ENCLOSURE 1
SCOPE OF SERVICES
ELEVATION SURVEY UPD ATE OF COASTWIDE REF ERENCE MONITORING
SYSTEM (CRMS) STATIONS AND ASSOCIATED SECONDARY MONUMENTS

1. INTRODUCTION

The Coastal Protection and Restoration Authority of Louisiana (Clr&@Iyes surveying
servicesin order to updateCoastwide Reference Monitoring System (CRM®tion
elevationsThis comprehensive coastwide survey effort includes updating elevatials of
active monitoring stations including stations 282 CRMSsitesand in11 project areas
(Figure A 1; TablesB-1, B-2, B-3 and B-4). The intent is to survey all stations in the same
yearwith field work beginning as soon as duck hunting restrictions allow in the winter to
be completed before peak hurricane season in late ARQR%t

In order to accomplish the survey, elevations of secondary benchmarks must be updated
and aGPSnetwork solution applied to the entire coastal zdis coastwide survey effort

was previously performed in 2014 and 207Zhis effort is effectively a repeat tife 2021
coastwide CRMSurvey whichutilized 173 GPS benchmarks (Figure2ATables B-1, B-

2 and B-3) including 54 CRMS Rod Surface Elevation Table (RSET) stations set up as
GPS benchmarks for the first time in 2021. High precision surveys of the 53 CRMS RSET
benchmaks that remairactivestations will be repeated as part of this survey effort and a
report on subsidence of Secondary Monuments and RSET rods will requaed
deliverable.

The surveying consulting company yaoe,r ewifltler
perform the specified services according to this Scope of Services.

2. LOCATION

CRMS sites are distributed across coastal Louisiana with sites in every coastal basin and
marsh typeAppendix A,Figures Al and A2; Appendix B,Tables B1, B-2, B-3 and B-

4). Access routes and recommended boat tyitibe provided to the Contracting Party
Routes have been agreed to by landowners and are to be followed preociesly
otherwise directed by the landowner

3. SCOPE OF WORK

The Contractig Party shall perform all surveying necessary to complete the tasks outlined
in the following subsections.



3.1 Permission and access

Permission to access property for surveying activities shall be the responsibility of the
Contracing Party CPRA has previously obteed land rights with each laadner

where the CRMS site has been established; however, these agreements specify that
notification shall be given to the land owner prior to accessing the property. Rights of
entry to prvately owned property must be respected by all CPRA contractors. Failure
to adhere to the above stated CPRA policy will be considered grounds for termination
of the contract Contact information for each individuGIRMS site is provided in
Appendix C ofthis document. These individuals are to be notified each time the
Contracting Party visits the property except where advance notice has been given for
consecutive day visitsAccess restrictions by many laswiness begin during hunting
seasons; the Contiing Party must negotiate @ss restrictions with the lamaners

and accommodate schedules, accordingpme landowners require access permits
including LDWF Wildlife Management Areas and federal National Wildlife Refuges.

3.2 General

The work to beperformed by the Contracting Party consists of furnishing the
equipment, supplies, labor, and transportation, including boats and fuel, needed to
complete the work outlined in this scope. All materials and services not expressly
called for in this scopef work shall be provided by the Contracting Party at no increase
in cost to the CPRA.

Data collected at CRMS boardwalks capture soil formation processes including vertical
accretion andurfaceelevation changat millimeter scale These processésvebeen
measured repeateddy the same location with the same equiprfaralmost20yeas.

All of the area witin and around CRMS boardwallsoccupied byctive monitoring
stations that must not be disturbed. Surface elevation change is maataties to

an RSET rod driven to refusal located in betwésnparallel boardwalk sections
Vertical accretion is measured relative to feldspar marker horizons from stations that
flank theboardwalk on all sides. It is critical that the marsh surface islistbirbed
during this survey.

All work must be performed from the CRMS boardwalks without disturbing the marsh
surface eound the boardwalkThe Contracting Party will need at least one 10 ft plank
to span the distance between the parallel boardwEklgsires A-8 and A9). There

shall be no walking on the marsh within a 30 foot buffer zone around the boardwalk
except at the access point of the boardwalkgetationmustbe left intact. It can be
pushed to the side as needed to access statibmsus not be cubr removed.

The access point is marked b® aPVC pipe with a yellow capThe PVC pipe at the
oppositeend of the boardwalk has an orange cap. The only acceptable way to access a



CRMS siteis from the end of the boardwalk marked with ellgw cap. Boatsshall

park perpendicular to the boardwadk the access point Pulling alongside the
boardwalk in a parallel fashion is not allowed because accretion stations will be
permanently damaged.

The goal is to accomplishll of the field wok required for the 202CRMS station
elevationupdatebefore peak hurricane season (before 8/31/2027). It is recommended
that a majority of the work occur in the winter and spring in order to avoid summer
thunderstorm delays and before vegetation intesfevith surveying. In the 2021
surveying effort, surveyors had a difficult time collecting high precision data in
swamps.Ultimately, a local GPS network had to be constrained around the Maurepas
Swamp. It is recommended that swamp sites be surveydy isathe year.

All field work shall be completed bpugust31, 2027. Draft and final versions of
reports shall be delivered Ibjarch31,2028

3.2.1 Datums and Accuracy.

Horizontal Datum
1 Units: Units of XY data (meters)
1 Coordinate System: Univeal Transverse Mercator (UTM) Zone 15 N
1 Datum: NorthAmerican Datum 1983 (NAD 83)

Vertical Datum
1 Z _Unit: feet
9 Datum: NAVD 8 Geodetic$SEOID12B
1 Geodetic Reference System 1980 (GR¥ 80

Vertical Accuracy
1 0.5to 2 cm for Survey Benchmarks (Secondary Maogwis)
1 <1 cm for high precision monuments
1 3-5cmfor RTK

Deep RodSecondary MonumentNetwork Solution

The Contracting Partghall perform static GPS surveysaditbenchmarks required to
create a GPS network plan as describefeaantion C of the CPRA Survey Standards
documen{CPRA 2019 T Baker Smith, 2022 In 2021173 benchmarksvereutilized

to constrain a coastwide GPS netw(figure A1, TableB-1). The same benchmarks
can be utilized orleernatebenchmarksnay be recommended by the Contracting Party
if better monuments aeyailable



In 2021, 54 CRMS sites were incorporated into the Secondary Monument ne@vork.
those,32 were established as benchmarks at 2 cm resolution and 22 were established
as high precisin, subcm benchmarks.Two of the CRMS RSET benchmarks have
been compromised leaving &ERMS RSET benchmarksctive on the landscape to be
re-surveyed to the same precision as was performed in(d@dle B1).

