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Site Characteristicsand Land Use

The Esopus Creek HBN Basinisin the Catskill Mountains in southeastern New
Y ork in the Appaachian Plateaus physiographic province (Figure 18. Map of the study
area in the Esopus Creek Basin and photograph of the stream channel near the town of
Big Indian, New York). The basin drains 165 kn¥ of steep, mountainous terrain that
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Figure 18. Map of the study area in the Esopus Creek Basin and photograph of the
stream channel near the town of Big Indian, New York



ranges in eevation from 304 m a the gage to 1,145 m a the summit of Panther
Mountain. The USGS gaging station is 0.8 km west of the town of Allaben, N.Y ., at
latitude 42°07'01" and longitude 74°22'50". The channel length of Esopus Creek
upstream from the gage is about 20 km, and stream gradients range from 10 m/km near
the gage to 220 m/km in the headwater tributaries. Esopus Creek flows southesst into
Ashokan Reservair, 21 km downstream from the gage, which provides drinking water for
the city of New Y ork. The main channd is perennia, and mean monthly discharge ranges
from 0.86 nT*/sin August to 9.5 n/sin April. Average annud runoff was 74 cm from
1964 through 1995 (U.S. Geologica Survey, Water Resources Data, New Y ork). Climate
of the arealis characterized by cold winters and moderately warm summers with average
daily air temperatures that range from - 4.2°C in January to 21.5°C in July (Tornes,
1979). Annua precipitation rates in the headwaters of Esopus Creek are among the
highest in the Northeast (Kudish, 1979). A Nationd Weather Service station near
Winnisook Lake (elevation 808 m) recelves an average of 157 cm/yr of precipitation, of
which 18 percent falls as snow (Murdoch, 1991). Annua precipitation decreases with
elevation in the Catskill Mountains at arate of about 6.5 cm per 100 m (Kudish, 1979).
Therefore, average annud precipitation at the gage was estimated to be 125 cm.

The basin liesin the Adirondack-New England Mixed Forest ecoregion (Bailey and
others, 1994); the forest can be separated into two mgor zones the Northern Hardwood
forest type at dtitudes below 1,000 m and the Spruce-Fir type above 1,000 m. The
dominant hardwood species are American beech, sugar maple, yelow birch, black
cherry, red maple, white ash, and red oak. Spruce- fir forests are dominated by red spruce
and balsam fir with mountain ash and occasondly paper birch. A more complete
description of forestsin the Catskill Mountains can be found in Kudish (1971). Sailsin
the basin are classified as Inseptisols and are mapped in the Arnot- Oguaga- Lackawanna
soil association (Tornes, 1979). They are well-drained, bouldery, silt loams developed in
till derived from reddish sandstone and shde. Soilsin the Lackawanna series have a
dense fragipan 50 cm or more below the surface that restricts rooting and dowsthe
infiltration of water. Chemically, the soils are acidic (mean pH of 4.4), have low cation+
exchange capacities (5.7 meg/100 g of soil), and low sulfate-adsorption capacities
(Murdoch and Stoddard, 1993).

Bedrock that underlies the basin conssts of gently doping to flat-lying shaes,
sandstones, and conglomerates of Devonian age. The sediments were uplifted as a broad
plateau and subsequently dissected into steep-waled valleys by the action of streams and
glaciers. Minerdogic differences among the sedimentary rocks in the Catskill Mountains
are minor, and most sediments are composed of detrital quartz (70 percent), fine-grained
metamorphic rock fragments (16 percent), and minor amounts of mica and feldspar
(Ethridge, 1977). Trace amounts of cacite and hematite dso are present as cement
materias in the sandstones. The glacia history of the Catskill Mountainsis complex
owing to the presence of both a continental ice sheet and locd apine- type glaciers (Rich,
1935). Till in the Esopus Creek drainage is derived predominantly from Catskill rocksto
the north and conssts of an unsorted mixture of clay, sand, and boulders that range in
thickness from afew centimeters on the summits to more than 40 m dong the valey
bottoms (Kudish, 1979).



