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Objectives and Agenda

Provide Land Surveyors with information to determine Base 
Flood Elevations (BFEs) in a Zone A stream.

• Flood Zone Overview.
• Mapping methods
• Hydrologic Methods

• NRCS TR‐55
• USGS StreamStats (web based method) 

• Hydraulic methods
• Elevation Certificates for Zone A Streams.
• Letter of Map Amendment (LOMA)
• Case Studies
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Flood Zone Overview
Key Definitions

• Special Flood Hazard Area – The area on a Flood Insurance Rate Map (FIRM) 
which is subject to the Base Flood.   Also known as the A Zone or V Zone or the 
Regulatory Floodplain.

• Base Flood – The flood having a 1% chance of being equaled or exceeded in any 
given year.

• Base Flood Elevation (BFE) ‐ Height of the 1% annual chance (100 year) flood 
measured in feet above sea level

• Zone A – Areas subject to inundation by the 1‐percent‐annual‐chance flood 
(“100‐year flood”) event generally determined using approximate 
methodologies. Detailed hydraulic analyses have not been performed, no Base 
Flood Elevations (BFEs) or flood depths are shown. Mandatory flood insurance 
purchase requirements and floodplain management standards apply.
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Understanding the FIRM ‐ Riverine

6

Floodway Zone X Shaded 
Zone XZone AE Zone A

 Insurance implications and regulatory requirements



SFHA Boundaries and Elevations
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BFE ‐ Height of the 
1% annual chance 
(100 year) flood 
measured in feet 
above sea level

Flood profiles in 
Flood Insurance 
Studies typically 
represent BFE for 
10, 50, 100, and 
500 year floods.



FEMA Maps and Data

• Flood Insurance Rate Map (FIRM)
• Flood Insurance Study (FIS)
• Community Identified Risk

• Historic high water marks
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SEARCHING AND READING FEMA MAPS
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1. Google search for FEMA Flood Maps:  https://msc.fema.gov/portal/home

2. Enter address in search box



SEARCHING AND READING FEMA MAPS
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Select “Dynamic Map” or “Map image” to download
Click “Go to NFHL Viewer”



SEARCHING AND READING FEMA MAPS
• Enter the address in the search window. Click the Search icon.
• Click the Point icon at the desired location.
• Select Firmette size and pdf format.
• Click Run.
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SEARCHING AND READING FEMA MAPS
• Click the link for the output file.
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ANOTHER APPROACH USING GOOGLE EARTH
• Download and install Google Earth (earth.google.com)
• Search for FEMA KMZ (not the Stay Dry file), Note below that previous 

versions will not work properly. Newest version is 3.4 as of 12/2024.
• Save the file to your desktop
• Double click the kmz file to run inside Google Earth. 
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GOOGLE EARTH KMZ SEARCH
• Enter property address or location in search field.
• Under “places”, select the appropriate FEMA check boxes.  Use:

• Legend if needed
• Flood Hazard Zones
• Base Flood elevations
• Cross Sections and Coastal Transects
• Turn on FIRM Panels as needed.
• Zoom in or out to pinpoint the location desired.
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ELEVATION CERTIFICATE SECTION E
• Section E – Building Elevation Information for Zone A.

• Floor elevations shown in feet above or below the HAG OR LAG.  
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Additional Data Not on FIRMs
• Zone A floodplains present a challenge

• No BFEs available to inform how high to 
build

• Automated H&H was run for Zone A 
• Floodplain exists behind the scenes
• Not detailed enough to be included on the 
FIRMs but can be used to approximate a 
1% flood elevation

• Caveats: bridges and culverts not taken into 
consideration

• Requires special skills to interpret data
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Zone A cross sections may be 
available



Estimating a 1% – Contour Interpolation

• Obtain site topographic map 
• Reduce/enlarge to FIRM scale.
• Overlay Zone A floodplain 

boundary on the topographic 
map

• Does floodplain boundary follow 
contour lines?  
• (Elevations must be within one‐half of 

the contour interval of the map.)

• If accuracy is acceptable, 
determine the 1%.
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Estimating a 1% – Data Extrapolation

• Be within 500 feet of the detailed study area.
• Have floodplain characteristics similar to the detailed study area.
• Have no hydraulic structures such as dams and bridges. 
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Other Mechanisms to Update FIRMs
Letters of Map Change (LOMCs)

 To remove the mandatory flood 
insurance requirement

• Inadvertent inclusions –
structures built on naturally 
high grade above the SFHA

• Structures elevated on fill
 To update the map due to:

• Better topographic data
• A physical change in the 

floodplain
• Better modeling
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*Caution: Placement of fill around an 
existing foundation to increase the 
LAG could result in non-compliance



Why Apply for a LOMC?
• Most Common Reasons:

• Remove the mandatory flood insurance requirement (at the option of 
the lender.)

