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TECHNICAL BULLETIN 7-93 

Wet Floodproofing Requirements for Buildings Located in Special 
Flood Hazard Areas in Accordance with the National Flood Insurance 

Program 

INTRODUCTION 

'Ibis bulJetin de.!cribes planning, design, and constructioo ""Iuilements for wet floodproofmg 
certain types of structu .... and their uses uoder the National F100d Insurance Program 
(NFIP) . The buic cbaracterislic that distinguishes wet floodproofing from dry fIoodproofmg 
is the intemaJ flooding of a structure as opposed to providing essentially watertight 
protection. SpecifJCally, wet floodproofmg can be defmed as: 

Permanent or contingent measu .... applied to a structure andIor its contents that 
prevent or provide .... iJtance to damage from flooding by allowing flood waters to 
enter the structure. 

Flooding of a structure' s interior is inteoded to counteract hydrosWic pressure on the walls. 
surfaces, and supports of the structure by equalizing interior and in accontlllce With 
exterior water levels duriog a flood. Inundation also reduces the h NFIP m 
danger of buoyancy from hydrosWic uplift forces. Such t e ,et 
measures may ""Iuire altenlion of a structure's design and FIoodprooflng is 
COIIIIIUCtion, uoe of fIood. .... istlnt materials, adjustment of allowed in only 
building operation and maintenance prooedu ..... reIocaIion and limited sitruJtions 
treatment of equipment and contents, and emergency 
preparedness for actions that require human intervention. 

Applicotion of wet fIoodproofing IS a IIood prot<dion technique under the NFIP is limited to 
specific situations in A Zones (including A, AB. AI-30, AH. AO, AR. zones). For certain 
uses and types of structu .... deocribed in Ibis bulletin. communities may allow wet 
f100dproofing only through the issuance of a variance from certain floodplain management 
""Iuiremenu. The situaliona and conditions in which a community may allow wet 
floodproofing are deocribed in detail in the aection entitled AppIIaobIlHy. 

For structu .... in V zones (includes V, VB. VI-30 zones). more stringent design and 
conStruction requiremeots bave been establisbcd for the portion of a structure below the Base 
Flood Elevation (BPI!). For information on V-zone design and constructioo requilements, 
refer to the NFIP regulations under 44 CPR Section 60.3, the Technical Bulletin series , and 
FEMA's "Coastal Construction Manual" (FEMA 55). 



2

APPLICABILITY 

New CODStnlctioD aDd Substantial Improvements of Residential and Non-Residential 
Stroctu .... 

An impottant objective of the NFIP is to protect structures constructed in floodplains 
from flood-induced damage. In support of this objective, the NFIP regulations 
include building design and construction criteria that apply to new construction and 
subSlaDtial improvements (including structures which have incuned subSlaDtial 
damage) of existing structures in Special Flood HIzanI Areas (SFHA). AcconIing to 
tbese criteria, residCotia! structures in A zones mUll be constructed with their lowest 
flOOR elevated to or above the BFB. Non-residential structures constructed in A 
zones must either have their lowest floors elevated to or above the BFB or be dry 
f100dproofed (made watertight) to or above the BFB. Measures to accomplish dry 
f100dproofing of non-residential structures must not only provide watertight protection 
but also must be designed to withstand hydrostatic, hydrodynamic, and impact forces 
produced by flooding. The intent is to provide complete protection at least up to the 
f100dproofing design level which must, at a minimum, be at the BFB. 

In accordance with the NFIP, there are limited enclosed areas withiu newly 
constructed and subSIaDtially improved reaideatiaI and non-reaideatiaI structures where 
ihe-<:ommunity may allow wet fIoodproofing wjtbout • lIlrial¥'!! IS • flood protection 
technique. 1beae are limited to: 

EocIoIed un' bela" the BYE th.t are 'wd MQIcIy for _thip', buMlne 
'me. or lim""" ....... New construction aDd die substalltial improvemeDt 
of reaideatiaI and non-residential structures wbole lowest floors have been 
constructed at or above the BFB may be comtrucIed with encloaed areas below 
the BFB. 1beae areas must; (I) be used IIIIclx for parting, building access, or 
limited storage, (2) be designed to allow for the automaIic entry and exit of 
flood waters through the use of openinga, and (3) be constructed of flood 
resiSlaDt materials. 

Atterbecl pram. A garage attached to a resideDtial structure, constructed 
with the garage floor slab below the BFB, must be designed to allow for the 
automatic entry of flood waters. Openings are required in the exterior walls of 
the garage or in the garage doors. In addition to allowing the automatic entry 
of flood waters, the areas of the garage below the BFB must be constructed 
with flood resistsnt materials. Garages attached to non-residential structures 
must meet the aforementioned requirements or be dry f100dproofed. For 
guidance on below-grade parting areas refer to Tecbnical BoUdin 6, "Below­
Grade Parking Requirements". 
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Certain .. t .. ories of structuno wbere FEMA bas adv_ communities that variances to 
allow wet fIoodprooflDa may be ..... ed. 

Communities must determine whether a variance from local floodplain management 
regulations may be issued to allow wet floodproofmg for the categories of structures 
described in this section. To make such a determination, the community must, at a 
minimum, apply tbe NFIP variance criteria set forth in tbe 44 CPR Section 60.6. 
Included in these criteria is the requirement that the variance be the minimum 
necessary to afford relief, considering the flooding conditions at the site. This means 
that when a community issues a variance from elevation or dry floodproofmg 
requirements, the structure must still be protected to the maximum extent possible 
using an appropriate alternative flood protection technique, such as wet fIoodproofing. 
To properly administer the granting of a variance for wet floodproofmg, communities 
should have variance review procedures in place. These variance procedures must be 
within the bOunds of Slate enabling law and meet tbe minimum requirements of the 
NFIP. 

Variances to allow wet floodproofing may be issued for tbe foUowing categories of 
structures. Th""" stnlctu .... must comply with fIoodway encroachment provisloDS 
of the NFIP Repalatlons In accordance with section 6O.6(a)(1). 

