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Figure 3: Vegetation monitoring transects in the middle basin of Muddy Creek 7
Figure 4: Vegetation monitoring transects within the lower basin of Muddy Creek 8
Figure 5: Photo monitoring stations within the lower basin of Muddy Creek 9

Figure 6: Photo monitoring stations within the upper reaches of Muddy Creek. Not illustrated is the point location on
the relic cranberry berm located mid-basin.
10

Figure 7: Chanel bathymetry monitoring - transects and planform survey conducted in 2016 (Applied Coastal Research
and Engineering, 2016) 11

Figure 8: Aerial photo of Jackknife and Muddy Creek taken by Greg Berman (WHOI Sea Grant/Barnstable County
Extension Service). 12
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I. Monitoring Requirements of Permits

The Muddy Creek Restoration Bridge Project is a cooperative effort of the Towns of Chatham and Harwich,
Massachusetts in partnership with Massachusetts Division of Ecological Restoration (MassDER), US Fish &
Wildlife Service (USFWS), and NOAA Restoration Center. The restoration encompassed the removal of two
restrictive box culverts and construction of a new single span bridge with an open channel. The pre-existing
stone box culverts were each approximately 2.5-feet wide, 3.75-feet in height, and 100-feet in length. The post
restoration hydraulic opening is a trapezoidal channel with a 22-foot wide base and 1.7:1 side slopes. Partial
tidal flow was restored through the east (Chatham) side of the channel on February 11, 2016 and the channel
was fully open to tidal flow on April 1, 2016. The restoration of tidal flow benefits 55 acres of wetlands
upstream of the new bridge and channel, and improves passage for diadromous fish species.

Monitoring requirements for the Muddy Creek Restoration Bridge Project are outlined in permits received from:
Massachusetts Department of Environmental Protection (MassDEP), 401 WQ Certificate and Chapter 91
License; Massachusetts Environmental Protection Act (MEPA) Public Benefit Determination and Certificate;
Harwich and Chatham Conservation Commissions, Orders of Condition; and US Army Corp of Engineers
General Permit'.

This Environmental Monitoring Report is intended to summarize monitoring activities undertaken by Project
Partners, including monitoring activities required under the environmental permits. In accordance with permit
requirements, this monitoring report includes the methodologies for the following monitoring activities:

* Analysis of post-construction tidal hydrology relative to pre-restoration condition and project objectives,
* Analysis of Channel Migration,

*  Water Quality Monitoring Results (salinity, nutrient parameters, bacterial parameters),

* Survival of restoration plantings w/ recommendations for remediation as needed,

* Assessment of invasive species control,

* Vegetation changes documented through survey of established transects and photo monitoring stations.

Selected initial monitoring results are provided where data are available and analyzed. Photo-monitoring of
vegetation and vegetation transects will be undertaken during late summer/fall 2017. Results on vegetation
monitoring, and on-going water quality monitoring, will be reported in subsequent reports.

The following monitoring activities are underway:

A. Tidal Hydrology:

* Tide data (water level) readings were collected for a 34-day period from June 22 through July 26, 2016. A
Technical Memorandum of tide analysis post-construction is attached as Appendix A. A pre- and post-
project comparison shows an increase in tide range of 2.1 feet between Mean Higher High Water (MHHW)
and Mean Lower Low Water (MLLW) which resulted from restoring unrestricted tidal exchange to Muddy
Creek. The MHHW elevation in Muddy Creek increased from 1.6 to 2.6 feet, whereas MLLW decreased
from 1.0 to -0.1 feet. Mean High tide increased from 1.5 feet pre-construction (2009) to 2.2 feet post-
construction (2016), while mean low water dropped from 1.0 feet (2009) to -0.1 feet (2016). All
measurements are NAVDS8S.

" The access permit issued by Massachusetts Department of Transportation incorporates the monitoring requirements set forth in these
environmental permits.
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Re-survey of vegetation line transects are planned at one, three, and five years post-construction. Pre-project
vegetation transects were completed in fall 2015. The first year of post project transect measurements will
occur in fall 2017.

Photo-station monitoring of vegetation conditions is scheduled at the same frequency as the vegetation
transect monitoring. Eighteen photo monitoring stations were established pre-construction, and photos were
taken in September 2015. Although not required by permit, replicate photos were taken at the eighteen
photo monitoring stations six months post—construction, in October 2016. Preliminary photo-monitoring
results for some stations are contained in this report for illustrative purposes. Future photo monitoring will
coincide with transect readings in years one, three, and five post-construction.

