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1. Objectives

The Kentucky Department of Fish and Wildlife Resources (KDFWR) propose to use In-Lieu-Fee Trust
funds to re-establish and enhance 2.2 acres of wetland and re-establish approximately 6,000 linear feet of
new stream channel downstream of the discharge of the U.S. Fish and Wildlife Wolf Creek Hatchery
(Figure 1).

e The project will be in-kind mitigation.

e The project will re-establish approximately 6,000 linear feet of Upper Perennial,
Unconsolidated Bottom, Unconsolidated Shore stream (Cowardin 1979)

e The project will re-establish and enhance 2.2 acres of forested and emergent wetland.

e There was an opportunity to re-establish a stream using the discharge water of the hatchery
and to create habitat that will be designed specifically to meet the life requirements of
rainbow, brook, and brown trout including feeding, refuge, spawning, and nursery.

e The existing ditch that the hatchery was discharging to is eroding and increasing the sediment
load in the Cumberland River. This project will reduce this erosion and reduce sediment in the
Cumberland River.

e The existing ditch is a safety hazard to existing campers and fishermen.

e There is a lack of suitable trout habitat and there is a large demand for trout fishing in the
Commonwealth.

2. Site Selection

The site was selected to begin where the existing discharge from the U.S. Fish and Wildlife Wolf Creek
Hatchery discharges into an eroding ditch. The location of the stream was determined based on existing
topography, existing drainage features, existing facilities and infrastructure, cost, and Corps of Engineers
approval. The base flow in the stream will be controlled by a pipe that collects water from the bottom of
Lake Cumberland, conveys it to the Wolf Creek Hatchery, which is subsequently discharged into a
constructed stream which flows to the ravine. There is small amount of watershed that will flow to the new
stream with a drainage area of 454 acres. (Figure 2)

The stream will be located parallel to the Cumberland River above the 100 year floodplain on a
relatively flat forested terrace. The stream will take advantage of existing channels on site including a
small segment of ephemeral channel that flows in the opposite direction. The design alternatives for
this project are all contained within the same corridor and the alternatives all dealt with getting the
best fit within this corridor and design features such as instream habitat and bank treatments. No other
location alternatives were considered.

The stream terminates adjacent to an existing channel which enters the Cumberland River. A series of
step pools will be constructed which will allow fish from the Cumberland River to access this stream.
The step pools will be designed specifically for trout, but other species may likely be capable of
passage.

As planned and designed the newly created channel will be an ecologically self-sustaining aquatic
resource. The design is intended to provide habitat for all life stages of trout. The stream is designed
specifically to the discharge of the existing hatchery and for the small amount of watershed that drains
to it.



The proposed stream mitigation is very compatible with the existing land use. The property at the
location of the proposed project is adjacent to public campgrounds, boating, and fishing areas
maintained by the Corps of Engineers and connects to a small segment of stream below the hatchery
that is currently used for trout fishing. The proposed project will provide additional opportunity for
recreation. The stream crosses an existing road that will have a bridge or culvert installed to provide
access to the campground. The location of the bridge will be near the location 36.8786 N; -85.14443
W.

The project is compatible with both the geology and soils of the site. A geotechnical study of the
project site confirmed that the soils and bedrock are compatible for the project (Attachment V). The
potential for sinkholes was identified as a potential in the project area and three alternative methods
were recommended in the event that one is encountered. These include, in order of preference,
relocation of channel, filling the karst location with compactable material such clay, or synthetic
channel liner.

There are no known populations of any state or federal threatened, endangered or listed species in the
study area (Correspondence with KDFWR and USFWS, 2012). Trees that could serve as potential
roost sites for the Indiana bat (Myotis sodalis) will need to be removed. The number of large trees will
be minimized by keeping the construction limits small, using existing disturbed locations for staging
and stockpiling, and by avoidance at the time of construction. Any trees that need to be removed will
be cut down within the required time frame to minimize impact. New trees will be planted that will
provide equal or better habitat in the future and the new stream will offer forage habitat.

KDFWR shall be consistent with the site selection requirements specified in the Compensation Planning
Framework of the In-Lieu Fee Mitigation Program Instrument and any Corps of Engineers district specific
requirements.

3. Site Protection

The project area is currently owned and maintained by the U.S. Army Corps of Engineers, Nashville
District. KDFWR will ensure permanent protection of the site through modification of an existing lease
between the Lake Cumberland resource area and the Wolf Creek National Fish Hatchery. This will
include a lease extension which will incorporate the new channel and its associated 300’ protective
corridor.

4. Baseline Information

Location: The site is located off of US 127 in southern Russell County, Kentucky. The project begins at
the existing discharge to the hatchery at the end of a constructed channel used to convey flow to a ravine
and for fishing. This channel is located to the north of the hatchery.

Directions: From Jamestown, KY, proceed south on US 127. Turn right on Dam Road and proceed toward
the Wolf Creek National Fish Hatchery. Turn right on Kendall Road. The project is located to the
northeast of the hatchery.



Figure 1 Site Location Map
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USGS HUC 8: 05130103 / Upper Cumberland-Lake Cumberland; 05130102
Service Area: Upper Cumberland
Level 111 Ecoregion & Bioregion: Interior Plateau, Pennyroyal

Watershed Size: Flow derived primarily from hatchery discharge, an additional 454 acres drain to the
stream

Coordinates: 36.523370 N; -85.084598W (upstream end of project) 36.520326 N; -85.075911W
(downstream end of project)

Numerous wetlands have been identified within the project corridor (Figure 4). These wetlands have
been delineated and credit scores calculated (Table 1). It is proposed that the project will enhance the
hydrology of the wetlands through design of intentional flooding of the channel through a portion of the
stream. Further improvements of the project site will include invasive species removal. The plant
community for the region is oak hickory forest on the hillsides with mixed mesophytic forest on the
plains of the Cumberland River. According to the floodplain coordinator, the project area is located
entirely on the historic (500 year) floodplain terrace of the Cumberland River downstream of the Wolf
Creek Dam. Soils for the project site are highly variable and include Melvin and Nolin Variant, however
were found to be problem soils during delineations due to significant modifications throughout recent
history. Groundwater depth ranges from 3 to 9 feet. The project area lies within a valley type Il with a
wide gently sloping valley bottom (Rosgen, 1996).

The current Hatchery Creek channel has no KY Division of Water (DOW) designated use for the project
site or its surrounding area. The stream as designed is intended to be a Rosgen Type C4 stream (Rosgen,
1996).

Threatened and Endangered Species / Cultural Resources

KDFWR has coordinated with the USFWS for potential impacts to federally protected species as a
result of the proposed project. Coordination and protected species located within Russell County are
listed in Attachments | & 11.

The State Historical Preservation Office (SHPO) was contacted and a site survey to determine the extent
of impact to cultural resources was performed.

There are no historical structures located on the property. A phase | archaeological survey
was completed and the SHPO office found no further investigations required. (Attachment
1)}

5. Determination of Credits

The project proposes to create approximately 6,000 linear feet of new high quality trout stream habitat
resulting in 13,661.4 stream AMU’s and 2.2 wetland AMU’s within the Lower Cumberland service
area. The method used in the credit determination was the Adjusted Mitigation Units method (Table

).



Table |

Stream Debit/Credit Tables

PROPOSED STREAM DEBITS FOR THE HATCHERY CREEK STREAM RESTORATION PROJECT

EXISTING
Stream Reach Flow Regime Stream Impact Type Debit AMU
& RBP Score . SFSQR Length (ft) P P
Quality
1.5 8.3 Fill (Weir) 12.5
Flow Regime
1 P ial 127 P h :
Stream erennia oor 1.00 1370.7 C ange 1370.7
Perennial to
Ephemeral
. Fill (Stream
Stream 2 Perennial 109 Poor 1.5 123.7
Relocated) 185.6
Stream 3 Intermittent 136 Average NO IMPACT
Stream 4 Perennial 109 Poor 15 1423 | Fill | 213.45
Stream 5 Intermittent 99 Poor NO IMPACT
Stream 8 Ephemeral 99 Poor NO IMPACT
Grading/flow
) 409.2
Stream 9 Perennial 99 Poor 1.5 reversal 613.8
742.4 Relocation 1113.6*
Stream 10 Perennial 68, 94 Poor NO IMPACT
Stream 11 Ephemeral 85 Poor 0.5 171.2 Grading 85.6
Stream 12 Ephemeral 83 Poor 0.5 141.6 Grading 70.8
. Grading/Structure
Stream 13 Perennial 110 Poor 1.5 76.9 115.35
Placement
Stream 15 Intermittent 113 Poor NO IMPACT
Stream 16 Ephemeral 110 Poor NO IMPACT
Stream 17 Ephemeral N/A Poor NO IMPACT
Stream 18 Ephemeral N/A Poor NO IMPACT
Total Stream Debit 2667.7,

*No debitincluded - stream is being replaced in kind. See Hatchery Creek Station 132+50 to 141+50 on the Stream Mitigation Credit Table.



PROPOSED HATCHERY CREEK STREAM MITIGATION CREDITS

EXISTING PROPOSED
Sti Reach Flow Regi Final St Credit AMU
ream Reac OWREEIME | Initial Stream Quality | Initial SFSQ m;ua"rte:m Final SFSQ | Mitigation Type Length Mitigation Ratio® redt
Hatchery Creek (STA
104+10 to STA 109+00 - Re-Establishment
Migration Barrier to Perennial N/A 0 Excellent 3.0 w/150 ft buffer 490 1.1 1617.0
Wetland Re- each side
Establishment Area 1)
Hatchery Creek (STA
Re-Establishment
109+00-112+30 - Wetl
09+00 | 30- Wetland Perennial N/A 0 Excellent 3.0 w/150 ft buffer 330 0.0 0.0
Re-Establishment Area .
each side
1)
Hatchery Creek (STA
nzfsg f:lrgl+2l;eeV\l(etland Re-Establishment
R Perennial N/A 0 Excellent 3.0 w/150 ft buffer 397 1.1 1310.1
Re-Establishment Area 1 |
each side
to Road)
Hatchery Creek (STA Re-Establishment
117+42-132+50 - Road to .
Perennial N/A 0 Excellent 3.0 w/150 ft buffer 1508 1.1 4976.4
Wetland Re- X
) each side
Establishment Area 2)
Hatchery Creek (STA Re-Establishment
132+50-141+50 - Wetland Perennial N/A 0 Excellent 3.0 w/150 ft buffer 900 11 2970.0%**
Re-Establishment Area each side
Hatchery Creek (STA Re-Establishment
141450 to STA 159+92 - Perennial N/A 0 Excellent 3.0 w/150 ft buffer 1842 1.1 6078.6
Road to End of Project) each side
Stream 9 (between o
Disturb Limits and Rehabilitation
Perennial Poor 1.5 Excellent 3.0 w/100 ft buffer 141.3 0.7 148.4
Permanently Protected N
Corridor near STA each side
Stream 9 (between Rehabilitation
Perennial Poor 1.5 Excellent 3.0 w/100 ft buffer 55.7 0.7 58.5
Wetland Eand F) .
each side
Re-Establishment 117.2 0.3 116.0
Braid 1 Perennial N/A 0 Excellent 3.0 w/50 ft buffer
each side 35.0 0.0 0.0
Re-Establishment
Braid 2 Perennial N/A 0 Excellent 3.0 w/50 ft buffer 169.1 0.0 0.0
each side
Re-Establishment
Braid 3 Perennial N/A 0 Excellent 3.0 w/50 ft buffer 140.0 0.0 0.0
each side
Re-Establishment
Braid 4 Perennial N/A 0 Excellent 3.0 w/50 ft buffer 199.2 0.0 0.0
each side
Re-Establishment
Braid 5 Intermittent N/A 0 Excellent 2.0 w/50 ft buffer 84.4 0.0 0.0
each side
Re-Establishment
Braid 6 Intermittent N/A 0 Excellent 2.0 w/50 ft buffer 61.1 0.0 0.0
each side
Re-Establishment
Braid 7 Intermittent N/A 0 Excellent 2.0 w/50 ft buffer 74.0 0.0 0.0
each side
Re-Establishment
Braid 8 Intermittent N/A 0 Excellent 2.0 w/50 ft buffer 66.3 0.0 0.0
each side
Re-Establishment
Braid 9 Perennial N/A 0 Excellent 3.0 w/50 ft buffer 110.6 0.3 109.5
each side
Re-Establishment
Braid 10 Perennial N/A 0 Excellent 3.0 w/50 ft buffer 113.9 0.3 112.8
each side

Continued on next page...




Braid 11

Intermittent

N/A

0 Excellent

2.0

Re-Establishment
w/50 ft buffer
each side

66.6

0.3

Braid 12

Perennial

N/A

0 Excellent

3.0

Re-Establishment
w/50 ft buffer
each side

114.3

0.3

113.2

Braid 13

Intermittent

N/A

0 Excellent

2.0

Re-Establishment
w/50 ft buffer
each side

40.7

0.3

26.9

Braid 14

Intermittent

N/A

0 Excellent

2.0

Re-Establishment
w/50 ft buffer
each side

37.2

0.3

24.6

Braid 15

Perennial

N/A

0 Excellent

3.0

Re-Establishment
w/50 ft buffer
each side

196.2

0.3

194.2

Braid 16

Intermittent

N/A

0 Excellent

2.0

Re-Establishment
w/50 ft buffer
each side

40.0

0.3

26.4

Braid 17

Intermittent

N/A

0 Excellent

2.0

Re-Establishment
w/50 ft buffer
each side

87.2

0.3

57.6

Braid 18

Intermittent

N/A

0 Excellent

2.0

Re-Establishment
w/50 ft buffer
each side

57.4

0.3

37.9

Braid 19

Intermittent

N/A

0 Excellent

2.0

Re-Establishment
w/50 ft buffer
each side

32.7

0.3

21.6

Braid 20

Perennial

N/A

0 Excellent

3.0

Re-Establishment
w/50 ft buffer
each side

68.9

0.3

68.2

Braid 21

Perennial

N/A

0 Excellent

3.0

Re-Establishment
w/50 ft buffer
each side

22.3

0.3

22.1

7.6

0.0

0.0

Braid 22

Perennial

N/A

0 Excellent

3.0

Re-Establishment
w/50 ft buffer
each side

216

0.0

0.0

Braid 23

Perennial

N/A

0 Excellent

3.0

Re-Establishment
w/50 ft buffer
each side

275.9

0.0

0.0

Braid 24

Intermittent

N/A

0 Excellent

2.0

Re-Establishment
w/50 ft buffer
each side

131.9

0.0

0.0

Braid 25

Intermittent

N/A

0 Excellent

2.0

Re-Establishment
w/50 ft buffer
each side

92.6

0.0

0.0

Continued on next page...




