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DRY BROOK SUB-BASIN
(Towns of Middletown, Shandaken and Hardenburgh)

Introduction
The Dry Brook watershed is located
within three different townships: the
Town of Middletown in Delaware
County, and the Towns of Shandaken
and Hardenburgh in Ulster County.
Arkville is the only population center
in this sub-basin. The Dry Brook
mainstem was divided into 10
management units based upon the
SGAT protocol.
Dry Brook is a fifth order stream with
three major tributaries that enter the
mainstem: Bush Kill, Rider Hollow,
and Haynes Hollow.
Numerous
Figure 1.1 Bedrock Outcrop on Dry Brook
unnamed tributaries that have a small
Mainstem
drainage area also contribute to the
mainstem. Bush Kill and Dry Brook merge together approximately 1 mile upstream of
where Dry Brook enters the East Branch mainstem. The drainage area of Dry Brook is
approximately 82.3 square miles and the mainstem is 12.5 stream miles in length from
the headwaters to the confluence with the East Branch Delaware River mainstem. In
terms of its Rosgen classification, Dry Brook sub-basin is primarily a Rosgen C stream
type with some D, F and B sections. The upper reaches of Dry Brook (DrB 09 and DrB
10), the stream are likely either a Rosgen B or A stream type. The confinement ratio
shows that the valley is generally broad to very broad and the valley side slopes are very
steep with high run-off potential soils, making this watershed prone to flash flooding.
The land use is predominately forested, with some agricultural fields interspersed. The
average annual rainfall in the watershed can range from 37-39 inches/year at the lower
portion to 55-57 inches/year in the headwaters.

Stream Assessment
All three steps of assessment were conducted on sections of Dry Brook, with the entire
stream assessed using the Step I – GIS based assessment protocol. Step II - GPS
assessment data was collected for 6.5 miles of the Dry Brook mainstem and the near
streambank conditions for the entire mainstem was captured in helicopter based video
footage. Figure 1.2 shows Delaware County Soil and Water Conservation District
Stream Corridor Management Program (DCSWCD SCMPr) staff collecting GPS data
and taking notes along the Dry Brook mainstem.
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Step III – Rosgen stream
classification were completed for
management units DrB 03, DrB 04
and DrB 06. These locations were
selected for classification because
their form was considered to be
fairly representative of the reaches
along Dry Brook. Three stream
profiles and twelve monumented
cross sections were surveyed using
electronic survey equipment. Pebble
counts were completed on the cross
section to sample the sediment being
transported by the stream.

Figure 1.2 Data Collection along Dry Brook

DrB 09 and DrB 10 were not surveyed, nor were they walked over. The photography
from the helicopter flight was inconclusive due to the view being obscured by tree cover.
Similarly, 2001 aerial photography provided an incomplete view. The detail of stream
features was so poor in the aerial photography of DrB 10 that no SGAT evaluation work
was possible.

Geomorphic Conditions
The condition of Dry Brook can be described as follows:
• It is downcutting
• It contains excessive gravel deposition
• It has major areas of gravel deposition, especially in the downstream reaches
• The reaches of Dry Brook alternate between those that contribute deposition
and those that store deposition
• It tends to be overly wide
• The geology and soils of the Dry Brook watershed are not the same as is
commonly found in other East Branch Delaware sub-basins
• Bedrock serves as a grade control in numerous locations where the stream has
scoured down to bedrock
• There are several locations where bed degradation or lateral migration has
resulted in large slope failures
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Generally speaking, Dry Brook is
unstable with large and extensive
sediment deposits and many raw
eroding streambanks and slope
failures. Figure 1.3 shows a section
of the Dry Brook mainstem with
excess sediment and channel
migration. A review of the 2001
aerial photographs will show many
areas of deposition, including side
bars and center bars. The
depositional features are frequently
found downstream of reaches where
degradation and downcutting appear
Figure 1.3 Dry Brook Mainstem
to be the trend. Overall, the stream
system has actively downcut
throughout the basin, and in many locations it has cut down to bedrock. Compared to the
rest of the East Branch watershed, there are more stretches of bedrock channel than one
would encounter elsewhere. Bedrock exposures are evidence of stream channel
downcutting and are typical of incised stream channels. Gravel deposition is usually
found downstream of these incised stream channel areas. The downstream reaches (DrB
01 to DrB 05) exhibit 7-10 depositional features per mile. The large number of
depositional features in these downstream reaches is likely caused by:
• The large total bedload due to the increase in stream length and the
consequent increase in exposed eroding banks
• The large total bedload due to sediment contributions from the tributaries
• The flatter valley gradient and stream slope which causes a loss in stream
power, which causes the suspended load to drop out
The shape of the bed material in the channel is generally more rounded than the more
plate-like bed material found elsewhere in the East Branch Delaware watershed and in
the West Branch Delaware basin. It is not known if the rounded rocks of Dry Brook are
more or less mobile than the plate-like material found else where. If they are more
mobile, this could explain the frequent migration and large amount of depositional
features.
Alluvial fans, delta like settings at the outlet or confluence of a river or stream, are areas
of stream instability where the channel can laterally adjust rapidly as bedload exceeds the
transport capacity of the stream. One significant and problematic alluvial fan on Dry
Brook is located at the confluence of Bush Kill. At the upstream point of the fan on Dry
Brook there is a series of four bends that are characterized by wide gravel point bars and
long side bars. At point 1 in Figure 1.4, the stream exhibits a tendency to braid or break
into multiple channels that interweave through the gravel deposits.
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Figure 1. 4 Stream Alignment at Bush Kill Confluence in 2001

