





Valley Creek Fish Habitat Project Assessment and Enhancement

List of Contractor Projects N
DELAWARE "
RIVERKEEPER
Project Project Benefits Level of Project Access
Reach | Project ID ~ Coordinates Project Type Length | Cover | Width | Erosion | Access | Clearing Effort Ownership | Ownership
Lower |C-R-1.01 40.06822, -75.49714 |Bank Cover Cribbing 29 3 1 2 Good Minimal 1 oLC oLC
Lower |C-R-1.02 40.06840, -75.49717 |Bank Cover Cribbing 27 3 1 2 Good Minimal 1 OoLC OLC
Lower |C-R-1.03 | 40.06872, -75.49734 |Mud Sill Cribbing or Bank 25 2 2 2 Fair | Moderate 2 oLc oLc
Cover Cribbing
Lower |C-L-1.04 40.06849, -75.49693 |Root Wad Deflectors 28 1 1 2 Good Minimal 3 Private/OLC Private
Lower |C-L-1.05 | 40.06951,-75.49807 |09 Framed Stone 70 2 1 3 Good Minimal 2 oLc oLC
Deflectors
Lower |C-R-1.06 40.06930, -75.49893 |Multi-log Vane Deflectors 80 3 1 2 Fair Moderate &) oLC oLC
Lower |C-R-1.07a |40.06942, -75.49913 |Rebuild bank, Multi-log 50 3 3 3 Fair Minimal 3 oLc oLC
Vane Deflector
Lower |C-R-1.07b | 40.06963, -75.49913 |Multi-log Vane Deflectors 70 2 1 3 Fair Minimal 3 OoLC oLC
Lower [C-L-1.08 40.06972, -75.49893 |Multi-log Vane Deflector 50 2 2 2 Poor '\élf:ti ir:i:z 2 oLC oLC
Lower [C-R-1.09 40.07025, -75.49979 |Log Vane Deflectors 50 2 2 2 Poor Extensive 3 OoLC OoLC
Lower |C-R-1.10 40.07030, -75.50006 |Log Vane Deflectors 70 3 3 3 Poor Extensive 3 OoLC OoLC
Lower [C-L-1.11 40.07103, -75.50068 |Modified Mud Sill Cribbing 50 3 2 2 Poor Moderate 3 Private Private
Lower [C-R-1.12 40.07139, -75.50259 |Modified Mud Sill Cribbing 70 3 3 3 Fair Minimal 3 Private Private
Bridge removal, Restore
Lower |C-L/IR-1.13 |40.07141,-75.50281 |channe! dimensions, Stone| g, 3 3 3 Fair | Moderate 4 Private Private
cross vane for grade
control
Lower (C-L-1.14 40.07106, -75.50358 |Modified Mud Sill Cribbing 30 3 2 2 Poor Moderate 3 Private Private
Lower [C-L/R-1.15 |40.07052, -75.50546 |3-4 Deflectors 120 2 2 1 Fair Minimal 2 Private Private
Lower |C-L-1.16 40.06996, -75.50664 |Regrading/Levee removal 250 2 1 3 Good Extensive 4 Private Private
Lower [C-R-1.17 40.06949, -75.50718 |Spur Dikes/Bendway weirs 65 3 1 3 Fair Moderate 3 Private Private
Lower [C-L-1.18 40.06949, -75.50770 |Modified Mud Sill Cribbing 100 2 3 3 Fair Moderate 4 Private Private
. . . Private/
Middle [C-R-2.01 40.06659, -75.51706 |Deflectors/Bendway weirs 90 1 2 2 Fair Moderate 3 Preserve Preserve
Middle |C-2.02 40.06699, -75.51673 |ofer to middle reach 100
problem matrix
Middle |C-2.03 40.06730, -75.51690 |Refer to middle reach 460
problem matrix
Middle |C-2.04 40.06764, -75.51675 | orer to middle reach 200
problem matrix
Middle |C-2.05 40.06760, -75.51607 |Refer to middle reach 200
problem matrix
Middle |C-2.06 40.06769, -75.51496 | ofer to middle reach 145
problem matrix
Middle |C-2.07 40.06805, -75.51434 |Refer to middle reach 270
problem matrix
Middle |C-2.08 40.06855, -75.51384 |efer to middle reach 270
problem matrix
Middle |C-2.09 40.06857, -75.5131g |Refer to middle reach 680
problem matrix
Middle |C-2.10 40.06864, -75.51209 |Refer to middle reach 525
problem matrix
Middle |C-2.11 40.06824, -75.51131 |Refer to middle reach 80
problem matrix
. Refer to middle reach
Miadle 1C-2.12 40.06836, -75.51058_|problem matrix 360
. Refer to middle reach
Middle 1C-213 |45 06867, -75.50927 |problem matrix 490
Series of deflectors/vanes,
C-L-3.01 Instream cover
Upper 40.05792, -75.53456 |°nhancement 120 3 2 3 Fair | Moderate 3 Private Private
Upper |C-R-3.02 40.05757, -75.53417 |Deflector 55 3 1 3 Poor Moderate 2 Private Private
Project ID: C=Contractor project, L=Left bank (looking downstream), R=Right bank (looking downstream), 1.x=Lower study reach, 2.x=Middle study reach,

Project Benefits:

Level of Eff
Ownership:

ort:

1=Low benefit, 2=Medium benefit, 3=High benefit

Scale of 1 to 4 with 1=low level of effort and 4=high level of effort; based on technique and some site conditions

OLC=0Open Lands Conservancy

Yellow shading indicates project was selected by VFTU and OLC as a preliminary potential project
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Valley Creek — Middle Reach Project Summary
Problem Matrix

DELAWAR E. ]
RIVERKEEPER
LOCATION OBSERVED ISSUES SPECIFICS
C-2.02 Possible fish barrier Buried log
(RAT) Large double mid-channel bar 26 ft wide, 50 ft long - section 1
100 feet 100 ft total
Over wide channel (at bar) 59 ft wide
Vertical eroding outside bend 68 linear ft
Invasive plants Phragmites
Other Upstream contains very tight quasi-E type channel
Reasonably good habitat
Poor stream and streambed stability
C-2.03 Eroding outside bend Not serious by itself
(RA 2) Pseudo dam
460 feet Evidence of channel migration
Stream instability/weird configuration
Invasive plants Phragmites
Other This reach is relatively intact for now; Address only if adjacent reach is addressed
C-2.04 Human-placed-boulders in disarray Small pile
(RA3) Fallen tree across stream Impacts access, debris catcher
200 feet Log jam Large with downstream impact

