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Memo 

Stantec Consulting Services Inc. (Stantec) is pleased to provide this design memo for the Chester 
Creek stream restoration project located in Duluth, Minnesota. This memo summarizes the existing 
site conditions, site assessment information and design methodology for the project. It is intended to 
provide background information for the interpretation of the plan set. 

PROJECT SETTING 

The project is located along Chester Creek near the Chester Bowl ski hill in Duluth, Minnesota. 
Storms that occurred in June, 2012 caused flooding that damaged the existing channel, a dam and 
a bridge. Site l has been defined as the lower reach where the low head dams will be removed 
and Site 2 is the upstream site where the new bridge was installed. 

PROJECT GOALS 

The goal of this project is to stabilize the channel in the vicinity of two low-head dams (Site l) and 
upstream in the vicinity of the replacement bridge (Site 2). It is the desire of MNDNR to stabilize 
these channels using Natural Channel Design Techniques, as referenced in Part 654 of the National 
Engineering Handbook, thus this goal will be met by following the procedures referenced therein. 
Specifically, the channel will be designed with geomorphic principles germane to the stable 
morphology in mind. 

EXISTING CONDITIONS 

Both sites were heavily impacted by the June 2012 floods. Site l, which extends from just upstream 
of the limits of a pool previously formed by the upper low-head dam, exhibits damage to that 
particular structure as well as a second low-head dam downstream, though it is our understanding 
one of the dams was damaged prior to the 2012 flood. The upper part of Reach 1 serves as the tail
out area for the Chester Bowl ski hill. This area was a small pond prior to the flood but it now is free 
flowing down to the low-head dam. The channel is significantly modified through the second low
head dam, but is moderately stable from that point downstream. 

Site 2 was heavily damaged during the June 2012 floods including the wash-out of a pedestrian/ski 
bridge in the middle of the reach. A new bridge was constructed sometime in 2014; activities 
associated with the construction of the bridge significantly altered the characteristics of the 
channel. Boulder riprap was placed on both sides of the channel beneath the bridge. Though not 
typically elements of natural channel design, the boulders do appear to have stabilized the bank in 
that vicinity. The stabilization reach, therefore, begins just downstream of the new bridge. 

A geomorphic survey was performed for each site. The results of the survey are included in 
Attachment A. Where not impacted by the dams, Site l classifies as a B4c in the upper reach and a 
C4 in the lower reach, with the difference being highly affected by upper channel side slopes -and 
concomitant floodplain access. Site 2 classifies as ·an F4 channel and has little -floodplain access. 
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DESIGN METHODOLOGY AND RESTORATION APPROACH 

The methodology employed for the restoration design of Chester Creek is fundamentally Natural 
Channel Design (NCO) , which uses an analog of a stable system to develop dimensionless rat ios to 
design a new reach. The stable system, referred to as a reference reach or reference condition, is 
typically from a nearby stream, ideally within the same watershed, but minimally from the same 
valley type and sediment regime. Cross section, profile and plan form morphometry are normalized 
based on the bankfull dimensions of the channel and then scaled up or down depending on the 
size of the channel to be restored . Careful attention is paid to the transition from the upstream 
condition to the restored reach and again from the restored reach back to the downstream reach. 

For Chester Creek, the reference condition was a composite of reference conditions measured in 
the Duluth area. The dimensionless ratios were applied and modifications were made to preserve a 
smooth transition. The proposed deign in included in the drawings in Attachment B. 

Sediment transport was evaluated based on transport competence, which is aimed at evaluating 
the ability of the stream to transport a particular size of particle. Sediment transport capacity, which 
evaluates the amount of sediment a particular stream can carry, was beyond the scope of this 
project. Based on a visual reconnaissance of the system, Site 1 is deficient at transporting sediment 
under its current morphometric condition; however, this is a result of the backwater and flat channel 
immediately upstream of the low-head dam. The restoration proposed for Site l will alleviate this 
condition and promote an appropriate sediment regime. Site 2 is incising due to excess shear on 
the channel bottom so the design includes armored riffles that will resist the bed shear and hold the 
grade at the designed elevation. 

PROPOSED CONDITIONS 

The proposed design for Site 1 consists of a re-meandered channel within the old pond upstream of 
the upper low-head dam that then progresses through the depositional area behind both dams 
and ties into a relatively stable channel downstream of the lower dam. Riffles are armored with 
either existing bed material, mini cross vanes and/or boulder clusters. The type of stabilization 
method is dependent on the slope of the individual riffle, with steeper riffles constructed with 
boulder mini-vanes. In the upper portion of the reach, toe wood is proposed for the outsides of the 
bends. The sheets is Appendix B depict the proposed design for Site 1. 

Site 2 consists of a re-constructed channel within the footprint of the existing Chester Creek 
alignment. The reach begins just downstream of the new bridge across the channel. The proposed 
stream consists of three constructed riffle/pool sequences that tie into a riffle downstream. J-hook 
steps are proposed to provide grade control for each riffle. 

The following table summarizes the dimensions and pertinent dimensionless ratios for the proposed 
Site 1 and Site 2 channels. 

Design with communlfy l'n mind 
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Table 1: Proposed Channel Dimensions and Dimensionless Ratios 

Parameter Site 1 Site 2 

Wbkf (ft) 26.5 24.5 

Dbkf (ft) 1.3 1.2 

Dmax (ft) 2.1 2.0 

Area (ft2) 35.0 30 

Slope (ft/ft) 0.017 0.029 

P-P Spacing Ratio (dimensionless) 3-5.5 2-4.5 

W /D Ratio (dimensionless) 20 20 

OPINION OF PROBABLE COST 

Experience on previous project of this ilk suggest that the probable cost will .be approximately 
$494,000.00. A breakdown of this cost derivation is included in Attachment C. The quantities shown 
in the cost estimate are included to guide the user in understanding the elements that are likely to 
be included; however, they should not be interpreted as a bid schedule or final quantities. Other 
elements not yet considered may be necessary to construct the project. A construction 
contingency of 20% is included to account for all or some of these unknowns, depending on their 
magnitude. 

STANTEC CONSULTING SERVICES INC. 

Michael Adams Jr, PE, LEED AP 
Senior Associate 
Phone: 571-420-2929 
Fax: (703) 263-1221 
Michael.A do ms@stantec.com 

Attachments: Assessment Data, 60% Design Drawings, Opinion of Probable Cost 

c. Mike Geenen, PE 
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Attachment A: Existing Conditions Geomorphic Data 
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Worksheet 5-3. Field form for Level II stream classification (Rosgen, 1996; Rosgen and Silvey, 2005). 

Stream: Chester Creek Site 1 

Basin: Lake Superior Drainage Area: 4160 acres 6.5 

Location: Duluth, Minnesota 

Twp.&Rge: Sec.&Qtr.: ; 

Cross-Section Monuments (Lat./Long.): 46.81306 Lat/ 92.09417 Long Date: 06/29/14 

Observers: · Valley Type: Vlll(a) 

Bankfull WIDTH (Wbkt) 
WIDTH of the stream channel at bankfull stage elevation, in a riffle section. 27.98 ft 

Bankfull DEPTH (dbkt) 
Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in a 
riffle section (dbkt =AI Wbkt) - 1.08 ft ...._ _________________________ ____,..__ ___ __, 

Bankfull X-Section AREA (Abkt) 
AREA of the stream channel cross-section, at bankfull stage elevation, in a riffle 
section. 30.12 ft2 

Width/Depth Ratio (Wbkf/ dbkt) 
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section . 25.91 ....... __________________________ ...._ ___ ___, 

Maximum DEPTH (dmbkt) 
Maximum depth of the bankfull channel cross-section, or distance between the 
bankfull stage and Thalweg elevations, in a riffle section. 

. WIDTH of Flood-Prone Area (Wtpa) 

1.7 

ft/ft 

ft 

Twice maximum DEPTH, or (2 x dmbkt) = the stage/elevation at which flood-prone area 

WIDTH is determined in a riffle section. 50.34 ft 

Entrenchment Ratio (ER) 
The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH (Wtpa I Wbkt) 

(riffle section) . 1.8 ....... __________________________ ...._ ___ ___, 

Channel Materials (Particle Size Index ) D50 

The D50 particle size index represents the mean diameter of channel materials, as 

sampled from the channel surface, between the bankfull stage and Thalweg 
elevations. 45 ....... _________________________ ____...__ ___ __, 

Water Surface SLOPE (S) 
Channel slope = "rise over run" for a reach approximately 20-30 bankfull channel 
widths in length, with the "riffle-to-riffle" water surface slope representing the gradient 
at bankfull stage. 