Historic aerial photographs of this location show that the stream is constantly changing.
Below the alluvial fan for Dry Brook, where the two streams meet, is a very sharp bend
that is not consistent with the general planform of the stream (point 2). Immediately
downstream of Bush Kill confluence, along the Delaware and Ulster rail yard property is
another large bend in the river. This bend has been extensively riprapped to prevent the
stream channel from migrating further to the right (point 3). The point bar on the
opposite bank is extremely large and there is a distinct cut-off channel through which the
stream flows during high flow events. Downstream of this area, the stream makes
another sharp bend to the right (point 4). The sharp bend is, again, inconsistent with the
general planform of the stream. There is a large side bar along the right streambank at
this location. The alignment is such that the water is forced to take a right angle turn,
causing a significant stress on the left streambank. At this location, there is riprap to
protect the streambank and Dry Brook Road.
Although Dry Brook Road is not immediately threatened with structural failure, flooding
is a continual threat to property in the confluence area and the hamlet of Arkville. In the
summer of 2006, a Federal Emergency Management Agency (FEMA) grant was obtained
to enable the Town of Middletown to remove the tops of the gravel bars in this location
in an attempt to improve the capacity of the stream channel. DCSWCD SCMPr staff has
placed four monitoring cross sections with survey pins in this area and will be monitoring
change in the stream capacity and changes in the size and height of the gravel bars. This
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entire reach of stream near the confluence with the Bush Kill is constantly evolving and
needs to be monitored. Unfortunately, the problem is related to excessive sediment
deposited from further upstream sources. The exact source and nature of sediment
transport within the systems are currently not understood. Since no mitigation plan can
be expected to succeed until the root cause of the high bedload problem is successfully
addressed, further study is required.
The next alluvial fan downstream from Arkville also demonstrates the instability of
streams in these depositional settings. As a result of storm events in 2004 and 2005, the
location of the confluence of Dry Brook with the East Branch Delaware River moved
approximately 1,400 feet upstream along the East Branch mainstem. DCSWCD has
examined this new channel and has mapped its new location with GPS coordinates.
Continued migration of the new channel could result in public property loss near the
Arkville Pavilion. The old channel is now full of gravel deposits and only receives flow
during high flow events. At present, the expense of relocating the channel to its previous
alignment is not justified. This situation should be monitored and any intervention
should be carefully considered. Until then, it can be used as an example of the instability
of streams within an alluvial fan.
Reach DrB 01 and DrB 02 are in such poor condition and so heavily impacted with
sediment deposits and man-made alterations that their classification or condition cannot
be taken to represent the stream as a whole. In reaches DrB 09 and DrB 10, the stream
gets very small and steep and any conclusions drawn from them based on Rosgen Level
II survey are apt to be misleading. Therefore, on the basis of size and perceived
condition based on the SGAT protocol, GPS walkovers, and aerial photographs, reaches
DrB 03, DrB 04 and DrB 06 were selected for Rosgen Level II surveys. The Rosgen
Level II surveys were supplemented with assessments from the Channel Assessment
Procedure Field Guidebook, produced by the British Columbia Ministry of Forests in
December 1996. This was done in order to gain further insight into the processes at work
in the channel. These reaches were selected as being the best representative reaches for
the stream and each location surveyed was judged to be representative of that particular
reach. These surveys were performed shortly after the flood of June 2006. The
magnitude of the flood event on Dry Brook is not known, but it must be presumed to be a
large significant event. All the reaches showed signs of recent disturbance, but DrB 06
did exhibit moss on some of the rocks in the channel indicating stability. The following
table highlights the significant findings from Rosgen Level II survey at these three sites:

Reach
DrB 03
DrB 04
DrB 06

Table 1.2 Significant Findings at Reaches DrB 03, 04, and 06
Drainage Bankfull Bankfull Bankfull
Width/Depth Entrenchment
Area
Width
Depth
Area
Ratio
Ration
(sq. mi)
(ft)
(ft)
(sq. ft)
32.5
127.5
1.8
230.3
70.83
2.35
15.5
80.1
1.5
119.3
53.4
2.37
9
56.2
1.8
79.4
31.22
1.6

Stream
Type
C4
B3c
B3c

Notice the high width/depth ratios at DrB 03 and DrB 04. This is as sign of potential
instability and braiding could easily happen at these high ratios. DrB 06 is slightly
entrenched, but its width/depth ratio is reasonable.
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The British Columbia Channel Assessment Field Procedure measures such features as:
• Channel width and depth
• Channel slope
• Largest sediment size
Use of a nomograph and reference photos provided the type of condition of the reach.
The following table summarizes the findings based on the British Columbia Channel
Assessment Field Procedure:
Table 1.3 British Columbia Channel Assessment Findings
Drainage
Reach
Area
Modal Type
Condition
(sq. mi)
32.5
cascade-pool
moderately aggraded
DrB 03
15.5
cascade-pool
moderately aggraded
DrB 04
9
cascade-pool
moderately degraded
DrB 06

The British Columbia findings illustrated in this table agree with the DCSWCD stream
staff’s visual observations. Note that the DrB 06 reach is degrading and the downstream
reaches are aggrading. Most likely, some of the sediment being removed from DrB 06 is
being deposited in DrB 03 and DrB 04. Of course, that does not mean that all the
sediment at these two sites is coming from DrB 06. It does mean that this stream exhibits
alternating reaches of aggradation and degradation. This matches DCSWCD staff’s
observation based on 2001 aerial photographs and GPS walkovers.
The British Columbia Field Procedure classifies all three reaches as cascade-pool. The
Rosgen Level II classification is type B with some C features for DrB 04 and DrB 06
while reach DrB 03 is typed C. Two distinct classification systems are being used,
therefore no direct comparison can be made. Instead, it is better to remember that, as is
typical for streams in this setting of the Catskill region, that there will commonly be weak
steps and that for some streams, a reach may appear to be transitioning between a B and
C stream type. For any given reach the features of one type will dominate but features of
the other type will be extant. Also, keep in mind that the SGAT protocol does not
account for B features and its classification (while using the Rosgen system) is mainly
based on stream slope. For management purposes, the SGAT is quite adequate for our
assessments. Any construction activity or work in the stream channel would require a
more detailed survey to provide a precise stream type for the subject reach.
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Management Prescription for Dry Brook Sub-basin:
• A sediment study to determine sediment sources and transport capacity of the
Dry Brook system should be performed before substantial restoration is
attempted in this sub-basin.
• Any attempt to stabilize a section of the stream should account for sediment
transport issues in the reach and adjoining upstream and downstream reaches.
The sediment load and the unique features of this system could complicate
any attempt to stabilize a single reach or site and result in unintended
consequences.
• DrB 01 and DrB 02 should continue to be monitored. The results of the
monitoring should be used to determine whether management interventions
such as gravel removals are warranted and environmentally sound.
• Fluvial geomorphic principles and best management practices should be used
when efforts are made to protect life and property in response to flood events.
• The development of a long term management plan of the floodplains near
Arkville is suggested

