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INTRODUCTION 

The south shore of Lake Ontario for some time has been considered 
well suited for many industries, among them nuclear power plants. Several 
plants are currently in operation along the lake shore, and plans for 
others are being seriously pursued. 

As a result of the critical nature of the engineering structures 
which comprise a nuclear power plant, details of the geology, seismicity. 
and geohydrology of the plant site are defined to an extent generally not 
achieved in most geotechnical investigations. In addition, there is a 
lengthy and intensive peer review involved in the licensing process . This 
review focuses attention upon site details that might be classified ordin
arily as unimportant, covered in recommendations as "our experience" or 
"our judgement", or in some instances, perhaps forgotten. Although we may 
not be pleased to "overexplain" many details of our analyses, it is diffi 
cult to agree that the discipl ine is not good for the soul and, in addition, 
that information ordinarily not available to the geotechnical profession ;s 
documented for futUre use. 

The information presented in this report is an attempt to present the 
consultant's understanding. al though somewhat broadly and generally, of 
the engineering geology at the Nine Mile Point site, developed through 
approximately 15 years of study. It is emphasized that much of the de
tailed and fundamental analyses that are performed ultimately in the pro
cess of providing design parameters for the facilities are based upon the 
parameters presented herein . Obviously. however, the details of all the 
design analyses are beyond the scope of this discussion. Instead, it is 
important to emphasize that no matter how sophisticated the analyses, ul 
timately they are dependent upon precise and detailed geologic data con
cern i ng the stratigraphy, structural geology, geohydrology, seismicity, 
and rock stresses. This presentation focuses upon the importance and re
lationship of the bedrock stratigraphy to the engineering decisions in
volved in the design and construction of the nuclear facilities at Nine 
Mile Point, New York. 

LOCATION AND REGIONAL SETTING 

Nine Mile Point is a promontory located on the southeastern shore of 
Lake Ontario in the town of Scriba, Oswego County, New York. It;s situa
ted approximately 7 mi northeast of the city of OS\;lego, and is the present 
site of two operating nuclear generating facilities owned by the Niagara
Hohawk Power Corporation and the Power Authority of the State of New York 
(Fig . I). 
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Nine Mile Point is situated within the Erie-Ontario Lowland of the 
Central Interior Lowland Physiographic Province. The terrain of this pro
vince characteristically is flat and gently rolling, controlled by the bed
rock surface. The land surface rises gradually to the south and southeast 
away from Lake Ontario. where. 40 mi distant. the Portage Escarpment is the 
southern boundary between this province and the Appalachian Uplands. To 
ward the east, the Erie-Ontario lowland is bounded by the Tug Hill Upland 
and the Adirondack Highlands. 

Nine Mile Point is located within the Appalachian Plateau Tectonic 
Province as recognized by the Nuclear Regulatory Commission (Dames & ~~ore. 
1976). This province corresponds to the Stable Interior Tectonic Province 
defined by Hadley and Devine (1974). The promontory is situated in the 
northeastern end of the Appalachian Basin, and ;s bounded on the west. 
north, and southeast by the Fin l ay Arch, Canadian Shield and Adirondack 
f~assif. and the Appalachian Fold Belt. respectively . 

The region surrounding Nine r·1i1e Point within the Appalachian Basin 
is composed of sedimentary rocks of Paleozoic age which form a southward
thickening wedge away from the Canadian Shield and the Adirondack tiassif 
(Broughton and others, 1966). The Paleozoic strata have an average re
gional gradient of 50 ft/mi (9 m/km) to the south-southwest. This gentle 
gradient corresponds to the southward increase in the depth to basement 
rocks as shown on the Tectonic Map of the Eastern United States (1962). 
The approximate depth to basement at Nine Mi le Point is 1750 ft (535 m). 
The tectonic character of the Nine Mile Point region is compatible with 
the seismic quiescence of this area of New York State . 

