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f.'. Zoological Surver4gatle. Mseources Diviaion-Serface Mater *roach 

hh)C40001[ roe FLOCO-INSIMANCI snit is 

A flood insurance study, amide for the Federal lasurance Administration 
MVO of the Department of Mousing and urban Developmeet =DI is ar anal-
ysis of flood imumdstion frequency for all flood plaices within the corpo-
rate limits of the eommumity being studied. The stmdy is an application 
of eurveying, hydrology. and hydraallcs to determime floo4 laserence pee-
alum rates. Nisch of the eurveytag seeded coo be dome by private firms, 
either by ground methods or photogrammistry. Caettacts are seeded to let 
large surveys but purrhase orders cam be used for small ones. Photogtemr 
metric stern models. digital regressioa models, and stop-backuutee models 
are needed for most studies. Des sates data are most involved. 

The principal stave in a flood iseurance stud/ are: Cl) estimate the 
flood peak dischareee at several recurrence interva:,s an the reach, t2) 
translate these to flood profiles. 01 outline inundated areas correspond-
ing to 10C and SJO yeas Troftles, (4) adjust the boundaries of these la-
ced:tad areas accedins to special rut procedures, (5 its flood hazard 
factors (descriptors of elevatior-frequescy characteristics), sad (61 com-
pute noodogary :tbe Channel of a stress and sheet land areas required 
to carry and discharge the 100 year flood without increasing fiord heights 
acre than a specified amount) boundaries it required. A be.ic study ultb-
out r.00dsey is Type 13 The merle study with floodway is 1-Ire IS. A 
floods'y analysis mode for • previous Type LO study it Type I. 

Aftort report is prepared that usually takes tram four tar s,a NOWthe Co 
camp.ete. coots abort $1.300 per river mile studied, aid requires • project 
chief with flood-study background ace/ strong smpport !or surveying, now-
voter. drafting. and admisistrative service.. The report cattalos about 
four pages of write:pp foiloegd by about a doses graphs. profiles, and sops. 
The flood hazard amp (example is appemdial is the mayor rrodact and is 
reproduced and distribeted to individael private isourance alumts. Prin-
cipe_ amp featuree are the 130 aid SOO year flood inundation boundaries 
COWL A. :fit 1) azd the base-flood elevetgroa limos Pester-surface contour's 
of the ltn year flood. usually abbreviated sm. The base flood elevetios 
is the prime. insurance premium factor defimed by a flood insurance stony. 
IPts spet!ified otTcuratT is 400.5 feet. ZONED ls common is reports of large 
aTeal extent and covers areas of possible flood haserd Which were net 
studied for one reason or another. 

FL specIfxes the scope and format of reports. gnus is done by /PIA guide-
:inv. soli :-'s sill be distributed from time to t:aut and by comfe:oesces with 
representatives cf the federal agamcies ierolved. tact agency maintains 
.ts rwin 1-aide:ingrs .7.ind revises them as of as Necessary to keedp up with 
changes Ir. MA's requirent-ets. These Seat' Caidelires !wive been reviewed 
toy r:A our c=rfa-N, nate? branch. They can be ooesidered a..thoritatIve 
in genera: It.-at are not likoIy to apply to unwoual local sitleatioons shore 
Ladi•1-dual ;asp -A. 19 vital. Serioue departures from recommended prac-
tices Lhould be cioared in advanze by FIA through your Aegionial nidrealic 
Specialist. 



	

	

The sational Flood Insurance Act of MS mode specified amounts of flood 
Ins , previously unalyailable from priest. insurers. available monde:' 
federal auspice'. One currently important feature is sUbs/dised inerrance 
for existing property sold at 'chargeable rates' (one uniform scale through-
oat the country). Ac.uarial rates (self supporting' say range from less 
than to rose than ten times chargeabie rates. In return for subsidized 
insurance to esisting properties, the Act require. that local governments, 
usually with state cooperation, adopt and enforce Land use regulation 
xeasures. The required regulations are desigmed to avoid or reduce future 
floo4 damage. Amendnents to the Act Laclede amdslides as flood drupe and 
require mudslide area be restrictions. 

Communities apply to FIA for inclusion it the flood insurance program. 
They nest *bow that zertain minim ml Land use regulations are in effect. 
They must express intent to adopt additional specified measures. Upon 
acceptance of a community's applice-Aon, PIA provides a temporary 
'emergency program' under which local thous-since agents sell insurance 
at subsidized rates for up to toll value of some structures and contents. 
rIA than arranges for a flood Las.srance study of the community, generally 
by the Survey , C,rps, SCS, TWA, SCAM, or consulting engineering firms. 
The conpleted study is the basis for determination of actuarial rates and 
a factor in establishing lead use control measures. The remmining in-
sarance can then be sold at actuarial ratan sad the community has six 
nonths to enact the land use ordlnances. After December 31, 1973. under 
existino ;haw, no properties csa be newly insured or have policies renewed 
except those is communities for which actuarial rates have bees established. 

rlood insurance studios indicate approsimate sone* inundated by the 100 
and SC,? year floods. nostly for Boning purposes. They Liao furnish In-
fcrnatinn from which two insurance parameters can be determined. These 
:actors are (1) elevation of 100 year flood at any point in the study 
area. and t.:* flood hazard factor, a descriptor of flood range and fre-
quency. :as-atone* applicants provide information on building types and 
first floc,r 0)eyations. From these data the actuarial insurance premium 
rate is deteraired. 

ASSIGNMENT or PAWIECTS 

*lost i.lforaation about r:A flood insurance studies will be by phone with 
mail followw from Sag branch personnel to sap districts as follows: 

c,4: every two weeas a list of newly accepted acrIicant communities 
!loud in...irance is sent to distrikts inwolwed. Lae% community 

:isted will event-1441:y require an insurance st- lay, possibly ty the 
Szrvey. This list is only for advance information. 



2. About every two months • list of communities scheduled ter flood 
insurance studies is sent to all organisations that make FLA 
studies. All agencies are invited to indicate their interest or 
lack of interest in making flood insurance studies for the mur 
nicipalities shown. They are also asked to list available data 
pertinent to the study. Do not indicate interest in • study 
unless you are, or can become, prepared to perform the study. 
so costs or other estimates are wonted at this time. Replies are 
usually needed within a week. 

3. About a month after the indications of interest are received FLA 
has selected on* agency few each study. The selection, for 
studies where more than one agency has indicated interest, is 
based on internstion Shown by previous correspondence and in con-
sideration of cost, quality, and promptness of past reports. The 
names of communities allocated to the Survey are given to the 
district involved. A time and cost estimate is requested for 
eae. study. Thrse estimates Should be based on thorough re-
connaissance ant_ carefully prepared work plans. The expense of 
such preparator) work is substar.tial but will be recovered when 
included in the project cost. rwo weeks are usually :l lotted 
to estimate prelaration. FLA intends that an aoency consider 
both the time and cost figures as binding contractual obligations, 
not ordinarily sub)ect to revision. 

4. r:A Initiates work orders as their funds perait. The Affected 
districts are notified as soon as the work order has been pre-
pared. It is safe to start work at thi4 tine. The complete 
executicr of all documents involved by ra and the Survey may 
take months. If contracting-out is necessary before the docu-
manta are processed , checking with FLA through your regional 
hydraulic specialist is advised prior to signing any ccatracts. 
Program summaries Should be prepared and transmitted at this time. 

S. An official notificatioe reguestiag Project Description or revised 
Part F should follow in a mouth or two. 

The detail:- gu.deiLnes that follow are in separate chapters. As HUD's 
needs and air asst:.hods evolve. the guidelines will be revised t , correspond. 
Fut:re revisions will be by chapters rather than the entire guidelines 
package. 



	

	
			

	 	  
	

	

 

	
	

NRCOMMUSSANCE AND COST ESTIMATES 

The reconnaissance is the foundation of a flood insurance study. Whether 
the study will be excellent or poor, late or early, under or overfinanced, 
and a rewarding or onerous task is largely determined during the planning 
stage. 'On the site' reconnaissance allows project per to collect 
first-hand flood information and to get a personal perspective of the job 
at hand. Serious underestimation of time and cost or the omission of high 
priority problem areas from the study is almost always traceable to 'quick 
and dirty' reconnaissance. 

FIX stresses the importance of personal contact with local officials, lead-
ing citizens, and the involvement of the state official designated by FIA 
as state coordinator. 

The reconnaissance Should also include visits to other agencies and private 
firms who have active or completed studies in the area. Profiles and base 
flood elevation lines must agree where two studies adjoin. If both studies 
are being done at the same time, negotiation of differences is possible. 
If another agency has a published MOD or similar study for an adjoining 
area, your study must agree with it unless the reasons for a discrepancy 
are overwhelming. In this case, the diffezemces should be cleared through 
ru before proceeding. 

Accurate time and cost estimates are vital to the continued su:cess of rut 
studies. Cost less than $1,000 per river mile cif narrow channel to be 
cross sectioned and modelled are probably underestimated. Those costs in 
excess of $2,000 per mile where the channel is too deep to wade and the 
overbank is vide are probably overestimated or are planned for closer 
pLecision than tiNe4M0.5 ft that PIA wants. Time and cost estimates based 
on a thorougt, reconnaissance and some simple critical path nethod of 
planning or, strongly encouraged. A flow-chart of a typical CPH analysis 
of a Flood .i..ror,:rance Study is illustrated below: 

CART ENDifIlwalb 41.11. OilsPret 4111101111. 11111111% 

• Work Drafting 
Recqe Survey Computer • Profile 15 Veview a Deliverio 
50T% WIZ qk t eMou.., 4 - 0(05)i 

t 1 

r,/1U 

Ti.. estimate 47 working days • 20 weeks • 5 months 

cost estimate 160 direct days at $113 • $18,100 

Cost per mile of studied channel • L8100 •$1,070 
17— 

Cost estimates for small communities should generally be for the cemplete study 
area. Any cost estimate over $30,000 requires special handling by FIA. Large 
areas. such as counties. townships. and major cities should be estinated in 
phases. Phase I should cover all of the areas of greatest present and potential 
fi.od hazard that can be studied for less than $30,000. Phases II ar.d III etc. 
should cover othe- areas. in order of priority. that car siallarly be studied 
for increments *sailer than $30,000. 

The re...:,nnaissance sheet that you are asked to complete is prisarily f:r 
use in snewering any questions that PIA night ask. It is not a document 
f4rnished to 'IA. 4 
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RECOnAISANCE REPORT FOR FLOOD INSURANCE STUDY 

Community State Type -.. 

Estimated cost of study fromf2Work Pian. CI am Analysis. 0 Other 

Starting Dote Ccsie! ion Date 

Phase 1 Cost 
Phase 2 Additional Cost 
Phase 3 Additional Cost 

Completion date assumes that work will be authorized before 

Municipal officials contacted (Kama. Title. Date) 

State Coordinating Official contacted (Name. Title. Date) 

Principal flood problems and locations (say be shown on page-size sketcl. map) 
4.1•1.11, 

Other sources of data explored 0 Corps, C sou. 0 Other 
No. 

Planned work: riles Cross Sec 

Total channel to be studied 
Total channel to be modeled 
Channel with cross sections furnisned by 
,rofiles to be computed from U' CS historic profile 
Channel vizh acceptable historic profile furnished by 
Bridge geometry to be obtained 
Control levels to be run 

Floodway: Community has C) no floodway preference. Oproposed floodway. nr 
pan enacted regulatory floodway for the following streams 

Floodway far ft surcharge (+70. 30. 02 of surcharge) will be computed 
for all streams profiled except 

Base map (.ample attached) will have publication scale 1' ... ft. 

Work saps. contour interval ft.. 0 GS 7 1/2'. OCS 15'. °Other 

Photogrammetry planned with t ft allowable error 

D Zones. if any, anticipated as stw'wn on enclosure° . or °None 

Adjacent areas previously studied or being studied by others 

Coordinztion of profiles and T-year peaks planned with. 0Corps. scs.0 

Subxitted by t e 

http:4.1�1.11


		

	

		

	

		

	

		

	

		

	

		

	

		

	

		

	

		

	
	
	
	
	

	
	
	
	
	

	
	
	

	

	

	

	

	

	

	

	
	

biORY. SCHEDULE FOR HYPOTHETICAL FLOOD ISSUE STUDY 

REWSKAISSANCE 

Map study of area 
Drive to aad from 
Interview officia!s 
Get historic flood data 
Obtain other agency data 
Select X section sites 
Prepare vork plan 
Make time and cost estimates 

=EYING (3 mar party) 

Drive to and from (2 hours) 
Run control levels 
Run X sections (57 at 1 or 3 per day) 
Locate sections on map 
Prepare punched cards 

SO ALE CO`TUTATIONS 

474elegy: best ncdel 
Run drainage areas 
Run river distances 
Compute basin slope 
Compute area lakes and ponds 
Compute other parameters 
Compute 10, 25, 100. 500 Q 
Tabulate results 

A? PREPARATION 

Obtain best work map 
Obtain best presentation map 
Select final scale and placement 
Obtain final base map segments 
Prepare profile sheets. plot streambed 

MPUTER RI's 

Prepare all input data 
Travel to And from terminal 
Plot profiles, ;ustify anamolies 
Scrutinize floodvay output 
Reconcile tll apparent problems 

Min 

Time in days 

Likely Max 
Vt. 
Av. 

Cal. 
Days 

.5 

.5 

.2 

.5 

.1 

.5 
1 
.5 

.5 

.5 

.3 

.7 

.2 

.7 
1.4 
.5 

.5 
1 
.5 

1 
.3 

1 
2 
.5 

.5 

.5 

.3 

.7 

.2 

.7 
1.4 
.5 

5.0 5 

9 
10 
57 

.5 
3 

10 
12 
63 

.7 
4 

12 
15 
73 

1 
S 

10 
12 
63 

1 
4 

90 33 

.1 
4 
.7 
.7 
.1 
.2 

1 
.5 

.1 
5 
.8 

1 
.1 

.3 
1.5 
.6 

.1 
7 
1 
2 
,.. 