TBMG6s ma ywhbnebenohsnarkk are navailable. Where possible, CRMS
RSET rodsare tobe established as benchrks in lieu of temporaryBMs.

Benchmark elevationare tobe modeled into a numerically constructed GPS network
as was performed in 2014 and 208eeSection F of th&€€ P R A2010 Standards of
Practice for Contractors documé@iPRA 2019) A network adjustment report will be
required(T Baker Smith2022).

Deliverables for static GPS monument observations are list&dation H, and the
standard forms and example documeamésshown irsection J of theeferenced survey
standards documef€PRA 2019) These deliverables will include GPS monument
information datasheets, GPS session schedules and GPS log sheets, field notebook
recordsphotographdijnal adjusted GPS data,digital GPS data in a RINEX format.

Note, he monument datasheets slightly differ from the example provided in the 2019
Standards of Practice document in that the UTM NAD 83 coordinates in meters are
also required in addition to geodetic and lambertdioate (LSZ) positions.

SecondaryMonument datasheetust be updated with data collected from this survey
(Figure B3). In the % cases where the CRMS RSET rod serves as a secondary
benchmark,lie datasheetshalladditionally includea6 t o p onfd rocadiigd eo f
elevation(as described i®ection 3.5.2nd Figure B6) andshalldenotethe accuracy

of the survey after the Date of Surveythe following manner iiSurvey Accuracy: 2
Centimeted0 or A Sur vulyCelimeted r ac y :

3.4  High-Predsion Static GPS Observations on RSET Rods

In 2021, a subset &2 CRMS sites were surveyed to sub cm resolution. This work
will be repeated on the same RSET stat@spart of this scope of wo(kigure Al

and Table B1). These static GPS observatiom#l consist of three separate data
collection sessions at each RSET Rod. Each GPS session will have a minimum
duration of 6hours separated by periods of approximately two days (48 hours) at each
RSET Rod. For example, the Contracting Party shall daodiatic GPS observations

for 6-hours and will return to this RSE®d a minimum of 48 hours later for a 2nd 6
hour session followed by a 3reh®ur session at least 48 hours after the 2nd static GPS
session has concluded. The purpose of these repl&atssions) and long duration
(6-hour) static GPS observations are to attain sub centimeter level elevation accuracies
at the selected RSEds. Separation between observation periods are set so the
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observation series are collected under differing apinesc conditions and different
satellite constellations.

NOTE: This procedursslightly deviates from Section F of the 2019 Standards of
Practice document and simply requires a 3rd GPS session and a minimtmowf 6
sessions to achieve sub centimeteelalevation accuracies. Therefore, portions of
this task can be combined with the task listed in Section 3.3 by recording static GPS
observations for at leastl®urs and requiring a 3rd data collection session at the
selected RSETods.

Monument datarbm the 2021 network solution will be provided to the Contracting
Party for comparison to monument elevations established by this sArvegort that
describes subsidencetbe monuments will be required (Section 5.3).

3.5 Real Time Kinematic (RTK) Surveys

RTK will be utilized to update elevation all active CRMS hydrology and RSET
stationgn addition to a handful of remaining project specific statidmsillary marsh
and water bottom elevations will also be collected at each CRjd®logy station
while on site

Most CRMS sites have the same set up with one hydrology station and one RSET
station to be surveyed. There are special cases where there is no hydrology station or
RSET rods have been compromised and remo&ecbmplete list ofstationsto be
surveyedcan be found in Tab$éB-2, B-3 and B-4 and special cases are called out in
Tables B5 and B6.

If propagation errors occur due to multipath distortion, conventional elevation surveys
may be performed as long as TBM(s) have been established using &h&ds. The

TBM must be within the 3 mile radius of a LCZ GPS network Deep Rod Monument or
another TBM that has been surveyed into this netwdMkhere possible, existing
CRMS RSET rodsshall be used as TBMs.In addition, a level loop (singleun
leveling) must be performed to minimize the effects of elevation misclosure when using
optical instruments.

3.5.1 Hydrologic Station (HO#) Data Collection on Support Poles

Marks on the continuous recorder (CR) and staff gauge (SG) support poles are to be
surveyed into the LCZ GPS network by the Contracting Paftye Mark (or nail) is to

be the primary elevation point for each CRMS hydrology station. Elevatidinalso
becollected from the tops of theo 0 d e nCR4And &G postas well as water surface

and water bottom elevations near the station (Sectib:3)3.



Hydrologic stations (HO#) consistafto 40x 40 ti mber posts drive
open body of water ith nails driveninto one side of each post (TBM)One of the

40x40 post the dupportgpodle far a sontinupus recor@er, FiguresA-3,
A-4,andAS5Swhi |l e the other 40x4opolpforastafgdugenct i ons

(SG, Figures A4 and A6). The nai l constitut e CPRAhe HfAmar |
utilizes to convert the warlevel data to the NAVD 88 datum (ft). The top of the
40x40 timber posts shall be surveyed and m

the NAVD 88 (ft) elevation of the nailThe nail shall also be surveyed as a check as
outlined in section P ohe 20D Standards of Practice manud@atacollected shall be
sufficient to complete the spreadsheet and data sheets in Apje(feigureD-1 and
Figures D4 andD-5). Survey notes and photos shall follow the detail outlined in
section P of the 2@1Standards of Practice manual.