REGIONAL SEISMICITY OF THE NINE MILE POINT AREA 

Nine Mile Point is situated in a region of only minor earthquake 
activity. The historical record of earthquakes in central New York, 
through the past 200 years, indicates that only a moderate number of small 
earthquakes have been recorded in this area, although larger shocks have 
occurred i n the State to the west and northeast. Only minor structural 
damage has been reported from some of these earthquakes; hence. the ab
sence of any reported earthquakes of Intensity VIII of greater (Modified 
Merca11i Scale) is indicative of the relative quiescence of the locale. 

locally, no known earthquake activity has originated in the immediate 
vicinity of Nine I~ile Point in historic time. Only minor earthquakes of 
I ntens ity I I I or 1 ess (i~odifi ed Merca 11 i) have been reported with i n 35 to 
40 mi (56 to 64 km) of this area (Fig. 2). Beyond this distance, the 
l argest earthquake, reported within 200 mi (322 km), was of Intensity VIII 
in 1944 near Massena, New York, 130 mi (209 km) to the northeast. Another 
significant earthquake was recorded in 1929 near Attica, New York, 110 mi 
(177 km) to the southwest, with a reported Intensity of VII-VIII (probably 
VII, rather than VIII) . There is evidence suggestin9 that these two earth
quakes are each associated with geologic structures. The Cornwall-Massena 
earthquake seems to have been related to the northwest-trending Gloucester 
Fault near Hassena, New York and Cornwall, Ontario (Dames & Moore, 1974b) . 
The Attica event is associated clearly with the well-known Clarendon-linden 
Fault in western New York State (Dames & Moore, 1971; 1974a). 

, 
259 



N 
~ 
o 

, '.' 

. .'. " 
· .. ' , ... " ':,"'~ ~: : ' . -" . ,, : .. ' ~·~'::',~ :I.' '-',. . .. ·~ · lIC ~"'" ..... ·.n .. '. • . ... T .. , . , .. . 

".: .. ... ". .', ".' .. : .... . · . " " . . '" . - --. . " .. ' .. ... . . . . ...... - . " '., ........ ' ''''' . 
"";. • ."',' !· ·~ ' F-"." •• > __ . 

• 
• 

· " -. . , .' , - .... 

C~"~D~ 

-"<,- ~ 
t.~/ ,~Kl "vr~I/I' 

-1'\ 

E,IE 
~.~( 

" 
-

""-
~~ 
W$' 

~ 

: .... 
.f • 

' " .............. .. 

, 

0-· ........... _
I!lJ _ .• -

'. ,.;.;. ,........ .. y.:' .~':.;!~(,, : ":':",,: .... , ... , ;.,,-,. . ';.;;: .. : ... ,':.:.,.p .,." .. , .... 
.......... ,,". <Jr . ",p . "_'''' •• , _. , _" 

" , .. '" p" •• '-,.-..... ,. ~ • • , ...... " 

' .'.:- ' ... :,'.>;, ::';""";"':;"'. . ,,;. ';,:.;. :':;-,', ,;'.; ";""':""''-; " ,! t " p" """';: "" ........ , . .. .... . 
"-'" .... ",." "' - ",- '" >"0" X '- " .- ~ .• ; ...... ~ .~~~1&',;. : , '_"" "~ \I. .. ".' . ", - ..... '~~r.'.- .•... '; .• : ... .. ;" 

":', •••• : ..... , ... ASS'f :"' . :_ - ',- ".,' , D'_DaC.~. 1

o 

... , , _, 

0: • ~ ~ :,':..(::~ ";; t.~;:,;;::.::~;; !" .:.; . - -'''''' ......... _, .. .. 
• '. ." . ', '.: 1'_";.: ~ ~.~'. _'.:."" . " ' .. -... -, .... ', ......... ... , .. ... ..... . 

-" "-"-"' •• ! " ... " .... ' .•. '. '-' ":: ':,:,':,:': ' ... ~ .'... . , . " ' . '. , , 
o~ 

." 
• 

' . ,.,., . ~., 
' .. ., 

" 
-~ ""-

\ . 
-" 

\ ._, 

" , .............. 
.. -_ ....... ,.--... 

':: '.~ -: ." ',; .. .. 
~ ". ~ 

, 
'''' ' > • 

, 
• •. < . , • 

, 

< • 

1 

• 

f . . 
/' 

./' 

(,; 

!~ ...... I ~)! ... !~ /f' ~. 