Restoration plantings will be monitored twice annually (spring and fall) for three years.
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Channel Bathymetry data was collected along established cross-sections located above and below Route 28
in June, July, September and November 2016 post-construction. These data were compared with pre-
construction readings at the same cross-section locations and two new post-construction transects. Channel
migration, as measured by top of bank, also was assessed. These data are reported in Appendix A.
Additional measurements may be taken following significant winter storm events during the winter of 2017.
Channel bathymetry will be re-measured at one and five years post-construction, with increased frequency if
necessary to document changes to channel width and depth.
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Nutrient-related parameters (including salinity) and bacteria (Enterococci and Fecal coliform) were
monitored pre- and post-construction and data will continue to be collected at the established annual
frequency with results compiled and reported annually.

The additional monitoring activities described below are not required by permits, but would enhance the
understanding of ecological conditions and responses within the Muddy Creek system. These monitoring
activities will be undertaken contingent upon funding.
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Permanent plots to be established for the purposes of documenting marsh plain elevation adjustments
following restoration. While not a requirement, establishing a protocol to monitor marsh plain development
(or subsidence) may prove useful in the future to assess restoration outcomes.

="#106+ ) >HP+@ (8+(#
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While not a requirement, establishing a protocol to monitor benthic infauna may prove useful in the future
to assess restoration outcomes. Pending funding, it is proposed that sediment cores and benthic infauna
samples be collected at 1, 3, and 5 year intervals, and that continuous Dissolved Oxygen measurements be
taken during the same period as nutrient sampling.
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Baseline: Tidal hydrology (water level and salinity) was collected over a complete lunar cycle using water-level
and conductivity loggers set to record at six minute intervals. Pre-project data were collected by MassDER in
July, 2014.

Post-construction: Tidal hydrology data (water levels set to record at 10-minute intervals) were collected during
a complete lunar cycle (June 22 through July 26, 2016). Figure 1 shows tide gage deployment locations for pre-
and post-construction monitoring. A Technical Memorandum of tide analysis is attached (Appendix A). The
data show an increase in tide range of 2.1 feet resulting from the channel opening. The measured increase in
tide range matches the predicted increase of 2 feet. Mean High tide increased from 1.5 feet pre-construction
(2009) to 2.2 feet post-construction (2016), while mean low water dropped from 1.0 feet (2009) to -0.1 feet
(2016). All measurements are NAVDSS.

Figure 1: Location of tide monitoring stations.#
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PreProject Species compositiowasdetermined by the linitercept method (Barbour et al. 18B7Transects
were established and survey®dMassDERJuringthe fall of 2015andendpointspermanentlynarked with
3.5foat lengths of OPVC pipe set into the marsh. A totalesghttransects were establishehree transects
in the upper basirgne in the middle basin, threethre lower basinanda singlereferencearansectocated
downstream of Route 28 Bridge (Eigs 24), Whereapplicable vegetatiortransects established in 2011 by
Baxter & Nye Associatefr permitting purposewere reestablished Transect lengs varied, but were
generally 5én andwere orientegberpendiculato Muddy Creekrom the edge othe marsh creek tward
adjacenupland.

Postconstruction Transectsre scheduled toe revisited 1, 3, and 5 years poetistruction. The first full
postconstructioryear of transect measurements will take place in fall 2Bfp@cies composition wikie
characterized by dividing each transect into-oreter intervals and recording the species of plants present
under the line at each meter interval. The number of one meter intervals in which a plant species was prese
(absolute frequency) will then lkvided by the total number of intervals in the transect to derive the percent
frequency for that species along each transect. Percent frequency along transects will serve as an indicatot
overall vegetation cover.

The heights oPhragmitesaustraliswill be used as an indicator of its aboveground biomass and overall vigor.
The two tallesP. australisplants for each fiveneter interval where this species occurs along a transect will be
measured. ManiVhitney U tests (Sokal and Rohlf 199%ill be caompletedon mearP. australisheights per
transect to determine if there was a difference between heightsppostrestoration.

The spread or retreat of distinct patcheP chustraliswill be evaluated by recording the distance in meters that
the oundary of theé°. australispatch expanded or declined along the transect relative to the adjacent salt ma
each year.

