Final Technical Memorandum
Muddy Creek Wetland Restoration
Chatham and Harwich, Massachusetts

Cape Cod Conservation District
Barnstable, MA

February 2012

() FUSS & O’NEILL

317 Iron Horse Way, Ste. 204
Providence, R1 02908

Project No. 20110202.A10



‘j FUSS & O’'NEILL

Table of Contents

Final Technical Memorandum

Muddy Creek Wetland Restoration
Chatham and Harwich, Massachusetts
Cape Cod Conservation District

EXECULIVE SUMMAIY .....coiiiiii it eeeaee Vil
1 Wetland Community Resource ASSeSSmMentS......ccccccevevvieeeeeeennnnnn. 1
1.1 Overview and BacKground ...........cccoieieiiiiniiiin e 1
111 HiStOrICal REVIEW .....covuiiiiiiciricisce et 1

112 PreVIOUS STUIES .....cvviveiiiriiieiciriesie s 4

1.2 Historic Hydrologic ModifiCatioNns............cccovieiiiieniiee e 4
1.3 Existing Conditions ASSESSMENT.........ccccuiiiiiiiiiiiee e 9
1.31  TOPOGraphiC SUMVEY .......ccviireiiriiinieinieisissisie e 9

1.4 Hydrology ASSESSIMENT .........eiiiiiieiiiee e 10
141 Tidal Flushing and Freshwater SOUICES.........ccouverinrirnininnerenereeneeeeen, 10

142 Observed Tidal Range and Hydrodynamic Modeling............cccocovvniunnneee. 13

1.5 Vegetative Community ASSESSIMENTS .....cccviieiiieiiiiee e 15
151  Lower MUuddy Creek........ooooiininniniesiese e 17

152  Upper Muddy Creek........cooeviiieiiiieeissesssse s 18

153 State-Listed Rare SPECIES .......cccuieiviiciiicee s 18

154  Wetland DeliNBatiONS ..........ccoverieirininieineiniesieseeseeseeiss s 19

1541 Wetland Resources Adjacent to Route 28 Culvert...........ccccvvvvevnnn, 19

15.4.2 Wetland Resources at the Former Dike Across Muddy Creek ......... 21

1543 Wetland Vegetative Community Quantitative Analyses..........c....... 21

1544 Pleasant Bay TranSeCts........ccovvvvereriieeeriiiseeiissessess s 23

1545 Muddy Creek Lower Basin Transects.........coovvvverevrveeresnieerensnns 26

155 Muddy Creek Upper Basin TranSectS........cccoovieeeviesniniessnieessnsnsnenns 35

156 Wetland Vegetative Community Mapping.........ccocevemvnneessieessninnenn, 54

1.6 Fisheries and Shellfish ASSESSMENTS ........cooiiiiiiiiiiiieiee e 54
1.6.1  FiSheries ASSESSMENT.........ccoiiiiiriiirie e 54

16.1.1 TaIQEt SPECIES ..t 55

16.1.1.1  American eel (Anguilla rostrata)............ccceoevienenn. 55

16.1.1.2  Alewife (Alosa pseudoharengus) .........ocoevvvrerirrnnen. 57

1.6.2  Shellfish ASSESSMENT ..o 58

16.2.1 Background...........cvviiiiiicesee e 58

16.2.2 Shellfish Survey Methods.........ccovvevviiiiiicee e, 59

16.2.3 Shellfish SUrVeY RESUILS..........covvvieiiiiiccecsese e 61

16.231  TranseCt A ... 61

16.232  TranseCt B......ccooeirniinicereeseeee 62

16.2.33  Transect C......coooievniiierneeseee e 63

16.234  TranSeCt D......ccooiinniineesceeeeee 64

16.2.35  Shellfish Habitat Summary.........ccccocovvvvirivrnnnen. 65
F:\P2011\0202\A10\Deliverables\Final Memorandum 20120223\FinalMuddyCreekRestorationTM_20120227.docx i

