JS 
Jl-JS 

7-9 
1-9 

17-19 
17-19 

29-)1 
29-Jl 

4-6 
4-6 

28-JO 
28-JO 

7-9 

10-12 
10-12 
24-26 
24-26 

J-5 
J-S 

1l-15 
1'-15 
2)-25 
ZJ-25 

2-4 
8-10 

14-16 

J-5 
9-11 

19-:i:l 

lile 01rnenslonal Conaolldatlon ;,: 
Unlrled ec - Ol 
Soil Natural Speclr!c Degree Initial . Dry he Over- Prec0n- C.Ompree- Ratio at 
Classl- Waler Gra11lly or Sat- Void lhit burden liolldatlon alon Swelling Start or 
rlcation Content or Sol Ida uration Ratio Weight Slreas Slreas Inda~ lnde~ Swelling 
Symbol w(:) G S(:) e0 r (per) Pe( tar) Pc(Ler) r.c: Ca e

8 

n 
Cl 
n 
Cl 

n 
n 
CL 
CL 

n 
CH 

.... .... 
n 
n 

n 
n 
n 
n 
n 

n 
n 
n 
n 
CL 
CL 

CL 
n 
n 

CL 
n 

CL-tl. 

15.4 
17.4 
22.7 
22.0 

18.S 

27.1 
27.J 

29.2 
42.S 

n.o 
14.S 

2S.) 
28.S 

18.7 

n .z 

U.7 

19.8 
ZJ.7 

15.8 
2 J.5 
2l.l 

18.8 
22.9 
2 J.6 

2.68 
2. 7' 
2.7.J 
2.69 

2.n 

2. 7) 
Z.7J 

2.77 
2.02 

2.67 
2.68 

2.67 
2.66 

2.75 

2.7' 

2.7) 

2.76 
2.7' 

'.70 
2.69 
2.71 

2.70 
2.67 
2. 77 

89 
61 
97 

100 

9) 

100 
91 

99 
96 

95 
90 

95 
101 

9S 

102 

88 

96 
100 

96 
100 
96 

100 
101 
91 

0.66) 
a.sos 
0.628 
0.592 

O.S4S 

0.7JO 
0.814 

a.en 
1.224 

o.J64 
0.421 

0.110 
0.746 

o. 546 

0.997 

0.486 

o.567 
0.6117 

0.467 
0.6)2 
0.6S5 

0.'>08 
O.W'J 
0.708 

114 
108 
104 
106 

111 

99 
94 

95 
79 

122 
117 

98 
9~ 

111 

86 

10 

110 
104 

117 
10J 
102 

112 
104 
IOI 

0.26 
0.26 
1.21 
1.21 

0.44 

0.11 
0.11 

1.14 
1.14 

O.J2 
0.'2 

1.11 
1.11 

a.so 
o.9~ 

0.26 

o.5e 
0.90 

o.19 
o.J9 
0.59 

0.2& 
o.o 
o.1n 

6.0 
J.4 

'·' ).0 

4.6 

4.0 
2.7 

1. 9 
2.4 

5.6 
4.0 

2.4 
).0 

4.4 

2. ') 

5.2 

2.4 
2.J 

),0 
2.4 
1.7 

1.0 
J.O 
2.0 

o.n 
0.16 
0.2l 
0.20 

o. 16 

0.20 
O.JO 

0.24 
1.00 

0.05 
0.055 

0.27 
0.29 

o. n 
O.J25 

o.,, 
0.20 
0.22 

0,09 
0.19 
0,19 

o.,, 
0,16 
0.25 

0.020 
0.0)5 
0.065 
o.oso 
0,045 

0,040 
a.on 
0.060 
o. 140 

0.010 
0.010 

o.oeo 
0.010 

0.0)5 

o.tJ& 

0.060 

O.OJ5 
0.065 

O.OJO 
0,055 
0.040 

0.0110 
o.nn., 
0.1150 

o.n1 
o.n1 
o.J64 
O.J97 

0.)99 

o.567 
0.664 

O.'>n 
0.512 

0.)07 
o.ne 
0.)68 
0.467 

0.)97 

0.654 

0.162 

0.299 
O.J4J 

O,HJ 
0.4JJ 
0.405 

O, JOI 
O,J9) 
o.Jot. I 
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"' ··n9<1C.< - Table 1.4 ~ 

LABORATORY T£ST DATA Sl.tflARY - £1.CUURlt.C PR(J>(RTl[S CT SOILS (Cont'd.) 

H' 

* Shear Coor in-
~lo Soil Natural ·Specific Ory Unit Strength ing Strain Natural Spoclfic Ory Teat 

Depth Clasal- W<iter Gravity Weig1t !L.:..!L Preaaure Rate Water Gravity lhit Preaaure 
Boring S~le Interval ricatloo Content or Salida "' & 1:> in/ Content or Salida Weight Head 
Nl.Jllber Oesi!lnation (rt) S~llbol w (:) c <ecr) <ear> <esri in/•in w~:~ c t<ecr> 011Ces1> 

BH-6 62~4-B0-1A .J-S Cl - - - so 
-10 J-!i a. 1S.B 2.7J 107 !>O 
-JA .. J1-J!i a. 
-JB J1-JS CL 21.2 2.69 107 so 

BH-9 62~4-B0-1JB 7-9 Cl 17.4 2.7) 111 so 
-1JC 7-9 n 17.6 2. 7J 10 J,720 861\ 0.01 
-141\ 17-19 CL 28.1 2.7J 96 1,6'.>0 2,016 0.01 
-14U 17-19 Cl }0.8 2. 7J 9J 991 4,120 0.01 J1.4 2. 7J 91 !10 

Bll-14 62'.>4-BO-!>.&. 29-31 Cl n. 1 2. 77 82 '.>O , 
-'.>B 29-31 Oi 

BH-24 62~4-B0-1BA 4-6 K. U.J 2.67 121 
-1BC 4-6 K. 

BH-JO 62'.>4-B0-17.e. 28-JO a. 2'.>.1 2.67 102 ~o 
-176 28-JO CL 26.7 2.66 91 so 

BH-J4 62~4-B0-7C 7-9 a. 16.7 2.69 121 so 
l!H-J7 6?'.>4-00-101\ 10-12 a. 

-106 10-12 CL 16.4 2.69 10'.> !>O 
-126 24-26 a. 
-12C 24-26 CL Zl.6 z. 7) 10) !>O 

Oii-~'.> 62~4-BO-ZOA J-S a. 16.B 2.7J 11l 4,268 412 0.01 
-20C J-~ Cl 14.9 2. 7J 119 J,7J9 U2 0,01 16.0 Z.7l 10J )0 
-211\ 1J-1!i CL 19.2 2.76 10J 680 1,)84 0.01 
-210 1J-1!> CL 21.z z.76 106 )0 
-226 2J-2'.> Cl J0.9 Z.7l 90 962 Z,7J6 0.01 
-22c ZJ-2!1 Cl 2J.'.> Z.69 104 778 Z,7J6 0.01 J).6 2.69 8) )0 

811-6!> 62!>4-D0-2.JB 2-4 CL 17.6 2,70 114 )0 
-241\ 8-10 Cl 2'.2 2,69 101 )0 
-2!1.&. 14-16 Cl 24,Z 2. 71 ·92 )0 

Dll-71 62'.>4-B0-26.e. J ... ) CL 17.1 2,70 10 )0 
-27U 9-11 a. ZU,9 2,67 97 !>U 
-2111\ 19-21 Cl-K. zo.o z.n 107 )U 

* Boring I,ocntions may be found in Fiqurc 1.3 
Scourcc: Acres American (1981) 

.. 
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DEPTH 

0-2 ft. 
2- 4 ft. 
4-6 ft. 
6-8 ft. 
8-10 ft 
10-12 ft 
14-16 ft. 
16-18 ft. 

.·. £!! 
7.9 
8.3 
8.4 
8.4 
8.4 
8.4 
8.4 
8.3 

1.3.14 Soil Distribution Map 

1'', 

CATION EXCHANGE 
CAPACI,TY 

a. 20 
5.73 
5.12 
3.82 
3. 52 
3.17 
2. 7 5 
3 .30 

A surficial soils aistribution map of NFSS is shown on 

Sheet #27 of the Niagara County, New York Soil Survey 

(U. s. Dept. of Agriculture, 1972). The map snows tne 

actual site area as made land. the soil to the north, 

west, and south is classified as soil unit Ma (Mdda!in 

silt loam) and to the east the soil is classified as 

soil unit RbA (Rhineoeck silt loam, U to 2 perc~nt 

slopes). Both units are part of the 

Rhinebeck-Ovid-Madalin soil association. A detailed 

description of this soil association can be founa in the 

New York Soil Survey (U. s. Dept. of Agriculture, 1~72). 

1.3.15 Soil Erosion 

The soil Erosion Factor (K) - indicates the 

susceptibility of a soil to sheet and till erosion by 

water. Estimates are oased 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 soil is to 

sheet and rill erosion by water. 

Soil Layer K-Factor 

surficial Soil 
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The K-f actors .were 

' . I''\,,; ·.·,. ·•. 

by using t~e. soil. 
. '' .:. / 

properties contained in (Acres American,1981 andU. s. 
,· ' 

Dept. of Agriculture, 1977) and. the Soil-erodioility 

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 afiecting their 
resistance to wind erosion. The surficial silty loam 

soils present at tne NFSS would be part of a grou2 of 
soils that would typically b~ highly to moderately 
erodible by ~ind 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 er i tical 
velocity is that velocity at which runoff will begin to 

erode and transport soil particles. 

1.3.16 Engineering Parameters 

Engineering parameters of tne brown ana grey clay units 

are indicated in Table 1.5. Additional onsite 
g~otechnical studies are being conducted oy 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 20U miles of the 

Niagara Site are shown in Figure 1.6. 

The NFSS lies within the Central Stable Region. This 

reg ion has. bee~ described. by Eardley . (1962) , ~s: a 
consisting 
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Table i.s 
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IV 
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RANGE OF VALUES OF ENGINEERING PROPERTIES FOR THE BROWN CLAY ANO GRAY CLAY UNITS 

BROWN CLAY Glf~ 
Test Range of 
Parameter Values Median Value Range of Values Median Value 

Coefficl ent of 
l'enneab f 1 i ty 
k (cm/sec) 4 x 10-9 to 

2 x io-7 

Dry Unit Weight 
y (lbs/cf) 108 to 122 

Standard Penetration 
Resistance - blows/ft lU to 47 

MJ1sture Content 
w (l) 13.U to 27.2 

Undrained Shear 
StrenythTiT)fl (PSF) gn to 4,268 

Preconsolldatlon 
Stress, l'c-Tsf 3.0 to 7.0 

Compression index, Cc 0.05 to 0.20 

Source: Acres .American (1981) 

4 x 10-8 

.. 

