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BUSH KILL SUB-BASIN
Towns of Middletown, Halcott, Roxbury and Shandaken

Introduction
The Bush Kill watershed is located within four different townships: the Town of
Middletown and Roxbury in Delaware County, the Town of Halcott in Greene County,
and the Town of Shandaken in Ulster County. The Village of Fleischmanns is the only
population center along the Bush Kill mainstem. The Bush Kill mainstem was separated
into six management units based upon the SGAT protocol. Vly Creek is a tributary to
Bush Kill and flows from Halcott, south into the Bush Kill. Vly Creek was divided into 9
management units.
The Bush Kill mainstem, at the confluence with Dry Brook, is a fourth order stream. In
addition to numerous unnamed tributaries, there are four major tributaries that enter the
mainstem: Red Kill, Vly Creek, Little Red Kill, and Emory Brook. Tributaries entering
the Bush Kill mainstem appear to have minimal impact on sediment load on the
mainstem. The drainage area of the Bush Kill is approximately 47.18 square miles. The
mainstem is 4.8 stream miles from the confluence of Dry Brook mainstem upstream to
the confluence of Vly Creek and Emory Brook. The Vly Creek mainstem is
approximately 9.4 stream miles long and the drainage area is 22.5 square miles. Both the
Bush Kill and Vly Creek are primarily C stream types. Some sections of Vly Creek are
C/B, B, and A. The Bush Kill watershed valley is generally broad to very broad towards
the headwaters and narrow to broad near the confluence. The land is predominately
forested and residential. The average annual rainfall in the watershed can range from 3741 inches/year for the Bush Kill mainstem and 41-49 inches/year in the headwaters.

Stream Assessment
Data was collected using the
SGAT protocol, two helicopter
flights for Vly Creek and the Bush
Kill, and Global Positioning
System
(GPS)
walkover
assessment were performed on 1.3
miles of the Bush Kill mainstem
and 3.6 miles of Vly Creek.
Additional stream data to complete
the entire mainstem was collected
using the helicopter video logging.
Monitoring
sections
were
examined in two areas of the subFigure 1.7 Vly Creek Step Pool Sequence
basin: Vly Creek and Lake
Switzerland.
Rosgen Level II
surveys were completed for one stream reach of Vly Creek. The analysis of the Rosgen
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Level II resulted in an F stream type for the study reach. This area was identified as a
possible reference during the Project Advisory Committee (PAC) visioning session
processes. Figure 1.7 illustrates a step pool sequence on Vly Creek.
The monitoring section in the Lake Switzerland project site examined channel migration
in silty deposits of the old lake bed. Photo locations were established to ensure consistent
documentation for channel and changes following high flow events.

Geomorphic Conditions
Bush Kill
The SGAT protocol classified the Bush Kill as a type C stream with sinuosity on the low
side, ranging between 1.00 and 1.13. No Rosgen Level II survey was completed on the
Bush Kill. The following statistics were generated from the various assessments of the
Bush Kill:
• 23% of the total streambank length has revetment streambank protection.
• There are 25,414 feet of eroded streambanks at 37 separate locations.
• Approximately 11,552 feet of streambank are bermed (22.75%).
• There are 23 gravel deposition bars, which is equivalent to 1.6 features per
mile of stream.
Based on the above information from the assessment, it is evident that the primary
problem facing the Bush Kill is streambank erosion as a result of the impact of
development. A significant percentage of the stream channel is bermed and revetted.
The overall sinuosity is very low indicating that the stream has been straightened by
development. The land use along the stream corridor in numerous locations is very
intensive and encroaches or limits access of the stream to its floodplain. Confinement of
the channel increases the energy of the storm flows which increases shear stress and
erosion potential on the streambanks. This encroachment is especially significant within
Fleischmanns and the downstream hamlet of Clovesville. Stormwater inputs to the
system are likely impacting water quality.
In BsK 01, about 6,000 feet below the railroad bridge, the stream is migrating to the left
according to historical aerial photographs. The stream makes a large bend to the right
and hits directly against the steep slope embankment. Floodplain access is good at this
location and the stream has room to adjust its course. This location should be monitored,
but it is assumed that in time it will create its own bend to the left. Gravel deposits at the
mouth of the Bush Kill near the confluence of Dry Brook do not appear to be a severe
problem.
Vly Creek
The stream slope is in the range of 1% to 1.5% except in the upper reaches where the
headwaters exhibit steeper slopes. The sinuosity is slightly low, ranging from 1.06 to
1.17 and the reaches are classified as stream types C, B, or Cb. The stream channel bed
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consists mainly of cobble material. Using the SGAT protocol supplemented by
helicopter flyovers and GPS walkovers, the following descriptors for the stream condition
can be listed:
• Gravel deposition is rated as having no significant impact
• There is approximately 3,900 feet of revetment and most of it is concentrated
in VlC 01 with 1,935 feet and VlC 02 with 680 feet
• Few berms were located in Vly Creek, however, according to the SGAT
protocol roads do impinge on the stream corridor. The extent of the impact is
not clear from the level of assessment performed for this system.
Based on the above comments, it appears that erosion is the main problem facing Vly
Creek. Overall, Vly Creek is in good condition. The main recommendation would be to
use fluvial geomorphic principles to address any issues concerning stream performance
that may arise. The goal would be to not upset the system or introduce disequilibrium to
an otherwise well-functioning stream system.
The DCSWCD SCMPr staff has performed a Rosgen Level II survey at the Kasanoff
property in reach VlC 06. This reach seemed to be fairly representative of what was seen
repeatedly on Vly Creek. The drainage area at this location is 9.51 square miles and
according to the regional curves, the bankfull discharge is 297 cubic feet per second (cfs).
The following table compares the predicted dimensions of the stream (using the regional
curves) to those measured in the field:
Table 1.5 Stream Dimensions