Stnlctu ..... F"u.\IctIonaUy Dependent On Clooe PromnIty to Water: Cenain 
structu .... thai must be located near water are functionally depeodent uses, as 
deflDed in section 59.1, and are permitted to be wet floodproofed after the 
issuance of a variance from NFIP elevation and dry floodjiroofmg 
requirements. These structures may include cenain types of docking, seafood 
processing, and port facilities associated with marine activities. Specific 
criteria for issuing a variance for functionally depeodent uses are established in 
section 6O.6(a)(7). These include the requirement that the structure or other 
development be protected by methods that minimize flood damage and create 
no additional threat to public safety. 

HIstoric BuUdlnp: Under section 60.6, variances may be issued for the 
repair and rehabilitation of historic structures, as deflDed in Section 59.1, upon 
the determination that the proposed repair or rehabilitation will not preclude . 
the structure's continued designation of a historic structure and the variance is 
the minimum necessary to preserve the historic character and design of the 
structure. 

Ace"I..,. struau....., used solely for parldng (two-car detached garages or 
smaller) or limited storage (small, low-cost sbeds): If a community wishes to 
allow a non-<:Ievatedlnon-dry floodproofed accessory structures, the 
community must establish the meaning of low-cost and small accessory 
structures. Communities may allow wet floodproofmg of these structures 
provided that they represent a minimal investment and are designed to have a 
low damage potential with respect to the structure and contents. 
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'The: following requirements, at a minimum, must be attacbed to the variance 
for an accessory structure: 

I) it must be anchored to resist flotation, collapse, and lateral movement; 

2) the portions of these structures located below the BFE must be constructed 
of flood-resistant materials; 

3) it must be designed to allow for the automatic entry of flood waren; 

4) mechanical and utility equipment must be elevated or floodproofed to or 
ahove the BFE; 

S) it must comply with the floodway encroachment provisions of the NFIP 
Regulations; and 

6) its use must be limited to parking andIor limited storage. 

Some communitiea bave included provisions in their floodplain management ordinance 
for permitting the construction of these low-<X>St, small ddlcbed oa:esoory structures. 
Communities wishing to repIate the placement of such structures in this manner 
should contact their FIlMA RcgionaI Office for guidance and usistaDcC. 

Certain Apicultunol Strvctu .... : FIlMA recognizes that wet floodproofing may be 
appropriate for certain types of agricultural structures located in wide, expansive 
floodplains. A variance may be issued only if the structure is used solely for 
agriCUltural porposes in which the use is exclusively in connection with the 
production, harvesting, storage, drying, or raising of agricultural commodities, 
including the raising of livestock. Only in circumstances when it can be demonstrated 
that agiicultural structures can be designed in such a manner that results in minimal 
damage to the structure and its contents and will create no additional threats to public 
safety, may a variance be issued. Because the wet floodproofing of a new 
agricultural structure with the lowest floor below the BFE is not in conformance with 
NFIP requirements, any variance issued must address both the nonconforming flood 
protection technique and the restriction of use to the above-<lescribed agricultural 
purposes. Types of agricultural structures that may be wet floodproofed following the 
issuance of a variance are: 

• Farm Storap Structu .... used exclusively for the storage of farm 
machinery and equipment (e.g. , pole and pre-fabricated metal frame structures 
with open or closed sides) . 

• Grain bins • 

.. Com cribs. 
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• General purpose bams for the temporary feeding of livestock, provided 
they remain open on at least one side. 

In addition to the variance requirements 1-5 under the Accessory Structure category 
presented above, a variance for an agricultural structure must also be limited to 
agricultural purposes. 

Exlstio& (Pre-FIRM) Structures That Are Not SubstaotlaUy Impro.ed or SubstantlaUy 
Dama,ed 

For existing structures that are not being substantiaUy improved or Ihit have not been 
substantiaUy damaged, the NFIP elevation and dry floodproofmg regulalio,\s do not 
apply. Owners may voluntarily choose to wet floodproof such a panicular structure 
to reduce potential flood damage. Many existing structures are constructed of 
materials that are generaUy permeable to flood waters, difficult to make watertight, or 
unsuitable for flood protection techniques other than elevation or relocation. 
Although it may be technicaUy feasible to retrofit some older structures by seating the 
perimeter walls and creating a watertight structure, it is often unadvisable to do so 
because of high probability that the dry floodproofiog will fail due to some unforeseen 
factor in these usuaUy non-a.gineered, older structures. 10 these cases, wet 
floodproofmg and flood protection through either relocation or elevation of structures 
may offer the only technicaUy viable flood-damage reduction alternatives. In some 
situations, wet floodproofmg may be the only realistic economic alternative for 
existing structufCS that are not suhstantiaUy improved or damaged. 

II must be .... pba.1zed Ibat .arla ....... are araoted wlib reopect to floodplain 
ma_t requb_ and do not affect flood ' iDourance rates, The 
Fedenl Insurance ,Administration, by statute, most c:barp iDourance ralel 
co_nite WIib' Ibe risk to wblcb a buikIIDI" ... ", .. d_ r-.rance ralel ror 
buUdIop co ... ~ under .arla ....... are ~ hIiber !ban rates ror a 
comparable stnacture Ibat .. rully compliant. 10 some iJ!sta ....... Ibe additional 
costs or iDouriDI thee buUdIop,1r Ibey are not e1e ... ted or fIoodprOored In 
accordance wIIb Ibe NFIP requlremeots, would a(lJJnJlldl or e .. n ... eeed Ibe 
costs or moctlnl NFIP e1e.atlon or dry fIoodprooflq requb _Is, and Ibe 
structure would stIU be 0llJI08ed to flood dama .... 

