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HYDROLOGY IN RELATION TO GLAC IAL GEOLOGY ALONG THE SUSQUEHANNA RIVER VALLEY, 
BINGHAMTON TO OWEGO , NEW YORK 

by 

ALLAN D. RANDALL 
U . S .  Geo logical Survey 

I NTRODUCTION 

Over the past 20 years , several regi onal and l ocal i zed studies have 
i ncreased our knowl edge of aqui fers in the Susquehanna Ri ver basi n  of New 
York. Th i s  arti cle  extracts and summarizes some resul ts of these studies 
that pertai n to sites vi sited on thi s  fi e 1 d tri p al ong the Susquehanna 
val l ey from Binghamton downstream to Owego.  

D ISTRIBUTION OF AQU IFERS WITHIN THE GLACIAL DRIFT 

About 85 percent of the Susquehanna Ri ver basi n  of New York is an 
upl and in which  shale ,  sil tstone, and fi ne sandstone of Devonian age i s  
di ssected by narrow val l eys and mantl ed by ti l l .  Strati fied dri ft i s  con
fi ned largely to broad val l eys , 1 , 000 to 8 , 000 feet wi de, wh ich  occupy the 
remai ning 1 5  percent of the bas i n .  

During the waning stages of gl aci ati on ,  tongues of ice extended 
southward al ong the broad val l eys beyond the main ice sheet. Lakes 
formed near the ends of the shrink i ng ice tongues,  temporarily fi l l ing any 
space vacated by mel ting of the ice that l ay bel ow the level of strati fied 
drift previously depos ited downstream. Many of these l akes were exten-

' si ve, parti cularly i n  the deeper val l eys, and trapped much cl ay ,  si l t ,  and 
very fine sand. El sewhere, parti cul arly in rel atively shal l ow val l eys 
such as the Susquehanna River va 1 1  ey from Bi nghamton to Owego, sma 1 1  er 
l akes and stream channel s formed atop and agai nst ice tongues that became 
too thi n  to flow. As · each smal l l ake fi l l ed wi th sediment, others formed 
nearby, and water vel oci ti es were often great enough to keep fine-grained 
sediment in suspens ion .  The resu l ting strati fi ed drift is heterogeneous 
but predomi nantly coarse grai ned, l i ke the ideal ized sketch i n  Figure 1 
and the actual cross sections in Fi gures 2 and 3 .  

Only the coarser sands and gravel s wi thi n the stratified drift yi el d 
enough water to be consi dered aqui fers . Several general izations may be 
made as to thei r di stri bution wi thi n  the broad val l eys of the Susquehanna 
Ri ver bas i n :  

1 .  As a rule ,  the greater the depth to bedrock ,  the greater the thickness 
of non-water-yiel di ng cl ay ,  si l t, and very fi ne sand . In broad val l eys 
northeast of Bi nghamton, depth to bedrock general ly ranges from 250 to 
500 feet. Near and west of Binghamton, depths of 70 to 200 feet are 
typical , al though bedrock i s  deeper than 250 feet l ocal ly. Total 
thi ckness of gravel and coarse sand rarely exceeds 150 feet in any of 
these va 1 1  eys and can be as 1 i ttl e as 10 feet .  
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Figure 2 .  Geologic cross section beneath Route 26 in  Vestal and 
McKinley Avenue in Endicott (Modifi ed from Randa l l , 1970) . 
Approximate l ocation i s  shown i n  fi gure 7.  

2 .  Sands and gravel s are present at or near l and surface i n  al l broad 
val l eys . I n  some pl aces, the near-surface sands and gravel s are thi n  or 
l argely above the water table ,  but el sewhere they form the most produc
ti ve aqui fers i n  the bas in  because they are moderately to highly per
meable and generally i n  hYdraul i c  contact wi th streams from whi ch water 
can infi l trate to sustain  wel l yi el ds . 

3 .  Some of the broad val l eys al so contain basal sand-and-gravel aqui fers 
beneath extensive si l ts and cl ays .  The basal aqui fers tend to be thi n  
o r  less permeable than the near-surface aqui fers and general ly yiel d 
only moderate quanti ties of water. The water i s  commonly of inferior 
chemical qual i ty ,  widely characteri zed by high i ron and, in a few 
pl aces, by high chloride. 

4 .  Local ly , the entire thickness of strati fi ed drift i s  sand and gravel . 
I n  the deeper val l eys,  the condi ti on i s  general ly l imited to the si des 
of the val l eys .  

LITHOLOGY AS A CLUE TO DEGLACIAL HISTORY AND AQUIFER DISTRIBUTION 

MacC l i ntock and Apfel ( 1944)  were the fi rst to cal l attenti on to a 
marked contrast i n  drift li thol ogy wi thi n the Appal achi an Pl ateau of 
south-central New York . They recogni zed a "Bi nghamton" drift whose 
bright, col orful appearance i s  caused by numerous pebbles of l imestone, 
chert, quartzi te ,  and other rock �pes foreign to the pl ateau , and a 
contrasti ng drab "Olean" dri ft in  which l imestones general ly consti tute 
l ess than 3 percent of the pebbl es,  and sandstone or shale  of l ocal ori gi n 
constitute more than 85 percent.  They inferred that the two drifts repre
sent successive ice advances from different di recti ons . Later writers 
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(Merritt and Mul l er, 1959; Denny and Lyford, 1963 ; Moss and Ri tter, 1962 ) 
rei nterpreted the drab and bri ght drifts as fac ies of a singl e drift sheet 
i n  which the bri ght faci es was l argely restricted to some of the major 
val l eys. 

In  the Susquehanna River val l ey from Bi nghamton downstream to the 
Pennsyl vania border, bright outwash forms promi nent terraces but i s  com
monly underl ain  by rel atively drab sand and gravel and l ocal ly bordered by 
drab kames or kame terraces at sl i ghtly hi gher elevation (Randal l ,  1978a) .  
Strati fi ed drift in which 85 to nearly 100 percent of the pebbles are 
l ocal shal e and less than 6 percent are l i mestone is  abundant and may 
consti tute the bul k  of the val l ey fi l l ,  even where shal l ow exposures are 
much bri ghter. The bri ght outwash entered the Susquehanna val l ey from 
the broad north-side val l eys--Chenango Ri ver, Owego Creek , Cayuta Creek-
but even these val l eys contri buted drab sediment, or none at al l ,  when 
deposi tion of strati fied drift was beginning in the Susquehanna 11al l ey .  

