DRAFT FINAL MITIGATION PLAN

MUDDY RUN II STREAM AND WETLAND
RESTORATION PROJECT

DuPLIN COUNTY, NORTH CAROLINA, PROJECT # NC-95354

Cape Fear River Basin
HUC 03030007

Prepared for:

>

1

~ stem
['nhanCement
North Carolina Ecosystem Enhancement Program

North Carolina Department of Environment and Natural Resources
1652 Mail Service Center
Raleigh, NC 27699-1652

June 2013



MubDDY RUN Il STREAM AND WETLAND
RESTORATION PROJECT

ADDENDUM #1

to the

FINAL MITIGATION PLAN

DUPLIN CouUNTY, NORTH CAROLINA, PROJECT # NC-03-2012

Prepared for:

IS
I'cosystem

||||||

North Carolina Ecosystem Enhancement Program

North Carolina Department of Environment and Natural Resources
1652 Mail Service Center
Raleigh, NC 27699-1652

January 2014



ADDENDUM to the FINAL MITIGATION PLAN
January 2014

Muddy Run 11
Duplin County, North Carolina
EEP Project ID NC-03-2012

Cape Fear River Basin
HUC 0030007060010

Prepared for:

NC Department of Environment and Natural Resources
Ecosystem Enhancement Program
1652 Mail Service Center
Raleigh, NC 27699-1652

Prepared by:

Environmental Banc & Exchange
909 Capability Drive, Suite 3100
Raleigh, NC 27606
919-829-9909



WK Dickson & Co., Inc.
720 Corporate Center Drive
Raleigh, NC 27607
919-782-0495



Muddy Run Il Stream and Wetland Restoration « USGS HUC 03030007
Addendum #1 to the Final Mitigation Plan « Duplin County, North Carolina « January 2014

This addendum modifies information in the following sections of the Muddy Run Il Final Mitigation
Plan submitted in January 2013:

Page 3, Section 2.2.2 — Project Components and Structure (Table 2),

Page 17, Section 3.1 — Site Protection Instrument Summary Information (Table 5),

Page 38, Section 5 — Determination of Credits (Table 13),

Pages 45-49, Section 7.2.1 — Stream Restoration Approach,

Page 47, Figure 12a — Conceptual Design (East),

Appendix A — Site Protection Instruments (Easement plat sheets 1, 12, and 13), and
Appendix D — Project Plan Sheets (Index sheet and sheets 6, 11, 12, 35, 38, and 39).

The changes to the Mitigation Plan described herein are limited to the design of Reach 1 and Reach
3a-1. Reach 3a (3,440 LF) has been divided into two segments; Reach 3a-1 (730 LF) represents the
portion of Reach 3a to which design changes were made, and Reach 3a-2 (2,710 LF) represents the
unchanged portion of Reach 3a.

The design adjustments were necessitated by difficult landowner negotiations that resulted in a
smaller allowable easement than previously agreed to on the Hatcher parcels. This was offset by
increasing easement area on the Riley parcel. The design adjustments affect two percent of the
original total project length, and still provide the originally intended functional uplifts through
headwater valley restoration and stream restoration. These changes result in 105 SMUs less than the
contract amount of 10,375 SMUs. The net total easement size increased by 0.03 acres (from 37.62
acres to 37.65 acres), and the total SMUs generated decreased by 216 SMUs (from 10,486 SMUs to
10,270 SMUs). The original project design included an excess of 111 SMUs. The proposed stream
lengths, SMUs, and easement acreage by parcel are shown in Tables 1 and 2, and in Figure 1 below.
Table 1 in this document replaces Table 2 and Table 13 in the Mitigation Plan. Table 2 in this
document replaces Table 5 in the Mitigation Plan. Figure 1 in this document replaces Figure 12a in
the Mitigation Plan.

p. 46, Section 7.2.1:

o Reach 1 (STA 0+44 to STA 4+45) — One of three headwater reaches within the project
totaling approximately 401 linear feet of headwater valley restoration. This reach is flat with
agricultural fields to the west and woods to the south and east. The reach begins at a gully
feature just downstream of an existing headwater valley system. The proposed valley is
located east of the existing ditch in disturbed hardwoods.

e Reach 3a-1 (STA 0+00 to STA 8+31) — Eastern most reach along the primary drainage
feature totaling 730 linear feet of Priority 1 restoration. Both Reaches 1 and 2 outlet at the
upstream end of the reach. Reach 3a-1 has a farm path along its entirety on the east bank, and
flows through active agricultural fields and forested areas. This reach is constrained to a
narrow meander pattern mostly within the existing ditch footprint. Restoration will include
full buffer and floodplain connection.

e Reach 3a-2 (STA 9+96 to STA 37+36) — This portion of Reach 3a is unchanged from the
initial design.

WK Dickson & Co., Inc. 1



Muddy Run Il Stream and Wetland Restoration « USGS HUC 03030007
Addendum #1 to the Final Mitigation Plan « Duplin County, North Carolina « January 2014

p. 49, Section 7.2.1:

Reach 1

Headwater valley restoration approach is proposed for Reach 1. The existing channel/ditch will be
backfilled, and flow will be directed from its current position along the tree line back to the east
through a mixed stand of low quality pines and disturbed hardwoods, down to the confluence with
Reaches 2 and 3a-1. A 150-foot wide forested buffer will be planted throughout the reach. The
upstream limit of Reach 1 will tie into an existing headwater valley system comprised of intermittent
sections of single and multiple channels. This system will be used as a reference site for incorporating
a small baseflow channel into the headwater valley restoration design. The existing vegetation will be
enhanced with appropriate tree species. Individual high-quality specimen trees will be preserved
when possible.

Reach 3a-1

Priority Level I restoration is proposed on Reach 3a-1. The restoration approach on this reach will
include constructing a meandering channel within the footprint of the existing channel and raising the
profile to allow frequent access to the floodplain. While the revised layout is significantly different
from the previous layout, the design parameters of the revised layout fall within the range of
parameters developed from the reference reach. Since the proposed cross-sectional area and overall
slope did not change with the revised layout, no additional modeling was required.

One existing 36” CMP culvert crossing is located along this reach. The culvert will be removed and
replaced in-line with the proposed stream to allow the landowners to access portions of their
respective properties to the west of the project site. Priority Level | restoration is appropriate for this
channel because it is the only mitigation approach that will address bed and bank instability, establish
a forested riparian buffer, and significantly enhance aquatic habitat. Diffuse flow structures will be
constructed where existing agricultural ditches enter the easement area.
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Muddy Run Il Stream and Wetland Restoration « USGS HUC 03030007
Addendum #1 to the Final Mitigation Plan « Duplin County, North Carolina « January 2014

Table 1. Muddy Run Il Project Components — Stream Mitigation.

Reach Mitigation Type Stationing Le?g(;itsrt\i?EF) Leigotﬂo(slfg)* Milt?ig?igon SMUs
Reach 1 Headwater Valley 0+44 to 4+45 438 401 1:1 401
Reach 2 Headwater Valley 0+00 to 5+04 504 504 1:1 504
Reach 2 P1 Restoration 5+00to 17+31 1,223 1,369 1:1 1,369

Reach 3a-1 P1 Restoration 0+00 to 8+31 831 730 1:1 730
Reach 3a-2 P1 Restoration 9+96 to 37+36 2,470 2,710 1:1 2,710
Reach 3b P1 Restoration 37+36 to 56+78 N/A 1,852 1:1 1,852

Reach 3c Enhancement | 56+78 to 64+15 737 707 1:1.5 471

Reach 4 P1 Restoration 0+00 to 2+04 120 172 1:1 172
Reach 5a P1 Restoration 0+00 to 18+04 1,602 1,774 11 1,774

Reach 5b Enhancement 11 18+04 to 22+05 401 401 1:2.5 160

Reach 6 Enhancement 11 12+60 to 15+77 317 317 1:2.5 127
Total 8,643 10,937 10,270

*The proposed lengths represent the total proposed channel length minus the length of the proposed channel associated with
crossings (easement breaks).

Table 2. Project Parcel Landowner Information

PIN Landowner County Acreage
336900261466 EBX-NEUSE I, LLC Duplin 1.99
336900266455 EBX-NEUSE I, LLC Duplin 1.08
336900167209 EBX-NEUSE I, LLC Duplin 2.28
335900966225 EBX-NEUSE I, LLC Duplin 0.003
335900965215 EBX-NEUSE I, LLC Duplin 0.55
336900352864 Futreal, Johnny Adrian Duplin 12.11
336900445188 Hatcher, Danny Guy, et al. Duplin 1.02
336900457397 Hatcher, Danny Guy, et al. Duplin 1.37
336900161443 Holland, Thomas J. & Wife Kay D. Holland Duplin 1.85
336900273089 Lanier, Michael Carlo Duplin 0.31
336900548408 Riley, Patricia M Duplin 5.80
336900053754 Smith, Auline L. & Worth L. Landen Duplin 5.03
336900041738 Smith, Auline L. & Worth L. Landen Duplin 3.02
335900953810 Smith, Jim Duplin 0.79
336900178403 Wood, Jesse David And Wife Mary Ann Wood  Duplin 0.45

TOTAL  37.65
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FORREST C. HATCHER % N I, CHRISTOPHER K. PADERICK, PROFESSIONAL LAND SURVEYOR
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DB 1530, PG 728 o5 \ CATEGORY. TO WIT; AN EASEMENT SURVEY.
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oo PRELIMINARY PLAT
N\ @ :\ NOT FOR SALES, CONVEYANCES
STATE OF NORTH CAROLINA DUPLIN COUNTY
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@ \ ,/ﬁ /, CHRISTOPHER K. PADERICK , CERTIFY THAT THIS
il e = L . PLAT WAS DRAWN UNDER MY SUPERVISION FROM AN ACTUAL
D SURVEY MADE UNDER MY SUPERVISION; (DEED DESCRIPTION
[-24 \ RECORDED IN MAP & DEED BOOKS NOTED); THAT THE
BOUNDARIES NOT SURVEYED ARE CLEARLY INDICATED AS DRAWN
S FROM INFORMATION REFERENCED HEREON; THAT THE RATIO
. OF PRECISION AS CALCULATED IS 1: 10,000+; THAT THIS PLAT
WAS PREPARED IN ACCORDANCE WITH G.S. 47-30 AS
CONSERVATION EASEMENT AMENDED. WITNESS MY ORIGINAL SIGNATURE, REGISTRATION
————  SURVEY OF —/— NUMBER AND SEAL THIS _7TH DAY OF _JANUARY , AD.,
DANNY G. HATCHER — — 2013
JAMES A. HATCHER
CARLION. . HATCHER THE JAMES A. RILEY PROPERTY
FORREST C. HATCHER .
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MUDDY RUN II MITIGATION PROJECT

NCEEP PROJECT ID #95354
JANUARY 2014
LOCATION: DUPLIN COUNTY, NORTH CAROLINA

ENVIRONMENTAL BANC & EXCHANGE, LLC

909 CAPABILITY DRIVE, SUITE 3100
RALEIGH, NC 27606

VICINITY MAP

LOIS CAROL SMITH AND
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SHEET 18
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EBX-NEUSE I, LLC.
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DB 908, PG 765
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1055, PG 204
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WORTH L. LANDEN i l \ =
DB 656, FG 471 i = = \ e

SHEET 32
“L”Zﬂ 5
]

L
|
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}J?% WORTH L LANDEN
] % osa; 5545
[ ik
B
i
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B
I & . e —--
A . |
» \
> \
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. MARION D. BROWN, .R.
—N__ BROWN'
DB 1127, PG 96
8 9, PG 20
B 13 PG 37

HORIZ. 1 inch =

400ft.

SHEET LIST
SHEET NO. SHEET TITLE
1 Cover
1a Aerial View of Project
2 Existing Conditions
3 Existing Conditions
4 Existing Conditions
5 Existing Conditions
6 Plan and Profile — Reach 1
7 Plan and Profile — Reach 2
8 Plan and Profile — Reach 2
9 Plan and Profile — Reach 2
10 Plan and Profile — Reach 2
11 Plan and Profile — Reach 3A
12 Plan and Profile — Reach 3A
13 Plan and Profile — Reach 3A
14 Plan and Profile — Reach 3A
15 Plan and Profile — Reach 3A
16 Plan and Profile — Reach 3A
17 Plan and Profile — Reach 3A
18 Plan and Profile — Reach 3A & 3B
19 Plan and Profile — Reach 3B
20 Plan and Profile — Reach 3B
21 Plan and Profile — Reach 3B
22 Plan and Profile — Reach 3B & 3C
23 Plan and Profile — Reach 3C
24 Plan and Profile — Reach 4
25 Plan and Profile — Reach 5A
26 Plan and Profile — Reach 5A
27 Plan and Profile — Reach 5A
28 Plan and Profile — Reach 5A
29 Plan and Profile — Reach 5B
30 Plan and Profile — Reach 6
31 Plan and Profile — Reach 6
32 Plan and Profile — Reach 6
33 Wetland A
34 Wetland B
35 Planting Plan
36 Planting Plan
37 Planting Plan
38 Monitoring Locations
39 Erosion & Sedimentation Control Plan
40 Erosion & Sedimentation Control Notes
41 Detail 1
42 Detail 2
43 Detail 3
44 Detail 4
45 Detail 5
WETLAND MITIGATION TYPE AREA (AC) WMUs
A RESTORATION 3.6 36
B RESTORATION 1.32 1.32
TOTAL 4.92 4.92
MITIGATION TYPE PROPOSED LENGTH (LF) | SMmus
HEADWATER VALLEY RESTORATION 905 905
P1 RESTORATION 8,607 8,607
ENHANCEMENT | 707 471
ENHANCEMENT Il 718 287
TOTAL 10,937 10,270
REACH MITIGATION TYPE PROPOSED LENGTH (LF) SMUs
1 HEADWATER VALLEY RESTORATION 401 401
2 HEADWATER VALLEY RESTORATION 504 504
2 P1 RESTORATION 1,369 1,369
3A P1 RESTORATION 3,440 3,440
3B P1 RESTORATION 1,852 1,852
3C ENHANCEMENT | 707 471
4 P1 RESTORATION 172 172
5A P1 RESTORATION 1,774 1,774
5B ENHANCEMENT Il 401 160
6 ENHANCEMENT Il 317 127
TOTAL 10,937 10,270

DESIGN CONSULTANT

@ DICKSON

community infrastructure consultants

720 CORPORATE CENTER DR
RALEIGH, NC 27607
(919) 782-0495
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REGRADE DITCH. SEE DITCH
TIE IN SECTION, THIS

REGRADE DITCH TO OUTFALL
INTO PROPOSED ALIGNMENT.
SEE DITCH TIE-IN SECTION,
THIS SHEET.

PATRICIA M. RILEY

DB 1161,

PG 145

REACH

1

Lcﬁ/
/REACH 3A.
SEE SHEET 11.
/END REACH 1 AND

REACH 2. BEGIN
REACH 3A.

\CE

18+73

REACH 2. SEE
SHEET 10. |

c
A\

LCE /

g —

~

MATCH LINE SEE SHEET 11

MATCH LINE SEE SHEET 1

_/
0

0+00 1+00 2+00 3+00 4+00 4+51

62 1 T 62
60 + : 2 + 60

w o
58 T F S T 58

b 2 —EXISTING GRADE

4 1]
56 T — - ] T —PROPOSED TOP OF BANK = 0 — — __ 56

= — — I
STA 4+42.0 \
[ | ELEV5233 ~ \
54 T ] F 54
52 1 1 / r 52
PROPOSED — STA 4+45.0 A/
CHANNEL BOTTOM ELEV 52.15
o CENTERLINE A4
50 T PROPOSED LOG —] 8 50
GRADE_CONTROL &
TRUCTURE o PROPOSED |LOG
GRADE_CONTROL
48 + - STRUCTURE I 48
46 T r 46
44 44
0+00 1+00 2+00 3+00 4+00 4+51

TYPICAL CHANNEL CROSS SECTION
(REACH 1)

DITCH TIE=IN TYPICAL SECTION

STRUCTURE FROM 10 BANK*
STA ELEV STA ELEV
LOG STRUCTURE 0+12 53.57 ——— ———— ————
LOG STRUCTURE 0+33 53.45 ——— ———— ————
LOG STRUCTURE 0+79 53.90 ——— L
LOG GRADE CONTROL 0+87 53.32 ——— ————
LOG STRUCTURE 1+10 53.20 ——— ——— ———
LOG STRUCTURE 2+20 52.70 ———
LOG GRADE CONTROL 3+25 52.50 ———

*RIGHT (R) AND LEFT (L) BANK LOCATIONS ARE REFERENCED LOOKING

DOWNSTREAM

NOTES:

1.

PROPOSED CHANNEL BOTTOM

IN GENERAL, STREAM CONSTRUCTION SHALL PROCEED
FROM AN UPSTREAM TO DOWNSTREAM DIRECTION.

ALL EXCAVATED MATERIAL MUST BE PLACED WITHIN
DESIGNATED STOCKPILE AREAS.

ALL IMPERVIOUS DIKES AND BYPASS PUMPING
EQUIPMENT SHALL BE MODIFIED AT THE END OF EACH
DAY TO RESTORE NORMAL FLOW BACK TO THE CHANNEL.

CONTRACTOR SHALL NOT COMPACT SOIL AROUND ROOTS
OR TREES TO REMAIN, AND SHALL NOT DAMAGE SUCH
TREES IN ANY WAY. EXCAVATED OR OTHER MATERIAL
SHALL NOT BE PLACED, PILED OR STORED WITHIN THE

CRITICAL ROOT ZONE AREA OF THE TREES TO BE SAVED.

THE PROPOSED CROSS—SECTIONS SHALL TIE INTO
EXISTING GRADE AT A MAXIMUM SLOPE OF 5H:1V. FOR
ALL AREAS WHERE THE PROPOSED TOP OF BANK
ELEVATION IS GREATER THAN 0.75' BELOW EXISTING
GRADE, A BANKFULL BENCH MUST BE CONSTRUCTED.
SEE TYPICAL CROSS SECTION GRADING DETAIL ON SHEET
45 FOR  DIMENSIONS.

UNLESS NOTED OTHERWISE, FILL MATERIAL GENERATED
FROM CHANNEL EXCAVATION AND STABILIZATION SHALL
BE PLACED INSIDE THE EXISTING CHANNEL TO BE
ABANDONED AT AN ELEVATION THAT PROVIDES POSITIVE
DRAINAGE TOWARDS THE PROPOSED CHANNEL.

FILL ALL ABANDONED DITCHES WITHIN THE PROPOSED
EASEMENT PER CHANNEL BACKFILL DETAIL SHOWN ON
SHEET 42 UNLESS DIRECTED OTHERWISE BY THE
ENGINEER.

LEGEND
EXISTING CONTOUR MAJOR — — — =50 - — — —
EXISTING CONTOUR MINOR — — — —46 — — — —
PROPOSED CONTOUR MAJOR 4L)7
PROPOSED CONTOUR MINOR ————(42)———

PROPOSED SPOT SHOT x 49.32
EXISTING TOP OF BANK —————TB ————
EXISTING BOTTOM OF BANK
PROPOSED CENTERLINE OF
CHANNEL
EXISTING FENCELINE — %= — —X— — =% —

EXISTING TREELINE

PROPOSED TOP OF BANK

LIMITS OF PROPOSED
CONSERVATION EASEMENT

LOG TOE PROTECTION
(SEE DETAIL SHEET 42)

LOG STRUCTURE
(SEE DETAIL SHEET 44)

LOG GRADE CONTROL
STRUCTURE
(SEE DETAIL SHEET 42)

VEGETATED SILL
(SEE DETAIL SHEET 42)
WETLAND DEPRESSION

PROPOSED FILL AREA

PROPOSED WETLAND

PROPOSED CHANNEL PLUG
(SEE DETAIL SHEET 42)
CHANNEL PLUG W/
OVERFLOW SPILLWAY

(SEE SHEET 45)

LARGE WOODY DEBRIS
(SEE DETAIL SHEET 44)

LEAF PACK
(SEE DETAIL SHEET 43)

SMALL WOODY DEBRIS
(SEE DETAIL SHEET 43)

LIVE CUTTINGS BUNDLE
(SEE DETAIL SHEET 43)

EXISTING TREE

LOG OUTLET STRUCTURE
(SEE DETAIL SHEET 43)

BEDDED LOG STRUCTURE
(SEE DETAIL SHEET 43)

FLOODPLAIN SILL
(SEE DETAIL SHEET 44)

DIFFUSE FLOW STRUCTURE
(SEE DETAIL SHEET 44)

LOG GRADE
CONTROL
(PROFILE)

LOG STRUCTURE
(PROFILE)

BEDDED
LOG STRUCTURE
(PROFILE)

N
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Transportation + Water Resources
Urban Development + Geomatics
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Raleigh, NC 27607
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42

DANNY G. HATCHER ~—
JAMES A. HATCHER
CARLTON R. HATCHER
FORREST C. HATCHER
JENNIFER J. KOPANSKI
DB 1530, PG 728
MB 4, PG 23

REACH 3A
&

REACH 1

SEE SHEET 6 END/REACH 1 AND
REACH 2. BEGIN

REACH 3A.

REACH 2

| /
SEE SHEET wY el
5

\

2

/m
e O ‘

- — — /
15" CMP .
S.W. INV.=51.63" -
N.E. INV.=59.28" P
— w e ——
" 9 LCE ey
REMOVE 16 LF OF
EXISTING PIPE
/
ya PROP. 30 LF OF
,/ TWIN 36" HPDE.
g & SEE DETAIL SHEET 43.
= S 3+00 -
o -
™

REMOVE 20 LF —£7 .
OF EXISTING PIPE "M =

32
LW INY.=47.94"
.E. INV.=48.05"

REMOVE 31 LF

OF REMOVE 451 LF OF
EXISTING PIPE

h \
|- REGRADE DITCH TO OUTFALL
INTO PROPOSED ALIGNMENT. R T
A SEE DITCH TIE-IN SECTION, M
~ THIS SHEET. —

— REMOVE 30 LF 7
O OF EXISTING PIPE,

INSTALL 302 LF OF =~
WOVEN WIRE FENCE.

DANNY G. HATCHER SEE DETAIL SHEET 45.

JAMES A. HATCHER
CARLTON R. HATCHER
FORREST C. HATCHER

JENNIFER J. KOPANSKI AN
DB 1530, PG 728 LN
MB 4, PG 23 y; AN \f\ S
& MRRARLY SO
/ N ;\\ ~
/ ARASRTNY

DITCH TIE—IN TYPICAL SECTION

| / x \
MATCH LINE SEE SHEET 12

0+00 14+00 2+00 3+00 4+00 5+00
B PROPOSED 30 T 60
LF OF TWIN 36"
s
5 g 3l |e NN - . HDPE
5 o dl e B |B| o o | B 2lgl s & e 8 s g 5 e = 58
I o = - o - N 3 = S - o T
] o s S F s & & als| =3 z 22 oo o o |® E R H S gl 4 s N
B B I 1 = 1 I @g 5 9 ozg g 3 A REEEEEERE R 8| 4 1| T T
] =} o] g @ 8 : sl s 5 S S| 3| 8
R g @ ol o o @ i 2 “lE g Bl e | dd gl g8 3 g g o I - =1 B e = =
g 3 5l s bl o o o Wl d g g ] i ] O B < - O el O e
M2 d o ¥(% . 8 3o o o g 3 B = @ @ i @ S N T %8
< 2l o9l gl 22 g 8l Bl e gl g E OE il = = 8 gl g & & 2 2le
3 A - = I I = I s - e T ol g g| 4 = EH e o |& = 3l 2|2 o o 8 9 o S ol 2]« o
]I I =1 Y I 1 e I I - I Bl g 8 oEg oz lE gl ol 12 fE gl 8 E g o % g g gl gl ¢ 9 2 iz
g 5 E 5 5 < =| 9 o & & & & S R S I ] L - < 3 o2l Rl EA =] I B o] el B S
- @ 173 < = &l & o] olh e Ry 4 Y P gl =l ol < Sl 8l E] SRR = 3 1 54
£ z 5 ogls =3 3 <
HI H | 5| |5
I || 1 52
= T I - 7 N = | T s
TP OF AN N :/7 ST 244 /| T T - -
PROPOSED CHANNEL ELEV: 595 P - . ~_
[BOTTOM CENTERLINE - -
. N - - 1 48
PROPOSED 36" HDPE PROPOSED BEDDED
L0G STROGTORE INV|IN_EL=50.25 e iae PROPOSED LOG STRUCTUR
INV QUT EL=50.14 -~ GRADE COl
| STRUCTURE, TYP 1 46
EXISTING GRADE —/
+ T 44
42
0+00 14+00 2+00 3+00 4+00 5+00

" 9.20
2.50 2.10-—'
|_BANKFULL_STAGE,

TYPICAL SHALLOW CROSS SECTION

I 10.50 I

3.00 I 4.50 I 3.00

BANKFULL STAGE

TYPICAL POOL CROSS
SECTION STRAIGHT REACH

I 10.50 I
4.80

BANKFULL STAGE

TYPICAL RIGHT MEANDER CROSS
SECTION

10.50

3.70 4.80 —==

BANKFULL STAGE

TYPICAL LEFT MEANDER CROSS SECTION

(REACH 3A)

FROM T0
STRUCTURE BANK*
STA ELEV STA ELEV

LOG GRADE CONTROL 0+09 51.80 ———= ———= ———
LOG STRUCTURE 1+37 51.50 ———= ———

LOG GRADE CONTROL 2+92 51.50 ———= R
LOG GRADE CONTROL 3+83 50.65 ———= ———
BEDDED LOG STRUCTURE 4+38 50.59 ———= ———

*RIGHT (R) AND LEFT (L) BANK LOCATIONS ARE REFERENCED LOOKING DOWNSTREAM

NOTES:

1. IN GENERAL, STREAM CONSTRUCTION SHALL PROCEED
FROM AN UPSTREAM TO DOWNSTREAM DIRECTION.

2. ALL EXCAVATED MATERIAL MUST BE PLACED WITHIN
DESIGNATED STOCKPILE AREAS.

3. ALL IMPERVIOUS DIKES AND BYPASS PUMPING
EQUIPMENT SHALL BE MODIFIED AT THE END OF EACH
DAY TO RESTORE NORMAL FLOW BACK TO THE CHANNEL.

4. CONTRACTOR SHALL NOT COMPACT SOIL AROUND ROOTS
OR TREES TO REMAIN, AND SHALL NOT DAMAGE SUCH
TREES IN ANY WAY. EXCAVATED OR OTHER MATERIAL
SHALL NOT BE PLACED, PILED OR STORED WITHIN THE

CRITICAL ROOT ZONE AREA OF THE TREES TO BE SAVED.

5. THE PROPOSED CROSS—SECTIONS SHALL TIE INTO
EXISTING GRADE AT A MAXIMUM SLOPE OF 5H:1V. FOR
ALL AREAS WHERE THE PROPOSED TOP OF BANK
ELEVATION IS GREATER THAN 0.75" BELOW EXISTING
GRADE, A BANKFULL BENCH MUST BE CONSTRUCTED.
SEE TYPICAL CROSS SECTION GRADING DETAIL ON SHEET
45 FOR DIMENSIONS.

6. UNLESS NOTED OTHERWISE, FILL MATERIAL GENERATED
FROM CHANNEL EXCAVATION AND STABILIZATION SHALL
BE PLACED INSIDE THE EXISTING CHANNEL TO BE
ABANDONED AT AN ELEVATION THAT PROVIDES POSITIVE
DRAINAGE TOWARDS THE PROPOSED CHANNEL.

7. FILL ALL ABANDONED DITCHES WITHIN THE PROPOSED
EASEMENT PER CHANNEL BACKFILL DETAIL SHOWN ON
SHEET 42 UNLESS DIRECTED OTHERWISE BY THE
ENGINEER.

LEGEND
EXISTING CONTOUR MAJOR — — — =50 - — — -
EXISTING CONTOUR MINOR — — — —46 — — — —
PROPOSED CONTOUR MAJOR
PROPOSED CONTOUR MINOR

PROPOSED SPOT SHOT x 49.32
EXISTING TOP OF BANK ————— T8 ————
EXISTING BOTTOM OF BANK
PROPOSED CENTERLINE OF
CHANNEL
EXISTING FENCELINE — %= — —X— — —% —
EXISTING TREELINE Y Y Y Y Y YN

PROPOSED CHANNEL BOTTOM

PROPOSED TOP OF BANK

LIMITS OF PROPOSED
CONSERVATION EASEMENT

LCE

LOG TOE PROTECTION
(SEE DETAIL SHEET 42)
LOG STRUCTURE

(SEE DETAIL SHEET 44)
LOG GRADE CONTROL
TRUCTURE

(SEE DETAIL SHEET 42)
VEGETATED SILL

(SEE DETAIL SHEET 42)

WETLAND DEPRESSION
PROPOSED FILL AREA

PROPOSED WETLAND - e s e

PROPOSED CHANNEL PLUG
(SEE DETAIL SHEET 42)
CHANNEL PLUG W/
OVERFLOW SPILLWAY

(SEE SHEET 45)

LARGE WOODY DEBRIS
(SEE DETAIL SHEET 44)

LEAF PACK
(SEE DETAIL SHEET 43)

(SEE DETAIL SHEET 43)

LIVE CUTTINGS BUNDLE
(SEE DETAIL SHEET 43)

SMALL WOODY DEBRIS @

EXISTING TREE

LOG QUTLET STRUCTURE
(SEE DETAIL SHEET 43)

BEDDED LOG STRUCTURE
(SEE DETAIL SHEET 43)

FLOODPLAIN SILL
(SEE DETAIL SHEET 44)

DIFFUSE FLOW STRUCTURE
(SEE DETAIL SHEET 44)

LOG GRADE
CONTROL
(PROFILE)

LOG STRUCTURE
(PROFILE)

BEDDED
LOG STRUCTURE
(PROFILE)
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DANNY G. HATCHER
JAMES A. HATCHER
CARLTON R. HATCHER
FORREST C. HATCHER
JENNIFER J. KOPANSKI
DB 1530, PG 728
MB 4, PG 23

MATCH LINE SEE SHEET 11

REMOVE 451 LF OF
EXISTING FENCE INSIDE OF
CONSERVATION EASEMENT

FILL EXISTING ————m="
DITCH

\CE
N —— LCE —
——— LCE
\CE

q

JOHNN

DB 1055, PG 204

PROTEC
EXISTING TREE

Y A. FUTREAL

T

N o m——
TIE INTO
EXISTING ‘
FENCE |
INSTALL 392 LF OF \
WOVEN_WIRE FENCE AND 1
TIE INTO EXISTING -FENCE. |
SEE DETAIL SHEET. 45. =
DANNY G. HATCHER |
JAMES A. HATCHER |
CARLTON R. HATCHER \
FORREST C. HATCHER |
JENNIFER J. KOPANSKI |
DB 1530, PG 728 \
MB 4, PG 23 \‘
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SeiS

9.20

|_BANKFULL_STAGE.

1.2
| W
€
TYPICAL SHALLOW CROSS SECTION
‘ 10.50 ‘
3.00 ‘ 4.50 ‘ 3.00

BANKFULL STAGE

TYPICAL POOL

CROSS

SECTION STRAIGHT REACH

‘ 10.50

4.80
BANKFULL STAGE

TYPICAL RIGHT MEANDER CROSS

| SECTION

10.50

3.70

BANKFULL STAGE

4.80 ——=

TYPICAL LEFT MEANDER CROSS SECTION

(REACH 3A)

FROM T0
STRUCTURE BANK*
STA ELEV ELEV
LOG GRADE CONTROL 5+24 50.25 ————
LOG STRUCTURE B+57 49.90
DIFFUSE FLOW STRUCTURE | 6+78 51.50 — R
DIFFUSE FLOW STRUCTURE | 7+83 51.60 — L

LOG STRUCTURE 8+08 49.45

*RIGHT (R) AND LEFT (L) BANK LOCATIONS ARE REFERENCED

LOOKING DOWNSTREAM

NOTES:

1.

IN GENERAL, STREAM CONSTRUCTION SHALL PROCEED
FROM AN UPSTREAM TO DOWNSTREAM DIRECTION.

ALL EXCAVATED MATERIAL MUST BE PLACED WITHIN
DESIGNATED STOCKPILE AREAS.

ALL IMPERVIOUS DIKES AND BYPASS PUMPING
EQUIPMENT SHALL BE MODIFIED AT THE END OF EACH

DAY TO RESTORE NORMAL FLOW BACK TO THE CHANNEL.

CONTRACTOR SHALL NOT COMPACT SOIL AROUND ROQTS
OR TREES TO REMAIN, AND SHALL NOT DAMAGE SUCH
TREES IN ANY WAY. EXCAVATED OR OTHER MATERIAL
SHALL NOT BE PLACED, PILED OR STORED WITHIN THE

CRITICAL ROOT ZONE AREA OF THE TREES TO BE SAVED.

THE PROPOSED CROSS—SECTIONS SHALL TIE INTO
EXISTING GRADE AT A MAXIMUM SLOPE OF 5H:1V. FOR
ALL AREAS WHERE THE PROPOSED TOP OF BANK
ELEVATION IS GREATER THAN 0.75' BELOW EXISTING
GRADE, A BANKFULL BENCH MUST BE CONSTRUCTED.
SEE TYPICAL CROSS SECTION GRADING DETAIL ON SHEET
45 FOR DIMENSIONS.

UNLESS NOTED OTHERWISE, FILL MATERIAL GENERATED
FROM CHANNEL EXCAVATION AND STABILIZATION SHALL
BE PLACED INSIDE THE EXISTING CHANNEL TO BE
ABANDONED AT AN ELEVATION THAT PROVIDES POSITIVE
DRAINAGE TOWARDS THE PROPOSED CHANNEL.

FILL ALL ABANDONED DITCHES WITHIN THE PROPOSED
EASEMENT PER CHANNEL BACKFILL DETAIL SHOWN ON
SHEET 42 UNLESS DIRECTED OTHERWISE BY THE
ENGINEER.

LEGEND

EXISTING CONTOUR MAJOR — — — =50 — — — -

EXISTING CONTOUR MINOR

PROPOSED CONTOUR MAJOR ————(E0)——

QW)

PROPOSED CONTOUR MINOR ———(42)———

PROPOSED SPOT SHOT x 49.32

EXISTING TOP OF BANK
EXISTING BOTTOM OF BANK
PROPOSED CENTERLINE OF

CHANNEL
EXISTING FENCELINE
EXISTING TREELINE

PROPOSED CHANNEL BOTTOM
PROPOSED TOP OF BANK

LIMITS OF PROPOSED
CONSERVATION EASEMENT

LOG TOE PROTECTION
(SEE DETAIL SHEET 42)
LOG STRUCTURE

(SEE DETAIL SHEET 44)
LOG GRADE CONTROL
TRUCTURE

(SEE DETAIL SHEET 42)
VEGETATED SILL

(SEE DETAIL SHEET 42)

WETLAND DEPRESSION
PROPOSED FILL AREA

PROPOSED WETLAND

PROPOSED CHANNEL PLUG
(SEE DETAIL SHEET 42)
CHANNEL PLUG W/
OVERFLOW SPILLWAY

(SEE SHEET 45)

LARGE WOODY DEBRIS
(SEE DETAIL SHEET 44)

LEAF PACK
(SEE DETAIL SHEET 43)

SMALL WOODY DEBRIS
(SEE DETAIL SHEET 43)

LIVE CUTTINGS BUNDLE
(SEE DETAIL SHEET 43)

EXISTING TREE

LOG QUTLET STRUCTURE
(SEE DETAIL SHEET 43)

BEDDED LOG STRUCTURE
(SEE DETAIL SHEET 43)

FLOODPLAIN SILL
(SEE DETAIL SHEET 44)

DIFFUSE FLOW STRUCTURE
(SEE DETAIL SHEET 44)

LOG GRADE
CONTROL
(PROFILE)

LOG STRUCTURE
(PROFILE)

BEDDED
LOG STRUCTURE
(PROFILE)

N
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PLANTING TABLE

\&e Zone 1 Permanent Riparian Seed Mix PLANTING NOTES
Percent Percent
“ \V (3} - Common Name Scientific Name Compeattion Common Name Scientific Name Componttion ALL PLANTING AREAS
( A o . 1. EROSION CONTROL MEASURES SHALL BE PROPERLY MAINTAINED UNTIL PERMANENT
Ps e g \ River birch Betula nigra 10% Bushy Bluestem Andropogon glomeratus 15% VEGETATION IS ESTABLISHED. THE CONTRACTOR SHALL INSPECT EROSION CONTROL
w 6 - Groon ash Fraxinus pennsylvanica 0% Sedge, Fringed Carox orinita 0% ggésgsﬁ AT THE END OF EACH WORKING DAY TO ENSURE MEASURES ARE FUNCTIONING
\ \ - Swamp tupelo Nyssa biflora 5% Sedge, Tussock Carex stricta 5%
% — — 2 DISTURBED AREAS NOT AT FINAL GRADE SHALL BE TEMPORARILY VEGETATED WITHIN 10
ee '«."‘A,"\ Laurel oak Quercus laurifolla 20% Virginia Wildrye Elymus virginicus 15% WORKING DAYS, UPON COMPLETION OF FINAL GRADING, PERMANENT VEGETATION SHALL BE
”\0‘0‘ X Overcup oak Quercus lyrata 20% Purple Lovegrass Eragrostis spectabilis 10% ESTABLISHED FOR ALL DISTURBED AREAS WITHIN 10 WORKING DAYS. SEEDING SHALL BE IN
- \ ACCORDANCE WITH EROSION CONTROL PLAN.
A ”‘w” J Swamp chestnut oak Quercus michauxii 10% Switchgrass Panicum virgatum 20%
A ’\’."’\" JOHNNY ADRAIN FUTREAL Water oak Quercus nigra 5% Little Blue Stem Schizachyrium scoparium 20% 3, ALL DISTURBED AREAS SHALL BE PREPARED PRIOR TO PLANTING BY DISC OR
"‘\’ - - SPRING-TOOTH CHISEL PLOW TO MINIMUM DEPTH OF 12 INCHES. MULTIPLE PASSES SHALL
»"’ \  TERRY ROSE FUTREAL American sycamore Platanus occidentalis 10% Eastern Gamagrass Tripsacum dactyloides 5% BE MADE_ACROSS PLANTING AREAS WITH THE IMPLEMENT AND THE FINAL PASS SHALL
\\ o s re =t Bald cypress Taxodium distichum 10% FOLLOW TOPOGRAPHIC CONTOURS.
\ 0’0 Live Staking and Live Cuttings Bundle Tree Species 4. COIR FABRIC MATERIALS SHALL NOT BE CUT WITH PLANTING IMPLEMENTS. THE SMALLEST
N \\0‘ OPENING NECESSARY TO ACCOMMODATE EACH PLANT SHALL BE CUT INTO COIR FABRIC
USING A SHARP KNIFE OR SHEARS. NO HOLES LARGER THAN 12 INCHES SHALL BE MADE.
0 Zone 2 Common Name Scientific Name Stakes/LF
ienti Percent - 5, SPECIES SHALL BE DISTRIBUTED SUCH THAT 3 TO 6 PLANTS OF THE SAME SPECIES ARE
Common Name Scientific Name c i Silky dogwood Cormus amomum 7 SROUPED TOGETHER.
p Silky willow i i
JOHNNY A, FgTREAL River birch Betula nigra 15% o Salix sericea E 6 BARE ROOT PLANTINGS SHALL BE PLANTED ACCORDING TO DETAIL SHOWN ON SHEET 45.
DB 1055, PG 204 Green ash Fraxinus pennsylvanica 20% Black willow Salix nigra 1 LIVE CUTTING BUNDLES SHALL BE PLANTED ACCORDING TO DETAIL SHOWN ON SHEET 43.
Swamp tupelo Nyssa bifora 0% LIVE STAKES SHALL BE PLANTED ACCORDING TO DETAIL SHOWN ON SHEET 42.
\ Laurel oak Quercus laurifolia 15% NOTES:
\ Overcup oak Quercus lyrata 20% 1. Bare root planting is proposed for al areas within the easement not
\\ Bald cypress Taxodium distichum 20% designated for live staking or live cuttings bundles.
\ ’ 2. Bare root planting density is approximately 680 stems per acre.
’ Zone 3 3. Live cuttings bundles are proposed along the outside of meander bends,
".“ \ Adjacent to pools.
YHKRA oot ,
)‘.’.“‘ Common Name Scientific Name Composition 4. Live cuttings bundle species shall include silky willows or black willows.
:””. Green ash Fraxinus pennsylvanica 20% 5. Live stakes are proposed along both banks of straight reaches adjacent to
)’0’0’0 ‘Swamp tupelo Nyssa biflora 20% pools. PLANTING LEGEND
XX Caurel oak r— 20% 6. Permanent riparian seed mix shall be applied to all disturbed areas within
X e easement at a rate of 25 Ibs/acre.
"0’“ Overcup oak Quercus lyrata 20% ZONE 1: RIPARIAN PLANTING m
””‘ Bald cypress Taxodium distichum 20%

<o
O

2T
EERLKKY
SRLKRS

9

ZONE 2: WETLAND E
ZONE 3: WETLAND DEPRESSION -

X

7

REACH 3A

L

DANNY G. HATCHER
JAMES A. HATCHER
—— CARLTON R. HATCHER
\ FORREST C. HATCHER
JENNIFER J. KOPANSKI
DB 1530, PG 728
MB 4, PG 23

JOHNNY A. FUTREAL——
DB 1055, PG 204

>
XRXS
v

PROPOSED
PLANTING AREA
(SEE PLANTING

// TABLE THIS SHEET)

PATRICIA M. RILEY
DB 1161, PG 145

<ot
%
o

X5
KR,
RRRX

o %%E
LXK X >
s

—

REACH 2

DANNY G_\\HATCHER
JAMES A. N{«TCHER

RS
L CRAAR
\ﬁ’v‘ﬁ

CARLTON R. HATCHER ”Q‘ <
O | SRR )
DB 1530, PG 728 \’0"‘&\““@\%&”0‘@‘* PATRICIA M. RILEY 7
MB 4, Pc/;/ 23 _%02?\&\\“\\\ KK, 08 e, PG 145 e
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\ ¥
\\ REACH 1

MARION D. BROWN, JR.
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LIMITS OF PROPOSED
CONSERVATION EASEMENT

REFERENCE = EXISTING TREELINE
WETLAND

GAUGES

PLANTING ZONE 1: RIPARIAN PLANTING

<R )
i \‘vaé‘@ PLANTING ZONE 2: WETLAND
%\;’z‘e«
‘0"‘.
VAN .?0.

RIS

PLANTING ZONE 3: WETLAND DEPRESSION

REACH 3C PROPOSED VEGETATION PLOT (AREA: 0.02 AC)

PROPOSED GROUNDWATER GAUGES

REACH 5B

REACH 6

REACH 2

LEGEND

®‘|i§iﬁ
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LIMITS OF PROPOSED
CONSERVATION EASEMENT

EXISTING TREELINE
EXISTING GRAVEL

LEGEND

LeE

TEMPORARY SILT FENCE —fil——fil———

YT

FARM PATH

LIMITS OF DISTURBANCE 8

TEMPORARY GRAVEL
LUDIE ng\iﬂg CONSTRUCTION ENTRANCE

TOTAL AREA OF DISTURBANCE: 43.8 ACRES
TOTAL AREA OF CONSERVATION EASEMENT: 37.6 ACRES

\
PROPOSED STOCKPILE
AREA. \SEE DETAIL
'\SHEET 41.

\-
\

PROPOSED
TEMPORARY GRAVEL
CONSTRUCTION
ENTRANCE. SEE
DETAIL SHEET 41.

PROPOSED STOCKPILE
AREA. SEE DETAIL
SHEET 41.

PROPOSED STOCKPILE
AREA. SEE DETAIL
SHEET 41.

PROPOSED
TEMPORARY GRAVEL
CONSTRUCTION
ENTRANCE. SEE
DETAIL SHEET 41.

\PICKETT BAY ROAD
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Muddy Run Il Stream and Wetland Restoration « USGS HUC 03030007
DRAFT Mitigation Plan « Duplin County, North Carolina ¢ June 2013

EXECUTIVE SUMMARY
This mitigation plan has been written in conformance with the requirements of the following:

o Federal rule for compensatory mitigation project sites as described in the Federal Register Title
33 Navigation and Navigable Waters Volume 3 Chapter 2 Section § 332.8 paragraphs (c)(2)
through (c)(14), and
e NCDENR Ecosystem Enhancement Program In-Lieu Fee Instrument signed and dated July 28,
2010.
These documents govern NCEEP operations and procedures for the delivery of compensatory mitigation.
The Muddy Run Il Stream Restoration Project is located within an agricultural watershed in Duplin
County, North Carolina, approximately six miles south of Beulaville. The stream channels have been
heavily impacted by channelization and agricultural practices. The project will involve the restoration and
protection of streams in the Muddy Creek watershed. The purpose of this restoration project is to restore
and enhance a stream/wetland complex located within the Cape Fear River Basin.

The project lies within USGS Hydrologic Unit Code 03030007060010 (USGS, 1998) and within the
North Carolina Division of Water Quality (NCDWQ) Cape Fear River Subbasin 03-06-22 (NCDENR,
2002). The Muddy Run 11 project is located directly adjacent to the Muddy Run project currently in
development. The Muddy Run Il Mitigation Project will be located on stream reaches upstream of Muddy
Run Reach 3 and downstream of Muddy Run Reach 1c.

The Muddy Run |1 project consists of six unnamed tributaries to Muddy Creek, but the project has been
divided into nine distinct reaches for design purposes. Reach 1 is one of the upstream-most portions of the
project; it begins on the edge of an existing agricultural field and extends to STA 04+97. Similarly, Reach
2 is one of the upper-most portions of the stream project. It begins in a disturbed forest corridor between
several agricultural fields and extends to STA 18+73. Reach 3a starts at the confluence of Reaches 1 and
2 (STA 00+00) and flows north north-west through a disturbed hardwood buffer and several agricultural
fields before being partially diverted to enter Reach 3b near STA 37+36. Reach 3b flows to the north and
west where it flows into Reach 3c at STA 56+78. Reach 3c flows through a pine plantation to STA
64+15, where it flows into Reach 3 of the Muddy Run project. Reach 4 is a perennial channel that flows
through a forested area from a ditch draining an agricultural field. Reach 4 flows into Reach 3A at STA
18+36. Reach 5a consists of the main stem beginning at STA 00+00 where it adjoins with Reach 1C of
the Muddy Run project. Reach 5a flows north and flows into Reach 5b at STA 18+04. Reach 5b is the
most downstream reach of the project, ending at the right-of-way for State Highway 41. Reach 6 begins in
a forested area south of Reach 5 and flows in a northerly direction to the confluence with Reach 5a near
STA 8+70. Two areas containing drained hydric soil were identified for restoration, located along Reach
3b and Reach 5a.

The site consists of farmland, concentrated animal feeding operations (CAFO), and wooded areas. The
total easement area is 37.6 acres, 20.6 acres of which are wooded. The remaining area is agricultural or
clear-cut. The wooded areas along the corridor designated for restoration are classified as disturbed
deciduous forest, and invasive species are prevalent throughout. Several ditches exist throughout the
project and flow into the main channel. Each ditch contributes to the overall design discharge of the
channel. All existing channels are degraded to a point where they no longer access their floodplain, water
quality is poor, and aquatic life is not supported. Little habitat is available to support aquatic life, and the
channels are not maximizing their potential to filter nutrients because they are entrenched.

The objective for this restoration project is to restore wetland areas and design a natural waterway through
a stream/wetland complex with appropriate cross-sectional dimension and slope that will provide function
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and meet the appropriate success criteria for the existing streams. Accomplishing this objective entails the
restoration of natural stream characteristics, such as stable cross sections, planform, and in-stream habitat.
The floodplain areas will be hydrologically reconnected to the channel to provide natural exchange and
storage during flooding events. The design will be based on reference conditions, USACE guidance
(USACE, 2005), and criteria that are developed during this project to achieve success. Additional project
objectives, such as restoring the riparian buffer with native vegetation, ensuring hydraulic stability, and
eradicating invasive species, are listed in Section 1 along with several other project objectives.

The stream design approach for Muddy Run Il is to combine the analog method of natural channel design
with analytical methods to evaluate stream flows and hydraulic performance of the channel and
floodplain. The analog method involves the use of a “template” stream adjacent to, nearby, or previously
in the same location as the design reach. The template parameters of the analog reach are replicated to
create the features of the design reach. The analog approach is useful when watershed and boundary
conditions are similar between the design and analog reaches (Skidmore, et al., 2001). Hydraulic
geometry was developed using analytical methods in an effort to identify the design discharge.

The headwater valley restoration approach is proposed along Reaches 1 and 2. The existing
ditches/channels will be plugged and then backfilled to the extent possible such that cut and fill is
balanced along the reach. Priority Level | restoration is proposed on Reaches 2, 3a, 3b, 4, and 5a. For the
majority of the restoration reaches, the channel will be rerouted from its current location to adjacent
natural valley features.

Enhancement Level | is proposed for Reach 3c. This will include grading a floodplain bench, bank
stabilization treatment, and habitat improvements. Enhancement Level Il is proposed for Reaches 5b and
6, where minor bank grading and habitat improvements are proposed.

Wetland restoration will occur adjacent to stream Reaches 3b and 5a. The approach is to reconnect the
floodplain wetland to the stream, fill ditches, create shallow pool habitat, rough the floodplain surface,
and plant appropriate small stream swamp vegetation. A water balance analysis indicates that sufficient
hydrology should be present for four weeks at the beginning of the growing season.

After completion of all construction and planting activities, the site will be monitored on a regular basis,
and a physical inspection of the site will be conducted a minimum of twice per year throughout the seven
year post-construction monitoring period, or until performance standards are met. These site inspections
will identify site components and features that require routine maintenance. Success criteria on the
headwater valley reaches will include documented surface flow and vegetative success. The measure of
stream restoration success will be documented bankfull flows and no change in stream channel
classification. Sand bed channels are dynamic and minor adjustments to dimension and profile are
expected. The hydrology success criterion for the site is to restore the water table at the site so that it will
remain continuously within 12 inches of the soil surface for at least nine percent of the growing season
(approximately 22 days) at each groundwater gauge location during normal rainfall years. The measure
of vegetative success for the site will be the survival of at least 210 7-year old planted trees per acre at the
end of year five of the monitoring period. Annual monitoring data will be reported using the EEP
monitoring template.

Upon approval for closeout by the Interagency Review Team (IRT), the site will be transferred to the
State of North Carolina (State). The State shall be responsible for periodic inspection of the site to ensure
that restrictions required in the conservation easement or the deed restriction document(s) are upheld.
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1 RESTORATION PROJECT GOALS AND OBJECTIVES

The North Carolina Ecosystem Enhancement Program (EEP) develops River Basin Restoration
Priorities (RBRP) to guide its restoration activities within each of the state’s 54 cataloging units.
RBRPs delineate specific watersheds that exhibit both the need and opportunity for wetland, stream
and riparian buffer restoration. These watersheds are called Targeted Local Watersheds (TLWSs) and
receive priority for EEP planning and restoration project funds.

The 2009 Cape Fear River Basin Plan identified HUC 03030007060010 as a Targeted Local
Watershed (http://portal.ncdenr.org/c/document_library/get_file?uuid=e16e9d5a-a385-41ec-8969-
44c8e10369ba&groupld=60329). The watershed is characterized by 52 percent of agricultural land
use area with Impaired for aquatic life because of a Fair benthic community rating. Aquatic habitat
was good at the site, suggesting that the water quality is degraded. There are 98 animal operations and
one NPDES wastewater discharge in the watershed that may be the source of the degraded water
quality.

The 2009 Cape Fear RBRP identified water quality and animal operations as major stressors within
this TLW. The Muddy Run Il Stream and Wetland Restoration Project was identified as a Stream and
Wetland opportunity to improve water quality, habitat, and hydrology within the TLW.

The project goals address stressors identified in the TLW and include the following:
e Nutrient removal,

Sediment removal,

Reducing runoff from animal operations,

Filtration of runoff, and

Improved aquatic and terrestrial habitat.

The project goals will be addressed through the following project objectives:

Establishing riparian buffer areas adjacent to CAFQOs,

Converting active farm field to forested buffers,

Stabilization of eroding stream banks,

Reduction in stream bank slope,

Restoration of riparian buffer bottomland hardwood habitats, and

Construction of instream structures designed to improve bedform diversity and trap detritus.

The proposed Muddy Run Il stream mitigation project will provide numerous ecological and water
quality benefits within the Cape Fear River Basin. While many of these benefits are limited to the
project area, others, such as pollutant removal and improved aquatic and terrestrial habitat, have more
far-reaching effects. Expected improvements to water quality, hydrology, and habitat are outlined in
Table 1.

. Many of the project design goals and objectives, including restoration of riparian buffers to decrease
runoff from CAFOs and improve terrestrial habitat, and construction of instream structures to
improve habitat diversity, will address the degraded water quality and nutrient input from animal
operations that were identified as major watershed stressors in the 2009 Cape Fear RBRP.

WK Dickson & Co., Inc. 1
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Table 1. Design Goals and Objectives

Benefits Related to Water Quality

Nutrient removal

Benefit will be achieved through filtering of runoff from adjacent CAFOs through buffer areas,
the conversion of active farm fields to forested buffers, improved denitrification and nutrient
uptake through buffer zones, and installation of diffuse flow structures where existing ditches
enter the proposed conservation easement.