Channel SINUOSITY (k) 
Sinuosity is an index of channel pattern, determined from a ratio of stream length 
divided by valley length (SL/ VL); or estimated from a ratio of valley slope divided by 
channel slope (VS / S) . 

Stream 
Type 

(See Figure 2-14) 

0.02 

1.1 

.___II _8_4 ____.I< ______________ __, 

ft/ft 

mm 

ft/ft 
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Worksheet 5-3. Field form for Level II stream classification (Rosgen, 1996; Rosgen and Silvey, 2005). 

Stream: Chester Creek Site 2 

Basin: Lake Superior Drainage Area: 4160 acres 

Location: Duluth, Minnesota 

Twp.&Rge: · Sec.&Qtr.: ; 

Cross-Section Monuments (Lat./Long .): 46.81333 Lat/ 92.09889 Long 

Observers: MG, MFA 

Bankfull WIDTH (Wbkt) 
WIDTH of the stream channel at bankfull stage elevation, in a riffle section. 

Bankfull DEPTH (dbkt) 
Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in a · 
riffle section (dbkr = A/ Wbkr). 

6.5 

Date: 10/16/14 

Valley Type: Vlll(a) 

25.1 ft 

1.39 ft ..__ ____________ .......,.. _____________ ___. ____ ___. 

Bankfull X-Section AREA (Abkt) 
AREA of the stream channel cross-section, at bankfull stage elevation, in a riffle 
section. 

Width/Depth Ratio (Wbkf/ dbkt) 
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section. 

Maximum DEPTH (dmbkf) 
Maximum depth of the bankfull channel cross-section, or distance between the 
bankfull stage and Thalweg elevations, in a riffle section . 

WIDTH of Flood-Prone Area (Wtp~) 
Twice maximum DEPTH, or (2 x dmbkr) = the stage/elevation at which flood-prone area 

WIDTH is determined in a riffle section. 

34.87 

18.06 

1.83 

31.37 ..__ __________________________ ___. ____ ___. 

Entrenchment Ratio (ER) 
The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH (Wrpal Wbkr) 

(riffle section). 

Channel Materials (Particle Size Index ) D50 

The D50 particle size index represents the mean diameter of channel materials, as 

sampled from the channel surface, between the bankfull stage and Thalweg 
elevations. 

1.25 

45 ..__ __________________________ ___. ____ __, 

Water Surface SLOPE (S) 

ft2 

ft/ft 

ft 

ft 

ft/ft 

mm 

Channel slope = "rise over run" for a reach approximately 20-30 bankfull channel 
widths in length, with the "riffle-to-riffle" water surface slope representing the gradient 
at bankfull stage. 0.022 ft/ft 

Channel SINUOSITY (k) 
Sinuosity is an index of channel pattern, determined from a ratio of stream length 
divided by valley length (SL/ VL); or estimated from a ratio of valley slope divided by 
channel slope (VS / S). 

Stream 
Type 

(See Figu_re 2-14) 

1 

.....___F_4_b _____.I< 
------------~ 
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Chester Creek - Reference Profile 
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Worksheet 5-3. Field form for Level II stream classification (Rosgen, 1996; Rosgen and Silvey, 2005). 

Stream: Chester Creek - Reference Site 

Basin: Lake Superior Drainage Area: 4160 acres 6.5 

Location: Duluth, Minnesota 

Twp.&Rge: · Sec.&Qtr.: ; 

Cross-Section Monuments (Lat./Long.): 46.81306 Lat'/ 92.09639 Long Date: 06/28/14 

Observers: Valley Type: Vlll(a) 

Bankfull WIDTH (Wbkt) 
WIDTH of the stream channel at bankfull stage elevation, in a riffle section. 

Bankfull DEPTH (dbkt) 
Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in a 
riffle section (dbkf =AI Wbkr)-

27.7 

1.09 .,__ __________________________ ___. ____ ___, 

Bankfull X-Section AREA (Abkt) 
AREA of the stream channel cross-section, at bankfull stage elevation , in a riffle 
section. 

Width/Depth Ratio (Wbkf/ dbkt) 
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section. 

Maximum DEPTH (dmbkf) 
Maximum depth of the bankfull channel cross-section, or distance between the 
bankfull stage and Thalweg elevations, in a riffle section . 

30.32 

25.41 

1.45 .,__ _______________________________ __, 

WIDTH of Flood-Prone Area (Wtpa) 
Twice maximum DEPTH, or (2 x dmbkt) = the stage/elevation at which flood-prone area 

WIDTH is determined in a riffle section. 

Entrenchment Ratio (ER) 
The ratio offload-prone area WIDTH divided by bankfull channel WIDTH (Wrpal Wbkt) 

(riffle section). 

Channel Materials (Particle Size Index ) D50 

The D50 particle size index represents the mean diameter of channel materials, as 

sampled from the channel surface, between the bankfull stage and Thalweg 
elevations. 

45.88 

1.66 

45 .,__ __________________________ ____. ____ __, 

Water Surface SLOPE (S) 

ft 

ft 

ft2 

ft/ft 

ft 

ft 

ft/ft 

mm 

Channel slope = "rise over run" for a reach approximately 20-30 bankfull channel 
widths in length, with the "riffle-to-riffle" water surface slope representing the gradient 
at bankfull stage. 0.02932 ft/ft 

Channel SINUOSITY (k) 
Sinuosity is an index of channel pattern, determined from a ratio of stream length 
divided by valley length (SL/ VL); or estimated from a ratio of valley slope divided by 
channel slope (VS / S). 

Stream 
Type 

(See Figure 2-14) 

1.09 

.,______B_4 ____.I< 
------------~ 
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Table A1. Chester Creek Reference Data 

Reach Basin Creek UT to Trickery Mitchell River Little Mill Seat Creek Headwaters 

Drainage Area 6.8 0.43 6.2 1.5 

Valley Type VII II VII II 

Stream Type C4b 84c 84 84a 

Wbkf (ft) 30.7 7.92 36.9 19 

Abkf (ft2
) 57.4 7.17 75.5 16 

WDR 18 16 18 18 

D50 33 45 32 55 

ER 2.8 2.9 1.95 1.95 
Bank Erosion 

0.0065 0.0045 0.0055 0.0055 (ton/yr/ft) 
Slope (ft/ft) 0.023 0.018 0.025 0.05 

Pool-Pool Spacing 
6-8 5-6 1.5-3 1-2 

Ratio 
MWR Ratio 9-12 7-10 4-6 n/a 

BELT Ratio 3-6 2-4 2-4 n/a 

ROC Ratio 2-4 2-3 2-4 n/a 



Attachment B: 60% Design Drawings 
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PROPOSED BOULDER CLUS 
(SEE DETAL 6 , SHE 

TOP ELEVATION = 1085.7' 
CSEE DEThll 9 , ShEET 6) 

I 

TOP ELEVATION - 1064.7' 
(SEE DET/\ll 9. SHEET 8) 

I 

.t,,.__•# '-

PROPOSED l . 
POrL , . _ . 

I 

PROPOSED NATIVE MATERIAL 

240 
DISTANCE (Fl) 

'--,,-· 510 

NOTE: 
SCOUR POOLS ARE A COMPONENT O F 
BOULDER CLU STERS AND J- HOOK 
STEPS. REFER TO DETAILS FOR 
PROPER INSTALLATION TECHNIQU ES. 