Two gravel bars

Both ~20 ft by 20 ft

Wandering flow

Due to bars and debris

Other

Channel width = 38 ft at bars

Reach =180 ft

Bars + log jam = 100 ft
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LOCATION

OBSERVED ISSUES

SPECIFICS

C-2.05 Major stream bank erosion 90% of right bank; 15% of left bank
(RA 4 Max bank height = 5 ft
200 feet Outside banks (100), stratified silt on clay
Large channel bar 64 ft long, 34 ft wide
Over wide channel At bar, 42 ft max width, and elsewhere
Habitat cover is limited Minor bank overhang, 10% of bank
Leaning tree
C-2.06 Bank indentations/scallops Missing trees?
(RA'S) Leaning trees
145 feet Eroding stream banks 100 ft, right side, not outside bend

Over wide channel

Measurements: 42 ft, 44 ft, 58 ft

44 ft= riffle

58 ft= max gravel bar

42 ft= min gravel bar

Large gravel bar

56 ft long, 18 ft wide

2:1 slope on face

Wandering flow

Sinuosity created by gravel deposition

Indentation at downstream bend

Bank erosion

Silt deposit

Slack water

Overly wide channel

Impacting downstream reach (RA 6)

Cover

Marginal, but with deep pool
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LOCATION OBSERVED ISSUES SPECIFICS
C-2.07 Lack of riparian buffer (right bank) Cut grass/yard
(RA 6) Bank erosion Overland flow
270 feet 3 runoff delivery channels
Chanel aggradation
Stone channel encroachment
Multiple channels Excessive gravel
Meandering flow
Flow obstructions; WD/stone
Scallop Missing tree?
Mid-channel bar At end of reach
Small
Impact from upstream
Remnant structure Stone
Small dam abutment?
Over wide channel 75 ft upstream of remnant structure
Up to 44 ft elsewhere
Side channel bar ® = 28
C-2.08 Lack of riparian buffers Left and right banks
(RA7) Eroding stream banks Left side 4 ft vertical, raw
270 feet 100 ft long

Scallops

Missing tree?

From debris jam at leaning tree

Invasive plants

Japanese knotweed

Debris jam Nice pool created
Creating bank stress
Cover Largely absent
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LOCATION

OBSERVED ISSUES

SPECIFICS

C-2.09

Riparian issues galore!

Major areas of cut grass, both sides

(RA8)

No major tree shade

680 feet

Eroding banks

Severe on outside bends (2 on left)

Plus erosion on inside of bends

150 to 300 linear f of stream

Scallops

Missing trees ?

Cause of mid-channel bar?

Bar width =42 ft

Split flow

In upstream section

Creates:

Backwater pool

Undercut bank

Collects junk

Cover

Lack of shade

Lack of in-stream cover

C-2.10

Lack of riparian buffer

Virtually no buffer

(RA9)

Eroding outside bends

Severe

525 feet

Raw, vertical 4 to 8 ft high

400 ft, 3 bends

Over-widening channel

Minor

Width =40 to 42 ft

Cover Generally absent
One outside bend pool is filled
Foot bridge Bank erosion from bridge

Immediately downstream on left
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LOCATION OBSERVED ISSUES SPECIFICS
C-2.10 Other Change in substrate size noted
(Cont.) Larger size beginning in mid
Upstream section has sand bar
C-2.11 Tree Island See note at end of table
(RA 10)
80 feet
C-2.12 Bank erosion Minor in upper section (right bank)
(RA11) Severe in downstream section (left bank)
360 feet 170 linear ft with bank height 5+ ft
Over wide channel downstream section width = 56 ft
Dam remnant Right side
Of stream history significance
Lack of riparian buffer Limited on entire left side
Bedrock Middle section channel has bedrock
C-2.13 Bank erosion Left side
(RA 12) Continuation of RA 12 erosion
490 feet 78 linear ft of 4ft vertical banks
Mass wasting indicated

Outside bend pool is filled

Tree-related debris

Large root wad/trunk

Root wad facing upstream

Deep pool created

Debris pile behind root wad

Evidence of habitat construction
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LOCATION OBSERVED ISSUES SPECIFICS
C-2.13 Downed trees 3 or more downed trees in channel downstream of root wad

(Cont.) Other Nothing of note in remaining section

Tree Island: This short section of Valley Creek is unique structurally with numerous positive attributes created by stream
“problems”. Positive attributes include in-stream cover, good depth variability, good flow variability, good habitat variability
and others. “Problems” creating the positive attributes include debris jam, split channel and flows, possible seasonal fish
barrier, storm water inputs via dry-channel entering stream, erosion including erosion that created tree island, and others. No
action is recommended, but since the structure of the site is likely instable, it should be watched. Possibly something of
management value can be learned from this site as well.

Valley Creek Project Summary - 7
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Valley Creek Fish Habitat Project Assessment and Enhancement
Prioritized List of VFTU Preliminary Contractor Projects - Lower Reach

DELAWARE

RIVERKEEPER'
Priority ~ Project Project Benefits Composite Level of Project Access
Ranking [Project ID| Coordinates Project Type Length Cover Width Erosion Score Access | Clearing Effort Oowner owner
40.06942 Rebuild Bank, Rock Vane
C-R-1.07a . ' |Deflector, Buffer 50 3 3 3 9 Fair Minimal 3 OoLC oLC
-75.49913 )
1 Establishment
40.06930, {Rock Vane Deflectors (or .
1 C-R-1.06 75.49893 |Multi-log Vane Deflectors) 80 3 1 2 6 Fair Moderate 3 oLC oLC
40.06963 Bank Cover Cribbing,
C-R-1.07b i . |Stone Deflector with Single 70 2 1 3 6 Fair Minimal 3 oLC oLC
-75.49913
1 Log
40.06822, . -
5 C-R-1.01 7549714 Bank Cover Cribbing 29 3 1 2 6 Good Minimal 1 oLC oLC
40.06840, . -
2 C-R-1.02 75.49717 Bank Cover Cribbing 27 3 1 2 6 Good Minimal 1 oLC OoLC
40.06872, | S .
5 C-R-1.03 75.49734 Mud Sill Cribbing 25 2 2 2 6 Fair Moderate 2 oLC oLC
40.07025, | .
3 C-R-1.09 75.49979 Log Vane Deflectors 50 2 2 2 6 Poor Extensive 3 oLC oLC
40.07030, .
3 C-R-1.10 75 50006 Log Vane Deflectors 70 3 3 3 9 Poor Extensive 3 oLC oLC
40.06951, |Log Framed Stqne .
C-L-1.05 Deflectors & Soll 70 2 1 3 6 Good Minimal 2 OoLC oLC
75.49807 . . .
4 Bioengineering
40.06972,  {Single/Multi Log Vane Moderate/
5 C-L-1.08 | 7549803 |Deflector 50 2 2 2 6 Poor | Evtensive | 2 oLe oLc
40.06849, | - . .
6 C-L-1.04 75 49693 Root Wad Deflectors 28 1 1 2 4 Good Minimal 3 Private/OLC | Private
Project ID: C=Contractor project, L=Left bank (looking downstream), R=Right bank (looking downstream), 1.x=Lower study reach
Project Benefits: 1=Low benefit, 2=Medium benefit, 3=High benefit
Level of Effort: Scale of 1 to 4 with 1=low level of effort and 4=high level of effort; based on technique and some site conditions