Sediment removal

Benefit will be achieved through the stabilization of eroding stream banks and reduction of
sediment loss from field areas due to lack of vegetative cover. Channel velocities will also be
decreased through a reduction in slope, therefore decreasing erosive forces.

Increase dissolved
oxygen concentration

Benefit will be achieved through the construction of instream structures to increase turbulence and
dissolved oxygen concentrations and lower water temperature to increase dissolved oxygen
capacity.

Runoff filtration

Benefit will be achieved through the restoration of buffer areas that will receive and filter runoff,
thereby reducing nutrients and sediment concentrations reaching water bodies downstream.

Benefits to Flood Attenuation

Water storage

Benefit will be achieved through the restoration of buffer areas which will infiltrate more water
during precipitation events than under current site conditions.

Improved groundwater
recharge

Benefit will be achieved through the increased storage of precipitation in buffer areas, ephemeral
depressions, and reconnection of existing floodplain. Greater storage of water will lead to
improved infiltration and groundwater recharge.

Improved/restored
hydrologic connections

Benefit will be achieved by restoring the stream to a natural meandering pattern with an
appropriately sized channel, such that the channel’s floodplain will be flooded more frequently at
flows greater than the bankfull stage.

Benefits Related to Ecological Processes

Restoration of habitats

Benefit will be achieved by restoring riparian buffer habitat to appropriate bottomland hardwood
ecosystem.

Improved substrate and
instream cover

Benefit will be achieved through the construction of instream structures designed to improve
bedform diversity and to trap detritus. Stabilization of stream banks will provide an overall
decrease in the amount fine materials deposited in the stream.

Addition of large woody
debris

Benefit will be achieved through the addition of wood structures as part of the restoration design.
Such structures may include log vanes, root wads, and log weirs.

Reduced temperature of
water due to shading

Benefit will be achieved through the restoration of canopy tree species to the stream buffer areas.

Restoration of terrestrial
habitat

Benefit will be achieved through the restoration of riparian buffer bottomland hardwood habitats.

2 SITE SELECTION

2.1

Directions to the Project Site

The Muddy Run Il Stream and Wetland Site is located in Duplin County approximately 1.4 miles east
of Chinquapin, NC (Figure 1). To access the Site from the town of Chinquapin, travel east on
Highway 50, take the first left onto Pickett Bay Road (SR 1819), go 1.1 miles, then turn left onto
Kenney Crawley Road. This private road is gravel and will split just past the residential house on the
right. Keeping to the left will take you to the Reaches 3b, 3c, 5a, 5b, and 6. Going to the right at the
split will take you to Reaches 1, 2, 3a, and 4.

WK Dickson & Co., Inc.
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2.2 Site Selection

221 USGS Hydrologic Unit Code and NC DWQ River Basin

The site is located in the Cape Fear River Basin within Cataloging Unit 03030007 (NCDWQ sub-
basin 03-06-22). The project is located within the Cape Fear River Basin (8-digit USGS HUC
03030007, 14-digit USGS HUC 0303007060010) (USGS, 1998) and the NCDWQ Cape Fear 03-06-
22 sub-basin (NCDWQ, 2002) (Table 2 and Table 3).

2.2.2 Project Components and Structure

Table 2. Muddy Run II Project Components - Stream Mitigation

e e A Existing Proposed Mitigation
Reach Mitigation Type Stationing Length Length Ratio SMUs
(LF) (LF)
Reach 1 Headwater Valley 0+54 to 4+97 438 443 1:1 443
Reach 2 Headwater Valley 0+00 to 5+04 504 504 11 504
Reach 2 P1 Restoration 5+04 to 18+73 1,223 1,369 11 1,369
Reach 3a P1 Restoration 0+00 to 37+36 3,301 3,581 11 3,581
Reach 3b P1 Restoration 37+36 to 56+78 NA 1,852 11 1,852
Reach 3c Enhancement | 56+78 to 64+15 737 707 1:15 471
Reach 4 P1 Restoration 0+00 to 2+04 120 204 1:1 204
Reach 5a P1 Restoration 0+00 to 18+04 1,602 1,774 1:1 1,774
Reach 5b Enhancement Il 18+04 to 22+05 401 401 1:25 160
Reach 6 Enhancement Il 12+60 to 15+77 317 317 1:25 127
8,643 11,152 10,486

Table 3. Muddy Run II Project Components — Wetland Mitigation

Mitigation = Mitigation

Wetland Mitigation Type e ) Ratio WMUs
WA Restoration 3.60 1:1 3.60
WB Restoration 1.32 1:1 1.32

Total 4.92 4.92

2.2.3 Historical Land Use and Development Trends

Aerial imagery and information provided by the property owners indicate that the subject site has
been used extensively for agricultural purposes and that the location of the stream has not changed in
over 50 years (Figure 4 and Figure 6; Table 4; additional historical aerial imagery is available in
Appendix B). From 1949 to 1987, the land was primarily used for agriculture crop production. A
network of drainage ditches made it possible to farm these flat, sandy fields. Between 1987 and 1993,
two CAFOs (hog farms) were added to the Brown parcels. These hog operations consisted of four hog
houses and one waste lagoon per site. The 1998 aerial photography shows that these CAFOs were
expanded between 1993 and 1998. The western hog farm operation added four additional hog houses
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and one waste lagoon. The eastern hog farm had grown to a total of six hog houses and two waste
lagoons. Little has changed since 1998 in regards to the development of the project site and nearby
surrounding property. The area remains in an agricultural community with some neighboring property
forested. Several watershed characteristics, such as groundwater, vegetation, surface drainage, and
potentially soil parameters, have been modified. Soil structure and surface texture have been altered
from intensive agricultural operations, and, although most of the soils characterized on the site are
classified as poorly drained, the ditching system has caused these soils to be effectively drained.

Table 4. Historical Land Use and Development Trends

Date Land Use and Development Observations*

Conditions consist of ditched agricultural fields throughout the project area except where

1949 the confluence of Reaches 3¢ and 5a is proposed. This area is forested.

Land use conditions have changed very little; however, there is a noticeable reduction in
1965 : .

the drainage ditch network.

The forested corridor where the confluence of Reaches 3c and 5a is proposed has been
1987 . . )

logged and converted into agricultural fields.
1993 Two CAFO (hog farm operations) have been added to the project vicinity. These

operations consist of four houses and one waste lagoon per site.

On the western hog farm operation, four additional hog houses and one waste lagoon
1998 have been added. The eastern hog farm operation has also added two hog houses and one
additional waste lagoon.

2010 Depicts current site conditions.

* Observations based on aerial imagery and landowner communication

WK Dickson & Co., Inc. 4
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2.3 Vicinity Map

‘ Legend
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Figure 1.
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Muddy Run |l Site
s QUL EOT
1inch = 2 miles

WK Dickson & Co., Inc. 5



Muddy Run Il Stream and Wetland Restoration « USGS HUC 03030007
Draft Final Mitigation Plan ¢ Duplin County, North Carolina ¢ June 2013

2.4 Watershed Map

Exhibit 2. Proposed Streams
USGS/Watershed Map Waterbodies
Muddy Run |l Site E Muddy Run Il Easement
0 1,000 2,000 4,000 [ Muddy Run Easement
S  cct
1 inch = 2,000 feet D Drainage Area
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2.5 Soil Survey

The Muddy Run 1l site is located in the Coastal Plain Physiographic Province. The watershed is
underlain by the Castle Hayne aquifer. The Castle Hayne aquifer is composed of limestone, sandy
limestone, and sand. It is the most productive aquifer in North Carolina. The topography of the area is
generally flat with elevations ranging from 39 to 60 feet.

The Duplin County Soil Survey depicts a limited number of soil types as present within the project
area (Figure 3). The four series present are Foreston loamy fine sand, 0 to 2 percent slopes,
Goldsboro loamy sand, 0 to 2 percent slopes, Noboco loamy fine sand, 0 to 2 percent slopes, and
Rains fine sandy loam, 0 to 1 percent slopes. Of the four mapped soil series that occur throughout the
project, the majority consists of two series, Goldsboro loamy sand and Rains fine sandy loam. These
soils formed in loamy and sandy marine deposits or fluvial sediments. The Foreston soils are
moderately well drained and have moderate permeability. The seasonal high water table ranges from
24 to 42 inches. Theses soils are located on slight rises within broad, flat inter-stream divides. The
Goldsboro soils are moderately well drained, and have moderate permeability. Runoff is negligible to
medium. The seasonal high water table ranges from 24 to 36 inches. Theses soils are located on the
hill slope summit and shoulder. This soil unit is typically cultivated. The Rains soils are poorly
drained and have moderate permeability. Runoff is negligible. The seasonal high water table ranges
from 0 to 12 inches. Theses soils occur across flats, depressions and Carolina bays. None of these
soils are subject to ponding, and only Rains may experience flooding. The Natural Resource
Conservation Service (NRCS) considers Rains soils to be hydric when undrained. The remaining soils
mapped on the site contain small inclusions of hydric soil.

A detailed soil investigation of the site verified the existence of sandy soils similar to Rains
throughout much of the project. The investigation also identified hydric soil indicators in areas having
a lower elevation. The most common indicator is S5 — Stripped Matrix. Many areas within the
cultivated fields appear to have fill or deposition present, and the resulting buried horizons would
meet hydric indicator criteria. The fill in these areas appears to be spoil from excavated channel or
ditch combined with slope deposition resulting from cultivation practices.
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Soil Symbol
FoA Foreston loamy fine sand, 0 to 2% slopes
GoA Goldsboro loamy sand, 0 - 2% slopes
M-W Miscellaneous water
NbA Noboco laomy fine sand, 0 - 2% slopes
RaA Rains fine sandy loam, 0 - 1% slopes
Figure 3.
NRCS Soils Map [ Muddy Run Il Easement
Muddy Run Il Site [ Muddy Run Easement
0 750 1,500 3,000 DUplln County Soils
T I cct Target Parcels
1inch = 1,500 feet
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2.6 Current Conditions Plan View
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2.8 Site Photographs
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3 SITE PROTECTION INSTRUMENT

3.1 Site Protection Instrument Summary Information

The land required for the construction, management, and stewardship of this mitigation project

includes portions of the following parcels (Table 5). A copy of the land protection instrument(s) is
included in Appendix A.
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Table 5. Project Parcel and Landowner Information

PIN Landowner County Acreage
336900261466 EBX-NEUSE I, LLC Duplin 1.99
336900266455 EBX-NEUSE I, LLC Duplin 1.08
336900167209 EBX-NEUSE I, LLC Duplin 2.28
335900966225 EBX-NEUSE I, LLC Duplin 0.003
335900965215 EBX-NEUSE I, LLC Duplin 0.55
336900352864  Futreal, Johnny A. Duplin 12.24
336900457397 Hatcher, Danny G., et al. Duplin 1.46
336900445188 Hatcher, Danny Guy & et al. Duplin 1.52
336900161443 Holland, Thomas J. & Kay D. Holland Duplin 1.85
336900273089 Lanier, Michael C. Duplin 0.31
336900548408 Riley, Patricia M Duplin 5.05
336900053754  Smith, Auline L. & Worth L. Landen Duplin 5.03
336900041738 Smith, Auline L. & Worth L. Landen Duplin 3.02
335900953810 Smith, Jim Duplin 0.79
336900178403 Wood, Jesse D. & Mary A. Wood Duplin 0.45

TOTAL  37.62

4 BASELINE INFORMATION
4.1 Watershed Summary Information

4.1.1 Drainage Area

The easement totals 37.6 acres and is broken into nine reaches. The land use in the project watershed
is approximately 38 percent cultivated, 32 percent evergreen forest, 15 percent shrub/scrub, 6 percent
bottomland forest/hardwood swamp, 5 percent mixed forest, 2 percent developed, and 2 percent
managed herbaceous cover. Reach 1 has a drainage area of 68 acres; it begins at the start of the
restoration project (STA 0+00) and extends west to STA 4+97. Reach 2 has a drainage area of 115
acres; it begins at STA 0+00 and extends to STA 18+73. Reach 3a (Sta. 0+00 to 37+36) begins at the
confluence of Reaches 1 and 2 and has a drainage area of 227 acres. Currently, Reach 3a continues to
flow north and away from the project site within a historically channelized canal excavated beneath
Ludie Brown Road, a natural divide, and into Muddy Creek. Topographic survey, LiDAR, historic
aerial photos, and landowner communication have confirmed that the natural flow pattern of Reach 3
was to the west and eventually flowed into the Muddy Run project (Figure 5). The proposed design
will redirect flow in a westerly direction from Reach 3a to Reach 3b. The proposed alignment follows
along a relic drainage feature that coincides with existing low topography to the west as exhibited by
LiDAR (Figure 5).

Reach 3b has a proposed drainage area of 313 acres and flows west into Reach 3c. Reach 3c has an
existing drainage area of 74 acres (proposed drainage area is 360 acres) extending north to south and
flows into Reach 3 of the Muddy Run project. Reach 4 has a drainage area of 45 acres and flows from
the east into Reach 3a. Reach 5a begins at the downstream limit of the Muddy Run project, flows into
Reach 5b, and has an existing drainage area of 424 acres (proposed drainage area is 774 acres). Reach
5b has an existing drainage area of 583 acres (proposed drainage area is 889 acres) and terminates at
NC HWY 41. Reach 6 has a drainage area of 77 acres and flows from the south into Reach 5a.
(Figure 2).
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The NC HWY 41 crossing was modeled to verify that the culvert would still function as designed
given the increase in drainage due to restoring flow to the historic drainage path along Reach 3b. The
NC Department of Transportation (NCDOT) design storm for the culvert is the 50-year flow, and
model results show that the culvert capacity exceeds the proposed 100-year flows. The culvert
analysis is provided in further detail within Section 6 below.

4.1.2 Surface Water Classification

The current State classification for the Muddy Run |1 restoration reaches is undefined. Reaches 5a
and 5b are the main stem of the project, which runs directly into Muddy Creek. Muddy Creek is
defined as Class C Sw (NCDWQ, 2005). Class C waters are suitable for aquatic life, secondary
recreation, and agricultural usage. The Sw is a designation for swamp waters—waters that have low
velocities and other natural characteristics that are different from adjacent streams.

4.1.3 Endangered/Threatened Species

Plants and animals with a federal classification of endangered or threatened are protected under
provisions of Sections 7 and 9 of the Endangered Species Act of 1973, as amended. Rare and
protected species listed for Duplin County, and any likely impacts to the species as a result of the
project construction, are discussed in the following sections.

The US Fish and Wildlife Service (USFWS) database (updated 22 September 2010) lists one
endangered species for Duplin County, North Carolina: red-cockaded woodpecker (Picoides
borealis). The American alligator (Alligator mississippiensis) is listed as Threatened due to similarity
of appearance, but is not protected. No protected species or potential habitat for protected species was
observed during preliminary site evaluations.

In addition to the USFWS database, the NC Natural Heritage Program (NHP) GIS database was
consulted to determine whether previously cataloged occurrences of protected species were mapped
within one mile of the project site. Results from NHP indicate that there are no known occurrences
within a one-mile radius of the project area. Based on initial site investigations, no impacts to
federally protected species are anticipated as a result of the proposed project.

WK Dickson submitted a request to USFWS for review and comments on the proposed Muddy Run
Il Stream Restoration Project on June 7, 2012 in regards to any potential impacts to threatened and
endangered species. No response was received within a 30-day period; therefore, it is assumed that
the initial determination of no effect to endangered and threatened species will result from the
proposed project.

The proposed project offers some potential to improve or create suitable habitat for several Federal
Species of Concern. Habitat may be improved or created for species that require riverine habitat by
improving water quality, in-stream and near-stream forage, and providing stable conditions not
subject to regular maintenance. Improved stream habitat may benefit American eel (Anguilla
rostrata) and broadtail madtom (Noturus sp. cf. leptacanthus).

4.1.4 Cultural Resources

Cultural resources include historic and archeological resources located in or near the project area. WK
Dickson completed a preliminary survey of cultural resources to determine potential project impacts.
No architectural structures or archeological artifacts have been observed or noted during surveys of
the site for restoration purposes. In addition, the majority of the site has historically been disturbed
due to agricultural practices and channel modifications.
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WK Dickson submitted a request to the NC State Historic Preservation Office (SHPO) to search
records to determine the presence of any areas of architectural, historic, or archaeological significance
that may be affected by the Muddy Run Il Stream Restoration Project on June 7, 2012. In a letter
dated July 3, 2012 (Appendix 3), the SHPO stated that they had “conducted a review of the project
and are aware of no historic resources which would be affected by the project.”

4.2 Reach Summary Information

The project area is comprised of two easement areas separated by the previously awarded Muddy Run
easement. The upper drainage originates in headwater valleys (Reach 1 and Reach 2) that confluence
to form Reach 3a. An intact reference headwater valley is located upstream of the proposed Reach 1
restoration and will serve as a reference system. Reach 3a flows generally to the north and Reach 4
flows into Reach 3a from the east. Reach 3a was historically channelized and conveyed beneath
Ludie Brown Road and into Muddy Creek. Topographic survey, historic aerial photos, and landowner
communication have confirmed that the natural flow pattern of Reach 3a was to the west and
eventually into the previously awarded Muddy Run project. The proposed mitigation will reconnect
Reach 3a to the historic drainage way. All Muddy Run Il stream channels are unnamed tributaries to
Muddy Creek and ultimately the Northeast Cape Fear River (Figure 2). The Muddy Run 1l
Mitigation Site is not located in a FEMA mapped floodzone (Figure 10). NCDWQ Stream
Classification Forms and USACE Stream Quality Assessment Worksheets were completed at
representative locations throughout the project area and are included in Appendix B. Results of the
preliminary data collection are presented in Figure 4, and the Existing Conditions Summary Table
and the Stream Morphology Table are in Appendix B.

Reach 1 is currently an incised excavated intermittent ditch with moderately unstable banks and
severely oversized channel. Reach 1 lacks a forested buffer and banks. The bed appears to be
aggrading. LIDAR mapping (Figure 5) and historic aerial photography (Figure 6) document the
presence of a valley feature.

Reach 2 is a greatly oversized intermittent channel located in a disturbed, forested corridor. Spoil
piles are present along either side of the channel, indicating past dredging. LIDAR mapping (Figure
5) and historic aerial photography (Figure 6) document the presence of a valley feature.

Reach 3a is an incised, excavated, perennial channel with a disturbed hardwood buffer. The banks are
moderately unstable and lack mature hardwood vegetation.

Reach 3b was diverted from its historic flow pattern to promote drainage for agricultural production.
The reach currently flows from Reach 3a to the north and east, away from the project site. The
existing perennial channel is deeply incised and has unstable banks. The buffer lacks mature
hardwoods due to logging and agricultural activities. Reach 3b will be rerouted to the west along a
shallow historic drainage feature through a forested area consisting of pines and hardwoods. LIiDAR
mapping (Figure 5) documents the presence of a valley feature to the west of existing Reach 3a/3b.

Reach 3c is an incised but stable channel through a pine plantation with a mature hardwood
component on the channel banks and top of bank. The channel is stable and exhibits some
meandering within its banks.

Reach 4 is a small, stable, perennial channel. The channel was likely dredged and straightened
historically, but is stable and slightly oversized. The buffer and channel banks include mature
hardwood vegetation.
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Reach 5a is an oversized perennial channel. Banks are moderately unstable and bedform diversity is
low. Bank vegetation includes some hardwoods and invasive species along the left bank and active
agricultural fields along the right bank.

Reach 5b is the downstream-most reach on Muddy Run 1l and also conveys all flow from the Muddy
Run Stream Mitigation Project. This perennial channel is incised, has moderately unstable banks, and
a forested buffer. The active channel is meandering within the oversized, dredged channel.

Reach 6 is a greatly oversized intermittent channel located in a forested corridor. Large spoil piles are
present adjacent to the channel, indicating past dredging. LiDAR mapping and historic aerial
photography documents the presence of a valley feature.

In general, the streams do not typically function to their full potential. Having been channelized in the
past and ditched to drain nearby field for row crops, the streams do not access their floodplains as
often as they naturally would have prior to the farm operations. In some cases, the streams are
hydraulically unstable, causing erosion and undercutting of the banks. Habitat along the majority of
the restoration reaches is poor in that there is little woody debris or overhanging vegetation for fish
cover or protection for other aquatic species. Vegetative diversity and habitat diversity is poor along
the reaches, as well, and offers little benefit to the wildlife in the area. Site photographs and
morphological parameters are located in Appendix B.

4.2.1 Channel Classification

The streams have been classified as intermittent and perennial streams using the NCDWQ Stream
Identification Form version 4.11 (Appendix B) and are predominantly G5c or F5 stream types as
classified using the Rosgen stream classification system (Rosgen, 1994). The design reaches have
been separated into nine distinct sections that are described in Section 4.2.3. Channel characteristics
are summarized in Table 6.

4.2.2 Discharge

Estimating flows (discharge) for Muddy Run I1 is difficult due to the existing network of ditches and
low, depressional areas located throughout the site. Several models, regression equations, and the
Coastal Plain regional curves were used to develop existing discharges. Land use and slope were
considered when the discharge calculations were developed. All hydraulic and hydrologic analyses
are discussed in Section 7.3.1. Data and analysis of the hydrologic and hydraulic models are included
as Appendix C.

4.2.3 Channel Morphology

4.2.3.1 Reachl1

Reach 1 has a drainage area of 0.11 square miles (68
acres), and flows in a northerly direction adjacent to a
cultivated field. The planform of this G-type channel is
generally straight and is entrenched throughout. The
current cross sectional area is 41.9 square feet with
approximate dimensions of 14.7 feet wide and 2.9 feet
deep. The existing length of Reach 1 is 438 linear feet,
and the dominant bed material is fine sand. The
gradient of the reach is approximately 0.0043 ft/ft. The E S B S
reach is severely oversized and exhibits moderately  Upstream view of Headwater Reach 1.
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unstable banks. The riparian buffer is forested along the east bank and a sparse along the west. The
channel scored 24.75 points on the NCDWQ Stream Identification Form (Version 4.11).

4.2.3.2 Reach 2

Reach 2 is a greatly oversized intermittent channel located in a disturbed, forested corridor. Reach 2
is approximately 1,727 linear feet, and flows west to its confluence with Reach 1. It has a drainage
area of 0.18 square miles (114 acres). Reach 2, an F-type channel, is typically 16.2 feet wide and 2.5
feet deep. Spoil piles are located adjacent to the channel, a result of past dredging. This indicates that
during channelization, the stream was dug exceedingly deep to aid in draining the adjacent fields. The
average cross sectional area is approximately 41.2 square feet. The existing slope of Reach 2 is
0.0021 ft/ft, and the dominant bed material is fine sand. The channel scored 24.75 points on the
NCDWQ Stream Identification Form (Version 4.11).

4.2.3.3 Reach 3a

Reach 3a begins at the confluence of Reaches 1 and 2 and flows northwest and ends at approximate
STA 33+75. Reach 3a has a drainage area of 0.36 square miles (227 acres) and has a width and depth
of 15.4 feet and 1.4 feet, respectively. The existing cross-sectional area is approximately 22.2 square
feet. The existing slope is 0.0016 ft/ft and has little to no buffer on either side of the channel. This
reach is classified as a F5 stream type and has an existing length of 3,301 linear feet. Reach 3a is an
incised, excavated, perennial channel with a disturbed hardwood buffer. The banks are moderately
unstable and lack mature hardwood vegetation. The channel scored 36.5 points on the NCDWQ
Stream Identification Form (Version 4.11).

4.2.3.4 Reach3b

Reach 3b was diverted from its historic flow pattern to promote drainage for agricultural production.
The reach currently flows to the north and east across a natural divide (Ludie Brown Road) and into
an unnamed tributary of Muddy Creek. LiIDAR mapping, historic aerial photography, landowner
interviews, and on-site survey confirm the historic flow pattern was to the west and eventually flowed
into the Muddy Run project.

The proposed alignment for Reach 3b begins behind a CAFO (existing STA 33+75), and flows
southwest where it follows along a relic flow path to Reach 3c (STA 47+78). Reach 3b has a
proposed drainage area of 0.52 square miles (333 acres), and the relic channel features exhibit a width
and depth of 5.6 feet and 0.7 feet, respectively. The existing cross-sectional area is approximately 2.5
square feet with a slope of 0.0023 ft/ft. The riparian buffer is well-established with a mix of pines and
hardwoods. This reach is classified as a C5 stream type and has an existing length of 464 linear feet.

4.2.3.5 Reach 3¢

Reach 3c is an incised but stable channel through a pine plantation with a mature hardwood
component on the channel banks and top of bank. The channel is stable and mendering within its
banks. Reach 3c is approximately 737 linear feet, and flows south to the Muddy Run Site. It has a
drainage area of 0.58 square miles (370 acres). Reach 3c, an F-type channel, is typically 16.7 feet
wide and 2.2 feet deep. The average cross sectional area is approximately 36.5 square feet. The
existing slope of Reach 3c is 0.0022 ft/ft, and the dominant bed material is fine sand. The channel
scored 40.5 points on the NCDWQ Stream Identification Form (Version 4.11).

4.2.3.6 Reach 4

Reach 4 is a small, stable, perennial channel. The channel was likely dredged and straightened
historically, but is stable and slightly oversized. The buffer and channel banks include mature
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hardwood vegetation. Reach 4 is approximately 120 linear feet, and flows southwest to Reach 3a. It
has a drainage area of 0.07 square miles (46 acres). Reach 4, a G-type channel, is typically 11.0 feet
wide and 1.6 feet deep. The average cross sectional area is approximately 17.0 square feet. The
existing slope of Reach 4 is 0.0034 ft/ft, and the dominant bed material is fine sand. The channel
scored 32.0 points on the NCDWQ Stream Identification Form (Version 4.11).

4.2.3.7 Reach 5a

Reach 5a is an oversized perennial channel. Banks are
moderately unstable and bedform diversity is low.
Bank vegetation to the south includes some
hardwoods and invasive species, while the buffer to
the north is an active agricultual field. Reach 5a is
approximately 1,602 linear feet, and flows northwest
to Reach 5b. It has a drainage area of 1.21 square
miles (774 acres). Reach 5a, a G-type channel, is
typically 18.4 feet wide and 2.6 feet deep. The
average cross sectional area is approximately 47.8
square feet. The existing slope of Reach 5a is 0.0024
ft/ft, and the dominant bed material is fine sand. The [§ “
channel scored 35.5 points on the NCDWQ Stream  ypstream view of Reach 5a.
Identification Form (Version 4.11).

4.2.3.8 Reach 5b

Reach 5b is the downstream-most reach on Muddy Run 11, and also conveys all flow from the Muddy
Run project. This perennial channel is incised, and has moderately unstable banks. The active channel
is meandering within the oversized, dredged channel. Reach 5b is approximately 401 linear feet, and
flows northwest to Highway 41. It has a drainage area of 1.42 square miles (908 acres). Reach 5b, a
G-type channel, is typically 17.0 feet wide and 2.9 feet deep. The average cross sectional area is
approximately 49.3 square feet. The existing slope of Reach 5b is 0.0015 ft/ft, and the dominant bed
material is fine sand. The channel scored 37.5 points on the NCDWQ Stream Identification Form
(Version 4.11).

4.2.3.9 Reach 6

Reach 6 is a greatly oversized intermittent channel located within a forested corridor. Reach 6 is
approximately 317 linear feet, flows north to its confluence with Reach 5a, and has a drainage area of
0.12 square miles (77 acres). Reach 6, a G-type channel, is typically 13.0 feet wide and 3.2 feet deep.
Spoil piles are located adjacent to the channel along both banks, a result of past dredging. This
indicates that during channelization, the stream was dug exceedingly deep to aid in draining the
adjacent agricultural land. The average cross sectional area is approximately 42.3 square feet. The
existing slope of Reach 6 is 0.0024 ft/ft, and the dominant bed material is fine sand. The channel
scored 20.75 points on the NCDWQ Stream Identification Form (Version 4.11).
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Table 6. Summary of Existing Channel Characteristics
Drainage CSA' Width Mean Width:Depth

Reach — \lea(Ac) ()  (f)  Depth (ft) Ratio  Oinuosity Slope (ft/f)
1 68 419 147 2.9 5.2 10 0.0043
2 114 412 162 25 6.4 10 0.0021
3a 227 222 154 14 10.7 10 0.0016
30 27 25 5.6 0.4 14.8 10 0.0023
3 74 365 167 22 76 10 0.0022
4 46 170 110 16 7.1 10 0.0034
5a 424 478 184 26 7.1 10 0.0024
5b 563 493 170 29 5.7 10 0.0015
6 77 23 130 3.2 48 10 0.0024

'CSA= cross-sectional area (measured from top of bank)

4.2.4 Channel Stability Assessment

A modified version of the channel stability assessment method (CSA) provided in “Assessing Stream
Channel Stability at Bridges in Physiographic Regions” by Johnson (2006) was used to assess
channel stability for the Muddy Run Il existing channels and reference reach. This method may be
rapidly applied on a variety of stream types in different physiographic regions having a range of bed
and bank materials.

The original CSA method was designed to evaluate thirteen stability indicators in the field. These
parameters are: watershed characteristics, flow habit, channel pattern, entrenchment/channel
confinement, bed material, bar development, presence of obstructions/debris jams, bank soil texture
and coherence, average bank angle, bank vegetation/protection, bank cutting, mass wasting/bank
failure, and upstream distance to bridge. As this method was initially developed to assess stability at
bridges, a few minor adjustments were made to remove indicators that contradict stability
characteristics of natural channels in favor of providing hydraulic efficiency at bridges. First, the
“channel pattern” indicator was altered such that naturally meandering channels scored low as
opposed to straightened/engineered channels that are favorable for stability near bridges. Secondly,
the last indicator, “upstream distance to bridge,” was removed from the assessment as bridges are not
a focus of channel stability for this project. Lastly, the “bed material” indicator was removed since all
project streams are sand bed channels and would subsequently score high (poorly), as this indicator
focuses on coarse substrate. The eleven indicators were then scored in the field, and a rating of
excellent, good, fair, or poor was assigned to each project reach based on the total score. See
Appendix B for the CSA field form.

The CSA results (scores and ratings) for the Muddy Run 11 project and reference reaches are provided
in Table 7. Project Reaches 1, 2, 3a, 5a, 5b, and 6 all received “Fair” ratings, while Reaches 3c and 4
received a “Good” rating. Overall, the existing project streams appear to be physically stable as there
is little active erosion present; however, all channels have been straightened and entrenched, and
some are actively maintained. These characteristics are reflected in the poor CSA scores for channel
pattern and bank vegetation/protection. Each reach also scored poorly for watershed characteristics
since the surrounding land use is dominated by agriculture activities or recent clear cutting up to top
of bank (Figure 8).
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Table 7. Channel Stability Assessment Results

Reach Reach Reach Reach Reach Reach Reach Reach Reference

1 2 3a 3¢ 4 5a 5b 6 Reach
1 Watershed 6 8 7 4 6 9 8 9 4
characteristics
Flow habit 9 9 10 4 5 6 5 10 1
3 Channel pattern 9 11 11 5 7 11 8 7 2
4 Entrenchment/channel 10 11 11 8 6 11 10 11 1
confinement
Bed material NA NA NA NA NA NA NA NA NA
Bar development 10 10 10 7 7 10 7 7 1
7 Qbstructions/debris 4 3 1 5 5 2 3 4 5
jams
8 Bank soil texture and 9 9 9 11 10 11 10 9 3
coherence
9  Average bank angle 7 9 7 11 7 11 8 11 4
10 Bank . 8 3 10 3 3 8 5 7 4
vegetation/protection
11 Bank cutting 7 2 3 3 4 7 4 6 2
12 M.ass wasting/bank 7 1 3 3 4 6 2 5 3
failure
13 Upstream distance to NA NA NA NA NA NA NA  NA NA
bridge
Score 86 76 82 64 64 92 70 95 30

Rating*  Fair Fair Fair Good Good Fair Fair Fair Excellent

* Excellent (0 < Score <= 33), Good (33 < Score <= 66), Fair (66 < Score <= 99), Poor (99 < Score <= 132)

4.2.5 Bankfull Verification

Bankfull is difficult and often times impossible to accurately identify on actively maintained channels
and agricultural ditches. The usual and preferred indicators rarely exist, and other factors may be
taken into consideration in order to approximate a bankfull stage. Other factors that may be used are
wrack lines, vegetation lines, scour lines, or top of a bankfull bench; however, complete confidence
should not be placed on these indicators. Throughout the entire project, the channel is generally
entrenched and actively maintained, which means bankfull indicators were very limited or non-
existent. Therefore, bankfull stage was estimated by using Coastal Plain Regional Curves and other
hydrologic analyses, existing cross-sections, and in-house spreadsheets to estimate bankfull area and
bankfull discharge.

4.2.6 Vegetation

Current land use around the project is primarily agriculture and forestry. Land use immediately
surrounding the project consists of concentrated animal feeding operations (CAFO), row crop
production, animal waste spray area, and forestry. The CAFOs consist of 14 active hog houses and
eight active poultry houses. There are four lagoons storing waste that is sprayed on fields adjacent to
proposed restoration reaches. The remaining channels are adjacent to cultivated fields or disturbed
forested areas. The landscape has been contoured to increase surface runoff and eliminate surface
ponding to enhance production and increase mechanized access. Natural channels and valleys have
been excavated to promote further drainage. Ditches have been constructed to remove surface water.

The cultivated fields are alternated annually between corn and soybeans. The actively managed hay
fields appear to be Bermuda or similar perennial warm season grass over-seeded with a cool season
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grass. The forested community is young, mixed pine hardwood forest and is influenced by local
elevation changes. The upper reaches of the project have the most cross-sectional elevation
differences, ranging up to 3 feet at the edges of the easement. The higher elevations areas are
typically dominated by loblolly pine (Pinus taeda) and have a dense understory. Elevation changes
are low within the cultivated field along Reach 3b. Forested areas in these lower and wetter
landscapes have a mix of loblolly pine and hardwoods or are predominately hardwoods. The
hardwood species include willow oak (Quercus phellos), laurel oak (Quercus laurifolia), tulip poplar
(Liriodendron tulipifera) and sweet gum (Liquidambar styraciflua). A mid-story layer is comprised
of water oak (Quercus nigra), tulip poplar, red maple (Acer rubrum), and swamp chestnut oak
(Quercus michauxii). Shrubs and woody vines are locally dense and include sweet bay (Magnolia
virginiana), redbay (Persea borbonia), American holly (llex opaca), large gallberry (llex coriacea),
wax myrtle (Morella cerifera), and swamp greenbriar (Smilax laurifolia). Some exotics were noted,
including Chinese privet (Ligustrum sinense) and Japanese honeysuckle (Lonicera sempervirens).
The only common herbaceous plant observed is giant cane (Arundinaria gigantea). All naturally
vegetated areas were classified by their community type, and their boundaries were approximately
located on field maps (Figure 9). Detailed observations of vegetation species, soils, and hydrology
were recorded in each community type. Table 7 describes each natural community. Table 8 describes
each natural community.

Table 8. Natural Community Summary

Existing Community Percent of Natural Community )
Study Area (Schafale and Weakley Community)

Agriculture — Pasture/Hayfields 18 NA
Agriculture — Row Crops 21 NA
Bottomland Hardwood Forest 13 NA
Concentrated Animal Feeding Operation 5 NA
Clear-Cut 3 NA

Mixed Pines/Hardwoods 22 Mesic Mixed Hardwood Forest-Coastal Plain
Pine Plantation 13 NA
Residential 5 NA

4.2.7 Quantitative Habitat Assessment

A quantitative habitat assessment was performed in November 2011 on the reference reach and in
June 2012 for existing Muddy Run Il Reaches 3a, 5a, and 5b to measure the volume of woody debris
and fish cover. These data were used to establish a baseline for measuring functional uplift and as a
tool to determine the placement and volume of woody debris in the design reaches. The total available
woody debris (not buried) in the design reaches exceeds the reference reach on a per linear foot basis.
In addition, surveys conducted pre- and post-construction in the restoration reach will enable EBX to
quantify habitat deficiencies and habitat gains over time.

The length of each sample reach was thirty to forty times the base-flow wetted width of the channel
with a minimum reach size of 150 feet. The sample reach was divided into ten transects spaced
evenly over the entire reach. Transect length was five feet upstream and five feet downstream of the
transect midpoint, and extend the full width of the channel. Parameters measured at each transect
were small woody debris (SWD), fish cover, substrate material, and riparian composition. At each
transect, the channel bed form was noted and an average width and depth recorded. The following is
an analysis of the habitat assessment data.
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4.2.7.1 Small Woody Debris Methods and Results

Small woody debris was measured at the reference reach in order to design SWD habitat structures
similar to those found in the reference reach (Appendix B). SWD greater than 0.2 inches in diameter
were measured in each reference reach transect. Large woody debris was eliminated from analysis
since these are analogous to structures such as log vanes and log toes currently applied to most
restoration designs.

Transects were identified as either shallow or pool bed form types resulting in three pools and ten
shallows measured at the reference reach. Measurements of SWD were summed for each bed form
type and divided by the number of corresponding transects to get the average volume of SWD per
pool or shallow. The average volume was then divided by the average transect area to get the volume
of SWD per square foot. The average design reach bed form area was calculated by assuming a length
of ten feet (based on reference transects) and multiplying that by the average bottom cross section
width. The average volume was multiplied by the ratio of average reference reach transect area to the
average area in the design reach to obtain the volume of SWD to be installed at each fixed pool and at
select locations along the design shallows.

WK Dickson currently uses wattles, dead brush, and woody debris bundles in the design of
restoration channels. Based on the reference reach SWD analysis, these SWD structures will be
concentrated in pool habitats and throughout shallows in volumes and size classes similar to those
found in the reference reach. Wattles are woody branch structures tied together and embedded into
the bank so that the free ends stick out into the wetted channel. Dead brush structures are shrub or tree
tops that are anchored to the bottom of the channel. Woody debris bundles are bundles of sticks one
to four inches in diameter and one to four feet long that are anchored to the streambed. Although root
wads serve as bank stability structures, they also provide a significant amount of SWD volume to the
restoration reach. The average volume of each SWD structure is presented in Table 9. A combination
of structures listed in Table 9 will be used in the design to attempt to achieve the calculated average
volume per bed form type listed in Table 10.

Table 9. Average volume (cubic inches) of SWD structures used in the design reach

SWD Average Volume
Woody Debris Bundle 509
Dead Brush 589
Wattle 42
Root Wad 562
Leaf Pack 120

Table 10. Small Woody Debris calculations for the reference and design reach

Average volume

Average volume

Average volume

Channel Total Averag.e to be applied to to be applied to to be applied to
volume in Percent . . 3
bed volume reference of WD design Reach 3a  design Reach 3a  design Reach 3a
form (in’) reach (in%) (U/S) per 10 LF (D/S) per 10 LF  (D/S) per 10 LF
of channel (in’)  of channel (in®)  of channel (in®)
Shallow 3219 460 39% 679 938 1132
Pool 5115 1705 61% 1705 2273 2766
Total 8334 2165 100% 2384 3212 3898

In addition to the habitat assessment conducted at the reference site, Reaches 3a and 5a of the project
site were assessed in order to measure representative habitat gains over time post-construction. Based
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on these assessments, there is a large disparity of SWD volume between the reference reach and the
design reaches (Chart 1).

Average SWD Per Reach

900 -
800

700 ——

600 ——

500 ——
400 ——
300 ——
200 ——
100 ——

Average Volume per Transect

Reference Reach Muddy Run Il Reach 3A Muddy Run Il Reach 5A Muddy Run Il Reach 5B

Assessed 200' Reaches

Chart 1. Average volume (cubic inches) of SWD per assessed reach. This chart represents existing conditions
in all assessed reaches.

Woody debris collected in streams provides habitat for macroinvertebrates, fish, and amphibians, and
increases stream productivity by retaining carbon in the channel. While it would be difficult to
replicate the volume and spatial distribution of SWD found in the reference channel, this quantitative
habitat assessment provides guidance for improving habitat conditions through specifically placed
and sized SWD structures, and provides a means for assessing functional gains over time. WKD has
included these structures in the design plans (Appendix D).

4.2.7.2 Fish Cover Methods and Results

Fish cover measurements were taken at each transect along the reference reach and Muddy Run 11
Reaches 3a, 5a, and 5b. Fish cover area was visually calculated within the ten-foot transect length.
Fish cover types include small woody debris and brush, aquatic macrophytes, overhanging vegetation,
undercut banks, and boulders. For each transect a percentage of total fish cover and individual cover
type areas were calculated (Chart 2). Location and general habitat data was recorded for each fish
cover measurement to assess spatial distribution.
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Chart 2. Average percent of fish cover per channel bed form type in the reference reach

The fish cover analysis revealed that the average area of fish cover is nearly three times as high in
Muddy Run Il Reach 3a as in the reference reach. This is because the streambed along the assessed
portion of Reach 3a was mostly covered by macrophytic vegetation and was devoid of any significant
woody debris or undercut banks. As Muddy Run Il Reach 5b is located in a heavily forested area, this
reach exhibited a larger area of fish cover, primarily in the form of undercut banks and woody debris.
Muddy Run Il Reach 5a presented very little fish cover habitat that can be attributed to a poor buffer
along the north bank and active channel maintenance. Fish cover from low growing brush will
increase in the restoration reaches after the riparian planting occurs. Woody debris structures will also
provide additional fish cover habitat and resting areas for fish swimming upstream.

4.2.7.3 Substrate Composition

Substrates were divided into eight classes as follows: coarse/fine particulate organic matter,
silt/clay/muck, fine sand, coarse sand, gravel, cobble, boulder, and bedrock (Chart 3). Channel width
and water depth were measured at each transect in four equally spaced intervals from bank to bank.
Substrate coverage was visually determined between widths measured at each major change in
substrate type.
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Chart 3. Comparison of substrate composition between the reference reach and the restoration reaches.

The substrate composition analysis revealed that the reference reach has slightly more organic matter
substrate (C/FPOM) than Reaches 5a and 5b, and significantly more than Reach 3a. These differences
may be attributed to a couple of factors including the maturity and close proximity of riparian plants
to the reference reach and Reaches 5a and 5b, and channelization of Reach 3a which typically results
in flushing of organic matter and a lack of carbon retention. Macroinvertebrate abundance and
diversity has been tied to the ability of a channel to retain carbon. Several design structures and
vegetation plantings can be used to increase organic substrate composition. Constructed leaf packs
will be installed in select locations for immediate macroinvertebrate colonization. SWD bundles will
serve to collect organic matter flowing downstream increasing carbon retention. By adding sinuosity
and creating a better floodplain connection, adding SWD in select locations, and creating pool
habitats, substrate composition will more closely resemble reference reach conditions.

4.3 Wetland Summary Information

4.3.1 Existing Wetlands

The US Fish and Wildlife Service National Wetland Inventory Map (NWI) does not depict any
wetlands within the project site (Figure 7). A wetland delineation was performed in June 2012.
Wetland boundaries were delineated using current methodology outlined in the 1987 Army Corps of
Engineers Wetland Delineation Manual (DOA 1987) and Regional Supplement to the Corps of
Engineers Wetland Delineation Manual: Atlantic and Gulf Coastal Plain Region (Version 2.0) (U.S.
Army Corps of Engineers 2010). Soils were characterized and classified using the Field Indicators of
Hydric Soils in the United States, Version 7.0 (USDA-NRCS 2010). Wetland boundaries were
marked with sequentially numbered wetland survey tape (pink/black striped). Flag locations were
surveyed under the direction of a Professional Licensed Surveyor (PLS) with GPS and conventional
survey (Figure 4).
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Table 11. Existing Wetlands Parameter and Characteristics

Parameters Wetland 1 Wetland 2
Size of Wetla(rxjc\r/\élst)hm Easement 0.29 293
Wetland Type Riparian Riverine Riparian Riverine
Mapped Soil Series Goldsboro Rains
Drainage Class Moderately well Poorly
Hydric Soil Status Yes Yes
Source of Hydrology Runoff Runoff
Hydrological Impairment Ditched / Incised channel / Berm Diverted Channel Flow
Native Vegetation Community Forested Forested

Percent composition of

o ; . 5% <1%
exotic/invasive species

4.3.1.1 Wetland 1

This wetland is located along Reach 3a on the right bank. The current land use is forested along the
dredged channel just downstream of Reach 4, which divides this wetland. This wetland is seasonally
saturated. Hydrology is primarily runoff that collects within a shallow depression and restricted by
berms along the dredged channels. This wetland is 0.29 acres.

4.3.1.2 Wetland 2

This wetland is located along Reach 3b on both sides of the channel. The current land use is mature
forest. The stream through this wetland is diverted from its historic flow pattern to promote drainage
for agricultural production. This wetland is seasonally saturated. Hydrology is currently due to its
lower landscape position collecting runoff. Large flood events likely inundate this wetland on a
limited basis. This area may also experience limited groundwater discharge. This wetland is 2.23
acres.

A jurisdictional determination of the wetlands has not been made by the US Army Corps of Engineers
(USACE), but the USACE has visited the restoration site. Wetland forms are included in
Appendix B. Onsite wetlands include riparian wetlands along Reach 3a/Reach 4 and along both sides
of Reach 2C (Figure 4).

4.3.2 Existing Hydric Soil

In addition to the two jurisdictional wetland areas, four areas containing hydric soil are located within
the proposed project easement (Figure 4). Two areas are forested and may be hydrologically restored
or enhanced by the restoration, but are not proposed for credit. The remaining two areas are located
within the cultivated fields and are proposed to be restored. Soils and hydric indicators are similar
within each land use type. The typical hydric soils are sandy textured and underlain by a clayey
subsoil. The most common hydric indicator is Sandy Redox (S5). Some areas were observed to meet
Depleted Matrix (F3), Depleted Below Dark Surface (Al1l) or Dark Surface (S7). In the lower
landscape positions a clayey subsoil is found.

The Muddy Run Il Mitigation Site offers a total ecosystem restoration opportunity. As such, the
wetland restoration is closely tied to the stream restoration. The proposed wetland restoration is
located on the floodplains adjacent to the proposed stream restoration of Muddy Run I1. All proposed
wetlands are near deeply incised and dredged stream channels. Some wetland areas also have adjacent
ditching that further lowers the water table.
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The Goldsboro soils are moderately well drained, and have moderate permeability. Runoff is
negligible to medium. The seasonal high water table ranges from 24 to 36 inches. Theses soils are
located on the hill slope summit and shoulder. This soil unit is typically cultivated. The Rains soils
are poorly drained and have moderate permeability. Runoff is negligible. The seasonal high water
table ranges from 0 to 12 inches. Theses soils occur across flats, depressions and Carolina bays. The
Natural Resources Conservation Service (NRCS) considers Rains soils to be hydric when undrained.
Soil series descriptions are discussed in Section 2.5. Soil profiles are listed on the wetland forms
(Appendix B). Soils found in the wetland areas can be described as Goldsboro and Rains soils.

Within the project, the majority of the soil map units are Rains, with some areas mapped as
Goldsboro or Foreston. Hydric soils within the proposed wetland restoration areas were verified
through auger borings by a licensed soil scientist (Appendix B). Hydric soils are located in Rains or
Goldsboro map units. Based on vegetation, soil, and hydrology indicators, it appears that these areas
are inundated or saturated for most of the growing season in a typical year. The wetlands are
depressional or topographic low areas. They are impacted by the spoil material along the channel and
the access path, creating an artificial barrier between the wetland and channel. Field indicators of
wetland hydrology include water stained leaves, saturated soil within one foot of the surface, crayfish
burrows, and mapped hydric soils. An extensive ditch network and agricultural surface modifications
have significantly affected wetland hydrology. Table 12 summarizes the sizes of the two proposed
wetland restoration areas.

Table 12. Proposed Hydric Soils Parameter and Characteristics

Parameters Wetland A Wetland B
Size of Wetlezrxic\r/\é;t)hln Easement 360 132
Proposed Wetland Type Riparian Riverine Riparian Riverine
Mapped Soil Series Goldsboro Rains
Drainage Class Moderately well Poorly
Hydric Soil Status Yes Yes

Source of Hydrology

Runoff / overbank flows

Runoff / overbank flows

Hydrological Impairment

Ditched/Incised channel

Ditched/Incised channel

Native Vegetation Community

Cultivated

Cultivated

Percent composition of
exotic/invasive species

N/A

N/A

Two areas of hydric soil are proposed for wetland restoration for a total of 4.92 acres. The existing
areas for proposed wetland restoration have been historically disturbed and lack the typical vegetation
of hardwood wetlands. Disturbance includes clearing and grubbing, cultivation, ditching, and
crowning. The wetlands are cultivated row crop and are effectively drained.

Areas of wetland restoration are determined by areas having available hydric soil that are located
within areas negotiated with land owner. Acreages are limited due to design parameters and limiting
acres to where restoration of wetland hydrology is expected to occur within 12 inches of soil surface.
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4.3.2.1 Proposed Wetland WA

This wetland is located along the downstream portion of Reach 3a. The current land use is row crop
production along the dredged channel. The adjacent stream channel is deeply dredged with a farm
road constructed between the cultivated wetland and the channel.

4.3.2.2 Proposed Wetland WB

This wetland is located along the downstream portion of Reach 5a, below the downstream end of the
Muddy Run project. The current land use is row crop production along the right bank of the dredged
channel. A pine plantation is present along the left bank. Ditches are present and the adjacent stream
channel is deeply dredged with a farm road constructed between the cultivated wetland and the
channel.

4.4 Regulatory Considerations and Potential Constraints

4.4.1 Property Ownership, Boundary, and Ultilities

There are no constraints to increasing stream bed elevations at the Muddy Run Il Mitigation Site.
Several crossings will be upgraded or constructed to provide full landowner access to isolated
properties. One existing crossing will be removed entirely. Existing poultry houses will slightly
confine the proposed buffer restoration on the northern end of the project. The channel will be
restored such that a full 50-foot riparian buffer is restored on both banks. The Muddy Run Il site is
not located within five miles an air transport facility.
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4.4.2 Site Access

There are no access constraints to the Muddy Run Il site. To access the Site from the town of
Chinguapin, travel east on Highway 50. Take the first left onto Pickett Bay Road and go 1.1 miles.
Turn left onto Kenney Crawley Road. This road is gravel and will split just past the residential house
on the right. Keeping to the left will take you to the Reaches 3b, 3c, 5a, 5b, and 6. Going to the right
at the split will take you to Reaches 1, 2, 3a, and 4. The site protection instrument can be found in
Appendix A.

4.4.3 FEMA/ Hydrologic Trespass

Hydrologic trespass is a not a major concern for this project. The Muddy Run Il Restoration Site is
outside of any FEMA floodway area (Figure 10). The Site is mapped as Zone X, which indicates that
there is 0.2 percent annual chance of flooding. While designing the Muddy Run Il project, appropriate
measures were taken to reduce the chances of hydrologic trespass of the adjacent agricultural fields
and animal operations. The adjacent land use will not be affected by the proposed design, and the
property owners have been notified of any potential impacts from hydrologic trespass within existing
ditches. No detrimental impacts are expected beyond the easement limits. Landowner communication
indicates Reach 5 is subject to flooding due to backwater from the downstream Muddy Creek.
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S DETERMINATION OF CREDITS

Table 13. Muddy Run II Project Components — Stream Mitigation

PO N Existing Ly Mitigation
Reach Mitigation Type Stationing Length Length Ratio SMUs
(LF) (LF)
Reach 1 Headwater Valley 0+54 to 4+97 438 443 1:1 443
Reach 2 Headwater Valley 0+00 to 5+04 504 504 1:1 504
Reach 2 P1 Restoration 5+04 to 18+73 1,223 1,369 1:1 1,369
Reach 3a P1 Restoration 0+00 to 37+36 3,301 3,581 11 3,581
Reach 3b P1 Restoration 37+36 to 56+78 NA 1,852 1:1 1,852
Reach 3c Enhancement | 56+78 to 64+15 737 707 1:15 471
Reach 4 P1 Restoration 0+00 to 2+04 120 204 11 204
Reach 5a P1 Restoration 0+00 to 18+04 1,602 1,774 11 1,774
Reach 5b Enhancement Il 18+04 to 22+05 401 401 1:25 160
Reach 6 Enhancement 11 12+60 to 15+77 317 317 1:25 127
8,643 11,152 10,486

Table 14. Muddy Run II Project Components — Wetland Mitigation

Mitigation = Mitigation

Wetland Mitigation Type e () Ratio WMUs
WA Restoration 3.60 1:1 3.60
WB Restoration 1.32 1:1 1.32

Total 4.92 4.92

6 CREDIT RELEASE SCHEDULE

All credit releases will be based on the total credit generated as reported by the as-built survey of the
mitigation site. Under no circumstances shall any mitigation project be debited until the necessary DA
authorization has been received for its construction or the District Engineer (DE) has otherwise
provided written approval for the project in the case where no DA authorization is required for
construction of the mitigation project. The DE, in consultation with the Interagency Review Team
(IRT), will determine if performance standards have been satisfied sufficiently to meet the
requirements of the release schedules below. In cases where some performance standards have not
been met, credits may still be released depending on the specifics of the case. Monitoring may be
required to restart or be extended, depending on the extent to which the site fails to meet the specified
performance standard. The release of project credits will be subject to the criteria described as
follows:
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Table 15. Forested Wetlands Credits

Monitoring . . Interim Total
Year Credit Release Activity Release Released
0 Initial Allocation - see requirements below 30% 30%
1 First year momt_ormg report demonstrates performance 10% 40%
standards are being met.
) Second year mo_mtormg report demonstrates performance 10% 50%
standards are being met.
3 Third year moanorlng report demonstrates performance 10% 60%
standards are being met.
4 Fourth year morytormg report demonstrates performance 10% 70%
standards are being met.
Fifth year monitoring report demonstrates performance
standards are being met; Provided that all performance
tandard t, the IRT llow the NCEEP t
5 standards are met, the may allow the EP to 10% 80%
discontinue hydrologic monitoring after the fifth year, but
vegetation monitoring must continue for an additional two
years after the fifth year for a total of seven years.
6 Sixth year monlt_ormg report demonstrates performance 10% 90%
standards are being met.
Seveth year monitoring report demonstrates performance
7 standards are being met, and project has received close-out 10% 100%
approval.
Table 16. Stream Credits
Monitoring Interim Total
dit Rel Activit
Year Credit Release Activity Release Released
0 Initial Allocation - see requirements below 30% 30%
Fir r monitoring report demonstr rforman
1 st year mo tp g report demonstrates performance 10% 40%
standards are being met.
5 Second year monitoring report demonstrates performance 10% 50%
. 0
standards are being met. (65%%*)
3 Third year monitoring report demonstrates performance 10% 60%
. 0
standards are being met. (75%*)
4 Fourth year monitoring report demonstrates performance 10% 70%
standards are being met. (85%™*)
Fifth year monitoring report demonstrates performance
5 standards are being met, and project has received close-out 15% 100%
approval.