NOTE: The fAnail 06 has been established in ea
not be established without approval from a CPRA employee.

NOTE: While at the site, verify that the elevations from the two adjacEnal SG
stations make sens@ape down from elevations collected on the CR and SG posts to
water level and verify thatll measurementtaken from each statioare reasonable
relative to one anotheiWater level can change quickly in tidal marshes soatgood

idea to get water elevation measurements at about the same time as all other elevations
are recorded from each CR and SG post.

Special Cases in Hydrology Setups

USGS ran ten CRMS retime stations from program inception through Jul2&0
when they were converted to typical CRMS weattime stations. The USGS
platforms are larger than typical CRMS hydro station$ vieur posts and room for
solar panels and transmitters (Figure7A In most cases, theew, nonreattime
equipment wa atbched to the USGS retiine platform Site specific detailkor USGS
reaktime platformsare provided in Appenx E.

Floating marsh sites are set up differently than attached marshAiteach of the 33
floating sites, there is an open waséation(-HO1) that is to be surveyeals described
above There is also a boardwalk that go#s the marsh wherefboating marsh water
level recorder{V100) is located. M100 stations measure inundation of the floating
mat and are not surveyed to datuBtaff gauge postsave been added to the floating
marsh sites at the boardwalk nearitMeL00 station and those netxlbe surveyeéor

the first time Survey points to be collected floating marsh staff gauge postslude

the Top of Post, Mark (nail), water bottom elevation, and the elevation of the floating
mat at the time of survey. The staff gauge data gk&ptre D-1) and marsh elevation
data sheet (Figure-R) can be utilized for these floating marsh staff gauge surveys.



Previous analyses revealed that seven CRMS hydro stations were redundant (meaning
daily mean water level and salinity were stataticthe same). In those cases, one
hydro station provides data for two CRMS si{@ppendix B Tables B-2, B-4 and B-

5). Stations that have a surrogate hydrology station are identified in CRM30as
stations. There is noydrology equipment to b&urveyed at HOX stations.

3.5.2 Rod SurfaceElevation Table (RSET)Stations

Survey points on CRMS RSET station#i ncl ude the top of the
steel rod and the collar mounted to the (f&idures A8, A-9, A-10 and A11). In order

to access thesstatons boardsa t | e as tshouldbed plated acpss the two
boardwalks tepan the distance betwewrthout disturbing the marsh surface. Survey

notes and photos, similéw section Kof the 2019 Standards of Practice manual shall

clearly define the topf the rod and measurements slulobtained from the top of

the collar at the numbéilo position to the top of the rodData collected shall be

sufficient to compte the data sheet in Appendix E\ureD-1 and Figure E5).

There are847 RSET rodsincluded in this surveyAppendix B; Table B-2 and B-3).
Due primarily to erosion and land loss, RSET rods frofRMS sitesthat were
previously surveyed do not require surveys in 2027 (Bdbi2, B-3 and B-6). Active
hydrology stations remain aightof the 17 sites thaho longer have RSET rods (Table
B-4) and thoséydrology stationsand nearby fringe marsto need to be survey¢see
Section 3.5.4 below)

As described irsection 3.4above 52RSET rod thatwere used as benchmarks in the
2021 survey effortemain intat and available for the 2027 survey effpfable B1).
The remaining295 active RSET rodsare tobe surveyed usin@TK precisionand
methodology

353 Marsh Surface Elevationat the Boardwalk

At CRMS boardwalks, marsh elevations will be collectediten locations; two from
each corner of the boardwalk that surrounds the RSET station and two from the marsh
adjacent to the RSET station (FigureBpA

In most marsh types, one marsh elevation per location is sufficient (one from each
location identifed in Figure A8). However in clumpySpartina patengsaltmeadow
cordgrass) marshes where the vegetation can be much higher within clumps of
vegetation than on the mud surface between clumps of vegetation, two observations are
required from each locatmo one to be taken within the clump of Spartina patens and
one to be taken from the mud adjacent to/between the clumps of grass. In this case, 20
elevation shots are to be taken at CRMS boardwalks. Marsh elevations are to be
recorded on the datasheetg@eted in Figur®-2.



I n gener al mar sh surface with respect to

survey rod is resting among |living stems
In order to get a consistent reading it will often leeessary to move stems in some
marsh vegetation where stem density is extremely high.

354 Marsh SurfaceElevation in Fringe Marsh

At some CRMS sites where significant erosion has occurred, the RSET rod has been
removed and only hydrology monitoringrtmues. The Contracting Party will survey
marsh elevation in the fringe marsh near these eight sites §B{#eand B-6 and

Figures Bla to B1g). Marsh elevation will be collected from within living vegetation

at ten locations in homogenous marshes and 20idosain clumpySpartina patens

marsh as described above. There are not specific station locations to be surveyed but
rather the intent is to capture elevation of nearby remaining vegetation to be used in
inundation depth calculations.

At CRMS0302the RET rod has destabilized and has been removed but vegetation
stations remain intact (Table-®. Here, the Contracting Party wilurvey the
hydrology station and will alsmstall a TBM that CRMS data collection contractors
can use to run a loop withlaser level.

3.55 Water Bottom Elevation

Ancillary water bottom elevation date to be collectedpportunisticallyat each

CRMS hydrology statiorand along select waterways between CRMS stations
(Appendix F). The purpose is tanaximize the impacbf the CRMS dataset by
providng CP R A &esastal Master Plan modelers informatiorecessary to
contextualize CRMS hydrology data.

The locations to be surveyattludewater bottomelevationat the base agdach active
CRMS hydrology station along with theansition from water bottom to vegetated
sufacewhere possible The X, Y, Z deliverable format iscluded in Appendix D
(FigureD-7).

NOTE: Surveying CRMS stations is the primary objective of this scope and the water
bottom surveyingd ancillary. The Contracting Party should utilize whichever boat
type is required for the primary objective. Whiengje boats are needed, it may not be
possible to also survey transition to vegetation.