• Adjust/refine flood insurance rate information
• Better understand the flood risk associated with a structure or property

• Other Reasons:
• To support a floodplain development permit application
• To understand the effects of proposed development in the SFHA
• To reflect the effects of recent development in the floodplain

• Watercourse alterations/repairs
• Bridge/culvert/roadway repairs
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Letters of Map Amendment (LOMAs)

 LOMAs provide flood zone 
determinations for individual 
properties and structures

• Usually used to show 
structure is out of the SFHA

• Not required by floodplain 
management regulations

• Based on natural ground 
elevations

• No physical change to the 
FIRM
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Letters of Map Revision (LOMRs)

 LOMRs physically update or 
refine the flood hazard 
information on the FIRM

• Results in adjustments to 
the height of the BFE or 
boundaries of the SFHA

• Ensures that the FIRM is 
the most accurate 
reflection of the flood 
risk

• Requires engineering 
analyses and scientific 
data
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Requirement to Submit New Data
 Development occurring in AE without a designated 

floodway for proposed increases of more than 1.0 foot

 Floodway encroachment greater than 0.00’ of rise (no‐rise 
requirement)

 Submission of new technical or scientific data accepted at 
any time

23

The Coordinated Needs 
Management Strategy 
(CNMS) tracking tool is 
used by FEMA to track 
map update needs. 
Communities can share 
needs with FEMA using 
this tool.

The Coordinated Needs 
Management Strategy 
(CNMS) tracking tool is 
used by FEMA to track 
map update needs. 
Communities can share 
needs with FEMA using 
this tool.



LOMC Application Forms
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MT‐EZ
•Single‐lot or single‐
structure residential 
LOMA requests

MT‐1
•Multiple‐lot or 
multiple‐structure 
LOMA requests

• LOMA request for 
commercial properties

•CLOMAs and CLOMR‐
Fs

• LOMR‐Fs
MT‐2

• LOMRs and CLOMRs



LOMA PROCESS
1. LOMA GOAL – To remove a structure or parcel of land from 

the flood plain 
• Most often used for ZONE A Streams where no BFE has been 

determined.
• No FEMA fees to process LOMA for single property.

2. Hopefully to eliminate the need to purchase flood insurance. 
• Owner may qualify for refund of one‐year Flood Insurance premium, 

if already has insurance.
• Owner must check with lender to determine if LOMA is successful, 

they will waive the requirement to purchase flood insurance.
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LOMA PROCESS

26

DETAILED SURVEY DATA NEEDED TO PROCESS A LOMA
•Form MT-EZ OR MT-1 for Elevation Data.
•Elevation Certificate with No BFE indicated.
•Tax Map or Recorded Subdivision Plat
•Copy of Record Deed with Recording information shown
•Survey and plan of stream with Cross-sections of surrounding properties 
and dwelling to enable BFE to be computed.  

•FEMA will compute the BFE at no cost, compare the  BFE with the 
LAG, and then issue a LOMA if the BFE is below the LAG.

•LOMA most commonly completed as an On-Line Letter of Map Change. 
(On-Line LOMC)

•Process takes 45-60 days once submitted to FEMA.
•No guarantee of success
•Google Earth overlay is not necessarily an accurate indication of a 
successful LOMC (even if GE indicates structure is in the flood plain).



COMPUTING A BFE
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FIELD SURVEY REQUIREMENTS
• Tie survey to current FEMA vertical datum.
• Three cross-sections minimum plus enough spot grades to 

prepare a contour map of the survey area.
• One section 50-100’downstream of point of interest.
• One section 50’ downstream of POI.
• One section at POI.

• Locate any culverts or bridges downstream of POI (100-200’). 
Include dimensions inverts and take pictures!

• Be sure to survey IN the stream to get lowest point in flow line. 
Top to top of bank should be perpendicular to flow line.

• Survey should extend to beyond the limit of the Zone A line.
• Locate edges of wooded areas or changes in the flood plain 

ground cover.
• Locate buildings and grades around buildings and floor 

elevations.