The Esopus Creek Basin drains parts of Green and Ulster Counties and isin the
boundaries of the Catskill Park. The Catskill Park is a State Forest Preserve that is
interspersed with private holdings. The preserve is administered by the New York State
Department of Environmenta Conservation under the guidelines of the Catskill Park
State Land Plan (McAllister and Ochman, 1992). The basin dso isin the 1,479-kn
Catskill Reservoir Didtrict, which together with the Schoharie Basin provides 40 percent
of New York City's drinking water (Perry, 1971; Freud, 1991). Accessinto the basinis
by way of State Highways 28 and 42, which are paved roads that traverse the basin dong
the Birch Creek and Bushnellsville Creek drainages, respectively. Both highways are
open year-round and are sdted and plowed in winter. A grave road pardlelsthe main
Esopus Creek drainage between Big Indian and Winnisook Lake. Earthen roads follow
many of the smaller tributary streams to access residential areas. Access to the upper
dopes and ridges is limited to foot trails.

Details of the settlement and land-use history of the Catskill region can be found in
Kudish (1979) and Mclintosh (1972). Extensive settlement and disturbance by Europeans
began in the early 1800's when the Catskill M ountains became the center of alarge
tanning indugtry that harvested the native hemlock forests for tanbark. Sawmills dso
were operated in the area, cutting hardwoods and pines for barrels and other wood
products. By the end of the 19th century, most of the Catskill forests had been cut at least
once, and only forests above 850 m in dtitude remained undisturbed (Mclntosh,
1972).The Catskill Mountains gained increasing popularity as aresort and recregtion area
in the mid- 1800's (Francis, 1983), and the upper dopes and summits were designated a
State Forest Preserve in 1870.

Current (1997) land cover in the basin is about 94 percent foret, 5 percent
resdentid, and less than 1 percent agriculturd and commercid. Mogt State-owned lands
in the basin are designated as wilderness and are protected from future devel opment.
Most land-use activities in the basin are related to the road network and residentid
population. More than 3,000 full- and part-time resdentslive in sx smal communities
and in scattered resdentid areas that are locdized dong the main drainage and mgor
tributaries. The basin dso contains severd impoundments and a wastewater-treatment
plant that was congtructed in 1925 downstream from the community of Pine Hill. Three
sand and At piles for winter highway maintenance are currently stored at public garages
in the communities of Allaben and Big Indian (James Mayfield, New Y ork City
Department of Environmenta Protection, written commun., 1993). The most significant
land-use change since the gage was established has been an increase in residentia
population. Census data are not available specificdly for the HBN basin; however, the
population of the Esopus Creek Basin upstream from the Ashokan Reservoir increased
147 percent between 1940 and 1980. During the same period, residentia land usein the
basin increased 230 percent, whereas commercia and agricultura land use decreased 80
percent (Freud, 1991).



Historical Water-Quality Data and Time-Series Trends

The data set andyzed for this report includes 233 water-qudity samples that were
collected from August 1963 through August 1992 when the station was removed from the
HBN. Sampling frequency progressvely increased from 2 samplings per year in 1963 to
12 samplings per year in 1968. Sampling frequency was monthly from 1968 through
1982, then quarterly from 1983 through 1992. Water-quality sampleswere andyzed a a
USGS laboratory in Albany, N.Y ., from 1964 through 1977, the USGS Centra
Laboratory in Atlanta, Ga., from 1978 through 1985, and at the NWQL in Arvada, Colo.,
from 1986 through 1992. Daily discharge records for Esopus Creek (station 01362198)
are available beginning in October 1963. Daily water temperature at the gage was
messured from July 1963 through July 1968, January 1970 through May 1994, and after
January 1995. In October 1988, the gage was moved 0.8 km downstream owing to the
increasing popularity of asvimming hole near the former gage ste (A.J. Randli, U.S.
Geologica Survey, oral commun., 1994). Records after 1988 for the relocated Station are
published as Esopus Creek at Allaben (station 01362200).