Ownership: OLC=0Open Lands Conservancy
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C-R-1.01

DESCRIPTION
Situation: Right bank is scalloped with a raw face and undercutting a black walnut at the downstream end of the scallop.
Project is ~28 feet in length.

Recommendation: Bank cover cribbing to stabilize bank and provide overhang cover. Tie cribbing into the undercut
black walnut at the downstream limit of the project. Place boulders under this tree to protect it. Once crib is installed,
grade bank to a gentler slope and adequately choke the backfilled rock with soil in order that the bank can be seeded and
vegetated. Note: Install a sill log about mid crib length since this crib is over 15’ in length. This is not shown in the
typical drawing below.

BANK COVER CRIBBING

Plan View

Rock Omitted For Clanty

A
":wfﬁ—
Main Log And Frame Log
Buried In Trench

y_With Large Rock

Main Log

. L 2" X 8" OakPlanking —— A,
Frame Log

MOTE: 2"% 6' oak planking driven into streambank

Sedion View

Frame Log

MNormal
Water Level
: i
Main Log > X & 0ak Planking
Driven Into Streambank
Stream Bottom

Image from: PA Fish & Boat Commission, “Habitat Improvement for Trout Streams”, 2007.

Notes: This project is a relatively easy project with good access off the private driveway and then along the edge of the
stand of phragmites set back from the right bank. Logs could be harvested from the project vicinity for the cribbing, by
felling trees. All safety precautions should be taken when harvesting logs.

TIME ESTIMATE (assumes equipment is mobilized, access cleared, and materials staged)
This project could be completed along with C-R-1.02 and C-R-1.03 in two and a half to three days with one excavator,
construction oversight, and volunteers.

Volunteers — 5-6/day
Excavator — 1 day

MATERIAL ESTIMATE
Logs
8'sill log 1 #
~34' "main log" (or multiple logs totaling length ,spanning from the bank to the sill log) 1 #
~34 "frame log" 1 #




RS stone for backfilling of crib

Total volume 4.67 | cuyd
Weight/cubic yd 1.5 | tons
Quantity 7.0 | tons
Qak flooring
Crib length 28 | ft
Crib width (including in bank) 5 ft
Crib area 140 | sqft
Boulders for shoring undercut tree
Total volume 0.93 | cuyd
Weight/cubic yd 1.5 | tons
Quantity 1.39 | tons
Rebar
Total length of 4' rebar 24 | ft
Total length of 2' rebar 12 | ft
Total rebar length 36 | ft
Nails
Erosion Control
Erosion Control Blankets 400 | sq ft
Staples (@ 1 per 6 sq ft) 0.14 | box
Native grass and wildflower seed (@30 Ibs/acre) 03 |Ib
COST ESTIMATE
Excludes hauling, shipping and handling fees.
Excludes cost of acquiring logs from either on or off site.
Item Unit Est. Unit Cost Quantity Total
RS5 stone ton 15 6.1 $91.50
Oak flooring sq ft 2.5 140 $350.00
Boulders ton 40 1.4 $55.56
Rebar ft 0.7 36 $25.20
Nails* box 10 1 $10.00
Erosion control blankets* roll 150 0.6 $90.00
Staples for erosion control blankets* box 75 0.14 $10.50
Native grass and wildflower seed* 1b 50 0.3 $15.00
Material Total $647.76
Excavator (equipment and operator) day 1100 ‘ 1 $1,100.00
Equipment Total $1,100.00
Total Cost Estimate $1,747.76
Total Cost Estimate +20% $2,097.31

* Whole unit not required for this project, however will need to be ordered by the unit

Estimated Cost Range: $1,700-$2,100




C-R-1.02

Top Lokiné -downstream from righf ba
Bottom: Looking downstream at project from left bank



C-R-1.02

DESCRIPTION
Situation: Right bank is scalloped and contributing some sediment to the stream. Project is ~ 27 feet in length.

Recommendation: Install bank cover cribbing to stabilize bank and provide overhang cover. Tie cribbbing into the
undercut box elder and leaning stump at the downstream limit of the project. Grade bank to a gentler slope after the crib
is installed and adequately choke backfilled rock with soil to allow the bank to be seeded and vegetated. Note: A sill lob
about mid crib length is required as the crib is over 15 feet in length. This is not shown in the typical drawing below.

BANK COVER CRIBBING

Plan View

Rock Omitted For Clatity

Main Log And Frame Log
Buried In Trench

Main Log ! d;g Wilh Large Rock

L 2" X g OakPlarking

MOTE: 2% 6' oak planking driven into streambank

Sedion View

. ZZi
Main Log 2" X 6" Oak Planking

Driven Into Streambank

Stream Bottom

Image from: PA Fish & Boat Commission, “Habitat Improvement for Trout Streams”, 2007.

Notes: This project is a relatively easy project with good access off the private driveway and then along the edge of the
stand of phragmites set back from the right bank. Logs could be harvested from the project vicinity for the cribbing, by
felling trees for access and thinning purposes or reusing downed trees on the floodplain. All safety precautions should be
taken when harvesting logs.

TIME ESTIMATE (assumes equipment is mobilized, access cleared, and materials staged)
This project could be completed along with C-R-1.02 and C-R-1.03 in two and a half to three days with one excavator,
construction oversight, and volunteers.

