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The North Atlantic Regional Water Resources (NAR ) Stud y examined
a wide variety of water and related land resources , needs and devices
in formulating a broad , coordinated program to guide future resource
development and management in the North Atlantic Region, The Study
was authorized by the 1965 Water Resources Planning Act (FL 89—80)
and the 1965 Flood Control Act (FL 89—298), and carried out under
guidelines set by the Water Resources Council.

The recommended program and alternatives developed for the North
Atlantic Region were prepared under the direction of the NAR Study
Coord ina ting Committee , a partnershi p of resource planners represent-
ing some 25 Federal , regional and State agencies. The NAR Study
Report presents this program and the alternatives as a framework for
future action based on a planning period running through 2020, with
bench mark planning years of 1980 and 2000.

The planning partners focused on three major objectives —— Nat-
ional Income , Regional Development and Environmental Quality —— in
developing and documenting the information which decision—makers will
need for managing water and related land resources in the interest of
the people of the North Atlantic Region.

In addition to the NAR Study Main Report and Annexes , there are
the following 22 Appendices :

A, History of Study
B. Economic Base
C. Climate , Me teorology and Hy drology
D. Geology and Ground Water
E, Flood Damage Reduction and Water

~~~~~~~~~~~~~~~ /  Management for Major Rivers and
Coas tal Areas

~~ : F. Upstream Flood Prevention and
- 

Wa ter Managemen t
G. Land Use and Management

•~ ~~~ 0 H, Minerals

~~~
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~~~~~~~ 
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I. Irrigation

~~~ .p~~~)L.A.~ ’ J. Land Drainage
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. K , Navi gation

9..’.—’ L. Water Quality and Pollution
M, Outdoor Recreation
N , Visual and Cultural Environment
0. Fish and Wildlife

‘ - ‘ -— P. Power

R. Water Supply~~~~~
: Q. E rosion and Sedimentation

S. Legal and Insti tutional Environment
T . Plan Formulation

I...— U. Coastal and Estuarine Areas
V. Health Aspects
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I - SYLLABUS

This appendix presents the erosion and sedimentation problems
in the North At lantic Region ( NAR).  Annual erosion damages total
more than $514.6 million - $ 5 3. 14 million from sheet erosion, $1.2
million from streambarik e rosion , and unestimated amount from
shoreline erosion. The resulting annual sediment damage is es-
timated to be about $29.3 million - $28 million the direct result
of soeet erosion and $1.3 million from streambank erosion.

These monetary damages are a measure of land losses and sediment
removal . Damages to visual quality of the environment , water
quality, and established ecologies also are caused by erosion and
sedimentation .

Erosion rates are higher in the southern part of the Region
than they are in the north. Erosion rates vary from 1514 tons
per square mile in the Subregion A , Area 14 to 16145 tons per square
mile per year in Subregion D, Area 114. Subregions D, E, and F
are tse specific parts of the region which are experiencing the
greatest problems from sheet erosion . The same three subregions
have the major occurrences of streambank erosion with the worst
heir~ in Subregion F. Critical shoreline erosion is especially
severe along the New Jersey (Area 16) and New York (Area 13)
coastlines. Sediment damage areas correspond to those subregions
which are experiencing the erosion problems.

Sheet Erosion problems are more prevalent in the southern part
of the region because (1) soils are more erodible, (2) rainfall
is more intense, and (3) a higher degree of use is made of the
land. Although there is some erosion from all land not made
impermeable by man, most of the erosion and resulting sedimenta-
tion is from cropland, land undergoing urban development and
“other” land . Because of the concentration of the problems in
trie southern pa~t of the MAR (70 percent of the total sediment
yield), any future studies should concentrate on Subareas D, E,
and F.

In all of these cases, the activities of man have caused an
acceleration of the erosion rates. Soil losses from the above
mentioned land range from 3 tons per acre per year to 15 tons per
acre per year and rates as high as several hundred tons per acre
from developing urban areas. Although erosion rates drop as
land goes into the transitional stage between agricultural and
urban use, there is a sharp increase as development begins .
kaJ)id development of urban areas associated with the Boston-New
York-Washington megalopolis is creating a large part of the ero-
sion and sedimentation problem. Much of the remaining problem
is caused by the shorter rotations on cropland and the lack of
u•;e of conservation practices .
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St re imbank e r o . ; i o n  problems occur toroud;iuut the r~~ ion hut
~re more rommon in the ;out }iern part because of lower bank r:;is-

tance . rr eo t er  discharges , and higher value damageable proper ty .
Ahoreline erosion problems caused by ocean current and storms
are most prevalent on low sandy beaches. The developed shoreline
:tripped of natural barriers and unprotected by man-made barriers
ar e particularly vu lnerable .

In: r€si:ed populations require facilities in which to live ,
work , and play. The requirements of food and fiber and construc-
tion of required facilities will nearly double in the NAP in the
r.ext half century . Erosion and sedimentation problems will con-
tinue to increase in the NAR~ The average soil loss is expected
to increase from 917 to 1237 tons per square mile per year by
2020.

Solutions to the erosion and sediment problems fall into three
;tt ~ gories.  Broad-base planning and implementation of these

p i n;; help avoid misuse of land unsuitable for cultivation or
~ieveiopment . Land treatment measures can be utilized to keep
the soil on the land . Finally , st ructural measures can be used
to modify conditions in cases where major damage areas exist .

Land use adjustment s could reduce erosion rates and sediment
yield;; by 10 percent . Provisions need to be made to preserve
protective :ovcr on high hazard areas. Resource plans are neces-
sary to bring about land use adjustments and keep desirable land
uses .

If the conservation land treatment program is accelerated , ero-
sion and sedimentation yields will still increase , but at a s lower
r~te . With a suggested accelerated land treatment program , the
average annual erosion rate is expected to be 983 tons per square
mi le by 2020 .

St ructural  measures protect reaches of shoreline and streambank
or part icular  area. ; otherwise vulnerable to erosion .

Man ’s activities have accelerated the natural geologic process
to an unnatural ruinous process. Adjustments and preservation of
land uses, the application of conservation and treatment measures ,
awl utilization of combination of these solutions are ways man can
control the erosion and sedimentation problem.

Q-2



II - IhT i ODUC TIOIi

This is one of C2 subject appendices to the Main Report of tse
icorth Atlantic Regional Water Resources Study (Type I). The
coord inated comprehensive Study provides a framework into which
can be fitted projects and programs designed to best serve water
and related land resource needs of people in the region.

~~RPOSE AND SCOPE

~~~Th e purpose of this study is to make an appraisal of the erosion
and sedimentation problems in the Nort h At lantic Region~ (-NAR) .

The Appendix defines erosion and sedimentation problems and
discusses the areal distribution, magnitude , variability and projec-
tions of future erosion and sedimentation problems for the years
1980, 2000 and 2020.

The effects of erosion and sedimentation on agriculture, munici-
pal and industrial water supplies, reservoirs, transportation
±a;:ilities~ recreation, and fish and wildlife are discussed.
Erosion and sediment damages in dollars are estimated.

HISTORY

Geologic erosion has worn away and sculptured the surface of the
earth since time immemorial. This process of nature has formed
the landscape as we know it today . Natural erosion , a slow and
steady process, is a normal condition . Natural or geologic erosion
is a continuing process and will go on into the future regardless
of anything man can do. quickening of the pace of erosion, owing
to changes wrought by man , has produc ed definitely abno rmal con-
di tions . Accelerated erosion , an abnorma l and undesirable process ,
was started by man’s activities and, is subject to his cont rol . (l)

Early Trends

Ocean coasts of the NAR have e~.jierienced dramatic erosion. Hog
Island, one of the southern barrier islands, has lost as Ou:ul
50 feet a year. Clearing of woodland along the shore to make way
for new developments has left the shoreline vulnerable to wind and
wave action. Storm waves , storm tides and tidal current s , winds
and swells cause significant coastline changes rather than day to
day action of littoral forces. Measurement s beginning in the late
1830 ’s record shorelines receding , remaining stable , and advancing
seaward. The 18140-1870 period was predominantly one of recession,
along the Delmarva Peninsula and Jersey Coast. The rocky coastline
of northern New England is less susceptible to erosive process; it
takes longer to make sand and gravel of schist and gne iso . (2 )

Q-3
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1 rem 1620 to 1860 erosion became a major problem on many American
farms. The New World settlers, after a few years of f; rming , found
that wind, rainfall and runoff injured the rocky hillsides of New
England and the erodible soils of the Southern and Middle Atlantic
state:. By 1760 many fields were becoming barren, farms were aban-
doned, and in the older settled regions, erosion W I ;  more generally
noticed. By 1775 rivers which once ran cloar were described as
being black with mud. Many references to worn out land provide
evidence th - t sheet erosion was taking its to1l.(~ )

hapid runoff from cleared land increased streanflows. Fast-
moving water undercut streambanks on the outside curves causing
tae bank to slough and slump into the river. Streambank gullying
was noticed at fords, livestock watering holes, and banks passing
through new farmland. Except to specific bank locations, stream-
bank erosion caused little concern.

Early conservationists formed agricultural societies and organi-
zations to awaken interest in farm improvement. Books, pamphlets
and farm journals were printed and widely disseminated. The leaders
played a large part in agricultural reform.

The cropping system was a chief cause of erosion. Corn, tobacco
and other row crops were planted repeatedly on the same land until
the farmer was faced with declining yields.

Soil maintenance required the use of mechanical techniques.
Plowing, furrowing, ridging, ditching and draining were not con-
sidered the basic remedies for erosion but they did play a large
part in the early American erosion control movement.

Most of the cover crops recommended by the early conservation-
ists are widely advocated and used today. All of the conserva-
ticc4i ;;ts urged farmers to plant grasses to reduce runoff and change
the structure of the soil so that the soil particles would adhere
to each ether and not blow or wash away. Grass also increased
the capacity of soil to produce larger crop yields.

J’lnriy of the rep rotations developed by the early soil conserva-
tionists arc in use today. They anticipated the principle of the
modern basic rotation consisting of a cultivated crop, a small
Cr’tin, and a legume or grass. Rotations were varied in relation
to the soil, slope, and climate of different sections of the
country.

Before the Civil War soil conservationists recommended and em-
ployed the turning under of green crops and the introduction of
animal and mineral fertilizers. These are standard practices
t oday. (3)
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FIGURE Q,-1 GF~~ERAL EROS ION TRENDS SINCE 1600
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Over a century ago conservationists called t h e  attention of
fa rmer.; to the dangers of erosion in this country and correctly
ama ~y;;~~i its social , economic, and phys ical causes . Phey also
poi nted out the danger of exploiting the land for cash crops and
the  necess i ty  for  government coope ration in soil conservation .

Recent lrt ;rid. ;

The soil and water conservation movement began to mature h i
t oe decade beginning in 1928. This era saw the establishment of
.;oil and water conservation programs within the USDA in research
and opt;r;~tions . These programs evolved as major bulwarks in the
conservat ion  and development of the land and wate r resources of
the nation.

About 10 years ago data from all cooperative soil erosion studies
were assembled at the Indiana Agricultural Experiment Station where
a dit;ital computer was used to study key determinants in soil loss.
The Indiana findings ( 14) showed that erosion can be quantitatively
relate ! to the energy available for dislodgement and transport of
.;oil particles. Energy sources are falling raindrops, and the
elcV tloii differences of sloping land which impart energy to runoff
water as it flows downslope to stream channel:;.

A soil los;; prediction handbook ( 14) was developed to determine
poteiitiai soil loss . In addition, effective control measures have
been developed that include using crop or residue covers to inter-
cept the falling raindrops and promote water intake , planting sod
erops and crop row barriers to reduce runoff velocity, and modi-
t’y ing the topography to reduce slope steepness and len~ t Ii .
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The conclusions of the Indiana study also point out the o ;clI for
app licat ion of conservation practices to land areas; and ;;k i ow ti~
tri~nI ndvu:; reductions t N t  can be made in erosion and sedim”nt y ield.
In add it ion to the conservation of the soil r :;our e for food fl~
fiber produc t ion , such measures are necessary to improve hydrologic
conditions . These t;easurc;; also help preserve the s tu rage  c a p a cit y
in  re ser voirs , reduce sediment pollution in streams , protect th e
br ’~ i ty and stil i t y  of water—based recreational areas , reduce highway
maintenanc e , costs , and mitigate the damage inflicted during urly n
and industrial expansion.

~~ i1IODOI~~GY M D  ASSU~WrIONS

Study areas used are those outlined by the Coordinating Con-
r~i t t  t o . All data are Lased on actua I drains ge areas of th e  Ba: ins
L a d  resource  areas in t h e  Region were used in making basic e;t lcu-
J at i on s . Erosion r ho ;  for  each land use are  computed us ing  an
ad :pt ; tion of the Mu ; ;gr ave Probable Soil Loss formu la . (5)  S l i t ’ ’
t~~tiui; yields were e :;tabJ .ished using delivery rates  estabJ ished
from Cat s in ot;ier River Basin Surveys in the Region . Erosion a;ul
sedimentation proje (t~ons were made for 1980, 2000 and 2020. i r s
t ini ;; information , problem areas were delineated and the damages,
benef i t s  and costs were established. An assessment of :;tre; mL;:ia.
erj:;ion and investigation of shoreline problems and remedial ac t i o n
were taken from recent studies.

Delineation of Study Areas

This study used the delineations of 21 area;; grouped into six
:;ubregions as established by the North At lantic Reg ional Water
hesourc,es Study Coordinating Committee. Figure Q-2 show:; the
Loca tion of these areas .

Many of the calculation:; are based on weighted aver :ge ; of the
various area:; . Regional and Subregional average: ;  are  ba: ;ed on the
dr ’ ti r i sgc  areas shown in Table Q—l .

Data from the 17 major land r e source  areas (L) in the l IAR were
u:;eN to compute erosion rates and establish an inventory of da ta .
These maj or l and resource areas are sl~oWn in F i g u r e  Q— 3 .  Land
resource area: ;  are characterized by simi lar p atl .erns of soil
( i x i ’ i o t i i ng s lope ant i e ro s ion),  d ina h , wate r resou i c c , n at i ve

vegeta tion , and land use. A detailed description of each area i;;
included in A ppe ndix G , “Land Use and M; istgrriei; t ”.
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TABLE 1.~ -
DRAINAGE 1~7’bA5

rO’rAL a,45D ~~;- 
~~~)
EL 10:.

,300 T~ of ~~~~~~~ ,, (‘~ , , , 74 r ~~W 4 c ’ -TI : 
~~~~~~~ 

: % of S ’~s. - ‘
~ ~~~

I’i h d  A r. ’a “ ‘ r.’ s : re ,~~ ccr, H~gi r, : ~ i’ rea : Ac r c” - : rc ’ s.:l cr,

- “.~,, or. ,~ Su breç.ior. B
“ .571 Ii , . 2 ,L” , ~~~~ 2 . 3

1.8 7 3 , -J” . 17.1 2 . 9
3~ l. 8 ~,958 38.8

I, , ,~~~~ ~~~~~~ 2.0  9 l1..6
3.3 10 2 , 5i.~ 15, 2 . ’,’

;,.~ ‘,-ta .4 A 28 ,790 100.0 1 .8 Subtotal B 1’.’,93~
. 100.0

__________ 
Subre~ ior, D

.3 .3  ..,~ 
jl, ~~~~~~~~ j , I s ,, j , L4

7’, 
‘ ‘i . e 50. 7.8 15 7,9’ s ‘13, 13

2.. ‘ 1  s~ , L, 1.0 16 1.1.09 13.0
.~.‘9, 100.0 1’ .t~ Subtotal D 13,31.6 100.0 10.2

Sjtre~ 1or, ~. Subregiorl F
1T ,13’~ 7 .0 ~~~~~~ 19 9, 2V.’ 1.7.2 ‘3. ”

. 7 . 2  13 .1. 20 ~~~~ 19.0 3.’.
‘ 4 ,. 1 ~uu.0 ~‘0.9 21 0,s~39 33.8

Subtotal F 19,632 100.0

4 0 4 ,  , , ,~ , 41. — j 0c .’7~ 6 I t ’ ” C ~

Existing Data

Data used in this study include reservoir sedimentation surveys ,
sediment storage data for watershed structures, water quality data,
suspended sediment studies , conservation needs inventories, special
studies and other available records . This type of information is
limited ii. the iA~ , ‘u4 it became necessary to calculate erosion
rates and sediment yields for this study. Existing data were used
whenever possible to check the calculations for reasor.ablei1ess.

Congress directed th at studies be made of “the nature and ‘ope
of the damages whi~~i result from streambarik erosion” and the feasi-
bility of a program to reduce the adverse effects of streambank
erosion. Material used in response to that directive was used in
strearnbank erosion portions of this appendix.(7 and 8) Data from
recent shoreline studies were used in shoreline erosion portions of
this appendix. (a’)

Q,-8



Soil Loss

Predicting soil losses involves the consideration of several
factors including soil type, steepness of s lope, slope length,
rainfall, vegetative cover, and conservation practices. Overland
erosion rates were calculated based on the relationships of G. W.
~&isgraves ’ probable soil loss formula (5) , as adapted and pre-
sented in graphic form by Lloyd and Eley (9). A soil weight of
150 tons per acre inch was used to express erosion in tons.

The probable soil loss in tons per acre per year for each
land use was determined by using the adapt ed formula in a computer
program. Input data for the computer program consisted of the soil
erod.ibility factor, slope, length of slope, rainfall and cover
factor. The printout data provided the rates of’ erosion for the
various land uses for a range of cover factors. Weighted average
erosion rates based on erosion rates for the land resource areas
were calculated for each of the 21 areas.

Probable Soil Loss Formula

The probable soil loss formula is expressed as follows:

1.35 0.35 1.75
E = F x S x L x P x C

Wherein :
E - Probable soil loss expressed as

erosion in tons per acre per year.
F - Soil erodib ility factor .
S - Slope of land in percent .
L - Length of slope in feet.
P - Maximum 30-minute, two-year

frequency rainfall in inches.
C - Cover factor.

