Geohydrology, Water Quality,
and Simulation of Groundwater
Flow In the Stratified-drift
Aquifer System in Virgil Creek
and Dryden Lake Valleys, Town
of Dryden, Tompkins County,
New York
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The study area Is
5.3 milong, 1.0 mi
wide, and
encompasses 5.4
mi“ in the Dryden
Lake valley and
parts of the Virqil
Creek and Owego
Creek valleys
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Surficial Geology

Surficial geologic units

W I:l Water
pm E Wetland

alf |:| Alluvial fan

alffkm/t I:l Alluvial fan over kame moraine and fill
alffosg Alluvial fan over outwash sand and gravel

ksg I:l Kame sand and gravel
ksgit |- .. | Kame sand and gravel over till

km I:l Kame moraine (valley heads moraine}

tm I:l Till moraine

Valley till over unclassified sand
And gravel

I Upland till over bedrock

s Aquifer study area
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Scouring by ice
and subglacial
meltwaters
played a major
role in modifying
the preglacial
landscape

Depth to bedrock is as
deep as 400 ft in

fa o0 N7, P ENNNNN SRR Dryden Lake valley—

R NN W only 100 ft in Virgil Cr.

— 909 — Bedrock contour—Shows approximate altitude of = B ! i | ™ .
bedrock surface. Contour interval 100 feet except B0 N ; V I I h I I
where noted. Datum is Mational Vertical Datum of 000 - g = 1 a. ey an g I n g Va. ey
1988, . e g e )
» 1 i # ot =
4 A" Seismic-refraction survey vl ok ] i S b

e Stratified-drift aquifer boundary

1.170% Data point and altitude (in feet) of top of bedrock. 12 e
Datum is Mational Vertical Datum of 1988.
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LOCATION
OF ONE OF
THE TEST
WELLS

Figure 1.-- Location of test well site at the NYS Department of Conservation
Boating Access property near the outlet to Dryden Lake, NY




DRILLING THROUGH THE CONFINING LAYER
(lots of silt and clay)




USGS TEST WELL TM 993
NYSDEC Boat Access Facility, Dryden Lake, NY

Site name: TM 993 Date completed: 12/9/04

Site 1D: 422755076164801 Drilling contractor: Barber & DelLine, Tully, NY
Latitude: 42° 27' 55.23" Well depth: 234 ft W E L L
Longitude: 076° 16' 47.92" Casing: 6 in. dia.

Elev. TOC =1174.2
Casing above
ground = 4.25 ft
Elev. land surtace ~ 1170 (Est. from DEM data)

L Graval
WL =7.07 ft

Till, greyish brown, silty clay matrix, tr. fine pebs, X Iy . X 12/13/04 D RY D E N
dense, compact o B, & an)
CET = LAKE
Very fine and fine sand, grey, some pebs v W I

Sand and gravel, grey, f-c pebs

Clay, grey, soft I E S I
1 : :

~_1.gpm 1

AT 1065

|__Sand and grawvel 1060

Silt, greenish grey, massive, no stones,tr. clay W E L L
| thin_1/32 in. thick clay seams, horiz. bedding |- 2

Silt andanE rey 1030

Clay, grey, with stones (may be {ill or lacustrine
with dropstones

893

Coarse sand and gravel, grey brown, f-c clasts,
subrd-rd clasts, Highly permeable!

Clasts: mostly grey shale, some green shale, tr.red ss,| - .. :
white ss, crystallines

Four ft dia. boulder (green crystalline) from 234-238 ft | =
825 |

WELL DEPTH =234 ft
6" steal casing, open end




LOTS AND LOTS OF WATER




BRIEF AQUIFER TEST




BRIEF AQUIFER TEST

}




400 GAL/MIN FROM 6 IN.

DIAMETER OPEN-END CASING




RESULTS OF BRIEF AQUIFER
TEST AT DRYDEN LAKE SITE

Dryden Lake Test Well TM 993
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TEST DRILLING AT LAKE RD

WELL FIELD




355
363
370

387
396

WB =

TEST WELLS TM1695, TM1699,TM1700,
LAKE ROAD, VILLAGE OF DRYDEN, NY

TM1695
Randolph/Moravec
1970s/5/27/03
42° 28' 58.8"
076°17'27.6"

TElev._land surface ~ 1115.0ft

Elev. TOC = 1117.19

(8]
Gravel

Till or silty gravel, grey, silty matrix,
gravel lens at 24-26 ft 1081

Very fine and fine sand, grey 1479

Sand and gravel. gr,(la[y \tf)\;gwrl, 1059

Till, gr, silty/clay matrix, stony 1051

Silt

Sand and gravel, silty 62-66 ft

Sand and gravel 66-82 ft, WB 04 3

Till, grey, silty/clay matrix, stony,
no water 1013

L _Clay, sofl
i LWB?