2 Barbour, M. G., J. H. Burk, and W. Bitts. 1987. Terrestrial Plant Ecology. Benjamin Cummings Publishing Company, Menlo Park,
CA, USA.
3 Sokal, R. R. and F. J. Rohlf. 1995. Biometry, 3rd ed. W.H. Freeman and Company, New York, NY, USA.
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015  41°42'41.84" N 69°59'42.15" W elev -1 ft eyealt 9

Figure 4: Vegetation monitoring transects within the lower basin of Muddy Creek

Photo Monitoring

Pre-Project: Eighteen photo stations were established and monitored by MassDER and USFWS during fall 2015
as a means to qualitatively assess marsh vegetation change overtime (Figures 5 and 6). Photo stations were
marked with PVC pipe or wooden stakes, the location recorded with RTK GPS, and attending photos labeled
accordingly: Station ID-(Orientation)-Date. A Site Identification Card (8.5 x 11”), placed in the camera field
of view was used to provide a permanent record within each image of the photo location, camera orientation,
and date.

Post-construction: Photo monitoring locations are scheduled to be revisited 1, 3, and 5 years post-construction
to coincide with vegetation line transect monitoring. However, since the first year of transect monitoring is
planned for fall 2017, an additional set of photo monitoring data were collected in the fall of 2016 to capture
any early changes in vegetation following the first post-construction growing season. Photo monitoring was
conducted on October 24™ and 25™ at the eighteen photo monitoring stations with 2-4 photos taken at each
station. Appendix B contains illustrative monitoring photos.

Muddy Creek Restoration Monitoring Report, August 2017
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Baseline:Channel bathymetry waslectedusinganRTK-GPS unit to document pieonstruction channel

width, depthand crosssectional aresup and downstream of Route 28. During the fall of 2015 channel cross
sections were surveydy MassDERand the USFW&longeightcrosssectioral transect®four upstream of
Route 28 anddur downstream.Transect engboints were permanently marked using PVC pipe set into the
marsh. Channel toe and top &fank were surveyed at 260t intervals to provide another means to monitor
channel migratiorfFigure 7) Subsguent bp of bank measurements did not reveal any significant shifein
channel meander, bulid reveal areas whereinor bank slumping is occauing (Figure 8). The area around

Muddy Creek was flown in October 2015 (Fig@)eln addition, the Town o€hathanfrequently conducts
aerial photo flights to document coastal erosign.
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Post-construction: Transecimeasuremesialong the preestablisheeighttransectsandtwo additional
transect seaward of Route 28ere takenn June, July, Sépmber, and Novemb@016 by Applied Coastal
Research and Engineeringing an RTKGPS unit(Figure 3. A minimum of ten pointscrossthe channel,
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bankto-bank wererecorded Theadditional 2 transects in the vicinity of the J&ckfe Beach access roacre
added, along with additional topographic data associated with the slope adjacent to the roadway. The locati
of the additional transectsanedeterminedased on observations ledink slumpingluring the first survey.
Measurements of channel baokation,at minimum 25foot intervals provided another means to monitor
channel migrationA final report on the data collectedd comparison with preonstrucdbn measurements, is
found in Appendix A

"#3%&' (#)* %o+, &#

PreProject Pleasant Bay Alliance has monitored water quality at two monitoring stations in Muddy Creek: o
in lower Muddy CreeKPBA 5), and one in Upper Muddy Cre@RBA 5A). A MasDEP approved Quality
Assurance Project Plan (QAPP) is in place and includes the following parameters: rdpregegDON,

PON, DIN, TON, TN)dissolvedoxygen, temperature, salinity, phytoplankton pigmestis). Sample

collection occur$ times annuallyrom July througlearly SeptemberSamplesare analyzed by the UMASS
Dartmouth School for Marine Science and Technolddps monitoring effort is ongoing and will continue
following project completion to documelang-termwater quality changes.

In the fall of 201%he Allianceresumed bacterial monitorirag the upper and lowduddy Creekwater quality
monitoring stations as well as a station locatednstrearmearJackknife Beach.

Postconstruction Appendix C contains figures for dissolvexlygen, eutrophication index, total nitrogen,
pigment concentrations and salinity for monitoring stations in uigA 6A) and lower PBA 5) Muddy
Creek from 2002016. These data include only one poshstruction monitoring season.

Initial observatims suggest that it is too early to see major changes in water quality due to the bridge:

¥ TN decreaseffom the prior year at bth 5 and 5A. The change in TNsaation5 doesnOt appear
significant. TN astation5A is lowestlevel observedThere waso significant change in N species
breakdown from prior years.

¥ Pigment concentrations wenp at both stations. Aimilar trendwas observed at other Pleasant Bay stations
and so it is likely duo to a factor such as weather and is unrelated to the bridge.