10 accordance wIIb Ibe NFIP replatloos, communities most notil'y Ibe 
applicant In writInI Ibat Ibe ...... nce or a .arIance will reouIt In ioc:re8sed 
premium ralel ror flood iDourance and Ibat such CODSlNctIoo below Ibe BFE 
iocreosos ....... to life and property [44 eFR 60.6(0)(5»). 
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NFIP Regulations 

44 CPR Section 60.3 (a)(3) of the NFIP regulations requires that the community must: 

"Rniew all ~""iI applkaliDns 10 tkt.""tne wlKtlur proposed building silea 
will be ",asolllJbly SIif. from flooding. Q a proposed building siI. is in a 
flood-pron. ana, all new construdion and sublllmlW impro .. m.nls slwIl (i) 
be tksigned (or ~ and atkflUlUI] anchond to p_ flotation, 
colllJpse, or klUral mo .. _ of 1M structu", ",suiting from hydrodynamic 
and hJdrosllJlic Ibads, including 1M .ff.cts of blUJ"",CY, (jj) be constructed 
wiIIt _riIIls ",n- to flood d4mage, (iii) be COlllh'flcted by IfUIIwds and 
practia. tMt minbniz.t flood tIanJag .. , and (i.) be constructed wiIIt . 
• kt:triaJl, heating, l'InIiIIJtion, pblmbing, and air condilioning .quipm.nI 
and otlur seroicl jadliti" tMt an tksigned and/or Iocoud 10 as to p_ 
water from _ring or «cumu1ating wilhin 1M COmpolllnlS during 
condilion. of jIooding .• 

NFIP regulations require that all enclosures below the BPE in A Zones must either be 
designed to allow for the equalization of hydrostatic forces during a flood event or be 
floodproofed. When water is allowed to enter, section 6O.3(c)(5) of the NFIP regulations 
states that a community shall: 

","quiTe for all new colllh'fldion and sublllmlW impro_, tMt.fuUy 
mcloud anas below 1M Iow.st floor tMt an IUIIbk lOkI] for pllli:ing of 
.. /tick" building «cell, or storage in an area otlurJIIan a baummt and 

• • . • U· 

w1tic1t an subject to jIooding sIwIl be tksigned NI ~ .qualIu 
hJdrosllJlic flood fo,..,. on uurior walls by a/Iowiag for 1M """ and uiI 
of flood wall,... Design. for melling tIaIs ",qu;,.,menJ must lilller be 
ce~ by a "'g/lUnd prof .. siDlUIl engineer or anItiIect or mell or uceed 
1M foUowiag 1IIininI_ crlIeria: A rniniIII_ of two o~gs luniltg a total 
nil area of not 1411 tIuI1I one sparr inelt for noy sparr foot of mcloud 
area subj.tt to jIoodin'j II prorllled. n. bottom of all o~gs sIwIl be no 
llighlr tIuI1I one foot abo .. grruk. Openings """ be .qaippId wiIIt 'CTf!InS, 

lou .. ,.., WJlH" or otlur co .. rings or dnIce. pro'li4ed tMt tIuy ~""iI 1M 
automatie """ and uiI of flood wall,.. •• 

Section 6O.3(d)(3) places further restrictions on construction in floodways by stating that a 
community shall: 

"Prollibil mcroae/tmenls, including jill, new colllh'fldion, sublllmlW 
impro .. _s, and otlur tkHlopmenl wiIItin 1M adopted ",gu/IJIo" jIoodwllJ 
unk" iI has bem tktnonstrolld through hJdrologk I11III hJdmulk ana/J'" 
pofonned in «cordance wiIIt stondard engine.ring pTUdk. tMt 1M 
proposed encroae/tmenl would nol ",suIt in an, incnas. in flood kH/s 
wiIItin 1M community during IhI occu"",c, of 1M base flood disc~ •• " 
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Concerning the issuance of variances. section 60.6(0)(3) states: 

"Varian ..... 1uJIl 0,", be ilnud b, a CfJIrUII","" upon (;) a .lwwing of good turd 
IqJJidml caau, (iI) a doUmtination tIwt failure 10 grant a wuiIm ... would relUll in 
ucqt/olUll IumIsIIip 10 1M appIktW, turd (IU) a doUmtination tIwt granting of a 
wuiIm ... will not relUll ill iIIcretUed j/Qod luig/ll., tuIditiolUll tII_. 10 publk 
uifdJ, utnwrrlintJry pub/k expen", CmlU nuiltln .... , ctJUI. ftruuI on or 
IlictimirAlion of llu pub/k, or co'!/lkt with uilting local law. or orrJinDnco.;" 

And section 60.6(.)(4) states that 

"Varian .... s1uJIl onl, be ilnud upon a doUmtination tIwt 1M wuiIm ... illM 
1IIinllII_ noco.StIty, consiMring 1M j/Qod 1uwurl, 10 II/ford rdiq;" . 

Concerning functionally dependent uses under the NFIP variance criteria. "Functionally 
dependent usc" is defined in section 59.1 as: 

"FIIlIf;Ronvl/y tIgmtiInI .... _. a .... wltkll cannot porform its inInIMd 
purpoN lIlIku II is IottJted or canWl out in clDN P"'xintity 10 _ . 17u urm 
iIIdMdo. only dod:ing ftldlllU., port ftu;i1llU. tIwt are no ... ,." for 1M lotuJiIIg turd 
unlotuJiIIg of carp and posNngon, and ship buUdillg and ship rqtdr ftu:lli&., but 
doe. not indMdo long"""" ""',.,. or relalsd _of_ring ftu;iIllU,. " 

Section 6O.6(a)(7) states that: 

"Varlanu • ...., be Unud by .. CfJ_","" for now CfJ",,",eRon and subrllllllisl 
iIIIp",_ and for DlMr ."./tJpIINItt no...,." for 1M CfJndtu:t of .. ftmeRolllllly 
t/qo1uImI .... p",viIkd tIwt (/) 1M criUn. of JHUII6"lIIIIu ( .. )(1) tII"'"gII (a)(4) of 
thU NeRon are _ , and (/I) 1M ltrlldare or DlMr t/eNlopmml is proucud b] 
mdwds tIwt 1IIinimiu j/Qod dmnag. during llu boaN j/Qod and c-. no tuIditiolUll 
111-. 10 publk uifdJ. " 