100%



100%

‘j FUSS & O’'NEILL

Table of Contents

Final Technical Memorandum

Muddy Creek Wetland Restoration
Chatham and Harwich, Massachusetts
Cape Cod Conservation District

1.7 Anticipated Post-Construction Natural Resource Changes..................... 66
1.7.2  Anticipated Vegetative Community Changes...........ccccoovvinninrinninenenn. 66

1721 Hydrology and Salinity...........cccoevimrinninnese e, 66

1.7.2.2 Lower Muddy Creek.........covirrinireniesesese s 71

1723 Upper MUddy CreeK........ovievierinrescesee e, 72

1.7.3  Anticipated Fisheries Changes..........ccooovrninninninninnsee e, 73

1731 American eel (Anguilla rostrata)............cocvvevrinrennennennineneen. 73

1.7.3.2 Alewife (Alosa pseudonarengus) .......c.eereeererrrrerirnerereereeesereesereenenn. 74

1733 ONEr SPECIES ...vvveveeii s 75

1.7.4  Anticipated Shellfish Changes..........cccoeovrmnnnne e, 75

2 Geotechnical Investigation and ASSESSMENT .........ccccevvcvieeeeiiiiiee e, 76
2.1 INEFOAUCTION ...t 76
2.1.1  Program ODJECHIVES ........coviiiiiiiritcesse e 77

2.2 Field Investigation FINAINGS ........ccociiiieiiiiiiic e 77
2.2.1  TESE BOIINGS....coiviiiiiiiiiiicteeite ettt 77

2.2.2 Laboratory TeSt RESUILS........cccovirieiiieeiicee e 79

2.3 Interpretation of Test Results and Recommendations................c.cccuee... 79
2.3.1 Classification and Potential Reuse of Embankment Soils..............c......... 79

2.3.2 Foundation Design Recommendations.............cccoovevviviesninsesiieieenns 80

2.3.3  Construction Methods and Recommendations...............ccccuvevrenninneinns 81

3 Water Quality Assessment Modeling.........cccceevviievec i, 82
3.1 INEFOAUCTION ...t 82
3.2 Summary of Water Quality Data ...........ccccoviiieeiiiiiiie e 82
3.21  Water Quality MONITOIING ....ccvvviiiciiiccsenceesns s 82

3211 Ambient Water Quality Monitoring.........cccovvevviiieeiieeesiens 83

3212 Beach Water Quality MONItoring .........cccovevevieessieseiseenenns 85

3.22 Modeling Analysis Of NULHENTS........ccccoviiiiieiicesseess s 86

3.2.3  TMDL SUMMANY ..ot 87

3231 Fecal Coliform TIMDL.......ccocvvinninnenceeseseseseis 87

3232 NItrOgen TMDL. ..o e 88

3.3 Water Quality MOdeling .......ccuveiiiiiiiie e 88
3.3 L APPIOACN. ... 88

3.32 Model DevelopmeNLt.........cccoviiiiiicecs s 89

3321 System Geometry (L, d, V, A) oo 91

3322 Bacteria Decay Rates (K)....oovvveveiiieeiccesseessee s 92

3323 Bacteria Concentrations (5).......coeeverererervmersrsrsnerersssssesssssssesessnnns 92

3324 ATVECEION (Q) v s 93
F:\P2011\0202\A10\Deliverables\Final Memorandum 20120223\FinalMuddyCreekRestorationTM_20120227.docx ii



‘j FUSS &aO'NEILL

Table of Contents

Final Technical Memorandum

Muddy Creek Wetland Restoration
Chatham and Harwich, Massachusetts
Cape Cod Conservation District

3.3.25 DISPEISION (E7)...vvveireiiieiriieinieireeisee s 93

3.3.2.6 SOUICES (VW) vt 94

3.3.2.7 IMIOGE SCENATIOS ...t 95

3.3.3 MOl RESUILS ... s 96

3.4 Evaluation of Water Quality Modeling Results ............ccccovieiiiieniinenne, 97
4 Culvert Replacement Alternatives ASSeSSMENt .........cccovcvvvveeeiiiiieeeeen e, 100
4.1 INErOAUCTION ... e 100
4.2 Design and Construction REqQUIrEMENTS.........ccccveeviieeiiieeiiee e 101
421 Design REQUIFEMENTS .......ccoviiiiiirieirieinie s 101