¥ While the range oDO valuesharrowed levels werenot inconsistent with prior years.

¥ Salinity was the area where the most significant chewgeeobserved.

ThePleasant Baylliance will continueto collectnutrient and bacterial water quality as désad above

J#1%(01#2+%,3#.+'4%& 53

Although the Project did not have the resources to install horizon markeengmamediatelypost

construction, the Project team is considering the value of installing several horizon markers to monitor long
term sediment marsh surface accretion to evaluateteyngchanges to the marsh surfadethodologies

under consideratiofor establishingand monitoring marker horizons can be foatd
https://www.pwrc.usgs.gov/set/installation/markers.html

#

6"#7'3&1,8#93:%* 380#

The project team is considering benthic infasamplingas a means of gaging restoration resulting from
improved ecological conditionsiécreased nitrogen concentratioinsreased dissolved oxygen, et&gnthic
infauna monitoring would be conducted by the School for Marine Science and Technology at UMASS

" #
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Dartmouth so that results can be directly compared with benthic infauna sampling taken for the Massachusetts
Estuaries Project 2006 Technical Report for Pleasant Bay.

IIl. Sources

Barbour, M. G., J. H. Burk, and W. D. Pitts. 1987. Terrestrial Plant Ecology. Benjamin Cummings Publishing
Company, Menlo Park,CA, USA.

Duncanson, Robert A. Pleasant Bay Citizen Water Quality Monitoring Program Quality Assurance Project Plan.
Pleasant Bay Resource Management Alliance Citizen Water Quality Monitoring Program Work Group. April
30, 2001.

Fuss & O’Neill, Inc. (2012). Technical Memorandum: Muddy Creek Wetland Restoration.

Ruthven, Trey. Muddy Creek Post Construction Tidal Monitoring, Chatham and Harwich, Massachusetts.
Memorandum to Carole Ridley. September 23, 2016.

Sokal, R. R. and F. J. Rohlf. 1995. Biometry, 3rd ed. W.H. Freeman and Company, New York, NY, USA.

University of Massachusetts Dartmouth (School of Marine Science and Technology) and Massachusetts
Department of Environmental Protection (2006). Linked Watershed-Embayment Model to Determine Critical
Nitrogen Loading Thresholds for the Pleasant Bay System, Towns of Orleans, Chatham, Brewster and Harwich,
Massachusetts. Massachusetts Estuaries Project. Final Report-May 2006.

IV. Reporting and Data Management

Monitoring reports and data sets are hosted on the Pleasant Bay Alliance website,

http://pleasantbay.org/programs-and-projects/wetlands-protection/muddy-creek-restoration/muddy-creek-
restoration-monitoring-results.

V. Appendices

A. Muddy Creek Post-construction Tidal Monitoring, Applied Coastal Research and Engineering
B. Pre and Post-construction Photo Monitoring Images for Select Stations

C. Water Quality Data for Upper (Station 5A) and Lower (Station 5) Muddy Creek
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Applied Coastal Research and Engineering, Inc.
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MEMORANDUM
Date: September 23, 2016
To: Carole Ridley
From: Trey Ruthven

Subject: Muddy Creek Post Construction Tidal Monitoring, Chatham and
Harwich, Massachusetts

7KLV VXPPDUL]HV WLGRQGRSWMWBRDP HFQG GRZIQNW QHDP
5RXWH %ULGJH ZKLFK ZDV FRQVWUXEWR 8 GZ WARK L BSWRG\ & U
DERYH WKH 5RXWH FDXVHZD\ 7LGH GDWDWJEZHRFRWBW ZRQW
RIIVKRUH RI O0XGG\ &UHHN LQ 30OHDVDQW ¥ DW KW K H TXDI\HV A D/
5HVRUW DWWDFKHG W®RRD.JZ RFKGHPDS DHG RIVNLYWERW3 GIHD M Q QW
GRZQVWUHDP DQG ZHVW RI 5RXWH FEIUQEGIB\ 18Q) HMHKH
XSVWUHDP 7KH ORFDWLRQV RI WKH WZR YDJHX UVWMDWLRQ
7HPSHUDWXUH 'HSWK55KAVRIGGWRVUHFRUGZWHH ®/H SGRGHGV DR U