Floodplains
The floodplain along the mainstem of Dry Brook is generally not developed, giving the
stream freedom to meander in most locations. There are two locations that are developed
along the mainstem of Dry Brook where flooding repeatedly occurs and damages
property. The constriction of the floodplain at the NYS Route 28 bridge in Arkville as
shown below in Figure 1.5 has a significant impact both upstream and downstream of the
bridge.
Flood flows in major events leave the channel at the rail station and cross the floodplain
on the right bank resulting in flooding of house basements and first floors along Route 28
and along the side street on the north side of Route 28. The trailer park on the left bank
downstream of the NYS Route 28 Bridge in Arkville is also significantly damaged in
major flood events. A second floodplain area where development is affected by high
flows is located about 1.4 miles upstream of Erpf Road. Elsewhere along Dry Brook, the
floodplain functions without significantly impacting development, but flood flows
frequently deposit sediment and debris on the flats which can affect land use.
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Figure 1.5 Section of Flood Insurance Rate Map for the Arkville area (Map panel 3602090037C)

Infrastructure
Dry Brook Road and Ulster County
Route 49 run parallel to the Dry
Brook mainstem and have some
impact on the stream health.
Stormwater runoff from the road
ditches adds excess water and
pollution directly to the streams
without time for the ground and
vegetation to absorb the pollutants.
There are several locations where the
stream is close to the road and
revetment was placed along the
streambanks in order to protect the
road from channel migration (see
Figure 1.6). There are eight
municipal bridges and five private
bridges located within this sub-basin.

Figure 1.6 Rock Revetment Along Ulster County
Route 49
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Management Unit Descriptions
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DrB 01

Management Unit DrB 01 is approximately 7,615 feet long with a very wide valley as it
joins the East Branch Delaware Mainstem. United States Geological Survey (USGS)
stream gage 01413408 (Dry Brook at Arkville NY) which is located on the left bank 80 ft
upstream from bridge on State Route 28. The drainage area at the stream gage is 82.2
square miles. The period of records that are available for this gage is December 1996 to
current year.
The lower portion of DrB 01 is the alluvial fan of the Dry Brook mainstem and the upper
portion from New York State Highway 28 Bridge upstream is narrowed by the valley
walls. This area of the stream is entrenched due to the revetment on the left bank, higher
velocity, and the stream has down cut to bedrock. Bedrock in the streambed located just
upstream of the bridge acts like a grade control for the bridge. There is no aggradation
located immediately downstream of the bridge. There is some development along the
floodplain on the upper portion of the reach in Arkville. The lower portion of DrB 01 has
a trailer park on both sides of the floodplain and agricultural field on the lower left side.
A box culvert located east of the Route 28 bridge acts as a floodplain drain for high flows
on the right bank floodplain. An eroding bank, approximately 10 feet high, is located on
the right streambank upstream of the NYS Route 28 bridge. Revetment bank protection
is in place at this location but it is in poor condition. A house and a garage are located in
this area and there is little to no riparian buffer along the property.
German Hollow and Bush Kill are tributaries that enter Dry Brook. The Bush Kill
meanders across its alluvial fan and adds to the downstream gravel deposition.
Monitored areas located near the railroad station were placed in the fall of 2005 to
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observe the difference in movement between multiple-sized sediment materials. There
are five monumented cross sections, three of which contain scour chains and painted
rocks of varying size. The painted rocks can be recovered after a high flow event, which
demonstrates how far sediment can move.
DrB 02

Management Unit DrB 02 is approximately 4,175 feet long with a very broad valley. Dry
Brook has access to its floodplain in the lower portion of the reach, but is confined to the
stream channel downstream of Erpf Road. Dry Brook comes in contact with the left
streambank approximately 620 feet downstream of Delaware County Bridge 21 (Erpf
Road). To protect the road infrastructure, the streambank was stabilized in this area
during the summer of 2006. Historically, upstream of Bush Kill confluence, Dry Brook
has been meandering on its floodplain. Areas of aggradation/bypass channels are
numerous in this reach. The river is continually adjusting and depositing sediment on the
floodplain and within the channel especially in the lower portion of the reach. One of the
bypass channels is blocked with debris, limiting water access during high flow events.
Delaware County Bridge 21 is located in this reach and has minimal impact on the
stream. There is no aggradation downstream of the bridge and the stream has a planar
bed shape. Rock rip rap is protecting the bridge abutments upstream and downstream of
the infrastructure. Additional revetments are mainly located on the left bank where most
of the development is encroaching on the floodplain. Reservoir Hollow enters Dry Brook
in this reach, which may have some impact on the streambank erosion that is occurring.
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DrB 03