Computed From Regional Curve Dimension Measured in Field Survey
57 sq. ft.
Abf
70 sq. ft.
31.1 feet
Wbf
40 feet
1.83 feet
Dbf
1.75 feet
Other important relations are:
1) Entrenchment ratio = 1.3
2) Width/depth ratio = 23
3) Shear stress = 0.9 pounds/square feet
4) Hydraulic radius = 1.7
5) Slope = 0.0083
An interesting feature of this reach is the series of four contiguous boulder pools at the
upstream end of the reach. The pools were carefully surveyed to obtain plan and profile
information about naturally occurring boulder pools for use in future restoration designs
for high gradient streams. The survey also identified two terraces on the left streambank
and a steep hillside on the right bank. Presumably, at one time all the floodplain was on
the left side of the stream. It is likely that Vly Creek stream has downcut in the past and
is in the process of downcutting again. It is not known for certain why this process is
occurring. However, cows have access to the stream just upstream of the surveyed area.
The stream at this upstream location is very wide, shallow, and choked with gravel
deposition. It is possible that the stream deposits all of the bedload at this wide section,
while downstream areas have become sediment starved. As it enters the pool at the top
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of the survey reach, the stream picks up the gravel and small cobbles, leaving behind
large cobbles and boulders. Overall, this reach is classified as stream type F. The
boulder pools may be an anomaly, or they may serve as a transition between this reach
and the steeper upstream reach. Also, in this region step pools of various sorts are not
unusual on a relatively flat stream. According to the British Columbia Channel
Assessment Guide, this reach is classified as a riffle pool cobble (RPc) and is degraded.
The most pressing problem facing this reach is the lack of stream access to the floodplain.
This reach is a convenient location for monitoring changes to the Vly Creek watershed.

Floodplains
The Village of Fleischmanns is built
along the mainstem of Bush Kill.
Revetment was used along the
stream to protect development areas.
The revetment is in poor condition
and in need of repair in many
locations. Figure 1.8 shows a failing
revetment
wall
protecting
a
developed area in the Village of
Fleischmanns.
Development along the Bush Kill is
becoming a significant concern.
Areas of the floodplain are being
Figure 1.8 Failing Revetment Wall
filled and used for material storage.
This results in a net loss of floodplain and increased flood impacts for upstream and
downstream landowners. Private driveways located in the floodplain were washed out in
the recent high flow events and were replaced. The January 1996 flood disaster severely
damaged homes and infrastructure within this corridor. Additional development within
the floodplain has occurred since the 1996 flood and will likely increase the damages in
future events of similar proportions. Downstream from Fleischmanns and Clovesville,
New York State Route 28 and the railroad bed restrict the width of the floodplain. As
they run parallel with the stream, the bridges severely pinch the floodplain down to only
the bridge opening.
There is less development along Vly Creek mainstem and the land use is mainly forested
and hay fields.
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Infrastructure
Roads built in close proximity to
streams are generally found to
encroach on the floodplain. During
the SGAT protocol Phase 1
assessment, it was difficult to
determine if a road was in the
floodplain or on a terrace above the
floodplain. Many portions of the
floodplain could be affected by roads
cutting off available floodplain area.
New York State Highway 28 and
Old Route 28 run parallel to the
Bush Kill mainstem. Several private
driveways enter perpendicular to the
Figure 1.9 Revetment for Road Protection
stream and have an impact on stream
access to the floodplain during high
flow events. Delaware County Route 37 and Greene County Route 3 run parallel to the
Vly Creek mainstem. There are a few areas in which the road is close to the mainstem
where revetment was placed in order to protect the road (see Figure 1.9).
There are bridges located on New York State Highway 28, Delaware County Route 37,
Greene County Route 3, Old Route 28, Depot Street, Bridge Street, Main Street, and
numerous private bridges.
The Delaware and Ulster railroad bed runs parallel to the Bush Kill mainstem and
impacts the stream in places by narrowing the floodplain. The impact results in greater
erosion pressure on the streambanks. To protect the railroad line from the erosion,
revetment has been placed along the streambank. The railroad crosses over the river in
one location just upstream of the confluence with Dry Brook.

Stream Management
Lake Switzerland is located in VlC
02 on Vly Creek. The dam was
partially removed due to public
safety concerns, leaving a short
section intact to serve as grade
control.
The DCSWCD SCMPr
received a grant to plant trees to
stabilize the newly created stream
channel flowing through highly
erodable soil. Cross sections were
placed in this reach in order to
monitor the movement of the stream

Figure 1.10 Lake Switzerland Post-Dam Removal
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and photo documentation is extensive for this area. Figure 1.10 is a helicopter picture
(04/28/05) of Lake Switzerland after the dam removal project. The lower left corner of
the picture depicts the water spilling
over the remnants of the dam.
A demonstration project for Japanese
Knotweed eradication was identified
in the Town of Halcott at the
intersection of Greene County Route
3 and County Route 1. A volunteer
group is working closely with the
DCSWCD SCMPr staff to eradicate
a patch of knotweed in the
headwaters of the Bush Kill on the
West Settlement Creek tributary.
There are few knotweed patches
along Vly Creek and this site was a
good candidate for a project.

Figure 1.11 June 2006 Knotweed Growth

The group has named the project site
“Knot-A-Lot”. The area of the
project is approximately 990 square
feet on the left bank and 640 square
feet on the right bank. An area of
knotweed continues up onto the
floodplain and the right side of the
stream. This area was determined to
be the control site for the
demonstration project and identified
as a possible candidate for a future
eradication project. The knotweed
height was approximately 8 feet tall
when the first cutting was completed
in June 2006. Figure 1.11 shows the
Figure 1.12 August 2006 Knotweed Growth
height of the knotweed prior to the
first cutting, while Figure 1.12shows
the knotweed re-growth in August 2006 after several cuttings. Every three weeks the plot
was cut, the stalks were dried, and then burned. The height of the new growth in August
and September was approximately 1-2 feet tall. September was the last cutting of the
year and by then the knotweed plants were fewer and easier to pull out by hand. During
the last visit, it was noticed that other types of vegetation were starting to grow in place
of the knotweed.
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The project continued in 2007
growing season. The knotweed was
found to be sparse and the height was
approximately 12 inches high. The
group planted lilies and irises on the
left streambank to help fight the
knotweed. Figure 1.3 shows the left
streambank after the second season of
the eradication project. Education is a
key role in knotweed awareness, so it
was important to notify the
community about the project. An
article was written and published in
the Halcott Times and a poster was on
display at the Halcott Community Fair
on July 21, 2007.