The stratigraphy described i n  Tabl e 1 and il l ustrated i n  Figure 3 i s  
based on exposures and dri l l i ng samples from Bi nghamton and Johnson Ci ty ,  
immediately west of the confl uence of the Chenango and Susquehanna Rivers . 
The bright gravel and sand are part of a val l ey train  extendi ng down the 
Chenango River val l ey .  Terrace al ti tudes!/ descend from 940 feet east of 
Kattel l v i l l e , 6 mi l es north of Bi nghamton, to 880 feet i n  Bi nghamton and 
to 840 feet near the Broome-Ti oga County l i ne ,  9 mi l es west of Bi nghamton . 
The terraces do not fal l  on a si ngl e profi l e, but instead seem to form a 
set of imbricate profi l es di ppi ng downval l ey ,  each steeper than the pre
sent stream gradient. Thi s  suggests that they may represent successive 
kame deltas bui l t  i nto a l ake or l akes.  The bri ght gravel cappi ng these 
terraces is highly cal careous and is commonly l ime-cemented. In most pl a
ces , 30 to 50 percent of the pebbles are exotic (that i s ,  unl i ke the local 
bedrock ) .  The bright gravel i s  conti nuous beneath si l t  and organic depo
s its in icebl ock depressions and varies widely i n  thi ckness , which i ndica
tes that it was deposi ted when stagnant ice was sti l l  present in the 
Susquehanna val l ey .  Drab gravel is  exposed local ly al ong the si des of the 
Susquehanna val l ey at al �i tudes that descend from 910 feet i n  Bi nghamton 
to 850 feet near the Broome-Tioga County l i ne. Where penetrated by wel l s  
and test hol es, the drab gravel ranges in thickness from zero to 75 feet 
over short distances; much of i t  i s  very si l ty, but cl ean layers are al so 
common and in places have yiel ded 250 to 2 , 500 gal l ons per minute to 
wel l s .  These features suggest that the drab gravel ori gi nated as ice
contact deposi ts early in deglaci ation.  Several holes penetrated sharply 
contrasti ng bright and drab gravel separated by many feet of si lt ,  but i n  
hol es penetrati ng only sand and gravel , the content of exotic materi al s 
seemed to change gradational ly .  Ti l l  pen�trated beneath stratified drift 
was universal ly drab (Randal l ,  1978a) . 

D i stribution of bri ght and drab sand and gravel near Owego, where 
Owego Creek joi ns the Susquehanna River, i s  simi l ar to that near 

Y Altitudes here, and i n  figures 2 ,  3 ,  and 6 ,  are above the National 
Geodetic Vertical Datum of 1929 ,  formerly cal led mean sea level . 

I ' 
I 
l ' 

' 
' ' 

� 
l ' 

[_  

I I 

I 
l . 

� 



[ l 

1 51 

Bi nghamton (Randal l ,  1978a ) .  Gravel pi ts i n  a prom inent terrace i n  the 
center of the Susquehanna val l ey reveal at least 40 feet of bright out
wash.  Near the north end of the terrace , however, a wel l  penetrated sand 
with drab pebbl es beneath the bri ght gravel . Another wel l , dri l l ed on the 
fl ood plai n wi thi n the val l ey of Owego Creek, abruptly entered drab non
cal careous gravel beneath bright gravel (Randal l ,  1972 ) ;  al though the 
bright gravel in thi s wel l  i s  appreci ably l ower i n  al t itude than that 
cappi ng the terrace ,  i t  may be a col l apsed equival ent. A successi on of 
s l i ghtly younger terrace remnants upstream from the vi l l age of Owego al ong 
Owego Creek are al so capped by bright gravel . Drab gravel was not 
observed al ong the val l ey si de near Owego , but 4 mi l es downstream, at 
Ti oga Center and Lounsberry , kames near the si des of the val l ey are much 
l ess bri ght than younger outwash terraces. Thus ,  the earl i est mel t-water 
streams along both the Susquehanna Ri ver and Owego Creek val l eys 

· 

apparently carried very drab sediment ( Randal l ,  1978a) .  

The evidence summarized above, and add itional data described by 
Randal l ( 1978a) , suggest that the last i ce sheet to i nvade thi s  regi on 
removed whatever ol der dri ft may have been present i n. the major val l eys 
and that the i ncrease in exotic content of the strati fied drift with time 
i s  best ascribed to changes in sediment transport during the latest degl a
ci ation rather than to a success i on of ice advances. Most exotic 
material s reached the Su squehanna Ri ver val l ey by transport al ong broad 
val leys,  probably by one or a comb i nation of the fol l owing mechani sms : 

1 .  Preferential flow of ice along the val l eys when the continental ice 
sheet covered the region (Mul ler,  1965 ) . 

2 .  Tongues of ice conti nuing to flow south in the val l eys beyond active 
i ce in the upl ands. Moss and Ri tter ( 1962 , p. 104 ) summarize evidence 
that such val l ey tongues were at most a few mi l es l ong, however . 

3 .  Engl aci a 1 or subgl aci a 1 mel t-water streams extendi ng many mi les al ong 
the val l eys,  perhaps in active as wel l  as stagnant ice (Randal l ,  
1 978a) . There i s  some l ocal evi dence that mel t-water drai nage systems 
were extensive i n  or under the retreati ng gl acier.  ( a )  Large volumes 
of strati fied dri ft were deposi ted in the broad val l eys  in pregl aci al 
1 akes that formed when ice mel ted bel ow the level of ol der outwash 
downstream. By contrast, kames or kame terraces are rare in the 
upl ands , whi ch impl i es that lakes rarely formed i n  upl and val l eys 
during degl aci ation. Some of these val l eys drain  north for more than 
10 mi l es and descend several hundred feet bel ow the lowest saddles on 
the di v ides .  The lack of l akes in such val l eys seems to requi re that 
extensive channel s existed in or under the decayi ng ice sheet to dra in  
mel t water i nto the nearest broad val l ey .  ( b )  Drab strati fi ed dri ft 
between Owego and Waverly , a di stance of 14 mi les  (or 6 mi l es 
north-south) ,  i s  not necessari ly al l preci sely the same age, but al l 
must have been depos ited against stagnant ice by south-flowing mel t 
water before the val l ey of Owego Creek began to carry bright sediment. 
Thus ,  at an early stage in degl aci ation of the master val l ey ,  mel t
water drai nage on, i n ,  or under stagnant i ce must have extended more 
than 14 mi l es .  
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Fi gure 3.  Geol ogic cross sections i n  Bi nghamton ( from Randal l ,  1978a ) . Numbers i n  section refer 
to strati graphic uni ts i n  table  1 .  Wel l s  and test borings are represented by verti cal l i nes ,  
sol i d  where samples were studied,  otherwi se dashed. Other borings near section B ( not shown ) 
were a l so studied. Verti cal numbers are seconds of latitude and long i tude ( "b"  i ndicates 
engi neeri n g  test boring)  and i ndicate that log  is pub l i shed (Randal l ,  1972 ) .  A l l  s ites are 
l at 42"06 ' N, l ong 75"5 5 1  W ( or 75 "54 1 W near .east end of section A ) .  Approximate l ocati ons 
of sections are shown in Fi gure 7 .  
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Table 1 .  P l ei stocene and Hol ocene stratigraphic units i n  Bi nghamton and Johnson C i ty ,  New York 
[From Randal l ,  1978a) 