Braid 26

Perennial

N/A

Excellent

3.0

Re-Establishment
w/50 ft buffer
each side

212.8

0.0

0.0

Braid 27

Perennial

N/A

Excellent

3.0

Re-Establishment
w/50 ft buffer
each side

197.4

0.0

0.0

Braid 28

Intermittent

N/A

Excellent

2.0

Re-Establishment
w/50 ft buffer
each side

138.1

0.0

0.0

Braid 29

Perennial

N/A

Excellent

3.0

Re-Establishment
w/50 ft buffer
each side

783

0.0

0.0

Braid 30

Intermittent

N/A

Excellent

2.0

Re-Establishment
w/50 ft buffer
each side

28.9

0.0

0.0

Braid 31

Perennial

N/A

Excellent

3.0

Re-Establishment
w/50 ft buffer
each side

86.0

0.0

0.0

Braid 32

Perennial

N/A

Excellent

3.0

Re-Establishment
w/50 ft buffer
each side

0.3

Braid 33

Intermittent

N/A

Excellent

2.0

Re-Establishment
w/50 ft buffer
each side

153.4

0.3

101.2

Braid 34

Intermittent

N/A

Excellent

2.0

Re-Establishment
w/50 ft buffer
each side

150.8

0.3

99.5

Braid 35

Intermittent

N/A

Excellent

2.0

Re-Establishment
w/50 ft buffer
each side

93.9

0.3

62.0

Braid 36

Perennial

N/A

Excellent

3.0

Re-Establishment
w/50 ft buffer
each side

153

0.3

151

Braid 37

Perennial

N/A

Excellent

3.0

Re-Establishment
w/50 ft buffer
each side

204.7

0.3

202.7

Braid 38

Intermittent

N/A

Excellent

2.0

Re-Establishment
w/50 ft buffer
each side

39.0

0.3

25.7

Braid 39

Intermittent

N/A

Excellent

2.0

Re-Establishment
w/50 ft buffer
each side

190.4

0.3

125.7

Braid 40

Intermittent

N/A

Excellent

2.0

Re-Establishment
w/50 ft buffer
each side

19.8

0.3

131

Braid 41

Perennial

N/A

Excellent

3.0

Re-Establishment
w/50 ft buffer
each side

388.4

0.3

384.5

Braid 42

Intermittent

N/A

Excellent

2.0

Re-Establishment
w/50 ft buffer
each side

177.9

0.3

117.4

Subtotal

16329.1]

Debit Subtotal

2667.7|

Net Credit|

13661.366)

***No stream credit claimed because located within proposed Wetland Mitigation Area. Stream re-establishment offsets the 1113.6 AMUs of relocation impact to Stream 9.

A Mitigation Ratio of 0.0 denotes stream length where wetland credit is anticipated. No stream credit is claimed at this time.



Wetland Debit/Credit Tables

PROPOSED HATCHERY CREEK WETLAND DEBITS

Wetland Cowardin Class Impact Acreage Impact Type* Ratio Debit AMU
Wetland A PEM NO IMPACT
Wetland B PFO NO IMPACT
Channel
Wetland C PFO 0.206 . 2.0 0.412
Construction
Channel
Wetland D PFO 0.079 . 2.0 0.158
Construction
0.423 Channel 2.0 0.846
Wetland E PFO ’ Construction ' '
1.088 Temporary 1.0 N/A
Wetland F PFO NO IMPACT
Wetland G PFO NO IMPACT
Ch |
Wetland H PFO 0.049 anne 2.0 0.098
Construction
Channel
Wetland | PFO 0.008 . 2.0 0.016
Construction
Channel
Wetland J PFO 0.018 . 2.0 0.036
Construction
Wetland K PFO 0.039 Temporary 1.0 N/A
Channel
Wetland L PEM 0.006 . 2.0 0.012
Construction
Wetland M PFO NO IMPACT
Channel
Wetland N PFO 0.270 . 2.0 0.540
Construction
Wetland O PEM NO IMPACT
Wetland P PSS NO IMPACT
Wetland Q PSS NO IMPACT
Wetland R PFO NO IMPACT
Wetland S PEM NO IMPACT
Wetland T PFO NO IMPACT
Wetland U PFO NO IMPACT
Wetland V PEM NO IMPACT
Wetland W PEM NO IMPACT
Wetland X PEM NO IMPACT
Wetland Y PEM NO IMPACT

Total Wetland Debit 2.118

lTemporary impacts will be restored to original or better condition




PROPOSED HATCHERY CREEK WETLAND MITIGATION CREDITS
Adjusted
Proposed Wetland Proposed e 3 Proposed | Mitigation
o ) Mitigation Type Ratio .

Mitigation Area Cowardin Class Acreage Units
(AMU)
Re-Establishment Area 1 PFO Re-Establishment 1.0 1.370 1.370
Re-Establishment Area 2 PFO Re-Establishment 1.0 0.632 0.632
Wetland E PFO Enhancement 0.5 2.824 1.412
Wetland F PFO Enhancement 0.5 1.659 0.830
Wetland G PFO Enhancement 0.5 0.130 0.065
Wetland K PFO Enhancement 0.5 0.039 0.020
TOTAL 6.654 4.328
TOTAL EXCESS WETLAND MITIGATION 2.210

NOTE: Enhancement Areas include wetland areas temporarily impacted, as well as portion of wetland
outside of proposed disturb limits (see accompanying impact map).
*Wetland credits are calculated using the new instrument ratios. Stream credits are calculated using the old instrument.

6. Mitigation Work Plan

The proposed project is consistent with the Master Plan for the Wolf Creek Dam and surrounding property
owned by the Corps of Engineers. A set of plans are included in the appendix and provided the basis for
the majority of these responses. The geographic boundaries of the project are identified on the plans
and identified as protection corridor. The limits of disturbance are identified on the drawings. The
construction methods, timing, sequencing, staging and excavation and stockpile areas will be
determined by the contractor and approved by the KDFWR. All actions will be in compliance with
the terms and conditions of the Section 404 permit, Section 401 Water Quality Certification,
Floodplain permit, Notice of Intent, and any conditions from other resource agencies. The source of
water is the hatchery. The project begins where the hatchery channel discharges into a ditch. The
watershed is relatively small and will enter the stream at 3 different locations. The channel has been
sized to accommodate these flows and at one location, there is a water control structure that allows
excess amounts of water to leave the new channel and enter an existing channel.

The planting and vegetation plan will include species lists and details for installation. Species
selection is based upon what is native to this region and habitat, what KDOW suggests in their
suggested riparian vegetation list, what is commercially available from nurseries, what species grow
well for an ecological restoration, and species cost. The selected species will establish both short and
long term soil stabilization and to compete with invasive species. Invasive species control shall be the
responsibility of KDFWR or their representatives which will adhere to the In-Lieu Fees success
criteria (Attachment 1V).



It will be the contractors’ responsibility to manage both soil and water and install erosion control
measures. The contractor will be required to obtain a Notice of Intent and prepare a Sediment and
Erosion Control Plan. KDFWR will perform periodic inspections, but it is anticipated that the Corps
of Engineers will also inspect. Compliance will be performance based.

The Rosgen classification of the proposed stream is C4.
The planform geometry and channel form are shown on the plan set.

The watershed size is 454 acres and the base flow is derived entirely from the discharge of the
hatchery. The design discharge is fixed by the discharge of the hatchery which averages 15,000
gallons per minute (Correspondence USFWS, 2011) which converts to 34 cfs. The stream is designed
to flow at or slightly below top of bank. Storm flow is intended to flood the riparian area, be buffered
by the wetland, be diverted off, or be discharged in the step pools.

The streambed composition has been modeled to have the following distribution of material. This
material size is considered optimal for trout habitat. Riffles will have larger material and pools will
have finer material. This material size was selected using published literature for both the rainbow
and brown trout (Raleigh 1984). The substrate size is intended to meet the habitat requirements for
spawning, fry, juveniles, and adults of both species. Table Il below shows particle sizes that are
optimum for trout redds that would need to be retained. Smaller particle sizes will be somewhat
mobile; however there will be a mix of settling and flushing based on location of the channel.

Channel Braids

Complex channel patterns such as the DA proposed in this project provide excellent trout

habitat. Multi-channel streams, such as anatomosed or braided channels, have more confluences
than single channel streams (Cluer and Thorne 2013) a feature that may contribute to increased
biological diversity (Benda et al. 2004). The tighter pool to pool spacing in side channels results in
greater physical habitat heterogeneity via patchwork patterns of turbulence, velocity acceleration and
deceleration, sediment sorting, and wood recruitment (Cluer and Thorne 2013).

Pierce and Podner (2012) state “higher proportion of smaller fish and higher species diversity in
post-treatment” restored streams. The goal is to provide very high quantities of instream cover at the
time that the project is fully operational. This instream cover is an important requirement for all life
stages of trout, however is critical for juvenile trout in providing refuge from predators during a
vulnerable stage in their development. It has been further shown that emerging juvenile trout seek
near shore and side channel protection. Moore and Gregory (1988) show that “when emergence
occurs from midchannel spawning sites, dispersal mechanisms may also result in the establishment of
territories in lateral habitats™.

These braids will also serve to slow velocities down for juvenile trout which cannot withstand
prolonged exposure to higher velocities. Shallow side channels and connected, off-channel oxbows in
the C and D stream types provide excellent rearing areas for fry and juvenile trout and offer refugia
from larger bodied predators that will avoid shallow water. Drucker (2006) demonstrated that
juvenile trout densities were significantly higher in side channel versus main channel habitats. Adult
rainbow trout were also observed to use side channels in higher densities than main channel

habitats. Ambient temperatures in the project area are expected to range between 4.4 and 18 °C (40 —
65 °F) and may constrain fry and juvenile growth in some periods of the year. In these



circumstances, fry will seek out shallow, warmer areas (i.e., the side channels) open to solar radiation
in order to stimulate increased foraging and growth. DA channels also maximize the interface
between the juveniles and the aquatic terrestrial transition zone, which increases the quantity of
feeding opportunities. Multiple authors have noted the relationship between habitat complexity on
the lateral margins of the channel and juvenile population density (Moore and Gregory 1988) and
survival (Bjornn and Reiser 1991).

Anastomosed channels may also influence shallow subsurface (hyporheic) flow patterns causing
localized areas of groundwater upwelling. Curry and Noakes (1995) found that the occurrence of
groundwater upwelling was consistently present in brook trout spawning areas and the presence of
groundwater could be a predictor of good spawning habitat. The upwelling could produce physical,
chemical, or temperature gradients that cause the brook trout to hone in on those areas to spawn
(Curry and Noakes 1995).
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Riparian area plantings are shown on the plans under the planting and vegetation set. It is anticipated
that the point bars will be vegetated and the shorelines fully vegetated. Live stakes and shrubs will be
planted on the outside bend of the channel where the largest sheer stress occurs. This vegetation will
hold the soil in place, reinforce the bank and provide overhanging vegetation for habitat.

Along riffles, runs, and glides the banks will be comprised of cobbles and soil and will be held
together with a mixture of grasses and sedges. This will help prevent erosion and provide high quality
habitat.

7. Maintenance Plan

There will be annual monitoring of the stream for a 5 year period. Based on the results of monitoring,
it will be determined if and when maintenance is needed.

8. Performance Standards

Performance standards will include channel stability, habitat use by target species, and vegetation. Almost
all of the performance standards will be able to be verified visually.

Since the source of flow is from a hatchery and there is very little watershed attached to the stream,
there will be very little bedload movement over the long term. The channels will be over excavated
and bankrun material will be added to the channel during construction. This material will be sized to
provide optimum habitat and will not mobilize. Erosion or stream instability will not be acceptable.

The ability of trout to pass through the step pools will be required. Based on existing literature, the
design will allow successful passage. If the pools are installed per design it should be possible to
visually verify passage. Trout should also use this stream for resting, feeding, spawning, and nursery
habitat. Again, all of these trout behaviors should be clearly visible.

Vegetation goals will include adequate cover to prevent erosion. Bareroot seedling trees, live stakes,
and shrubs will be installed and monitored for 80 percent survival with no one species representing
more than 20 percent of the species after a 5 year period. Credit will be given for native volunteer
species that help in meeting goals. This parameter will be measured in number per acre. The goal for
herbaceous plantings will be 70% cover measured using the point quadrat method.

9. Monitoring Requirements

There will be 5 years of annual monitoring for stream stability and vegetative success performed on this
stream once it is constructed with annual reports submitted to the KY Dept of Fish and Wildlife, and U.S.
Army Corps of Engineers (Nashville District), and KY Division of Water.

POST CONSTRUCTION MONITORING

Permanent picture stations will be established where pictures can be taken biannually (summer/winter).
a. One station will be established downstream of each structure to provide an upstream view
of the structure such that each large rock within the structure is visible.
b. One station will be established at each bend such that a downstream view of the
downstream %2 of each bend is visible.
c. Photographs will also show riparian plantings.



Additional stations may be added to show areas where aggradations, degradation, erosion, and mid
channel bars have formed. Summer pictures will focus on documenting the vegetation and bank
erosion, while winter pictures will show the stream stability and geomorphology. Erosion and
sediment control measures will also be documented. The locations of the photograph stations will
be located on the Plan View with arrows indicating the direction the picture is to be taken.
Photographs will include a detailed description of the view and label any problem areas identified
during the monitoring. Pictures will be color and at least 4” X 6”.

Planted vegetation and geomorphology will be monitored during a 5-year monitoring period and
begin following the completion of construction and the creation of the as-built survey. The following
success measurements will be reported annually (Attachment 1V). Note that only 25% of volunteers
can account toward success criteria standards. Invasive/exotics will be included, reported and
managed.

10. Long-Term Management

The project area will be owned and operated by the U.S. Army Corps of Engineers, Nashville District.
The Corps is drafting real estate language extending the current lease with Wolf Creek National Fish
Hatchery to encompass the new project corridor. This language will include the In-Lieu fees
easement language to ensure permanent protection and provide guidance to the fish hatchery staff.

11. Adaptive Management Plan

Once the stream is constructed, the stream will be monitored for performance and adjusted if needed.
This adjustment is considered adaptive management. Post construction modifications of the project
will be reported to KDOW and USACE as part of the regular annual monitoring report.

The life requirements for trout are fairly well documented and the stream has been designed to meet
those requirements. During the monitoring phase, it will be determined if the stream is meeting all of
the design parameters. Many of the stream features have been designed in a manner that allows
adjustment including boulder clusters and riffles. Material can also be added to the channel to modify
substrate size, roughness, and cross section. The stream will be very conducive to minor adjustments
because it does not have a bedload.

Vegetation will be monitored. The majority of species being selected for planting are climax species
in the region. It is anticipated that pioneer species will occur due to seed dispersal or from the seed
bank in the soil. These pioneer species will augment the vegetation by growing densely and quickly.