114 

32 

18.9 

2,603 

4.56 

0.13 

1 x 10-8 to 
2 x 10-1 

79 to 107 

3 to 2U 

l!J.2 to 4l.5 

680 to !162 

1.7 to 3.6 

0.1~ to 1.00 

: 8 x 10-8 

98 

lU 

l7.2 

820 

2.49 

0.30 

·~ 



~recambria~ cry~ialline rocks formed1 i~~o 
arches, ba~ins, and othei,structures ~rimaiily as a 
result of Paleozoic epeirogenic acti~ity. The Central 
Stable Region extends from the eastern Appalachian 

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 aoout 100 mile at its 
closest approach), the Canadian Shield is cnaracterizea 
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 and 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 shield and separates the Adirondack 
Uplift from the Canadian Shield. 

North of the Adirondack Uplift 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 nas 
occurred (Fox, 1970). 
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2/:.8rE¥ii&&i5 62'·3NH?&Nri±t·*EN*MW4 WSEbAiRMMi#!fiSNi&ii§M#MSMW 4% pttiJiiefr. ... ~~--~-- , . .;;.;=-~"'~- _§ EL LI ,%:....\!WC} -~ -·-:~~C.. 

·Free Fluoride (0 .. l't!!!! ><1 " l 1g .. 1. ,.,o, "·*.ffi!ii· 0 .tq.,.1.:,;,.1 .. 111• 1152, 11± t §!"~·.:.c 

.. Ammonia 0 .O)i H> b · ;: # t ··.r.,.·$ • l· 1 $ 1 • 1 •; · $-§, ·& cC. ' b E#h z1M&Nt1:.o;.~·~·-· · ';.~:.:.:....:.::::-;"': s 1 ... • a~ -:.:.-~-

Nitrite (5.0C: ''-· .o.: .. ;< "'·"·-K>-<.-.5, M'-·'-'""""'"''"-·h!Si .s,..,o.,:, .. . z,. ·w·· \:20::·:. ,··---..=-~..:..:"' 

Nitrate 0. 3• 1t•= · z. -·"' · '" •· ... ,_ •·=· "''··· 0
· ··• • .. , h """"· "?' -·" · • 5 "'fl" "'4" ,_., tffl· e15 .. "4'0 "t""ltfhft±&5M ·Tu· .c. 

Chloride 21.0 • .:._._,__ ---- - ~::::~.:.~:.~:.,:,=.:,___;::.:;. -

Phenol• (0.0C'4*'rJi<•1,,wq, ·io rkrSSiG f9i5*5i'¥#M$'5f'5'f5¥Ni5ins "#b#ti'2'5&Sf&S#&Psii1: 'a%' u' 5 rtGth - -~n:i+aM,S:& • 

pH 7. gt i ?YE+·r~~==·,4··Cif&f"--4•.. rt ,Q89idSSZ!iiSS'l!f1 ~"&9RH?S!\51f¥ztz53a&ii9&Piifi !fiR!9MS&&994fO:@k!hW¥5'iP?&4iiSiB4~~:_::~:-- -~ _S-:t49EP ~ 52" 'f&""'- ... _~ 

Total Su1pended Solid 3 .o _·;;:_, ·-- -· 
1-Day BOD 0. ~~---

-~~ _....... ...~~ 

3-Day BOD Q., 8~.;i!Jt1Llt<::Si£51lcilL"'l&li:?..st'l£'.SJ1£S'2!bS.lill!!kJiH io1Jlii11i¥&Jkil£1\F.-".FU Dmm_.tfJE&&:i!Ml£F ... ¥S& .. 4&3\l!ll1t@&\tEE&£!E.«t«C!fi!W!G"J&nnrnsJlt<K.tl&K!J .\ .. ' :;'I'';';""""'('.,'~--~·--

5-Day BOD 

7-Day BOD 1. 7o::= .. . "-.-.--.---. :.:-

Kjeldahl Nitrogen 

Fecal Coliform 
c/lOOHU 230. - ~----r:._.,,.u~w,•'C,QWJ<,['f"'_..--,,... ... 

Alkalinity 99.0 

Temperature (OC) 0.0Ci# 4 ni' ige ¥&% (11<1 & k# '%'6W6·5 9 1 M+=tZO:-.~:-

Conductivity 295. ~""'"~ ,,, __ 
(micromho/cm) 

Di11olued Oxygen 15. a··.::e·~~---··' - . ~T'!L\,.,,.~:f ff n ''< M ,,_.,._. ' 

Total Phosphate O.OJWHMH: 8 ·''"''riiilll1§S &+&% &¥5Eii6 *SS ri* 5& ijly)l\l;:~::_;:, .·.::;_~,.,..;;,~::&!ii) 1M¥ a trrft. - . 

coo 6. 40 ' f ,.,.:sr ;1 1 •Y ' t' WWS7EiT;;;;n;v=s1t-r'""""7%Utlitnf,;~~ ~ ~· ... "li@ q i i ;;;;,,,':'.:-

SOURCE: Depart11ent of Enui · ·- · '"" 
at Fort Niagara. Young1town.~~-"·--' ·-~"'·--'--'>:::...:~."'-·.::.•c • ..... · .... ::~· _ _.,_ ... ~ ·~" 
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o·q·4(o ~ --~: .~- 2/81 3/81 4/81 S/81 (p:~:l 7/81 8/81 11/81. 10/81 111~1 -~::-i2t81 

.) 

. ' 

w 

Free Fluoride <0.100 0.100 0.100 -
A111111onia 0.070 . 0.03S 0.030 o.oso 

Nitrite <S.00 <S.00 s.oo 10.0 

Nitrate 0.300 0.27S 0.350 0.300 

Chloride 21.0 19.5 16.0 17.0 

Phenols (0.001 (0.00_1 (0.001 (0.001 

pH 7.90 7 .90 7.SO 8.10 

Total Suspended Solid 3.00 4.00 8.00 s.oo 

0.100 

0.070 

10.0 

0.250 

17.0 

<0.001 

8.30 

6.00 

0.100 

o.oso 

10.0 

0.200 

18.0 

0.100 0.100 0.200 

0.030 0.020 <0.020 

10.0 <5.00 10.0 

0.100 

18.0 

(0.001 

(0, 100 <0.100 

11.0 _·r: 18.0 
.. . ~-

0.003.' 0".003 
~ -

a.so a.20 1.10 8.30 

1.00 4.00 10.0 4.00 

0.100 

0.020 

10.0 

0.150 

18.0 

0.002 

7.00 

0.100 

<0.020 

s.o 

0.250 

21.0 

(0,001 

7.40 

1.00 

1-Day BOD 0.400 0.6SO 0.200 1.00 0.600 0.600 0.100 
; 

0.300 0.300 0.200 0.200 \ 

3-Day BOD 

5-Day BOD 

7-Day BOO 

Kjeldahl Nitrogen 

Fec:al Coli~orm 
c/lOOMU 

Alkaiinity 

Temperature (OC) 

Conduc:tiuity 
(mic:romho/c:m) 

Dissolved Oxygen 

Total Phoaphate 

COD 

0.800 

1. 70 

230. 

99.0 

0.000 

29S. 

15.8 

0.039 

6.40 

0.850 1.00 

1. 70 

1.25 1.80 2.10 

50.0 77.0 147. 

102. 87.0 116.0 

1. 7S 2.00 14.0 

276. 24S. 

15.4 14.4 15.2 

0.044 0.0211 0.0211 

6.20 4.10 10.0 

1.20 

2.10 

0.2110 

350. 

110.0 

19.0 

9,20 

o.ou 

5.60 

1. 70 

3.30 

860. 

117.0 

23.S 

9.20 

0:023 

5.60 

o.aoo 

l.SO: 

40.0 

94.0 

23.0 

8,80 

o.ou. 

0.600 

1.40 

0.330 

190. 

114.0 

21.0 

9.00 

0.002 

u.o 

--
0.700 

1.50 

(10 •• o 

117.0 

14.0 

11.1 

t.70 

0.400 

0.700 

230. 

105. 

0.146 

14.0. 

1.20 

--. 
2.00 

0.320 

40.0 

97.0 

s.oo 

12.4 

0.141 

8.60 

SOURCE: Oepart .. nt of E~uironmental Conservation. Cony1ntion1l and Pc1oc1tt Pollytant l1y1l1 fpc the Niapac• Riy1c < 

at Fort Ni1q1r1. Yoynqatown. Water Quality Surueillanca Network. (July, 1912). 
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DE:'?CTro}{;-LJMITS FCR. POLLUTANT§. . 
NEW YORK s~::t ~EPARTMENT OF ENVIRONMENTAL CONSERVATIQ~ 

Pollutant 
Chloromethane 
Chloroethene 
Chloroethane 
Dlchloromethane 
1.1- Dlchloroethylene 
Bromomethane 
Trans 1.2 Di Cl Ethene 
1.1 - Dlchloroethane 
1.2 - Dlchloroethane 
Chloroform 
1.1.l - Trichloroethane 
Trlchlorofluoromethane 
Carbon Tetrachloride 
Bromodichloromethane 
Benzene 
Toluen.e 
Ethyl benzene 
CIS 1.3 Dichloropropene 
1.2 - Dichloropropane 
Chlorobenzene 
Trichloroethylene 
1. 1. 2 - Trichloroethane 
Tetrachloroethene 
1. 1. 2. 2 - Tetra Ci Ethane 
Dibromochloromethane 
Bromoform 

DETECTION LIMIT (ppb)* 
16. 
18. 
21. 
6. 

13. 
16. 
13. 
16. 

3. 
5. 
6. 
4 • 

4 • 
11. 
3. 
8. 
6. 
8. 
4. 

4 • 
4. 
9. 
6. 

• Pollut~nt 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 Dopartmant of Environmental Conservation. 
Conventional and Priority Pollutant Levels for the Niagara River a~ 
Fort Niagara. Youngstown. Water Ouality Surveillance Network. 
(July 1982) 



":-'.·t. \ .,:, ' 

NIAGARA RIVER:: 
' .. ;'(··:, .. 