.4 
2 

.7 

.1 
540 
.8 

1.1 
.1 
.3 

1.5 
.6 

9.5 9. 

.2 
.2 
.2 
.1 

3 

.3 
.3 
.3 
.1 

4 

.4 
.4 
.4 
.2 

S 

.3 
.3 
.3 
.1 

4.0 

5.0 5. 

2 
1 
1.5 
.2 
.2 

1 
1.5 
2 
.3 

1 

4 
,. 
3 
.4 

,
-

3 
1.5 
2 
.3 

1.0 

7.8 8 

6 

0 



	
	
	
	
	

	

	
	
	
	

	

WORK SCHEDULE FOR MTPOTIOCTICAL ?LO INSURANCE STUDY 

PROFILE ANALYSIS 

Stiet reaches 
Compute FRP 
Group THY 
Tabulate PR? 

WORK NAP ANALYSIS 

Plot 100-!00 tones 
Plot floodway cross sections 
Add floodvey pips 
Block zoos boundaries 
Plot base-flood elevation lines 
Accent lines for transfer 

Transfer zone boundaries 
Zip-s-tone Zone A 
Transfer base-flood elevation lines 
Transfer floodvay limits (1.0 and 2.0) 
Apply lettering and dimensions 

OMVEI 

Write 
4 
0ISTRICT MVO, 

Report 
Map 
Revise 
Assemble 

IL TO WASH INCT0,1 

Mla 

1.5 
.2 
. 2 

.2 

3 
.3 
.2 

6 
1.5 
.5 

1.5 
.4 

2 
.5 

2 

1 

.2 
1 
0 

.2 

0 

Tien la days 
Vt. Cal. 

Likely Max Av. Days 

2.0 3 2.1 
.5 1 .5 
.5 1 .5 
.5 1 .5 

3.6 4 

4.0 6 4.2 
.5 1 .5 
.5 .7 .5 

10 15 10.5 
2 4 2.2 
.5 .5 .5 

18.4 18 

2 4 2.2 
.5 1 5.7 

3 4 3.0 
.5 .5 .5 

3 5 3 2 

14.6 15 

1 2 1.2 1 

.5 1 .5 
2 3 2.0 
1 3 1.2 
.5 .5 .5 

4.2 4 

0 0 0 4 
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PREPARATION OF MAP AND PROFILE SMITS 

Flood insurance studios require work maps on which flood boundaries and 
river distances are originally determined, presentation mapc for the final 
drafting of flood hazard information, cover sheets which also serve as index 
maps where presentation maps are on more than one panel. and floodway maps. 
These map* are best assembled at the start of the project because they may 
involve long delivery and processing periods and are needed for the sur-
veying and profiling phases. Profile graph sheets with river distances 
indicated and river crossings plotted will also be needed early i‘ the study. 

Work maps.--The USGS topographic 7-1/2 minute quadrangle is usually the 
most satisfactory map for original delineation of flood information. Some 
municipalities have large scale, small contour interval rape available and 
these make ideal work sheets. A few areas have no topographic maps and a 
planinetric work map must be used. The flood boundaries in the latter cast 
must often be laid out in the field possibly at substantial expense, or 
they might be based on high water aerial photography if available. Photo-
grammetry may elim±nate the need for special work mope as inundated areas can 
be delineated directly on the ,stereo plotter. A more complete discussion 
of this method and its many advantages is given in the "surveying" chapter. 

Presentation naps.-- PIA specifications for tho base map. ready for addition 
of flood hlzard information. are: 

1. The sap must be neat end legible with sharp black lines on a white 
background. 

2. The district shall obtain a letter of release for any copyrighted 
maps used. 

3. The map must reflect up-to-date planimetric features. 

4. The scale may bt no larger than one inch equals 400 feet in urban 
areas and no smaller than one inch uquals 2.000 feet in un-
developed rural areas. 

S. Detail not pertinent to the insurance map should be removed 
(property lines, block numbers, etc.) for clarity. 

6. The community boundary must reflect the current limits of 
jurisdiction. 

7. water control structures such as levees. flood walls and sea walls 
must be added to the slap, using U.S. Geological Survey symbols. 

8. Streets and roads should be depicted by double lines. 

8 



One prz:cedure for obtaining such base maps is: 

1. Select best available map and determine the degree of enlargement or 
reduction that will give the fewest panels &mailer than 2 7/8 2 14 3/8 
inches and the best scale. 

2. Cut the map into rectangles that when enlarged or reduced (if necessary) 
will measure 9-7/8 t 14 3/8 

3. Edit sap with white opaque fluid 

4. Have panels photographed. ask for return of full site negatives 
(9 7/8 2 14 3/8) 

5. Clean up and edit negatives with dark opaque fluid. 

6. Have panels printed on mylar with appropriate screen to lighten print. 

7. Write or phone SW3 representative (I. J. Kennedy) giving number of 
panels. scale. and a description of layout of panels. Titled counting 
sheets and pages of lettering will be prepared from this information 
and sent to you for later us. is final drafting as covered under 
"Drafting of Presentation Map" 

Satisfactory base maps, in order of preference. are: 

1. A well drawn planimetric map showing street names that can be clearly 
read at what will be chosen as publication scale. Such maps are 
usually available f..r most small communities. Where an official city 
nap is copyrighted, the municipality can usually furnish a release. 
If the map was made by a private firm for private sales. the owner 
ma) furnish a letter of release for a reasonable fee or may ask so 
much that the map cannot be used. 

If the best available map Is well drawn but poorly lettered (too 
large. too small. illegible, etc.) the lettering can be whited out 
or covered with Leroy-lettered labels. Lot lines and similar irre:e-
vances say best be opaqued on the negatives. 

If the best map of a small community is hopeless (single line street 
symbols, etc.) consideration might be given to tracing it. The in-
ariequiate map can be photostatsd to scale and a tracing made. Plastic 
road and intersection templates are available to ease the drafting. 
Redrafting of larger community maps is generally too time consuming 
to be practical. 

2. CSGS I 1/2' quadrangles, paper copy. without contours are satisfactory 
for lar e.er cminunities. These maps are available for sore quads marked 

on sone state index maps. They are often out of print and not being 
replaced. The 3t rem at.' in blue and oust be inked prior to ptwto-
graphy ar they will not show up on the Mylar print. ihr excellent 
draftisIg of these saps will penult as much as 2x eelargement. 



3. USGS 7 1/2' quadrangle chromatic: greets line prints can be prepared 
from the separation prints of most recent maps. Cost of these ex-
cellent prints is very high wiles prepared by the USCS Publications 
Unit especially if splicing of several quadrangles is required. Time 
required nay exceed a month. Some prints can be obtained through the 
Menlo P ark and Denver Map Sales Offices within a week for about $15 
per quadrangle and you can do your mom splicing. 

4. Standard CSGS 7 1/2' or 15' quads without woodland overprint. 
Streams must be inked before printing. The contours are likely 
to overwhelm the flood hazard informstios Shown on the final maps 
unless extensive opaqueing amd screening of the negatives is used. 
Continuous red tint for sans metropolitam areas will photograph as 
a large black blob. Maps with this tint require special handling by 
the printer who should be consulted before such a sap is chosen for use. 

The chosen map should be cropped at the corporate limits then cut into 
the least number of rectangular panels required to show the area of the 
community. If the sap is to final scale. the rectangles should not exceed 
9-7/8 X 14-3/8 incNes. If the asp is to be reduced or enlarged, the 
rectangles should be correspondingly larger or smaller. The panels may 
be arranged horizontally or vertically or in some combination of both. 
Size and shape of the community and convenient breakdown into panels are 
considerations in choosing a scale. 

Flood-insurance studies are too costly to warrant inclusion of irrelevant 
or low priority areas. Iu order to keep cost within reason. most of a 
county or large township say be classified as area of unknown flood hazard 
(ZONE D) and not studied. This imposes a complication. The outer edges 
of the area actually studied are usually in areas of minimal flood hazard 
(ZONE C). A ZONE C must be completely enclosed by a Zone boundary and 
Zone boundaries should coincide with landmarks, usually roads or streets. 
The outer edges of all maps for partially studied communities must be in 
ZONE D. The limits of the area covered by such maps, or sets of maps. 
should be chosen with landmark roods in sled so that a ZOOK D EONS C 
boundary can be drawn inside the amp limits. 

Printing on Mylar is a photographic process. It provides two opportunities 
for editing. one on the original and one on the negative. Editing of letter-
ing is best done with white opaqueing fluid or white stick-on labels on the 
original sap prior to photography. Removal of lines and large areas of de-
tail is often easier with dark opequeing fluid. on the negative, or for fine 
detail with ink. Spotting and removal of sbrdows around labels is best does 
on the negative. Ineligible areas (incorporated towns within a county or 
tainship being studied) should print out faintly on the final map. To 
accomplish this the ineligible area should be covered exactly coo the nese-
tive with Zip-A-Tone Screen Mo. 600-701(60 line 70Z background black), or 
on the original with Zip-A-Too, Screten lo. 600-30W (white printing. 
transparent dots). 

10 



Almost all naps will benefit from overall screening of the negative. 
Printers usually have an assortment of screens that can be inserted 
berween 04 negative and the semsitlsed Hylar used for the print. The 
screen will cause all black :isms and areas to print as • series of dots 
and appear gray instead of blAck. me shade of gray and dot texture de-
pends on the screen used. Screens are assaused is lines per inch and per-
cent of opaque area. A 902 screen applied to the negative ashes a solid 
black area on the original map print out as 102 black and 902 white on 
the positive print. The best screen for the better quality original map 
will have about 602 density. A badly cluttered map with numerous contour 
lines sight require about 902 density screaming of the negative. Our 
final map will be reproduced by IIA using • photo-mechanical process that 
is not capable of resolving very fine dots. The coarsest screen through 
which the finest lettering can be read, but no coarser then SO lines per 
inch. is usually about right. However. the judgement of the printer after 
he has seen the actual copy to be reproduced is usually the best snide to 
screening. 

Floodvav naps and cover Aineets.-- These are sot necessarily prepared in 
advance of the drafting phase of the study and are covered under "Draftine 

Profiles.-- The basic graph Sheets. or subsequent plotting of profiles. 
should be prepared at this time. Thny will be used during the surveying 
operations to plot law water and stream bed profiles and for quality 
control of contract work. River stationing is measured on the work maps 
and landnark locations can be plotted on the profile sheets. Use river 
miles or river feet for horizontal position rather than a cmbination of 
the two. Conventional vertical scales such as one major eivision equals 
1. 2. 5. 10. 20 ft. etc. are much superior to such odd values as 3. 4. 
etc. If the profile sheets are neatly hand lettered on stapdard graph 
paper. further drafting though desirable is not mandatory. The sheets 
vi 12 be completed after the T -year profiles have been defined and coor-
dinated. and will become a part at the report. 

1 



	

	

	

	

	

SURVEYING 

Surveying is a najor component of a flood insurance study. It ranges from 
simple ground procedures to complex photngrammetry. Levels are needed to 
tie various datums together, to determine mean see level eXsvations of 
high water marks. and for vertical control of Obotogrammetry. Transit-
stadia methods may be .ized to run cross-section surveys with vertical 

error tolerance of ±0.5 ft and to locate the cross sections and their 
zero stations on the maps used. Phetogrammetry is often used to measure 
cross sections and, under some conditions, to delineate flood inundation 
boundaries on a map directly from the stereo models. 

The stream system to be studied in an FIA project includes. as a aim maa, 
all channels with 100 year flood width greater than the following: 

1. Rural areas with low land value 400 feet 

Within corporate limits of communities 200 feet 

3. Areas of known. or potential, flood 
problems 100 fee t 

The nature of the surveying depends on the method of analysis used and 
this in turn depends upon the type of community under study. Moat comp-
amities can be placed in one of four categories. 

1. A community that fulfills the following criteria: (a) no 
floodway analysis required. (b) has only one or two simple 
streams to be studied. (c) these streams are without con-
stricting bridges or dams. (d) streamm have ;sigh water marks 
at horizontal intervals close enough to define profiles of 
a major flood. and (e) the recurrence interval of the docu-
mented flood e"an be determined. The basic approach in such 
a study Is to define the historic profile from the fleod 
marks, transform it to T-year flood profiles. and delineate 
flood zones accordingly. The surveying consists of tying in 
the flood marks by levels. 

A community similar to the above but with highwater MIMS too 
scattered to define a profile within t0.5 ft. In this case, 
or wherever a floodway is called for, a step-backwater model 
will almost always be needed to define the T-year flood pro-
files. Any floodmarks available are used nainly to verify the 
stepbackwater model. This type of study say often be done by 
ground surveying, etcher by district personnel or 4mier contract. 
1lotogramme ry might be considered for sizeable communities. 

3. A community with a complex drainage pattern nt streAms. all to 
1-Ave floadways delineated. A step-backwater -.,44.1 t!.. drain-
.14e network is neede4 .and photogrammatry is usually called for. 



4. A conmunity with some combination of the above situations may 
require a combination of approaches. For instamco, the community 
may have a major stream against a high bluff or flooduall whirr, 
no floodway analysis Ls meeded. That stream may have adequate 
da.a for historic profile, defiaitioa. :be community may also 
have a complex tributary network needles floodwey delimestion. 
In this case the major stream:might ►e analysed by see of the 
histotIc erofile and the Lributeriee studied ►y step-backmeter 
model and photogrammetry. 