4.2.2  Construction REQUIFEMENTS.......ccceuviririeirieirieneise e 101

4.3 SITE CONSTIAINTS.....eeiieiiie ettt 102
431 Tidal RANGE ..o 102

432 EXCavation DepthS ..o 102

4,33 StrUCLUre WILLN ... 103

B34 UBIITIES. ..o 104

4.35 Construction Storage and Staging ..........cccocvevvrieenniieieisneessse s 104

4.4 Alternative Construction TECNNIQUES ..........eveeeiiivieee i 104
441  Staged CONSLIUCTION .......covviviiiccceiesee e 104

4,42  ROAA CIOSUIE ... 106

443  BOXJACKING ...t 106

4.4.4  Summary Evaluation of Alternative Construction Approaches............ 108

4.45 Alternative Excavation TeChNIQUES ..........ccocvvrivcinciieisccceeese e 110

445.1 OpeN EXCAVALION........coeveveiecieieiceeee e 110

4452 Cantilever ShOring SYSEEMS......c.cvveveiiieereee e 111

4453 Other Excavation APProaches ..........ccveeveeenneessnsesnnns 111

44531 SOINAQIlS ..o 111

4.45.3.2 Braced Shoring SYyStems..........cccccvevvirieisninnnn, 111

4.45.3.3 Anchored Shoring Systems..........cccccovveviiinnnn, 112

44534 Secant WallS.........coovvvinninninninnnneneeis 112

4454 Planned APProach .........cccevieiniieeineeesssessssssens s 113

4.5 Culvert System AREIMALIVES........c.vvvee i 113
451 Pre-Cast Concrete BOX CUIVEIT ..o 114

452 Pre-Cast Three-Sided Bridge.......ccocoueiviiiisiniiinsiessss s 115

453  Bridge SYSEIMS ..ot e 117

4531 Reinforced Concrete SIADS. ..o, 117

45.3.2 Steel Stringers with Composite Concrete DecK..........cccovvvvcriinnnen. 118

4533 Adjacent Pre-stressed Concrete Deck Beams..........ccovvvvevviiiinnnne, 118

454  SUMMAIY..c.coiiiiiiiiiiiiiiiiiieee sttt bbb 118
F:\P2011\0202\A10\Deliverables\Final Memorandum 20120223\FinalMuddyCreekRestorationTM_20120227.docx iii

100%



‘j FUSS &aO'NEILL

Table of Contents

Final Technical Memorandum

Muddy Creek Wetland Restoration
Chatham and Harwich, Massachusetts
Cape Cod Conservation District

4.6 Selected AITEINALIVES. ......ccuiieiiiie e 120
4.6.1 Pre-cast Concrete BOX CUIVEIT ..o 120
46.1.1 Installation APProach .........cccoeverenenese e 120

46.1.2 SItE LAYOUL.....ovieciieieiceieee s 121

46.1.3 Potential IMPACES ........ccvvirerirree e, 121
4.6.1.3.1 Vegetative COMMUNILIES.........ovrrrrirrerirririrririnns 122

4.6.1.3.2 Shellfish CommUNIIES .........cccovvirrinrirririninns 124

4.6.1.3.3 Fisheries Migration..........c.ccccccovvinninnennsnnnnns 124

4.6.1.34 Water QUAlILY ......coovviriririrrinesesseeeeeis 125

4.6.1.35 Wildlife/Rare SPecCies.........cccouvvivninninninennnns 125

46.1.4 CONSEIUCLION COSES ....vvvevviieiieieie e 125

46.1.5 Construction SChedUB............covevviirerre s 126

4.6.2 Pre-Cast Concrete Three Sided Bridge........ccccovvvvvivieivniciessissesnns 126
46.2.1 Installation APProach ........cccevveeiiieeisee e, 126

