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Floods a r e  a grave danger t o  our Nation's  resources. It i s  
est imated t h a t  f loods cost  t he  United S t a t e s  a t  l e a s t  $100 mil l ion 
every year. The recent Mississippi  floods, which dramatically brought 
t h e  seriousness of the  s i t ua t i on  t o  public a t t en t ion ,  cost  hal f  a 
b i l l i o n  do l l a r s  i n  direct-damages. The Northeast c a r r i e s  a heavy burden 
of f lood losses .  I n  1936, floods cos t  the  Northeastern S t a t e s  $250 
m i l l i o n  d i r e c t  damages. 

The damage done by flood waters is, unfortunately, only a small 
part of t h e  loss .  Water running unchecked off  farmlands and woodlands 
washes away the  valuable t opso i l  t h a t  we need t o  grow our food. It 
washes do-m the  drain  the  commonest, yet  t h e  most valuable, natural  
resource we have. 

History t e l l s  us t h a t  g rea t  f lour i sh ing  c i v i l i z a t i o n s  have slowly 
d ied  and vanished because t h e i r  lands, impoverished by such erosion, 
became unable t o  support them. O f  these  c i v i l i z a t i o n s  l i t t l e  remains 
today except the  ancient  ruins t h a t  archeologis ts  manage t o  dig up. It 
could happen t o  us. 

Recognizing t h a t  floods a re  a great  danger, the  Congress has 
author ized flood-control surveys t o  determine what should be done. 
Surveys a r e  now being made i n  t h e  Northeastern S ta tes .  The pr inciples  
of t h e  f lood-control  program,. and some p f  t h e  f ac to r s  considered i n  
making a flood-control survey, a re  out l ined i n  this paper. 

Original ly  presented before the Allegheny River Improvement 
Association i n  June 1947, and entered i n  t h e  Congressional Record 

=b 

93: A3249-3250 by the  Hon. Leon H. Gavin of Pennsylvania, t h i s  paper 
i s  presented i n  t h i s  form i n  response t o  numerous requests  f o r  infor-  
mation about flood-control surveys. 





F L O O D - C O N T R O L  S U R V E Y S  

I N  T H E  N O R T H E A S T  

We a l l  remember t h e  floods of March 1936 i n  t he  Northeast. 
Following these  memorable floods, which caused enormous losses ,  Congress 
passed t he  Omnibus Flood Control Act of 1936. Although- Congress had 
previously recognized theflood problem i n  the  Miss iss ippi  Delta region, 
it had given comparatively l i t t l e  a t t en t i on  to t h e  s i t u a t i o n  elsewhere. 
Deeply concerned with the  Nationwide extent  of t h e  l o s se s  and t h e i r  
magnitude, t h e  Congress authorized a comprehensive nat ional  a t t ack  on 
t h e  problem. I n  this it ca l led  upon both t h e  engineers of t h e  War Depart- 
ment and t h e  technicians of t he  Department of Agriculture. 

The a c t  authorized and d i rec ted  the  Secretary of Agriculture " t o  
make preliminary examinations and surveys f o r  runoff, waterflow retarda- 
t i o n ,  and s o i l  erosion prevention.If Department of Agriculture a c t i v i t i e s  
under t h i s  l e g i s l a t i o n  began i n  1937 and continued u n t i l  June 1942, when 
work was suspended because of the  war. These a c t i v i t i e s  were resumed i n  
July 1946. Preliminary examinations were m d e  on a number of wa ersheds 
i n  t h e  Northeast,  including t he  Allegheny River. On the  bas i s  o 1 these,  
more extensive surveys have been authorized on several  watersheds. Such 
surveys of t h e  Connecticut and Merrimack Rivers a r e  now i n  process of 
completion f o r  submission t o  Congress. The Secretary  has authori-zed, 
among o thers ,  a survey of the  Allegheny River, t o  be ' i n i t i a t e d  when t h e  
f i n a n c i a l  s i t u a t i o n  permits. 