Figure 1.13 September 2007 Knotweed Growth
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Management Unit Descriptions
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BsK 01

This reach begins at the confluence of Dry Brook and runs upstream for about 5,059 feet.
One unnamed tributary enters into the upstream portion. Two bridges (a railroad and a
private bridge) are in the reach along with USGS Gage Station #01413398 (Bush Kill
near Arkville NY), which is located on the left bank 60 feet upstream from the private
bridge. It is 0.7 miles upstream from the confluence and 2.35 miles east of Margaretville.
The drainage area at the stream gage is 46.7 square miles. The period of records that are
available for this gage is from October 1997 to the current year. The channel slope is
fairly flat 0.004 (0.4%) and the stream’s limited sinuosity (1.07) reflects the narrow
valley setting and valley’s principle land use as a major transportation corridor. The
corridor is primarily forested, but about 20% of the corridor area is considered “built-up”
due to impervious surfaces (NYS Rt. 28). Impervious surfaces lead to accelerated
stormwater run-off. About 43% of the reach has a streamside vegetation buffer of less
than 25 feet wide. This high percentage is due to the stream being close to the railroad
bed or NYS Rt. 28. About 44% of the reach length has an eroding bank on one side of
the stream bank or the other. Most of these eroding banks have streamside vegetation
buffers and the tree roots on the streambanks are helping to slow the rate of erosion.
There are 12 gravel depositional features in this section that make up 26% of the reach
length. Four of these are identified as point bars which are expected in this “C” stream
type. The rest of the gravel depositions are identified as side bars and center bars. The
floodplain in the area of the railroad bridge is cut off by the raised railroad bed. During
high flow events, water on the floodplain must funnel under the bridge. This
concentrated flow may be creating too much energy and may be causing the odd meander
bend downstream. Further study will be needed to determine if the stream function
would benefit from an alignment adjustment in this area.
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BsK 02

This reach is about 5,820 feet long with a slope of 0.0031 (0.31%) and a low sinuosity of
1.1. The stream appears to have historically been straightened through this narrow
valley. There are two private bridges crossing over the stream. The corridor land cover
is about 70% forest/brush, while 24% is considered urban partially due the impervious
surface of NYS Rt. 28. About 93% of the reach length has a 0-25 feet wide riparian
buffer on at least one side of the stream. This large percentage is because the stream is so
close to NYS Rt. 28 and the railroad bed. Approximately 30% of the reach has
streambank erosion on at least one bank. 72% of these eroding banks have no riparian
vegetation buffer. Depositional features, consisting of side bars and center bars, can be
found in 12% of the reach length. Streambank revetment is limited to the downstream
portion of this reach where about 1,700 feet of sloped stone protects NYS Rt. 28. One
small section of stream near this revetment has created a sharp meander bend. The
stream has widened considerably at this point and formed two large center bars. From
historic aerial photos, the stream has moved at least 160 feet since 1983. The eroding
bank has no streamside vegetation and is an area that is maintained as a lawn.
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BsK 03

This reach is approximately 4,402 feet long, with characteristics similar to BsK 02. The
straight stream runs through a broad valley. There is one unnamed tributary that enters
the Bush Kill and one private bridge. The corridor is 60% forest/brush and about 23%
urban or impervious. About 15% of the reach has an eroding bank and 42% of these
banks have little to no woodland buffer for stabilization. About 13% of this section’s
length contains side bars and center bars as depositional features. There are 1,500 feet of
sloped stone revetment placed along the right bank where the stream runs parallel to NYS
Rt. 28. This section of stream is meandering in a fashion similar to BsK 02. According
to historical aerial photography, there is a small meander and a side bar that has formed
sometime since 1983 opposite of Kleis Road. One difference here is that the left bank on
the outside of the bend has a sufficient riparian vegetation buffer.
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This reach is approximately 2,408 feet long and ends at the confluence with the Big Red
Kill tributary. The valley is broad, but restricted by NYS Rt. 28 running parallel to the
Bush Kill. The Red Kill has a delta bar forming downstream of its confluence with the
Bush Kill. An unnamed tributary also enters the Bush Kill. Downstream of where the
Bush Kill flows under the NYS Rt. 28 bridge, there is a side bar forming. The land cover
in this stream corridor is about 60% forest/brush and 17% urban. Eroding banks are
along approximately 18% of the reach and are mainly located in the area of the Red Kill
confluence. The longest two eroding banks have a riparian vegetation buffer and the
roots are helping to hold the bank soil material together. This reach was significantly
impacted by the loss of access to a substantial floodplain with the re-alignment of NYS
Rt. 28.
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Situated in a narrow valley, this reach is approximately 3,097 feet long and nearly
perfectly straight as it runs parallel to NYS Rt. 28. The straightened stream is steeper
(1.0% slope) than upstream and downstream reaches. The narrow valley, steep slope,
straight alignment, and confined channel contribute to accelerated stream flows through
this reach. Land use in the corridor is primarily residential on the right side of the stream
in the hamlet of Clovesville while NYS Rt. 28 occupies the left side. About 57% of the
corridor is considered urban area, the impervious surface of which contributes to
accelerated stormwater run-off rates. Approximately 80% of the left bank and 87% of
the right bank have narrow riparian vegetation buffers between 0-25 feet wide. Riparian
vegetation buffers, in addition to their roots holding the bank together, help to filter
stormwater run-off pollutants and enhance water quality. There is extensive revetment in
this reach. About 97% of the left bank along NYS Rt. 28 consists of sloped stone and
almost 50% of the right bank has stone revetment. There were no observed eroding
banks or depositional features. Residences along this reach were significantly impacted
by flood waters and debris in the 1996 flood with several structures considered or
approved for the flood buyout program. This reach should be considered for future flood
hazard mitigation measures.
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This reach is approximately 4,627 feet long and ends where both Vly Creek and Emory
Brook enter the Bust Kill mainstem. This channelized stream runs through a broad valley
and through the Village of Fleischmanns. The Little Red Kill is the only tributary
entering in this reach. There are two bridges that cross over the Bush Kill, both within
the village on Depot Street and Bridge Street. The corridor is “built-up,” with 60%
considered urban area. Narrow riparian vegetation buffers that are 0-25 feet wide run the
entire length of the left bank and almost 80% of the right bank. Eroding banks in this
reach account for 19% of the entire stream length. There are only a few gravel deposition
features in this reach due to the inability of the channelized stream to meander. Roughly
half of the reach has a berm on at least one streambank. The downstream portion of this
reach has a berm on the left bank and the right bank is a steep valley wall. The stream
has no access to its floodplain in this area during high water events. This creates a very
entrenched channel that puts more shear stress on the streambanks. About 95% of the
eroding banks are located in this part of the stream. Revetments of many different types
cover 41% of the entire stream reach length. This stream reach, like any stream that runs
through a populated area, has been channelized, manipulated, and maintained for a long
time. Through the Village of Fleischmanns, different types of walls were built to prevent
the stream from meandering. Many of these walls are in poor condition and should be
repaired or modified in places where there is potential for failure. This reach was
severely impacted in the 1996 flood. The continued development and material storage
within the floodplain since this event will only exacerbate damages in future similar sized
floods. Flood hazard mitigation and improved floodplain management should be a
priority for this reach.
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Bush Kill Summary Sheet
Reach
No.