1002 |

Clay, soft

Clay, silt, and sand

Fine sand (quicksand or
flowing sand)

Hardpan (till)

Clay

Clay, grey, soft, no stones

7155

Silt and very fine sand

Clay, grey, soft, no stones

Till, grey, silt/clay matrix,

stony, dense

Shale, medium grey,

Total boring depth = 396 ft

water bearing zone

TM1699

Moravec

5/28/03
42° 28' 58.4"
076° 17" 27.6"

Elev. TOC = 1118.69

TM1700I
Moravec
5/29/03
42° 28' 58.5"
076° 17' 27.4"

Elev. TOC = 1118.44
||

WL=7.3 ft

Not reliable--
well plugged w/
sediment before
and after drilling

WL=7.86 ft
below land
surface, 6/10/03
El. WL=1110.83

WL=8.06 ft
below land
surface 6/3/03

WELL DEPTH = 41 FT
6" dia steel, open end
10-ft-long
VE SICeen
rom 62 to 72 ft

Sump below
screen from
72t0 115 ft

WELL DEPTH =72 FT
Bore hole depth = 115 ft
4" dia pvc casing

Well drilled to 300 ft
by Randolph in the 1970s

WELL DEPTH = 300 ft
6" steel casing, open end
(finished in clay)

Borehole (mud rotary)
deepened by Moravec
from 300 - 396 ft

May 27, 2003

No aquifers penetrated
No casing or screen
installed in this interval
Well abandoned

Latitude and longitude measurements made by GPS unit. NAD83

Levels to top

of casings and land surface made on 6/10/03

El. WL=1110.38



SOURCES OF WATER (RECHARGE)

Large upland
tnbutary

EXPLANATION

- SAND AND G RAVEL

- TILL

BEDROCK

%,
Small upland 2o .
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|

LACUSTRINE FINE SAND, SILT,AND CLAY

)
PRECIPITION
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LOSING STREAMS
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SEEPAGE FROM
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TEST DRILLING- Virgil Cr. Dam

Was the confining
layer missing?
(eroded Virgil Cr)

Was the aquifer
connected to the
stream?

What was the
water level
relationship
between stream
and aquifer?




USGS TEST WELLS TM 997 and TM 998
Virgil Creek Dam, Town of Dryden, NY

Site name: TM 997 (84 ft well) Site name: TM 998 (37 ft deep well)
Site 1D: 422824076154501 Site I1D: 422823076154501
Latitude: 42° 28' 23.58" Latitude: 42° 28' 23.49"
Longitude: 076" 15' 45.23" Longitude: 076" 15' 45.26"
Date completed: 11/17/05 Date completed: 11/18/05
Drilling contractor: Barber & DelLine, Tully, NY
Elev. TOC =1,211.1 Elev. TOC =1,211.4
Elevation land surface 1,209

C pr—— : Virgil Cr
4 Fill, silt mixed with some stones 1,205 _ i EL WL
Gravel, brn., f-c pebs, some cobbles, Er

subrd-rd clasts, dry 1197.5

__A1o8[

subrd-rd clasts. saturated uifer

=132t (EL 1195.8)

e W en percoeel DRILLING
= =482
- El. 1192.4) below land surface
geluw Isd 11/21/05
11/21/05

Makes water ~ 30 gal/min == ]
1,161~ = -
Silty clay, grey, massive, : =

o Sonés el Recharge area

Silt and clay mixed with some stones

e £ confirmed

Three-foot diameter boulder from
T2-75 ft

1,132 |

Water from confined
.‘__aquifex enters 6 in. dia well
} throw, tions m
casing between 79 -84 ft

Sand and gravel, f-c pebs.

makes some water ~ 3 gal/min 1123 = = e

Silty clay, grey, massive, very
dense, no stones

1100 f

Stony till or silty gravel, grey matrix, mal
no water

: ; Well casing at 110 ft
Siltstone, greyish green 1,096 Open hole from 110-113 t




Hydrogeologic section at Virgil
Creek Dam

| Seismic survey |
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Figure - Seismic refraction profile B--B at the Virgil Creek Dam, Town

of Dryden, New York




WATER USE OF I\/IUNICIPAL WELLS
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VILLAGE OF DRYDEN GROUND-WATER WITHDRAWAL
1978 through May 2007
(includes yearly totals for all wells)
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Well TM1046 operation period {South Street pumping station)