Soil Erodibility Factor - F. The soil erodibility factor , F,
~s a measure of the susceptibility of soils to destruction by ero-
sive forces imparted through raindrop impact , wind , and moving
water. Erodibility varies with the physical characteristics of the
soil. Enough soils have been evaluated experimentally to enable
soil technologists to make reasonably accurate comparisons and
establish erodibility factors for unmeasured soils . Soils in the
NAR have low erodibility factors . The weighted factor for the
Hegion is 0.25 and ranges from 0.17 in Subregion B to 0.33 in
Subregion F.

Q-9
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TABLE Q-2

WEIGHTED SOIL ERODIBILITY FACTOHS (F ’ )

Sub region : , : : Subregion : ,F A ve rage F Avc ‘ t ~~c
and Area : : : and Area :

Subregion A Subre~ ion B
1 .31. 6 .17
2 .28 7 .17

3 .22 .25 8 .L8 .17
4 .17 9 .17
5 .19 1.0 .17

Subregion C Subregion D
11 .20 14
12 .23 .22 15 .27 .25
13 .22 .1.6 .20

Subregion E Subregion F
17 .27 28 19 .32
18 .31 20 .33 .33

21 .35

Regional Average .25

A generalized soils map was compiled for the NAB based on exist-
ing soil association maps , problem area maps , and land resou rce
maps . A soil erodibili t y factor was assigned to each of the various
soil groups. Soil groups with simi lar soil erodibility factors w ’r e
combined . (See Figure Q-4.)  For each land resource area within the
21 areas , a weighted average of the soil erodibility factor was cal-
culated . This weighted average was used in the probable soil loss
formula.

Slope Factor - S. This is the average land slope in percent .
The basis for determining the average slopes was the land capability
subclasses. There are eight land capability classes with the limi-
tations on use or risk of land damage becoming progressively greater
from Class I to Class VIII. The subclasses describe the type of
hazard or limitation and were considered. Soil slope is one of’ the
factors used in determining land capability class.

The Inventory of Soil and Water Conservation Needs lists the
acreage of’ the various land uses for each state and county by Land
Capability Class and Subclass. The counties were grouped to approx-
imate the 21 Areas. An average slope was assigned to each land
capability subclass. A weighted average of the slope was calculated
for each land use by land resource area within the 21 areas .

Q-lO



(~~~~~~~~ ~~~~
- 

~~~~~~~~~ 
“ .. /

‘-‘b .~~~~ — 4 j  l~ ‘ 5

— 

“
~~~~~~

‘ ,.V ~‘ 

-

— 3 
‘ 

.

/ / ‘i~ ~ C~~
” ’ ~~~~

/ , 

7 - 
-— ) “

, , 
~~~~~~~~~~~~ , 

4

~~~

- 

~~~~~~~~~ 

_ _  

_ _

q \~~V4 r 

~~~~~~~~~~~ ~~~~~~ 
-

~~~~~~~~ ~ r ~ ~~~~~~~~~~~
—7 .# 

“k 
~ “ \ ‘fri. ’~f’ ~~~~~~~~~~ ~~~

____ 
________ 

~~ ‘~~~ ~~~~ , \.~ 4~~. 
~-,‘

~ ‘ 
S
’~~ -~~ I , ..‘ ‘_________ C 

~ 4 

~~~~~~~~~~ 
~~~~~~~~~I ~~~ ‘ ‘ 

‘~~~~~ 
_______ ‘ 

, — ~~~~~~~~~

_____________ r——~t7~ 4r
’ ‘~~ ~~~ 

-

I 

,

~ 

~~~
, 

.7 

4o

~

4

~~~

;

~~~~~~~fd!
*2

# 19l 

~~~~~~~~~~~~~~~~~~~~~~~~

____ 

4 ! ,~ ,~~~ \~ , ~~~~~~~~ 

4~~

4



4,

“
~.

3~~~~~
,
. 

1 . . .

4 
7 -. 4 4 

‘~~~
‘1) ( “ '‘

~ ~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~
-:‘ - -

~~-~2~~~~ 
1

_
) 

‘
7 - 

-.4 ~~~~~~~~~~~~~~~~ 
___

I~~ 4 2 “ 74 _i ,.- - ~~~~~~~~~~~~~~~~ ,,, ~ç.
/ .‘ — ,.

‘ 
c_ 1  . 

~~
, -____

~. ~~~~~~~~~~~~~~~~~~~~~~~ 

“ t~ , 
~
<,, 

1

~ N~ç’5,, ‘: 
~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

,

7 . / : ‘
~~~~~~~ ‘~~~~~~r ~~~~~ 

. 
- 

- ‘

~ 

. .

~~ 
j i (‘ ‘ ,  7’ /

4 . .J’.”~ 
— ‘k

” 
,~~~

- 7, 41 
‘~~~—

,‘_-
, 

4

-~ ,. 34 1

,—
~
- 4___ 4 ,

’ ‘t, ~~~~~ ~~~ 
/

/2  ,~,I ‘

~

‘ 

7, 

I 
-

SOIL ERODIB I LI TY
F F A C T O R

NORTH ATLANTIC Low rst  to h .g hes t

REGIONAL WATER RESOURCES STUDY deg ree of s u c c e ~,t . b , f ,r ~

U. S DU’AR r M I N I  Il AGRI C U L 1UR ~
SOI L NSE IIVA ION S( IV R I

71 I 7~ SO II lOO N’!.,
Cl  I - 

-
- 

- .~ ~~~
“1 . .  , -. - - -



4,

~
.‘ lPb -

. ~~~~‘ /

~~~~~~

:77 -S - ~~~~~~~~~~~~ ~~ 

‘ ‘ —

~~~~~~~~~ 

1 ’

I - 4

’ ‘7 
, 4 4

jj~r 

/ 
~,

.. 

/ 
~
‘
o , ~

( 
7 “ 

p 
A 

, 
4

‘ / -“ ‘ i~
’ -

~~~ ~~~ / ~“ A” 
‘ . ‘~ 

,
~ ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

a - 
•.. 

I ,, 
, 7. . ~. 4 

~~~~~~~~~~ 4” ‘

4 . 7  7.’ 
- 

~~~~~~~~-~~-J
17 ,~~ 4 ~07, - ‘I . -‘

‘1 7 ~ 
4~ I ,~ ‘

~f 
.
‘ a

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~
“
::‘. ~~~ 

4 :7~~~ ‘7 

‘ ~~~~ 

‘ 

, 

~~

‘:: :1
- 

• 
.~ , . 

1 /

u - c ’ ~~~
,.

4
’ 

‘ 
,,,_, 

..

.0 ’ ’ ’ - — —-— STATE BOUN DA RY

• 
‘ , 

- , — - -—— COUNTY BOUNDA RY

“ l’ :’ IJ .M,~
’ REGION BOUNDARY

!3~~~~~ r 
F FA CT00 000UP800NG A RY

5 ,.
, - 

- . 17

/ 2 — .20
4~,, .

~

1 /
F F A C T O R  f . i — .3:’

L o w e s t  to hi ghest ‘

J UDY degree of su~ cepti biIity f~”$- ’: —

.7

Ill N — .64

I U] _ U N C L A S S I F I E D

FIGURE Q—4
1 ’ D A SC S ‘ A T ’ ’ U  I US ri



TABLE Q. - 3

SLOPE FACTOR (s)
NORTH ATLANTIC REXIION

Subregion Average Slope in Perce~it

and Area : C rop - : Pas- :
land : ture : Forest : Urban : Other

Subregion A
1 6 5 1 6 6
‘1 5 7 19 6 6
3 6 8 1

6 
6 6

5 6 9 17 7 7
5 8 8 14 10 4

Wt. Average 6 7 16 7 6

Subregion B
— 6 10 13 8 6

7 7 15 18 12 9
8 12 21 27 18 12
9 8 10 13 9 9

10 6 7 18 6 8
Wt.  Average 9 15 20 12 10

Subregion C
11 

— 

5 15 12 9 14
12 8 10 20 7 10
13 2’ 8 14 5 12

Wt.  Average 6 12 11 8 12

Subregion D
l~ 8 7 13 9 8
15 8 11 17 8 9
16 4 5 7 4 14

Wt. Average 7 10 15 8 8

Subregion E
17 

— 
13 114 21. 15 15

18 14 9 6 5
Wt . Average 11 13 18 13 13

Subregion F
— 

19 
- 10 15 21 9 12

20 7 13 11 -

21 9 15 16 - 14
Wt.  Average 9 15 17 9 12

HEX ION AVERAGE 8 12 17 10 10

Q-fl



In ! ‘ I! i ’ r ’ r .L t h~ slopes of’ ‘ ‘ri p hind , ur ’L’&zi ~ r i’1 ut,~ i ’ ’ r -  la nd.: i r ’

g-~~’ 1 1 t . i i ’  t,,) rI1 11’l’’ ite W~ ! i  Ic the 1j : t , ; tur ~ . afld t i ,r ’ !- ,; t, l ands  o i ’ - ’  ur’ on
moderat e  t i ’  G t i ,.’ t ’ 1 1 ~ 1or es.  S l op e  V a r i l .’ .: f r o m  U r ’ ’t ’ - ’ .’r i t  to 27 ‘‘u- ’’’
wi th in  t.~ i ’ ’  T ’’’~~~IO1i . l’ i. ble ( i — 3  ;r io w ; the we1I~il t’-’l av l ’ i i ’ ’ S  of’ s lope . :
by 1 - 111 1 u;~- ‘sid i r e :

U’ Le~~~~ t.h — L . I’li 1..; is tin ave u t i l e  di ,:t ,’irn ’’ e f rom the div!
to a d~- i ’i ii te 3 r’ t .l rnway  or ~:o r n ’e n t r a t ion of water ’ . ‘i’ ni i  f a c t o r  is
obt i I n t ’ l  f r om i i  eld rne a: ; ir r m e n i t s  , aerial  photo~~r ’ -’tp lo ; or topograph ic
maps. oni : ;u lta t ion w i t h  numerous f’ield p e r s on n e l  throu 1~ho’~t, tine

~A P r’ev’: ’ l Lt.’ l  that t h i s  fac tor  varied within the a r ’ -’ u ; .
i l’ ’~’L i,; tint ave ra 1~e for  each area .

H:tin ,iuil F a’:tor’ — P. This is based on the  maximum ~0—m,innutr
rai :~ ’a t .:1. ’It . I . cxpe ’ted to occur once every 2 ye~ n ’ : . This ~r ’-
qu e n i ’ ’ ,,’ storm r’:.p r ’e::t. nit s the bes t r e l a t i o n s h i p  h e L w ~ u nn  t he  maximu m
i n t ’ : n n s i t :~’ rain i n  30 minu tes  ar id the  amount of soil er od e d  during
t i n e  i n ~L re ,: ‘,o r ’rr l . In fo rmat ion  for  th is  factor is obtained from
Wea t n~er Hur’c au Teeinnical Paper 40 (10) arr .l i n t e rpolated  for  e: :h
;tudy ‘j r - e n . (Sue Figure  Q—5.) The range is from 0.b inches ‘ 1 ,, to’-
n o r t h e r n ,  end of Ma ine  to s l ight ly more than 1.14 inches in :nout ~~~~ ’ r ’ n n

V i r g i n i a .
FIGURE Q-5

NORT H ATLANTIC R EXIION
2 Ye ar  - 30 Minute
RAINFALL IN INCHE S

~~~~~g,o

~
I4

) > St

LEX END

, ,..j  , State Line — - — - —
N.A .R . Boundary —~~

—__
Rai nfall in Inches i.o—,...io

Scale., 50 100 ISO 200 250 ~~~0 MI.~(.4 ‘U.
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( ‘ ever  Factor ’  — C. Thin; is 1.11 ‘ x r i r ’ u - , ’n; iOIi 0 I ? ; I I ’ rfl l T I t i V ( ’ ‘eu Lity
-1’ ‘ 1 .1 t ’l ’v ront , L v p - :  01’ ro v’ ’r L ’  i n n L c : r c e : ’~. en d  iii  sper’: ;e the enier t ~y of

1 , 1  l i n n ~’ r :n J n 1 .  to li ’~’ re: ,;c L i t  ve lo ’ ’ ity  of r o o t ’!’ I r o n  toe 1 r’oIlI , ’l
o r!” , - ‘e u i n u l  to m i - n ”  v -  toe  w ’ t c n ’ n1 f i it “ation i  r per-ties of thu soils

[‘he ‘ ‘o:r r r ’ter ar i d  den it y  of’ Vel~’ : L t  I cOv ’r’ appe’ t r s  to S iuse  t i i ’
‘ n - t e s t r’e L:itj vi - dil’l ’e ru . - -  n n the r it e  of ’ erosion . W L i  all
ti L I I ~’. c’qu : I cx’ -~ t ‘ov ’  - n’ , L ‘ ‘ - u L i- of t r’o,;ionn on L a n d  u sed for con—
t iriucu :: row crop :: may be more than 100 times rn. , : 1 ;r’cat Os u-a .  ‘Lur e or
1” -r ” :L  which is in good p }iys i ’a l  condition .

Cover I n t e r  va Lue:’- have been developed ‘ - x n i.-r i rn crnt a l ly for c rop—
la n d  arid f o r e s t .  These d’ ,ta wi re m e d  to establi :;ln - r’op J a n r d  cove r
factors based on the rotat ions used in the d i f fe ren t  area : . I ota-
t ion jn.t’e r’ n - ,sition is i ’oj nta in ed i nn  ,u’..~~;oj~~~ j X  11 . Estimates ‘-.o’ ru made
for orSture , urban and other land uses . The value. used to cx ; .r ’es s
the e f fe ’t- of different cover -:o~.dJt io~~: are relative to oar” : soil
or cont inuous row cr0 :: with furrows up and downhill . w }i i e :n  i s  as-
signed a va lue of one ( 1.0) .  In toe  case of urban I ii.-! , - on i s ir i e r a -
tion wan: given to the fact tha t  during the u r b a n i z a t i o n  -erich . while
the soil is unprotected , cover factors are much grc’ ter  t h an :  t hyj
af ter the urban area In ; :: been established.

TABLE Q-14

COVER FACTOR - C
Subregion :Crop- :( rop- :Wood-: Subregion :Crop- :Crop- : Wood-
‘ ri d Area : land land, : land : and Ar’ea land: land : land

;treated ; : : :treated:

i u Lr e~’:i LIII A Subregion B
1 .21 .11 .005 6 .02 .01 .0014
2 .02 .01 .0014 7 .02 .01 .004
3 .02 .01 .0014 8 .082 .0141 .0014
14 .02 .01 .004 9 .13 .07 .005
5 .02 .01 .ool4 10 .078 .039 .005