This reach runs upstream from the Erpf Road bridge for about 20,406 feet (3.8 miles) and
ends at the confluence of Rider Hollow. In addition to Rider Hollow, there are about
seven small unnamed tributaries that enter this reach. The two bridges that cross the river
are Delaware County Bridge #151 on George Road and County Bridge #20 on Dry Brook
Road. The river corridor consists of about 75% forest/wetland, the remainder being a
mix of agricultural land, brush and residential. The river runs through a broad valley and
regularly changes its location as the water makes its way through the many gravel
depositional features. About 46% of the reach length is experiencing gravel deposition.
These areas are unvegetated and change with each high flow event. Most depositional
features are very large and located in an over-widened section of stream. The total
deposition area is approximately 760,000 square feet, which is 37 square feet for every
one foot of stream length. This is a lot of sediment that could eventually move
downstream. Eroding streambanks can be found in 35% of the reach, which is about
average for Dry Brook. Typically vegetated riparian buffers protect streambanks from
excess erosion and help to stabilize gravel deposits. Unfortunately the riparian buffer
vegetation is compromised in many sections of this reach. One third of the eroding
streambanks have only a narrow riparian vegetation buffer ranging from 0-25 feet wide.
Also, 37% of the entire reach has only a narrow vegetation buffer on one streambank or
the other. Only 9% of stream length has revetment, which is mainly sloped stone to
protect agricultural land and road embankments in areas where the river is making major
shifts in stream alignment.
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DrB 04

This reach is approximately 10,791 feet long and ends at a bridge on Dry Brook Road
near Martin Road. There are seven tributaries including Tompkins Hollow and two
bridges on Dry Brook Road that cross the stream. This reach is very similar to DrB 03,
running through a broad valley, frequently changing course as it is affected by deposition.
Large unvegetated gravel/cobble bars are formed within this reach and make up 52% of
the reach length. The gravel/cobble bars cover an area of 395,000 square feet, which is
the equivalent 37 square feet for every one foot of stream length. About 51% of the
stream length contains eroding streambanks on one side or the other, totaling
approximately 60,000 square feet of exposed bank. Much of this exposed area is from
mass failures on high banks. Of all the eroding banks, only 12% have a narrow
vegetation buffer width ranging from 0-25 feet and these are sections where the stream
and Dry Brook Road are very close. About 23% of the entire reach has a narrow riparian
vegetation buffer on one streambank or the other. There is little revetment in this reach,
being short sections of rip rap for road embankment protection, totaling 37% of the reach.
Large woody debris is abundant in this section, either already washed out and sitting on a
gravel deposition bar or having fallen over from an eroding streambank where the stream
is widening and temporarily held in place by a few roots. This debris could cause
problems during high flow events and cause obstructions in the stream channel or at
bridges. Debris management, slope stabilization and riparian buffer protection should be
considered for sections of this reach.
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DrB 05

This reach is approximately 2,887 feet long and ends at the confluence of Haynes
Hollow. This straight stream runs through a broad valley. There are three tributaries
entering into this reach, including Haynes Hollow and two unnamed tributaries. Land
cover in the stream corridor is about 85% forest and 10% residential/roads. Eroding
streambanks make up 40% of the reach length. The bank material consists mostly of
round cobbles that could easily be moved during high flow events. Gravel deposition
covers about 38% of the reach length. This material is also large round cobble similar to
the bank material. About 33% of the reach contains streambank revetments, most of this
total consisting of two separate sections of revetment. One is a section of old log
cribbing in poor condition, but there is some woodland vegetation buffer just behind the
cribbing. The other section is made of recently placed sloped stone to protect Dry Brook
Road from further bank erosion. A narrow riparian buffer between 0-25 feet wide on one
bank or the other can be found in about 46% of the reach. The majority of this narrow
buffer is located in areas where the road and stream are close to each other. As with
DrB03, strengthening the riparian buffer along this reach may help reduce streambank
loss and the mobilization of sediments from eroding streambanks.
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DrB 06

This reach is approximately 4,368 feet long and runs through a broad valley. The stream
here is steeper than the other downstream reaches, being about 2% in slope. There are
two foot bridges and two private bridges in this section. The stream corridor is 86%
forested, 6% agricultural land, and 5% residential/roads. Most of the eroding
streambanks located in this reach consist of cobble material except for the mass failure
that consists of glacial till. The eroding streambanks are found in the upstream portion of
the reach. Depositional features cover about 31% of the reach length. These are mostly
side bars located where the stream is widening. They consist of gravel, cobble material,
and no vegetation. About 12% of the reach is protected by revetment, consisting mostly
of sloped stone on the streambanks against roads and stacked rock wall at the toe of the
mass failure bank. A narrow riparian vegetation buffer between 0-25 feet wide occurs on
35% of reach length, all on the right bank where the stream and the road are close
together. A more detailed survey was conducted in the mid-portion of the reach, which
included cross sections, profiles, and pebble counts. This section of the reach is
classified as a B3 stream type.
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DrB 07

This reach runs for approximately 2,943 feet and ends at the confluence of Turner
Hollow, the only tributary in this section. The valley is fairly broad, but in some sections
of the reach the channel appears to be entrenched. Approximately 26% of the stream
length contains exposed bedrock in the channel. There is one bridge in this section
located on Erickson Road. Land cover in the stream corridor is about 80% forest, 10%
agricultural land and 5% residential. About 13% of the length has an eroding streambank
consisting of one long stretch at an area where the stream and Dry Brook road are very
close to each other. The only revetment in this section covers about 13% of the reach
which is also in a location where the road and river are close together. Two large
depositional features make up 21% of the reach length. About 68% of the right
streambank has a narrow vegetation buffer between 0-25 feet wide which is due to Dry
Brook Road running parallel to the stream.
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DrB 08