*additional 15% credit release following second bankfull event in separate years

6.1 Initial Allocation of Released Credits

The initial allocation of released credits, as specified in the mitigation plan can be released by the
NCEEP without prior written approval of the DE upon satisfactory completion of the following

activities:

a) Approval of the final Mitigation Plan

b) Recordation of the preservation mechanism, as well as a title opinion acceptable to the

USACE covering the property

c) Completion of project construction (the initial physical and biological improvements to the
mitigation site) pursuant to the mitigation plan; Per the NCEEP Instrument, construction
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means that a mitigation site has been constructed in its entirety, to include planting, and an
as-built report has been produced. As-built reports must be sealed by an engineer prior to
project closeout, if appropriate but not prior to the initial allocation of released credits.

d) Receipt of necessary DA permit authorization or written DA approval for projects where DA
permit issuance is not required.

6.2 Subsequent Credit Releases

All subsequent credit releases must be approved by the DE, in consultation with the IRT, based on a
determination that required performance standards have been achieved. For stream projects a reserve
of 15% of a site’s total stream credits shall be released after two bank-full events have occurred, in
separate years, provided the channel is stable and all other performance standards are met. In the
event that less than two bank-full events occur during the monitoring period, release of these reserve
credits shall be at the discretion of the IRT. As projects approach milestones associated with credit
release, the NCEEP will submit a request for credit release to the DE along with documentation
substantiating achievement of criteria required for release to occur. This documentation will be
included with the annual monitoring report.

7 MITIGATION WORK PLAN
7.1 Target Stream and Wetland Types
7.1.1 Reference Stream Studies

7.1.1.1 Target Reference Conditions

The restoration site is characterized by agricultural and forestry practices. Several ditches and
underdrains exist in the watershed and contribute to the project site. Physical parameters of the site
were used, as well as other reference materials, to determine the target stream type. An iterative
process was used to develop the final information for the site design.

To develop the target reference conditions, physical site parameters were reviewed. This included the
drainage area, land use, soils mapping units from the Duplin County Soil Survey for the watershed
and site, typical woody debris and habitat available and for the area, as well as general topography.
The “Classification of the Natural Communities of North Carolina” was also used to narrow the
potential community types that would have existed at the site (Shafale and Weakley, 2003).

Targeted reference conditions included the following:

Located within the Physiographic Region — Outer Coastal Plain,
Similar drainage area,

Similar land use onsite and in the watershed,

Similar watershed soil types,

Similar site soil types,

Ideal, undisturbed habitat — several types of woody debris present,
Similar topography,

Similar slope,

Pattern common among coastal plain streams, and

Minimal presence of invasive species.
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7.1.1.2 Reference Site Search Methodology

All the parameters used in Section 4.1 were used to find appropriate reference stream sites. Obtaining
property owner information and owner authorization for access was another factor in locating suitable
reference sites for the project. For this project, there was no predetermined amount of reference sites
needed as long as the site was suitable and met nearly all the parameters. Eight potential reference
sites were visited, and their characteristics were noted. It is difficult to find reference sites on the
coastal plain because many have been disturbed by farming or urban development. Most streams tend
to be modified ditches and may have some of the characteristics that are sought in a reference, but too
few to make it an ideal reference for the project site. One reference stream site that proves to be ideal
in both geomorphology and habitat is located approximately six miles southeast of the restoration site
in a wooded corridor.

A GIS-based search was initially conducted for the identification of reference stream sites in the outer
coastal plain. The GIS process was based on a search through quadrangle maps, aerial photography,
and topography. Drainage areas for each reference site were delineated. Soils and land use were
considered for each site, as well as accessibility and location in comparison to the restoration reach.
Once sites were identified, all eight sites were visited and assessed. Many of the references were
affected by farming practices, dense invasive species, and disturbed or altered floodplains along the
streams. This was the case for a few of the sites visited, and, therefore, the sites were not considered.
One site was identified for use as a reference site.

7.1.1.3 Reference Watershed Characterization

The reference stream flows northwest and drains into Cypress Creek (Figure 11). The reach that was
surveyed and analyzed is approximately 300 feet long. The drainage area for the unnamed tributary to
Cypress Creek (UT) is 0.47 square miles (300 acres). The land use in the watershed is characterized
by mostly southern yellow pine (86 percent), bottomland hardwood forest/hardwood swamps (6
percent), broadleaf evergreen forest (3 percent), managed herbaceous cover (3 percent), and
cultivation (2 percent). Site photographs of the reference stream are located in Appendix B.

The current State classification for the UT to Cypress Creek is undefined. However, Cypress Creek is
defined as Class C Sw (NCDWQ, 2005). Class C waters are suitable for aquatic life, secondary
recreation, and agricultural usage. The Sw is a designation for swamp waters—waters that have low
velocities and other natural characteristics that are different from adjacent streams. Using Rosgen
stream classification, the stream is classified as a E5 stream type.
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7.1.1.4 Reference Soils Characterization

The soils found in and around the reference reach are mapped as Muckalee, Blanton, and Murville, all
of which are hydric soils. Muckalee is a Hydric B, loam soil, typically found on slopes ranging from 0
to 1 percent slopes. Blanton is a Hydric B sandy soil, found on flats, marines, and terraces with slopes
from 1 to 6 percent. Murville soils are mucky fine sand generally found in depressions with slopes of
0 to 2 percent. The soils immediately adjacent to the reference reach have similar characteristics and
properties to the soils found at the Muddy Run Il Restoration Site.

7.1.1.5 Reference Discharge

Several hydrologic models/methods were used to develop a bankfull discharge for the reference site.
Existing drainage area, land use, slope, roughness, and cross-sectional area were all factors
considered when performing the calculations. Using a combination of Coastal Plain Regional Curves,
in-house spreadsheet tools, and a project specific regional flood frequency analysis, the existing
discharge was found to be around 12 cubic feet per second (ft*/s). See Section 7.3 for a more detailed
description of the hydrologic analyses performed for this project.

7.1.1.6 Reference Channel Morphology

In comparison to the restoration reaches, the reference reach is smaller when comparing pattern,
dimension and profile, which is the reason for using a scaling factor for the design. The scaling factor
is based on the smaller bankfull area of the reference channel. Since the reference stream was smaller,
it was necessary to scale up the analog reach in order to use it for design. The new reach would then
have the necessary dimensions of that of a bigger stream similar in size to the existing channel that
would correspond to the larger drainage area. The stream was typically five to eight feet wide and one
to two feet deep. The cross sectional area was typically around 6.7 square feet with a width to depth
ratio around 9.0.

7.1.1.7 Reference Channel Stability Assessment

The reference reach was stable and showed no evidence of incision or erosion in the portion that was
surveyed and analyzed. The stream appeared to maintain its slope and had sufficient amounts of
vegetation to secure its banks. Riparian buffer widths exceeded fifty feet on each side. The CSA
results (scores and ratings) for the reference reach is provided above in Table 7 (Section 4.2.4). The
reference reach received an “Excellent” rating as the channel demonstrates a stable meandering
pattern and a well vegetated riparian buffer.

7.1.1.8 Reference Bankfull Verification

Typical indicators of bankfull include vegetation at the bankfull elevation, scour lines, wrack lines,
vegetation lines, benches/inner berm, and point bars. Throughout the entire length of the reference
reach, bankfull is located at the top of bank elevation. The accuracy of this bankfull stage is verified
by the Coastal Plain Regional Curves using existing cross sections to calculate area and discharge.
Evidence that can further support the location of bankfull is the lack of any bench or berm features
within the channel, and wrack lines present within the floodplain.

7.1.1.9 Reference Vegetation

The reference reach riparian community is characteristic of a coastal plain small stream swamp
community. This community is approximately 15 to 20 years old, as evidenced by the representative
diameter at breast height (DBH) measurements. This community was determined to have had past
disturbance altering the species composition. Most of the canopy species recorded are high dispersal
species and have been observed to occur near the restoration site. The following table lists the
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coverage estimates and species encountered. The right bank is denoted as RB and the left bank is
denoted as LB.

Table 17. Tree Communities at the Reference Reach for Muddy Run I1

Transect | Location Percent Percent Percent Representative Species
Coverage Evergreen Deciduous DBH (") P
LB 80 15 85 8 Nyssa biflora, l\_/Ie_lgnolla virginiana, llex opaca,
Acer rubrum, Liriodendron tulipifera
1
RB 90 15 85 125 Llrlod_endron tuIlplffera, Liquidambar
styraciflua, Nyssa biflora, llex opaca,
LB 65 10 90 9 L!rlo_dendron tullplf_era, llex opaca,
Liquidambar styraciflua
2
RB 80 10 90 15 L!q_wdambar styra_cnflua, Nyssa biflora,
Liriodendron tulipifera
LB % 10 % 10 Ny_ss_a biflora, Acer rubrum, L_|r|051er?d!'on
tulipifera, llex opaca, Magnolia virginiana
3
RB 60 30 70 7 I[ex opaca, Magnoll_a virginiana, Nyssa biflora,
Liquidambar styraciflua
LB 85 10 90 10 quu!dambar styraciflua, Liriodendron
tulipifera, llex opaca
4
RB 35 50 50 3 llex opaca, Magnolia virginiana, Liquidambar
styraciflua
Liriodendron tulipifera, Magnolia virginiana,
LB 90 10 90 8 Acer rubrum, Fagus grandifolia, Nyssa biflora,
5 Liquidambar styraciflua
RB 60 25 75 9 Nyssa bnflqra, quU|dam_ba_1r styraciflua, Ilex
opaca, Liriodendron tulipifera
Liriodendron tulipifera, Magnolia virginiana,
LB 90 10 90 8 Acer rubrum, Fagus grandifolia, Nyssa biflora,
6 Liquidambar styraciflua
RB 70 50 50 6 Magnolia virginiana, llex opaca, Nyssa biflora
LB 75 10 90 10 Llrlodendrop tullpl'f'era, Acer rubrum, Ilex
opaca, Q. michauxii
7
RB 60 20 60 8 I[ex opaca, Lmodeqdron tulipifera,
Liquidambar styraciflua
LB 55 20 80 7 Liriodendron tullplfgra, Acer_rubru_m, Pinus
taeda, llex opaca, Ligustrum japonicum
8
RB 80 20 60 6 Quercus nigra, Liriodendron tulipifera, llex
opac, Acer rubrum
LB 70 25 75 10 Ny_ss_a blflorg,llex opaca, Liriodendron
tulipifera, Pinus taeda
9
RB 80 20 80 6 L_|r|0dendron tulipifera , llex opaca, Quercus
nigra, Acer ruburm
LB 60 5 75 115 Ny_ss_a blﬂor_a,llex opaca, Liriodendron
tulipifera, Pinus taeda
10 Pinus taeda, Quercus michauxii,llex opaca,
RB 80 15 85 11 Acer rubrum, Liquidambar styraciflua,
Liriodendron tulipifera, Ligustrum japonicum
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It is anticipated that a local seed source for these high dispersal species is present and will disperse
across much of the mitigation site. These species are often found in early successional communities
and quickly fill disturbance gaps. Because many of these high dispersal species often become
aggressive in these sites, they are not included in the Restoration Planting List (Section 7.2.3).
Hardwood species typical of the target community was observed in adjacent and nearby communities,
and were judged to be more appropriate for this site.

7.1.1.10 Habitat Assessment — Woody Debris

The habitat assessment for the reference stream channel is included in the quantitative habitat
assessment discussion for Muddy Run Il within Section 4.2.7.

7.1.2 Reference Wetland Studies

Reference wetlands were not studied for similar hydrology or habitat. A reference wetland site
adjacent to the stream evaluated for habitat was evaluated for species composition, but was
determined to be impacted by timber management and was not a suitable community to reference. A
reference wetland will be determined before construction is complete so groundwater monitoring can
begin before or at the same time as wetland restoration monitoring.

7.2 Design Parameters

7.2.1 Stream Restoration Approach

Stream restoration efforts along the tributaries to Muddy Creek will be accomplished through a
combination of analytical and analog and/or reference reach-based design methods. The result will be
a combination of Priority Level | stream restoration and headwater valley restoration. The cross-
section geometry, planform, and profile will be modified to restore appropriate capacity and sinuosity
to the channelized, sand bed streams. The Priority Level | stream restoration will incorporate the
design of a single-thread meandering channel, with parameters based on data taken from NC Coastal
Plains Regional Curve tables and from reference sites described herein. Approximately 8,780 LF of
stream channel will be reconstructed. An additional 947 LF of headwater valley restoration will bring
the total restoration SMUs to 9,727. Enhancement Levels | and Il will be applied to an additional
1,425 linear feet of channel that are relatively stable and forested.

Stream buffers throughout the project site will be restored and protected in perpetuity. Proposed
mitigation for the Muddy Run site involves headwater valley restoration and Priority Level | stream
restoration. The proposed mitigation design divides the site into three distinct drainage features
consisting of six design reaches (Figure 12). Priority Level | restoration is proposed on five reaches
and headwater valley restoration is proposed on two reaches.

Priority | restoration reaches will typically include a meandering stream pattern constructed to mimic
the natural planform of low-gradient, sand bed channels. The proposed sinuosity is 1.1, which is
based on local reference reach conditions, existing site constraints, and hydraulic modeling. As a
result of the restoration of planform and dimension, frequent overbank flows and a restored riparian
buffer will provide the appropriate hydrology and sediment transport throughout this coastal plain
watershed.

Headwater valley restoration will follow current regulatory guidance and published research. This
restoration approach will result in a fully vegetated valley bottom following natural existing contours.
Any ditches or channels present will be backfilled and stabilized. Vegetation will be restored across
the entire headwater valley.
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Muddy Run Il has been broken into the following design reaches:

Reach 1 (STA 0+54 to STA 4+97) — One of three headwater reaches within the project
totaling approximately 443 linear feet of headwater valley restoration. This reach is flat with
agricultural fields to the west and woods to the south and east. The reach begins at a gully
feature just downstream of an existing headwater valley system.

Reach 2 (STA 0+00 to STA 18+73) — Eastern most reach of the project totaling
approximately 504 linear feet of headwater valley restoration and 1,369 linear feet of Priority
1 restoration. Agricultural fields are located to the north and south of the reach, outside of a
forested buffer.

Reach 3a (STA 0+00 to STA 37+36) — Eastern most reach along the primary drainage
feature totaling approximately 3,581 linear feet of Priority 1 restoration. Both Reaches 1 and
2 outlet at the upstream end of the reach. Reach 3a has a farm path along its entirety on the
east bank and flows through active agricultural fields and forested areas. Reach 4 flows into
this reach near STA 19+50.

Reach 3b (STA 37+36 to STA 56+78) — Middle reach along the primary drainage feature
totaling approximately 1,852 linear feet of Priority 1 restoration. The upper section of Reach
3b adjacent to turkey houses and pastures before entering a forested area to the west.

Reach 3¢ (STA 56+78 to STA 64+15) — Western-most reach totaling approximately 707
linear feet of Enhancement Level I. This reach is flat, is surrounded by forest comprised of a
mix of pines and hardwoods, and flows into Reach 3 of the Muddy Run project.

Reach 4 (STA 0+00 to STA 2+04) — Short reach totaling approximately 204 linear feet of
Priority 1 restoration. This reach flows through a forested buffer down to Reach 3a.

Reach 5a (STA 0+00 to STA 18+04) — Western reach beginning at the downstream end of
the Muddy Run project totaling approximately 1,774 linear feet of Priority 1 restoration. This
reach is flat with agricultural fields to the north and woods to the south.

Reach 5b (STA 18+04 to STA 22+05) — Western-most reach totaling approximately 401
linear feet of Enhancement Level Il. This reach is flat and has a forested buffer along both
banks.

Reach 6 (STA 12+60 to STA 15+77) — One of three headwater reaches within the project
totaling approximately 317 linear feet of Enhancement Level II. This reach is flat with
agricultural fields to the east and woods to the south and west.
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Reach 1

Headwater valley restoration approach is proposed for Reach 1. The existing channel/ditch will be
backfilled, and flow will be directed from its current position along the tree line back to within the
historic valley location down to the confluence with Reaches 2 and 3a. A 100 foot wide forested
buffer will be planted throughout the reach. The upstream limit of Reach 1 will tie into an existing
headwater valley system comprised of intermittent sections of single and multiple channels. This
system will be used as a reference site for incorporating a small baseflow channel into the headwater
valley restoration design.

Reach 2

Similar to Reach 1, headwater valley restoration is proposed for the upper section of Reach 2. The
existing channel will be backfilled with existing spoil material located along adjacent to the channel,
a result of previous dredging activities. Areas within the 100 foot buffer that are disturbed or lack
riparian vegetation will be planted. Grade control structures will be installed along three ditches that
enter Reach 2 at the upstream end of the project. These structures will raise the upstream channel bed
elevations slightly to tie in existing ditches to the project reach. An existing CMP culvert located
along the upstream section will be removed and replaced outside the easement (upstream) to continue
to allow the landowner access to all areas of his property. Priority 1 restoration is proposed for the
majority of Reach 2. Restoration activities will involve relocating the channel to the north through an
existing wooded area consisting primarily of pines a few hardwoods. EXxisting spoil piles located
along the channel banks will be removed and used to fill the existing ditch. Diffuse flow structures
will be installed along several ditches that outlet to the reach from both the north and south. The
structures will attenuate and disperse flows as the existing ditches enter the proposed easement.

Reach 3a

Priority Level | restoration is proposed on Reach 3a. The restoration approach on this reach will
include relocating the channel on either side of its current location to follow the natural valley and
removing the adjacent roadbed to allow continuous access to the floodplain. Two existing 36” CMP
culvert crossings are located along this reach. Each culvert will be removed and replaced in-line with
the proposed stream to allow the landowners to access portions of their respective properties to the
west of the project site. Reach 3a will flow in a northwesterly direction until it reaches a property line.
At this point, the existing ditch that continues to flow in a northerly direction will be plugged and a
diversion structure installed. The structure is designed to pass 100 percent of baseflow and small
storms through the project, and divert up to 70 percent of storms larger than the 25-yr storm to the
existing ditch and offsite. See Section 7.3.1.1 (Stream Hydrologic Analysis) for hydraulic analysis
details.

Just downstream of the diversion structure, the channel will be relocated just south of several turkey
houses, and will flow in a westerly direction as Reach 3b. The network of ditches surrounding the
turkey houses appear to cross a small ridge, directing flow away from the project area. An additional
culvert crossing is proposed where flow will be diverted to the west at the turkey houses. Priority |
restoration is appropriate for this channel because it is the only mitigation approach that will address
bed and bank instability, establish a forested riparian buffer, and significantly enhance aquatic habitat.
Diffuse flow structures will be constructed where existing agricultural ditches enter the easement
area.

The diversion structure is proposed at the downstream end of Reach 3a to alleviate and prevent
flooding caused be rerouting flow and increased drainage areas, to provide continued flow through
the existing ditch for storms larger than bankfull (design) events, and to reduce impacts from
proposed grading activities. Per discussions with Mr. Lanier (owner of parcel northwest of proposed
structure), larger storm events overtop the existing ditch flowing to the north. This flooding may be
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attributed to inefficiencies with existing structures and ditch alignments in conjunction with low
gradients. The culvert associated with the gravel access road that leads from Ludie Brown Road to the
turkey houses outlets perpendicular to the receiving ditch that flows to the northeast and under Ludie
Brown Road. This ditch continues to the northeast and crosses Route 111, where it flows to the north
into Muddy Creek. By diverting up to 70 percent of higher flows through the existing ditch and
offsite, existing flooding issues will be reduced adjacent to the turkey houses. This diversion also
decreases potential flooding impacts that would occur if 100 percent of storm events were passed
through the proposed channel, Reach 3b. There are several residential parcels within zero to 200 feet
of the proposed easement along Reach 3b. Because the topography is very flat through this area, the
flooding associated with the majority of storm events greater than bankfull would negatively impact
these parcels.

Finally, by diverting a percentage of the proposed higher flows, flooding impacts will also be reduced
along Reaches 5a and 5b and at the existing HWY 41culvert at the downstream end of the project.
Currently, agricultural fields are present along the north side of Reach 5a. By reducing high flows, the
flooding extent and duration will be reduced; thus, preventing adverse impacts to crops. If 100
percent of higher storm events were allowed to pass through the project, significant grading would be
required to cut floodplain terraces/benches to relieve flooding of the adjacent agricultural fields.

Reach 3b

Priority Level I restoration is proposed on Reach 3b. The restoration approach on this reach will
include relocating the channel in a westerly direction through an open pasture. The pasture area has
been extensively modified and substantial grading will be required. The proposed design then moves
the channel to a historic drainage way as observed on LiDAR and historical aerial photographs
(Figures 5 and 6).The flow path will then be connected to a small relic channel identified in the
forested area west of the pasture. Subsequent topographic survey confirmed positive drainage along
the relic channel which follows a low lying feature observed on LiDAR. The restoration approach
will include some minor grading to enlarge the existing channel and to create a diverse bed habitat by
constructing pools. Log grade control structures will be installed at the confluence with Reach 3c and
at the connection to the relic channel. Small, mechanical equipment and hand tools will be used to
minimize damage to the existing forested buffer. A livestock protected culvert crossing is proposed
near the existing pasture along an existing farm path to allow the landowner uninterrupted access to
his property.

Reach 3¢

Enhancement | is proposed on Reach 3c as it flows through a forested area downstream from Reach
3b to Reach 3 of the Muddy Run Stream Mitigation Project. A grade control structure will be
installed at the upstream end to stabilize the transition from an existing agricultural ditch to the stable
channel. A crossing is proposed along the upper section to allow the landowner access to both sides
of his property. Enhancement activities will include removing portions of exising spoil piles located
along top of banks, cutting floodplain benches and laying back banks, and installing woody debris
habitat structures. Diffuse flow structures will also be constructed at the downstream limit where
existing agricultural ditches enter the easement area. Invasive species management will be performed
throughout the buffer, and any bare or disturbed areas will be planted with native riparian vegetation.

Reach 4

Priority 1 restoration is proposed on the downstream end of Reach 4 as it flows through a forested
area below a ditch draining an agricultural field. A grade control structure will be installed at the
upstream end to transition from the existing ditch to a stable channel. The lower section of the reach
will be constructed into an E-type channel before its confluence with Reach 3a. Invasive species
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management will be performed throughout the buffer, and any bare or disturbed areas will be planted
with native riparian vegetation.

Reach 5a

Priority Level I restoration is proposed on Reach 5a. The channel will be relocated north of its current
location into the adjacent agricultural field. The existing ditch will be backfilled and plugged at any
locations that may cross the proposed channel. The upstream end of the reach will tie into Reach 1C
of the Muddy Run Stream Mitigation Project. The proposed single-thread channel will flow through
proposed wetland WB beginning approximately 300 feet downstream of the Muddy Run project. A
CMP culvert crossing will be installed in-line with the proposed design near the middle of the reach
to allow the landowners access to the adjacent parcels. Priority | restoration is appropriate for this
channel because it is the only mitigation approach that will address bed and bank instability, establish
a forested riparian buffer, and significantly enhance aquatic habitat.

Reach 5b

Enhancement Level Il is proposed on Reach 5b. Several log grade controls and woody debris
structures will be installed along the bed to increase aquatic habitat and bed diversity. The right bank
along the reach will be laid back and spoil piles along the tops of banks will be removed using small
equipment to minimize impacts to the existing buffer. Additionally, invasive species management
will be performed throughout the buffer, and any bare or disturbed areas will be planted with native
riparian vegetation.

Reach 6

Enhancement Level 1l is proposed for the downstream section of Reach 6 (STA 12+60 to STA
15+77). The right and left banks will be laid back, and the channel will be backfilled using spoil
located adjacent to the channel such that positive drainage is maintained throughout the reach down to
the confluence with Reach 5a. Invasive species management will be performed throughout the buffer
where enhancement is proposed, and any bare or disturbed areas will be planted with native riparian
vegetation. A 50 foot wide buffer will be provided along the upper section of Reach 6 (STA 3+64 to
STA 12+60); however, no enhancement activities are proposed through this section other filling
portions of the channel. This additional easement is being provided to account for any hydrologic
impacts that may occur as a result of the proposed enhancement activities.

7.2.1.1 Design Discharge

Based upon the hydrologic analysis described in Section 7.3.1.1 below, design discharges were
selected that fall on the low end of flows between the results of the 1.1 and 1.5-year flood frequency
analysis for each reach. The selected flows are 7ft*/s, 15ft*/s, 10ft*/s, 5ft/s, and 44ft®/s for Reaches 2,
3a, 3b, 4, and 5a, respectively. These discharges will provide frequent inundation of the adjacent
floodplain.

The design discharges were selected based on the following rationale:

e The calculated bankfull discharge for the analog/reference reach closely matches the results
of the 1.1-year flood frequency analysis,

e The results of the Hydraflow Hydrographs for the 1-year storm fell between the results of the
1.1 and 1.5-year flood frequency analysis,

e The results of the 1.1-year flood frequency analysis matched well with the NC regional curve
(Doll et al., 2003), and

e Selecting design discharges between the 1.1 and 1.5-year storm events allows frequent
inundation of the floodplain, while also preventing adjacent active agriculture land from
flooding at a high frequency.
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7.2.1.2 Design Methods

There are three primary methods that have demonstrated success in stream restoration: analog,
empirical, and analytical. All three methods have advantages and limitations, and it is often best to
utilize more than one method to address site-specific conditions or to verify the applicability of design
elements. Combinations of analytical and analog methods were used to develop the stream designs for
Muddy Run II.

Analytical Approach

Analytical design is based on principles and processes considered universal to all streams, and can
entail many traditional engineering techniques. The analytical approach utilizes continuity, roughness
equations, hydrologic and hydraulic models, and sediment transport functions to derive equilibrium
conditions. Since the project is located within a rural watershed, restoration designs are based on
hydrologic and hydraulic analyses, including rainfall-runoff models to determine design discharges
coupled with reference reach techniques.

Analog Approach

The analog method of natural channel design involves the use of a “template” or reference stream
located near the design reach, and is particularly useful when watershed and boundary conditions are
similar between the design and analog reaches (Skidmore et al., 2001). In an analog approach, the
planform pattern, cross-sectional shape, longitudinal profile, and frequency and locations of woody
debris along the analog reaches are mimicked when developing the design parameters for the subject
stream. A scaling factor was calculated from the survey data in order to correctly size the planform
design parameters for the project site. The scaling factors for each design reach were derived from the
design cross-sectional area and topwidth of each reach as follows:

1. The appropriate bankfull cross-sectional area (Agkr) Of each design reach was calculated
using an in-house spreadsheet based on Manning’s Equation. The input parameters included
the design discharge as determined by the hydrologic analysis described above, and proposed
slope based on site conditions and the sinuosity measured for the analog reach.

2. The cross-sectional shape was adjusted within the spreadsheet to replicate the width-depth
ratios and side slopes surveyed along the analog reach, while also maintaining the Agkr
necessary to convey the design discharge.

3. The scaling factor is determined from the ratio of the design topwidth to the analog topwidth
(Table 18). For this project, several sections and planform geometry were obtained at the
analog site, resulting in an average width of 7.8 feet.

4. Pool cross-sectional areas were calculated using the analog approach. Design Agkr areas were
determined using the measured analog ratios of shallow Agkr to pool Agkr as applied to the
design AgkrS. The pool cross-sectional shape was adjusted within the in-house spreadsheet as
described above in step 2.
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Table 18. Scaling Factors for Sizing Planform Design Parameters

Reach Drainage Proposed Bankfull Design Analog Reach Scaling
Area (ac) Agkr (ftz) Topwidth (ft) Topwidth (ft) Factor
2 114 5.9 7.6 7.8 1.0
3a (U/S) 209 8.7 9.2 7.8 12
3a (DIS) 254 15.7 12.4 7.8 16
3b 333 8.3 9 7.8 1.2
4 46 3.3 5.6 7.8 0.7
5a 730 22.7 15.0 7.8 1.9

7.2.1.3 Typical Design Sections

Typical cross sections for shallows and pools are shown on the design plan sheets in Appendix D.
The cross-section dimensions were developed for the three design reaches by using an in-house
spreadsheet described above. The cross-sections were altered slightly to facilitate constructability;
however, the cross-sectional area, width to depth ratio, and side slopes were preserved. Typical pool
sections include pools located on straight reaches and pools on meander bends.

7.2.1.4 Typical Meander Pattern

The design plans showing the proposed channel alignment are provided in Appendix B. The meander
pattern was derived directly from the analog reach and sized using the scaling factors described in
Table 18. The analog meander pattern was altered in some locations to provide variability in pattern,
to avoid onsite constraints, to follow the valley pattern, and to make the channel more constructible.
The morphologic parameters summarized in Table 18 and Appendix D was applied wherever these
deviations occurred.

7.2.1.5 Longitudinal Profiles

The design profiles are presented in Appendix
D. These profiles extend throughout the entire
project for the proposed channel alignment. The
profiles were designed using the analog reach
bed features that were sized with the scaling
factors. The bed slopes and bankfull energy
gradients were determined for each design reach
based on the existing valley slope and the
sinuosity of the design reach. Log structures will i

be utilized in the design to control grade, divert [ = o =

flows, and provide additional habitat diversity  Sod mats blanket the top of bank of this stream in Bertie
and stability. County.

7.2.1.6 In-Stream Structures

Structures will be incorporated into the channel design to provide additional stability and improve
aquatic habitat. Native materials and vegetation will be used for revetments and grade control
structures where applicable. Additionally, woody debris will be placed throughout the channel at
locations and at a frequency that is similar to those mapped in the analog reaches. The analog reach
has woody debris throughout the length of the channel, providing grade control for shallows and
forcing scour pools. Woody habitat features installed will include leaf packs, dead brush, woody
debris bundles, root wads, and wattles. Sod mats harvested onsite will be installed along stream banks
during construction if and when feasible. Sod mats will only be harvested and used if comprised of
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appropriate vegetation. The use of sod mats that include aggressive turf grasses will be not be used.
Sod mats (see photo above) are natural sections of vegetation taken from existing banks and adjacent
areas during construction, and generally range between 0.75 to 1.0 feet in thickness. Before
installation, proposed banks are graded lower than specified to accommodate the thickness of the mat.
The mats are placed on top of the bank to act as a natural stabilizer of native species, and they grow
much faster than the combination of coir fiber matting and seeding (see detail Appendix D). Other
bank stability measures include the installation of cuttings bundles at three to five foot intervals along
the tops of banks, live staking, root wads, and log toes. Typical details for proposed in-stream
structures and revetments are in Appendix D.

7.2.2 Wetland Restoration Approach

The Muddy Run Il Mitigation Site offers a total ecosystem restoration opportunity. As such, the
wetland restoration is closely tied to the stream restoration. The proposed wetland restoration is
located on the floodplains adjacent to the proposed stream restoration of Muddy Run Il and Muddy
Run. There are two sites adjacent to Muddy Run I1. All proposed wetlands are near deeply incised
and dredged stream channels. Some wetland areas also have adjacent ditching that further lowers the
water table.

7.2.2.1 Wetland Restoration Summary

Wetland restoration activities will include plugging existing ditches, restoring microtopographic
features (less than 6 inches depth) by surface roughing, creating macrotopographic features (wetland
depressions), planting wetland species, and removal of an existing farm road. This roadbed interrupts
surface flow to and from the channel. Grading and surface roughing will include adding micro- and
macro-topography on the floodplain to create hydrologic retention and encourage species
diversification. The surface depressions will be generally linear and approximately parallel the
channel. Many of the surface depressions will be irregular to increase edge habitat. Combined with
the proposed stream restoration these actions will result in a sufficiently high water table and flood
frequency to support hydrophytic vegetation and wetland hydrology, resulting in restored riverine
wetlands.

The primary restoration activities will include constructing a stream channel that floods the adjacent
wetlands frequently (as described above) and construction of ditch plugs. A typical ditch plug will be
15 feet wide and extend above the ditch bank elevation approximately six inches. Plugs are to be
constructed of compacted fill (clay or sandy clay) in 12 inch lifts with the upper 18 inches minimally
compacted to facilitate plant growth. Plugs are spaced such that successive plugs are no more than 12
inches in elevation below the next plug up gradient. Where plugs may impact adjacent ditches
(outside of the proposed conservation easement) the top of plug elevation will be equal to the existing
ditch invert outside of the easement to prevent hydrologic trespass. The existing stream channel will
be partially filled. The unfilled areas will provide deeper pools for increased storage and create
diverse habitat. The farm road adjacent to the existing stream will be removed, graded to match
surrounding contours, disced, and planted.

7.2.2.2 Proposed Wetland Hydrology

The Muddy Run 11 Stream and Wetland Mitigation site was once a Coastal Plain small stream swamp
subject to prolonged inundation as indicated by soils mapping, historical aerial photography, and
personal communication with landowners. Both proposed wetland restoration areas were historically
cleared and the streams channelized prior to 1958 based upon the historical NRCS aerial
photography. Based upon similar landscape position the project site was likely a Coastal Plain small
stream swamp.
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The restoration plan for the Muddy Run Il wetlands consists of reconstructing the stream channel
with a higher bed elevation and plugging existing drainage ditches. The ditch plugs will lengthen
wetland hydroperiods by halting artificial subsurface drainage and preventing rapid surface drainage.
The stream design parameters will reconnect the stream to the floodplain and provide seasonal
overbank flows. These periodic flows will provide surface and subsurface hydrology support to the
newly created Coastal Plain small stream swamp system. This periodic flooding is vital to sustain
plants and wildlife characteristic of riverine wetlands (Ainslie, 2002).

The drainage area for the upstream portion of the project for Wetland A is approximately 0.90 square
miles and for Wetland B 1.90 square miles. The restored wetlands will have a variable flooding
regime due to the small size of the drainage area. Modeling of the stream design indicates that a 2.8
inch six-hour rainfall event will produce an out-of-bank flow. Analysis of daily rainfall totals
indicates that a 2.29 inch or greater daily rainfall total occurs on average two times per year. Chart 4
presents a chart of the historic rainfall data and corresponding number of out of bank events expected
with current design parameters. The wetland restoration areas should experience seasonal out of bank
flooding on average 1.17 times per year. The anticipated flood events range from zero to four events
per year. This periodic flooding is vital to sustain plants and wildlife characteristic of riverine
wetlands (Ainslie, 2002). In the absence of inundation, groundwater levels should remain near the
surface due to reduced artificial drainage, increased infiltration, and elevated stream bed elevation.

The use of historic rainfall and stream modeling to estimate flood events demonstrates that the
wetland restoration area will be subject to inundation and function as a riverine wetland system.
However, limitations with the rainfall data set did not allow for statistically rigorous analysis of
flooding depth or return interval. Supplemental to the above discussion a conventional water balance
was performed.
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Chart 4. Historic rainfall events sufficient to produce overbank flow in restored stream

7.2.2.3 Soils

Hydric soils within the proposed wetlands were verified through auger borings by a licensed soil
scientist (Appendix B). The majority of the soil map units are Rains with two mapped as Goldsboro.
The stream channel bed will be raised, reconnecting the floodplain with seasonal out-of-bank flows.
Raising the stream bed will also lessen the “dry shoulder” effect near the stream channel. BMPs will
treat stormwater flows from offsite ditches prior to entering the wetlands. A preliminary assessment
of hydrologic trespass was performed on the site. It appears that the adjacent agricultural fields are
topographically elevated sufficient to provide drainage onto the floodplain without impacting existing
drainage. Restoration activities will include:

Reconnecting low lying areas of hydric soil with the floodplain through stream restoration;
e Plugging/filling agricultural drainage ditches to raise the seasonal groundwater elevations;

Planting native tree and shrub species commonly found in small stream swamp ecosystems;
and

o Creating a rough soil surface to aid in infiltration and storage by ripping and discing.

These hydrology restoration activities will result in an elevated seasonal high water table, increased
flood frequency and duration, and increased precipitation infiltration across all of the restored
wetlands.
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It is estimated that riverine wetland restoration will be 4.92 acres. Minor grading along the restored
channels is proposed to remove fill excavated from channel dredging. No fill is proposed beyond
plugging previously excavated channels and ditches. Soils in the wetland restoration area will be
tested for fertility, and soil amendments may be specified as needed. These wetlands expand habitat
along the easement and provide habitat diversity. Once constructed, these wetlands will be monitored
to document the success of hydrologic and vegetative restoration.

Wetland WA
Hydrology will be restored by removing dredge material along the channel and ditch, plugging the
ditch, and raising the streambed elevation to bring the water table closer to the ground surface.

Wetland WB
Hydrology will be restored by removing dredge material along the channel and raising the streambed
elevation, bringing the water table closer to the ground surface.

7.2.3 Natural Plant Community Restoration

7.2.3.1 Plant Community Restoration

The restoration of the plant communities is an important aspect to the restoration of the site. The
selection of plants is based on what was observed at the reference reach, species present in the forest
surrounding the restoration site, and what is typically native to the area. Several sources of
information were used to determine the most appropriate species for the restoration project. The
reference stream is located within a disturbed Coastal Plain Small Stream Swamp — Blackwater
subtype. Dominant species included sweetgum (Liquidambar styraciflua), tulip poplar (Liriodendron
tulipifera), swamp tupelo (Nyssa biflora), and red maple (Acer ruburm) in the canopy. Shrubs
included sweetbay (Magnolia virginiana), American holly (llex opaca). The absence of bald cypress
(Taxodium distichum) likely indicates past logging with poor regeneration at the site. The reference
site was chosen due to the stability of the channel, the physical structure of the forest community, and
to evaluate stream habitat. The species present are indicative of early successional species that have
high dispersal rates. The mitigation site also supports many species typical of this community type
due to its past disturbance history. Timber management is likely responsible for the absence of
cypress. Typically, a Coastal Plain Small Stream Swamp would be located along the stream banks
and adjacent floodplain of the proposed restoration site.

The restoration site has a relatively uniform topography. Based on observations of the reference
community and the communities surrounding the mitigation site, a single riparian and wetland
community is appropriate. Three planting zones will be utilized. The zones vary slightly in species
composition and percentage to ensure appropriate species are planted for the expected hydrologic
regime. The variation more closely mimics the natural range seen in this community type. Therefore,
Coastal Plain Small Stream Swamp will be the target community type and will be used for all areas
within the project, as well as for buffer around the site. The plant species list has been developed and
can be found in Table 19. The high dispersal species include red maple, tulip poplar, and sweetgum.
Species with high dispersal rates are not included because of local occurrence and the high potential
for natural regeneration. It is anticipated that a local seed source for these species is present and they
will disperse across much of the mitigation site. Because many of these high dispersal species often
become aggressive in these sites, they are not included in the planting list.

The restoration of plant communities along Muddy Run Il will provide stabilization and diversity. For
rapid stabilization of the stream banks (primarily outside meanders), silky dogwood, silky willow,
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and black willow were chosen for live stakes along the restored channel because of their rapid growth
patterns and high success rates. Willows will also be quicker to contribute organic matter to the
channel. Willows grow at a faster rate than the species planted around them and stabilize the stream
banks. When the other species are bigger, the black willow and silky willows will slowly stop
growing or die out because the other species would outgrow them and create shade that the willows
do not tolerate. The live stake species will be planted along the outside of the meander bends three
feet from the top of bank, creating a three-foot section along the top of bank. The live stakes will be
spaced one per linear foot with alternate spacing vertically. See Appendix D for a detailed planting
plan. A second planting zone will utilize species common in wetter conditions will be specified in the
shallow pools and wettest portions of the wetland and in the Headwater Wetlands. The Headwater
Wetlands will be approximately 15 feet wide and trees will be planted on an alternating diamond grid.

Table 19. Proposed Plant List
Bare Root Planting Tree Species - Riparian Areas

Wetland Indicator*

Common Name Scientific Name Percent Composition

River birch Betula nigra FACW 10%
Green ash Fraxinus pennsylvanica FACW 10%
Swamp tupelo Nyssa biflora OBL 5%
Laurel oak Quercus laurifolia FACW 20%
Overcup oak Quercus lyrata OBL 20%
Swamp chestnut oak Quercus michauxii FACW 10%
Water oak Quercus nigra FAC 5%
American sycamore Platanus occidentalis FACW 10%
Bald cypress Taxodium distichum OBL 10%

Bare Root Planting Tree Species - Wetland Areas

Common Name Scientific Name Wetland Indicator* Percent Composition
River birch Betula nigra FACW 15%
Green ash Fraxinus pennsylvanica FACW 20%
Swamp tupelo Nyssa biflora OBL 10%
Laurel oak Quercus laurifolia FACW 15%
Overcup oak Quercus lyrata OBL 20%
Bald cypress Taxodium distichum OBL 20%

Bare Root Planting Tree Species - Wetland Depressions

Common Name Scientific Name Wetland Indicator* Percent Composition
Green ash Fraxinus pennsylvanica FACW 20%
Swamp tupelo Nyssa biflora OBL 20%
Laurel oak Quercus laurifolia FACW 20%
Overcup oak Quercus lyrata OBL 20%
Bald cypress Taxodium distichum OBL 20%

Planting density approximately 680 bare root stems per acre.
Planted on a diamond grid to limit preferential linear flow.

Live Staking and Live Cuttings Bundle Tree Species
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Common Name Scientific Name Wetland Indicator®*  Percent Composition
Silky dogwood Cornus amomum FACW 45%

Silky willow Salix sericea OBL 45%

Black willow Salix nigra OBL 10%

*National Wetland Indicator Status from Draft Rating 2012-Atlantic Gulf Coastal Plain.

7.2.3.2 On-Site Invasive Species Management

Some invasive species have been noted on the site. They include Chinese privet (Ligustrum sinense)
and Japanese honeysuckle (Lonicera sempervirens). These invasive species are common but not
limited to any confined location. The movement of topsoil will also stir up weed seeds, but most will
be inhibited by the raising of the water table on the site. It will be important during monitoring site
visits to check for any significant encroachment of invasive species and to develop a plan of action to
control any such problem.

7.2.4 Best Management Practices

Due to the rural nature of this project, individual stormwater best management practices (BMPs) will
not be required. However, diffuse flow structures will be applied at locations where ditches or other
forms of concentrated flow enter the conservation easement. Under existing conditions, concentrated
runoff (untreated) from adjacent sprayfields enters the project channels through a network of ditches.
By diffusing flow through the buffer, the runoff will be treated by proposed buffer vegetation. These
structures will consist of a pool (forebay) located just outside the conservation easement that will
attenuate runoff combined with grading and stabilization techniques that will diffuse flow upon
entering the buffer. All diffuse flow structures will be installed within the conservation easement so
that landowners will not have access to the structures. Failure or maintenance of the structures is not
anticipated as these structures will be installed in low-gradient areas, and the areas proposed to
diffuse flow will be well vegetated and matted.

Stormwater management issues resulting from future development of adjacent properties will be
governed by the applicable state and local ordinances and regulation. It is recommended that any
future stormwater entering the site maintain pre-development peak flow. Any future stormwater
diverted into the project should be done in a manner as to prevent erosion, adverse conditions, or
degradation of the project in any way.

7.2.5 Soil Restoration

After construction activities, the subsoil will be scarified and any compaction will be deep tilled
before the topsoil is placed back over the site. Any topsoil that is removed during construction will be
stockpiled and placed over the site during final soil preparation. This process should provide
favorable soil conditions for plant growth.

7.3 Data Analysis
7.3.1 Stream Data Analysis

7.3.1.1 Stream Hydrologic Analysis

Hydrologic evaluations were performed for the design reaches using multiple methods to determine
and validate the design bankfull discharge and channel geometry required to provide regular
floodplain inundation. The use of various methods allows for comparison of results and eliminates
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reliance on a single model. Peak flows (Table 20) and corresponding channel cross-sectional areas
were determined for comparison to design parameters using the following methods:

Regional Flood Frequency Analysis,

Intellisolve’s Hydraflow Express Hydrographs,

NC and VA/MD Regional Curves for the Coastal Plain, and

USGS regional regression equations for rural conditions in the Coastal Plain, and

Regional Flood Frequency Analysis

A flood frequency analysis was completed for the study region using historic gauge data on all nearby
USGS gauges with drainage areas less than 6,400 acres (10 mi®) which passed the Dalrymple
homogeneity test (Dalrymple, 1960). This is a subset of gauges used for USGS regression equations.
Regional flood frequency equations were developed for the 1.1-, 1.5-, and 2-year peak discharges
based on the gauge data. Discharges were then computed for the design reach. These discharges were
compared to those predicted by the discharge regional curve and USGS regional regression 2-year
discharge equations.

Intellisolve’s Hydraflow Express Hydrographs

Hydraflow Express was used to simulate the rainfall-runoff process and establish peak flows for the
watersheds. This model was chosen over the U.S. Army Corps of Engineers model HEC-1 because it
allows the user to adjust the peak shape factor for the Coastal Plain conditions. Using a standard Type
111 distribution in HEC-1, the model will use a 284 peak shape factor, which is the outdated standard
for a coastal environment. This results in conservatively high peak flows that may not be appropriate
for a stream restoration design. NRCS staff has recommended using peak shape factors between 60
and 100 for the Coastal Plain. Hydraflow Express allows the user to make this adjustment to the peak
shape factor.

Regional Curve Regression Equations

The North Carolina Coastal Plain regional curves by Doll et al (2003) and Sweet and Geratz (2003)
and the Virginia/Maryland (Krstolic et al., 2007) Coastal Plain regional curves for discharge were
used to predict the bankfull discharge for the site. The NC regional curves predicted flows that are
similar to those predicted by the 1.1-year flood frequency, while the VA/MD curves are comparable
to flows predicted by the 1.5-year flood frequency equation. The regional curve equations for NC
discharges by Doll et al. (2003) (1) and Sweet and Geratz ( 2003) (2) and VA/MD (3) discharges are:

1) Qu=16.56*(DA)" " (Doll et al., 2003)
(2) Qu=8.49*(DA)*"® (Sweet and Geratz, 2003)
(3) Qu= 28.3076*(DA) %93 (Krstolic et al., 2007)

Where Qu¢=bankfull discharge (ft*/s) and DA=drainage area (mi?).

USGS Regional Regression Equations

USGS regression equations estimate the magnitude and frequency of flood-peak discharges (Gotvald,
et al., 2009). The regression equations were developed from gauge data in different physiographic
regions of the Southeastern United States. For this analysis, there was only concern for the 2-year
return interval. The equation for the rural Coastal Plain (Hydrologic Region 4) is:

(4) Q,=60.3*(DA)"***
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Table 20. Peak Flow Comparison

Hydraflow NC NC VA/MD Regional Design/

Reach l):sin&g; Hydrographs lg:? FFI? Regional Regional Regional Regression Calculated
Q : = CurveQ (1) CurveQ(2) CurveQ (3) Eqns.Q, Q
Analog 285 11 23 9 5 18 36 13
1 68 3 7 3 2 7 14 3
2 114 7 4 11 5 2 10 20 7
3a 227 14 9 20 8 4 17 26 15
3b 333 20 12 25 10 5 18 38 10*
3c 370 25 14 18 11 6 20 42 NA
4 46 3 2 5 2 1 6 11 5
5a 730 54 28 48 18 10 31 66 44
5b 908 65 33 56 21 11 34 75 NA
6 77 3 3 8 4 2 8 15 NA

* Design discharge is based on the installation of a split flow structure at the downstream end of Reach 3a as analyzed with
EPA SWMM.

The fact that the regional curves predict flows similar to the 1.1-year flood frequency analysis
indicates that the bankfull flows occur in the region with a frequency of approximately once a year.
The developers of the NC Coastal Plain regional curves report an average recurrence interval of 1.12
years for the gauged streams included in their study.

7.3.1.2 Channel Stability and Sediment Transport Analysis

An erosion and sedimentation analysis was performed to confirm that the restoration design creates a
stable sand bed channel that neither aggrades nor degrades over time. Typically, sediment transport is
assessed to determine a stream’s ability to move a specific grain size at specified flows. Various
sediment transport equations may be easily applied when estimating entrainment for gravel bed
streams; however, these equations are not as effectively applied to sand bed channels where the entire
bed becomes mobile during geomorphically significant flows. Therefore, more sophisticated
modeling techniques were used to analyze the stream design for this project. The following methods
and functions were utilized during the sediment transport analysis:

e Stable Channel Design Function — Copeland Method (HEC-RAS),
e Shear Stress, and
o Velocity.

Stable Channel Design

Design cross-section dimensions as determined from the analog approach were evaluated using the
stable channel design functions within HEC-RAS. These functions are based upon the methods
presented in the SAM Hydraulic Design Package for Channels developed by the USACE Waterways
Experiment Station. The Copeland Method was developed specifically for sand bed channels (median
grain size restriction of 0.0625 mm to 2 mm) and was selected for application at Muddy Run II. The
method sizes stable dimensions as a function of slope, discharge, roughness, side slope, bed material
gradation, and the inflowing sediment discharge. Results are presented as a range of widths and
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slopes, and their unique solution for depth, making it easy to adjust channel dimensions to achieve
stable channel configurations. The stable design output parameters are listed in Table 21. The results
are acceptable and match closely with the design reach parameters.

Table 21. Stable Channel Design Output

Bottom Ener Composite Veloci Shear Stress
Reach  Q(tS) wige gy Depth® o0 (fgt"/yft) o vahe (ft/s)ty (Ibs/ft?)

2 7 3 1 0.0017 0.041 1.22 0.12
3a(US) 14 4 12 0.0026 0.039 1.66 0.17
3a(D/S) 16 5 16 0.0005 0.039 0.95 0.05

3b 10 4 12 0.0014 0.041 1.24 0.11

4 5 3 0.8 0.005 0.035 1.78 0.18

5a 44 6 19 0.0013 0.040 1.87 0.20

Shear Stress Approach

Shear stress is a commonly used tool for assessing channel stability. Allowable channel shear stresses
are a function of bed slope, channel shape, flows, bed material (shape, size, and gradation),
cohesiveness of bank materials, and vegetative cover. The shear stress approach compares calculated
shear stresses to those found in the literature. Shear stress is the force exerted on a boundary during
the resistance of motion as calculated using the following formula:

@ T1=yRS
T = shear stress (Ib/ft2)
v = specific gravity of water (62.4 Ib/ft3)
R = hydraulic radius (ft)
S = average channel slope (ft/ft)

Table 22. Comparison of Allowable and Proposed Shear Stresses
Allowable Shear Stress'

L0 CTEC TGRS Critical Shear Stress

Reach at Bankfullz Stage (Ibs/ft) Sand/Silt/Clay  Vegetation
(bs/ft’) (bs/ft?) (bs/ft?)

2 0.07 >0.003 0.03t00.26 0.2t00.95

3a (U/S) 0.15 >0.003 0.03to0 0.26 0.21t00.95
3a (D/S) 0.04 >0.003 0.03t00.26 0.2t00.95
3b 0.08 >0.003 0.03t00.26 0.2t00.95

4 0.15 >0.003 0.03t0 0.26 0.21t00.95

5a 0.08 >0.003 0.03 to 0.26 0.21t00.95

Y(Fischenich, 2001)

Review of the above table shows that the proposed shear stresses for the Muddy Run Il design
reaches fall between the critical shear stress (shear stress required to initiate motion) and the
allowable limits. Therefore, the proposed channel should remain stable.

Velocity Approach

Published data are readily available that provide entrainment velocities for different bed and bank
materials. A comparison of calculated velocities to these permissible velocities is a simple method to
aid in the verification of channel stability. Table 22 compares the proposed velocities calculated
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using Manning’s equation with the permissible velocities presented in the Stream Restoration Design
Handbook (NRCS, 2007).