4.6.2.2 SItE LAYOUL.....ovviveiicceeece e 127

46.2.3 Potential IMPACES .......covvviiiieeece s 127
4.6.2.3.1 Vegetative Communities...........cooevvvrrrreeirinnnnn, 127

4.6.2.3.2 Shellfish CommUNIIES .........cccovvivvirnirriirrinnns 128

4.6.2.3.3 Fisheries Migration.............ccccocovvivevniiessiinnnn, 129

4.6.2.34 Water Quality .......ccccovvvviiieiiiceeeeen, 129

4.6.2.35 Wildlife/Rare SPecies.........ccccovvivievirrirereininnnn, 129

46.2.4 CONSEIUCLION COSES ....vveveeeiieirie i 129

46.2.5 Construction SCheduB............coveriirires 129

4.6.3 Short Span Adjacent Pre-Cast Concrete Deck Beam Bridge................. 130
4.6.3.1 Installation APProach ........cccevveeiiieeieees e 130

4.6.3.2 SItE LAYOUL....viviveiiccee e 130

4.6.3.3 Potential IMPACES .....c.coviveiiiieece s 131
4.6.3.3.1 Vegetative Communities.........c.coovrvvrrrrenirinnnn, 131

4.6.3.3.2 Shellfish CommUNItIES .........cccovvivrirrirririnins 132

4.6.3.3.3 Fisheries Migration............cccccoeovviievniiessiinnnn, 133

4.6.3.3.4 Water Quality .......ccccovevviiiiiiicesceeen, 133

4.6.3.3.5 Wildlife/Rare SPeCies.........ccocovvrriievsriiereirinnnn, 133

46.3.4 CONSEIUCLION COSES ....vvveeereiisie s 133

4.6.3.5 Construction SChedUB............cvveviiriere s 133

4.6.4 Long Span Adjacent Pre-Cast Concrete Beam Bridges .........cccocovvvvnnee. 134
46.4.1 Installation APProach ........ccceeveeviiieisee e 135

4.6.4.2 SItE LAYOUL.....v.veivciicceceee e 136

46.4.3 Potential IMPACES ..o 137
F:\P2011\0202\A10\Deliverables\Final Memorandum 20120223\FinalMuddyCreekRestorationTM_20120227.docx iv

100%



‘j FUSS &aO'NEILL

Table of Contents

Final Technical Memorandum

Muddy Creek Wetland Restoration
Chatham and Harwich, Massachusetts
Cape Cod Conservation District

