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Floodproof ing  i s  a  combinat ion of changes o r  t h e  a d d i t i o n  of  f e a t u r e s  
t o  i n d i v i d u a l  b u i l d i n g s ,  s t r u c t u r e s  o r  p r o p e r t i e s  t o  r e d u c e  o r  e l i m i n a t e  
f lood  damage. (F ig .  1 )  I t  i s  impor tan t  t h a t  f l o o d  p r o o f i n g  be  recogn ized  
a s  one t o o l  among s e v e r a l  t h a t  c a n  be used i n  a  comprehensive program 
of f l o o d  p l a i n  management. T h i s  Techn ica l  R e l e a s e  i s  i s s u e d  a s  a  
gu ide  f o r  p lann ing  p e r s o n n e l .  I t s  purpose i s  t o  g i v e  an  overv iew of  
p o i n t s  t o  be  c o n s i d e r e d  by t h e  p l a n n e r  when con templa t ing  f lood  p roof -  
i n g  a s  a  means t o  r educe  f l o o d  damages. N e i t h e r  f l o o d  p r o o f i n g  c r i t e r i a  
nor  SCS p o l i c y  r e g a r d i n g  f l o o d  p r o o f i n g  i s  p r e s e n t e d  i n  t h i s  t e c h n i c a l  
Release .  

L i m i t a t i o n s  and C o n s t r a i n t s  - When c o n s i d e r i n g  f lood  p r o o f i n g  a s  a  
f l o o d  damage p r e v e n t i o n  measure, i t  must be  recogn ized  t h a t  l i m i t a t i o n s  - - 
a r e  a s s o c i a t e d  w i t h  i t .  Some examples a r e :  

1. A f a l s e  sense  of  s e c u r i t y  c a n  develop and the reby  encourage 
f u r t h e r  encroachment o n t o  t h e  f l o o d  p l a i n .  The end r e s u l t  would 
t h e n  b e  a n  i n c r e a s e  r a t h e r  than  a  d e c r e a s e  i n  t h e  f l o o d  damage 
problem. 

2. Some t y p e s  o f  f l o o d  p r o o f i n g  cannot  be e f f e c t i v e  w i t h o u t  r e l i a b l e  
and t i m e l y  f l o o d  f o r e c a s t i n g  f a c i l i t i e s .  

3 .  Some b u i l d i n g s  a r e  n o t  s t r u c t u r a l l y  adequa te  t o  suppor t  f l o o d  
p r o o f i n g  measures .  I n  such c a s e s ,  s t r e s s e s  induced  by f l o o d s  a s  a  
r e s u l t  of  t h e  f l o o d  p r o o f i n g  measures c o u l d  c a u s e  more damage t h a n  
would f l o o d i n g  o f  t h e  u n p r o t e c t e d  b u i l d i n g .  

Reasons f o r  Flood P r o o f i n g  

Flood p roof ing  may be  c o n s i d e r e d  a s  a  f l o o d  damage p r e v e n t i o n  measure 
i n  t h e  f o l l o w i n g  g e n e r a l  c a s e s :  

1. I n  c o n j u n c t i o n  w i t h  f l o o d  p r e v e n t i o n  measures ,  t o  i n c r e a s e  t h e  
d e g r e e  of f l o o d  damage p r o t e c t i o n ,  o r  t o  r educe  c o s t s  f o r  a  g i v e n  
degree  o f  p r o t e c t i o n ,  

2 .  A s  an a l t e r n a t i v e  t o  f l o o d  p r e v e n t i o n  s t r u c t u r e s  i n  c a s e s  where 
most o f  t h e  damage i s  c o n c e n t r a t e d  i n  a  few b u i l d i n g s ,  

3 .  Where f l o o d  p r e v e n t i o n  s t r u c t u r e s  a r e  n o t  p r a c t i c a l .  

4. To reduce  t h e  c o s t s  o f  f l o o d  damage i n s u r a n c e .  

5. Where b u i l d i n g  i n  t h e  f l o o d  p l a i n  i s  n e c e s s a r y  because  of a 
need f o r  w a t e r  f r o n t  l o c a t i o n .  