The desired accuracy of final war-yr-surface pretties is, like the cross 
sect Sod levels, ±0.5 ft. A ma jor factor of profile accuracy from step-
backwater models is distance between cross sections. Coyve7ance change, 
difficult to discern on amps or pictures. should not generally exceed 
30 percent between sections. Le ground surveying, cost varies directly 
with number of sections. In piotogrammetry. cast is mainly a faction 
of the number of stereo models and distance between cross sections has 
very little bearing on coot. Experience. available if needed from the 
Regional Hydraulic Specialist, is the beet guide to judgemems of optimal 
section location. 

Where ground surveying is used, cross sections are usually run ►y [TMOSit 
or level and tag line or stadia. Boat equipment end 23 ft rod may be 
needed. Use of water surface as starting elevation for cross-section 
levels chould be considered where this elevation can be determined within 
0.5 ft (relatively flat streema with bench marks near soma bridal's). 
This eliminates long lines of cross-comatry tie-in levels. Where large 
scale (1"•2r)0 ftt) close coatonr (2 ft. Laterval) map► are available, 
most cross sections can be taken directly from the maps. Very large 
streams (Mississippi, Ohio. Colorado. Potomac. etc.) :rose settioas can 
be obtained. escept for the underwater portions. from S or 10 ft. inter-
val 7 1/2 min. quid sheets. Extra cross sections and bridge geometry are 
necessary for most crosbings. Sections should also be taken sear each 
gaging station. The step-backwater elevations at the gage can then be 
compared to the station rating for verification of the field selected 
wn" values. 

Phot,,grammetry, as used for flood insurance studies. is usually done in 
two phases, photography and interpretation. Often one firm takes the 
pictures and another analysts them but one firm might do both jobs. The 
flood-prone areas are photographed from am airplane, with a special door 
or a camera hole through its fuselage. wing a precise aerial camera and 
flown by a crew with special training and skills. Most parts of the
country can be photographed only after the snow is gone and before the 
trees leaf out, or after the leaves have fallen and before snow. Both 
these times may he short so pre-planning is vital. Aerial photography is 
impractical in areas where the ground surface is continuously obscured by
heavy foliage. 
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The phoeograpets art studied and locations of crosa-sectios are re:octet 
ap4 plotted veto the ;ttnts. The aegatives sad print* showing 'section 

locatloos are ::erred aver to the coatractor Who usually pert etas the 
control surveying. The picture. are set fe pairs is a stereo plotter 
and ad:us:cid to fora optic.; models of tie covered area. The cross 
section stations amid elastiOse (show, water only) are measured in the 
stereo model usiPg as accessory ,bet peaches out the lalnreatise os 
computer card.. A plan...stile OW with cross sectioes plotted Is as 
important bp-product of the photogrammetric process whica sassally suds 
at this point. District prroommel rum the levels for quality coatrol. 
usu'lly as part of bridge geometry measerememt. sled complete the eager-
water portions of the cross sections. 

Datua.--The earth's surface is La • Stint of movemeet, eves In bird iOcit 
areas. The Upper Talley is moors to Wive raised as such as 
six feet in places aud the Chicago vicinity has lowered about two feet 
Sint, precise leveling was started. Sapid sebsideace of :and surface is 
comae 'Atte cosi. oil. gas. or growled welter is betas removed. Thee* 
phesomena create datum problems is flood Lesseramct studies. 

Ordinarily flood hazard map elevatioes are referred to the same meals *ea 
level datum as was used to prepare the MO topograihic mope of the 
area. Subtoequent re-leweling that ledicates &Lifetree*, xs beech mark 
elevatlosts of only a few tombs of a foot should be Ignored. 

nenr states. cities. and c' stirs have their we artwork:, of leveis and 
refer all toad sad sower elevations to that datum. The datums of *owe 
are arbitrary. others are sole see level based on levels run when the 
nether/. vu started merry years age. lesalcipal beach wart datums are WI 
usually rev:sed lobes !Mt retest 101t see lreel data become available. 
These local networks will oftee he weed to dttermlac flood elevatives of 
insured property. Coacequential disci's/palmetto between level aerworks 
the study area should be evaluated earl's the flood imsuranct study re-
connaissance. They should be disclaimed is the report and an arpropriate 
note placed on the sea. Isample: (Lars flood elevations are above mean 
sea level datum of On. adjestmeet of 054. Elevattloos referred to 
euelcIpal datum should be increased by 1.7 feet to correspood). 

Where rah id gu*.stdence from water. oil. or gas removal exists in a r:ver-
Ine flood area. it shoeld be ignorod as the beech 'marks prdbablv move st 
ahout the same rate as the stream chammels. however. if the published 
national or local bench east elevations have hoes updated. this eubstae-
t.s1 datum dtfiefence must be prilvided for by prepartas apoitr4priate not 
fct inclusion on the map. Subsidence gee to coIlapee of abeadoned 1141141, 
'Mould be censidered case by cars* as it may or may mot be a factor is 
flood insurance. 
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Sulosidenze in AM area fruSIOtt to tidal (106‘1114 111 a serious problem.. 
As tidal lane settles the fleod-preme AMOS IOCS614000, sort Saw drama-
ticAlly. If suarti4001ce has occurred glace the topographic Oa. v00 pre-
par".4. special reunite/ratios is vital. Cermet elevetioas of the amp 
cvntoers was: Se detoraisind Were flood *ewe dellaestioe can be started. 
Levels Nov have bees rua fres outside the eididadeace area to local beach 
aarka severe. times over a *pee of years. An estimate of snhsideace 
rate can a obtaifted 1.7 p1:7- tiag elevatiae chamois of beach aorta against 
da:fe of lovelies. The average curve threegh the plotted points can te 
estented to the present date. The reenitimg value CAM be used to adjust 
contour elevations and fora map motatioe. temmple: (Mee flood Lleve-
ti('ns shorn were obtained by deducting 2.3 ft. estimated smi,sideacy, from 
1959 elevations of ICS and USGS bench marks. See City Engineering Depart-
Nem: for corresponding ad;ustments to other besch-eark elevstioss). 
flood hazard ear snould repo seat current cemditions. Problems related 
to future subsidence vi 11 be beadle/ as they arise. 

Al: ...inusual datAa problem wolutioca are best cleared with ru through 
!row regiosal hydraulic specialist before proceeding farther with the 
otudy. 



	

 

	

CONIZACTING fa sown= won 
The lama surveying required for the larger flood ineurance studies is 
substantial and beyond the capacities of most district staffs. Hefty 
private firms nave highli skilled Craft mad sophisticated equipment 
available. They cas furnish the eureeye at reasonable cost is misimum 
time. however. if private firms are to be used. development of district 
skills in procedures for placing orem-market purchase orders and sago-
tiati!‘g cortra..ts say be necesaary. That follostag guidelines are in-
tem:1*d rrinefi4 for these districts with little or no past experience 
la zontracitne-or,st wurvey work. With the 'sidelines aid help with the 
first few cvnt!- a.ta by the Adninistrative Division arranged by the 
legional Nydrak.lic Specialist through the ifilD Administrative Ufficer. 
the Leceswary experience in of contract magotiation with Frivate 
firms can be garbed. 

The Survey can buy products but mot services (without special approvals) 
from private fIrme. We can purchase • product that we can describe but 
not the hours of time to make that product. A district can procure items 
costing up to S1.000. and a rectos up to $2040. on the ?pen markit. 
These limits say tt, raised in the future but are complete:y bIndisg now. 
A purchase must not be -split" so as to keep it wader the 11.000 or $2,500 
linitations. Larger purchases require contracts. Any substaltial purchase 
Sy contract or on the open market, requires that potentla! vendors be given 
as cpportcnity for conslieration. Puretases between S250 and $5,000 
3Sould '-ave supporting information in the files that at least three, and 
rreferably sore, vendors were coostderec or that proposals were invited by 
posting notices in prominent and logical places for reasonable lengths of 
t.ma. ?urchasels over SS.000 Should be preceded by publication of a troop-
sis in the -Commerce business Daily" published by the Department of 
Commerce. 

Procurements in excess yf S.1..S00 emit be bandle4 br the AJuinistratIvw 
:ivision. For these ptocurements you provide use specifications and they 
obtain the proposa,s and pcoceed with your technical assistance to award 
a .ontract. :sue to short program time it is advisable to telephone the 
applicable Aeministrative Division procurement office In Washingtom, 
Denver. or Menlo Para as xoon as the requiremeat is known; i.e. when PIA 
has requesteNd time and kost proposals. Such an early start sLould save 
l5-30 days In rrocesstn* time. The contact is Washineton. D.C. is Mr. 
Jim Duncan. :02-141-6511. The districts and regions rho go to Denver and 
lienlo Part for pro‘uroment assistance should coatacc the Service and Supply 
officers for those areas. 

The genera: pr.ictdure for procurement of spat surveys is (a) prepare state-
slemt of ez're. tc be datte, (b) prepare list of local firma capable and likely 
to do the work. (c) synopsize the work to be done if applicable. and Telesis., 
through the procurement office a request for psoposals with teamical por-
tion to be eubnitted in one envelope and cost proposal ir a (second envelops, 
(d) wait the specified interval for proposal preparatio0N. (e) tpen the pro-
pJsals cval.iate wti.h, if any, are acceptable. (f) negotiate further 
for the best (+tier to the Covernmeet if modification of their proposals 

res4:t in a !Ore sAtiSfaCtOTT 141 or price, (g) prepare the purchase 
order at contract. 

http:cvnt!-a.ta


The 'tea to be purOtased should le described so that it cannot be els-
Aerial photography descriptions should include camera type.underet,,od. 

focoi length of lens, negative scale. area to be covered, overlap, phote 

q.sa1i:v. allowable clouds. snow mnd foliages sod any other factors whose 
neglezt could lead to rejection of the product. Cross sections. high 
%tate! sarks. cr level lines can be illustrated on maps or phe.tographa. 
The descriptions for ground surveying work need not be as meticulous as 
for photftgraimetry. but accuracy requirements should be stated. The work 
to be described in contract specifications oust be planned in greater de-
tail thin is usual for "in shop" stork. Planning and describing level lines 
and cross section surveys by ground methods presents no unusual problems. 
Planning and describing aerial work requires greeter understanding of 
photogrmemetry than eost WID hydrologists have. Help in "loaning the 
first job or so can usually Se obtained from an aerial photography fits 
interested in doing the job. or consultation can be arranged through the 
gegional tedraulicr Specialist. In either cams a general knowledge of the 
factors involved is very helpful. 

FrI2tograznetry. as used for flood insurance studies, requires (1) aerial 
7,10tographs of adecuate scale. clarity. and stereo coverage. (2) ground 
control to determine scale, (3) optical stereo models of the terrain made 
b!. using rte photography and control in a stereo plotter. and (4) measure--
sent of the desired cross section data la the model. Precise maps of cotes 
can be made photogrammetritally from close up pictures or 100 ft. contour 
interval naps can be made from relatively few high altitude ph otograph*. 
hazimun precision of measurement in an optical model varl's directly with 
flight height of the original photography. Doubling flight height reduces 
number cf stereo models. or photographs, by a factor that w approach .. 
Cost of tie, work depends largely on the tetembvr of models. Photography is 
relatively iumensive. compilation mod control surveying are the main cost 
items. 

Specified accuracy of photogramnetry is its major cost factor. a complex 
consideration. and is usually thought of by photogrammetrists in terms 
of contour intervals and Itational Map Accuracy Standards. These standards 
include the requirement that 90 perceet of the elevations indicated by 
the contours be correct within half a contour interval. Flood insurance 
7hotogrammetry does not ordinarily involve contours but the accuracy re-
cuirement can be related to contour intervals. A 4 ft. contour interval 
limits vertical error tolerance to 2 ft. Coctouting is an averaging 
process. Point elevations are given individual attention and can be deter-
wined with about twice the precision of co-tours. Accordingly. photostam-
metry ode irate for 4 ft. contours should furnish individual point eleva-
tions of cross sections within 1 ft.. 90 percent of the time. 

Design of photogrammetric operations. assuming the usual b inch lens en • 
modern precision aerial camera. it based on an emperfcal forieuia in general 
use: Cop.tnur interval z C :actor • MAX Flight Height. ZnIs can be wri.tca 
.or cross section measurement as: MAX 104144014 • Allowable error I C Pastor

4. 
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Maxtmun height above average terrain. directly related to accuracy. 
should usually be left up to the contractor where one fire is pro-
posing to do both photography and compilation. If pnotograpby alone 
is being purchased and compilation is likely to be by another firm 
maximum flight height or minimum scale of photo negative seiculd be 
specified as well as ownership of the negatives. 

C factor is • universally vied measure of technical excellency that 
usually varies between 600 and 1500. Its magnitude depends on the 
quality and condition of the aerial camera and stereo plotter used as 
veil as the skills and moods of pilot. photographer. stereo compiler, 
and ground survey crew. Moat firma will risk a higher C factor with 
correspondingly higher flight betthts if they control the job from start 
to finis'n than they will if they are using some one else's photography or 
ground control. 

Alio/able error vill be specified as "ninety percent or sore of the eleva-
tions read will be within foot of their correct elevations". The 
value of the error tolerance for flood-insurance work will be between 0.5 
and 1.0 it. The smaller value is the lower practical limit and eight be 
used for small areas of high value land. The larger value is adequate for 
most large streams and Ls generally close to the upper practical Iimdt. 

FU uses of flood insurance studies require rounding of elevations to 
the nearest foot. Accuracy tolerance smaller than t0.5 ft. is not useful 
and iIA is unwilling to pay for greater precision. The ADO year flood 
profile Ls the major flood insurance parameter. DefinLLion of that pro-
file within '0.5 ft. is desirable but not always attainable. Profile 
accuracy depends on errors not only in surveying. but AISO in 100 year 
discharge determined from hydrologic studies. errors in MAnning's "n" 
used in the step backw.ter model. indeterminate energy losses in the 
stream network. and numerous other factors. For large projects where the 
cost of 0.5 ft. error work is much greater than for 1.0 ft. tolerance and 
where the hydrologic basis for T-year flood peak flows is dubious. the 
higher limit should be considered. 