Land use i s  b a s i s  of promam 
% 

The Department has assigned these  flood-corrtrol surveys t o  t he  
S o i l  Conservation Service and the  Forest  Service. Primary respons ib i l i ty  
f o r  them, including repor ts ,  has been assigned according t o  the pre- 
dominate land use i n  a watershed. The Forest  Service has primary respon- 
s i b i l i t y  f o r  thesurvey on the Allegheny watershed. However, both agencies 
p a r t i c i p a t e  i n  t h e  work and col laborate  on the  findj-ngs. 

T- 

The purpose of t h e  survey i s  t o  develop a comprehensive program 
f o r  f lood con t ro l  by watersheds. The program i s  based primarily on land- 
use management, and a l l  aspects  of land use and i t s  effecbon runoff and 
wate r  conservation must be considered. Damages from floodwater. and 
sedimentation a f f e c t  the  e n t i r e  economy of the watershed. It i s ,  there- 
f o r e ,  necessary t o  consider i n  t he  surveys a l l  types  of land use and to 

I;/ Chief, Flood-Control Surveys, Mortheastern Forest  Experiment. 
S t a t i o n .  



Figure 2.--Good f o r e s t  cover produces good s o i l .  T b  trees and shmba 
protect  the  fo r e s t  f loor ,  and the  s o i l  i s  A e k  a& p r ~ u s .  
It soaks up water l i k e  a sponge. 



evaluate  f lood and sediment damages on such diverse  items a s  ag r i cu l t u r a l  
land,  urban and i n d u s t r i a l  areas,  t r anspor ta t ion  s y s t m s  including rail- 
roads and highways, power and water u t i l i t i e s ,  f i s h  and w i ld l i f e ,  a d  
recreat ion.  

The s o i l  i s  a rese rvo i r  

The s o i l  i n  any watershed i s  a g rea t  reservoir , .  but l i k e  any reser-  
v o i r  it has i t s  capacity. When it i s  f i l l e d , ? s p i l l  occurs. Also, if t h e  
condit ion of the  s o i l  i s  such t h a t  water i s  unable t o  en t e r  t he  ground a t  
t h e  r a t e  it i s  f a l l i n g ,  i t  must go somewhere--and surface runoff occurs. 
S o i l  d i f f e r s  from man-made reservoirs ,  however; t h e  condition, depth, and 
type of s o i l  a l l  govern the  r a t e  a t  which water w i l l  en t e r  and w i l l  be 
trapped i n  t h i s  reservoir .  

Vegetative cover i s  the con t ro l  gate  which determines t he  r a t e  
and amount of water enter ing t he  s o i l  r ese rvo i r ;  so cover condit ions a r e  
of primary importance i n  these  surveys. Fores ts  under good management 
produce our bes t  s o i l  conditions. They maintain t he  land i n  a con- 
d i t i o n  so it can receive maximum r a i n f a l l  and can re lease  t h i s  water 
slowly t o  t h e  streams and r i ve r s ,  jus t  a s  a flood-control reservoir  re- 
l e a s e s  pent-up water. 

The f o r e s t  f l o o r  i s  protected by t h e  crowns of t r e e s  a t  d i f f e r en t  
he igh ts  and t h e  mass of shrubs and ground p l an t s  below. The ground 
sur face  i t s e l f  i s  a mat of dead leaves,  tlyVigs, and other p lan t  remains. 
Beneath t h i s  loose  l i t t e r  i s  a l aye r  of p a r t l y  decayed vegetatiok, and 
below t h a t  a mass of more or l e s s  completely ro t t ed  organic matter. 
Underneath these  organic layers  i s  mineral s o i l ,  a l s o  i n  layers .  The 
top  por t ion  is considerably enriched with organic mater ia l ,  and j s  shot 
through with growing and decayed p l an t  roo t s  and t h e  minute channels of 
innumerable earthworms, inites, i n s e c t  larvae,  bacter ia ,  and fungi working 
cons tan t ly  throughout t he  s o i l .  A l l  t h i s  b io log ica l  a c t i v i t y  keeps t h e  
s o i l  porous and gives it a crumbly s t ruc tu r e  t h a t  i s  i d e a l  fo r  soaking 
up, s to r inp ,  and f i l t e r i n g  la rge  amounts of water. Good fo r e s t  s o i l s ,  * 
which absorb water quickly, can hold 50 percent o r  more of t h e i r  t o t a l  
volume. The depth of the  s o i l  thus becomes a determining factor .  