For the first year of operation, the stream will be under warrantee by the contractor. Bank stability,
areas of erosion, vegetation mortality, and other parameters will be addressed at this time. After this
period, the KDFWR will decide which measures are necessary to achieve success and meet the
project goals.

12. Financial Assurances

Reference section B.3.0 (Financial Assurances) of Appendix B of the In-Lieu Fee Mitigation
Program Instrument.



13. Threatened and Endangered Species and National Historic Preservation Act Compliance
There are no known populations of any state or federal threatened, endangered or listed species in the
study area (Correspondence with KDFWR and USFWS, 2012). There are trees that could serve as
maternity colony roost sites for the Indiana bat (Myotis sodalis) that will need to be removed. The
number of large trees will be minimized by keeping the construction limits small, using existing
disturbed locations for staging and stockpiling, and by avoidance at the time of construction. Any
trees that need to be removed will be cut down within the required time frame to minimize impact.
New trees will be planted that will provide equal or better habitat in the future and the new stream will
offer forage habitat.

The State Historical Preservation Office (SHPO) has conducted a site survey and determined no impacts
to cultural resources will occur. There are no historical structures located on the property and further
archaeological analysis will not be required. Therefore, the project has met concurrence with the SHPO
office.
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United States Department of the Interior

FISH AND WILDLIFE SERVICE
Kentucky Ecological Services Field Office
330 West Broadway, Suite 265
Frankfort, Kentucky 40601
(502) 695-0468

September 21, 2012

Mr. Mike Hardin
Kentucky Department of Fish and Wildlife Resources

#1 Sportsman’s Lane
Frankfort, KY 40601

Subject: FWS #2010-B-0971, Hatchery Creek, Proposed Stream Establishment, Russell
County, Kentucky

Dear Mr. Hardin;

The U.S. Fish and Wildlife Service Kentucky Field Office (KFO) has reviewed the August 21, 2012
Biological Assessment (BA) prepared for the proposed Hatchery Creek Stream Establishment
Project, in Russell County, Kentucky. According to the BA, this project proposes to establish
approximately 5,900 linear feet of stream to carry effluent from the U.S. Fish and Wildlife
Service’s Wolf Creek National Fish Hatchery to the Cumberland River. The effluence is presently
discharged to a 380-foot, eroding outlet channel. The water source for the hatchery is Lake
Cumberland.

The submitted BA addresses the project’s potential to affect the following listed species:

Group Species Common Name Status
Mammal Mpyotis sodalis Indiana Bat Endangered
Mussel Villosa trabilis Cumberland bean Endangered
Epioblasma brevidens Cumberland combshell Endangered
Ptychobranchus subtenum Fluted kidneyshell Endangered
Epioblasma capaeiformis Oyster mussel Endangered
Cyprogenia stegaria Fanshell Endangered
Pleurobema plenum Rough Pigtoe Endangered
Obovaria retusa Ring Pink Endangered
Plethoblasus cooperianus Orangefoot Pimpleback Endangered
Lampsilis abrupta Pink Mucket Endangered

The proposed project will involve the removal of 20.3 acres of potentially suitable summer habitat
for the Indiana bat. All acres will be replanted to forest. Approximately 71% of the surrounding
landscape (2.5 mile buffer) is forested. All tree removal will occur between October 15 and March
31 to avoid direct impacts to roosting Indiana bats. The proposed project is 54 miles from the
nearest designated critical habitat for the Indiana bat.
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The proposed project area does not contain suitable habitat for the above-listed federally
endangered mussel species and an Erosion and Sediment Control Plan and Storm Water Pollution
Prevention Plan will be implemented to minimize potential effects to water quality within and
downstream of the site.

Based on this information, the KFO concurs with the determination that the proposed project may
affect but is not likely to adversely affect Myotis sodalis, Villosa trabilis, Epioblasma brevidens,
Ptychobranchus subtenum, Epioblasma capsaeiformis, Cyprogenia stegaria, Pleurobema plenum,
Obovaria retusa, Plethobasus cooperianus and Lampsilis abrupta; and no effect on critical habitat
for Myotis sodalis.

Based on these determinations and our concurrences with them, we believe that the requirements of
section 7 have been fulfilled as it relates to federally listed species listed in the BA. Obligations
under section 7 must be reconsidered, however, if: (1) new information reveals that the proposed
project may affect listed species or proposed critical habitat in a manner or to an extent not
previously considered, (2) the proposed project is subsequently modified to include activities which
were not considered during this consultation, or (3) new species are listed or critical habitat
designated that might be affected by the proposed project.

If you need additional assistance in determining if a proposed project may impact a federally listed
species, we recommend that you contact us for further assistance. Thank you for the opportunity to
comment on this proposed action. If you have any questions regarding the information which we
have provided, please contact Jennifer Garland at (502) 695-0468 extension 115.

Sincerely,

Vsl o it

Virgil Lee Andrews, Jr.
Field Supervisor
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U.S. Fish & Wildlife Service
3761 Georgetown Rd.
Frankfort, KY 40601
Phone: 502-695-0468
Fax: 502-695-1024

9 U.S. Fish & Wildlife Service

Kentucky Ecological Services Field Office

Endangered, Threatened, & Candidate
Speciesin RUSSELL County, KY
. Legal* Known** .
|
Group Species Common name Status potential Special Comments
Mammals Myotis sodalis Indiana bat E P
Mussels Villosa trabilis Cumberland bean E K
pearlymussel
Epioblasma brevidens Cumberlandian E K
combshell
Cyprogenia stegaria fanshell E
Ptychobranchus fluted kidneyshell c
subtentum
Plethobasus cooperianug] orangefoot pimpleback E
Epioblasma
X R oyster mussel E
capsaeiformis
Lampsilis abrupta pink mucket E K
Obovaria retusa ring pink E K
Pleurobema plenum rough pigtoe E K
NOTES:

* Key to notations: E = Endangered, T = Threatened, C = Candidate, CH = Critical Habitat

**Key to notations: K = Known occurrence record within the county, P = Potential for the species to occur within the county based upon historic range,
proximity to known occurrence records, biological, and physiographic characteristics.
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STEVEN L. BESHEAR ' MARCHETA SPARROW
TOURISM, ARTS AND HERITAGE CABINET v
GOVERNOR KENTUCKY HERITAGE COUNCIL SECRETARY

THE STATE HISTORIC PRESERVATION OFFICE
300 WASHINGTON STREET

-FRANKFORT, KENTUCKY 40601 LINDY CASEBIER
PHONE (502) 564-7005 ACTING EXECUTIVE DIRECTOR AND
FAX (502) 564-5820 STATE HISTORIC PRESERVATION OFFICER

www.heritage.ky.gov
October 16, 2012

Andrew Mowrey

Environmental Section

Kentucky Department of Fish and Wildlife Resources
#1 Sportsman Lane

Frankfort, Kentucky 40601

Re: Phase | Archaeological Survey of the Proposed Hatchery Creek Stream Restoration Project in Russell County,
Kentucky
By Steven R. Ahler, Monica L. Chism, and Henry W. Goodman

Dear Mr. Mowrey:

Thank you for submitting the above-listed archaeological report for review and-comment. This investigation
entailed pedestrian survey, screened shovel testing and auger testing within the 30-acre project area. No new historic
or prehistoric archaeological sites were recorded as a result of this survey, and the author recommends no further
investigations of the project area. | concur with the authors’ findings and recommendation. As proposed, this
undertaking should have no effect to National Register eligible or listed historic properties. Therefore, we have no
further comments and responsibility for consultation with the Kentucky State Historic Preservation Officer under the
Section 106 review process in relation to the proposed project is fulfilled.

Should you have any questions, feel free to contact Kary Stackelbeck of my étaff at (502)564.7005, ext. 147.

Si?{i% é/

Lindy Casebier,
Acting Executive Director and
State Historic Preservation Officer

LC:kls
cc: George Crothers (OSA)
Steve Ahler (UK-PAR)

UK ™

& UNBRIDLED Slery An Equal Opportunity Employer M/F/D

KentuckyUnbridledSpirit.com
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Attachment IV

Example Stream Performance Standards — Bare Root Seedlings
Pre-Construction/ Final Value

Type/Category Criteria Initial Design Value Year 1 Year 2 Year 3 Year 4 (after 5 years)
Bank Erosion Hazard Baseline Survey Moderate Moderate Moderate Moderate
Index BEHI Values (<30) (<30) (<30) (<25) Low (<20)
Vertical Stability —
(Degrading) BHR "As-Built" Report 1.0-1.1 1.0-1.1 1.0-1.1 1.0-1.1 1.0-1.1
Vertical Stability —
(Aggrading) W/D 0.8-1.2 0.8-1.2 0.8-1.2 0.8-1.2 0.8-1.2

Lateral Stability -

< 5% change
from

< 5% change
from

< 5% change
from

< 5% change
from

< 5% change
from

Meander Width Ratio constructed constructed constructed constructed constructed
Geomi%;ﬁ)holog (MWR) "As-Built" Report value value value value value
No bank No bank
Stable Banks and No bank sloughing, sloughing, No bank No bank
Channel  (assessed sloughing, head head cuts, head cuts, | sloughing, head | sloughing, head
visually and cuts, significant significant significant | cuts, significant | cuts, significant
documented deposition, or | deposition, or | deposition, or deposition, or deposition, or
photographically) significant significant significant significant significant
"As-Built" Report instability instability instability instability instability
Bankfull Flow
Events A minimum of three bank full flow events within a five year monitoring period
Stream Flow Type
(ephemeral, . . . . . . . ]
intermittent Ap_pr(_)ved or Consistent with Consistent Consistent Consistent with | Consistent with
. N Preliminary JD JD with JD with JD JD JD
Hydrological/ | perennial) as
Stream Flow documented in JD
Predicted RBP score
Habitat of Average or Average - Average - Average -
RBP Scores Excellent Excellent Excellent Excellent
"As-Built" Report
Bare Root Tree # per acre 450 400 400 360 360
Seedlings Max % any one spp 20% 20% 20% 20% 20%
* Max % invasives 5% 5% 5% 5% 5%
** Max % volunteers 25% 25% 25% 25% 25%
"As-Built" Report
# peracre 108-162 108-162 108-162 108-162 108
Max % any one spp 20% 20% 20% 20% 20%
Shrubs (1 gallon * Max % invasives 5% 5% 5% 5% 5%
containers) ** Max % volunteers 25% 25% 25% 25% 25%
"As-Built" Report
(Scientific &
Common Name,
Wetland Status
Indicator, Native vs.
Non-Native vs. Provide list by | Provide list by | Provide list by Provide list by Provide list by
Species List Invasive) planting zone planting zone planting zone planting zone planting zone
***Greater than
or equal to
Fish Index (KIBI for Baseline Survey baseline survey
Biotic KY) Values value
***Greater than
or equal to
Macroinvertebrate Baseline Survey baseline survey
Index (MBI for KY) Values value

*0% for Pueraria lobata (kudzu), Polygonum cuspidatum (knot weed),
& 5% Typha sp. (cattails).

arundinacea

(reed canarygrass)

**Unless otherwise approved by the Louisville District

*** or substitute “Monitor and report value”

Lythrum salicaria (purple loosestrife), Phragmites australis (common reed), Phalaris




Example Stream Performance Standards — Container Trees

ical

Geomorpholog

Pre-Construction/ Final Value

Type/Category Criteria Initial Design Value Year 1 Year 2 Year 3 Year 4 (after 5 years)

Bank Erosion Hazard Baseline Survey Moderate Moderate Moderate

Index BEHI Values Moderate (<30) (<30) (<30) (<25) Low (<20)

Vertical Stability —

(Degrading) BHR "As-Built" Report 1.0-1.1 1.0-1.1 1.0-1.1 1.0-1.1 1.0-1.1

Vertical Stability —

(Aggrading) W/D 0.8-1.2 0.8-1.2 0.8-1.2 0.8-1.2 0.8-1.2

Lateral Stability -

< 5% change

< 5% change
from

< 5% change
from

< 5% change
from

< 5% change
from

Meander Width Ratio from constructed | constructed constructed constructed constructed
(MWR) "As-Built" Report value value value value value
No bank No bank No bank
Stable Banks and No bank sloughing, sloughing, No bank sloughing,
Channel  (assessed sloughing, head head cuts, head cuts, | sloughing, head head cuts,
visually and cuts, significant significant significant | cuts, significant significant
documented deposition, or | deposition, or | deposition, or deposition, or | deposition, or
photographically) significant significant significant significant significant
"As-Built" Report instability instability instability instability instability

Bankfull Flow
Events A minimum of three bank full flow events within five year monitoring period
Stream Flow Type
i(ﬁfehr;ni]tetglt’ Ap_pr(_)ved or Consistent with Cor)sistent Cor)sistent Consistent with Cor)sistent
. N Preliminary JD D with JD with JD JD with JD
Hydrological/ | perennial) as
Stream Flow documented in JD
Predicted RBP score
Habitat of Average or Average - Average - Average -
RBP Scores Excellent Excellent Excellent Excellent
"As-Built" Report
Container Trees (3 # per acre 108-162 108-162 108-162 108-162 108-162
gallon) Max % any one spp 20% 20% 20% 20% 20%
* Max % invasives 5% 5% 5% 5% 5%
** Max % volunteers 0% 0% 0% 0% 0%
"As-Built" Report
# peracre 108-162 108-162 108-162 108-162 108
Max % any one spp 20% 20% 20% 20% 20%
Shrubs (1 gallon * Max % invasives 5% 5% 5% 5% 5%
containers) ** Max % volunteers 0% 0% 0% 0% 0%
"As-Built" Report
(Scientific &
Common Name,
Wetland Status
Indicator, Native vs.
Non-Native vs. Provide list by | Provide listby | Provide list by Provide list by | Provide list by
Species List Invasive) planting zone planting zone planting zone planting zone planting zone
***Greater
than or equal
Fish Index (KIBI for Baseline Survey to baseline
Biotic KY) Values survey value
***Greater
than or equal
Macroinvertebrate Baseline Survey to baseline
Index (MBI for KY) Values survey value

*0% for Pueraria lobata (kudzu), Polygonum cuspidatum (knot weed),

arundinacea

(reed canarygrass)

& 5% Typha sp. (cattails).