Well TM 981 operation period
[Jay Street pumping station)

We!iTM 207 operation period
[South Street pumping station)

. Well TM 199 operation peri@d
(Jay Street pumping station)
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Mo record of pumping
at South Street pumping
station before 1977

Year

EXPLANATION
— Well TM 207 (South Street pumping station, finished in the lower aquifer) —— Well TN 199 (Jay Street pumping station, finished in the lower aquifer)
= Well TM1046 (South Street pumping station, finished in the lower aquifer) e Well TM 981 {Jay Street pumping station, finished in the middle aguifer)

Tompkins Cortland Community College usage Wells TM 202 and TM 204 (Lake Road pumping station, finished in the
upper aquifer)

Figure 20. Monthly withdrawals from Village of Dryden, New York municipal production wells, September 1970 through December 2008
and water usage by Tompkins Cortland Community College from 2005 to 2008.
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WATER CHEMISTRY--Common lons

Middle aquifer Lower aquifer
(Intermediate) (Deep)

Local Name Lake Stwell 2 Jay St well South St. well Dryden Lake
USGS Station Name ™ 202 T™ 981 T™ 207 TM 993
Date sampled 7/28/2003 7/28/2003  7/28/2003 12/13/2004

422857 422854 422905 422755
Station ID Number 076172701 076174201 076144901 076164801
Parm.
Code
Dissolved solids, at 180 C 70300 mg/L 280 292 198 200
Fluoride, dis 00950 mg/L <0.17 <0.17 0.24 0.
pH (field) 00400 pH 8.1 8.2 8.1 7.
Sp. conductance (field) 00095 uS/cm 475 487 328
Iron, dis 01046  ug/L 70.5 43 92.
Manganese, dis 01056 ug/L 156 161 149
Calcium, dis 00915 mg/L 75.2 70. 48.
Magnesium, dis 00925 mg/L 16.9 17. 11.
Silica, dis 00955 mg/L 10.3 13. 13.
Sodium, dis 00930 mg/L . 12. 8.
Chlorides, dis 00940 mg/L 16.7 31. 5.
Sulfate, dis 00945 mg/L 32.9 45. 26.
Alkalinity, dis, (field) 39086 mg/L
Potassium, dis 00935 mg/L

Common ions

Units Concentrations of chemical constituents




WATER CHEMISTRY--Nutrients

Nitrates were found above the detection limit

Local Name Lake Stwell 2 Jay Stwell South St. well Dryden Lake
USGS Station Name T™ 202 T™M 981 T™ 207 T™ 993
Date sampled  7/28/2003 7/28/2003 7/28/2003 12/13/2004
422857 422854 422905 422755
Station ID Number 076172701 076174201 076144901 076164801

Common ions Parm. Code Concentrations of chemical constituents
Nutrients

N, Nitrite 00613 <0.008 <0.008 <0.008 <0.008
P, ortho-phosphate 00671 <0.02 <0.02 <0.02 <0.02
N as nitrate, no2+no3 00631 <0.060 <0.060 <0.060 <0.060
N, ammonia 00608 EO0.03 0.05 0.12 <0.04
N, organic+ammonia, fil 00623 EO.06 EO.08 0.1 <0.1
N, organic+ammonia, wca 00625 EO0.09 0.1 0.2 <0.1
Low-level phosphorus, fil 00666 E0.003 0.006 0.011 0.004
Low-level phosphorus, wca 00665 E0.003 0.006 0.011 0.007

Physical properties Values of physical properties
Depth of well ft 53 72 176 234
Aquifer type S&G, conf  S&G, conf S&G, conf S&G, conf
Water temperature Celcius 10.0 10.2 10.7 10.1




Chloride

Percent

EXPLANATION
Virgil Creek and Dryden Lake valleys groundwater sample
Lower Sixmile Creek and Willseyville Creek trough groundwater sample

o Upper Sixmile Creek and West Branch Owego Creek valleys groundwater sample

Upper Buttermilk Creek and Danby Creek valleys groundwater sample

Variability in
major ion
composition of
groundwater in
four valley-fill
aquifers in
Tompkins

County

Groundwater was
predominantly a
calcium bicarbonate
type except for a
few samples




About
10% of
samples
In central
NY have
arsenic
above the
drinking-
water
standard
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DATING YOUNG GROUNDWATER

I Chlorofluorocarbons CFCs)

B .Determine ground-water age

e|mprove understanding of
hydrology

B  -Refine ground-water models

| *Assess aquifer susceptibility
{ to anthropogenic inputs
(SWAP)