Concerning granting variances for historic structures under the NFIP variance criteria. 
section 160.6(a) states .that: 

" .. • Varian .... ...., be Unud for 1M rqtdr and relwbillt4don of 1JisIotit: ltrlldare. 
upon 1M doUmtination tIwt 1M p",poNd rwpo;r or relwbililation will not preclude 
1M _re', continued tI.rigMtion III alJislotit: _re and 1M wuiIm ... is 1M 
1IIinllII_ no ... ,." 10 pre_ 1M 1JisIotit: clumu:Ur and tI.1ign of 1M _reo " 

LastlY. concerning granting variances in designaled floodways. section 6O.6(a)(I) states that: 

"Varian .... s1uJIl not be isnud by .. CO"""","" wiIIJin an] tI.1ignoaUd regullllory 
f/oodwtJJ if an, iIIcretU. ill j/Qod /nob during 1M boaN j/Qod discluJrge would 
rrru/t;" 

Note: Rpdm are stmnlb advised to become famjljar with aU pmyjsioos of section 60.6. 
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It should be noted that Technical Bulletins provide guidance on the minimum requirements 
of the NFIP ~gu1ations . Community or Slate requirements that exceed those of the NFIP take 
precedence. Those contemplating wei floodproofing a structu~ should contact the community 
to deterntine wbetber mo~ restrictive local or Slate ~gu1ations apply to the structu~ or site 
in question. AU applicable staodards of the State or local building code must also be met for 
any structu~ in a special flood hazard area. 

Planning Considerations 

A review of the foUowing factors for the site in question will assist in detennining whether 
wet floodproofmg is appropriate. For example, if a site will be subject to rapidly rising, 
high-velocity flood walen during a flood, and the available warning time is ,hort, then the 
site is unsuitable for "a wet floodproofed structure. In this situation, elevation or relocation of 
the building ouuide the floodplain would be tbe p~fe=d alternatives. 

Warninc Time 

TIle rate-<Jf-rise of flood waten for the site in question, the establisbed flood warning system 
(if any), the flood warning time available, and the reliability of the f\ood warning must be 
reviewed to deterntine appropriate wet fIoodproof design elemCOU. Tbe rate-of-rise or the 
flood warning time available through an existing reliable (community-based or regionally­
based) flood warning system must be adequale to provide oufficient lead time to evacuate a 
flood prone structure wben flooding threatens. In addition, sufficient warning time must 
exist to successfully implement a plan that requires human intervention which would include 
such items as the removal of equipmenl or <"ntents , or the elevation of contents within the 
structure. Wet or dry floodproofed structures are not appropriate for any site in a fIasb flood 
area, because of the potentially short warning time. 

Safety and Accais 

Safe access to a wet floodproofed structure may be a critical factor in the determination of 
wbetber wet floodproofmg iJ an appropriate design alternative. II iJ anticipaled that most 
wet floodproofed structures will not need to be accessed during flooding. In situations wbere 
there is a need to access the structure during conditions of flooding, safe access shall be 
con,i_. In 1987, ColOl1ldo State Univenity conducted a study of human stability in flood 
flow conditions based on the product number of depth of flow multiplied by the floodwater 
velocity. R ...... IU of this study indicated that any floodplain location with. product number 
of 4 or ~r (depth in feet multiplied by velocity in feet per second) will create • hazard 
for anyone attempting to escape from or gain access to the site. Such ,ites are only 
acceptable for wet f100dproofed structures if modifications are made to the site to reduce the 
flood hazard and sufficient warning time is available to safely evacuate the site. 
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Other flood cbaracteristics that must be considered include: 

Floodway Encroachment: Encroachments, including fill, new construction, substantial 
improvements, and other development within !be adopted regulatory floodway are 
prohibited under !be NFIP unless it has been demonstrated, through bydrologic and 
hydraulic analysis performed in accordance with standard engineering practice, that 
!be proposed encroachment would not result in any increase in flood levels within !be 
community during !be occurrence of !be baae flood discharge. Floodways are usually 
!be most dangeroos portion of !be floodplain, containing !be highest velocity and 
debris-laden flood flows. Extreme caution must be used in !be placement of any 
structure in a floodway. 

Duration: 1be amount of time a structure's interior is flooded presents two major 
concerns. First, damage due to the deterioration of structural components, interior 
flnisbes, equipment/machinery, and contents generally increases with prolonged 
inundation. 1be other concern i. !be fmancialloss due to business intenuption, 
determined by both !be length of time inundated and time to clean-up. Financial losses 
due to disruption can be extreme. . 

Flood-Bome ConramiMQts: Flood waten may contain numerous contaminants and 
are often caustic and toxic. In urbanized and industnaJjzed areas, floodwater can 
contain higher amounts of salts, alka)js, oils, wa.stea, chemicals, and debris. In 
agricultural areas flood water often contains, berbicides, pesticides, and fertilizers. 
Based on flooding cbaracteristic!, some flooding IOUtceS will contain higber 
concentrates of suspended solids than others. Due to !be action of "dirty" floodwater, 
inundated materials can absorb and surfaces can ~ coated with mud, debris, and 
grime, exposing ""ntents and building componenta to.con:otive salts and cbemicals. 
This often leads to residual depotiita and odors after flood waters recede. 1bese 
depotiits and odors can render a structure unaafe and non-<JCCupiable for an extended 
period of time after !be flood waters recede. 

F!!:QUCIICl': Frequent flooding may render a wet fIoodproofing stIategy infeasible. 
Detriments that must be assessed include cumulative "wear and tear" effects of 
recurring inuodation and !be costs associated with repeated business interruption, 
frequent remove of contents, and frequent clean-up activities. 

Ds:i1Ih: It is difficult to establisb a safe range of flood depths for !be use of wet 
floodproofmg, and perhaps inappropriate to attempt to do so. It is somewhat more 
applicable to evaluate limiting factors. Many wet fIoodproofing actions involve some 
degree of ei!ber permanent or contingent elevation of contents, equipment, and 
machinery. A maximum depth may be establiabed .. !be depth that would preclude 
!be use of wet floodproofmg procedures that can effectively protect !be structure and 
its contents. 