Table 22. Comparison of Allowable and Proposed Velocities
Allowable Velocity1 (ft/s)

Manning’s “n”

Reach Design Velocity (ft/s)
value Fine Sand Coarse Sand
2 0.045 1.2 2.0 4.0
3a (U/S) 0.045 1.7 2.0 4.0
3a (D/S) 0.045 0.9 2.0 4.0
3b 0.045 1.3 2.0 4.0
4 0.045 1.6 2.0 4.0
5a 0.045 14 2.0 4.0

Y(NRCS, 2007)

Sediment Supply

In addition to the stability assessment, a qualitative analysis of sediment supply was performed by
characterizing watershed conditions. A combination of field reconnaissance and windshield surveys,
existing land use data, and historical aerial photography were analyzed to assess existing and past
watershed conditions and to determine if any changes occurred that would significantly impact
sediment supply. As discussed in Section 2.2.3, the land use throughout the site and watershed has
changed little since 1949; and current land use is composed of approximately 47% forest cover, 38%
cultivated land, 6% residential and 15% a mix of clear cut, CAFOs and pasture. Since 1949, there
have been two significant land disturbing events. One occurred between 1965 and 1987, when
forested areas near Reaches 3c and 5a were cleared and converted to agricultural land. The other
event occurred after 2010 when the forested area adjacent to Reach 3a and Wetland 1 was clear cut.
Overall, the project watershed is stable, is largely forested and all developed areas are located along
the edges of the watershed boundary. Land use has remained relatively constant within this rural
watershed, and significant land disturbing activities are not anticipated for the future.

A large percentage of the cultivated areas are located in the middle and lower portions of the project
watershed, adjacent to Reaches 3a and 5a. Observations and assessments of these reaches show no
signs of aggradation or degradation and that the streams are physically stable. Much of the
headwaters (Reaches 1 and 2) of the project area are a mix of forest and cultivation, where most of
the forested areas are found adjacent to and/or upstream of these reaches. These headwater reaches
along with Reaches 3c, 5b, and 6 also show no signs of aggradation or degradation. All of the
existing streams appear to be physically stable and show little to no signs of deposition, indicating
that the reaches are able to effectively transport the sediment supplied by their respective watersheds.
It is anticipated that sediment supply will decrease as buffers are enhanced and widened, and flow
from existing agricultural ditches will be diffused before entering the proposed channel. Since sand
bed streams are mobile and therefore more sensitive to changes in flow and sediment regimes, a
design approach has been used where the proposed channel is designed to maintain geometry and
handle stresses slightly greater than what will be applied under the design conditions. Additionally,
grade controls have been integrated throughout the design to provide vertical stability.

7.3.1.3 Hydraulic Analyses

Hydraulic evaluations were performed for the design reaches, the NC HWY 41 culvert, and the
proposed diversion structure on Reach 3a. These analyses were performed to confirm that the
restoration designs will convey the design discharge, provide more frequent overbank flooding, and
that significant structures will perform as designed.
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HEC-RAS Analysis

A hydraulic analysis was performed to confirm that the restoration design results in a channel that
will convey the design discharge and provide for frequent flooding of the adjacent riparian floodplain
and wetlands. Channel characteristics including cross-sectional dimension, slope, and roughness,
were used to analyze and adjust design parameters calculated by the analog/reference reach approach.

HEC-RAS was used to perform the hydraulic analysis. This model is a hydraulic model developed by
the US Army Corps of Engineers’ Hydrologic Engineering Center to perform one-dimensional (1-D)
steady and unsteady flow calculations. The model uses representative geometric data (cross-sections)
and hydraulic computation routines.

Design cross-sectional dimensions determined through the analog/reference reach approach were
evaluated using the 1-D steady flow analysis component and the channel design functions within the
HEC-RAS Model (Version 4.0.0). The cross-sectional dimensions for reaches 2, 3a, 3b, and 5a were
iteratively adjusted based on the model results to produce a channel design that will regularly flood
the adjacent riparian areas. Model results are presented in Appendix C. The results are organized by
reach, discharge, and STA number and include water surface elevation, velocity, flow area, stream
power, and shear stress.

Flow Diversion Structure

EPA SWMM was used to analyze flows and to model a diversion structure to be installed at the break
between Reaches 3a and 3b. EPA SWMM is a model that simulates the rainfall-runoff process and
evaluates the hydraulic capacity of storm water and river systems. It was selected due to its ability to
model a system of open channels, to model in-stream structures, and to account for routing effects of
the channel and overbank storage areas.

The proposed structure will convey 100 percent of baseflow and small storms to Reach 3b and to
subsequent downstream project reaches. Higher flows, approximately 70 percent of flows greater than
the 10-year storm event, will be diverted to the north and away from the project along the existing
flowpath of Reach 3a. See Table 23 for model results of the split flow analysis. Details of the flow
diversion structure are provided in Appendix D.

Table 24. Split Flow Analysis Results

25-yr Flow

2-yr Flow 10-yr Flow 100-yr Flow
Flow Path (cfs) (cfs) Goldsboro (cfs)
(cfs)
North (overflow) 16 76 120 253
West (Reach 3b) 14 37 54 78
West (% of total Flow) 47% 33% 31% 24%

NC HWY 41 Culvert

The NC HWY 41 crossing was modeled to verify that the culvert would function as designed given
the increase in drainage due to restoring flow to the historic drainage path along Reach 3b, an
increase from 583 (0.9 sqmi) acres to 889 acres (1.4 sqmi). HY-8, a hydraulic culvert analysis and
design model distributed by the FHWA, was used to analyze and model proposed flows at the NC
HWY 41 crossing.

The NC HWY 41 culvert hydraulic design report/analysis was obtained from the NCDOT
Sampson/Duplin County Bridge Maintenance group. Analysis of the report shows that a drainage area
of 1.4 mi® was used to design the culvert. This drainage area matches the total proposed drainage area
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for the Muddy Run 11 project as delineated on the Chinguapin, NC USGS 7.5-minute quadrangle;
therefore, the existing culvert appears to be sized to handle flows from the proposed project.

To confirm that the existing culvert will be able to handle project flows, HY-8 was used to model the
proposed flows generated from USGS regional regression equations for the rural Coastal Plain. The
NCDOT design storm for primary roads is the 50-year flow. Model results show that the culvert
capacity exceeds the USGS regional regression 50-year flow of 446 cfs, and the proposed 100-year
flow (accounts for high flows leaving system at proposed diversion structure) does not overtop NC
HWY 41. The NC HWY 41 culvert hydraulic design report and results from the culvert analysis and
are provided in Appendix C.

7.3.2 Wetland Data Analysis

7.3.2.1 Wetland Hydrologic Analysis

In general, hydrology of a small stream swamp wetland system is derived from seasonal or temporary
overbank flooding of the adjacent stream channel and seasonal high water table elevation controlled
by the stream water surface elevation. Many resources describe the duration and frequency of
flooding as highly inconsistent. As described by Schafale and Weakley (1990), small stream swamp
systems have highly variable flow regimes with floods of short duration and periods of very low flow;
however, smaller watersheds lead to a more variable flooding regime. Additionally, the influence of
channel overbank flow may vary seasonally to yearly in magnitude, duration, and frequency (WRP
Technical Note HY-EV-2.1, 1993). It may be anticipated that the majority of flooding of riverine
wetlands occurs during the winter months and the early portions of the growing season. Surface water
of riverine wetlands may be present for extended periods during the growing season and usually
greater than 14 consecutive days, but is typically absent by the end of the growing season in most
typical years (EPA, 2006). Field indicators of surface inundation include water-stained leaves, drift
lines and water marks on trees (EPA, 2006). In the absence of surface water, the water table is often
near the ground elevation.

Due to the direct relationship between stream flow and riverine wetland hydrology, the proposed
stream was designed to provide periodic overbank flow within the bounds of the proposed wetland.
Because of the expected inconsistent frequency of flooding, an analysis of hydrologic input was
performed to determine the ability of the smaller local watershed to sustain a positive water balance at
the proposed wetland restoration sites.

7.3.2.2 Wetland Water Balance

Runoff from the local watershed will also provide hydrologic input and will provide the opportunity
for nutrient and pollutant removal in these wetlands. The proposed wetland restoration consists of two
sites; one is located adjacent to the restoration Reach 3b, and the other is located adjacent to Reach 5.
To determine the general input to each proposed wetland from their local watershed in terms of
providing significant hydrology that is needed to sustain saturated conditions, a general water balance
analysis was performed.

In order to determine suitable hydrology for the proposed Wetland Creation/Enhancement Coastal
Plain Small Stream Swamp, existing hydrologic conditions were evaluated through a water balance
analysis. This water balance is a model for water depths and potential drawdown for the proposed
wetland construction and is used to determine the net hydrologic input to each proposed wetland. A
watershed approach was applied, and the methods outlined in Planning hydrology for constructed
wetlands (Pierce, 1993) were followed.
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The water balance presented in this report was determined from the following equation:
S=P+R-ET-1

Where S is storage, P is precipitation, R is runoff, ET is evapotranspiration, and | is infiltration
(Pierce, 1993). All values were calculated in acre inches per month. A positive storage indicates the
groundwater is expected to be within 12 inches of the surface. It is expected that regular occurrences
of overbank flooding will provide significant hydrologic input into these wetlands that is not shown
in these water balance calculations. The design allows for areas of ponding and inundation, but stream
elevations and site drainage prevent the ponding from being greater than 12 inches. The maximum
storage is limited because of the drainage, and the equation does not account for these losses, nor
allow monthly carryover of storage because it starts over each month. This type of water balance
estimates the months where a positive storage supports the proposed wetland hydrology. Each
component of the water balance was determined by the following criteria.

Precipitation

Daily precipitation data and temperature data from the Warsaw (COOP) weather station has been
compiled for a 28-year period of record from January 1, 1984 through September 31, 2012 (The
North Carolina State Climatologist http://www.nc-climate.ncsu.edu/; Attachment A). The Warsaw
Station was used, as it is the closest station to the site with a large portion of the records available.
Data was unavailable for a total of 18 months throughout the 330 months of record, primarily before
1996. Average monthly precipitation values were then calculated from these data and applied to the
water balance calculations.

Precipitation only calculates runoff from the small local watershed to the wetland restoration. The
larger drainage area encompassed by the adjacent channel is not evaluated, but will contribute
overbank flows to provide additional input to wetland hydrology.

Evapotranspiration

A long-term record of weather data for the area is missing or not collected. Daily precipitation and
temperature data from the Warsaw (COOP) weather station has been compiled for a 28-year period of
record from January 1, 1984 through September 31, 2012 (The North Carolina State Climatologist
http://www.nc-climate.ncsu.edu/). An alternative estimate for Evapotranspiration was calculated
based on daily temperatures using a method defined by Richard Allen, et al. (2006).

ET, = 0.0023(Tmean +17.8) (Tmax -Tmin )°°R,

Where;
ET, reference crop evapotranspiration [mm day-1]
Tmean daily mean air temperature [°C]
Tmax daily maximum air temperature [°C]
Tmin daily minimum air temperature [°C]
Ra extraterrestrial radiation [MJ m-2 day-1]

Values of R, for different latitudes are given in a table provided by the authors, where values “deviate
from values that are averaged over each day of the month by less than one percent for all latitudes
during non-frozen periods ...”

Runoff Calculations
Runoff onto the wetland creation/enhancement site was determined using the TR-55 Curve Number
Method as described by Pierce 1993. This was done by first determining the amount of rainfall
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required over a 24-hour period to produce runoff (Q) for the drainage area. Q is measured in inches of
rainfall. The drainage area was delineated using 7.5 Minute USGS topographic quadrangle for Drake,
North Carolina (Figure 2).

The value of Q for the drainage area was then subtracted from daily precipitation values over the
period of record. Those days that returned positive values (i.e. runoff occurred) were then summed to
return the total amount of runoff (R) produced within the watershed area. The equation for calculating
runoff is as follows:

0- (P, —0.25¥
(P, +0.85S)

s (1000)_ 10
CN

Where P, is the maximum rainfall occurring in a 24-hour period (over the period of record), CN is
the composite curve number, and S is the storage capacity of the soil. A composite curve was
calculated by subdividing the watershed with respect to soil hydrologic group and land use, then
determining the appropriate curve number for each subdivision using tables published by the USDA
(1986). The area and curve number were multiplied, summed and divided by the total watershed area
to calculate the composite curve number as described below.

N - >"(CN * SubdividedArea)
~ (WatershedArea)

By this method, the composite curve number for the proposed wetland creation/enhancement site was
81.1.

Pas
A 24-hour rainfall record was determined using precipitation data. The maximum
climatological-day precipitation over the 27-year period of record, excluding tropical storms,
occurred on June 6, 1994, with 6.6 inches of rainfall. No rainfall was recorded on June 5 or
June 7, 1994 and therefore the maximum adjacent-climatological-day precipitation is 6.6
inches.
P.4 = (max. climatological-day P) + .5(max. adjacent-climatological-day P)
P24 = (6.6 in) + 0.5(0.0 in)
P24 =6.61in
Runoff
2
o- (P, —0.25)
(P, +0.8S)

S

(1000)_ 10
CN
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Using this value, the runoff produced by each rain event was calculated by subtracting the
minimum 24-hour rainfall amount needed to produce runoff (Q) from the amount of
precipitation (P) on each day. Those events that return positive values (i.e. runoff occurred)
are then summed to return the amount of runoff (R) produced by each acre in the watershed.
These values are then averaged by month for the entire period to give the average monthly
runoff for the watershed. Once runoff values were calculated for the drainage area, it was
necessary to adjust these values to reflect the amount of water seen on the site as follows:

R = (Watershed Runoff) * (Watershed Area) / (Site Area)
Runoff for each wetland is summarized in Appendix C.

Infiltration

The proposed wetland creation/enhancement area is mapped as Rains and Goldsboro soil. Soil boring
in these areas indicates the soil is closer to Rains. The Rains mapping unit is poorly drained and has
loamy surface underlain by clayey subsoil found in lower landscape positions. The Goldsboro
mapping unit is moderately well drained and has loamy surface underlain by clayey subsoil found in
higher landscape positions.

Infiltration into the soil on the site was based upon the permeability range (0.0 to 0.05 in/hr) indicated
for hydrologic soil group D soils (USDA 1986). During months where the seasonal high water table
is above 12 inches, the infiltration was assumed to be negligible and was set to zero. The Rains soil
typically has a seasonal high water table from December through April ranging from zero to 12
inches in depth. Infiltration is calculated by converting permeability from centimeters per second
(cm/sec) to inches per month (in/mo). Infiltration is expected to be low or near zero during these
months, and was set at zero for the water balance Calculation.

Hydrograph

The calculated data has been compiled and a hydrograph has been plotted illustrating the monthly
average flow of water in and out of the proposed wetland construction area (Chart 5). These values
are represented in acre-inches. Results of this analysis indicate that there is a period of drawdown
during the months of April until November. These results also indicate that runoff and direct
precipitation will, in average years, provide adequate wetland hydrology during the early part of the
growing season in the wetland restoration area.
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Chart S. Wetland restoration hydrograph

Conclusions

This water balance analysis was conducted to evaluate the existing hydrology of the proposed
wetland restoration area and to determine if the proposed wetland design is appropriate for this site.
The modeling presented in this report indicates that there is sufficient hydrology at appropriate times
of the year to support wetland vegetation.

Field observations indicate that existing conditions of the proposed wetland restoration area include
hydric soils and proximity to the floodplain. These observations suggest that overbank flows from the
restored stream channel will play a significant role in overall site hydrology. However, without more
detailed data with regards to the fluctuating groundwater table, this information is unreliable and also
unpredictable. Therefore, conducting a water balance analysis assures a minimum water source to the
site. Based upon the channel design, it is expected that regular occurrences of overbank flooding will
provide significant hydrologic input into these wetlands that is not shown in these water balance
calculations.

7.4 Mitigation Summary

Natural channel design technigues have been used to develop the restoration designs described in this
document. The combination of the analog and analytical design methods was determined to be
appropriate for this project because the watershed is rural, the causes of disturbance are known and
have been abated, and there are minimal infrastructure constraints. The original design parameters
were developed from the measured analog/reference reach data and applied to the subject stream. The
parameters were then analyzed and adjusted through an iterative process using analytical tools and
numerical simulations of fluvial processes. The designs presented in this report provide for the
restoration of natural Coastal Plain sand-bed channel features and stream bed diversity to improve
benthic habitat. The proposed design will allow flows that exceed the design bankfull stage to spread
out over the floodplain, restoring a portion of the hydrology for the existing wetlands.

A large portion of the existing stream will be filled using material excavated from the restoration
channel and from the farm path built adjacent to the channel. However, many segments will be left
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partially filled to provide habitat diversity and flood storage. Native woody material will be installed
throughout the restored reach to reduce bank stress, provide grade control, and increase habitat
diversity.

Forested riparian buffers of at least fifty feet on both sides of the channel will be established along the
project reach. An appropriate riparian plant community, a Coastal Plain Small Stream Swamp -
Blackwater subtype community, will be established to include a diverse mix of species. Three zones
will be used depending upon expected hydrologic conditions. Replanting of native species will occur
where the existing buffer is impacted during construction.

Reductions in nutrients and other pollutants will be achieved with the buffer restoration work,
providing substantial benefits to the watershed. The proposed Muddy Run Il Mitigation Site is an
expansion of the ongoing Muddy Run mitigation project. This proposed restoration is hydrologically
connected. Wetlands WA and WB are proposed adjacent to the stream restoration of the Muddy Run
Il Mitigation Site. A water balance analysis indicates that adequate hydrology will be present.

8 MAINTENANCE PLAN

EBX shall monitor the site on a regular basis and shall conduct a physical inspection of the site a
minimum of once per year throughout the post-construction monitoring period until performance
standards are met. These site inspections may identify site components and features that require
routine maintenance. Routine maintenance should be expected most often in the first two years
following site construction and may include the following:

Component/Feature Maintenance through project close-out
Routine channel maintenance and repair activities may include
chinking of in-stream structures to prevent piping, securing of loose
coir matting, and supplemental installations of live stakes and other
target vegetation along the channel. Areas where stormwater and
floodplain flows intercept the channel may also require
maintenance to prevent bank failures and head-cutting.
Routine wetland maintenance and repair activities may include
securing of loose coir matting and supplemental installations of live
Wetland stakes and other target vegetation within the wetland. Areas where
stormwater and floodplain flows intercept the wetland may also
require maintenance to prevent scour.
Vegetation shall be maintained to ensure the health and vigor of the
targeted plant community. Routine vegetation maintenance and
repair activities may include supplemental planting, pruning,
mulching, and fertilizing. Exotic invasive plant species shall be
controlled by mechanical and/or chemical methods. Any vegetation
control requiring herbicide application will be performed in
accordance with NC Department of Agriculture (NCDA\) rules and
regulations.
Site boundaries shall be identified in the field to ensure clear
distinction between the mitigation site and adjacent properties.
Boundaries may be identified by fence, marker, bollard, post, tree-
blazing, or other means as allowed by site conditions and/or
conservation easement. Boundary markers disturbed, damaged, or
destroyed will be repaired and/or replaced on an as-needed basis.
Road crossings within the site may be maintained only as allowed
Road Crossing by Conservation Easement or existing easement, deed restrictions,
rights of way, or corridor agreements.

Stream

Vegetation

Site Boundary
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9 PERFORMANCE STANDARDS

The success criteria for the Muddy Run |1 Site stream restoration will follow accepted and approved
success criteria presented in the USACE Stream Mitigation Guidelines and subsequent NCEEP and
agency guidance. Specific success criteria components are presented below.

9.1 Stream Restoration Success Criteria

9.1.1 Bankfull Events

Two bankfull flow events must be documented within the seven-year monitoring period. The two
bankfull events must occur in separate years. Otherwise, the stream monitoring will continue until
two bankfull events have been documented in separate years.

9.1.2 Cross Sections

There should be little change in as-built cross-sections. If changes do take place, they should be
evaluated to determine if they represent a movement toward a less stable condition (for example
down-cutting or erosion), or are minor changes that represent an increase in stability (for example
settling, vegetative changes, deposition along the banks, or decrease in width/depth ratio). Cross-
sections shall be classified using the Rosgen stream classification method, and all monitored cross-
sections should fall within the quantitative parameters defined for channels of the design stream type.

9.1.2.1 Digital Image Stations

Digital images will be used to subjectively evaluate channel aggradation or degradation, bank erosion,
success of riparian vegetation, and effectiveness of erosion control measures. Longitudinal images
should not indicate the absence of developing bars within the channel or an excessive increase in
channel depth. Lateral images should not indicate excessive erosion or continuing degradation of the
banks over time. A series of images over time should indicate successional maturation of riparian
vegetation.

9.2 Wetland Success Criteria

The NRCS does not have a current WETS table for Duplin County upon which to base a normal
rainfall amount and average growing season. The closest comparable data was determined to be from
Sampson County. The growing season for Sampson County is 242 days long, extending from March
17 to November 14, and is based on a daily minimum temperature greater than 28 degrees Fahrenheit
occurring in five of ten years.

Because of the surface roughing and shallow depressions, a range of hydroperiods are expected. The
water balance indicates that the site will have a positive water balance in the early part of the growing
season for four to five weeks, on average. The hydrology success criterion for the site is to restore the
water table at the site so that it will remain continuously within 12 inches of the soil surface for at
least nine percent of the growing season (approximately 22 days) at each groundwater gauge location
during normal rainfall years. Overbank flooding events will provide additional inputs that may extend
the hydroperiod in some years.

Gauge data will be compared to reference wetland well data in growing seasons with less than normal
rainfall. In periods of low rainfall, if a restoration gauge hydroperiod exceeds the reference gauge
hydroperiod, and both exceed five percent of the growing season, then the gauge will be deemed
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successful. If a gauge location fails to meet these success criteria in the five year monitoring period,
then monitoring may be extended, remedial actions may be undertaken, or the limits of wetland
restoration will be determined.

9.3 Vegetation Success Criteria

Specific and measurable success criteria for plant density within the riparian buffers on the site will
follow NCEEP Guidance. Vegetation monitoring plots will be a minimum of 0.02 acres in size, and
cover a minimum of two percent of the planted area. Vegetation monitoring will occur annually in the
fall of each year. The interim measures of vegetative success for the site will be the survival of at
least 320 three-year old trees per acre at the end of Year 3, 260 five-year old trees at the end of Year
5, and the final vegetative success criteria will be 210 trees per acre at the end of Year 7.

9.4 Scheduling/Reporting

A mitigation plan and as-built drawings documenting stream restoration activities will be developed
within 60 days of the planting completion on the mitigation site. The report will include all
information required by NCEEP mitigation plan guidelines, including elevations, photographs and
sampling plot locations, gauge locations, and a description of initial species composition by
community type. The report will also include a list of the species planted and the associated densities.
Baseline vegetation monitoring will follow CVS-NCEEP Protocol for Recording Vegetation Version
4.0. Level 1 and Level 2 monitoring will be conducted. The baseline report will follow Baseline
Monitoring Report Template and Guidance version 2.0 (10/14/10).

The monitoring program will be implemented to document system development and progress toward
achieving the success criteria. The restored stream morphology will be assessed to determine the
success of the mitigation. The monitoring program will be undertaken for five years or until the final
success criteria are achieved, whichever is longer.

Monitoring reports will be prepared in the fall of each year of monitoring and submitted to NCEEP.
The monitoring reports will include all information, and be in the format required by NCEEP in
Version 2.0 of the NCEEP Monitoring Report Template.

10 MONITORING REQUIREMENTS

Annual monitoring data will be reported using the EEP monitoring template. The monitoring report
shall provide a project data chronology that will facilitate an understanding of project status and
trends, population of EEP databases for analysis, research purposes, and assist in decision making
regarding project close-out. The success criteria for the Muddy Run Il Site stream mitigation will
follow current accepted and approved success criteria presented in the USACE Stream Mitigation
Guidelines, NCEEP requirements, and subsequent agency guidance. Specific success criteria
components are presented in Table 25. Monitoring reports will be prepared annually and submitted to
EEP.
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Table 25. Monitoring Requirements

Required | Parameter Quantity Frequency | Notes

Pattern As per April 2003 USACE Baseline Additional surveys will be
Wilmington District Stream performed if monitoring indicates
Mitigation Guidelines instability or significant channel

migration

Dimension As per April 2003 USACE Baseline, Surveyed cross sections and bank
Wilmington District Stream Years pins
Mitigation Guidelines 1,2,3,5,

and 7

Profile As per April 2003 USACE Baseline Additional surveys will be
Wilmington District Stream performed if monitoring indicates
Mitigation Guidelines instability

Surface Water | As per April 2003 USACE Annual Crest Gauges and/or Pressure

Hydrology Wilmington District Stream Transducers will be installed on
Mitigation Guidelines site; the devices will be inspected

on a quarterly/semi-annual basis to
document the occurrence of
bankfull events on the project

Groundwater Annual Groundwater monitoring gauges
Hydrology with data recording devices will be
installed on site; the data will be
downloaded on a quarterly basis
during the growing season

Vegetation Annual Vegetation will be monitored using
the Carolina Vegetation Survey
(CVS) protocols

Exotic and Annual Locations of exotic and nuisance
Nuisance vegetation will be mapped
Vegetation
Project Semi- Locations of fence damage,
Boundary annual vegetation damage, boundary
encroachments, etc. will be mapped
Stream Visual Annual Semi-annual visual assessments
Wetland Annual Semi-annual visual assessments
Visual

10.1 As-Built Survey

An as-built survey will be conducted following construction to document channel size, condition, and
location. The survey will include a complete profile of Thalweg, water surface, bankfull, and top of
bank to compare with future geomorphic data. Longitudinal profiles will not be required in annual
monitoring reports unless requested by NCEEP or USACE. Stream channel stationing will be marked
with stakes placed near the top of bank every 100 feet.

10.2 Visual Monitoring

Visual monitoring of all mitigation areas will be conducted a minimum of twice per monitoring year
by qualified individuals. The visual assessments will include vegetation density, vigor, invasive
species, and easement encroachments. Visual assessments of stream stability will include a complete
streamwalk and structure inspection. Digital images will be taken at fixed representative locations to
record each monitoring event as well as any noted problem areas or areas of concern. Results of
visual monitoring will be presented in a plan view exhibit with a brief description of problem areas
and digital images. Photographs will be used to subjectively evaluate channel aggradation or
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degradation, bank erosion, success of riparian vegetation, and effectiveness of erosion control
measures. Longitudinal photos should indicate the absence of developing bars within the channel or
an excessive increase in channel depth. Lateral photos should not indicate excessive erosion or
continuing degradation of the banks over time. A series of photos over time should indicate
successional maturation of riparian vegetation.

10.3 Cross Sections

Permanent cross-sections will be installed at a minimum of one per 20 bankfull widths with half in
pools and half in shallows. All cross-section measurements will include bank height ratio and
entrenchment ratio. Cross-sections will be monitored annually. There should be little change in as-
built cross-sections. If changes do take place, they should be evaluated to determine if they represent
movement toward a less stable condition (for example down-cutting or erosion), or are minor changes
that represent an increase in stability (for example settling, vegetative changes, deposition along the
banks, or decrease in width/depth ratio). Bank height ratio shall not exceed 1.2, and the entrenchment
ratio shall be no less than 2.2 within restored reaches. Channel stability should be demonstrated
through a minimum of two bankfull events documented in the seven-year monitoring period.

10.4 Bank Pin Arrays

Bank pin arrays will be used as a supplemental method to monitor erosion on selected meander bends
where there is not a cross section. Bank pin arrays will be installed along the outer bend and upstream
third and downstream third of the meander. Bank pins will be installed just above the water surface
and every two feet above the lowest pin. Bank pin exposure will be recorded at each monitoring
event, and the exposed pin will be driven flush with the bank.

10.5 Surface Flow

Headwater valley restoration areas will be monitored to document intermittent or seasonal surface
flow. This will be accomplished through direct observation, photo documentation of dye tests, and
surface flow gauges.

10.6 Wetland Hydrology

Wetland hydrology will be monitored to document hydric conditions in the wetland restoration
areas. This will be accomplished with automatic recording pressure transducer gauges installed in
representative locations across the restoration areas and reference wetland. The gauges will be
downloaded quarterly and wetland hydroperiods will be calculated during the growing season. Gauge
installation will follow current regulatory and EEP guidance. Visual observations of primary and
secondary wetland hydrology indicators will also be recorded during quarterly site visits.

10.7 Vegetative Success Criteria

Vegetative monitoring success criteria for plant density within the riparian buffers on the site will
follow NCEEP Guidance dated 7 November 2011. Vegetation monitoring plots will be a minimum of
0.02 acres in size, and cover a minimum of two percent of the planted area. The following data will
be recorded for all trees in the plots: species, height, planting date (or volunteer), and grid location.
Monitoring will occur each year during the monitoring period. The interim measures of vegetative
success for the site will be the survival of at least 320 3-year old trees per acre at the end of Year 3
and 260 5-year old trees per acre at the end of Year 5. The final vegetative success criteria will be the
survival of 210 trees per acre at the end of Year 7 of the monitoring period.
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Invasive and noxious species will be monitored and controlled so that none become dominant or alter
the desired community structure of the site. If necessary, EBX will develop a species-specific control
plan.

10.8 Remedial Actions

The Mitigation Plan will include a detailed adaptive management plan that will address how potential
problems are resolved. In the event that the site, or a specific component of the site, fails to achieve
the defined success criteria, EBX will develop necessary adaptive management plans and/or
implement appropriate remedial actions for the site in coordination with NCEEP and the review
agencies. Remedial action required will be designed to achieve the success criteria specified
previously, and will include identification of the causes of failure, remedial design approach, work
schedule, and monitoring criteria that will take into account physical and climatic conditions.

11 LONG-TERM MANAGEMENT PLAN

Upon approval for closeout by the Interagency Review Team (IRT), the site will be transferred to the
State of North Carolina (State). The State shall be responsible for periodic inspection of the site to
ensure that restrictions required in the conservation easement or the deed restriction document(s) are
upheld. Endowment funds required to uphold easement and deed restrictions shall be negotiated prior
to site transfer to the responsible party.

The NCDENR Division of Natural Resource Planning and Conservation’s Stewardship Program
currently houses EEP stewardship endowments within the non-reverting, interest-bearing
Conservation Lands Stewardship Endowment Account. The use of funds from the Endowment
Account is governed by North Carolina General Statute GS 113A-232(d)(3). Interest gained by the
endowment fund may be used only for the purpose of stewardship, monitoring, stewardship
administration, and land transaction costs, if applicable. The NCDENR Stewardship Program intends
to manage the account as a non-wasting endowment. Only interest generated from the endowment
funds will be used to steward the compensatory mitigation sites. Interest funds not used for those
purposes will be re-invested in the Endowment Account to offset losses due to inflation.

12 ADAPTIVE MANAGEMENT PLAN

Upon completion of site construction, EEP will implement the post-construction monitoring protocols
previously defined in this document. Project maintenance will be performed as described previously
in this document. If, during the course of annual monitoring, it is determined that the site’s ability to
achieve site performance standards are jeopardized, EEP will notify the USACE of the need to
develop a Plan of Corrective Action. The Plan of Corrective Action may be prepared using in-house
technical staff or may require engineering and consulting services. Once the Corrective Action Plan is
prepared and finalized EEP will:
1. Notify the USACE as required by the Nationwide 27 permit general conditions.
2. Revise performance standards, maintenance requirements, and monitoring requirements as
necessary and/or required by the USACE.
3. Obtain other permits as necessary.
4. Implement the Corrective Action Plan.
5. Provide the USACE a Record Drawing of Corrective Actions. This document shall depict the
extent and nature of the work performed.
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13 FINANCIAL ASSURANCES

Pursuant to Section IV H and Appendix Il of the Ecosystem Enhancement Program's In-Lieu Fee
Instrument dated July 28, 2010, the North Carolina Department of Environment and Natural
Resources has provided the U.S. Army Corps of Engineers Wilmington District with a formal
commitment to fund projects to satisfy mitigation requirements assumed by EEP. This commitment
provides financial assurance for all mitigation projects implemented by the program.
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I, CHRISTOPHER K. PADERICK, PROFESSIONAL [AND SURVEYOR
NO. 4189, CERTIFY THAT THIS SURVEY IS OF ANOTHER
CATEGORY. TO WIT; AN EASEMENT SURVEY.

L—4189

STATE OF NORTH CAROLINA

A CHRISTOPHER K. PADERICK , CERTIFY THAT THIS
PLAT WAS DRAWN UNDER MY SUPERVISION FROM AN ACTUAL
SURVEY MADE UNDER MY SUPERVISION; (DEED DESCRIPTION
RECORDED IN MAP & DEED BOOKS NOTED); THAT THE
BOUNDARIES NOT SURVEYED ARE CLEARLY INDICATED AS DRAWN
FROM INFORMATION REFERENCED HEREON; THAT THE RATIO

OF PRECISION AS CALCULATED IS 1: 10,000+; THAT THIS PLAT
WAS PREPARED IN ACCORDANCE WITH G.S. 47-30 AS
AMENDED. WITNESS MY ORIGINAL SIGNATURE, REGISTRATION
NUMBER AND SEAL THIS _7TH_ DAY OF _JANUARY , AD.,
2013

DUPLIN COUNTY

L—4189

"PRELIMINARY PLAT”
NOT FOR SALES, CONVEYANCES,

l, , REVIEW OFFICER OF
DUPLIN _ COUNTY, CERTIFY THAT THE MAP OR PLAT TO
WHICH THIS CERTIFICATION IS AFFIXED MEETS ALL STATUTORY

REQUIREMENTS FOR RECORDING.

OR RECORDATION.

JESSE D. WOOD
MARY A. WOOD
PROPERTY
(SHEET 8 OF 13)

PROPERTY
(SHEET 9 OF 13)

J SN o B, HILL

PROPERTY
(SHEET 5 OF 13)
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PROPERTY
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7 PROPERTY (SHEET 10 OF 13)
(SHEET 7 OF 13) \
= —— \
EBX—NEUSE 1, LLC. /

MICHAEL C. LANIER -7

—
- A

JOHNNY A. FUTREAL
PROPERTY
[/ «m:mﬂ 11 OF 13)

JOHNNY A. FUTREAL

PROPERTY

(SHEET 11 OF 13)
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THOMAS J. HOLLAND

EDITH B. HILL
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CONSERVATION EASEMENT
SURVEY FOR

THE STATE OF NORTH CAROLINA

NCEEP RFP #16—-0041

o1

NCEEP PROJECT #XXXXX
NCEEP PROJECT NAME: MUDDY RUN 2

CYPRESS CREEK TOWNSHIP
DUPLIN COUNTY, NC
350" 175’ 0 350’

JANUARY 7, 2013
17 = 350’

700’

i —

GRAPHIC SCALE

REVIEW OFFICER

DATE
FILED FOR REGISTRATION ,
2013. : _M
PLAT CABINET __________, PAGE

REGISTER OF DEEDS
DUPLIN COUNTY

JAMES A. HATCHER
CARLTON R. HATCHER
FORREST C. HATCHER
JENNIFER J. KOPANSKI

DB 1530, PG 728

MB 4, PG 23

(SHEET 12 OF 13)

1820

VICINITY MAP

(NOT TO SCALE)

NOTE:

1. ACCESS TO EASEMENT SHALL BE THROUGH
NEIGHBORING TRACTS.

-—
-\'l\\ l/
- /
- =N\
\\\l AN
——\ N
- PATRICIA M. RILEY AN

DB 1161, PG 145
(SHEET 13 OF 13)

LEGEND

ADJOINING PROPERTY LINE
EASEMENT LINE
EASEMENT/BOUNDARY LINE

East

MATRIX EAST, PLLC
PROFESSIONAL LAND SURVEYORS

906 N. QUEEN ST., SUITE A KINSTON, NC 28501
TEL: 252-522-2500 FAX: 252-522-4747

SHEET 1 OF 13

FIRM LIC. # P—-0221 EMAIL: surveyor@matrixeast.net
DRAWN BY: CKP PROJECT NO.: 20110047
SURVEYED BY: LDL/CCK DATE: 1/7/2013

SCALE: 1" = 350° DRAWING NAME: INDEX—MR2




Q
N
N\
N\
VICINITY MAP
(NOT TO SCALE)

LINE TABLE
LINE BEARING LENGTH
L—1 N 59°00’12" E 66.13°
L=2 S 535033 E 111.46°
L=3 S 47'34'13” E 246.76°
L—4 S 850703 E 1.73’
L=5 S 850703 E 20.06°
L-6 S 4248°14” w 16.92°
L=7 N 31°0023" W 16.48°
L-8 S 4248°14” w 15.69’
L-9 S 58'14°06” w 43.80°
L-10 N 483123" W 198.40’
L-11 N 41°53°51" W 51.52°
L—12 N 60°26°01" W 44.45°
L-13 N 51°26°07" W 88.77
L—14 S 56'49°'11" W 3,306.77°
L-15 S 4248°14” w 12.53°

EASEMENT CORNER COORDINATE TABLE

# NORTHING EASTING
75 | 396,310.6546" | 2,359,397.8065’
76 | 396,244.8949° | 2,359,487.7960°

77 | 396,078.4068’
78 | 396,078.2598’
79 | 396,276.5977’

2,359,669.9331°
2,359,671.6544°
2,359,341.1185°

80 | 396,221.2587" | 2,359,410.5283’
81 | 396,199.3252" | 2,359,449.1910’
82 | 396,160.9778" | 2,359,483.5951°

83 | 396,029.5716’
84 | 396,052.6282’
85 | 396,064.1389" | 2,359,680.1412’
86 | 396,076.5528" | 2,359,691.6381°

(COORDINATES ARE GROUND COORDINATES
RELATIVE TO NCGSM "HATCHER 1974")

2,359,632.2435°
2,359,669.4808°

I, CHRISTOPHER K. PADERICK, PROFESSIONAL LAND SURVEYOR
NO. 4189, CERTIFY THAT THIS SURVEY IS OF ANOTHER
CATEGORY. TO WIT; AN EASEMENT SURVEY.

L—4189

STATE OF NORTH CAROLINA DUPLIN COUNTY

A CHRISTOPHER K. PADERICK , CERTIFY THAT THIS
PLAT WAS DRAWN UNDER MY SUPERVISION FROM AN ACTUAL
SURVEY MADE UNDER MY SUPERVISION; (DEED DESCRIPTION
RECORDED IN MAP & DEED BOOKS NOTED); THAT THE
BOUNDARIES NOT SURVEYED ARE CLEARLY INDICATED AS DRAWN
FROM INFORMATION REFERENCED HEREON; THAT THE RATIO

OF PRECISION AS CALCULATED IS 1: 10,000+; THAT THIS PLAT
WAS PREPARED IN ACCORDANCE WITH G.S. 47-30 AS
AMENDED. WITNESS MY ORIGINAL SIGNATURE, REGISTRATION
NUMBER AND SEAL THIS _7TH DAY OF _JANUARY , AD.,
2013

L—4189

NC GEODETIC SURVEY MONUMENT
REFERENCE TABLE

FROM: “BROWN 1974"

TO: “HATCHER 1974”

N=395,131.0634’ N=398,054.6107’

=2,357,379.5569°

=2,362,255.4002"

A GRID BEARING GRID DISTANCE

N 59°03'11" E

5,685.1541" (GRID)
s 5,685.86" (MEASURED)

\
~ olv

NCGSM "HATCHER 1974”
N=398,054.6107"
E=2,362,255.4002°

(NAD 83/2001)

NAD 83(2001)
\
\

7 10 \/V@/\ / \\\ N
\\\ \o.\a -7 / P
- X/O Prd . et
g - e \
\\\ \\ \\\ /
\\ \ oao/\/ \\ / 1 //
\\ - @N\\ / /

DB 1145, PG 194

TRI-COUNTY ASSEMBLY OF GOD, INC. /
MB 10, PG 21

N
S
N
N=396,244.8949° )
m/ne —2,359,487.7960° / )

\ \  TRI-COUNTY ASSEMBLY OF GOD, INC. /
\ DB 1145, PG 191

/ MB 10, PG 21 \
\

NS

%

~
JIM SMITH

DB 908, PG 765

0

"PRELIMINARY PLAT” /

NOT FOR SALES, CONVEYANCES,
OR RECORDATION.

AULINE L. SMITH
WORTH L. LANDEN
DB 656, PG 471

CONSERVATION EASEMENT
SURVEY OF

TRI-—COUNTY L.m.mﬂim:\ 0\.||06bb INC., PROPERTY

FOR THE STATE OF NORTH CAROLINA
S.P.O. FILE #XX—X

THE

/, , REVIEW OFFICER OF
DUPLIN __ COUNTY, CERTIFY THAT THE MAP OR PLAT TO
WHICH THIS CERTIFICATION IS AFFIXED MEETS ALL STATUTORY

REQUIREMENTS FOR RECORDING.

REVIEW OFFICER

ADJOINING PROPERTY LINE
EASEMENT LINE
EASEMENT/BOUNDARY LINE

DATE
FILED FOR REGISTRATION ,
2013 ___:  _ M
PLAT CABINET , PAGE
REGISTER OF DEEDS
DUPLIN COUNTY
LEGEND
EIS = EXISTING IRON STAKE
EIP = EXISTING IRON PIPE
O = NO POINT SET
(TL) = TIE LINE
(CC) = CONTROL CORNER
NCGSM = NC GRID SURVEY MONUMENT
—72— = NOT TO SCALE

FLOOD STATEMENT

THIS PROPERTY IS LOCATED IN ZONE *_X "

AND IS NOT WITHIN A SPECIAL FLOOD HAZARD
AREA, AS DETERMINED BY NFIP RATE MAP

DATED _FEBRUARY 16, 2006 : COMMUNITY PANEL
NUMBER _370083-3348—J -

NOTES:

1.
2.

3.

COMBINED FACTOR IS 0.99989904.

ALL DISTANCES ARE HORIZONTAL GROUND
MEASUREMENTS IN FEET & DECIMALS THEREOF,
UNLESS OTHERWISE NOTED.

ACCESS TO EASEMENT SHALL BE THROUGH
NEIGHBORING TRACT.

NCEEP RFP #16—-004101
NCEEP PROJECT #XXXXX
NCEEP PROJECT NAME: MUDDY RUN 2

CYPRESS CREEK TOWNSHIP

ACREAGE DATA
(BY COMPUTER)

AREA 1 0.549 AC+
AREA 2 0.003 ACt

TOTAL = 0.552 AC+

JANUARY 7, 2013

viXx
ok

East

906 N. QUEEN ST., SUITE A
TEL: 252-522-2500

MATRIX EAST, PLLC
PROFESSIONAL LAND SURVEYORS

KINSTON, NC 28501
FAX: 252-522-4747

SOURCE OF TITLE
DB 1145, PG 194

DUPLIN COUNTY, NC

FIRM LIC. # P—0221

EMAIL: surveyor@matrixeast.net

50’ 25’ 0 50’ 100’ DB 1145, PG 191

MB 10, PG 21

i —

GRAPHIC SCALE SHEET 2 OF 13

DRAWN BY: CKP/INM PROJECT NO.: 20110047
SURVEYED BY: LDL/CCK DATE: JANUARY 7, 2013
SCALE: 1" = 50 DRAWING NAME: TRI-COUNTY




A , REVIEW OFFICER OF
DUPLIN _ COUNTY, CERTIFY THAT THE MAP OR PLAT TO
WHICH THIS CERTIFICATION IS AFFIXED MEETS ALL STATUTORY

REQUIREMENTS FOR RECORDING.

REVIEW OFFICER

ADJOINING PROPERTY LINE
EASEMENT LINE
EASEMENT/BOUNDARY LINE

DATE
FILED FOR REGISTRATION ,
2013. : _M
PLAT CABINET , PAGE
REGISTER OF DEEDS
DUPLIN COUNTY
LEGEND
EIS = EXISTING IRON STAKE
EIP = EXISTING IRON PIPE
O = NO POINT SET
® = NEW IRON STAKE & CAP
(TL) = TIE LINE
(CC) = CONTROL CORNER
NCGSM = NC GRID SURVEY MONUMENT
—ZZ— = NOT TO SCALE

FLOOD STATEMENT

THIS PROPERTY IS LOCATED IN ZONE “_Xx ”

AND IS NOT WITHIN A SPECIAL FLOOD HAZARD
AREA, AS DETERMINED BY NFIP RATE MAP

DATED _FEBRUARY 16, 2006 : COMMUNITY PANEL
NUMBER _370083-3348—J -

LINE TABLE
LINE BEARING LENGTH
L—1 N 59°00°30" E 64.48’
L=2 S 51°26'07" E 88.78°
L=3 S 60°26'01" E 44.45’
L—4 S 41°53'51” E 51.52°
L=5 S 48'31'23" E 198.40°
L-6 S 47°33'00" E 274.43’
L=7 S 4801'00” W 26.14°
L-8 N 49°04°52" W 22.82°
L-9 N 44°07°34" W 119.68’
L-10 N 70°27°23" W 95.36’
L-11 N 54'40°06" w 26.05°
L-12 N 4827°27" W 86.20°
L-13 N 48'58°55" W 106.34’
L—14 N 5040°18" W 223.68’
L-15 S 47°36'05" W 3,277.94°
L-16 S 58'14'06” W 43.80°

I, CHRISTOPHER K. PADERICK, PROFESSIONAL LAND SURVEYOR
NO. 4189, CERTIFY THAT THIS SURVEY IS OF ANOTHER
CATEGORY. TO WIT; AN EASEMENT SURVEY.

L—4189

STATE OF NORTH CAROLINA

A CHRISTOPHER K. PADERICK , CERTIFY THAT THIS
PLAT WAS DRAWN UNDER MY SUPERVISION FROM AN ACTUAL
SURVEY MADE UNDER MY SUPERVISION; (DEED DESCRIPTION
RECORDED IN MAP & DEED BOOKS NOTED); THAT THE
BOUNDARIES NOT SURVEYED ARE CLEARLY INDICATED AS DRAWN
FROM INFORMATION REFERENCED HEREON; THAT THE RATIO

OF PRECISION AS CALCULATED IS 1: 10,000+; THAT THIS PLAT
WAS PREPARED IN ACCORDANCE WITH G.S. 47-30 AS
AMENDED. WITNESS MY ORIGINAL SIGNATURE, REGISTRATION
NUMBER AND SEAL THIS _7TH DAY OF _JANUARY , AD.,
2013

DUPLIN COUNTY

L—4189

R
7
Pid EASEMENT CORNER COORDINATE TABLE
s # NORTHING EASTING
- 79 | 396,276.6015" | 2,359,341.1137"
80 | 396,221.2587" | 2,359,410.5283"
ol 81 | 396,199.3252" | 2,359,449.1910°
82 | 396,160.9778" | 2,359,483.5951°
83 | 396,029.5716" | 2,359,632.2435°
\ 87 | 396,243.4007° | 2,359,285.8399°
/ 88 | 396,101.6423" | 2,359,458.8595°
\ \4,2 89 | 396,031.8545° | 2,359,539.0902°
x 90 | 395,974.6855" | 2,359,603.6114°
P 91 | 395959.6211° | 2,359,624.8626°
92 | 395,927.7196" | 2,359,714.7327
R 93 | 395,841.8086" | 2,359,798.0619’ 1879
94 | 395,826.8613" | 2,359,815.3061°
/ 95 | 395,844.3457" | 2,359,834.7359°

7
NAD 83(2001)

TRI-COUNTY ASSEMBLY OF GOD, INC. /
DB 1145, PG 194
MB 10, PG 21

JIM SMITH
DB 908, PG 765
N\

AULINE L. SMITH
WORTH L. LANDEN
DB 656, PG 471

<
2
&

)

"PRELIMINARY PLAT”
NOT FOR SALES, CONVEYANCES,
OR RECORDATION.

//

«/

/n/
AN

JIM SMITH
DB 908, PG 765

CONSERVATION EASEMENT \

SURVEY OF — ,

THE JIM SMITH PROPERTY e

FOR THE STATE OF NORTH CAROLINA

S.P.O. FILE #XX-X
NCEEP RFP #16—-004101
NCEEP PROJECT #XXXXX
NCEEP PROJECT NAME: MUDDY RUN 2

ACREAGE DATA
(BY COMPUTER)

\ (COORDINATES ARE GROUND COORDINATES
RELATIVE TO NCGSM "HATCHER 1974")

0.766 AC+
CYPRESS CREEK TOWNSHIP JANUARY 7, 2013

DUPLIN COUNTY, NC 1” = 50 SOURCE OF TITLE

50° 25° 0 50’ 100’ DB 908, PG 765

i —

GRAPHIC SCALE

SHEET 3 OF 13

1820

\J
A
"\’

VICINITY MAP

(NOT TO SCALE)

NC GEODETIC SURVEY MONUMENT
REFERENCE TABLE

FROM: “BROWN 1974” TO: “HATCHER 1974”

N=395,131.0634’ N=398,054.6107’
E=2,357,379.5569’ E=2,362,255.4002'
GRID DISTANCE

5,685.1541° (GRID)
5,685.86" (MEASURED)

GRID BEARING
N 59°03°11" E

NCGSM °HATCHER 1974"
N=398,054.6107"
E=2,362,255.4002°

(NAD 83/2001)

G N=395,844.3457’
E=2,359,834.7359’

@
N
&2
AULINE L. SMITH
WORTH L. LANDEN
DB 656, PG 471 NOTES:

1. COMBINED FACTOR IS 0.99989904.

2. ALL DISTANCES ARE HORIZONTAL GROUND
MEASUREMENTS IN FEET & DECIMALS THEREOF,
UNLESS OTHERWISE NOTED.

3. ACCESS TO EASEMENT SHALL BE THROUGH
NEIGHBORING TRACT.

MATRIX EAST, PLLC
PROFESSIONAL LAND SURVEYORS

906 N. QUEEN ST., SUITE A KINSTON, NC 28501
TEL: 252-522-2500 FAX: 252-522-4747

East

FIRM LIC. # P—-0221 EMAIL: surveyor@matrixeast.net

DRAWN BY: CKP/INM PROJECT NO.: 20110047

SURVEYED BY: LDL/CCK DATE: JANUARY 7, 2013

SCALE: 1" = 50 DRAWING NAME: JIM SMITH




L . REVIEW OFFICER OF 3 / EASEMENT CORNER COORDINATE TABLE
DUPLIN _ COUNTY, CERTIFY THAT THE MAP OR PLAT TO 2 /mw \ # NORTHING EASTING # NORTHING EASTING
WHICH THIS CERTIFICATION IS AFFIXED MEETS ALL STATUTORY = \ 2 \ ; ; ; ;
REQUIREMENTS FOR RECORDING. 2 N\ =2 - \// 23 | 395,253 Ewm. m.u%.wmo.%oﬂ 101 | 395, dﬁﬂm. m.umm.mmm.mumm.
= =Y \ . 24 | 395,323.9683" | 2,360,954.9745° || 102 | 395,267.9534° | 2,360,893.4933
P2 / % \W@v \ - 25 | 395,438.3968° | 2,360,930.8609° || 103 | 395,265.1029° | 2,360,641.0211°
% 2%\ ° @;Na \ \ / 83 | 396,029.5716° | 2,359,632.2435" || 104 | 395,255.6629’ | 2,360,480.7287°
REVIEW OFFICER \mvm)awa \ Am,&np / - \ 84 | 396,052.6282° | 2,359,669.4808° || 105 | 395,269.4079° | 2,360,423.9623
\ 85 | 396,064.1389° | 2,359,680.1412° || 106 | 395,440.0257’ | 2,360,228.1283’
/ 86 | 396,076.5528’ | 2,359,691.6381° || 107 | 395,547.7114’ | 2,360,098.7095°
DATE \ 94 | 395,826.8613" | 2,359,815.3061° || 108 | 395,605.7725" | 2,360,058.2444’
\ 95 | 395,844.3457° | 2,359,834.7359° || 109 | 395,710.4415’ | 2,360,160.2200°
/ 96 | 396,071.0681° | 2,359,755.8454° || 110 | 395,655.8800° | 2,360,243.6807°
97 | 395,929.4563° | 2,359,944.1961° || 111 | 395,510.8400° | 2,360,473.0674°
\ \ 98 | 395,809.9054° | 2,360,091.3421° || 112 | 395,426.4096° | 2,360,576.2514°
FILED FOR REGISTRATION , 99 | 395,731.9259° | 2,360,139.2702° || 113 | 395,428.2432’ | 2,360,623.7220° 1879
2013 ___: M AULINE L. SMITH 100 | 395,624.9839° | 2,360,034.7999° || 114 | 395,428.2432’ | 2,360,790.7220’
PLAT CABINET _________, PAGE g \ .. -
WORTH L. LANDEN (COORDINATES ARE GROUND COORDINATES RELATIVE TO NCGSM "HATCHER 1974%)
DB 656, PG 471 \
\ o
N
REGISTER OF DEEDS Y
DUPLIN COUNTY \
AN /@
//o@ LEGEND N\
EIS = EXISTING IRON STAKE
// EIP = EXISTING IRON PIPE VICINITY MAP
N\ O = NO POINT SET (NOT TO SCALE)
® = NEW IRON STAKE & CAP
DB ,\&mmﬁm: 765 /«///a,/ (TL) = TIE LINE
’ \ (CC) = CONTROL CORNER
L—11 \ NCGSM = NC GRID SURVEY MONUMENT
\ —ZZ— = NOT TO SCALE NCGSM "HATCHER 1974"
— ——— = ADJOINING PROPERTY LINE N=398,054.6107"
FLOOD STATEMENT N &) — — — — FASEMENT LINE =2,362,255.4002’
THIS PROPERTY IS LOCATED IN ZONE * X ” y d/ = = FASEMENT/BOUNDARY LINE | \ (NAD 83/2001)
AND IS NOT WITHIN A SPECIAL FLOOD HAZARD s \ 1/ | \
AREA, AS DETERMINED BY NFIP RATE MAPS \ \L
DATED _FEBRUARY 16, 2006 : COMMUNITY PANEL P \ /
NUMBERS _370083—3348—J & 370083—3368—J - \\ & | ,
| \
\ 2o
, P
\ AULINE L. SMITH \\ s SN \ /
WORTH L. LANDEN < \ =
DB 656, PG 471 /// Ve /V\ //6 ! !
7N / - AULINE L. SMITH _ !
N WORTH L. LANDEN
/7 // DB 656, PG 471
N | \
LINE TABLE S I \
LINE BEARING LENGTH NS
L—1 N 58'14°06” E 43.80° //
L=2 N 4248’14 E 15.69° N | \ / =
L=3 N 4248’14 E 16.92° // | \ \ S
L—4 S 8507'03" E | 64.44’ < ) JAMES M. SMITH iV L oM\ Q
L=5 S 53'03'44” E 235.65’ h Y AULINE L. SMITH / DB 656, PG 471 2
=6 T ; DB 974, PG 552 »
S 50°54°26” E 189.59 \N o 9
L=7 S 31'34'33” E 91.53’ 2\, =
L—8 S 44°19'49” W 149.50° =\ \}
L—9 N 45'52°18" W 156.82° ,
L-10 N _49°04°52" W 141.51° —r (cc) N=395,438.3968" |
L=19 E=2,360,930.8609
L—11 N _48°01°00” E 26.14° —_—— @
L—12 N _47°33°00" W 274.43
[—13 N 44°15'12” E 146.13° "
L—14 S 56'49°33” E 99.71’ \ / DITCH
L—15 S 57'41°42" E 271.39° S
[—16 S 5042'30" £ | 133.32 __.\
L—17 N 87'47°'17" E 47.51° ) I DANNY CLARK BROWN
L—18 N_90°00°00" E_| 167.00’ 157 CMPL—X bB 1127 BC.3*
L—19 N 85'51°21” E 140.51° @ ——— MB 13, PG 37
L—20 S 11'54°00" E 116.94° \ D\
L=21 S 20°09°56” E 75.47° @ S
L-22 N _80°22°58" W 88.74° \
=23 o ; ~-————————— — ——
- S 8921°11" W_| 252.49° @ or - — 1 T24 Lz25 (T3~
L—24 S 86°37'47" W 160.57 ~= @ L7 =2 &\
humm N wm”mu 20" W 58.41" AULINE L. SMITH AULINE L. SMITH mw
L-26 N 4856°11°" W 259.73 WORTH L. LANDEN WORTH L. LANDEN \
L—27 N 50°14°14" W 168.36° DB 656, PG 471 DB 656, PG 471 \
L—28 N 34'52°27" W 70.77°
L—29 N 5040°03" W 30.31° /
L-30 S 26°51°08” w_| 2,932.40° 99 99
PRELIMINARY PLAT
L-32 S 42°48’14" W 12.53°
NOT FOR SALES, CONVEYANCES,
1. COMBINED FACTOR IS 0.99989904.
Q \ﬂ \ﬂ w GQ \ﬂ U \b W\ Q Z 2. ALL DISTANCES ARE HORIZONTAL GROUND
. MEASUREMENTS IN FEET & DECIMALS THEREOF,
UNLESS OTHERWISE NOTED.
3. ACCESS TO EASEMENT SHALL BE THROUGH
NEIGHBORING TRACT.
NC GEODETIC SURVEY MONUMENT
|, CHRISTOPHER K. PADERICK, PROFESSIONAL LAND SURVEYOR CONSERVATION EASEMENT REFERENCE TABLE
NO. 4189, CERTIFY THAT THIS SURVEY IS OF ANOTHER — — . . N .
_— SURVEY OF _— FROM: “BROWN 1974 70: “HATCHER 1974

CATEGORY. TO WIT; AN EASEMENT SURVEY.