Example Plan

COMPUTING A BFE
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X-sect 30 & starting station 10+00
Faces downstream

Flow



MAPPING REQUIREMENTS
• After completing survey, break down contours to 

create plan view. Use 10 or 20 scale or larger. 
• Cut cross-sections perpendicular to flow (bend as 

necessary).
• Plot cross-sections facing downstream.
• Number cross-sections starting downstream moving 

upstream.
• Allow gap in numbering to allow for inserting 

additional cross-sections (10, 20, 30, etc.)
• Stationing across cross-section should NOT coincide 

with elevations to avoid confusion. (For elevations in 
300 range, use stationing starting at 1,000, e.g.)
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COMPUTING A BFE
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Example Cross-section

Mannings n out of bank Mannings n channel

Changes in “n”



COMPUTING A BFE
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Compute 1% Flood Flow using SCS TR-55
• Delineate Drainage area to POI from USGS Map
• Start at downstream cross-section, delineate DA perpendicular to flow.
• Planimeter or scale DA from CAD drawing. 
• PASDA mapping used to determine ground cover/land use.



COMPUTING A BFE
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Compute 1% Flood Flow using SCS TR-55
• Use Web soil 

survey to look up 
Hydrologic Soil 
Groups.

• Compute 
weighted CN for 
each land use and 
HSG.

• Use NOAA Atlas 
14 for 24-hour 
rainfall data



COMPUTING A BFE
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Use NOAA Atlas 14 rainfall data 
or Township ordinance.

• Web site: hdsc.nws.noaa.gov
• Click the map for PA.
• Select Precipitation depth, 

English units and Partial 
duration.

• Type in the address of the site 
location.
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Using NOAA Atlas 14 rainfall data.

• Web site: 
hdsc.nws.noaa.gov

• Click the map for 
PA.

• Select Precipitation 
depth, English 
units and Partial 
duration.

• Type in the 
address of the site 
location.
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Using NOAA Atlas 14 rainfall data.
Use 100-year, 24-hour duration storm.
Rainfall = 7.62 “
Township Code required 8.4”
Use 8.4” (conservative)
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Using NOAA Atlas 14 rainfall data.
• Use 100-year, 24-

hour duration 
storm.

• By selecting the 
submit button at 
the bottom of the 
form, this txt file is 
created and opened 
in Excel.

• Similarly, you may 
obtain rainfall 
intensity data by 
selecting 
Precipitation 
Intensity in the first 
dropdown box.

Point precipitation frequency estimates (inches)

NOAA Atlas 14 Volume 2 Version 3

Data type: Precipitation depth
Time series type: Partial duration
Project area: Ohio River Basin

USA
Pennsyl
vania

Location name (ESRI Maps): Lower 
Merion Twp
Station Name: -
Latitude: 40.0398°
Longitude: -75.3223°
Elevation (USGS): 346.13 ft

PRECIPITATION FREQUENCY ESTIMATES

1000500200100502510521by duration for ARI (years):
0.780.750.710.680.640.60.540.490.410.355-min:
1.231.191.131.081.010.950.860.780.660.5610-min:
1.551.51.431.361.291.211.080.980.830.6915-min:
2.512.392.222.081.941.781.571.41.150.9530-min:
3.663.433.112.872.622.382.051.791.441.1960-min:
4.754.43.943.63.262.922.482.161.731.422-hr:
5.334.924.383.993.63.212.732.361.891.563-hr:
7.216.555.735.144.584.053.42.932.351.946-hr:
9.88.747.476.65.85.064.183.582.852.3612-hr:

11.310.18.627.626.695.844.824.123.282.7324-hr:
12.511.39.738.667.656.715.574.783.83.152-day:

1311.710.19.027.997.015.845.0143.313-day:
13.412.110.59.388.327.326.115.254.23.484-day:
15.213.811.910.79.478.356.996.044.884.077-day:
15.614.212.511.310.29.17.736.755.544.6310-day:
18.116.815.213.912.711.5108.877.446.2720-day:
19.618.51715.814.713.511.910.79.27.8130-day:
22.321.319.918.817.616.414.713.411.79.9345-day:
25.424.422.921.820.519.217.415.913.911.960-day:



COMPUTING A BFE
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Compute Time of Concentration to POI



COMPUTING A BFE
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Compute Peak Flow for 100-year storm
24 Hour Rainfall data from NOAA Atlas 14 (8.4”)



COMPUTING A BFE
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Compute 1% Flood Flow using USGS StreamStats
• Delineate Drainage area to POI from USGS Map
• Start at downstream cross-section, delineate DA perpendicular to flow.
• Planimeter or scale DA from CAD drawing. 128/640 Acres/Sq. Mile = 0.2 SM
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Compute 1% Flood Flow using USGS StreamStats
• Google Search for “streamstats”