(0]
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Sonde to Shore

Surveywater bottom elevation at thse ofeach hydro station In small channels (<

20 feet wide) also survey a cross section of the waterway froegetatedmarsh
surface across the waterway to the vegetated surface on the opposite bank collecting
water bottorrelevations every five feetn large bodies of watersurvey water bottom

from the CRMS station to the nearest edgel up onto the vegetated surfaas
equipment allows

Up and Down Stream

When stations are located in bayous, canals and other chanmets; water bottom
elevation inthe center of the waterway up and down stream for 100 feet in each
directionfrom the hydrology statiotaking an elevation every ten fedh large water
bodies, orient the 200 foot transect along the typical flow paghf{om inshore
towardsoffshorg and take elevations every ten feet.

While Traveling between CRMS Sites

The CMP team has identifiddcations where channel bathymetry data is lacking and
any and all water bottom elevations would be useful for improving CMP assumptions
(AppendixF). If time in the field allows while surveying CRMS stations, alsovey

water bottom elevations at the center of the channel every 100 ft in locations identified
in AppendixF.

3.6  Methodology Meeting

A meeting will be conducted between CPRA ahd Contracting Party to discuss
methodologies and details of the survey prior to starting field work.

4. LASARD

CPRA maintains the Louisiana Sand Resources Database (LASARD) Program to help
facilitate the identification and management of nearshore, o#fshod riverine
sediment resources. The LASARD database is also used to manage, archive, and
maintain geological, geophysical, topographic, bathymetric, geotechnical and other
related data pertaining to the exploration of sand/sediment in various envitsnmen
(Kanhlil et al., 2022)

The Contracting Party shall follow the LASARD Standard Operating Procedures for
GeoScientific Data Management with respect to data collection and reporting
guidelines for the survey investigation and all other data collectifortef This
Standard Operating Procedure, corresponding attribute specifications, and GIS
templates can be obtained from the CPRA website with the link providgetiron6.

For all questions pertaining to the LASARD program, please contact Syed Khalil at
225342-1641 or syed.khalil@la.gov.



5. DELIVERABLES
5.1 Bi-Weekly Report

Reports will be required on #&i-weekly basis and shall include: (1) sites and
benchmarks visited, (2) status of work completed at each site, and (3) any problems or
encounters with ladowners or lesseesThe biweekly reports shall be sent to the
CPRA Task Manager (Leigh Anne ShalgjghAnne.Sharp@Ila.gdv

5.2  Survey Reports

A survey report shall be generatied each CRMS sitéo be delvered in PDF format.

The report will include but is not limited to a title page with PLS stamp and signature,
a methodology report, and the deliverables listed in Section 3 of this Scope of Work.
These deliverables will include:

a) Data Sheet§ GPSMonument, Continuous Recorder (HO#), Staff Gauge (HO#),
and RSET (EO0#)

b) GPS Sesen Schedules and GPS Log Sheet

c) Tables and Excel Spreadshée@ontinuous Recorder Gauge, Staff Gauge (include
gauge correction factors), and RSET (EO0#)

d) Field Notes That Inclugl Drawings

e) All GPS Data Will Be Provided in a Digital Formatlnding Final Adjusted GPS
Data

f) Digital Static SurveyGPS data in a RINEX format

g) All photographs taken at the site in a zip file

NOTE: Photos in the survey repatallbe photos of the actu@RMS stations at the
time they were surveyed and not stand in, generic photos.

NOTE: Beforedeliverables are finalizedraft versions are to be sent for review and
comment.

The draft and final versions of reports shall be delivered to Leigh Anng Sloastal
Resource Scientist Manager of CPRA in the Lafayette Regional Office who will serve
as Task Manager for this contract. The address is as follows:

Coastal Protection and Restoration Authority
PO box 62027
Lafayette LA 705962027

Physical Adiress:
635 Cajundome Blvd.
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Lafayette LA 70506

Invoices are to be delivered to Leigh Annea&hfor review and processing.

5.2.1 Data Summary - Changes to CRMS Sites

For each batch of survey reports submitted to CPRA, the Contracting Party shall also
provide a spreadsheet that includes:

a) The name of each CRMS station include in the batch

b) Original stationelevation provided by CPRA

c) Updatedstationelevation provided by the Contracting Party

d) Difference between original elevation and updatadionelevaton

e) Any notes on station elevation differences that the Contracting Party can provide

f) Benchmark utilized in 2021

g) Benchmark elevation from 2021

h) Benchmark utilized in 2027

i) Benchmark elevation in 2027

j) Change in benchmark elevation

k) Any notes on benchmark eldian differences that the Contracting Party can
provide.

One spreadsheet with all of the station elevation details shall betsdmith each
batch of reports.

52.2 Survey Precision Report

For each batch of survey reports submitted to CPRACtmracting Party shall also
provide a spreadsheet that includes:

a) Point Name

b) X

c)Y

d z

e) Antenna height
f) Hz Prec (DMRYS)
g) VtPrec (1 sigma)
h) PDOP

i) GDOP

j) HDOP

k) VDOP

) Base Data Age
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m) Positions Used
n) Satellites Used

One spreadsheet with all of the station elevationildeshall be submitted with each
batch of reports.

5.3 Benchmark Summary Report - Update subsidenceestimates with benchmark
data from this survey effort

The Contractig Party shall prepare geport for CPRA that includes changes in
benchmark elevains including any subsidence informatithrat can be extracted from
the 2027 CRMSsurveyeffort. This analysisshall reference previous CPRAInded
subsidence studies and provide an update on observed subsidencépptiesl (
Coastal, 2021, Applied Coakta023, Byrnes et al., 2018yrnes et al., 2022and
CPRA, 202%. Benchmark informatiofrom 2021will be provided to the Contracting
Party by CPRA.