Strat1 graph1c___ Number in 
unit fi _g_ure 3 

Fi l l  

Fl ood-pl a i n  
s i l t  

Al l uvial fan 
deposits 

01 der river 
a l l uvium 

Postgl acial or 
1 ate-gl aci a 1 
1 ake beds 

Strati fied drift: 
Bright gravel 

Lake beds 

Drab gravel 

Glacial ti l l  

Bedrock 

8 

5 

4 

3c 

3b 

3a 

2 

1 

L i thology. thickness, distribution 

Chiefly trash and ashes ; some sand, gravel , and other materi a l s .  Pl aced 
i n  JOOst natural depressions, 5 to 20 feet th_ick. 

Brown si l t  and very fine sand with roots and l i ttle organic matter; 
typically 5 to 15 feet thick. 

Gravel , moderately sandy and commonly moderately si l ty ;  most stones are 
f l at local shale or sil tstone. Deposited by �all streams entering 
the Susquehanna River val l ey .  

Sand and gravel , bright bu t  leached mostly free of l i mestone; as much as 
35 feet thick; i nterfingers with and overl ies unit 4 near Chenango 
River, where thin si l t  or s i l ty sand interbeds (uni t 4) conta i n  
abundant wood and fine organic matter.!/ 

Si l t  and very fine sand with some cl ay and scattered fine organic 
fragments, commonly grading up into peat and highly organic s i l t ;  as 
much as 80 feet thick. Fi l l s  ice-bl ock depressions i n  a narrow 
east-west zone near the deepest part of the bedrock val l ey .  

Sandy gravel and pebbly sand with variable amounts of s i l t; highly 
cal careous. Upper part very bright (35 to 75 percent exotic 

· pebbl es ) ,  lower part moderately bright (15 to 30 percent exotic 
pebbl es ) ;  ranges in thickness from near zero to at least 100 feet. 

S i l t  to fine sand, some clay, no organic matter; lenses may occur anywhere 
within unit 3 ,  but seem most common between bright and drab gravel s .  

Sandy gravel and pebbly sand with variable amounts of si l t; sl i ghtly 
cal careous; 10 percent or less exotic pebbl es; thickness varies 
widely. 

Typically a stony sil t; only a foot or so thick in places, but forms l ow  
h i l l s  i n  southern part of valley. 

Shal e ·and si l tstone. 

� Wood from a wel l at lat 46"06 '25" N, long 75"54 ' 50" W (Randal l ,  1972 ) at depths of 24 and 45 feet 
had radiocarbon ages of 2649 !79 and 3801 �60 years, respectively ( Randa l l  and Coates, 1973) .  0' w 
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Knowledge of the drift l i thol ogy is  hel pful i n  subsurface correl ation 
and in understandi ng ground-water qua l i ty .  For exampl e,  the downwarp of 
the upper gravel l ayer near the east side of Fi gure 3A was fi rst 
recognized from pebble l i thol ogy ;  the downwarp was l ater veri fied by 
water-level and water-temperature data { Randal l ,  1977 ) .  Hardness of 
ground water, which is  caused by di ssol ved cal ci um and magnesi um ,  i s  com
monly much hi gher i n  the bright strati fied drift than i n  the drab {Ku and 
others, 1975;  Randal l ,  197 7 ) .  

SOURCES OF RECHARGE TO AQUIFERS 

Ground-water-resource apprai sal s must not only determine the extent 
and l i thol ogy of aqui fers but al so evaluate the yield obtainable from each 
aquifer. Many recent apprai sal s of the water resources of l arge drai nage 
basi ns in New York and New Engl and have evaluated potential aqui fer yiel d 
by determini ng representative regional rates of ground-water recharge and 
applying those rates to the dimensions of each aqui fer or area of stra
tified gl aci al drift {Cohen and others , 1968,  p. 24-46 ; Crai n ,  1974 , 
p .  45 , pl . 3 ;  Kantrowi tz ,  1970 , p .  67 ; La Sal a ,  1968 , p. 54; Randal l and 
others , 1966 , p. 66 ; Cervione and others , 1972 , p. 46-47 ) .  Di fferent 
sources or components of recharge were treated separately i n  most of these 
studies .  The pri nci pal sources of recharge to strati fied-drift aqui fers 
i n  the Susquehanna Ri ver basin are described in the fol l owi ng paragraphs .  

Precipi tation on l and surface above the aquifer 

Where sand or gravel are present at l and surface, nearly al l rai n  and 
mel ti ng snow wi l l  i nfi l trate , and about hal f wi 1 1  eventually reach the 
water table  as recharge. {The rest is returned to the atmosphere by 
pl ants or evaporation . )  Thus, the annual vol ume of recharge from precip i
tation to a surfi c ia  1 aquifer depends pri nci pa  l ly  on the ex tent of sur
ficial sand and gravel and on the annual preci p i tati on rate . Randal l 
{ 1 977 ) calcul ated recharge from preci pi tation to a surficial aquifer in 
Bi nghamton and J ohnson Ci ty. 