• Enter Address in “Search for a place”
• Search for 1314 Old Gulph Road, Bryn Mawr, PA 19010
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Compute 1% Flood Flow using USGS StreamStats
• Click Pennsylvania for Regional Study Area
• Streamlines will appear on the map.
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Compute 1% Flood Flow using USGS StreamStats
• Click on the delineate button
• Select a point on the blue stream lines to delineate the study area
• Select the Stream crossing at N. Ithan Avenue.
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Compute 1% Flood Flow using USGS StreamStats
• If clicked point is valid, the study area will be delineated.
• Click on “Continue” button.
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Compute 1% Flood Flow using USGS StreamStats
• Compare the shape of the watershed with the USGS Delineation.
• Both fairly Close to USGS map. SS = 134 Ac. USGS = 128 Ac.
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Compute 1% Flood Flow using USGS StreamStats
• Click on “Peak-Flow Statistics” button.
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Compute 1% Flood Flow using USGS StreamStats
• Click on “Peak-Flow Statistics” button.



49

Compute 1% Flood Flow using USGS StreamStats
• The appropriate basin characteristics should be automatically selected.
• Scroll to bottom and Click on “Continue” button.
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Compute 1% Flood Flow using USGS StreamStats
• Under build a Report Tab, select available reports to display
• Click on “Continue” button.
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Compute 1% Flood Flow using USGS StreamStats
• StreamStats Report is displayed
• Click Print (I printed to Adobe PDF)
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Compute 1% Flood Flow using USGS StreamStats
• Report Contents – NOTE: The drainage area is outside the limits of the 

Regression Model. Caution is advised using the results.
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Compute 1% Flood Flow using USGS StreamStats
• StreamStats Results – Drainage area = 134 Acres

• NRSCS TR-55 Results - Drainage area= 128 Ac., Q100 = 368 CFS
• 15% Lower than StreamStats, but fairly good agreement, considering minimum D.A. = 2.02 S.M.



COMPUTING A BFE
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Compute normal depth at downstream X-Section

• Velocity V (ft/sec) = (1.486*R2/3*S1/2 )/n
• Flow Q = A*V, where A = area of 

cross-section.
• R=Area/Wetted perimeter (hydraulic 

radius, in ft).
• S= Channel slope in ft/ft from 

starting x-section to next upstream x-
section.

• N = Manning’s n.
• Break up cross-section into each 

change in n value. (3 parts).

• Trial and error procedure
• Slope S is known. (0.014 ft/ft computed from plan) Used 0.0074.
• “n” is known.
• Hydraulic radius computed for given depth.
• Q = the capacity of the channel equal to the computed 100-year flow 

(370 CFS).



COMPUTING A BFE
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Compute normal depth at downstream X-Section 
Spreadsheet included in notes. (Normal_depth in composite channel, 1-9-17.xlsx)



COMPUTING A BFE
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Trial 1 - Compute normal depth at downstream X-Section
• Trial 1 

• Assuming Velocity =  4 fps, 
compute required Area of 
Cross-section. (93 Sq. Ft.)

• Determine depth of flow 
(try 345.0), then compute 
area and wetted perimeter

• Stationing can be used to 
compute wetted perimeter.

• Using Excel, compute Area, 
and wetted perimeter.

• Spreadsheet computes R, V 
and flows.

• Compare results with 
Design flow. 

• Trial 1 overestimated depth. 
Go to trial 2 with lower 
elevation.

Design flow 370 CFS
Slope: 0.014 ft/ft

Computed W. S. Elev: 345.0 ft 
Section Area P R R2/3 n Velocity Flow
TRIAL 1 sf ft ft fps cfs

Left 22.0 35.0 0.629 0.734 0.070 1.843 40.5
Center 61.6 28.0 2.200 1.692 0.040 7.435 458.0
Right 49.0 48.0 1.021 1.014 0.070 2.547 124.8

132.6 111.0 1.195 1.126 4.701 623.4



COMPUTING A BFE
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Trial 2 - Compute normal depth at downstream X-Section
• Trial 2 

• Compute required area 
tor trial 2 using 
Velocity of Trial 

• Try 344.5.
• Compute area and 

wetted perimeter
• Using Excel, compute 

Area, and wetted 
perimeter.

• Spreadsheet computes 
R, V and flows.