Note: This survey is the first opportunity to estimate subsidence at a subB &R/
RSET statios. The deliverable will be a documetitat summarizes changépdf)
with associated spreadsheets used in subsidence calcu{atsvs .XIsX).
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https://cims.coastal.louisiana.gov/RecordDetail.aspx?Root=0&sid=25156#
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FigureA-9. Example of a boardwalk in an attached maRBET rod is between the two
boardwalks. A board is brought and placed on top to access the rod.

FigureA-10. Rod surface elevation table (RSET) rod and collar.
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Table B1. Benchmarkand elevations from 2021 coastwide survey (Attachment Filename:
Table B1_2021 Momment Elevationsglsx)

2021 Monument

Elevation (ft NAVD 8¢ 2021 RSET surve

Site ID IDNUM BASIN 2021 Monument ID Geoid 12b 2021 Ellipsoid height (ft) 2021 Geoid height (ft)Latitude (dms) Longitude (dms) precision
CRMS0002 2PO E3146 5.34447207 -80.93479527 -86.27926734 30.0705708L  -89.80149753-5 cm
CRMS0003 3PO CRMS0003-E01 -1.66338081 -89.28450762 -87.62112681 30.09938216  -89.27519223-5cm
CRMS0006 6 PO PO33SMO01 1.12532469 -86.15787663 -87.28320132 30.26859101  -89.955770213-5 cm
CRMS0008 8PO P0O29SM03 11.78474136 -75.03914375 -86.82388512 30.11432895  -90.58087063-5 cm
CRMS0030 30PO G275 4.9868616 -82.43085375 -87.41771535 30.28923597  -90.40189773-5cm
CRMS0033 33PO G275 4.9868616 -82.43085375 -87.41771535 30.28923597  -90.40189773-5cm

Table B2. Survey overview including items to be surveyed by CRMS site and project. Additional
detail provided inTables B-2, B-3, B-4 and B-5. (Attachment FilenameTable B2 Table B
2_CRMS Survey Overviewlsx)

Include Site Active Hydro

Project ID BASIN Siteld CRMS IDNUMZ2027 survey Hydro Survey Site Note Station Name
CRMS PO CRMS0002 2 1 Survey Active CRMS Hydro Station CRMS0002-HO1
CRMS PO CRMS0003 3 1 Survey Active CRMS Hydro Station CRMS0003-HO1
CRMS PO CRMS0006 6 1 Survey Active CRMS Hydro Station CRMS0006-HO1
CRMS PO CRMS0008 8 1 Survey Active CRMS Hydro Station CRMS0008-H02
CRMS PO CRMS0030 30 1 Survey Active CRMS Hydro Station CRMS0030-HO1
CRMS PO CRMS0033 33 1 Survey Active CRMS Hydro Station CRMS0033-HO1
CRMS PO CRMSO0034 34 1 Survey Active CRMS Hydro Station CRMS0034-H01
Hydro_Longitude Hydro_Latitude RSET Survey Note Active RSET Station NamBRSET LatituddRSET Longitud

-89.79156 30.10031Survey Active RSET Station CRMS0002-E01 30.10035033 -89.7917732
-89.25201 30.09988Survey Active RSET Station CRMSO0003-E01 30.09938214  -89.252692
-89.98233 30.2636Survey Active RSET Station CRMS0006-E01 30.263548 -89.9822166.
-90.68524 30.22841.Survey Active RSET Station CRMS0008-E01 30.22836389 -90.6852778
-90.32513 30.30395Survey Active RSET Station CRMS0030-E01 30.30389319 -90.3253505:
-90.38704 30.27717Survey Active RSET Station CRMSO0033-E02 30.276297 -90.38753¢
-90.38866 30.30562Survey Active RSET Station CRMS0034-E01 30.30544873 -90.3885604

Table B3 - CRMS RSET Station Locations to be surveyedth current elevation. (Attachment
FilenamesTable B3 _Active RSET Stations.xI9x

RSET Collar 202(

Site ID
CRMS000ZRMS0002-E01
CRMS000CRMS0003-E01
CRMS0008CRMS0006-E01
CRMS0008RMS0008-E01
CRMS003@CRMS0030-E01
CRMS003RMS0033-E02
CRMS0034£RMS0034-E01
CRMSO003%RMS0035-E01
CRMS0038RMS0038-E01
CRMS003CRMS0039-E01
CRMS004TCRMS0047-E01
CRMS0058CRMS0056-E01
CRMS005CRMS0059-E01

1.543-5cm
1.893-5cm
1.963-5cm
2.673-5cm
1.733-5cm

23-5cm
1.393-5cm

33-5cm
2.353-5cm
1.873-5cm
1.523-5cm
2.223-5cm
1.733-5cm

Station ID  (ft, NAVD88, G12t 2021 RSET survey precision

32

Needs high

precision survey Needs RTK

2027

O OO 000000 OoOOoOOoOo

survey

30.10035033
30.09938214
30.263548
30.22836389
30.30389319
30.276297
30.30544873
30.26713055
30.2133806
30.10733335
30.13419656
30.12573615
30.09308883

PR RPRRPRRPRRRRRRRR

RSET LatituddRSET Longitud

-89.7917732
-89.252692:
-89.9822166.
-90.6852778
-90.3253505:i
-90.38753¢
-90.3885604
-89.6647527!
-90.6775250.
-90.6852500
-90.5339064
-90.4462444.
-90.543019«



Table B4 - CRMS Hydro Station Locations to be surveyedith current elevation. (Attachment
FilenamesTable B4 Active Hydro Stations.xIsX