Length
Reach
(feet)

Stream
Type

Dominant
Corridor
Land Use/Cover

Sub-dominant
Corridor
Land
Use/Cover

Riparian Buffer
Width

Number
Bridges
and
Culverts

% Impact of
Bank
Armoring

BsK 01

5059

C

Forest

Residential

Right Bank >50-100'
Left Bank >100'

2

9%
Not significant

BsK 02

5821

C

Forest

Residential

Right Bank 0-25'
Left Bank 0-25'

2

31%
High

BsK 03

4401

C

Forest

Residential

Right Bank 0-25'
Left Bank 0-25'

1

35%
High

BsK 04

2408

C

Forest

Wetland

Right Bank 0-25'
Left Bank >100'

1

27%
Low

BsK 05

3096

C

Residential

Forest

Right Bank 0-25'
Left Bank 0-25'

0

97%
High

BsK 06

4626

C

Built-up

Forest

Right Bank 0-25'
Left Bank 0-25'

2

57%
High

Reach
No.

% Impact Berms,
Roads, Railroads,
Paths

Impact
Floodplain
Development

Impact
Depositional
Features

Impact
Meander
Migration

Bank Erosion/
Bank Height

Ice/ Debris
Jam
Potential
(Yes/No)

BsK 01

88%
High

Low

High

High

High

Y

BsK 02

80%
High

High

Low

Low

High

Y

BsK 03

87%
High

Low

Low

Low

Low

N

BsK 04

100%
High

Low

Low

Not
significant

Low

Y

BsK 05

100%
High

High

Not significant

Not
significant

Not Significant

N

BsK 06

100%
High

High

Not significant

Not
significant

High

N
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This reach is approximately 1,994 feet long and starts where both Emory Brook and Vly
Creek flow into the Bush Kill mainstem. This section of stream is in a broad valley and
runs through the Village of Fleischmanns. The stream corridor is built-up and is 67%
urban. Two bridges, located on Main Street and Mill Street, cross the stream in this
reach. There is one section of eroding bank that accounts for 18% of the reach length.
The lower half of this area is an entrenched stream channel that shows slight erosion
along the banks. The upper portion of the reach has a narrow woodland buffer where the
roots are reinforcing the streambank soil materials. About 82% of the reach length has
some form of revetment along the streambank through the Village of Fleischmanns.
Many of these walls are in poor condition and should be repaired or modified in places
where there is potential for failure. This reach is similar to BsK 06 in that it is entrenched
and contained in its channel.
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VlC 02

This reach is approximately 5,871 feet long and ends just upstream of Delaware County
Bridge #37-1. The stream runs through a narrow valley with a slightly steeper channel
slope (1.5%) than other stream reaches in this sub-basin. Almost 40% of the reach length
has exposed bedrock on the streambank or in the channel bed, found mostly upstream of
the former Lake Switzerland. Forest/brush land account for 80% of the stream corridor
land cover. About 18% of the reach has eroding banks, primarily within the former Lake
Switzerland where the stream is working through fine sediment deposits from the old
lake bottom. The DCSWCD SCMPr staff planted willow fascines at the top of the
streambanks to help hold the soil in place. Approximately 38% of the reach has a narrow
riparian buffer due to the proximity of Delaware County Route 37 running parallel to the
stream. One unnamed tributary enters at the upstream end of this reach and three bridges
cross the stream: two foot bridges and Delaware County Bridge #37-1.
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VlC 03

This reach is approximately 6,219 feet long and ends at the confluence with an unnamed
tributary at Bruce Scudder road. There is one more unnamed tributary in this reach and
one private bridge. The stream corridor is primarily 70% forested with residential areas
and roadways covering another 10%. Old fields and brush also make up a small portion
of land cover. Only 12% of the reach has an eroding streambank, but the majority of
these banks are an average of 9 feet high and the streamside vegetation buffers are only 5
feet wide. Depositional features are few and are just downstream of the tributary at the
end of this reach. Six sections of revetment make up 18% of the entire stream reach
length. The largest section of revetment is located on Delaware County route 37 and
consists of sheet piling, stacked rock wall, and riprap to protect the embankment near the
intersection of Halcott Road.
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VlC 04