**Unless otherwise approved by the Louisville District *** or substitute “Monitor and report value”

Lythrum salicaria (purple loosestrife), Phragmites australis (common reed), Phalaris




Example Stream Performance Standards — RPM or “Equivalent” Trees

Pre-Construction/ Final Value

Type/Category Criteria Initial Design Value Year 1 Year 2 Year 3 Year 4 (after 5 years)

Bank Erosion Baseline Survey Moderate Moderate Moderate

Hazard Index BEHI Values Moderate (<30) (<30) (<30) (<25) Low (<20)

Vertical Stability —

(Degrading) BHR "As-Built” Report 1.0-1.1 1.0-1.1 1.0-1.1 1.0-1.1 1.0-1.1

Vertical Stability —

(Aggrading) W/D 0.8-1.2 0.8-1.2 0.8-1.2 0.8-1.2 0.8-1.2

Lateral Stability -

< 5% change

< 5% change
from

< 5% change
from

< 5% change
from

< 5% change
from

Geomorpholog Meander Width from constructed | constructed constructed constructed constructed
ical Ratio (MWR) "As-Built" Report value value value value value
No bank No bank
Stable Banks and No bank sloughing, sloughing, No bank No bank
Channel (assessed sloughing, head head cuts, head cuts, | sloughing, head | sloughing, head
visually and cuts, significant significant significant | cuts, significant | cuts, significant
documented deposition, or | deposition, or | deposition, or deposition, or deposition, or
photographically) significant significant significant significant significant
"As-Built" Report instability instability instability instability instability
Bankfull Flow
Events A minimum of three bank full flow events within five year monitoring period
Stream Flow Type
(ephemeral, . . . . . . . .
intermittent, Ap_prc_)ved or Consistent with Cor_15|stent Cor_15|stent Consistent with | Consistent with
Hydrological/ | perennial) as Preliminary JD D with JD with JD JD JD
Stream Flow | documented in JD
Predicted RBP score
Habitat of Average or Average - Average - Average -
RBP Scores Excellent Excellent Excellent Excellent
"As-Built" Report
RPM or # Survival per acre 60 54 54 54 54
“equivalent” Trees | Max % any one spp 20% 20% 20% 20% 20%
(3 gallon) ***Max % invasives 5% 5% 5% 5% 5%
*Max % volunteers 0 0 0 0 0
"As-Built" Report
# peracre 108-162 108-162 108-162 108-162 108
. Max % any one spp 20% 20% 20% 20% 20%
Vegetation Shrubs (1 gallon * Max % invasives 5% 5% 5% 5% 5%
containers) ** Max % volunteers 0% 0% 0% 0% 0%
"As-Built" Report
(Scientific &
Common Name,
Wetland Status
Indicator, Native vs.
Non-Native vs. Provide list by | Provide list by | Provide list by Provide list by Provide list by
Species List Invasive) planting zone planting zone planting zone planting zone planting zone
***Greater than
or equal to
Fish Index (KIBI for Baseline Survey baseline survey
Biotic KY) Values value
***Greater than
or equal to
Macroinvertebrate Baseline Survey baseline survey
Index (MBI for KY) Values value

*0% for Pueraria lobata (kudzu), Polygonum cuspidatum (knot weed),
& 5% Typha sp. (cattails).

arundinacea

(reed canarygrass)

**Unless otherwise approved by the Louisville District

*** or substitute “Monitor and report value”

Lythrum salicaria (purple loosestrife), Phragmites australis (common reed), Phalaris
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Kentucky Fish and Wildlife Resources October 15, 2012
AMEC Project Number 3353-11-2536 Report of Geotechnical Exploration

1. PURPOSE AND SCOPE OF EXPLORATION

The purpose of this exploration was to obtain specific subsurface data at the site, review available
geologic information, evaluate the suitability of the stream extension location, and to develop
specifications and recommendations regarding site preparation and back fill specifications for the

proposed roadway embankment.

The scope of our exploration was outlined in AMEC's Proposal Number PROPO9CINC.38. The
scope of our field activities included drilling 2 conventional soil test borings and advancing 10

hand auger borings with dynamic cone penetrometer readings, to obtain subsurface information.



Kentucky Fish and Wildlife Resources October 15, 2012
AMEC Project Number 3353-11-2536 Report of Geotechnical Exploration

2. PROJECT INFORMATION

The site is located adjacent to the outfall stream of the Wolf Creek National Fish Hatchery. The
hatchery, located below Wolf Creek Dam draws flow from Lake Cumberland and ultimately
discharges into Hatchery Creek. The creek is diverted into a drainage trench before flowing into
the Cumberland River, just below the dam. The existing reach of Hatchery Creek consists of
several hundred linear feet of enhanced stream prior to passing through a culvert, and eventually
discharging into the Cumberland River via an incised drainage trench. Flow through the culvert
has caused massive erosion throughout the drainage trench, resulting in degradation of the limited
fish-spawning habitat, as well as creating a safety hazard for the visitors and anglers of the
National Hatchery. The Kentucky Department of Fish and Wildlife Resources (KDFWR) and the
Inter-Agency Review team have identified this mitigation site as a priority for stream restoration

and enhancement.

The proposed relocation project involves creating a new stream channel beginning at the existing
Hatchery Creek Fish Hatchery outfall, traversing the valley parallel to the existing confluence with
an unnamed tributary to the Cumberland River. The length of new channel will be approximately
5,000 to 6,000 linear feet long. In addition to the new channel, this project involves stabilizing
500 feet of the existing drainage trench by placing structural fill; material excavated from the new
stream channel and properly placed with controlled lift thicknesses and compactive effort; for

support of the proposed road.

A detailed topographic survey, which included survey station numbers, of the proposed Hatchery
Creek extension was provided by Vision Engineering LLC. Proposed cut depths were developed
at each station based on the flow requirements for the creek and the fill quantities needed for the
proposed road crossing. The proposed hand-auger depths were based on these proposed cut
depths.
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3. EXPLORATORY FINDINGS

AMEC conducted a site reconnaissance on August 26, 2011, to observe and document surface
conditions at the site. The information gathered was used to help us interpret the subsurface data,

and to detect conditions which could affect our recommendations.

The geotechnical exploration was conducted by performing 2 soil test borings (B-1 and B-2) in the
vicinity of the proposed roadway crossing, and 10 hand-auger borings (HA-1 through HA-10) with
dynamic cone penetrometer readings, along the proposed Hatchery Creek extension. The borings
were performed according to the procedures presented in the Appendix. The proposed boring
locations and depths were selected by AMEC. The actual boring locations were determined by our
engineers who utilized a hand held global positioning device to reference input coordinates
gathered from the topographic survey of the site. Existing landmarks were used as a reference to
check the accuracy of the boring locations. The boring locations shown in Figures 2 through 2C in

the Appendix should be considered approximate.

3.1 SURFACE CONDITIONS

The proposed creek extension and proposed road crossing areas were heavily overgrown at the
time of our reconnaissance. The growth consisted of thick brush, and trees of various sizes,
spacing, and root clusters. Portions of the proposed extension crossed existing gravel roads and

paralleled overhead power line easements.

The proposed creek extension area is relatively flat with slight relief, except for an area towards
the northeast, at a road crossing within close proximity to the Cumberland River near station 2+00,
and a low-lying area near an existing creek and overflow weir between station 25+00 and 32+00.
At the crossing, the road slopes deeply from each shoulder. The proposed creek extension near the
existing weir was not accessible at the time of our exploration due to heavy overgrowth, however,

the existing creek and weir were observed on the topographical survey and in aerial images.

The proposed road crossing area slopes sharply on each side of an existing drainage trench, and a
functioning campground, equipped with bathhouses and utilities, exist within the boundary limits
of the south side of the proposed road crossing. The test borings were located as close as possible

to the proposed road crossing boundaries.



Kentucky Fish and Wildlife Resources October 15, 2012
AMEC Project Number 3353-11-2536 Report of Geotechnical Exploration

3.2 SITE GEOLOGY

A review of the Geologic Map of the Creelsboro Quadrangle, Russel County, Kentucky, published
by the Kentucky Geologic Map Information Service, indicates the site is underlain by Alluvium-
silty and sandy clay of orangish-gray, grayish yellow brown, and pale grayish-yellow hues which
contain lenses of gravel as much as several feet thick, in which pebbles and cobbles are subangular
to round and consist of white, yellow, and brown chart, black slate, and white quartz, deposited
largely on eroded Leipers Limestone surfaces of Upper Ordovician Age. The Geologic Map of the

Creelsboro Quadrangle is presented as Figure 1A in the Appendix.

Leipers Limestone is crystalline and bioclastic. The bedding can be thinly to thickly laminated
and irregular, and may contain thin lenses of pure limestone. Leipers Limestone weathers to
grayish orange, slabby, irregular surfaces; fossils abundant throughout, bryozoans especially
abundant in the upper 20 feet. The formation is generally characterized by abundant brachiopods

such as the coarsely costate Platystrophia ponderosa.

3.2.1 Near Surface Soils

A review of the Soil Survey of Russel County, Kentucky, published by the United States
Department of Agriculture in 1979, indicates the site is overlain by Melvin (Me-silt loam) and

Nolin Variant (Nv-fine sandy loam) soil types. A description of each soil type is described below.

Me- silt loam: This deep, poorly drained, nearly level soil is on flood plains. Typically, the
surface layer is dark gray, friable silt loam about 8 inches thick. The subsoil, which extends to
about 27 inches, is gray friable silt loam with pale brown mottles. The underlying material is gray
silt loam to a depth of more than 60 inches. The soil has moderate permeability and high available
water capacity. The root zone is deep and the organic content is moderate. Runoff is slow to
ponded. The seasonal high water table is within a foot of the surface. Depth to bedrock is more
than 60 inches. This soil is subject to occasional flooding, but it is protected below Wolf Creek

Dam on the Cumberland River.

Nv- fine sandy loam: This deep, well drained, nearly level soil is on flood plains. Typically, the

surface layer is dark grayish brown, friable fine sandy loam about 8 inches thick. The subsoil,

4
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which extends to a depth of about 42 inches, is brown, friable sandy loam. The underlying
material is fine sandy loam more than 60 inches deep. This soil has moderately rapid permeability
and high available water capacity. The root zone is deep, and the organic matter content is low.
Runoff is slow. The seasonal high water table is 4 to 6 feet below the surface. Depth to bedrock is
more than 60 inches. This soil is subject to occasional flooding, except where it is protected below
Wolf Creek Dam on the Cumberland River.

3.3 SUBSURFACE CONDITIONS

The subsurface conditions encountered at the test boring locations are shown on the Test Boring
Records in the Appendix. These Test Boring Records represent our interpretation of the
subsurface conditions based on the field logs, visual examination of field samples by an engineer,
and laboratory tests of the field samples. The interface between various strata on the Test Boring
Records represents the approximate interface location. In addition, the transition between strata
may be gradual. Water levels shown on the Test Boring Records represent the conditions only at
the time of our exploration. In general, our borings encountered mixtures of sand, silt, and clay
(alluvium) which can be categorized into three soil strata. These strata were encountered below a
surface veneer of topsoil. The topsoil veneer ranged from 1 to 4 inches, except in one hand-auger

location (HA-1) where the top soil was measured to be 18 inches thick.

Laboratory testing, including classification testing, moisture content, and compaction testing were
performed on selected split spoon samples, hand-auger samples, and bulk samples obtained from
the soil strata encountered.
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3.3.1 Stratum |

Stratum 1 soils consisted of light-reddish brown and light to mottled gray silty and clayey
coarse to fine sand, with trace amounts of gravel fragments. Stratum 1 soils were visually
classified as “SM” or “SC” type soils according to the Unified Soil Classification System
(USCS).

Hand-Auger Locations:

Stratum | was encountered underlying the topsoil in hand-auger borings HA-2, HA-4, HA-5,
and HA-6 and extended to depths ranging from approximately 3 to 9 feet. The DCP values
recorded for the hand auger borings, averaged over three 1 % inch increments, within Stratum
I ranged from 7 to over 30 blows per 1 % inch. The average DCP value was measured to be 22

blows per increment indicating a very firm relative density.

Laboratory classification tests were performed on selected samples of the Stratum | soils.
Sieve analyses with a wash 200 and hydrometer, and Atterberg limits testing were performed
on a composite sample obtained from HA-4 and HA-5 at a depth ranging from approximately
1 to 2 feet. The results of the sieve analysis indicate 37 percent of the material passing the
minus 200 sieve. The Atterberg limits testing indicated a Liquid Limit of 19 percent and a
Plasticity Index of 4 percent. Although a low amount of plasticity is present within the
Stratum | soils, the amount of soil retained on the 200 sieve indicate Stratum | to be classified
as “SM” or “SC” type soils according to the Unified Soil Classification System (USCS).

Moisture contents from the samples tested ranged from approximately 8 to 24 percent.

Soil Test Boring Locations:

Stratum | was also encountered in soil test boring B-1 from approximately 29 % to 37 % feet,
and in B-2 from a depth of approximately 25 to 39 % feet. SPT N-values within Stratum I
ranged from 5 blows per foot (bpf) to 16 bpf with an average value of approximately 10 bpf.
Based on the penetration resistance values and observations of the recovered soils, the Stratum
I soils were judged to have a firm relative density. Moisture contents from the samples tested

ranged from approximately 13 to 30 percent.
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3.3.2 Stratum Il

Stratum 11 soils consisted of light-reddish mottled gray clay and silt, with variable amounts of
coarse to fine sand. Stratum Il soils were visually classified as “ML” or “CL” type soils
according to the Unified Soil Classification System (USCS).

Hand-Auger Locations:

Stratum Il was encountered underlying the topsoil in hand-auger borings HA-1, HA-3, HA-7,
HA-8, HA-9, and HA-10 and extended to depths ranging from approximately 1 % to 9 ¥ feet.
The DCP values recorded for the hand-auger borings, averaged over three 1 % inch increments
within Stratum 1l ranged from 8 to 22 blows per increment. The average DCP value was

measured to be 15 blows per increment, indicating a stiff consistency.

In one hand-auger location, HA-1, the penetration readings indicated the presence of soils too
soft to sustain the weight of the DCP.

Laboratory classification tests were performed on selected samples of the Stratum Il soils.
Sieve analyses with a wash 200 and hydrometer, and Atterberg limits testing were performed
on samples obtained from HA-1, HA-3, HA-7, HA-8 and HA-9 at depths ranging from
approximately 0 to 7 feet. The results of the sieve analysis indicate approximately 37 to 67
percent of the material passing the minus 200 sieve. The results of the Atterberg limits testing
indicate the Liquid Limit ranged from 20 to 48 percent and the Plasticity Index ranged from 1

to 13 percent. Moisture contents from the samples tested ranged from 14 to 49 percent.