2026 Mark_Elevatior

Project ID Site ID Station Hydro Survey Site Note (ft, NAVD88, G12b) Current Elevation Note Hydro_Longitude Hydro_Latitude
CRMS  CRMS0002 CRMS0002-HO1 Survey Active CRMS Hydro Station 2.18 -89.79156 30.10031
CRMS  CRMS0003 CRMS0003-H01 Survey Active CRMS Hydro Station 3.87 -89.25201 30.0998¢
CRMS  CRMS0006 CRMS0006-HO1 Survey Active CRMS Hydro Station 4.68 -89.98233 30.263¢
CRMS  CRMS0008 CRMS0008-H02 Survey Active CRMS Hydro Station 4.57 -90.68524 30.22841
CRMS  CRMS0030 CRMS0030-HO1 Survey Active CRMS Hydro Station 4.18 -90.32513 30.3039¢
CRMS  CRMS0033 CRMS0033-H01 Survey Active CRMS Hydro Station 3.86 -90.38704 30.2771%
CRMS  CRMS0034 CRMS0034-H01 Survey Active CRMS Hydro Station 2.92 -90.38866 30.3056:
CRMS  CRMS0035 CRMS0035-H01 Survey Active CRMS Hydro Station 3.98 -89.66461 30.2672¢
CRMS  CRMS0038 CRMS0038-H01 Survey Active CRMS Hydro Station 4.1 -90.67751 30.2134¢
CRMS  CRMS0039 CRMS0039-HO1 Survey Active CRMS Hydro Station 6.82 -90.68524 30.1073¢
CRMS  CRMS0047 CRMS0047-H01 Survey Active CRMS Hydro Station 3.38 -90.53439 30.13387
CRMS  CRMS0056 CRMS0056-HO01 Survey Active CRMS Hydro Station 3.29 -90.44598 30.1255¢
CRMS  CRMS0058 CRMS0058-H02 Survey Active CRMS Hydro Station 5.97 -90.53783 30.1655z2
CRMS  CRMS0059 CRMS0059-H02 Survey Active CRMS Hydro Station 5.48 -90.54301 30.09312
CRMS  CRMS0061 CRMS0061-H02 Survey Active CRMS Hydro Station new station replaces USGS Real-time -90.63932 30.2203¢

Special Cases

Table B3. CRMS sites used as surrogates for nearby sites with the same hydrology. HOX
stations are not active in the field though data is available in CIMS.

CRMS Surrogate Hydro Station Summary
Active Hydro Station | Site without hydro station

CRMS017H01 CRMS01 710X
CRMS0258101 CRMS022H10X
CRMS041H01 CRMS288H0OX
CRMS0558102 CRMS140%0X
CRMS0596101 CRMS144610X
CRMS066H01 CRMS2154H0X
CRMS066#$01 CRMS215610X
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Table B4. CRMSsites withoutactiveRSET stationsand a note on whether active hydro
stations remain.

Site has | Site has
an active | an active
RSET Hydro
Site ID station station Survey Needs
CRMS004¢ 0 0 No Survey at this Sit
CRMSO015] 0 0 No Survey at this Sit
CRMS035¢ 0 0 No Survey at thiSite
CRMS0397 0 0 No Survey at this Sit
CRMS0414 0 0 No Survey at this Sit
CRMS0464 0 0 No Survey at this Sit
CRMS0464 0 0 No Survey at this Sit
CRMS359( 0 0 No Survey at this Sit
CRMS5371 0 0 No Survey at this Sit
CRMS577( 0 0 No Survey at this Sit
CRMSO012] 0 1 Survey Hydro Station and nearby mai
CRMS0174 0 1 Survey Hydro Station and nearby mai
CRMS017¢ 0 0 Survey nearby fringe mars
CRMSO017¢ 0 1 Survey Hydro Station and nearby mai
CRMS019( 0 1 Survey hydro station and nearby mar
CRMS038¢ 0 1 Survey Hydro Station and nearby mai
CRMS051] 0 1 Survey Hydro Station and nearby mai
CRMS3564 0 1 Survey Hydro Station and nearby mai
CRMS0307 0 1 Survey Hydro Statioand install TBM for Vegetation Surve
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Google Earth

ev 0ft eyealt 3303ft

Figure Bla. Locations where marsh elevation iseésshrveyed in the fringmarsh tha
surrounds CRMS0121.

Image ©2026 Airbus

Google Earth

07 Z / 7
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Figure B1lb. Locations where marsh elevation is to be surveyed initige marshnear
CRMSO0174.
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Figure Blc. Locations where marsh elevation is to be surveyed iinitige marsh near
CRMSO0176.

image © 2026 Airbus.
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Figure B1d. Locations wlkre marsh elevation is to be surveyed inftimge marshnear
CRMSO0178.
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Google Earth

Figure Ble. Locations where marsh elevation is to be surveyed ifrittgee marshnear
CRMS0190.

Google Earth

lev i 3ft eyealt 5168t O

Figure B1f. Locations where marsh elevation is to be surveyed ifrittgee mard near
CRMS0386
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Google Earth

clev 1ft eyealt 3

Figure B1lg. Locations where marsh elevation is to be survey@RMS®11 The landowner
does not allow CRMS to access the site with an airboat. The Hydro gtdtiersquareis
accessed bwalking over the leveto asmall boardwkk. Vegetation elevation should be taken
within reach of the boardwalk.

Google Earth
lev. 1ft eyealt 13656 ft O

Figure B1h. Locations where marsh elevation is to be surveyed in the fragmented marsh that
surrounds CRMS8565
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APPENDIX C - Landowner Information
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Table C-1. CRMS landowner contact information (Attachment FilenameAppendix C -
Landowner Contact Informatiaxisx)

CRMS Site No. Parish Landowner Contact Compan Contact Email

0002 Orleans Bayou Sauvage National Wildlife Refuge Shelly Stiaes shelley_stiaes @fws .gov
0003 Floyd Gue floydgue@gmail.com
0006 St. Tamman: Big Branch Marsh National Wildlife Refuge Jimmy Laurent jimmy_laurent@fws.gov
0008 Livingston Elizabeth Richards elizabetharichards @gmail.com
0030 Tangipahoa David McDonald
0033 St. John the Baptist Manchac WMA LA Dept. of Wildlife & Fisheries Rhett Desselle
0034 Tangipahoa Wendy Lauderdale Southeastern Louisiana University Linette Bourgeois
0035 St. Tammany Pearl River Wildlife Mgmt. Area LA Dept. of Wildlife & Fisheries Rhett Desselle
0038 Livingston Maurepas Swamp Wildlife Mgmt Area LA Dept. of Wildlife & Fisheries Forest Burks (MSWMA Biologist) fourks @wif.la.gov
0038 Livingston Maurepas Swamp Wildlife Mgmt Area LA Dept. of Wildlife & Fisheries Shane Granier (Biologist Managen sgranier@wif.louisiana.gov
Telephone Cell Phone Preferred boat Boat to Sonde Boat to Boardwalk Comments