THE AULINE SMITH & WORTH L. LANDEN PROPERTY Sy |
FOR THE STATE OF NORTH CAROLINA Vet | il e
S.P.O. FILE #XX—-X

NCEEP RFP #16—004101
PLAT WAS DRAWN UNDER MY SUPERVISION FROM AN ACTUAL NCEEP PROJECT * XXXXX Mwwmwwﬁu%mmﬂ@ i K\b N-m \ x m\DM N-u h PPO

SURVEY MADE UNDER MY SUPERVISION; (DEED DESCRIPTION PROFESSIONAL LAND SURVEYORS
RECORDED IN MAP & DEED BOOKS NOTED); THAT THE
BOUNDARIES NOT SURVEYED ARE Em%?&zb\n\qmb AS DRAWN >\ Qmmh h \N Q.\m ﬁ. N- Zhs\m Py >\ bev\ m QZ N AREA 1 = 1.843 AC+

STATE OF NORTH CAROLINA DUPLIN COUNTY

East

FROM INFORMATION REFERENCED HEREON; THAT THE RATIO AREA 2 = 3.950 ACE 906 N. QUEEN ST., SUITE A KINSTON, NC 28501
C PRECSON 5 CACULED I 1 10006 14 745 P CYPRESS GREEK TOWNSHP  JaNUARY 7, 2013 o = 5780 s T 2525222800 PN 252-522-4747
NOMBER AND Sl THIS 213t DAY OF - aNARY <. AD., DUPLIN COUNTY, NC 17 = 100’ SOURCE OF TITLE FIRM LIC. # P—0221 EMAIL: surveyor@matrixeast.net
2013 100" 50 0 100’ 200° DB 656, PG 471 DRAWN BY: CKP/INM PROJECT NO.: 20110047

Hl SURVEYED BY: LDL/CCK DATE: JANUARY 7, 2013

[—4189 GRAPHIC SCALE SHEET 4 OF 13 SCALE: 1" = 100’ DRAWING NAME: A_SMITH




I, CHRISTOPHER K. PADERICK, PROFESSIONAL [AND SURVEYOR
NO. 4189, CERTIFY THAT THIS SURVEY IS OF ANOTHER
CATEGORY. TO WIT; AN EASEMENT SURVEY.

L—-4189

STATE OF NORTH CAROLINA

A CHRISTOPHER K. PADERICK , CERTIFY THAT THIS
PLAT WAS DRAWN UNDER MY SUPERVISION FROM AN ACTUAL
SURVEY MADE UNDER MY SUPERVISION; (DEED DESCRIPTION
RECORDED IN MAP & DEED BOOKS NOTED); THAT THE
BOUNDARIES NOT SURVEYED ARE CLEARLY INDICATED AS DRAWN
FROM INFORMATION REFERENCED HEREON; THAT THE RATIO

OF PRECISION AS CALCULATED IS 1: 10,000+; THAT THIS PLAT

DUPLIN COUNTY

879 WAS PREPARED IN ACCORDANCE WITH G.S. 47-30 AS
AMENDED. WITNESS MY ORIGINAL SIGNATURE, REGISTRATION
NUMBER AND SEAL THIS _7TH DAY OF _JANUARY , AD.,
2013
S
©
~
N\
A
(NOT TO SCALE)
LINE TABLE
LINE BEARING LENGTH
L1 S 07°42'38” W 59.15°
L=2 S 0353°17* W | 119.78’
L3 S 02°23'26” W | 136.65
L—4 N 82'56°04" W | 128.47"
L=5 N 01°31'18” E | 105.23
L—6 N 06'33'26” E | 206.91°
L=7 N _0449'36" E 71.41°
L-8 N _71'37°20" E 2.96°
L-9 S 533725 £ | 141.61"
L—10 N 71'37'20" E | 251.16°
L—11 S 53'37'25" £ | 478.08’
L—12 N 01°40°32" W 665.42°
L—13 N 0140°32" W | 57.79°
L—14 S 76°34’12" E 103.65’ THOMAS J. HOLLAND
T S 641358 W 56 43" KAY D. HOLLAND
20 4 DB 960, PG 757
L—16 S 8301°24” W 39.59 MB 10, PG 21
L—17 S 28'17°06” W | 1,615.06"
L—18 S 82'56'04” £ | 147.06’
L—19 S 76'53'41” £ | 298.21°
@
@ BEIP(CC)
_— - -
L. - — ?/_ O
—\\\ ~ )
— _ THOMAS J. HOLLAND
- | KAY D. HOLLAND
_— DB 960, PG 757
NIS - @* @ MB 10, PG 21
| P
o | NN
_— \ - }/ N
\ - NL /
N
\ | \ N
, | $ () Y
! | | /
\ 3_ _ B
\ /_§ _HW -
\ S -
EBX—NEUSE |, LLC. | I
DB 1725, PG 307 | J
MB 26, PG 221 |
/ I @ |
\ |
, | @
/ 6+ _ EBX—NEUSE |, LLC.
| DB 1725, PG 307
\ I MB 26, PG 221
\ _ |
\ »:_u_ |7 ﬁ
\ L_ —/_
ECM \ - “ I
¥ --—L-15(n
—_— —_—
D © I
DIrcH I—7 9
—~—— —
T -
T - = — —
LEGEND
EIS = EXISTING IRON STAKE
NIS = NEW IRON STAKE DANNY C. BROWN
ECM = EXISTING CONCRETE MONUMENT DB 1127, PG 94
EIP = EXISTING IRON PIPE MB 9, PG 20
® = NEW IRON STAKE & CAP MB 13, PG 37 *
O = NO POINT SET Q
(L) = TIE LINE S
(CC) = CONTROL CORNER
NCGSM = NC GRID SURVEY MONUMENT
—=2Z— = NOT TO SCALE
— —— — = ADJOINING PROPERTY LINE
— — — = EASEMENT LINE
—————— = EASEMENT/BOUNDARY LINE

N=396,632.4888" (CC)
=2,361,489.9431° ﬁ:

THOMAS J. HOLLAND “

KAY D. HOLLAND
@ ¢

DB 960, PG 757
MB 10, PG 21

NCGSM °HATCHER 1974”
=398,054.6107’
E=2,362,255.4002°
(NAD 83,/2001)

K
Q
/S
Y,
O
- EDITH B. HILL AY o
T _ —_ ROMMIE O. HILL
—<{~79 DB 877, PG 543
—
~—
- - EDITH B. HILL
T _ @ ROMMIE O. HILL
= DB 877, PG 543
DITCH ECM N7

I EBX—NEUSE |, LLC.
DB 1725, PG 307
MB 26, PG 221

EASEMENT CORNER COORDINATE TABLE

NOTES:

1. COMBINED FACTOR IS 0.99989904.

2. ALL DISTANCES ARE HORIZONTAL GROUND
MEASUREMENTS IN FEET & DECIMALS THEREOF,
UNLESS OTHERWISE NOTED.

3. ACCESS TO EASEMENT SHALL BE THROUGH
NEIGHBORING TRACT.

FROM: “BROWN 1974"

NC GEODETIC SURVEY MONUMENT
REFERENCE TABLE

TO: “HATCHER 1974”

N=395,131.0634’
=2,357,379.5569°

N=398,054.6107’
=2,362,255.4002’

GRID DISTANCE

CRID BEARING 5,685.1541" (GRID)
N 5905717 £ 5,685.86" (MEASURED)
/ , REVIEW OFFICER OF
DUPLIN _ COUNTY, CERTIFY THAT THE MAP OR PLAT TO

WHICH THIS CERTIFICATION IS AFFIXED MEETS ALL STATUTORY
REQUIREMENTS FOR RECORDING.

REVIEW OFFICER

NAD 88(2001)

DATE
FILED FOR REGISTRATION ,
2013 M
PLAT CABINET , PAGE

# NORTHING EASTING
115 | 395,894.2860° | 2,360,976.9233'
116 | 395,999.4746° | 2,360,979.7175’
117 | 396,205.0304° | 2,361,003.3454’
118 | 395,878.4837° | 2,361,104.4173’
119 | 396,015.0164° | 2,361,110.1169’
120 | 396,134.5209° | 2,361,118.2389’

121

396,276.1848°

2,361,009.3537°

REGISTER OF DEEDS
DUPLIN COUNTY

122 | 396,277.1180° | 2,361,012.1627'

123 | 396,193.1336° | 2,361,126.1746’

129 | 396,579.5366° | 2,361,530.9325’

FLOOD STATEMENT

130 | 396,574.7274° | 2,361,491.6329’

139 | 396,632.4888° | 2,361,489.9431’

THIS PROPERTY IS LOCATED IN ZONE * X *
AND IS NOT WITHIN A SPECIAL FLOOD HAZARD

140 | 396,608.4154° | 2,361,590.7584’

AREA, AS DETERMINED BY NFIP RATE MAP

RELATIVE TO NCGSM "HATCHER 1974")

(COORDINATES ARE GROUND COORDINATES

DATED _FEBRUARY 16, 2006 : COMMUNITY PANEL
NUMBER _370083—-3368—J_ -

|
| "PRELIMINARY PLAT”
| NOT FOR SALES, CONVEYANCES,
ﬂ_ OR RECORDATION.
|
ﬂ —— SURVEY OF ——
| THE EBX NEUSE PROPERTY
| FOR THE STATE OF NORTH CAROLINA
| S.P.O. FILE #XX-X
| NCEEP RFP #16-004101
| NCEEP PROJECT #XXXXX
| NCEEP PROJECT NAME: MUDDY RUN 2

i —

GRAPHIC SCALE

ACREAGE DATA
(BY COMPUTER)

AREA 1 = 1.014 ACx
AREA 2 = 0.076 ACx
TOTAL = 1.090 AC+

MATRIX EAST, PLLC

PROFESSIONAL LAND SURVEYORS
906 N. QUEEN ST., SUITE A KINSTON, NC 28501

East

SOURCE OF TITLE

DB 1725, PG 307
MB 26, PG 221

SHEET 5 OF 13

TEL: 252-522-2500 FAX: 252—-522-4747
FIRM LIC. # P—-0221 EMAIL: surveyor@matrixeast.net
DRAWN BY: CKP/INM PROJECT NO.: 20110047
SURVEYED BY: LDL/CCK DATE: JANUARY 7, 2013

SCALE: 1" = 60

DRAWING NAME: EBX NEUSE




EASEMENT CORNER COORDINATE TABLE A , REVIEW OFFICER OF
# NORTHING FASTING NC GEODETIC SURVEY MONUMENT DUPLIN _ COUNTY, CERTIFY THAT THE MAP OR PLAT TO
; ; REFERENCE TABLE WHICH THIS CERTIFICATION IS AFFIXED MEETS ALL STATUTORY
121 | 396,276.1848° | 2,361,009.3537 . j . i REQUIREMENTS FOR RECORDING.
122 | 396,277.1180° | 2,361,012.1627° FROM: "BROWN 1974 TO: "HATCHER 1974
123 | 396,193.1336° | 2,361,126.1746° N=395,131.0634’ N=398,054.6107’ NCGSM "HATCHER 1974”
124 | 396.287.1546" | 2,361,010.2800" E=2,357,379.5569° E=2,362,255.4002’ m@uwu%%wow%m&%%mu
125 | 396,433.3666° | 2,361,062.9618° GRID DISTANCE (NAD 83,/2001) REVIEW OFFICER
GRID BEARING !
126 | 396,211.6649° | 2,361,128.6836° N 59°03'11" E mw.%%w mv@m%%%\\%%&
127 | 396,357.7886° | 2,361,166.0575’ T
128 | 396,403.9806° | 2,361,183.8361° DATE
130 | 396,574.7274° | 2,361,491.6329’
131 | 396,543.7329° | 2,361,238.3493’
132 | 396,432.2098° | 2,361,194.7141°
, 133 %m.é:muﬁ Numsod;gﬂ FILED FOR REGISTRATION .
879 134 | 396,592.1526° | 2,361,117.9862 \ Q 2013 . Y
7 ; Q .
135 | 396,701.4961° | 2,361,161.2101 , o PLAT CABINET , PAGE
/

136 | 396,690.1065° | 2,361,209.0344°

3 137 | 396,697.5276’ | 2,361,210.5716’ \
o S 139 | 396,632.4888° | 2,361,489.9431° A e e
& 3 301 | 396,482.0511° | 2,361,080.5033’ 3 DUPLIN COUNTY
=~ 9 WILLIAM F. DAIL HEIRS N
S (COORDINATES ARE GROUND COORDINATES NO. REFERENCE ]
@;@ RELATIVE TO NCGSM "HATCHER 1974")
A\
T EDITH B. HILL
VICINITY MAP T~ ROMMIE 0. HILL
(NOT TO SCALE) ~—__ DB 877, PG 543
@ N=396,697.5276’
(€C) £=2,361,210.5716"
I, CHRISTOPHER K. PADERICK, PROFESSIONAL LAND SURVEYOR
NO. 4189, CERTIFY THAT THIS SURVEY IS OF ANOTHER
CATEGORY. TO WIT; AN EASEMENT SURVEY. /
[
7
L—4189 /
/ FLOOD STATEMENT
STATE OF NORTH CAROLINA DUPLIN COUNTY
\G THIS PROPERTY IS LOCATED IN ZONE “_X *
I CHRISTOPHER K. PADERICK | CERTIFY THAT THIS / AND IS NOT WITHIN A SPECIAL FLOOD HAZARD
PLAT WAS DRAWN UNDER MY SUPERVISION FROM AN ACTUAL Jp—— l&g AREA, AS DETERMINED BY NFIP RATE MAP
A p— - > . .
SURVEY MADE UNDER MY SUPERVISION; (DEED DESCRIPTION / —— EBX—-NEUSE |, LLC DATED FEBRUARY 16, 2006 : COMMUNITY PANEL
RECORDED IN MAP & DEED BOOKS NOTED); THAT THE / e —— DB 1725, PG 307 NUMBER 37008333580
BOUNDARIES NOT SURVEYED ARE CLEARLY INDICATED AS DRAWN @ ———— 17 MB 26, PG 221 =3268= -
FROM INFORMATION REFERENCED HEREON; THAT THE RATIO ..//\ | et - __
OF PRECISION AS CALCULATED IS 1: 10,000+4; THAT THIS PLAT THOMAS . HOLLAND )
WAS PREPARED IN ACCORDANCE WITH G.S. 47-30 AS KAY D. HOLLAND / /
AMENDED. WITNESS MY ORIGINAL SIGNATURE, REGISTRATION DB 960, PG 757 /
NUMBER AND SEAL THIS _7TH_DAY OF _JANUARY , AD., MB 10, PG 21 / / _
2013 N |
%
Q \\7 \
\/\
L—4189 /
79/~ /
-~ -~ 'k
-~ THOMAS J. HOLLAND 79 27
/.\Q KAY D. HOLLAND
DB 960, PG 757
/ ot NOT FOR SALES, CONVEYANCES
LINE TABLE \v\\\ ’ ’
LINE BEARING LENGTH />
=T |5 762005 £ | 2640 OR RECORDATION.
L-2 S 21°03'03” w__| 49.50° *@
L-3 S 142049 w_| 150.83’ /
L—4 S 07°42'38" W 18.70° /
L=5 N 53'37°25" W__| 141.61"
L—6 S 71°37'20" W 2.96° /
L-7 N _0449'36" E 11.01° / N /
L-8 N 1948'53" E | 155.41°
L-10 N 19'48°53" E 21.57° L-7 I ——— SURVEY OF —
Ao 7 Il J— j—
L—11 N 18'48°02" E | 116.31 @ deEIP(cc) ~
5 T AT -] / THE HOLLAND PROPERTY
L-13 S 76°36°16" E 49.16° -
L-6
=14 N 1142°11" E 7.58° - /
S il o — j FOR THE STATE OF NORTH CAROLINA
L—16 S 01'40°32” E 57.79° -2 D, /
(=17 | s 830124” W_| 255.17’ - AN / S.P.O. FILE #XX-X
_ YT 0 ° ) )
=18 S 21:22°07" W_| 119.76' - EBX—NEUSE |, LLC. Q
=19 N 76°20°09” W_| 125.06 _— DB 1725, PG 307 * NCEEP RFP *NQlQQk 101
=20 S 37°35°35" W_|1,712.70' NIS - MB 26, PG 221 b \
=21 | w70 | g5t NCEEP PROJECT #XXXXX

® // NCEEP PROJECT NAME: MUDDY RUN 2

EBX—NEUSE |, LLC. N
/ EEX NEUSE b 4EC < CYPRESS CREEK TOWNSHIP JANUARY 7, 2013
B 26, PG 221 AN DUPLIN COUNTY, NC 1" = 60’
\
, 60’ 30’ 0 60’ 120’

i —

GRAPHIC SCALE

ACRencE DA MATRIX EAST, PLLC
_ PROFESSIONAL LAND SURVEYORS

NIS = NEW IRON STAKE Aren 2 2 9355 Ak fast

ECM = EXISTING CONCRETE MONUMENT 906 N. QUEEN ST., SUITE A KINSTON, NC 28501

EIP = EXISTING IRON PIPE TOTAL = 1.832 AC+ ° ’ ’

® = NEW IRON STAKE & CAP TEL: 252-522-2500 FAX: 252—-522-4747

( w = NO POINT SET NOTES:

TL) = TIE LINE 1. COMBINED FACTOR IS 0.99989904. SOURCE OF TITLE . .
zn«%m& = mmzmﬂm\ooh m@ﬂ«,\\,\mﬂzozczmzﬂ 5 ALL DISTANCES ARE HORIZONTAL GROUND TR FIRM LIC. # P—0221 EMAIL: surveyor@matrixeast.net
2 = NOTTOSCALE e oo DECIMALS THEREOF, MB 10, PG 21 DRAWN BY: CKP/INM PROJECT NO.: 20110047

———- BSUENT LE B e deNT SPALL BE THROUGH SURVEYED BY: LDL/CCK DATE:  JANUARY 7, 2013
SHEET 6 OF 13 | SCALE: 1" = 60 DRAWING NAME: HOLLAND




FLOOD STATEMENT

NC GEODETIC SURVEY MONUMENT

b . REVIEW OFFICER OF THIS PROPERTY IS LOCATED IN ZONE “ X "
DUPLIN _ COUNTY, CERTIFY THAT THE MAP OR PLAT TO REFERENCE TABLE X
WHICH THIS CERTIFICATION IS AFFIXED MEETS ALL STATUTORY . ” e ” AND IS NOT WITHIN A SPECIAL FLOOD HAZARD
REQUIREMENTS FOR RECORDING. FROM: “BROWN 1974 TO: “HATCHER 1974 AREA, AS DETERMINED BY NFIP RATE MAP
N=395,131.0634’ N=398,054.6107" DATED _FEBRUARY 16, 2006 : COMMUNITY PANEL

E=2,357,379.5569’ E=2,362,255.4002’ NUMBER _370083-3368—J -

GRID BEARING GRID DISTANCE
JESSE D. WOOD N 59°03'11" E 5,685.1541" (GRID)

MARY A WOOD 5,685.86" (MEASURED)
DB 909, PG 79

REVIEW OFFICER
NCGSM "HATCHER 1974”
N=398,054.6107’
E=2,362,255.4002’

DATE (NAD 83/2001)
=
1879 FILED FOR REGISTRATION , &
2013 ___: _ _ M \ \ S
PLAT CABINET , PAGE \ !
EDITH B. HILL / /
ROMMIE 0. HILL N
Q DB 877, PG 543 6 / | N MICHAEL C. LANIER
Q REGISTER OF DEEDS \ DB 940, PG 457
~ DUPLIN COUNTY / I
~
NG
N\ / I JESSE D. WOOD o
| MARY A. WOOD \ _—
VICINITY MAP \ DB 909, PG 79 . _—
NOT TO SCALE,
( / | N=397,068.8744" 3
| E=2,362,157.6443 -
LINE TABLE | 3
Q
LINE BEARING LENGTH 6 MICHAEL C. LANIER N
L—1 S 07'27'39" W | 165.44 § 1// DB 1198, PG 9
L-2 S 25'37'33" W 18.73’ / \s
L-3 S 12°21°25" E 201.48’ gAz > > _—
L—4 S 14'23'01" W 93.94° \ _—
L=5 S 49'14'23" W | 137.25° -~
-6 S 64'13'58”" W 73.36° \ - —
L=7 N 76'34'12” W | 103.65’ \
L-8 N 76'53'41" W | 197.11° \
L-9 N 831507" E | 166.99° \
L—10 N 61°35°16" £ | 210.84’
EDITH B. HILL
L—11 N 12:28°29" W 238.66° ROMMIE O. HILL / N~ — bomo :ﬂmﬂ m,w. ,m%@@w
=12 N 2341'42" £ | 102.73’ DB 877, PG 543 \ @ ~—~—— r/
L—13 N 37'25'51" E 98.24° -~ >
L—14 N 88'45'31" £ | 4573 el,/ T~
L—15 S 80°04'37" E 26.58° \ =% T
=16 | s 8004'37"E | 5.26° \ T
=17 S 53'49°50" E 10.77’
L—18 S 41°37°17" E 8.02' \
L—19 S 39'36°32" £ 12.62° \ \
L—20 S 39'36°32" £ | 197.85’ \ \
L-21 N 7954’13 £ | 123.37' \ EASEMENT CORNER COORDINATE TABLE
L=22 N 77°55'29" E 75.60° # NORTHING EASTING # NORTHING EASTING
MHMM m M M. wwmw .. M Nuow wmm : \ 138 | 396,677.1827" | 2,361,297.9620" || 151 | 397,203.2269° | 2,361,744.4055 \
L-25 S 22°31'16” E m#.u% \ 139 | 396,632.4888" | 2,361,489.9431" || 152 | 397,198.6469° | 2,361,770.5854° EDITH B. HILL
L—26 N 78°34'15" W | 242.62’ GY 140 | 396,608.4154° | 2,361,590.7584° || 154 | 396,976.4788" | 2,362,195.9495° %moﬁw\w WQIWWu /
L-27 N 61°56°31" W | 154.08’ / 141 | 396,696.8051" | 2,361,463.7992" || 155 | 396,898.5614’ | 2,362,228.2574’ ’ \
L—28 N 52°46'45" W 88.11° 142 | 396,797.1265’ | 2,361,649.2460° || 156 | 396,946.6379° | 2,361,990.4468’ \
MHWW w\ me.. WM.MM.. w.\ wwm.mw. \ 143 | 397,030.1540° | 2,361,597.6933" || 157 | 397,019.1112° | 2,361,854.4767’ /
=31 N 763412 w | 258 89" B 144 | 397,124.2215" | 2,361,638.9761" || 156 | 397,072.4108" | 2,361,764.3099'
[—32 s 765341" F | 101.10° EDITH B. HILL ! \ 145 | 396,640.3081° | 2,361,656.8279° || 159 | 397,175.6682" | 2,361,797.8323
ROMMIE 0. HILL / 146 | 396,729.9150° | 2,361,760.7845" || 160 | 397,023.2409’ | 2,361,923.9711"
DB 877, PG 545 / 147 | 396,820.9098' | 2,361,784.1204" || 161 | 397,044.8688° | 2,362,045.4325’
/ 148 | 397,017.7193' | 2,361,741.0036" | | 165 | 397,060.6839’ | 2,362,119.3585"
6& 149 | 397,034.6033" | 2,361,749.1025" | | 166 | 397,068.8744’ | 2,362,157.6443"
oy p / 150 | 397,202.2363’ | 2,361,698.6898’
=-_ g5 / (COORDINATES ARE GROUND COORDINATES RELATIVE TO NCGSM "HATCHER 1974)
/7
- L5
~Zn)
EDITH B. HILL
ROMMIE 0. HILL
DB 877, PG 543 CONSERVATION EASEMENT
SURVEY OF

THE HILL PROPERTY

o~ FOR THE STATE OF NORTH CAROLINA
— 5 S.P.0. FILE #XX—X
— NCEEP RFP #16-004101

”
e’io k6 53 | —
ﬂ EBX—NEUSE |, LLC. TP NCEEP PROJECT *XXXXX
_
_

DB 1725, PG 307

M8 26, PG 221 NCEEP PROJECT NAME: MUDDY RUN 2

I, CHRISTOPHER K. PADERICK, PROFESSIONAL [AND SURVEYOR

NO. 4189, CERTIFY THAT THIS SURVEY IS OF ANOTHER
Ry T W AN EACEWENT SRV, CYPRESS CREEK TOWNSHIP JANUARY 7, 2013
DUPLIN COUNTY, NC 1”7 = 60’
60’ 30’ 0 60’ 120°

"PRELIMINARY PLAT” ——
STATE OF NORTH CAROLINA DUPLIN COUNTY \/\ Q N| \ﬁl Qm .,,ma\b %m m 9 QQZ 4\m X\b \/\ ﬁ\J m .,,ma 9 CRAPHIC SCALE

\h CHRISTOPHER K. PADERICK  CERTIFY THAT THIS Q \ﬂ ﬁ w OJQ \ﬂ @ \b W\ Q Z JCREAGE. DATA >~\ L N- m \ x m \D MN- h P P mw
PLAT WAS DRAWN UNDER MY SUPERVISION FROM AN ACTUAL . . 9
SURVEY MADE UNDER MY SUPERVISION; (DEED DESCRIPTION LEGEND (BY COMPUTER)
RECORDED IN MAP & DEED BOOKS NOTED); THAT THE EIS = EXISTING IRON STAKE AREA 1 = 2163 ACE ke PROFESSIONAL LAND SURVEYORS
BOUNDARIES NOT SURVEYED ARE CLEARLY INDICATED AS DRAWN ECM = EXISTING CONCRETE MONUMENT AREA 2 = 0.944 AC+ as
IO WO TGRS M AT T B DTSR =107 05 00 N QUEEN ST. SUTE A KINSTON, NG 28501
WAS PREPARED IN ACCORDANCE WITH G.S. 47-30 AS O = NO POINT SET TEL: 252-522-2500 FAX: 252-522-4747
AMENDED. WITNESS MY ORIGINAL SIGNATURE, REGISTRATION NOTES: (TL) = TIE LINE
NUMBER AND SEAL THIS _7TH DAY OF _JANUARY , AD., 1. COMBINED FACTOR IS 0.99989904. zomw& R O ONUMENT SOURCE OF TITLE FIRM LIC. # P—0221 EMAIL: surveyor@matrixeast.net
2013 2. ALL DISTANCES ARE HORIZONTAL GROUND oz _ NOT TO SCALE DB 877, PG 543

MEASUREMENTS IN FEET & DECIMALS THEREOF, L — ADJOINING PROPERTY LINE DRAWN BY: CKP/INM PROJECT NO.: 20110047

UNLESS OTHERWISE NOTED. — — — EASEMENT LINE
3. ACCESS TO EASEMENT SHALL BE THROUGH ———

EASEMENT/BOUNDARY LINE SURVEYED BY: LDL/CCK DATE:  JANUARY 7, 2013
NEIGHBORING TRACT. " ;
L—4189 SHEET 7 OF 13 SCALE: 1" = 60 DRAWING NAME: HILL




FLOOD STATEMENT

/ , REVIEW OFFICER OF « »
THIS PROPERTY IS LOCATED IN ZONE ~_X NC GEODETIC SURVEY MONUMENT

" DUPLIN __COUNTY, CERTIFY THAT THE MAP OR PLAT TO
WHICH THIS CERTIFICATION IS AFFIXED MEETS ALL STATUTORY AND IS NOT WITHIN A SPECIAL FLOOD HAZARD REFERENCE TABLE

REQUIREMENTS FOR RECORDING. AREA, AS DETERMINED BY NFIP RATE MAP “ " “ "
DATED _FEBRUARY 16, 2006 : COMMUNITY PANEL FROM: “BROWN 1974 TO: “HATCHER 1974

NUMBER _370083—3368—J_ . N=395,131.0634" N=398,054.6107’
NCGSM "HATCHER 1974” =2,357,379.5569’ =2,362,255.4002’
REVIEW OFFICER Sss0ss6107 GRID DISTANCE
=2,362,255.4002’ GRID BEARING
(NAD 83/2001) N 59°03'11" E 5,685.1541° (GRID)
5,685.86° (MEASURED)

DATE

LINE TABLE

BEARING LENGTH
N 80°04°37” 26.58°
N 8845°31" 26.86°
S 07°27°'39” 521"
S 80°04'37” 5.26°
S 53'49'50” 10.77°
S 41°37°17” 8.02°
S 39'36'32” 12.62°
N 07:27°39" 21.08°
S
S
S
S
S
N
S
S

8 79 FILED FOR REGISTRATION ,
2013. : M

PLAT CABINET , PAGE

Ly
=
S

REGISTER OF DEEDS
DUPLIN COUNTY

1820

l\l\l\l\ll\l\l\l\h
©(®|N[D]|O[A[W[N [~

75°12°22" 57.15°
47°26°26" 63.67°
7008°40" 230.33’
77°55'29” 75.60°
79°54’13” 123.37°
39'36°32” 197.85’
77°55'29” 39.15°
27°55'38” 971.13°

VICINITY MAP

(NOT TO SCALE)

ll\l\l\l\
LIL[LL L)L
[GIEN SR BN IS

~
|

~
|

S RIFRRKEMMMmMMMMmMmmIR™

L—16

EASEMENT CORNER COORDINATE TABLE
# NORTHING | EASTING

151 | 397,203.2269° | 2,361,744.4055'

152 | 397,198.6469° | 2,361,770.5854°

153 | 397,203.8088" | 2,361,771.2614°

= = @ -2 @ L-3 =397,196.5711" 159 | 397,175.6682° | 2,361,797.8323’

S |m®«\o «n&muhuh!&%.m%% 160 | 397,023.2409° | 2,361,923.9711°

L=1 ~ 161 | 397,044.8688° | 2,362,045.4325’

Tﬂ@m«ﬂt o L@@ //TN// () 162 | 397,196.5711" | 2,361,800.5698"

L—6(TL) N 163 | 397,181.9789° | 2,361,855.8226°

L—7(TL) () // 164 | 397,138.9163 | 2,361,902.7196

165 | 397,060.6839° | 2,362,119.3585'

,ﬁ%ﬁ \»D ’ s“\OQOODD (COORDINATES ARE GROUND COORDINATES
DB mom.. PG 79 RELATIVE TO NCGSM "HATCHER 1974")

JESSE D. WOOD
MARY A. WOOD
DB 909, PG 79

NAD 83(2001)

EDITH B. HILL
ROMMIE O. HILL
DB 877, PG 543

EDITH B. HILL
ROMMIE O. HILL
DB 877, PG 543

NOTES: @ 13 \
\r

1. COMBINED FACTOR IS 0.99989904. /

2. ALL DISTANCES ARE HORIZONTAL GROUND
MEASUREMENTS IN FEET & DECIMALS THEREOF, o B, HILL \
UNLESS OTHERWISE NOTED. e O 543 \

. NEIGHBORING TRACT. uu\U\ﬂmﬁ \i\\/\\b \ﬂ v\ \Um\b NI 99 /
NOT FOR SALES, CONVEYANCES,
OR RECORDATION.

LEGEND

EXISTING IRON STAKE
NEW IRON STAKE & CAP
NO POINT SET

TIE LINE

CONTROL CORNER

|, CHRISTOPHER K. PADERICK, PROFESSIONAL LAND SURVEYOR ElS
NO. 4189, CERTIFY THAT THIS SURVEY IS OF ANOTHER CONSERVATION EASEMENT e
CATEGORY. TO WIT; AN EASEMENT SURVEY. R - o

SURVEY OF —— (1)
NC GRID SURVEY MONUMENT

THE WOOD .U\NQMM RTY M 2T st

L—4189 — ——— = ADJOINING PROPERTY LINE

FOR THE STATE OF NORTH CAROLINA e e e une
STATE OF NORTH CAROLINA DUPLIN COUNTY S.P.O. FILE %X X=X

S
)
I

CHRISTOPHER K. PADERICK
“.uiﬂ WAS DRAWN UNDER MY m%mmsw\on%ﬂ\ﬂo@ﬂnnﬂmﬁm? NCEEP RFP *leﬁﬁk 101 ACREAGE. DATA . ?\L N-m\x m\DMN- hﬁﬁmw
s S L e NCEEP PROJECT #XXXXX (57 COMPUTER) > ¢
PROFESSIONAL LAND SURVEYORS
womz.ocmmzw._...mc_._.m.o. X_zw._.oz.zonmuod

BOUNDARIES NOT SURVEYED ARE CLEARLY INDICATED AS DRAWN
FROM INFORMATION REFERENCED HEREON; THAT THE RATIO 2 ﬁ.ﬁl Wl V h \N 0.\” ﬁ. N- thm . s\ bev\ \N QZ N mmm m 0.002 ACE
TEL: 252-522-2500 FAX: 252-522-4747

East

A ; 0.448 AC+
OF PRECISION AS CALCULATED IS 1: 10,000+; THAT THIS PLAT

sxmnmmn\s@\z\,qq%m\_zqm.sﬂmmmQluo\_m o.&o\_ow
AMENDED. WITNESS MY ORIGINAL SIGNATURE, REGISTRATION CYPRESS CREEK TOWNSHIP JANUARY 7, 2013

TOTAL

NUMBER AND SEAL THIS _7TH DAY OF _JANUARY , AD., DUPLIN COUNTY, NC 1" = 40’ SOURCE OF TITLE FIRM LIC. # P—0221 EMAIL: surveyor@matrixeast.net

2013
40’ 20’ 0 40’ 80’ bB 909, PG 79 DRAWN BY: CKP/INM PROJECT NO.: 20110047

— e — SURVEYED BY: LDL/CCK DATE: JANUARY 7, 2013

L—4189
GRAPHIC SCALE SHEET 8 OF 13 SCALE: 1" = 40’ DRAWING NAME: WOOD




Q
2
N\
N\
VICINITY MAP
(NOT TO SCALE)
LINE TABLE

LINE BEARING LENGTH
L—1 N 8247’19 E | 322.24’
L—2 S 09'36°16” £ 11.06°
L-3 S 70'58'59” W__| 308.92°
L-4 N 22'31°04” W 76.99’
L=5 S 70°58'59" W 89.31°
L—6 S 22°31°04” E 23.03’
L=7 S 1325'40” £ | 993.73

EASEMENT CORNER COORDINATE TABLE
# NORTHING EASTING
154 | 396,976.4788" | 2,362,195.9495’
167 | 397,047.5973" | 2,362,166.4653’
168 | 397,088.0486"' | 2,362,486.1613’
169 | 397,077.1391" | 2,362,488.0073’

(COORDINATES ARE GROUND COORDINATES
RELATIVE TO NCGSM "HATCHER 1974")

I, CHRISTOPHER K. PADERICK, PROFESSIONAL [AND SURVEYOR
NO. 4189, CERTIFY THAT THIS SURVEY IS OF ANOTHER
CATEGORY. TO WIT; AN EASEMENT SURVEY.

L—-4189

STATE OF NORTH CAROLINA DUPLIN COUNTY

I,

CHRISTOPHER K. PADERICK CERTIFY THAT THIS

PLAT WAS DRAWN UNDER MY SUPERVISION FROM AN ACTUAL
SURVEY MADE UNDER MY SUPERVISION; (DEED DESCRIPTION
RECORDED IN MAP & DEED BOOKS NOTED); THAT THE
BOUNDARIES NOT SURVEYED ARE CLEARLY INDICATED AS DRAWN
FROM INFORMATION REFERENCED HEREON; THAT THE RATIO

OF PRECISION AS CALCULATED IS 1: 10,000+; THAT THIS PLAT
WAS PREPARED IN ACCORDANCE WITH G.S. 47-30 AS
AMENDED. WITNESS MY ORIGINAL SIGNATURE, REGISTRATION
NUMBER AND SEAL THIS _7TH DAY OF _JANUARY , AD.,

2013

L—4189

l, , REVIEW OFFICER OF
DUPLIN _ COUNTY, CERTIFY THAT THE MAP OR PLAT TO
WHICH THIS CERTIFICATION IS AFFIXED MEETS ALL STATUTORY

REQUIREMENTS FOR RECORDING.

REVIEW OFFICER

DATE

FILED FOR REGISTRATION ,
2013. : M

PLAT CABINET _______, PAGE

REGISTER OF DEEDS
DUPLIN COUNTY

JESSE D. WOOD \
MARY A. WOOD \
DB 909, PG 79

EDITH B. HILL /
ROMMIE 0. HILL
DB 877, PG 543

FLOOD STATEMENT

THIS PROPERTY IS LOCATED IN ZONE “_X "

AND IS NOT WITHIN A SPECIAL FLOOD HAZARD
AREA, AS DETERMINED BY NFIP RATE MAP

DATED _FEBRUARY 16, 2006 : COMMUNITY PANEL
NUMBER _370083-3368—J -

MICHAEL C. LANIER
DB 940, PG 457

- MICHAEL C. LANIER
DB 1198, PG 9

CONSERVATION EASEMENT

SURVEY OF

THE LANIER PROPERTY

NOTES:

1.
2.

NCGSM "HATCHER 1974”
N=398,054.6107’
E=2,362,255.4002’

(NAD 83/2001)

NC GEODETIC SURVEY MONUMENT

COMBINED FACTOR IS 0.99989904. REFERENCE TABLE

ALL DISTANCES ARE HORIZONTAL GROUND

MEASUREMENTS IN FEET & DECIMALS THEREOF, FROM: “BROWN 1974” TO: “HATCHER 1974”
UNLESS OTHERWISE NOTED. - .
ACCESS TO EASEMENT SHALL BE THROUGH N=395,131.0634 N=398,054.6107"
NEIGHBORING TRACT. =2,357,379.5569° E=2,362,255.4002
R0 pEArG 50551541 (0RID)
N 59037717 £ 5,685.86" (MEASURED)

1

5\
= =~
3 3

3
~— 8
g
- - M
N e 2

- \

- \
- \
— MICHAEL C. LANIER
DB 1198, PG 9
=397,088.0486 @ S

E=2,362,486.1613" (cC)

COLIE S. JENKINS
DB 1182, PG 338

FOR THE STATE OF NORTH CAROLINA

S.P.O0. FILE #XX-X
NCEEP RFP #16-004101
NCEEP PROJECT #XXXXX
NCEEP PROJECT NAME: MUDDY RUN 2

CYPRESS CREEK TOWNSHIP
DUPLIN COUNTY, NC

20’ 0 40’ 80’

i —

GRAPHIC SCALE

JANUARY 7, 2013
1" = 40’

"PRELIMINARY PLAT”
NOT FOR SALES, CONVEYANCES,

OR RECORDATION.

LEGEND
EXISTING IRON STAKE

Els

ADJOINING PROPERTY LINE
EASEMENT LINE
EASEMENT/BOUNDARY LINE

® = NEW IRON STAKE & CAP
O = NO POINT SET
(TL) = TIE LINE
(CC) = CONTROL CORNER
NCGSM = NC GRID SURVEY MONUMENT
—72— = NOT TO SCALE

MATRIX EAST, PLLC

PROFESSIONAL LAND SURVEYORS
906 N. QUEEN ST., SUITE A KINSTON, NC 28501

East

ACREAGE DATA
(BY COMPUTER)

313 iz TEL: 252-522-2500 FAX: 252-522-4747
SOURCE OF TITLE FIRM LIC. # P—-0221 EMAIL: surveyor@matrixeast.net
DB 1198, PG 9 DRAWN BY: CKP/INM PROJECT NO.: 20110047

SURVEYED BY: LDL/CCK DATE: JANUARY 7, 2013
SHEET 9 OF 13 SCALE: 1" = 40’ DRAWING NAME: LANIER




NOTES:

EASEMENT CORNER COORDINATE TABLE

NC GEODETIC SURVEY MONUMENT 1. COMBINED FACTOR IS 0.99989904. l , REVIEW OFFICER OF
REFERENCE TABLE # NORTHING EASTING 2. ALL DISTANCES ARE HORIZONTAL GROUND DUPLIN _ COUNTY, CERTIFY THAT THE MAP OR PLAT TO
FROM: “BROWN 1974” 0 “HATCHER 1974” 154 | 396,976.4788° | 2,362,195.9495’ MEASUREMENTS IN FEET & DECIMALS THEREOF, m\m%\qm»ﬁwz Mmﬂwmﬁmm%wm%zmﬂx@ MEETS ALL STATUTORY
: - 155 | 396,898.5614° | 2,362,228.2574° UNLESS OTHERWISE NOTED. :
N=395,131.0634’ N=398,054.6107" 69 | 397.077.1391° | 2362 488.0073° 3. ACCESS TO EASEMENT SHALL BE THROUGH
E=2,357,379.5569’ E=2,362,255.4002’ AL 0T | SR TR NEIGHBORING TRACT.
D DeTAVCE 170 | 396,928.6363" | 2,362,513.1362
GRID BEARING 5,685.1541" (GRID) 171 | 396,892.3055" | 2,362,259.2022° REVIEW OFFICER
N 590511 £ 5,685.86' (VEASURED) 172 | 397,096.9533" | 2,362,545.4966°
173 | 396,926.1373" | 2,362,574.3665°
174 | 396,871.7543" | 2,362,669.5493 DATE

175 | 397,106.2401" | 2,362,572.4415’

(COORDINATES ARE GROUND COORDINATES
RELATIVE TO NCGSM "HATCHER 1974")

FILED FOR REGISTRATION ,
2013. : M

PLAT CABINET , PAGE

REGISTER OF DEEDS
DUPLIN COUNTY

1820

NAD 88(2001)

&
N
N\

VICINITY MAP

(NOT TO SCALE)

NCGSM "HATCHER 1974”
N=398,054.6107"
E=2,362,255.4002"

(NAD 83/2001)

MICHAEL C. LANIER
DB 1198, PG 9 FLOOD STATEMENT
THIS PROPERTY IS LOCATED IN ZONE *_X
AND IS NOT WITHIN A SPECIAL FLOOD HAZARD
AREA, AS DETERMINED BY NFIP RATE MAP

DATED _FEBRUARY 16, 2006 : COMMUNITY PANEL

NUMBER _370083-3368—J .

”

JOHNNY A. FUTREAL
DB 1055, PG 204

LINE TABLE
BEARING LENGTH
S 09'36°16" E 150.61°

N=396,976.4788' EIS
=2,362,195.9495" (cC)

Ly
=
S

L—1
L=2 S 81°51°28" w 256.52°
L=3 N _78°34'15" W 31.57
L—4 N 22°31°16" W 84.35°
L=5 N _70°58°59" E 308.92°
L-6 N _70°58°59" E 60.81°
L7 N _70°58°59" E 28.50’
EDITH B. HILL L-8 S 22°29°45" E 253.80°
ROMMIE O. HILL L-9 N _60°15°30" W 109.62°
DB 877, PG 543 L—10 N 09°35'35” W 173.24°
L—11 S 22°:31°04" E 100.02°
L—12 S 0309°22” w 1,079.77°
L=13 S 22°29°45" E 100.05°
\ COLIE S. JENKINS
// DB 1182, PG 338
\
\ \
/ \
/ \
\ \
\
"PRELIMINARY PLAT” \
\
NOT FOR SALES, CONVEYANCES /
5 s
OR RECORDATION.
LEGEND

I, CHRISTOPHER K. PADERICK, PROFESSIONAL [AND SURVEYOR EXISTING IRON STAKE

NO. 4189, CERTIFY THAT THIS SURVEY IS OF ANOTHER CONSERVATION EASEMENT EAX z EXISTING AXLE
CATEGORY. TO WIT; AN EASEMENT SURVEY.  —  SURVEY OF — ® - NEW IRON STAKE & CAP
(TL) = TEE LINE
THE JENKINS PROPERTY (T o comen,
FOR THE STATE OF NORTH CAROLINA ey v L M
STATE OF NORTH CAROLINA DUPLIN COUNTY S.P.O. FILE w*sk X—X = EASEMENT/BOUNDARY LINE

, _ CHRISTOPHER K. PADERICK . CERTIFY THAT THIS NCEEP RFP u%a 16—-004101

PLAT WAS DRAWN UNDER MY SUPERVISION FROM AN ACTUAL

SURVEY MADE UNDER MY SUPERVISION; (DEED DESCRIPTION NCEEP PROJECT *CCCQQA ACREAGE. DATA JESE ?\L N-m \X m\DM N-u h PPO

RECORDED IN MAP & DEED BOOKS NOTED); THAT THE (87 COMPUTER) PROFESSIONAL LAND SUR ORS
BOUNDARIES NOT SURVEYED ARE CLEARLY INDICATED AS DRAWN . VEY
FROM INFORMATION REFERENCED HEREON; THAT THE RATIO 2Qmmh hmo.\mnﬂl 2L th. ttbb v\ mcz N

East

OF PRECISION AS CALCULATED IS 1: 10,000+; THAT THIS PLAT »mﬁ m - m”mmm »mw 906 N. QUEEN ST., SUITE A KINSTON, NC 28501

WAS PREPARED IN ACCORDANCE WITH %%mﬁm%mm@:% CYPRESS CREEK TOWNSHIP JANUARY 7, 2013 TOTAL = 1.076 AC% TEL: 252-522-2500 FAX: 252-522-4747
Dot NP SEAL THIS ZTHL DAY OF —JANARE . A5~ DUPLIN. COUNTY, NC 1" =40 SOURCE OF TITLE FIRM LIC. # P—0221 EMAIL: surveyor@matrixeast.net

400 200 O 40’ 80’ DB 1182, PG 338 DRAWN BY: CKP/INM PROJECT NO.: 20110047

= "”o%l SURVEYED BY: LDL/CCK DATE:  JANUARY 7, 2013

SHEET 10 OF 13 SCALE: 1" = 40’ DRAWING NAME: JENKINS




MICHAEL C. LANIER
DB 1198, PG 9

COLIE S. JENKINS
DB 1182, PG 338

NCGSM

"HATCHER 1974”

N=398,054.6107°
=2,362,255.4002"
(NAD 83,/2001)

1
//
»

JOHNNY A. FUTREAL
DB 1055, PG 204

lo

N=397,004.3489°
E=2,362,785.0542’

ﬁ//h///
~N

LINE TABLE
LINE BEARING LENGTH
L-1 S 5225'34” w 163.02’
L—2 N 39'57°32" W 201.55°
L-3 N 3316°39” W 232.75°
L—4 N _32'06°16" W 53.46°
L=5 S 6820°'11" w 185.34’
L—6 N 2229°45" W 709.16°
L-7 N _70°07°25” E 36.73’ =
-8 S 470004 E__| 166.76° = W\V )
L-9 S 89°20°'17" E 56.11°
L—10 S 6329°37" E 166.50°
M| M S J91008" £ | 63.50 JOHNNY A. FUTREAL
N 834003 E 57.41 DB 1055, PG 204
L-13 N 67°14’56" E 38.46° \
L—14 N 61°51°55" E 58.96° \
L-15 N 78'09°42” E 79.71°
L—16 S 47°50°03” E 25.28° /
L=17 S 30°50°33” E 55.46° \
L—18 S 17°49°55" w 51.61°
L—19 S 38°53°07" w 39.18°
L—20 S 47°1047” w 63.86° /
L=21 S 0356'43” E 95.81’ \
L—22 S 39°56°59” E 50.57° \
L-23 S 3524°04” E 67.09°
L—24 S 45'28°50" w 54.79’ /
L—25 S 34'40°21" E 124.30°
L-26 S 31°10'44” E 98.69’ /
L-27 S 4325’16” E 165.32°
L—28 S 43°17°'32” E 35.50° /
L—29 S 36°47°25" E 111.41°
[—30 S 41°39°00" £ | 111.13 \
L-31 S 33'11°39” E 106.44° \
L-32 S 69°15°48" E 46.22° /
L-33 S 6421'17" E 100.51° COLIE S. JENKINS
[—34 S 04'52°02" W 56.75" bB 1182, PG 338 \
[—35 S 36'1925" E_| 63.69° \
L—36 S 69°11°’10" W 78.99° /
L=37 S 08'14'37” E 31.35’
1-38 S 12°32'10” E 211.33° \
L-39 S 22'58°'44” E 26.39°
L—40 S 86°02°27" E 125.93’
L—41 S 87'55'45” E 108.97’
L—42 S 3555'43” E 11.04’
L—43 S 37:23'07" E 275.43°
L—44 S 74'09°03” w 61.22°
L—45 N 46°'48°56" W 14.56°
L—46 N 3752°39" W 113.27°
L—47 N 8837°58" W 214.56° -
[—48 N 80°14'22” W | 159.57" . — "
L—49 N 19°27°29" W 178.64’ -
L—50 N 18°14°17" W 115.15° -
L=51 N _01°58°46" W 111.21° | ——
L—52 N 35'1821" W 191.34°
L—53 N 343127 W 122.57’
L-54 N _40'30°35" W 144.12’
L—55 N 54°15°03” E 151.81°
L-56 S 74'09°03” w 46.22’
L=57 S 26°45'44” E | 1,176.26’
CONSERVATION EASEMENT
SURVEY OF

-

MATTHEW J. LANE
KELLY F. LANE
DB 1654, PG 342

THE JOHNNY A. FUTREAL PROPERTY

FOR THE STATE OF NORTH CAROLINA
S.P.0. FILE #31-N
NCEEP RFP #16—-004101
NCEEP PROJECT #XXXXX
NCEEP PROJECT NAME: MUDDY RUN 2

CYPRESS CREEK TOWNSHIP

DUPLIN COUNTY, NC

120’

60’ 0

120’

\_ ”» —
240’

i —

GRAPHIC SCALE

JANUARY 7, 2013
120°

NOT FOR SALES, CONVEYANCES,

/

NC GEODETIC SURVEY MONUMENT
REFERENCE TABLE

FROM: “BROWN 1974” TO: “HATCHER 1974”

N=395,131.0634’ =398,054.6107°
- E=2,357,379.5569’ E=2,362,255.4002’
GRID DISTANCE

5,685.1541" (GRID)
5,685.86" (MEASURED)

GRID BEARING
N 59°03°11" E

GERALD JEFFERSON FUTREAL

/

" DUPLIN

REQUIREMENTS FOR RECORDING.