Every drop  <Trace movement of water

tells a story  eLocate recharge and
discharge areas




CFCs IN ATMOSPHERE

| Blue CFC-12 --Dashed line Niwot Ridge, CO; Solid line Local air
- Red CFC-11--Dashed line Niwot Rige, CO; Solid line Local air
{Green CFC-113-- Dashed Niwot Ridge, CO; Solid line Local air
| Purple SF6 x100
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RESULTS OF CFCs DATING

Sample Site number

Conc. In solution
CFC-11 CFC-12 CFC-113

pa/kg

pg/kg

pa/kg

Recom.
Age based
on

Comments

TM 207 South St. Well

65.61601
47.84833
29.62258

0.0
0.0
0.0

0

CFC12
CFC113

Greater than 40 years and
probably older than 1940

TM 980 Jay St. Well

107.1986
12.51112
89.04419

1.1
0.0
0.8

CFC12
CFC113

Greater than 40 years and
probably older than 1940

TM 202 Lake St. Well

23.64433
74.45091
71.58162

0.0
0.6
0.8

0

CFC12
CFC113

Greater than 40 years and
probably older than 1940

TM993 Dryden Lake Well

2.194039
2.238679
1.298937

0.197961
0.849187
0.119095

0.16707
0.26485
0.05203

All

Early to mid 1970's.

Well TM170 Pleasant View

0.014
0.007
0.013

3.767
1.918
0.441

0.008
0
0

Mid 1940's or older water




Glacial Stratigraphy
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Hydrostratigraphy
(geology simplified)
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Large
pumping

A. Northern part of the study area—thin alluvial and small kame
unconfined units and three extensive and continuous confined aquifers

@
@

0
®
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EXPLANATION
Edga of vallay-fill depozits.

Recharga along adge of valley-fill deposits from infiltration
of precipitation; and groundwatar inflow and runoff from
upland araas, racharing the confined aquifers where they
crop outat land surface or is in contact with coarse-grainad
kame deposits.

Lataral comtact between fine-grained stratified drift
and till or bedrock Flow across this comtact is small,

Soma leakage from till and bedrock along the vallay
wallz valley bottom recharges the confined aquifers.

In most placas, little or no watar recharges tha confined
aquifer from streams flowing across the fine-grained
deposits in the main valley except in the vicinity of the
Villzge of Drydan municipal wall {Th 204 that taps the
uppar aquifer and iz near Virgil Cresk—withdrawals from
thiz shallow aquifer lowars the water lavels enough to
induce racharge from tha ovarlying confining unit and,
subsaquantly, from the overlying stream.

Soma racharge reachas confined agquifar from ovarlying
and underlying sources through the over- and underlying
confining units, espacially where large withdrawals
increasa tha vertical gradient imto the agquifar,

Recharga from precipitation that falls directly ovar valley-
fill sadimantz.

Confining unitz may be locally intarruptad by “windows” of
parmaabla sedimant that can readily tranzmit racharge from
precipitation and tributaries that lose water as they flow over
tha valley floor.

In areas whera the hydraulic head in the units underying tha
surficial alluvium is greatar than thatin the alluvium, some
water from below recharges the surficial alluvium,

Water table in the valley-fill daposits.




EXPLANATION
Edga of valley-fill deposits.

/~  Headwater 1
stream Racharga along adge of valley-fill deposits from infiltration
R . L G‘- of precipitation; and groundwatar inflow and runcoff from
B = —t 2 = upland areas, racharing the confined aquifers whera they
g \ " crop outat land surface or is in comtactwith coarse-grainad
= = = - kame deposits.

/°
8
B

& &

| = _""‘---.___.---"'"_'_'_ T Lateral contact betwean fine-grained stratifiad drift
” and till or badrock Flow across this contact is small.

Soma laakage from till and badrock along the vallay

wallz valley bottom recharges the confined aquifars.

In maost places, little or no watar recharges the confined
afquifar from streams flowing across the fine-grained
daposits in tha main valley exceptin the vicinity of the
Village of Dryden municipal well {TM 204) thattaps the
uppar aquifer and iz near Virgil Creak—withdrawals from
thiz zhallow aquifar lowars tha water levals enough to
@ induce racharge from the owvarlying confining unit and,
subsequantly, from the overlying straam,

()
CEON®)

Somea recharge reaches confined aquifer from owverying
and underlying sourcas through the over- and underlying
confining units, especially where large withdrawals
increase the vertical gradient into the aquifar.

®

Racharge from precipitation that falls directly ower valley-
fill sadimants.