Water Temperature: In very cold wea!ber, ice may pose signiflcant problems in 
implementing wet floodproofing. 1be impact of large, water-bume, cbunks of ice car 
damage or destroy a structure, and water that freezes inside of a stNcture can result 
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in strong expansive forces that can damage both structural and non-structural building 
components. 

Operational ProoedUrt'S 

TIle operational procedures aspect of applying wet f100dproofing techniques involves 
both the structure' s functional requirements for daily use and the allocation of space, 
with oomideration of each function ' s potential for flood damage. Daily operations 
and space use can be organized and modified to greaDy reduce the structure and 
contents wlnerability to damage. TIle goals are to minimize damage caused by 
floodwater and to minimize economic losses due to business interruption. TIle 
following describes the various operations ooncerns involved in an effective wet 
f100dproofingooncept: 

F100d Wamior Sy8IePI. Because wet f100dproofmg will, in most cases, require some 
human intervention wben a flood is imminent, it is extremely importsnt that there be 
adequate time to execute such actions. Specific time required is a function of the type 
and degree of actions necessary in addition to the resources available for their 
implementation. In some areas, it may be poasible to benefit from the use of an 
existing flood warning system. In other cases, bowever, it will be necessary to 
independently develop a system. Such a system may be as simple as a weather band 
radio that operates on a tone alarm from the National Weather Service for smaller 
wate .. heds and monitoring river forecast levels for Iargcr watenheds. 

Io.!pj:ction aod Maiotmance Plan Every _ fIoodproofing design requires some 
degree of periodic maintenance and inspoction to CDIUI'C that all components will 
operate properly under flood conditions. TIle necessary inspection and maintenance 
activities, including inspection intervals and repair requirements, must be described in 
tbe Inspection and Maintenance Plan. CODtPODCDts that sbould be inspected as part of 
an armual (as a minimum) maintenance and inspection program include opening 
oove .. and valves intended to equalize hydroslalic pressure. 

F100d I!meqmcy 0j!mIj0Q Plan. A Flood Emergency Operation Plan is an integral 
part of any structure's f100dpr00fing design and is critical wben the fIoodproofmg 
requires human intervention such as adjustments to, or relocation of contents and 
utilities. While such a plan is recommended for existing structures, it is a 
requirement for all new structures wbere human intervention is critical to the proper 
operation of the fIoodproofing. An adequate plan for the type of structures discussed 
in this bulletin shall include a list of specific duties to ensure that all wet 
f100dproofing measures requiring human intervention are addressed. TIle locations of 
materials necessary to properly install all f100dpr00fing components must be included 
in the list. 

A pre-dctermination of the flood stages at which floodwater cote .. each wet 
f100dproofed structure must be made, along with a pre-determination of the amount of 
warning time available. Based upon these elements, contingency actions should be 
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prioritized, particularly any evacuation that will be involved. The plan should be 
completely tested to ascertain its practicality, and also should be reviewed and 
updated foUowing a flood event. 

Other Coosidentioos 

Having considered all of the above, a community may choose to: 

limit !be size and number of structures that may be wet floodproofed, 

restrict !be location of wet floodproofed structures to areas wbere !be depth of 
flooding and/or floodwater velocity will not result in damage to structure or its 
contents, andIor 

consider !be possibility of combining elevation and dry floodproofmg with wet 
floodproofmg where the level of risk warrants such action. 

Engineering Considerations 

There are three main components to wet floodproofmg a structure; design elements, flood 
resistant materials, and protection of contents. As with !be application of dry floodproofmg 
tecbniques, developing a wet floodproofmg strategy requires site-specific evaluations that 
may necessitate the services of a design professional. 

l'roUdlon of tbe Structure 

Hydrostatic fortes must be counteracted to prevent wau collaple and flood-induced uplift. 
This is achieved througb !be use of wau openings that aUow water to enter !be structure, 
!bereby equalizing !be hydrostatic pressure. The NFIP requirements concerning openings are 
discussed in Tecbnical Bulletin I, "Opening. in Foondation waUa." In addition, provision. 
must be made to prevent air trapped within !be structure duriog periods of inundation from 
becoming pressurized and damaging on the exterior walls and roof. Because structures may 
become buoyant in !be presence of flood water, supentructures need to be designed to 
prevent separation from !be foundation. AU structural and non-structural components must 
be constructed of material. that are durable, resistant to flood forces, and resistant to 
deterioration caused by repeated inundation by floodwater. Components not inundated with 
flood water must be able to resistant daJna8e as a result of excessive humidity usociated with 
flooding and post-flood conditions. Tecbnical Bulletin 2 "Flood Resistant Materials" provides 
specific guidance on which material. are acceptable under !be NFIP. 

FoupdatjoQs: The failure of foundations in structures subjected to inundation is a 
major cause of structural dam.... Foundation design is a site-specific process that 
must take into account local soils and building load conditions. Included in !be site 
analysis should be !be influence of hydrologic and hydraulic conditions (velocity of 
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flow , rate-<>f-rise, depth, flood-borne constituents, and duration) on the foundation 
design. The ability of floodwater to advenely affect the integrity of structure 
foundations by eroding supporting soil , scouring foundation material , and 
undermining footings necessitates careful examination of foundation designs . 

An extremely important consideration is that the structure be adequately anchored to 
the foundation. Uplift forces during a flood event are often great enough to separate 
an improperly anchored structure from its foundation . 

CayilY wan Comgyctjon; Wet fIoodproofing equalius hydrostatic pressure 
throughout the structure by allowing floodwater to fill in all spaces and equalize 
internal and external hydrostatic pressure. Thus, any attempt to seal internal air 
spaces within the wall system is not only technically difficult, but also contrary to the 
wet floodproofmg' approach. Provisions must be made so that the cavity space fills 
with water and drains at a rate approximately equal to the floodwater rate-of-rise and 
fall . 