985-882-2000 airboat

504-512-9571 outboard

985-882-2030 airboat

225-921-7040 225-773-4178 surface drive Boardwalk, RSET and Accretion Stations, Vegetation Plots behind his house:

800-999-5788 ) 985-898-0794

225-765-2969 surface drive

985-549-2239 surface drive

225-765-2969 surface drive

985-543-4782 surface drive

985-543-4777
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APPENDIX D - Deliverable Formats
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Continuous Recorder Gauge (H01)

FigureD-1.

Example spreadsheet that shall be completed to verify that the Continuous Recorder Gauge (HO#), Staff Gauge (HO#),

and RSET (EO#) elevations are measured accurately (LRO does not have Marsh Wells for this survey).

42

Top of Recorder |Top of Support Top of Recorder
Support Pole | Pole to Nail or | Nail or Hole | Support Pole to z
(4x4 Post, Cap of| Topof1/4" | Elevation | TopofWater | 'Vater Elevation
Pipe, etc.) Hole Distance
CRMS Station Date Time (NAVD 88, Ft.) (Ft.) (NAVD 88, Ft.) (Ft.) (NAVD 88, Ft.)
318 5/22/2014 1:15 PM 5.77 4.59 0.31
Calculated Differences (Leveling) = 1.18 5.46
Tape Measurements = 1.17 5.40
Differences = 0.01 0.06
Staff Gauge (HO1)
Computed
S Top of Support Top of Staff Staff Gauge %
Sy Sh.ff Pole to Nail or [ Nail or Hole opar sty Gauge Support Water Reading (After Bl e Correction
Gauge Reading " z Gauge Support . 2 (Water
E Top of 1/ Elevation Pole to Top of Elevation Establishment 3 Factor
(Upon'Arraval) Hole Fote Water Distance or Adjustment) Stnsilis
! Staff Gauge)
CRMS Station Date Time Old Datum (Ft.) (NAVD 88, Ft.) | (NAVD 88, Ft.) (Ft.) (NAVD 88, Ft.)| (NAVD 88, Ft.)
318 5/22/2014 1:15 PM 1.41 4.38 5.97 0.31 NA 1.10
Calculated Differences (Leveling) = 1.59 5.66
Tape Measurements = 1.59 5.64
Differences = 0.00 0.02
Rod Sets (E01) & Marsh Wells (W01)
Elevation at Elevation of Elevation at Marsh Well
Top of ROD T°$°°f;°goﬁ:tt° Rod Set Collar| Top of Marsh | P °£;f5t t | Elevation at TBM
SET P at Point #1 Well Post Nail
CRMS Station Date | (NAVD 88, Ft.) (Ft.) (NAVD 88, Ft.) [ (NAVD 88, Ft.) (Ft) (NAVD 88, Ft.)
318 5/22/2014 1.86 1.26 NA NA NA
Calculated Differences (Leveling) = 0.60
Tape Measurements = 0.60
Differences = 0.00




Personnel:

Site / Station:

Date and Time:

Staff Gauge Reading:

Marsh Hooded:

Marsh Elevation Survey Data:

CRMS-Wetlands

Organization:

Ancillary Data

Survey Report Data: Elevations (NAVD88, FT)

Rod to collar

(mm):

Boardwalk Elev 1

(s/c) /
Boardwalk Elev 2:

(S/C) /

RSET:
Top of Cont. Rec. Post:
Top of Staff Gauge Post:

Point
Number CRMS Plot / Location

Easting

Northing

Raw Data Notes

(Feet) (Surface / Crown)
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AVERAGE CROWN ELEVATION

AVERAGE SURFACE ELEVATION

AVERAGE ELEVATION

FigureD-2. Marsh elevation data catigon deliverable format.
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PCRMSTE-SM-07

LAKE PENCHANT

VI CI NITY MA P : Scale: 17=2000’ 2013 NAIP imagery provided by USDA Farm Service Agency
Station Name: "CRMSTE-SM-07"

Monument Location: From Bayou Black Marina in Gibson, Louisiana, proceed southerly in an unnamed canal approximately 0.2 miles to
Shell Canal, then proceed westerly in Shell Canal approximately 1.4 miles, then proceed southerly in Shell Canal approximately 1.5 miles
to the Intracoastal Waterway, then proceed southwesterly in the Infracoastal VWaterway approximately 3.0 miles to Copasaw Canal, then
proceed southerly in Copasaw Canal approximately 2.2 miles to Bayou Copasaw, then proceed in Bayou Copasaw approximately 1.4 miles
southerly to Huth Canal, then proceed southerly in Huth Canal approximately 5.2 miles to a trenasse located on the southeast bank of a
pipeline canal and on the east bank of Huth Canal, leading into a pipeline canal, then proceed down the trenasse into the pipeline canal,
then proceed easterly in the pipeline canal approximately 2.8 miles to the monument located on the south bank of the pipeline canal

Monument Description: NGS Style floating sleeve monument; 9/16” stainless steel rods driven 100 feet to refusal. set in
a sand filled 6” PVC pipe with access cover.

Stamping: CRMSTE-SM-07
Installation Date: 09/26/07 Date of Survey: May 2014

Monument Established By: Morris P. Hebert, Inc.
For: Louisiana Department of Natural Resources, CRD

Adjusted NAD 83 Geodetic Position
Lat.  29°27'33.3003"N

Long. 90°53 03.1969"W

Adjusted NAD 83 Datum LSZ (1702) Ft
N= 349,127.76

E=  3,423,761.95

Adjusted UTM, NAD 83 Datum (Zone 15) Meters
N= 3260732043
E= 705,183.434

Adjusted NAVDS88 (2011) Height
Elevation Geoid12A = 2.75 feet (0.839 mitrs)

Elevation Geoid99 = 3.50 feet (1.068 mirs)

Geoid12A Height = -24.903 mirs.
Ellipsoid Height = -24.064 mitrs.