W t .  Average .06 .03 .oo14 Wt. Average .07 .036 .0014

~~~ re~ i (‘ii c limb ru ’~~J Oil  D
ii .02 .01 .0014 i~i .118 .os~i .005
12 .078 .039 .003 15 .137 .( ) t ’) .0014
13 .273 .137 .oo5 lb .223 .112 .005

‘4t . Average .055 .028 .0014 Wt. Average .1143 .072 .0014

d uOr’L’~ Join E Subregion 1”
.088 .01414 .0014 19 

— 

.088 .01414 .oo14
18 .19 .095 .003 20 .101 .051 .0014

W t .  Ave rage .119 .059 .0014 21 .117 .059 .0014
Wt .  Aver’ :q’~u’ . 091 .0148 .0014

Regional Average .100 ~Qt (J .00~4
lu te :  For all subregions the fo11owin~ 1’i~ ur’es won’ C’ used:

Pastu re .01 Urba n Treated .07
Urban .20 Other .05

Q -114



I’ ;, , -  - v u - t~ I ’ -torn; w ’ ’r t  - ‘ td , j u  t , ’ ” i to sin ,’,; L~~t ’ eHi- ‘t ~ i,! - I l i l t i a t I

[ r u i n !  t n - n t  r n - n ’ . It 1.: I s ,  u r n ’ !  l r t ’ u t ,  ‘ ‘ l ’q :n’ It , I’ L iii ’ ! t r’ ’ ’ ’ ’-Lm enn t of
i ,’ ’,ni t n e d - i l  ‘ ri p I : i i n ’ l  ‘,-ioun ld n” ’  1:~ - ’ i ’  ero- ’ i i  by 50 h er- ’ ’ i L .

i ’liin ; i s  i n av ’ - r ’ 1 1 a ’  f i g u r e  b t , :ed on il - ’ t t ~ -t dcv ’-  l op - t i by -h . ; ( ‘ :n ; r ;
a no!  Snn i t : . ( 14 )

I t  is t ’ s t i n r n i t . ’ d  t oot  s i m i l a r  : n u l tn ’t’ ’tnnt ’n :L nr, I ’ , s u n ’ i , ; ‘ ‘p i ’i i - ’ t  to
r n - - an n  I n  r ip e t i m !, ; would r ’~ du- ’ e - n h : :  l e n t  m y  t ,5 l ’~~~’ ’~ 

i , t , . I’ n n e r ’ ’ t ’u n a - ,
‘o ver  l a b o r , ; we re redu ’ t ” l  by 0.5  i i  O. t , 5  n - ’ - . npe  1 , ive ly  b r  t o I ’

c n u; ~ i n n , !  r im , ’ ! u r n - i n ,  i n n ’ !  r ’ ” ’  I v i i  ‘p ‘i i  ‘t pnt l ~o I a n i l  t r’ . n , ~-rn i  ‘ n i t ,  . l b  I -
p i vI ’ s  t , ! u t  We I p l n t . I ’ u l n v e r ’ I p e  ‘h l v ’ ’ r  I n  ‘ t o r n ;  di ve I c , n n ’ ” l  by  l en I aso ,

t o n’ n : t , ’ }j  a r e a  and ‘s ri  subn’ e m:  h i l t .

Er a ,, ;  I i O n  ‘ ‘ 1 , 05

L a ’s  p r r ’ o ’ i u  I i ’  soil toss in l O u :; per a c n e  - ‘ ‘n’ :I ’ ’ t r  for C r  rn land
m e  x i .  ‘ ‘ l t t , - r mnun ”l t ’u r n - n  In l and  r ’ ’: ’-u u r c e  n u t - n . I’bv- wn ’ig l . t e  1 ‘n v - n ’ —
‘~p’ ’ i r , ,~,; [o r :  r i t e : :  t ’ or t , I i  m div lu:, I L i i i , !  u : ; i , ; ‘ i n , ! t i n  i - - v - n - ’
n’r o:;Ioi~ rot a - icr t L t ’ t n  area are , ;r owr , [ i n  F’ipuri.’.; (1—7 th n ’e’npni 1,- il’

n ” - , e ’t  1 , I i , ,  :5 1 1 ’ s m ade t o n ’  e r ’o,; iOfl rat ’s ex h it ‘ L -  i n  t i n e  u - i

I no , 2000 ‘ no! 2020. F u t u r e  ‘ n - s i ’  i nn n ’ ’~te .: w i - u -  ba sed i r o n ,  ( i
r n - n u t ,  Lev i . ;  of ’ l u n d  t r i sn i tme mi t , and ( h )  ‘ u r n  - ‘ t ’ ’ ’e’ L ’ ’ r t t c u l  t n ’ e n t r m ’ n , t
r n j c r ’ mrn ~ A ::; u r n u t i o n ; :  05 , 1 i n n  t i ’ ’ , ’ p r u . ie ’ ’t i o n : ,  i n - : ’ :

1. Pr’es ’rnt 1 - v -i ‘ i f ’  land t ‘ i ’ ’ r t , mn ’ ‘ m t.

a . re~ eiit r e t : n t i o n n s n n  i po be tween  am oun ts of t rooted
‘ m d  m ont ru t ted  land would p er s i . : t.  Land n i l equ’ t L ’ .’ L y
t reated at t ,he pr e cut t i n e  w i . :  L iken t ’ rom A ppendix d .

‘ ‘ i n ; u n p t n . :  i l l  acreages ui  va r ious  land uses  are based
upon n n i u t o r i  cal trends . ‘l’ r n e , ; e  acreage :; a re  r’ s- ” or - ’ l s ’ n
i nn  Appendi x U .

~
‘ . Is - ‘~~ler n t tou l  land treatment

a. Adequate land treatment would be applied on cr’op land
halfway between pn’e:nemntly treated and 80 percent by
1.980, 80,per~ent by 2020, and thi n 80 per ’ent would
be maintained through 2020.

b. Urban land treatment would affect only that land
undergoing urbanization ; 40 percent of land from the
present to 1980 would be treated , 80 percent of the
land be t ween 1980 and 2000 , and 80 percent from
2000 to 2020.

C. Because n~ crosca1e erosion rates of other land uses
are small , no attempt was made to distinguish between
not treated and adequately treated .
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1) I n ,  l u - ’ go Area (‘ qu nn  r n ’  Mi les)

l i n t .- ‘ i o t a  i m i d i t ’n i t c  ‘ ‘on ; :  I d ern ib l e  v : n r  l ot i o n  i n n  s ed ime mnt  del,i v u - n ’;
r a t i o  for runny  g i v en ,  d r ’ :n i i i n nge  ‘ I T O ’ ,’ ; s ize .  Tine larger t i n e  drainm ;- nI ’e
a r - r n , t u n e  less soi l in :  d eL ive red  to a p : u r t , u ’ ’u I : n r :;i te .  Ho o ver ,
wn , u in -a i i  t, : o  dat a n t r e ’ ’ ; uun ; -, ~i ‘Ic r e d  t i  I ; ’ ‘t em ’ , they also show that

r u - is a p enn er :,  1 r u - I  : , t i o n n m ; lj j  p be tw -e nn de l ivery ra t io  and dr nn i  m ope
Or ’  ‘ - ‘ ; 5 iZ  e . D’ n t a  f rom the Pre,1 imi ni ;Lr ’y ts~ ‘pr o L s :n 1 of St re :umn 3 - i n  n o n —
t O ’ , i nn  i n  t h e  S u m ; q u u - i m n u m n n n n u  Hi ver }3’n n : i n  ( 12 ) were p 1 nut  t o i l  on F l  gtnn’e
b — 5. l I n t  a ’  dn it ~ p rovide  :ei , l  ~i t ional in format ion  ; n n o i  va I I u I : u t t  - the
,j, : ’ - f ’ ’, n l n m o :: of ’ t h i n ;  ‘un’ v e j t n  the  NAP .

D e l i v ’ r ’ y  r a t i o  f o r ’  t h i t ;  l I A R W a ; ; , l t - t e n ’ n n i n n e u l  by - u m n n h i : u r ’ i n n g  t i n ’
n’ s m c u n ,  r ’: , L I  ‘ ; ;  in t i n i  S r n p p t ’ i n n i  ix  w i th  - ‘di menta t ion ‘ ‘ i t :  in t i m e

D ’’ i ’ u t e u ’ li ver Ito - - i n  - ‘irt ( L3) , !1 , tonn :m , ’ R iver  i t o — i n  Hi-port (1 14 )
- ‘ int ’ l t a t -  U . 3 . U t ’ o l t i p i i ’ a l  Survey Open F’i le  - t ’ p e r t  ent i tle d  Prt,’limn —
l i n n u n ’ - ;  A p~ r:i i ::ol of’ lit n - - ur n : 1 . - l i  n n ’ ’ m : t , ’ t t .  [urn in t . I n ~ l i m n , ’ t i ; n t ’ l i ; n n : n , n, ! - i v t ’ n ’
R n n ~~ i n  ( 11’ ) .  A ’.- n ’ n ” I pe ‘P i i v c r ’y  ra t ios  f u r  t l n s ’ n ; t ’  b a s in . ’- ob t nt i n o - ,l f rom
‘h , n se’ n - t . I , r’t:: W e r ’  1~~ . 1 , 0.3, ;mrnd ‘f .~ r’ I ’ n ; h e , -t .i vc’ l y .  A n u t  i i ,  111

‘ ( . 5  w e :  U ; ’  ‘d in i s  study .

‘rn , - j , n ’ o j  i n n - ’ l  s d  ‘i t m , t 0 I L u i n  y i n - I  ‘I s t ’ u u r I u ) ~ 0 , ~O0O ‘en d 10 1 0
wI - n ’ . j i r ’ ’j ’ ’ n - I  l t y  m u  i t , i j ’ I y i m . ,  t i n e i l ’livn’n’y i” ,!, 0:; t m n r n t ’ . t i ’ -  ‘ r u i , i ’ ’t ’ t ’i i
• r I , i o n  r , t t - . , f u n ’ I L I  l u - v . ’  I; ; ui  l ’ u a t l  1. r n ’ ; m t r m - n i t .

- i n ,



.) t r ’ I - t m n bard ’, E ros ion

To compL et e  t , : n I ’  “ N i t  lonul A : : , ; e sn ;m em i t  of 3treaatbank Erosion” ,
. o i  I (‘ u i n o , ’r v a n I ’ mt m3 ’rvj’:e personnel hit :i tnij unct io n with the Corpn ;
of ’ Engi neer: ; , f ro m al,l parts of the Hegi orn provided information
oil t t n ’  ‘tmu,’wit s of ’ ,; ‘ r eni mbank ero, ;j on L r ~ the i r  areas . Stream
- I n ’n ; i t y  by 1 - i n i l n’ n , ;our ’e  area  was used to -ieterm,i xi e total stream
m . i l t ’ s  and ~~~~ n u b : ; . Eh ;t i m.ates wer e then made on how ~~ny of
t I n e , ; t ’ ba m~~:; “r t ) , ; jo f l  wa,; negligible, moderate and serious . Damages
W I - r I ’  de ternuinn ’d ‘ it  the  r i t e  where erosion occur red and where the
cl u i n g  n : e u l i n n t ’nt wnu n ;  deposited . Costs of treatment were calculated
t ’, u r m o t h  mod on ” ,te  and serious cases.

Sh ore tine Ero: ; 1 ( t i n

[‘n i ree  report: ; I ’ve Loped by the Corps of’ Eng ineer s for  toe
“ N : u t i o nol Shoreline Study ” are (I) regional inventories , (2) shore
protect ion guidelines , and (3 )  shore management guidelines . The
rn ~~iona l in v ent o r t e s  ‘ire descriptions and tabulations from many
;.uur’es . The entire 8,500 miles of shoreline were classified as
‘table or unstable and in the lat t er category as ei t he r cr i t ical  or

n , ’ ,,nn”ritical. Costs were established for various levels of treat-
ment.

Problem Area Deli neation

Problem area.; fall into two general categories - onsite and
ofl’,:ite. Onsite problem areas include croplLand where soil erosion
results in losses h i  productivity and increased production costs ,
urban land where large amount s of soil are lost , and eroding
0tr ea.mbanks and ,;horelines which are total losses of land . Offsj t e
p roblem areas are usually flood plains , streams , rivers and lakes
where sedimentation occurs . This often results in damage to ponds
and reservoirs , water supplies, natural and constructed channels,
f i , ;h  and wildlife, transportation and other facilltic,;.

Cropland where erosion rates exceed allowable soil looses are
problem areas . Soil technologists have used experimental data to
assign allowable losses for all soils found in the Region . This
loss reflects the amount of soil that can be lost from crop land
and still maintain a high level of productivity over a long period
of time . These allowable soil losses range from one ton to live
tons per acre. Generally, the higher losses are allowed on deep,
permeable, well drained soils and the low losses on soils having
unfavorable subsoil characteristics. Excessive erosion from crop-
land areas constitutes a problem area.

Urban areas constitute a major problem during the construction
period. Residential, commercial, industrial and highway construc-
tion expose large areas of bare soil for periods from three to
seven years long. Severe erosion takes place in a short time. (15)
Almost all urbanizing areas are classed as problem areas.
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li t y ’ t ’ ; t mbntn ’njc ero: ;i  on i t r ob l em n n r ( n n n n ;  l i e  f L y n n  small r ind n : t ’ ’ , t t e r ’’ ’ l
n o ’  1 , r - n i t  c ; ;t ,  problem i n ;  the total loon ; of la n d w : n i t ’ h  O ur’ :’ w i t h

I he er’ u u ,:ion . mi addi t ion • foundations for b u i l d in g : ; , u t i l i t i e s
r ind  f - m i ” - ; ;  i re  of ’t , e n n  underu ’ut  t ,aiusiflg severe propert y dn un i ’n.g ; . Tine:: e
n l r , . : m s  w ’ - r t  delineated in a 1969 study . (7) (8)

Shorel in e  ero ;:i on problem areas ar e  sir ’i i  In , r to those lic:t ”l
u nnu l er st r n ’ ’ u mb a~ik erosion n l r e n n : ;  . These ~- n ’ i u h l e m:: or e  no li;:;s 5(1 / . re.
I i m n ; : I  t h un  n unn , 1  c r i t i u n a l  area:; originally r n :,  rked by photographi e
: ‘urv  ‘y n m r e  shown on p late ; ;  in t in e “ N ’ u t l o n n ; n  I Shorel ine Study —
1 r t i ;  A t l an t i c  i -op i u m ; ” . (2)

l’- e n ; m ’r v o i  r : ‘ . ‘d ime i n t  n , t j  on d :n ta  show tha t , r n ’ I ’ u t j  vely small  u l u a n , _
it i en ’- of ’ ni ’po:’iti oni have - -aused sed im cnnt ;n t ,ion problems in n  small

u ’ ’n p r n ,‘ ity lio mun ,j:; ’tn ; ’ I n-u - : ; e r’ voj  r’ ;; 
, and in t I m e  rec r o ’ :it ion  pool~; of’

lan-ge re:; -r voir s .  The same is co n s i d ’r ~’d t r ue for stream c u n n ~z n r t e l s ,
d u a l  n. ’i pe ditches , roadside ditches and “n i t ch  ba lm ;; . For t i n e

~~~~~~~ of thin:  appendix , all 21 areas wi l l  be ‘ ‘ o n n ; ; i d n ’ r I n d  :;e ’l im ’ - ’m n—
t -’t t l o n  problem an ’ ’as varying only in degree.

Da m/ICes , Costs and Benefit : ;

E;tim;,tn-:; of ’ I ‘r e m ; i o m n  dnmnnagn .’s to a g r i c ul tura l  lands p n ’ n n ’ ’ r ’ O  11’ ,’
inv o l ve  ‘v a l u a t i n n 1 ’ the loss of p rodu”t iv i ty ,  i n i p i n e r produ ’ ’t ion
cost.: , and social co , ;t :;.  The n ’edu ct ion  in yield varies wi th  t i n e
‘ snn ow ,t , of ’ soil w i n i ’ : I n  is lost . These d n n r n n t i ’ e ; r  may be represented
L i ’; t n ;  mar ’~ r’t value of the plant nutr ients  contained in the soil
Li e u ,1 ’ lo: ’t and I ; ’ .V C  been estimated to have ;m value of $1 i u ’r t o n ;
of , :oil .  ( l u )  Production costs are inc reased where de;:troyed
str’ nn ,-’turm ’ mn ny .es soil harder to t i l l , arid where machinery mnu ;’-t
-ron;:: guLlies ‘ in n r l unproductive land. Loss to public intere.:t:;
results a:; a poorer resource base (tower tax ba::e).

In f o r m at i o n  on erosion damages in urban areas is limited.(l7)
‘I’licse damages could be measured by a saving:; of certain development
“u :;t : ’ and greenery establishment , and preventing mud slides . It
i.; recognized that sheet erosion does occur on other land uses ,
bu t tosse;; arc m.i nimal.  Only loss of productivity on cropland was
u’omputed in monetary terms .

Sn ’ d i r n w ’m n t n t t i o n  damages are considered to be the cost of’ removing
t in e  sediment dr ’pc u :: i t r ’d in downstream areas . All land in t ine  Region
c u u n t f r i b u t r ; :  to downstream sedimentation and is considered iii  mea-
: ; u r i n n g  sediment damage . Damage occur s during trans port all along
:treams , r ivers , -‘tH en ;  and wherever sediment is deposited . Costs

f o r  sediment removal range from $.25 to over $3 per cubic yard
r ’emoved . For  the N AR Study the aver age removal cost is estimat ed
to be $2 per i ’ ;nl, i ” yard of sediment. Because of the increa:;inig
“ om n ” e rn over d n ’~ o ; :i t ing dredged mater ia l  at the site where it is
removed , t h i n ’ u ’ u - ; : t ,  could be higher in  the  f u t u r e  if the spoi l
must be trucked away to special disposal si t e s .

Q-18



St r c amn nbnt mo ,  cr0,; j o i n  u I : n i n i ; i g c n ;  are t i n e  result of land voidimng .
Damage value:; were Live Lo1 i’d for urban and agricultural land .
Actual and potent in i l. land un ;e of the eroded area were Usu:ii h
‘I : -;sigfliflg the dnLmage ;mble value to the acreages - high value J’n.ni b
$600 per acre , m e u i i u n n n  value $300 per acre , and low vai n ’ -  $50 l i eu
acre. g,;timate:; of damage to other properties were made . Do’,-~ n-
stream or sedimentation damages were estimated based Oin ,nn. U/C n ”ige
loss of soil per m,ile of eroding bank . Approximately $30 p~ r n:nile
of erosion was used for computing offsite damage.

The natu re of shoreline erosion mu nd the :oi i , ;t :i int  m r h u l ’t i n n g  of
sands made est imates of erosion dam ages beyond the scope of the
~orps s tudy.(2)  Areas of damage were classed as critical arid
noncritical.

Cost , : for land treatment were based on expenditures by land-
owners and operators to adequately t reat an acre subject to
erosion. Conservation treatment includes: diversions , : tr ’ ip -
croppi ng, cover cropping , trail and roadside stabili zation ,
e;:tablishmenit and re-e ;: tabl .lsh inent of grass , shru bs , and trees ,

‘.-:ildli fe n n n i b l t a t  development and preservation . The in i t i a l
:o,:t ol ’ t :~ i ; ’ t r e a t n ;n e n , t  ,d~owm ; u n  Appendix G is from $25 to $100

pen ’ ac re .

Cost, : for st n - e snibarnk protect ion were estimated to be $12,000
per L ’ n:o- : mile lou vegetative treatment , $120,000 per baru-m mile
for nj n , r ’ : n , : i , i $)400 , 000 per b’ tnn ,j-m mile of lined channel. Shoreline
n u n ’ot e - : t l on :  costs n’: nngo- f rom $185 ,000 per mile for a simple sandfill
to .o million for ::;ure ect c’ni ::ive work wh ii n~n might include pi l inng
and jet t ies .

Benefits are based upon toe reduction of erosion and ensuing
sediment . Onsite monetary benefits  to cropland were computed
using $1 for every ton of soil retained. Offsite monetary benefits
were computed using $2 for every cubic yard reduction j i n  sc’dlnaent .
St rcn nn ,~ ni , ’u,, i er o s i o n  benefit s are the reduction in land voi d l in g ,
downstream .:eilnnentation , and loss of buildings , fences a n d  utili-
ties . Shoreline benefits are primarily the protection and p r cs en ’-
vation of b e : t c rn e s , recreational facilities , and con t :;t l in e s .

Q- 19
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- t n . ’ s a t i  j 4 - j ~~~ ~5i ’ / u ’  , ; ; u e e u i u ’ i h  r ’y ~c) , ; i L , r ; i , u ’ y o ~;d t n n e  n n a L o m ’ ~~l ~ L’oiogic
p r o - c’ .;:; Lu n u n  n : u s t, ’ n r a l  r u ;r n ou : :  puc e:;:;. ; ‘on ;::Lr’ u ‘L l i i i ,  an , ’l , ‘cni , b a u , ~
‘h o- ’ L n. ’ areas arc t i n e  m a j i r  , :our’e:: in t in e  LiA R of’ 151 millioxn to:.: of’
O O I  1 Iu, , ’t e n n c j n  ~, eO r .  3’. r i ’ : u ; n L : L r o ’ o : and sn o r e  I i  m e - ; ;  ‘l e m u n d e d  of ve gu; _

i n, ‘cc u s ’ ud.i flg . Jnn ; t u r r t l  ;;pL-ed u ;d erosion i , : , ;u ; , Li: t to nnn , .n , ’ s
:0 1.

i ,i n ,  by a’ati~’r n i ,  ‘ij t ’  d iv ided into t n i r e e  n i : ’ o~~d ( ‘n ,L o ’ u : ’ l u : s :( 
~
) : j ’ ~~ ’~~ ’ ;~~,,~ ‘ n - i ;  ~~i n , ,  ( t )  char~~el ‘ ‘ m ’ e :j ’ i n , , ‘ r ,n .I (~ ) - ;~n c r ’ ’ i ,h1e e:’u ,:ii

ho ‘Li ‘~~~ ‘ ‘ ; ‘um’y ” no H i i~~r ’ t : n on’  divided int o several kinds of’ -co . ;  i o n , .

