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Fig.}. Locationsofinibutarics, salt-mining plants, municipalitics, and lakes in and adjacent
to Scneca Lake's watershed. Map symbols: 1 —Wilson Creek: 2—Kashong Creek: 3—Keuka
outlet; 4—DBig Strcam;, 5— Rock Stream; 6 —Catherine Creek; 7— Hector Falls Creck; 8— Mill
Creek; 9—S8cneca Lake outlet; A—Cargill Salt Plant; B—Akzo Salt Plant; C—Morton Salt

Plant.

lake’s water retention time, the value of which can vary
widely from year 1o year (Oglesby 1578), and they do not
ncgleet to 1ake this into account. Whether the model by
EMMer et al. accurately describes the behavior of Cayuga
Lake, we find it instructive lo apply the same model to
Scneca Lake to determine whether that lake's salt budget
can be balanced without significant input from saline
groundwater.

Modeling chloride concentration in Seneca Lake—Eight
medium-sized and large tributaries of Seneca Lake and

its outlet were sampled and analyzed for chloride four
times in 1992 to determine whether chloride loading by
tributaries could account for the high chloride levels of
the lake (Fig. 2). Figure 3 shows the locations ol the trib-
utaries, the locations ol the three salt-mining plants, and
the three largesl municipalities in the lake’s walershed,
as well as the drainage relationships of Keuka, Sencca,
and Cayuga Lakes. Keuka Lake drains directly into Sen-
eca Lake, which is the only instance under normal flow
rcgimes of one Finger Lake draining into another. The
outlet of Sencca Lake flows through a wetland arca to the
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Table 1. Locations and water depths of sclecicd sediment cores in Sencca and Cayuga

Lakes.
Water
depth

Core Landmark N lat, W long {m)
Seneca | Clark Pt. ccenter 42°48.75°, 76°57.77 71
Scneca 2 Clark P1. west 42°48 .83, 76°58.22 38
Scneca 3 Clark Pt east 42°48.73, 76°56.98' 61
Scneca 4 Kashong P1. center 42°45.92, 76°56.9% 123
Seneca 6 Kashong Pt. cast 42°45,91', 76°56.64° 123
Scneca 7 Kashong Pt. west 42°45.9(, 76°57.65' 635
Sencca 8 Dethurst Castle 42°49.90', 76°57.91" 61
Sencea 9 Plum Pt, west 42°35.85, 76°54.38' 164
Scncca 10 Plum Pt. center 42°35.79, 76°53.75' 188
Seneea 1 Plum P1. east 42°35.60°, 76°53.17 168
Sencea 12 Long Pt. center 42°39 85, 76°53.69' 163
Seneca 3 Long P1. cast 42°39.99, 76°52.99" 112
Sencca 14 Long P1. west 42°40.00°, 76°54.47" 150
Scneca 15 Pcach Orchard P1. 42°29.67, 76°54.01" 162
Seneca 16 Plum Pt. west 42°35.34', 76°54.50" 122
Scneca A Belhurst Castle 42°49.97, T6°57.96' 62
Sencea E Beihurst Castle 42°49.93', 76°57.97 62
Cayuga | Sheldrake Pt 42°40.13', 76°40.82° 118
Cayuga 2 Aurora 42443 11°, 76°45.18' 73
Cayuga 3 Ellis P1, 42°46.98', 76°44 80" 40
Cayuga 4 Farleys Pt 42°48.4¢6°, 76°44.41" 24

Instead, the deep conductivity sections seem to follow
the contours of the lake Noor (Fig. 8). Not once in four
north—south transects of the lake (10 July, 10 September,
and 7 November 1991 and 29 April 1992) did we observe
any significant excess in water-column conductivity at
the southerm end. In fact, watcr-column conductivity at
this end was lower than the lake average in spring, pre-
sumably due to input [rom Catherine Creck, Seneca Lake’s
second largest tributary. It is surprising that in a lake so
long and narrow (564 km} a slight cast—west gradient
in conductivity sections was repeatcdly observed (8 July
1991 and 30 Junc and 29 October 1992; Fig. 9). On each
vecasion, conductivities appcarcd {o be slightly greater
on the west side than on the cast. Tt is notcworthy that
the Morton Salt Company’s installation in Himrod is
located 3 km west of the lake at 42°35'N—the latitude
along which the cast-west transects werc made,

Seneca Lake is classificd as a warm monomiciic lake
(Berpg 1963). It rarely develops ice cover and circulates
freely all winter. Thus, the decp chloride enrichment in
the hypolimnion which accumulates in summer and au-
tumn is mixed into the overlying water and homogenized
in winler. Figurc 10 shows the depth-time distribution of
water-column conductivity for the last 6 months of 1991
and afl of 1992, In both years, the epilimnion conductiv-
ities declined during the period of summer—autumn strat-
ification, while the hypolimnion conductivities steadily
inereascd. The fresher epitimnion can be attributed to
mixing with warm and relatively tow-salinity input rom
tributarics. The increasing salinity in the hypolimnion is
indicative ol saline input from some other source.