, 

" 

-j 

SEISMICITY At«) 

POSTGLACIAl SUflACIAL STRUCTlItES 

LAKE ONTARIO REGION 

H .. .. .. _.----
'»'---

• 
• 
• • 
0 

,., , . , .. 
~~-, 

, ..... . ... , _ , " .. M · • • _,~, ...... ,., 

::,] 
" _ .. -..-.- .• , 
" '" 
"" _ ... .... -'~ .. ' -...... ,~ , ..... "' .. _-,-,,, ..... _. ,~,-- .• ' _ .. , --- _ ..... ... _ .. _---... ~- ...... ,-.- -- ~ ... - .. . -.-. ---- .. ,-,-_ .... _._. 

_0-
Figure 2. Sei smic i ty and Postgl acial surficia l structures Lake Ontario region. 



Focal plane solutions have been determined recently for earthquakes of 
small to moderate intensities in western and northern New York State 
(Fletcher and Sykes, 1977; Yang and Aggarwal, 1977). These solutions in
dicate high-angle reverse fault movements as associated consistently with 
the seismic event. The regional stress orientation calculated from these 
sol utions shows a horizontal maximum compressive stress oriented east
northeast. Horizontal stress magnitudes have been measured in th e region 
ranging between 1000 and 2000 l bs/sq in (Rochester Gas & Electric, 1974a, 
1974b) . 

The seismic des igns chosen for the two existing nuclear units (and one 
presently under construction at Nine Mile POint), ranges from 11 to 15 per
cent gravity (0.11 g to 0.15 g). The early (Unit I at Nine Mile Point) 
recommendation was 0.11 g; the later recommendation of 0.10 g by the con
sultants for the James A. Fitzpatri ck Nuclear Power Pl ant (PASNY) was 
raised to 0.15 g by the Nuclear Regulatory Commission (NRC). 

STRATIGRAPHY 

Bedrock 

Drill ing at Nine t~ i1e Point provided information concerning the strati 
graphy of nearly 375 ft (114 m) of section. Figure 3 represents the strati
graphic section of the study area. Figure 4 is a lithologic log of a dril l 
hol e from the site area that i.s typica l of the stratigraphic resolution ob
tained from the drilling program. 

The rocks of the study area consist of sandstone, graywacke. silt
stone. and shale which \"lere deposited during Late Ordovician t ime under 
transient marine conditions. The entire sequence of rocks is highly var
iable in short thickness intervals because of complex in terbedd ing of dif
ferent lithol ogies; however. there is a general upward gradation toward 
more sandstone and graywacke and less siltstone and shale . 

The rocks which have been expolored at Nine Mile Point belong to 
three formations. At the surface the rocks are part of the Oswego Sand
stone which is characteristically a mass ive. medium- to coarse-grained 
feldspathic quartz sandstone, generally well cemented and resistant to 
erosion. The lowest 10 ft (3.1 m) of this formation represents a transi
tion zone. of thin to medium interbeds of sandstone, graywacke , and silt
stone, to the underlying rocks of the upper Lorraine Group. 

The rocks encountered in the upper Lorraine Group consist of two for
mations: the Pulaski Formation and the underlying Whetstone Gulf Forma
t ion. The contact between the Oswego and the Pulaski characteristically 
has been difficu l t to establish accurately. The first occurrence of fos
si ls traditionally marks the top of Pulaski Formation whereas the Oswego 
is essentially unfossiliferous. At Nine Mi le Point the thickness of the 
Oswego Sandstone ranges from 60 ft (18 m), decreasing to nearl y zero at 
the southern lake Ontario shoreline. The Pulaski, below the Oswego , is 
approximately 100 ft (31 m) thick . The Pulaski has been subdivi ded into 
three units by Dames & Moore (Niagara-t4ohawk, 1978) which are not 
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Focal plane solutions have been determined recently for earthquakes of 
smal l to moderate intensities in western and northern New York State 
(Fl etcher and Sykes, 1977; Yang and Aggarwal, 1977). These solutions in
dicate high-angle reverse fault movements as associated consistentl y with 
the sei smi c event. The regional stress orientation calcu l ated from t hese 
soluti ons shows a horizontal maximum compressive stress oriented east
northeast. Horizontal stress magnitudes have been measured in the region 
ranging between 1000 and 2000 lbs/sq in (Rochester Gas & Electric, 1974a, 
1974b) . 