4.6.4.3.1 Vegetative COMMUNILIES........covrrrrirrerirririrrininnns 138

4.6.4.3.2 Shellfish CommUNIIES ........ccocvvivriniririniriienns 138

4.6.4.3.3 Fisheries Migration..........c.cccocovnnninnennsninnnns 139

4.6.4.34 Water QUAlILY .....coovriviriirrceeeeeeis 139

4.6.4.35 Wildlife/Rare SPeCIes........cccvuvvinninninninininns 139

46.4.4 CONSEIUCLION COSES ....vvevveeeiieisie i 139

4.6.4.5 Construction SChedUB............coverrirereer s 140

4.6.5 Summary Evaluation of Culvert Alternatives...........cccoeovvevrenireniennen. 140

I R (=] (=] 01 TSP 141
Tables Page
1 Salinity Values Measured in Muddy Creek Water and Sediment 11
2 Reported Tidal Elevations for Evaluated Pre- and Post-Construction Conditions 15
3 PBT-1 Vegetative Assessment 23
4 PBT-2 Vegetative Assessment 24
5 PBT-3 Vegetative Assessment 26
6 LBT-1 Vegetative Assessment 28
7 LBT-2 Vegetative Assessment 29
8 LBT-3 Vegetative Assessment 30
9 LBT-4 Vegetative Assessment 31
10 LBT-5 Vegetative Assessment 33
11 LBT-6 Vegetative Assessment 34
12 UBT-1 Vegetative Assessment 36
13 UBT-2 Vegetative Assessment 37
14 UBT-3 Vegetative Assessment 38
15 UBT-4 Vegetative Assessment 40
16 UBT-5 Vegetative Assessment 43
17 UBT-6 Vegetative Assessment 45
18 UBT-7 Vegetative Assessment 46
19 UBT-8 Vegetative Assessment 48
20 UBT-9 Vegetative Assessment 50
21 UBT-10 Vegetative Assessment 51
22 UBT-11 Vegetative Assessment 53
23 Numbers of Live Softshell Clams (M. arenaria) Observed in Transect A 62
24 Numbers of Live Softshell Clams (M. arenaria) Observed in Transect B 63
25 Numbers of Live Softshell Clams (M. arenaria) Observed in Transect C 64
26 Numbers of Live Softshell Clams (M. arenaria) Observed in Transect D 65
27 Summary of M. mercenaria Observed 65

F:\P2011\0202\A10\Deliverables\Final Memorandum 20120223\FinalMuddyCreekRestorationTM_20120227.docx \'

100%



100%

o FUSS &aO'NEILL

Table of Contents

Final Technical Memorandum

Muddy Creek Wetland Restoration
Chatham and Harwich, Massachusetts
Cape Cod Conservation District

Tables Page
28 Vegetation-Based Tidal Elevations for Existing Conditions 68
29 Comparison of Modeled and Vegetation-Based Tidal Elevations 69
30 Comparison of Tidal Ranges between Modeled and

Vegetation-Based Tidal Elevations 69
31 Vegetation-Based Tidal Elevations for Proposed 24-foot Single Culvert 71
32 Dispersion between Model Segments 94
33 Measured Bacteria Concentrations 95
34 Calibrated Source Concentrations Under Summer and Winter Conditions 95
35 Summary of Model Runs 96
36 Summary of Modeled Bacteria Concentrations at the Culvert Under Existing

and Future Conditions 97
37 Summary of Modeled Percent Reduction of Bacteria Concentrations Under

Existing and Future Conditions 97
38 Comparison of Alternative Culvert Construction Approaches 109
39 Comparison of Alternative Culvert Configurations 119
40 Resource/Regulatory Area Impacts for Pre-Cast Concrete Box Alternative 123

41 Resource/Regulatory Area Impacts for Three-Sided Concrete Bridge Alternative 128
42 Resource/Regulatory Area Impacts for Short Span Adjacent Pre-Cast Concrete

Deck Beam Bridge Alternative 132
43 Modeled Future Tidal Elevations and VVolumes for 24-ft. Box Channel

and 22-ft. Trapezoidal Open Channel Configurations 135
44 Resource/Regulatory Area Impacts for Single-Span Adjacent Pre-Cast Concrete

Beam Bridge Alternative 138
45 Summary of Wetland/Regulatory Area Changes and Opinions of Cost for

Replacement Alternatives 140
46 Comparative Constraints Analysis Summary Table for Culvert

Replacement Alternatives End of Report
Figures Page
1 Aerial of Project Study Site 2
2 Areas of Critical Environmental Concern 3
3 Comparison of Hydrologic Modifications by Development Between

the 1890’s and 1960’s 5
4 Historic Photo of Bridge Crossing at Orleans Road (aka Route 28)

over Muddy Creek Facing North Toward Harwich, circa 1871 6
5 Historic Photo of Earthen Fill Placement at Orleans Road (aka Route 28)

over Muddy Creek Facing South Toward Chatham, circa 1900 6

F:\P2011\0202\A10\Deliverables\Final Memorandum 20120223\FinalMuddyCreekRestorationTM_20120227.docx Vi



100%

o FUSS &aO'NEILL

Table of Contents

Final Technical Memorandum

Muddy Creek Wetland Restoration
Chatham and Harwich, Massachusetts
Cape Cod Conservation District

Figures Page
6 Photo of Earthen Embankment and Culverts at Orleans Road/Route 28

Crossing over Muddy Creek Facing West Toward Harwich (April 15, 2011) 7
7 Photo of Muddy Creek’s Lower Basin, Facing Southwest