If the cavity wall air space is filled with insulation, it should be a type that is not 
subject to damage from inundation. Ban and blanket types such as spun mineral fiber 
or fiberglass bat insulation are not acceptable as they retain water and CODtaminants 
within their voids. Foam and closed cell type insulation have characteristics that can 
withstand a certain level of inundation. These include polystyrene, expanded foam, 
and thermal glass. 

The air space within the cavity wall will aIao be inundated by floodwater and the 
contaminants it carries. Silt, cbemicals, and organic materials, will remain in the 
cavity space after the floodwater has receded. Such contaminants can be hazardous to 
tbe structure and the occupants; caustic chemicals can deteriorate building materials 
and debris that bubors organic growth can be have UIOCialai bacterial problems and 
odors. If a cavity wall is used, the cavity wall should have "clean"OUt" access panels 
that allow the internal air space to be flusbed with water or other cleaning agents and 
freab air to circulate within the cavity. Refer to FBMA 234, "Repairing Your 
Flooded Home" for further guidance on cleaning wall cavi1ieo. 

Solid wan C!l!II!n!djon; Wall systems without internal air spaces are considered solid 
wall oonstructioa, whicb includes cast-in-place concrete, fully grouted cell masonry, 
pressure treatCd wood- or metal-frame shell. Solid walls are designed without internal 
spaces that could retain floodwater. llecauae tbeae walls can be somewhat porous, 
they can abaorb moisture, and to a limited degree, associaIaI CODtaminants. Such 
porous wall systems that permit the intrusion of moisture into the wall could cauae 
internal damage especially in a cold (fn:eze-thaw) climate. Solid walls made of non­
porous materials are preferred over cavity walls. But in thoae caaes wbere solid wall 
construction made of porous material is being con.Udered, the uae of both exterior and 
interior cladding with properties as described above for cavity wall systems is more 
desirable. 
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Wall Finishes: The exterior cladding of a structure subject to flooding should be 
nonporous, resistant to chemical corrosion or debris deposits, and conducive to easy 
cleaning. Relatively impervious cladding such as bard brick, pressure-treated wood, 
metal , and concrete are some of the acceptable materials. 

As with exterior surfaces, interior cladding should be easy to clean and not 
susceptible to damage from inundation. Materials tbat are solid and relatively 
impervious such as concrete, bard brick, plastic, and pressure-treated wood, are most 
suitable. 

MetaI-<:1ad structures such as those found in many agricultural operations should be 
constnJcted of corrosion-resistant materials. Fnming and cladding must m~ the 
same flood-resistant requirements as all other materials . Metal fasteners used with 
metal panel cladding systems are susceptible to corrosion and should be a corrosion­
resistant type, such as hot dipped galvanized or stainless steel. 

Wbere interior wall fmishes are present, they sball meet the same flood resistant 
standards as all other materials located below the BFB. 

Floors: Subfloor systems in wet f100dproofed structures are normally concrete or 
gravel. Materials that are attached to the concrete subfloor, such as tile, paint, or 
wood, and the attachmeot mecbanUm (adhesives, nails , screws, etc .) that secures the 
fmi.h material to the subfloor structure, .hould be able to withstand inundation 
associated with a base flood event without damage or alteration. 

Ceiling and ·Roofs. When it i. anticipated that flood levels will come in contact with 
the oeiling, flood resistant material requirements apply for ceiling·materials and 
attachment mechanism. (hangers, adhesives, screw.). To Protect the ceilings and 
roofs from the pressure of enlr2pped air or water, pres.ure relief vents should be 
used. Even in those cases wbere flood waters are expected to be below ceiling levels , 
ceiling' materials including attachment mecbaniJm. should be able to withstand 
prolonged exposure to moisture and humidity8ssociated with f100d 'and post-flood 
conditions. 

Building IlpycIqpc OJ!epjncs, Openings in a structure's floors, walls, ceilings, and 
roofs are often enclosed by architectural components such doors, windows, louvers, 
vents, skylights, etc, These components include fasteners, gaskets, seals, glazing, 
locks, and finishes , Again, even those item. not expected to be inundated must be 
resistant to humidity and moisture damage, NFIP flood resistant material 
requirements apply to all architectural components that are to be exposed to flooding 
or resulting excessive moisture, All materials .baII be capable of resisting damage 
associated with a base flood event. Door .ystem. include frame, hinges, threshold, 
and panels. Since solid wood, wood laminate, or hollow core wood door panels may 
warp, swell andIor rot, sealed metal. are preferable, 

Windows are susceptible to damage from debris carried by floodwater. The use of 
glass blocks, sealed unbreakable panes, and wire-reinforced glass will resist flood 
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damage. Protective screens may also be successful in preventing debris impact. 'The 
use of tempered glass or impact-resistant plastic (acrylic or polycarl>onate) is 
recommended for large window areas of 20 square feet or more. 

Pro!ectiop of Mechanical and Electrical Systems; While !be NFIP regulations do not 
prohibit !be p1acement of mechanical and electrical components below !be BFB, !bey 
are required to be designed and/or located so as to prevent flood water from entering 
or accumulating within them. 'The preferred method of meeting this requirement is to 
locate flood-threatened components above !be expected flood level. Otber optioos that 
may meet !be NFIP requirements for electrical systems that can not be elevated 
involve emerxency operalion and maintenance procedures, including disconnecting 
and elevating or relocating electrically controUeci equipment, inSlalling elevated 
control panels for cutoff of electricity, or enclosing service equipment in waterproof 
utility enclosure areas. Mechanical systems that must be located below !be design 
flood level should be provided with waterproofed enclosures to protect bearings, 
seals, gears clutches, valves, or controls that will not withstand immersion, silt 
damage, or water pressure. 