The seismic designs chosen for the two existing nuclear units (and one 
presently under construction at Nine Mile Point). ranges from 11 to 15 per
cent gravity (0.11 g to 0.15 g). The early (Unit 1 at Nine Mile Point) 
recommendation was 0.11 g; the later recommendation of 0. 10 g by the con
su l tants for the James A. Fitzpatrick Nuclear Power Plant (PASNY) was 
ra i sed to 0.15 g by the Nucl ear Regulatory Commission (NRC). 

STRATIGRAPHY 

Bedrock 

Drilling at Nine t4i1e Point provided information concerning the strati
graphy of nearly 375 ft (114 m) of section. Fi gure 3 represents the strati 
graphic section of the study area. Fi gure 4 ;s a lithologi c log of a dri ll
hol e f rom the site area that is typical of the stratigraph i c resolut i on ob
ta i ned from the drill ing program. 

The rocks of the study area consist of sandstone. graywacke. si l t
stone. and shale which were deposited during Late Ordovician time under 
transient marine conditions. The entire sequence of rocks is highly var
iabl e in short thickness intervals because of complex interbedding of dif
ferent lithologies; however, there is a general upward gradation toward 
more sandstone and graywacke and l ess siltstone and shale. 

The rocks which have been expolored at Nine Mile Point belong to 
three formations. At the surf ace the rocks are part of the Oswego Sand
stone wh i ch is characteri stically a massive, medium- to coarse-gra i ned 
feldspathic quartz sandstone. generally wel l cemented and resistant to 
erosion . The lowest 10 ft (3.1 m) of this formation represents a transi
tion zone. of thin to medium interbeds of sandstone, graywacke, and silt
stone. to the underlying rocks of the upper Lorraine Group. 

The rocks encountered in the upper Lorraine Group consist of two for
mations: the Pulaski Formation and the underlying Whetstone Gulf Forma
tion. The contact between the Oswego and the Pulaski characteristical l y 
has been difficu l t to establish accurately. The first occurrence of fos
sils traditional l y marks the top of Pulaski Formation whereas the Oswego 
is essentially unfossiliferous. At Nine Mile Point the thickness of the 
Oswego Sandstone ranges from 60 ft (18 m). decreasing to nearly zero at 
the southern Lake Ontari o shoreline. The Pulaski, below the Oswego, is 
approximately 100 ft (31 m) thick. The Pul aski has been subdivided into 
three units by Oames & Moore (Niagara-Mohawk, 1978) which are not 
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recogn i zed on a regional basis. The upper unit (Unit A) is a 40-ft (12 m) 
thick section of graywacke and sandstone. The middle unit (Unit B) is a 
20 ft (6 m) th i ck secti on of thick sandstone beds with thin graywacke and 
shale interbeds. Un it C, at the base of the Pulaski i s a 40-ft (12 m) 
thick section of thin to thick sandstone beds with interbedded shale com
pr isi ng up to 50 percent of the unit. 

The Whetstone Gulf Formation is encountered below the Pulaski, and is 
marked by a pronounced i ncrease in the amount of shale. The base of this 
formation was not reached during dri l ling, but the explored section (150 
ft or 46 m) also has been subdiv i ded into two units not regionally recog
nized. Unit A, at the top, is approx i mately 30 ft (9 m) thick and is pre
dominantly shale. that i s 75 to 80 percent, with medium to thin beds of 
sandstone. The rema i ning 120 ft (37 m) is 50 to 60 percent shale with 
thin to med i um sandstone beds. except for local zones 5 to 10 f t (1. 5 to 
3 m) thick, of medium to thick sandstone with sha l e i nterbeds. 

Overburden 

Excavat ions at Ni ne Mile Point have revea l ed a veneer of variable 
thickness and composition of glaciolacustrine sediments on top of bedrock 
(Fi g. 5). These sediments are products of the last known glaciation. the 
Wisconsinan stage. The thickness of sediments, in the l ocations i nvest i 
gated, ranges from 5 ft (1.5 m) to 20 ft (6 m), and is overlain in places 
by a foot or two of recent peat, alluvial deposits, or artificial fill 
materia l . 