This reach is approximately 5,045 feet long and ends at the confluence with West
Settlement Creek, the only tributary located in this reach. The stream generally hugs the
left valley wall in a very broad valley. There is a small section of stream at the
downstream end that leaves the valley wall and runs around an agricultural field. A fullchannel deposition is causing high water flows to be directed toward this field. The
stream corridor is forested on the left side, with a steep valley wall and a small crop field
in the downstream portion of the reach. The right side consists mostly of hay fields.
Riparian buffers on the right bank along the hay fields are better than many similar areas;
only 10% of the right bank has a 0-25 feet wide buffer. About 20% of the reach has an
eroding streambank, but these eroding banks all have some tree root protection. This
reach has the greatest amount of deposition in the sub-basin, accounting for about 20% of
the stream length. This reach has the flattest slope (0.9%) in the sub-basin, allowing for
the extra deposition to take place. At this time there are no bank revetments located in
this section of stream.
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VlC 05

This reach is approximately 4,308 feet long and ends at the confluence with Elk Creek.
There are two unnamed tributaries in this section of stream and one bridge. The valley is
very broad and the upstream portion of the stream runs against the right valley wall then
quickly crosses the valley and runs against the left valley wall. Land cover within the
stream corridor is largely hay fields in the floodplain and forested on the valley walls. In
the upstream portion, Greene County Rt. 3 is within the corridor on the right bank.
About 11% of the reach has an eroded bank and there are two locations in the
downstream portion that have been classified as mass failures on the steep left valley
wall. Three locations of eroding stream were found in the upstream portion along the hay
field on the left streambank. These three eroding banks will probably lengthen because
of the narrow or non-existent woodland buffer. Approximately 63% of the reach length
has a narrow buffer between 0-25 feet wide. Deposition features are few and only one
short section of revetment was noted just upstream of the Halcott town barn bridge.
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VlC 06

This reach is approximately 9,243 feet long. There are two bridges and one private
driveway in this reach, both bridges being on Elk Creek Road. Turk Hollow and
unnamed tributaries enter into this stream reach. The stream corridor is 70% forested with
some areas of wetland and pastures. About 11% of the reach has an eroding streambank.
Most of the streambank erosion is occurring in the upstream portion of the reach where
the land use is pasture. Cattle have access to the stream channel and there are no riparian
vegetation buffers on the streambank. About 3% of the reach length experiences
deposition, mostly occurring in the same area as the eroding banks. Approximately 37%
of the streambanks have a narrow (0-25 feet wide) riparian buffer. A more detailed
survey was performed on a small section of this reach for classification. It was
determined that this section of survey area was formerly a “Bc” stream channel and has
evolved to an “F” stream type.
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VlC 07

This reach is approximately 4,485 feet long and ends at the confluence of Se Meade
Hollow, the only tributary in this reach. There are two bridges located on Greene County
Rt. 3 and one on Bouton/Turk Hollow road. The stream corridor is slightly more than
half forested and a large part of the land cover is hay field, abandoned field, and pasture.
About 87% of the right bank has a narrow streamside vegetation buffer from 0-25 feet
wide. In contrast, 24% of the left bank contains a narrow buffer. Only 12% of the reach
experiences eroding banks, all of which are just downstream of Bouton/Turk Hollow
Road Bridge and have a good riparian buffer. There is rock revetment at the bridge and a
section of berm is located on the right bank downstream of the bridge. This area may
experience problems with lack of stream access to the floodplain. As water is
concentrated under the bridge, the water energy increases resulting in erosion. The
eroding bank starts at the first bend just downstream of the berm.
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VlC 08

This reach is approximately 6,989 feet long. The valley is fairly broad and the stream is
becoming steeper (2.2% slope) as it gets closer to the headwaters. There is one bridge
and two culverts in this section. Five unnamed tributaries enter into this reach. The
stream corridor is about half forested, with the remainder predominantly agricultural land
in corn/hay fields and pastures. This reach corridor contains the most agricultural land in
this sub-basin. Bank erosion exists in only 12% of the reach but most of these, about
84%, have no riparian buffer. About 50% of the streambanks have a narrow (0-25 feet
wide) riparian buffer. Depositional areas are few in this steeper stream. Only two
vegetated gravel deposition bars were seen from helicopter video. Revetments are
limited to the downstream portion where the stream and Greene County Route 3 meet.
Riprap revetment was placed in this location to protect the road from channel migration.
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VlC 09

This reach is approximately 5,242 feet long and is the topmost reach of the Bush Kill
watershed. It is a headwater stream with a 5% slope in a confined valley. The stream
corridor is about 70% forested with other land uses such as hay fields, abandoned fields,
and a few residential areas. There is one small tributary entering into the stream. The
stream water is conveyed through two culverts under Johnson Hollow Road. Other data
information for this reach is unavailable at this time because no GPS data was collected
and this area was not included in the helicopter flyover.
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Vly Creek Summary Sheet
Reach
No.

Length
Reach
(feet)

Stream
Type

Dominant
Corridor
Land Use/Cover

Sub-dominant
Corridor
Land Use/Cover

Riparian Buffer
Width

Number
Bridges
and
Culverts

% Impact of
Bank
Armoring

VlC 01

1994

C

Built-up

Residential

Right Bank 0-25'
Left Bank 0-25'

2

97%
High

VlC 02

5871

C/B

Forest

Brush

Right Bank >100'
Left Bank 0-25'

2

12%
Low

VlC 03

6219

B

Forest

Wetland

Right Bank >50-100'
Left Bank >100'

0

6%
Not significant

VlC 04

5045

C

Forest

Wetland

Right Bank >25-50'
Left Bank >100'

1

---

VlC 05

4308

B

Forest

Brush

Right Bank >50-100'
Left Bank 0-25'

1

3%
Not significant

VlC 06

9201

C

Forest

Wetland

Right Bank 0-25'
Left Bank >100'

2

1%
Not significant

VlC 07

4485

C/B

Forest

Turf

Right Bank 0-25'
Left Bank >100'

2

11%
Low

VlC 08

6989

Forest

Brush

4

2%
Not significant

VlC 09

5242

Forest

Residential

2

---

B
Plane Bed

A
Step pool

Right Bank 0-25'
Left Bank 0-25'
Right Bank 0-25'
Left Bank>100'

Reach
No.