Geoid99 Height = -25.132 mirs.
Ellipsoid Height = -24.064 mirs.

Adjusted position determined by T. Baker Smith, LLC for Coastal Protection and Restoration Authority

Figure D3. GPS Monument example data sheet. Peb#ilbe updated with current
photograph of the monument.
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CLOVELLY FARMS

- CRMS0190-CR-HO1

E

VICINITY MAP: Scl: 17=2000’ 2013 NAIP imagery provided by USDA Farm Service Agency
Station Name: CRMS0190-CR-H01

Location: This Station is located in Bayou de la Gauche in Lafourche Parish and is approximately 4.4 miles easterly from the LA
Highway 308 in Cut Off, Louisiana.

Gauge Description: The gauge is a continuous recorder type gauge attached to a 4" x 4" treated wood post with data collector
box and a Reference Nail driven horizontally.

Date of Survey: June 2014

Continuous Recorder Gauge

NAD83 Geodetic Position:
Lat. 29° 32' 23.505"N
Long. 90" 15’ 53.064"W

UTM, NAD 83 Meters (Zone 15) Coordinates
N= 3,270,921.14
E= 765,070.13

NAD83 Datum LSZ (1702) Ft:
N= 379,746.6
E= 3,620,632.7

Top of 4x4 Post Elevation — NAVD 88 (2011)

4.42 feet Geoid12A

5.09 feet Geoid99

Top of Nail Shank Elevation — NAVD88 (2011)
2.53 feet Geoid12A

3.20 feel Geoid99

Position Determined by using Real-Time Kinematic (RTK) survey from Secondary GPS Monument "BA02-SM-01"
Adjusted Position Established by T. Baker Smith, LLC for the Coastal Protection and Restoration Authority

Figure D4. Continuous Recorder example data sh@&totoshallbe updated with current
photograph of the statio
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CLOVELLY FARMS

@ CRMS0190-SG-HO1

|
¥

V|C|N|Y MAP: Scale: 1 ”=200 2013 NAIP imagery provided by USDA Farm Service Agency
Station Name: CRMS0190-SG-HO01

Location: This Station is located in Bayou de la Gauche in Lafourche Parish and is approximately 4.4 miles easterly from the LA
Highway 308 in Cut Off, Louisiana.

Gauge Description: The gauge is a ceramic coated tide gauge attached to a 4" x 4" Treated Post.

Date of Survey: June 2014

Staff Gauge

NAD83 Geodetic Position:
Lat. 29° 32'23.518" N
Long. 90" 15'53.023" W

UTM, NAD 83 Meters (Zone 15) Coordinates
N= 3,270,921.55
E= 765,071.22

NAD83 Datum LSZ (1702) Ft:
N= 379,747.9
E= 3,620,636.3

Top of 4x4 Post Elevation — NAVD 88 (2011)

6.04 feet Geoid12A

6.71 feet Geoid99

Top of Nail Shank Elevation — NAVD88 (2011)
2.95 feet Geoid12A

3.62 feel Geoid99

Position Determined by using Real-Time Kinematic (RTK) survey from Secondary GPS Monument "BA02-SM-01"
Adjusted Position Established by T. Baker Smith, LLC for the Coastal Protection and Restoration Authority

Figure D5. Staff Gauge example data sheBhotoshallbe updated with current photograph
of the station.
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VICINITY MAP: Scale: 1" = 2000’ 2013 NAIP IMAGERY PROVIDED BY USDA FARM SERVICE AGENCY

Station Name: CRMS0292-E01

Location: Near the west bank of Bayou Lafourche, approximately 2 miles north of Port Fourchon, in Lafourche Parish, LA.

Monument Description: 9/16" stainless steel rod driven to refusal in a 6" PVC sleeve. Number of rods used: 20 Total Rod
Length: 79.38 feet. Top of collar to top of rod distance: 0.63 feet.

Date Of Survey: June 2014
Monument Established By: T. Baker Smith, LLC

Deep Rod RSET

NAD 83 Geodetic Position:
Lat. 29° 08' 28.4267" N
Long. 90° 13'41.0109" W

UTM, NAD 83, Meters (Zone 15) Coordinates
N= 3,226,811.041
E= 769,674.792

NAD 83 Datum LSZ (1702) Feet
N= 234,901.18
E= 3,633,694.82

Top of Rod Elevation — NAVD 88 (2011)
2.60 feet Geoid12A
3.36 feet Geoid99

Top of RSET Collar Elevation — NAVD 88 (2011)
1.96 feet Geoid12A
2.72 feet Geoid99

Position Determined by using Real-Time Kinematic (RTK) survey from Secondary GPS Monument “TE23-SM-01"
Position established by T. Baker Smith, LLC for the Coastal Protection And Restoration Authorily.

Figure D6. RSET example data shedthotoshallbe updated with current photograph of the
station.
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Water Bottom and Marsh Edge Survegd®rt Format

Observation Latitude | Longitude| Elevation| Survey Note

number

CRMSO0006HO01 | 29.001 |-90.001 |-4.1 water bottom

CRMSO0006HO01 | 29.002 |-90.002 | 0.5 edge

CRMSO000GHO01 | 29.003 | -90.003 |1.2 within
vegetation

Figure D-7. Deliverable format for ancillanyater bottom and marsh elevation surveys.
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APPENDIX E 7 USGS RealTime Station Details
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USGS RealTime Stations

CRMS0061

Figure F1. Photo of CRMS006HO02 which is mounted onpostnext to the old USGS real
time four post platform. Survey the GRd SG as with any other site and ignore the old USGS
four post platform.
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