From Orleans Road/Route 28 (March 5, 2011) 8
8 Culvert discharging flow from Ministers Pond to Muddy Creek

with Eel Passage Ramp Substrate (submerged) 9
9 Water Column Salinity Measurement Locations 12
10 Sediment Porewater Salinity Measurement Locations 12
11 Bathymetric Model Grid of Muddy Creek Bottom Elevations (NAVD88) 14
12 Modified 1-cubic foot Bullrake for Shellfish Sampling 60
13 Typical Layout of Transect Line Sampled at 10-ft Intervals 60
14 Generalized Salt Marsh Zonation in New England 66
15 Relative Tidal Ranges Using a Vegetation-Based Reference 70
16 Embankment Construction across Muddy Creek Estuary (c. 1900) 76
17 Muddy Creek Boring Locations 78
18 llustration of the Mass-Balance Approach for Finite Difference Representation

of the Estuary Complex 89
19 Muddy Creek Model Segments and Surrounding Land Use 90
20 Conceptual Model of Muddy Creek Segments 91
21 Typical Single Cell Split Pre-cast Box Culvert 114
22 Typical Pre-Cast 3-Sided Bridge with Arched Roof 116
23 Example Pre-Stressed Concrete Deck Beam Bridge with Pile Bents 118
Attachments End of Report
A Topographic Wetland Resource Area Mapping
B Wetland Resource Area Mapping Overlain on 2009 Aerial Imagery
C Natural Heritage and Endangered Species Program Letter Report
D Post-Construction Wetland Community Changes
E MassDOT Non-Vehicular Access Permit Application and Issued Permit
F Subsurface Investigation Boring Logs
G Analytical Laboratory Sieve and Proctor Test Results
H Traffic Bypass Plan Drawing
I Conceptual Culvert Alternatives Drawings
J Wetland Resource Impact Area Figures
K Alternative 4 Hydrodynamic Modeling Memorandum

F:\P2011\0202\A10\Deliverables\Final Memorandum 20120223\FinalMuddyCreekRestorationTM_20120227.docx Vi



100%

o FUSS & O’'NEILL

Executive Summary

Pleasant Bay is a rich estuarine ecosystem
with several tributaries and coves providing
exceptional habitat for numerous shellfish
and migratory fish species. Flushing in
Muddy Creek, a tidal river and sub-
embayment of the Pleasant Bay estuarine
system, has been severely restricted by
construction of an earthen embankment
with stone culverts at Muddy Creek’s
discharge to Pleasant Bay where Route 28
crosses this waterbody.

The culvert-induced tidal restriction has been determined by previous studies under the
Massachusetts Estuaries Project to have exacerbated water quality problems associated with
nitrogen loading in Muddy Creek from surrounding land uses. These studies have also
determined that 100% of current watershed nitrogen load would need to be removed from
lower Muddy Creek and 75% from upper Muddy Creek in order to achieve state-mandated
nitrogen thresholds for healthy water quality. In addition to water quality impacts, this tidal
restriction has caused vegetative communities within Muddy Creek to evolve toward species
inclined to freshwater systems, including coastal invasive species Phragmites and Typha. The two
culverts also inhibit passage of migratory fisheries to varying degrees and affect the health and
viability of upstream shellfish beds for harvesting due to water quality concerns.

Background

The four towns that share the watershed of Pleasant Bay (Orleans, Chatham, Harwich and
Brewster) formed the Pleasant Bay Alliance (PBA) to develop and implement a Resource
Management Plan for the Pleasant Bay Area of Critical Environmental Concern and watershed,
which recently has focused on assessing alternatives to improve water quality, the health of
vegetative communities, fish passage and shellfish communities in Muddy Creek as part of its
overall goal of improving the natural environment and the public’s use and enjoyment of
Pleasant Bay. Muddy Creek has been chosen as a priority project under the Cape Cod Water
Resources Restoration Project (CCWRRP) to conduct additional feasibility studies associated
with the potential widening of the opening under Route 28, with a goal of improving water
quality and restoring the natural health and vitality of Muddy Creek’s coastal resources.