Precipitation on upl and hi l l si des adjacent to the aquifer 

Most strati fied-drift aquifers in upstate New York are i n  val l eys 
bordered by ti l l -covered hi l l sides . Where the ti l l  contai ns a large per
centage of si l t  and cl ay ,  as in the Susquehanna Ri ver basin ,  only a smal l 
part of the water from rai n  or snowmel t  i nfi l trates deeper than the top 
foot or two ; the excess moves downslope i n  rivul ets or through shal l ow 
openings in the soi l .  Where upl and hi l l s ides  slope toward a stratified
drift aquifer {rather than toward an upl and stream ) , runoff that reaches 
the permeable  sand or gravel in the val l ey i nfil trates there. Annual 
recharge to an aqui fer from upl and hi l l si des depends pri nci pal ly on annual 
preci pi tation and on the size of upl and areas that sl ope toward that 
aqui fer. Permeabi l i ty of soi l s  overlying the aqui fer is  rarely a l imita
tion. 
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Natural i nfil tration from streams 

Where the water l evel i n  a surfic i al strati fied-drift aqui fer is  
l ower than the water surface i n  a stream crossing the aquifer, water wi l l  
i nfi l trate from the stream into the aquifer. In the Susquehanna Ri ver 
basin,  th i s  occurs natural ly wherever a tri butary stream l eaves i ts own 
val ley to fl ow over the sand and gravel fi l l  of a l arger val l ey (Ku and 
others, 1975 ) .  Thi s  i s  true on al l scales.  For example ,  as suggested i n  
fi gure 4 ,  a tiny ephemeral stream descending a steep hi l l side l oses water 
where i t  reaches the narrow flood pl a in  of a creek draining perhaps a 
square mi l e ,  and that creek l oses water where i t  crosses the al l uv i al gra
vel that borders a l arge upl and stream drai ning 10 or 20 square mi l es .  
Simil arly,  the upl and stream loses water where it  enters the val l ey of a 
major river and crosses a thick stratified-drift aqu i fer or i ts own al l u
vial fan. 

, EXPLANATION 
FOR CROSS SECTIONS 

E"·.":."l Silt 

Q r i t l  

r�o::· �·.":'1 Sand and g�avel 

c=J Bedrock 

. . . . ....... Water table 

Underflow zone: Water table below 
tributary channel, which, therefore, 
loses water 

. . . 
' · . 

Fi gure 4. Typical di stri bution of l os ing stream reaches. 
( From Ku and others, 1975 ) .  
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Infi l trati on losses from seven tri butary streams where they cross 
stratified-drift aqui fers in major val l eys were measured and analyzed by 
Randal l ( 1978b) .  Fl ow was measured at the most downstream poi nt at whi ch 
the channe 1 was known to be cut in ti l l  or bedrock ,  or at 1 east was sti l l  
cl early wi thi n its own upland val l ey ,  and at one or more poi nts farther 
downstream wi thi n  a major val l ey ,  where streamfl ow l osses were expected. 
Each set of fl ow measurements was compl eted wi thi n  2 hours . Near the 
stream reaches studied, the upper 1 5  to 30 feet of sediment i s  chi efly 
compact si l ty and sandy gravel deposi ted in al l uvial fans by postgl aci al 
streams. Upstream from the edges of broad val l eys , thi s  al l uvium overl i es 
ti l l  or bedrock ; downstream, i t  commonly overl i es sandy gl aciofl uvial gra
vel , and farther downstream a wedge of si 1 t and very fi ne sand may overl i e  
or repl ace the gl aciofl uvial gravel . The gl aci ofl uvi al gravel genera l ly  
has a more varied l i thol ogic compos ition and a lower si l t  content than the 
al l uvium and has much greater water-yiel di ng potenti al . The actual 
streambed contains loose sandy gravel , general ly sl i ghtly si l ty or free of 
si 1 t.  

Each stream studied began to lose water rap i dly several hundred feet 
downstream from where i t  entered the major val l ey ,  or from the. l owermost  
known exposure of ti l l  or bedrock in i ts channel . Measured losses in  thi s  
zone of rapi d  loss varied directly with stream l ength between measurement 
si tes ; that i s ,  infil tration per uni t length of channel was approximately 
constant ( Fi g .  5 ) .  By contrast, stream width and depth had 1 i ttl e effect 
on infil tration.  Pl ots of infi l tration per uni t length agai nst wi dth , and 
against the product of wi dth and depth ,  showed no correl ation . Al ong most 
streams , the un i form maximum rate of infil tration loss per unit length of 
channel prevai l s  for 300 feet or more when suffici ent fl ow i s  avai l abl e.  
The loss rate for typi cal streams woul d be at least 10 l i ters per second 
per 100 meters ( 1  cubi c foot per second per 1 , 000 feet ) ,  and average 
hydraul i c  conducti vity of the al l uvium was estimated to be at least 13 
meters per day ( 50 x 10-5 feet per second, or 320 gal l ons per day per 
square foot) .  

Several papers deal i ng wi th infi l tration from streams state or imply 
that the rate of infi l tration i s  normal ly control l ed by a thi n  streambed 
l ayer that i s  less permeable than the underly ing sediment (Wal ton, 1963; 
Wal ton and others , 1967 ;  Norri s ,  1970 ; Moore and Jenk i ns ,  1966 ) .  
Neverthel ess , evi dence c ited by Randal l ( 1 978b) suggests that infil tration 
from most tri butary streams i n  the Susquehanna River bas in  i s  control l ed 
by permeabi l i ty di stri bution wi thi n the al l uv ium or strati fied drift 
rather than at the streambed . Al ong some tri butary streams , rapi d  
i nfi l trati on loss begins near where the depth to ti l l  and bedrock 
i ncreases, but al ong other streams ti l l  and bedrock seem to l ie  far bel ow 
the channel more than 300 ft upstream from where infil trati on increases 
( fig .  6 ) .  Furthermore , the poi nt at whi ch rap i d  infil tration begins 
shifts somewhat from one date to another. These changes may be caused by 
changing water-tabl e confi guration wi thi n the al l uvi um--a function of · 
prior infi l tration and rainfal l as wel l  as of permeabi l i ty di stri bution. 
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----r-o-- Top of bedrock 

E X P L A N A T I O N  
SYMBOLS I N  CROSS SECTIONS 
L i ne of section i s  a l ong creek 

We l l  or test boring, projected perpendicular  to stream except 
a s  noted. So l i d  l 1 ne represents casing, dashed where c a s i ng 
hns been removed (test borings) or not used (bedrock ) .  Log 
nv a i l a b l e  (Randa l l ,  1 97 2 )  unless otherwise indi cated 

Streambed cut in dense s i l t} 
Stream and point of dryness On l y  on date 

Water level in wel l 

water table 

Contact between l i thologic units 

S i lty sandy gravel, yields l i t t l e  water to 
dr i l led wells;  t r i butary creek a l luvium 

indicated 

Sandy gravel or sand. variably s i l t y ,  in part water 
yielding: glaciof l u v i a l  v a l ley-train deposits 