This reach is approximately 4,984 feet long. The valley is relatively broad compared to
the smaller stream width. There are two bridges on Dry Brook Road that cross the stream
in the downstream portion, and there are two unnamed tributaries that enter Dry Brook in
this reach. Over 90% of the stream corridor is forested and about 4% is residential/roads.
Bank erosion is occurring in 9% of this reach and the streambank material consists
mainly of cobble within the valley and glacial till along the valley wall. Depositional
features consist of point bars with cobble material deposits. There is one short section of
revetment where the stream has previously eroded the bank along MacFarland Road.
Narrow riparian vegetation buffer widths between 0-25 feet make up 27% of the reach.
These narrow vegetation areas are in the downstream portion and are mostly where the
road and stream are close together. Dry Brook Road ends about mid-way through this
reach and therefore will not impact the upstream portion of the reach. The upstream
portion still experiences erosion and deposition issues even though the road is no longer a
factor and the area is all forested
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DrB 09

This reach is approximately 3,231 feet long, entered by a few small unnamed tributaries
as well as Flatiron Brook. The stream slope is about 2.5% and is slightly steeper than
downstream reaches. The stream corridor land cover is 100% forested. Helicopter video
logging was completed for this reach, but due to the density of the tree canopy much of
the stream was not visible enough to identify the stream features as in previous reaches.
A part of the downstream portion was walked and GPS data was collected. It appears
that the stream has downcut, exhibiting 5 feet high streambanks, a wide stream channel,
and gravel deposits that are starting to become evident. There are also large amounts of
woody debris in the stream channel. Percentages of eroding banks and deposition for the
total reach cannot be determined. About 84% of the soils in this part of the sub-basin are
in hydrologic group C/D and D, which have high run-off potential. These soils,
combined with steep side slopes, allow a larger percent of water run-off to reach the
stream channel quicker than other sub-basins in the East Branch Delaware River
watershed.
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DrB 10

At approximately 2,972 feet long and with a slope of about 4.4%, this reach is the
headwater of Dry Brook. Shandaken Brook joins Dry Brook in this section. The stream
corridor is 100% forested. The soils in this part of the basin have high water run-off
potential, consisting of 97% C/D and D hydrologic group soils. The combination of steep
side slopes of the valley and high run-off potential of the soils combine to produce flash
flood conditions where the water surface can rise quickly following a rainfall event.
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Dry Brook 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

MU 1

7615

C

Wetland

Forest

Right Bank 0-25'
Left Bank >100'

1

39%
High

MU 2

4175

D

Wetland

Forest

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

1

22%
Low

MU 3

20406

C

Forest

Wetland

Right Bank >100'
Left Bank >100'

3

8%
Not Significant

MU 4

10791

B

Forest

Wetland

Right Bank >100'
Left Bank >100'

2

6%
Not Significant

MU 5

2887

C

Forest

Built-up

Right Bank 0-25'
Left Bank >100'

0

11%
Low

MU 6

4368

B

Forest

Brush

Right Bank 0-25'
Left Bank >100'

4

4%
Not Significant

MU 7

2943

C

Forest

Residential

Right Bank 0-25'
Left Bank >100'

1

4%
Not Significant

MU 8

5751

C

Forest

Residential

Right Bank >100'
Left Bank >100'

2

2%
Not Significant

MU 9

3231

B

Forest

Brush

0

---

MU 10

2972

A/B

Forest

---

0

---

Right Bank >100'
Left Bank >100'
Right Bank >100'
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)

MU 1

69%
High

High

High

High

High

Y

MU 2

33%
High

Low

High

High

High

Y

Low

High

High

High

Y

Not Significant

High

No Info

High

Y

Low

High

No Info

High

N

Low

High

No Info

High

Y

Low

Low

No Info

Low

N

Low

High

No Info

Low

Y

Not Significant

High

No Info

Low

Y

Not Significant

No Info

No Info

Low

N

MU 3
MU 4
MU 5
MU 6
MU 7
MU 8
MU 9
MU 10

22%
Low
48%
High
88%
High
50%
High
93%
High
20%
Low
-----
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TREMPER KILL SUB-BASIN
(Towns of Andes, Bovina and Delhi)

Introduction
The Tremper Kill watershed is located within three different townships: Andes, Bovina,
and Delhi in Delaware County. One population center, Andes, is located within this
watershed. The Tremper Kill mainstem was broken up into 10 management units based
upon the SGAT protocol.
The Tremper Kill mainstem is a fourth order stream. In addition to numerous unnamed
tributaries, there are seven major tributaries that enter the mainstem which include
Bussey Hollow, Campbell Hollow, Wolf Hollow, Liddle Brook, State Road Hollow,
Gladstone Hollow and Bullet Hole. The drainage area of Tremper Kill is approximately
33.52 square miles and the total stream length is 10.5 stream miles from the headwaters
to the Pepacton Reservoir. The Tremper Kill mainstem length is 7.1 miles from the
Pepacton Reservoir to where it meets with Gladstone Hollow in the Hamlet of Andes.
The Tremper Kill is primarily a C stream type. The valley width is generally broad to
very broad with one section that is narrow. The land is predominately forested with some
agricultural fields. The average annual rainfall in the watershed can range from 37-43
inches/year.

Stream Assessment
Methods of collecting data in this sub-basin include SGAT protocol, GPS walkover,
helicopter video logging, and Rosgen Level II surveys. The SGAT protocol was used to
divide the Tremper Kill mainstem into 10 management units from the Pepacton Reservoir
to the Hamlet of Andes. Global Positioning System (GPS) data was collected for 6.3
miles of the Tremper Kill mainstem. Additional stream data to complete the entire
mainstem was collected by using the helicopter video logging. The Rosgen Level II
survey was completed in TrK 07 and this location was determined by picking a section
that best represented all stream reaches. The Rosgen Level II survey consisted of a
stream profile and five monumented cross sections that were surveyed using electronic
survey equipment. Pebble counts were completed for five cross sections to determine the
size of the sediment being transported by the stream and armoring the bed of the channel.