Soil Test Boring Locations:

Stratum Il was also encountered in soil test boring B-1 at depths ranging from approximately 1
Y to 22 Y feet; however, a portion of B-1 from a depth of 22 % to 29 Y2 was visually classified
as “MH?”, silts of high plasticity. Stratum Il was encountered in B-2 underlying the topsoil to a
depth of approximately 25 feet. SPT N-values within Stratum Il ranged from 5 bpf to 11 bpf
with an average value of approximately 10 bpf. Based on the penetration resistance values and

observations of the recovered soils, the Stratum I soils were judged to have a stiff consistency.
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3.3.3 Stratum Il

Stratum 111 soils were encountered in the soil test boring locations and consisted of a light to
dark gray sandy gravel, with trace amounts of limestone fragments and silt. No laboratory
classification tests were performed on the Stratum Il soil. Using standard visual-manual soil
classification techniques, Stratum Il soils were classified as “GM” type soils according to the
Unified Soil Classification System (USCS). Stratum Il was encountered underlying Stratum |
in soil test borings B-1 and B-2 at depths ranging from approximately 37 %2 to 39 % feet to
split spoon refusal depths of approximately 39 to 39.7 feet. SPT N-values within Stratum IlI

exceeded 50 bpf and were interpreted to be refusal material.

3.3.4 Refusal Material

Hand-Auger Locations:

Refusal was encountered in the hand-auger borings at depths ranging from approximately 1 %
to 9 % feet. Hand-auger refusal was due to large gravel fragments, abundant root systems, or
hand-auger collapse due to the occurrence of ground water. Hand-auger borings HA-3, HA-4,
and HA-8 were terminated at the predetermined cut depths of their respective stations without

encountering refusal materials.

Soil Test Boring Locations:

Sampler refusal was encountered in the soil test borings at depths ranging from approximately
39 to 39.7 feet. Sampler refusal was interpreted to be the top of the apparent weathered rock

surface.

The hand-auger/soil test boring depths are tabulated below:
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Table 1. Summary of hand-auger/soil test boring depths.

. . Proposed BTl
Borlng Station Depth Termination/Refusal
Location Number P Depth
(ft) (ft)
B-1 - 40 39
B-2 - 40 39.7
HA-1 1+50 5 4
HA-2 5+00 6 3
HA-3 10+00 3 3
HA-4 15+00 8 8
HA-5 20+00 8 6.5
HA-6 40+00 12 9
HA-7 45+00 16 10
HA-8 50+00 6 6
HA-9 55+00 8 7
HA-10 58+00 11 1.5
Created by: AlS
Checked by: NGS

3.4 GROUND WATER CONDITIONS

Water was detected in three of our hand-auger borings, HA-1, HA-6, and HA-7, at a depth of 3 feet
(Elevation 562 feet NGVD), 4 Y feet (Elevation 586 ¥ feet NGVD), and 9 Y feet (Elevation 582
Y feet NGVD), respectively. The water encountered in the hand auger borings was interpreted as
perched water conditions. Trapped or perched water, which occurs in irregular, discontinuous
locations within the soil overburden, may be encountered at lower elevations. These perched
water sources are often not linked to the more continuous relatively stable ground water table that
typically occurs at elevations similar to the average pool level of the Cumberland River of 547 feet

NGVD.

In the soil test borings water was encountered at a depth of approximately 33 feet (Elevation 562 Y2
feet National Geodetic Vertical Datum (NGVD)). The water encountered in the soil test borings
was interpreted as ground water. Ground water levels may vary from those measured at the time

of our field activities.
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4. GEOTECHNICAL EVALUATION- HATCHERY CREEK EXTENSION

Based on the subsurface conditions encountered in our borings, our engineering analyses, and our
experience, we believe the site is suitable for construction of the proposed Creek Extension and
gravel roadway; however, there were some site and subsoil conditions which pose concerns from a

geotechnical standpoint. These concerns are discussed below.

4.1 POSSIBLE SOLUTION FEATURES

Our experience with the rock formation underlying the site indicates the rock surface may be
irregular. Rock pinnacles may protrude up into the soil overburden, and soil-filled slots can extend
down into the rock mass. In addition, horizontal voids or soil-filled seams are also common to the
formations. Typically, the irregular rock surface poses a difficulty in accurately estimating the

depth to rock and quantity of rock removal.

Based on knowledge of the area geology, sinkholes may be exposed during excavation activities
for the proposed creek extension. If encountered, sinkholes must be evaluated and treated on an
individual basis. The geotechnical engineer should be retained for remediation recommendations

if a sinkhole is exposed during construction.

In addition, our experience in this portion of Russell County indicates that soil dropouts, particularly
in areas of significant soil cuts, are frequently encountered during construction. Cavities in the soil
mass are difficult to locate since there is no surface indication of their presence. It is our opinion that
the risk associated with sinkhole formations is no greater at this site than at other developed sites in
this area of Russell County. It should be noted that no exploration or construction monitoring
program can assure that any or all of the dropouts will be uncovered. For that reason, there will

always be some risk of dropouts occurring in any developments in limestone terrain.

According to documents published by the US Army Corps of Engineers (Nashville District), in the
late 1960°s, muddy flows below Wolf Creek dam and two sinkholes near the downstream end of the
dam signaled serious reservoir seepage problems. The excessive seepage was determined to be a
cause of progressive erosion as a result of the highly fractured and jointed nature of the limestone

within the foundation of the dam.
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4.2 SITE DEVELOPMENT METHODS TO REDUCE SINKHOLE DROPOUT RISKS

An existing sinkhole, if undetected or untreated, may contain deposits of soft soils which could
experience erosion due to channel flow. In all karst regions, there is a risk of future soil dropouts
related to previously undetected sinkholes, newly developed sinkholes, or in areas of past sinkhole
activity. Site development planning in karst areas must weigh the cost of site development with
the risk of future sinkhole activity. The following sub-sections outlined in section 4.2 provide
several methods available to reduce the risk of sinkhole development, and provide general
guidelines in the event sinkholes form during the construction of the new Hatchery Creek
extension. However, sinkhole remediation techniques are specific to the nature of the sinkhole
encountered, therefore, we recommend the geotechnical engineer be notified in the event a

sinkhole is encountered during excavation of the Hatchery Creek extension.

4.2.1 Soil Excavation

During excavation and construction activities, newly exposed sinkholes may be observed. Once
excavation is complete, indications of solution activity may become more evident and the location
of additional sinkholes may be discovered. The indicators of sinkhole throats include, but are not
limited to, zones of concentrated organic debris, zones of soft, wet soils and rubbly areas with
weathered rock mixed into the overlying residual soil. If these indicators are observed, the next
step would be to perform excavation to identify an active sinkhole throat. We recommend a
geotechnical engineer evaluate the site periodically during earthwork activities. The geotechnical

engineer should be present during the sinkhole remediation process.

4.2.2 Sinkhole Treatment Method A

When the throat is less than 2 feet in diameter and no evidence of flowing water is present a
concrete plug may be used. The plug should be constructed of high slump concrete and be 1% to 2
times as tall or long as it is wide to facilitate the filling of voids and crevices. It is essential that a
good concrete to rock bond be created by the plug, and the plug increase in diameter with
elevation. After the concrete plug has set up, the resulting excavation shall be properly backfilled
with engineered fill material from the borrow areas on site compacted to at least 95 percent of the
soil’s standard Proctor maximum dry density (ASTM D698). The area of the channel bed within

the sinkhole excavation shall be lined with Geosynthetic Clay Liner (GCL) as seen in Figure 3.

11
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4.2.3 Sinkhole Treatment Method B

When the throat is greater than 2 feet in diameter or evidence of flowing water is observed, an
inverted filter should be constructed; however smaller features may also be filled in this manner.
To plug the throat, a zone of rip-rap or durable limestone boulders should be placed and wedged
into the throat. Using the large stone pieces as a base, place an 18-inch-thick layer of Kentucky
Depart of Highways (KDOH) gradation No. 3 and/or No. 57 crushed limestone over the larger
stone and tamp into place with hand tampers. Next, construct a 12-inch-thick layer of dense-
graded aggregate (DGA) tamped into place with hand tampers. The entire throat area and 10 feet
of the surrounding area should be covered with a geotextile filter fabric. The resulting excavation
may then be properly backfilled with engineered fill material from the borrow areas on site
compacted to at least 95 percent of the soil’s standard Proctor maximum dry density (ASTM
D698). The area of the channel bed within the sinkhole excavation shall be lined with

Geosynthetic Clay Liner (GCL) as seen in Figure 4.

4.2.4 Sinkhole Treatment Method C

If well-defined sinkhole throats are not identifiable after stripping the surficial soils from the
sinkholes to expose the residual soils, shallow test pits should be excavated to check for voids
present below the ground surface as a result of solution activity. The pits should be excavated at
the lowest elevations of the depression. If no throat is found, then the excavation and depression
should be properly backfilled using engineered fill material from the borrow areas on site. The fill

material should be compacted the same as in Methods A and B.

4.3 SITE PREPARATION

4.3.1 Erosion Potential

Based on a review of the Soil Survey for Russell County, Kentucky, published by the United States

Department of Agriculture (USDA), the onsite soils are slightly erodible; however, based on our site

observations, and our experience, we believe the on-site soils range from moderately to highly

erodible. Erosion prevention planning should be included in the design of the creek extension.
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4.3.2 Old Fill Materials

Evidence of demolition debris associated with the Wolf Creek Dam was not observed in the soil
samples obtained from our borings. However, conditions between borings may be different and
fill material may be encountered. If fill material is encountered, construction planning should
include delineating the fill within the creek extension limits, undercutting these fill soils, laying back

the side slopes, and placing suitable fill soils in controlled lifts.

4.3.3 Reusable Soils

Soils encountered in Stratum | and Il are suitable for use as backfill for the proposed road
embankment, however, soils encountered in low lying areas or within overburden containing perched
water will require drying in order to achieve suitable compaction. Perched conditions were
encountered in the hand auger borings HA-1, HA-6, and HA-7; soil conditions near the existing
creek, between stations 22+00 and 34+00, were not explored and shallow ground water associated

with the existing creek may be encountered.

4.4 REFUSAL DEPTHS

As previously stated, refusal material was encountered in our hand-auger borings at depths ranging

from approximately 1 %2 to 9 % feet. The refusal material encountered in our hand-auger borings

were due to large gravel fragments, root clusters, and collapse due to the presence of ground water.
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5. GEOTECHNICAL RECOMMENDATIONS- ROADWAY EMBANKMENT

The following recommendations should be considered for the construction of the gravel roadway
embankment. Detailed specifications and Drawings can be found within the project details of the

construction documents.

5.1 SETTLEMENT ANALYSIS

The settlement analysis was based on our interpretation of the subsurface stratigraphy, our
laboratory test results, and elastic theories for coarse grained (sand and gravel) soils, and the
geometry of the embankment as seen in Figure 2 of the Appendix. AMEC has assumed that the
embankment will have side slopes of 3 horizontal to 1 vertical for the purpose of this analysis. The

total settlements were calculated to be under an inch.

5.2 EARTHWORK

5.2.1 Subsurface Confirmation

Accessibility issues were experienced at the locations of the proposed gravel roadway limits. The soil
test borings were offset and drilled as close as possible to the limits proposed by our design team.
We believe that our borings are indicative of the soil conditions at the location of the proposed gravel
roadway. However, we recommend confirming the site conditions during construction by careful
examination by a geotechnical engineer. The engineer may choose to extend hand-auger borings at
the bottom of the existing drainage trench, or request the excavation of shallow test pits. If
conditions vary from the soil conditions encountered in the soil test borings, the recommendations
will be adjusted. We expect some soft soil or “muck” may exist in the drainage trench which will

require undercutting and replacement.
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5.2.2 Embankment Site Preparation
o Before any embankment material is placed in a given area, all clearing shall be
performed in that area, with topsoil removed and stockpiled.

e Any soft soils, such as sediment or muck, encountered at the bottom of the
drainage trench must be removed prior to fill placement.

e Scarify and recompact the existing subgrade soils to a depth of at least 8
inches prior to fill placement or pavement construction.

o Embankment material will not be placed on frozen earth.

e Embankment materials loosened as a result of frost action shall be re-
compacted prior to placement of additional lifts.

e Compacted material that has been flooded and no longer meets the density
specifications shall be removed and replaced.

5.2.3 Compacted Fill

Representative bulk samples from Stratum | and Stratum I were collected and tested to determine
their laboratory compaction characteristics and natural moisture content. These tests results
determined that Stratum | and Stratum Il soils are suitable as fill material for the proposed

embankment. Table 2 is a summary of the compaction results.

Table 2. Summary of laboratory compaction results.

Natural . . .
Hand Auger Moisture Mammum Dry | Optimum Moisture
Stratum ) Density Content
Locations Content (pcf) (%)
(%) i
Il HA-8 22 107 18
[ HA-10 24.7 115 13.5
Created by: AlS
Checked by: NGS

The following criteria are recommended for structural fill construction:

o Limit the fill materials to a Plasticity Index less than 25, a maximum particle
size of 3 inches, and less than 3 percent by weight fibrous, organic matter.

e Construct compacted fill by spreading suitable soil in maximum 8-inch-thick
loose lifts.
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o The fill placement must be keyed into the existing side slopes a minimum of 6
inches in a stair step fashion.

o Compact the fill within structural areas to at least 95 percent of the standard
maximum dry density (ASTM D698).

e Maintain the moisture content of the fill soils to within +2 percentage points
of the soils' optimum moisture content.

e Perform at least one in-place density test in every 5,000 square-feet, for each
8-inch- thick fill layer.

e Retain the geotechnical engineer to observe, document and test the fill
placement and compaction operations.

5.2.4 General

e No sod, frozen material, or any material which by decay or otherwise, might
cause settlement, shall be placed or allowed to remain in the embankment.

e The Embankment shall be constructed to the height and width deemed
necessary to provide for shrinkage during compaction; upon completion, it
shall conform to the lines, grades, and cross-sections shown on the Plans, with
proper provision for shrinkage.

e Lift thickness shall conform to the maximum loose lift thickness of eight (8)
inches.

e So far as practicable, each lift of material shall extend the entire length and
width of the embankment before the next lift is placed. The material shall be
leveled by means of bulldozers, blade graders, or other equipment approved by
the ENGINEER.

e Materials shall be disked sufficiently on each lift to break down oversized
clods, mix the different materials, secure uniform moisture content, and insure
uniform density and compaction.

e Materials shall be compacted with a sheepsfoot roller or smooth-drum roller,
as required to achieve the required compaction.

e Maintain positive surface drainage to prevent water from ponding on the
surface during all earthwork operations.

e Roll the fill surface with a rubber-tired or steel-drummed roller to improve
surface runoff, if precipitation is expected.

e Contact the geotechnical engineer should the subgrade soils become
excessively wet, dry, or frozen.
16
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5.3 GROUND WATER CONTROL

Typically, ground water encroaching upon construction excavations can be removed by placing a
sump near the source of seepage and then pumping from the sump. Should heavy seepage occur,
or should there be evidence of soil particle migration, such as silting of the sump, then the

geotechnical engineer should be contacted.
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6. BASIS FOR RECOMMENDATIONS

The recommendations provided are based in part on project information provided to AMEC and
only apply to the specific project and site discussed in this report. If the project information
section in this report contains incorrect information or if additional information is available, you
should convey the correct or additional information to us and retain us to review our
recommendations. We can then modify our recommendations if they are inappropriate for the

proposed project.