Previous hydrodynamic modeling studies have determined that a 24-foot wide opening would
provide the optimal amount of tidal flushing to the Muddy Creek sub-estuary to achieve the
desired restoration benefits while avoiding flooding impacts or excessive
scouring/sedimentation at the ends of the replacement structure. This current study has been
undertaken to gather additional data, complete additional evaluations and develop design
alternatives to determine a recommended configuration for future design and permitting.
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Field Data Collection and Investigations

As part of this study, previous topographic mapping of
Muddy Creek was updated through a detailed survey of the
embankment and culverts, including bathymetric cross-
sections immediately adjacent to the culverts and the
documentation of existing underground utilities along Route
. ‘ SR 28. A geotechnical investigation of embankment soils was
= = completed, which included two borings on Route 28 flanking
the existing culverts.

Wetland flags were placed/surveyed and a field study involving detailed assessments of
herbaceous community compositions at 20 transects within respective Muddy Creek
communities was completed. Research and field assessments of migratory fisheries and
shellfish communities were also completed, including four transects on either side of the
existing culvert to document existing shellfish populations. A letter report issued by
Massachusetts Division of Fisheries and Wildlife (MassDFW) identified state-listed rare species
in the vicinity of Muddy Creek, and the field study identified habitat for a state-listed threatened
animal, which was reported to MassDFW.

Anticipated Impacts/Benefits to Water Quality and Natural Resources

Based on the anticipated increase in tidal range and volume from future construction of a 24-ft.
wide channel opening below Route 28, evaluations were completed to assess the expected
impacts/benefits to respective vegetative communities, shellfish areas and migratory fisheries.
In downstream portions of the Muddy Creek estuary, low marsh communities will likely see the
greatest immediate expansion, with sub-tidal areas expected to become mudflats and areas that
are high marsh expected to become low marsh.

It is also expected that low marsh vegetation (i.e. Spartina alterniflora) will colonize areas of
mudflats and out-compete areas of high marsh species through landward expansion. As
flooding and salinity levels increase, existing stands of Typha and Phragmites are expected to
contract and woody vegetation along the toe of slope retreat landward, helping to improve the
downstream wetland system’s overall biodiversity. In the upstream portion of the Muddy Creek
estuary, the extent of mudflat areas exposed during low tide is expected to increase, where these
areas will be colonized first by low marsh species while more landward areas, where freshwater
inputs are greater, will be vegetated by brackish marsh or high marsh assemblages.

Increasing the size of the culvert will improve opportunities for herring passage by increased
light and space provided by the larger opening, in addition to more favorable water depths
resulting from the increased tidal range. Additionally, the enlarged opening is expected to
improve water quality within the upper system by increased tidal exchange and flushing, which
would decrease nutrient concentrations, diminishing algal blooms, increasing dissolved oxygen,
and restoring other natural functions, all of which will improve conditions for American eel.
Other migratory species such as White Perch (Morone americana) and Blue Crab (Callinectes
sapidus) are expected to benefit from water quality improvements resulting from the proposed
replacement structure.
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Shellfish habitat areas near the culverts are
expected to be enhanced by improving
environmental conditions associated with the
setting of shellfish larvae. Improved flushing
through the enlarged opening is expected to
reduce organic sediment amounts near the
culverts, which should lower organic content and
alleviate any existing hypoxia and anoxia
inhibiting the vitality of shellfish beds. While the
increase in tidal flushing and resulting reduction in water residence time may have a smaII effect
on shellfish setting, larger factors governing shellfish recruitment including larval health,
abundance, predatory, and environmental conditions will have more dominant long-term
influences on restoration of shellfish populations in Muddy Creek. The enlarged opening will
provide adequate flushing to sustain to the natural transport of sediment into the Muddy Creek
system, which is critical to salt marsh health.