+ 
(0 

PROPOSED CONDITIONS 
SITE 1 OF THE CHESTER CREEK ST~::AM A::STORATION PP.OJECT 'NILL 
INCLUDE PRIORITY I RESTORATION OF THE EXISTING UNSTABLE STREAM 
CH.ANNEL. TO THE GREATEST EXTENT PRACTICABLE, THE DESIGN 
CHANNEL GEOMETRY, PATTERN , AMO PROFILE WILL UTILIZE NATIJRAL 
CHANNEL DESIGN PRINCIPLES JN ORDER TO PROMOTE LONG TERM 
STABILITY. GEOMOAPHIC ASSESSMENTS WERE USED FOR DESIGN OF A 
ROSGEN C -TYPE CHANNEL CONSISTENT WllH TH IS STREAM TYPE, 
OVERALL BANKFULL SLOPE OF THE DESIGN CHANNEL JS APPAOXIMATEL Y 
1.7%. INSTALLATION OF J-HOOK STEP STRUCTURES ALLOW SHORTER 
CHANGES IN GRADE, WHERE NECESSARY, ANO VERTICAL ENERGY 
DISS!PATlON WHERE TI-IE VALLEY DOES NOT ALLOW LATERAL D ISSIPATION. 
USE OF TOE WOOD STRUCTURES AND BOULD:R CLUSTERS ALSO PROVIDE 
STABLIZATION, GRADE CONTROL, AND ENERGY DISSIPATION, AND THEY 
HAVE BEEN SPECIFICALLY DESIGNED TO OPTIMIZE HA BITAT AND SUPPORT 
AOJATIC LIFE USE WITHIN 1HE REACH. TOE WOOD IS TYPICALLY USED IN 
BEND POOLS Vv'HERE EDGE HABITAT MAY DEVELOP SLO\oVLY AND WHERE 
THERE MAY BE LITTLE NATURAL STRUCTURE. THE PROTRUDING WOODY 
ENOS PROV IDE COMPLE>..1TY , cov::R , AND 11\JTERSTITlAL SPACE ESSENTIAL 
FOR COLONIZATION, SUAVNAL, AND REPRODUCTION OF 
IVI.ACAOINVERTEBAATES AND MANY OTHER AQUATIC ORGANISMS, 
BOULDER CLUSTERS ALSO DISSIPATE 8\JEAGY AND CREATE COMPLEXITY 
1\1 STRAIGHTER SEGMENTS OF SlREAM. THEY PROVIDE SHADE AND 
PROTECTION , AS COVER OBJECTS, AND CREATE EDDIES IMMEDIATELY 
DOWNSTREAM , WHICH ARE IMPORTANT TO FISH , MACROINVEATEBRATES, 
AND OTHER AQUATIC LIFE. RIPARIAN BUFFER PLANT1NGS AFFORD WATER 
QUALITY BENEFITS AND HELP TO MAINTAIN BANK STABILITY THROUGHOUT 
THE PROJECT AREA l/v1-IILE PROMOTING THE GRO\o\m-l OF NATIVE , 
NON-INVASIVE SPECIES 

~ J~ OOK 

~ ~~ 
~ BOULDER 
~ CLUSTER 

ij~ SITE 1 LONGITUDINAL PROFILE (0+00 - 6+90) 

!iL_ __ v_ E_R_T1_c_A_L _s_cA_ L_E_:_1"_=2_'_H_o_R_1z_o_N_TA_ L_s_c_A_L_E:_,_· =_3_D_' _________________________________ _..,.._,""'-.,,.....,_ _________ ___________________________ _______________________ ~--
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Copyright Reserved 
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The Cop-yrlghls to di design. and drawings ore the property of 
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Consultants 

Legend 

7~~ PROPOSEDTGPOGRAPH'I' 

..._. PROPOSED COIR LIFT lNOODTOEPROTECTION 

~ PROPOSED J,HOOK STEP 

~ PROPOSED ROCK CROSS \JANE 

Notes 
THESE PLANS ARE CONCE?TUAL IN NATURE AND ARE INTENDED 10 
SHOW THE PROPOSED A.!"FROACH FOR RES"iORING lrlESE SEC TIONS 
OF CHESTER CREEK. 1H: GRADING 6 A?PROXIMATE AND IS 
lNC_UDED ONL'I' TO PROVIDE APPROXIMATE LIMITS OF IM?ACT 
ACTUAL PROFILE ELEVATIONS Will BE DETERMINED DURING 
SLIBSEQUENI DESIGN EFFORTS 
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SITE 1 TYPICAL BANKFULL CROSS-SECTIONS 

0 
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DISTANCE (FT.) 

TYPICAL RIFFLE CROSS- SECTION 
VERTICAL SCALE: 1" = 2' HORIZONTAL SCALE: 1" = 5' 

108 1 '1~ ~ _ ..... _ 

ifit 

108 I - - I 
I 
I 

PROPOSED BOULDER CLUS 
{SEE DETAIL 6, SHEET 

TOP ELEVATION = 1055.7' 
(SEE DETAIL 9 , SHEET 8) 

PROPOSED TOE WOOD 
TOP S:LEVATION "' 1064.7' 

(SEE DETAIL 9 , SHEET 6) 
ROPOSED 

~ 
z 
0 

~ 
crJ 2 · 

STRUCTIJRE POOL DIMEf.JSIONS 
W IDTH - 29.1 FT. 
MAX. DEPTH - 4.0 FT. 
MEAN DEPTH - 1 .9 FT. 
X- SECTlONAL AREA = 54.3 FT~ 

10 15 

DISTANCE (FT.) 

TYPICAL POOL CROSS- SECTION 
VERTICAL SCALE: 1" = 2' HORIZONTAL SCALE: 1" = 5' 

l- POIOL - - at: ~i" ~ 

PROPOSED NATI\IE MATERIA{ 
(2 FT DEPTH) 1

PROPOSEO J-HOOK STEP 
(SEE DETAIL 4 , SHEET B) 

. 1075 .. 

SITE 1 LONGITUDINAL PROFILE (0+00 - 6+90) 

240 
DISTANCE (Fl) 

'--.,- 510 

CROSS-SECTION C-C' (STA 4+86) 
(SEE SHEET 4) 

CROSS-SECTION □-□' (STA 5+ 70) 
(SEE SHEET 4) 

NOTE: 
SOOUR POOLS ARE A COMPONENT OF 
BOULDER CLUSTERS AND J-HOOK 
STEPS. REFER TO DETAILS FOR 
PROPER INSTALLATION TECHNIQUES. 

PROPOSED CONDITIONS 
SITE 1 OF Tl-!E CHESTER CREEK STREAM RESTOR.O..TION PROJECT WILL 
INCLUDE PRIORITY I RESTORATION OF THE EXISTING UNSTABLE STMEAM 
CHANNEL. TO THE GR:ATEST EXTENT PRACTICABLE, THE DESIGN 
CHANNEL GEOMETRY, PATTERN, AND PROFILE WILL UTILIZE NATURAL 
CHANNEL DESIGN PRINCIPLES 11\J ORDER TO FROMOlE LONG TERM 
STABILITY . GEOMORPHIC ASS ESSMENTS WERE USED FOR DESIGN OF A 
ROSGEN G- TY?E CHANNEL. CO\JSlSTENT WITH THIS STREAM TYPE, 
OVERALL SANKFULL SLOPE OF Tl-IE DESIGN CHANNEL IS APPAOX~'vlAlELY 
1.7%. INSTALLATION OF J-I-IOOK STEP STRUCTIJRES ALLOW SHORTER 
CHANGES IN GRADE, WHERE NECESSARY, AND VERTICAL ENERGY 
DISSIPATION WHERE THE VALLEY DOES NOT ALLOW LATERAL DISSIPATION. 
USE OF TOE WOOD STRUCTIJRES AND BOULDER CLUSTERS ALSO PROVIDE 
STABILIZATION , GRADE CONTROL. ANO 8\JEAGY DIS SIPATION, AND THEY 
HAVE BEEN SPECIFICALLY DESIGNED TO OPTIMIZE HAEITAT AND SUFPORT 
AQUATIC LFE USE WITHIN THE REACH. TOE WOOD IS lYPICALLY USED IN 
BEND POOLS WHERE EDGE HABITAT MA Y DEVELOP SLOWLY AND WHERE 
THERE MAY BE LITTLE NATURAL STRUCTURE. THE PAOTRUDNG WOODY 
ENOS PROVIDE COMPLEXITY, COVER. AND 11..JTERSTITIAL SPACE ESSENTLAL 
FOR COLONIZATION, SURVNAL, AND REPRODUCTION OF 
MACROINVERTEBRATES AND MANY OTHER AQUATIC ORGANISMS. 
BOULDER CLUSTERS ALSO DISSIPATE ENERGY AND CREATE COMPLEXITY 
IN STRAIGHTER SEGMENTS OF STREAM. THEY PROVIDE SHADE AND 
PROTECTION, AS COVER OBJECTS, AND CREATE EDDIES IMMEDIATELY 
OOVVNSTREAM, \IVH101-t ARE 11\APOATANT TO FISH. MACROINVERTE8RATES, 
AND OTHER AQUATIC LIFE. RIPARIAN BU.::FER PLANTINGS AFFORD WATER 
QUALITY BENEFrrs AND HELP TO MAINTAIN BANK STABILITY THROUGHOUT 
THE PROJECT AREA WI-HLE PROMOTING n-tE GROWTH OF NATIVE, 
NON-INVASIVE S?ECIES. 