DEFINITION OF TERMS 

Flood F o r e c a s t i n g  F a c i l i t y  - An i n s t a l l a t i o n  upst ream of t h e  damage 
a r e a  t o  moni to r  r a i n f a l l  and s t r eamf low and w i t h  equipment t o  warn 
o f  a n  impending f l o o d .  

Flood P M  - That  p o r t i o n  o f  l a n d  a long  a  wa te r  c o u r s e  which i s  
inunda ted  d u r i n g  t h e  passage  of  a  f l o o d  of  a  g iven  f requency.  

Flood P r e v e n t i o n  Measures  - A c t i o n s  t a k e n  t o  reduce  o r  p r e v e n t  a l l  
forms of  damage from i n u n d a t i o n  by f l o o d w a t e r s .  

Flood P r o o f i n g  Measures - A c t i o n s  t a k e n  on s i t e  t o  l i m i t  damage 
caused by w a t e r  which h a s  reached  f l o o d  s t a g e s .  

Floodway - That  p o r t i o n  o f  t h e  f l o o d  p l a i n  o r  a  by-paas waterway 
t o  which f l o o d  wa te r  c a n  b e  l i m i t e d  w i t h o u t  s i g n i f i c a n t l y  r a i s i n g  
t h e  e l e v a t i o n  o f  water  on t h e  f l o o d  p l a i n .  

Regu la to ry  P r o t e c t i o n  ----- E l e v a t i o n  - The e l e v a t i o n  t o  which f l o o d  
p r o o f i n g  p r o t e c t i o n  s h a l l  b e  provided.  

PLANNING FOR FLOOD PRDOFING MEASURES 

Flood Hazard A n a l y s i s  - When c o n s i d e r i n g  f l o o d  p roof ing  i t  i s  neces-  
s a r y  t o  a n a l y z e  t h e  f l o o d  hazard  and i d e n t i f y  t h e  c a u s e  of t h e  f lood-  
i n g  problem so t h a t  a l l  a p p l i c a b l e  f l o o d  damage r e d u c t i o n  measures  
c a n  be c o n s i d e r e d .    loo ding problems a r e  f r e q u e n t l y  caused by l o c a l  
r u n o f f  t h a t  c a n  b e  remedied by r e s h a p i n g  t h e  t e r r a i n  o r  by u s i n g  d i k e s  
o r  d i v e r s i o n s .  Backwater f l o o d i n g  can  o f t e n  be  cured  by improving t h e  
o u t l e t .  

Damage Assessment - A l l  m a t e r i a l s  which a r e  e i t h e r  p r e s e n t l y  o r  
planned t o  b e  l o c a t e d  i n  t h e  f l o o d  zone must be  c o n s i d e r e d .  T h i s  
i n c l u d e s  bo th  t h e  c o n s t r u c t i o n  m a t e r i a l  used i n  t h e  b u i l d i n g s  and 
any m a t e r i a l s  s t o r e d  t h e r e .  The d e g r e e  t o  which t h e s e  m a t e r i a l s  
a r e  s u s c e p t i b l e  t o  f lood  damage w i l l  a f f e c t  t h e  amounts and t y p e s  
of f l o o d  p r o o f i n g  measures  n e c e s s a r y ,  and how g r e a t  a  c o s t  i s  
j u s t i f i e d  f o r  t h e i r  i n s t a l l a t i n n .  
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P h y s i c a l  - The p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  expected f l o o d i n g  must 
be t a k e n  i n t o  account .  Both dep th  and v e l o c i t y  o f  f l o w  must be  con- 
s i d e r e d  when f l o o d  p roof ing  i s  t o  be  used a s  a  f l o o d  damage r e d u c t i o n  
t o o l .  A s  t h e  dep th  i n c r e a s e s  s t a t i c  load ing  i n c r e a s e s .  Impact f o r c e s  
from f l o a t i n g  d e b r i s ,  i c q  and f l o o d  w a t e r  i n c r e a s e  w i t h  v e l o c i t y .  These 
f o r c e s  must be  e v a l u a t e d  i n  de te rmin ing  s t r u c t u r a l  adequacy. 

Because o f  t h e s e  f o r c e s ,  f l o o d  p roof ing  procedures  a r e  g e n e r a l l y  
l i m i t e d  t o  c a s e s  where low s t a g e s  and low v e l o c i t i e s  a r e  exper ienced .  