MEAN ANNUAL TRACE 

PARAMETER/YEAR 197S 1976 1977 1978 1979 1980"' 
incomplete 

NO. OBS. 19 Sl 48 43 39 41 

ALUMINUM .OBS .100 .082 .082 .llS .lSS 

CAD I UM <.001 <.001 <.001 <.001 <.001 <.001 

CHROMIUM .003 .002 .003 .002 .001 .cos 

COPPER .004 .007 .010 .cos .006 .003 

IRON .128 .177 .214 .282 • 336 .391 

LEAD .002 .002 .002 .002 .001 .001 

MANGANESE .cos .011 .007 .OlS .011 .024 

NICKEL .002 .003 .004 .002 .003 .003 

ZINC .004 .cos .007 .006 .004 .cos 

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

SOURCE: Environment Canada. Enyironmental Baseline Report of th~ 

Niagara River - Nov. 1981 Update. Ontario Review Board. (November 
16, 1981) 
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. > . NIAGARA RIVER 
CONCE.N'rRATION.; RANGE >. C ppbf(OF PCBs)>: "'"''"'"''~ 

AND DIOXIN· 

1979 19 8(J 

Parameter N n Range N n Range 

PCBs 7 1 NU-0.020 13 .l ND-J.03~ 

Aldrin 7 0 ND 12 0 ND 

DielCJrin 7 l NU-0. 0 01 12 l ND-O.OU5 

·BHC 7 l ND-0 .003 12 8 ND-0.005 

·BHC 7 0 ND 12 0 NJ 

Lindane ( -BHC) 7 2 ND-0.002 12 4 ND-0.UOl 

e - Chlordan~ 7 0 rm 12 0 Ni.J 

Chlordane 7 0 ND 12 1 ND-0.003 -
: DD'r+r·h:tdboli tes 7 0 ND l~ 0 NU 

Endrin 7 1 ND-0.003 12 1 NIJ-0.00~ 

Heptachlor 7 0 NU 12 0 NIJ 

Heptachlor 
expoxillc 7 l ND-0.010 l~ 1 N l.>- (). U 0 J 

Hexaclorobenzcne 7 0 ND 12 1 ND-O.OU5 
( riCB) 

Mirex 7 0 LW u 0 Nu 



. 1980 

Parameter N n Range N n 

'l'hiodan I 7 l ND-0.003 12 0 ND 
(:· - Enc3osulphan) 

Thiodan II 7 0 rm l~ 0 ND 
( p-l:ndosulphan) 

Dioxin 0 11 0 rm 

N = Number of samples 
n = Number of samples with detectable concentration oi compound. 
ND = Not detected (below detection limit) 

= Not available 

SOUHCE: Environment Can au a. Env i ronrr.o?ntal Baseline k.:oor t ot tn~ 
Niagara River - ~ov. 19al Updat~. Ontario Hev£ew ~oarti. (Novemoer lti, 
1981) 



'·NIAGARA RIVER AT; NIAGARA-ON-THE-LAKE 
CONCENTRATION RANGE';. (ppb) OF HYDROCARBONS 

1979 1980 

Parameter N · n Range N n 

Alkanes: 
Hexane 9 3 ND-<0.001 14 6 
Pentane 9 0 ND 14 2 

Alkenes: 
Methyl pentene 9 0 ND 14 0 

Aliphatics 9 3 ND-(+) 14 3 
Halogenated aliphatics: 

Carbon tetrachloride 9 1 ND-<0.001 14 0 
Bromoform 9 0 ND 14 0 
Chloroform 9 5 ND-0.5 14 14 
Chlorod1bromomethane 9 2 ND-(+) 14 2 
Dichlorobromomethane 9 2 ND-0.2 14 ·2 
Dichloroethane 9 1 ND-<0.001 14 0 
Trichloroethane (1,1,1-) 9 1 ND-(+) 14 3 
Trichlorotr1fluoroethane 9 0 ND 14 0 
Dichloropropane 9 1 ND-<0.001 14 0 
Methylene chloride 9 5 ND-9.0 14 11 
Tr1chloroethylene 9 5 ND-0.184 14 6 
Tetrachloroethylene 9 4 ND-0.l 14 3 

Aromatics: 
Benzene 9 4 ND-0.263 14 B 
Ethyl benzene 9 0 ND 14 0 
Di-ethyl benzene 9 1 ND-0.059 14 0 
TolueP.t 9 3 ND-0.049 14 5 
Xylene(s) 9 2 ND-0.03 14 6 
Styrene 9 0 ND 14 0 

Halogenated aromatics: 
Dichlorobenzene 9 0 ND 14 2 
Chlorotoluene isomer-1 9 0 ND 14 1 
Chlorotoluene isomer-2 9 0 ND 14 l 
m -Chlorotoluene 
trifluoride 9 l ND-(+) 14 9 

.Alcohols: 
n-Butanol 9 0 ND 14 0 
sec-Butanol 9 0 ND 14 3 
tert-Butanol 9 0 ND 14 0 

Ethers: 
Ether 9 l ND-<0.001 14 0 
Di-ethyl ether 9 2 ND-(+) 14 0 
Methyl tu ran 9 0 ND 14 0 

Aldehydes: 
.Butanal ND 14 0 

'.'. 

'\' ,'J"~ 
'~; "-~ .. 
"'""•,;'1 

Range 

ND-<O.l 
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.l 
ND-0.l 
ND-0.l 

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

ND-<0.1 
ND-<O.l 
ND-<O.l 

ND-<O.l 

ND 
ND-<O.l 
ND 

ND 
ND 
ND 

ND 



····r~~butanal 
-.»,> :'<"": '•,:"'' 

9 0 ND 14 0 ND 
Hexanal 9 0 ND 14 6 ND-<0.1 
Benz aldehyde 9 0 ND 14 0 ND 

Ketones: 
Hexenone 9 0 ND 14 0 ND 

Sulphides: 
Carbon disulphide 9 2 ND-(+) 14 1 ND- ( +) 
Diethyldisulphide 9 0 ND 14 0 ND 

N • Number of samples 
n • Number of samples with detectable concentration of compound. 
ND • Not detected (below detection limit which varies with 

compound. but generally is in the range of 0.2-0.S ppb) 
(+)• Present but not quantitated 

SOURCE: Environment Canada. Environmental Baseline Report of the 
Niagara River - Nov. 1981 Update. Ontario Review Board. (November 
16. 1981) 



NIAGARA. RIVER, AT ?:IAGARA-ON-THE:_LAKE 
C:ONCENTRATION .(pCi/l) OF RADIONUCLIDES 

Radionuclide 

Gross alpha (o( ) 
Gross beta ( (5 ) 
Cesium-134 
Cesium-137 
Cobalt-60 
Radium-226 
Strontium-89 
s.trontium-90 
Tritium 

1979 

<30 
<30 
<30 

<O.l 
0.7 

Values prefixed by •<• are detection limits 
- • Not available 

1980 

<l 
3 

<lS 
<lS 
<lS 

0.2 
<0.3 
1.0 

SOURCE: Environment Canada. Environmental Baseline Report of th~ 
Niagara River - Nov. 1981 Update. Ontario Review Board. (November 
16, 1981) 



PARAMETER 

MEAN 

CAD I UM 

LEAD 

COBALT 

COPPER 

ZINC 

NICKEL 

CHROMIUM 

SUMMARY. OF TRACE·. ELEMJ,:NT CONCENTRATION (ug/g) 
'IN, SUSPENDED. SEDIMENT. AT NIAGARA-ON-THE-LAKE 

1979-198Q 

N.OBS. MEAN S.D. N.OBS. MEAN 

13 2.4 0.8 35 2.4 

13 80.0 28.6 35 58.0 

13 6.6 3.3 35 6.5 

13 46.0 15.l 35 44.0 

13 177.0 44.0 35 163.0 

13 29.0 16.0 35 24.0 

13 39.0 31.0 35 30,0 

J 

S.D. 

18.9 

2.3 

37.0 

so.o 

12.0 

l2.0 

SOURCE: Environment Canada Environmental Baseline Report o! the Niagar 

- Nov. 1981 Update Ontario (November 16, 1981) 
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CONCENTRATIONS OF. 'ORGANICc.CONTAMINANTS. (ng/g). IN SUSPENDED 
SEDIMENT AT NIAGARA-ON-THE-LAKE 1980 

PARAMETERS 

PCBs (TOTAL) 

ALDRIN 

DIELDRIN 

cl, BHC 

't BHC (LINDANE) 

c./. CHLORDANE 

~· CHLORDANE 

o,p - DDT 

p,p - DDT 

p,p - DDE 

p,p - TDE (DDD) 

ENDRIN 

HEPTACHLC!R 

HEPTACHLOR EPOXIDE 

HCB (packed col)"' 

HCB (CAP. COL) 

MI REX 

·;:., - ENDOSULFAN 

METHOXYCHLOR 

°' ENDOSULF AN 

NO. OF 
SAMPLES 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 (23) 

18 

24 

24 

21 

24 

* One high value eliminated 
.N.D. Values not detected 
Data set from Jan 5 - Aug 19/1980. 

CONFIRMED DETECTIONS 

NO. MEAN (ng/g) ST. 

24 642 534 

0 N.D. 

21 4 2 

18 11 15 

10 2 

14 1 3 

20 2 2 

8 3 5 

lB 13 16 

24 19 10 

13 2 2 

1 <l 

0 N.D. 

14 2 3 

24 (23) 160 (51) 535 (SB) 

18 83 78 

17 6 7 

0 <l 

17 10 19 

1 <l 

·. \>:Detection Limit values entered as.·:r:aro in mean calculations 
, ""~ '• • I i ;~ ,- ; :> ",. ', ., ·,, ' 

_,.__, ............ -';QJ. ...... · '....1)1 q '\ ; ' 
November;:l,6, 



The widespread occurrence of PCBs from analysis of 
bottom sediments collected from 9,Lower Niagara River station in 
1979 (Figure A-2). Significant ccntaminatlon of sediments with 
organochlorine pesticides was also detected. It was concluded by 
Vincent and Franzen (1982) that tfie 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. Chromitim, mercury, copper, lead and zinc 
exhibited the most significant conc,ntratlons (Table A-9)~ 

In addition to the water quality sampling program c-0nducted 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 in the Lower 
Niagara River Basin north of Bloody Run Creek. Figure A-3 ls a map 
showing the locations of the ambient 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. 



t 
N ,_ A I 0 

0~1 

lCC.tND 

• :i Sediment Sampling 
Station 

FIGURE A-2. Bottom Sediment Collection Stations. 

Sources Environment Canada (1981). 
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TABLEA-9 

SUMMARY OF 1979 ENVIRONMENT ONTARIO CHOE) ANALYTICAL RESULTS FOR PCBs. 
ORGANOCHLORINE PESTICIDES, CHLOROPHENOXY ACID HERBICIDES ANO CHLOROPHENOLS 

(ppb - ug/kg), ARSENIC ANO HEAVY METALS (ppm - ug/g) 

PARAMETER 

PCB1, Total 

Aldrin 

Die1drin 

&>(- BHC 

/3 - BHC 

Lindane ("'( - BHC) 

-<. - Chlordane 

'¥ - Chlordane 

o,p -DOT 

p,p - DOT 

p,p :.. DOE 

p,p - ODO 

tDDT + metabolites 
. 