Cdculated ion balances for 228 samples with complete mgor ion analyses are
shown in figure 19. lon baances ranged from - 26 to +36 percent, and 90 percent of
samples had vaues within the £10 percent range, indicating the andytical results were of
good qudity. The average charge baance for al samples was - 0.9 percent, indicating
that unmeasured congtituents, such as organic anions, do not contribute substartidly to
the ionic composition of stream water at this station Time-series plots of mgjor dissolved
condtituents were ingpected for evidence of andytica-reated influences (Figures 19a and
19b. Temporal variation of discharge, field pH, major ion concentrations, and ion
balance at Esopus Creek, New York). At least two patterns are evident at the Esopus
Creek station in the middle part of the record. For example, field pH values decreased
somewhat abruptly around 1976, remained low for the next severa years, then increased
again around 1980. This pattern coincides with a period when pH was determined in the
field by usng awater-qudity anayzer produced by the Hydrolab Corporation (N.E.
Peters, U.S. Geologica Survey, ord commun., 1994). It has been documented thet, in
low ionic-strength water, the Hydrolab can produce errors as large as one pH unit when
used with a standard reference dectrode (Hydrolab, 1992). The usua result of this
combination is alower than expected pH, which is consgstent with the low vaues
reported at thisste in the late 1970's. A somewhat sudden change also occurred in the
caculated ion balance around the beginning of 1975, but the cause of the shift could not
be identified. A smilar pattern was not observed in the mgjor ionic condituents,
indicating the shift was not caused by abiasin any individua condtituent. In addition, the
pattern did not coincide with any documented changes in andlytical methods or field-
related activities.

Median concentrations and ranges of mgjor condtituents in stream water collected at
the HBN gaging station and VWM concentrations in wet-only precipitation measured a
the Biscuit Brook NADP gation are listed in table 34. Precipitation chemistry a Biscuit
Brook, which is about 5 kmwest of Winnisook Lake, is dilute and acidic witha VWM



10 T T T ] T T T T
E DISCHARGE 3 a5 b FELD 1H -

]
&
E [ [ ] " L] ’s 1l - = ...‘
| e mmE e o w _w i - _._-.'. -
B o A A L b o '-'F-, bl
LDl | L LRI G
E 1-...*. .“l.. - N E 3 '. -y
E 1L - .-l.- '_.:: I - ) i 55 L I THL _
] "o -': | -'. :
M F = l-= Sat [ ] - .-- d-.S - -
B 0.1 = I I I I I 1 I I
smE T T T ] ang | T T T T
| . . ORI | - WLAGNE STU M
oo :..:.‘. -.: .'-' ., " ] 1530 " s - -
30 - 'i':"- T s i T - -
BN “' . T " r I EN N NENE W NI NN EE ]
B ) el L R T 100 L - o e e e s e 8 -
amo | .JF- ‘:':.'E:'. 'IIF: Ll | . -l-.-_-.= -:;:-.lll. -

(4]
L}
T
1

MICROEQUIVALENTS PER LITER
o
1r .
MICRCEQUIV ALEINTS FER LITER
]

a0F SOOI 50 L POTASSIIN -
2o | -

I ol )
150 - . m o

ll:l:l | 4 L] " EEEE = - aEm == L1}
| 10| s = = ———— oy ——
Sl:l T - L] L L N I | - _— ) T
|:| | 1 1 1 1 |:| - I- T 1 1 1
1052 1970 1072 1025 100k 1052 1970 1072 1085 1094

WATER YEARS

Fgure 19a. Temporal variation of discharge, field pH, major ion concentrations, and ion
balance at Esopus Creek, New York
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Figure 19b. Temporal variation of discharge, field pH, major ion concentrations, and
ion balance at Esopus Creek, New York - Continued



pH of 4.3 for 10 years of record. The dominant cations in preci pitation were hydrogen,
which contributed 74 percent of the totd cation charge, and ammonium, which
contributed 15 percent. Sulfate and nitrate were the dominant anions, accounting for 61

and 33 percent of the anion charge, respectively. The low pH and predominance of strong

acid anions indicates that precipitation at the NADP gation probably is affected by
anthropogenic emissons of sulfur and nitrogen compounds, which cause acid rain.