GD\ SHULRG EHJLQQLQDOGQHQGLQJ RQ -XO\

7KH WLGH JDXJHV XVHG IRU WKH VWXG\ Z\W D HU PbRDWDE INGHL
ZDV VHW IRU PLQXWH LQWHUYDOV 2ZLWR PH D PK DR EHWH ¥DRM L
VHFRQG SUHVVXUH PHDVXUHPHQWYVY RQ VWRLDPHDHV K QXWHHU Y &Y
JDXJH WUDQVGXFHUV WR VHQVH YDULDRRQRRY WRHSREHEWYURI
LQFKHV KHDG RI ZDWHU (DFK JDXJH QUW FDOLEWDRE GV
DFFXUDF\

2QFH WKH GDWD ZHUH GRZQORDGHG IURP HB¥YXUBVW L
UHDGLQJV ZHUH FRUUHFWHG IRU YDULDW{RQMN L @ VDRRPRS\KIHK
UHDGLQJV ZHUH REWD L$$H G HIURWPG IWXH VIVE PN HR\WQ 6IRX A® Q WIXW
LOQWHUSRODWHG WR PLQXWH LRWHKYHYDOHN VIXQGE WHEDVG
UHVXOWLQJ LQ ZDWHW KSHJ K QW XWIHK DHEGRWR Q\XW IVEWU ZDWHU Gt
YDOXH RI ADWDSSOLHG WR WKH UHDGLQJV WIR WRQYHL
KHDG XQLWV IRU H[DPSOH IHHW RI| ZDAMKHUHDER DN MRCH RV LI
JDXJH ZDV VXUYH\HG W HSPHW L ¥ B QVRHURMLWF D O1 W X PXRLQ J
DQ /HLFD 9LYD *6 *166 UHFHLYHU 57. QHWZRUNDRYMD ERXS
* 'DWD &ROOHFWRU MMRWIHDPS KLIE ORFDWM QY HR B WKHH QDVIH G
7DEOH LQ ODVVDFKXVHWWY 6WDWH 30 DRQHP RRRBRG LMW KV H G



SURYLGHG YHUWLFDO UHFWLILFDWLRURNLWEBE ZDWHKB OHRKHOC(
IURP HDFK JDXJH LV BSWIHAVH WU QR WWK A DWWDHIUL DAXURQNVHLIQO HY
UHODWLYH WR 1%$9°

7TDEOH /IRFDWLR® RHWIKH WHIBBHXGG\ &UHHN &KDWK
DQG +DUZLFK 0% &BRWULVGNVNYDWKXVBIWWY 6WDWH
3O0DQH &RRUGLQDWHV IHHW

IRFDWLRQ 1RUWKLQJ IHHW (DVWLQJ

*DJH

I+

SOHDVDQW %D\

+

*DJH + 0XGG\ &UHHN

30RWV Rl WKH WLGHKRDWDQ YURPXDHH DR WS MKHR\PBQW
7KH VSULQJ WR QHDS YDULDWLRQ LQ \W[D®H DY BAHK M HHIR WQV
WKDW RIIVKRUH W KMVWADHHPXIPDVEEHNVQL I ISGH R PLPIBIWRH O \

RQ -XO\ WK 6L[ GD\V ODWHU WKH QHURWPOWHM®QJIH IHHW
YLVXDO FRPSDULVRQ RI WKH WZR JDJHDWHARKMHGW LY D IXHIGHX F
WKH WLGH UDQJH DV WKHRWPLEOIHDYRDDNEEWHE LBMNR TXH ORVYV
DPSOLWXGH ZLWK G LL\Q/OMHQW I KID @ © HOK WK ULR/X GH WWFKIHL BFHG. ® V
DWWHQXDWLRQ )ULFEW IGRY D OSPMAK DVQIGIHY XORZA G HQJID UHC
RI WKH KHLJKW RI WKH WLGH 7LGH DWWHGXGWQRYD [RW CSHERP
LQ WKH WLPH RI KLJK DQG ORZ WLGH WHGDWLY H DDR EW KWL R}
REVHUYHG RQ WKH IORRG DQG HEE WLGHGHWZHHQ DO MRRDQ
LQ )LIXUH