Selection of firm or firms to do the work is important and often diffi-
cult. Time limitations imposed by seasonal Hafts for photography and FLA 
deadlines for study completions allow little delay. Ordinarily the spring 
and fall periods when foliage, snow, and shadow conditions are satisfactory 
are the aost pressing deadlines. If the pictured are obtained then. using 
open-aarlpet procedures, minor delays in negotiating a well planned contract 
for compilation can be tolerated. It is usually best to have the flying 
done by a fire likely to obtain the compilation contract but ownership of 
the fits by IAD should be specified. This enables other firms to sebult 
proposals for compilation. Lists of firms with records of satisfactory 
performance. me..stly for Topographic Division contracts. are maintained by 
the procurement offices. Most firms have standard forms 251 (GSA) or other 
docunentation cf qualifications on file. Firms withoue these credentials 
can establish eligibility to have proposals considered by writing to the 
SW11 representative (E. Z. Kennedy) for instrultions. 



Some communities have been photographed at satisfactory altitudes durIng 
recent years. The films are usually aimed by the firm who had them mode. 
There say be some advantage, usually time, in having that firm do our 
vork from the existing film. Such a contract is "sole source" and pre-
victs all conpetition. Contracts of this type have • universally bad 
reputation and should generally be avoided. If the need is unusually 
strong a sole source contract may be attempted. lowever, tat documente-
Lim needed and delays in approval that accumulate are such as to make 
the WAD districts use sole source contracts as a last resort only. The 
district ai.ght explore the possibility of purchasing existing photography 
(prints and diapositives) from the fire that owns it. That fire, if 
qualified to do the compilation required, should be ono of those invited 
to subait proposals for a contract. 

Specifications describe what we want 4one. A proposal offers to comply 
with those specifications with equipmwit described and within a time 
deadline. sate alternatives may be r oposed. Price figures are kept 
sealed in a separate envelope which %ill not be opened until the pro-
posals have been ranked in order of technical desirability. Vpun COIF-
pletion of the technical ranking and consideration of price, • decision 
is made as to the successful offeror by the project leader and the con-
tracts representative. The decision and reasons for it are kept for the 
record. Once the contract is approved, it is signed and the work may be 
started. 

After the specified results are received from the contractor, quality 
control work is done by district personnel. This operative Ls usually 
combined with cross section completion (underwater portioLs) and measure-
sent of bridge geometry. Profiles of highway and rail crossing fills 
should be incl4ded with other cross sections in the contract. These 
should he resurveyed by district personnel when the bridges are measured. 
Cross sections near bench marks should also be rerun. Comparison of 
ground survey results with the contractor's will be adequate quality checks 
in most cases. Profiles cf the contractor's waters edg., elevations at 
all cross sectiamscompared to those determined by USGS personnel for cow-
pletion cf the underwater portions of the sections make another valid 
quality check. Agreement within specified accuracy is expected. An 
evaluation of the contractor's work should be seat to the procurement 
officer involved and to in representative (E. J. Kennedy). It will 
be considered in f,,ure awards. 
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Typical procedure for WRD district pereemael mails photoaraametrY.--

The following procedure b applicable where one firm does the entire job, 
photography. control. sad compilation. all wader one contract. This is 
the quickest. best, and least expeolive method where it can be used. Its 
only drawback is that the work cannot ba started until the contract is 
awarded. Seasonal llnitationa on photography may require that the area 
be flown sooner than the four to aix week contract letting tine will per-
nit. If photography must be obtained immediately. it can usually be pur-
chased by open market procedures and elimimated from the contract speci-
fications. 

1. Contact the appropriate contract. office !n Washington. Denver. or 
Menlo Park as soon 4113 it is apparent that a photogrammetry contract will 
be needed. The WID Administrative Officer (1Nr. Sarrick) and Regional 
Hydraulics Specialist should also be alerted. This is usually lane 
immediately after the reconnaisance. Do not wait for FIA's final autho-
rization of the work for this first step. The contracts office will help 
you iocare firms capable to do photogrammetry and can help. if necessary. 
to determine qualifications of any local firms IntertsteJ in the job. 
Contact the firms most likely to do the work ass obtain expressions of 
interest. 

2. Determine, on a reproducible sap. the minium areas to be covered by 
the photography. This area should include the estimste4 5C/0-year flood 
plains and enough additional area to ensure • substantial margin of 
safety, should your estimates later prove to be conservative. 

3. Determine the degree of accuracy required and the output needed for 
the flood insurance stwiy. Prepare specifications. 

4. Send to the appropriate contracts office a DI-1 (requisition) 
accompanied by the reproducible map, specifications, and list cf firms 
who have expressed interest. The transmittal memorandum should request 
that the contracts office prepare all additional material necessary to 
send to the qualified firms but to bold thaw until you have PIA's verbal 
notice that a HUD work order is in process. When you notify the con-
tracts office to proceed they will send out invitations to submit pro-
posals for the work. Proposals from the firma will be requested in two 
envelopes, one for the technical proposal and a separate one for the 
price. An opening date. about 20 days later. will be set. 
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5. The proposals are opened, preferably in the procurement office of 
an Adsinistrative Division Center in Washington, Denver, or Menlo Park 
on the date and at the time previously set. Where this is impractical 
the Regional Rydraulics Spezialist's or District Chief's office sight 
be used by experienced per for smell contracts. One proposal 
might be accopted at the opening but more often the beet proposal re-
quires further negotiation and euheequeat meetings with representatives 
of some of the firms. In some instsmces. usually where the district is 
surmised at the high cost of either the specified accuracy or of some 
innocent sounding extra items (model resetting. contours, map drafting). 
the best proposal is more than double the figure finally negotiated for 
a simpler but adequate Job. Expert technicAl and procurement advice and 
assistance Is extremely valuable at the opening and with subsequent ne-
gotiation. It :an also help us to avoid as umcontortable confrontation 
with an indignant representative of • firm possibly accompanied by his 
coogressmen. 

6. After • proposal is chosen (possibly weeds after the opening if ne-
gotiation is required when all firms within ty sone of contention have 
been given a chance to negotiate for revised specifications) • contract 
is signed with the winning firs and work can be *carted. The work order 
from FU must have been receited by the Sorwmay. bet met neceesarily pro-
cessed, before the contract is 'domed. 

7. upon receipt of the specified pbotog.aphic prints free the contractor 
a portion of the prints. chosen for minimum overlap, should be assembled 
to foru a mosaic of the area and Checked for complete coverage of speci-
fied area. Cross section locations should be plotted in one color on the 
mosaic. Indicate in another color alI streets. roads. Landmarks. section 
corners. etc. to be plotted on the planimetric nap. SOM4 provision. 
eigher on the prints or in the specifications should be made to define 
the Units of the cross sections. It is usually best to err on the high 
side, as additional length of section costs almost uathing While subse-
quent manual surveying is costly. The prints with tht above items plotted 
are returned to the contractor and a similar set retained by the district 
for subsequent checking of the planimetric map. 

8. Upon receipt of the cross section data and planimetric map from the 
contractor, quality checks must be mode promptly and before the receiving 
report is signed and final payment mode. The cross section locations 
Should agree with those indicated on the aerial photography, and the 
accuracy should be as specified. The quality check is usually combined 
with measurement of bridge geometry and underwater segments of the cross 
sections. Profile sheets (scales, river distance of landmarks only at 
this stage) prepared earlier in the study are first needed at this point. 
Pater-surface elevations shown by the contractor's cross sections plus 
any determined by the district in the !srocess of measuring the underwater 
portions should be plotted co prints of the pre-prepared profile sheets. 
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Ater major anomolies should be evident on these plots. Contractor's cross 
section data (above water portion). plotted before district field work 
starts. are helpful in the field when the underwater work is being dons. 
The plots can be completed as the work is done and confusion in station-
ing elisinated. The "uality check points can be plotted and evaluated 
in the field at substantial saving of time and retzrn trips. The arose 
section plots will also be needed later during the floodway analysis. 

9. The contractor's involvement usually ends with satisfactory quality 
checks acd the district chief's signature on the receiving report. How-
ever. some additional work is specified in some contracts. After the 
100 and 500 year flood profiles have been computed. existing maps may 
be inadequate to delineate flood boundaries. The profiles say be given 
to the contractor who will rent his optical stereo models. The bound-
aries corresponding to the prattles can be plotted on the planiastric map 
directly from the stereo model. This may be very expenolve where many 
sodels are involved and should be done only after considering available 
alternatives. Most firms have *scaliest drafting facilities and can pre-
pare final saps. This also is expensive and may yield a better ,roduct 
than FIA wants to pay for. 

Trpical procedure fnr Photogremmetry Contractor .--(Total job by one firs). 

1. Prepare • proposal, priced in separate envelope. to (a) obtain 
stereo photographic coverage of the areas indicated on a sap furnished by 
USCS adequate to define point elevations to the specified accuracy. (b) 
sake the necessary ground surreys for vertical and horizontal control of 
the model. (c) furnish cross section station and elevation data for stream 
valley and channel (above water portion) cross sections at locations to be 
indicated on the pnotographs. and (d) planimettic map of the caved area 
(pencil or print on scale stable material). The proposal will be required 
within about 20 days of arrival of specifications. 

2. Assusing the best proposal and award of a contract. furnish a 2x 
fils positive and two 2: paper prints of each photograph. A set of paper 
prints will be returned with cross section locations plotted and Landmae-s 
to be included on the planinetric map indicated. 

3. Furnish cross section information and map specified to complete job. 

Receive final paysrnt after quality check of work by USCS. 
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Typical specitications for photogrammetry.--(Total job by 01114 firm. 
01 foot accuracy) 

STATCKENT OT WARPART 1. 

The contractor shall furrish all facilities. equipment. personnel. and 
services (except as otherwise set forth herein) to tortoni the work described 
herein below: 

A. General 

The purpose of the work is to provide information required for 
adainistration of the Federal Flood Insuramce Program for the 
community of . The 
engineering study to be conducted by the U.S. Geological Survey 
will include computation of flood profile, for the 10. :5. 50. 
100. and 500 year fl'ods. determination of areas flooded b. the 
100 and 500 year floods. and determination of boundaries of a 
preliainary floodvay. The specifications as set forth in Part $ below 
provide for obtaining some of the data. by photogrammetric techniques. 
needed to calculate the flood characteristics of the streams in the 
community. The data required are stream channel And valley cross 
sections. and • planimetric map of the stream channels and flood 
plains. 

S. Specificatlors 

1. The contractor snall obtain aerial photography of the area out-
line,' en the attached mop by a 6-inch precinion mapping camera 
at photo scale of approximately 1 inch • sno it. The photo-
traphy must be adequate to determine ground e"..evations within 
limits of plus of minus one foot in a stereo plotter. 

The contractor shall perform necessary field surveys to obtain 
vertical photogrammetric control. with at least four control 
points in each model with elevations above mean sea level datum 
of 1929. adjustment of dstermined within plus or 
*lags 0.4 ft. Absolute horizontal position is not essential and 
exi•ting government control may be used where available. If 
horizontal control must be established by the contractor. it 
should be adequate to obtain the vertical accuracy snecified in 
paragraph $5 and to ensure uniform scale throughout the project. 

3. The f_llowing applies to the performance of the contract. Wher-
ever the term "Technical Officer" is used it is meant that the 
Government's authorised designee will perform the task or service 
there described. 
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♦. The Technical Officer will use 2s enlargements of the 
photographs furnished by the contractor to designate the 
position and approximate termial of each cross section to 
be measured and each feature to be plotted on • map. 
Final termini of each cross 'Pectic* will be determined by 
the contractor ►ased oe elevations or ►eights above stream-
bed furnished by the Technical Officer. • total of not more 
than crow, sett for will ►e required. 

S. Using a precise stereo plotter the contractor will measure 
a profile for each cross section. Elevations will be taken 
at all significant breaks along the profile. with DO adjacent 
points separated horizontally by more than ft. The 
information will be listed in • format provided by the Techni-
cal Officer to indicate position and elevation. Ninety (90) 
or more percent of the elevations read shall be within one (1) 
foot of their correct elevations. 

to. A planimetric map of the entire area outlined on the attached 
sap will be compiled in pencil on scale-stable matte finish 
material. The scale shall be 1" • ft and the map fur-
nished on a set of shoots of a sire specified by the Technical 
Officer. Features shown om the nap viii be cross section lo-
cations. stream channels. *streets, highways, railroads. and 
other significant landmarks. Those features to be shown will 
be marked by the Technical Officer on the photographs. 

7. A map showing the areas to be included in the contract is 
attached. It is for informational purposes only. 

PANT II. PERIOD OF FERFOMPIANCI AND DELIMIT 

The contract is to be completed on or before . The 
preceding delivery date is predicated upon contract award on or 
before and return of photographs with cross section lo-
cations 'Larked thereon within ten (10) working days from receipt 
of these photographs. The specified delivery date will be ex-
tended by the number of days past in which the contract is 
in fact awarded plus the number of working days more than 10 that 
elapses between Technical Officer's receipt and return of the photo-
graphs. The finished material will be delivered FOB Destination to: 

U.S. Geological Survey 
Water lesources Division 
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?Wel letter of invitstion to indicate interest.-- This model represents 
a letter to a firm whose nee is as the list of those qualified. 

Cent lames: 

The District of the Water Resources Division. U.S. 
Geoloaical Survey. sakes flood imourance studies from time to tine. These 
studies require photogressetry to define elevatiose of strea3 and valley 
cross sections to moan sea level datum. Ye expect to have this work done 
by contract. Photography say or soy sot be iscleded in the contracts but 
control surveying will be. 

the cross sections vill be measured by see of equipment that will furnish 
point elevations with 901 within tl ft, from a vocative scale no smaller 
than 1 inch • SOO feet. Crosse *actions of the valle7s will describe the 
channel below the 503 year floed elevation. Lad products will be a plenl-
metric strip map, scale 1 inch • 400 ft, on reproducible film positive 
Bede from the asp compilation meamecript, sad a set of computer cards or 
tabulation of cross-section stations amid elevations. The map will show 
the low water channels of the streams, sae 1804MakS, and the cross-
section locations. 