Poor f o r e s t s  a source of f lood water 

But do not be fooled. We may look across a va l ley  and see what 
looks l i k e  good f o r e s t  cover, but c lo se  inspect ion wi l lsb?  t h a t  it is 
f a r  from good. It may be pastured; and while the cover Looks f i nd  from 
a d i s tance ,  a c t u a l l y  the s o i l  has.beencompactedby t h e  hoofs of c a t t l e ,  
t h e  underbrush i s  gone, and most of t h e  humus, so  valuable for  flood 
contro1,has been destroyed. Such f o r e s t  s o i l s  have l o s t  t h e i r  a b i l i t y  t o  
absorb r a i n f a l l  rapidly.  The storage ca.pacity i s  reduced, jus t  a.s it i s  
i n  a rese rvo i r  which i s  f i l l i n g  n i t h  s i l t .  

I n  some places t he  fo r e s t  stan$ may be young, and the  s o i l  has not 
had a chance to -  recover from c lea r -cu t t ing  o r  o ther  heavy cut t ing.  Skid 



Figure 3.--Grazing i n  .this woodlot has compacted the s o i l  so it 
cannot absorb water. Erosion has begun. 

Figure &.--Clear-cut and burned fo r e s t s  leave the  ground 
exposed t o  erosion. 



roads downhill have not healed; they a c t  a s  channels fo r  quick concentra- 
t i o n  of runoff. O r ,  t h e  area may have been burned i n  the  pas t ,  destroy- 
i n g  t he  humus, and it mag be years before t h e  damage i s  repaired. A l l  
t hese  things w i l l  have a ser ious  e f f e c t  on t h e  r a t e  of runoff ?nd erosion. 
Have you ever walked i n  t he  fo r e s t  and f e l t  t h a t  the  ground i s  s o f t  and 
spongy? Such 8 fo r e s t  i s  i n  good condit ion f o r  f lood control .  It i s  
poss ible  t o  :valk i n t o  t he  -mods blindfolded and make a good est im-te of 
i t s  condit ion,  jus t  from the  way the  ground f e e l s  underfoot. 

Caod farming prac t ices  help 

'Je must not forget ,  ho;vever, t h a t  i n  addi t ion t o  the  fo r e s t  lands 
t h e r e  a r e  a g r i c u l t u r a l  lands. Land f i t t e d  f o r  agr icu l tu re  should be 
used f o r  t h a t  purpose. These 13nds should be farmed under the  best  s o i l  
and water conservation pract ices .  Such p rac t i c e s  make a de f in i t e  con- 
t r i b u t i o n  t o  f lood control .  I n  addi t ion,  they pay cash dividends t o  t he  
farmer i n  b e t t e r  crops and pastures,  and they maintain the f e r t i l i t y  of 
t h e  s o i l  f o r  t h e  general welfare of the  watershed and the economy of t he  -- 

-.ti.on* Good pasture,  besides feeding more stock, w i l l  r e t a i n  much more 
--vater than poor pas ture .  S t r i p  cropping, contour plowing, diversion 
di tches ,  contour furrows, and a l l  t h e  o ther  conservation prac t ices  recom- 
mended by the S o i l  Conservation Service m ke a subs tan t ia l  contr ibut ion 
t o  f lood control .  There i s  ample data  t o  show t h a t  good land-use .mnage- 
ment w i l l  pay dividends through reductions j.n runoff. 