A modeling evaluation was completed to assess the potential effects of culvert replacement on
bacteria concentrations in Muddy Creek and the nearby portion of Pleasant Bay. A one-
dimensional, steady-state transport model was created using a finite difference approach at a
level of complexity that matches the limited data that is currently available. The modeling
results indicate that enlarging the structure will improve water quality in Muddy Creek, but will
have no significant impact on water quality at the nearby beaches in Pleasant Bay. The enlarged
opening is anticipated to reduce the difference between existing bacteria concentrations and the
Total Maximum Daily Load (TMDL) target concentration, but additional bacteria reductions
would still be required to reach the TMDL fecal coliform concentration established for Muddy
Creek. Based on both the modeling results and a review of the historic water quality data and
modeling, recommendations were provided for future water quality monitoring within Muddy
Creek and the nearby portion of Pleasant Bay.

As part of the Massachusetts Estuaries Project (MEP), a linked watershed-embayment model
was developed in 2006 to determine critical nitrogen loading thresholds for the Pleasant Bay
system, including Muddy Creek. The potential influence of the increased tidal flushing from a
24-foot wide opening at the outlet of Muddy Creek was evaluated under the MEP through
updated hydrodynamic-water quality modeling in 2010. The modeling analysis revealed that
installation of the wider opening would reduce nitrogen concentrations significantly toward the
goal of meeting the regulatory threshold values, assuming full build-out conditions within the
watershed, and would not result in any significant changes in Pleasant Bay’s water quality.
However, further mitigation of watershed-derived nitrogen will still be necessary to meet the
threshold values. In addition, the analysis further notes that all Pleasant Bay water quality and
sentinel stations exceed their nitrogen thresholds under build-out conditions with or without
the proposed widened opening, and additional nitrogen sources added to the watershed through
build-out (new) development would need to be offset.
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Technical Evaluation of Structural Alternatives

A geotechnical evaluation of embankment soils was completed, which included two borings on
Route 28 flanking the existing culverts. Soils recovered from the borings were documented and
assessed through laboratory testing, indicating subsurface soils comprising the embankment as
generally loose fine to medium sand, with coarse sand and gravels encountered in some horizons.
Small amounts of silt and clay were documented in native soil horizons below the embankment
soils. An engineering analysis was completed to provide design recommendations and
geotechnical parameters affecting the selection and future design of structural improvements.

While a number of potential alternative configurations exist to replace the existing Route 28
culverts, any replacement structure will need to comply with the current MassDOT Bridge
Manual. Previous modeling determined that a 24-foot wide rectangular box culvert replacement
structure would achieve the desired tidal flux into the Muddy Creek system. Three alternative
culvert designs were initially evaluated based on the results this modeling. Upon reviewing the
alternatives with project partners and MassDOT in September 2011, it was agreed that other
bridge configurations with a modified geometric channel section (i.e., armored slopes forming
an open channel) would be acceptable provided hydrodynamic modeling confirmed
scour/channel configuration requirements could be met under this configuration.

Upon completion of this i 5 S IS
additional modeling evaluation RN S\
in December 20]_]_ a revised [I[I[]l]I][][I[][I[ID[]l][]I]I][I[]l]I]I]I][II]I][]l] DD[II]I]I][I[II]I][][II][]I]I]I][II]U[II]I][] [I I

recommended approach was ot | NE
developed, reflecting a single- T s e
span bridge over an open i P \ =
channel below the Route 28 o s —
roadway. This updated em—

modeling determined that the open channel bridge alternative would provide an equivalent
increase in tidal range and flushing volume into Muddy Creek as the previously-modeled 24-
foot wide rectangular culvert alternatives, and would, therefore, provide equivalent wetland
resource benefits following construction. Further evaluation of this alternative determined that
it would provide these benefits at a lower construction cost, while also providing improved
recreational passage for canoes or kayaks. As a result, this alternative was determined to best
meet the project’s primary design criteria at the lowest cost and is the recommended
configuration for future design, permitting and construction phases of this restoration project.
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