Geomorphic Conditions
Streambank erosion is a problem on the Tremper Kill, with eight out of ten reaches in the
sub-basin impacted by erosion. TrK 01 and TrK 04 are the only reaches that have a low
impact rating. Between 39% and 44% of the reach lengths of TrK 03, 05, 06, and 08
suffer from streambank erosion. Streambank revetment protection is found on 33% of
TrK 04 and 28% of TrK 10. This is evidence of a former problem in these two
management units. TrK 01 reach begins at the confluence of Tremper Kill into the
Pepacton Reservoir and was found to be impacted by deposition. The SGAT protocol
classifies all other reaches as having low or no significant impacts from deposition.
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The riparian buffer width needs to be improved in this sub-basin. A wider, thicker
riparian buffer containing woody vegetation would help to stabilize the channel
streambanks. The following table shows the reaches with the narrowest dominant buffer
width:
Table 1.4 Reaches Containing Narrow Buffers
Dominant Buffer Width 0'-25'
Reach LT Bank RT Bank
X
MU2
X
X
MU3
X
X
MU4
X
MU6
X
MU9
X
X
MU10

The SGAT protocol classifies all reaches in the Tremper Kill basin as stream type C. The
bed material is mainly gravel and sinuosity is good, with an average sinuosity of 1.16.
One reference reach was found in the Tremper Kill and is located in TrK 07. The reach
upstream of TrK 07 is moderately aggraded and the reach downstream is beginning to
aggrade. Thus, it is questionable what the long term prospects are for this reference reach
to maintain stability. The drainage area is 21 square miles at the reference reach and the
computed bankfull discharge (Q), using the regional curves and based on the channel
geometry, is 606 cubic feet per second (cfs). The basic dimensions of this reach are:
Bankfull Width (Wbkf)

62.30'

Mean Depth (dbkf)

2.10'

X-Sectional Area
(Abkf)
W/d
Entrenchment Ratio
Channel Material D50
Bankfull Slope
Stream Type

128.10
sq.ft
29.67
4.82
47.3 mm
0.68%
C4

Meander migration is common through the entire length of the stream. Places where the
streams have broken out of the stream channel (avulsions) have been noted in TrK 03 and
TrK 10. Every reach is listed as having stream channel migration, avulsion, or multichannels.
The absence of a well vegetated riparian buffer along the Tremper Kill enables the stream
channel to migrate across the valley. Once the stream breaks through its bank there is
considerable bank erosion along the new channel alignment. Overwide and unstable, the
stream is unable to carry the material from the eroding banks. When deposited in the
channel, this material forms center bars that force the water toward the banks, which in
turn accelerates streambank erosion. Eventually the channel re-establishes its dimensions
and is able to return to a stable form. This evolution can require a significant period of
time and may be interrupted by attempts to return the channel to its previous location
without reestablishing the vegetation to protect the streambanks.
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Management Prescriptions for Tremper Kill Sub-basin:
• Locate the worst areas of streambank erosion and stabilize the banks,
preferably by planting vegetation to re-establish the riparian buffer
• Establish, protect, or enhance the riparian buffer along the length of the
Tremper Kill
• At locations where avulsions are occurring, establish the channel to a
dimension and alignment that is hydraulically adequate and geomorphically
stable

Floodplains
The Tremper Kill has one location of floodplain development: the Hamlet of Andes.
The stream is confined into its channel with stonewall built to keep the stream from
meandering. Generally the stream has access to its floodplain and consists mostly of crop
fields. Some berms were built along the agricultural field edge to protect the fields from
flooding and also protect the sparse housing along the stream.

Infrastructure
Delaware County Route 1 runs parallel to the Tremper Kill mainstem and minimally
impacts stream morphology. There are only two locations where Delaware County Route
1 crosses over the Tremper Kill. Wolf Hollow, State Road, Chapell Road and Cabin Hill
Road all cross over the Tremper Kill and run perpendicular to the stream. Stormwater
runoff from the road ditches adds excess water and pollution – including road salts –
directly to the streams without allowing time for absorption into the ground.
An old railroad bed runs parallel to the Tremper Kill mainstem and has some impacts on
the stream. The railroad bed is no longer in use, but riprap had been placed along the
streambanks where there was potential for streambank erosion. The riprap in these
locations has not been maintained in years and in some locations are in poor condition.
Several bridges are located within this sub-basin at Cabin Hill Road, State Road, and
Wolf Road. In addition there are Delaware County Route 1 Bridges #1-3 and #1-5, and
some private bridges. Some of the bridges are experiencing erosion upstream and
downstream of the structures. Delaware County Bridge #1-3 is creating deposition just
upstream of the bridge. The bridge and elevated roadway restrict the flow of water,
resulting in sediment deposition.
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Management Unit Descriptions
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TrK 01

This reach starts approximately at the highwater mark of the Pepacton Reservoir and is
about 3,677 feet long, ending about 360 feet upstream from the Bussey Hollow
confluence. The stream runs through a broad valley but the upstream portion is greatly
influenced by an alluvial fan deposited by Bussey Hollow. As the stream cuts through
the highly erodible soil of the alluvial fan, it is constantly meandering and changing
course. This creates a very unstable area. Bussey Hollow is the only tributary in this
reach and is a significant sediment source to the Tremper Kill. As the stream meanders
around the alluvial fan, it is pinched against the left valley wall and forced to make a right
angle bend. This could eventually lead to mass bank failure in this area. Delaware
County Bridge 1-5 is the only bridge in this reach. Upstream from the bridge is USGS
Gage Station #0145000 (Tremper Kill near Andes NY), which is located on the right
bank 500 feet upstream from the bridge on Delaware County Route 1. It is about 1,700
feet upstream from the Pepacton Reservoir and 5 miles south of Andes. The drainage
area at the stream gage is 33.2 square miles. The period of record that is available for this
gage is from February 1937 to the current year. There is a concrete dam at the gage
station, which serves as grade control and may have some fish passage issues. There
were no observed revetments in this reach, and eroding banks were found in the unstable
upstream section of the reach.
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TrK 02