O /- -: ’ ; ’ n11 ’ n  Sr’ u: i d ; .  Overland erosion includes : :j n ccO, en’o;io:, m y
H u t ;  wi i , d ans i  water . ‘J n n u ; e t  erosion (irn n’i ud irn g n i l  erosi o n . )  a:,

is ilef’1~,~ j  a,; th e ’  uemov ’ i. of a relatively un lu ) : ’ : : .  ‘loath UI ’

.0) 1 1 or soil m ;utcr ’iai from th e  land surface by runoff flow~ n:.  ov ’
t i n e ‘cii i , :u r f ;i - : e  ‘.‘.‘it~nout  the  formation of major ch: uu n c- 1. : .  ‘l i n n u ’  - t

ion by win d  cue ‘un’s wh i em i  winds pick up anal  H r a In s  port loose ,
:‘ ,. ~‘j  i s - I  y -ij,vided ::oll ,u :trti :les from smooth, hi~ re fields . f l ; i:

type - .1’ e r - n -ion ge tn en’~~t ,y ~~~~~~~~~~~ s on - ‘cultivated loose s-arid;: or’

L1~~ ~~~~~~
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f~ !~~ ‘-~~ j ’ 
‘
~~~~~~ 

- -

~~~~~~~~~~ ~~~~~~~~_______________1’
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db i,ut  ‘(5 p u ’ r ’ ’ I - n , n  01’ SO I losses i nn t i n ’  ~ l i o n  -~~~~‘t e’a lon i .
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i n ,  d u u i ” -~’ i i r n  1” ( ‘ ‘ i i  I ’ ;  1 m —  ) . Lii 5’ :. ‘ u , lO n e  . ; 1of ies  oH L i n e  n’ n o I , I n Im ’i ,
u ,’ ’:’ ’ ’ u , . ,a n n . h  i ’ t , h i c r ’  b Ind , ;  - r ’ u -  - ‘ - n Ub  to ; c i i i l u - n ’’ n t o  a n d  j i ,’ t i m ~: Vi , , ; ,z r’c’ - ‘i r e !
I ’ n ’ u’ u - ’t Land,: or - ‘ or ’ u ’ n .  mod’-r’ : t , n- Li ,, : :L ’ : ’ - l i  slope.: (‘l’ n i b lo  H —  3 ) .  T r i e r ’:
I; ‘ ‘ niin , ’i’in’r - ” ’al i ’ ’i ’ r l : n t i o f l  u n  1,1,0 c’ i n I ’ ~’ll t u t o r .  1’ 1 1 : m n c e  (, — 5 ::}now :
t : u ’ :, - : :’:imunn ~ — v ’ - ’ n , 3 0 —mninu ;m t , u ’  n ” m u ’:; I I . ‘ C l i i ’  range i s f r - on, 0. ’.
i n n ‘ i n n s ;  u t  n In e ’  I i c i r ’t , I l u ’ l ’ I~ t i p  01’ I to  l i n e  to a l i t t l e  more lsn ’~I u l.~1
t I n -  ‘:010 I n n  ‘ 001 l,e r i ,  Virgini’

I t o  , ; i ’ c - : u t en ;t  r ’ e t : t iv ’ ’  i ll i’l’oceln ’ u- in t ie - r ot - of ’ ‘-r e j o i n  odo:;c’::
t ’ r 1n:; rln :nngu- ; in tn :” ’ m i v i ,’:’ 1- t o n .  ‘i’ i n e  ‘ ‘ov ’ - : ’ l’ u ’ ’ t o n :; used ir , L I n e ’

I . in i l y ( ‘ sb  H C, ‘~l 4 )  ‘ir e n’e L:it ively urn t ’ o r ’ u nn LCn r’oug:~ nut L i n C  Bc’g,ioru

w i t h  t i n e  ;~; -  ‘ ‘ n t i O f l  of’ - ‘ r’opi:nrnil . Thi n ; in :  due largely to : :u , r e ’  i n —
u ’la ’- i  v i ’  ‘ n gn i ~’u l tu r e  in ;  Subregions D , E , -‘LISI F .  In tI ne :0; ’,’; EImn, ~land

a cen , ; v i : :” , 1 yea r:; of ’ hay in the crop rota  H lo in , :  r esult  U n ‘UI —

:ider’-bly l n .’ w ’ n ’ ‘o v n n  l’nn ’ ’to r s .

E, :t i : n n n n t n j d  Pu o s e m i t  Hn ’OaS  U - n ’ O ; ;i O I n  n’ : Len ;  fo r  all land t I n  t I n :  ~~~ ‘n rc
S;, uVI . T i .  fable H-5. A s in : r i m contrast exist:; in the amount el ‘ :r ’ i , ; lofl
i i ;  t : ,e nort i ,errn se’,’tiOI ; (S ubregions A , B , arid c) of t h i n ;  l l u g , j  on ,

t n n : ’  , ‘ u u t : n ( ’n f l  nnec t , i u, im , (Subregions D , E , and F ) .  There arc; :n c ’vur a l,
r’ u ’ : n , :01,J t’or this:  ( I)  soils in t ine  i h o w  England area are less er’odible ,
(2) r’ inf’:nll Ha -t o n  i.: lower in the north , and (3) most of the ‘ n d

forest  or g n n t : : n ;  covered in the area with the lower rate,;.

TABLE Q,-5

GROSS EROS ION FR OM ALL LAND
PRE~~ENT CONDITIONS

NORTH AT LANTIC RJIXIION

Subr cr 1 a : rotal : T onn : ;/  :Tonns/ : Subregion: Total : Tons/  :‘I’on i , ;
n u l n i l  A r - ”:, : Acres :Sq. MJ./:Ac./ : and Area : Acres :Sq.Mi./:Ac .

: ( M i l : i o n n :  Y r .  Yr .  : : (Million): Y r .  : Yr .

Sun n” ~ ion A Subregion B
1 14 . t 173 0.27 6 2.5 192 0.30
2 5.0 166 0.26 7 3.1 1486 0.76
3 ~~~ P3 0 . l - ’j  8 7.0 ,i90 0 . 1
14 2.1 15 1m O . H t m 9 2.6 ‘1’ u~: 1.19
5 3.5 lou 0 . I ’ (  10 2.8 1410 0.u14

‘ n ,  S Subregion D
1 7.1 205 0.32 1~ 1.5 ln l4 t , 2 5 7

1,2 8. ~/‘0 O. 8u 15 8.0 1562 2 .~4~4
13 1.0 1 1 1 1 1’ 1.914 16 1.14 685 1.07

:1 ‘ O n  ml Subregion F’
1 17. 14 i ,uH 2.35 19 ‘j .3 15714 2 . 141
18 i4~7 loI n , 2.514 20 3. 7 1152 1.80

21 cn .t,, 1530 2.39

I’ oL :, L , ; u in i l  Ac n ’e:ng,e — 105.7 nrLiU_ ion acres
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A l  L of t i m e  ro t ’s  :;know n irn Table 14— 5 a r e ’  r e l at i v e l y  Low b e o au .n e
l nn n ’i’ n ’ am  I:n r’ gu ’ :i ’ n ’ i ’ n l g n ’ : n  o f l und w i t h  gu~~u u i  ‘over c o m n n h i t i o m n n ;  w i n i  ‘ h i
I r u t  C ut . ‘ig:i i Im: : t  en’o . ; io mI . Forest and p ;t st u ri ’  1,amnd m ayo v’:ry low
cu r i u m r ;t t ’ ’n s and i ’onn;t i tu t e  a large per ’”.’ntage of t i m e  to ta l  lamnd
~r: ; t ’ . Tin!:; masks  t i n e  f i t  that C ropland U l n u l  urban lai d have much
h i g h er rates .

A1~ti r ou gim i:rup ianm d compri ses only 15 percent of tine i,amnd u: ;e in
t i n ’ ’  F e g j c ’m n , ;: u b s t ’ i m n t j : t t  amount s of’ :01 1. are  being lo:rt from th i s
‘ ni ’ ne ;ig,v ’. Table  Q-u give:; the it i :rea ge and the erosion rates for
cr ii lznnd . These average rates include 6.2 million crop a u : u i ’ : ;  not
su t ,j e -  ‘t to erosion as well a;; 9.8 million crop acres on which
e rosion  is a nionmninant problem. Approximately ~4O percent of the
In nnillion acres is adequately treated .

TAB LE Q-6

GROSS EROSION F ROM CROP L&ND
PRES ENT CONDITIONS

NORT H ATLANTIC REXIION

Subregion:  Total : Tons :Tons/ : Subregion: ‘rotal : ‘rons :Tons/
and Area : Acre ’s :Sq.Mi ./ : A c./  : and Area : Acres  :Sq .M i . / :A c . /

:(1000 ) : Yr. : Yr .  : :()_000) : Yr.  : Yr.

Subreg ion A Subre~ ion B
1 2140 131414 2.10 

- 6 170 1141 .22
2 196 122 .19 7 168 192 .30
3 287 186 .29 8 598 1197 1.87
14 132 115 .18 9 i145 16145 2.57
5 215 1514 .214 10 237 698 1.09

Subregiorn C Subre~ 1on D
ii 1222 128 .20 114 229 3123 14.88
12 1296 1120 1.75 15 1811 3609 5. t,14
13 u3 1926 3.01 16 212 2112 3.30

Subregion E Subregion F
17 “14019 3392 5.30 

— 

19 
— 1823 3757 5.87

1766 3565 5.57 20 582 14019 6.28
21 636 5702 - 8.91

Total Cropland Acreage - 16 million acres

Urban and other lands are another main source of erosion . Acr e-
ages include bare Land awaiting development , construction areas ,
recently urbanized and established urban land , and vacan t lots ,
recreational areas , yards and farmsteads , unpaved roads and road-
sides with poor cover conditions . Rates are much higher than for
grass or forest cover . Urbanization is occurring on about .14 mi l-
lion of the 13.2 million acres (assumes three year development
period) . Rates on these areas are 9 to 15 times greater t h ann
averages shown in Table Q-7.

Q-25



TABLE Q-7

6 :0132 EH031011 F ROM E3’[’A,BLIShi1u~ J RBI,2 A~ T) O’l’IIER h/ ID
IOP ’i ’d ‘i 1’lJiilTI( ’ ~~~ I0i~

Si, 1- r n - I u~ u ,  : Total : 1 , 1 ~’ -f : Ton s / : 13u 1 region : ‘io ta 1,: Ton,;’ / : fons
:u,, I A n’ n ’ : ,’ : A i ’n’ n ’ ; ’ : Su 1 . I’t i ./ : u ’v’ ./ : in,! A y ” ” : A u n n ’ : : :13q .t ’U ./ :

:(,1 )o()) : ~ r ’ . : ‘i n • : : (1000): Yr. : ‘
:

Sub r ‘~~i io n  A du b  n’ ~~ on B
i - n  ~

i—
~ l . -1~ u 1- -9 ’~ 105’ .65

Li :n) 1,313 1.27 ‘7 14 , 1 1 14 r ,H

3 U’~ [jn-u 1 .76 8 ~3O 1-I l/
14 L I  ))3 1.’;I, 9 “93 2’01’~ 3. 15
5 / o b  1152 1.80 10 14914 I / I n  i

1306n’ tr4 i u i n .  C Sub cc , l en .  I)
1 5’( l 1 4 u ;  2 .  i’ j  Lu l ’b ’5  14 .14

1 , — - n 1  / - J / ’ ~ 3 .142 15 t 14’I ~14’ t 5
13 6, 5 175 3 2 .77  1’ ~~~~ 131/ 2.05

a: - I I  0 ~.b ‘ u ’ u omn F
/ 135 ~~~ 13.5 14 1 ‘ ‘

~~ :7 14” ’ ‘ 7 5
1,8 ‘ ,n - ~5 , :14 3.82 20 - 5 1~ ‘3141 1~ 5.

I l  555 33 11: :,l
: , u t a l  u l r ~b 5  : n , ’ i  01:, :::’ e r a ’ : 1 ’ - — 1’, .2 mill ion a- ’ : ’ -:

r ~- ‘ . ,: n~~el g u n ; i i n ’ o v i ’ b o  c over t t n : t : li s : : i h : n L ’s e r o s i v e  ‘ - n , e n ’ u v .
; f : ,  1: , ’ :~; “ i tj o i  of ‘ :L ’ z n l o n n i ’ i i  ; :k id  t n ” n i  ln; :’. n n b  logginn g roo 1; ’

‘l ’ l ’O l i ; ,t o ’t  tn:: ’: ” u , ’ :’ l by d i sease  or l i r e .  ‘ nnul overused cr ” :mc ’ ; t, i o n ; :nL
on ’ ,,:iomn n- tHe:: f rom Ior r ’,;L lan , i !n; ‘ n m ’  m i n i m a l .  W i t h ,  t : n n  cx ci ;—

1 1 0 m m  of ’  cv ’ c, ’ r” u zn-n j : h , nI vi ny h o u r l Y  n n u ’ u : n u ’u - ’ l  p:n::turo;; . ero.’io mn u n t o : :
t r i m  p : u , ; t , . u ’ u ’  a m- - ; : r n t :u  11. i” ou est arid p n n : Lu r e  land erosiorn n ot : ’ :  arc’

no , ’ ’ ’  ex~ oi’ oul f r om t~ ‘ . 1’ I u - ” n t u  ru b , gu ’obogic  p r u e ’

in , t ,n, i  - ; : n , r ’ , ’ ’ un u i n j ’ u n n j ,  ‘ ‘ n ’ u , :j o n n  p ro m ’eu ;s  
* ‘ ‘n~u ’ ngy from streaxnit’low , ice ,

1’ ‘ ‘ - 1 , j j n ~ ” ( 1’ -U r ’j :; , I n n u l  n ; &v j  Ly i :. ; app lied to I~ t n ’  :1, m ’ ‘:nnn huamLm ’, arid bed.
1!’ t I n ’. ‘ 1  “ ‘,‘ 1,,; g n u - t o m  U n m a n ,  t b n e  r u  s i, :t n u f l u -~ el t, l n ’ - :;oj j ,  i e u r t i c ’ Ie s
t ’ u ’ : ’ n dnn i ’  t I n ’ e l n n n r , n n i ’  I , • ‘r ’o , :i or ;  re ::u it s .  }3am ~;-; r ’ o : ; i st u nn c e  is d et e i ’m i in c d
I - - i  I t c  : :,  i i  ‘onu n p n ;; I t ion r ’tmncf nnon ’nd i t ion ,  . i” r ’ eq m e n n t  ; u i n u l  h igh cli s c l n ;n  rges

- - u ,  I i n n - ’ n’ -
“ so il  vcloc’it i  es or e  streamu iow innf lu ern ce s  u ’;iu : :i I n g  ~ r e a Le r

‘ - r ’ u ; , ; i ve : , ‘l , io m n . i ’t me el’t ’ i ’ ’ ’t  of stream , : ‘ - d i m n ’ i n t  on bank er’c’SioIn is
n t  ~ ‘uj to t i n ’ ’  : u u u n c i u n , t  ol’ total sediment, and the n ’ :n t io of bed load

t~~ ~n n m s h u r  ~,d r ’ i ]  load . 4’ vi’ action , i i ’ ”  f lows , u l e ’ n  r i : ; , n : u u l u h - n ,  drawdowin
‘‘ I ’ p r o h m i u n i ’’ ‘I n n i , ’, u n ; ; t : u g : s and rapidly t ’ l c n ’ t , u n : u t  i i n g  :;t:ige. ; u ’ o n t r i h n t e
L u  U: n2’ u r’ u : : i onu  . Tine flowing at ream is u ’on a t , :mn t  ly t ry i zm n ;  to ‘ , :  I al  - —

I i  s u m  l e a  1 ibn’i , nm among i t s di :;ch ;ir  gi’: n t m o u n n t  and type of , ; eu l in ui e u t
Ii, ’ul  , ‘ i n a : , n  n ’ ,l, WI d t i n  , depth , mu nd n ; Lop : velou ‘ i ty ; and time m i n t , n - n i  ‘ iL
l’ i , r ’ m j n , - i ts  I - u i  u r n ’ !  ba nk s. ( 1’) )

fi n n . ’ . ’ n o : l , i v u ,  i n ’ s  have ix i t ’ , l u u n u ’ ed ; : omrv ’  at 1 5 1 ’  o n ’ o s i o n n — p r o d u i ’ 1 rn 1 ’
f ’ :~~ - l u o r ’ ~ . Ih ,y t u t u - - I I n g  flood h i u ’ ’ Y ,  w i t i m  re sc’r’vo i m’s , du ra tion of ’ I ’ :  n i i ” , l ’n i l l
- U 1 ” :: town :1 m ’ ’ : u r r n  i n n : , I n n : -  Po rn may l u - j t i c n ” - ’ u , ; i ’d . By I t ’im pu-i nn i
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sos h u ’ nn d u , ’ I  and bedload :;ediment , released c lea r  w at er  a I t eu :  t t ie
pr evious  ::t . r n- :nnl  e q u i l i b r i u m . Pu ’ , ’  r o : ut  ic:rna I ‘ m a i l ‘ omc u wn ru ’  j a  1 w a t e r
t r a f f i ’ “tu. ”:; wav e au ’tion . By encroa”hmcnnt , mn~in reduces t b n e ’  c m - os::-
ae~: ti i ’r ’ul  a rea  of the  u ’ h ; n a m n n ’ l  ava i l ab le  to carry the flow u t
St n ’:cr ; , t h u n ’ n n ’ b y  i nc reasing  tFn e v elo cit y . (l9)  By s t r ip p in g  the
b ; imm j ~s i t ’ v u  ~~‘t ’ i tj o n  and -‘t I L o w i ng Livestock to t rample down t In e
l ’ tu ~ ,z , t ime ‘u , o’n d j t j on of th i :  str eambanic is adversely affected .