Endrin 

Heptachlor 

Heptachlor epoxid• 

Hexachlorobenzen• 

Mirex 

Thiodan I 

Thiodan II 

0117S 

12/2J/12 

IN NIAGARA RIVER BOTTOM SEDIMENTS••• 

MOE 
Dredging 
Guideline 

so 

1 

160 

NO 

2 

NO 

NO 

NO 

11 

6 

NO 

NO 

10 

NO 

10 

NO 

NO 

l 

4S 

NO 

1 

2 

LOWER NIAGARA RIVER STATIONS 
2 3 4 s 6 7 8 g 

130 290 66 82 2700 690 490 

NO 

NO 

6 

NO 

NO 

14 

s 

NO 

NO 

9 

NO 

9 

NO 

NO 

l 

28 

NO 

1 

l 

NO 

13 

NO 

NO 

so 

3S 

NO 

NO 

6 

14 

20 

NO 

I 

u 

11 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

s 

ND 

s 
NO 

NO 

NO 

1 

NO 

1 

NO 

NO 

s 

NO 

NO 

NO 

NO 

NO 

ND 

4 

NO 

4 

ND 

NO 

1 

• 
4 

1 

1 

NO 

26 

NO 

10 

110 NO 

NO NO 

NO NO 

293 

64 

20 

74 

20 

6!I 

179 

13 

NO 

NO 

NO 

NO 

s 

ND 

s 

s 
NO NO 

H 4 

2SO 47 

640 6 

u 

u 
4 

6 

NO 

6 

38 

NO 

20 

61 

70 

21 

70 

36 

63 

190 

7 

NO 

I 

11 

21 

12 

0 

';c; T v •"'i'-

' 
'\ 
~ ~ 
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TABLt A-9 (Cont'd) .. . .. 

. 011to"f'. ::"· . . 
PARAMETER MOE LOWER NIAGARA RIVER STATIONS (NL) 

Dredging 1 2 3 4 5 6 1 8 9 
Guideline 

' 2,4-D ND -- ND .ND -- ND ND ND 

2,4,5-T ND -- ND NO -- ND ND ND 

2,4-08 ND -- ND ND -- ND ND ND 

Sil vex ND -- ND ND -- ND ND ND 

2,3,4-
Trichlorophenol ND -- ND ND -- ND ND NO 

2,4,5 -
Trichlorophenol ND -- ND ND -- ND ND ND 

I-' 
0\ 2,4,6 -

Trichlorophenol ND -- ND ND -- ND ND ND 

Pentachlorophenol ND -- NC ND -- ND ND· ND 

r,r :, Arsenic 8 2.5 1. 5 2.0 8.2 3.5 4.0 4.2 2.8 3.7 
,: -~ : :1 

1\1\ 
' t;; \; Cadmium 1 0.12 0.55 0.65 <0.40 0.45 0.88 0.88 0.60 0.12 

:,;j 
111 
\), I 

!· Chromium 25 15 9.5 20 170 15 25 35 16 21 
., 

Copper 25 8.8 7.5 13 ~ 32 11 16' 28 13 21 

Lead 50 13 6 10 60 6.S 16 33 13 19 

Mercury 0.3 0.19 0.51 0.22 0.86 0.03 0.34 3.2 0.26 o,g6 
I 

Nickel 25 7.2 9.5 7.5 17 11 11 20 15 18 

Zinc· 100 63 47 150 170 55 g4 140 79 110 

ND • below detection limit 
- - • no data available 
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A, AMBIENT WATER OUALITY 

ONTARIO NEW YORK 

1000 0 co FEET 

Mt TE RS 

1
c• ==-•l!SWW'l_ll'loi===:::>' ,,, I L E s 

Sources Badorek 
.and Frederick (1982) 

I ' •'., 



. Site. 
Number 

2 

·,,.;;: .' 

Llstln:g of Ambient Water 
and Reference Numbers In 

Reference* 
Number 

'"'· 

Site De~c~iption 

,',' ... 
;1, 

(7) New York State Department Environmental Conservation, 
Fort Niagara, New York, Water Quality Station 01-0001-00 

(11,12,13,14) United States Geological Survey, Fort Niagara, New York, 
Water Quality Monitoring Station 

(2,3,10) Environment Ontario, Station NIL-2 

(2. 3) 
(2 '3) 

(3) 

(3) 

Environment Canada Niagara-on-the-Lake Station 
Niagara-on-the-Lake \JTP Intake 
Niagara River Biomonitoring Station (Algae/Clams) at 

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

3 (9) Great Lakes Laboratory, Transect E, Niagara River Station 

4 (9) 
(2. 3) 

5 (9) 

6 (9) 

7 (2,3,10) 

8 (3) 

9 

10 

11 

12 

13 

14 

15 

16 

(2,3,10) 
(8) 
(3) 

(2,3,10) 

(3) 

(8) 
(3) 

(3) 

(3) 

(3) 

(3) 

Great Lakes Laboratory, Transect E, Niagara River Stat ion 

Environment Ontario Station NIL-3 

Great Lakes Laboratory, Transect D, Niagara River Station 

Great Lakes Laboratory, Transect D, Niagara River Stat ion 

Environment Ontario Stat ion NIL-1 

Environment Ontario Stat Ion NIL-5 

Environment Ontario Station NIL-7 
Great Lakes Laboratory, SCA Sample Station 31 
Niagara River Blomonltorlng Station (Clams) at Quccnston, 

Ontario 
Environment Ontario Station NJL-9 

Environment Ontario Station NIL-4 

Great Lakes Laboratory SCA Sample Stations 32·37 
Envl ronment Ontario Stat Ion N IL-6 

Environment Ontario Station NIL-8 

Niagara River Blomonltorlng Station (Algae) at Niagara· 
on-the-Lake/Fort Hississauga, Ontario 

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

Niagara River Bio:nonitoring Station (Algae) at Que~nston, 
On tar lo 
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Table A-10 (Continued) .. . , , 

'· 
(, .. 

· Site , · Reference 1' 

Number Number 

17 (3) 

18 (3) 

19 (8) 

20 (8) 

21 ;h': (4.6) 

22:'::'; (4.S.6) 

23:h' (4) 

24 ( 1 ) 

Sit~ 

Niagara River Biomonitoring Station (Fish) at Niagara-on
the-lake 

Niagara River Biomonitoring Station (Fish) at Queenston, 
Ontario 

Great lakes laboratory, SCA Sample Stations 38 and 39 

Great lakes laboratory, SCA Sample Station 40 

New York State Department of Environnental Conservation 
- Lewiston Fish Monitoring Station 

New York State Department of Environmental Conservation 
- Fort Niagara Fish Monitoring Station 

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

Bloody Run Creek Sample Stations 

* See: References - Ambient ~ater Quality 

** Approximate station locations. The area trawled Is actually more expansive. 

Sources and Frederick 
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TABLEA-11 Ambient Water Quality Data for Segment 6 - Inorganic Substances Analyzed for at Sampling Site 1 

(U.S.G.S. Hater Quality Station). 

Concentration, mean ~g/t * 
Sam~ling Date{reference) 

Parameter 1976(ll) 1977(l1) 1978(lZ} 1979(1 3) 1980C14 > 

Total Arsenic LDL 1 1 1 1 
Dissolved Arsenic LDL 1 1 1 1 
Total Barium - - 25 LDL LT 50 
Dissolved Barium - - 25 17 20 
Total Cadmium 1 l 1 12 20 
Dissolved Cadmium LDL LDL LDL 2 3 
Total Chromium LT 10 10 10 10 7 
Dissolved Chromium LT 10 l 1 LT 10 LT 10 

I-' Total Cobalt LDL LDL l LDL LDL '° Dissolved Cobalt LDL LDL LDL 1 LDL 
Total Copper 10 6 7 13 10 
Dissolved Copper 10 3 4 13 4 
Dissolved Fluoride 100* 100 114 114 133 
Total Iron 80 306 150 197 170 . 
Dissolved Iron 10 15 '30 LDL 7 
Tota 1 Lei'd 14 9 6 23 9 
Dissolved Lead 5 6 3 6 4 
Dissolved Magnesium 8250* 8400 8286 7857 8140 
Total Manganese 10 7 10 10 10 
Dissolved Manganese 0 LDL 5 3 1 
Total Mercury LT 0.5 LT 0.5 LT 0.5 LT 0.5 LT 0.1 
Dissolved Mercury LT 0.5 0.2 LT 0.5 LT o.s LT o. 1 
Total Nickel - - - - 2 
Dissolved Nickel - - - - LDL 
Total Selenium LDL LDL LDL LOL LDL 
Dissolved Selenium LDL LDL LDL LOL LDL 
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TABLE A-11 Ambient Water Quality for Segment 6 - Inorganic Substances Analyzed for at Sampling Site 1 
(U.S.G.S. Hater Quality Station). (cont.) 

* Concentration, mean ug/t 

Sampling Date(reference) 

e 

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

Total Silver 
Dissolved Silver 
Total Zinc 
Dissolved Zinc 

10 
0 

30 
10 

LDL 
LDL 

28 
3 

LDL 
LDL 

30 
17 

LDL 
LDL 

23 
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 Detect1on Limit. 
- Not analyzed or not available 

LT - Less Than 
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TABLEA.:..12 Ambient Water Quality Data for Segment 6 - Inorganic Substances Analyzed for at Sampling Site 2*. 