~ J~OOK 

~ STEP 

STRUCTURE LEGEND 

~ BOULDER 
~ CLUSTER 

~~ VERTICA L SCAL E: 1"=2' HORIZONTAL SCALE: 1"=30' ,si,'i c_ _______________________________________________ ______________________ __________________________________________________ _ 
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Consultants 

Legend 

• PROFOSEOCOIRUFTWOOO TOEPROTECTION 

v-' PROPOSED J.HOOK STEP 

Notes 
THESE PLANS ARE CONCEPTUAL IN NATURE AND ARE INT"ENDED TO 
SHOW THE PROPOSED APPROACH FOR RESTORING THESE SECTIONS 
OF CHESTER CREEK. THE GRADIHG lS AP?P.OX1MATE ANO IS 
INCLUDED ONLY 10 PROVIDE APPROXIM.6.iE LIMITS OF IMPACT. 
ACTlJAL PROFH ElEVATIOHS Will aE D::IERMJN:D DURING 
SURSEQUfNT DESIGN EFFORTS 
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CROSS-SECTION A-A1 (STA. 1 +29) 
VERTICAL SCALE: 1" = 5' HORIZONTAL SCALE: 1" = 20' 
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CROSS-SECTION C-C' (STA. 4+86) 
VERTICAL SCALE: 1" = 5' HORIZONTAL SCALE: 1" = 20' 
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DISTANCE (FT.) 

CROSS-SECTION 8-81 (ST A. 1 +99) 
VERTICAL SCALE: 1" = 5' HORIZONTAL SCALE: 1" = 20' 
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CROSS-SECTION D-O1 (STA. 5+ 70) 
VERTICAL SCALE "I" = 5' HORIZONTAL SCALE: "I"= 20' 
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CROSS-SECTION E-E 1 (STA. 6+41) 
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Notes 
lHESE PLANS ME CONCEPTUAL ~ NATURE AND ARE INTENDED lO 
mow THE PROPOSED APPROAC1 FOR RESTQRING lH:sE SECTIONS 
OF CHESTE? c11:m:::. THE GRADING l.i APPROXl~TE AND IS 
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PROPOSED CONDITIONS 
SITE 2 OF THE CHESTER CREEK STREAM AESTORATKJN PROJECT W ill 
INCLUDE PRIORITY II RESTORATION OF THE EXISTING UNSTABLE STREAM 
CHANNEL. TO THE GREATEST EXTENT PRACTICABLE. THE DESIGN 
CHANNEL GEO\AETRY, PATTERN, ANO PROFILE WILL UTILIZE NATURAL 
CHANNEL DESIGN PRINCIPLES IN ORDER TO PROMOTE LONG TEAM 
STABILITY. GEOMOAPHIC ASSESSMENTS WERE USED FOR DESIGN OF A 
ROSGEN B-TYPE CHANNEL. CONSISTENT WITH THIS STREAM TYPE, 
OVERALL BANKFULL SLOPE OF TI-IE DESIGN CHANNEL IS APPROXIMATELY 
2,9%. INSTALLATION OF J-HOOK STEP STRUCTURES ALLOW SHORTER 
CHANGES IN GRADE, 'NI-IEAE NECESSARY, AND VERTICAL ENERGY 
DISSIPATION \fvHERE "THE VALLEY DOES NOT ALLOW LATERAL 
DISSIPATION. ALONG WITH GRADE CONTROL, TI-IESE STRUCTURES W ILL 
PROVIDE HABITAT FOR THE COLONIZATION, SURVIVAL, AN D 
REPRODUCTION OF MACRO!NVEATEBRATES ANO FISH. FOLLOWING THE 
STREAM RESTORATION IMPLEMENTATION, ALL DISTURBED AREAS W ILL BE 
PLANTED WITH NATNE SPECIES. THESE PLANTINGS AFFORD WATER 
QUALITY BENEFITS AND HELP TO MAINTAIN BANK STABIUTY THROUGHOUT 
THE PROJECT AREA WHILE PROH IBITING THE GRO~fTH OF NON- NATIVE 
SPECIES. 

CONTOUR INTERVAL = 1 FEET 

I u7 I 
20' 0' 1 0' 20' 40' 

! ,_ 
o_r-

il.tii 
2 W 
0 :t 
c:"' 
0 w 
wW 
U) \!! 

.. PROPOSED J-HOOK STEP. . .. 
(SEE DETA IL 4 . SHEET 8) 

PROPOSED CHANNEL WILL 
TIE INTO EXISTING GRADE 

OF CHESTER CREEK ... 

I 
I 
'., 

CROSS-SECTION G-G' (ST A. 1 + 1 0) 
(SEE SHEET 7) 

NOTE: 
SCOUR POOLS ARE A COMPONENT OF 
J-HOOK STE?S. REFER TO DETAILS FOR 
PROPER INSTALLATION TECHNIQUES. 

I 
CONCEPT JAL PROFILE 

AC-UAL TE-IN ELEVATl<JN 
. W1U.:·9e·v:R1F1ED IN FIELD' .. 

STRUCTURE LEGEND 

~ J-HOOK rm 

1097•------------------------------------~--------------------
0 

UPPER REACH TYPICAL LONGITUDINAL PROFILE (0+00 - 1 +40) DISTANCE (FT) 

VERTICAL SCALE: 1 "=2' HORIZONTAL SCALE: 1"=10' 

CROSS-SECTION F-F' (STA. 0+34) 
(SEE SHEET 7) 

PROPOSED J-HOOK STEPS 
(SEE DETAIL 4, SHEET 8) 

PROPOSED CHANNEL WILL 
TIE INTO EXISTING GRADE OF 
CHESTER CREEK 

SITE 2 TYPICAL BAN KFULL CROSS-SECTIONS 

10 15 

DISTANCE (FT .) 

TYPICAL RIFFLE CROSS-SECTION 
VERTICAL SCALE: 1" = 2' HORIZONTAL SCALE: 1" = 5' 

AlrFLE OIM ENSIOl'JS 
W tDTl-1 - 24.5 FT, 
MAX. DEPTH - 2 .0 FT. 
MEAN DEPTH - 1.2 FT 
X-SECTIONAL AREA - 30.0 FT 2 

W/D-20.4 
ENTRENCHMENT RATIO- >2.2 

SlRUCTURE POOL DIMENSIONS 
W IDTH - 23.2 FT. 
MAX. DEPTH - 3.4 FT. 
MEAN DEPTl-1 - 1 .9 FT. 

- ...,_ ...., X- SECTIONAL AREA : 45.0 FT 2 

.._ .._ 1-----:------.. . 23.2FJ ::;:=:=====-:-:c---1 ~ _ - --- _ .,, -- --~----'-----'-----71 . 
I 

00L----,,-----:----,:'::-•---""'.2::-;;o----:;;2s:----::'::1:----:;;•s:----!, 
DISTANCE (FT.) 