Regula to ry  - J u s t  a s  f l o o d  p roof ing  c a n  be used i n  l i e u  o f ,  o r  a s  a  
supplement t o ,  f l o o d  c o n t r o l  measures,  r e g u l a t o r y  laws may a l s o  be  
used t o  minimize f u t u r e  p o t e n t i a l  f l o o d  damages. 

I f  s p e c i a l  c o n d i t i o n s  r e q u i r e  encroachment upon t h e  f l o o d  p l a i n ,  
b u i l d i n g  codes  should r e q u i r e  t h a t  f l o o d  p roof ing  measures be 
i n c o r p o r a t e d  i n t o  a l l  new b u i l d i n g s .  No b u i l d i n g  wi thou t  f l o o d  
p r o o f i n g  c a p a b i l i t y  should  be  p e r m i t t e d .  AP 1165 2314 "Flood 
Proof ing  Regula t ions" ,  O f f i c e  of t h e  Chief o f  Engineers ,  U .  S. 
Army, Washington, D. C . ,  J u n e ,  1972 i s  an e x c e l l e n t  gu ide  f a r  
b u i l d i n g  code r e g u l a t i o n s .  

Flood P r o o f i n g  Measures 

Whereas f lood  p r e v e n t i o n  measures a r e  i n s t a l l e d  t o  p reven t  t h e  wa te r  
s u r f a c e  from r e a c h i n g  e l e v a t i o n s  which c a u s e  damage, f lood  p r o o f i n g  
measures a c c e p t  t h e  wa te r  reach ing  t h e s e  e l e v a t i o n s  and a t t e m p t  t o  
p reven t  o r  minimize damages. Examples of s p e c i f i c  f l o o d  p roof ing  

1 / measures a r e :  

1. Anchorage o r  a d d i t i o n  of weight t o  r e s i s t  f l o a t a t i o n  and l a t e r a l  
movement. 

2. W a t e r t i g h t  c l o s u r e  of openings .  (F ig .  2 )  

3. Reinforcement of w a l l s  and f l o o r s  t o  r e s i s t  wa te r  p r e s s u r e s  and 
f l o o d i n g  d e b r i s .  

4 .  Use of p a i n t s ,  membranes, o r  m o r t a r s  t o  reduce seepage of w a t e r  
through w a l l s .  

5. I n s t a l l a t i o n  of pumps t o  c o n t r o l  wa te r  l e v e l s .  

6 .  C o n s t r u c t i o n  o r  a l t e r a t i o n  of wa te r  supply  and waste  t r e a t m e n t  
sys tems so  a s  t o  p reven t  t h e  e n t r a n c e  o f  f lood  w a t e r s .  

L/ Adapted from: Regula t ion  o f  Flood Hazard Areas  t o  Reduce Flood 
L o s s e s ,  Vol. 2 ,  U .  S .  Water Resources Counc i l .  
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7 .  Locat ion a1 i n s t a l l a t i o n  of  a l l  e l e c t r i c a l  equipment, c i r c u i t s  
and e l e c t r i c a l  app l i ances  so t h a t  t hey  a r e  p ro t ec t ed  from inundat ion  
by t h e  r egu la to ry  f lood .  

8. Loca t ion  of  s to r age  f a c i l i t i e s  f o r  chemicals ,  explos ives ,  buoyant 
m a t e r i a l s ,  flammable l i q u i d s  o r  o t h e r  t o x i c  m a t e r i a l s  which could be 
hazardous t o  publ ic  h e a l t h ,  s a f e t y  and wel fa re  above t h e  r e g u l a t o r y  
p r o t e c t i o n  e l eva t ion .  

9, Const ruc t ion  of d ikes  o r  l evees  around i n d i v i d u a l  bu i ld ings .  

10. I n s t a l l a t i o n  of f a c i l i t i e s  t o  f lood  basement a r e a s  with c l e a n  water.  

A Flood Proofing Check l i s t  - The fol lowing i s  a  gener  c h e c k l i s t  of 5 f  i tems t o  be  considered i n  f lood  proof ing  a s t ruc ture . -  

For Foundations and Subs t ruc tu re  

1. Closure of openings inc luding  doors ,  windows, and ven t s .  (Fig.  3)  

P r i n c i p l e s  and Methods. Chicago: Un ive r s i t y  of Chicago, Center  
f o r  Utban S tud ie s ,  A p r i l ,  1967. 