Volunteers — 5-6/day
Excavator — 1 day

MATERIAL ESTIMATE

Logs
8'sill log 1 #
~34' "main log" (or multiple logs totaling this length spanning
from the bank to the sill log) 1 #
~34 "frame log" 1 #

RS5 stone for backfilling of crib
Total volume | 6 ‘ cuyd




Weight/cubic yd 1.5 | tons
Quantity 9.0 | tons
Large R5/R6 stone for holding logs
Total volume 044 | cuyd
Weight/cubic yd 1.5 | tons
Quantity 0.7 | tons
Oak flooring
Crib length 27 | ft
Crib width (including in bank) 6 ft
Crib area 162 | sqft
Rebar
Total length of 4' rebar 24 | ft
Total length of 2' rebar 12 | ft
Total rebar length 36 | ft
Nails
Erosion Control
Erosion Control Blankets 350 | sqft
Staples (@ 1 per 6 sq ft) 0.12 | box
Native grass and wildflower seed (@30 Ibs/acre) 0.25 | Ib
Native trees/shrubs 3 containers

COST ESTIMATE

Excludes hauling, shipping and handling fees.

Excludes cost of acquiring logs from either on or off site.

Item Unit Est. Unit Cost Quantity Total
RS5 stone ton 15 7.8 $117.00
R6 stone ton 30 0.7 $21.00
Oak flooring sq ft 2.5 162 $405.00
Rebar ft 0.7 36 $25.20
Nails box 10 1 $10.00
Erosion Control Blankets roll 150 0.5 $75.00
Staples (@ 1 per 6 sq ft) box 75 0.12 $9.00
Native grass and wildflower seed (@30

Ibs/acre) 1b 50 0.25 $12.50
Native trees/shrubs container 20 3 $60.00
Material Total $734.70
Excavator (equipment and operator) day 1100 1 $1,100.00
Equipment Total $1,100.00
Total Cost Estimate $1,834.70
Total Cost Estimate +20% $2,201.64

* Whole unit not required for this project, however will need to be ordered by the unit

Estimated Cost Range: $1,800-$2,500




C-R-1.0

Top: Looking downstream at right bank
Bottom left: Looking downstream at right bank
Bottom right: Broken limbs on right bank



C-R-1.03

DESCRIPTION
Situation: Right bank is scalloped and the stream channel is overwide. Project is ~ 24 feet in length.

Recommendation: Bank cover cribbing or mud sill cribbing to fill in the scallop, stabilize the bank, and provide
overhang cover to the existing pool. Tie the crib into the leaning box elder at the downstream limit of the project.
Once the crib is installed, grade bank to a gentler slope and choke the backfilled rock with soil in order that the bank
can be seeded and vegetated. Note: Modified mud sill cribbing is not appropriate for this site due to channel depth.

Clear broken limbs from area and use as possible for the recommended structure or drag out of the stream corridor to
provide wildlife habitat in adjacent field. Leave large woody debris upstream of the project.

MUD SILL CRIBEBING

Plan View

Wing And Sill Logs Buried
i::ﬂ Rock ﬁf-"‘ In Trench With Large Rock

30 Degrees

60 Degrees
From Streambank

From Steambark
Wing Log

Face Log

2 X 6" Oak Planking

MOTE: Mud sill cribbing constructed in 8 . sections.

Section View

Log

Mormal
W oater Level

SillLog

Stream Bottom In TrenchWih Larye Rock

Image from: PA Fish & Boat Commission, “Habitat Improvement for Trout Streams”, 2007.

Notes: This project is a relatively easy project with decent access via the private driveway and then along the edge of
the stand of phragmites set back from the right bank.

TIME ESTIMATE (assumes equipment is mobilized, access cleared, and materials staged)
This project could be completed along with C-R-1.02 and C-R-1.03 in two and a half to three days with one
excavator, construction oversight, and volunteers.

Volunteer —5-6 volunteers/day
Excavator — 1 day

MATERIAL ESTIMATE (for Mud Sill Cribbing)

Logs
10' sill log 4 #

~24' "face log" (or multiple logs of equivalent total length to be secured on sill logs) 1 #




RS5 stone for backfilling of crib

Total volume 4.62 cuyd
Weight/cubic yd 1.5 tons
Quantity 6.9 tons
Large R5/R6 stone for holding logs
Total volume 1.78 cuyd
Weight/cubic yd 1.5 tons
Quantity 2.7 tons
Oak flooring
Crib length 24 ft
Crib width (including in bank) 5 ft
Crib area 120 sq ft
Rebar
Total length of 2' rebar 8 ft
Total rebar length 8 ft
Nails
Erosion Control
Erosion Control Blankets 305 sq ft
Staples (@ 1 per 6 sq ft) 0.1 box
Native grass and wildflower seed (@30 Ibs/acre) 0.21 b
COST ESTIMATE
Excludes hauling, shipping and handling fees.
Excludes cost of acquiring logs from either on or off site.
Item Unit Est. Unit Cost Quantity Total
R5 stone ton 15 6.9 $104.00
R6 stone ton 30 2.7 $80.00
Rebar ft 0.7 8 $5.60
Nails box 10 $10.00
Erosion control blankets* roll 150 0.5 $75.00
Staples for erosion control blankets* box 75 0.1 $7.50
Native grass and wildflower seed* 1b 50 0.21 $10.50
Material Total $292.60
Excavator (equipment and operator) day 1100 1 1,100
Equipment Total $1,100.00
Total Cost Estimate $1,392.60
Total Cost Estimate +20% $1,671.12

* Whole unit not required for this project, however will need to be ordered by the unit

Estimated Cost Range: $1,400-$1,700




C-L-1.04

.piz Looking at downstream end of left bank proj ect
Bottom: Looking at upstream end of left bank project and brush mattress



C-L-1.04
DESCRIPTION
Situation: The left bank, immediately downstream of the previously installed brush mattress, is eroding and has a
high Bank Erosion Hazard Index. The pool adjacent to this outside bend is deep and has some cover from
overhanging clay ledges. Project length is ~30 feet.

Recommendation: A series of root wad deflectors (~four to six total, dependent upon size) to provide additional
habitat and flow complexity to the existing pool and armoring to the bank to protect against erosion. Rood wads
should be ~8-10 feet in length and have a root fan ~4” in diameter. Note: It may be more efficient to install root wads
using the “drive-point” method instead of the trenching method shown in the PA Fish and Boat Commission’s
“Habitat Improvement for Trout Streams”.