TYPICAL POOL CROSS-SECTION 
V ERTICAL SCALE: 1" = 2' HORIZONTAL SCALE: 1" - 5' ~~ 
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lHESE PLANS ARE CO-ICEPIUAl IN NATURE AND ARE INTENDED TO 
SHOW THE PROPOSED Af'PROACH FOR RESTORING lHESE SECTIONS 
OF CHESTER C.:<EEK. THE GRADING Ii APPROXIMATE AND IS 
INCLlJDED ONLY TO PROVlOE APPROXIMATE LIMITS OF IMPACT. 
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SUBSEQUENT DESIGN EFFORTS 
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PROPOSED CONDITIONS 
SITE 2 OF THE CHESTER CREEK STREAM RESTORATION PROJECT WILL 
INCLUDE PRIORITY 11 RESTORATION OF THE EXISTING UNSTABLE STREAM 
CHANNEL. TO T!-tE GREATEST EXTENT PRACTICABLE, THE DESIGN 
CHANNEL GEOMETRY. PATTERN, AND PROFILE W ILL UTILIZE NATURAL 
CHANNEL DESIGN PRINCIPLES IN ORDER TO PROMOTE LONG TERM 
STABILITY. GEOMOAPHIC ASSESSMENTS \o\lERE USED FOR DESIGN OF A 
ROSGEN 8-TYPE CHANNEL. CONSISTENT WITH THIS STREAM TYPE, 
OVERALL BANKFULL SLOPE OF THE DESIGN CHANNEL IS APPROXIMATaY 
2.9%. INSTALLATION OF J-HOOK STEP STRUCTURES ALLOW SHORTER 
CHANGES IN GRADE , WHERE NECESSARY, ANO VERTICAL ENERGY 
DISSIPATION WHER::: THE VALLEY DOES NOT ALLOW LATERAL 
D1SSIPATION. ALONG WITH GRADE CONTROL, ll-1ESE STRUCllJRES WILL 
PROVIDE HABITAT FOR THE COLONIZATION, SURVIVAL, AND 
REPRODUCTION OF MACROINVEATEBAATES ANO FISH, FOLLOWING THE 
STREAM RESTORA110N IMPLEMENTA110N, ALL OISTIJRBEO AREAS WILL BE 
PLANTED WITH NATrvE SPECIES. THESE PLANTNGS AFFORD WATER 
QUALITY BENEFITS AND HELP TO MAINTAIN BANK STABILITY THROUGHOUT 
THE PROJECT AREA WHILE PROHIBITING THE GROWTH OF NON-NATIVE 
SPECIES. 

CONTOUR INTERVAL= 1 FEET 

I u7 I 
20' O' 1 O' 20' 40 ' 

I 

'-?- P,<_ 'J:. ~cL ',- ~ '9, ~?,-'-1 

·"' '"'°-
>:< ~ , '.)-

~ ~ ~-
-- PJOFOSED.J-HOOK.SJEP--··- ____ .. 

1 

__ 

(SEE DETAI L 4, SHEET 8) r __ f.'flOP-OSED .. 
POOL 

UPPER REACH TYPICA L LONGITUDINAL PROFILE (0+00 - 1 +40) DISTANCE(FT) 

VERTICAL SCALE: 1"~2' HORIZONTA L SCALE: 1'~ 10' 

I

NOTE: 
SCOUR POOLS ARE A COl\/1PONENT. OF 
J-HOOK STEPS. REFER TO DETAILS FOR 
PROPER INSTALLATION TECHNIQUES 

AC-UJ\.L TE-IN ELEVATION 

PROPOSED NATI\/E MATERIAL 
(2 FT DEPTH) 

i\ 

STRUCT URE LEGEND 

~ J~OOK 

~ me 

CROSS-SECTION F-F' (STA. 0+34) 
(SEE SHEET 7) 

PROPOSED CHANNEL WILL 
TIE INTO EXISTING GRADE OF 
CHESTER CREEK 

SITE 2 TYPICAL BANKFULL C ROSS-SECTIONS 

RIFFLE Dllv1 EI\JSIONS 
W IDTH - 24.5 FT. 

----c----------'----····•-··•- MAX. DEPTH - 2.0 FT. 

····rj
1

· ·-·.. ! · I :i~~~i~~~~~~·30.0FT~ 
W/0-20.4 

4 -=-~==---·····- -----, _.-,1:-----:-----+-I ----+--- ENTREN~HMENT RATKl- > 2.2 -· 

.._. 24.5 fT -·------ '~ ~=7"-i ____ _ 
- ~ I ---~ l------:n-

1 I ~l--e 2- FT --I~--,-------,--~ 
10 ,s 

DISTANCE (FT.) 

TYPICAL RIFFLE CROSS-SECTION 
V ERTICAL SCALE: 1" ~ 2' HORIZONTAL SCALE: 1" ~ 5' 

STRUCTIJRE POOL DIMENSIONS 
W IDTH- 23.2 FT. 
MAX. DEPTH - 3.4 FT. 
MEAN DEPTH - 1 .9 Ff. 

.._ - X-SECTIONAL AREA = 45.0 FT 2 

- ... ,, ~ t==::-:::::::::;====:::;== -~?,~ FT -. -===-----1 .. I, I -- .... - , 

l 
T 

o0L-------------.,-----2::;o:------:;;2s:-----:::30:-"----:;;:-------"1, 
DISTANCE (FT.) 

TYPICAL POOL CROSS-SECTION 
VERTICAL SCALE: 1" ~ 2' HORIZONTAL SCALE: 1" - 5' 
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TAP 4/5 OF LENGTH 
"V~hVV"U 

ANGLE DOWNSTREAM 

LIVE ST AKE CUTTING 
2-3 FOOT LENGTH 

1 '-2' DIAMETER 

..- SQUARED-OFF To:::i 0.5 TO 2-INCH 
DIAMETER LIVE STAKE 

__ INSTALL WITH BUDS j 
RIGHT-SIDE UP 

' BASAL ENO S OULO BE CUT 
\I---- CLEANLY AT AN ANGLE (30-45 

DEGREE) TO FACILITATE INSERTION 
INTO SOIL. 

CD LIVE STAKE INSTALLATION 
NTS 

ffi DETAIL: TYPICAL CROSS-VANE 

4. ROOTS TO BE PlACEO IN A MU'11MUf\.1 ol 9' OF 
SOIL 

TUBELING / BAREROOT INSTALLATION 
NTS 

ANY SLOPES STEEPER THAN 3 1 @ 
FINAL CONSTRUCTION MUST 
RECEIVE STABILIZATION 

HERBACEOUS VEGETATION 
(SEEDED ON ALL OISTURBE:J 

AREAS) LIVE STAKES 

----J 3FTMIN 

DETAIL: TYPICAL CHANNEL STABILIZATION 

SEALED AND BAC<Fll l ;;co WITH 
APPROPRIATE LOCAL MATERIAL 

SECURELY SL8MERGE FOOTEF'. BOULDERS 
BELOW EXISTING STREAM BOTTOM 

NTS 

1. PLANTING HOLE SHALL BE 
OF SUH'ICIENT SIZE AS MOT 
TO CRA'v\P THE ROOTS. 

2.AGRlf'ORMFERTILIZEP. 
TABLET1S} SHALL BE PLACED AT 
THE BOTTOtvl OF EJl.CH HOLE !>ER 
MAf·JUF'ACTURER'S SPECIFlCATfONS. 