This reach is approximately 2,985 feet long and ends 860 feet upstream from Delaware
County Bridge #1-3. The floodplain is very wide and the stream slope is approximately
0.5%, which is the flattest slope in this sub-basin. Above the bridge, the floodplain was
cut off in a small upstream section by the old railroad bed. This section of stream appears
to be incised for about 700 feet. Delaware County Route 1 bisects the floodplain as it
crosses the valley. The elevated roadway and bridge constrict flood flows and results in
deposition upstream of Delaware County Bridge #1-3.
Following the 2005 and 2006 flood event, dredging occurred downstream of the bridge
and the gravel was stockpiled on the streambanks as a berm to minimize flooding. The
stream continued to scour the left bank and floodplain below the bridge. To address the
stress on the bank and restore floodplain function, a streambank stabilization project was
designed and constructed for this area. The stream bank has been restored with live
cribbing and an enhanced riparian buffer. All gravel berms were removed to allow flood
flows to spread out onto the floodplain and reduce stress on the streambanks. This
streambank project has been implemented by Delaware County SWCD Stream Corridor
Management Program (SCMPr) along with the Watershed Agricultural Small Farm
Program. A narrow strip of trees has been planted as part of the streambank stabilization
project. Prior to the project, 70% of the entire left bank had very little (0-25 feet) woody
vegetation.
Downstream of this area, the left streambank is eroded where the stream cuts diagonally
across the valley and comes in contact with the left valley wall. In this same area, the
floodplain on the right is a large wetland. There is a large amount of deposition in the
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reach due to its flat slope and overly wide stream channel. This deposition is found along
approximately 30% of the reach length. Only one unnamed tributary enters this reach.
TrK 03

This reach is approximately 2,180 feet long. The valley is narrower through this section
and the stream is fairly straight with a sinuosity of <1.1. There are no bridges or
tributaries located in this reach. About 40% of the entire reach has eroding streambanks.
All of the eroding streambanks have no streamside vegetation. About 70% of the right
streambank and 50% of the left streambank has little to no vegetation. The root systems
of streamside vegetation hold the bank material together and slow the rate of erosion.
Depositional features are large and affect about 40% of the reach length. Along the
upstream portion of this reach, the channel is very wide and continues to widen resulting
in full-channel deposition and stream channel migration. The lack of riparian vegetation
in this area is causing the streambanks to erode quickly. Cattle access to this section of
stream could also be impacting the stability of the streambanks due to hoof shear. There
is a Conservation Reserve Enhancement Program (CREP) project pending to exclude
cattle from the stream and plant trees along the floodplain.
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TrK 04

This reach is approximately 1,860 feet long and ends at the confluence with Wolf
Hollow. The stream is straight in a very broad valley, but a large part of the floodplain
has been cut off by the old railroad bed. The stream corridor land use/land cover is
almost entirely agricultural fields. The streambanks generally do have some streamside
vegetation, but the buffer is narrow along the top of the banks. About 59% of the left
streambank and 45% of the right bank have less than 25 feet of vegetation buffer width.
About 18% of the reach has eroding banks that are somewhat protected by the root
systems of existing trees, but as mentioned this is a narrow strip of buffer. There is a
potential for increase in erosion rate if even a short section of this buffer were to be
removed by flood damage, continued erosion, or human activities. There is a 400 feet
long berm in the downstream portion of this reach as a result of channel dredging and
point bar removal. The stream is trying to put a bend in this location in order to increase
the stream sinuosity and decrease the slope. This reach would benefit additional land
along the stream set aside as a vegetated riparian buffer. Two tributaries enter into this
reach, one unnamed and the other being Wolf Hollow. Wolf Hollow flows through its
own alluvial fan, but there appears to be no problem with deposition at the confluence.
There is a small delta bar here, but the main channel is transporting the sediment
efficiently.
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TrK 05

This reach is approximately 3,375 feet long and ends at the Wolf Hollow Road bridge.
The valley is generally very broad except for a short section at the downstream end where
the alluvial fan of Wolf Hollow pushes the stream up against the left valley wall. The
stream is changing its planform in this area by widening its belt width via streambank
erosion on the outside of bends and deposition on the inside of the bends. Bank erosion
is extensive in this area; about 45% of the reach is experiencing bank erosion.
Approximately 80% of the eroding banks have no streamside vegetation, and most of
these are in agricultural areas used as corn fields. Deposition features are common in this
reach, with transverse bars and side bars that are adjacent to the eroding banks. Stream
channel movement and widening will continue to be an issue here due to the lack of
streamside vegetation buffers.
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TrK 06

This reach is approximately 7,113 feet long and ends at the confluence of State Road
Hollow. The valley is very broad with the stream following the right valley wall along
most of the reach. The exception is for the upper portion of the reach, where the stream
meanders on the alluvial fan from the State Road Hollow tributary. There are five
tributaries that enter within this reach; State Road Hollow and four unnamed tributaries.
There are three bridges: one private, the Wolf Hollow bridge, and the State Road bridge.
TrK 06 exhibits characteristics similar to the TrK 05 reach. About 43% of the reach
contains eroding banks, with 50% of these having a streamside vegetation buffer width
less than 10 feet. One large eroding bank is located on the Tubb’s property along a
cornfield that has no streamside vegetation buffer. The stream is becoming wider and
eroding into the corn field, which contains very erodible soil material. Depositional
features affect 23% of the stream length, generally including side bars and point bars.
Point bars are common in stable C stream type, but the bar forming opposite the Tubb’s
eroding bank is excessively large. Agricultural land consisting of hay and corn fields is
the dominant land use/land cover in the entire reach. Therefore, woodland buffers are
narrow or non-existent along the streambanks. About 64% of the stream has 0-25 feet of
buffer on one or both banks.
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TrK 07