Table 34. Minimum, first quartile, median, third quartile, and maximum values of physical
properties and major ion concentrations measured in water-quality samples from Esopus
Creek, New York, August 1963 through August 1992, and volume-weighted mean
concentrationsin wet precipitation collected at the Biscuit Brook Station, New Y ork

[Concentrations in units of microequivalents per liter, discharge in cubic meters per second, specific conductance in microsiemens per
centimeter at 25 degrees Celsius, pH in standard units, and silica in micromoles per liter; n, number of stream samples;, VMW, volume
weighted mean; inst., instantaneous; spec. cond., specific conductance at 25 degrees Celsius; pH in standard wnits; <, less than; --, not reported]

Stream Water e
Parameter . Precip taE on
Minimum F rs_t Median Seco_nd Maximum n VMA
quartile quartile
Discharge, 0.12 091 25 51 29 232 -
inst.
Spec. cond., 31 45 51 61 82 230 --
fidd
pH, fidd 4.9 6.6 6.9 7.3 8.7 229 4.3
Cdcium 130 240 260 310 460 233 3.0
Magnesium 50 92 100 110 190 233 14
Sodium 35 70 93 120 230 232 33
Potassium <25 8.0 8.0 10 18 232 A4
Ammonium <7 <7 2.1 3.6 18 91 11
Alkdinity, 39 160 210 300 500 228 --
laboratory
Sulfate 25 150 160 170 310 230 44
Chloride 17 70 96 130 370 230 45
Nitrite plus <7 11 19 28 58 139 24
nitrate
Silica 17 40 43 47 61 231 --

3V alues are volume-weighted mean concentrations for 1983—94; ° Laboratory pH; ®Nitrate only.




Stream water in Esopus Creek is dilute and weskly buffered; totd ionic condtituents
ranged from 220 to 780 neg/L, and akdinities were generally between 160 and 300
meg/L. The mgor cationsin stream water were cacium and magnesum, and the
dominant anions were dkdinity and sulfate. The low concentrations of weathering-
derived condtituents, particularly dkalinity, reflect the dow weethering rates of the
sandstone bedrock. High rates of acidic deposition probably aso contribute to the low
stream-water akalinities a this station. The median chloride concentration in stream
water was 96 meg/L, compared to the VWM concentration of 4.5 meg/L in precipitation,
indicating that a subgtantia fraction of sream-water chloride is derived from sourcesin
the basin. Because the bedrock contains only minor amounts of hdite (Murdoch, 1991), it
islikely that human activities such as gpplication of deicing sdts and discharge of sewage
effluent are the primary sources of chloride in stream water. The median sulfate
concentration of 160 meg/L in stream water was 3.6 times larger than the VWM
concentration, 44 meg/L, in wet precipitation. Based on the difference between average
annua precipitation and runoff, evapotranspiration can account for no more than a
twofold increase in the concentration of precipitation, indicating that a substartid amount
of sream-water sulfate is derived from sources other than wet deposition. Dry deposition
is generdly assumed to be the source of additiona stream-water sulfate if no other
sources are present in the basin. Some sulfate may be released from westhering of trace
amounts of pyrite in the sandstones; however, this source is believed to be minor relaive
to atmospheric sulfate in Catskills streams (Murdoch, 1991). Nitrate concentrationsin
stream water were dightly smaller than in precipitation and had the same range of
concentrations that was measured in pristine headwater streams throughout the Catskill
Mountains (Murdoch and Stoddard, 1993).

The solute composition of stream water was further evauated by andyzing
correlations between solutes and stream discharge (table 35). Base cations and dkalinity
were inversdy correlated with discharge. These results are consistent with a hydrologic
system where weathering-enriched base flow is diluted by waters from shdlow or
surficid sources during periods of increased discharge. Among the solutes, the strongest
correlations were found between cacium and magnesium (rho = 0.900) and sodium and
chloride (rho = 0.876). Silicawas not correlated with the other dissolved congtituents or
with discharge. The pogtive corrdations between calcium, magnesium, and akalinity
and lack of corrdation with slicaare consstent with the westhering stoichiometry of
carbonate minerals. Trace amounts of carbonates are present as cements in the sedimen-
tary rocks and possibly as limestone fragments in the glacid till (Murdoch and Barnes,
1991). Theinfluence of human activities on stream chemigtry is further supported by the
strong positive correl ation between sodium and chloride. The processes that control silica
in stream weter are not clear, particularly snce concentrations varied relatively little over
awide range of sreamflows. Weethering of silicate minerds and metamorphic rock
fragments in the sandstone and till is the most likely source of slicain ground water and
to the stream during base-flow conditions. Under high-flow conditions, however, disso-
lution of amorphous sllicaminerds, biologicd activity, and sorption reectionsin shalow
ground water or soil environments may be the dominant processes that control slica
concentrations in the stream (Stoddard and Murdoch, 1991).