Sediment interstitial water profiles in Sencca and Ca-
yupa Lakes—Seventeen sediment cores were collected
rom Seneca Lake and four from Cayuga Lake. Four to
cight subsamples from cach were centrifuged, and the
interstitial fluids were analyzed for chloride. Selected corcs
were also analyzed for total alkalinity and major cations.
Table 1 lists the locations ol selecied scdiment cores, and
Table 2 gives the chloride results. The interstitial water
chloride gradient in a represcntative sediment core is
shown in Fig. | |. Groundwater with chlorinity nearty that
ol scawater is present 2-3 m below the sediment—water
interface in many locations in Seneca and Cayuga Lakes,
and the sharp chloride gradients ncar the interface strong-
ly suggest the vertical dilfusion of saline water. Although
considerable spatial variability in near-surface chloride
gradients can be scen, a map of core locations (Fig, 12)
shows that broad regions a1 the nonh end of both lakes
exhibit uniformly high near-surfacc chloride gradients.
Only onc scdiment core south of 42°40'N (Seneca 9) ¢x-
hibited pore-water chlorides 4% within 2.5 m of the sed-
iment-water interface, although a number of others in
this region were in the range of 1-3%.. Seneca 9 is adjacent
to the Moren Salt plant and might reflect a localized
source. However, we consider it unlikely that Moron
Salt's disposal well could be responsible for all of the
saline groundwater under the north ends of the lakes. A
bed of lake sediment 60 km? in area and 50 m thick that
has a water content of 25% at 16%w chloride would contain
20x 10° kg of NaCl, and this docs not takc into account
any of the saline groundwater in the 20-30 km of rock
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Fig. 13. Dathymetry of Belhurst Castle Hole (depths in me-
ters). The deepest part of the hole (61 m) is ot 42°49.95'N,
T6°57.95'W.

Pooling of saline water in a topographic depression in
Seneca Lake—The bottom of Scneca Lake is topograph-
ically irregular., A depression in the lake floor at
47°49.95'N, 76°57.95'W (known locally as the Belhurst
Castle Hole) has been observed on occasion to contain
water with up to twice the conductivity of the rest of the
lake below its sill depth of 46 m {Figs. 13 and 14). Sed-
iments in the hole are saline (Seneca cores 8, A, E) but
not significantly more so than those of other cores at this
cnd of the lake. 1t would appcar that the morphology ol
the hole prevents mixing of water below its sill with the
rest of the lake. This phenomcenon is transient. It persists
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Fig. 14, Water-column conductivity/temperature/depth

profile at the Belhurst Castle Hole. Sill depth is ~46 m.

Table 3. Sediment interstitial water concentrauons of chlo-
ride, total aikalinity. sodium, calctum, magnesium, and potas-
sium {ppm) in selected sediment cores.

Dcpth

{cm) Cl Alk, Ma'

Sencea |
2,670 323 [23 10
4,520 475 200 11
6,010 661 269 18
6,250 6351 266 17
8,040 842 134 22
9,640 9L 8 361 13
9,740 929 362 34

Sencca A

Cal 3 MgJ b K +

8] 4,380 250
44 7.100 200
84 9,120 200

124 9.970 200
164 13,350 250
204 15,730 200
244 15,750 200

0 1,700 400 1,240 150 60 13
41 2,700 500 1.800 180 90 5
82 3,400 600 2,220 210 120 5

123 4,300 700 2,920 240 150 7

164 5,200 1,000 3,450 280 180 5

205 6.300 800 4,080 330 220 7

246 7,400 800 5210 400 280 8

287 8,600 550 5,300 380 280 8
Seneca E

0 7.650 100 5,500 1,290 410 34

78 11.100 100 8,050 1,160 510 52
156 13,250 150 10,140 1,300 560 74
234 15,400 250 10,950 1,400 510 78
312 16,600 200 10,420 [,510 500 BO
390 16,350 200 10,320 1,290 480 81
468 16,000 200 9,680 |, 160 440 80
546 16,600 200 9.910 1,160 450 82

for at least a few weeks at a time in summer or autumn
but can suddenly disappear. Scneca Lake is known to
undergo internal waves and seiches with amplitudes ol
tens of meters (Ahrnsbrak 1974), Such cvents arc pre-