, REVIEW OFFICER OF
COUNTY, CERTIFY THAT THE MAP OR PLAT TO
WHICH THIS CERTIFICATION IS AFFIXED MEETS ALL STATUTORY

REVIEW OFFICER

DATE
FILED FOR REGISTRATION ,
2013. _M
PLAT CABINET , PAGE

DOROTHY H. FUTREAL 3
DB 1177, PG 163 ] REGISTER OF DEEDS
3 DUPLIN COUNTY
9
/ =
\
\
/ EASEMENT CORNER COORDINATE TABLE
# NORTHING EASTING # NORTHING EASTING
N 175 | 397,106.2401° | 2,362,572.4415 || 202 | 395,232.7610° | 2,364,146.2843
- 176 | 397,118.7270° | 2,362,606.9805" || 203 | 395,322.1642" | 2,364,076.7422"
/ _— 177 | 397,004.9971° | 2,362,728.9461" || 204 | 395,327.2840° | 2,363,862.2454
JOHNNY A. FUTREAL \ T - 178 | 397,004.3489° | 2,362,785.0542 || 205 | 395,354.3356" | 2,363,704.9877’
DB 1055, PG 204 \ - 179 | 396,930.0397° | 2,362,934.0537° || 206 | 395,522.7727" | 2,363,645.4799"
- — 180 | 396,880.9611° | 2,362,974.0369° || 207 | 395,632.1345" | 2,363,609.4431"
181 | 396,887.2936" | 2,363,031.0997 || 208 | 395,743.2780" | 2,363,605.6020°
182 | 396,902.1677" | 2,363,066.5687 || 209 | 395,899.4302" | 2,363,495.0157’
\ 183 | 396,929.9682" | 2,363,118.5585 || 210 | 396,109.9843" | 2,363,331.9340°
\ 184 | 396,946.3212" | 2,363,196.5757" || 211 | 396,198.6751° | 2,363,455.1376
/ 185 | 396,929.3514" | 2,363,215.3132" || 212 | 396,109.4575" | 2,363,521.8572
. 186 | 396,881.7384° | 2,363,243.7440 || 213 | 396,026.4205" | 2,363,595.7106
\ 187 | 396,832.6031° | 2,363,227.9383" || 214 | 395,937.3454" | 2,363,653.9865
188 | 396,802.1030° | 2,363,203.3406" || 215 | 395,920.9802" | 2,363,697.2123
/ 189 | 396,758.6940° | 2,363,156.4964" || 216 | 395,877.4817 | 2,363,787.8168"
\ 190 | 396,663.1158" | 2,363,163.0880° || 217 | 395,820.9350° | 2,363,783.0016
\ 191 | 396,624.3456" | 2,363,195.5621" || 218 | 395,769.6227 | 2,363,820.7265
/ 192 | 396,569.6601° | 2,363,234.4267" || 219 | 395,741.5539" | 2,363,746.8892"
. 193 | 396,531.2448° | 2,363,195.3616" || 220 | 395,710.5249" | 2,363,751.3846
\ JOHNNY ADRAIN FUTREAL 194 | 396,429.0210° | 2,363,266.0719° || 221 | 395,504.2288" | 2,363,797.2553
TERRY ROSE FUTREAL 195 | 396,344.5869° | 2,363,317.1642 || 222 | 395,479.9347 | 2,363,807.5570
/ DB 1142, PG 501 196 | 396,224.5134° | 2,363,430.7954" || 223 | 395,471.2400° | 2,363,933.1838"
\ 197 | 396,125.1057" | 2,363,301.5906" || 224 | 395,222.7966° | 2,364,156.9012"
\ 198 | 396,279.5943" | 2,363,172.1483 || 225 | 395,239.5160° | 2,364,215.7929’
/ 199 | 396,474.1826° | 2,363,044.4366" || 226 | 395,458.3661" | 2,364,048.5585°
" . 200 | 396,519.4656° | 2,363,016.0257" || 227 | 395,467.3021" | 2,364,042.0831°
IHW/ \ 201 | 396,451.0466° | 2,362,843.7774°

JOHNNY A. FUTREAL
DB 1055, PG 204

\
@\

@) \
JOHNNY A. FUTREAL I ) L-39
DB 1055, PG 204 \ — _ %0
@
<\
\
\=\
\
DT
\ CH

"PRELIMINARY PLAT”
OR RECORDATION.

(COORDINATES ARE GROUND COORDINATES RELATIVE TO NCGSM "HATCHER 1974")

DANNY G. HATCHER
JAMES A. HATCHER
CARLTON R. HATCHER
FORREST C. HATCHER

JENNIFER J. KOPANSKI

L—42

Q
JOHNNY A. wc%@w/&//@ )

DB 1055, PG 204

DB 1530, PG 728
MB 4, PG 23

DANNY G. HATCHER
JAMES A. HATCHER

CARLTON R. HATCHER

FORREST C. HATCHER
JENNIFER J. KOPANSKI
DB 1530, PG 728
MB 4, PG 23

DANNY G. HATCHER, ETAL
DB 1530, PG 728

MB 4, PG 23

SHEET 11 OF 13

ACREAGE DATA
(BY COMPUTER)

1820

VICINITY MAP

(NOT TO SCALE)

I, CHRISTOPHER K. PADERICK, PROFESSIONAL [AND SURVEYOR
NO. 4189, CERTIFY THAT THIS SURVEY IS OF ANOTHER
CATEGORY. TO WIT; AN EASEMENT SURVEY.

L—-4189

STATE OF NORTH CAROLINA

l CHRISTOPHER K. PADERICK , CERTIFY THAT THIS
PLAT WAS DRAWN UNDER MY SUPERVISION FROM AN ACTUAL
SURVEY MADE UNDER MY SUPERVISION; (DEED DESCRIPTION
RECORDED IN MAP & DEED BOOKS NOTED); THAT THE
BOUNDARIES NOT SURVEYED ARE CLEARLY INDICATED AS DRAWN
FROM INFORMATION REFERENCED HEREON; THAT THE RATIO

OF PRECISION AS CALCULATED IS 1: 10,000+; THAT THIS PLAT
WAS PREPARED IN ACCORDANCE WITH G.S. 47-30 AS
AMENDED. WITNESS MY ORIGINAL SIGNATURE, REGISTRATION
NUMBER AND SEAL THIS _7TH DAY OF _JANUARY , AD.,
2013

DUPLIN COUNTY

L—4189

FLOOD STATEMENT

THIS PROPERTY IS LOCATED IN ZONE “_X ”

AND IS NOT WITHIN A SPECIAL FLOOD HAZARD
AREA, AS DETERMINED BY NFIP RATE MAP

DATED _FEBRUARY 16, 2006 : COMMUNITY PANEL
NUMBER _370083-3368—J -

NOTES:

1. COMBINED FACTOR IS 0.99989904.

2. ALL DISTANCES ARE HORIZONTAL GROUND
MEASUREMENTS IN FEET & DECIMALS THEREOF,
UNLESS OTHERWISE NOTED.

3. ACCESS TO EASEMENT SHALL BE THROUGH
NEIGHBORING TRACT.

LEGEND
EXISTING IRON STAKE

Els

ECM = EXISTING CONCRETE MONUMENT
— ® = NEW IRON STAKE & CAP
JREA 2 = 4.402 Acs O = No PONT SET
(L) = TIE LINE
TOTAL = 11.018 AC£ (€C) = CONTROL CORNER
NCGSM = NC GRID SURVEY MONUMENT
—ZZ— = NOT TO SCALE

SOURCE OF TITLE

ADJOINING PROPERTY LINE

DB 1055, PG 204

EASEMENT LINE
EASEMENT/BOUNDARY LINE

East

MATRIX EAST, PLLC
PROFESSIONAL LAND SURVEYORS

906 N. QUEEN ST., SUITE A KINSTON, NC 28501
TEL: 252-522-2500 FAX: 252-522-4747

FIRM LIC. # P—0221

EMAIL: surveyor@matrixeast.net

DRAWN BY: CKP/INM PROJECT NO.: 20110047
SURVEYED BY: LDL/CCK DATE: JANUARY 7, 2013
SCALE: 1" =120 DRAWING NAME: FUTREAL 2




NCGSM "HATCHER 1974”
N=398,054.6107°
E=2,362,255.4002°
(NAD 83/2001)

NC GEODETIC SURVEY MONUMENT
REFERENCE TABLE

FROM: “BROWN 1974” TO: “HATCHER 1974”

N=395,131.0634’ N=398,054.6107’
E=2,357,379.5569’ E=2,362,255.4002’
GRID DISTANCE

5,685.1541" (GRID)
5,685.86" (MEASURED)

I, CHRISTOPHER K. PADERICK, PROFESSIONAL LAND SURVEYOR
NO. 4189, CERTIFY THAT THIS SURVEY IS OF ANOTHER
CATEGORY. TO WIT; AN EASEMENT SURVEY.

L—4189
GRID BEARING
N 59°03'11” E DANNY G. HATCHER
JAMES A. HATCHER
CARLTON R. HATCHER
FORREST C. HATCHER
JENNIFER J. KOPANSKI
DB 1530, PG 728 , CHRISTOPHER K. PADERICK , CERTIFY THAT THIS
MB 4, PG 23 PLAT WAS DRAWN UNDER MY SUPERVISION FROM AN ACTUAL
SURVEY MADE UNDER MY SUPERVISION; (DEED DESCRIPTION
RECORDED IN MAP & DEED BOOKS NOTED); THAT THE
BOUNDARIES NOT SURVEYED ARE CLEARLY INDICATED AS DRAWN

STATE OF NORTH CAROLINA DUPLIN COUNTY

DANNY G. HATCHER FROM INFORMATION REFERENCED HEREON; THAT THE RATIO 7879
JAMES A. HATCHER OF PRECISION AS CALCULATED IS 1: 10,0004; THAT THIS PLAT
CARLTON R. HATCHER WAS PREPARED IN ACCORDANCE WITH G.S. 47-30 AS
%mmm m mmmmum@ AMENDED. WITNESS MY ORIGINAL SIGNATURE, REGISTRATION
: B NUMBER AND SEAL THIS _7TH DAY OF _JANUARY , AD.,
DB 1530, PG 728 3 LIH
MB 4, PG 23 8 2013 Q
% o
M ~
=
N\
JOHNNY A. FUTREAL L-4189 N\
: L-13
DB 1055, PG 204 < VICINI VAP
F (NOT TO SCALE)
, L-15
N=395,222.7966 (cc)
E=2,364,156.9012° S
_ @ l , REVIEW OFFICER OF
\\ \ DUPLIN _ COUNTY, CERTIFY THAT THE MAP OR PLAT TO
WHICH THIS CERTIFICATION IS AFFIXED MEETS ALL STATUTORY
/1// REQUIREMENTS FOR RECORDING.
\3 LINE TABLE
\ LINE BEARING LENGTH
\ L1 N 2328'16" W_| 62.19°
@Y L=2 N_16°00°20" E 156.58’ REVIEW OFFICER
DANNY G. HATCHER =3 “09'55" ;
JAMES A. HATCHER — N 2909 55° W | 67.87
CARLTON R. HATCHER / / L=4 N 692005" W | 61.75
FORREST C. HATCHER I L=5 N 464856" W | 64.90° DATE
v . 39 JENNIFER J. KOPANSKI / h \ a L=6 N _74°09°03" E 61.22
INSET "A / Vg L7 wsrasor v |2
" , \ \v\ / L-8 N 35'55'43" W 11.04°
N.m.ﬁ.khm.. 1 = .WQ& ~ @k L-9 S 8755'45” E__| 112.60°
/ — L—10 S 77°54°59” £ 108.26°
kr L—11 S 30°40°27" E 129.89° FILED FOR REGISTRATION ,
- =12 S 77'11°09” E 40.00’ 2013, __: _ M
@ DANNY G. HATCHER L—13 S 45°20'44” E 32.91° PLAT CABINET , PAGE
JAMES A. HATCHER =14 S 02°32'47" E 51.05°
5 cira s T 5 s oriewe [ mar
ps . — Y )
/r/ LA JENNIFER J. KOPANSKI ETI0 | S 270507 E | 125,90
- DB 1530, PG 728 =17 S 22°50'45” W__| 108.41 REGISTER OF DEEDS
@ MB 4, PG 23 e L-18 S 0359'42" £ 41.14° DUPLIN COUNTY
@ - L—19 S 61°18'46” W | 164.43
EASEMENT CORNER COORDINATE TABLE % P =20 S 29'32'55” £ | 100.01"
# NORTHING | EASTING # NORTHING | EASTING 2\ g L=21 N 6122'34" E | 157.09
224 | 395,222.7966° | 2,364,156.9012° || 246 | 394,515.5245" | 2,364,419.0507’ <~ - L-22 S 36927117 £ | 155.62°
] . : f ) 3 i y . : f ) g i \\ L-23 N 60°42°34” E 70.56° FLOOD STATEMENT
sl e v [asens | v Loz | 2o @ e s i oo T
,400,7067 | £,564,045.9595 /017029 | 4,904,002, 2547 T N 665436 E 5.86 AND IS NOT WITHIN A SPECIAL FLOOD HAZARD
227 | 395,467.3021° | 2,364,042.0831° || 249 | 394,802.8209" | 2,364,325.9498 "\ T S 671557 W | 217.28 AREA, AS DETERMINED BY NFIP RATE MAP
228 | 395,463.2330° | 2,364,154.6103" || 250 | 394,878.0777" | 2,364,463.8438 /W o8 w WM.WW .wm.. m MM..NW DATED _FEBRUARY 16, 2006 : COMMUNITY PANEL
229 | 395,440.5707" | 2,364,260.4692° || 251 | 394,773.3177" | 2,364,546.7857’ \ =T o550 £ s NUMBER _370083—-3368—J_-
230 | 395,328.8509° | 2,364,326.7355" || 252 | 394,807.8406" | 2,364,608.3283’ @’ =30 19345 £ | To5.19°
231 | 395,319.9801° | 2,364,365.7361° || 253 | 394,812.3030" | 2,364,661.3616 V =31 S 2027'59" 81.24°
232 | 395,296.8500° | 2,364,389.1469° || 254 | 394,814.6327° | 2,364,666.7392’ /ﬂ L-32 S 32°3128" F 16.05°
233 | 395,245.8482° | 2,364,391.4150° || 255 | 394,697.1250° | 2,364,483.9813" Www S JI'1052 E 5.95
234 | 395,219.5200" | 2,364,402.7355" || 256 | 394,635.9758' | 2,364,505.4296" R By e e
235 | 395,109.7028° | 2,364,460.0994° || 257 | 394,577.0681° | 2,364,524.8221 =3 s 7e0518" £ VT
236 | 395,009.7949° | 2,364,418.0079° || 258 | 394,524.1927" | 2,364,543.6522’ =37 S 592824" £ 1685 NOTES:
237 | 394,968.7571° | 2,364,420.8741° || 259 | 394,427.9130" | 2,364,577.8997’ [—38 S 3327'10" W__| 68.34 1. COMBINED FACTOR IS 0.99989904.
238 | 394,889.8260° | 2,364,276.6272° || 260 | 394,351.7992° | 2,364,606.3066° L=39 N 500738 W | 180.43" 2. \ﬁ_ mmmmm&w\.mmm ﬁmw%%mwow\mﬁimw%@ﬂmﬁm%
239 | 394,946.8659' | 2,364,251.8596" || 261 | 394,338.2701" | 2,364,614.9337 L=40 N 375757 W | 60.48 ’
=41 N 171536 w | 9620 UNLESS OTHERWISE NOTED.
240 | 395,097.3737" | 2,364,295.0331° || 262 | 394,333.1785" | 2,364,618.0150° PATRICIA M. RILEY — 2250 — 3. ACCESS TO EASEMENT SHALL BE THROUGH
; ; ; ; DANNY G. HATCHER DB 1161, PG 145 L—42 N 004454 W 1| 153.74 NEIGHBORING TRACT.
241 | 395,156.5999° | 2,364,261.9799° || 263 | 394,331.0721" | 2,364,622.8140 Ee o ATEHER ’ [—43 N 4601°00° W | 90.00° :
242 | 395,178.3856" | 2,364,204.2200° || 264 | 394,324.6726" | 2,364,632.1507’ CARLTON R. HATCHER L—44 N 20°19°56" W | 75.79
243 | 394,256.6837" | 2,364,618.0830° || 265 | 394,322.2483" | 2,364,641.2545° ,E&wmmm m Mummumm\ L—45 S 33'52'50" £ | 5,410.99°
244 | 394,372.3519° | 2,364,479.6115" || 266 | 394,313.6989° | 2,364,655.7530’ DB 1530, PG 728 L—46 S 74°09'03" W__| 46.22
245 | 394,423.6608° | 2,364,447.5925’ MB 4, PG 23

(COORDINATES ARE GROUND COORDINATES RELATIVE TO NCGSM "HATCHER 1974%)

THE DANNY G. HATCHER, ETAL PROPERTY

FOR THE STATE OF NORTH CAROLINA
S.P.O. FILE #31-1

CONSERVATION EASEMENT
SURVEY OF

NCEEP RFP #16-004101
NCEEP PROJECT #XXXXX

DUPLIN COUNTY, NC

100’ 50’ 0

NCEEP PROJECT NAME: MUDDY RUN 2

CYPRESS CREEK TOWNSHIP

JANUARY 7, 2013

100’

1" = 100’
200’

GRAPHIC SCALE

i —

SEE INSET "A” FOR CLARITY

"PRELIMINARY PLAT”
NOT FOR SALES, CONVEYANCES,

OR RECORDATION.

ACREAGE DATA
(BY COMPUTER)

LEGEND
ECM = EXISTING CONCRETE MONUMENT
® = NEW IRON STAKE & CAP
O = NO POINT SET
(TL) = TIE LINE
(CC) = CONTROL CORNER
NCGSM = NC GRID SURVEY MONUMENT
—72— = NOT TO SCALE

ADJOINING PROPERTY LINE
EASEMENT LINE
EASEMENT/BOUNDARY LINE

DANNY G. HATCHER

JAMES A. HATCHER R 5 2 2o
CARLTON R. HATCHER i
FORREST C. HATCHER TOTAL = 3.968 AC*

JENNIFER J. KOPANSKI
DB 1530, PG 728

MB 4, PG 25 SOURCE OF TITLE

East

906

TEL: 252-522-2500

MATRIX EAST, PLLC

PROFESSIONAL LAND SURVEYORS

N. QUEEN ST., SUITE A KINSTON, NC 28501
FAX: 252-522-4747

FIRM LIC. # P—0221

EMAIL: surveyor@matrixeast.net

DB 1530, PG 728
MB 4, PG 23

SHEET 12 OF 13

DRAWN BY: CKP/INM PROJECT NO.: 20110047
SURVEYED BY: LDL/CCK DATE: JANUARY 7, 2013
SCALE: 1" = 100’ DRAWING NAME: HATCHER 2




EASEMENT CORNER COORDINATE TABLE [INE TABLE [INE TABLE
l , REVIEW OFFICER OF
DUPLIN _ COUNTY, CERTIFY THAT THE MAP OR PLAT TO # NORTHING EASTING # NORTHING EASTING LINE BEARING LENGTH LINE BEARING LENGTH
WHICH THIS CERTIFICATION IS AFFIXED MEETS ALL STATUTORY 254 | 394,814.6327° | 2,364,666.7392" || 278 | 394,863.5336" | 2,365,383.2504° L—1 N 57°15'37" E_| 217.28° L=25 S 79'41'58" W__| 135.72°
REQUIREMENTS FOR RECORDING. 255 | 394,697.1250° | 2,364,463.9813" | | 279 | 394,864.2082° | 2,365,474.0669’ L=2 N 66'34'36" E | 65.74" L=26 | S 7555%51" W | 118.64’
256 | 394,635.9758° | 2,364,505.4296" || 280 | 394,907.9794" | 2,365,605.9140° L=5 N 755015 E | 100.74 L=27 S 744556 W | 266.35
394,577.0681° | 2,364,524.8221" 394,868.1092° | 2,365,773.2036° L4 N 7611505° £ | 196.99 £-22 2 764025 W | 212.21
257 1977, ,364,524. 281 868, ,365,773. =5 N 72°13°02" E_| 181.25' =29 S 66'4552" W__| 113.89°
REVIEW OFFICER 258 | 394,524.1927° | 2,364,543.6522" || 282 | 394,700.8227" | 2,365,968.3543" =6 N 853158 £ | 76.84° [—30 S 885605" W | 20,74’
259 | 394,427.9130° | 2,364,577.8997" || 283 | 394,674.1897" | 2,366,006.0020° =7 N 76'14'26" E__| 124.69’ L=31 S 01°32°38" E__| 105.44’
260 | 394,351.7992° | 2,364,606.3066' || 284 | 394,659.4871’ | 2,366,026.3789’ L=8 S 85'5128" E 77.56° L=32 S 22'5143" E 88.67'
DATE 261 | 394,338.2701° | 2,364,614.9337" || 285 | 394,656.6093 | 2,366,061.8378" L=9 N 624519 E | 57.02° L=35 | S 453434"E | 75.62°
262 | 394,333.1785" | 2,364,618.0150" || 286 | 394,666.6186" | 2,366,085.3789° L_70 N&TOT2I"E | 14267 Lo o JUZB05 £ | J4.99
2992, 7760 | 5,954,015.9750 :000.0196 | 2,905,055.9799 =11 S 73'30'03” E__| 150.49° L=35 S 49'09'59” E_| 29.77°
263 | 394,331.0721 2,364,622.8140 287 | 394,776.8493 2,366,095.4955 [—12 S 69°30°44” E 84.17° [ —-36 S 3327°10” W 68.69°
264 | 394,324.6726° | 2,364,632.1507" || 288 | 394,783.9777" | 2,366,057.0272° =13 S 51°0312” £ | 88.83 =37 N 59°2824” W | 16.83
265 | 394,322.2483° | 2,364,641.2545' || 289 | 394,908.4156" | 2,365,908.5431° L—14 S 50'02°06" E 193.73" L—38 N 7505’18 w 9.42'
FILED FOR REGISTRATION . 266 | 394,313.6989° | 2,364,655.7530" | | 290 | 394,964.2558" | 2,365,839.4550° M|“w S 793007 E | 39.12 M|Mw N 55°3422° W | 11.52 7879
2013 __: M 267 | 394,371.0115" | 2,364,693.6195" || 291 | 394,993.7162" | 2,365,760.6079’ S 0571457 W | 110.69 N 661508 W 224
PLAT CABINET , PAGE . - - . - L=17 S 6657'57" W 25.58 L—41 N _31°10°52" W 5.95
269 | 394,402.1735" | 2,364,638.1272" || 293 | 395,014.1600" | 2,365,475.1900" =19 N 5411°18" W | 2513 [—43 N 20°27'59" W | 81.24°
- 270 | 394,455.1050° | 2,364,584.1204" || 294 | 394,988.0280" | 2,365,424.5124" L—20 N 54'4324" W | 46.12° L—44 N _19°34'51" W _| 102.19° S
REGISTER OF DEEDS 8 271 | 394,536.8067° | 2,364,549.6720° || 295 | 394,993.6302° | 2,365,347.1558’ MWNN & WMWMHW.. w www.mom. M|Mm & “muww.mw .. w mm.mw. N
DUPLIN COUNTY S ; g ; ; = . - . ~
% 272 | 394,642.2079" | 2,364,546.8511" || 296 | 394,965.9726" | 2,565,226.0426’ s 7 S R YT = oo w | erso o
] 273 | 394,642.5935" | 2,364,567.5715" || 297 | 394,957.9881" | 2,365,149.4397 24  s95028" w | 90.82° =48 s 353420" £ | 4.029.80° &N
= 274 | 394,687.5254° | 2,364,672.2254" || 298 | 394,902.6322" | 2,364,976.8467" N
275 | 394,736.4404° | 2,364,878.7254" || 299 | 394,865.4146" | 2,364,824.7425° VICINITY MAP
276 | 394,806.4268" | 2,365,135.7173" || 300 | 394,840.7657" | 2,364,727.0620° (NOT 70 SCALE)
277 | 394,839.2655" | 2,365,249.7198"
(COORDINATES ARE GROUND COORDINATES RELATIVE TO NCGSM "HATCHER 1974%)
NC GEODETIC SURVEY MONUMENT
REFERENCE TABLE
NCGSM "HATCHER 1974” FROM: “BROWN 1974” TO: “HATCHER 1974”
muumuum%wowm% M ooow o =395,131.0634" N=398,054.6107"
(NAD £3/2001) =2,357,379.5569" =2,362,255.4002"
PATRICIA M. RILEY
GRID BEARING CRID DISTANCE PATRICIA M. RILEY (292 b6 1161, PG 145
N 59°03'11” E 5,685.1541° (GRID) DB 1161, PG 145 —0 —o FLOOD STATEMENT
5,685.86" (MEASURED) Ll """ —
THIS PROPERTY IS LOCATED IN ZONE *_X

AND IS NOT WITHIN A SPECIAL FLOOD HAZARD
AREA, AS DETERMINED BY NFIP RATE MAP
DATED _FEBRUARY 16, 2006 : COMMUNITY PANEL

NUMBER _370083-3368—J -

p—
@) — \V\\o\b\

L= ——
/ww/un/\ - PamRion W RiLEY @ 1% |m - @)
R

DB 1161, PG 145 -
_— -

7
DANNY G. HATCHER 7 —7 - —
JAMES A. HATCHER \ @ L2 —
CARLTON R. HATCHER - -
FORREST C. HATCHER ﬂm -
JENNIFER J. KOPANSKI L-2 \ -
2, DB 1530, PG 728 Y
S MB 4, PG 23 @ ~ @

PATRICIA M. RILEY
DB 1161, PG 145 PATRICIA M. RILEY

DB 1161, PG 145

PATRICIA M. RILEY
DB 1161, PG 145

N=394,697.1250" ( oe/ﬁ @
—2,364,483.9813"

PATRICIA M. RILEY
DB 1161, PG 145

PATRICIA M. RILEY
DB 1161, PG 145

DANNY G. HATCHER
JAMES A. HATCHER
CARLTON R. HATCHER
FORREST C. HATCHER
JENNIFER J. KOPANSKI
DB 1530, PG 728
MB 4, PG 23

"PRELIMINARY PLAT”
NOT FOR SALES, CONVEYANCES,

OR RECORDATION.

I, CHRISTOPHER K. PADERICK, PROFESSIONAL LAND SURVEYOR
NO. 4189, CERTIFY THAT THIS SURVEY IS OF ANOTHER
CATEGORY. TO WIT; AN EASEMENT SURVEY.

L—4189

SEE INSET "A” FOR CLARITY
STATE OF NORTH CAROLINA DUPLIN COUNTY

/, CHRISTOPHER K. PADERICK , CERTIFY THAT THIS
PLAT WAS DRAWN UNDER MY SUPERVISION FROM AN ACTUAL
SURVEY MADE UNDER MY SUPERVISION; (DEED DESCRIPTION
99 4 99 RECORDED IN MAP & DEED BOOKS NOTED); THAT THE
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i e 2 FOR THE STATE OF NORTH CAROLINA
S.P.O. FILE #XX—X

L—4189

NCEEP RFP #16—-004101 MATRIX EAST. PLLC
i s
NCEEP PROJECT #XXXXX PROFESSIONAL LAND SURVEYORS

NCEEP PROJECT NAME: MUDDY RUN 2 ACREAGE DATA
906 N. QUEEN ST, SUTE A KINSTON, NC 28501

(BY COMPUTER)

East

LEGEND
pv——— CYPRESS CREEK TOWNSHIP JANUARY 7, 2013 5.210 ACE TEL: 252-522-2500 FAX: 252-522-4747
O = NO POINT SET NOTES: ” ) .
(TL) = TIE LINE : DUPLIN COUNTY, NC 1" = 100 FIRM LIC. # P—0221 EMAIL: surveyor@matrixeast.net
(CC) = CONTROL CORNER 1. COMBINED FACTOR IS 0.99989904. , , , , SOURCE OF TITLE
NCGSM = NC GRID SURVEY MONUMENT 2. ALL DISTANCES ARE HORIZONTAL GROUND 100 50 0 100 200 DRAWN BY: CKP/INM PROJECT NO.: 20110047
——ZZ— = NOT TO SCALE MEASUREMENTS IN FEET & DECIMALS THEREOF, DB 1161, PG 145
— - —— = ADJOINING PROPERTY LINE UNLESS OTHERWISE NOTED. “”“l SURVEYED BY: LDL/CCK DATE: JANUARY 7, 2013
— —— — = EASEMENT LINE 3. ACCESS TO EASEMENT SHALL BE THROUGH
e = FASEMENT,/BOUNDARY LINE NEIGHBORING TRACT. GRAPHIC SCALE SHEET 13 OF 13 SCALE: 1" = 100’ DRAWING NAME: RILEY
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Baseline Information Data

Muddy Run USACE Routine Wetland Data Forms

Mapped Soil Series and Boring Logs

Muddy Run NCDWQ Stream Determination Data Forms
Reference Reach NCDWQ Stream Determination Data Forms
Muddy Run IT NCDWQ Habitat Assessment Data Forms
Muddy Run II Aquatic Habitat Assessment

Channel Stability Assessment Forms

EDR Report

Project Site and Reference Site Photographs

Environmental Screening and Resource Agency Correspondence
Muddy Run 11 CE
Farmland Conversion Impact Rating (Form AD 1006)
FEMA Floodplain Checklist
Muddy Run II Correspondence
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WETLAND DETERMINATION DATA FORM - Atlantic and Gulf Coastal Plain Region

Project/Site: Muddy Run City/County: Duplin Sampling Date: Nov 29, 2011
Applicant/Owner: EBX State: NC Sampling Point: A/B Upland
Investigator(s): G Lankford Section, Township, Range:

Landform (hillslope, terrace, etc.): floodplain Local relief (concave, convex, none): none Slope (%): 0%
Subregion (LRR or MLRA): LRR T/MLRA 153A Lat: 34.83033 Long: -77.79163 Datum:

Soil Map Unit Name: Rains fine sandy loam, 0 to 1 percent slopes NWI classification: "ON€

Are climatic / hydrologic conditions on the site typical for this time of year? Yes No _D (If no, explain in Remarks.)

Are Vegetation , Soil E or Hydrology _E significantly disturbed? Are “Normal Circumstances” present? Yes No _D
Are Vegetation EI Soil D or Hydrology D naturally problematic? (If needed, explain any answers in Remarks.)

SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects, important features, etc.

Hydrophytic Vegetation Present?
Hydric Soil Present?
Wetland Hydrology Present?

Yes EI No E
Yes No D
Yes No D

Is the Sampled Area
within a Wetland?

DNO

Yes

Remarks:

near drainage features.

Site recently clear-cut. Vegetation is mostly absent. Previous site visits prior to clear-cutting indicated canopy vegetation
as dominantly hydrophytic. Dredged channel and shallow ditches drain surface waters and lower groundwater elevation

HYDROLOGY

Wetland Hydrology Indicators:

Primary Indicators (minimum of one is required; check all that apply)

Secondary Indicators (minimum of two required)
E Surface Soil Cracks (B6)

Surface Water (A1)
High Water Table (A2)
Saturation (A3)

Water Marks (B1)
Sediment Deposits (B2)
Drift Deposits (B3)
Algal Mat or Crust (B4)
Iron Deposits (B5)

(0 o o

Inundation Visible on Aerial Imagery (B7)

E Water-Stained Leaves (B9)
Aquatic Fauna (B13)

D Marl Deposits (B15) (LRR U)

H Hydrogen Sulfide Odor (C1)

Oxidized Rhizospheres on Living Roots (C3)
Presence of Reduced Iron (C4)
Recent Iron Reduction in Tilled Soils (C6)

O

L Thin Muck Surface (C7)
Q Other (Explain in Remarks)

Sparsely Vegetated Concave Surface (B8)
Drainage Patterns (B10)

Moss Trim Lines (B16)

Dry-Season Water Table (C2)

Crayfish Burrows (C8)

Saturation Visible on Aerial Imagery (C9)
Geomorphic Position (D2)

Shallow Aquitard (D3)

FAC-Neutral Test (D5)

(o o o |

Field Observations:
Surface Water Present?
Water Table Present?

Saturation Present?
(includes capillary fringe)

Yes
Yes

[X]

=

ves L No Bl peptn (inches): -
No ] Depth (inches):m
No _EI Depth (inches): 14 inches

DNO

Wetland Hydrology Present? Yes

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarka:

Appears to have slightly higher topography and sandy textured soils.

US Army Corps of Engineers

Atlantic and Gulf Coastal Plain Region — Interim Version



VEGETATION - Use scientific names of plants.

Sampling Point: A/B Upland

Absolute

Dominant Indicator

Dominance Test worksheet:

Tree Stratum (Plot size: ) % Cover _Species? _Status Number of Dominant Species
1. D That Are OBL, FACW, or FAC: 4 (A)
2 D Total Number of Dominant o
3. Species Across All Strata: 5% (B)
4 D P t of Dominant Speci
ercent of Dominant Species
5. O That Are OBL, FACW, or FAC: 2/% (A/B)
6. O
7 D Prevalence Index worksheet:
’ 0, . H .
= Total Cover Total ./o Cover of: Multiply by:
Sapling Stratum (Plot size: ) OBL species x1=
1. EI FACW species X2=
2. EI FAC species x3=
3. D FACU species x4 =
4. D UPL species x5=
5 O Column Totals: (A) )
6. O
7 D Prevalence Index =B/A =
' Hydrophytic Vegetation Indicators:
. = Total Cover ; .
Shrub Stratum (Plot size: 20 ft radius ) ___ Dominance Test is >50%
4 Ligustrum sinense 1% [X] FAC | __ Prevalence Index is <3.0'
» Ulmus alata 1% [X] FACU+ | _ Problematic Hydrophytic Vegetation® (Explain)
3. Quercus michauxii 1% [x] FACW
4. EI "Indicators of hydric soil and wetland hydrology must
5 EI be present, unless disturbed or problematic.
6. EI Definitions of Vegetation Strata:
7 3% EI Tree — Woody plants, excluding woody vines,
20 ft radi 0 = Total Cover approximately 20 ft (6 m) or more in height and 3 in.
Herb Straturr_1 (Plot siz'e:. ! radius ) (7.6 cm) or larger in diameter at breast height (DBH).
41 Eupatorium capillifolium 1% [x] FACU
’ ot Sapling — Woody plants, excluding woody vines,
0
2. Centella asiatica 1% E FACW approximately 20 ft (6 m) or more in height and less
3. | than 3 in. (7.6 cm) DBH.
4. D Shrub — Woody plants, excluding woody vines,
5. D approximately 3 to 20 ft (1 to 6 m) in height.
6. D Herb — All herbaceous (non-woody) plants, including
7. D herbaceous vines, regardless of size. Includes woody
8 D plants, except woody vines, less than approximately
’ 3 ft (1 m) in height.
9. O
10. D Woody vine — All woody vines, regardless of height.
1. O
12. O
2% = Total Cover
Woody Vine Stratum (Plot size: 20 ft radius )
4 Toxicodendron radicans 1% [x] FAC
> Smilax smallii 1% [x] FACU
3. O
4. O
Hydrophytic
5. o D Vegetation
2% = Total Cover Present? Yes E No EI

Remarks: (If observed, list morphological adaptations below).

sprouting.

Site is recent clear-cut. Recent forest vegetation was forested. Site is currently slash and windrows. A few stumps are

US Army Corps of Engineers

Atlantic and Gulf Coastal Plain Region — Interim Version




SOIL Sampling Point: A/B upland
Profile Description: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)
Depth Matrix Redox Features
(inches) Color (moist) % Color (moist) % Type' Loc® Texture Remarks
0-4 10 YR 4/2 10 YR 5/2 4% C M SL
14-21 10YR 4/2 85% 7.5YR25/2 2% C M SL
1Type: C=Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains. %L ocation: PL=Pore Lining, M=Matrix.
Hﬂdric Soil Indicators: Indicators for Problematic Hydric Soils®:
Histosol (A1) EIPonvaIue Below Surface (S8) (LRR S, T, U) D 1 cm Muck (A9) (LRR O)
g Histic Epipedon (A2) _LJThin Dark Surface (S9) (LRR S, T, U) D 2 cm Muck (A10) (LRR S)
D_ Black Histic (A3) ﬂLoamy Mucky Mineral (F1) (LRR O) Reduced Vertic (F18) (outside MLRA 150A,B)
EI_ Hydrogen Sulfide (A4) ﬂLoamy Gleyed Matrix (F2) ‘D Piedmont Floodplain Soils (F19) (LRR P, S, T)
Q Stratified Layers (A5) _E Depleted Matrix (F3) D Anomalous Bright Loamy Soils (F20)
D Organic Bodies (A6) (LRR P, T, U) Redox Dark Surface (F6) (MLRA 153B)
g 5 cm Mucky Mineral (A7) (LRR P, T, U) DDepIeted Dark Surface (F7) H Red Parent Material (TF2)
B Muck Presence (A8) (LRR U) ﬂRedox Depressions (F8) L Very Shallow Dark Surface (TF12) (LRR T, U)
L1 1cm Muck (A9) (LRRP, T) EMarl (F10) (LRR U) EI Other (Explain in Remarks)
D_ Depleted Below Dark Surface (A11) Depleted Ochric (F11) (MLRA 151)
D Thick Dark Surface (A12) Iron-Manganese Masses (F12) (LRR O, P, T) ®Indicators of hydrophytic vegetation and
El_ Coast Prairie Redox (A16) (MLRA 150A) Umbric Surface (F13) (LRR P, T, U) wetland hydrology must be present,
EI_ Sandy Mucky Mineral (S1) (LRR O, S) —EIDeIta Ochric (F17) (MLRA 151) unless disturbed or problematic.
E[ Sandy Gleyed Matrix (S4) —EIReduced Vertic (F18) (MLRA 150A, 150B)
E Sandy Redox (S5) :E Piedmont Floodplain Soils (F19) (MLRA 149A)
Stripped Matrix (S6) _—Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

[[] park Surface (S7) (LRR P, S, T, U)

Restrictive Layer (if observed):
Type:
Depth (inches): Hydric Soil Present? Yes EI No EI

rRcmesos
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WETLAND DETERMINATION DATA FORM - Atlantic and Gulf Coastal Plain Region

Project/Site: Muddy Run City/County: Duplin Sampling Date: Nov 29, 2011
Applicant/Owner: EBX State: NC Sampling Point: AB-wet
Investigator(s): G Lankford Section, Township, Range:

Landform (hillslope, terrace, etc.): floodplain Local relief (concave, convex, none): none Slope (%): 0%
Subregion (LRR or MLRA): LRR T/MLRA 153A Lat: 34.83033 Long: -77.79163 Datum:

Soil Map Unit Name: Rains fine sandy loam, O0to 1 percent SIOpeS NWI classification:

Are climatic / hydrologic conditions on the site typical for this time of year? Yes No _D (If no, explain in Remarks.)

Are Vegetation , Soil E or Hydrology _E significantly disturbed? Are “Normal Circumstances” present? Yes No _D
Are Vegetation EI Soil D or Hydrology D naturally problematic? (If needed, explain any answers in Remarks.)

SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects, important features, etc.

Hydrophytic Vegetation Present? Yes No D
Hydric Soil Present? Yes No D
Wetland Hydrology Present? Yes No D

Is the Sampled Area
within a Wetland?

Yes E No EI

Remarks:

near drainage features.

Site recently clear-cut. Vegetation is mostly absent. Previous site visits prior to clear-cutting indicated canopy vegetation
as dominantly hydrophytic. Dredged channel and shallow ditches drain surface waters and lower groundwater elevation

HYDROLOGY

Primary Indicators (minimum of

Wetland Hydrology Indicators:

one is required; check all that apply)

Secondary Indicators (minimum of two required)
E Surface Soil Cracks (B6)

Surface Water (A1)
High Water Table (A2)
Saturation (A3)

Water Marks (B1)
Sediment Deposits (B2)
Drift Deposits (B3)
Algal Mat or Crust (B4)
Iron Deposits (B5)

OO0 O I0XO

Inundation Visible on Aerial Imagery (B7)

E Water-Stained Leaves (B9)
Aquatic Fauna (B13)

D Marl Deposits (B15) (LRR U)

H Hydrogen Sulfide Odor (C1)

L1 Oxidized Rhizospheres on Living Roots (C3)
Presence of Reduced Iron (C4)

Recent Iron Reduction in Tilled Soils (C6)

O

L Thin Muck Surface (C7)
Q Other (Explain in Remarks)

Sparsely Vegetated Concave Surface (B8)
Drainage Patterns (B10)

Moss Trim Lines (B16)

Dry-Season Water Table (C2)

Crayfish Burrows (C8)

Saturation Visible on Aerial Imagery (C9)
Geomorphic Position (D2)

Shallow Aquitard (D3)

FAC-Neutral Test (D5)

(o o o |

Field Observations:
Surface Water Present?
Water Table Present?

Saturation Present?
(includes capillary fringe)

Yes EI No Depth (inches):

Yes _ No L1 Depth (inches): 8 inches
Yes No_EI Depth (inches): 6 inches

No D

Wetland Hydrology Present? Yes

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarka:

Appears to have retained sufficient hydrology due to shallow ditches, clayey subsoil, and nearly level topography.

US Army Corps of Engineers

Atlantic and Gulf Coastal Plain Region — Interim Version



VEGETATION - Use scientific names of plants.

Sampling Point: SB1

Absolute Dominant Indicator

Dominance Test worksheet:

Tree Stratum (Plot size: ) % Cover _Species? _Status Number of Dominant Species
1 D That Are OBL, FACW, or FAC: 4 (A)
2 D Total Number of Dominant 6
3 Species Across All Strata: (B)
4 D P t of Dominant Speci
ercent of Dominant Species
5 O That Are OBL, FACW, or FAC: 07% (A/B)
6 O
7 D Prevalence Index worksheet:
0, . H .
= Total Cover Total ./o Cover of: Multiply by:
Sapling Stratum (Plot size: ) OBL species x1=
1 EI FACW species X2=
2 EI FAC species x3=
3 D FACU species x4 =
4 D UPL species x5=
5 O Column Totals: (A) )
6 O
7 D Prevalence Index =B/A =
Hydrophytic Vegetation Indicators:
= Total Cover ; ) .
Shrub Stratum (Plot size: ) —_ Dominance Test is >50%
4 Ligustrum sinense 1% [X] FAC | __ Prevalence Index is <3.0'
» Platanus occidentalis 1% [X] FACW- | _ Problematic Hydrophytic Vegetation® (Explain)
3. Acer rubrum 1% [x] FAC
4. EI "Indicators of hydric soil and wetland hydrology must
5 EI be present, unless disturbed or problematic.
6. EI Definitions of Vegetation Strata:
7 EI Tree — Woody plants, excluding woody vines,
= Total Cover approximately 20 ft (6 m) or more in height and 3 in.
Herb Straturr_1 (Plot siz'e:. i ) (7.6 cm) or larger in diameter at breast height (DBH).
41 Eupatorium capillifolium 1% [x] FACU
D Sapling — Woody plants, excluding woody vines,
2. approximately 20 ft (6 m) or more in height and less
3. | than 3 in. (7.6 cm) DBH.
4. D Shrub — Woody plants, excluding woody vines,
5. D approximately 3 to 20 ft (1 to 6 m) in height.
6. D Herb — All herbaceous (non-woody) plants, including
7. D herbaceous vines, regardless of size. Includes woody
8 D plants, except woody vines, less than approximately
’ 3 ft (1 m) in height.
9. O
10. D Woody vine — All woody vines, regardless of height.
1. O
12. O
= Total Cover
Woody Vine Stratum (Plot size:
4 Toxicodendron radicans 1% [x] FAC
> Smilax smallii 1% [x] FACU
3. O
4. O
Hydrophytic
5. D Vegetation
= Total Cover Present? Yes E No EI

Remarks: (If observed, list morphological adaptations below).

sprouting.

Site is recent clear-cut. Recent forest vegetation was forested. Site is currently slash and windrows. A few stumps are

US Army Corps of Engineers
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SOIL

Sampling Point: SB1

Profile Description: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth Matrix Redox Features

(inches) Color (moist) % Color (moist) % Type' Loc’ Texture Remarks
0-8 7.5YR 2.5/2 SL

8-17 10YR 4/1 85% 10 YR 4/3 10% C M SCL

- - -- 10 YR 4/6 56 C M -

17-22 7.5YR 5/1 90% 7.5YRD5/6 10% C M SL

1Type: C=Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains.

%L ocation: PL=Pore Lining, M=Matrix.

Hﬂdric Soil Indicators:

Histosol (A1)
Histic Epipedon (A2)
Black Histic (A3)
Hydrogen Sulfide (A4)
Stratified Layers (A5)
Organic Bodies (A6) (LRR P, T, U)
5 cm Mucky Mineral (A7) (LRR P, T, U)
Muck Presence (A8) (LRR U)
1 cm Muck (A9) (LRR P, T)
D_ Depleted Below Dark Surface (A11)
[C1 Thick Dark Surface (A12)
El_ Coast Prairie Redox (A16) (MLRA 150A)
EI_ Sandy Mucky Mineral (S1) (LRR O, S)
E[ Sandy Gleyed Matrix (S4)
E Sandy Redox (S5)
Stripped Matrix (S6)
[[] park Surface (S7) (LRR P, S, T, U)

OO00000

O

ﬂLoamy Mucky Mineral (F1) (LRR O)

L

H

_L_IDepleted Dark Surface (F7)

g

g

Indicators for Problematic Hydric Soils®:

Polyvalue Below Surface (S8) (LRR S, T, U) D 1 cm Muck (A9) (LRR O)
Thin Dark Surface (S9) (LRR S, T, U) D 2 cm Muck (A10) (LRR S)

Reduced Vertic (F18) (outside MLRA 150A,B)

Piedmont Floodplain Soils (F19) (LRR P, S, T)
D Anomalous Bright Loamy Soils (F20)

(MLRA 153B)

E Red Parent Material (TF2)
L1 Very Shallow Dark Surface (TF12) (LRR T, U)
EI Other (Explain in Remarks)

Loamy Gleyed Matrix (F2)
Depleted Matrix (F3)
Redox Dark Surface (F6)

Redox Depressions (F8)

Marl (F10) (LRR U)

Depleted Ochric (F11) (MLRA 151)
Iron-Manganese Masses (F12) (LRR O, P, T)
Umbric Surface (F13) (LRR P, T, U)

Delta Ochric (F17) (MLRA 151)

Reduced Vertic (F18) (MLRA 150A, 150B)
Piedmont Floodplain Soils (F19) (MLRA 149A)

Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

®Indicators of hydrophytic vegetation and
wetland hydrology must be present,
unless disturbed or problematic.

Restrictive Layer (if observed):
Type:

Depth (inches):

EINo

Yes

Hydric Soil Present?

rRcmesos
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Mapped Soil Series

Map Series Name Representative Percent

Unit (Taxonomic Subgroup) Didiriage Class Hydric Composition Reach

Goldsboro loamy sand 1% Muckalee, undrained | R-3, R-4, R-5, R-6,

GOA (Aquic Paleudults) Maderately well 5% Rains, undrained R-7, R-9, R-10
Noboco loamy fine sand | Moderately well
Ik {Oxyaquic Paleudults) to well Nene Bod
Rains fine sandy loam 10% Rains, undrained R-1, R-2, R-3, R-5,
RaA Poorly

(Typic Paleaquults) 80% Rains, drained R-6, R-7, R-8, R-9

General Soil Description

The upland soils found in this area of the county formed in fine-textured sediments from
marine deposits and fluviomarine deposits of the coastal plain uplands. Stream channels
are generally shallow and meandering in loamy and sandy alluvium.

Soil Series Map Unit Descriptions

Goldsboro loamy sand (GoA), 0 to 2 percent slopes. This unit is a moderately well drained
soil found on hillslope summits and shoulders. They have moderate permeability and
runoff is negligible to medium. The seasonal high water table ranges from 24 to 36 inches
below the surface. It has often has clayey subsoil. This soil unit is typically cultivated. This
soil is considered to have hydric inclusions by the NRCS.

Noboco loamy fine sand (NbB), 0 to 2 percent slopes. This unit is a moderately well to
well drained soil found on summits and shoulder of upland marine terraces. The seasonal
high water table ranges from 30 to 40 inches below the surface. It has typically has clayey
subsoil. They have moderate permeability and runoff is low. This soil is not considered to
have hydric inclusions by the NRCS.

Rains fine sandy loam (RaA), 0 to 1 percent slopes. This unit is a poorly drained soil found
across flats, depressions and Carolina bays. They have moderate permeability and runoff is
negligible. This soil may experience flooding. The seasonal high water table ranges from 0
to 12 inches below the surface. It has often has clayey subsoil. This soil is considered
hydric when undrained by the NRCS.

Site Soil Investigation

Approximately 80 auger borings were evaluated across the proposed wetland restoration
areas and adjacent non-hydric areas by George Lankford, a licensed soil scientist. Depth to
hydric criteria was recorded and typical soil profiles were documented. Three
representative soil profiles are shown in the table below.

Soil Boring Log

Depth Matrix Color Mottle Colors Mottle Texture
Percentage
SB-75 Wi Mapped as Rains
09| 7.5YR3/2 -— -— fine Sandy Loam
10 YR 5/2 10%
9-15 | 7.5 YR 4/2 7 5 YR 4/6 59, Sandy Loam

15-18 | 10 YR 6/2 10 YR 4/6 15% Sandy Loam
Sample point is in cultivated field ~ 15 feet from channel and ~ 20 from ditch at
field edge. Spoil and deposition are likely due to landscape position.




Depth Matrix Color Mottle Colors Motlle Texture
Percentage
SB-1 W2 Mapped as Rains
Depth Matrix Color Mottle Color Mottle Texture
Percentage
0-6 | 7.5 YR 2.5/2 -— -— Sandy Loam
6-12 | 7.5 YR 6/2 7.5 YR 5/8 5% Sandy Loam
12-16 | 7.5 YR 5/1 7.5 YR 4/6 5% Sandy Clay
Plow pan at ~8 inches
SB-62 W10 Mapped as Rains
0-5 | 10 YR 4/2 — - Sandy Loam
10 YR 6/2 45% Sandy Loam
el Rkl 10 YR 3/4 (brittle)
11-17 | T0 YR 4/2 10 YR 4/6 20% Sandy Loam
17-22 | T0O YR 5/2 10 YR 5/8 40% Sandy Cclay
SB-70 Reference Mapped as Rains
0-9 | 7.5 YR 2.5/1 -— — fine Sandy Loam
10 YR 5/1 5% fine Sandy Clay
9413 | 0¥ 10 YR 4/6 5% Loam
10 YR 3/3 5%
13-17 | 10 YR 4/1 10 YR 2/1 39, Sandy Clay Loam
17-24 | 10 YR 5/2 10 YR 4/6 20% Sandy Clay

All soils exhibited a dark sandy loam or fine sandy loam surface texture. Nearly all borings
in the wetland areas have indicators of disturbance in the surface horizon likely due to
plowing or other soil disturbance. Mottles of redoxomorphic concentrations are the
identifying soil morphological characteristic. These wetland areas typically have gray
clayey subsoil that functions as a restrictive horizon, although a few areas have sandy
subsoil. Soils with gray sandy subsoil also have redoxomorphic concentrations. The
surrounding areas exhibited a gradual increase in depth of the sandy surface and to the
characteristic features until replaced by a bright sandy clay layer.