A t n , ’n ,m b : tni k erosion rates are b etw”en 0.1 and 0.5 feet  pen your
of bat ‘ - r”. n ‘u t t ing throug hout the NA P . Because th u  total  ton ;: lost
In ; -n ’ ud : on the he i c’}mt of the bank being eroded , no total, lu:;s
f11’u u ’-  - ‘i n ,  be es tabl ished for the entire area .

( P n a m n g e s  of t i n e  coastline and o f f sho re  depths are p r inc i pally
i r , t ’l u u ’n ’, ’ed by t i d al , current  and wave action , by the  condi t ion of
t u n e  s h o r e l in e , ar,d by the  na tura l  dependable supply of b n- a” h
nourishment ma te r i a l  to keep the shore in a stable c omndi t i o r ~.
i u n n ’ i - ’arue s , ocean storms , and ;:welis “uu;:e water ai .’t i on  to become
euo:;ive . Shoreline construction and de;,;tr ’u~ t iorn of natural  vog’’-
t n n t l o r n  make t t u e  coast l ine v u l m ’n” :n ab le to time erosive rro ,’ es;;es .
Shoreline var ies  f rom r u m ’ky b lu f f s  im ~ t ine  nor th  to large expanse.;
ci’ low . ::un dy beaches f rom Southern New En~’ l a n n I  t o Virg inia .

St n o u u ’ L ine ra tes  vary considerably from very l i t t le  erosion or
.1 fu ’~t h e r  y n:o ,r to more than 10 feet per year .  Li t toral  d r i f t
and otuner negating factors help :‘:‘ -es tablisln  the  shore l ine  and nt
xmet erosion f igure  resu l t s .  P -t ermina t ion  of this figure must
be on a ve ry local ba s I s  and no at t empt has been rr~ide in this
study  to determine this f igu re .

Sediment

Sedi ment , the  product of the eros io n process , is deposi ted
lom m g t t n e  flood plai ns and often “ :nun ;es  damages , it can result i n

infertile overwash , cause swamping and inc rease flooding . It
damages drairnage improvement s, water f’iltration plant equipment ,
reservoi rs , tra nsportation 1’:nci li t ies , f i sh  and wi ldlife , de , ’r o ’ ;;es
t In : r’ci’ntc’tional value of water ;  and increase: costs of industr ial
and munic ipal water treatment .

Kinds of Sediment Damages

Inf ertile overwash is the deposition of sand , gravel or other
unproductive material on flood plains during floods. This destroys
or greatly reduces the productivity of the bottom lands .

Swamp i n m g  is ( ‘ u - ed by s e u l i m e m n t  deposi ts  f i l l i ng  in ;:tream
channels : , n n d imp air i  r ug dr ’’nu nn ;uge  1st t ine  exter nt  t inat  the wr i t e r  table
i: : r : ,i : : c d , r u ” u l u ” in g  c rop yield:: in  the adjacent lands . l ’ I m i s  sedi-
ment also impair;; n , ’ u t u r : u l :;oil ‘Ir;ninage and reduces infilt ration .
This  may be u ’ m m u , : : ’ m I  by U l m e  t ’ u u r m na t , io rn u t ’ nato :‘ :n 1 lovn ’ n ’ n ;  ad ja u nent  to
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f l u ’ ‘ m n : ’m j n ; - w u n  ‘ in  ,I n r n ; ’ : i i n . ;  t l , i o i i  m l i i ;  dn ’ : i i n m : igm ’ . Nw’ iun ping : n l  ,;o
l’’’a ls  to jfl c n ’ - : i ’, ; u d  1’ L u u n , u u l  l a g whi u , : l n  may i, - r ’:iu - :cd by the tie - r’:’i;;’: in
‘In ar’uiel ‘n n I : u ‘1’ y l u ~ - 5’ ‘l i m e r n t  lopos i ts  . The:;e d ep Os it , ;; mnnay ‘tern u’’’u no

t o , ’ g m - - n  l u  - ‘ m ’ n i n a : ’. se- ’ t , i m u n n a l  n i r n j m i  of ’ I , :, ’ - n I m n m n n m n n l .

D:umsg’ - may I ‘‘uu:;ed to I n i  i nage i , n n l n r o v u monn t  ‘ : ‘u unn el ,:; and
‘- t n a n ’t u n u - :  . 2- l iment  ntn ’cumnu lat ’::; in these : :tn ru .t U r n m n ; a rid must L u :
removed t ar ’ t I , ’ , ‘ ,~~ ‘ ny . I ems to remain  : 1 1 ’ ’ :t ivo .

T i n , -  co~’t c ’ n’ ’’ m ’ m o v i u ’ , ;u : nj j rnc ’nt f rom m u n n i , c i l u :l  ‘a d  i a ’ l a , ; t r i m il
wat n’u I , ,  ‘ -  r , , : i - t . ’red mu t ’unag u ’ . D;nrnages ‘un:;ist of i n ,  m u ,  ed ‘o : t,
of ’  flo’ , ’u lan j u n g - ‘m c m i ” is for w n u L ’ -r  t re’u tme m nt , damage:: to pump’s
: 0m m ] treatment 1’ l ;O , t  , : , - ‘al / : n c r ’ ’ , a u ’ l  t ime  n n u a ’ c ; : : ’ i n ’y to c lean ‘op
t in e  W ’ n t m - r

f }n ~ ‘l ’ n m u , ’’ ’  tn  reserve I r a  is I Inc b u m s : ;  ot’ :tor’nge :a p n i - 2 l t y  ‘I - s o ‘. u

:~ ‘ u f i m , ’flt ‘ic ’uu m n u [ ’ t t i ’ u n n .  This  damage in ;  usually measured as a
storage uep la n ” - m n e n i t  “ - ‘st since it is generally less expensive to
build n e w  reservoir’ :; than it I. ;  to dred ge the sed imu .’n , t  f rom ex i s t i n g
reservoi rs . (20)  Accurmilation of sediment in ne;;ervoirs generally

it: in redo a t  downstream sediment damages due to the t r a p~~i m c
et ’~’€ ’ ’  H of the reservoi r .

The damage to t ransportat ion fac i li t i es  includes damage to high-
ways and railroads . Sedimomu d~ u’ , : ,:ited in highway and railroad
di t ches , culverts arid bridges , as well as on the mo ’iu ’iwniy :’, , increase:,
the cost of maintenance .

Th e damage to navigable st reams is reflected in the cost of
maintaining the required dept nm and width by dredging.

Sediment reduces the a t t ra - ’t ion 3f many .ntream s , lakes , ponds ,
and reservoirs for swimming , boating , f i sh ing and other water-based
rec reation activities. Sediment destroys the spawning beds of
game fish , smothers their eggs and reduces their food supply . Fish
eat worms , insect larvae , and othe r small aquatic animals that feed
on microscopic plant s , but muddy water shades out light , interfering
with the growt h of the microscopic plants. The deep pools that
provide a refuge for fish during the dry season have been filled by
sediment in many of the smaller streams . Many streams no longer
have as many game fish as they once had . Trash fish such as carp
and suckers can live in turbid water and are replac ing the game
fish.

Sediment has adverse effects on sheilfishery resources . It not
only reduces the surviva l capacity of the larval stages of shell-
fish when they are present as free floating stages in the water
column, but also destroys young and adult shellfish by silt deposi-
tion. This is particularly true during the over-wintering dormant
periods. It is difficult to assess these recreationa l and fish and
wildlife losses in monetary values .
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I3 e m ij n ’ i c i n t  y j  el.d:n c i , : ’ ’  ; e l i  (‘ m u ) : : ;  U I ,  u1 t’ J mu 2 f ”  “I  u j o ~ i t h r u s u g i m o u t
tn nc hogion . ; ‘ ‘ , - ‘ s m - i - s - i o n  aj ~~I : :oml  ; : , t ’~,l , Ii ’ ; ’  ~ l ; , r’ O micA, , ‘ / n , m o s j ; n n n i - n . ;
be ‘ ‘ ‘0: -c n ’ pm ’ ’ ’ ’’’ - . - lye ‘l ’i a ; ’iti , oni of t n m ’ mj ’ I , i, ’ l  nmi0te r , i m ; i :; o : n m ’ m - - n H e  I r o n

I ’ o r i g i n  to t i n u .’ ~ e f ln t  , n i i u l u ’ r ’  m O l n ,  I ‘ - n ” , L io n in H:nQ :~ r n , .
2 ‘.1 ; : ’ , :~ v i e  i t  :0 m m ”  4 , , , ;  w i t h e r o : : i m  in n hn :u , :m n ’uu’ -h n , , , ;  a ‘ I i  cease in ,

II’ ;  m ” . : u n l t : :  b i n  a ‘ I ’ m ” - ’ -
‘ i n ,  , :us l i , u n e m u t , ‘;, i ’’ld . A’iu ’ ; r ” ,g ’ :

r n  es - , -:‘ - “  ‘ u ’ n i l ~ ul  t ‘ 1 , , :  l u g  , : n ’ ‘ i i . ’ 1 1 V i m ’; r’:uH ;o of ’  7.5. D a t a  , : s -~ WL

,tr~ POLIO ~—8 H ’;’ y i ’ ’ l l :; Lr ’u, m; :; ,i ,i’ nn ’ : l ny ‘ ne- ’ , : . N ’::’:’ 1 / ,  ‘4’ iol , r l s
a r e  in, : u rn ’s - ;, as LU ‘ men; su’o’ Her In t i nt’ sumu t; , ’ ’ n’ : ,  p: nm, of t : i ’. ,’ t~: I o n
a:; t s cv  ‘ r e  in  thus :5 m ” : o n ’I . I ;~rt .

U- ;i nn i u ’:;ut yi uLml: : f’ r’ ocn S m , i U i ’ ’ e : :  ‘ m ’ s  “u ’t n n ; : t ”  0, j on area ,: • rum -

~ n mi , ‘ t m ’ m ” o u t u O l n ; , ;  W:~~L c ; m  an in ‘ ‘ l c ’u u : :e  p roximity  t i m  ‘s ’, r ( - O .r:i ;: at” : dif’fi —
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1j u ~’ ; ’ ,’~’ :;edi - , : - , ; , n ,  i ,o :;d: ’ ’ ” tu , :e I a ’ s  I l  z’: I m ’In ’1ru ln ~ge:: .

TABLE c~-8

-Ju l’S OF SiPULI-IENT YIELD 1’ ‘Ott ALL hAND
P01:111 A’I’I,J,j I’l IH’ I EXt ION

S u b r o g i n m a :  foas/ Sq i-t; . ‘ ‘~‘~t : Sub:’ - ‘ I ’  :Tons/b’uN-h
’7’: ‘- ‘5 .

a:, n u’u n -  -
‘ : Y r .  : A v u m ’: , , ‘ : C l i i  Au ” :’,, : Y r .

Sub “ - N  on, A SUP r~.- m ’ i on K
1 13 , 114
1; 12 7

l~4 13 8 19 33
12 9 57

5 12 10 31

U ’s;,, n’ 1 i i i  C N i ;  cog on D
15 ,iJ~ 123

12 141 33 117
i)~~, 1 51

U s - : ”  ‘ i ’ m E Subregion 1”
17 113 19 118

l~~P 115 20 111
21 115

Kcg,ia nn :u , i Av ’r ’:u ;~~ — t i , m n i , ; ~~, ‘:.z’ ,i ./yr.

‘lI mO :,,nm lou flt O r ’  ‘ o l n m : o n t r ” u t ,  m l ,  ol , : i ’ - I  i ; : n ’ u : t . ‘ u r ’ m ’ i e m I  by : r ’ u , ’: ,;: I ;; I
: ,i ’l ’ ( n ç ’ t r ’ ( I  , ,u ’l , i t ; m ’ n u n n t l y by f u j i m a l t  t io nn n; . Dur in g p er iod ’s  ol’ li ’ ::,’~~
t i m ’,,’ . w i n i - : ,  H u n t :  st u ’ ’ ‘ at ’  Lie-s - n ’, u ’ nun: i n , ’ n i t ; , ’ ’ I 1.:, n ’ ’ ’ - I; L V  ~ t’UUi nmi ~~~~

d l : ’  :~‘ m r -gc’ , s e m I  i ns -nt  ( ‘o l n m .’ o m , t m ” L ~~m , ; n , : a m’~ - x n n m , ’ m : l : m l l ,y n e t  I v ’iy i n m ’,~ ‘ u ; , ;
15 :5 ’, ’ ’  bitt  1..: f r ’ onm n lay to day . In ‘sun: 11 ‘s ’. n’ ‘ ‘: ‘ . ‘ I n ’ ’ ’,;’ i f , ,’: ‘;nnd

s e r I i ; : , - n , t ,  ‘ ‘u,m o,o n , t i .n a ’ , l i , ’m ’  n ’ a ; ’ ; ’ l  Li d i n m ’ l n : 1 ’, j mi ” r i o d s m l ’  d i rec t
n ’ m i a u u t ’ l ’ ,,I u u J  H : I ’ :  n ’, , : ,  i f i ’ ,j’ i : ;t , ;  onl y a n ; l n u m ’t t ime . i nn I n i ”  I m u : ,  - - n i  Vu n ’ . ’

m u ’  ‘ ‘ J o / n ’ , I , ; , ’ w - t , ’ - r ’  m l .i : : m ’ l n: i r’ n ’ u ’  a n n E  ,- : i ’ m t i m ; n m ’ I n t  ‘ ‘ u m l n ’ ’ u ’ I , I  m a n ,  i o n s ‘ ‘ :n n t n . g e
muo n ’ ’ :;lowi , ; t u u t  t in e u I ~~ru , , t  l u m l i  ol’ n u st m r ’ : ’ u  I i  , : m ’ u n : u  m gi’ 1:; :0 - n j

, u , u  , ‘ n ’ . ( 2 l)



t m uJn, iem A n

i ’ ” . ion m ’ou’u’; ;s ~“ , ; n,; in ann ;: I t , - ’ ’ u n n ul  u u r j ’ , :i t ’ d’ n , n n n a ° ’ , ; . ta re-
:: h O .  - i ’ u m nCe ’u ‘ .: a ” - a m n - ,; i - I - m i m i a n t - n i ’ ’  -l ; :n , :u “‘s t n , ’u t  co on to H : , ’ ’ J ’  n i
i ’ e h n g  C m ’Oul ’  ‘ . 2 ’ - ;  T n t ,  l : , n m n : , u ’c,’; n i r ’ ’ j t ’ f , ;  I t ;  ~~~~~~~~~~~~~~ n ’ n n - ’i t ly  1u ’ : ,’’u” —
m l  mu g I” : ” I ’ m’ u ; :~ ‘ a ’ n ; - m l ’ i ’ u ’ n m :  to n i . 1):;:;’: ‘ ‘ - ‘ I ’ - ’ ’ H i )  bo:;’s U I’ i n .
o r ’ n~~ i ’’ ’ t ’~ i, ’, ’ ’ L  ‘ ‘0, 1 , , ; , ‘~nn i / O n ’ ’ ’ u ’ ; i ’  ‘ ion iu. env ’n n ’ ’ : , : ’ , ;, ‘ i’  I i t y .

D’mmn nugeo cu : ‘ur H: ,  ma m u ; ’ :, tIne i i  i n ; , :  U ’ , o n 1, o b i’ ‘ m , ’:’lo’,’;r, C u I ’ soil
n ’s ‘ LU ,:” : ,‘ llow’’m’ lei S - a t ’ 5 , 0 : 0 1 , ‘w i l u : , : at’ m a u l  - ‘ ‘u tt er’ .