7 

4 .  Valving o f f  o r  t e rmina t ion  o f  e n t e r i n g  u t i l i t i e s .  

5. Cont inuat ion of  i n t e r n a l  bu i ld ing  u t i l i t y  systems. (Pig. 4) 
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7. P l a n s  f o r  t h e  removal of s t o c k  - goods, merchandise ,  raw m a t e r i a l ,  e t c .  

8. Procedure  f o r  implementing f l o o d  p r o o f i n p  

For t h e  S u p e r s t r u c t u r e  ---- 

1. Closure  o f  windows, doors  and va ts .  

2 .  Anchorage and re in forcement  of f l o o r s  and w a l l s .  

3 .  Use of wa te r  r e s i s t a n t  i n t e r i o r  m a t e r i a l s .  

4. Evacuat ion of c o n t e n t s .  

5. Reorgan iza t ion  of space.  

6. Emergency p r o t e c t i o n  measures.  

7 Procedure  f o r  imp1 ementing f l o o d  p r o o f i n g .  

CLOSURE OF OPENINGS 

S t r e n g t h  of M a t e r i a l s  and S e a l i n g  - When openings  below expected f l o o d  
l e v e l s  a r e  t o  be c l o s e d  o f f ,  c o n s i d e r a t i o n  should be g i v e n  t o  r e i n -  

@ 
f o r c i n g  t h e  framework of t h e  opening.  I n  most c a s e s  t h e  framework was 
des igned  t o  w i t h s t a n d  v e r t i c a l  l o a d s  b u t  n o t  l a t e r a l  l o a d s .  With t h e  
s e a l i n g  of open ings ,  l a t e r a l  p r e s s u r e s  a r e  induced,  and t h e  framework 
and w a l l s  must be  s t r o n g  enough t o  w i t h s t a n d  t h e s e  p r e s s u r e s .  

S t a i r w e l l s  - O u t s i d e  s t a i r w e l l s  a r e  o f t e n  an avenue o f  e n t r a n c e  f o r  - 
f l o o d  wate r s .  Regrading t h e  t e r r a i n  around t h e  s t a i r w a y  can be used 
t o  d i r e c t  wa te r s  away from such  openings .  The s t a i r w e l l  can be f l o o d  
pi:oofed by c o n s t r u c t i n g  a  w a t e r t i g h t  w a l l  around t h e  opening t o g e t h e r  
w i t h  p r o v i s i o n s  f o r  t h e  i n s t a l l a t i o n  of a  w a t e r t i g h t  g a t e  when t h e  
f l o o d i n g  i s  a n t i c i p a t e d .  

Windows, Vents ,  and Doors - Openings below f lood  s t a g e  which a r e  no 
l o n g e r  used c a n  be  s e a l e d  permanently by masonry o r  g l a s s  b r i c k s ,  i f  
t h e  wa l l s  a r e  s t r o n g  enough t o  wi ths tand  t h e  i n c r e a s e d  p r e s s u r e s .  

Openings which a r e  i n  u s e  and cannot be permanently s e a l e d  can be 
f i t t e d  w i t h  w a t e r t i g h t  f l o o d  s h i e l d s .  (F igures  6 ,  7,  8 & 9) These 
s h i e l d s  can be designed t o  cover  t h e  opening t o  any o f  t h e  f o l l o w i n g  







-Aluminum flood shield in position at a show window. The glass is cut away 
to show i ts  location 4 inches behind p b t e  glass. 

F i g u r e  8 
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2 .  To t h e  e l e v a t i o n  of des i r ed  p ro t ec t i on .  

3. To t h e  e l e v a t i o n  a t  which induced h y d r o s t a t i c  p r e s su re s  begin 
t o  endanger t h e  wal l .  

The t y p e  of f l ood  s h i e l d  v a r i e s  with types  of  s t r u c t u r e s  and needs. 