Concentration, mgll 
Parameter 

Aluminum 
Arsenic 
Cadmium 
Chromium 
Copper 
Cyanide 
Iron 
Lead 
Manganese 
Mercury (filtered) 
Nickel 
Zinc 

- - Not Ana 1 zyed 
LT - Less Than 

1975a 

0.085 -
LT0.001 

0.003 
0.004 
-

0.128 
0.002 
0.005 

-
0.002 
0.004 

1976a 1977a 

0.100 0.082 - -
LT0.001 LT0.001 

0.002 0.003 
0.007 0.010 

- -
0.177 0.214 
0.002 0.002 
0.011 0.007 - -
0.003 0.004 
0.005 0.007 

a - Environment Canada Niagara-on-the-Lake Station 
b - Niagara River Sampling Range 1.3 
* - Data Source is Reference 3 

1978a 1979a 

0.082 0.115 - -LTO. 001 LT0.001 
0.002 0.001 
0.005 0.006 - -
0.282 0.336 
0.002 0.001 
0.015 0.011 - -
0.002 0.003 
0.006 0.004 

1980a 1980b 

0.155 0.164 - LT0.001 
LT0.001 LT0.0002 

0.005 LT0.020 
0.003 LT0.002 - LT0.010 
0.391 0.165 
0.001 LT0.003 
0.024 - LT0.0001 
0.003 LT0.020 
0.005 LT0.010 

-··--·~~. ". -*"'" .myw !fi\W5lli, - e· 4fl ::tliiJi¥.WM.£¥ill!&i\t!WM* .-W4tMR,4 JJPJlJiiiJtS'®i/MiMS#RM'1!1M@ijf lj@ . . . .. . l41J&l41 4 Lil.I& Q£. i:U:;&4.&1$4 I i MM V@Ji - ,. , 5•,_-"fW'"·::-.,~·"<T·'~" n-'""'"'"'7"·':":'·"'"·~ ~.-.,mm~~7.?~Pll~\ll!F0&;~@\f@'M#@Aki<.:J,,%~ 
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TABLE A-13 Ambient Hater Quality Data for Segment 6 - Organic Substances Analyzed for at Sampling Site 2 
and Site 4 

Mean Concentration, ug/1 
Site (reference) 

Parameter Site 2< 2Jc Site 4(2) Site 2< 2)c Site 2<3)a Site 2(J)c Site 2(3)b 
1974-78 1979 1979 1980 1980 1980 

PCB tlD LT0.020 ND-0.020 LT0.020 ND-0.032 0.010 Aldrin ND LT0.001 ND LT0.001 ND LTO. 001 Dieldrin ND LT0.001 ND-0.002 LT0.001 ND-0.002 0.001 
a - BHC ND LTO. 001 ND-0.003 0.004 ND-0.005 0.011 
B - BHC ND LT0.001 ND LT0.001 rm 
y - BHC ND-0.030x LT0.001 ND-0.002 LT0.001 ND-0.001 0.004 
a - Chlordane ND LT0.001 ND LT0.001 ND LT0.001 
y - Chlordane ND LT0.001 ND LT0.001 ND-0.003 LT0.001 
o ,p' - DDT ND LT0.005 - LT0.005 - LTO. 001 
p,p' - DDT - LT0.005 - LT0.005 - LT0.001 
p,p' - ODE - LT0.001 - LT0.001 - LT0.001 
p,p' - ODD - LT0.005 - LT0.005 - LT0.001 
t DDT+ Metabolites - LT0.005 ND LT0.005 ND 
Endri n ND LT0.001 ND-0.003 LT0.001 ND-0.009 LT0.001 
Heptachlor ND LT0.001 ND LT0.001 ND LT0.001 
Heptachlor epoxide ND LT0.001 ND-0.010 LT0.001 ND-0.008 LT0.001 
HCB ND LT0.001 ND LT0.001 ND-0.005 0.001 
Mirex NO LT0.005 ND LT0.005 ND LT0.001 
Thiodan I ND LT0.001 ND-0.003 LT0.001 ND LT0.001 
Thiodan II ND. LT0.001 ND LT0.001 NO LT0.001 
Phenol - - - LT1.0 ND • 
Methoxychlor - - - - - LT0.001 

- Not analyzed or not available 
ND - tlot Detected 
LT - Less Than 
x - Lindane only detected in 1974 
a - Niagara Riv.er Sampling Range 1.3 
b - Environment Canada Hiagara-on-the-Lake Daily Statfon. Data from 8 January-9 September, 1980; 31 samples analyzed. 
c - Niagara-on-the-Lake Water Treatment Plant Intake. 
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TABLE A-14 Ambient Water Quality' Data for S~gment 6 ~Additional Organic 
' · ·. ·. Substances Analyzed for. at Sampl i[lg Sile 2 (Niagara-on-the-Lake 

Water Treatment Plant Intake). · 

Parameter Concentration. µ9/1 

Same(;ng Date·(reference) 

1978(2) 1979(3) 1980{ 3) 

Hexane ND ND ND-'\.0,2 
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 
Di ch l oropropane ND ND ND 
Methylene chloride ND 0.147-0.400 N0-3.0 
Trichloroethylene ND-Trace LT0.001-0.231 N0-0.1 
Tetrachloroethylene ~D N0-0.340 ND 
Dichloropropylene ND 
Trimethylbenzene ND 
Benzene ND-0.190 ND-0.324 ND-1. 9 
Ethyl benzene ND ND-0.062 ND 
Di-ethyl benzene ND-Trace ND ND 
Cumene ND ND-0.061 ND 
Toluene ND-0.200 0.100-1.90 LT0.001-0.8 
Ethyl To';uene ND N0-0.105 ND 
Xylene(s) ND-0.250 ND-0.182 ND-0.2 
Stryene tlD ND 
Chlorobenzene ND ND-0.021 ND 
Di ch 1 orobenzene 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-Butanol ND ND 
sec-Butanol ND ND-LTO. 001 
tert-Butanol ND ND 
Ether ND ND ND 
Di-ethyl ether ND ND ND 
Methyl furan ND ND 
Butanol ND ND-'\.0, l 
Isobutanol ND ND ND 
Hexanal ND ND-'\.0,4 
Benz aldehyde ND ND 
Hexonene ND ND 



· TABLE A-l<! Ambient Wat~r Quality.Data fo~ S~g~en~ ·6 - Add1ti~na1 ·org~nic · 
· Substances Analyzed for at Sampling Site 2 (Niagara-on-the:Lake 

Water Treatment Plant Intake). · (cont.) 

Parameter 

Carbon Disulfide 
Diethyldisulfide 

- Not Analyzed 
ND - Not Detected 
~ - Approximately 
LT - Less Than 

Concentrati~n, pg/t 

Sampling Date(reference) 

l97s<2> 1979(3) 1980(3} 

ND-(+) ND-~0.1 
ND ND 

(+) - Present but not quantitated 
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·TABLE A-ls Ambient Water Quality Data for Segment 6 - Arsenic, Copper, Cyanide, Mercury and Phenol in Water and 

Sediment Samples. 

Mean Concentration in Water, uj}f.!. Concentration in Sediments, mg/k 

Samolino Site(reference) 

Site l (7) (1976) 
Site 1 (7) (1977) 
Site 1 (?) (1978) 
Sitel(7) (1979) 
Site 3(9) (1980)a 
Site 4( 9) (1980)a 
Site 5( 9) (1980)a 

~Site 5( 9) (1980)a 
Site 9( 8) (1980)b 
Site 12(8) (1980)b,c 
Site 19(B) (1980)b,c 
Site 20( 8) (1980)b 

Site 12(9) (1980) 

LT - Lr.ss Th.in 
- Not analyzed 

Arsenic 

1 

7 

2 

10 

LT2.0 -

LT2.0 

Mercur 

LTl.O o. 11 

L·Tl. 0 1.03 
LTl.O 3.90 
LTl.O 0.25 

- -
9.0 0.36 

Phenol 

1.0 

2.0 

4.0 
5.0 
0.5 
0.9 

LT 0.5 
LT 0.5 

-
6.0 

Arsenic 

4.7!0.8 
3.2!0.5 
3.2±0.3 
3.4±0.1 

Concentration in Elutriate Water, ug/t 

2±2 0.37±0.09 16±9 

a - Data represents mean values from July and August samplings. 
b - Data represents values from January sampling. 
c - Site values represent means and standard deviations of 2 or more pooled stations. 

Cvanide Mercur Phenol 

0.01±0.00 1.2±0.2 
0.35±0.53 1.2±0.2 0.65±0.85 
0.06±0.07 0.22±0.17 0.46±0.31 
6.69±9.07 1.22±0.99 1.63i0.54 
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Concentrations· of Organic Contaminants Analyzed for. in Water . 
· or 'Sedim~nt at Site 24 in.the Lower Niagara River - Segment 6. ·;:, c• 

, .. ·, . 

No. Compound•· 
Site 24 

. .. 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

Chlorobenzene 
Dichlorobenzenes 
Trichlorobenzenes 
Tetrachlorobenzenes 
Pentachlorobenzene 
Hexachlorobenzene 

Dichlorotoluenes 
Trichlorotoluenes 
Tetrachlorotoluenes 
Pentachlorotoluenes 
Hexachlorotoluenes 
Heptac~lorotoluenes 

Chlorobenzenes 

Chlorotoluenes 

+ 
+b 
8 

25 
10 
10 

90 
50 
10 
5 

Polycyclic Aromatic Hydrocarbons and Derivatives 

Methylnapthalenes 
C2-naphthalenes 
C3-naphthalenes 
Chloronaphthalene 
Df chloronaphthalene 
Trichloronaphthalene 
Biph1myl 
Pher.anthrene 
Chlorophenanthrene 
Dichlorophenanthrene 
Trichlorophenanthrene 
Pyrene 
Fluoranthene 

Polychlorinated Bfphenyls 

Dichlorobiphenyls 
Trichlorobiphenyls 
Tetrachlorobiphenyls 
Pentachlorobiphe~yls 
Hexachlorobf phenyls 

+ 
+ 
+ 
+ 

5 



.. Concentrations o:f Organic Contaminants Analyzed. 1n Wat~r · · . ,,~ 
or Sediment at Site 24 fn the Lower Nfagara Rfver ~ Segment 6. (cont~~~, 

·Compound · · · · , · · . · · * · ·· 'zl 
Site 24 · ::; 

Phenols 

31 Phenol 
32 Dichlorophenol 
33 Trichlorophenol 
34 (1,1,3,3,-Tetramethylbutyl)phenol 

Cyclohexane Derivatives 

35 BHC (hexachlorocyclohe~ane) 
36 Cyclohexylcyclohexanol 
37 Cyclohexylcyclohexanone 
38 Phenylcyclohexane 

c7-Benzyl Derivatives 

39 Benzyl alcohols (0-SClld 
40 Benzaldehyties (0-5 Cl)d 
41 Benzoic acids (0-5 Cl)d 
42 Benzamides (0-4 Cl)d 

43 
44 
45 
46 
47 
48 
49 
so 
51 

52 
53 
54 
55 

.56 
57 
58 

c14-Benzyl Derivatives 

(Methylphenyl)phenylmethaned 
Chloro(methylphenyl)phenylmethanes 
Oichloro(methylphenyl)Phenylmethanes 
Trichloro(methylphenyl)phenylmethanes 

l
'phenylmethyl)benzenemethanols 
phenylmethyl)benz3ic acfdd 

Methylbenzophenone 
Benzoylbenzoic acidd 
Benzyl etherd 

c21 -Benzyl Derivatives 

Methylbis(phenylmethyl)benzenesd 
Chloro(methyl)bis{phenylmethyl)benzenesc 
Oichloro(methyl)bis(phenylmethyl)benzenesc 
Trichloro(methyl)bis(phenylmethyl)benzenest 
Tetrachloro(methyl)bis(phenylmethvl)benzenesc -
Pentachloro(meth1l )bis(rhenyloethyl )benzenest 
Bis(methylphenyl}phenylmethaned + 

+ 
+ 
+ 
+ 

+ 

NA 
2 
5 
+ 

+ 

·' 

'l 
';:r 
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. TABLE, A-16 Concen~;ationsof Organic C~~taminant~·Analyz~d for in Water or 
· Sediment at.Site.24 in the Lower Niagara River - Segment 6. (cont.} 

. ·"· ', ' ·,'" -.- .,,, ' . 