% Impact Berms,
Roads, Railroads,
Paths

Impact
Floodplain
Development

Impact
Depositional
Features

Impact
Meander
Migration

Bank Erosion/
Bank Height

Ice/ Debris
Jam Potential
(Yes/No)

VlC 01

48%
High

High

Not
significant

Not
significant

High

N

VlC 02

48%
High

Low

Low

Low

Low

N

Low

Not
significant

Not
significant

High

N

VlC 04

53%
High
0%
Not significant

Not significant

Not
significant

Not
significant

Low

---

VlC 05

48%
High

Low

Not
significant

Not
significant

High

Y

VlC 06

17%
Low

Low

Low

Low

Low

N

VlC 07

56%
High

Low

Low

---

Low

Y

VlC 08

28%
High

Not significant

Low

---

Low

N

VlC 09

29%
High

Not significant

---

---

Low

N

VlC 03
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BATAVIA KILL SUB-BASIN
Towns of Middletown, Roxbury and Halcott

Introduction
The Batavia Kill watershed is located within three different townships: Middletown and
Roxbury in Delaware County, and Halcott in Greene County. The drainage area of the
Batavia Kill is approximately 19.3 square miles and the mainstem is 10.4 stream miles
from the headwaters to the confluence with the East Branch Delaware River mainstem.
The Batavia Kill mainstem was divided into 10 management units based upon the
Vermont Protocol. Roxbury Run, Denver and Vega are small population centers located
in this sub-basin.
The Batavia Kill sub-basin is primarily a C stream type with some B sections. There are
two reaches in the basin where the valley is “pinched”. BatK 03 is semi-confined (also
has the steepest slope) and BatK 06 is narrow. The rest of the management units have
valleys that are broad to very broad. The land use is predominately forested with some
agricultural fields. The average annual rainfall in the watershed can range from 37-41
inches/year at the lower portion to 41-49 inches/year in the headwaters. The Dry Brook
mainstem is a fourth order stream. There are numerous unnamed tributaries and two
major tributaries that enter the mainstem: Bed Hollow and Buffalo Hollow.

Stream Assessment
Assessment data was collected using the SGAT protocol supplemented with video from
the helicopter flyover of the sub-basin. GPS data collection from a stream walkover and
Rosgen Level II surveys were not completed for this sub-basin due to time constraints.

Geomorphic Conditions
The stream length covered by the SGAT protocol was 8.36 miles. The uppermost 2.04
miles were not included in the assessment because the stream is very small and cannot be
seen on the aerial photos due to tree cover. The average stream slope is 1.07% and the
two steepest reaches are BatK 03 at 1.65% and BatK 04 at 1.7%. The other reaches have
a slope between 1.3% and 0.7%.
There are 2,939 feet of streambanks that contain revetment protection. This is about 7%
of the stream length or 3.5% of the total streambank length. The two reaches with the
most bank protection are BatK 02 and BatK 06. The impact that the revetment has on the
stream is quite low.
There are few depositional features in the Batavia Kill. The SGAT protocol rates the
impact of the gravel deposition features as being low or not significant in all reaches.
BatK 04 and BatK 05 are the only two reaches that are highly impacted by streambank
erosion. Currently, the Batavia Kill does not suffer from a significant erosion problem
and it is able to transport its available sediment successfully. Recent depositional
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features (mid-channel bars, lateral bars, delta bars, etc.) are an indication of increased
sediment load. The Batavia Kill has depositional features that appear to be small in size
and partially vegetated. This is a sign that the sediment load is remaining fairly constant.
One area to observe is in reach BatK 09 (1/2 mi. downstream of Stewart Rd.) where there
seems to be an area of deposition that the stream has historically (30 yrs.) been
meandering through. A closer look may reveal why this deposition is here and what
effects this deposition has downstream (aggrading/degrading stream bed). This area may
have a flatter slope, which could account for the increased bedload at this location. In
general, the Batavia Kill appears to be fairly stable (few depositional features) and it
seems the stream is transporting the existing sediment load well. However, if areas of
eroding banks begin to develop (likely in areas with no riparian buffer), more sediment
may be added than the stream is able to transport. This aggradation will have a negative
impact on the whole stream system.
One potential problem facing the Batavia Kill is the lack of significant streamside
vegetation buffer. Six reaches have a high impact rating which means that 75% or more
of the reach length has 0-25 feet of buffer. The six reaches that fall into this category are:
BatK 01, BatK 02, BatK 05, BatK 07, BatK 09, and BatK 10. The limited vegetated
riparian buffer suggests that the stream, especially in the upper reaches, may experience
increasing bank erosion in the future if the condition is not addressed.
One of the factors that contributes to the relatively good condition of the Batavia Kill is
the soil. All reaches, with the exception of BatK 03, are dominated by low run-off
potential soils. This moderates peak run-off and keeps the Batavia Kill from quickly
reacting to precipitation like most of the watersheds in the region.
All reaches on the Batavia Kill are classified as stream type C, except BatK 04 which is
classified as a type Cb. No Rosgen Level II surveys were performed on the Batavia Kill
so the classification is based on the Vermont Protocol.
Our recommendations in regard to the Batavia Kill are:
• Keep the floodplains open and undeveloped.
• Increase the width of the riparian buffers by planting trees.