NTS 

BACKF!L_ WITH MA TERI AL REMOVED 
DURING PLANTING PIT EXCAVATION 
AND TAMP TO PREVENT SETTLEMENT 

SIDES AND BOT70MS 
OF PLANTING PIT SHOULD 
BE ROUGHED AND SCARIFIED 

6 1 GALLON TREE ANO SHRUB INSTALLATION 
8 ~ 

1. CLUSTERS ARC, CO!,.F'Rli;:EO or 9 BOULDCRS. MIM. 
Dl/,/ENSl:JN36". 

2. THE CLUSTERS SI lOULO OE PU'ICEO lh! P. LOMG 
STP.AIGr'T Si::GMENT OF GTREAM. 

2 - 3 Ir,CHE:S SHREDOEJ 
HARUWOO:J MULCH 

7 DETAIL: 1 INCH CALIPER PLANT INSTALLATION 
8 NTS 

(1) DETAIL: BOULDER CLUSTER 
NTS 

100% COIR 700G/v-P MATTING 

CONSTRUCllOM SPEClt=ICA110HS 
1. EXCAVATI: TRENCH ALONG THE BOTTOM OF THE 
STREAM B::::D A"-1D TO THE BJINKFUL.L ELE\,'AT1CN IN 
THE STREAM6ANK FOR THE CEf-.JTI::R SECTION AND 
WINGS OFTHEVA:-.JE. THE TPENCH SHOULD BE 
f"EArENDICULAR iO THE STREAMBANK FOR TiiE 

~~~~RF~~C~6~ r:~~CAVJlTEO TO THE DESIGN 

NOTE VANE WINGS SHOULD BE PROPERLY TIFD INTO 
TI-,E BANKATBANKFULL ELEVAllON. 

/ 

-----8 

PLAN VIEW 

w DETAIL: J-HOOK STEP 

~ 

UFTSETBACK 
(TYP.) 

LENGTH VARIES\ 

(TY"P . .:'! -o 5 FT.} \ 

\ ' ' \ DIAf.cETER VARIES 
(TYP.1!4TO 1 12') 

~ 

NOTES: 

MATERIAL HARVESTED 
FROM EXlSTING CHANNEL 
PLACED THROUGHOUT 
RIFFLE 

2. ~~~~~~SL~~c :~~;~:p;~;~T~~/fio A~~~S~;P;:o~i~~ ~l~EJ:~;!.~IFFLE LE! JGTH 

3. ~~6JOULDEAS l'RE TO SE usro AT EACrl M!M~TEP VANE ARM THE SAME SIZE /lS THE' 

4 A HYDRAULIC EXCAVJ.TDR WITH A sue.KET Trl/-.T CONTAINS A HYDRf'ULIC THUlv'B SHALL BE 
USED TO PLACE SOULCEP.G AHO LOGS WITH THE SUPO.RVttJOtJ OF THE El JGINES'I. 

6 :~~~~~~~-GAP BE'TVIEEN THE HEADER f10CKS o::: ,<.,PPRDXII-AATE'.l. y :.! TIMES THE 084 OF 

8. :~~ ~~~v~;~es~~1%~r~1c:;~c8"\ENT or. RIFFLE, SHALL BE SEEDED USING TEMPORJlP.Y 

9 THETHA.LVvEGOP.LOWPOINTSHALLALTEP.NA1EL!::FTANDRIGHTOF ~ BY1 FT. 

10. THE GAP BETWEEN THE HEAOEP. Jll\O FOOTER BOULDER:., SHALL EE CHIHKEO l'!Y HAND WITH 
GP.AVELAJ 10 COBBLE FPOM THE UPSTRS-.M OlREGTION. 

11. ~~:~~~:~:c:~~.OF THE HEADER BOULDEAS Of THE VAf-lE AMO THE BAl~K SHALL ee 

1:'!. THE ELEVATIOH OF THE S-PUCTVRES CAM BE INTERPOLATE'[') FAOM THE CESIGN PP.OFlLE AT THE 
LOCA.TION AND STATkJNING OFEACrl INCMOUAL STI<UCTURE. 

GAP 3x 084 
CHANNEL 11'NERT 

·,;~>/-,'+,L,'-?-,"l-<NNER BERM BENCH 

HEADER 
BOULDER i~~ / ~,,;~~ 

DOWNSTAEAM 

FOOTER 
BOULDER 

NTS 

SECTION 8-8 

ALL WOODY OCERIC SH.O.LL BE COMf>ACTEO 'NffH Tt-E 8<CAVAT0'1 !:JUCKIT IN ORD[R TC flEDUCE THE PFESENCE OF VOIDS IN 
THE Slv14LL,Fll~C: WGOOY DEBRIS U..YER. 

O!I Tt-,E PLA!! "-'JD pp:)-ILE SHEETS ht ID '/,!LL SE 

COC,;:;;;:;s ~r,~c-ui'nic,ec'c,·,;;,;;,; :;:,;, ,:;.;;:,;,;·,;-;,;;; ,;·;,:·-" « CF \".'OOSY DE!:J"IJ 0H-LL 1,,,-,py FPUl/l IHE PL,-,1 l 

7. GR,-_va.. Le::VELIIJG 5ASC:: SHALL 8Ellll:TC.,LLED MB:J\'!:: THE Hl;:iHEST E-EvMTI:): l CF T'1EWOO:JY DEOFIS t!fat'OH:: 1H!:: SOIL urrn 
AAEJ'l'.:.TALLEC. 

8, THE SOIL BACKALL USED F:JR LIFTS AI\/D TOPSOIL JSEO FOP LAYERIM3 WITH THE UVE BRflHCHES SHALL BE FREE OF Ah'Y 
LAPGE: ROOTS OP. WOODY Di:Bl'IIS Af 10 SHAU GEl' l~ALL Y BE FREE FP.01\t AtlY GRAVEL OR COSBLE 'AATEP.LA.L 

9. ~~~E~1$:~~L~Rs~~L1i'~1~~~ii~ iii:G~T FUlURE SETTlJNG \VIU BE l~E?T TO A MIHIMUM; YET, 1,oT SUCH T-V:-1 THE 

14. PLACE A LAYER of 9.5 FEETWlJE NON-WOVEN COIA MHT1NG OVER THE EROSION c□NffiOL 8LJ..NKETTO THE SAME LIMITS. 

15, t;OIL C"-N B::'.COMPACTE:I BYSTACkll-lG A PIECE OF 2 X 6 SAWN LI..Mf!ER EOG!::WAl'S UP TO THE UFT HBGHT SPECIFIED 11'1 THE 
STP.UCTURETP.BLE AND SECURJN3 WITH WDOD8'. STAKES TO PROVIDE A RlGtD 3ACi<STOP FOR cor,,PAC71NG SOL u:::r. 

16. ~~~;~~l~A~;;~<:~~Yb~~ ~~~~7o~EIGHT S"ECIF1ED oF r'-lo GRE,<>,TER TH:\I'< 1.o rr aEJNG CAREFUL NOT To PusH,,PULL oR 

19 RE!.~0,E THESM'/,fl LU.v'5ER Al·lD V.COOEN STAl<ES FROM TH'::: F,-CE OF 1HE '.:.CIL UFT ;:.HDV.'R-P THE F,-CE rf!O H.lP UF THE 
SOL _1=-r U~l!JG THF \VOVEI J Al .D NON-\VO\IEN COlR MATTU-JG Ht..tlGII IGO ER THta PREVIOLS UFT COIP FIBER LOGS 

20. ~~:i~OSION CONTROL FAERJC SHALL BE PULLED AS TIGHT AS POSC.lE:U: WITHOUT TEPRING OR EXCE\,\,IVEL( 01:C.TOIHING THE 

:~6EievATION z:. BEGIN CONSTRUC-IOfJ Ot' lHE fJEXT :,orL LIFT BY REPEATII 1G THE PRE'✓IOJS NOTES STAR!iNG WITH NOTE \ 1 

23. THE OVERALL SLCPE CREATCD BY T-<E UVE BRUSH LAYEJ.fl'.IG SH,'\LL MATCH TH: PAOPOSW CROSS SECTIOI\I SHAPE "'Ofl THE 
OUTER SAN><: OF' THE THETYPJCAL POOL CP.OSS--SECllON FOR EACH REACH. 

24. i~~t,~~~~1:rlNt,:~:}l:~~~~1EXTlLE iAB=llC USED FOR THE UPPER MOOT SOIL UF'T ,NILL BE SECURED WITHIN A 6 INCH DCEP 

2fi RE-.JRESSING OF CHJlMJEL ANO SANKFULl E!ENCH/fLODDPL.AlN WILL LIKELY 1,:=_ REQU!RED FOLLOWING lNSfALLATIOM OF 
IN-STREAM STPUCTURES.At,JD SHr..LL BEC.llNSIDEFIEO NCIDENTP,L TO CCNSTi:::ucnoN. 

:27 ~~JM~:~~ ~6!NB~SEO lhSTEAD OF Tiif:: COIR LIFTS ABOVE THE WOOD TOE IF IT IS AVA.!LABLE A-ND .APPROVE!) WY I HI: 

29, THE LOWEF BANK $TABIUZAT10rJ IS CRITTCAL TO THE DESIGN i/\JTENT OF TI-ilC PROJECT \/AC!IANCE FROM \i\'OOC TOE BANK 
STABILIZATION \,\•ILL ONLY BE CONSIDERED lFTHE\\'OCC IS MO- AVAILABLE OHSITE 

30 □N-StTE Av'AIL.A81Lm' OF \,'/DODY DEBRIS: WILL BE SOLELY THE DSCISION Of'THE 1;:r,,G1NEER. 
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r NTOUwn~L ~, r 1 \l 
PLANTING SCHEDULE PLANTING AND SEEDING NOTES 

I QUANTITY I I MINIMUM HEIGHT INDICATOR 