Information on the drive-point method from “Stream Restoration: A Natural Channel Design Handbook™":

“Root wads are installed by either the drive-point method or trenching methods. The drive-point
method is preferred because it disturbs the least amount of soil and adjacent vegetation and is more
cost-effective. The drive-point method uses a track hoe with a hydraulic thumb to insert the root wad
directly into the bank. Sharpen the end of the log with a chainsaw before driving it into the bank. A
loader or second track hoe may be used to hold the root wad in place while the track hoe with the
hydraulic thumb grasps the root fan and drives the trunk into the bank. To prevent destruction of the
root fan, don’t ram the track hoe bucket into the root wad excessively (if the streambank is resistant to
the root wad and trunk, consider the trenching method). If vegetation exists on the streambanks,
avoid destroying these plants during installation. Orient root wads upstream so that the stream flow
meets the rood wad at a 90-degree angle, deflecting water away from the bank. If a back eddy is
formed by the structure, place a transplant or boulder on the downstream side of the root wad.”

ROOT WAD DEFLECTOR
Plan View

Root Wad Trunk Buried
1 In TrenchWith Large Rock

MOTE: Can be placed asa single deflector, or overlapping as shown.

Section View

MNormal
WaterLevel o A

P Root'Wad Trunk Buried
In Trench With Large Rock

Stream Bottorm

Image from: PA Fish & Boat Commission, “Habitat Improvement for Trout Streams”, 2007.

!'North Carolina Stream Restoration Institute and North Carolina Sea Grant. Stream Restoration: A Natural Channel Design
Handbook. http://www.bae.ncsu.edu/programs/extension/wqg/sri/stream rest guidebook/sr guidebook.pdf




Notes: Project has good access from the private properties on the left bank and would require limited clearing.

Suitable root wads would need to be located and were not readily identified in the immediate project vicinity. The
existing pool is great habitat. Due to the degree of work required to implement this recommendation and the good
habitat this pool currently provides, this project is the lowest priority of the ten selected projects in the lower reach.

TIME ESTIMATE (assumes equipment is mobilized, access cleared, and materials staged)
Volunteer Hours — Not really needed unless coupled with live staking (V-L-1.01) immediately upstream
Equipment — 1 excavator with hydraulic thumb to install via drive-point method for 0.75-1 day

MATERIAL ESTIMATE

Root wads

8-10"in length with ~4' diameter root fan root wads 4106 #

Large R5/R6 stone for holding root wads (if installed via trenching method)

Total volume 8.00 cuyd

Weight/cubic yd 1.5 tons

Quantity 12.0 tons
COST ESTIMATE

Excludes hauling, shipping and handling fees.
Excludes cost of acquiring root wads from either on or off site.

Item Unit Est. Unit Cost Quantity Total
R6 stone ton 30 12.0 $360.00
Material Total $360.00
Excavator (equipment and operator) day 1100 1 $1100
Equipment Total $1,100.00
$1,460.00
Cost Estimate Range $1,752.00

Estimated Cost Range: $1,450-$1,800



C-L-1.05
. _ =

Top: Looking at left bank
Bottom left: Looking at upstream portion of left bank project

Bottom right: Looking at downstream end of left bank project




C-L-1.05

DESCRIPTION

Situation: The left bank is eroding along a straight reach immediately downstream from a drainage entering on the
left bank. The ~4’ near vertical bank has low rooting depth, low root density, and no bank protection — indicating a
relatively high Bank Erosion Hazard Index. There is no flow variability or cover in this straight stretch of Valley
Creek. Project length is ~70 feet.

Recommendation: A series of three log framed stone deflectors to direct flow away from the bank and to provide
flow complexity and instream cover. Regrade the bank to a 3:1 slope and install live stakes between the deflectors. It
may be possible and more effective to install main logs and brace logs using the drive-point method explained for
project C-L-1.04.

LOG FRAMED STONE DEFLECTOR
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| s v
:—\-——IE‘—““? = LJ
Stream Bottom S
Brace Log

Buried In Trench With Rock
Image from: PA Fish & Boat Commission, “Habitat Improvement for Trout Streams”, 2007.

Notes: This project has good access from the private properties on the left bank and would require limited clearing.
Logs for the deflectors are available near the site.

TIME ESTIMATE (assumes equipment is mobilized, access cleared, and materials staged)
Volunteer Days — 4, for seeding regraded bank, erosion control blankets, and live staking
Excavator Days — 1, assuming rock is staged nearby




MATERIAL ESTIMATE

Logs

23-25' "main logs"

14-16' "brace logs"

RS5 stone for backfilling of crib

Total volume

22.22

cuyd

Weight/cubic yd

1.5

tons

Quantity

33.3

tons

Rebar

Total length of 4' rebar

60

ft

Total length of 2' rebar

12

ft

Total rebar length

72

ft

Erosion Control

Erosion Control Blankets

1120

sq ft

Staples (@ 1 per 6 sq ft)

0.4

box

Live stakes

35

stake

Native container stock (trees/shrubs)

18

container

Native grass and wildflower seed (@30 lbs/acre)

1b

COST ESTIMATE
Excludes hauling, shipping and handling fees.

Excludes cost of acquiring logs from either on or off site.

Item

Unit

Est. Unit Cost

Quantity

Total

R5 stone

ton

15

333

$500.00

Rebar

ft

0.7

72

$50.40

Erosion control blankets*

roll

150

1.6

$240.00

Staples for erosion control blankets*

box

75

0.4

$30.00

Live stakes

stake

1.25

35

$43.75

Native container stock (trees/shrubs)

container

25

18

$450.00

Native grass and wildflower seed

1b

50

1

$50.00

Material Total

$1,364.15

Excavator with hydraulic thumb (equipment and operator)

day

1100

$1,100.00

Equipment Total

$1,100.00

Total Cost Estimate

$2,464.15

Total Cost Estimate +20%

$2,956.98

* Whole unit not required for this project, however will need to be ordered by the unit

Estimated Cost Range: $2,500-$3,000
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C-R-1.06

DESCRIPTION

Situation: The right bank is eroding and has a vertical, raw face. The radius of curvature at this bend suggests a high
near bank stress. This coupled with the limited rooting depth and root density on the bank makes the bank susceptible
to accelerated and continued erosion. Project is ~80 feet in length.