Floodplains
Houses and other buildings within the river corridor and floodplain may represent flood
hazards and floodplain restrictions. In BatK 01 and BatK 02, nearly all of the corridor
may be affected by river corridor development (based on development of one side of the
stream or the other) resulting in a high impact rating. The remainder of the upstream
corridor has a low impact rating (5% - 20% of reach length having development within
the corridor).
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Infrastructure
Roads and berms can limit the lateral adjustments of the stream within its corridor and
also limit access to the floodplain. The length of roads that are within the corridor was
calculated for each reach and an impact rating was given. BatK 04, BatK 05, and BatK
07 received low ratings (5% - 20% of reach length has roads/berms) and the remaining
reaches have a high rating (>20%). In some instances, the road may be above the
floodplain (on a high terrace) and not affecting the stream. In other cases, the road may
be on the floodplain (not built-up or raised) and become easily flooded.
Delaware County Route 36, Stewart Road, and Sally’s Alley run parallel to the Batavia
Kill mainstem, crossing over the stream in several places. These roads have some severe
impacts to the stream’s health. Stormwater runoff from the road ditches adds excess
water and pollution directly to the streams without allowing time for ground absorption.
There are several locations where the stream is close to the road and revetment was
placed along the banks in order to protect the road from channel migration.
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Management Unit Descriptions
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BatK 01

This is a short reach at approximately 706 feet in length. Starting at the confluence with
the East Branch Delaware River, it continues upstream to the New York State Route 30
bridge. The NYS Rt. 30 bridge and a railroad bridge are in the upper portion of this
reach. This section runs through the floodplain of East Branch Delaware River and was
most likely channelized and straightened at one time. Soils in the corridor are hydrologic
soil group A with a high infiltration rate. There are no eroding banks or depositional
features at this time, but the banks of the channel in this reach are extensively revetted.
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BatK 02

This reach is approximately 1,090 feet long and runs through a broad valley. Valley side
slopes average about 24% on the right and 31% on the left. The stream is confined to the
right side of Delaware County Route 36 and has some revetment to protect the road
infrastructure. About 38% of the left bank has revetment to protect the road from stream
channel migration. The corridor soils are hydrologic group A with a high infiltration rate.
There are no eroding banks or deposition features within this reach. The stream is likely
impacted due to its proximity to the road surface.
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BatK 03

This reach is approximately 3,460 feet long and ends at the Delaware County Bridge
#103 on Hog Mountain Road. The valley is narrow and twists as one progresses
upstream. The stream slope is steeper (1.7%) than most reaches in this sub-basin. There
are three bridges in this reach: Delaware County Bridge 36-1, Delaware County Bridge
#103, and one private bridge. There is bedrock exposed throughout the upper portion,
mainly on the left bank and in the bed of the stream. There is very little bank erosion
since the bedrock protects the streambanks. Only small amounts of deposition can be
seen, probably due to the steep stream slope and channel confinement. Hydrologic group
C/D soils with undrained to high run-off rates are most often found in this area. Valley
side slopes are an average of 16% on the right side and 22% on the left side.

- 71 -

East Branch Delaware River Stream Corridor Management Plan
Volume 2
BatK 04

This reach is approximately 5,770 feet long and ends at a sharp bend in the stream. This
section of the valley is also steep (1.7%), but the valley is wider and only two small
sections of bedrock were observed. There are two private bridges located in this reach.
Both bridges have side bars forming just downstream of each structure. Just upstream of
one of the private bridges is a section of severe erosion on the left bank where the bridge
approach is washed out. Bridge abutments are exposed, making the bridge unusable.
This information was obtained from the helicopter video and it is currently unknown
whether conditions at the bridge have been addressed.
About 23% of this reach has eroding banks and approximately 62% of the eroding banks
have no riparian vegetation buffer along the streambanks. Mass streambank failures
account for 78% of the total area of eroding banks due to the bank height (10 feet to 40
feet high). This increase in sediment supply is also reflected in the amount of gravel
deposition seen downstream. This reach also has the greatest length and area of center
bars and side bars. These depositional features average about 11% of the entire reach.
The surficial geologic material is predominantly alluvium which has a high potential for
erodibility. Soils in this reach are in hydrologic group B with a medium to high
infiltration rate. The valley side slopes are about 26%, which is fairly steep for this subbasin.
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BatK 05

This reach is approximately 7,560 feet long and ends at Delaware County Bridge #36-3.
The stream has a 0.8% slope and runs through a broad valley. With a sinuosity of 1.2, it is
the greatest sinuosity in the sub-basin. There is one private bridge crossing in this reach.
Similar to BatK 04, 28% of this reach length consists of eroding banks, with 60% of these
eroding banks being mass failures on high streambanks (20 feet high). Almost 80% of all
eroding banks have no riparian vegetation buffer. A narrow or absent buffer may lead to
increase bank erosion and increase sediment supply, adversely affecting sediment
transport. There are only four observed depositional features in this section. Two of
these depositions consist of point bars, which are expected in a “C” stream type. From
this we can assume sediment transport is not a problem through this reach. Surficial
geologic material within the corridor is alluvium with high potential for erodibility.
Hydrologic soil group B is dominant. Valley side slopes average 11% on the right and
20% on the left.
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BatK 06

This reach is approximately 1,760 feet long and runs along the right wall of a narrow
valley. Delaware County Route 36 travels the same narrow valley that the stream runs
through, passing residential areas along the way. This doesn’t allow for much room for a
properly functioning floodplain or the channel migration normally associated with
evolving streams. Delaware County Bridge #36-3 is located at the downstream end of this
reach. One section of bedrock across the stream may be indicating that the stream has
downcut in this section. No eroding streambanks or gravel deposition features were
observed in this reach. Stream features were identified using observation of the
helicopter video. Valley side slopes average 32% on the right and 19% on the left.
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BatK 07