I n  3 land-management program f o r  f lood control ,  maximum benef i t s  
accrue from improvement of t he  s o i l  both i n  i t s  capaci ty  t o  r e t a i n  
moisture and i n  the  r a t e  a t  which water can en t e r  t he  ground. 

M~n;y o ther  benef i t s  

There a r e  many benef i t s  from good -~a t e r shed  mamgemnt i n  rdd i t i on  
t o  those  obtained f o r  flood control .  For example, we a l l  l i k e  t o  f i s h  
and hunt. The condit ion of the land determines t h e  very occurrence of 
f i s h  and a i l d l i f e .  The farm, the  fo r e s t ,  snd t h e  stream have t h e i r  char- , 
a c t e r i s t i c  forms of l i v i n p  creatures.  The ava i l ab l e  food, cover, ~vater ,  
and w n v  o ther  environmental fac to rs  help t o  determine the kind and number 
of f i s h  and wild a n i m ~ l s .  Tdhat man does t o  t h e  land i s  what determines 
how good our hunting and f i sh ing  ? r i l l  be. We expect t o  produce f i s h  and 
-1ildU f e  a s  a r e s u l t  of p o d  watershed m~nagement. When land is  used 
i n t ens ive lv  i n  ~ c c o r d  with i t s  na tura l  c ~ p a c i t y ,  t h e  p;rttern of t h e  h.nd 
t akes  a new shape, and t o  t h i s  p ~ t t e r n  v i l d l i f e  read i ly  a d ~ ~ t s  i t s e l f .  

1 

S t r i p  crorminq, .I procedure recommended f o r  checkink runoff and 
reducinq s o i l  erosion,  :ill r e s u l t  i n  tvrice t he  number of ?round-nesting 
b i r d s  i n  2 s imi l a r  a rea  t h q t  i s  plccnted so l i d ly  t o  .m;?dow. I n  wooded 
a r e a s  we recommend f i r e  protection,  - elimination of gr? zing, and se lec t ive  
cu t t i ng .  Ungrazed woods ? r e  about tdce a s  productive of - d l d l i f e  z s  
prazed woods. Reduction of sediment i n  streams through flood-control 
p r a c t i c e s  on the  land m i l l  provide b e t t e r  f i sh ing .  I could go on ~ n d  
enumerzte t h e  m n y  other  benef i t s  t h a t  would accrue from good land use 

- 5 -  



SOIL COMSLRVATION SERV ICE 

., Figure 5.--Good farming p r a c t i c e s  help t o  save t h e  soil. 

S O ~ L  CowsEnvArlon SERVICE 

Figure 6.--Floods have ruined many a farm and many a crop. 



and water mamgpmenk, such as clean wter f o r  domestic and i n d u s t r i a l  use, 
Iliore w a h ,  dur5ilg periods l a w  fhm, - c D & ~ o ~  more f avoraUe f o r  
r&el.eafLun, etc, 

The &nag& can be repaired 

How much of t h e  l and  i n  t h e  Allegheny watef.shed I s  in good @or%- 
d i t i on?  We only have t o  look around t o  see the land abase t h a t  has %_ken 
place  s ince  e a r l y  set t lement,  The damage done i n  t he  paat century an& a 
ha l f  cannot be repaired o v e r ~ ~ g h t ,  but  we know it can be ~epaired. 