No. Compound 

c28-Benzy1 Derivative 

59 Methyltris(phenylmethyl }benzenesd 

Fluorine-Containing Compounds 

Benzotrifluoride 

Site 24 

+ 
+ 
+ 
+ 

60 
61 
62 
63 
64 
65 
66 

Chlorobenzotrifluoride 
Dichlo~obenzotrifluoride 
3-Aminobenzotrifluorided 
N-(3-trifluoro~ethyl)phenylbenzamide (0-3 
Dichloro(trifluoromethyl)benzophenoned 

Cl)d + 

67 
68 
69 
70 

71 
72 
73 
74 
75 
76 
77 
78 
79 

Di ch 1 oro( tri fl uoromethyl )-a ,a-di fl uorodi-
phenylmethaned 

Miscellaneous 

Mirex 
Phenothiazined 
Phenyl ether 
DDE(l,l'-(dichloroethylidene}bis-

(4-chlorobenzene) 
Methoxybenzophenoned 
Chloromethoxybenzophenone 
Chlorohydroxybenzophenone· 
Aminoacetophenone 
1-dodecanethiol 
Trichloroethylene 
Tetrachloroethylene 
Hexachlorobutadiene 
Fu ran 

NA - Sample not analyzed for this compound. 

25 

15 

+ 

+ 

+ 
+ 
+ 

15 

+ 
+ 
+ -

.. 

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

- Compound not detected in water or sediment. Lower li~its of sensitivity 
are 0.1 ppb in water and 0.5 ~g/g in sediment. 

b - Maximum level in iig/g dry weight in sediment. Same for all values presented. 
c - Or another isomer. 
d - Structure presented in paper referenced. 
* - Samples taken at approximately 130 and 150 meters downstream (in Bloody 

Run Creek) from the boundary of the Hyde Park landfill. Data· source is 
Ref ere nee l. 
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TABLE A-171norganfc and Organic Contaminants Detected in Sediment fn Segment 6, 1979 * 
Parameter Concentration, ug/kg for organics; ug/g for metals (drY. weightsl 

Site 1 a Site 4 Site 7 Site ab Site 9 Site 10 Site 11 Site 12 Site 13 --
Arsenic 1. 5 2.0 2.5 3.5 4.2 3.7 8.2 4.0 2.8 -Cadmium 0.55 0.65 0.72 0.45 0.88 0.72 LT0.4 0.88 0.60 Chromium 9.5 20. 15. 15. 35. 27. 170. 25. 16. Copper 7.5 13. 8.8 11. 28. 21. 32. ~ 6. 13. Lead 6. 10. 13. 6.5 33. 19. 60. 16. 13. Mercury 0.51 0.22 0.19 0.03 3.2 0.96 0.86 0.34 0.26 Nickel 9.5 7.5 7.2 11. 20. 18. 17. 17. 15. Zinc 47. 150. 63. 55. 140. 11 o. 170. 96. 79. 

PCB (total) 130. 290. 160. - 2700. 490. 66. 82. 690. N Aldrin ND ND ND - ND ND ND ND ND \.0 Of eldrin ND - 2. - 26. 6. ND 5. 10. a - BHC 6. 13. ND - 11 o. 38. ND ND ND B - BHC ND ND ND - ND ND ND ND ND y - BHC (Lindane) ND ND ND - ND 20. ND ND ND a - Chlordane 14. 50. 11. - 293. 61. - ND ND y - Chlordane 5. 35. 6. - 64. 70. ND - ND o,p'- DDT ND NO NO - 20. 21. ND NO ND p.p' - DDT NO NO NO - 74. 70. NO NO ND p,p' - DOE 9. 6. 1 o. - 20. 36. 5. 4. 5. p,p' - DOD ND 14. NO - 65. 63. ND ND NO E DDT+ metabolites 9. 20. 10. - 179. 190. s. 4. s. End ri n ND - ND - 13. 7. ND NO s. Heptachlor ND ND NO - HD ND ND ND NO Heptachlor epoxide 1. 3. 1. - 36. 3. ND 1. 4, Hexachlorobenzene 28. 32. 45. - 250. 31. 1. a. 47. Hirex rm 11. NO - 640. 23. NO 4. 6. Thiodan I 1. NO 1. - 15. 12. 1. 1. 4. Thiodan I I 1. ND 2. - 15. 45. NO 1. 6. 
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TAP.LE A-17 Inorganic and Organic Contaminants Detected in Sediment in Segment 6., 1979 (cont.) 

Parameter 

2,4 - D 
2,4,5 - T 
2 ,4 - OB 
Sil vex 
2,3,4 - Trichlorophenol 
2,4,5 - Trichlorophenol 
2,4,6 - Trichlorophenol 
Pentachlorophenol 

- Not Analyzed 
ND - Not Detected 
LT - Less Than 

Concentration, l19/kg for organi~/g for metals (Q_r:yytlg_hts_) 

Site 1 a Site 4 Site 7 Site ab Site 9 Site 10 site 11 Site 12 

:- ND ND - ND - ND ND 
- rm ND - ND - ND ND 
- llD NO - ND - ND ND 
- ND NO - ND - ND ND 
- ND ND - ND - ND ND - ND ND - ND - ND ND - ND ND - ND - ND ND 
- ND ND - ND - ND ND 

Site 13 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

+ - 3-grab Shipek surface sediment (0 to 3cm) composite samples per station. Data source is Reference 3. 
a - Environment Ontario Station NIL 2. 
b - Environment Ontario Station NIL 5. 
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TAnLE A-18 Organics Analyzed for in Sediments in Segment 6. * 

Concentration, ug/kg wet weight 

Parameter 

ODE 

DOD 

DDT 

Mirex 

PCB 1242 

PCO 1254 

PCB 1260 

- Not Analyzed 
• - Data Source is Reference 8. 
a - l or 2 Samples Analyzed. 

Site ga 
1980 

19-31 

-
32-66 

104 

Trace 

Trace 

Trace-413 

Site 12b 
1980 

14-50 

6-12 

7-17 

Trace-7 

Trace 

Trace 

227 

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

Site l 9b 
1980 

12-21 

8-23 

2-12 

4-11 

Site 20a 
1380 

7-22 

4-13 

4-9 

12 

I 
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()
(j 11 TA8 . ..L£. A:-19 Inorganic Contaminants Analyzed for in Suspended Sediment Samples Taken from Various Sites in 
~\·'-tC,~ .Segment 6. 

Parameter 

Site 1 (l O)a Site 2{ 3)b 
(1979} (1978) 

· Cadmium - 2.4 
Chromium - 39.0 
Cobalt - 6.6 
Copper - 46.0 
Lead - 80.0 
Mercury 
Nickel - 29.0 
Zinc 380.0 177 .0 

- - Not Analyzed or Not Av~ilable 
a - Environment Ontario Station ttIL 2 
b - Environment Canada Niagara-on-the-Lake Station 

Concentration, ug/g dry weight 
Site (reference) 

Site 2( 3)b Site 7(lO) 
(1979-80) (1979) 

2.4 
3.0 
6.5 

44.0 
58.0 100.0 170.0 

0.69 
24.0 

163.0 330.0 390.0 

120.0 
0.66 

300.0 
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'TABLE A-20 Organic Contaminants Analyzed for in Suspended Sediment in Segment 6. 

Mean Concentration, nglg drl weight 
Site (reference) 

Parameter Overall Mean - Sites 1,7,9,10(2) Site 2 (2)a 

PCB 
Aldrin 
Dieldrin 
a-GHC 
y-GHC 
a-Chlordane 
y-Chlordane 

w o,p - DDT 
w p,p - DDT 

p,p - DOE 
p,p - TOE 
Endri n 
Heptachlor 
Heptachlor epoxide 
HCO {packed column) 
HCO (c11pillary column) 
Mirex 
Methoxychlor 
t DDT+ Metabolites 
Thiodan I 
Thiodiln II 
8-BHC 

LT - Less Than 
- - Not Analyzed 
ND - Not Detected 

1979 

137 ± 84 
ND 

8 ± 7 
5 ± 7 
J ± 4 
4·.± 7 

15 ± 26 
ND 
ND 

8 ± 2 
J ± 6 

0.3 ± 0.6 
ND 

5 ± 5 
38 ± 51 -
41 ± 60 -
11 ± 16 
5 ± 5 

13 ± 18 
ND 

a - Environment Canada ~iagara-on-the-Lake Station. 
b - Without and with high values. 

1979 

493 ± 30/1080 ± 253b 
ND 

9 ± 4 
16 ± 10/74 ± 162b 
19 ± 11 

} 22 ± 12 
15 
12 ± 6 
25 ± 13 
9 ± 5 

ND 
ND 
ND 

l 06 ± 130 -
30 ± 61 
19 ± 16 
34 ± 16 
12 ± 4 

ND 

Site 2(3)a 
1980 

642. 
ND. 
4; 

11. 
2.· 
1. 
2. 
3. 

13. 
19. 
2. 

LTl. 
ND 
2. 

160. 
83. 
6. 

10. 

LTl. 
LT1. 

,,, 
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A-tiNo~-Routine Organic Co~·ta~inants Identified· in Suspended Sediment 
Samplesfrom Site 2'*, Segment 6, January 1980. 