WATER PROOFING 

Sea l inn  J o i n t s  and Seams - Seepage through j o i n t s  can b  
i n  new cons t ruc t ion  by t h e  u s e  of waters tops .  Seepage 

e  prevented 
through c r acks  

and c r e v i c e s  i n  t h e  wal l s  of s t r u c t u r e s  can be prevented by applying 
a  waterproof c o a t i n g  t o  t he  wa l l s .  For maxiniurn e f f e c t i v e n e s s ,  t h e  
coa t ing  should be  appl ied  t o  t he  e x t e r i o r  su r f ace .  Many products  a r e  
s u i t a b l e  f o r  waters tops  and s e a l i n g  and t h e  one s e l e c t e d  depends on 
t h e  requirements  and a v a i l a b i l i t y .  

Check Valves i n  Plumbing - A common source  of f lood  darnage i s  backflow 
through t h e  sewage system. This  can be  prevented by use  of check va lves  
on basement f i x t u r e s  and d r a i n s  o r  a  va lve  where t h e  sewer system e n t e r s .  
The p ipes  should have adequate s t r eng th  t o  prevent  rup tu re .  (Fig.  10) 

Figure 10 

A sump pump can be instrallecl t o  remove any leakage and t o  supplement 
t h e  check va lves  i n  prevent ing damage, These pumps should o u t l e t  
above expected h igh  water .  

Bui lding on F i l l ,  Post  o r  P i l i n g s  - When cons t ruc t ion  i s  necessary  
on t h e  f l ood  p l a i n ,  i t  should be l i m i t e d  t o  f r i n g e  a r e a s  and not  
encroach on t h e  floodway. The main f l o o r  can be r a i s e d  e i t h e r  on 
pos t s  o r  should be above t h e  100 yea r  storm l e v e l  and p rov i s ions  
made t o  supply acces s  and u t i l i t i e s  t o  t h e  bu i ld ing  t o  a l l o w  
cont inued  use during f lood pe r iods .  

Dike o r  Levee - Dikes and l evees  would be c l a s s i f i e d  a s  f l ood  proof- 
i ng  when they a r e  designed t o  b e n e f i t  a  s i n g l e  bene f i c i a ry  r a t h e r  
than a  group. However, d ikes  and levees  can be  used a s  f l ood  proof- 
ing measures and should be inc luded  among t h e  a l t e r n a t e  means of 
p revent ing  f lood  damage. 
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S t r u c t u r a l  - The s t r u c t u r a l  c a p a b i l i t i e s  of b u i l d i n g s  being f l o o d  
proofed must be c o n s i d e r e d .  I n  t h e  o r i g i n a l  des ign  of many b u i l d i n g s ,  
t h e  p o s s i b l e  induced l a t e r a l  l o a d  of f l o o d  wate r s  was n o t  c o n s i d e r e d .  
There fore ,  s t r u c t u r a l  a n a l y s e s  should be inc luded  i n  t h e  p l a n n i n g  of 
f l o o d  p roof ing  measures. 

Type of O p e r a t i o n  - Flood p r o o f i n g  measures can b e  c l a s s i f i e d  a s  
au tomat ic  o r  manual. 

The au tomat ic  measures,  such a s  d i k e s ,  check v a l v e s ,  and s e a l i n g  
of openings ,  do n o t  r e q u i r e  a d d i t i o n a l  a c t i o n  a t  t imes  of f lood ing .  

The manual measures must be i n s t a l l e d  o r  implemented when t h e  t h r e a t  
of f l o o d i n g  i s  p r e s e n t .  I n  o r d e r  f o r  t h e s e  measures t o  be e f f e c t i v e ,  
an adequa te  f l o o d  warning system must be o p e r a t i o n a l  i n  t h e  a r e a .  A 
f l o o d  p roof ing  p rocedura l  p l a n  must be developed and thoroughly  under- 
s tood by t h o s e  people  charged wi th  implementing i t .  With adequa te  
warning,  and w i t h  personnel  a v a i l a b l e  t o  implement a  p rocedura l  p l a n ,  
an i n s t a l l a t i o n  c a n  be f l o o d  proofed and wi ths tand  t h e  d e s i g n  f l o o d  
w i t h  minimum damage. 

STFUJCTIJRAL CONSIDERATIONS 

Hazard o f  l o a d s  on s t r u c t u r e  - B u i l d i n g s  a r e  u s u a l l y  des igned 
wi thou t  c o n s i d e r a t i o n  g iven  t o  l o a d s  induced by h y d r o s t a t i c  p r e s s u r e .  
( F i g .  11)  For t h i s  r eason ,  an a n a l y s i s  i s  needed t o  determine 
whether  t h e  b u i l d i n g  w i l l  w i t h s t a n d  a n t i c i p a t e d  l a t e r a l  and u p l i f t  
f o r c e s .  