This reach is approximately 3,171 feet long and ends at the confluence with Biggar
Hollow, which is the only tributary entering this reach. The stream runs through a very
wide valley and is consistently against the right valley wall. The stream appears to have
been historically moved against the valley wall and straightened for the agricultural land.
There is one private bridge in this reach. The land use/land cover in the corridor is
agricultural on the left side of the stream and forested on the right side along the steep
valley wall. About 30% of the reach length exhibit eroding streambanks. In terms of
area of eroding banks, 78% of the area contains mass failures on high streambanks near
the valley wall. About 44% of the stream reach has streamside vegetation buffer widths
between 0-25 feet on the left streambank. Depositional features can be found along 29%
of the stream length and consist mainly of side bars and center bars in the downstream
portion of the reach. One area of deposition across the entire channel allows high flow
water to easily access the left floodplain and flow through a corn field. The transverse
bar associated with this full-channel deposition is sending normal flow water into the
high right bank, causing erosion. The toe of this high bank is being weakened, which
could lead to mass failure of this bank. A Rosgen Level II survey consisting of a long
profile, cross sections, and pebble counts has been done on about 900 feet of the stream
in the middle portion of this reach. This data confirmed that this reach is a C4 stream
type, which was originally determined via the SGAT protocol.
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TrK 08

This reach is approximately 3,948 feet long and ends at the confluence of an unnamed
tributary near Upper Dingle Hill Road. The valley is much narrower here, but not
enough to confine the stream. The land cover within the corridor is forest along the steep
streambanks/valley walls and brush/pasture along the floodplain. The stream has recently
been changing course within the floodplain which is creating increased streambank
erosion. About 44% of the reach length has an eroding bank occurring along it, while
about 84% of the eroding banks have no streamside vegetation buffer due to stream
channel movement through pasture areas. Depositional features cover 18% of the reach,
all of which occur in the upper portion. The types of depositional features consist of a
mixture of center bars, side bars and full-channel deposits. The unnamed tributary at the
upstream end of this reach has brought large amounts of sediment into the Tremper Kill.
Most deposition is just downstream of this point. The areas of the full channel deposition
are susceptible to channel migration. There are no structures in the floodplain to protect,
so the widely meandering stream is not an issue in that respect.
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TrK 09

This reach is approximately 5,133 feet long and runs through a broad valley. Campbell
Hollow and two unnamed tributaries enter Tremper Kill. There are two private bridges
along this reach. The corridor is a mix of forest, brush land, agricultural land and
wetland. The floodplain is primarily cropland, pasture and some wetland. Almost 60%
of the reach has a narrow streamside vegetation buffer of less than 25 feet wide or none at
all, most of this being on the left streambank. Eroding banks can be found in 31% of the
reach length and about 88% of the eroding banks have no streamside vegetation buffer.
Deposition is not a major problem in this reach and only 10% of the reach has a
depositional feature present. The depositional features consist mostly of side bars. In the
upper portion of the reach, the stream has changed course many times since 1963 and has
moved across the entire floodplain. The floodplain was once an agricultural field.
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TrK 10

This reach is approximately 4,240 feet long and ends at the confluence of Liddle Brook
and Gladstone Hollow in the hamlet of Andes. The valley is very broad with the
upstream portion containing more residential and commercial land use than the rest of the
sub-basin. Within this reach, there is an unnamed tributary and one bridge on Cabin Hill
Road. About 30% of the reach has some sort of rock revetment along the streambanks.
The majority of the revetments are located in the straightened upper portion of the reach.
Eroding banks cover only 21% of the reach. Two sections of eroding banks are
categorized as mass failures on high streambanks and account for nearly half of the total
area of eroding banks: 3,000 square feet of 6,400 square feet. About 52% of the total
length of eroding banks has no streamside vegetation buffer. Deposition seems to occur
only in the downstream portion of the reach. In 2005, the stream made a sharp turn left at
a wide point in the stream bed about 400 feet downstream from the Andes fire house.
During a high flow event, the stream dropped sediment in this wide area and then broke
through the right bank into a corn field, creating a new channel and abandoning the old
channel. There is no root mass to hold the streambank together in the corn field, so the
stream is meandering through this unstable area.
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Tremper 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

TrK 01

3677.3

C

Forest

Brush

Right Bank >100'
Left Bank >100'

1

---

TrK 02

2984.7

C

Forest

Brush

Right Bank >100'
Left Bank 0-25'

1

TrK 03

2180.5

C

Forest

Agriculture

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

0

TrK 04

1859.8

C

Brush

Forest

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

1

33%
High

TrK 05

3375.5

C

Forest

Brush

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

0

---

TrK 06

7112.6

C

Forest

Turf

Right Bank >100'
Left Bank 0-25'

3

TrK 07

3171

C

Agriculture

Forest

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

1

TrK 08

3947.5

C

Forest

Agriculture

Right Bank >100'
Left Bank >100'

0

TrK 09

5132.9

C

Forest

Wetland

TrK 10

4240.5

C

Forest

Brush

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

5%
Not Significant

8%
Not Significant

8%
Not Significant

6%
Not Significant

--14%
Low
28%
Low

2
1

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)

TrK 01

23%
High

Not
Significant

High

High

Low

No Info

TrK 02

24%
High

Low

Low

Low

High

No Info

---

Not
Significant

Low

High

High

No Info

---

Not
Significant

Not
Significant

Low

Low

No Info

TrK 05

20%
High

Not
Significant

Low

High

High

No Info

TrK 06

10%
Low

Low

Low

Low

High

No Info

Low

Low

Low

High

No Info

TrK 03
TrK 04

TrK 07
TrK 08
TrK 09
TrK 10

----5%
Low
9%
Low

Not
Significant
Not
Significant

Low

Low

High

No Info

Not
Significant

High

High

No Info

High

Low

Low

High

No Info
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