The assessment of site environmental conditions or the presence of contaminants in the soil, rock,

and ground water of the site was beyond the scope of this exploration.

Regardless of the thoroughness of a geotechnical exploration, there is always a possibility that
conditions between borings will be different from those at specific boring locations and that
conditions will not be as anticipated by the designers or contractors. In addition, the construction
process may itself alter soil conditions. Therefore, experienced geotechnical personnel should
observe and document the construction procedures used and the conditions encountered.
Unanticipated conditions and inadequate procedures should be reported to the design team along
with timely recommendations to solve the problems created. We recommend that the owner retain
AMEC to provide this service based upon our familiarity with the project, the subsurface

conditions and the intent of the recommendations.

We recommend that this complete report be provided to the various design team members, the
contractors and the project owner. Potential contractors should be informed of this report in the
"instructions to bidders" section of the bid documents. The report should not be included or

referenced in the actual contract documents.
We wish to remind you that our exploration services include storing the samples collected and

making them available for inspection for 30 days. The samples are then discarded unless you

request otherwise.
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FIELD TESTING PROCEDURES

Field Operations: The general field procedures employed by AMEC are summarized in ASTM D420
which is entitled "Investigating and Sampling Soils and Rocks for Engineering Purposes.”" This
recommended practice lists recognized methods for determining soil and rock distribution and ground
water conditions. These methods include geophysical and in situ methods as well as borings.

Borings are drilled to obtain subsurface samples using one of several alternative techniques
depending upon the subsurface conditions, These techniques are:

a. Continuous 2% or 3% inch inside diameter (LD.) hollow stem augers;
b. Wash borings using roller cone or drag bits (using drilling mud or water);
c. Continuous flight augers (ASTM D1425).

These drilling methods are not capable of penetrating through material designated as "refusal
materials." Refusal, thus indicated, may result from hard cemented soil, soft weathered rock, coarse
gravel or boulders, thin rock seams, or the upper surface of sound continuous rock. Core drilling
procedures are required to determine the character and continuity of refusal materials.

The subsurface conditions encountered during drilling are reported on a field test boring record by
the chief driller. The record contains information concerning the boring method, samples attempted
and recovered, indications of the presence of various materials such as coarse gravel, cobbles, etc.,
and observations between samples. Therefore, these boring records contain both factual and
interpretive information. The field boring records are on file in our office.

The soil and rock samples plus the field boring records are reviewed by a geotechnical engineer. The
engineer classifies the soils in general accordance with the procedures outlined in ASTM D2488 and
prepares the final boring records which are the basis for all evaluations and recommendations.

The final boring records represent our interpretation of the contents of the field records based on the
results of the engineering examinations and tests of the field samples. These records depict
subsurface conditions at the specific locations and at the particular time when drilled. Soil conditions
at other locations may differ from conditions occurring at these boring locations. Also, the passage of
time may result in a change in the subsurface soil and ground water conditions at these boring
locations. The lines designating the interface between soil or refusal materials on the records and on
profiles represent approximate boundaries. The transition between materials may be gradual. The
final boring records are included with this report.

The detailed data collection methods used during this exploration are discussed below.

Soil Test Borings: Soil test borings were made at the site at locations shown on the attached Boring
Plan. Soil sampling and penetration testing were performed in accordance with ASTM D1586.

The borings were made by mechanically twisting a hollow stem steel auger into the soil. At regular
intervals, the drilling tools were removed and soil samples obtained with a standard 1.4 inch LD., 2
inch outside diameter (O.D.), split tube sampler. The sampler was first seated 6 inches to penetrate
any loose cuttings, then driven an additional foot with blows of a 140-pound hammer free falling 30



FIELD TESTING PROCEDURES (continued)

inches. The number of hammer blows required to drive the sampler the final foot was recorded and is
designated the "penetration resistance”. The penetration resistance, when properly evaluated, is an
index to the soil strength and foundation supporting capability.

Representative portions of the soil samples, thus obtained, were placed in glass jars and transported
to the laboratory. In the laboratory, the samples were examined to verify the driller's field
classifications. Test Boring Records are attached which graphically show the soil descriptions and
penetration resistances.

Water Level Readings: Water table readings are normally taken in conjunction with borings and are
recorded on the "Test Boring Records". These readings indicate the approximate location of the
hydrostatic water table at the time of our field investigation. Where impervious (more clayey) soils
are encountered the amount of water seepage into the boring is small, and it is generally not possible
to establish the location of the hydrostatic water table through water level readings. The ground
water table may also be dependent upon the amount of precipitation at the site during a particular
period of time. Fluctuations in the water table should be expected with variations in precipitation,
surface run-off, evaporation and other factors.

The time of boring, water level reported on the boring records is determined by field crews as the
drilling tools are advanced. The time of boring water level is detected by changes in the drilling rate,
soil samples obtained, or by measurement after the drilling tools are withdrawn. Additional water
table readings may be obtained after the borings are completed. A time lag of 24 hours may allow
stabilization of the ground water table which has been disrupted by the drilling operations. The
readings are taken by dropping a weighted line down the boring or using an electrical probe to detect
the water level surface.

Occasionally, the borings will cave-in, preventing water level readings from being obtained or
trapping drilling water above the caved-in zone. The cave-in depth is also measured and recorded on
the boring records.

Bag Sampling: We obtained bulk samples of soil at selected locations. These samples consist of 50 to
100 pounds of soil brought to the surface by the drilling augers, or obtained from test pits or the
ground surface using hand tools. The samples were placed in bags, with sealed jar samples of the
material, and were taken to our laboratory for testing. The locations of these samples are indicated on
the appropriate logs, or on the Boring Location Plan,

Hand-Auger Borings: Hand-auger borings were made at the site at locations shown on the attached
Boring Location Plan. The borings were made by manually twisting a hand auger into the soil.
Representative soil samples were obtained from the auger cuttings and placed in glass jars and
transported to the laboratory.

Dynamic Cone Penetrometer (DCP) Tests: At regular intervals, the soil consistency was measured
with a cone penetrometer. The conical point was first seated 2 inches to penetrate any loose cuttings,
then driven an additional 3% inches in two 1%-inch increments with blows from a 15-pound hammer




FIELD TESTING PROCEDURES (continued)

falling 20 inches. The average number of hammer blows required to achieve the final two 1%-inch
increments was recorded, and is an index to the soil strength and density.
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AMEC SOIL-ROCK-LABS 3353112536.02.03.GPJ MACTEC DATABASE TEMPLATE 01.GDT 11/16/11

TEST BORING RECORD

Project: Hatchery Creek
Project No:  3353-11-2536.02.03
Checked By: _ A=S

Boring No.: B-1

D SAMPLES i (<5 I
DESCRIPTION L E |2 |Z| 58 |E
E E L g [ R[N-COUNT | p3 == Bes 2 g REMARKS
; S| E |sy|P|Elebn|gg|EIE RS
H % v+ 2 o|lge gaz | ote: Na information on the
SEE KEY SYMBOL SHEET FOR EXPLANATION N E Elg|o|l2as]25(|2|8 S5% | 8§| borings should be used wittout
(ft) OF SYMBOLS AND ABBREVIATIONS BELOW. D (ft) Z|E (ig /RgEDC o e g S 5 r:onsid;rr’ng the c'e..-nni"::-:' content of
L o [int % = e main document.
% [ TOPSOIL(8inches) _ _ __ _ _ _ _ _ _ }‘ "f-‘__-\f_’ i Ll 551 4| 334 Surface cover: Grass/Topsoil (8
LOOSE, dark brown and reddish brown, medium VP (N=T) inches)
1\t fine SAND (SC), little CLAY, moist V8777 S50 6| 656
4"\ STIFF, dark brown, lean CLAY (CL), some fine L (N=11)
| \SAND, maist 1§
STIFF to FIRM, dark brown and light reddish 553 6| 454
— 5 —| brown, sandy SILT (ML), moist — 582 (N=9)
4 - 4-2-3
SS-4 6 (N=5)
FIRM to STIFF, light to dark gray and mottled
- reddish brown, SILT (ML), trace fine SAND, very - SS5-5 g| 324
L 10 — moist (possible organic SILT) - 587 (N=6)
An Undisturbed Sample was
g r ub-1 4 cbtained from a depth of
T S oo STiFE m f) ________ 446 ?pproxlmate{y 10 feet to 12
- - 55-6 ] (N=10) eet.
T e ey e 556
Same as above, highly mottled (ML §8-7 8 =
@ ] ghly (ML) - (N=11)
- L 5-5-6
sss [XPs| o2
— 20 — — 577 W=
-~ FIRM Tight fo dark gray and motlled reddish L
| brown, elastic SILT (MH), trace fine SAND, very L 4-4-4
moist 859 Xla (N=8)
= 26 — — 872
T Sameasabove, wet (MH) v
T i 55-10 Zla o
| 39 —| FIRM, light gray and light brown, fine SAND (SM), 567 (N=7)
| some SILT, wet
§ AvA
Groundwater was encountered
1 S5-11 XI‘B 7'_7‘6 at a depth of 33 feet at the time
— 35 — 562 (N=13) of drilling.
|~ VERY DENSE, brown, coarse to fire GRAVEL
L. (GM) and coarse to fine SAND, some SILT and FYAS | S5-12 [SZB5 50/5
"\trace weathered SHALE fragments, wet (N = 50/5)
- 40 — — 58567
- =
L 45 552

START DATE: 8/26/2011
CONTRACTOR:  Hoosier Drilling

DRILLER: Blake Sumler
EQUIPMENT: CME 55
METHOD: HSA

HOLE DIA.: 3" 1D
HAMMER: Manual

LOGGED BY: A. Sarno
PREPARED BY: N. Jones
REMARKS:

Suite 122

amec”

13425 Eastpoint Centre Drive

Louisville, Kentucky 40223
Telephone: (502) 253 2500
Fax:

(502) 253 2501




AMEC SOIL-ROCK-LABS 3353112536.02.03.GPJ MACTEC DATABASE TEMPLATE 01.GDT 11/16/11

TEST BORING RECORD

Project: Hatchery Creek
Project No:  3353-11-2536.02.03
Checked By: _ALS

Boring No.: B-2

IHTumo

o3

=115

— 20

— 25

— 30

— 35

— 40

i | % SAMPLES REEREIE
DESCRIPTION L| E aTRTvoonT| 2| S| S| 38 |5 e REMARKS
G E |og|5|Elobn|2E|E|E|E8E|dn
E v %'E o "G % Bim | % ;‘ T'_u g8= |Eg Note: No information on the
SEE KEY SYMBOL SHEET FOR EXPLANATION N a5 [||0l =N ®B Sg|.5|% sg;p 8| borings should be used without
OF SYMBOLS AND ABBREVIATIONS BELOW. D (ft) e % \Y RQD o g1 870G © |  considering the entire content of
] 588 @ [(in.) % REC o | the main document.
n T_DF'_SQIi‘iﬂgeE) __________ 55-1 4 3-5-7 Surface cover: Grass/Topsoil (4
7| STIFF, light reddish brown, sandy SILT (ML), (N =8782) 147 inches)
- moist 7-8-
____________________ S 8| (N=16) 2019 58
Same as above, trace ORGANICS (ML)
9-7-7
B e N e ol B R ¥ Sl 583 —f SS-3 4 (N=14) | 15.4
-4 Same as above, STIFF, with some pockets of silty
SAND, no organics (ML) 2.5.5
____________________ e 4 (N=10) | 16.8
Same as above, STIFF, very moist (ML)
i $5-5 g Dl
4l = (N=10) | 118
il 4-4-5
— 573 S5 Z‘B (N=9) 221
- 6-5-5
y - XRe| @25 |16
| Sameasabove, STIFF, wet (ML)
. C
1 558 X'a A s
: — 563 (N=7) :
LOOSE, dark gray, medium to fine silty SAND
T (SM), wet
E 3-4-3
3 L ]Xhe| @45 |
T Sameasabove, FIRM Groundwater was encountered
) 58-10 XIB 758 atadepth of 33 feet at the time
= 553 (N=11) | 21.7 of drilling.
] &) 19-12-50/2
___________________ S8-11 E IM 2
— VERY DENSE, light to dark gray, fine to coarse & 548 (N 802)) 158
_| |\ SAND (SW) and LIMESTONE fragments, with
trace silt, wet
543

START DATE:  8/26/2011
CONTRACTOR: Hoosier Driling

DRILLER: Blake Sumler
EQUIPMENT: CME 55
METHOD: HSA

HOLE DIA.: 3%" 1D
HAMMER: Manual

LOGGED BY: A. Sarno
PREPARED BY: N. Jones
REMARKS:

amec”

13425 Eastpoint Centre Drive
Suite 122

Louisville, Kentucky 40223
Telephone: (502) 253 2500
Fax: (502) 253 2501




HAND AUGER BORING RECORD

Project: Hatchery Creek
Project No:  3353-11-2536.02.03
Checked By: ALS

Boring No.: HA-1

AMEC HAND AUGER LOG (W/ PIC ATTERBERG) 3353112536.02.03.GPJ MACTEC DATABASE TEMPLATE 01.GDT 11/16/11

achieve the 1%-inch increment from a 15 pound hammer falling 20 inches.