Compound 

I Chlorinated Hydrocarbons 

Trichlorobenzenes 
Tetrachlorobenzene 
Pentachlorobenzene 
Hexachlorobenzene 

JI Polyaromatic Hydrocarbons 

Naphthalene 

II I 

IV 

Methyl naphthalenes 
Dimethyl naphthalenes 
Trirnethyl naphthalenes 
Tetramethyl -4-propenyl-(E)-naphthalene 
Phenathrene 
Methyl phenanthrenes 
Dimethyl phenanthrenes 
Fl uorathene 
Pyrene 
Methyl pyrenes or methyl fluoranthenes 
Chrysene or Triphenylene or Benzanthrathenes 
Benzopyrenes or perylene or benzofluoranthenes 

Alkyl Benzenes 

Toluene 
c2-alkyl benzene 
c3-a1ky1 benzene 
c4-alkyl benzene 

Phthalic Acid Esters 

Phthalates 3-4 unidentified 

l isomer 
2 isomers 

2 isoners 
3 isomers 
4 isomers 

2 isomers 
2 isomers 

4 isomers 

2 isomers 

l isomer 
2 isomers 
6 isomers 

. • Environment Canada Niagara-on-the-Lake Statton. Data extracted from 
Reference 3. (Ministr.(of the Envir~nment, .Ontario 1981), Table 10. · 



TABLE A-~2 Quantification of Select~d Residues in Suspended Sediment Samples 
.. from Site 2*. Segment 6, March-April 1980. • ···. · .. · 

I Chlorinated Hydrocarbons (ppm) 

1,2,4-T3CB (Trichlorobenzene). 
1,2,4,S-T4CB (Tetrachlorobenzene) 
1,2,3,4-T4CB{tetrachlorobenzene) 
Pentachlorobenzene 
Hexachlorobenzene 

II Polyaromatic Hydrocarbons (ppm) 

Naphthalene 
Acenaphthylene 
Acenaphtene 
Fluorene 
Anthracene/Pbenathrene 
n uoranthene 
Pyrene 
Chrysene/Benzo{A)anthracene 
Benzo fluoranthene(B&K) 
Benzo pyrene{A&E) 

Trace 
0.003-0.010 
0.019-0.145 
0.023-0.115 
0.017-0.064 

0.012-0.510 
0.004-0.016 
0.008-0.038 
0.010-0.042 
0.166-1.58 
0.173-0.942 
0.141-0,824 
0.105-1. 51 
0.193-1.08 
0.190-1.10 

No quantitation on the a'lkylated PAH due to lack of standards 

III Phthalic Acid Esters {ppm) 

di-n-butyl 
Butyl benzyl 
Bis (2-ethyl hexyl) 
Di-n-octyl 

o. 07-1. 0 
Trace 
5.9-107.0 
0.12-7.0 

* - Environment Canada Niagara-on-the-Lake Station. Data extracted from 
Reference 3 (Ministry of the Environment, Ontario 1981}, Table 11. 
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Frederick.· Nia<;~~,~:,,Ji~er Toxics Study:_:.'. 
Firial Re ort on Se rnent 6, Lower Nia ara River Section. Great 
Lakes Laboratory, State University of New York Co ege at 
Buffalo. (July 7, 1982) 

Environment Canada. Environmental Baseline Report of the 
Niagara River - November 1981 Upaate. Ontario Review Board. 
(November 16, 1981) 

New York State Departmen~Environmental Conservation 
(NYSDEC). Conventional and Priority Pollutant Levels for the 
Niagara River at Fort Niagara, Youngstown. Water Quality 
surveillance Network. (July 198 2) 

Vincent, J., A. Franzen. Overview of Environmental Pollution 
in the Niagara Frontier, New York. United States Environmental 
Protection Agency. (March 198 2) 
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Ba~orek, [>., ,v. · R:. Fre~~r • Ni~<;ara River Toxics·s~udy';;. · 
Final Re ort 'on Se ment 6, Lower Nia ara River Section. Great· 

1 • Dakes Laborat:o:z:-y,. Stat~e University of New York Co ege at 
Buffalo. (~uly 7, 1982) 

. . 
E

0

nviro.niJient Canada. , Environmental Baseline Report of the 
Niagaia'River - November 1981 Upaate. Ontario Review Board. 
(November 16, 1981T 

'"I •" 

' . 
New Yo"rk State Department of Environmental Conservation 
(NYSDEC). Conventional and Priority Pollutant Levels for the 
Niagara River at Fort Niagara, Youngstown. Water Quality 
Surveillance Network. {July 198 2) 

Vincent, J., A. Franzan. Overview of Environmental Pollution 
i·n the Niagara Frontier, New York. United States Environmental 
Protection Agency. {March 1982) 
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SIH4ARY ·er CRDtmwATER ELEYATioNs• rOit r>.: tJ>P£R 
'1.;-

' \' ,.-,-,·- ;-.t::·, 

n:n CHSL> 
·.:·,;._.,,; 

'·'·' '. 

·· .. ·./. 0 A T £ S 
· Well Ho,· 6-4-81 6-8-81 6-10-81 6-1~81 6-22-81 6-24-81 6-29-81 7-2-81 7-10-81 7-H-81 

BH-1SA 'os.10 '12. 7' ,11.42 

BH-'ilA ,14.2 '14.2 '1S,.30 ,14.99 '14.22 ,14.20 ,,4,00 

BH-'6" .ns, 1' ns.2 '1s.s '1S,S6 '1S.67 '1S,96 )1S.99 )16.04 '1S.U 

BK-40A '1S,80 '1S.B '1S.J J1S. 10 '1S.62 '1S,£6 Jn.u J14. 71 ,,,,81 

BH-47A )17.4 ,,7., ,,6.9' )17.26 '1S,27 '1S.89 

BK-49A J12.2 ,,, .. J11.88 J12.2B J11.84 J11.92 )11.SS 

BK-SOA )14.0 ns.s J14.82 '1.S.2J )1.J.58 '1J.4S )12.5, 

BK-58" '20,70 ,09.S ,1,.S, JD,92 '14,82 '14.97 

BH-648 ns.01 '17.22 '15.84 '15.42 ,14.24 

BK-68A ,, 1.69 ,11.,, 

BK-71A '14,S4 ,,,.sz '12.84 

• B~ause or the short time period in ..nic:n these wel!s 'were monitored, end the fluctuation• ob11rvltd in 1ome 
well•, monitoring stlou!d be continued to est1b!ish !ong-ter• w1ter !eve! r!uctuations. Tht greatest ..:curacy 
for w1ter level m111urt1111nts is generally acceptltd to be = 0,04 reet. 

Source: Acres Arrerican, Inc. 1981. 
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The gravelly sand-silt unit is reported to be continuo~s 

beneath the NFSS ·(Acres American, Inc. 1981). This aquifer 

is 3 to 7 feet thick and is confined, with an average 

piezometric surface 25 to 30 feet above the top of the unit 

(Acres American, Inc. 1981). Average permeability within 
-3 

the unit is reported to be l.3xl0 cm/sec (Wehran Eng. 

Corp., 1979). 

The upper fractured portion of the Queenston Formation is a 

wat~r bearing zone and is used to supply water for domestic 

wells. This fractured zone is probably only a few feet 

thick. Groundwater in the NFSS area is transmitted through 

fractures and solution channels in the bedrock (secondary 

porosity). The unfractured Queenston Formation is 

essentially impermeable. The average yield of wells 

screened in the Queenston Formation is reported to be 7 gpm 

(Johnson, 1964). 

3.3 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 

surfac~ of this ground water is shown in Figure 3.3. The 

aquifer 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 oueenston Formation are connected. 



3.5.2 

and 

the R-10 

a~d in p~~i~herai ~ells on the 
' ' ·- .". 

west side of·· the NFSS (Tables 3 .12 . - 3 .13). The 

average.uranium and radium-226 concentrations in the 

saturated zones of the R-10 storage area were 40.8 

ug/l U and 2.14 pCi/l Ra-226 (Table 3.12) (Anderson 

et al. 1981). In.the peripheral areas. average 

concentrations were 20.36 ug/l U and 0.26 pCi/l 

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 concentrations 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 samples 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, water quality 

sampling was performed by the Oak Ridge National 

Laboratory (ORNL) in July 1981 at the NFSS and is 
1., ' 

presented in Acres American, Inc. (1981). Analyses 

were performed for 17 chemical pa~ameters at each of 

S upper soil monitoring wells, 8 lower soil 

' ~0J1'1 toring' well&, a.nd 3' bedrock wel is .on' the s1 te. 

'aesuit's •. 6'f .ili&'s8. ~:~~1~~.~:;a•re: pras'e~t;d .·.in Table 

3~~~/qf~~~;fcfl;Xili;~J~11~,\;~r;, ,,. . . 



HONI TORI NG 
HELL 

PEl\IPHERY 
Ni C • 0 E 7. 0 
Nt C • G E 7. 0 
N1Co0 - 1.0 
Nl 0 • 0 E1 o. 0 
N1 :> • C ::1(.0 
N1 Ci• 'J ~ 10.0 
~ c " e. ~ 
N 0 " e.o 
N 1.0 w z &. !) 

N 1.c wz&.o 

" 1 • 0 wz&.t' 
N It • 0 "zg.o 
N ,. • c wz9.o 
~ ,. • 0 wz9.o 
N 7. iJ WJ Oe 0 
N 7.0 WJ O. 0 
N 7.0 WJJ.D 
N10o0 ... P.. 0 
N1 0 • :> " ~.o N10e0 w1 7. o 
N1 C • C w11.o 
N1Ci.O IU 7.0 
Ntz.o M31e0 
N1 2 • i> W31.D 
S11te0 w1e.o 
~1It.0 llfUoO 
!.1 lt. 0 W1 f • 0 
Sit. 0 w1e.o 
SB• C W1e.0 
S15e0 '1~.o 
s21.o M 7.0 
s21.o w'1.o 
s21.o .. '1.0 
)22.0 wu. 0 
s22.o W16e0 
szz.c wu. c 

' / 

. ' >:. ~" ' : . 

TABLE 3.12. . ,i•. 
·.; .. 

RESULTS OF uM.~nrn' AND 226AA A?;ALYSES OF ·SATt:RA!ED 
ZONE WATER SA.'fl'LES COLLECTED IN MAY, JUNE, AND AUGUST 
1980 IN TiiE PERIPHERY \JELLS OF THE NIAGARA FALLS 
STOAAGE SITE 

SAMPLING TOT JIL u R.A·22Fi 

PERIOD 1JG/L ' 1 SD PCI/I.. 1 SD 

HAY 2.,. 0 • 3C • 1 i. .~7 

JUNr ... It Q • S'J • 8 It • 12 
AUG ... 6., .sc • s '3 .11 
HAY .2s .03 .09 .cs 
JUNr 2.i.o • ,. 0 • 0 ~ • cs 
AUG 3.IHi • 2 t' • o~ • !l 8 

JUNE ,. • c 0 • "0 • 1 It .cs 
AUG 22.00 1. 0 'J • 22 .cs 
ti A 'I' .25 • 0 3 • 27 • c ~ 
JUNE 2. ~:> • ,. 0 .os .DB 
AUG 13.i;tl 1. JI) .os • t' 8 
HAY 6. 3'J .oo .09 .os 
JUNC: ,. • 6 0 •,. r .03 • D !! 
AUG 1 • 'H. .20 • 05 .ce 
HH .z1 .03 .13 • 0 It 

JUNE 15. c 0 1.00 • 15 .15 
AUG ... 1 i) .50 • 0 :> .ce 
JUNE: 16.00 1. J 0 .1.? • c i. 
AUG 2 ... " .20 • zz .os 
MAY .. 6· 00 3. 0 u .09 • u c; 

JUNE 14.00 1.00 .o, .oe 
AUG 55.0D 3.co • Oc .cs 
MAY 6.3C .60 .56 • is 

JUNE 5.50 • ,. 0 • Oo • c e 
HAY 1.10 • ltO • 39 .09 
JUNE: 98e0C 5. Ii 0 • 32 .C7 
AUG 12.00 1.00 .19 .o& 
t4AY 23e.o" 12.00 .13 .06 
JUNE lt5.00 z. 00 • ,0 .t7 
AUG za.oo 1. IHi .2! • OE: 

t1AV 78.00 ... oo 1.1s • 1 :w 

JUNE· s.oo • t;" .18 .c& 
AUG 10.0G 1. 00 .1, • c It 
HI. 'I' 9e60 1.1 c 1.sa .16 
JUNE 15.00 1. 0 fj .c, 
AUG 1.cc • ltO .oe 

' 



' ,., . 