‘ ‘L i e ’ : : : ’-a r ,j :,l  ; : n i  ‘ t’O— - u ’g’~1d, ’ 5,. ’- ‘ u u l : t ’ : j n , ’ O  i!; H ’ :’, ,’
‘ oi’:,oil n:n u , n , ~~r’ be ’ m ’ - ’ ; , i ’ ’ c mi  on, ,.;onmm c’ of n , ; , ’ ,- mom -us :nn ’ ,, Lbo’ ,’; m i t , ; a
S i n e

soil los’s r Ho’:; on e r u , , t ’ , u 1 j  I’ur ;:i,’ t n ~~ sal 1,; in , tEe
a on a ma - a ;  ,O, 

~ 
S i ; , , ’ uor ‘ u Fe . 1’ ; , j : :,’n : ;  V: u ’ ;  on’ ’: r’ b a  1 ‘ a t ; —

n .j t i m O .  ‘ w’n ’um: re a, S i t  L :;oj i - i v ’ m’ I ‘s ~r ’ ,, ‘sn,t or’ for otino r n ’ -- ’ - ‘ on - ‘
U I t . , ’ t iN , f ’i ur ” ’ :,,,; a , ‘, :t, ’ : r ” n I  - ‘ . 1 , ’ ’ , i ;~ ‘on i , : , i d e r j ; , , ’ n,” a ; , :  ru,;’lon
I ’ m’ ::,:; C! ’uI~~~Lit, ’ ;  , au H u i  t l i c  ‘ , r e ; . , out:1 of ,, ‘ - ‘,‘,‘ ‘t O F ,  . : na V ; erosion

n a m i - l u j n r m s . B,, :i ’r’.use of :1 si n :m ], ,l ce’l ,, ;oiJ , , A r ” ’ : ; 1 :,,nti ~‘ n ’ , ’ -’ ; wit h a ls . i
‘~;id ~.u tons p a l ’  :~ ;r”: p an ’ y ’: ’~r soil J,o,;s .1 ’ ‘~lso ‘a cu ’ .i t i, ‘ai, t u t ’ : .
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-‘
~~4~

’ ’- - :. ‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~#r~~~~~ 
~~~±::

• .

‘ O h m  yield decline n r mu l  r ’ ;u l u -  - t , I o ij  m:onj ts .1 I t t ’:,’ ’ use w it h
t n i t o , : , ;  of t u j u , :u ,mi I

l ) ’ u ; n n : u , i ” ’  f r ’ m m ; : u ’ ’r ’o , ; l o i n  OC ain’ t ;  on most c m ’ c u p l : nd in t i n ’ , ’ Ii ’u~ w i t h  the
mn- ’ , in i t i j ’f ’ u, ’ m ’ ,, ’n ,  ‘c b e ing  t in t ’ i i u : ; n ,  m ” u : e  or  ‘ m n m m u m u n nt of - ‘ u ’ ’, ion om ’cUr r ’ i n ~’ .
D’u . n mn ;u ,uu’ ci’ p r a m  I U ‘t ~I v i ty  loss to ‘ r’ m:~ ‘ I : u n t u l  I: ; more t i n : i n u  ~~~~ mu]. 1,i,ion

- n n n , ’ n ’  Lly. A :’; calm L u ’  , ; i : ’  ‘I n ~ ti ‘l’ : u . b I t ;  f, — ) ,  ‘ ,~u I ( ‘ I ’ - ‘ u ’n t , of’ t l n ~ I’ u r m n : u g
o ‘ ‘ ‘ o r ’ . i mm ‘Uun~ n ’ ’ ’ 4 -’, I am :; D , E : ix nm t F.
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TABLE Lu -’)

5 ‘OlilON DAMAGE TO (l1 ’Ol >L.AI,D
I A’PhAN’.I’ IC REXII ON

Sun - n’ ‘ i n ,  : Cro ,p l ’inmd Sub ,j cot to E r o n i i o n n  : i”,n nu ’ u’ n,l
— u ’ ’ -a : 13 lightS : t4ode m a t e  Govt  re : ia I ,i I~os::

( .1 ooo n o ’  m o , ; )  I Uuo ton .:’)
‘N o, A

- l 100 14 1433
2 u I~~, 51 2 30
3 1 -~ 3 98 ~i114 80 50 2 19
5 155 53 7 38

I A ~‘9’i 352 21 587

d u n n ’’ ‘ t ’. l , , u u ,  1$
814 80 Lu 29

95 5 51
13 31413 182 72 1481
9 1014 39 2 279

10 13)4 97 14 210
I iuu , t o t a .l 13 761 14ut , 91 1050

.3 ,: moa n ’ I on (‘

682 1460 8o 187
12 1492 6142 162 114(0
13 148 114 1 103

d e n - H o t e l  ‘ 1222 1116 2143 1960

‘“ , ‘ ,io m ~ D
14 87 115 27 855
15 605 973 233 8018
1’,, U’3 5 14 )0

U sc- to ta l  D 836 1151 265 9’3t,3

.2.3 r ’ u . ’ ’i on ,  1-1
l’j 8314 2196 ~89 1’ ‘Iii’)
18 11013 6514 99 ‘iit ’t3

,~u n , t ,ot :u 1 E 18147 2850 1088 213 .3’ ,

Sub n’egioru 1’
19 1459 1023 3141 8351
20 261 2145 ‘(Li
21 197 3141 98 l~, ,13’,

Sub total F 917 1609 515

‘ i ’~~I0 ,2tL TOTAL 6280 751413 2223 53~~t m)

Nr’uiutarnd subject to erosion is based upon land, capability class
‘i rnu l  ; ;ub class :

. i n .i i ’ , ; n t  Croplarid not in n;ubcalsn; e
M,nut t’r’ut ,- lie and Ille
li ver,’ IVe throug h Ville
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1 1 : - O S [0,, D,”,it,’~pI-,’ ’ro ’nJ I- : 1,3AIJ t~’- : ; D
1,0:- i l  , ‘ ,‘ i’l;, , : ’j ’Lc - - i i ; 1, 0 , l
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10 1140.0  ‘iu.3 32.7 6’713.8
SUcnn, ,’m t ’vl B 1 0 5 2 . 1 3  2(1 .3 116.3 1421414.2
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TABLE Q-lI

STREAMBANK ER OSION PROBLE}~ AND DAMAG~~ (6) (7)
NORTH AT LANT IC REXIION

:Total :Lengt h :Lengt h of AVERAGE AN NUAL DAMAIGE
Subregion :Channel :of :Major
and :Lengt h :Eros ion :Ero sion :Land :Sedimern - Other
Area :(Stream :(Bank :(Bank :Loss :tat ion

:Miles) :Miles) :M,iles) :($l000).($l000) :($l000)

Subregion A
1 5,2143 121 114 3 6 1
2 6 , 167 167 23 6 21 1
3 14,~ri 175 28 7 6 1
14 2,805 98 18 5 3 14
5 13 ,503 157 27 7 I 1

Total A p3, 635 718 110 28 37 8

Subregion B

3, 279 1146 31 6 5 5
7 14,392 1179 1414 14 13 2
8 8,8614 1498 98 8 170 9
9 3,965 181 136 7 31 1

10 13,058 195 148 7 113 1
Total B 214 ,558 1,1199 267 32 332 18

Subregion C
11 7,610 830 300 125 14014 267
12 12,510 930 320 113 258 287
13 9130 80 60 14 5 2

Total C 21,060 i,813o 680 2142 667 556
Subregion D

iI~ 13 ,300 550 370 23 68 131
15 12,080 2 ,120 680 22 35 7
16 2 ,600 i6o 80 2 2 0

Total D 18,980 2 ,830 1, 130 147 105 138

Subr egion E
17 214,830 5,550 1,130 37 65 3
18 5,300 310 180 14 5 0

Total E 30,130 5,860 1,310 141 70 3

Subregion F
19 11,660 1,630 950 146 147 14
20 14,820 1460 360 142 16 2
21 8,800 990 590 57 38 2

Total F 25,280 3,080 1,900 1145 101 8

B ~)3IONA L
TOTAL.3 1143,6143 15,527 5,397 535 1,312 731
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Shoreline erosion to some degree is occurring a Long much of
the 8,~oo miles of coastline in the NAR .(2) Approximately 9314
miles are considered critical. Most of critical erosion occurs
along the At lantic Ocean shorelines of New York and New Jersey.
Table Q-I2 gives the areas and amount s of shoreline and critical
erosion.

TABLE Q-12

SHORELINE EROSION PROBLE24S
NORTH ATlANTIC R3]ION

Subregion Total : Stable : Urm.;tible
and Area : Shoreline : : Noncritica l Critical

(Miles)

Sub region A
5 1900 5 1895 -

Subregion B
6140 2 1 , 114  22

7 10 - 9 1
9 1380 140 1186 1514

10 270 5 2130 25

Subre,gion C
13 605 - 32’( 278

Subre,gion D
15 299 221 148 30
In 1402 179 814 139

Sub region E
iS 2099 175 1717 207

Subre~ ion m F
19 373 128 235 10
20 3142 2514 56 32
21 160 78 146 36

R~X ION
TOTAL 81480 1087 01459 9314

Diunages have not been estima ted . Shoreline recreationa l oppor- .
tunities are required to serve the needs of the growing population
and damage to the beaches reduces the area available for  ocean
sports. In other areas individual homeowners are experiencing a
loss of beach and gradua l encroachment towards their homes.
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u l imu - m i t .

i~J,J,, :u~ region:; :n r’ t : t ’ on l , ; ,L d u: ~‘i;d : ;edim u t u : m n t  problem ‘ u r’ u - ,’ ; , ; . In t ;n i , ;
lt~~t0 nid iX , , a ’u lj ment ’ it ion  yield r :u tes  a r” ’’on,;idered to be ‘

~ me” , ;u r” ;
of Si , ” , :o ’,I ime nt problem . Sediment prob lems of v u  u ’ i u an : ;  dc’ t~ r’a ’ ;,:
e x i s t  t :n r ’ou ~a,l i , .nut the region . See Table ~~

— “ 
-

Over L’tn nd er o : : i om n is t }ie ’ ’ ~n i ’, ’i ’ sediment con t r ibu tor .  It is d i f—
ficult to mca,::ure t I n e  quantity of sed,n,ment t’ m ’ust n o t n i s a t  raro: ;ion
ve ”amu: : c” a ; ,n.el .  e’ r ’o :;ion . Too proximity of toe  :;t ’:ilI . m~-i,t p m ’ouf ’~ ‘ing
ar~’a to the w:nt er  :oun ’ n ;e , t h e  typn: of em ’u :;iuz,, ‘ m l  ‘:I’f’”’S:; of man ’s
a’ ’ t i v i tie s  on ;  t n m e  erosion pu’o”a: ; ; a r ’ -  i’~-i c t o u ’ n ; ‘:au: ;iflg various
sedi;: ’’u ,t iluan t i t i c’,’: alp I Iarna~’~”: at di l ’ I ” - r ’ io m nt  location . ; . A e s t h et i ’ .’
‘,aulU~~ :u n ~J di - ‘ ‘, ; ‘uj u ’nouaie:  t rust  poi u nt  a t ’  on n l i rn  to rer :nov ’i I a r u  - a ij f fj  —

‘ n i t ,  it ’ n i p t , i unpos:;ible , to r m n i a , ; u r ’ u : . i’a bl ’. - 14-13 indicates the
::io n , r ’ t ~.:r’ ; value of’ damage’:; from sheet and ‘i,ar xnc’l er’on;ion .

TABLE 1 4- i 3
l’10I-I i’~1’AI’-’Y DAMAGE F tOM SE2) IMENT

1~01- UI A’rLAirIc i:WI0: i

Sheet 2n’ o s i om:  :‘3tr roan ;tb ant ,k i~u’ u , ;ion: :  E,;tj : : , ‘ , m ,ed Dol
r u g i a n t :  Volui ;ne : Dol la rs  : I -  ‘u1g5 ;n : D i ,  I bar :; : Sad i. nn ’.’u,t D u u a a u :,..

:(l000 c u . y u i . ) : ( . ~l000) :  ( l i l ie s )  : (.‘ ;~ )n ,P a ) :  (4 1000 )
A 1353 ~) L ~ 718 37
B n j ,S’e’ 2-1 51’ 1,1 ’)’ ) 3’~i 25814

1051- 1014 18130 ‘7 2’t ’iL
D 2287 145714 1 - 0  105 l~ a , ’
E 140 )~ 9781-’ 58~o 70
F I~ 01. 813014 3080 101

Bi’~~I05
TOTAL i Su i , 280~2 15527 1 - 1 1  , ‘ 5.

FUTURE COI~DITI0NS

Land use in the 11/mi ’ chang ’:; u p.; ‘ily . Crop u n : ’ I  pan :  ;n r e l a n n ’ i
areas are n l , ’ ( ’ m ’ t ’ : u ; i n ~’ and by 1 020 t : n ’ .’ re i, ; expuo cted to be le ss  H : : ; ,
half toe p r - a’:; ent land are :n  now irn crops :unn ’ l  pa : : ture . For-  :5 land
areas  S In O W  little c1 mm .in ge’ , de ’.’rc’a : : ir .g only 14 perc . ’mnt by 2010. Urb an
land incrc ’rt, ;es ~~out 1. 50 ~~ m eat by 2020 -am , u i  H I n n .’ Ot ; nu ’ n I ’ o , m I , ;  ‘ ,Lrnuj ‘t

- u ou a l ; their p re sent  amount . T in e :: e proj er ’Hi on s ar ~ l,cuscd uponn
mi i s torical trends as shown in n A ppen.di x G , “ Land Use :. u m , u ,I t ’ 1::n 1agemunen 1t ” .

Projected Er’ os i onn Pa tes

Land u::e u: ln ai m ges are reflected in the projected erosion rate’s
::.owm i in Table .~— i 14. There is a :;teady inn ’ :  m’ u,’asu i n n t i m e  u - an t e  ol’
era  Ion to 1 )130, 2000 and 2020 even H i n o u b l u  H u n t ’  present u’ u.’l;tt .ionship
“ veer, time ’ amount s of iarmd adequately treat u.’d m m d  land m r ’ e d i m l b

t r t ’ m m t r: me nnt  is maintained on the ag r i .’ultural lands . Thin; lmncr ’ u ,’ ;: ,; :’

is due to too’: land use shift from c rop and pasture to urban arid
ot i n e r  Laud . Urban land in t h e N A P  is  estimat ’, -d to have  a nn  avc m ’ ;u ~”~
elI ), ; join rat : more than twice the av u .’ m ’ ; n t I ’ ’  r ;u t t :  from C m ’ n u i n l a m n d .
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Estj m: iHe ; ;  of :iver’ In 3. e ‘rnusion ratu’ ,; du r ing  the  t r a n i s i t i o n  to urban
use , while the  :;oil i.; unprotected , are as much as ‘(5 times greater
t :: tn ~ toe  r at e  from (‘rop land . ‘l ’ l nm’r’ef ’ or’:, urban ‘.‘rm oion cont ro l must
play ax: i r :mj mur t anr ,. role in water resour” ;.; p lannirmg for  t I n ’s tAR .

l a s t  t r u ’atme zmt  w i l l  also be important . Table ‘~- l 1 +  : ;u iow , ;  t , t , e ’

e s t im at e d  er osion rates for  the N AR w i t h  an : ac ’n le r ’t t ed  larnd treat-
Slu’flt progr:tm on ag r icu l tu ra l  and urban lands . Cor i ; ; e ’rva t , ionn  prin-
ci ples used on agricultural lands work equally as well m a , urban
t’rin ag e lan ai:; . Even with an accelerated larnd treatment program
t : n Q  e ros ion  rat ’:, ’, i n n - ’ rease in the time frame’:; 1,980. 2000, ~j r , t j  2020
but . ‘-0 a .Lesn;er degree. Table Q-t , show. : the ‘.‘t ’i’ t , ’:t of land treat,-
men -mt on t ine  probable  , ;n ;i I  loss. The e’stimatcd erosion rat e ’s wi l l
be reduced an average of 19.3 percent throughout the tiegioin by 2020 .
‘rhe reduct ion rates range from 0.0 percent  in Areas 2 ‘Und 3 to
28.8 pe r- ’ent in n Area 18.

Projected ‘miu:diment Yields

Land use changes and land treatment affecting ero~;ion rateswill result in difl” m ’ c n n t  sediment yields . Uses and maintenance of
watercourses will affect erosion and sedimentation f rom stream-
b: u rd’.s . Without am :celerated land treatment , higher sediment yields
proportionate to man ’s increased activities can be expected .

TABLE Q.-15

COMPAR ISON OF FUTURE SEDIMENT YIELDS WITH
PREBENT AND ACCELERATED lAND TREAT MENT

NORPH ATLANTIC REGION

1980 : 2000 : 2020

1000 cubic yards/year
A 1389 13813 1381 1373 500 1392
B 1337 1259 1568 1355 I99~ 1581
C 10147 10214 1150 1067 1355 11) 1
D 2383 22314 26130 2273 2967 21410
E 139513 14590 51411 141453 63139 148133
F 1314613 14182 14756 14091 5762 14711

REGION
T(Y~AL 1146713 13773 16006 13(1;’ 18929 15228

Problem Areas

The projected large inc rease in urban land indicates a major
st:diment problem can be anticipat ed . Urban lands account for
about 30 percent of the sediment from sheet erosion . Th is pe r -
centage will increase to 55 by 2020 with present levels of treat-
merit .
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Substant ia l  progress has been made in combating erosion on crop-
land. Nearly 140 perce nt is adequately treated . Although c rop land
ac reage is exp eu ’ted to deu ’line , farmi ng on it wi ll be more in tense .

About time :;ame live:;tock numbers will graze on fewer pasture
acres . Trampled waterm.’ourses remain a problem . Forestry protection
and management programs are diff icul t  to imp lement on small owner-
sh ip  blocks . Intensified demands for outdoor recreation could
resul t in overused areas ; overused areas are vu lnerable to the ero-
si ve forces . Parks , roads and trails , uti l i ty rights of way ,
landfi lls , mining areas , rural construction sites , and lands awai t ing
development pose as sources of major sedimentation problems .

Ini”reased peak runoff from expanding urban areas , changes of
stream courses brought about by encroachment and obstructions ,
extended bankfull  or f luctuat ing flows brought about by operation
of reser voirs , and wave action by waterm”raft may create streambank
and inland shoreline erosion problems .

Protective barrier islands and shores are subject to destruction
by development . Shore ownership complicates cooperative beach and
shore protection efforts. Competitive desires for the limited
oc ean frontage cau:;es unwise use and development of’ Atlantic Ocean
beach and shores . The coastline is made even more subject to
erosion .

MFJI t2 TO PROBLEM SOLUTION

Solutions to the sediment and erosion problems fall into three
ca tegor i es .  Broad-based planning can help avoid misuse of land
unsuitable for cultivation or development . Land treatment measures
can be ut i l ized to keep the soil on the land. Finally, structural
measures can be u ;;ed to modify conditions in cases where major
damage areas exist . Combinations of these three general erosion
and sedimentation control solutions are often needed and used
together.

Broad-based Resource Planning

In order to effectivel y carry out a program of reducing erosion
and sedimentation , broad-base resource plans are necessary to
cont rol growt h and development in the area . Integrated land use
pla nning must be u seul  to prevent random and wastefu l development
of an area . This planning is needed on both regional and local
levels . It should place emphasis on zoning and land use adjustment s
of’ high haza rd areas which produce extensive sediment if not
properl y used .

Shift ing un suitab le crop larid to other uses is necessary for
effective ero :iorn and sedimentation reduction . About 9.1 percent
of’ the 7.9 million acres not suitable for cultivation because of
the erosion ha -i,ar d  arid another 1 .3  million acres suitable for only
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limited cul t ivat ion because of the erosion hazard are In c rop land .
Cor i ve r t i n mg  these acreages to suitable uses should be a part of
p iarnned land use adjustments.

rh’s onrce plans need provisions to maintain , or improve , pro-
t~ ’ - sive cover on e~.8 million acres of land with slopes over 25
p ” r ’e n t , ir m steep gradient flood plains, and on streambariks and
shorelines. Where exceptions must be made , strict erosion control
;neasures need to be used . Many erosion and sedimentation problems
‘arm te avoided by preventing the clearing of good vegetative cover.

In t5t- next half century , from 3.2 to 8.8 million acres will
; ; nn il ’ t f rom uther to uruan land uses. From the standpoint of sedi-
merit con t ro L , plAnn ing  1-3 imi ortant In areas of urban development .
In his article “Mopping Up on the Menace of Mud ” (22) E. Keil
poi nts out. seven requirements necessary for curbing erosion during

~~~~ ru4 ’.ion . These requirements include:

i.  “Saving r ,at 5r a i vegetation wherever pos;ible .
2. Avaid1n~g u,nnece:’-:ary disturbance of’ soil.
i .  1~arly Installation of permanent ::torm drains and

roads.
14. Planting temporary vegetation on divided soils.
5. ln,,;talling permanent vegetation speedily after

construc t, tor..
~ ‘en:’stru;tion of basins to trap sediment on site.