Table 35. Spearman rank correlation coefficients (rho values) showing therelation
among discharge, pH, and major ion concentrations, Esopus Creek, New York, 1980
through 1992

[Q, discharge; Ca, calcium; Mg, magnesium; Na, sodium; K, potassium; Alk, akalinity; SOq, sulfate; Cl, chloride; N, nitrite plus nitrate; Si,
silica)

Q pH Ca Mg Na K Alk SOq4 Cl N

pH [-0.306

Ca |-.786 |0.368

Mg |-.667 |.209 |0.900

Na |-500 |.355 |.741 |0.768

K |-329 |.126 |.453 |.467 |0.329

Alk |-693 |.335 |.678 |.553 |.302 |0.270

SO4(-.012 |-091 |.143 |.226 |.105 |-.060 |0.005

Ccl |-320 |.172 |594 |676 |.876 |.211 |.134 |0.223

N |.438 -152 |-312 |-172 |-.062 |-.288 |-433 |.069 |0.136

S |-015 |-015 |.180 |.208 |.243 |.000 |-.030 |.004 |.189 | -0.072

Reaults of the seasond Kendal test for trendsin discharge and mgjor dissolved
congtituents from 1963 through 1992 are presented in table 36. Statistically sgnificant
trends were detected in sodium, chloride, nitrate, and sulfate at the 0.01 confidence levd.
Trends in the flow- adjusted concentrations were smilar to the unadjusted concentrations,
indicating that trends were not driven by changes in stream discharge. The LOWESS
curvesin figure 19 show theat the trends in sodium and chloride were of Smilar
magnitude and timing, and most of the increase occurred between 1972 and 1984.
Increasing use of deicing salts and discharge from the wastewater- trestment plant in the
basin are the mogt likely causes of the upward trends in these condtituents. Thisresult is
congstent with trendsin chloride of 1 to 3 (meg/L)/yr that were observed in other Catskill
rivers from 1964 through 1990 (Freud, 1991). Freud attributed the trends to increasesin
population and residentia land use in the region from 1950 to 1980. The upward trendsin
stream-water calcium and nitrate and downward trend in sulfate in Esopus Creek are
congstert with trends in the chemistry of other Catskill streams (Peters and others, 1982;
Stoddard, 1991; Murdoch and Stoddard, 1993). Stoddard (1991) reported significant
upward trendsin cacium plus magnesum concentrations in 19 Catskill sreamsfrom
1945 to 1990; he attributed the increases to landscape disturbance, which is consstent
with the increase in resdentia population that was observed in the basin during the past
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30 years. Declinesin stream-water sulfate are consistent with the observed decreasesin
atmospheric sulfur emissions in the Northeast since 1970 (Husar and others, 1991).
Unlike sulfate, the patternsin stream-water nitrate do not mimic regiond trendsin
nitrogen deposition, which have remained stable since 1970 (Stoddard, 1991). Murdoch
and Stoddard (1993) have suggested that Catskill forests are no longer able to retain
incoming atmaospheric nitrogen and may be gpproaching nitrogen saturation owing to the
cumulative effects of acidic depogtion.

Table 36. Results of the seasonal Kendall test for trendsin discharge and
unadjusted and flow-adjusted pH and major ion concentrations, Esopus Creek, New
York, August 1963 through August 1992

[Trends in units of microequivalents per liter per year, except discharge in cubic meters per second per year, pH in standard units per year, and

silicain micromoles per liter per year; <, less than; --, not calculated

Perameter Unadjusted Fow adjusted
Trend p-vdue Trend p-vdue
Discharge 0.02 0.207 -- --
pH, fidd <.01 259 0.01 0.055
Cddum <1 .684 .8 .007
Magnesum <l 577 2 257
Sodium 2.6 .000 2.9 .000
Potassium <1 .033 <1 .009
Alkadlinity, laboratory <.1 721 1.0 .035
Sulfate -1.0 .001 ® --
Chloride 25 .000 2.9 .000
Nitrite plus nitrate 6% .009 42 151
Slica A 184 A .268
@Trend calculated for 1973—92.