Slit  to f ine sand; lake-bottom deposits 

G l a c i a l  t i l l  

� Uncert a i n  

�lov. '"'""''""'"' , M•v , 
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F i gure 6 .  Geohydrol ogic features along Thorn Ho l l ow Creek . 
( Modif ied from Randal l ,  1 978b ) . 
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I nduced infi l tration from l arge streams 

Whenever water level s in surfi c i al aqui fers are drawn bel ow stream 
stage by pump ing ,  i nfi l tration i s  induced from stream reaches that do not 
l ose water ordi nari ly.  The rate of induced i nfi l tration depends on many 
factors , incl uding the di stri buti on of wel l s ,  pump ing rates,  hydrau l i c  
conducti vity of the streambed and nearby parts of the aquifer (which  
together may be termed "effective streambed permeabi l i ty " ) ,  and changes i n  
stage, bottom area, and water temperature of the stream . Potential 
i nduced i nfil tration from the Chenango Ri ver to the Cl i nton Street
Bal l park aqui fer in Bi nghamton was estimated by Randal l ( 1 977 ,  Appendix 
F ) ,  and induced infi l tration from the Susquehanna Ri ver to the South 
Street wel l  fiel d in Endi cott was estimated by Ground Water As sociates 
( 1 978 ) .  In 1981 , water- l evel di stri bution around several mun ic ipal  wel l  
fiel ds on the banks of the Susquehanna River wi l l  be measured under 
steady-state pumping conditions and under the transi ent condi tions caused 
by starti ng or stopp i ng of pumpi ng. Resul ts are expected to be useful i n  
cal i brating a di gi tal model of the stratified-drift aqui fers, which  shoul d 
1 ead to a better understandi ng of potenti a 1 induced i nfi l trati on and 
aqui fer yiel d .  

GROUND-WATER PROBLEMS AND TRADEOFF$ 
I 

I n  most urban areas, numerous competi ng demands are pl aced on the 1 oca 1 earth resources and 1 andscape. The use or modi fi cation of the 1 and 
to meet human needs general ly has some impact, negative or pos i tive ,  on 
the quanti ty or qua l i ty of ground water. Several exampl es from the 
Susquehanna Ri ver val l ey are mentioned briefly bel ow . .  

Excavation of ri ver channel s 

A vi l l age of Endi cott municipal wel l  180 feet from the north bank of 
the Susquehanna Ri ver conti nuously del i vered more than 1 mi l l i on gal l ons 
per day of bacteri a-free water for 19 years unti l December 1 964, when 
col i form bacteri a  were detected i n  routi ne weekly water samples .  Si nce 
then, col iforms have never been absent for more than a few weeks , despi te 
greatly reduced pumping .  Randa l l  ( 1 970)  demonstrated that the bacteria 
came from the river and argued that the most l i kely explanation was 
repeated excavation of the river bed wi thi n  200 feet upstream and 
downstream of the wel l  for pi pel i ne and bridge constructi on in the early 
1960 ' s . The backfi l l  that repl aced the natural ly strati fied streambed 
sediments may have been more permeabl e ,  permi tting greater induced 
i nfi l trati on but al so greater movement of bacteria .  

Ri verbeds have been excavated for many reasons. The Chenango Ri ver 
between the Erie Rai l road and DeForest Street i n  Bi nghamton has been rel o
cated and deepened at least twice to accomodate dike  and highway construc
tion (Randal l ,  1977 ) .  Accord ing to a local contractor and deal er in earth 
material s ( R .  Murphy , oral commun . ,  1981 ) large volumes of gravel were 
removed before 1970 from four reaches of the Susquehanna Ri ver channel 
between Johnson Ci ty and Endi cott by dragl i nes that may have dug as deep 
as 40 feet 1 oca l ly .  Each reach was at 1 east 1 ,  000 feet 1 ong . 
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Presumably si l t  settl ed in the resul ting abnormal ly deep pool s ,  but i ts 
thickness and the net effect of excavati on and si l tati on on infil tration 
have not been studied. 

L i ni ng of stream channel s 

Several reaches of tributary streams cross i ng the Susquehanna Ri ver 
val l ey wi thi n  the Tripl e  Cities (Endi cott, Johnson Ci ty ,  and Bi nghamton) 
have been encased in cul vert pi pe or routed in open channel s havi ng a 
concrete floor and si des.  Thi s  was done to el imi nate the meandering and 
bank erosion that are characteri sti c of natural channel s but costly i n  
areas of urban devel opment. Randal l ( 1977 , p .  31 ) noted that conti nuation 
of thi s  process woul d el imi nate recharge from such streams and suggested 
that recharge cou l d  be increased if needed by digging mu l tip le  paral lel 
channel s or by rep lacing the oi ly and si l ty streambed sediment in other 
reaches by cl ean gravel . 

Paving of recharge areas 

Pavement and bui l di ngs covered a substantial part of the Cl i nton 
Street-Bal l park Aquifer in 1967 ,  and Randal l ( 1977,  appendix E )  estimated 
that, as a resul t,  about 2 i nches of recharge that woul d  have occurred 
annual ly under natural condi tions was lost as storm runoff. However, he 
al so estimated that evapotranspi ration had been reduced by at least 4 
i nches because of lowered water tabl es due to intensi ve ground-water deve
l opment and through the repl acement of soi l  and pl ants by bu i l di ngs and 
paved surfaces. If so, the amount of water avai l ab le  for pumping under 
the degree of devel opment prevai l i ng i n  1 967 exceeded that which woul d  
have di scharged natural ly to streams had the ci ty not been there . 

Landfi l l s  

I nnumerabl e  studies ' have shown that leachi ng of municipal refuse by 
i nfi l trati ng prec ip itation or ri s ing  ground water produces a strong chemi
cal sol ution characteri zed by a large oxygen demand, an offens i ve odor, 
and several thousand mi l l i grams per l i ter of di ssol ved sol i ds (Zanoni , 
1971 ) .  Traces of leachate have been recognized at di stances of several 
thousand feet from l andfi l l s  i n  permeabl e  glacial outwash (Kimmel and 
Braids ,  1974 ) .  

I n  the 1950 ' s  and earl i er,  some industrial wastes reportedly were 
dumped east of Charles Street i n  Bi nghamton , above part of the C l i nton 
Street-Ba l l park aquifer. In 1958 , traces of chemi cal s ascribed to the 
wastes reportedly were detected in nearby GAF wel l s  2 and 4 and led to the 
abandonment of these wel l s ,  al though no probl ems were reported at other 
nearby wel l s  (Randal l ,  1972 ; A. Schmidt and others , GAF Corp . , oral com
mun.  1965 ) .  