TABLE 3.12. (Continued) 

f'tO~l TOP.ING SAHPLING T OTliL l' l\A•22o 
WELL PERIOD l!G/L 1 SD p,:; l/L 1 SD 

i:>: ~: Pt' E F. y 
S2 & • 0 w 7. 0 ""y 37.Du 040 • '39 .09 
S2n.O W 7. 'l JUNE 15.0J 1.oc • 13 .en 
52&.u w 7.0 AUG 10.0~ 1. c 0 .23 .n 
S2 o • 0 WH.O H,.Y 49.D.i ~.oc .24 • t' I) 
s2&.o If !A. 0 JUNE 5.30 .20 • 4:J • ~ 0 
5?c.C' M1 ~ • 0 AUG 2. ti 0 .s~ • 11 • ~4 
53&.o W1e•0 HA'I' 1.r.J .20 • 3u • 1 ~ 
536.0 M1800 JUNE 25,0C 1. 0 0 • 08 .05 
~~&.o 1"16.0 AUG 25.CO 1.00 1. 0 :> .11 
s:. 2. 0 WB.t totAY 49.00 ~.Ii 0 • 12 • 03 
>1+2.0 W151 0 JUNE J.10 • It :J • 0: .oe 
S4 2. O W16• J AU~ 2.SQ • & Ii • 11+ .ui. 

',,'i' 



TABLE 3.13. ANALYSES OF TOTAL URA.'\IUM M1> 226 RA DISSOLVED 
lN WATER OF SATURATED ZONES lN R-10 RESIDUE 
STORAGE AREA DURING MAY, JUNE, M"I> AUGUST l 9JW 

HONI TO~lNG SAHPi.lNG TOTAL u JC A- 2 Z& 

WELL PERl 00 \JG/L l SD P:l/L 

R-10 t.RE.l 
Sl 5. 0 W1 3. 0 HAY 13·0~ 2. 0 0 • 3 '3 

s1s.o M1 3. 0 JUt.lE o.90 • 5 0 .OB 
s1s.o W1 3. 0 AUG z.i.o • 20 .12 
s1c;.o w11.o .HAY 5&.00 7. 0 0 .1& 
sis.a M17.0 AUG 1i..oo 1.00 • zz 
s11.c W13.0 JUt.lE. • 5 () .10 • 17 
s11.o lil13. 0 AUG .1 C) .o& • Zu 
szo.o MHoO • HAV s.oo .so • 4 ~ 
sz.;.o w1c.o JUNC:: 6 .6') • 4 0 • oe 
~2!>.0 w10.o AUG zo.o~ 1.0~ ,33 

sz o. 0 W13oCi t1AY 1s.ou 2.00 z.so 
szo.c H 130 0 AUG .!O • Zu • It i:; 

sz~.o IH 5.0 HAY 1. H .zo • 7 :l 
szo.o W1Se0 JUNE 14. !) 0 1.00 • 71+ 
szo.o 11us.c AUG 6.1C • 60 • 67 

sz".o W17.J HAY 149.00 g, 0 0 .33 

szo.o w11.o JUNE u-. Ii o ·1·ii0 ,37 

SZCieO w11. o AUG us.;.oo 6C.OO • 28 

s21.o W13. D HAY 16.CD z, 0 D 3i..4c 
sz1.o "13.0 AUG g.10 .so z.90 
sz~.o W Cj, D HAY 5,90 .1c e.io 
szz.o w 9.0 JUNE 16.CO 1.00 • lt3 
szz.o w ~.o AUG 3.60 • 5 t' • ~7 

szz,o w11.o HAY 15.0~ z." 0 3. 7 ii 
szz.o w11.o JUNE 19.0 0 1. c 0 • lt3 

szz.o w11.o AUG 28.0J 1.00 .11 
~zz.c w11t.o HAY 51t•CO 3,00 ,79 
szz,o N11t1D JUNE 6.60 .so .19 
szz.o w11t.o AUG 1 It .oo 1.00 .09 
szz,o lif17.D HAY i).00 5,00 2.97 
SZZ1C tif17e0 JUNE 11.0~ 1.oc • 68 

s22.o w11.o AUG 10 ,o 0 1.co .26 
SZlteD M Cj,O HAY e.10 • 8" • zo 
s21t.o w 9.0 JUNE 5.5il: ... c • 15 

szi..o w s.o AUG ... 70 • 61i 

S?lteO W11•0 HAY 11t5.0~ ,7, Ii t 
~z,..o w11.o JUNE 67 .• 00 ... 0 l' 
z .o 1.0 . AUG' 309 D 19 00 

1 SD 

• i.I F 
.oe 
• f.14 
• o e 
.c::l 
.os 
.20 
.05 
.ce 
.o& 
• 5 (j 
.C7 
.09 
.09 
.LA 
.01 
• 0 fl 
.os 
• 7Ci 
• t.>O 
... o 
.oe 
.01 
.zo 
• Ci f 
• Ci5 
.10 
• 05 
.os 
.1e 
• 0 f! 
.06 
.ce, 
.oe 
.05 
... 3 
.17 
·, Zli 



,-··,'. 

TABLE 3.13. (Continued) 

HONl TO::UNG SAHPi.ING TOTAL u ~A-zzi:, 

MELL PEP.l 00 11G/L 1 SD P:IIL 1 SD 

s2c..o w1i..o HAY 63.DO J.oo 3.80 • 20 
SZ't • 0 W1 ft, 0 JUNE 5.&o • 'tO • 34 • Cl 0 
szc..o w1i..o AUG 27.0G 1.00 • 92 .13 
SZ1t. 0 H17. 0 HAY ... 70 .&o • 97 .11 
szi..o W17.0 JUNE' 6 ... j • .. 0 .1 !! • 0 t. 
s21a.o w 17. 0 AUG 6.GC • It D • 34 • 0 ~ 
S26.0 H 910 HAY a.90 1. 1 i) 1.12 .1:.-
~z 6. o H 9. 0 JUN:: 1z.0 r. 1.co .11 .cs 
S2 6. 0 w 9.0 AUG 11. 0 0 11YCI 1. 0 c .11 
S201C wu. 0 "1t.Y 13.uO 2. 0 D 5. ,. d • 2 &t 

S26.0 w11. o JUN:: 13.00 1.0~ z.oo .10 
S26o0 w11. o AUG 9.8t 1.00 • es • 1 &t 

S26 • 0 .. 16. 0 Mt.Y 12.ou z. c 0 • 63 .cg 
szr:. o 1H6.C AUG J.&:> .JO 2.z1 • 1 ! 
527.171 w 11. 0 HAY 1:2.oei 5. j 0 .1& • rr 
)? 7. 0 M17. 0 JUNE: 21.co 1. 0 0 • 61 .01 
sz 1. u Wl 7.Ci AUG 55.CO 3. 0 D 5. 6& • z t. 
szs.o llf 17. 0 HAY 35.00 5. 0 0 .13 • 06 
S29e0 Ml 7. 0 AUG zo.oo 2. 171 c .21 • o; 

Source: Anderson et al., 1981 
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TABLE 3 .14. SUMHARY RESULTS OF SPARK SOURCE HASS SPf.CTROSCOPY OP' . 

SATIIRATEO ZONE WATER SAMPLES FROH THE SITE PERIPHERY . 

VALUES ABOVE VALUES BELOW 
OETECTlOH LlHITS (PPH) DETECTION ll111TS CPPH• •' :' 

ELEHENT H• HEAN STD DEV. HIN. HAX. N• HIN. DL•• MAXe OL•• 

U!{ANIUH .. 8.1~E-OJ Z.7&E-03 6.39E-Ol 1.2JE-02 13 5e76E•Ol 1e31E•Ol 
THORIUM 0 17 1e15E•02 1eC.8E•02 
BISMUTH 0 17 5e7&E•CJ 7elt1E•03 
LEAD 7 1.ftSE-02 .r..95E-03 1e 15E-02 2e55E•02 10 1e15E•02 1elt8E•OZ 
T4A LLIU H G 17 1.1se:-oz 5o93E•02 

w HE RCU~Y 0 17 2a30E•01 2o96E•01 
I GOLD 0 17 5a7&E•Ol 1.r.1E•Ol w 

N PL/. TINU tc 0 17 1.1se:-02 1.c.ee:-oz 
l~ IOIUH 0 17 la15E•GZ 1olt8E•OZ 
OS HlU11 0 17 Ze31lE•02 Ze96E•OZ 
RH ENlUH iJ 17 1e15E•OZ 1elt'JE•02 
TUNGSTEN 0 17 1e15E•02 1elt8E•OZ 
TANTALUM 0 17 le11E•02 Je72E•01 
HAFNIUH ~ 17 1e15E•02 1elt8E•02 
LU TETI UH 0 17 5e76E•Ol 7,felE•OJ 
YTTE~!3IUl1 0 11 1e15E•02 1elt8E•02 
THULIUM 0 17 5o7&E•Dl 7elt1E•DJ 
ER 01U"1 0 17 1.15~·02 1elt8E•02 
HQLHIUH 0 17' 5e7&E•OJ 7elt1E•OJ 
DY~ PROS IUH 0 17 1.1s~-oz lefe8E•D2 
TE ~131 Uli D 17 J.lt5E•Ol feolt5E•OJ 
GilOOLIN IUH D 17 1.11H•OZ 1elt8E•02 
r 11 f\ o PI U 11 D 17 1.·15E·~2 1eltl\£•0Z 
SA t4AP!U t' 

.. 17 lol'iF.:•02 11'-HE•DZ "' 
NF OOY11I U11 ii 17 ~.r.i;E.,Z ft, ft 5E•O Z _______ .,_ 
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