Fax:

D SAMPLES 2
— = £
E DESCRIPTION g = oR E‘E ] REMARKS
T 2g | = g |gz| 33| da
H EE [ = 5| B3| 2 Note: No inft i
o o c| S r information on the borings
SEE KEY SYMBOL SHEET FOR EXPLANATION g3 @ G |23| 88| 8§ | should be used without considering the
(ft) F SYMBOLS AND ABBREVIATIONS BELOW. 3 o g entire content of the main document.
b & TOPSOIL (18 inches); Surface cover: Grass/Topsoil (18 inches)
AU-1 1
VERY SOFT, dark gray and mottled brown, SILT ALha I
(ML), trace ORGANICS and trace fine SAND, wet
¥
= AU-3 WOH 492| 48 83
27
i _-\TEﬁ'\"_E‘:C)_FT_.dE'k_gEy,_SfTTMT)‘_tra?e?nF i Water encountered at 3 feet at time of
SAND, wet exploration.
AU-4 1
I HAND AUGER REFUSAL AT 4.0 FEET i
=~ B = 565 —
L 10 560
START DATE: 8/25/2011
CONTRACTOR: AMEC
DRILLER: A. Sarno/ N. Jones
EQUIPMENT: Hand Auger
METHOD: Hand Auger
HOLE DIA.: 4" 0D
HAMMER: Dynamic Cone Penetrometer 13425 Eastpoint Centre Drive
LOGGED BY: A. Sarno/ N. Jones Suite 122
PREPARED BY: N. Jones Louisville, Kentucky 40223
REMARKS: Blows per increment (BP!) is the average number of hammer blows required to Telephone: (502) 253 2500

(502) 253 2501




AMEC HAND AUGER LOG (W/ PIC ATTERBERG) 3353112536.02.03.GPJ MACTEC DATABASE TEMPLATE 01.GDT 11/16/11

HAND AUGER BORING RECORD

Project: Hatchery Creek
Project No:  3353-11-2536.02.03

Checked By: _ ALS

Boring No.: HA-2

D SAMPLES o
1L E = || e
: DESCRIPTION L | E e Tk | BE| Be REMARKS
T s | & |sx| & | B |5|23|%8
H E v €| o = ST 23 Eg| Note: No information on the borings
SEE KEY SYMBOL SHEET FOR EXPLANATION N 8 2 E o 8 g g o & | should be used without considering the
(ft) OF SYMBOLS AND ABBREVIATICNS BELOW. D (ft) 3 [s] K entire content of the main document.
= 8 TOPSOIL (4 inches) & A 9 Surface cover: Topsoil (4 inches)
i‘glgr. light brown, fine SAND (SM), some SILT, AU-1 10
AU-2 21
¢ ] Boring offset three times due to large
roots.
AU-3 12
i HAND AUGER REFUSAL AT 3.0 FEET T Hand Auger terminated at 3.0 feet due to
large root clusters.
- 5 — 569 —
- 10 564
START DATE: 8/25/2011
CONTRACTOR: AMEC
DRILLER: A, Sarno / N, Jones
EQUIPMENT: Hand Auger
METHOD: Hand Auger
HOLE DIA. Dynamic Cone Penetrometer
HAMMER: Dynamic Cone Penetrometer 13425 Eastpoint Centre Drive
LOGGED BY: A. Sarno / N. Jones Suite 122
PREPARED BY: A. Sarno / N. Jones Louisville, Kentucky 40223
REMARKS: Blows per increment (BP) is the average number of hammer blows required to Telephone: (502) 253 2500

achieve the 1%-inch increment from a 15 pound hammer falling 20 inches.

Fax: (502) 253 2501




AMEC HAND AUGER LOG (W/ PIC ATTERBERG) 3353112536.02.03.GPJ MACTEC DATABASE TEMPLATE 01.GDT 11/16/11

Project: Hatchery Creek
Project No:  3353-11-2536.02.03 a HA 3
- -
Checked By: _ ALS Boring No.:
D SAMPLES o
L E o~ o c
- DESCRIPTION L] E 2 T —oE| 22| B2 REMARKS
T G | E |gs| 2| B |3E|3F| &5
H E v EE| © = S5 | 85| 2| Note: Noinformation on the borings
SEE KEY SYMBOL SHEET FOR EXPLANATICN N - IR & =3 58] 8 § should be used without considering the
(ft) OF SYMBOLS AND ABBREVIATIONS BELOW. D (ft) 8 = = o entire content of the main document.
-9 TOPSOIL (4 inches) R S Surface cover: Topsail (4 inches)
STIFF, light brown, lean CLAY (CL) with silt, moist // AU-1 20 el 28 ”
/ I 21
% AU-2 18
% AU-3 15
[ HAND AUGER REFUSAL AT 3.0 FEET 1 Wk 13
B — 568 —
— 10 563
START DATE: 8/25/2011
CONTRACTOR: AMEC
DRILLER: A. Sarno / N. Jones
EQUIPMENT: Hand Auger
METHOD: Hand Auger
HOLE DIA.: Dynamic Cone Penetrometer
HAMMER: Dynamic Cone Penetrometer 13425 Eastpoint Centre Drive
LOGGED BY: A. Sarno/ N. Jones Suite 122
PREPAREDBY: A. Sarno/N. Jores Louisville, Kentucky 40223
REMARKS: Blows per increment (BPI) is the average number of hammer blows required to ;ie_phm'a: igggg ggg gggg’
achieve the 1%-inch increment from a 15 pound hammer falling 20 inches. i




AMEC HAND AUGER LOG (W/ PIC ATTERBERG) 3353112536.02.03.GPJ MACTEC DATABASE TEMPLATE 01.GDT 11/16/11

HAND AUGER BORING RECORD

achieve the 1%-inch increment from a 15 pound hammer falling 20 inches.

(502) 253 2501

Project: Hatchery Creek
Project No: 3353-11-2536.02.03 Borina No.: HA 4
Checked By: AZELS g o,
D SAMPLES o
L E —_ =
: DESCRIPTION L | E e T —1.%| 2| 32 REMARKS
; s | E |ag| & | § |3z|33|4a
H E v EE| 2 i) 5| 8% | €g| Note: Noinformation on the borings
SEE KEY SYMBOL SHEET FOR EXPLANATION N &= g (&) = | g2 8 & | should be used without considering the
(f) OF SYMBOLS AND ABBREVIATIONS BELOW. D (ft) & o = > * | “entire content of the main document.
2 STIFF, light brown, fine SAND, some coarse 281 Surface cover: Grassy GRAVEL (FILL)
GRAVEL and some SILT, moist; FILL (12 inches)
AU-1 12
i STIFF, light reddish brown, silty clayey SAND ]
(SC-SM), moist
AU-2 22 19
77 15
AU-3 24
L — -
AU-4 16
I STIFF, redaish brown and Tght gray, sty Giayey Ao W
SAND (SC-SM), trace GRAVEL, moist
™ 5 [ Same3s3bove, lighi reddish Brown (SC-SM) 208 =
AU-6 8
AU-8 13
0 HAND AUGER TERMINATED AT 8.0 FEET p R 22
— 10 571
START DATE: 8/25/2011
CONTRACTOR: AMEC
DRILLER: A. Sarno / N. Jones
EQUIPMENT: Hand Auger
METHOD: Hand Auger
HOLE DIA Dynamic Cone Penetrometer
HAMMER: Dynamic Cone Penetrometer 13425 Eastpoint Centre Drive
LOGGED BY: A. Sarno/ N. Jones Suite 122
PREPARED BY: A. Sarno{ N. Jones Louisville, Kentucky 40223
REMARKS: Blows per increment (BPI) is the average number of hammer blows required to ;g!?phane: (502) 253 2500




AMEC HAND AUGER LOG (W/ PIC ATTERBERG) 3353112536.02.03.GPJ MACTEC DATABASE TEMPLATE 01.GDT 11/16/11

HAND AUGER BORING RECORD

achieve the 1¥%-inch increment from a 15 pound hammer falling 20 inches.

Project: Hatchery Creek
Project No: 3353-11-2536.02.03 Boring No.: HA-5
Checked By: _ AT$ gte:
D SAMPLES =
L E —_ a | i
: DESCRIPTION L | E e T — 2| 2E| B2 REMARKS
3 G E |2g| 2 B |28|352| &8
H E i Qo XL, 2.0 =8 - o . F E ¢
EE 2 o Sc| 58| 58 Note: No information on the borings
SEE KEY SYMBOL SHEET FOR EXPLANATION N e g2 3 S| S| €| should be used without considering the
(ft) OF SYMBOLS AND ABBREVIATIONS BELOW. D (ft) & o o entire content of the main document.
— 0 TOPSOIL (3 inches) Surface cover: Grass/Topsoil (3 inches)
FIRM to STIFF, medium brown, silty clayey SAND
(SC-5M), moist AU-1 7
AU-2 10 77| 19
il e
AU-3 10
AU-4 ]
AU-5 12
| — 5 —
AU-6 1
i HARD, brown, gravelly SAND (SG)
FIAND AUGER REFUSAL AT 6.5 FEET ALET 30 Hand Auger refusal at a depth of 6.5 feet
on apparent large gravel fragments.
— 10 571
START DATE: 8/26/2011
CONTRACTOR: AMEC
DRILLER: A. Sarno / N. Jones
EQUIPMENT: Hand Auger
METHOD: Hand Auger
HOLE DIA.: Dynamic Cone Penetrometer
HAMMER: Dynamic Cone Penetrometer 13425 Eastpoint Centre Drive
LOGGED BY: A. Sarno / N. Jones Suite 122
PREPARED BY: A.Sarno/ N. Jones Louisville, Kentucky 40223
REMARKS: Blows per increment (BPI) is the average number of hammer blows required to Telephone: (502) 253 2500

Fax: (502) 253 2501




HAND AUGER BORING RECORD

Project: Hatchery Creek
Project No:  3353-11-2536.02.03

Checked By: ALS Boring No.: HA-6

D SAMPLES @
L E —_ - =
i DESCRIPTION L | € e | R T REMARKS
; |t |ag| 8| & |33 53|58
H E v, o o 2 4 A 5 h i A ‘
SEE KEY SYMBOL SHEET FOR EXPLANATION | N 5 E éi’ 5 Eoé 28| 8 % sh’ﬂ‘ébthg;?Tv,argggf%fmi?dgm’;%ie
(ft) OF SYMBOLS AND ABBREVIATIONS BELOW. D (ft) 3 ] i entire content of the main document.
o TOPSOIL (3 inches) FLIE/ 580 Surface cover: Grass/Topsoil (2 inches)
| STIFF to FIRM, light gray to ligni brown, medium /
to fine grained CLAY and SAND mixture (CL), AU-1 12
slightly moist /
/ AU-2 4 A Bulk Sample was obtained from a
/ depth of 1.5 feet to 3.0 feet.
1 Sameas above, moist (CLY / i
___________________ 7
Same as above, litlle GRAVEL, moist (CL) _//// AU-3 16
% AU-4 14
_________________ v /
Same as above, wet (CL) = AUS 18
- 5 | %— 585 —
% AU-6 21
é AU-8 21
HAND AUGER REFUSAL AT 9.0 FEET % g s 30 H i
j and auger terminated at 9.0 feet due to
excessive cave In,
— 10 580

AMEC HAND AUGER LOG (W/ PIC ATTERBERG) 3353112536.02.03.GPJ MACTEC DATABASE TEMPLATE 01.GDT 11/17/11

START DATE:  8/26/2011
CONTRACTOR: AMEC

DRILLER: A, Sarno / N. Jones
EQUIPMENT: Hand Auger
METHOD: Hand Auger

HOLE DIA.: Dynamic Cone Penetrometer

HAMMER: Dynamic Cone Penetrometer 13425 Eastpaint Centre Drive
LOGGED BY: A. Sarmo / N. Jones Suite 122

PREPARED BY: A. Sarno/N. Jones Louisville, Kentucky 40223
REMARKS: Blows per increment (BPI) is the average number of hammer blows required to Telephone: (502) 253 2500

achieve the 1%-inch increment from a 15 pound hammer falling 20 inches. R (PRey 2852001




AMEC HAND AUGER LOG (W/ PIC ATTERBERG) 3353112536.02.03.GPJ MACTEC DATABASE TEMPLATE 01.GDT 11/16/11

Project:

Project No:

HAND AUGER BORING RECORD

Hatchery Creek
3353-11-2536.02.03

Checked By: _ALS

Boring No.: HA-7

achieve the 1%-inch increment from a 15 pound hammer falling 20 inches.

D SAMPLES o
L E % =l =
: DESCRIPTION b E s T e8| 2E| G2 REMARKS
T ¢ | E |azg| & | E |3E|23| %8
H E v EE| o = 5t | 25 £3/| Note: No information on the borings
SEE KEY SYMBOL SHEET FOR EXPLANATION N 83 g o = S| S8 | 2f| should be used without considering the
{ft) OF SYMBOLS AND ABBREVIATIONS BELOW. D (ft) & a K entire content of the main document.
T n @P_Sgl__m_inc_h) ___________ I AT Surface cover: Grass/Topsoil (1 inch)
STIFF, light reddish brown, fine SAND (SC), some  [,/7 AU-1 8
CLAY, slightly moist S
I AU-2 14
s, AU-3 30
™~ AARD 1o STTFF, ight gray, sandy lean CLAY (CL) YA/ s i A Bulk Sample was obtained from a
with silt, moist /_ il depth of 3.5 feet to 6.0 feet.
% AU-5 30
f= 5, = /— 590 —|
s o e N //
HARD, reddish brown and Tight gray, lean CLAY V
| (CL), some fine SAND, moist /_ 1 Aus 10
___________________ %
HARD, light gray mottled with reddish brown, lean /
| tefat CLAY (CL-CH), some fine SAND and trace / 1 i
fine ORGANICS, very moaist / .
_________________ I ﬁ AU-7 23
Same as above, wet %
1= “ 2
10 ~~HAND AUGER REFUSAL AT 10,0 FEET 585 Hand auger terminated at 10.0 feet due
to excessive cave in,
| 45 580
START DATE: 8/26/2011
CONTRACTOR: AMEC
DRILLER: A. Sarno / N. Jones
EQUIPMENT: Hand Auger
METHOD: Hand Auger
HOLE DIA.: Dynamic Cone Penetrometer
HAMMER: Dynamic Cone Penetrometer 13425 Eastpoint Centre Drive
LOGGED BY: A. Sarno/ N. Jones Suite 122
PREPAREDBY: A.Sarno/ N, Jones Louisville, Kentucky 40223
REMARKS: Blows per increment (BP) is the average number of hammer blows required to Telephone: (502) 253 2500

Fax: (502) 253 2501




AMEC HAND AUGER LOG (W/ PIC ATTERBERG) 3353112536.02.03.GPJ MACTEC DATABASE TEMPLATE 01.GDT 11/16/11

HAND AUGER BORING RECORD

Project: Hatchery Creek
Project No:  3353-11-2536.02.03
Checked By: AT®S

Boring No.: HA-8

o= IHATmMO

— 10

L E SAMPLES 5.
DESCRIPTION 5 3 3 B of | BE| B2 REMARKS
s | E |sx| & | 5 |23|2:| 44
E v EE| o = 15g| B%Z| 2| Note: Noinformati i
SEE KEY SYMBOL SHEET FOR EXPLANATION | N 5 5| = 5 |=5| 28 38| should beoc:gei'rvmvﬁggZt?og;?dgggigg;?e
OF SYMBOLS AND ABBREVIATIONS BELOW. D é’;‘é 3 e = g entire content of the main document,
TOPSOIL (5 inches) AL Surface cover: Grass/Topsoil (5 inches)
___________________ R
FIRM to STIFF, light brown, clayey SILT (ML), AU-1 9 247 4 91
trace fine SAND, moist ) 28
i A Bulk Sample was obtained from a
depth of 0 feet to 2.5 feet
AU-2 8
Fem— T T e e e —— 7 AU-3 13 "
STIFF, mottled light gray, lean CLAY (CL), some A Bulk Sample was cbtained from a
SILT, trace fine SAND, moist / depth of 2.5 feet to 6.0 feet
é s ”
% AUS 9
%H 581 —
/ AU-6 9
HAND AUGER TERMINATED AT 6.0 FEET 15
576

REMARKS:

START DATE:  8/26/2011
CONTRACTOR: AMEC

DRILLER: A. Sarno / N. Jones
EQUIPMENT: Hand Auger

METHOD: Hand Auger

HOLE DIA.: Dynamic Cone Penetrometer
HAMMER: Dynamic Cone Penetrometer

LOGGED BY: A.Samo / N. Jones
PREPARED BY: A. Sarno/ N. Jones
Blows per increment (BPI) is the average number of hammer blows required to

achieve the 1%-inch increment from a 15 pound hammer falling 20 inches.

amec

13425 Eastpoint Centre Drive
Suite 122

Louisville, Kentucky 40223
Telephone: (502) 253 2500
Fax: (502) 253 2501




AMEC HAND AUGER LOG (W/ PIC ATTERBERG) 3353112536.02.03.GPJ MACTEC DATABASE TEMPLATE 01.GDT 11/18/11

HAND AUGER BORING RECORD

PREPARED BY:

REMARKS:

A. Sarno / N. Jones
Blows per increment (BPI) is the average number of hammer blows required to
achieve the 1%-inch increment from a 15 pound hammer falling 20 inches.