This reach is approximately 8,769 feet long and runs through a broad valley. The stream
flows consistently against the right valley wall with a fairly flat overall slope of 0.7%.
Delaware County Bridge #8-1 is the only crossing in this reach. Most of the stream has
extensive areas of floodplain on the left side of the stream, but very little on the right
side. A large wetland area is located upstream of Delaware County Bridge #8-1. There
are five unnamed tributaries that enter the stream in this reach. Eroding banks account
for about 12% of the total reach length, but 70% of the eroding streambanks have no
riparian vegetation buffer. Six observed gravel deposition features are located within this
reach, three of which are point bars that are normal for type C streams. The remaining
three are not very large and consist of 1% of the total reach length. Valley side slopes
average only 10% on the right, while the left is 24%.
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BatK 08

This reach is approximately 3,518 feet long and ends about 900 feet upstream of
Delaware County Bridge #36-4, the only bridge in this section. There are three small
unnamed tributaries that enter into this reach. In the upper half of this reach, the stream
has historically been straightened and pushed to the left side of the very broad valley
wall. The stream passes under Delaware County Bridge #36-4 and at times of moderate
to high flow events, the stream jumps out of the bank just above the bridge. This floods
Delaware County Route 36 and residences in that area. The stream meanders through
many gravel depositional features at the downstream portion of this reach. This area
looks like a braided “D” stream type reverting back to a stable “C” stream. There are
some eroding streambanks in this area due to the evolution of the stream type from D to
C. Valley side slopes average 23% on the left side and only 8% on the right.
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BatK 09

This reach is approximately 8,111 feet long and ends near the confluence with an
unnamed tributary from the north. The valley is very broad, with floodplains being
mainly along
agricultural fields or abandoned fields. Judging from historic aerial
photos, this stream appears to have been straightened and moved to the side of the valley
floor long ago. There are three bridges/culverts in this reach and two unnamed tributaries
that enter the mainstem. About 20% of the reach has an eroding streambank. Most of
these banks are on the outside of a small bend, indicating that the stream is too straight
and is trying to increase sinuosity. A problem area that is located about 1,400 feet
downstream of Cartwright Road has a 700 feet long eroding streambank on the left side
of the stream. It appears that the stream has been cleaned out recently (prior to helicopter
video) and the gravel was used to build a berm on the left of the straightened channel.
This area will have high erosive forces on the streambanks. This area should be
documented to determine whether erosion problems continue. The stream channel may
react to the gravel dredging and berming by widening, gravel deposition, and/or
headcutting upstream/downstream of this area. All of the eroding banks have no riparian
vegetation buffer on either side of the streambanks. About 75% of the entire reach has 0
– 25 feet of streamside vegetation buffer on both sides of the banks. Hydrologic group B
soils, with a medium to high infiltration rate, cover about 84% of the corridor. Valley
side slopes average between 15% - 19%.
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BatK 10

This reach is approximately 3,421 feet long and ends near the confluence of Bed Hollow
and Buffalo Hollow. The valley is still very broad and the stream travels along both the
right valley wall and the road near Sally’s Alley. A short downstream section has some
sinuosity and is also the area with the majority of gravel deposition (2 point bars and 1
center bar). About 9% of the reach has eroding banks of which almost 80% has no
riparian vegetation buffer. About 91% of the left bank has a buffer width less than 25
feet. There is one culvert located on George Lawrence Road and two unnamed
tributaries in this reach. Hydrologic soil group B is found in 94% of the corridor. Valley
side slopes average 10% on the right side and 23% on the left. The dominant land
use/land cover is agricultural.
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Batavia Kill Summary Sheet
Reach
No.

Length
Reach
(feet)

Stream
Type

Dominant
Corridor
Land Use/Cover

Sub-dominant
Corridor
Land Use/Cover

Riparian Buffer
Width

Number
Bridges
and
Culverts

BatK 01

705

C

Forest

Residential

Right Bank >100'
Left Bank 0-25’

2

BatK 02

1091

C

Residential

Forest

Right Bank 50-100'
Left Bank 0-25'

0

BatK 03

3460

B

Forest

Residential

Right Bank >100’
Left Bank >100’

3

BatK 04

5772

C/B

Forest

Residential

Right Bank 0-25'
Left Bank >100’

2

BatK 05

7560

C

Forest

Brush

BatK 06

1758

C

Forest

Residential

BatK 07

8769

C

Forest

Wetland

BatK 08

3518

C

Forest

Brush

Right Bank 0-25’
Left Bank 0-25’

1

BatK 09

8111

C

Forest

Brush

Right Bank 0-25’
Left Bank 0-25'

3

BatK 10

3421

C

Turf

Forest

Right Bank 0-25'
Left Bank 0-25'

1

Right Bank 0-25’
Left Bank 0-25’
Right Bank >100'
Left Bank 0-25'
Right Bank >100’
Left Bank 0-25’

% Impact
of Bank
Armoring
8%
Not
significant
38%
High
7%
Not
significant
3%
Not
significant

1

---

1

25%
Low

1

--23%
Low
8%
Not
significant
6%
Not
significant

Reach
No.

% Impact Berms,
Roads, Railroads,
Paths

Impact
Floodplain
Development

Impact
Depositional
Features

Impact
Meander
Migration

Bank Erosion/
Bank Height

Ice/ Debris
Jam Potential
(Yes/No)

BatK 01

100%
High

High

Low

---

Not significant

N

BatK 02

100%
High

High

Low

---

Not significant

N

BatK 03

85%
High

Low

Not
significant

---

Low

Y

BatK 04

19%
Low

Low

Low

---

High

N

BatK 05

7%
Low

Low

Low

---

High

Y

BatK 06

100%
High

High

Not
significant

---

Low

N

BatK 07

17%
Low

Low

Low

---

Low

N

BatK 08

32%
High

Low

Low

---

Low

Y

BatK 09

53%
High

Low

Low

---

Low

Y

BatK 10

62%
High

Not significant

Low

---

Low

N
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