Till occurs on top of bedrock nearly everywhere i n the study area, 
and i s gray to brown. The gray ti ll typically occurs below the brown and 
contains fragments of the underlying. gray Oswego Sandstone. The brown 
till contains many exotic clasts derived from the crystal l ine rocks of the 
Canadian Shield to the north. Lacustrine sed i ments overlie the ti ll in 
the lowest parts of Nine Mile Point. In these sediments. l aminated clay 
and si l t grade upward to crossbedded and rippled fine- to medium-grained 
sand and massive silt. These sediments are capped at the top locally by 
peat or fluvial sand of Recent origin . Artif i cia l fill pl aced in con 
junction wi th construction activity at Nine Mil e Point occurs in numerous 
areas about the site. 

GENERAL STRUCTURE 

The bedrock at the site is dipping gently southward at a gradient of 
40 to 50 ft/mi (7.6 to 9.0 m/km) to the south-southwest. 

The bedrock is characterized by two systematic vertical fracture sets 
(or jo i nts) which have been recognized among other sets throughout central 
and western New York State. One set strikes N45°W (average) and the other 
stri kes N75°E (average). These joints are best developed i n the sandstone, 
and are di scontinuous in that many do not crosscut bedd i ng planes wh i ch 
mark a major change of li thology . 
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Figure 5. Ideal ized stratigraphic column of overburden at Nine 
Mile Point. 

Three small high-angle fault structures occur at tline Mile Point. The 
faults strike N70·W . Two of them dip 60-70' northward, whereas the third 
dips southward at 60-65°, The faults are similar in geometry to other 
structures reported in western New York State~ and are not associated with 
any major tectonic structures in the region, Buckling of the rock in the 
form of "pop-up" structures has occurred on the two north-dipping faults 
(Niagara Mohawk, 1978 ). 
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A group of low-ang l e thrust fau l ts and associated drag folds occurs at 
Nine Mile Point. These structural features generally are oriented N10Q E, 
and the thrust faults dip 15 to 20' to the east and to the west. Struc
tures s i milar to these also have been observed i n the region during recon
naissance mapping. 

The origin of the structural development of these features is compl ex, 
and reflects a l ong and varied geologic history of the northeast end of the 
Appalachian Basin, and therefore ;s beyond the scope of this discussion. 

ENGINEERING PROPERTIES OF GEOLOGIC MATERIALS 

During the foundation studies for the nuclear facilities at Ni ne Mil e 
Point, various tests were run on rock sampl es and in the bedrock mass to 
determine some basic physical properties. 

Table 1 presents the resul ts of unconfined compressive strength tests 
on sandstone. graywacke, and siltstone. This table also includes the re
sults of density determinations on these samples. Values of Young's 
Modul us (vertical) and Po i sson's Ratio also are shown. 

Tabl e 1. Unconfined compressive strength tests on sand
stone. graywacke. and siltstone . 

1. Compressive Strength: 15,200 to 28,700 psi 
(10.5 + 019.8 x 10' Nt/m') 

2. Unit Weight or Density: 157 to 167 pcf 
(2 . 52 to 2.68 g/cm') 

3. Young's Modulus: 4.4 to 9.0 x 10' psi 
(30 . 4 to 62.1 x 10' Nt/m') 

4. Poisson's Ratio: 0. 08 to 0.24 

Geophysical surveys of the site area were carried out . Crosshole sur
veys were performed to determine the shear wave velocity of soil and bed
rock. Uphole surveys and a refraction survey were run to determine the 
compressional wave velocity of the soil and bedrock. Further testing of 
drill-core samples was performed with a shockscope to determine the varia
t ion of compressiona l wave velocity with depth . 

The shear wave velocity of the overburden averaged 1100 ft/sec (335 
m/sec), and of the bedrock averaged 7700 ftlsec (2350 m/sec). The com
pressional wave velocity of the overburden was approximately 2250 ft/sec 
(685 m/sec). The results of the uphole and seismic refraction surveys for 
compressional wave velocities range from 12,500 ft/sec to 14,000 ft/sec 
for the upper 100 feet of bedrock (3810 mlsec to 4270 mlsec for 31 m of 
bedrock). Figure 6 illustrates the results of the shockscope tests. This 

268 



o 

• OSWEGO SANDSTONE 

)0 

• • LORRA I NE GROUP 

• • 
60 • 

>-w 
w • ~ 90 

" >- • 
~ 
w 
c 

120 

• 

150 • 

160+-------------------------~----------------------~ 
o 5 10 15 20 25 )0 

1Jcw x 103 (ft / sec) 

Figure 6. Shockscope tests showing compressional wave vel ocity measurements 
versus depth . 

figure demonstrates that the Oswego Sandstone has a seemi ngl y higher com
press ional wave velocity than rocks of the underlyi ng lorraine Group. 