Project: Hatchery Creek
Project No: 3353-11-2536.02.03 A . HA-9
Checked By: _ ALS Boring No.:
D SAMPLES @
L E o | E
E DESCRIPTION e £ = = o= | BE| g2 REMARKS
T G E oy | 2 a 2| 34| &8
H E v ga | T = |82 25| 22| Note: Noinformali he bori
SEE KEY SYMBOL SHEET FOR EXPLANATION | N 55| £ =5 2R G5 2 Avmmatonon e donngs
OF SYMBOLS AND ABBREVIATIONS BELOW. | D | () | @2 | E g S T || T e oo o
(ft) . (f) 8 5 entire content of the main document.
Bl G e Ty 989 Surface cover: Grass (1 nch)
VERY STIFF to HARD, light gray and reddish /
brown, lean CLAY (CL), with SAND, moist / AU 20
™ DENSE, ight gray and light reddish brown, sandy 12 s b
lean CLAY (CL), moaist /
T HARD, Tight reddish brown, sandy lean CLAY (CL),” 7 7
moist
% N2 0 |1ne| 2| s
% AU-4 30
% AU-5 30
% AU-6 30
____________________ =
Same as above, with trace weathered SHALE
fragments and trace iron concretions, moist
/ AU-7 30
HAND AUGER REFUSAL AT 7.0 FEET 1 30 Hand Auger refusal at 7.0 feet on
apparent weathered shale fragments.
- 10 579
START DATE: 8/26/2011
CONTRACTOR: AMEC
DRILLER: A. Sarno / N. Jones
EQUIPMENT: Hand Auger \
METHQOD: Hand Auger
HOLE DIA.; Dynamic Cone Penetrometer
HAMMER: Dynamic Cone Penetrometer 13425 Eastpoint Centre Drive
LOGGED BY: A. Sarnc / N. Jones Suite 122

Louisville, Kentucky 40223
Telephone: (502) 253 2500
Fax: (502) 253 2501




HAND AUGER BORING RECORD

Project: Hatchery Creek
Project No: 3353-11-2536.02.03
Checked By: _ ALTS

Boring No.: HA-10

D SAMPLES o
—_ - (=4
: DESCRIPTION 2 o2 | BE| §e REMARKS
T 2g| 2 g |2E|=22| &a
[o=} = 29 | o2 | = ; : ;
H EE o a g Tz ER ~ 2 Note: No information on the borings
SEE KEY SOYLI\gBAOLDS:EI’EEI'EZOE E(;(PéANfgﬁN 33 3 O 8| Sz | 2§ | should be used without considering the
(ft) OF SYMB! N BREVIATIONS BE : a = & entire content of the main document.
5 L TOPSOIL ey, — =~ o Surface cover: Grass/Topsoil (1 inch)
VERY DENSE, light reddish brown, medium to
fine SAND (SC), some CLAY, some GRAVEL and
trace iron concretions, moist
AU-1 30 30
20
AU-2 30
HAND AUGER REFUSAL AT 1.5 FEET Hand Auger refusal at 1.5 feet on
apparent large gravel fragments. Hand
Auger boring was attempted at two
different locations.
— 5 587

AMEC HAND AUGER LOG (W/ PIC ATTERBERG) 3353112536.02.03.GPJ MACTEC DATABASE TEMPLATE 01.GDT 11/16/11

START DATE: 8/26/2011
CONTRACTOR: AMEC

DRILLER: A. Sarno/ N. Jones
EQUIPMENT: Hand Auger

METHOD: Hand Auger

HOLE DIA.: Dynamic Cone Penetrometer
HAMMER: Dynamic Cone Penetrometer

LOGGED BY: A. Sarno / N. Jones

PREPARED BY: A. Sarno/ N. Jones

REMARKS: Blows per increment (BPI) is the average number of hammer blows required to
achieve the 1%-inch increment from a 15 pound hammer falling 20 inches.

amec

13425 Eastpoint Centre Drive
Suite 122

Louisville, Kentucky 40223
Telephone: (502) 253 2500
Fax: (502) 253 2501




LABORATORY TESTING PROCEDURES

Soil Classification: Soil classifications provide a general guide to the engineering properties of various soil
types and enable the engineer to apply past experience to current situations. In our investigations, samples
obtained during drilling operations are examined in our laboratory and visually classified by an engineer.
The soils are classified according to consistency (based on number of blows from standard penetration
tests), color and texture. These classification descriptions are included on our "Test Boring Records."

The classification system discussed above is primarily qualitative and for detailed soil classification two
laboratory tests are necessary: grain size tests and plasticity tests. Using these test results the soil can be
classified according to the AASHTO or Unified Classification Systems (ASTM D2487). Each of these
classification systems and the in-place physical soil properties provide an index for estimating the soil's
behavior. The soil classification and physical properties determined are presented in this report.

Atterberg Limits: Portions of the samples are taken for Atterberg Limits testing to determine the plasticity
characteristics of the soil. The plasticity index (PI) is the range of moisture content over which the soil
deforms as a plastic material. It is bracketed by the liquid limit (LL) and the plastic limit (PL). The liquid
limit is the moisture content at which the soil becomes sufficiently "wet" to flow as a heavy viscous fluid.
The plastic limit is the lowest moisture content at which the soil is sufficiently plastic to be manually rolled
into tiny threads. The liquid limit and plastic limit are determined in accordance with ASTM D4318.

Grain Size Tests: Grain Size Tests are performed to determine the soil classification and the grain size
distribution. The soil samples are prepared for testing according to ASTM D421 (dry preparation) or
ASTM D2217 (wet preparation). The grain size distribution of soils coarser than a number 200 sieve
(0.074 mm opening) is determined by passing the samples through a standard set of nested sieves.
Materials passing the number 200 sieve are suspended in water and the grain size distribution calculated
from the measured settlement rate. These tests are conducted in accordance with ASTM D422,

Percent Finer Than 200 Sieve: Selected samples of soils are washed through a number 200 sieve to
determine the percentage of material less than 0.074 mm in diameter.

Compaction Tests: Compaction tests are run on representative soil samples to determine the dry density
obtained by a uniform compactive effort at varying moisture contents. The results of the test are used to
determine the moisture content and unit weight desired in the field for similar soils. Proper field
compaction is necessary to decrease future settlements, increase the shear strength of the soil and decrease
the permeability of the soil.

The two most commonly used compaction tests are the standard Proctor test and the modified Proctor test.
They are performed in accordance with ASTM D698 and D1557, respectively. Generally, the standard
Proctor compaction test is run on samples from building or parking areas where small compaction
equipment is anticipated. The modified Proctor compaction test is generally performed for heavy
structures, highways, and other areas where large compaction equipment is expected. In both tests a
representative soil sample is placed in a mold and compacted with a compaction hammer. Both tests have
three alternate methods.



LABORATORY TESTING PROCEDURES (continued)

The moisture content and unit weight of each compacted sample is determined. Usually 4 to 5 such tests
are run at different moisture contents. Test results are presented in the form of a dry unit weight versus

moisture content curve. The compaction method used and any deviations from the recommended
procedures are noted in this report,

Moisture Content: The Moisture Content is determined according to ASTM D2216.,
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MACTEC_ATTERBERG_LIMITS 3353112536.02.03.GPJ MACTEC DATABASE TEMPLATE 01.GDT 11/17/11

60 4
@ 7
e W e
N4 .
3 / /
40 / 1
>
] 4
=] / /
=
= / /
= 30 re 7
[}
= /7 /
0
<
=
/ 5
A /
10 4 b
/ O ®
CL-ML K
A AR CRR T
0 Z Py
0 10 20 30 40 50 60 70 80 90 100 110
LIQUID LIMIT
Natural
Symbol Location Depth, LL [ PL [ PI | Moisture | LI USCS Soil Classification
feet Content, %
® B-2 1.5t055| 20 | 19 1 ML Sandy Silt
[# 4] HA-1 20t03.0| 48 | 27 | 21 49.2 i | ML Silt with Sand
A HA-3 Oto1.0 | 33 | 21 | 12 176 |03 CL Lean Clay, with Silt
* HA-5 10tc20 | 19 | 15 4 FoT -21| SC-SM Silty, clayey Sand
® HA-6 1.5t03.0| 39 | 20 | 19 23.6 0.2 GL Light gray sandy CLAY
Lo ] HA-7 3.5t06.0| 26 | 17 9 135 -0.4 CL Sandy, lean Clay, with Silt
(@] HA-8 Oto25 41 28 | 13 247 -0.2 ML Clayey SILT
A HA-8 2506 | 39 | 35 4 220 -3.5 CL Lean CLAY, trace sand
® HA-9 20to7.0 | 29 | 20 9 11.6 -0.9 CL Sandy, lean Clay
& HA-10 Oto15 30 | 20 | 10 247 0.4 SC Clayey Sand
Remarks: ATTERBERG LIMITS RESULTS
Test Method - ASTM D4318 Project: Hatchery Creek
Project No:  3353-11-2536.02.03
Checked By:  AXS
LL=Liquid Limit; PL= Plastic Limit; PI=Plasticity Index; LI=Liquidity Index amecg




GIBB.GDT 11/16/11

(W/ D50) 3353112536.02.03.GPJ LAW

MACTEC _GRAIN_SIZE

PERCENT FINER BY WEIGHT

COBBLES

GRAVEL

SAND

coarse | fine coarse| medium \

fine

SILT

CLAY

U.S. SIEVE OPENING IN INCHES |

g 4%

Ta V238 3 4

U.S. SIEVE NUMBERS

|

HYDROMETER

100
95

|

3 245

TIT T 17

6 gl0 1416 o0 30 40 049 100140200

20

N

L

85

: "‘““—-.:1:; L

80

75

70

65

60

55

50

45

40

35

30

25

20

15

100

10

1

GRAIN SIZE IN MILLIMETERS

0.1

0.01

0.001

Symbol

Location

Depth,
feet

Soil Classification

Uscs

Dﬂ)ﬂl
mm

Dy,
mm

DED:
mm

Ds,

Dm,
mm

B-2

151065

Sandy Silt

ML

50.8

0.08

0.059

0.032

0.005

2.60

15.76

Remarks:

Test Method - ASTM D422

GRAIN SIZE DISTRIBUTION

Project:

Checked

Project No:

Hatchery Creek
3353-11-2536.02.03
ATls

By:

amec”
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(W/ D50) 3353112536.02.03.GPJ LA

MACTEC_GRAIN_SIZE

GRAVEL D
COBBLES .SAN SILT CLAY
coarse | fine coarse ‘ medium | fine
U.S. SIEVE OPENING IN INCHES | U.S. SIEVE NUMBERS | HYDROMETER

g 43 2

15 a4 Vegs 3 4

6

100
95

—

Bges

810 1416 on 30 44 50 80 100140200

Radn AP

90

85

80

=
w

=g
=]

[=3]
(3]

(o]
(@]

o
o

I
(9)]

S
(]

PERCENT FINER BY WEIGHT
w
=)

w
i

EET

(951
[=]

]
w

20

15

10

100

10

1

0.1 0.01 0.001

GRAIN SIZE IN MILLIMETERS

Symbol

Location

Depth, | Soil Classification
feet

USCS| Dy | Deoy | Dsow | Diw | Dias C. C,
mm mm mm mm mm

HA-1

2.0 to 3.0| Silt with Sand

ML 9.5 | 0.028 | 0.018 | 0.009 | 0.002 | 1.54 | 14.72

Remarks:

Test Method - ASTM D422

GRAIN SIZE DISTRIBUTION

Project: Hatchery Creek
Project No:  3353-11-2536.02.03
Checked By: _ ATS

amec”
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(W/ D50) 3353112536.02.03.GPJ LAl

MACTEC_GRAIN_SIZE

PERCENT FINER BY WEIGHT

GRAVEL AND
COBBLES : S > SILT CLAY
coarse I fine coarse | medium ‘ fine
U.S. SIEVE OPENING IN INCHES | U.S. SIEVE NUMBERS | HYDROMETER

g 4

2

3 1.5

Tay V238 3 4 8

819 1418 5

30 50

40

100

140

200

100

1

T gﬂm

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

100

10

1)

GRAIN SIZE IN MILLIMETERS

0.1

0.01

0.001

Symbol

Location

Depth,
feet

Soil Classification

uscs

D100r
mm

DSO! D30! D1[IP

HA-3

O0to1.0

Lean Clay, with Silt

CcL

0.25

0.014 | 0.005

Remarks:

Test Method - ASTM D422

GRAIN SIZE DISTRIBUTION

Project:

Project No:
Checked By:

Hatchery Creek
3353-11-2536.02.03

Ars

amec?
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(W/ D50) 3353112536.02.03.GPJ LAW

MACTEC_GRAIN_SIZE

PERCENT FINER BY WEIGHT

COBBLES

GRAVEL

SAND

coarse l fine coarse[ medium | fine

SILT

CLAY

U.S. SIEVE OPENING IN INCHES |

5 4

1 a4 1238

U.S. SIEVE NUMBERS

50 100
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14. Service Area and Credit Release Schedule

See section I1; subsection C (Compensatory Mitigation Project Credits) of the In-Lieu Fee Mitigation
Program Instrument in reference to the release of credits. Service Area considerations and prioritizations
are addressed in Appendix C of the In-Lieu Fee Mitigation Program Instrument, specifically section
C.18.1 (Upper and Lower Cumberland Areas).



Photograph 2: Discharge of fishing area into ravine and beginning of new channel.



Photograph 3: Ravine that receives discharge from hatchery.

Photograph 4: Erosion on slope of ravine.



Photograph 5: Location where new channel will enter the Cumberland River. Erosion on slope of ravine.
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