Soil Scientist Seal




Soil Boring Locations Map
Muddy Run Il Site
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Muddy Run Il Existing Conditions Summary

Reach 1 Reach 2 Reach 3a Reach 3b Reach 3c Reach 4 Reach 5a Reach 5b Reach 6
Buffer Type Herbaceous Mature Herbaceous Mature Mature Mature Other Woody | Other Woody | Other Woody
Hardwood Hardwood Hardwood Hardwood Cover Cover Cover
< [Buffer Condition Disturbance Invasives Disturbance Stable Stable Stable Disturbance Stable Stable
G
g Bank Vegetation No Mature Mature No Mature Mature Mature Mature Mature Mature Mature
- Hardwoods Hardwood Hardwoods Hardwood Hardwood Hardwood Hardwood Hardwood Hardwood
Bank Stability Moderately Moderately Moderately Stable Stable Stable Moderately Stable Moderately
Unstable Unstable Unstable Unstable Unstable
Buffer Type Mature Mature Herbaceous Mature Other Woody Mature Herbaceous | Other Woody | Other Woody
Hardwood Hardwood Hardwood Cover Hardwood Cover Cover
é Buffer Condition Invasives Invasives Stable Stable Stable Stable Invasives Invasives Stable
m
% Bank Vegetation No Mature Mature No Mature Mature Mature Mature No Mature Mature Mature
(04 Hardwoods Hardwood Hardwoods Hardwood Hardwood Hardwood Hardwoods Hardwood Hardwood
Bank Stability Moderately Moderately Moderately Stable Stable Stable Moderately Stable Moderately
Unstable Unstable Unstable Unstable Unstable
Bed Stability Aggrading Aggrading Aggrading Aggrading Stable Stable Aggrading Stable Aggrading
Channel Size Oversized Oversized Oversized Oversized Appropriately | Appropriately Oversized Oversized Oversized
Sized Sized
NC DWQ Stream ldentification (\V4.11)
Geomorphology 9.0 8.0 18.0 12.5 19.0 14.0 16.0 17.0 8.0
Hydrology 7.5 8.5 7.5 5.5 10.0 8.0 9.0 10.0 6.5
Biology 8.25 8.25 11.0 5.25 11.5 10.0 10.5 10.5 6.25
Total Score 24.75 24.75 36.5 23.25 40.5 32.0 35.5 37.5 20.75
Classification Intermittant Intermittant Perennial Intermittant Perennial Perennial Perennial Perennial Intermittant
USACE Stream Quality Assessment Worksheet
Physical 19 17 20 45 31 36 22 21 23
Stability 8 12 9 16 14 14 8 7 13
Habitat 3 6 3 12 8 11 4 9 7
Biology 3 2 7 5 6 11 5 11 2
Total Score 33 37 39 78 59 72 39 48 45
Proposed Headwater Headwater Priority 1 Priority 1 Preservation | Preservation Priority 1 Enhancement II| Headwater
MitigationType Valley Valley Restoration Restoration Restoration Valley
Restoration Restoration Restoration




NC DWQ Stream Identification Form Version 4.11

Date: ioctsite: & . tude:

ate: /7 //0& /Zo " Project/Site: fde-fc/mcg $ e Latitude
Evaluator: %FM y, gf'/d’ County: DMﬂIIK ca t’ , Na Longitude:
gt?::n['r I;c:tr;::;t intermittent (./ 0 Stream Determina(ianid&ﬂ' Gther
if 2 19 or perennial if = 30* Ephemeral Intermitte Pereﬁn‘m‘l) e.g. Quad Name:

A 10.¢
. A. Geomorphology (Subtotal = 215 ) Absent Weak Moderate Strong
1% Continuity of channel bed and bank 0 1 2 (3L)
2. Sinuosity of channel along thalweg Y 1 @ 3
3. Ip-channel structure: ex. riffle-pool, step-ppol, o 1 5 @
ripple-pool sequence e

4. Particle size of stream substrate 0 1 (2 ) 3_
5. Active/relict floodplain 0 1 i ;/
6. Depositional bars or benches 0 1 C 2 N
7. Recent alluvial deposits 0 1 & 3
8. Headcuis 0 1 ) 3
9. Grade control 0 0.5 [1) 15
10. Natural valiey 0 05 i (15
11. Second or greater order channel NoZ0 ) Yes=3
2 artificial ditches are not rated; see discussions in manual :
B. Hydrology (Subtotat=__{] ) .
12. Presence of Baseflow 0 ,i—.. 2 (y
13. tron oxidizing bacteria - O {17 2 3
14. Leaf litter (15~ 1 0.5 0
15. Sediment on plants or debris D 0.5 1 1.5
16. Organic debris fines or piles 0.5 1 . (15)
17. Soil-based evidence of high water table? No=0 Yes(é 3 Yy
C.Biology (Subtotal=__ 7.5 ) _ —
18. Fibrous roots in streambed (/ \ 2 1 0
19, Roocted upland plants in streambed 3 ) 2 1 0
20. Macrobenthos (nole diversity and abundance) 0 ﬁ) 2 3
21. Aquatic Mollusks 0 ] _ 2 3
22 Fish 0 0.5 1 15
23. Crayfish 0 0.5 1 15
24. Amphibians 0 Y 1 1.5
25. Algae 0 05’ 1 15
26. Watland plants in streambed FACW = 0.75, OBL. =15 Other=0

*perennial streams may alsa be identified using other methods. See p. 35 of manual.

Notes:

Sketch:




Muddy Run Il Reference Reach Aquatic Habitat Assessment

Transect Habitat Location Position Diameter length (ft) Diar-neter Radius (in) | length (in) Vol.ume
(ft) (in) (in)

1 shal mid sub 0.08 0.65 0.96 0.48 7.8 5.64
1 shal mid sub 0.1 0.70 1.2 0.6 8.4 9.50
1 shal mid sub 0.03 2.00 0.36 0.18 24 2.44
2 shal rb sub 0.02 0.70 0.24 0.12 8.4 0.38
2 shal mid sub 0.03 0.30 0.36 0.18 3.6 0.37
2 shal mid sub 0.05 0.70 0.6 0.3 8.4 2.37
2 shal mid sub 0.02 0.90 0.24 0.12 10.8 0.49
2 shal Ib par sub 0.02 1.50 0.24 0.12 18 0.81
2 shal mid sub 0.03 1.00 0.36 0.18 12 1.22
2 shal Ib sub 0.04 1.10 0.48 0.24 13.2 2.39
2 shal mid sub 0.05 0.90 0.6 0.3 10.8 3.05
2 shal rb sub 0.05 1.30 0.6 0.3 15.6 4.41
2 shal mid sub 0.05 1.30 0.6 0.3 15.6 4.41
2 shal mid par emb 0.05 1.50 0.6 0.3 18 5.09
2 shal Ib emb 0.1 1.30 1.2 0.6 15.6 17.63
2 shal mid sub 0.2 1.00 2.4 1.2 12 54.26
2 shal mid sub 0.03 2.10 0.36 0.18 25.2 2.56
2 shal Ib sus/sub 0.03 3.20 0.36 0.18 38.4 3.91
2 shal Ib sub 0.04 1.80 0.48 0.24 21.6 3.91
2 shal mid sub 0.05 1.90 0.6 0.3 22.8 6.44
2 shal rb sus/sub 0.05 2.70 0.6 0.3 32.4 9.16
2 shal across sus/sub 0.1 1.80 1.2 0.6 21.6 24.42
2 shal Ib sus/sub 0.1 2.00 1.2 0.6 24 27.13
2 shal across sus/sub 0.1 3.00 1.2 0.6 36 40.69
2 shal rb sus/sub 0.15 2.00 1.8 0.9 24 61.04
2 shal Ib sus 0.02 4.00 0.24 0.12 48 2.17
3 pool Ib sub 0.02 0.80 0.24 0.12 9.6 0.43
3 pool mid sub 0.03 0.60 0.36 0.18 7.2 0.73
3 pool Ib par sub 0.02 1.20 0.24 0.12 14.4 0.65
3 pool rb sub 0.15 1.30 1.8 0.9 15.6 39.68
3 pool rb emb 0.25 1.60 3 1.5 19.2 135.65
3 pool rb sus 0.03 3.00 0.36 0.18 36 3.66
3 pool mid emb 0.10 3.00 1.2 0.6 36 40.69
3 pool Ib emb 0.15 2.00 1.8 0.9 24 61.04
3 pool rb sus 0.30 2.00 3.6 1.8 24 244.17
3 pool Ib sus/sub 0.30 3.00 3.6 1.8 36 366.25
3 pool rb sus 0.05 6.00 0.6 0.3 72 20.35
4 shal mid sub 0.03 0.45 0.36 0.18 5.4 0.55
4 shal mid sub 0.05 0.25 0.6 0.3 3 0.85
4 shal mid sub 0.10 0.45 1.2 0.6 5.4 6.10
4 shal mid sub 0.02 0.90 0.24 0.12 10.8 0.49
4 shal mid sub 0.02 0.90 0.24 0.12 10.8 0.49
4 shal mid sub 0.05 1.25 0.6 0.3 15 4.24
4 shal mid sub 0.03 3.00 0.36 0.18 36 3.66
5 pool Ib par 0.03 0.80 0.36 0.18 9.6 0.98




Muddy Run Il Reference Reach Aquatic Habitat Assessment

Transect Habitat Location Position Diameter length (ft) Diar-neter Radius (in) | length (in) Vol.ume
(ft) (in) (in)

5 pool mid sub 0.10 0.50 1.2 0.6 6 6.78
5 pool mid sub 0.03 0.90 0.36 0.18 10.8 1.10
5 pool mid sub 0.03 1.60 0.36 0.18 19.2 1.95
5 pool mid sub 0.02 2.00 0.24 0.12 24 1.09
5 pool mid sub 0.04 2.00 0.48 0.24 24 4.34
5 pool mid sub 0.07 2.60 0.84 0.42 31.2 17.28
5 pool mid sub 0.10 2.00 1.2 0.6 24 27.13
5 pool mid sub 0.10 2.70 1.2 0.6 324 36.62
5 pool mid sub 0.20 2.30 2.4 1.2 27.6 124.80
5 pool rb sus 0.30 2.00 3.6 1.8 24 244.17
5 pool rb sus/sub 0.35 3.00 4.2 2.1 36 498.51
5 pool Ib sus/sub 0.40 2.20 4.8 2.4 26.4 477.48
5 pool Ib par sub 0.40 2.80 4.8 2.4 33.6 607.70
5 pool rb-mid sus-emb 1.80 3.00 21.6 10.8 36 1318.50
5 pool mid float 0.02 3.70 0.24 0.12 44.4 2.01
5 pool mid-rt par sub 0.05 4.00 0.6 0.3 48 13.56
5 pool mid-rt sub 0.08 3.50 0.96 0.48 42 30.39
5 pool rb sus 0.40 3.60 4.8 2.4 43.2 781.33
6 shal mid sub 0.03 0.40 0.36 0.18 4.8 0.49
6 shal rb sub 0.03 0.83 0.36 0.18 9.96 1.01
6 shal mid sub 0.05 0.35 0.6 0.3 4.2 1.19
6 shal Ib sus/emb 0.07 0.60 0.84 0.42 7.2 3.99
6 shal mid sub 0.10 0.50 1.2 0.6 6 6.78
6 shal mid emb/sub 0.13 0.60 1.56 0.78 7.2 13.75
6 shal mid sub 0.03 1.30 0.36 0.18 15.6 1.59
6 shal mid sub 0.05 1.50 0.6 0.3 18 5.09
6 shal mid sub 0.08 0.90 0.96 0.48 10.8 7.81
6 shal mid sub 0.10 1.00 1.2 0.6 12 13.56
6 shal mid sub 0.15 0.95 1.8 0.9 114 28.99
6 shal Ib sus 0.15 1.40 1.8 0.9 16.8 42.73
6 shal rb float 0.25 1.60 3 1.5 19.2 135.65
6 shal Ib emb 0.40 1.00 4.8 2.4 12 217.04
6 shal mid sub 0.03 1.75 0.36 0.18 21 2.14
6 shal rb sus 0.03 1.80 0.36 0.18 21.6 2.20
6 shal rb sub 0.03 1.85 0.36 0.18 22.2 2.26
6 shal mid sub 0.05 2.20 0.6 0.3 26.4 7.46
6 shal mid sub 0.05 2.60 0.6 0.3 31.2 8.82
6 shal across sus 0.35 3.00 4.2 2.1 36 498.51
7 shal mid sub 0.03 0.50 0.36 0.18 6 0.61
7 shal mid sub 0.05 0.80 0.6 0.3 9.6 2.71
7 shal mid sub 0.10 0.50 1.2 0.6 6 6.78
7 shal mid sub 0.02 1.00 0.24 0.12 12 0.54
7 shal mid sub 0.03 1.00 0.36 0.18 12 1.22
7 shal Ib sus 0.25 1.00 3 1.5 12 84.78
7 shal mid par 0.02 3.00 0.24 0.12 36 1.63




Muddy Run Il Reference Reach Aquatic Habitat Assessment

Transect Habitat Location Position Diameter length (ft) Diar-neter Radius (in) | length (in) Vol.ume
(ft) (in) (in)

7 shal mid sub 0.03 2.00 0.36 0.18 24 2.44
7 shal Ib sus 0.30 2.00 3.6 1.8 24 244.17
8 pool mid sub 0.04 0.70 0.48 0.24 8.4 1.52
8 pool rb sub 0.03 1.60 0.36 0.18 19.2 1.95
8 pool rb sub 0.03 2.10 0.36 0.18 25.2 2.56
9 shal mid sub 0.05 0.40 0.6 0.3 4.8 1.36
9 shal rb sub 0.05 0.60 0.6 0.3 7.2 2.03
9 shal mid emb 0.05 0.60 0.6 0.3 7.2 2.03
9 shal mid sub 0.05 0.80 0.6 0.3 9.6 2.71
9 shal mid sub 0.10 0.75 1.2 0.6 9 10.17
9 shal mid sub 0.12 0.60 1.44 0.72 7.2 11.72
9 shal Ib par 0.19 0.40 2.28 1.14 4.8 19.59
9 shal mid sub 0.20 0.40 2.4 1.2 4.8 21.70
9 shal Ib par 0.25 0.70 3 1.5 8.4 59.35
9 shal mid sub 0.03 1.10 0.36 0.18 13.2 1.34
9 shal mid par 0.06 1.60 0.72 0.36 19.2 7.81
9 shal mid sub 0.04 2.00 0.48 0.24 24 4.34
9 shal rb sub 0.06 2.50 0.72 0.36 30 12.21
9 shal rb emb 0.50 2.10 6 3 25.2 712.15
10 shal rb emb 0.10 0.50 1.2 0.6 6 6.78
10 shal Ib sub 0.10 0.60 1.2 0.6 7.2 8.14
10 shal mid sub 0.10 0.70 1.2 0.6 8.4 9.50
10 shal Ib par 0.15 0.80 1.8 0.9 9.6 24.42
10 shal mid sub 0.20 0.65 2.4 1.2 7.8 35.27
10 shal mid sub 0.15 2.50 1.8 0.9 30 76.30
10 shal across emb 0.22 2.90 2.64 1.32 34.8 190.40
10 shal across emb 0.30 2.80 3.6 1.8 33.6 341.83




Muddy Run Il Reach 3A Aquatic Habitat Assessment

Transect Habitat Location Position | Diameter length Diameter (in) | Radius (in) | length (in) V‘?::Te
T-1 Run RB Bed 0.05 0.30 0.6 0.3 3.6 1.02
T-1 Run Mid Sub 0.02 1.00 0.24 0.12 12 0.54
T-1 Run Mid Par 0.05 1.30 0.6 0.3 15.6 4.41
T-1 Run Mid Bed 0.05 0.25 0.6 0.3 3 0.85
T-1 Run Mid Bed 0.05 0.35 0.6 0.3 4.2 1.19
T-1 Run Mid Bed 0.03 0.15 0.36 0.18 1.8 0.18
T-1 Run Mid Bed 0.03 0.52 0.36 0.18 6.24 0.63
T-1 Run Mid Bed 0.03 0.40 0.36 0.18 4.8 0.49
T-1 Run RB Sus/ Emb 0.06 3.00 0.72 0.36 36 14.65
T-1 Run Mid Emb 0.03 0.45 0.36 0.18 5.4 0.55
T-2 Run Mid Bed 0.05 1.35 0.6 0.3 16.2 4.58
T-2 Run RB Sus/ Emb 0.03 1.30 0.36 0.18 15.6 1.59
T-2 Run Mid Bed 0.03 0.50 0.36 0.18 6 0.61
T-3 Run RB Emb 0.02 1.10 0.24 0.12 13.2 0.60
T-3 Run RB Emb 0.04 1.10 0.48 0.24 13.2 2.39
T-3 Run Mid Bed 0.05 0.40 0.6 0.3 4.8 1.36
T-4 Run Mid Bed 0.06 0.70 0.72 0.36 8.4 3.42
T-4 Run Mid Emb 0.06 0.50 0.72 0.36 6 2.44
T-5 Run LB Sus 0.05 2.50 0.6 0.3 30 8.48
T-5 Run LB Sus 0.03 2.10 0.36 0.18 25.2 2.56
T-5 Run LB Sus 0.02 1.90 0.24 0.12 22.8 1.03
T-5 Run LB Sus 0.07 6.00 0.84 0.42 72 39.88
T-6 Run RB Sus 0.03 1.90 0.36 0.18 22.8 2.32
T-6 Run RB Sus 0.03 1.00 0.36 0.18 12 1.22
T-6 Run RB Sus 0.02 1.70 0.24 0.12 20.4 0.92
T-6 Run Mid Bed 0.03 0.60 0.36 0.18 7.2 0.73
T-6 Run Mid Emb 0.03 0.45 0.36 0.18 5.4 0.55
T-7 Run Mid Bed 0.03 2.80 0.36 0.18 33.6 3.42
T-7 Run Mid Emb 0.08 1.50 0.96 0.48 18 13.02
T-8 Run RB Sus 0.03 1.20 0.36 0.18 144 1.46
T-8 Run Mid Bed 0.04 0.70 0.48 0.24 8.4 1.52
T-8 Run Mid Bed 0.04 0.30 0.48 0.24 3.6 0.65
T-8 Run Mid Bed 0.03 0.50 0.36 0.18 6 0.61
T-9 Run RB Sus 0.05 3.00 0.6 0.3 36 10.17
T-9 Run Mid Bed 0.03 2.00 0.36 0.18 24 2.44
T-9 Run LB Sus 0.02 2.00 0.24 0.12 24 1.09
T-9 Run LB Sus 0.03 3.10 0.36 0.18 37.2 3.78
T-9 Run Mid Sub 0.02 3.20 0.24 0.12 38.4 1.74
T-9 Run Mid Sub 0.10 1.30 1.2 0.6 15.6 17.63
T-9 Run Mid Sub 0.10 1.10 1.2 0.6 13.2 14.92
T-9 Run Mid Bed 0.10 3.00 1.2 0.6 36 40.69
T-9 Run Mid sub 0.03 1.20 0.36 0.18 144 1.46
T-9 Run Mid Bed 0.02 0.60 0.24 0.12 7.2 0.33
T-9 Run RB Bed 0.20 0.35 2.4 1.2 4.2 18.99
T-10 Run Mid Bed 0.02 3.30 0.24 0.12 39.6 1.79
T-10 Run Mid Bed 0.04 7.00 0.48 0.24 84 15.19
T-10 Run Mid Bed 0.03 2.80 0.36 0.18 336 3.42




Muddy Run Il Reach 5A Aquatic Habitat Assessment

Transect Habitat Location Position | Diameter length | Diameter (in) | Radius (in) | length (in) Vcn(li:r)ne
T-10 Run Mid Sub 0.02 4.50 0.24 0.12 54 2.44
T-10 Run Mid Sub 0.03 2.10 0.36 0.18 25.2 2.56
T-10 Run LB Sus 0.02 1.50 0.24 0.12 18 0.81
T-10 Run LB Sub 0.02 1.30 0.24 0.12 15.6 0.71
T-10 Run RB Sub 0.03 1.40 0.36 0.18 16.8 1.71
T-10 Run LB Sus 0.06 1.70 0.72 0.36 20.4 8.30
T-10 Run RB Sus 0.02 5.00 0.24 0.12 60 2.71
T-10 Run RB Sus 0.04 1.50 0.48 0.24 18 3.26
T-10 Run LB Sus 0.02 0.70 0.24 0.12 8.4 0.38
T-10 Run LB Sus 0.02 1.00 0.24 0.12 12 0.54
T-10 Run Mid Sub 0.02 4.00 0.24 0.12 48 2.17
T-10 Run RB Sus 0.05 1.00 0.6 0.3 12 3.39
T-10 Run Mid Sub 0.02 2.00 0.24 0.12 24 1.09
T-10 Run Mid Sub 0.05 4.00 0.6 0.3 48 13.56
T-10 Run Mid Sub 0.02 2.00 0.24 0.12 24 1.09
T-10 Run LB Sus 0.02 3.50 0.24 0.12 42 1.90
T-10 Run RB Sus 0.04 1.70 0.48 0.24 20.4 3.69
T-10 Run Mid Sub 0.04 1.60 0.48 0.24 19.2 3.47
T-10 Run RB Sus 0.10 2.00 1.2 0.6 24 27.13
T-9 Run RB Sus 0.50 0.70 6 3 8.4 237.38
T-9 Run Mid Sub 0.04 2.00 0.48 0.24 24 4.34
T-9 Run Mid Sub 0.02 1.80 0.24 0.12 21.6 0.98
T-9 Run Mid Sub 0.04 3.80 0.48 0.24 45.6 8.25
T-9 Run Mid Sub 0.05 3.00 0.6 0.3 36 10.17
T-9 Run Mid Sub 0.05 2.70 0.6 0.3 32.4 9.16
T-9 Run Mid Sub 0.04 3.50 0.48 0.24 42 7.60
T-9 Run Mid Sub 0.05 1.70 0.6 0.3 20.4 5.77
T-9 Run Mid Sub 0.03 2.10 0.36 0.18 25.2 2.56
T-9 Run Mid Sub 0.02 1.30 0.24 0.12 15.6 0.71
T-9 Run Mid Sub 0.02 3.90 0.24 0.12 46.8 2.12
T-9 Run Mid Sub 0.02 1.50 0.24 0.12 18 0.81
T-9 Run LB Sus 0.03 2.40 0.36 0.18 28.8 2.93
T-9 Run RB Sus 0.03 2.40 0.36 0.18 28.8 2.93
T-8 Pool RB Sus 0.02 0.50 0.24 0.12 6 0.27
T-8 Pool RB Sus 0.05 1.00 0.6 0.3 12 3.39
T-8 Pool RB Sus 0.05 12.00 0.6 0.3 144 40.69
T-8 Pool RB Par Sub 0.10 1.40 1.2 0.6 16.8 18.99
T-8 Pool Mid Sub 0.20 0.70 2.4 1.2 8.4 37.98
T-8 Pool Mid Sub 0.10 1.15 1.2 0.6 13.8 15.60
T-7 Run RB Emb 0.03 1.00 0.36 0.18 12 1.22
T-7 Run Mid Sub 0.10 0.70 1.2 0.6 8.4 9.50
T-7 Run LB Sus 0.03 2.00 0.36 0.18 24 2.44
T-7 Run RB Sus 0.03 1.00 0.36 0.18 12 1.22
T-6 Pool Mid Sub 0.05 3.20 0.6 0.3 38.4 10.85
T-6 Pool Mid Sus 0.03 0.80 0.36 0.18 9.6 0.98
T-6 Run Mid Sub 0.02 3.00 0.24 0.12 36 1.63
T-6 Run Mid Emb 0.10 3.00 1.2 0.6 36 40.69
T-6 Run Mid Emb 0.04 2.50 0.48 0.24 30 5.43
T-6 Run Mid Emb 0.15 6.00 1.8 0.9 72 183.12
T-6 Run Mid Sub 0.05 1.50 0.6 0.3 18 5.09




Muddy Run Il Reach 5A Aquatic Habitat Assessment

T-6 Run Mid Sub 0.04 0.40 0.48 0.24 4.8 0.87
T-6 Run Mid Sub 0.03 0.50 0.36 0.18 6 0.61
T-6 Run Mid Sub 0.02 0.35 0.24 0.12 4.2 0.19
T-6 Run Mid Sub 0.05 0.35 0.6 0.3 4.2 1.19
T-6 Run Mid Sub 0.03 1.60 0.36 0.18 19.2 1.95
T-6 Run Mid Emb 0.04 2.00 0.48 0.24 24 4.34
T-6 Run Mid Emb 0.05 1.50 0.6 0.3 18 5.09
T-6 Run Mid Sub 0.13 0.18 1.56 0.78 2.16 4.13
T-6 Run Mid Sub 0.08 0.30 0.96 0.48 3.6 2.60
T-6 Run Mid Emb 0.15 2.50 1.8 0.9 30 76.30
T-6 Run Mid Sub 0.03 3.00 0.36 0.18 36 3.66
T-6 Run Mid Sub 0.05 0.90 0.6 0.3 10.8 3.05
T-6 Run Mid Sub 0.02 0.70 0.24 0.12 8.4 0.38
T-6 Run Mid Sub 0.02 1.00 0.24 0.12 12 0.54
T-6 Run Mid Sub 0.02 0.35 0.24 0.12 4.2 0.19
T-6 Run Mid Emb 0.03 6.00 0.36 0.18 72 7.32
T-6 Run RB Sus 0.03 2.50 0.36 0.18 30 3.05
T-6 Run RB Sus 0.02 2.20 0.24 0.12 26.4 1.19
T-6 Run RB Sus 0.02 2.50 0.24 0.12 30 1.36
T-6 Run RB Sus 0.04 0.80 0.48 0.24 9.6 1.74
T-6 Run RB Sus 0.02 0.85 0.24 0.12 10.2 0.46
T-5 Run LB Sus 0.02 1.10 0.24 0.12 13.2 0.60
T-5 Run LB Sus 0.02 2.20 0.24 0.12 26.4 1.19
T-5 Run LB Sub 0.03 2.40 0.36 0.18 28.8 2.93
T-5 Run LB Sub 0.03 1.40 0.36 0.18 16.8 1.71
T-5 Run LB Sus 0.05 3.80 0.6 0.3 45.6 12.89
T-4 Run LB Sus 0.02 1.70 0.24 0.12 20.4 0.92
T-4 Run Mid Sub 0.05 2.50 0.6 0.3 30 8.48
T-4 Run LB Sus 0.05 0.90 0.6 0.3 10.8 3.05
T-4 Run Mid Sub 0.05 0.70 0.6 0.3 8.4 2.37
T-3 Run Mid Sub 0.03 2.00 0.36 0.18 24 2.44
T-3 Run LB Sus 0.06 6.00 0.72 0.36 72 29.30
T-3 Run Mid Sub 0.02 1.80 0.24 0.12 21.6 0.98
T-3 Run Mid Sub 0.02 2.50 0.24 0.12 30 1.36
T-3 Run RB Sus 0.02 0.50 0.24 0.12 6 0.27
T-2 Run Mid Sub 0.05 3.00 0.6 0.3 36 10.17
T-2 Run Mid Sub 0.02 2.00 0.24 0.12 24 1.09
T-2 Run Mid Sus 0.05 1.40 0.6 0.3 16.8 4.75
T-2 Run Mid Sus 0.10 1.60 1.2 0.6 19.2 21.70
T-2 Run Mid Sub 0.50 6.00 6 3 72 2034.72
T-2 Run Mid Sub 0.02 1.00 0.24 0.12 12 0.54
T-2 Run Mid Sub 0.02 1.80 0.24 0.12 21.6 0.98
T-2 Run Mid Emb 0.03 2.00 0.36 0.18 24 2.44
T-2 Run Mid Sub 0.03 0.65 0.36 0.18 7.8 0.79
T-2 Run Mid Emb 0.07 0.45 0.84 0.42 5.4 2.99
T-2 Run Mid Sub 0.02 0.17 0.24 0.12 2.04 0.09
T-2 Run Mid Sub 0.02 0.45 0.24 0.12 5.4 0.24
T-2 Run Mid Sub 0.50 0.40 6 3 4.8 135.65
T-2 Run LB Sub 0.04 1.90 0.48 0.24 22.8 4.12
T-2 Run RB Sus 0.02 0.80 0.24 0.12 9.6 0.43
T-2 Run RB Sus 0.02 2.00 0.24 0.12 24 1.09




Muddy Run Il Reach 5A Aquatic Habitat Assessment

T-2 Run RB Sus 0.02 1.00 0.24 0.12 12 0.54
T-2 Run LB Sus 0.03 0.70 0.36 0.18 8.4 0.85
T-2 Run LB Sus 0.02 1.30 0.24 0.12 15.6 0.71
T-1 Run LB Sus 0.03 2.30 0.36 0.18 27.6 2.81
T-1 Run Mid Sub 0.03 3.30 0.36 0.18 39.6 4.03
T-1 Run LB Sus 0.02 2.50 0.24 0.12 30 1.36
T-1 Run RB Sus 0.02 1.80 0.24 0.12 21.6 0.98
T-1 Run Mid Par sub 0.03 3.60 0.36 0.18 43.2 4.39
T-1 Run LB Sus 0.02 2.00 0.24 0.12 24 1.09
T-1 Run LB Sus 0.02 2.00 0.24 0.12 24 1.09
T-1 Run LB Sus 0.03 5.50 0.36 0.18 66 6.71
T-1 Run LB Sus 0.02 1.70 0.24 0.12 20.4 0.92
T-1 Run LB Sus 0.03 0.30 0.36 0.18 3.6 0.37
T-1 Run LB Emb 0.03 2.30 0.36 0.18 27.6 2.81




Muddy Run Il Reach 5B Aquatic Habitat Assessment

Transect Habitat Location Position | Diameter length | Diameter (in) | Radius (in) | length (in) Vcn(li:r)ne
T-10 Run Mid Sub 0.02 1.00 0.24 0.12 12 0.54
T-10 Run Mid Emb 0.05 1.50 0.6 0.3 18 5.09
T-10 Run Mid Emb 0.06 2.80 0.72 0.36 33.6 13.67
T-10 Run Mid Sub 0.04 0.30 0.48 0.24 3.6 0.65
T-10 Run Mid Sub 0.05 0.90 0.6 0.3 10.8 3.05
T-10 Run Mid Sub 0.13 2.30 1.56 0.78 27.6 52.73
T-10 Run Mid Emb 0.10 2.00 1.2 0.6 24 27.13
T-10 Run Mid Sub 0.04 0.60 0.48 0.24 7.2 1.30
T-10 Run Mid Sub 0.06 1.40 0.72 0.36 16.8 6.84
T-10 Run Mid Sub 0.02 2.00 0.24 0.12 24 1.09
T-10 Run RB Emb 0.13 3.20 1.56 0.78 38.4 73.36
T-10 Run Mid Sub 0.03 2.00 0.36 0.18 24 2.44
T-10 Run Mid Par Emb 0.20 3.90 2.4 1.2 46.8 211.61
T-10 Run Mid Sub 0.02 0.50 0.24 0.12 6 0.27
T-10 Run RB Sus 0.03 1.40 0.36 0.18 16.8 1.71
T-10 Run RB Sus 0.03 0.35 0.36 0.18 4.2 0.43
T-10 Run RB Sus 0.04 1.50 0.48 0.24 18 3.26
T-10 Run RB Sus 0.03 0.70 0.36 0.18 8.4 0.85
T-10 Run Mid Sub 0.04 1.00 0.48 0.24 12 2.17
T-10 Run Mid Sub 0.02 1.00 0.24 0.12 12 0.54
T-9 Run Mid Sub 0.04 1.50 0.48 0.24 18 3.26
T-9 Run Mid Sub 0.02 2.40 0.24 0.12 28.8 1.30
T-9 Run LB Sus 0.05 5.00 0.6 0.3 60 16.96
T-9 Run Mid Sub 0.04 3.00 0.48 0.24 36 6.51
T-9 Run Mid Sub 0.03 2.50 0.36 0.18 30 3.05
T-9 Pool Mid Sub 0.02 2.00 0.24 0.12 24 1.09
T-9 Run Mid Emb 0.02 1.00 0.24 0.12 12 0.54
T-9 Run Mid Sub 0.02 1.00 0.24 0.12 12 0.54
T-9 Run Mid Emb 0.02 2.50 0.24 0.12 30 1.36
T-9 Run Mid Sub 0.03 0.50 0.36 0.18 6 0.61
T-9 Run Mid Sub 0.05 2.00 0.6 0.3 24 6.78
T-9 Run Mid Sub 0.40 2.80 4.8 2.4 33.6 607.70
T-9 Run LB Emb 0.05 2.90 0.6 0.3 34.8 9.83
T-9 Run LB Sus 0.10 2.50 1.2 0.6 30 3391
T-9 Run LB Sus 0.03 4.00 0.36 0.18 48 4.88
T-9 Run Mid Emb 0.02 0.60 0.24 0.12 7.2 0.33
T-9 Run Mid Emb 0.02 2.00 0.24 0.12 24 1.09
T-9 Run LB Sus 0.10 0.30 1.2 0.6 3.6 4.07
T-9 Run RB Sus 0.03 3.00 0.36 0.18 36 3.66
T-9 Run RB Sus 0.03 1.20 0.36 0.18 14.4 1.46
T-9 Run RB Sus 0.03 2.00 0.36 0.18 24 2.44
T-9 Run Mid Emb 0.02 3.60 0.24 0.12 43.2 1.95
T-8 Run Mid Sub 0.05 9.00 0.6 0.3 108 30.52
T-8 Run Mid Sub 0.02 2.50 0.24 0.12 30 1.36
T-8 Run Mid Sub 0.02 2.80 0.24 0.12 33.6 1.52
T-8 Run Mid Sub 0.04 4.00 0.48 0.24 48 8.68
T-8 Run Mid Sub 0.03 0.70 0.36 0.18 8.4 0.85
T-8 Run Mid Sub 0.02 1.00 0.24 0.12 12 0.54
T-8 Run RB Sus 0.02 1.30 0.24 0.12 15.6 0.71
T-8 Run Mid Sub 0.02 2.00 0.24 0.12 24 1.09




Muddy Run Il Reach 5B Aquatic Habitat Assessment

T-8 Run Mid Sub 0.06 1.40 0.72 0.36 16.8 6.84
T-8 Run Mid Sub 0.02 3.80 0.24 0.12 45.6 2.06
T-8 Run RB Sus 0.03 1.20 0.36 0.18 14.4 1.46
T-8 Run RB Sus 0.02 1.80 0.24 0.12 21.6 0.98
T-8 Run RB Sus 0.02 1.30 0.24 0.12 15.6 0.71
T-8 Run RB Sus 0.05 4.00 0.6 0.3 48 13.56
T-8 Run RB Sus 3.00 2.00 36 18 24 8294.40
T-8 Run LB Sus 0.50 0.50 6 3 6 129.60
T-8 Run Mid Sub 0.30 4.00 3.6 1.8 48 488.33
T-8 Run Mid Sub 0.05 10.00 0.6 0.3 120 33.91
T-8 Run Mid Sub 0.02 20.00 0.24 0.12 240 10.85
T-7 Run Mid Sub 0.05 1.00 0.6 0.3 12 3.39
T-7 Run Mid Sub 0.02 3.00 0.24 0.12 36 1.63
T-7 Run Mid Sub 0.07 0.90 0.84 0.42 10.8 5.98
T-7 Run Mid Sub 0.20 1.70 2.4 1.2 20.4 92.24
T-7 Pool Mid Sub 0.03 10.00 0.36 0.18 120 12.21
T-7 Run Mid Emb 0.05 2.80 0.6 0.3 33.6 9.50
T-7 Run Mid Sub 0.04 1.00 0.48 0.24 12 2.17
T-7 Pool LB Sus 0.05 3.50 0.6 0.3 42 11.87
T-7 Pool Mid Sub 0.02 6.00 0.24 0.12 72 3.26
T-7 Pool Mid Sub 0.06 1.70 0.72 0.36 20.4 8.30
T-7 Run Mid Sub 0.04 5.00 0.48 0.24 60 10.85
T-7 Run Mid Sub 0.04 4.00 0.48 0.24 48 8.68
T-7 Run RB Sus 0.03 3.00 0.36 0.18 36 3.66
T-7 Run Mid Emb 0.05 1.00 0.6 0.3 12 3.39
T-7 Run Mid Sub 0.10 2.50 1.2 0.6 30 33.91
T-7 Run Mid Sub 0.04 6.00 0.48 0.24 72 13.02
T-7 Run Mid Emb 0.15 1.30 1.8 0.9 15.6 39.68
T-7 Run Mid Emb 0.05 1.60 0.6 0.3 19.2 5.43
T-7 Run Mid Emb 0.04 3.50 0.48 0.24 42 7.60
T-7 Run Mid Sub 0.03 1.00 0.36 0.18 12 1.22
T-7 Run Mid Sub 0.03 4.00 0.36 0.18 48 4.88
T-7 Run Mid Emb 0.15 2.00 1.8 0.9 24 61.04
T-7 Run Mid Sub 0.70 3.00 8.4 4.2 36 1088.64
T-7 Run RB Sus 0.04 4.00 0.48 0.24 48 8.68
T-7 Run RB Sus 0.04 4.00 0.48 0.24 48 8.68
T-7 Run Mid Par Emb 0.25 3.00 3 1.5 36 254.34
T-7 Run Mid Sub 0.10 3.00 1.2 0.6 36 40.69
T-7 Run RB Sus 0.02 4.00 0.24 0.12 48 2.17
T-7 Run Mid Sub 0.05 4.00 0.6 0.3 48 13.56
T-6 Pool Mid Sub 0.04 7.00 0.48 0.24 84 15.19
T-6 Pool Mid Sub 0.04 1.60 0.48 0.24 19.2 3.47
T-6 Run Mid Sub 0.02 2.00 0.24 0.12 24 1.09
T-6 Run RB Sus 0.05 3.00 0.6 0.3 36 10.17
T-6 Run RB Emb 0.10 5.00 1.2 0.6 60 67.82
T-6 Run Mid Emb 0.08 3.00 0.96 0.48 36 26.04
T-6 Run Mid Emb 0.05 1.00 0.6 0.3 12 3.39
T-6 Run Mid Emb 0.10 1.30 1.2 0.6 15.6 17.63
T-6 Run Mid Sub 0.07 2.00 0.84 0.42 24 13.29
T-6 Run LB Emb 0.06 1.50 0.72 0.36 18 7.32
T-6 Run Mid Sub 0.05 1.40 0.6 0.3 16.8 4.75




Muddy Run Il Reach 5B Aquatic Habitat Assessment

T-6 Run RB Emb 0.15 3.00 1.8 0.9 36 91.56
T-6 Run RB Sus 0.02 3.00 0.24 0.12 36 1.63
T-6 Run RB Emb 0.10 3.00 1.2 0.6 36 40.69
T-5 Pool Mid Sub 0.03 1.50 0.36 0.18 18 1.83
T-5 Run Mid Sub 0.10 0.90 1.2 0.6 10.8 12.21
T-5 Run Mid Sub 0.05 4.00 0.6 0.3 48 13.56
T-5 Run Mid Sub 0.05 10.00 0.6 0.3 120 33.91
T-5 Run Mid Sub 0.02 3.50 0.24 0.12 42 1.90
T-5 Run Mid Sus 0.05 5.50 0.6 0.3 66 18.65
T-5 Pool Mid Sub 0.05 7.00 0.6 0.3 84 23.74
T-5 Pool Mid Sub 0.03 4.00 0.36 0.18 48 4.88
T-5 Pool RB Emb 0.10 1.00 1.2 0.6 12 13.56
T-5 Pool Mid Emb 0.30 3.00 3.6 1.8 36 366.25
T-5 Run Mid Sub 0.10 6.50 1.2 0.6 78 88.17
T-5 Run Mid Emb 0.10 4.50 1.2 0.6 54 61.04
T-5 Run Mid Emb 0.05 3.50 0.6 0.3 42 11.87
T-5 Run Mid Bed 0.30 1.00 3.6 1.8 12 122.08
T-5 Run Mid Sub 0.03 2.00 0.36 0.18 24 2.44
T-5 Run Mid Emb 0.06 4.80 0.72 0.36 57.6 23.44
T-5 Run LB Emb 0.15 2.10 1.8 0.9 25.2 64.09
T-5 Run Mid Sus 0.10 1.50 1.2 0.6 18 20.35
T-5 Run Mid Emb 0.10 1.20 1.2 0.6 14.4 16.28
T-5 Run Mid Sub 0.03 4.00 0.36 0.18 48 4.88
T-5 Run Mid Sub 0.04 8.00 0.48 0.24 96 17.36
T-5 Run RB Sus 0.05 6.00 0.6 0.3 72 20.35
T-5 Run Mid Sub 0.50 1.60 6 3 19.2 542.59
T-4 Run RB Sus 0.02 2.00 0.24 0.12 24 1.09
T-4 Run RB Sus 0.10 7.00 1.2 0.6 84 94.95
T-4 Run Mid Emb 0.70 3.00 8.4 4.2 36 1994.03
T-4 Run Mid Sub 0.05 6.00 0.6 0.3 72 20.35
T-4 Run Mid Sus 0.03 4.00 0.36 0.18 48 4.88
T-4 Run RB Sub 0.04 3.00 0.48 0.24 36 6.51
T-4 Run Mid Sub 0.05 3.00 0.6 0.3 36 10.17
T-4 Run Mid Sub 0.06 3.00 0.72 0.36 36 14.65
T-4 Run Mid Sub 0.05 3.50 0.6 0.3 42 11.87
T-4 Run Mid Sub 0.04 5.00 0.48 0.24 60 10.85
T-4 Run Mid Emb 0.04 4.00 0.48 0.24 48 8.68
T-4 Run Mid Emb 0.20 3.00 2.4 1.2 36 162.78
T-4 Run Mid Sus 0.10 2.00 1.2 0.6 24 27.13
T-4 Run RB Sus 0.07 4.00 0.84 0.42 48 26.59
T-4 Run RB Sus 0.05 4.00 0.6 0.3 48 13.56
T-4 Run RB Sus 0.07 3.50 0.84 0.42 42 23.26
T-4 Run Mid Sub 0.20 2.50 24 1.2 30 432.00
T-3 Run Mid Sub 0.03 1.00 0.36 0.18 12 1.22
T-3 Run Mid Sub 0.03 0.80 0.36 0.18 9.6 0.98
T-3 Run Mid Sub 0.02 0.90 0.24 0.12 10.8 0.49
T-3 Run RB Sus 0.04 5.00 0.48 0.24 60 10.85
T-3 Run RB Sus 0.20 4.00 2.4 1.2 48 217.04
T-3 Run RB Sus 0.04 3.50 0.48 0.24 42 7.60
T-3 Run Mid Emb 0.03 1.30 0.36 0.18 15.6 1.59
T-3 Run Mid Sub 0.10 5.50 1.2 0.6 66 74.61




Muddy Run Il Reach 5B Aquatic Habitat Assessment

T-3 Run Mid Sub 0.02 3.00 0.24 0.12 36 1.63
T-3 Run Mid Sub 0.02 4.00 0.24 0.12 48 2.17
T-3 Run Mid Emb 0.06 1.50 0.72 0.36 18 7.32
T-3 Run RB Sus 0.02 1.40 0.24 0.12 16.8 0.76
T-3 Run LB Sus 0.02 2.00 0.24 0.12 24 1.09
T-3 Run Mid Sub 0.60 3.70 7.2 3.6 44.4 1806.83
T-3 Run Mid Emb 0.07 4.50 0.84 0.42 54 29.91
T-3 Run RB Sus 0.05 2.00 0.6 0.3 24 6.78
T-3 Run Mid Emb 0.20 1.00 2.4 1.2 12 54.26
T-2 Run Mid Sub 0.10 3.60 1.2 0.6 43.2 48.83
T-2 Run Mid Sub 0.20 4.50 2.4 1.2 54 244.17
T-2 Run Mid Sub 0.03 2.00 0.36 0.18 24 2.44
T-2 Run Mid Sub 0.03 1.70 0.36 0.18 20.4 2.08
T-2 Run RB Sus 0.05 10.00 0.6 0.3 120 33.91
T-2 Run RB Sus 0.10 3.00 1.2 0.6 36 40.69
T-2 Run RB Sus 0.15 10.00 1.8 0.9 120 305.21
T-2 Run RB Sus 0.40 20.00 4.8 2.4 240 4340.74
T-2 Run Mid Sub 0.04 2.00 0.48 0.24 24 4.34
T-2 Run RB Sus 0.03 4.00 0.36 0.18 48 4.88
T-1 Run Mid Sub 0.10 6.50 1.2 0.6 78 88.17
T-1 Run Mid Sub 0.16 3.90 1.92 0.96 46.8 135.43
T-1 Run Mid Emb 0.13 2.00 1.56 0.78 24 45.85
T-1 Run Mid Sub 0.10 4.00 1.2 0.6 48 54.26
T-1 Run Mid Sub 0.02 1.00 0.24 0.12 12 0.54
T-1 Run Mid Emb 0.10 2.00 1.2 0.6 24 27.13
T-1 Run Mid Sub 0.05 4.00 0.6 0.3 48 13.56
T-1 Run Mid Sub 0.03 0.40 0.36 0.18 4.8 0.49
T-1 Run Mid Sub 0.08 6.00 0.96 0.48 72 52.09
T-1 Run Mid Sub 0.03 1.50 0.36 0.18 18 1.83
T-1 Run Mid Sub 0.05 2.20 0.6 0.3 26.4 7.46
T-1 Run Mid Sub 0.03 2.50 0.36 0.18 30 3.05
T-1 Run Mid Sub 0.06 2.20 0.72 0.36 26.4 10.74
T-1 Run Mid Sub 0.04 4.00 0.48 0.24 48 8.68
T-1 Run Mid Sub 0.02 4.00 0.24 0.12 48 2.17
T-1 Run Mid Sub 0.05 1.80 0.6 0.3 21.6 6.10
T-1 Run RB Sub 0.02 1.50 0.24 0.12 18 0.81
T-1 Run Mid Emb 0.04 1.60 0.48 0.24 19.2 3.47
T-1 Run Mid Sub 0.02 2.30 0.24 0.12 27.6 1.25
T-1 Run Mid Sub 0.02 0.60 0.24 0.12 7.2 0.33
T-1 Run Mid Sub 0.03 0.90 0.36 0.18 10.8 1.10
T-1 Run Mid Emb 0.03 2.50 0.36 0.18 30 3.05
T-1 Run LB Sus 0.02 4.00 0.24 0.12 48 2.17
T-1 Run Mid Sub 0.03 2.30 0.36 0.18 27.6 2.81




Mudd

Run Il Reference Reach Riparian Buffer

Transect | Location | Coverage %E %D DBH Species
1 LB 80 15 85 8 bay sp, black gum, Am. Holly, RM, TP
1 RB 90 15 85 12.5 TP, SG, Am holly, black gum
2 LB 65 10 90 9 TP, Am holly, SG
2 RB 80 10 90 15 SG, black gum, TP
3 LB 90 10 90 10 black gum, RM, TP, Am holly
3 RB 60 30 70 7 SG, Am holly, bay, black gum
4 LB 85 10 90 10 SG, TP, Am holly
4 RB 35 50 50 3 Am holly, green briar, cane, bay, SG
5 LB 90 10 90 8 TP, bay sp, RM, beech, sw. gum, black gum
5 RB 60 25 75 9 black gum, SG, Am holly, TP
6 LB 90 10 90 8 TP, bay sp, RM, beech, sw. gum, black gum
6 RB 70 50 50 4-6 bay, holly, black gum
7 LB 75 10 90 10 TP, RM, Am. Holly, swamp chestnut oak
7 RB 60 40 60 8 Am holly, TP, SG
8 LB 55 20 80 7 TP, red maple, loblolly, Am. Holly, privet
8 RB 80 40 60 6 water oak, TP, Am holly, RM
9 LB 70 25 75 10 Luael oak, Am. Holly, tulip poplar, loblolly
9 RB 80 20 80 6 TP, Am holly, water oak, RM
10 LB 60 20/25 75 11.5 Luael oak, Am. Holly, tulip poplar, loblolly
10 RB 80 15 85 11 loblolly, Sw. ches. Oak, Am holly, RM, SG, TP, privet
Muddy Run Il Reach 3A Riparian Buffer
Transect | Location | Coverage %E %D DBH Species
1 LB 65 0 100 4 privet, tulip poplar, sycamore
1 RB 20 0 100 1 privet, black willow
) B 20 0 100 15 swamp chestnut oak, swee:\tbay,. sycamore, privet, devils
walking stick
2 RB 40 0 100 3 water oak, privet, black willow, sycamore
3 LB 40 0 100 2 privet, sweetgum, tulip poplar, sycamore
3 RB 20 0 100 1.5 privet, water oak, black willow, red maple
4 B 55 ) 98 ) red mulberry, American holly, sweetgum, privet, swamp
chestnut oak, tulip poplar
4 RB 30 0 100 1.5 black willow, privet, green ash
5 LB 80 0 100 3.5 privet, swamp chestnut oak, sweetgum, tulip poplar
5 RB 20 0 100 3 red maple, sycamore, American elm
6 B 75 0 100 25 swamp chestnut oak,. sweet bay, sweetgum, privet,
ironwood
6 RB 25 15 85 2 privet, sweetgum, sycamore, loblolly
7 LB 75 0 100 3 swamp chestnut oak, ironwood, tulip poplar, sycamore
7 RB 20 0 100 2.5 sycamore, swamp chestnut oak, black cherry, elderberry
8 LB 70 50 50 2 holly, swamp chestnut oak, loblolly, water oak
8 RB 35 10 90 4 sycamore, tulip poplar, loblolly, sweetgum
9 8 55 0 100 25 American elm, water oak, swamp chestnut oak, sweetgum,
red maple
9 RB 40 0 100 4.5 tulip poplar, red maple
10 LB 65 20 80 2.5 privet, sycamore, loblolly, sweetgum, water oak
10 RB 0 0 100 0 cultivated field- no trees




Muddy Run Il Reach 5A Riparian Buffer

Transect | Location | Coverage %E %D DBH Species

1 LB 55 3 97 3 water oak, red maple, sweetgum, laurel oak, loblolly

1 RB 0 0 0 0 Agricultural field and grass covered road

2 LB 45 15 85 3.5 privet, water oak, red maple, sweetgum, loblolly

2 RB 0 0 0 0 Agricultural field and grass covered road

3 LB 50 5 95 3.5 red maple, privet, laurel oak, sweetgum, loblolly

3 RB 0 0 0 0 Agricultural field and grass covered road

4 LB 60 0 100 3 sweetgum, red maple, water oak, tulip poplar

4 RB 0 0 0 0 Agricultural field and grass covered road

5 LB 70 5 95 4 sycamore, sweetgum, red maple, water oak, loblolly

5 RB 0 0 0 0 Agricultural field and grass covered road

6 B 65 3 97 5 red maple, privet, sweetgum, .swamp chestnut oak,
sycamore, water oak, tulip polar, loblolly

6 RB 0 0 0 0 Agricultural field and grass covered road

7 LB 65 3 97 4 red maple, loblolly, sweetgum, American elm, water oak

7 RB 0 0 0 0 Agricultural field and grass covered road

3 8 50 7 93 4 privet, sweetgum, red maple, loblolly, swamp chestnut oak,

water oak

8 RB 0 0 0 0 Agricultural field and grass covered road

9 LB 55 5 95 4 tulip poplar, red maple, water oak, loblolly

9 RB 0 0 0 0 Agricultural field and grass covered road

10 B 45 5 95 6 red maple, loblolly, sycamore, water oak, tulip poplar,

sweetgum
10 RB 0 0 0 0 Agricultural field and grass covered road
Muddy Run Il Reach 5B Riparian Buffer
Transect | Location | Coverage %E %D DBH Species

1 LB 85 5 95 6 loblolly, red maple, sweetgum, red bay

1 RB 20 0 100 2 red maple, privet, sycamore, sweetgum

2 LB 90 5 95 4 sweetgum, loblolly, water oak, red maple, green ash

2 RB 15 10 90 2 sycamore, privet, loblolly, muscle wood

3 B 85 5 95 4 sweetgum, laurel oak, loblolly, red maple, water oak,

swamp chestnut oak
3 RB 10 15 85 1.5 red maple, loblolly, privet
4 B 85 5 95 5 loblolly, red maple, sweetgum, laurel oak, sycamore, water
oak
4 RB 10 0 100 1 black walnut, privet, sweetgum
5 8 85 5 95 4 loblolly, sweetgum, red maple, swamp chestnut oak, laurel
oak, water oak
5 RB 10 0 100 2 privet, red maple, sycamore
6 B 85 15 85 5 loblolly, red maple, sweetgum, tulip poplar, swamp chestnut
oak, sycamore

6 RB 10 0 100 2 privet, black walnut, red maple

7 LB 85 15 85 5 sweetgum, sycamore, loblolly, laurel oak, red maple

7 RB 5 0 100 1 privet, black walnut, red maple

3 8 30 10 90 5 loblolly, water oak, loblolly bay, sycamore, swamp chestnut

oak

8 RB 5 5 95 2 privet, loblolly, red maple

9 LB 80 5 95 4 red maple, sweetgum, loblolly, green ash, American elm

9 RB 5 2 98 2.5 privet, red maple, loblolly

10 LB 75 5 95 4 sweetgum, loblolly, American elm, tulip poplar

10 RB 10 5 95 1 privet, red maple, loblolly




Muddy Run Il Reference Reach Fish Cover

Transect Width Length Cover Type Location Notes Area (ft?)
1 0.6 9 under cut LB 5.4
1 0.4 1 root RB 0.4
2 0.3 1.5 under cut LB 0.5
2 3 3 overhang/dead brush RB 9.0
3 15 3 overhang veg RB 4.5
3 0.5 4.4 root overhang RB 2.2
3 0.4 1 under cut RB 0.4
3 0.4 0.5 root overhang LB 0.2
4 1 3 overhang veg RB 3.0
5 0.7 10 root overhang/cut LB 7.0
5 0.4 6.5 root overhang/cut RB 2.6
5 2 2 overhang veg RB 4.0
5 4 3 overhang veg RB 12.0
5 1 4 overhang veg LB 4.0
5 2 2 overhang veg LB 4.0
6 0.5 1 root overhang RB (in water) 0.5
7 0.6 0.8 log overhang LB (in water) 0.5
7 0.3 2 log overhang LB (in water) 0.6
8 4.6 3.9 overhang veg RB 17.9
8 0.25 4 under cut bank RB 1.0
9 0.3 0.5 stick overhang LB 0.2
9 0.3 0.5 stick overhang LB 0.2
9 0.3 1 under cut LB 0.3
9 3 3.7 veg/brush overhang RB 11.1
10 1 1.2 veg overhang RB 1.2
10 0.2 1.5 under cut RB 0.3
10 0.4 1.5 under cut RB 0.6
10 2 2 veg overhang RB 4.0

Muddy Run Il Reach 3A Fish Cover

Transect Width Lenth Cover Type Location Notes Area (ft?)
1 3 10 aquatic vegetation chan 19.5
2 4.1 10 aquatic vegetation chan 18.5
3 5.4 10 aquatic vegetation chan 24.3
4 6 10 aquatic vegetation chan 48.0
5 6.5 10 aquatic vegetation chan 65.0
6 6 10 aquatic vegetation chan 51.0
7 6.2 10 aquatic vegetation chan 43.4
8 5.6 10 aquatic vegetation chan 22.4
9 6 10 aquatic vegetation chan 1.8
10 5.1 10 aquatic vegetation chan 45.9




Muddy Run Il Reach 5A Fish Cover

Transect Width Lenth Cover Type Location Notes Area (ft?)
1 5.2 10 Aguatic vegetation chan 18.2
2 3.7 10 Aguatic vegetation chan 14.8
3 4 10 Aguatic vegetation chan 24.0
3 4 10 Undercut bank 24.0
4 4.4 10 Aguatic vegetation chan 17.6
5 4.5 10 Aguatic vegetation chan 27.0
6 5.7 10 Aguatic vegetation chan 17.1
6 5.7 10 Undercut bank 17.1
7 4.5 10 Aquatic vegetation chan 22.5
8 4.7 10 Aquatic vegetation chan 7.1
9 4.9 10 Aquatic vegetation chan 9.8
10 5 10 Aquatic vegetation chan 2.5

Muddy Run Il Reach 5A Fish Cover

Transect Width Lenth Cover Type Location Notes Area (ft?)
1 6.4 10 Undercut bank 1.8
2 5.7 10 Undercut bank 2.0
3 5.3 10 Undercut bank 0.6
3 5.3 10 Log chan 0.4
4 5 10 log edge (sub) chan 0.3
4 5 10 debris (sus) chan 0.8
4 5 10 Undercut bank 1.6
6 5.4 10 root (sus) chan 0.4
7 6.5 10 Undercut bank 7.2
8 6 10 Undercut bank 2.8
8 6 10 log chan 0.9
8 6 10 sus/sub woody debris chan 9.3
9 6.2 10 log edge chan 0.2
10 6.1 10 Undercut bank 0.3




Stream: Rﬁ’ QC\(\ 1 ,\AQ g

" Observers: f\{‘) LN ES\J(

Reach: A Project: PR AT
Date: (- 25— (A Drainage Area:
Weather: Stream Type:
Location:
Stability Indicator Excellent {1 -3) Good (4 - 6) Fair (7 - 9} Poor (10 - 12} Score

1. Watershed and flood plain activity
and characteristics

Stable, forested, undisturbed
watershed

Occeasional minor disturbances in the
watershed, including cattle activity,
{grazing andfor access to stream),
construction, logging, or other minor -
deforestation. Limited agricultural
activities ’

Frequent disturbances in the
watershed, including cattle aciivity,
iandslidas, channel sand or gravel
mining, logging, farming, ar
construction of buildings, roads, or
cther infrastructure. Urbanization over
significant portion of watershed

Continual disturbances in the watershed|
Significant cattle activity, landslides,
channel sand ar gravel mining, iogging,
farming, or construction of buildings,
roads, or other infrastructure. Highly
urbanized cr rapidly urbanizing
watershed

2. Flow habit

Perennial stream with ne flashy
behavior

Perennial siream or ephemeral first-
order stream with slightly incraased
rate of flooding '

Perennial or intermittent stream with
flashy behavior

Extremely ftashy; flash floods prevalent
made of discharge; ephemeral stream
ather than first-arder stream

3. Channsl pattern

Straight to meandering with low radius|
of curvature; primarily suspended load

IMeandering, moderate radius of
curvature, mix of suspended and bed
loads; well-maintained engineered
channel -

Meandering with some braiding;
tortuous meandering; primarily bed
Ioad; poorly maintained enginesred

channel

Braided; primarily bed load; engineered
channel that is maintained

3. Channel pattern (revised)

No evidencs of channelization.
Meandering, stable channel or straighf]
(step-pool system, narrow valley),
stable channel. -

Appears to have previously besn
chanrelized. Stream is relatively

. |stable. Channel has some meanders

due to previcus channel adjustment.