BWDQGDUG WLGH GDWXPV ZHUH FRPSXWHKIBVIH BD WHKRHV
DUH SUHVHQWHG LQ R\DWEOLR2$$ WRGHP VW DWIXPYVD WK IFRR SK W |
XVLQJ \HDUV Rl WGIGIH GLDW.R QWRIHD RULWEOVHSWRKE\ D VLJIQL
VKRUWHU WLPH VSD® LR]IDEDWD KZRAHDPNU VWKBTHS GRWOXEPH D X
FRPSDULVRQ RI WLGMIO. G\WRRLFWWHP TKHLOIKDQ++LJIOKG
OHDQ /RZHU /RZ 0//: OHWHOW WHKSUPHDQ RKHWVKH DEDA CD\REH V
ZDWHU OHYHOV 7KH OHDQ +LJK :DWHU O0+: :D@G YHDQ /R
UHSUHVHQW WKH PHDQ RI DOO WKH KIHKSEOGLIRD\WLGHY ®
7LGH /HYHO 07/ WKHVBP®Q\RI 0+: DQG 0/:

$ Vv W K H K 3WHDMDQWG%D\
DQG WKHQ LQWR O0XGG\ &UHHN DWWHQXDWLRQR EIVWKHY W GG
UHGXFWLRQ LQ WKH WLGH UDQJH DQGKDIDK/ R @& ORGEHWDG H G
HDFK WLGH F\FOH 7KH WLGHV LQ WKH 3OBWH D/GW LUD\XD QC
PHDQLQJ WKDW WKHUH DUH W\SLFDOO\UMZRVWU\GHD G OROBI W P
YDULDWLRQ LQ W KHGDH.YON GV R G MAK HFAIK®R VE M DWHHDQVLRQW KH G L1
EHWZHHQ WKH 0++: DQ® O+DVDWKZAHO//: DQG 0/: OHYHOV



7TDEOH 7LGH GDWGEPIVUFRMBS XVG D\ SHHJMRLCGI-“URP WK
UHFRUGY FROOHFWHGIHE WKBDWKGEB8\DE G +DUZLFK
'‘DWXP HOHYDWLRQV DUH JLYHQ UHODWLYH WR 1%$9°'

7LGH 'DWXP *DIJH W %dDNDVD@JH + OXGIG\ &UHHN
OD[LPXP 7LGH
0+ +:
0+:
07/
0/:

0//:
OLQLPXP 7LGH

7 R FHO®WO\ [FRQDW U XF W HHE ISIRXQ B G HOSRIQ
WKH WLGHV HOQWHUXQG\DQEHHN WW RH OPL @/H K5 D W XWPW XIG\RZ K L F |
H[DPLQHG YDULRXV RISYHL QR UD OX\GHEU QSDUNMDNARNH B ULHD SADHR\OHH 7
WLGDO VLJQDO Z DN KLDJG 30D N DV DIQWDRENVDXOGH HAD Q PI$ UHO D W L
GDWDVHW 7KH FKDQJHV LQ WLGDOQPFPYOLMW WG I8 DA HRE X H (¢
WKH VKRUW PRQLWRUDQYIBHPDRGRQ DG HWRIDON LR@ HRY V
30HDVDQW %D\ I[URP WKH $WODQWLF 2R DD OD (RA FOQUL R ¥ HQ
PRQLWRULQJ SHULRGWH QA XSHAWGIHDHP R FDKEY BRXAWIHY W K H
VLIQLILFDQW LQFUHDVH LQ WLGDO DPH @ VWXSSH RYIRFPD W H QN RC
IRRW LQFUHDVH LQ WLGDO UDQJH ZLW RLYG G XRX®\Q&UHHOH R SGHXH
$ YLVXDO FRPSDULVRQ DOVR VKRZV WKHWXIGH)L)LFRDQKN LQKER
WKH WLGDO YD UL D WAR@WWZLWKY W& HE \QHZIKIR B2'Q GV KLUH XU N W R U L |
YDULDWLR QWWRMWKBEREHFXOYHUWYV

7TDEOH 7LGH GRWE&PY%URHUN &KDWKDPOBQG| +DUZLFK
'‘DWXP HOHYDWLRQV DUH JLYHQ UHODWLYH WR 1%$9°'

7LGH 'DWXP *DIJH W %Gﬁ)l\-IDVDIQJH + 0XG|IG\ &UHHN

OD[LPXP 7LGH
0+ +:
0+:
07/
0/:
0//:
OLQLPXP 7LGH
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JLIXUH 7KH PDUNHUV SLQN FLUFOHV WKERH WHKMHRORIHFC
GHSOR\HG IRU WKLV VWXG\



Muddy Creek 2016 Tide Monitoring
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Muddy Creek 2016 Tide Monitoring
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Muddy Creek - Tidal Records
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Muddy Creek (PBA-5)
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Muddy Creek - Upper (PBA-5A)
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Muddy Creek - Upper (PBA-5A)
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Muddy Creek Salinity
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