14 you are interested in performing thee* astrvives and vent to be consider-
ed for negotiating a contract , please let as !mow. 

District Chief. WID 
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PEAK F1 DETRAWSIMION 

Peak diszharges for the 10, 25, SO, 100, and 500 year floods, for all reaches 
of the studied streams, are the basis for the computed corresponding T-year 
profiles. The peak discharges should be computed by using the 'beet avail-
able metbods." Scores of methods and variations of methods qualify as 
'best avallablm' In some areas. The choices are up to the district, sub-
ject to some general policy constraints. Policy at present is contained 
in WAC Bulletin 15 with the options given in that bulletin amplified in 
Surface Water Branch Technical MemnreAda Mos. 70.08, 72.04, and others that 
may be circulated. 

Most flood-insurance studies involve a stream or two with gaging station 
records at points in the 9eueral vicinity, and several small ungeged streams. 
Me four principal steps used to compute peak flow are (a) review of floodr 
freglency reports for the area, (b) computation of T-year peaks at gaged 
points, (c) use of point data to compute flood frequency of gaged streams 
at other points in the study. 14) use of flood-frequency reports or other 
studies to compute T-'rear maks for unpaged streams. and (e) coordination 
of results with relevant fsdemal, state, and private organizations prior 
to use. 

Flood-insurance studies and local flood reports by the Corps, SCS, and the 
Survey have been published for many areas. Flood-hasard information sub-
altted to F111 sometimes ccztflicts with this published material. Flood in-
surance studies submitted by different organizations for adjacent communi-
ties often show major discrepancies at the common boundaries. Thee* sit-
uattons CAA lead to serious problem* for FlA. They ask us to coordinate 
ocIr data with all published material and if possible with related flood 
insurance studies being worked on. Minimal coordination, for use in making 
current studies compatible with future ones by others, would consist of 
sending copies of your peak-flow graph or tabulation to all appropriate 
organizations with a request for comments by a reasonable deadline. Later, 
after profiles are computed from the peaks, much closer coordination of the 
100-yr profiles is necessAry. The profile coordination, covered in the 
'Profiles' chapter is much easier to accomplish if the peak discharges have 
been coordinated first. 

After final figuros have been obtained, and primarily for review purposes, 
they should be plotted on a log sheet of drainage area vs. peak discharge, 
similar to th.: example shown. 'Maximum known* points can be plotted from 
information in Chow's 'Handbook of Applied Pydrology.(140Graw-Hill), Table 
25-1-1 and from local or more recent data. All ?-year peaks used for pro-
file computation should be plotted and the sheet included in the final re-
port. Unusual plotting should be discussed in the report such as low and 
high outliers caused by urbanization, lakes and ponds, ammo lour geology, 
etc. If only one or two streams is involved and the sere discharge is used 
for the entire reach of each stream, the T-year peaks may be tabulated lir. 
steed of plotted. Drainage areas should be listed also if tabulations are 
used. 

2 



now mairnitude and frequency of regulated streams should generally be oto--
mined from the orgsnization responsible for operation of the stream system
or for the design of its controlling structures. 1: the furnished data are 
reasonable they should be used and acknowledged in the report. 

Thepeak flows should provide for any changes (dame, by-passes, relocations. 
stc.), that will be in effect within six nonths after study completion. 
Plumed structures that will change the mnpped flood hazards within two 
}mars but not within s! it months, and which are partially funded, will re-
vise two separate analyses soymi rev sets, unto for present and 0014 for future 
conditions. If the change affects IN-year peaks as it would where a now dam 
is under construction, the design agency's IN-year peaks may be used for the 
study. If the channels will be Changed, cross sectl,n data may be taken
five the construction plans. 

27 
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COMPUTER °MATIONS 

;;ter, using a step-backwater program with (1) aeonetry of all cross 
setlorA , (l) roughness coefficients (prelisinary if historix I rofIles 
lust be notched), and (3) cross section stream distarA-es, constitutes • 
digital model of the drainage network. This model, can be used to con-
vat flood dis..harges into profiles, its major use in flood insurance 
a:Otos. The cross section dimensions may be varied and the effect on 
anresponding profiles studied as is done in floodway analysis. 

A ccop;. . 

The more conplex studies require some trial and error work. This plus 
the need for coordination of results nay require two steps. In 4eneral 
for such studies, at least two tripe to • terminal should be planned. 
;,eta adequate for a preliminary set of profiles can usually be expected 
from, the first trip. Later, after some modifications and coordination 
of the prellminary profiles with other reports and other agencies, the 
final profiles and floodway can be run. 

he initial session at the terminal will require data in addition to 
items (1), (2), and (3) as followst (4) T-year peak discharges for each 
group of cross sections in each reach, and (S) (assumed starting elevation 
for each 7-year profile, at the downstream cross section for each stream 
that crosses the stir boundary. For the second trir, and based on the 
Frei urinary profiles, the following additional input material will be 
needed: (6) Starting elevations, for T-year profiles, at the downstream 
cross section en each tributary which is so small that it will peak earlier 
than the main stem, (7) choice of floodwey computation option, and (8) 
f/codway surcharge. The last two items, as discussed under "Floodways", 
say require trial and error determinations. Cross-section plots, pre-
viously prepared, should be brought to the terminal as they can be very 
Napful in the trial and error floodWey analyses. 

?must for the above inputs will be described in a forthcoming manual. 
Until the manual is published. instructions needed for computer procedures 
can best be obtained from the Regional hydraulic Specialist cr at the 
nearest terninal where someone with flood insurance study experience is 
available. use of the Survey's programs and computers is strongly re-
:on-mended as these are the only ones that all zioncerned with the study 
understand in detail. 

iNen the comFuter work is finished the printouts should contain all of 
the data needed to plot final profiles and floodway boundasies. 

1!) 



	

nocolays 

A floodway is a land-use control measure usually definec as "the channel 
of a watercourse and adjacent Land areas which are requited to carry and 
discharge the floc.dwater of the watercourse of • regulatcry flood without 
substantially increasing flood heights.. A regulatory floodway is one that 
has been enacted into a community's lard-use control ordinances. A re-
gulatory floodway is ke?t open to carry floodwater and no building or till 
is permitted. Flood plain outside the floodwey is called "floodway fringe" 
whore building is pstrietted if protected by fill or floodproofing. Floodways 
are designed by some state, local, and basin authorities. usually with con-
sideration for legal, economic, and political /actors as well as hydraulic 
analysis. Various river authorities use different regulatory floods and 
flood-height increases (surcharges) lag their floodway design. 

The floodway requirement for most FIA flood insurance studies is to furnish 
amp shoving the boundaries of a preliminary floodway defined by hydraulic 
analysis only. The 100 year is the regulatory flood. Carrying capacity 
(conveyance) is removed equally from each bank wherever possible. Surcharge 
is 1.0 foot unless the state or local authority specifies a lesser figure 
which should be cleared by FIA before use. 

If the community studied already has a regulatory floodway, or even a pre-
liainary or preferred one. that floodway is checked instead of preparing • 
new one. Such a floodway may have been designed using values of surcharge 
or regulatory flood dischArge unacceptable to FIA. A surcharge profile 
(surcharge vs. river distance) is prepared using the 100 year flood. The 
cceputation involved is such simpler than floodway delineation and a map is 
generally not needed. 

The preliminary floodway map is presented to the community by FIA to illus-
trate the feasibility of a community floodway. The community may decide not to 
use a floodway, to use the preliminary floodway as a regulatory one, or nay 
and the preliminary design using economic and other considerations. If 
the modified floodway boundaries are outside the preliminary bouudatiess. the 
proposed floodway is acceptable to FIA for use in community land-use control 
ordinances. If the surcharge profile of an existing regulatory floodway does 
not exceed 1.0 foot at any point. the floodway complies with FIA regulations. 

Some parts of some communities may not oe suitable for floodway use because 
of existing development close to the channel. If a floodway is called for in 
the study, it is usually best to make the floodway analysis for the entire 
stream system and let FLA decide which area, are slot applicable. 

Few floodway analyses are routine. Some unique conditions are apparent during 
the first reconnaissance. A city, where no state OT basin f:ood zoning plan 
is used, has no jurisdiction beyond it's corporate limits. It nay be neces-
sary to bring floodway surcharge to zero at the upstream corporate limits and 
on boundary strew. Constricted openings of existing bridges can have a 
dominant influence on floodway design and make the flocluay meaningless. A 
floodway might be computed by ignoring the constrictions but only with prior 
approval of FIA. Many stream's. especially sluggish ones in t:at country 



	 	

		

or vbere flood pla;.ns are narrow. could have their entire flood plains 
blocked without raising their 100 year flood profiles more than a tenth of 

foot or less. For these streams. and those with areas where damage from 
Witional lout of flooding would be extreme, the relationship of sur-

charge to floodway width is important. Curves of width vs. surcharge are 
prepared for all cross sections in urban reaches and for representative croos 
sections in other reaches. These carves say be omitted where the 1.0 ft our-
durge is obviously satisfactory. However, all ooe-foot surcharge floodways 
should be run with surcharvi of 1.0, 0.7 0.3 and 0. If a surcharre less 
then a foot is used the f loodval should also be ceft'uted usin 100 70 30. 
sW 0 rcent of that value. A zero surcharge floodway is the 100 year flood 
limit less estuaries and other pooded areas. The extra floodway computations 
are used to define the width vs. surcharge curves. The same floodway width 
result for different surcharges indicates invalid solutions (item 3 billow) 

and calls for additional computations with lower surcharge values. 

The Survey's floodway analysis is computer based. and is used in con -
Nnction vith the step backwater program. The basic concepts are illus-
trated be.cpi: 

110111.M. Or 1140411.4. 

SerChN ye) 

Computer simulation to determine floodway Soundaries starts with a 
given surcharge. Y. Conveyance is removed from the sides until the follow-
ing conditions are satisfied 

TotAl conveyance 
K Is K 1 K2 K3 • K2 K4 

K + K  •K
1 3 

In aduition there are %Emeriti. constraints 

1. No conveyarce (K or K ) can be removed from the main Lnannel. 
1 3 

(There are exceptions such as very shallow or poorly defined channels) 

K  • K until main cftannel encroachment starts. Then the reaatn-
I J 

ing conveyance is removed from the other overbank area until. 

K, + K • K 
3 

3. 1' r p.LVC, vAlle of Y. all conveyance is removed eitccpt from.cr a 

the main cannel. anG • K K. the rolutlen is ilvalid forK 1 3 
the eivcn Y As a :EAler surcharge will give the gamut- t..andsrles. 

3' 



After the above tonditions have been satisfied the velocity heats for the 
section un.er study and the next one downstream are distributed and tr. 
corrected elevation of floodway water surface is determined. Some change. 
ouallv minor, to the specified surcharge is made in the process. 

;he program has several options that increase its versatility. They are 
described in a manual of computer input instructions now being prepared. 
41 Regional Hydraull: Speck/allots are familiar with flooaways and are 
available for consultation. 

After the floodway program has been run it should be carefully scrutinized 
before proceeding. A profile of indicated surcharge at each section should 
be plotted. The floodway limits should also be plotted provisionally on 
thew. If the surcharge prof :le is reasonable close to and never above 
the surcharge limit it can be considered satisfactory. If it rises above 
the slrcharge limit further work must be done as the corresponding flood-
vsy cannot be used. If the surcharge is substantially lees than the limit 
for very long portions of the reach, the corresponding floodway may not be 
close tc the best that could be run.. Very erratic surcharge say indicate 
WO such conveyance change between sections and the need for intermediate 
sections. actual or sync:tette. An erratic floodway width where natural 
chyme' and gradient are smooth indicates serious problems and should not 
ordinarily be submitted in that form. 

Program options permit the sections to be narrowed or widened at some 
sections to permit the program to widen or narrow other sections. This 
Allows a trial and error solution to optimise floodway width and surcharge 
st various !ocations. Such trial and error solutions may cost more than 
their value. In general they should be limited to correction of excess 
surcharge only. The advisability Jf further work on the fioodway sub-
Laced say be discussed in the report. If such work becomes economically 
ustified, PIA or the commuulty can arrange for it. 

Curvilinear 100 year flood limits and cross-section locations for the step-
backwater model are plotted on a suitable floodvay base map. The flood-
way limits are plotted on each cross section except the approach section 
for each brifige or similar constriction. Approach sections are treated 
differently from others and the indicated floodvay boundaries are incorrect. 
The corresponding points in each section age then connected to indicate the 
floodway boundary for the surcharge programmed. The areas between Zone A 
iald the floodway boundaries are shaded with Zip-a-tone Co. 113. As the 
shading represents potential encroachment areas, do not shade across 4n-
studied tributaries. 

Flood analyses are practical only where a step-backwater model :s use for 
r-year flood profiling. A community may have adequate historic information 
to define the T-year floods without cross-section surveys. If so the sur-
veys would be needed only to make floodway analysis practical. In this event. 
usually apparent during the reconnaisance, a study without floodway might 
cost no much less that FIA would elect to forego the floodway. This decision 
should be side befvre the cyst and time estimate is submitted. Once the VIA 
work order is prepared the flo(xiway Aralys.s should not be coserletely or 
Partial.v oalt:ei without written FIA approval and in understanding on cent 
aci"untst<•nt. 
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PROFILES 

Profiles of the stream bed and the 10, 25, 50, 100, and 500 year floods 
are prepared for the entire drainage network as a basis for inundation 
boundaries and flood insurance premium rates. the 00 year flood pro-
file is the only one that actually appears (as base flow elevati„n lines) 
on the flood hazard map and is me of the principal determinants of 
flood insurance premium rates. 

most profiles are defined by step-backwater computer models. Others are 
based on historic profiles transformed by hydraulic analysis into T-year 
profiles. For both typel the point elevations are usually plotted and 
connected, using the stream bed profile as a guide, to make profiles. 
The water-surface profilee for each T-year flood should generally be about 
parallel to each other and to the stream bed. Serious departures from 
parallel or sudden breaks should be accounted for. For computer derived 
profiles the reaches between major constrictions and the next cross sec-
tion, downstream should be closely scrutinised. If such a roach is anon-
alous, especially if the floodway computation for that reach is irregular 
also, consideration should be given to surveying or estimating extra sec-
tions in that reach before rerunning the program. 