Electrical System. Electricity is a primary source of energy for many vital 
building operslions. Wet floodproofing an electrical system primarily involves 
preventing vulnerable components from coming in contact with water. 
Elevation of all electrical compooents except !be minimum necessary to 
operate !be strucIUre (minimal number of light switches and receptacles) is 
required. Wbere .witches and receptacles must be located below !be BFB, 
sealed or capped moisture-resistant compooents are required. Ground Fault 
Circuit iDterrupIers shall be utilized for all electtical circuits that serve areas 
below !be BFB.Key sylllem components for which elevation above floodwater 
is desirable include transformers, switcbboards, and branch panels. A possible 
alternative may be to enclose these elements with a waterproof protective 
barrier. In circumstances which dictate that it is not practicable to safely 
maintain power during inundation, complete cutoff must be utilized. This of 
course presents !be need for inspections and action. to ensure complete drying 
of electrical components prior to power restoration. 

Electrical service provided to a strucIUre from poles or other overhead sources 
should enter !be structure at a point above !be expected flood level. 
Underground service cables may be feasible provided that !bey are 
waterproofed and not exposed to direct contact with flood water. 

Htatinr and Yr,ptj1atjo,1D gcocral, heating aDd ventilating equipment is not 
designed to withstand inundation and is prone to severe floodwater damage. 
Thus, elevating is recommended to preclude inundation of .ySlml components. 
In situations wbere elevation is not practical, quick re1eueldisconnect 
mechanisms should be incorporated into !be design. One example is fan motor 
components for grain bin aeration systems which are configured to be easily 
removed and relocated prior to flooding. 
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LiQuid StQra&e Containers Liquid and gas containers are subject to extreme 
hydrostatic pressure during inundation. Where possible, such containers should he 
elevated to or above the BFE or located outside the floodplain. If a newly 
constructed container will be subject to inundation, it is required under the NFIP to 
he ancbarcd to withstand a booyant force acting upon it in its empty state. Containers 
should have watertight fill caps and vents that extend above the expected flood level, 
and should he IaheUed according to contents. Laheling will anow emergency 
personnel to identify the contents in the event the tanks breaks loose and floats away. 
It is important to note that underground tanks are also subject to uplift forces. Empty 
tanks, both above and below ground, should be filled with potable water prior to the 
arrival of floodwater. The post-flood disposal of this possibly contarnimted water 
must be in accordance with an applicable federal, state and local regulations. 

Flood R .. istant Materials 

In accordance with the NFIP, an materials exposed to floodwater must be durable, 
resistant to flood forces, and rewdant to deterioration caused by repeated exposure to 
flood water. GeneraUy, these performance requirements result in .masonry 
construction being the most suited to wet f100dprnofing in tcnns of damage resistance. 
In some cases wood or steel structures may be candidates, provided that the wood is 
pressure treated or naturaUy decay resistant and steel is galvaninod or prorected with 
rust-rewdant paint. Detailed guidance is provided in Technical BuUetin If2 "F100d­
Resistant Material Requirements." 

Protection of Contents and Eilul(lll*ll 

; laoIaIjonfrom' F\oodwllcr.·· Conaideration sbouId be given to preventing, to the 
maximum extent possible, the contact of floodwater with damage-susceptible items. 
This can be accompUahed through relocation prior to flooding, elevation, or in-place 
protection of f100d-<lamageable items. 

ReIoca!jon: The most effective metbod of protection for equipment and 
contents is to relocate threatened items out of harm's way. The interior of the 
structure must be organiud in a way that ensures easy access and facilitates 
relocation. Aisles, doors; and corridors shaD be wide enough and equipment 
size should be evaluated to anow any planned relocation or removal. Where 
structures are used to store bulk materials, such as grain, provisions must be 
made for the orderly removal and relocation of the contents to an area outside 
the floodplain. 

Elevation: Within the flood-prone structure, elevation of key items could be 
achieved through the use of existing or speciaUy constructed plalforms or 
pedestals. Contingent elevation can be accomplished by the use of baists or 
some type of overhead suspension system. Elevation techniques can be 
applied to a wide range of objects--macbinery, utility system components 
(particularly electrical equipment), fuel and storage comainers, and contents. 
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In-Place Pro!ec!jon: Some items can be protected, in-place, through a variety 
of options. Protective waterproof enclosures may be feasible for items that are 
difficult to move or relocate. Ancbors and tle-downs, shall be used where 
appropriate to prevent flotation and movement, especially in the case of 
SIOragC containers. Dqlending on flood characteristics, such enclosures may 
not have to be inconveniently high or completely permanent. Low barriers or 
flood shields may supply the necessary protection. Also, steps or ramps can 
be incorporated into the design to further maintain easy acces.o. 

Protective coating1 can be applied to equipment to reduce inundation damage. 
htroleum based greases, bot dip pluti<:a, spray or cold pluti<:a can all be 
applied to oily surfaces. If they are applied to painted surfaces they must he 
non-migratory and not applied to threaded surfaces. Coolings can provide 
proleCtion and enhance cleanup ease. 

The uae of "quick-disconnect" type plug and RlCepIaCIe sets on standard 
electrical motors and other electrical CODDeCtions provides aeveral advantages. 
'Ibis 'allows for rapid shutdown, eliminates the need for an electrician. 
simplifies removal opemIiona, and enables npid reiDQlI.tioo and restart. 
Similarly, motor-pump type units can be equipped with quick disconDect 
fitliDgs 00 both suction and discbuJe lilies in additiOD to eIcctrical power 
lilies. These actioos also provide the added benefit of facilitating routine 
maintenance and relocatioo of equipment. 

Mounting equipment and inventory on skids or pallets contributes greatly to 
contingent relocation, elevation, and removal actiooa using a fori< lift. Large 
item. that can be lifted from ovm-! abouId be permanently, fitted .with lifting 
ban or lup. This e1imiDltes time for rigging and benefits routine procedures. 
Any acceaaory. item. requiIed, such u .motor mount shims or oeccs .. ry tools , 
should be stored nearby. 