Confining unitz may ba locally intarrupted by "“windows" of
parmeaable sadiment that can readily tranzmit recharge from
pracipitation and tributarias that lose water as they flow over
the vallay floor.

£}

surficial alluvium is greataer than that in the alluvium, some
water from below racharges the surficial alluvium.

@
®
B. Southern part of study area—thin alluvial unit and three extensive and (9) Inareas whera tha hydraulic head in the units underlying the
continuous confined aquifers
)

Watar table in the valley-fill deposits.




Simulation of GW flow using a
numerical model (MODFLOW)

Upland runoff Up|,ar|d runoff EXPLANATION
(mostly in the {mostly in the

southern part of southern part of Upper confining unit
the study area) Recharge Recharge Recharge the study area)

lhIlﬂ.a“ug.rlflalil \ * * Upper confined aquifer
“i ® ® k—. Middle confining unit

H Middle confined aquifer

Lower confiming unit

Lower confined aquifer

Mo flow

A. Vertical section of model.

Predominantly vertical flow within model layer Hydraulic connections with fractured bedrock
9 -*—I .
along valley walls. Seepage from bedrock simulated

H Predominantly horizontal flow within model layer with injection wells




Thickness
is variable

B. Cell dimensions and variables used in computation
of flow rates.

EXPLANATION

a H Horizontal flow
Ay  Vertical flow

AH Cross-sectional area, horizontal flow

ﬁ'u.r Cross-sectional area, vertical flow

-t Djjrection of flow

Modflow
computes the
water level for

each active cell
which then could
be used to
determine the
horizontal and
vertical
components of
GW flow



Boundary
conditions In
groundwater

flow model

General head cells (lakes, ponds,
and wetlands)

e River cells (streams and bogs)

—— 11 Drain cells (bluifs along eroded
stream gorge)

& Well cell that simulates groundwater outflow
through the northern end of the model

& Well cell that simulates groundwater inflow
through the eastern end of the model

@ Well cell that simulates groundwater outflow
through the southern end of the model

= Well well that simulates recharge from
groundwater inflow from bedrock along the

valley walls and runoff and from unchannel
uplands




-«+—— Obsarved plus interval

-+—— Computed valua

Calibration target -+—— Dbservad valua

«— Dbserved minus interval

If the bar lies entirely within the target (plus or minus
5 feet), the color bar is drawn in green. If the bar is
outside the target, but the error is less than

200 percent, the bar is drawn in yellow. If the

error is greater than 200 percent, the baris
drawn in red.

CALIBRATION

Groundwater-
level residuals
for the
numerical
groundwater-
flow model




Head
computed
by steady-

state
simulation

Upper confined
aquifer (model
layer 2).

Eruund-wqier‘
d'ri.ridﬁ_l__




aquifer (model
layer 6)
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South Strest pumping
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GW flow in a longitudinal section in the central
part of the Virgil Creek and Dryden Lake valleys

Valley Heads Moraine

Confining units

:’ Confining units - Water

—_ |‘|gu.—1— Potentiometric contour— Contour interval 5 feet. Datum is National
I:I Bedrock (shale and siltstong) Vertical Datum of 1929. Arrow indicates direction of groundwater flow.




Estimation of
contributing
areas and time
of travel to
Village of
Dryden
production
wells TM 202
that is
finished in the
upper confined
aquifer (model
layer 2) and
TM 981 that is
finished in the
middle
confined
| aquifer
(model layer 4)




Contributing
area and
time of travel
to Village of
Dryden
production
well TM1046

finished In

the lower
confined
2L NN _ s EF =N L aquifer




Contributing areas and
time of travel to Village
of Dryden production
wells TM1046 that
IS finished in the lower
confined aquifer
(model layer 6) and to
a hypothetical well at
test well site TM2724
near Keith Lane

Contributing area to Village of Dryden
#é' ——— 10— production well TM1046— Contour
= o interval is the time, in years, for
! ,l s
i

C=r

o SRR o
— -

iy
-~ i

groundwater o tra.'EItﬂ the wells.

Contributing area to hypothetical
well at test well site TM2724 near
Keith Lane— Contour interval is
the time, in years, for groundwater
to travel to the wells.




HIGHLIGHTS OF THE DRYDEN AQUIFER
STUDY

 The discovery of the highly productive aquifer
at depth 177 — 245 ft at Dryden Lake

 CFC dating was fairly successful and indicated
that the water is generally old (1940s or older
at Village wells, 1970s at Dryden Lake)

 Identifying one of the major recharge areas to
the upper confined aquifer(s)

* Virgil Creek is losing at least 450 gal/min to the
upper aquifers in the vicinity of the dam
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