When the profiling is complete. the 100 year ones, at least, should be 
coordinated to eliminate con:lict with any report previously published 
or being prepared by the Survey or any other organization. Where two 
adjacent flood insurance studies abut, the common points of profile. 
for the same stream should be identical. Ilublximpuklmil_saisik

aLLIAihstsasumsszaalautt before proceeding with the study. 

Differences can be caused by use of different methods or by different in-
terpretations of the same data. A hydrologic analysis made several years 
alio may differ substantially from one side recently using additional years 
of record. Many Survey offices have regional flood frecuency reports. 
state reports. and the flood-frequency relations developed for the 1970 
network analysis all available for use. These three studies would fur-
nish three different sets of T-year floods, and they would often produce 
three 100-year profiles with a spread of more than a foot. 

In general. if profiles previously published can be verified by any valid 
.-7rce :it'd inanalysis they should be used without modification and the .:'.

the write up. :f the published profiles cannot be verified, the dis-

crepancy should be taken up with the agency (or Survey author) and an 
agreement reached for a mutually satisfactory profile. If this fails the 
appropriate state authority should be consulted and asked for a written 

opinion. Tour recommendation plus the opinions, favorable or contrary 
to your recommendation, of all consulted should be sent through channels 

to FIA. They will make a decision which will probably favor the published 
material unless your position is technically strong and clearly stated. 

4ter coordination the profiles can be considered final. They can then be 
drafted for includion in the report and be used to delineate flood boundaries 
and compute Flood Hazard Pa.:tors. 
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TIDAL. STUDIES 

iniures against losses from coastal or tidal flo,:ding as well as 
cent' flooding. FLA therefore needs a technical basis for establishing in-
surpnce rates and land-use regulations in coastal areas. As in river flood 

this technical basis is data on vater-surface elevations and areal 
extent of i;.3adation for several selected probabilities of excesdance. 
we is no need for "f:oc,dway" determinations. although FIA will furnish 
criteria for "high tnargy" zones where wove action is likely to increase 
inundation damage. 

Costal flooding is a complex phenomenon and maximum water-surface eleva-
tions reflect three additive components—astronomical tide, storm surge. 
mjuave effecls. The magnitude of the astronomical tide varies in time 

location. reflecting the positions of the sun and moon and the topo-
0aphv of the coast and offshore bottom. Even though the tide magnitudes 
tgr range up to 30 or more feet and may change rapidly in short distances, 
(almost of the C.S. coast they can be predicted with considerable relia-
bility. Store surge is a depth of water added upon the astronomical tide. 

rid is caused primarily by winds piling water against the coast and by re-
diked atnospheric presvires associated with storms. Wave action results 
i7.1 surging water surface anA the energy of a vitas!-driven vav' may carry 
the ...iter surface up a beach to a level several feet above the static 
vaer-surface elevation. This added onshore wave elevation is calle4 
"nmup 

:1.eNational :leather Service has created a complex computer model that 
inilrzes the tidal flood components separately. Operation of the mode: 
rci uires nunerouft assumptions, but it has been used to estimate elevations 
alIng the open Atlantic Coast of Florida. Georgia, and South Carolina. The 
'Wei is still under development for estimating water-surface elevations in 
Sick bays. behind barrier reef islands, in river south*. or in estuartes. 

the figure on page 37 shows the profiles of several tidal floods for the 
Open coast as determined by operation of the NWS model. These profiles 
ire prelimin4ry and are nor by themselves considered a satisfactory basis 
for flood irsuiance studies, but they do give an idea of the possible var-
iability of tidal flood profiles. 

Amore iirect anJ more readily usable basis for flood insurance studies in 
tidal areas is to establish from high-water marks the onshore elevations 
of past floods and to relate these profiles to frequency of exceedance on 
the basis ^f a tidal gaging record. Several factors compiicate the determi-
nations of both the profile and the gage freqnency relation. The water sur-f 
,ace over a large area WY not be level. Effects of subsidence-related 
datum instability on flood marks. historic data. levels. and contour line 
location. nay re;uire consideration. Mean sea level and consequently the 
''year flood heights nay be changing with time. Tide-frequ:ncy analysis is 
unusual . The two main couponents: storm surge plus wave runup. and astrono-
mical tide. are ...tatistically unrelated. A asjor storm surge occurring at 

astronomical tide time may cause a much lower water-surface elevation 



than the SAM* surge added to a high astronomical tide. The hi$h tides, cor-
resp,ndl.lit to a historic flood, at two or more gages nearest the study site 
nay have markedly different recurrence intervals. The difference may case 
excessive nurse in the correlation of gage and profile data. None of these 
problem.' is insurmountable. However. a new area without flood experience 
say be istpilssible to study within reasonable expenditures of time and money. 
Such sites are rare, but those whose historic data require considerable effort 
and ingenuity to find are common. Hisny tidal flood insurance studies follow 
procedures similar to those outlined below: 

Records for tll re:evant NWS long-term gages are assembled. Other records, 
usually shorter term, collected by the Corps of Engineers and some others 
nay also be useful. A valuable reference is "Harris and Lindsay. 1957, An 
Index of Tide Giges and Tide Cage Records for the Atlantic and Gulf Coast 
of the United States": U.S. Department of Commerce. Weather bureau. Na-
tional Hurri.ane Research Project Rcrort 7. This report. and an index of 

primary tide gage locations can be obtained through State offices of WS. 
Records for WS gages are published on one sheet for thirty years of record 
at one station. The maximum monthly and annual tides and annual average mean 
sea level are listed. The annual mean plotted against time indicates varia-
tion. if any. in mean sea level. NWS personnel warn that tide gages are ofta:. 
inoperative luring the storms of major importance to flood insurance. and the 
recovered or estimated maxima may not be reliable. 

A high-tide frequency curve for each tide gage used is needed. The curve is 
used to determine recurrence intervals of .specific recorded storm tides. Ono 
way to define 3 tide frequency curve is first to adjust all annual high tides 
to current mean sea level. Surge frequency can then be determined graphically 
on arithmetic probability paNtr using (n+1)/m to compute recurrence intervals. 
Other graphic methods or the log-Pearson III computer program say also be used 
for most studies. If any log ordinates are involved the computations could be 
affected by the gage-height scale used. ordinarily Near sea level. The effect 
of varying gage datum on the magnitudes of the 100 and 500 year tides can then 
be studied by repeating the computations using game datums several feet higher. 
F1A is sponsoring some NUS studies of long-term tidal records that will even-
tually furnish adequate tide frequency curves for the entire coast. 

The recurrence interval for a specific study-site flood is assumed to be the 
same as that for the corresponding high tide at nearby tide gages. The mean 
interval from several gages, possibly weighted with distance from mite. may be 
used. Serious discrepancies between correlations say require more intensive 
study. Graphs of predicted astronomical tidal cycles (generally sine waves) 
at the gages involved. can be prepared fres "Tide Tables". These can be used 
as indications of the effect of astroncaical tide heights on the recorded 
peaks. Frcn this and similar data a decision can be made whether to .,se one 
0: the values in disagreement or a mean. The specific storm profiles deter-
mined for the site are raised or lowered to obtain the T-year profiles needed. 
The sane slope of frequency curves at site and nearest tidie g.ige is usually 
*moused. The computeJ T-year elevations, particularly the 100 year value. 
oust be a1'1 roved by FIA beforl. being used. 

Tsantni (seisnic :Ide) inforsation. if required. will be furnICied by FIA. If 
an Area thi StlieCt to both tida and riverene floods. separate analyses are re-
quire4 for eicl. The highest of the two profiles for f_bakh 7-Year event is used. 

7 . 
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FLOOD HAZARD FACTOR 

Flood liazard Factor (FHF), a major stu.ty component. is ?IA's device to 
transform flood frequency Information directly into insurance rate tables. 
3 is a code using three digits and a letter. FLA studied a large and 
mresentative group of stAge-discharge relations. These were separated 

der range (distance between 10 and 100 yr floods) and each range was 
itudied separately. Recurrence interval wa plotted against distance above 
or below bast. flood elevation (see example on nest page). Differences in 
:sting shapes cause the 2S and 500 year points to scatter. A family of 
curves was constructed to cover the scatter and the curves were labeled 
frost A to H. The three digits in en Fig' represent the depth range and the 
letter indicates Use appropriate skew. Thus an rHr of 06S D means that the 
10 year profile at that location is 6.5 ft. below the 100 year flood 
profile and that the rating-curve shape causes the appropriate olevi...ion 
difference-frequency curve to follow 1117 curve D. 

7he first flood insurance studies included depth-damage relationship in-
vostigations. After an adequate number of such studies were made the 
Uwe data was r-orrelated with rHr. Now FU has a set of actuarial rate 
msurance premium tables, one table for each building type, corresponding 
to each Flood Hazard Factor. riim curves for depth ranges C.5 to 20 ft., 

calf foot increments, and corresponding rate tables, are contained in 
all ?IA booklet in the appendix. 

Strears are first divided into the fewest possible reaches whose depth 
ranges do not vary by Bi-., than the amounts indicated in the following 
table for more than 20 percent of the reach: 

Average Depth Rance Allowable Variation 

less than 2 ft. 0.5 ft. 
2 to 7 ft. 1.0 ft. 
7 to 12 ft. 2.0 ft. 
more than 12 ft. 3.0 ft. 

Compute FHF for ea reach. Two examples of the computation for depth 
ratie 175 (17.5 ft.) are shown for hypothetical profiles. 



	

	  

		  
	

	

		
 

	

		 

	

				

	

	

		
		 

	

			
	  

	
 

  	 

	

				

	

	
			

	

	 	
 

ELEVATION—FREQUENCY CURVES 

FLOOD HAZARD FACTOR 175 

IATER SURFACE PROFILE ELEVATION, IN FEET  ABOVE . 
100-YEAR FLOOD 
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The top profile tndicates depth range of 17.5 ft so the riff digits are 
175. The 2.t-yftar profile is 12.5 ft below the 100-year. A plot of 12.5 
ft on the 25-year fiNuency indicates that letters CD7C and H will fit. 
The S00-year profile is 16 it above the /00 year flood. Plotting of 
16 ft at th. 500-year frequency indicates that letter D gives best fit. 
Letter D is one of the choices from the 25-year plot so PHI is 175 D. 

The bottom pro:lle also has 17.5 ft as its death range so MP digits 
are 175. The 25-year profile is 7 ft below the 100-year ftood. 
Plotting 7 ft against 25 year frequency indicates thtit the letter 1 
Fives best fit and that II *.yould be satisfactory. The SOO-year 1:1,4 is 
5.0 ft above the 100 year. Plotting 5.0 against 500-year frequency gives 
I as best fit. FM' is 175 I. 

where lower and upper letter coolgnatien are in cost::. t, a ,amer-r. 
occurrence, the lower s!, rul..!, th,e, given the soot weig`-.I. 



	

	
	

NAP 

nut *ors nap, at this stage of the study, is tinselly the base nep 
previously prepared with river stationing sad .:rose-section locatik,ns 
plotted 0.1 it. upon completion it will contsla a wealth of informetion 
and graphical compilation unavailable from other sources (detailed art 

curvilineer inuadatIon limits. etc.). rh• work saps will involve 
colors and are usually too large sad numerous to reproduce. Copies of 
the maps are needed for review and other purposes so 35 nn color slides 
arc specific-C. All work on the maps ssould be heavy enough and the letter-
ing large enough tc stand out on the projected color slides. 

W4-flood elevation (sTt) limes are water-curiae* contours of the 100 'ear 
flood. They are drawn an the work sap frost the 100 year profile. and ex-
tendet a:rots the flood plain normal to the apparent dire,ction of flow. 
The ends should be located on the basis of contours, if adequate. and care-
ftaly plotted for later use in delineating inundation lines. As many Sni t 
*scan be detined should be plotted though not all will bt transferred to 
the final presentation map. Those transferred should be shout an inch 
apart at pub:ication scale of the presentation map. To accomplish this. 
intervals between !Wes of 1, 2. 5. or 10 ft. should chosen and the 
corresponding heavied in for transfer. Intervals of 3. 4. 6, etc 
ancestry's'', difficult for as !neurone* agest to interpolate between 
when Le deterniaes bane flood elevation at • site to the nearest foot. 
iNere streams ire very fiat. an4 i.a tidal areas. lin as' he constant 
tbroAghout i re•ne. 1n these cam PIE'. are tabulated on nap index die-
we and are not plotted on the maps. lase flood elevation is the prime 
flood insurance rate parameter and shnuld be given correspouding attentioa. 

The inundatin linhits for 100 and WO year floods at ea:h cross section 
are plotted. The 100 year limit is drawn using these poin:s and the SFr 
ine ends. :.r '>40 year ltnit is interpolated bet veer ere's,. sections usin; 

4* contour lines as a guide. If pbotogramnetry was used. consideration 
0°04 be given to resetting the optical andel. and %icing them tc draw the 
inundation lines. Floocway boundaries aay be interpolated between COOP 
Mitt(' 10Cal1 OMS in each cross section in the same manner so inundation lines. 