For example, take t h e  flood prablem a t  B~adford,  Fa. Here is a 
problem t o  challenge flood-control technicians,  The c i ty  has encroached 
on the f l ~ d  p l a i n  o f  %ma Creek u n t i l  the  r i v e r  channel i s  only a 
large flW through the  c i t y ,  The watershed above Bradford has been 
t e r r i b l y  ~ b u s e d .  Access roads t o  o i l  we l l s  have been bulldozed s t r a i g h t  
u p h i l l .  without any planning. Paver l i ne s ,  water mains, gas mains, 
excessive c lea r ing  of t h e  land f o r  d r i l l i ng ,  a l l  have and a r e  being done 
without any consideration of runoff and wat- management. This watershed 
i s  s t i l l  de te r io ra t ing ,  afid of Bradfo~d  the  bes t  t h a t  can be , sa id  i s  "tile 
worst  i s  y e t  t o  come, It. We doubt t h a t  t h e  S i tua t ion  can be completely 
solved. Much, however, can be done and t h e  hazard can be mate r ia l ly  re- 
duced. Channel improvements and flood wal l s  i n s t a l l e d  by the  engineers 
a 1  help, A land-use and watershed-management program vlould a l so  help 
mate r ia l ly ,  We a r e  f a i r l y  c e r t a i n  t h a t  b t h  w i l l  be neces saq  t o  a 
reasonably s a t i s f a c t o r y .  so lu t ion  t o  the  problem, This is not a &ar@ 
area, but it contains most of t he  e l emr l t s  contri'out21g t o  f lood i n  t he  
Allegheny watershed and i s  w e l l  worth an inspect ion by i n t e r e s t ed  persans. 

Flood control w i l l  pay . 
I n  the ,process  of our  f1aod.-control surveys w e  a r e  required t o  

es t imate  the  cos t  of any proposed program 2nd t o  evaluate the  benef i ts  
%&t %ill acerue. The cos6-benefit r a t i o*  r ~ u s t  be b e t t e r  than a do l l a r  
o f  benef i t s  f o r  each d o l l a r  of cos t s ,  A plan p,f improvement propasfed 
by t h e  Departsnent of Agriculture takes i n t o  account a l l  possible flpod- 
con t ro l  p r s c t i c e s  necessary t o  accornplisb maximm reductions i n  f lood 
damage. Smal l  r ese rvo i r s ,  bikes, charfie1 h p r o v e w n t s ,  and similar 
engineering s tyuc tures  are considered. Ho-i~iever, a s  a conprehens-ive pro- 
gram, it must be i n t e ~ . t e d  -:?ith t h e  p r o g r a  of  t h e  United State6 A w i , s  
Corps o f  Enpineers 2nd those  of aqr o t k r  apnc9as tht c o n t s i b u h  to ' 

the cont ro l  of floarjs. 'I T -  
I 

A s  I h ~ v e  sa id  before, the t h a t  has been -lane the 
lands i n  our ~ra te r skeds  cannot be repzired i n ~ ~ e d i a t e l y ,  It mst be 
realj. zed t h a t  maximwr- benef i t s  from a 121-&use a.n4 naterske&-a fd@m'en% 
druprar?. a1.e fu l l j r  r ea l i zed  0n1:~ e f t s r  a lonp ,rario ' of Cxe. tt; uBu;slj 
vle have t o  925~ tile ' 3 i l l  f ' c ~  OUI. rdsdeeds. E2ere ill be subst:>i~ticrl' 
b ene f i t s ,  Iio-,~ever, ~lony the ::zu. 1: -.-ant t o  e i l p h z ~ ~ e  our. be l ie f  th2.t 
5he bes:. p.,pro-c!- t o  floor' c o r ~ t m l  j s r cgc?rehensive, iiite,q.rzted prb- 
grrtm,-inclu.!.inc er,gj.r.eerirf s t ruc tures  ~ r ~ 1 3 .  land-use pract ices ,  ;.?nich 



Figure ?.--Better f i sh ing  and hunting a r e  among t h e  many b e n e f i t s  
of a flood-control program. 



w i l l  produce the most flood control f o r  the l e a s t  cost. 

A s  the Secretary of Agriculture said i s  h i s  report 
f o r  1943: "In order t o  achieve the grea tes t  possible 
benefi t  i n  the  shortest  time, it i s  essent ia l  t ha t  the 
upstream and downstream phases of Ilood control be properly 
timed and coordinated, through the  development of one over- 

.1 pla .n f o r  eac the  major 