® Flow model not significant at a=0.10.
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Synoptic Water-Quality Data

Reaults of the surface-water synoptic sampling of October 9 and 10, 1991, are
presented in table 37; locations of sampling Stes are shown in figure 18. Discharge at the
gage was 0.40 /s compared to the median daily discharge of 1.00 n’/s for October,
indicating that low base-flow conditions existed for that time of year. Concentrations
measured a the gage (Ste 1) during the synoptic sampling were generdly above the
third-quartile concentrations that were measured at the gage during the entire period of
record (table 34). The upstream sites spanned a wide range of concentrations that
bracketed the concentrations measured at the gage. 1on baances of the synoptic samples
ranged from - 2.8 to 4.2 percent, indicating that organic anions did not contribute
subgtantialy to the ionic content of stream water during the sampling period.

Congderable spatid variability in stream chemisiry was measured in the basin,
particularly for calcium, sodium, chloride, and akalinity. This variability appearsto
reflect the dengity of resdentia areas in the basin rather than variationsin natura basin
characterigtics, such as geology or vegetation. For example, chloride and sodium
concentrations in tributaries that drain undeveloped aress, such as site 10 and site 8, were
3to 15 times smdler than concentrations at Site 3 and Site 2, which drain areas with
sections of highway and large residentia areas. The low sodium and chloride
concentration in Birch Creek at Ste 5 compared with those of Birch Creek a ste 3
demondgrates the effect of the wastewater-treatment plant on water qudity in the basin.
Effluent from the wastewater-treatment plant gpparently also contributes calcium,
magnesium, and akalinity to stream weter, as indicated by the elevated concentrations of
these condtituents at site 3. These data aso show that Stream-water chemidiry at the gage
was affected by human activitiesin the basin. In contragt, slicaand sulfate showed little
variability among the sampling stes. Silica concentrations in the synoptic samples ranged
from 11 to 75 meg/L, and sulfate ranged from 100 to 170 meg/L. The smilarity between
slicaand sulfate concentrations in Birch Creek upstream and downstream from the
community of Fine Hill and the wastewater-trestment plant (stes 3 and 5) demonstrates
that these condtituents are only minimally affected by human activities. Although
elevated nitrate concentrations were expected downstream from the wastewater-treatment
plant, concentrations were consstently larger in streams that drain undeveloped areas of
the basin. The tributaries with the highest nitrate concentrations, site 8 and ste 10, were
sampled immediately downstream from ground-water discharge zones or springs. Burns
(1993) noted larger nitrate concentrationsin Catskill streams fed by springs and
hypothesized that ground water discharging from the springs was enriched in nitrate
because ground water was recharged predominantly during the nongrowing season when
plant demand for nitrogen isminima
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Table 37. Physical propertiesand major ion concentrations from surface-water

sampling sitesin the Esopus Creek Basin, New York, October 9—10, 1991

[Site locations shown in fig. 18; Q, discharge in cubic meters per second; SC, specific conductance in microsiemens per centimeter at 25
degrees Celsius; pH in standard units; Ca, calcium; Mg, magnesium; Na, sodium; K, potassium; Alk, alkalinity; SO, sulfate; Cl, chloride; NOg,
nitrate; concentrations in microequivaents per liter; Si, silicain micromoles per liter; WTP, wastewater-treatment plant; <, less than; --, not

measured]

Ste | Station number Q |SC|pH|Ca | Mg |Na|K |Ak |30, | Cl |NO;| S |Criteia® | Remarks

1 |01362198 040 | 86 | 7.4|420 | 150 (170 | 12 | 350 | 160 | 270 | 6.4 |43 -- --

2 | 420723074240200 | .051 | 97 | 7.6 |550 | 13 | 270 | 13 550 | 170 | 200 | 9.3 |58 | MT, LU | Resdentid
areas

3 | 420618074265400 |.035 | 130 |8.0 (600 | 210 |350 | 18 | 650 | 170 | 420 | 20 |42 | MT, LU | Downstream
from Pine
Hill WTP