11* 100 and 5n0 year fl..od inundation liaits. after "bloc/Aimee or being 
loved away from the streams to the nearest landmark*, are used to divide the 
ccenunity it,to Flood Hazard Zones as follows: 

ZON1 A SpeciA: hazard area sO,ject to inundat.n !1,y floods of recurrence 
intervals less that, 100 years. This zone is divided in:o as aany 
ikubrones (Al. A2. Al. etc.) as there art flood hazard factors. 

Zalii V Spe:14: ,azard 4rei i*AZieCt to both inundation and vel.:.city damage 
from WAY( action .n c.)astal water!' clay. 
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ion I Moderate hazard area subject to inundation by floods of re-
c.rrence intervals vermeil 100 and SOO years. This sone Ls 
not further divided. 

lone 11 Mo4erate hazard area subject to sheet flow or swift shallow 
flooding. often with extreme velocities. Aa base-flood pro-
files cannot he prepared for ill zones an average cvrvs of 
de-th vs. frequency for all SI areas must be prepared and 
Included in the study report. The supporting data are 
usually obtained from documented interviews with long-term 
residents and depth is measuree at center of street. Si tones 
are rare and hard to distinguish from mudslide areas. 

ZONE C hazard area not inundated by floods of less than 
500 rear recurrence interval and sot In mudslide area. 

UWE D Possible hazard area not studied for reasons that Are usually 
econoalc. Sparsely settled areas of large communities or 
counties and the -0ortions of streams with 100 year flood widths 
less than the criteria are the most usual 0 areas. 

ZONE M Special hazard area subject to mudslides. Mudslide data are 
usually furnished. or the M zones added, by FIA. 

ZONE X Moderate hazard (rue 'mudslides (data furnished or added by r:A). 

ZONE P Possible hazard (rya mudslides. (data furnished or added by ru). 

An area with both flood and mudslide hazard is designated AM or MA. etc. 
with preeominent hazard indicated first. If study has not called ler 
audslide hazard identifica‘loa it should be considered minimal. 

Zones should not be narrower than a quarter-inch on the presentation map. 
Narrower zones should he included in adjacent ones. preferably of higher risk. 

All :one boundaries. including those between two "A" subzones. must be 
locatable on the ground by non-technical people withnut measuring equip-
ment and dressed in business attire. The zone boundary wc-ald ideally be 
the flood Unit but the ‘-irving flood limit line is net identifiable 
under the conditions stated above. A zone boundary CM ur.ually be moved 
sway frum the stream a considerable distance with negligible effect on 
the insurance prcc,pse. It cannot be set inside tile flood limit at all. 
The zone boundaries are all "blocked" or moved away from the stream until 
they coincide with land:arks Vlere possible. itherwisr the boundaries 
are aade parallel to and are dimensioned from :andmarks. 
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Lea arks in order of desirability include streets. highways,railrcads. 
w41 defined trails. pipelines. transmission lines. well defined toes 
of slopes and tops of bluffs. and in certain parts of the country well 
Laird se.ti:n :Ines. Less desirstle but useful landmarks include section 
lines. :he edges of quarter-quarter sections, the well defined low water 
bans of streams. centerlines of permanent stream channels less than 20 
fest wide. and projections of straight landmarks. Landmarks not to be 
wed include unmarked political or all property boundaries. non-permanent 
faces, the ends of roads oth..riise unmarked. and landmark extensions that 
knot be seen from the landmarks. 

NortSloal should 1.-c used with pacing in mind. Multiples of 50 and 250 
fee ( and 100 average paces) are favored. Very long dimensions are 
persis.Lble if they are along a road where an automobile odometer can be 
wiled. Dimensions that would require long pacing over rough terrain or 
uat require crossing a swamp or stream or scaling a bluff are obviously 
of no value. 

In sany rural areas there will be no landmark except the strean itself. 
:14 usual boundary for this condition is at a fixed distance from the 
bank or centerline of the *tree*. Such boundaries can be rapidly and 
accurately drawn by using a template. The template can be a small sheet 
of sylar with • pencil point hale surrounded by • circle. The radius of 
the circle is the scale distance from stream to boundary. The circuar 
faience of the circle is kept tangent to the stream bank at one or two 
riints while the pencil traces the boundary. Change frees izne boundary dis -

tame to another must be node at or dimensioned from a landmark. 

Stikine point on • email tributary the A zone may become narrower than the 
100 to 400 ft. specified in the "Surveying" chapter. If the A zone width 
&t this point. when plotted to presentation asp publication scale. is less 
this minimum specified width for L.0 tone (1/4"). it should he terminated. 
The sone end Should be referred to a Landmark. If wider than a quarter 
1216 the zone should be continued upstream as a D zone until it narrows to 
&quartet inch and be terainsted then. The D zone boundary will be largely 
estimated and should be plotted on • line obviously well above the 500 year 
flood limit. 

U the B zone is so narrow that the "blocking" process covers it with the 

Atone, the B zone say be eliminated. If only a few small II rents appear 
they say be combined vitn A zones for the entire study area. Where the 100 
yiqr flood is contained by both banks of a stream or between two levees. 
Mt boundaries are not necessary. Only the in lift.* need be plotted. 

Delineation of zone boundaries is ono of the more difficult processes in 
the flood insurance study. A4vantages of available landmarks are balanced 
Against their distances from the flood linits. Boundary lc-cation is then 
chosen by ;udgement starting with the easier ones along obvious landssarks. 
The most difficult boundaries sight best he deliteated in the field. 



When all work is coliplete on the map. material to be transferred tc the 
final flood hazard nap should be intensified and all other work and 
lettering checked for clarity before the color slide is made. 

The slides can best be made with a 33 mm single lens reflex camera. 
A normal lens will usually allow the camera to be broucht close enough 
so that a •ap tapei to the well viii f.11 the entire frame. A tripod gnu' 
neutral gray exposure card are very helpful. It four slides of each map 
are needed. it is usually faster mod cheaper to take four pictures of civil 
map instead of getting copies mode. 
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DRAFTING OF PRLSEXTATION MAP 

F:ood_hazard sap.--The presentation sap is the end product of the Flood 
Insurance Study. Quality of the entire study will be judged more by the 
appearance and workmanship of the presentation map than by the much more 
difficult hydrologic and hydraulic processes used. Unusual drafting skill 
is not vital. Most of the work is paste-up and cAr. be well done by any-
one with a good sense of composition, a steady hand, and a willingness to 
adhere closely to FIA s simple specifications. An ideal flood hazard map 
would be absolutely free of individual style with the flood haza. ' infor-
mation standing out boldly from the base and easy for a layman to under-
stand and use. 

The following items are sent to the district early in the study: 

I. FIA paper sap panel with title block and bar scale completed, one 
per panel. 

Z. Sheet of standard lettering on wax backed paper, one per panel. 
3. FIA cover sheet with title block completed and north arrow attached. 

The fellowing items should be obtained locally: 

1. Zip-A-Tone shading 112 Do not substitute. 
Zip-A-Tone dot screen 428 • • • • • • 429•••••••••Do net substitutt. 

3. Zip-A-Tape :26 Do not substitute. 
.. Para-Tipe 4009 (or similar).• 
5. Artype So. HR 2000 (orsimilar) . 
6. Ler<Ny Ter.plate 61 0600 120 C with 000, DO. 0 pens 
7. Sheets of adhesive backed (peel off) paper 
All drafting can be done with the above materials. Additional ec4ipment 
is helpful but not vital. Most drafting will consist of apply!ng wax or 
adhesive backed material to the previously prepared base-map panels. 
Dzaftirg of ink lines directly on the Mylar should be held to a 'animus 
and that should be done on the sidle without emulsion so that it can be re-
m/ved if necessary. 

FIA lettering specifications are: All lettering applied by tho contracr.r 
to flood insurance maps must be (essentially) equivalent to the size and 
style noted below: 

Items Size and Style Examie . 
ease flood elevations 12 point italic univers •7 -, 
Panel Number 18 point univers 10 
Index Diagram Numbers 18 point univers 02 
Panel "Joins XX" 12 point typewriter (all caps) JOINS 0,1 
All other (except base map) 12 point univers (all caps) ZONE Ai 

Some essentially equivalent letters can be obtained from 

1 vARITYPE HEADLINER WITH FONT 12 270 

PARA TIP' RUB Oh NO :1342 

3 LEROY TEMPLATE 61 0660-120C 111TH 0 PEN 

1 . : 44 .'9 c*. . •I r (CAI ?ft .• • , 

letttrin,4 n.: 
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me transfer of naterial irom work map to base nap is usually done by tracing 
ill both maps have the tame scale. .f. as is note common. they have different 
'scales an optical prcjection device cr proportional dividers may be needed. 

The zone boundaries are usually placed first. using diagonal strips, cut tram 
the dot pattern sheet most suitable. The dots should be centered on tne bound-
m7 lines. A gut should te located at every turning point of the bounKlate and 
At every intersection pniat with another bousda.v. It the boundary symbol ob-
it:erate• the name of a street or road. that name should he moved. The flood 
boundary symbol should be omitted when it coincidels with a ;wildcat Alvt4ion 
boundary (ordinarily the /sige of the stsisiy area) or where the 110 year flo•od 
is contained within both hanks of a' ot•eas or between two levees. Zip-A- ti 
'trading is then applied on the back 1.; the sylar to all ZONE A aroas tearept 
oceans And Gulf) and cropped 1 / 16th lath short of the centerline ot the bs,und-
sry symbol. Critical information within the shaded areas may be exp.)sc.; 
cutting neat. rectangular windows in the shading. $FE sysi6ols are pla.ed 
the top of the miler and extended completely across the A ZUNIS. Each panel 
requiring base flood elevation symbols should have at least two even if they 
indicate the same elevation. If ISFE is constant within a Zone it should be 
shown in tabular form on the map index diagram sheet and omitted from thy nap 
proper. A Zone label should be placed near the center of each Zone. a'md .1o,u11 
not cover any critical detail. All lettering should be readable free the 
bottom and right sides of the sap panel. Which sides are bottom and •ighi is 
usually determined by the lettering Already present on the Salta* map. Arr,-vt. 
and leaders for Zone, labels should be emitted. Many draftsmen (not neces-
sarily CSGS) becothe carricd away with extra leaders And gialt arrowheads 

'which ictract fret the map's utility. FIA has decided to add th. iew Arnett* 

Wiat they thin& are necessary tc the Lips and to encourage use et conserve-

live stick-on arrows the flood houndiry dimensions that you will applv. 

AFL labels. printed with I: pt ., imerals. are placed the top NJ.: 
of the map. They snovld not obscure otner information and may be placed 
to one side and offset with an arrow 1' necessary. Boundary notes and di 
setsions should be lettered in standar% 12 pt but can be %salter if ne-
ces4ary. Dia. -mien arrows. especially those for short distances iron s:t can 

centerline to boundary, should be shin; and clear (Artipe-ha :000) and ti Jet' 

than the landmark pointed to. Heavier arrowheads tend to obscure minor 1 
marks. Ineligible areas should be labeled and surrounded by a 1/16 inch 

solid boundary. 

When completed . the mylar nap is mounted on the furnished paper panel and the 
north arrow pl aced. usuallv near the urper right corner. A reproducible nigh 
Quality print 4 the finis' td nap is mode and kept as Insurance acaLnot 

of the ortg:na: sheet t.tAk_i go•e5 to FL . rho' prints for taClusieti in the 

report copie.. • made fr..n the reprod.:cible copy. 

C..er short .-- A cover ‘oleet reoslild for all studies. l t sor. 

flood ha-Arl was Ilse& the C4i0vIr sheet will also serve an ioklex 

For one sheet flood hazard nAlk0 YIA will print the cover sheet on tne 
reverse ride 4f t?ke flood asp .tn.: age it to list certain :nicraation an-4 the 
sap legend. of the cover sheet will be complete Wbe3 you re c eive the 

Parc:. 11.e .1r11:1;i11 jo', in t'w distritt is to prepare an index diagram. if 
ior %ituations where, only J portion of an ellgible communit. was 

sti;.!ied. nap of the entire ..,nnunity with the %tr, p.tnel lir.t% 4ho%.n 
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The transfer of material tics work sap to base nap is usually done by tra.ing 
if both maps have the same scale. If. as is afore common. they have different 

Jscales an optical projection device or proportional dividers say be needed. 

The zone boundaries are usually placed first. using diagonal strips. cut from 
the dot pattern sheet most suitable. The dots should be centered on t;,e bound-
ary lines. A dot should P.ee located at every turning point of the bOUtU;JTV and 
at every intersecticn poielt with another boumdaty. lt the boundary itycbo: ob-
literates the name of a street or road. that name should be moved. The tlood 
boundary symbol should be omitted when it coincide* with a political division 
boundary (ordinarily the e.ige of the stqdy area) or where the ilo year flood 
is contained within both blinks of a st-eam or between two levees. Zip-A-;onv 
shading is then applied on the back the molar to all ZOM: A areas (except 
oceans and Gulf) and cropN.J 1/ 16th insh short of the centerline of the b.'und-
ary symbol. critical information within the shaded areas say be expose‘; 
cutting neat. rectangular windows in the shading. IFE symbols are placed on 
the top of the mylar and extended completely across the • Z0? ES. Each panel 
requiring base flood elevation symbols should have at least two even if they 
indicate the same elevation. If liFt is constant within a Zone it should be 

shown in tabular form on the sap index diagram sheet and matted from the nap 
proper. A Zone label should be placed near the center cf each Zone, and 
not cover any critical detail. All lettering should be readable fres, the 
bottom and riett sides of the sap panel. Which sides are bottom and -ielt is 
usually determined by the lettering already present on the base map. Arrows 
and leaders for Z(*ne labels should be twitted. Many draftsmen (not neces-
sarily USGS) become carriel away with extra leaders arrowheads 

,which detract from the sap's utility. FIA has decided to add the few 
that they thins are neces.Ary to the mope and to encourage use of consvrv.-
tire stick-en arrows on the flood l'ouneary dimension, th.st sou will appl%. 