Technical Bulledna 

This is one of a series of Technical Bulletins FEMA bu prOduced to provide guidance 
concerning the building performance standan:Is of the NFIP. These standariIs are contained 
in Title 44 of the U .S. Code of Federal Regulaliooa at SectiOD 60.3. The bulletins are 
intended for uae primarily by State and local officials respooaible for interpresing and 
eoforeing NFIP repIatioos and by members of the development community, such as design 
professionals and builders. New buDetins, u weD u updates of existing bulletins, are issued 
periodically, as necessary. The bulletins do not create reculalions; rather they provide 
specific guidance for complying with the minimum requirements of existing NFIP 
reculalioo •. Users of the Technical Bulletins who need additiODaI guidance concerning NFIP 
reculatory requirements should conlaCt the Mitigation Divisioo of the appropriate FEMA 
regional office. The User' s Guide to Technical Bulletins lists the buDetins issued to date and 
provides a key word/subject index for the entire series. 
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Ordering Information 

Copies of the Technical BuUetins can be obtained from the appropriate FEMA regional 
office. Technical BuUetins can also be ordered from the FEMA publications warehouse. 
Use of FEMA Fonn 60-8 will result in a more timely delivery from the warehouse. The 
fonn can be obIained from FEMA "'gional offices and your state' s Office of Emergency 
Management. Send publication requests to FEMA Publications, P.o. Box 70274, 
Washington, D.C. 20024. 

Further Information 

The following publications provide further infonnation concerning non-residential 
l100dproofmg: 

1. "Answers 10 Questions About Substantially Damaged Buildings," FEMA, May 1991, 
FEMA-213. 

2 "Commercial-Industrial Flood Audit ," New England District, U.S. Anny Corps of 
Engineers, n.d. 

3. "Cooperative Flood Loss R<duction, " A Technical Manual for Communities and 
Industries, Flood Loss Reduction Associates, 1981. 

4. "Deslgo Manual for Retrofitting Flood-Prone Resideotial Structu""," FEMA, 
September 1986, FEMA-114 . 

. 
5. "Floodproofmg Non-Resideotial Structures," FEMA, May 1986, FEMA-I02. 

6. "Flood Proofmg Regulations, U.S. Anny Corps of Engineers," March 1992, EP 
1165-2-314. 

7. "Human Stability in a High Flood Hazan! Zone," S.R. Abt, R.J . Whittlen , A. 
Taylor, and D.J. Love, Water Resource BuUetip, August 1989. 

8. "Repairing Your Flooded Home," FEMA, August 1992, FEMA-234. 

9. "Sealants, Part I," John P. Cook, Progressive Arehitecture, December 1974. 

10. "Sealants, Part 2," John P. Cook, Progressive Arehitectu"', February 1975. 
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II . "Tests of Brick-Veneer Walls and Enclosures for Resistance to Flood Waters," Carl 
B. Pace, U.S. Army Corps of Engineers , Lower Mississippi Division, Vicksburg, 
Mississippi, 1978. 

Glossary 

IIa8e IIood The flood that has a l-percent probability of being equaled or exceeded in any 
given year (also referred to as the lOG-year f\ood). 

IIa8e Flood Elevation (BFE) The beight of the base flood, usually in feet, in. relation to the 
National Geodetic Vertical Datum of 1929 or other datum as specified. 

B_t Any area of a structure having its floor subgrade (below ground level) on all 
sides. 

c-a111Jab Huard Area An area of special flood hazard extending from offsbore to the 
in1and limit of a primary frontal dune along an open coast and any other area subject to high­
velocity wave action from stanns or seismic sources. TIlese areas are identified as V zones. 

EnstIna Construction/Structure For floodplain management purposes, existing 
construction means structures for which the start of construction commences before the 
effective date of a floodplain management regulation adopted by a community. These 
structures are often referred to as "Pre-FIRM" structures. 

Federal F..meqency Mana~ Aaency (FEMA) The independent federal agency that, in 
addition to carrying out other activities, oversees the administration of the NFlF. 

Federallnsu........, Admlnist.ration (FIA) The compunent of FIlMA directly responsible for 
adntinistering the flood insurance aspects of the National Flood Insurance Progrun. 

Flood Insurance Rate Map (FIRM) The insurance and floodplain management map issued 
by FIlMA that identifies, on the basis of detailed or approximate analyses, areas of lOG-year 
flood hazard in a community. 

Flood Prone Area Any land area susceptible to being inundated by floodwater from any 
source. 

Lo,,'" noor The lowest floor of the lowest enclosed area of a structure, including a 
basement. Any NFlF-<:ompliant unfinished or flood-resistant enclosure useable solely for 
pouIting of vehicles, building access, or storage (in an area other than a basement) is not 
considered a structure's lowest floor. 

MltIption DIrectorate The component of FIlMA directly responsible for administering the 
floodplain management aspects of the National Flood Insurance Program. 
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New ConstnJl:tIoDiStruciure For floodplain management purposes, new construction means 
structures for which !be start of construction commences on or after !be effective date of a 
floodplain management regulation adopted by a community and includes all subsequent 
improvements to !be structure. These structures are often referred to as "Post-FIRM" 
structures. 

Speclal ~ Hazard Area (SFHA) Area delineated on a Flood Insurance Rate Map as 
being subject to inundation by !be base flood and designated as Zone A, AE, Al-AJO, AR, 
AO, AH, V, VE, or Vl-V30. 

Substantial Damqe Damage of any origin sustained by a structure wbereby !be cost of 
restoring !be structure to its before-<lamaged condition would equal or exceed 50 percent of 
!be market value of !be structure before !be damage occurred. 

SubstaDtiallmprovement Any reconstruction, rebabilitation, addition, or otber 
improvement of a structure, !be cost of which equals or exceeds 50 percent of !be marl<et 
value of !be structure before !be • start of construction· of !be improvement. This term 
includes structures that bave incurred "substantial damage," regardless of !be actua1 repair 
work performed. 

Wet F1oodprooflna Permanent or contingent measures applied to a structure and/or it 
contents that prevent or provide resistance to damage from flooding by allowing water to 
enter !be structure. 