RIPARIAN STABlUZAllON SEED MIX (1.16 ACRES) 

0,09% ACHILLEA M ILLEFOLIUM SEED MIX SHALL BE APPLIED ON ALL l---"-'-''-'---+-'--"=--"'=--c.=..---1-----------,1----==------,i-------+----~--IQISTURBEO AREAS AT A RATE OF 67 LBS./AC. 
5.97% ELYMUS TRACHYCAULUS SLENDER WHE.A.TGRASS 

0.05% ANAPHALIS MARGP.AITACEA PEARLY EVERLASINC SEED FACU SELECT COVER CROP ACCORDING TO DATES 1----"'-'"'---+...C.C.---"'=-.c-'-"'--'-"''-'='-'---!-=...C..-"'-''-"'--"'-"'------'1----==------,i-------+----~--ISHOIAIN BELOW. 
BROMUS CILIATUS FRINGED BROME SEED FACW 

0.39% CALAMAGROSTIS CANAOENSIS BLUE JOINT GRASS CONTRACTOR RESPONS IBLE FOR 1---"'-'"'----f-'=ccc..;.:c.=c.=..;;..;.;""-"'-'=-+='"'-'-'"-"-.;;;;;..:.=----i----==------,i------..+----':.=.--loETERMINING EXACT AMOUNT OF DISTIJRBED e----+--D_AN_TH_O_N_IA_SP_IC_A_TA ___ -+--P_OV_E_RTY_DA_T_S ----t---- -----,t-------+--- ---< AREA. 
DOELLINGERIA UMBELLATA FLAT- TOPPED /I.STER 

PRAIRIE CN QUEFOIL 

SOLIDAGO PTARMICOIDES UPLAND WHITE ASTER 

COVER CROP (SEE TAOLE BELOW) 

RIPARIAN BUFFER ?LANT PALETTE (1. 16 ACRES) 

ABIES BALSAM EA 24 INCHES FAC PLANT DENSITY BASED ON 400 STEMS/ACP.E 

~======~A=Bl=ES=S=AL=SA=M=EA=========~===============~=BA=RE=R~DD=T~/TU=B:EL=IN=G=~==:12~1N~O~HE~S==~~===~=:::; ~~~ ~i~;~~: SPACE PLANTS AT +/- S 
ACER SACCHARINUfvl SILVER MAPLE 8 FEET 1-----+--------+---------f----'-"'='-'"-=--=--i---'-'-""----+---'-'-"'-"--IPL..ANT ACCORDING TO INDICATOR STATUS. 
ACER SACCHARINUM SILVER MAPLE 24 INCHES 

1-----+A_CE_R_SAC_C_HA_R_IN_UM ____ s_1cv_E_R_MA_P_LE ______ .A_RE_R_oo_T_ITU_B_EL_IN_G_· 1--___:' 2cc1N.;.cC__;HES:;:__--11--___:-'-'---I D ISTRIBUTE RANDOMLY AMONG SPECIES. 

BETULA PAPYRIFEAA PAPER BIRCH 1 INCH CALIPER 8 FEET 

BETIJLA PAPYRIFERA PAPER BIRCH #1 CONTAINER 24 INCHES 

BETULA PAPYRIFERA PAPER BIRCH BAREROOT(rUBELINC 12 INCHES 

CORNUS ALTERNIFOLIA ALTERNATE-LEAF DOGWOOD h1 CONTAINER 

CORNUS AL TEFNIFOLIA AL TERNA TE-LEAF DOGWOOD BAREROOT(ruBELING 

CORYLUS AMERICANA AMERICAN HAZELNUT #1 CONTAINER 

CORYLUS .AMERICANA AMERICAN HAZELNUT BAAEAOOT/TUBELING 

ILEX VEATICILL.ATA COMMON W!NlERBERRY fr1 CONTAINER 

ILEX VEMTICILLATA COMMON WINlEREERAY BAAEAODT/TUBELING 12 INCHES 

BAAEAOOT/TUBELING 1 2 INCHES 

# l CONTAINER 24 INCHES 

BAAEAOOT/TUBELING 1 2 INCHES 

LIVE STAKES {505 LF.) 

CORNUS SERICEA REDOSIER DOGWOOD UVE STAKE 2 FEIT FACW LIVE STAKE QUANTTTIES BASED ON DOUBLE 

~======~S=AL=IX=D=ISC=O=LO=A=========~P=US=SY=W=l=LL=OW=========~===LIV=E=S=TAK==E ==~1~===2;:::F::;;:EET;:::===~I~=====:::: ~~~: ~;E~~~ A~~~ LENGTH OF THE 

I 

537 

I 

I I 

I SEED I 

SEEDBED PREPARATION 

1. fvlM:DIAlELY FOLLOWING THE FINAL COMPLETION AND ACCEPTANCE OF FINE GRADING 
ACTIVm:s, SEEDBED PREPARATION SHALL COI.JIMENCE 

2. FERTILIZER SI-IA.LL BE GRANULAR, NON-BURNING PRODUCT GUARANTEED ANALYSIS PROFESSIOOAL 
FERTILIZER WITH AN ANALYSIS OF 10-10-10. 

3. FERTILIZER SHALL BE DELIVERED TO THE SITE IN OR IGINAL UNOPENED CONTAINERS SHOWING WEIGHT, 
ANALYSIS, AND NAME OF MANUFACTURER. STORE IN A MANNER TO PREVENT WETTING AND.OR 
DETERIORATION. 

4, FERTILIZER SHALL 8E APPLIED AT A RATE OF 150 LBS/ ACRES TO THE FINAL SEEDBED 

~ 

1. SEEDING OPERATIONS SHALL IMMEDl,,\TELY FOLLOW SEEDBED PRSPARATlON. 

2. TI--iE STABILIZATION SEED MD< SHALL BE APPLIED TO ALL DISTURBED AREAS PER THE RATES ANO SEED 
MIX SPECIFICATIONS SHOWN ON THE PLANTING PLAN. 

3, CONTRACTOR SHALL NOT PERFORM SEEDING APPLICATION \NHEN THE SOIL IS FROZEN. 

4. SEEDED AREAS SHALL BE INSPECTED BY THE DESIGNER AT THE COMPLETION OF TI,E SEEDING 
OPERATIONS AND ACCEPTED SUBJECT TO COMPLIANCE WIT1-i SPECIFIED MATERIALS AND 
INSTALLATION REQUIREMENTS. 

SHRUB AND TREE f\JSTALLATION 

1. THE CONTRACTOR SHALL SE RESPONSIBLE FOR LAYOUT OF ALL WOAI< COVERED UNDER THESE PLANS. 

2. ALL PLANT MATERLAL, UNLESS OTHERWISE SPEC IFIED, SHALL BE UNIFORMLY B~ANCHED AND HAVE A 
VIGOROUS ROOT SYSTEM. PLANT MATERIAL SHALL BE HEALTHY, VIGOROUS, AND FREE FROM DEFECTS, 
DECAY, c-lSEASES , J\ISECT PEST EGGS, ANO ALL FORMS OF INFESTATION. ALL PLANT MATERIAL SHALL BE 
FRESH , FREE FROM TRANSPLANT SHOCK OR VISIBLE \VILT. PL.ANTS DEEMED UNHEALTrlY SHALL BE 
REJECTED. 

3. ALL PLAI-.JT MATERIAL SHALL tv1EET THE M INIMUM SPECIFICATIONS AND STANDARDS OESCRISED IN THE 
CURRENT ISSUE OF 'THE AMERICAN STANDARD FOR NURSERY STOCK'. PUBLISHED BY THE AMERICAN 
ASSOCIATION O,; NURSERYMEN, 1250 I STREET, N.W. , SUITE 500, WASHINGTON, D.C. 20005. 

4 , ALL CONTAINER STOCK SHALL HAVE BEEN PrtOPAGATED 1N A CONTAINER LONG ENOUGH FOR THE ROOT 
SYSTEM TO HAVE DEVELOPED SUFFICIENlL y TO HOLD rrs SOIL. CONTAINER STOCK WITH POORLY 
DEVELOPED ROOT SYSlEMS SHALL NOT BE ACCEPTED. 

5. PLANTS SHALL BE PREPARED FOR SH IPMENT JN A MANNER THAT SHALL NOT CAUSE DAMAGE TO THE 
BARK, BUDS, BRANCHES, STEMS, OR OVERALL SHAPE OF THE STOCK, CONTAINER GROWN PLANTS SHALL 
BE TRANSPORTED IN THE CONTAINERS IN WHICH n-tEY HAVE BEEN GROWN 

6. PLANTS NOT INSTALLED ON THE DAY OF ARRIVAL AT THE SITE SHALL BE STORED .l.ND PROTECTED BY 
THE CONTRACTOR. OUTSIDE STORAGE AREAS SHALL BE SHADED ANO PROTECTED FROM THE V'-J lND AND 
SUN. PLANTS STORED ON SITE SHALL BE PROTEClED FROM ANY DRYING AT ALL TMES BY COVERING THE 