Recommendation: Two multi-log vane deflectors to direct flow towards the center of the channel, alleviate near bank
stress, and improve instream habitat. The first vane placed at the upper end of the project reach will help “turn” the
water as it enters into the reach. The second vane placed downstream of the first will prevent the thalweg from
cutting back to the right bank and needs to be placed such to protect the existing pool. Vane spacing is estimated at
40 feet though exact spacing will need to be determined. Rock vanes could also be installed however based on
logistics of getting material to the site, multi-log vanes seem more appropriate. Vane arms will be approximately 23.5
feet in length, at a 20 degree angle. Note another 6 feet of log needs to be keyed into the bank. Plant the banks
following construction with native riparian species.

MULTIL.OG VANE DEFLECTOR

Flan View

20+ 30 Degress

F rom Streambark Butt Ends Buried In Trench
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Top Log Pinned To Both Base Logs With Rebar

FLOW

NOTE Top log sits in the saddle formed by the 2 base logs.

Section View
Trenched Minimum Of 5 .

Mormal 5-15 % Slope
Water Level

X Butt Ends Buried In Trench
Stream Bottorn With Large Rock

Image from: PA Fish & Boat Commission, “Habitat Improvement for Trout Streams”, 2007.

Notes: This project should be implemented as part of a larger project that includes C-R-1.07. Together with C-R-
1.07, this has been identified as the highest restoration priority of the preliminary projects in the lower study reach of
Valley Creek. Project has fair access from the OLC property. Clearing of existing multi flora rose and smaller box
elders would be required.

TIME ESTIMATE (assumes equipment is mobilized, access cleared, and materials staged)

Project could be completed along with C-R-1.07 in eight days with an excavator and backhoe. (Project C-L-1.08
could also be completed in this time frame if access to the site was provided.) Following time estimates are based on
completing projects 1.06 and 1.07 together.

Volunteer Days — 10-16 (1-2 volunteers/day) for erosion control measures and assistance to construction oversight
manager



Excavator Days — 5
Backhoe Days — 8

MATERIAL ESTIMATE
Logs
| ~30' vane arms (23.5' exposed) | 6 | #
RS stone for backfilling triangle of structure
Total volume 0.77 | cuyd
Weight/cubic yd 1.5 | tons
Quantity 1.2 | tons
Large R5/R6 stone for holding logs
Total volume 148 | cuyd
Weight/cubic yd 1.5 | tons
Quantity 2.2 | tons
Rebar
Total length of 2' rebar 20 | ft
Total rebar length 20 | ft
Erosion Control
Erosion Control Blankets 1090 | sq ft
Staples (@ 1 per 6 sq ft) 0.36 | box
Native container stock (trees/shrubs) 15 | container
Native grass and wildflower seed (@30 Ibs/acre) 0.7 |1b

COST ESTIMATE
Excludes hauling, shipping and handling fees.
Excludes cost of acquiring logs from either on or off site.

Item Unit Est. Unit Cost Quantity Total
R5 stone ton 15 1.2 $17.33
R6 stone ton 30 2.2 $66.67
Rebar ft 0.7 20 $14.00
Erosion control blankets* roll 150 1.5 $225.00
Staples for erosion control blankets* box 75 0.36 $27.00
Native container stock (trees/shrubs) container 25 15 $375.00
Native grass and wildflower seed* 1b 50 0.7 $35.00
Material Total $760.00
Excavator (equipment and operator)** day 1100 5 $5,500.00
Backhoe (equipment and operator) ** day 900 8 $7,200.00
Equipment Total** $12,700.00
Total Cost Estimate $13,460.00
Total Cost Estimate +20% $16,152.00

* Whole unit not required for this project, however will need to be ordered by the unit

**Includes times for completion of C-R-1.07

Estimated Cost Range: $13,400-$16,200




C-R-1.07a

.. 02/24/2008
Top: Looking at right bank, gravel bar, and mowed access '-
Bottom: Looking upstream towards gravel bar and right bank



C-R-1.07a

DESCRIPTION

Situation: The right bank is eroding adjacent to the mowed entry way on OLC property and a large (~1,680 cubic foot)
gravel bar has accumulated in the channel. The channel is overwide in this localized area. The sloping mowed entry and
lack of buffer are contributing to the bank erosion. Project length is ~50 feet.

Recommendation: Rebuild the right bank to restore a proper channel width, approximately to the top of the existing gravel
bar. Approximately 1,000 cubic feet (49°x10°x2”) of fill will be required to rebuild the bank. A multi-log vane deflector
should be installed along the rebuilt bank with spacing coordinated with C-R-1.06 and C-R-1.07b. Following
implementation, plant the bank with woody species to provide structure to the bank and protect against erosion. Also,
evaluate access needs for the site and modify management buffer.

MULTILOG VANE DEFLECTOR

Plan View

20 - 30 Degrees

From Streambark Butt Ends Buried In Trench
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Image from: PA Fish & Boat Commission, “Habitat Improvement for Trout Streams”, 2007.

Notes: This project along with C-R-1.06 and C-R-1.07b is the highest restoration priority of the preliminary projects in the
lower study reach of Valley Creek. This comprehensive project will stabilize ~200 feet of eroding banks which are
contributing sediment to the system, improve width to depth ratios, and increase habitat by providing cover and flow
variability. Access from OLC on the right bank is fair and limited clearing is needed.

If this project is not selected by VFTU and OLC for implementation in 2009, management of the existing entry way needs
to be altered. Mowing to the top of a stream bank is not proper management and makes the bank extremely vulnerable to
erosion. Due to the topography of the site, water from a sizeable area is entering into the stream channel uninhibited.
Even creation of a no mow will help with infiltration and bank stability.

TIME ESTIMATE (assumes equipment is mobilized, access cleared, and materials staged)

Project could be completed along with C-R-1.06 and C-R-1.07b in eight days with an excavator and backhoe. Following
estimates are based on completing projects 1.06 and 1.07 together. Project C-L-1.08 could also be completed in this time
frame if access to the site was provided.