• Compare results with 
Design flow. 

• Trial 2 underestimated 
depth, but is close 
enough to 0.1 ft depth. 

 Trial 2 Required Area: 78.7
Computed W. S. Elev: 344.5 ft 

Section Area P R R2/3 n Velocity Flow
TRIAL 2 sf ft ft fps cfs

Left 7.2 24.0 0.298 0.446 0.070 1.121 8.0
Center 47.8 28.0 1.707 1.428 0.040 6.279 300.1
Right 27.1 36.0 0.753 0.828 0.070 2.079 56.3

82.06 88.0 0.933 0.954 4.442 364.5



COMPUTING A BFE

58

Plot the resultant flood depth on the plan

Computed flood plain



COMPUTING A BFE USING BACKWATER ANALYSIS
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Results using HEC-RAS computer software
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Documentation for a LOMA
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Required 
• Recorded plat map or 
• A recorded deed accompanied 
by tax assessor’s map

May be Required
• Certifiedmetes and bounds 
description and map

• Elevation Form with the 
certified Lowest Adjacent 
Grade (LAG) or Lowest Lot 
elevation(s)

• Other elevation data



Documentation for a LOMA
FEMA will compute the BFE for single property!

62

Types of LOMAs

Removal of structure(s) or removal of a portion or all of a property 
described by metes and bounds.

Required information

In order to analyze the property, an accurate survey tied to FEMA 
datum is required.

Form MT‐EZ (elevation form) used to describe the property 
elevations.

An elevation certificate is also suggested. Required 
• Recorded plat map or 
• A recorded deed accompanied by tax assessor’s map

May be Required
• Certifiedmetes and bounds description and map for portion of 
property to be removed.



Form MT‐EZ
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Form MT‐EZ
May not be used if fill placed to raise ground below the BFE. 
Check the appropriate block for the removal request.
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Form MT‐EZ
Complete for either structure or land removal.
Complete property Information
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Form MT‐EZ
Complete Geographic information using FEMA FIS datum.
Use Google Earth for Latitude and Longitude data or GNSS
Complete FIRM information from your Firmette.
For Zone A, there will be no BFE (indicate none or N/A).
Sign and seal the document.
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Common Application Issues – LOMAs

 Failure to write the legal property description and address on the 
application

 Failure to enter contact information and sign/date the application
 Submitting a deed or plat map that is not recorded
 Missing vertical datum on the Elevation Form
 Elevations not based on finished construction for an as‐built determination
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Online LOMC
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 Allows a FIRM amendment or revision to be requested through an 
online platform instead of mailing in an application

 Supporting documentation can be uploaded online and case‐related 
correspondence is e‐mailed to the applicant



eLOMA Eligibility
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Not Eligible for eLOMAEligible for eLOMA

Structure/lot elevated by fillStructure/lot on natural ground

Multiple structures/lots; condominiumsSingle structure/lot

Proposed constructionExisting structure

Zones A, V, VE, V1‐V30, AO, D, B, C, XZones A1‐30 (except in floodway), 
AE (except in floodway), and AH

Re‐issuances or LOMAs in progressNew LOMA requests

Subject area on FIRM panel revised by LOMRSubject area on FIRM panel has not been revised by a 
LOMR

Structure/lot located on annexed landStructure/lot located on land that has not been annexed



Resources
 FEMA Map Information eXchange (FMIX)

• Toll free by phone at 1‐877‐336‐2627
• By email at FEMAMapSpecialist@riskmapcds.com

 FEMA Map Service Center
 National Flood Hazard Layer – FEMA GeoPortal
 eLOMA (Mapping Information Platform)
 Online LOMC
 Code of Federal Regulations
 LOMC Fee Information
 FEMA Forms
 NFIP Technical Bulletins
 USGS Vertical Datum Conversion Information
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The National Flood Hazard Layer
• FEMA’s nationwide geospatial 
database of all digital effective
FIRM data
• Integrates FIRM data 

including LOMCs nightly
• Available in GIS format 
• FIRM and FIS are still the 

official source of data
• Available in 3 platforms
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Creating a FIRMette
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 Tool on the Map Service 
Center that takes a snap 
shot from a larger FIRM

 Captures map panel, 
scale, and selected area 
to zoom in on

 Useful for floodplain 
determinations

 Would you like a demo?



Questions?

73



SURVEYORS'
Conference

2025

SESSION
EVALUATION

HTTPS://WWW.SURVEYMONKEY.COM/R/2025PSLSEVAL