I n  the late 1 960 ' s , the Broome County Board of Supervi sors consi dered 
establ i shing a regional municipal l andfi l l  in a large gravel pi t on 
Prentice Road in Vestal , wh ich offered advantages in locati on and capaci ty .  
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However, the edge of the p it  was only a few hundred feet east of Vestal 
municipal wel l s  4-2 , 4-3 , and 4-4 , and the l i ke l i hood of adverse impact on 
ground-water qual i ty was a major factor leadi ng to a dec i si on to look for 
a site el sewhere (R.  J .  Marti n ,  consul ti ng engineer, wri tten commun .  1969 ) .  

In  the 1970 ' s  the Vi l l age of Endicott operated a l arge l andfi l l  imme
diately west of their  sewage- treatment pl ant near the north bank of the 
Susquehanna Ri ver. No problems due to ground-water contami nati on have 
been reported (R.  Austi n ,  Broome County Health Dept, oral commun .  1981 ) .  
Note, however, that during construction of the Endi cott sewage-treatment 
pl ant, dewateri ng pumps withdrew about 5, 000 gal l ons per minute to lower 
the water table  25 feet (Randal l ,  1972 ) ,  which  demonstrates presence of a 
hi ghly producti ve aquifer; the dedi cati on of thi s  area for a sewage
treatment pl ant and l andfi l l  may have precl uded for the time being any use 
of that aqui fer. 

Organi c fl u i ds 

I n  urban areas such as the Tri p l e  Ci ti es ,  hydrocarbon fuel s 
( i ncl udi ng gasol i ne ,  kerosene, and fuel oil ) and l iquid  organic  chemi cal s 
( i ncl udi ng sol vents and cl eani ng fl uids)  are wi dely used, transported, and 
stored. Al though most of these l i quids have sl i ght sol ubi l i ty i n  water, 
the minute quanti ties that can di ssol ve cause objecti onabl e tastes and 
odors i n  dri nki ng water and (or)  have been shown to be toxic.  Some are 
vol ati l e  to the extent that vapors evolved from fi l ms fl oati ng on the 
water tabl e  can be expl osi ve or toxic i n  basements . Over the years, 
several i nstances of l eaks ,  spi l l s ,  or di sposal of these l i qu i ds have been 
reported, and the geol ogic setting of each has i nfl uenced the outcome. 

In 1965, a petrol eum pipel i ne crossing the State Uni vers i ty of New 
York campus i n  Vestal was ruptured by a backhoe excavati ng for new 
bui l di ngs; 29 , 000 gal l ons of gasol i ne erupted and fl owed downsl ope toward 
the Susquehanna River. About hal f of it was recovered wi thi n  hours by 
pumping from the initi al excavation and from di tches and sumps dug 
downsl ope (Bi nghamton 'Press, Sept. 1965 ; C .  J .  Yabl onski , Sun P ipel i ne 
Co. , oral commun . , 1981 ) .  No ground-water contami nation was reported, 
probably because the rupture and runoff of gasol i ne was confined to an 
area underl ain  by impermeabl e  ti l l  i n  which most bui l di ngs were served by 
publ i c  water systems . 

I n  1979, a l eak was di scovered in  a l arge tank used to store solvents 
at a factory in Endicott. Investi gation di sc l osed more than 12 ,000 
gal l ons of chl ori nated hydrocarbons (chi efly methyl chl oroform and 
trichl oroethylene) i n  the subsurface (Dames & Moore, 1980 ) .  More than 100 
observati on wel l s  were dri l l ed to define the extent of the contami nation 
and hel p devise a method of recovery (Dames & Moore, 1980 ) .  Efforts to 
recover the sol vents have been simp l i fi ed by the strati graphy in the imme
diate l ocal ity,  which consi sted of a surfi ci al gravel general ly 15 to 35 
feet thick having a saturated thi ck ness of 3 to 15 feet, resti ng upon a 
few tens of feet of si l t  and cl ay (Dames & Moore, 1980; Randal l ,  1970, 
f ig .  5 ) .  The si l t  and clay must have greatly retarded downward migrati on 
of the solvents, whi ch are heavier than water and sank to the bottom of 
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the surfi c i al aqui fer (Dames & Moore , 1980 ) .  The surfi c ia l  aqui fer i s  not 
tapped as a source of water local ly but seems to be continuous l ateral ly 
with thicker aqui fers el sewhere al ong the val l ey .  

I n  1980, water samples col l ected from publ ic-supply wel l s  and numer
ous points in the water-di stri bution systems of the Tri p l e  Ci ties were 
analyzed for several organic chemi cal s (New York State Department of Heal th, 
wri tten commun .  1981 ) .  Sampl es from Vestal municipal wel l  4-2 on Prenti ce 
Road consi stently contained 1 , 1 , 1-trichl oroethane, tri chl oroethyl ene, and 
tetrachl oroethyl ene , in concentrations as high as 2 17 ,  92 , and 14 . 8  
micrograms per l i ter, respecti vely (New York State Department of Heal th , 
wri tten commun , 1981 ) .  The New York State Department of Envi ronmental 
Conservation has set a 1 imit of 10 mi crograms per 1 i ter for di scha.rges of 
tri chl oroethyl ene to potabl e ground water; no standards have been set for 
the others (New York State Department of Envi ronmental Conservation, 
1980 ) .  The New York State Department of Envi ronmental Conservation ( 1 980 ) 
and Parratt-Wolff, Inc .  ( 1 980 ) have investi gated the contami nati on, and 
both report that one possible  source is a chemi cal plant 200 feet west of 
wel l 4-2 that repackages chemi cal s inc luding 1 , 1 , 1 -trichl oroethane, tri 
chl oroethylene, and other chl ori nated sol vents , and has di scharged water 
from rinsi ng empty containers to a leach pi t. In thi s  local i ty ,  the gla
cia l  drift consi sts almost entirely of sand and gravel of vari able si l t  
content (Parratt-Wol ff, 1980 ; Randal l ,  1972 ) ,  whi ch may have favored 
mi gration of the organic solvents to the depth of the wel l  screen . 