Volunteer Days — 10-16 (1-2 volunteers/day) for erosion control measures and assistance to construction oversight
manager

Excavator Days — 5

Backhoe Days — 8



MATERIAL ESTIMATE
Logs
| ~30' vane arms (23.5' exposed) | 3 | #

RS stone for backfilling triangle of structure

Total volume 0.39 | cuyd
Weight/cubic yd 1.5 | tons
Quantity 0.6 | tons

Large R5/R6 stone for holding logs

Total volume 0.74 | cuyd

Weight/cubic yd 1.5 | tons

Quantity 1.1 | tons
Rebar

Total length of 2' rebar 10 | ft

Total rebar length 10 | ft

Erosion Control

Erosion Control Blankets 680 | sqft
Staples (@ 1 per 6 sq ft) 0.23 | box

Live stakes 25 | stake
Native container stock (trees/shrubs)* 7 | container
Native grass and wildflower seed (@30 Ibs/acre)* 03 | 1b

* Does not include material for revegetation of mowed access.

COST ESTIMATE

Excludes hauling, shipping and handling fees.

Excludes cost of acquiring logs from either on or off site.

Note: Cost estimate does not include revegetation costs for mowed access. This area should be seeded and planted to
some degree dependant upon access needs.

Item Unit Est. Unit Cost Quantity Total
RS5 stone ton 15 0.6 $8.67
R6 stone ton 30 1.1 $33.33
Rebar ft 0.7 10 $7.00
Erosion control blankets* roll 150 0.9 $135.00
Staples for erosion control blankets* box 75 0.23 $17.25
Live stakes stake 1.25 25 $31.25
Native container stock (trees/shrubs) container 25 7 $175.00
Native grass and wildflower seed* 1b 50 0.3 $15.00
Material Total $422.50
Excavator (equipment and operator)** day 1100 5 $5,500.00
Backhoe (equipment and operator) ** day 900 8 $7,200.00
Equipment Total** $12,700.00
Total Cost Estimate $13,122.50
Total Cost Estimate +20% $15,747.00

* Whole unit not required for this project, however will need to be ordered by the unit
** Includes time for construction of C-R-1.06 and C-R-1.07b

Estimated Cost Range: $13,000-$16,000



C-R-1.07b

02/24/2009

Top left: Looking upstream from C-R-1.07a at C-R-1.07b
Top right: Looking at right bank

Bottom left: Looking toward downstream undercut tree on right bank

Bottom right: Looking toward upstream undercut tree on right bank



C-R-1.07b

DESCRIPTION

Situation: Eroding outside right bank, immediately upstream from the gravel bar and the bank to be rebuilt per C-R-1.07a
recommendation. With the exception of the two undercut trees the bank has limited vegetation and thus poor root density
and depth. Project is ~70 feet in length.

Recommendation: Two multi-log vane deflectors to coordinate with proposed vane deflectors at C-R-1.07a and C-R-1.06.
Vanes will direct stream flow around the curve, alleviate near bank stress and bank erosion, and enhance instream habitat.
After installation of structures regrade bank to 3:1 slope, seed, cover with erosion control blankets and install live stakes.

MULTILOG VANE DEFLECTOR

Plan View

Z0 - 30 Degraes

From Steambark Butt Ends Buried In Trench

With Large Rock

Top Log Finned To Both Base Logs YWith Rehar

FLoWw

NOTE: Top log sits in the saddle formed by the 2 base logs.

Section View
Trenched Minimum Of 5 .

Mormal 515 % Slope _\fTI
Water Level [ : \b_:ll

Stream Bottom With Large Rock

Image from: PA Fish & Boat Commission, “Habitat Improvement for Trout Streams”, 2007.

Notes: This project along with C-R-1.06 and C-R-1.07a is the highest restoration priority of the preliminary projects in the
lower study reach of Valley Creek. This comprehensive project will stabilize ~200 feet of eroding banks which are
contributing sediment to the system, improve width to depth ratios, and increase habitat by providing cover and flow
variability. Access from OLC on the right bank is fair and limited clearing is needed.

TIME ESTIMATE (assumes equipment is mobilized, access cleared, and materials staged)

Project could be completed along with C-R-1.06 and C-R-1.07b in eight days with an excavator and backhoe. Following
estimates are based on completing projects 1.06 and 1.07 together. Project C-L-1.08 could also be completed in this time
frame if access to the site was provided.

Volunteer Days — 10-16 (1-2 volunteers/day) for erosion control measures and assistance to construction oversight
manager

Excavator Days — 5

Backhoe Days — 8



MATERIAL ESTIMATE
Logs
| ~30' vane arms (23' exposed) | 6 | #

RS stone for backfilling triangle of structure

Total volume 0.77 | cuyd
Weight/cubic yd 1.5 | tons
Quantity 1.2 | tons

Large R5/R6 stone for holding logs

Total volume 1.48 | cuyd

Weight/cubic yd 1.5 | tons

Quantity 2.2 | tons
Rebar

Total length of 2' rebar 20 | ft

Total rebar length 20 | ft

Erosion Control

Erosion Control Blankets 850 | sqft

Staples (@ 1 per 6 sq ft) 0.3 | box

Live stakes 35 | stake

Native container stock (trees/shrubs) 12 | container

Native grass and wildflower seed (@30 lbs/acre) 0.5 | Ib
COST ESTIMATE

Excludes hauling, shipping and handling fees.
Excludes cost of acquiring logs from either on or off site.

Item Unit Est. Unit Cost Quantity Total
R5 stone ton 15 1.2 $17.33
R6 stone ton 30 22 $66.67
Rebar ft 0.7 20 $14.00
Erosion control blankets* roll 150 1.2 $180.00
Staples for erosion control blankets* box 75 0.3 $22.50
Live stakes stake 1.25 35 $43.75
Native container stock (trees/shrubs) container 25 12 $300.00
Native grass and wildflower seed* 1b 50 0.5 $25.00
Material Total $669.25
Excavator (equipment and operator)** day 1100 5 $5,500.00
Backhoe (equipment and operator) ** day 900 8 $7,200.00
Equipment Total** $12,700.00
Total Cost Estimate $13,369.25
Total Cost Estimate +20% $16,043.10

* Whole unit not required for this project, however will need to be ordered by the unit
** Includes time for construction of C-R-1.06 and C-R-1.07a

Estimated Cost Range: $13,000-$16,100



C-L-1.08
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Top: Looking downstream
Bottom: Looking upstream



C-L-1.08

DESCRIPTION
Situation: The left bank is eroding and an instream gravel bar is accumulating in the channel. Project is ~47 feet in length.
It is located immediately upstream of C-R-1.07.

Recommendation: One multi-log vane deflector or rock vane deflector near the upstream end of the project area to
alleviate bank stress and improve sediment transport.