4 | 420656074271200 | -- 5 (70310140 | 78 | 11 |340 (150 | 26 | <.7 |75 | LU Undeveloped
subbasin

5 |420912074274400 | .006 | 45 (7.2 /250|110 | 78 |11 (240 /130 | 51 | 79 |53 | LU Upstream
from Pine
Hill WTP

6 | 420459074265600 | -- | 44 (63230120 | 43 (82 (200|150 | 31 | 14 (48| LU Undeveloped
subbasin

7 | 420551074265800 | .19 | 49 [7.0/240 /120 | 83 [95(190 |10 | 8 | 14 |25 | LU Downstream
from town of
Oliverea

8 |420414074282900 |.006 | 50 (6.8 /290 |110 | 43 |10 (200 |140 | 28 | 79 |48 | LU Undeveloped
subbasin

9 |420317074272700 | .14 | 46 [7.0/220| 99 | 83 (84 (150|140 | 76 | 21 |22 | LU Upstream
from town of
Oliverea

10 |420200074251400 |[.001 | 48 |7.1|300| 99 | 87 |95|210 |170 | 39 | 54 |40 | LU Undeveloped
subbasin

11 | 420057074244600 | -- 30 /166|130 62 | 56 |90| 8 |100 | 48 | <7 |11 |LU Undeveloped
subbasin

Criteriaused in selection of sampling sites: BG = bedrock geology, MT = major tributary, LU = land use.
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Appendix A. List of Map References
a. U.S. Geologicd Survey topographic maps.

Seager, New York (1: 24,000)

Shandaken, New Y ork (1: 24,000), gaging Sation on this quadrangle
West Kill, New York (1: 24,000)

Pepacton Reservoir, New Y ork (1: 100,000)

b. Geologic maps.

Fisher, D.W., Isachen, Y.W., and Richard, L.V., 1970, Geologic map of New
Y ork, Hudson-Mohawk sheet: New Y ork State Museum and science Service,
Map and Chart Series 15, scale 1. 250,000.

Rich, JL., 1934, Glacia geology of the Catskills: New Y ork State Museum
Bulletin 299, map of the Catskill Mountains showing glacid geology, scae 1.
125,000.

c. Soil surveys.

Broad, William A., 1993, Soil survey of Green County, New Y ork: Department of
Agriculture Soil Conservation Service in cooperation with Cornell University
Agricultura Experiment Station, 349 p., 48 folded plates, scale 1: 15,840.

Tornes, L.A., 1979, Soil survey of Ulster County, New Y ork: U.S. Department of
Agriculture Soil Conservation Service, 273 p., 140 folded plates, scae 1: 15,840.

d. Other maps.

Catskill Trails, 1987, A five-map set published by the New Y ork-New Jersey
Trails Conference.



Appendix B - NWIS Site-l dentification Numbers

Table B-1. NWIS ste identification numbers and Ste names for water-quaity sampling
gtes.

| dentification Site Name
Number
|01362198 \ESOPUS CREEK AT SHANDAKEN, NEW YORK

|420723074240200 ‘BUSHNELLSVILLE CREEK NEAR SHANDAKEN, NEW YORK

|420618074265400 ‘BIRCH CREEK NEAR BIG INDIAN, NEW YORK

|4206560742712OO ‘ROCHESTER HOLLOW CREEK NEAR BIG INDIAN, NEW YORK

|420912074274400 ‘BI RCH CREEK AT PINE HILL, NEW YORK

|420459074265600 ‘HATCHERY HOLLOW CR NR BIG INDIAN, NEW Y ORK

|420551074265800 ‘ESOPUS CR BELOW OLIVEREA, NEW YORK

|420414074282900 ‘ MCKENLEY HOLLOW CR NR OLIVEREA, NEW YORK

O 0[N O O | W N

1420317074272700 [ESOPUS CR AB OLIVEREA, NEW YORK

10 |4202000742514OO ‘GIANT LEDGE CR NR OLIVEREA, NEW YORK

11 |420057074244600‘TRIBUTARY BLW WINNISOOK LK NR OLIVEREA, NEW YORK
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