A LIMITED ALTERNAT IVE : THE BEDROCK AQUIFER 

Most studies of ground water in the Susquehanna Ri ver basi n  in New 
York have emphasi zed the strati fied-drift aqui fers because of their  poten
tial for hi gh-yiel d wel l s , even though these aqui fers underl i e  no more 
than 15  percent of the bas in .  Bedrock ,  chiefly si l tstone and shal e of 
Devonian age, underl i es 100 percent of the basin and has been tapped by 
many wel l s  to meet domestic and othe� smal l yi el ds.  A wel l  dri l l ed at any 
poi nt in the ba sin stands a very good chance of obtai n ing enough water for 
a si ngl e-family home, al though "dry hol es"  yiel di ng al most no water are 
occasional ly reported (Wetterhal l ,  1959 ;  Soren , 1963 ;  Randal l ,  1972 ) .  
Wetterha 1 1  ( 1959)  reports the average yi el d of we 1 1  s tappi ng bedrock in 
Chemung County to be 8 gal lons per mi nute . Thi s  average may be somewhat 
mi sleadi ng ,  however, for two reasons : Fi rst, i t  i s  based on mostly 
domesti c wel l s  in wh ich  dri l l i ng was stopped as soon as the owner ' s  needs 
were met, wi thout attempti ng to determine the maximum yi el d of fresh water 
obtai nabl e from the bedrock . Second, no one has studied the yi el d of the 
bedrock aquifer to cl usters of wel l s ,  as di sti ngui shed from the yiel ds of 
i ndi vi dual wel l s . One might ask : if 200 homes were bui l t  on contiguous 
hal f-acre lots and were supp l i ed by individual wel l s ,  woul d the yiel d - of 
al l these wel l s  average cl ose to 8 gal l ons per minute? I t  seems reaso
nable  to expect the cone of depression to be deep enough that wel l s  near 
the center wou l d  have smal ler yiel ds than wel l s  near the perimeter, but 
how much smal l er cannot be eas i ly predicted at present. 

Near the Triple Ci ties, resi dents of some pl anned or unplanned con
centrations of homes that were in iti al ly suppl ied by pri vate wel l s  l ater 
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voted to form water districts and import publ i c  water, i n  part because of 
fear of water shortages. Study of several such c lusters shoul d l ead to at 
l east a semi quanti tative rel ati onship between maximum drawdown and cl uster 
densi ty,  total demand, and topographic setti ng. I n  pri nc ip le ,  i t  shoul d  
be possible  to specify l imi ts of size and l ocati on wi thi n  which a cl uster 
of individual wel l s  coul d be expected to function i ndefi n i tely , thus 
avoiding the cost of providing dupl i cate water systems and mak i ng maximum 
use of local resources before importi ng water. 
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CUMULATIVE 
MILEAGE 

0 . 0  

1 1 . 7  

1 2 . 7  

ROAD LOG 
HYDROLOGY IN RELATION TO GLACIAL GEOLOGY , 

SUSQUEHANNA VALLEY , BINGHAMTON TO OWEGO 

[Route and location of stops are shown i n  Fi gure 7 ]  

MILES FROM 
LAST POINT 

0 . 0  

1 1 . 7  

1 . 0  

ROUTE 
DESCRIPTION 

I ntersection of Route 434 (Vestal Parkway ) and 
mai n  entrance of State Uni vers ity of New York 
campus in town of Vestal , New York . Proceed west 
on Route 434 to Owego .  

Marshl and Road on ri ght; conti nue on Route 434; 
note level terrace surface on ri ght. 

Pause on road shoul der. 
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HESITATION STOP .  P i t  on left, i n  the highest ( ol dest)  strati fied 
dri ft in  thi s  part of the val l ey :  cobbl e-boul der gravel to coarse sand 
variably si l ty  (p i les of coarse gravel rejected by operator are visibl e l ; 
pebbles are rel atively drab ( few l imestones ) ;  topography i s  irregul ar,  
maxi mum alti tude 880 feet; wet areas on pit floor suggest ti l l  at  shal l ow 
depth . Barn on right marked "Ti oga Manor" ; tri p wi l l  return past thi s  
barn . 

1 7 . 7  

18 . 0  

1 8 . 8  

1 9 . 3  

1 9 . 5  

1 9 . 6  

5 . 0  

0 . 3  

0 . 8  

0 . 5  

0 . 2  

0 . 1 

Turn right (north) on Route 96 , cross steel 
bridge over Susquehanna Ri ver , enter V i l l age 
of Owego. 

Turn left (west) on Route 17C (Main  Street) .  

Cross bridge over Owego Creek . 

Deep Wel l Motel is  on ri ght; Route 17C i s  on 
nearly level surface of val l ey .trai n .  

Entrance (on left) to p i t  owned by Concrete 
Material s, Inc .  

Entrance (on  left) to pi t owned by C & C 
Ready Mi x Corp. 

STOP 1 .  KAME DELTA, BRIGHT GRAVEL . Stop 1 wi l l  be in whichever of 
these two pits offers the better exposures on the date of the tri p. 
Topset and foreset beds of bright gravel have been observed beneath the 
val ley-trai n surface; lower terraces are capped by bri ght fl uvi al gravel 
overlyi ng fine-grained l ake-bottom sediments. 

2 3 . 8  

24 .0  

24 . 1  

-?- Leave pi t,  turn left (west) on Route 17C . 

4 . 2  

0 . 2  

0 . 1  

Ti oga Center; school on right at intersection . 

Bear sl i ghtly right on di rt road.  

Turn right at second driveway ; proceed to gate at 
entrance to pasture and gravel pi t owned by 
Kenneth Pi pher. Be sure to cl ose gate after 
entering.  

STOP 2 .  KAMES AND ICE-CHANNEL FILLING, DRAB GRAVEL. Several pi ts in  
the kamic features i n  thi s  local i ty revealed drab gravel and sand with 
very few l i mestone or other exotic rock types ; west-di ppi ng foresets have 
been observed. Maximum al ti tude i s  860 feet,  wel l above the bright val l ey
tra i n  surface to the east. 

-?- Return to Route 17C ,  turn 1 eft ( north l .  
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26 . 9  2 . 8  

28 . 1  1 . 2  

Turn l eft on Glen Mary Drive,  just  before 
Route 17C ri ses to cross RR. 

Cross Thorn Hol l ow Creek , park along road. 

1 6 7  

STOP 3 .  GROUND-WATER RECHARGE FROM THORN HOLLOW CREEK. I n  1967-68 , 
s treamfl ow measurements on 15 dates showed a loss of about 0 . 02 ft3fs 
( 1 0  gal /min )  per 100 feet of channel upstream from Glen Mary Dri ve and 
0 . 16 ft3 /s per 100 feet downstream. Duri ng most of the year, thi s  stream 
goes dry somewhere on i ts al l uv ial fan. 