BFE labels. printed with 1. pt italic ',Accra's. are placed on the top si.:e 
of the map. They shogild nit obscure other information and may be placed 
to one side a:id offset with an arrow i. necessary. boundary notes and di-
mensions should be lettered in standar'. 12 pt but can be smaller if ne-
cessarv. DissIsion arrows. eApecially those for short distances, from Attc4= 

centerline boundary. should be skim'''. and clear (Artipe-hR 2000) and t iaer 
than the landmark pointed to. Heavier arrowheads tend to obscure minor land-
sarks. I3elittible areas should be labeled and surrounded by a 1/16 Inch 
solid boundary. 

When completed. the eylar sap is moustrd on the furnished paper panel and the 
north arrow placed. usually near the urper right corner. A reproducible high 
quality print If the finis!ed map is is..de and kept as insurance against loss 
of :he ortginal sheet yes to Fv. The prints for inclusion in the 

rep-ort c.:.ele!. are side fr.-1 the frprod,.cible copy. 

sheet.-- .' cover ..leet 1s re4,uirld for all studies. It mere 
f:fsod ha -.try! sp panel was "stied. the caver sheet will also serve :lc an index 
map. For one sheet flood hazard nape FIA will print the cover sheet on the 
reverse 2.ide -f thc flAwd map ,nd use it to list certain Intormation angi the 
sap legend. nach of the cover sheet will be complete when you receive the 
panel. rrimApal job in :he district is to prepare an index diagram. if 
reired. or f.ituatiens where otly a portion of an eligible communit% 
stu.iied. An sap a the entire Immunity with the mar panel lis.t , 
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Ile locations and numbers ot the panels should be indicated. The panel 
„kola shoeild be grouped in a diagram or map small enough to fit in the 
kistwod space at the center of the cover sheet. If a map is needed one 
agora ZONE D labels should be mounted. Is say event two to four land-
mas should be shown on the diagram. 

1. 

%Mew 11.16.404.11 

NAP 011,11 
SPIC.11111. sa=ws Lila 

Uchpanel represents a flood Is.szard asp. numbered in 1$ pt characters from 
lei: to right and top to bottom. An ruk north arrow should be used. If USCS 
nddIstrict insignia are used they should be on the cover sheer only and 
mud for easy removal for final FIA use. Paper. rather than Mylar. is 
adequate for cover sheet work. 

....MtInuma.--. The floodway sap can usually be made from all or part of the1.2
Resentation base map. The scale should be no larger than 1" IP 400' and no 
roller than 1" • 1500'. The larger scales are usually preferable. This 
MPwill not be published so the drafting need not be on uylar nor so meti-
culous as on the flood hazard sap. The appendix contains a sample floodway 
4 that indicates desired forsat. The 100 year flood boundaries and lo-
citions of cross sections made for the step-backwater model are plotted on 

floAdway base map. The floodway limits are plotted on each ctoos sec-
The corresponding points in macb secgica mre them connected with 

woth curves to indicate the floJdway boundary for the surcharge programmed. 
'he trees between 100-year flood and the floodway boundaries are shaded with 
`1 P-A-Tans So. 112. As the shading represents potential encroacnent areas, 
do not shade across unstudied major tributaries. VIA might best be gent the 
original of the floodway sip also. The floodway boundary symbol is Zip-A-
li" SD. 279-M. The saps should bt mounted on standard rtA swap pap#Is. 

http:11.16.404.11


	

	

	 	
	
	

REPORT 

)1111 report consists of a cover. frontispiece. test with headings specified 
tablet, profIles, and maps. I: .mist be written within a such thorter 

tint frame than most Survey reports and with lets review prior to release. 
,spite this the repert should be a credit to the author and to the Survey. 
Irevity, relevance. and clarity are highly desirable and a thorough district 
review is vital. The report function is to explain the study background and 
procedures to VIA officials and to make a record that can be referred to in 
the future when study elements may be queetioned. 

Cover.— The cover may be simple. An inempeesive paper simulated-leather 
bimier with three-hole paper fastener system is one cover that works very well 
rd is easy for FIA to store in a bookcase. If such a binder is used A paper 
label similar tc the following may be pasted to the cover. 

.\ 
UNITEn STATES 

DEPAUTNIENT OF THE INTERIOR 
tt ITER RESI)LRITS DIVISION 

FlA)0D INSURANCE STUDY 
(Type IN) 

HUDSON, WISCONSIN 

Prepare-it for 

DEP \IC:MEN-I' 01 110USING 
1ND 1 [MAN DE\ ELOPMEN-1 

1-1:1)Elt XI. INSURANCE AGENCY ) 

Binders with backs thicker than the rest of the report should be avoided. 
tome districts have prepared standard FIA report binders with art mark on 
the covers. These, though not necessary. compare favorably with reports sub-
mitted by ether agencies. 

11:2215aLtEn.-- This slay be similar to the cover label but must contain the 
Inter-agency agreement number. It may give the author's none. 

-- This should be orief and relevant yet complete. Most wr ite ips 
coltain from three to five single spaced sheets. The following headings 
should ..)e us ad : 

lust'l,r::atiol: tlotrd-insurance stuc% of 
WAS made by the Geological Survey at the requelit c: the Federal 

:nitirance Jf the Departe of 'icusing and Urban 
Devel. ,7ftent. It w.es althorized by Inter Agency Agreement IAA-14-17- . 
Pro;ett Order Nc. . 197 . 



	
	

 

	
	

 

	

,f state the s:udy liras such as -u..acorp, rated 
of County", ulusual features such as COVwre4 :hannels, unusual. 

r :ow degrees -f urbanization (paved trees). drilla.** channels paved 
orcekereei. tlood control structures and their effect on the various streanm. 
prAlem flood areas. location of low Areas likely to P. developed, tV144 

ot k , material needed to give the reader a clear under4tandins of flood 

lva ;nble List 411 *cure*s of basic Jar used or cowelaeled 
lath, rcp..rt. Inclisde relevant flood-frequencY reports. gaging stilitiel le -

4.',erces of hi6toric data and their probable re !Ability. and intert.i-
tien It'll" other Ag..)..ies and conaultin4 t olio. DiscrepA3cies in available 
data and conclwei,vilk reached should sti:.e be covered. 

Descri-tion of work.-- Indicate the methods used in hydrologic and hydraull.-
studies. Unusua/ owthods should be co‘ered in oetsil. If los-Pearson 
analyses were used endicAte the skew ((lair defined. regional. etc.) used 4s1.1 
the tr.latnent of c4tiiecis And historic floods. Standard methods may be 
covered with such :)ricf statements as "Water-ouriace ;italics were computed 
using a step-Nackwater cos titer model defined b; surveys. The profiles were 
divided into uniform reaches from which flood-hazard :actors were couputed". 
liethods used tom' cuepute depth-frequency curves for Ill Zones (sheet flow) 
should be erplained in Letall. 

iFloodway studies.-- Indicate the method used (equal conveyan.:t remove.' from 
leach bank until main channel reached and from remaining °verbena,. convevante 
thereafter"). the surcharge intended. aad the maximum practical surcharge in-
dicated by the surcharge-width curves. If computer limitations are Apparent 
in the computed floodway. describe them and asks recommendstieos for further 
study . 
Data Sunmary.--

2221221 ILEALVI- •"- (ragc These should follow :he :ext 
in formats sinllar to those 

Flood Hazard Mal-s.-- Illustrated on the following
Floodwsy 

sheets. 
Floodway Width vs. Surcharge Curves

IN•111•111.F. 

Fixodway Maps.--

slid_.-- The work sip slides say be placed in an envelope glued to the ; 
side balk cover of the ,:spies requiring slides. 

Solse flood insurance study results. especially the base flow e:evations, 
are questioned by local people. especially indignant land dei.4opers. 
The report should be complete enough to indicate the reliability of the 
st4dy. on the other hand it should be brief en:nigh to be readable and 
.1%.)1.1 long detailed explanation of standard procetiurce. Even vith as 
excellerq report district ,er ,lannel may be called on. a year or more 
of ref t:te report is distri`wte4, to explain the deriv.iti.m t t le re-
sqlts to Local ,croup.. Cospii!ce files should be mAlntdine, indefiritely. 



	

	
	

	

	

	

	
	

	

	

	

	

	

	

	
	

Co7 ,16.r
SUMMARY OF ELEVATION-FRVWENCT DAIA, moor) HAZARD FACTORS AND 

Flooding Source 

Las ?saps.* Creek 

Las Tramp4s Cree. 
trib. So. I 

Grizzly Czeek 

Reu..h 
So. 

1 

3 

1 

2 

Zones 

AI 
AZ 
Al 

A; 
A8 

Sheet 
or 

Panel 

01 
02 

SASE FLOOD ELEVATIONS 

siveLE, MA 

Rlevation-frequency curve platting 
points* 

102 42 12 0.22 

- 5.6 -3.7 0 5.0 
- 4.8 -3.3 0 5.2 
- 5 . 5 -3.7 0 4.3 

-2.. -1.7 0 1.3 
- 1.3 - .6 0 .6 

- 3.6 - 3.0 0 2.0 
-4.0 -3.0 0 2.8

i 

* Weighted average for zone. 

** Rounded to nearest 1/2 foot. 

*** Rounded to nearest foot. 

'goad hazard** 
factor 
(MT) 

055D 
0500 
155C 

025F 
015A 

0356 
040C 

Base Flo.A 
Elevation*** 

varies 
969 MSL 
varies 

varies 
980 MSL 

varies 

varies 
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FLOOD PROFILES 

(I) Select a scale so that the smallest graph division ii a multiple of 1. 2, 
or 3. Other multiples such as 25 or 4O sr. difficult to plot by using the 
grid lines. 

(14) Use uniform stationing. either river miles river feet. but riot a mixture 
of bath. Stationing should agree with that plotted un the work sap. Scale 

should be selected as in 1 above. 

Choose scales so that profiles are no steeper than 30'. 

0Indicate principal landmarks shown on presentation sap. 

Plot computed surcharge at each crosb section. 

Do not plot profiles for two streams on one sheet. 



Fl..O(l)WAY DATA 

1. ft • 

rt Cr~ 
6.7 1.oso 9.870 4.7 

Vat. SuTf. 
El.v. 

ft. 

712.1 

708.2 

704 .f, 

·w. s. £le". r~arae 
w.o. fl 

ll.fl. 

fyg 

71 t.9 0.9 

C 6.) 89S 1 10,100 4.6 707.4 
*r 

• f' 

8 S.9 870 t 9 .210 s.o 70].6 l . O 

I 
t 
I 

•FIA pr fer• lt!ttrrs t nuaib r•. In ordl!r they vould b • atarting d\N\1.·t r • 
Sl'ct · n A. B • .... Y • z. AA. Al • ••. AZ. IA, II. IC •tc. 'ftie f 1rst 
•~ti a vould be called Section A. out AA or A-A. 
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Review 

Ail I ;,-0.1 insurance studies ate fevielOWd by the butte.. ft.iter Branch 
for ,ftpltance with KVD khpecificatioae. A memor.kndun ot this review 
is went tO the appropriate Regional ilydraulics Speciali.t. re-
views Int hydraulf.cs and hydrology lareolved. The Regional 141.1raulics 
Specialist incorporate* the branch review into a memorandum ci review 
vhich is sent to the District and to the branch for the permanent file.. 

rev.ew procedure usuillv tames at least several weeks. If the MA 
dt&dlint does not allow this such time auf the study has no special 

.t car be sent Iv FIA prior to review. Lu this event te 
review is for guidance In future studios cooly. If a major discrepeacv 
is found. FIA is asked to return the study for modification. 

tame few studies that ts.mi to te returned were generall ones whose 
wounalasance failed to un:over the principal flood problems cr for 
prcPL.lea areas worked without close contact with Regional c.r branch 
perv.onnel. If unusuai problems are emcoustered the work ma; a-..! • 
revert draft should bt stibaitted at least a mouth before the project 
is due. The first few studies dome by may district should be pre-
miered. 

ru also reviews the studit.. They compare the areas studied to the 
prob:nn Iteal .n4icateli on the, community's applicatioc. They also Cut 

out tne nap panels and assemble them into ono lass* nap to check. for 
agreemeett on the match lines. The profiles are checked evilest those 
for all Available published (10.4 profiles in the vicinity including 
those for ad,laceet flo.44 itaufa0441 studies. FLA generally contacts 
tt.e district about any dis.rep.onc,les that they fimd. Host are resolved 
by the field offices 1:volved and FIA cheeses the ear and report to 
reflect cv s 1 MSS . :a s aal v rui reterms a rwort tor further work 
when rho revision appears to he oubstastial. 

http:hydraulf.cs


	

To: Mr. Earl L. Moss 
Federal Inaurance Administration 
Roos 9243 HUD Buildang 
Washington. D.C. 20410 

Registered mail: Or drafted flood basord oad floo4way sap pAnels. 
Regular mail: 15 copies of *tot, (plus 2 safoldod copies of each map). 

1 set of slides 

C.14.: 4351 4016 
E. J. Lenmedy. Staff Nvdrolosist 
Branch of Surface biater. 'WILD 
U.S. Geological Survey 
General Services Duildime 
Washington, D.C. 20244 

Regular sail: 1 copy of study 
1 sot of slides 

Regional Hydrologist 

Ruler swill: 1 copy ,f study 
I set of slides (colt for 121 U8180 
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Note.-- Boundaries of this preliminary floodway 
were interpolated between the cross sections 
shown. Boundary locations at cross sections 
were computed from hydraulic conditions only 
with no consideration given to economic. legal, 

enrowsw00•11.0001NAT SOUNDART
or political fact Jr s . Any floodway that does 
not encroach (•r. the boundaries shown complies FLOODVIAT FRINGE 
with FIA Floccway Regulations, 
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