Flood Induced Loadings  - Problems o f t e n  a r i s e  when o r i g i n a l  d e s i g n  
l o a d i n g s  a r e  exceeded by f o r c e s  induced by f l o o d i n g .  (F ig .  12)  
Examples of such l o a d i n g  a r e :  

U p l i f t  - buoyant f o r c e s  on t h e  founda t ion  and basement 
f l o o r  can c a u s e  buck l ing  of t h e  f l o o r  s l a b .  

L a t e r a l  H y d r o s t a t i c  Force  - induced h y d r o s t a t i c  f o r c e s  
a g a i n s t  b u i l d i n g  w a l l s  c a n  c r e a t e  e x c e s s i v e  
moments and s h e a r  f o r c e s .  

Hydrodynamic and Impact f o r c e  - i f  f l o o d  wate r  h a s  any 
v e l o c i t y ,  t h e  impact f o r c e  of t h e  wa te r  and 
f l o a t i n g  d e b r i s  on t h e  b u i l d i n g  w a l l s  must 

b e  c.onsidered.  

The main p o i n t s  t o  keep i n  mind when c o n s i d e r i n g  f l o o d  p roof ing  
measures a r e  t h a t  components of t h e  s t r u c t u r e ,  alrd a l l  l o a d i n g s  
induced by f l o o d i n g  and f l o o d  p roof ing  measures  must be  c a r e f u l l y  
analyzed.  I f  f l o o d  p roof ing  measures a r e  i n s t a l l e d  wi thou t  con- 
s i d e r a t i o n  o f  a l l  p o s s i b l e  l o a d i n g s ,  more damage can r e s u l t  t o  
t h e  b u i l d i n g  t h a n  would have s u s t a i n e d  wi thou t  t h e  measures .  



Ground level- 

structure and 
con tents 



Flood waters 



ELECTRICAL AND MECHANICAL SYSTEMS 

E l e c t r i c a l  - The s o u r c e  o f  power t o  b u i l d i n g s  be ing  f l o o d  proofed 
shou ld  be above t h e  e l e v a t i o n  of d e s i r e d  p r o t e c t i o n .  B u i l d i n g s  t h a t  
w i l l  b e  i s o l a t e d  by f l o o d  wa te r  shou ld  have a  remote  d i s c o n n e c t i n g  
swi tch  i n s t a l l e d  above t h e  f l o o d  l i n e .  

E l e c t r i c  motors  and equipment shou ld  be  l o c a t e d  above t h e  expec ted  
f l o o d  l e v e l  wherever p o s s i b l e .  I f  i t  i s  i m p o s s i b l e  t o  r a i s e  t h e  
e l e c t r i c a l  equipment,  o t h e r  measures  such a s  d i k i n g  should  b e  con- 
s i d e r e d .  Any u n p r o t e c t e d  e l e c t r i c a l  equipment below t h e  expec ted  
f l o o d  e l e v a t i o n  shou ld  be  of  t h e  submers ib le  t y p e .  That  p o r t i o n  o f  
t h e  e l e c t r i c a l  c i r c u i t  below t h e  expec ted  f l o o d  e l e v a t i o n  shou ld  bp 
i s o l a t e d  by a n  a u t o m a t i c  c i r c u i t  b r e a k e r .  

Mechanical  - Heat ing ,  a i r  c o n d i t i o n i n g ,  v e n t i l a t i n g  and plumbing 
systems shou ld  a l s o  b e  c o n s i d e r e d  f o r  f l o o d  p roof ing .  I f  t h e s e  
f a c i l i t i e s  canno t  be l o c a t e d  above t h e  expec ted  f l o o d  l i n e ,  f l o o d  
p roof ing  measures  must be  adopted f o r  t h e i r  p r o t e c t i o n .  