29 . 1  1 . 0  

29 .6  0 . 5  

29 . 7  0 . 1  

30 . 1  0 . 4  

3 0 . 9  0 .8  

3 1 . 0  0 . 1  

3 1 . 3  0 . 3  

34 . 9  3 . 6  

35 . 7  0 . 8  

36 . 2  0 . 5  

36. 5  0 . 3  

Conti nue northeast on Glen Mary Dri ve .  

Intersection ; turn ri ght and immedi ately cross RR. 

Intersection;  turn left. 

Intersection with Route 17C ; conti nue east 
( strai ght ahead) . 

Cross bridge over Owego Creek . 

Turn ri ght, fo l l ow Route 17C past county 
courthouse. 

Drive strai ght ahead across bri dge ( Route 17C 
turns left ) . 

Turn l eft (east) on Route 434 . 

Turn l eft on Marshl and Road, go under expressway. 

Note road bordered and arched over by large mapl es. 

Tioga Manor barn on right. Behi nd barn is a 
hummoky surface 820-830 feet in  al titude; a smal l  
pit  reveal ed 1 . 5  feet of hi ghly cal careous , bright, 
fi ne-pebbl e gravel wi th abundant l i mestone atop 
several feet of drab gravel . 

Pause beside road. 

HESITATION STOP .  View to ri ght of oval hi l l  in mi dva l l ey ,  composed 
of (or perhaps heavily mantl ed wi th ) ti l l .  Terraces at about 830 feet 
altitude between the road and the hi 1 1 ,  now 1 argely excavated, were capped 
by bright fine-pebble gravel and coarse sand. 

38 . 1  1 . 6  End Marshl and Road; turn l eft ( east) on Route 434. 
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42 . 2  4. 1 Tracy Creek ; pause on road shoul der near bri dge . 

HESITATION STOP .  The reach of Tracy Creek beneath the bridge vi s ib le  
to the right was dry on al l ei ght occasi ons when vi s i ted by the U . S  
Geol ogical Survey i n  the summers of 1962-65 a s  part of a study of l ow 
streamfl ow in  the Susquehanna Ri ver bas i n .  L i k e  most tributary streams , 
Tracy Creek suffers severe seepage los s  when crossing the strati fi ed drift 
in the Susquehanna Ri ver Val l ey .  Upstream 2 , 000 feet, where the creek has 
cut a gorge through ti l l  and bedrock ,  a smal l fl ow continued throughout 
the 1 962-65 drought.  

44. 6  

45 . 1  

45 . 3  

45 . 4  

45 . 6  

2 . 4  

0 . 5  

0 . 2 

0 . 1  

0 . 2  

Cross Choconut Creek . 

Turn left at traffic l i ght on Bri dge Street. 

Pass under expressway, turn left on narrow road . 

Turn left on di rt road; Vestal municipal wel l 
i s  i n  wel l  house on ri ght. 

Cross di ke,  bear ri ght ; park . 

STOP 4 .  VESTAL WATER DISTRICT 1 WELL FIELD.  Three municipal wel l s  
tap sand and gravel between 70 and 150 feet i n  depth .  Induced river 
i nfi l trati on is potenti al ly an important source of recharge ; temperature 
profi l es in April  1981 i ndicate ri ver water infi l trated past wel l  1 -3 at a 
time when only wel l 1-2  was i n  use. The sand and gravel seems to be rel a
ti vely drab , perhaps total ly drab near the base . 

46 . 1  

46 . 2  

49 . 2  

49. 5  

0 . 5 

0 . 1 

3 . 0  

0 . 3  

Return to Bri dge Street, turn left. 

Turn ri ght { east) at traffi c l i ght on O ld  Vestal 
Road. 

Turn left on Prenti ce Road. 

Park besi de road. 

STOP 5.  VESTAL WATER DISTRICT 4 WELL FIELD . To the west is  municipal 
wel l 4-2 , water from which was found to conta i n  organic  sol vents in 1980 
{ see text ) .  To the north are two more mun i c i pa l  wel l s . To the south are 
numerous oi l tank farms . To the east, the l and was once level with 
P rentice Road, but has been excavated for gravel ; the owner pl ans to mine 
gravel bel ow the water table by dragl i ne both east and west of the road. 
The pi t to the east was once consi dered as a s ite for a IIUnici pal l andfi l l  

49.8  

-?- Turn around, return to Ol d Vestal Road .  

0 . 3  Turn l eft {east ) on O l d  Vestal Road. 
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5 1 . 5  

52 . 2  

52 . 9  

53. 9  

54 . 1  

55. 0 

55 . 5  

56 . 0  

1 . 7  

0. 7 

0 . 7  

1 . 0  

0 . 2  

0 . 9 

0 . 5  

0 . 5  

Turn l eft on ramp up to Route 201 , toward 
Johnson Ci ty .  

1 69 

Traffic ci rcl e on north si de of bridge, continue 
on 201 {2/3 of the way around the circl e ) .  

Bear right on ramp , joi n Route 17 east. 

Take exi t  for Stel l a- I rel and Road. 

Turn l eft {north ) on Stel l a�I rel and Road. 

Fl ood-control reservoir i s  on right, on L i ttl e 
Choconut Creek . 

Turn l eft at traffi c l i ght { Lewi s Road ) ;  then 
i mmediately turn right on Rhodes Road. 

Top of steep grade, stop beside road .  

STOP 6 .  VIEW OF HOUSING CLUSTER. Al l homes in thi s  area have publ ic  
sewers and on- l ot wel l s  tappi ng bedrock . In  1981 , water l evel s were as 
deep as 100 to 130 feet seasonal ly i n  some wel l s  on Rhodes Road, and 
yiel ds of a few wel l s  were not as l arge as desi red by occupants. Further 
bui l di ng has been proposed downslope . 

60 . 7  

6 1 . 0  

{ ? )  Turn around; retrace route fol l owi ng Stel l a
I rel and Road , Route 17  west, Route 201 south ; 
cross Susquehanna Ri ver on Route 201 , go past 
Ol d Vestal Road. 

4 . 7 

0 . 3  

Bear right on ramp to Route 434 east. 

Entrance to State Uni vers i ty of New York campus. 

END OF TRI P  
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EXPLANATION 
• • • • • • • • • • •  Route of field trip 

STOP 2 - Stop located at point of arrow 

HS _...... Hesitation stop at point of arrow 
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PENNSYLVANIA 

J F I G  3A Location of geologic cross section in figure indicated 

of Transportation 

Fi gure 7 .  Location of fiel d-trip stops and geo l og i c  cross sections . 
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