MULTI4LOG VANE DEFLECTOR
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Image from: PA Fish & Boat Commission, “Habitat Improvement for Trout Streams”, 2007.

Notes: Unless the obtained permit allowed construction equipment in the channel, access for this project is very difficult
and this segment of stream has decent habitat due to the several flow patterns present. Therefore this project received a
low priority ranking as the benefit does not seem to equal the clearing necessary and difficulty of access. If obtained
permits provided for equipment in the wetted stream channel, then this project could easily be added to projects C-R-1.06
and C-R-1.07.

TIME ESTIMATE (assumes equipment is mobilized, access cleared, and materials staged)
Project could be completed along with C-R-1.06 and C-R-1.07 in eight days with an excavator and backhoe. Following
estimates are based on completing projects 1.06, 1.07, and 1.08 together.

Volunteer Days — 10-16 (1-2 volunteers/day) for erosion control measures and assistance to construction oversight
manager

Excavator Days — 5

Backhoe Days — 8



MATERIAL ESTIMATE

Logs
| ~30' vane arms (23' exposed) | 3 | #
RS stone for backfilling triangle of structure
Total volume 0.39 | cuyd
Weight/cubic yd 1.5 | tons
Quantity 0.6 | tons
Large R5/R6 stone for holding logs
Total volume 0.74 | cuyd
Weight/cubic yd 1.5 | tons
Quantity 1.1 | tons
Rebar
Total length of 2' rebar 10 | ft
Total rebar length 10 | ft
Erosion Control
Erosion Control Blankets 635 | sqft
Staples (@ 1 per 6 sq ft) 0.2 | box
Native container stock (trees/shrubs) 9 container
Native grass and wildflower seed (@30 Ibs/acre) 04 | 1b
COST ESTIMATE
Excludes hauling, shipping and handling fees.
Excludes cost of acquiring logs from either on or off site.
Item Unit Est. Unit Cost Quantity Total
RS5 stone ton 15 0.6 $8.67
R6 stone ton 30 1.1 $33.33
Rebar ft 0.7 10 $7.00
Erosion control blankets* roll 150 0.9 $135.00
Staples for erosion control blankets* box 75 0.2 $15.00
Native container stock (trees/shrubs) container 25 9 $225.00
Native grass and wildflower seed* 1b 50 0.4 $20.00
Material Total $444.00
Excavator (equipment and operator)** day 1100 5 $5,500.00
Backhoe (equipment and operator) ** day 900 8 $7,200.00
Equipment Total** $12,700.00
Total Cost Estimate $13,144.00
Total Cost Estimate +20% $15,772.80

* Whole unit not required for this project, however will need to be ordered by the unit

** Includes time for construction of C-R-1.06 and C-R-1.07

Estimated Cost Range: $13,000-$16,000




C-R-1.09 and C-R-1.10

DESCRIPTION

Situation: The right bank is eroding and the channel is overwide. A resultant mid channel gravel bar is accumulating.
Situation is exacerbated by large woody debris at the site. It appears some of the large woody debris was placed and
secured during past fish habitat enhancements. This reach was initially identified as two separate contractor projects,
C-R-1.09 and C-R-1.10, by Delaware Riverkeeper Network; however, they are discussed herein together as they should
be seen as a single reach and problem. Total project length is ~130 feet.

Recommendation: Restore an appropriate width to depth ratio and improve sediment transport in the downstream half of
the project (namely C-R-1.09). A stone cross vane would be the optimal instream structure for this site. However, it may
be possible to achieve desired results by rebuilding the bank and utilizing multi-log vane deflectors. Remove, or at least
alter the man-made large woody debris structure protruding into the channel at a near 90 degree angle from the left bank,
as it is directing flow towards the left bank. Use multi-log vane deflectors in the upper portion of the project (namely
C-R-1.10) to direct flow away from the left bank.

ROCK CROSS VANE
{(LOW FLOW CHANNEL STRUCTURE)
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Images from: PA Fish & Boat Commission, “Habitat Improvement for Trout Streams”, 2007.



Notes: While completion of this project would result in improved channel width, erosion control, and cover, it is ranked as
a lower priority amongst the selected preliminary potential contractor projects due to difficult access and the excessive
clearing required to mobilize equipment. DRN recommends that at this point Valley Forge Trout Unlimited remove the
man-made large woody debris structure, monitor this area, and focus its current resources on other projects.

TIME ESTIMATE (assumes equipment is mobilized, access cleared, and materials staged)

Volunteer Days — 10 (1-2 volunteers/day) for removing LWD structure, erosion control measures, and assistance to
construction oversight manager

Excavator Days — 5

MATERIAL ESTIMATE
Logs
~40' vane arms (~34' exposed) 6 #
~50' vane arms (~43' exposed) — if rock cross vane is not utilized 6 #

RS stone for backfilling triangle of structure

Total volume 1.54 | cuyd
Weight/cubic yd 1.5 tons
Quantity 2.3 tons

R6 stone for cross-vane structure

Total volume 62.22 | cuyd
Weight/cubic yd 1.5 tons
Quantity 93.3 | tons

Large R5/R6 stone for holding logs

Total volume 444 | cuyd
Weight/cubic yd 1.5 tons
Quantity 6.7 tons
Rebar
‘ Total length of 2' rebar | 40 | ft

Erosion Control

Erosion Control Blankets 1690 | sqft

Staples (@ 1 per 6 sq ft) 285 box

Live stakes 65 stake

Native grass and wildflower seed (@30 Ibs/acre) 1.2 1b
COST ESTIMATE

Excludes hauling, shipping and handling fees.
Excludes cost of acquiring logs from either on or off site.

Item Unit Est. Unit Cost Quantity Total
R5 stone ton 15 23 $34.67
R6 stone ton 30 100.0 $3,000.00
Rebar ft 0.7 40 $28.00
Erosion control blankets roll 150 1 $150.00
Staples for erosion control blankets* box 75 0.6 $45.00
Live stakes stake 1.25 65 $81.25
[Native container stock (trees/shrubs) container 25 7 $175.00
Native grass and wildflower seed* 1b 50 1.2 $60.00
Material Total $3,573.92




Excavator (equipment and operator) day 1100 5 $5,500.00
Equipment Total $5,500.00
Total Cost Estimate $9,073.92
Total Cost Estimate +20% $10,888.70

* Whole unit not required for this project, however will need to be ordered by the unit
Estimated Cost Range: $9,000-$11,000
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