BALLS OR ROOTS WITH MOIST SAWDUST, WET BURLAP, WOOD CHIPS, SHREDDED BARK, PEAT MOSS, OR 
OTHER SIMILAR MULCHING MATERLAL. 

7. NO SUBSTITUTIONS IN SIZE OR VARIETY OF PLANT MATERIAL SHALL OCCUR WITHOUT THE PRIOR APPROVAL 
OF THE ENGINEER OR LANDSCAPE ARCHfTECT. 

B. THE CONTRACTOR SHALL VERIFY ALL DIMENSIONS IN THE FIELD AND NOTIFY THE ENGINEER OR LANDSCAPE 
ARCHITECT OF ANY VARIANCE FROM PLAN. 

g _ NO PLANTING SHALL OCCUR \M-tEN THE SOIL IS FROZEN. 

10. PLANTS SHALL ONLY BE INSTALLED DURING THEIR DORMANCY PERIOD. 

11. WHERE SPEC IFIED M ULCH SHALL BE APPLIED TO A DE~TI---1 OF 2 TO 3 INCHES. SHREDDED HARDWOOD 
MULCH SHALL SE USED UNLESS SPECIFIED OTHERW ISE SY O\NNEA, MULCH SHALL BE PULLED AWAY FROM 
THE BASE OF TREES AND SHRUBS. 

PLANTING SEQUENCE 

1. HOLES FOR INDIVIDUAL PLANTINGS SHALL BE EXCAVATED TO PRODUCE VERTICAL SIDES AND FLAT 
BOTTOMS. ALL PLANTING HOLES SHALL HAVE ROUGHED, SCARIFIED SIDES ANO BOTTOMS, 

~lA~TE Aci~~J:itF!~~~~:L61::i+jii~ ;i~~~:~~~RE ~~~~t~~~~~:c~T :~i~~~TR~gil~~~ 
FOR PLANTS WITHIN BIOFILTER BASIN. 

3. CONTAINERIZED PLANTS SHALL SE SET IN THE PLANTING PIT AT THE PROPER DEPTH ON TAMPED SOIL. SOIL 
REMOVED FROM THE PLANTING PIT SHALL TI--IEN BE FILLED AROUND THE ROOTS AND TAMPED. 

4. me CONTRACTOR SHALL RESTORE DISTURBED AREAS TO INDICATED FINAL GRADES IF DISTURBED BY THE 
INSTALLATION OF SHRUBS AND TREES 

UVE STAKE INSTALLATION 

1. LIVE STAKES SHALL BE INSTALLED DURING THEIR DORMANCY PERIOD. 

2. LIVE STAKES NOT INSTALLED ON THE DAY OF ARRIVAL AT THE SITE SHALL BE STORED OUT OF DIRECT 
SUNLIGHT IN A COOL , WET PLACE UNDER STRAW OR BURL.AP. 

3. LIVE STAKES SH.t..LL BE SOAKED lf\.l WATER BEFORE PLANTING TO INCREASE SURVIVAL Al.JD GAO\VT'rl RATE 
AND SHALL I-JOT BE ALLOWED TO DRY OUT DU.fHNG COl>JSTRUCTION, 

4. IF SOILS ARE FIRl\.-1 OR ROCl<Y, CONTRACTOR SHALL DRIVE A PILOT HOLE PRIOR TO INSTALLATION. 

4. LIVE STAKES SHALL BE PLANTED AT NEAR RIGHT ANGLES TO THE GROUND SURFACE, ANGLED SLIGHTLY 
DOWNSTREAM , Vv1TH APPROXIMATELY ! OF LENGTH UNOEROROUNO AND BUDS ORIENTED UP. 

PROJECT MAINlENANCE AND WARRANlY 

1. CONTRACTOR SHALL MAINTAIN INSTALLED SHRUBS AND TREES WITHIN THE PROJECT LIMITS UNTIL FINAL 
ACCEPTANCE OF THE PROJECT BY THE ENGINEER. 

2. THE CONTRACTOR SHALL BE RESPONSIBLE FOR ANY HERBIVORY PMOTE.CTION NEEDED TO ATTAIN SPECIFIED 
SURvrVAL RATES. 

3, THE CONTRACTOR SHALL GUARANlEE 100% SURVIVAL FOR ALL PLANTED WOODY PLANTS , ANO 80% 
COVERAGE OF ALL SEEDED AREAS AFTER THE FIRST COMPLETE GROWING SEASON. REPLACEMENT RATES TO 
BE DETERMINED BY AVERAGING MORTALITY RATES FOUND IN RANDOM SAMPLE PLOTS. THE OWNER RESERVES 
THE RIGHT TO DETERMINE DIFFERENT MORTALITY RA TES THROUGHOUT THE SITE. 

~g Lo_""-""'_"_'Efl-.,-,CH-0------------------------------------------------~o=,.,-,.,~lS=KEE~,.=,.,c=Hc~-----------------------------------------------------------'----

() Stantec 
Staniec Consulting Services Inc. 
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Williamsburg VA 
Tel. 757.220.6869 
www.stantec.com 

Copyright Reserved 
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7~~ FROPOSEOTOPOGRAPHY 

Notes 
THESE PLANS ARE CONCEPTUAL IN NATURE AND ARE INTENDED TO 
SHOW THE PROPOSED APPROACH FOR RESlORING THESE 5EC TIONS 
OF CHESTER CREEK. THE CRAOlNC IS APFROXIMATE AND IS 
INCLUDED ONLY TO PROV1DE APPROXIMATE LIMITS OF IMPACT. 
ACTUAL PROALE ELEVATIONS WILL 3E DETERMINED DUli:ING 
SUBSEQUENT DESIGN EFFORTS 
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Attachment C: Opinion of Probable Cost 



Chester Creek Opinion of Probable Cost 

1 Mobilization/Demobilization LS 1.0 $ 18,000.00 $ 18,000.00 
2 Clearing and Grubbing AC 1.8 $ 500.00 $ 900.00 
3 Floodolain Excavation/Gradino CY 1.600.0 $ 15.00 $. 24,000.00 
4 Chann~ Excavation CY 1,390.0 $ 25.00 $ 34,750.00 
5 Boulder Cross Vane (Equipment, Labor, and Incidentals) EA 1.0 $ 6,000.00 $ 6,000.00 
6 Constructed Boulder Riffles (Equipment, Labor and Incidentals) EA 9.0 $ 10 000.00 $ 90 000.00 
7 WTLBL (Materials, Equipment, Labor, and Incidentals) LF 100.0 $ 55.00 $ 5,500.00 
8 Construction Entrance EA 2.0 $ 10,000.00 $ 20,000.00 
9 Boulders (3.0' x 2.0' x 4.0') (Rock Only) Tons 910.0 $ SO.DO $ 45,500.00 

10 8-14" Stone (Rock Only) Tons 620.0 $ SO.OD $ 31,000.00 
11 3-8" Stone (Rock Only) Tons 640.0 $ 50.00 $ 32,000.00 
12 1.5-3" Stone (Rock Only) Tons 200.0 $ SO.OD $ 10,000.00 
13 Non-woven Geotextile Fabric (Structures) SY 539.0 $ 2.00 $ 1,078.00 
14 Woven Coir Fiber 700 q Erosion Control Blanket and 12" Wooden Stakes SY 4,140.0 $ 6.00 $ 24,840.00 
15 Permanent Seeding Lbs 80.0 $ 50.00 $ 4,000.00 
16 Temporary Seedino Lbs 180.0 $ 5.00 $ 900.00 
17 Construction Stakinq LS 1.0 $ 2,000.00 $ 2;000.00 
18 Pump Around LS 1.0 $ 5,000.00 $ 5,000.00 
19 Straw Mulchinq Bales 130.0 'p 10.00 ., 1,300.00 
20 Erosion Control LS 1.0 !1> 5,000.00 !, 5,000.00 
21 Live Stakes EA 2,000.0 '1> 4.00 '1> 8,000.00 
22 Bare Root Seedlinas EA 800.0 $ 10.00 $ 8.000.00 

Construction $ 377,768.00 
Construction Contingency (20%) $ 75,553.60 

Construction Sub Total $ 453,321.60 
CONSTRUCTION BUDGET $ 454,000.00 

CONSTRUCTION OBSERVATION !i, 40,000.00 
PROJECT BUDGET •; 494,000.00 