Appears to have previously been
channelized. Stream is actively
adjusting {meandering), localized areas
of instability andfor erosion arcund
bends. Straightened, stable channel.

Appears to have previously bean
channelized. Stream is aciively
adjusting (laterally and/or vertically) with
few bends. Straight, unstable reach.

4. Entrenchment! channel confinement

Active flood plain exists at top of
banks; no sign of undercutting
infrastructure; no levees

Active flood glain abandoned, but is
currently rebuilding; minimat channe!
confinement; infrastructure not
exposed; lsvees are low and sei well
back from the river

Moderate confinement in vallay or
channel walls; some expesure of
infrastructure; terraces exist; flood plain
abandoned; levees are moderate in
size and ha.\\.'e minimal setback from the
river

Knickpairts visible downstream,
exposed water lines or other
infrastructure; channel-width-to-top-of-
banks raticn small; deeply confined; no
active flood plain; levees are high and
along the channsl edge

5. Bed matarial
Fs = approximate portion of sand in the
bed

Assorted sized tightly packed,
overlapping, and possibly imbricated.
Most material > 4 mm. Fs < 20%

Modersately packed with scme
overlapping. Very small amounts of
material < 4 mm. 20 < Fs < 50%

toose assortment with no apparent
cverlap. Small to medium amounts of
material < 4 mm. 50 < Fs <70%

Very loose assortment with ne packing.
Large amounts of material < 4 mm. Fs
> 70%

6. Bar develepment

For § <{0.02 and w/y > 12, bars are
mature, narrow relative to stream
width at  low flow, well-vegetated,
and composed of cearse gravel to
cobbles. Fer S > 0.02 and wiy are <
12, no bars are evident

For $ <0.02 and wiy > 12, bars
may have vagetation andfor he
composed of coarse gravel to
cobbles, but minimal recent growth of
bar evident by lack of vegetation on
portions of the bar. For § > 0.02 and
wiy <12, no bars are evident

For S < 0.02 and wiy > 12, bar widths
tend to be wide and compaosed of newly
deposited coarse sand tc small cobbles
and/or may be sparsely vegetated.
Bars forming for > 0.02 and wiy < 12

Bar widths are generally greater than 1/2
the stream width at low flow. Bars are
composed of extensive deposits of fine
particles up to coarse gravel with little to
no vagetation. No bars for § < 0.02 ang
wiy =12

j O

7. Obstructions, including bedrock
outcrops, armor layer, LWD jams, grade
control, bridge bed paving, revetments,
dikes or vanes, riprap

Rare or not present

Oceasional, causing cross cuments
and minor bank and bottom erosion

Moderately fraguent and occasionally
unstable obstrustions, cause noticeable
erosion of the channel. Considerabls
sediment accumulation behind
obstructions

Fraquent and often unstable, causing a
continual shift of sediment and flow:
Traps are easily filled, causing channel
to migrate and/or widen




Stability Indicator

Excellent (1 -3 )

Good {4 - 6}

Fair (7 - 9}

Poor {10 - 12)

Score

8. Bark soil texture and coherence

Clay and silty clay; cohesive material

Clay lcam to sandy clay loam; minor
amounts of noncohesive or
unconsolidated mixtures; layers may
exist, but are cchesive materials

Sandy clay to sandy loam;
unconsolidated mixtures of glacial or
other materials; small layers and lenses
of noncohesive or uncaonsolidated
mixtures

Loamy sand to sand; noncohesive
material; unconsolidated mixtures of
glacial or other materials; layers of
lenses that include noncohesive sands
and gravels

9. Average bark slope angle (where
90° is a vertical bank)

Bank slopes < 3H:1V (18°) for
noncchesive or unconsolidated
materizls to < 1:1 {(452°) in clays on
both sides

Bank slopes up to 2H:1V (27°) in
nancohesive or unconsolidated
materials to 0.8:7 (50°) in clays on
one or occasionally both banks

Bank slopes ta 1H: 1V {(45°) in

noncohesive of unconsclidated
materials to 0.6:1 {60°) in clays
comman on one or both banks

Sank slopes over 45 in nencohesive or
unconsolidated materials or over 80° in
clays common on one or both banks

10. Vegetative or engineered bank
protection

Wide band of wocdy vegetation with
at least 90% density and cover.
Primarily hard wood, leafy, deciduous
trees with mature, healthy, and
diverse vegetation located on the
bank. Woedy vegetation criented
vertically. In absence of vegetation,
both banks are lined or heavily
armored

Medium band of woedy vegetation
with 70-80% plant density and cover.
A majority of hard wood, leafy,
deciduous trees with maturing,

. |diverse vegetation located on the

bark. Woed vegetation orfented 80-
90% from horizontal with minimal root
exposure. Partia! lining or armering of]
one or both banks

Small band of woody vegetation with 50!
70% plant density-and cover. A
majority of soft wood, piney, coniferous
trees with young or old vegetation
lacking in diversity located on or near
the top of bank. Woody vegetation
oriented at 70-80% from horizontal,
often with evident root exposure. No
lining of banks, but some armoring may
be'in place on ane bank

Woaody vegetation band may vary
depending on age and health with less
than 50% plant denstty and cover.
Primarily soft wood, piney, coniferous
trees with very young, old and dying,
and/or monostand vegetation located off
of the bank. Woody vegetation oriented
at less than 70% from horizontal with
extensive root exposure. No lining or
armoring of banks

11. Bank cutfing

Little or none evident. infrequent raw
banks, insignificant percentage of total
bank™ —

Some intermittently along channet
bends and at prominent constrictions.
Raw panks comprise minor partion of
bank in vertical direction

Significant and frequent on both banks.
Raw barks comprise large porfion of
bank in vertical directicn. Reot mat
overhangs-

Almost continuous cuts on both banks,
some extending over most of the banks.
Undercutting ang sod-root overhangs

12. Mass wasting or bank failure

No ar litfle evidence ef petential or
very small amounts of mass wasting.
Uniform channe! width over the entire
reach

Evidence of infrequent and/for minor
mass wasting. Mostly healed over
with vegetaticn. Relatively constant
channel width and minimal scalioping
of banks

Evidence of frequent andfcr significant
vecurrences of mass wasting that can
be aggravated by higher flows, which
may cause undercutting and mass
wasting of unstable banks. Channel
width quite imegular, and scalloping of
banks is evident

Frequent and extensive mass wasting.
The potential for bank failure, as
evidenced by tension cracks, massive
undercuttings, and bank slumping is
considerable. Channel width is highly
irregular, and banks are scalloped

13. Upstream distance to bridge from
meander impact point and alignment

More than 35 m; bridge is well-aigned
with river flow

20-35 m: bridge is aligned with fiow

10-20 m; bridge is skewed to flow, or
flow alignment is otherwise rot centered
beneath bridge

Less than 10 m; bridge is poorly aligned
with flow

H = harizontal, V = vertical, Fs = fraction of sand, S = slope, wiy = wTdTh-to-depth ratio

Total Score




Stream: U JE Observers: 5. 1o 8§
Reach: Txrapw 2 Project: ) '
Date: (. }25//2 ) Drainage Area:
F

Weather: P 2M_ CLoubd A Ho° Stream Type:
Location: :

Stability Indicator Exceflent {1 -3) Good (4 - ) Fair (7 - 9) Poor (10 - 12) Score
1. Watershed and flood plain activity Stabls, forested, undisturbed Occasional minor disturbances in the |Frequent disturbances in the Continual disturbances in the watershed,
and charactaristics watershed watershed, including cattle activity watershed_inctodingeattlg activity, Significant cattle activity, landslides,

{grazing andfor access to siream),
construction, logging, or other minar
deforestation. Limited agricultural
activities ’

landgliles, channel sand or
mi gg, logging, farming, or

othief infrastructure. Urbanizati
ificd

channel sand or gravel mining, logging,
farming, ar construction of buildings,
roads, or other infrastructure. Highly
urbanized or rapidly urbanizing
watershed

2. Flow habit

Parennial stream with no flashy
behavior

Ferannial stream or ephameral first-
order stream with slightly increased
rate of flkooding

e

y behavior

f<t§5

Pe?miai Br intermittent stream With— |

Extremely flashy; flash floods prevalent
ﬂde of discharge; ephemeral stream
er than first-order stream

3. Channel pattern

Straight to meandering with Jow radius
of curvature; primarily suspended load

Meandering, moderate radius of
curvature; mix of suspended and bed
Ioads; well-maintained engineered
channel

Meandering with some braiding;
tortuaus meandering, primarily ped
load; poorly maintained engineared
channal

Braided; primarily bed load; engineered
channel that is maintained

3. Channel pattern (revised)

No evidence of channelization.

(step-pool system, narrow vallay),
stabla channel.

Meandering, stable channel or strajght

Appears to have previcusly baen
channelized. Stream is relatively
stable. Channel has some meanders
due to previous channe! adjustment.

Appeasrs to have previously been
channelized. Stream is actively
adjusting {meandering}; localized areas
of instability end/or erosion around
bends. Straightened, stable channel.

Appears to have previously baen
channelized. Stream is actively -
adjusting {laterally andfor vertically) with
few bends. Straight, unstable reach.

4. Entrenchment/ channel canfinement

Active flocd plain exists at top of
tanks; no sign of undercutting
infrastructurs; no lavees

. | Active flood plain abandoned, but is

currently rebuilding; minimai channei
canfinement,; infrastructure not
axposead, levaes are low and set well
back frem the river

Moderate confinement in valley or
channel walls; some exposure of
infrastructure; terraces exist; fland plain
abandoned; levees are moderate in

river

size and have minimal sstback from the

¥nickpoints visible downstream;
exposed water lines or other
infrastructure; channsl-width-te-top-of-
banks ratien small; deeply confined; no
active flood plain; levees are high an
along the channel edge .

5. Bad material
Fs = approximate portion of sand in the
bed

Assorted sized tightly packed,
overiapping, and possibly imbricated.
Most material > 4 mm. Fs < 20%

Moderately packed with some
overlgpping. Very small amounts of
material < 4 mm. 20 < Fs < 50%

Loose asscrtment with no apparent
overlap. Small to medium amounts of
material < 4 mm. 50 < Fs < 70%

Vary loose assortment with no packing.
Large amounts of material < 4 mm. Fs
> 70%

6. Bar development

For $ < 0.02 and wfy > 12, bars are
mature, narrow relative to stream
widthat  low flow, well-vegetatad,
and compased of coarse gravel to
cobbles. For § > 0.02 and w/y are <

‘112, no bars are svidant

For § < 0.02 and wiy > 12, bars
may have vegatation andfor be
compaosaed of coarse gravel to
cobbles, but minimal recent growth of
barevident by lack of vegetation on
portions of the bar, For § = 0.02 and
wily <12, na bars are evident

For § < 0.02 and wiy = 12, bar widins

deposited coarse sand to small cobbles
and/or may be sparsely vegetated.
Bars farming for S > 0.02 and wiy < 12

tend 1o be wide and compesed of nawly

Bar widths are generally greater than 1/2,
the stroam width at low flow. Bars are
composed of extensive deposits of fine
particles up to coarse gravel with liitle to
no vegetation. No bars for § < 0.02 and
wiy =12

7. Chstructions, including bedrock
outerops, armor layer, LWD jams, grade
control, bridge bed paving, revetments,
dikes or vanes, riprap

Rare or not present

Occasional, causing cross currents
and miner bank and bottem erosion

Moderately frequent and occasionally
unstable obsfructions, cause noticeable
erosion of the channsl. Geonsiderable
sediment accumulation behind
obstructions

Freguent and often unstable, causing a
continual shift of sediment and flow.
Traps are easily filled, causing channel
to migrate and/or widen




Stability Indicator

Excellent {1 -3 }

Good (4 - 6)

Fair (7 - 9)

Poor (10 -12)

Score

8. Bank soil texture and coherence

Clay and sﬁy clay; cohesive material

Clay loam to sandy clay loam; minor
ameunts of noneohesive or
uneensolidated mixtures; layers may
exist, but are cohesive materials

Sandy clay fo sandy loam;
unconsolidated mixtures cof glacial or
other materials; small layers and lenses
of noncohesive or unconsolidated
mixtures

Loamy sand ta sand; noncohesive
material; unconsolidated mixtures of
glacial or other materfals; layers of
lenses that include noneohesive sands
and gravels

9. Average bank slope angle (where
90° is & vertical bank)

Bank slopes < 3H:1V (18°) for
noneohesive or unconselidated:
materials to < 1:1 {45%) in clays on
both sides

Bank slopes up to 2H:1V (27°) In
noncohesive or unconsolidated
materials to 0.8:1 (50°) in clays on
ohe or occasionally both banks

Bank slopes to 1H:1V {45°)in

noncohesive or unconsolidated
materials to 0.6:1 (80°) in clays
cormmon ch one or both banks

Bank slopes over 452 in noncohesive or
uncensolidated materials or over 80° in
clays common cn one or both banks

10, Vegetative or engineered bark
protection

Wide band of woady vegetation with
at least 0% density and cover.
Primarily hard wood, leafy, deciducus
{rees with mature, healthy, and
diverse vegetation located on the
bank. Woody vegetation arfented
verlically. In absence of vegetaticn,
both banks are lined or heavily
armered

Medium band of woody vegetation
with 70-90% plant density and cover.
A majority of hard wood, leafy,
deciduous trees with maturing,
diverse vegetation located on the
bank. Wood vegetation criented 80-
90% from Horizontal with minimal roct
exposure. Partial lining or armoring of]
ore or both banks

Small band of woody vegetation with 50,
70% plant density and cover. A
majority of soft wood, piney, coniferous
frees with young or cld vegetation
lacking in diversity located cn ar near
the top of bank. Wocdy vegetation
criented at 70-80% from horizontal,
often with evident roct exposure. No
iining of banks, but some armoring may
be in place on one bank

Woody vegetation band may vary
depending on age and health with less
than 50% plant density and.cover,
Primarily seft wood, piney, coniferous
trees with very young, cld and dying,
andior monostand vegetation located off
of the bank. Woody vegetation oriented
2t less than 70% from horizantal with
extensive roct exposure. No lining or
armoring of banks

11. Bank cutting

Little or none evident. Infrequent raw
barnks, insignificant percentage of tota
bank

Some intermittently along channel
bends and at prominent constrictions.
Raw banks comprise minar portion of
bank in verical direction

Significant and frequent on both banks.
Raw banks comprise large pertion of
nank in vertical direction. Root mat
overhangs

Almost continuous cuts on both banks,
some extending over most of the banks.
Undercutting and sod-roct overhangs

12. Mass wasting or bank failure

No or little evidence of potential or
very smali amounts of mass wasting.
Uniform channel width over the entire
reach

Evidence of infrequent andfor minor
mass wasting. Mostly healed over
with vegetation. Relatively constant
channel width and minimal scalloping
of banks

Evidence of frequent andfor significant
occurrences of mass wasting that can
be aggravated by higher flows, which
may cause undercutting and mass
wasting of unstable banks. Channel
width quite irregular, and scalloping of
banks is evident

Frequent and extensive mass wasting,
The potential for bank failure, as
evidenced by tension cracks, massive
undercuttings, and bank slumping is
considerable. Channel width is highly
irregular, and banks are scalioped

13. Upstream distance fo bridge from
meander impact point and alignment

—

More than 35 m; bridge is well-aligned|
with river flow

20-35 m; bridge is aligned with flow

| e T — e ]

10-20 m; bridge is skewed to flow, or
flow alignment is otherwise not centered
beneath bridge

Less than 10 m; bridge is poorly aligned
with flow

H = horizontal, V = vertical, Fs = fraction of sand, S = slope, w/y = width-to-depth ratic

Total Score

Bl




Stream: ’ M?-ﬂ' RP('L("(‘\ Be

Reach: k- 1Y CAMEOY ke

Date: {75~ 20172

Weather: Ml &0’ a‘r‘m_\{)(\\,t cloudy

l.ocation:

Stability Indicator

Excellent (1 -3}

Good {4 - €)

Observers: oMY %@* AS

Proj ect:

Drainage Area.:

Stream Type:

Fair {7 - 9)

- Poor (10 -12)

Score

1. Watershed and flood plain activity
and characteristics

Stable, forested, undisturbed
watershed

Occasicnal minor disturbances in the
watershed, including cattls activity
{grazing andfor access to streamy),
construgtion, logging, or cther minor
deforestation. Limited agricultural
activities

i?r_equent disturbances in tha
watershed, inzluding caitle activity,
tandslides, channel sand or gravel
mining, logging, farming, or
construction of buildings, roads, or
other infrastructure. Urbanization over
significant portion of watersned

Continual disturbances in the watershed,
Significant cattle activity, landslides,
channel sand or gravel mining, logging,
farming, ar construction of buildings,
roads, or other infrastructure. Highly
urbanized or rapidly urbanizing
watershed

2. Flow habit

Perennial stream with no flashy
behavior

Perennial stream or ephemeral first-
order stream with slightly increased
rata of flooding

Perennial or intermittent stream with
flashy behavior

Exiremely flashy; flash flocds prevalent
mode of discharge; ephemeral stream
other than first-order stream

3. Channel pattern

Straight to meandering with low radius|
of curvature; grimarily suspended load|

Meandering, moderats radius of
curvaturg; mix of suspended and bad
loads; well-maintained engineered
channel

Meandering with some braiding,
tariuous meandering, primarily bed
load; poorly maintained engineered
channel

Braided; primarily bed load; engineerad
channel that is maintained

3. Channel pattern (revised}

No evidence of channelization.

{step-pool system, narrow valley},
stable channel.

Appears to have previously been

Meandering, stable channel or straighfchannslized. Stream is relativaly

stabla. Channel has some meanders
due to previous channe! adjustment.

Appaars to have previcusly bean
channelized. Stream is actively
adjusting {(meandering); localized areas
of instakbility andfor erosion around
bends. Straightened, stable channel.

Appears 1o have previously bsen
channeiized. Stream is actively
adjusting (laterally andfor vertically) with
few bends. Straight, unstable reach.

4. Entrenchment! channsl cenfinement

Aciive flood plain ex'sts at top of
banks; no sign of undercutting
infrastructure; no levaes

Active floed plain abandoned, but is
currently rebuilding; minimal channe!
canfinement; infrastructure not
exposad; lavaes are low and set well
back from the river

Moderate confinement in valley or
channel walls; some exposure of
infrestructure; terraces exist; flood plain
abandoned; levees ars moderate in

river

size and have minimal satback from the

Knickpoints visible downstream;
exposed water lines cr other
infrastructure; channel-width-to-top-of-
banks ratien small, deeply confined; na
active flood plain; levees are high and
aleng the channel adge

5. Bed material
Fs = approximate pertion of sand in the
wed

Assorted sized tightly packed,
overlapping, and possibly imbricated.
Most material > 4 mm. Fs <20%

Moderately packed with some
averlapping. Very small amounts of
material <4 mm. 20 < Fs < 50%

Loose assortment with ne apparent
overlap. Small to medium amounts of
material < 4 mm. 50 <Fs < 70%

Very locse assortment with no packing.
Large amounts of material < 4 mm. Fs
»70%

[ O

8. Bar devsiopment

For § < 0.02 and wiy = 12, bars are
mature, narrow relative to stream
width at  low flow, well-vegetated,
and compesed of coarse gravel to
cobbles. For S > 0.02 and wiy are <
12, ne bars are evident -

For$<0.02 and wiy > 12, bars
may have vegetation and/or be
composed of coarse gravel to
cobhles, but minimal recent growth of
bar evideni
portions of the bar. For § > 0.02 and
wiy <12, no bars are evident

by lack of vegetation on

For § < 0.02 angd wfy > 12, bar widths

andfor may be sparsely vegetated.
Bars forming for S > 0.02 and wiy < 12

tand to be wide and composed of newly
deposited coarse sand te small cobbles

Bar widths are generally greaterthan 1/2
the stream width at low flow. Bars are
composed of extensive deposits of fine
particles up to coarse gravel with little to
no vegatation. No bars for § < 0.02-and
wiy > 12

10

7. Obstructions, including bedrock
ouicrops, amor layer, LWD jams, grade
conirol, bridge bed paving, reveiments,
dikes-or vanes, riprap

Rare or nof present

Qceasional, causing cross currents
and minor bank and bottom erosion

Maderately frequent and occasionaily

erosion cf the channal. Considerable
sadiment accumulation behind
cbstructions

unstable obstructions, cause noticeakle

Frequent and often unstable, causing a
continual shift of sediment and flow.
Traps are easily fillod, causing channel
to migrate andfor widen




Stability Indicator

Excellent (1-3 )

Good {4 - 6)

Fair (7 - 9)

Poor (10 - 12}

Score

8. Bank soil texture and coherence

Clay and silty clay; cohesive malerial

Clay loam to sandy clay loam, minor
amounts of noncohesive of
uncongolidated mixtures; layers may
exist, but are cohesive materials

Sandy clay to sandy loam;
unconsolidated mixfures of glacial or
other materials; small layers and lenses
of noncohesive or unconsclidated
mixtures

Loamy sand to sand; noncchesive
material; unconsolidated mixtures of
glacial or cther materiais; layers of
lenses that include noncohesive sands
and gravels

9. Average bank siope angle (where
90° is a vertical bank}

Bank slopes < 3H:1V (18°) for
noncohesive or unconselidated
materials to < 1:1 (45%) in clays on
both sides

Bank slopes up to 2H:1V (27°) in
nencohiesive or unconsclidated
malerials to 0.8:1 {50°) in clays on
one or occasicnally both banks

Bank slopes to 1H:1V {45°) in

noncohesive or unconsolidated
materials to 0.6:1 (60°) in clays
common on one or beth banks

Bank slopes over 45° in honcohesive or
unconsolidated materials or over 60° in
clays common on one or both banks

10. Vegetative or engineered bank
protection

Wide band of wandy vegetation with
at least 80% density and cover.
Primarily hard wood, leafy, deciduous
trees with mature, healthy, and
diverse vegetaticn located on the
bank. Woody vegetation oriented
vertically. In absence of vegetation,
both banks are lined or heavily
armored

Medium band of woody vegetation
with 70-80% plant density and cover.
A majcrity of hard wood, leafy,
decidunus trees with maturing,
diverse vegetation located on the
bank. Wood vegetation oriented 80-
90% from horizontal with minimal root

"|exposure. Partial lining or armoring of

one or both banks

Small band of woody vegetation with 50
70% plant density and cover. A
majority of soft wood, piney, conifercus
trees with young or cld vegetation
lacking in diversity located on or near
the top of bank. Woady vegetation
orignted at 70-80% from horizontal,
often with evident roct exposure. No
iining of banks, but some armoring may
be'in place on one bank

Woody vegetation band may vary
depending on age and health with less
than 50% plant density and cover.
Primarily soft wood, pirey, coniferous
trees with very young, cld and dying,
and/or monostand vegetation located off
of the bank. Woody vegetation oriented
at lass than 70% from horizontal with
extensive roct expesure. No lining or
armoring of banks

/O

11. Bank cutting

Little or none evident. Infrequent raw
banks, insignificant percentage of tota
bank :

Seme intermittently along channel
bends and at prominent constrictions.
Raw banks comprise minor portion of
bank in vertical direction

Significant and frequent on both banks.
Raw banks comprise [arge portion of
bank in vertical direction. Root mat
overhangs

Almost continuous cuts on both banks,
some extending over most of the banks.
Undercutting and sod-root overhangs

12. Mass wasting or bank failure

No or littie evidence of potential or
very small amounts of mass wasting.
Uniform channel width over the entire
reach

Evidence of infrequent andfor minor
mass wasting. Mosily healed over
with vegetation. Relatively constani
channel width and minimal scalioping
of banks .

Evidence of frequent and/or significant
ooourrences of mass wasting that can
be aggravated by higher flows, which
may cause undercutting and mass
wasting of unstable banks. Channel
width quite irregular, and scalleping of
banks is evident .

Frequent and extensive mass wasting.
The potential for bank failure, as -
evidenced by tension cracks, massive
undercuttings, and bank slumping is
considerable. Channel width is highly
irregular, and banks are scailoped -

13. Upstream distance to bridge from.
meander impact point and alignment

More than 35 m, bridge is weli-aligned
with river flow

20-35 m, bridge is aligned with flow

10-20 m; bridge is skewed to flow, or
flow alignment is otherwise not centerad
beneath bridge

Less than 10 m; bridge is poorly aligned
with flow

H = herizontal, V = vertical, Fs = fraction of sand, S = slope, wiy = width-to-depth ratio

Total Score




Strean’;: Ml’_\‘ﬂ; ?30‘

cleay cude

Reach: Oy

Date: (- 2% ~ {Z-

Weather (A D OEY BEu R, rpc,\r-'*r\\’f nkmr\u‘

Location:

Stablility Indicator

Excellent {1 -3}

Good {4 - 6)

Observers: ‘FN\ . B ']?}(::"t%

Projact:

Drainage Area:

Stream Type:

Fair (7 - 9)

Poor {10 - 12)

Score

1. Watershed and flood plain activity
and characteristics

Stable, forssted, undisturbed
watershed

Qceasional minor disturbances in tha
watershed, including cattle activity
{grazing andfor access fo stream),
construction, logging, or other mincr
deforestation. Limited agricultural
aclivities

Frequent disturbances in the
watershed, including cattle activity,
landslides, channel sand or gravel
mining, logging, farming, or
constructicn of buildings, reads, or
othar infrastructure, Urbanization over
significant portion of watershad

Continual disturbances in the watershed.
Significant cattle activily, landslides,
channe! sand or gravel mining, logging,
farming, ar construction of buiidings,
roads, or other infrastructure. Highly
urbanized or rapidly urbanizing
watershed

|O

2. Flow habit

Perennial stream with no flashy
behavior

Perennial stream or ephemeral first-
order stream with slightly increased
rate of flooding

Parennial or intermittant stream with
flashy behavior

Extremely flashy; flash floods prevalent
mode of discharge; ephemeral stream
ather than first-order stream

3. Channel pattern

Straight ta meandering with low radius]
of curvature; primarily suspended load

Meandering, moderate radius of
curvature; mix of suspended and bed
loads; well-maintained engineered
channel

Meandering with some braiding;
tortuous meandering; primarily bed
load; poorly maintained engineered
channel

Braided; primarily bed load; engineered
channe! that is maintained

3. Channal pattern (revised)

No evidence of channalization.
Meandering, stable channel or straight
{step-pool system, narrow valley),
stable channel.

Appears to have previously bean
chanpelized, Stream is relatively
stable. Channel has some meanders
due to previous channel adjustment.

Appears to have previously been
channelized. Stream is actively
adjusting (meandering); localized areas
of instability and/or erosicn around
bends. Straightened, stable channel.

Appears to have previously been
channelized. Stream is actively
adjusting (laterally andfor vertically} with
few bends. Straight, unstable reach.

(!

4. Entrenchment! channel confinement

Active floed plain exists at top of
barks; no sign of undercutting
infrastructure; ne levees

Active fiood plain apandoned, but is
currently rebuilding; minimal channel
confinement; infrastructure not
exposed; levees are low and set well
back from the river

Moderate confinement in valley or
channel walls; some exposure of
infrastructurs; terraces exist; flood plain
abandoned; levees are moderate in
size and have minimal setback frem the
river

Knickpoinis visible downstream;
exposed water lines or other
infrastructure; channel-width-to-top-of-
banks ration small; deeply confined; no
active flood plain; levess ara high and
along the channel edge

5. Bed material
Fs = approximate partion of sand In the
bed

Assorted sized tightly packed,
overlapping, and possibly imbricated.
Mest material > 4 mm. Fs <20%

Moderately packed with soma
overlapping. Very small amounts of
material < 4 mm. 20 < Fs < 50%

Loose assortment with no apparent
overlap. Small to medium amounts of
material < 4 mm. 50 <Fs < 70% -

Very [oose assortment with no packing.
Large amounts of material <4 mm. Fs
> 70%

6. Bar develcpment

For § < 0.02 and wiy > 12, bars are
mature, narrow relative to stream
width at  low flow, well-vegetated,
and composed of coarse gravel to
cobbles, For § > 0.02 and wfy are <
12, no bars are evident

ForS <002 andwily> 12, bars
may have vegetation andfor be
composed of coarse gravelfo
cobbles, but minimal recent growth of
barevident by lack of vegetation on
portions of the bar. For § > 0.02 and
wiy <12, nc bars are avident

For § < .02 and wiy > 12, bar widths
tend to be wide and composed of newly|
deposited coarse sand to small cobbles
andfor may be sparsely vegetated.
Bars forming for S = 0.02 and wiy < 12

Bar widths are gensrally greater than 1/2|
the stream width at low flow. Bars are
composed of extensive deposits of fine
particles up o coarse gravel with little to
no vegetation. No bars for § < 0.02 and
why =12

/O

7. Obstructions, Including bedrock
outcreps, armar layer, LWD jams, grade
conirci, bridge bed paving, revetments,
dikes or vanes, riprap

Rare or not present

QOccasional, causing cross currents
and minor bank and bottom erosion

Mederately frequent and occasionally
unstable obstructions, cause noticeable
erosion of the channel. Censiderable
sediment accumulation behind
ohstructions

Frequent and often unstable, causing a
continual shift of sediment and flow.
Traps are sasily filled, causing channel
to migrate and/or widen




Stability Indicator

Excellent {1-3)

Good (4 - 6)

Fair (7 - 9)

Paor (10 - 12}

Score

8. Bank soil texture and coherence

Clay and silty clay; cohesive material

Clay loam to sandy clay loam; minor
amounts of noncohesive or
uncensolidated mixtures; layers may
exist, but are cohesive materials

Sandy clay to sandy loam;
unccnsolidated mixtures of glacial er
other materials; small layers and lenses|
of noncehesive or unconsalidated
mixtures

Loamy sand to sand; noncohasive
material; unconsclidated mixtures of
glacial or cther materials; layers of
lenses that include noncohesive sands
and gravels

9. Average bank slope angle (where
90° is a vertical hank)

Bank slopes < 3H:1V (18%) for
noncohesive or unconsclidated
materials to < 1:1 {45%) in clays on
both sides

Bank slopes up to 2H:1V {27°) in
noncohesive or unconsclidated
materials to 0.8:1 {50°) in clays on
one or occasicnally both banks

Bank slopes to 1H:1V [45°) in

noncohesive or unconsalidated
materials to 0.6:1 (60°) in clays
common on one or both banks

Bank slopes over 45° in noncohesive or
unconsalidated materials or over 60° in
clays common an one or both banks

{O

10, egetative or engineered bank
protection

Wide band of woody vegetation with
at least 90% density and cover.
Primarily hard woed, |eafy, deciduous
trees with mature, healthy, and
diverse vegetaticn located on the
bank. Woody vegetation oriented
vertically. In absence of vegetation, -
both banks are lined or heavily
armored

Medium band of woody vegetation
with 70-80% plant density and cover.
A majority of hard wood, leafy,
deciduous trees with maturing,”
diverse vegetation located an the
bank. Wood vegetation criented 8G-
90% from horizontal with minimal roct
exposure. Partial lining or armoring of]
one or both banks

Small band of woody vegetation with 50)
70% plant density and cover. A
majority of soft wood, piney, coniferous
frees with young or old vegetation
lacking in diversity located on or near
the top of bank. Weody vegetation
criented at 70-80% from harizontal,
cften with evident roct exposure. No
fining of banks, but some armoring may
be in place on cne bank

Woody vegetation band may vary
depending on age and health with less
than 50% plant density and cover.
Primarily soft wood, piney, coniferaus
trees with very young, old and dying,
and/or monostand vegetation located off
of the bank. Waody vegetation oriented
at less than 70% from horizontal with
extensive root exposure. No lining or
armoring of banks

11. Bank cutling

Litile or none evident. infrequent raw
banks, insignificant percentage of-fotal
kank

Some intermittently aieng channel
wends and at prominent constrictions.
Raw banks comprise minor portion of
Bank In vertical direction

Significant and frequent on both banks.
Raw banks comprise large portion of
bank in vertical direction. Root mat
overhangs

Almost continuous cuts on both banks,
seme extending over most of the banks.
Undercutting and sod-reot overhangs

12. Mass wasting or bank failure

- |Uniform channel width over the entire

No or little evidence of potential or
very small amounts of mass wasting.

reach

Evidence of infrequent and/or minor
mass wasting. Mostly healed over
with vegetation. Relatively constant
channel width and minimal scalloping
of banks

Evidence cf frequent andfor significant
occurrenceas of mass wasting that can
be aggravated by higher flows, which
may cause undercutting and mass
lwasting of unstable banks. Channel
width quite irregular, and scalloping of
banks is evident

Frequent and extensive mass wasting.
The potential for bank failure, as
evidenced by tension cracks, massive
undercuttings, and bark slumping is

fconsiderable. Channel width is highly

irregular, and banks are scalloped

13. Upstream distance o bridge from
meander impact point and alignment

Mare than 35 m; bridge is well-aligned
with river flow

20-35 m; bridge is aligned with flow

10-20 m; bridge is skewed to flow, or
fiow alignment is otherwise not centered
beneath bridge

Less than 10 m; bridge is poorly aligned
with flow

H = horizontal, V = vertical, Fs = fraction of sand, S = slope, wfy = width-to-deptf

Total Score

b ratio




Stream: ME IX-_.

Observers:
Reach: 3(:. Froject:
Date: (p=2e - 1. Drainage Area:
Weather: Stream Type:
Location:
Stability Indicator Excellent {1 -3) Good (4 - 6) Fair (7 - 9} Poor {10 - 12) Score

1. Watershed and flood plain activity
and characleristics

Stable, ferested, undisturbed
watsrshed

Occasional minor disturbances in the
watershed, including cattle aclivity
{grazing andfor access to stream),
construction, fogging, or other minor
deforestation. Limited agricultural
activities

Frequent disturbances in the
watershad, including cattls activity,
landslides, channel sand or gravel
mining, logging, farming, or
construction of buildings, roads, or .
other infrastructure. Urbanization over
significant portion of watershed

Continual disturbances in the watershed|
Significant cattle activity, landslides,
channel sand or gravel mining, logging,
farming, or canstruction of bulldings,
roads, or other infrastructure. Highly
urbanized or rapidly urbanizing
walershed

2. Flow habit

Perennial stream with no flashy
behavior

Perennlal stream or sphemeral first-
order stream with slightly increased
rate of flooding

Perennial or intsrmittent stream with
flashy behaviar

Extremaly flashy; flash floods prevalent
mode of discharge; ephemeral stream
other than first-order stream

3. Channel pattern

Straight tn.meand'ering with low radius|
of curvature; primarily suspended load

Meandering, moderate radius of
curvature; mix of suspended and bad
loads; well-maintained enginesred
channel

Meandering with some braiding;
tartuous meandering; primarily bed
load; paorly maintained engineered
channet

Braided; primarily bad load; engineered
channe! that is maintained

3. Channal pattern {revised)

No avidence of channelization.

Meandering, stable channel or straight

{step-peol system, narrow valiey),
stable channel.

Appears to have previously beasn
channelized. Stream is relatively
stable. Channel has some meanders
due to previous channel adjustment.

Appears tc have previously been
channelized. Stream is aclively
adjusting (meandering); localized areas
of instability andfor erosion around
bends. Straightened, stable channel.

Appears to Have previously been
channelized. Stream is actively
adjusting (laterally and/ar vertically) with
few bends. Straight, unstable reach.

Ul

4. Entrenchment/ channel confinement

Aciive flood plain exists at top of
banks; no sign of undercutting
infrastructure; no levees

Active flood plain abandoned, but is
currently rebuilding; minimal channe
confinement; infrastructure not
exposed; levess are low and set well
back from the rivar

Maderate confinement in valley or
channel walls; some exposure of
infrestructure; terraces exist; flood plain
abandaned; levees are moderate in
size and have minimal setback fromthe
river

Knickpoints visible downstream;
exposed water lines or other
infrastructurs; channel-width-to-top-of-
banks ration smell; daegly cenfined, no
active flood plain; levees are high and
alang tha channel edge

5. Bed material
Fs = approximate porticn of sand in the
bed

Asscrted sized tightly packed,
overlapping, and possibly imbricated.
Most material > 4 mm. Fs < 20%

Moderately packed with some
overlapping. Very small amounts of
material <4 mm. 20 <Fs < 50%

Loose assortment with no apparent
overlap. Small to medium amounts of
material < 4 mm. 50 < Fs < 70%

Very. loose assortment with no packing.
Large amounts of material < 4 mm. Fs
> T0%

6. Bar development

For § < 0.02 and wiy > 12, bars are
mature, marrow ralative to stream
width at  low flow, well-vegetated,
and composed of coarse gravel to
cobbles. For § = 0.02 and wiv are <
12, no bars are evident

For § <0.02 and wiy = 12, bars
may have vagstation andfor be
composed of coarse gravel ta
cobbles, but minimal recent growth of
barevident by lack of vegetation on|
periicns of the bar, For § » 0,02 and
wly <12, no bars are evident

Fer 8 < 0.02 and wiy > 12, bar widths
tend o be wide and composed of nawly
deposited coarse sand to small cobbles
andior may be sparsely vegstated.
Bars forming for § > 0.02 and wfy < 12

Bar widths are generaliy greater than 1/2
the stream width at low flow. Bars are
composad of extensive deposits of fine
particles up to cearse gravel with little to
no vegetation. No bars for § < 0.02 and
wiy =12

7. Obstructions, including bedrock
outcrops, armor.layer, LWWD jams, grade
cantrol, bridge bed paving, revetments,
dikes or venes, riprap

Rare or not present

Occasional, causing cross cuments
and minor bank and bottom erosion

Maderately frequent and occasionally
unstable cbstructicns, cause noticeable|
erosion af the channel. Considerable
sadiment accumulation behind '
obstructions

Frequent and often unstable, causing a
continual shift of sediment and fiow.
Traps ara easily fillad, causing channel
to migrate ahdfor widen

(A
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Stability Indicator

Excellent (13}

Good (4 - 8)

Fair (7 - 9)

Poor {10 - 12)

Score

8. Bank soil texture and coherence

Clay and silty clay; cohesive material

Clay loam to sandy clay loam; minor
ameunts of noncohesive or
unconsolidated mixtures; layers may
exist, but are cohesive materials -

Sandy clay to sandy loam,
unconsolidated mixtures of glacial or
other materials; small iayers and lenses
of nencohesive or unconsolidated
mixtures

Leamy sznd to sand; nencohesive
material; unconsolidated mixtures of
glacial or other materials; layers of
lenses that include noncohesive sands
and gravels

8, Average bank slope angie {where
90" is a vertical bank)

Bank stopes < 3H:1V (18°) for
noncohesive or uncensolidated
materials to < 1:1 (45°} in clays on
both sides

_|Bank slopes up to 2H: TV (27°) in

noncohesive or unconsolidated
materials to 0.8:1 (50°) in clays on
ane or oceasionally both banks

Bank slopes to TH:1V (45°) in
noncehesive or unconscolidated
materials to 0.6:1 (60°) in clays
common on one or both banks

Bank slopes over 45° in noncchesive or
unconsolidated materials or over E0° in
c¢lays common on onie or both banks

10. Vegetative or engingserad bank
protection

Wide band of woody vegetation with
at least 90% density and cover, ’
Primarily hard woad, leafy, deciduous
trees with mature, healthy, and
diverse vegetation located on the
bank. Woody vegetation oriented
vertically. In absence of vegetation,
both banks are lined or heavily
armored

Medium band of woody vegetation
with 70-90% plant density and cover.
A majorily of hard wood, leafy,
deciduous trees with maturing,
diverse vegetation located on the
bank. Wood vegetation oriented 80-
90% from horizental with minimal root
exposure. Partial lining or armering of]
one or both banks

Small band of woody vegetation with 50,
70% plant density and cover. A
Imajority of soft woad, piney, coniferous
trees with young or old vegetaticn
lacking in diversity located on or near
the top of bank. Woody vegstation
oriented at 70-80% from horizontal,
often with evident root ekpusure. No
lining of banks, but some armoring may
be in place on one bank ’

Woody vegetation band may vary
depending on age and health with less
than 50% plant densify and cover.
Primarily soft wood, piney, coniferous
trees with very young, old and dying,
andfor moenostand vegetaticn located off
of the bank. Woody vegetation oriented
at less than 70% from horizontal with
extensive root exposure. No lining or
armoring of banks

11. Bank cutting

Little or none evident. . Infrequent raw
banks, insignificant percentage of total
bank

Some intermittently along channe!
pends and at prominent constrictions.
Raw banks comprise minor portion of
bank in vertical direction

Significant and frequent on both banks.
Raw banks comprise large porticn of
bank in vertical direction. Root mat
overhangs

Aimast continucus cuts on boath banks,
some extending over most cf the banks.
Undercutting and sod-roct overhangs

12. Mass wasting or bank failure

No or little evidence of potential or
very smali amounts of mass wasting.
Uniform channel width over the entire
reach

Evidence of infrequent and/er minor
mass wasting. Mostly healed over
with vegetation. Relatively constant
channel width and minimal scallcping
of banks

Evidence of frequent and/ar significant
occurrences of mass wasting that can
ke aggravated by higher flows, which
may cause undercutting and mass
wasting of unstable banks. Channel
width quite iregutar, and scalloping of
banks is evident

Frequent and extensive mass wasting.
The potential for bank failure, as
evidenced by tension cracks, massive
undercuttings, and bank slumping s
considerable. Chanrel width is highly
frregular, and banks are scalloped

13. Upstream distance fo bridge from
meander impact point and alignment

More than 35 m; bridge is well-aligned
with river flow

20-35 m; bridge is aligned with flow

10-20 m; hricige is skewed to flow, or
flow alignment is ctherwise not centered
beneath bridge

Less than 10 m; bridge is poorly aligned
with flow .

H = herizontal, V =-vertical, Fs = fraction of sand, S = slope, wiy = width-fo-dept

Total Score

h ratio




Siream: f"lﬂ.ﬂ,

Reach: 4 - PpisBRVATIOND

Date: (|76 f12

Weather: S0 mipgd  dG6F
Location: T p | yp

Stability Indicator

Excellent {1 -3)

Good (4 - 6)

Observers: AS . BH , T

Project: v {L‘It !

Drainage Area:

Stream Type:

Fair {7 - &)

Poor (10 - 12}

Score

1. Watershed and flood plain activity
and characteristics

S-table, forested, undisiurbed
watershed

Occasional minor disturbances in the
watershed, including cattie activity
{grazing and/or access to stream},
construction, logging, or other minor
deforestation. Limited agricultura!
activities

Frequent disturbances in the
watershed, including cattle activity,
landslides, channel sand or gravel
mining, logging, farming, or
construction of buildings, rcads, or
other infrastructure. Urbanization over
significant portion of watershed

Continual gisturbances in the
watershed. Significant cattle activity,
landslides, channet sand or gravel
mining, logging, farming, or construction
of buildings, roads, or other
infrastructure. Highly urbanized or
rapiciy urbanizing watershed

2. Flow habit

Perennial stream with ne flashy
behavior

Perenniat stream or ephemerat first-
order stream with slightly increased
rate of flooding

Perennial or intermittent stream with
flashy behavior

Extremely flashy; flash floods prevalent
made of discharge; ephemeral siream
other than first-order sfream

3, Channel pattern

Straight to meandering with low
radius of curvature; primarily
suspended load

Meandering, moderate radius of
curvature; mix of suspended and bed
loads; well-maintained engineerad
channel

Meandering with some braiding;
tortuous meandering; primarily bed
load; poorly maintained engineered
channel

Braided; primarily bad load; engineered
channel that is maintained

3. Channal pattern {revised)

No evidenca of channelization.
Meandering, stable channe! or
siraight {(step-pool system, narrow
valley), stable channel.

Appears to have previously been
channelized. Stream is relatively
stable. Channel has some meanders
due to previous channel adjustment.

Appears to have previously been
channelized. Stream is actively
adjusting (meandering); localized
areas of instability and/cr erosion
around bends. Straightened, stable
channet.

Appears to have previcusly been
channelized. Stream is actively
adjusting (laterally andfor vertically) with
few bends. Straight, unstable reach.

4. Enfrenchment/ channel confinement

Active flood plain exists at top of
banks; no sign of undercutting
infrastructure; no levees

Active flood plain abandoned, but is
currently rebuilding; minimal channe!
confinement; infrastructure not
exposed; levees are low and set well
kack from the river

Moderate confinement in valley or
channel walls; some exposure of
infrastructure; terraces exist; flocd
plain abendoned; levees are moderate
in size and have minimal setback from
the river

Knickpoints visible downstream;
exposed water lines or other
infrastructure; channekwidth-to-top-of-
banks ration small; deeply confined; na
active flood plain; levees are high and
aleng the channe! edge

&, Bed matefial
Fs = approximate portion of sand in the
bed

Assorted sized tightly packed,
overlapping, and possibly imbricated.
Most material > 4 mm. Fs <20%

Moderately packed with some
overlapping. Very amall amounis of
material < 4 mm. 20 < Fs < 50%

Loose assortment with no apparent
overlap, Small to medium amounts of
material < 4 mm. 50 < Fs < 70%

Very loose assortment with no packing.
Large amounts of material < 4 mm. Fs
> T0%

tm <
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6. Bar development

For S < 0.02 and wfy > 12, bars are
mature, narrow relative to stream
width at  low flow, well-vegeiated,
and composed of coarse gravel to
cobbles, For S > 0.02 and wiy are <
12, no bars ere evident

For § < 0.02 and w/y > 12, bars
may have vegetaticn and/cr be
composed of coarse gravef to
ceobbles, but minimal recent growth of
bar evident by lack of vegetaticn
on portions of the bar. For 8 > 0.02
and wiy <12, no bars are evident

For 8 < 0.02 and wily > 12, bar widths
tend to be wide and composed of
newly deposited coarse sand to small
cebbles and/or may be sparsely
vegetated. Bars forming for S > 0.02
and wiy < 12

Bar widths are generally greater than
112 the stream width at low flow. Bars
are composed of extensive deposits of
fine particles up fo coarse gravel with
litlle to no vegetation. No bars for S <
0.02 and wiy > 12
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7. Obstructions, including bedrock
outcrops, armor layer, LWD jams,
grade centrol, bridge bed paving,

revetments, dikes or vanes, riprap

Rare or not present

Qccasional, causing cross currents
and minar bank and bottom erasion

Moderately frequent and occasionally
unstable obstructions, cause
noticeahle erosion of the channeal.
Considerable sediment accumulation
behind cbstructions - -

Frequent and often unstable, causing a
continual shift of sediment and flow.
Traps are easlly filled, causing channel
ta migrate and/or widen
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Stability Indicator

Excellent {1-3)

Good (4 - )

Fair (7 - 9)

Poor {10 - 12)

Score

8. Bank soil texiure and ccherence

Clay and silty clay, cohesive material

Clay loam to sandy clay loam; minor
amounts of noncohesive or
unconsolidated mixtures; layers may
exist, but are cohesive materials

Sandy clay to sandy loam;
unconsolidated mixtures of glacial or
other materials; small layers and
lenses of noncohesive or
unconsolidated mixtures

Loamy sand to sand; nroncohesive
material; unconsolidated mixtures of
glacial or other materials; fayers of
lenses that include noncohesive sands
and graveis

9. Average bank slope angle (where
90° is a vertical bank)

Bank slopes < 3H:1V {18°) for
noncohesive or unconsolidated
materials to < 1:1 (45°) in clays on
both sides

Bank slopes up to 2H:1V (27°) in
noncohesive or unconsolidated
materials to 0.8:1 (50°) in clays cn
ore or accasionally both banks

Bank slopes fo 1H:1V (45°) in

noncohesive or tnconsolidated
materials to 0.6:1 (60%) in clays
commen on one or both banks

Bank slopes over 45° in noncohesive or
unconsolidated materials or over 60° in
clays common on one or both banks

10. Vegetative or engineered bank
protection

Wide band of woody vegetation with
at least 90% density and cover.
Primarily hard wood, leafy, deciduous
{rees with mature, healthy, and
diverse vegetaticn located on the
bank. Woody vegetation oriented
vertically. In absence of vegetation,
bath banks are lined or heavily
armored

Medium band-of woody vegetation
with 76-90% plant density and cover.
A majority of hard wood, leafy,
deciducus trees with maturing, |
diverse vegetation located on the
bank. Wood vegetation oriented BD-
90% frem horizontal with minimal root
exposure. Partial lining or armoring
of one or both banks

Small band of woody vegetation with
50-70% plant density and cover. A
majority of soft wood, piney, coniferous
trees with young or ald vegetation
lacking in diversity located on or near
the top of bank. Woody vegetation
oriented at 70-80% from horizental,
ofien with evident root exposure. Ne
lining of banks, but some armoring
may be in place on one bank

Woody vegetation band may vary
depending on age and health with less
than 50% plart density and cover.
Primarily soft woad, piney, coniferous
irees with very young, old and dying,
and/or monostand vegetafion located
off of the bank. Woody vegetation
oriented at less than 70% from
horizontal with extensive roof exposure.
No lining or armering of banks

11. Bank cutting

Little or none evident. Infrequent raw
banks, insignificant percentage of
total bank

Some intermittently along channel
bends and at prominent constrictions.
Raw banks comprise minor portion of
bark in vertical direction

Significant and freguent on both banks.
Raw banks comgrise large portion of
bank in vertical direction. Root mat
overhangs

Aimost continuous cuts on both banks,
some extending over most of the
banks. Undercutting and sod-root
overhangs

12. Mass wasting or bank failure

No or little evidence of potential or
very smafl amounts of mass wasfing.
Uniform channel width over the entire
reach

Evidence of infrequent and/or minor
mass wasting. Mostly healed over
with vegetation. Relatively constant
chanrel width and minimal scalloping
of banks

Evidence of frequent and/or significant
occurrences of mass wasting that can
be aggravated by higher flows, which
may cause undercutting ard mass
wasting of unstable banks. Channel
width quite irregular, and scalloping of
banks is evident

Fraquent and extensive mass wasting.
The potential for bank faifure, as
evidenced by tension cracks, massive
undercuttings, and bank slumping is
considerable. Channel width is highly
imegular, and banks are scalloped

13. Upsiream distance to bridge from
meander impact point and alignment

More than 35 m; bridge is well-
aligned with river flow

20-35 m; bridge is aligned with flow

10-20 m; bridge is skewed to flow, or
flow alignment is otherwise not
centered beneath bridge

Less than 10 m; bridge is poorly aligned