ENGINEERING HYDROLOGY 

Surface \~ater Hydrol ogy : There are no natura l perenni a l streams l o
cated at Nine Mi le Point . Precipitation whi ch fal l s in this area is dis 
charged i nto lake Ontario via intermittent streams, groundwater flm<l. and 
artificial ly constructed drainage channels. The study area ;s bordered 
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regionally by three major river basins which also dra in into the lake: 
the Oneida River Bas i n to the south , the Black River Basin to the east, 
and the Oswego River Basin to the west . 

Hydrologic budget studies of Nin e Mile Point (Niagara Mohawk. 1972a. 
1972b) show that the average annual precipitation i s approximatel y 36 in 
(91.5 cm). Stream-flow runoff accounts for one-hal f of this amount, 
whereas the remaining one-half is accounted for by evapotranspiration and 
groundwater recharge. Evapotranspiration uses 16 in (40.6 cm) of the pre
cipitation leaving only 2 in (5.1 em) for groundwater recharge. There
fore, it can be seen that there is a high annua l percentage of surface 
runoff , which is attri buted to the low permeabi 1it i es of the soil and 
bedrock. 

Groundwater Hydrology : The permeabilit ies of the geologic material s, 
wh i ch comprise the stratigraphi c section in the study area, differ accord
ing to the li thology and the degree of fracturing . Surface percolation 
tests indicate that the average verti cal permeability of the soil is 10- 5 

cm per second (0.4 x 10- 7 in/ sec). This low permeabil ity reflects the 
nature of the ti ll and progl acial lake clay on top of bedrock. Packer 
tests have been performed in the bedrock to a maximum depth of nearly 150 
ft (45 m) at pressures of 25 and 50 psi (173 and 345 kN/m' ). These tests 
indicate that the rock mass in the Oswego Sandstone and the Pul aski For
mation generall y has l ow permeability (1.5 to 45 x 10-' cm/sec or 0.5 to 
18 x 10- 6 in/sec). There are two zones which typi call y exhib i t permea
bili ties one or two orders of magnitude greater (Fig. 7). The contact of 
the Transition Zone of the Oswego Sandstone with the underlying Pulask i 
Formation (-35 ft or 10. 7 m) exhibits the greatest permeabili ty measured 
(1000 x 10- 6 em/sec or 400 x 10- 6 in / sec ) , whereas the sandstone units in 
the middle of the Pulaski Formation (-85 ft or 25 . 9 m) have a permeability 
up to 600 x 10- ' cm/ sec (or 240 x 10- ' in/ sec). Clearly the upper zone of 
high permeabil i ty is a function of both lithology and fracturing. because 
the upper bedrock is more highly fractured. The l m'ler zone of increased 
permeability is related to the contrasting sandstone l ayers surrounded 
by imperv ious shales. 

The static water l evels in the vi Cinity of the nuclear facilities 
are the same for both the surficial depoSits and the underlyin g bedrock 
indicating a seeming hydrologic connection. The hydraulic gradient at 
Nine Mile Point averages about 2 ft per 100 ft (2 m/IOO m). and slopes 
toward Lake Ontario, its natural base discharge. This l ocal gradient is 
greater than the regional hydraulic gradient of 40 ft/mi (0.75 m/ IOO m). 
When surface water percolates down to the watertable in the soil. it wi ll 
flow toward the lake at a local rate of less than 2 x 10- 5 cm/ sec (or 8 x 
10- 6 in/sec) . If a liquid were di scharged bel ow t he bedrock surface. it 
would flow horizontally toward the l ake at an est imated rate of l ess than 
2 x 10-' cm/sec (or 8 x 10- 5 in/sec) in the upper 20 ft or 6 m of bedrock. 

Domestic water wel l discharges in the area are characteristically 
low. For wells completed in soil, the discharges range from 5 to 8 gal/min 
(19 to 30 l/min). For wells completed in bedrock. the discharges average 
10 gals per minute (38 l/min). Because the upper zone of bedrock ;s 
more highly fractured than at depth, few domestic wells extend deeper than 
75 ft (23 m). 
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