‘( .  Engineeri ng to take care of marked inc reases in
water runoff’ that follows development .”

Applied a’s part of regional plans this can be an effective method
of reducing eros,~on and sedimentation.

Within the b road-based plan, subdivision plans are needed to
help determine the suitabili ty of the site for the kind of develop -
merit to be made and to help determine the adequacy of erosion
cont rol practices to be used during construction . These plans
sr~c,smld have information on geography, soil, and control measures.

Some ordinances have provision for grading and removal of
earth , time limits to establish vegetative cover , retention of
natural vegetation , surface and storm drainage, utility design
standards , slope limits , and erosion and sediment control meas-
ures. Ordinances dealing with erosion and sediment control enhance
and Implement resource planning and development in areas that are
to be urbanized.(17)

Land Treatment

Land treatment generally includes management pract ices , vegeta-
tiv e and cultural practices , and mechanical practices . These are
general groupings of the various measures and are designed to reduce
erosion. In many cases several measures can be used In combination
with ~ne another for more effectiveness.
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t ’t ,naem erm t I’racI icr-c play an n  importanmt role in the r’’d .i ’ ’t i oz of’
orIon arid :u ’~l i f l U ’ n m f  ;it ,  ion :. ‘l’ lne ~ c I n:’ l,ude mi,njrnt.im Li I 1’ ; , ’ u -  , time

f In’ 1 cp u  n ” . i i n ’t c ;  , ‘ r u m p  “ - ; ‘, iduc  m a n a g e m e nt ,  adoption of m .ie i ’r ’r r ” :u i
r ’~n : ’ .j  m g ,  p r u m n - ’ - r ’  g r ’n :- in g  w e , t i m b e r  s tan d improvement r eu ’

r i n d  w i m i  I I t ’~ - o r  cmi ma n~ u~’u’mvnt . arid ma! r m te m:a nn ’e oper at , en , : ;  . All .~f
t i n t cc pr -a t ices m ,inimj ze thu overuse of ’ the  l a n a i  wh il .e a t , t ,~ m u- r u m
t. . l niu i;; n re , ’ the m ’ i m n , u l i t i o r m  of t he  - ‘ov e r .

V - gu t a t !  v’ ar m ! ‘‘ul .turn l p r r ’ tic ’ec  ~~r ’ t ’  u - t ’f ’ u’ m ’ t .  ly e  for twa mai n
reaso ns.  ‘l’Iney p r o t u ’ m ’t  t ime soil from t h e  impact of t I n i -  rai  r d  r am p ; ’

a n - I  ‘low gu a’n .  r ’~~n~ol ’ l ’ . l i n e  usu~’ of g n ’a ;;su ’s , e i t :n ’  r my t r r - r r u c lv” ; ;  or
in ’ ‘om:-inmation with r ow crops , is arm i mport ant . u ’r ( m : i o r i  cen t
iC~~~; ’ ’ m ’ . b i ’ r m ; ’S e~ d t t e e s  art; h ; ’ ’ most ci.u:rnrcu ;. ve{e . ’, a tj v c  - ‘or ’ . ee l : ;

-e ’ed on~ n : or I ’a n’s: a r ear  . Mea ; ’u rev w5 . i ’ ’ I n - a r  nel.p solve ; m ’ , r t . of lie-
pro ;  len are: ‘‘on:vc’rvation cr ’upj-in ig sy.; L - m;; , cover’ cr oon - isp , ~‘ m , n ; ’ oa r
:‘a m l  i • - - ‘. ml j m c  roi ~‘1ng, arid pLanting of’ gras;’u;r . legunnia ’:’- , ;; n:r ’ mm s
n nn , -1 t rees on cr i t i u m nl -a reas .

‘ eves  r h  a n !  ex p e r ’ i ’ :n n n e  ‘-ho w that v ! i u ’ u .’k, en’O ; ’ i orI , ~~~ n ni . ’m j e v  ‘ u - n . —

tr ifuhor to erosion and sediment damage in t he  tM can he r e l i v e )
cv ’. r - ,‘O pe ” ’ent by ‘un veotionmal land t r ea tment  , t ’ e m ’ t I c u ’ ; - . (~ ~)
l; e ; ;u l t s  ol n t  n i h . ’ . .  nu.j cl u’ b~,’ Johmrm B. Sto l I i n ; u I i - ’ ’ : ’. e t a ~ i,y ucire ’
v a r i o u s  conserva t ion  programs , n’ n ’v e r v o i n  :;ecl n rnie -n t , ’n t ion  can e’ n e —
d u e l  as m :. .;h a:; 73 p~~ 

r n - n i . ; suspended ;‘ ‘ -  I im c ; . t ~ p er ’ ’ u ’ n ; ~
r i v e r  t - n r L i ; l i t ~y ,  ‘j percent. (214) The se dat a  a r t -  ‘ m . - ; . l ’ l t ’ i S u ’  in a

-
. - earns , n y  made 1~l . 0. Ogre : ‘;y r ‘pa nd ! r ig the  I n:f ’  I i i t ’ i - 0 of :ormn;en ’va —

tier r’ ;um ’tlcev on water quaii ’. ,y . (~ . 5)

14 - cr r i - - a l  r a m  ‘t ccc are- desi grned to re t ’ ’, r I e r’o:;iorl l y n’ ,, ‘ imp
th , v’ icr t.y of overland flow by cu t t ing  down orm t I ’ -  lengt h of t l u ~
s i o j - ’  . I n ~~’l : n d u .’d i i  this group art dlv n’ ; i o n ; ; ’ ‘m n : r I  t n ’ ma ’’ cv . w nm t m- r ’ —
way: ; ar id  ou’ 1 s , a n t  untI l prud e :;tab ili ‘nt ,j on, ;t, ru- ’t,ires . ‘l I n t .’ ; ; ’

‘ u ’ L ice : ; , when u ; - & ” l in conjunctiorn wit’s the’ l ove mentioned v u ’ : u ’ _

t a t i ve  pr - n  . i m ’C’;; , m ain Lm C extremely efl’u- ’t i  ye  in:  r’ e dum ’ in1p  erosio r m .

Ot r u a t u n ’al M u ’ar u r e s

.,P nj c t n n r ’ n n i rr i t - a ; ; u r ( ’n - ;  rime u;;ed to cont rol -ros ion  and scd im er n ta—
t i e ; . Tn n e r e  st n ’uu t u r ”  s are designed and u c e m .I to pro tec t  t i c -  l a n d
f rom f u r t h e r  damage . They inc lude debris  b - n :  i r , s , cha nnel improve-
m u- i t, , r i l m r - s p p j n g  ar nd r r i i ,m t l op ,  groin s , j m i  t i n 1 ’. . ‘ ‘ i ’ d  je t t i e s , an : .!

I a r - ’ ’ ‘ l’rade : n t  a t  i .ij ;;‘m Lion ct r ’w ’ t n n  r u ’ s .

of ’ th e n’: p iu .l ur i ’arii  za t ion j i m t o ’  t I P  , m c m i al n o te is
m a t !  of the v u  I t  l i n g  ba ;;im n te~ Iir:i qw wim e l m  m a n :  i m e  u ’ f ’l ’ r’ ctively used
to t rap t : i rn u n t , r u  ‘am its source. Time l’uru’ t ion of’ t I n t ’  settling
b arn  i n .  i s  to , ‘ : , u ; m k t a m  velocity of streamfiow and t h er e b y  cause the .
ii’ Jn O v j  t i o m m  of ’ t ; i ( ;‘ - I j r n : u ’ r , t  load being n s a r r i r  m h by t im e  s t r e a m .
Ii ’ v i e  i n  c l i  .‘; ;u r’ ’ f o rm ’ .’d by building lo in ; ’ m c  rats;’- st ream ch an nels
n j -  n ’u :;s  r’tni r nr. u l c , m . d  i’ loud pl a in s , or s o l u - l y on flood plains ad—
, ‘ ‘ u ’ r: t to t ’ t m n t r , m n u ’’l i i  v u ’ r v i o n m  dams . ‘$ e tt , lj  rig i : n m : ; i  i i : ;  are usually
p j r m - t ’ t i  0 :;}no r” m l I ; ;1 ,; ’ri ’e ai mo v u- tim e semi i n n ’ :  I m i n t r n n n m p e  a r t ’s

14— 11:



hu . em d t ’I L Ln r ”quired for other purposes often may b’ u t i l ized w i t r i
n e t t l i ng U ’ : ins ; at small additional cost , and it may be desirable to
hol I ba ’K :u’iim ent from a new reservoir while a program of ero;.;io n
col t rd urn tb ’ watershed Is being developed . The f’ e r u v i b i l l ty of
; n ’ t t 1j m n ~ L : m : t n , :  should not be overlooked .

Coordination of Effort ;:

F t m u ’  nrs:gn i tui ” of the  erosion arid sedimentat iorm problems in t n n e  hAl ’
, u b  ‘t n m n t i ; i t ’ . ’~ the need for close coordination arid unification of agen-
‘ it , ’ ‘ t r i m !  policies dealing with tt n m n s e  problems . On the federal level,

t h e  W a t e r  I ’ m ’ :  uru ’es Council has been assigned the n’ i ’ . ’ponsibili ty.

l t ’ u t e s  :;niould provide “nn:tbling legi;; l.;ition to allow the formation
Y local i .u l l i c  d i : t r ict s  to deal with ;;ediment problems , either alone
r Ii nonjunrtion with flooding and wa:;te removal. Several ,;t’ttev

r ave ru’ . ’ogn: ized erosion and sedinn”ntat ion problems and i n i t iat e d  cur .-
trol activities . The State of Maryiarid ha;; recognized sediment as a
w at e r pollutant . ~3teps have been taken to document, understand , and

m , n t n ’ ; m :  : c m l i r a u ’n i t  problem:; m ’au:;ed by urbanizat ion and highway construc-
t ion . Permi ts  are irsued for construction ;c’tivitie,; , and injun- ’tiv u ’
l . n ’oce( .iures a r m -  use! to halt o b j u ’ m ’tionable cons t ruct ion  pn ’an t ices , whe n
c x c e v s i v ’ ’  sedime nt I ;; being produced . State : .; can also provide f ’in :n r n -
em il and te  ‘ L n n j m ’ n n l  nms:;ist’ nnm ’e in dealing with sediment problems .

There 1,; little uniformity in the present policy dealing with
erosion and sem .iimernt control at t h e  count y or local level. There is
r ’n ;ibling state legislation which provides authority for establishing
anon;;ervation districts , drainage and flood control districts , and other
special  pur lm o , ;e dist r ’rm ’ t , ; .  Present procedure i n ;  for the municipality
or county to organize the necessary legal ent i ty ,  whe re neces :niry , and
then Lu lm ru ’eed with the construction of the planned control or protec-
t ive measurer ;. lr~ many cares , local soil and water conservation dis-
t il- t v utilize technical. n vistance provided by the Soil Conservation
i ’ -r v i” e  arm ’! t ,~1t ’ l~c r t . ;;t G er ’, Lee  in the design and construction of these
aunt rn ‘1 rn ’n~n :;Ur ’e ::

- P -r , u ’r ;n l  14 m ’nmef ’ its and Costs

Lx ,. ~. , ; nrr ” tim e p h y s i c a l . m : i ;t n iges r esu l t ing  from accelerat ed erosion
an ’l  sed imentat ion  or from use of solutions . Effects  determine the eco-
nomic , social and environmental damages or t-enefits. Measurement of
the e f f e ct s  are d i f f i cu l t  bu , ’ m ’ :tu ; ;e they frequently are not obvious and
become evident over long j t e r i ( ’ ( l ; ;  of t ime , sources are intermixed , dis-
tarice from : , ( m u r m ’e to l iFt er  of damage make cause-effect  relationships
unclear , and solut ion:;  or c o n t r n - I  mucn ;;ure s of tn . r n have multip le effec ts .

Evaluation;;

Evaluation:; ar’ comp licnut u ’d by t i n e  wide varie ty  of’ interests tn ,

wh i ch  benefits  may w’rrue. B cmm t ’t ’ i t s  from o r n u j t r ’  u n t ’ t ’ e t , ;
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commonly accrue  to the Landowner , developer or opn’rat cr. B er: c ,n f ’ i t ; ;
f ’ n urnn t ’ (’ s i t,e  e f t ’ e- ’ts acc rue  to persons o ther  than  t i n e ; ; ’ :  on whose
S I L O  ~, m u , ’ con, ;ervat ion  measure is taken . The d i f f i c u l t i es  of 1dm ; —
t i f l e ’t t l o n  an , d P n r n o t i f i c a t i o n  of e f f ec t s  to l m u : n n o f a c t u r c  and tn ’-
value  placed on t h u . ’ e f fec t:.; are ob : ; t , : un le : ;  to ac :”ptat It ’ j ’ r :;h i t ’ica-
Lions  arid allo- .’aticns .

Placing n:nor u ’ta ry values on many of the adverse  impri ’°.s L u . )

society and tie environment are beyond reach. Disrupted ‘:cologi’,nc ,
visua l  appearance of dism .nolored water, turbidity , accel~’rated
eutrophication , sedimentation pollution , scarred landscapes and
other  environmental  quality and ae : ;t i n e t i c  aspects d eL” ; commonly
used monetary evaluations.

Solutions for erosion and sedimentation controls a re  active
arid passive devices . Passive devices-preventative measures and
land ‘i :;e ad jus tments  - require decisions by various agencies and
organizations , public and private.  Direct and indirect costs for
passive devices vary considerable depending upon the scope and
type of device used . Active devices - land treatment and struc-
tural measures - can be more readily quantified. Table Q-16
gives cost of active devices needed to control erosion and sedi-
mentation in the NAR .

The damages resulting from erosion and sedimentation are snore
costly than land treatment measures to prevent them . It cost s
from 25 c ent s to several dollars a cubic yard to remove sediment
from roads , harbors , streams and reservoirs . Providing new stor-
age capacity may cost from 10 to 30 cents a cubic yard . It is
often cheaper to build new reservoirs than to dredge sediment from
existing ones . The cost of holding a cubic yard of soil on the
land by land treatment measure s m a y  be many times less.n (20)

Land treatment measures In the NAR are responsible for the
retention of an estimated 114.7 m.ill,Ion tons of soil on 6.2
million acres of cropland each year . An estimated equivalent
monetary value is $2.35 per acre per year. This value indicates
the savings to farmers due only to retention of topsoil. In
addition , it is estimated that 7.5 percent of the 114.7 million
tons or 1. 14 million cubic yards would have produced downstream
sediment damages . These damages are estimated to equal 1+5 cents
per acre of cropland. Therefore , the total annual monetary bene-
fit  due to soil cons ervation practices on cropland in the NAR
is $2.80 per acre , based on the estimated erosion and sedimenta-
tion rates and the monetary values presented in this Appendix.

Use of ‘uni t rol measures on urban land has just begun. Devel-
opers , first forced by ordi nances to cont rol soil erosion and
sedimentation , have discovered prev entative and land t reatment
measures result in lowered constructi on costs and higher priced
lots. Communities are realizing a savings in capital investments
and maintenance costs.
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TABLE Q - 16
COST OF DEVICFB

NORTh ATLP.NrIC R~X~I0N

Conservat ion : Streambank :Beach & Shoreline
Land Treatment : Erosion Control : Protection

Subregion : Area : (.‘ost : Bank : Cost : Shore : Cost
and Area : : One : Ave . :  :Ave.:  One : :Ave .: One

1000 :Tlme : Ann.: :Annn.: Time : :Ann .: Time
Acres: $ Mil l ion  : Mile : $ Million : Mile : $ Million

Subregion A
1 1214 8.7 1.3 114 .06 1.0 - - -

1+3 2.7 ~ 23 .09 1.5 - - -
3 5~ 14.0 .8 28 .11 1.9 - - -

14 ~ .~ .0 .5 18 .07 1.2 - - -

5 30 2.9 .2 27 .10 1.8 1895 206 3752
Subtotal A 289 21.3 3.2 110 .143 7. 14 1895 206 3752

Subregion B
231 30.0 2.7 31 .11 1.9 638 68 1238

7 563 814.1 5.7 hi4 .18 3.2 10 1 20
8 972 135.14 12.7 98 .31 5.5 - - -

9 778 119.8 7.9 1+6 .214 14~ 1~ 131+0 130 2370
10 700 1014.2 6.9 1+8 .05 .9 265 23 1+20

Subt otal B 321+1+ 1+73.5 35.9 267 .89 15.9 2253 222 1+01+8

Subregion C
11 536 50.7 10.9 300 1.00 18.1 - - -
12 921 87.3 15.6 320 .82 114.8 - - -

13 330 - 1414.1 3.0 60 .06 1.2 605 21 389
Subtotal C 1787 182.1 29.5 680 1.88 314.1 605 21 389
Subregion D

711+ 106.2 7.3 370 .56 10.1 - - -
15 2350 210.8 29.2 680 1.11 20.1 78 6 115
16 213 30.9 2.1 80 .16 2.9 223 10 183

Subtotal D 3277 31+7.9 38.6 1130 1.83 33.1 301 16 298

Subregion E
17 14192 1+10.9 66.6 1130 1.67 30.1 - - -

18 1891 228.3 22.14 180 .90 16.2 19214 1+6 8143
Subtotal li 6083 639.2 89.0 1310 2.57 1+6.3 1921+ 1+6 5143

Subregion F
19 2882 306.2 52.8 950 2.07 37.2 21+5 6 107
20 662 66.5 13.0 360 .68 12.3 88 3 53
21 1176 130.9 22.8 590 1.05 18.9 82 7 130

Subtotal F 14720 503.6 88.6 1900 3.80 68.14 1+15 16 290

RPX IONAL
TOTAL 191+00 2168 285 5397 11 205 7393 527 9620
NOTE: Price Base 1970.