~ l o o d  p r o o f i n g  of t h e  energy  source  c a n  p r e v e n t  a  s e r i o u s  s a f e t y  
haza rd  and should  a l s o  b e  g iven  prime c o n s i d e r a t i o n .  When g a s  o r  
o i l  i s  used a s  an  energy source ,  t h e  s t o r a g e  t a n k s  and f u e l  l i n e s  
must b e  anchored s e c u r e l y  t o  p r e v e n t  f l o t a t i o n  o r  r u p t u r e .  Auto- 
m a t i c  v a l v e s  should  be i n s t a l l e d  e i t h e r  i n  t h e  l i n e s  o r  a t  t h e  
s t o r a g e  t a n k  t o  c u t  o f f  t h e  f l o w  when t h e  water  l e v e l  approaches  
t h e  e l e v a t i o n  of  t h e  f i r e  box. 

E l e c t r i c  c i r c u i t s  t o  h e a t e r s ,  a i r  c o n d i t i o n e r s ,  and c o n t r o l s  t o  g a s  
and o i l  h e a t e r s  should  be eqnipped wi th  au tomat ic  swi tches  which 
w i l l  d e - e n e r g i z e  t h e  c i r c u i t .  

Hot water  and steam p i p e s  should  a l s o  be f i t t e d  w i t h  c u t o f f  v a l v e s  
which a r e  e i t h e r  c o n t r o l l e d  from an a c c e s s i b l e  l o c a t i o n  o r  au tomat ic -  
a l l y  shu t  o f f  b e f o r e  f l o o d  w a t e r s  r e a c h  t h e  e l e v a t i o n  of t h e  p i p e s .  

Warm a i r  and v e n t i l a t i o n  d u c t s  should  have p o r t s  i n s t a l l e d  t o  admit 
and d r a i n  f l o o d  w a t e r s .  They should  a l s o  be  f i t t e d  wi th  waterproof  
mechanical  c l o s u r e  d e v i c e s  where t h e y  extend th rough  t h e  w a l l  and 
where t h e y  connec t  t o  h e a t i n g  o r  a i r  c o n d i t i o n i n g  u n i t s .  

When f i x e d  machinery canno t  be  i n s t a l l e d  above t h e  expec ted  f l o o d  
e l e v a t i o n ,  p r o t e c t i v e  measures w i  11 be needed.  Diking around such 
machinery can be used t o  exc lude  f l o o d w a t e r ,  anJ  w i l l  a l s o  p r o t e c t  
t h e  machinery when i n t e n t i o n a l  f l o o d i n g  wi th  p o t a b l e  wa te r  i s  used 
t o  m a i n t a i n  s t r u c t u r a l  i n t e g r i t y  of t h e  b u i l d i n g .  Diking i s  a  perma- 
nment measure and would f u n c t i o n  a u t o m a t i c a l l y .  



18 

Waterproof membranes can be used i n  conjunc t ion  with,  o r  i n  l i e u  o f ,  
d ik ing ,  depending on f looding depths ,  machinery l o c a t i o n s  and o t h e r  
f a c t o r s .  

Coverings of  ho t  k i p  p l a s t i c s ,  spray p l a s t i c s ,  polyethylene,  o r  
v iny l  f i l m s  w i l l  e f f e c t i v e l y  s e a l  o f f  t he  machinery from t h e  f l ood  
waters .  However, advance warning i s  necessary  t o  apply t h i s  type  
of p r o t e c t i o n  and some d i f f i c u l t y  may be encountered when removing 
t h e  p l a s t i c  f i lm.  

Plumbing and sewage systems a r e  s u s c e p t i b l e  t o  f lood damage and must 
be cons idered  i n  t h e  o v e r a l l  f l ood  proofing program. 

Contamination of t h e  water supply i s  a  concern. The f i x t u r e s  and 
plumbing should be secure  from phys ica l  damage caused by m a t e r i a l s  
s t o r ed  i n  t h e  v i c i n i t y  t h i c h  can be s h i f t e d  by f loodwater .  P re s su re  
g r e a t e r  than the  h y d r o s t a t i c  p r e s su re  of t h e  floodwater should be 
maintained i n  a11 water l i n e s  below t h e  expected f lood e l eva t ion -  

When t h e  source of t h e  water supply i s  i n  danger of contaminat ion it 
should be p ro t ec t ed  by d ikes  o r  t h e  openings s ea l ed  t o  prevent  t h e  
e  n t r ance  of f loodwaters .  
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