Initial  cost amo rtized at 5-1/8% project life p lus Opera tion &
Maint enance.
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Management practices to improve forage production :ma.i improved
protective grass rover . Sound silviculture prevents accelerated
erosion . Energet ic forces of the raindrop are bror’,eim by toe
foliage of t rees , shrubs arid other vegetation . Ground l i t t e r  and
rmuinus absorb and tiu l,d moisture altowirmg it to percolate slowly
through toe soil profile to ground storage. Toe 3.5 mill ion acres
of gras;; and 1. o .3 million acres of forest on land ;;u u ,ject to ero-
sion prevent erosion rates from exceeding allowable soil losses.
Additional measures on 143 percent would fur ther  rr ’d’u~~m ’ t lnr ’se  losses .

Streambank erosion cont rol measures are often applied Lu
reaches of a few hundred feet in length. About 25 miles of r eac: .
have bee n protected with some federal assistance. P~’r : ’.ups as mu ch
‘is another 75 miles have had some protective measures applied.
Although generally not of a serious nature , there are specific
cases where .;treambank erosion is serious and even , dis’~strou.; for
a particular landowner or group of landowners. Offsite efl’e”t s
must be inc luded especially in environmental considerations .

Shoreline erosion control measures provide bu ,’r ”ficial e f f e c t s
on beaches , rec reational and resort areas , developed prop”rt ies ,
and undeveloped island and mainland coasts. Both public and pri-
vate ownerships are the beneficiaries. In addition to vegetative
and structural measures installed by these beneficiaries , about 30
miles of coastline has had federally assisted structural rnu.”u,;’ureS
installed .

An estimated 85 percent of the Region ’ s population live;; w i t h i n :
25 miles of the Atlantic Ocean and Bays, The t rend is for  evez~
larger portions of the population to locate near the ocean . Prudent
coastal resource use becomes more c rucial .

Formulation toward Objective

Erosion Hazard Soils. Land capabilities are categorized into
(1) unit , (2) subclass , and (3) class. The risks of’ soil damage
or limitation in their use become progressively greater from class
I to class VIII . The land capability subclass is a grouping of
units having simi lar kinds of limitations or hazards . Subclass “ c’
identifies soi ls on which susceptibility to erosion is the dominant
problem or hazard . Land uses by capability subclass “ e” as shown
in Table Q- 17 were obtained by updated Conservation Needs Inven-
tory (26) printout . There are 32.14 millIon acres subject to
erosion in the NAR .

Soil used within its capability on which the conservation prac-
tices that are essential to its protection and improvement have
been applied are considered adequately treated . The acres of soil
subject to erosion that are adeq~.nate1y t reated , practices , and
costs are shown in Appendix G.
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TABLE Q-17

US} OF ‘-OIL WITH EROSION HAZARD ,~JNORTH ATLANTIC RFI;ION

.~ubregion : Crop : Grass- : : Other : : Total
and Area : land : land : Forest : Land Urban :

Soils 1/
1000 Acres

Subregion A
1 101+ 3 297 14 - 1408
2 53 9 67 7 -

3 101+ 19 73 2 - 198

14 52 5 62 10 - 129
5 60 3 1914 5 31 293

Subtota l A 373 39 693 28 3~ 11614

Subre gion B
6 86 11+ 168 50 19
7 73 9 65 31 17 195
8 2514 103 252 59 8 f 7 6
9 141 10 73 28 16 i68

10 103 314 122 56 18 333
Subtotal B 557 170 680 224 78 1709

Subregion C
11 5140 2145 21+5 73 - 1103
12 801+ 333 11467 302 58 2961+
13 15 2 1+5 20 3 85

Subtotal C 1359 580 1757 395 1+152

Subregion D
1142 17 100 65 27 351

15 1206 231 81+6 316 10 2609
16 68 6 63 8 - 114 5

Subtotal D j l+],6 254 1009 389 37 3105

Subregion E
17 3185 930 14002 831 - 891+8
18 753 124 513 11414 - 1531+

Subtotal E 3938 10514 1+515 975 - 101482

Subregion F
19 1364 775 3165 376 - 5680

20 321 257 1512 103 - 2193
21 1+39 382 2932 130 - 3883

Subtotal F 2124 1411+ 7609 609 - 11756

REGION TOTAL 9767 3511 16263 2620 207 32368

~j  
Erosion hazard is Indicated in SCO Land Capabilit y Sub class  TVe YT

soils subj~ et to erosion by wind or water.

(
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Erosion Hazard Bank s and Shores. Strearnbank s and shorelines
that are eroding are fu r the r  categorized as major and c r i t i ca l
erosion respectively. Degree of erodibility as obtained from the
assessment  of streambank erosion (1 & -8) and the shoreline study
( 2 )  are shown in Tables 0-11 and Q-l2 .

National Efficiency (NE). Planned land use is time adjustment
of Class VIe cropland to pe :;ture or forest and the preservation
of Class VIe and above in pasture and forest . Accelerated land
treatment shown on page Q-11+ is app lied to crop land subject to
erosion arid to all urlianizirmg land (land changing from other use;;
to urban use). Two percent by 1980 and 5 percent by each of the
subsequent time frame years of the major streamban,k ar md critical
shoreline would be treated .

Regional Development (RDJ. Planned land use is the adjustment
of Class IVe and above crop land to a land use with permanent veg~’-
t r i t i ve cover and the preservation of Class VIe and above pasture
and forest . Adequate land treatment would be applied on crop ,
pasture , and other land subject to erosion , logging and skid
t ra i l s  in forests , and all urbanizing land. Five percent by 1980
and 10 percent by each of the subsequent time frame years of major
streambank and critical shoreline would be treated.

Environmental  Quality (EQ). Planned use and treatment quan-
t i t l e s  are  those described under RD. Planned use and treatment
will be specifically oriented toward time development of a high
v i su a l  qual i ty  and enhancement of the environment . Half the stream-
Landc en’ os ion :  problems would be overcome : 10 percent by 1980 . another
20 j — ” r ~ ent by 2000. and the remaining 20 percent by 2020. Half
t}u,’ beaches would be protected by 1980, other half  the  beaches
and 10 j x - r c e n m t of time c r i t ical  shoreline by 2000 , and 20 percent
of (‘ritleal shoreline will be treated by 2020.

NE~~ F~ H~~~EARC}1

Research needs , data collect ion and policy fo r  th e recogn it ion
and cont rol of erosion and sedi ment at ion in the NAB i nclude:

1. More wat ’r qual i ty  measuring ins ta l la t iorms and water qual-
i ty  records , especially sediment loads of streams , are
needed . These data should be collected on a wide range
of drainage areas .

2. ( ‘ o n i t l n m u i r m g  and expanded study of time deta inment and move-
ment of soil particles by raindrop sp iacim and flowing water ,
surface sealing and related phenomena tha t  result in de-
creased infilt ration , water intak e and movement through soil
during freezing and thaw periods , the role of plant cover
and crop residues in reducing erosion , and tine developmen t
of’ ‘onevp t:; re la t ing  erosion to topo~ r a p i m i e , climat ic and
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soil factors . Improved factors for use in soil loss pre-
diction equations need to be developed .

3. More information is needed on rates of sedtment deposition
in reservoirs and water detention structures , on flood
plains , and in harbors and estuaries.

I-i . Procedures must be developed for identifying critical ero-
;;ion arid sediment source areas and predicting yields from
these areas.

5. Improved criteria are needed for the engin~’erirmg design of
sediment traps, debris basins , and channel stabilization
structures.

6. Improved plant materials need to be developed for roadside ,
bank , beach stabilization and acid soil areas .

7. Erosion control practices for farm use must be developed
that are compatible with modern farming methods.

8. Efficient and feasible erosion control practices ~ist be
developed for use in urban and suburban developments that
are compatible with efficient construction practices .

9. Effective procedures to implement erosion control plans and
practices need to be developed . Particular reference should
be given to levels of government whi ’h handle land use
regulations .

10. Clear policies on land use, management and use of flood
plains and shorelines , and on erosion and sedimentation
control need to be developed nationally and by river basins .

CONC LOS IONS

Increased populations require facilities In which to live , work ,
and play. The production of food and fiber and construction of
required facilities will nearly double in the NAB in the next half
century . Erosion and sedimentation problems will conti nue to in-
crease in the NAB. The average - annual rate is expected to increase
from 917 to 1237 tons per square mile per year by 2020.

Land use adjustments could reduce erosion rates and sediment
yields by 13 percent . Measures need to be taken to preserve pro-
tective cover on high hazard areas . Resource plans are necessary
to bring about land. use adjustments and keep desirable land uses .

If the conservation land treatment program is accelerated,
erosion and sedimentation yields will still increase, but at a
slower rate. The average annual erosion rate is expected to be
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9~3~ t ons  per square mile by 2020 , with an ;o clcrated I n d  treatment
j)root am w i m i di includes treatment of urban ain i in s i u ; ;t r i :l  s it es  as
we 1.1 a;’ arm increase in the ac reage of agr i  :u it u r a l  land t reat~~d .

Structural measures reduce erosion and -;edimermtatioi problems
-m t ni gin damage areas.  High costs , co; -t — b en e f i t  relat i er ;hip,
and 1

’o r l imited number of ozm site ij er eficia r  i t ; ;  f re q u  i t  I ;~ 
ma ;e

;;t r n t m r a l  measure in stallations proh ib i t ive.

R a i s in g  the level;; (amounts) of land treatment is li f  fi ;xlt
fo r  several  rea;;u1 ;s~

( t) Mutual interest;;  of the irmdividual  land J ; ; er  and society
are  generally not recogni zed. Orms i~ her;: f i t s  aii ’i  o f f s i t c
benef i t s  a re  measu red indepen I a t. ly 1 01 1 a: t - r . L i  -

far mer ’ s decis ion is based upon i x m rea;;ed i n a,: ;; f ran tat
eroding land. Society ’ s led :;ion is based arm ‘ii  s-
reduction in and adj acermt  to t h e  ; t . r e ; i ms .  Wh om m u t u ;  1~
interests are measured toiret~v r . cor ;;ervat ion m a  ices
e a r n  of ten ;  be ems! ly ,~ust i  t i  c- i

(~ ) In t er e -t ; of tb individual iard user mI m i ;;ocietv do riot
always coincide . Maximum p ro f i t  to the spec -nia tor  that
has st ri pped the deve~ oi rne nt s i t e  a ;ns e s  soc iety  t i

suf ’fe r t ao  sediment poll nt I t i ;  a r t  s e d i m e n t a t i o n . Rut
socie ty doesn ’t j a y  the s p a . n l ator  for cleaner water
resu 1.ti nmg from con ; :crv ’ ;t. ion nina: sr - s .  Laws , ordinances ,
and regulation are needed to pra to i t .;ociety ’s i n ter s t.

( ‘ )  Peop le are unaware of time pro t - l em . The cottage owimer
f a i ls  to recogni ze e u t r o ph ic at i o n  in h is  lake is ar - el-
er a t ed  by erosion from the dis tant  Cen ,- ;t rUc t iOn  s i te  on
w;~ieh lie works . People min t, be i- i ped to per ei ye t he i r
( r mv i rofl ment arid consequences on t n  ir  welfare.

( 14)  People eux it inual ly  c h a n g e  tine use 1 land . Farmlands are
are becoming suburbs. Logging a r  as are becoming ret reat
amps and home sites. New conserv ;it ion  measures are rt--

qu ir i on n e w  land uses. These measures  are riot always
i mm ediately atip lied .

(5) l esource user may fai l  to app ly practices because  of
short or uncertain land tenure. Tine farmer is not in-
ci l i n e d  to mairmtai im land producti v i t y  knowi ng a new h igh —
way and industrial park are to be con structed wi th in  tine
ne xt few years .

( )  People sometimes lack the knowledge to apply conservation
measures. Technical as;;i :tain e ineeds to i t made avail-
able .
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(i) I or 1 . - ~un~~t ime :; i ar E  I i  narnel ;. L r e ;;ou r  es to mar e ;:o nr i d
i nvestm ent ; ;  . ( o s  U — . ma rin g and c red it r e d  be gu ide
va~ 1 ; ;  i . .

E r o s i on cont rol  and sediment reduct ion need to be viewed as
an integral  part of a r o l r l j r e lnen ; ;ive  conservation effort . Land
rc qui red for  production  of load and f iber  are i a;;ed upon a .: o r t i r u —
ix ; ; ighn  rate of adopt ion of tc . -;hno1 .o~~r and tfne pr ope r use of land .
E ff ic l e i t a n d  a t t r ; c L i v :  place to work and live requi re  d i scr et e
I i i  use :ni , Iu stm ermt , ;  amid conservat ion measures . Lmrid ;;capes need

U provi i i l c - a ;. ;i: ;g vi  ;ual appearances .  U n i que area.s and deli—
ate ecological syst m .; must be protected . Importance of t h e
co: serv-a t i er  c f f : t upon the velfare needs to be understood.

Fu tu re -  -;omprchensive r iver basin studies should include more
det t i le l erosion and ;;edimcntation studies in Subreg ion ;; D , E ,
and F.  Tu ese 3ubrcgions  are major cont ributors to the erosion
and sedimentation problems of the Region. Areas 15, 17, 18, 1~ ,
i i i  21 ace th e  more serious sedimentation problem areas. These
Areas account for approximat ely 70 percent of the total annual
sediment yield in the NAB .

Man can control  the accelerated erosion caused i,y hi. ; met!;-
ities.  lie has the technical abil i ty .  But erosion rates are
increasing! Forty years ago , conse rvat i on  e f fo r t s  prove l effec-
t ive ; the individual landowner was the chief beneficiary.  iow ,
a complex society desirous of a hi gh quality environment would
be the chief beneficiary. Communities , regions , ;;t mt e s , s d  a
nation need to set objectives as related to natural resour;.;; .
Clearly defined policy statements, legislation , regulation , pro-
grams , and procedures arc needed to implement technica l  s oLu t i on :
for reaching objectives . People need to take decisive action to
control erosion and reduce sediment .
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IV - ~UBR~~~I0NA L S1J*IARIFIJ

SUhu,l~Eh IOi A (Area. ;  I , ~ , 3, 14 , and 5)
- a 5-I  i t r r ~ oil

1 ’ I x i ; ; t , i r ~~ Cond i tions

T i n i ; ;  i . u r t r i o r n n n m a ; t I l u h r - g i u r  of the hA t— Iris; t i n  l ow e -st  u - r o s i n :
h 0$ ~ t .~ i0  l i t H e  3- 1-g ion , ; L v - ; - -’ . n - ~i n 1 ~ only l7() ton :; j r  ;qnare nil’-

;.  - m r s - I r’ t Ue ; ;  f r u :~ I n t l  vidual  Ar e a s r a n ; 1 f rom 1514 t n t .

per s p i ; r . -  mi le in  i c ’  14 to 180 I on ;; per squir t - . - n i l ’ -  i i  - - r u : . ~~~.

The ::i 1 ; - of U ; - S ub r e g i o r .  have an aver - r i - - u - o r t i i h i i t y  I t r t r i r
1 O.Y- w; ich is equal h o h t m u ;  ave rage for  the kegi on; . TI n e t u p r a —

--;. p b n i.- gentle to -U - -p . lI n e maximum 2— yu-a r , 30—nainut - r e  r i f :  -

i s  t i c -  1 r -
~~~-;;t in t h e  Reg ion , averaging 0. 7 i r a - h e - .; . The great e ;;t

i r;I’iu -ri - es or thu low c-rorionn r : r t e ;  inn the  Sub r i - 4 ’i ui — r e  t in e  land
i n -  5 5 ) 1  cover  c u r r h l t  s i ; ;  . lot . t  Land : ;  r e tu r n 5 1 - hi~ .5 p u- r i-n t of

I n n -  total I L l 1 a r - - . . I r e  l a r mi u;:e next in or- di r ci :r r r ; i t u d e  is
‘ns F 1 : i  I w a i t - i n  - o ; - q . i  .:e:; 5.7 p - n - - c - n i t  of t i n e  to t - i l a n d  ii r ’-a

I l y ,  t b -  . :rrr p lrrn; 1 inn dubr- egion A ‘ox n t n i b u t e ; ;  1 i t t  In- to thu
1 eta I ero sion figure . C rop  rotat ion; ;  -o n o i  t i  n ;r of ;€  ve- ra l year . ;
of ’  - n , pr ov i  f t - - x - - i lent c v e t  condi t ions . Th i s  ii ; t , rue t t n ; o n ; ’; . r i t
t I n e -  d i i i  r 1 -ion wi th the c-x - n-~r t i orn -1 Are- a 1. The c roj  I - ’r r r t  in A ’
j; ; u;’eri t au t ’ - i n t t -n ; . ; i v e l y t i l l n ; . ’ : a c o r n p o s i t  op ro t - nt . i  ox t h a t
cur : I ; t  S of two 5 u I  rOW c u -  us • a yea  r of .;rrm ;nll grain , and
tw. y r  rs oh n y .  This  typ e  of r - ut ;t ion n - - -n i t s; in t e n ;  U i n . - . t l i e
- - r o s i o r ,  - u s - I t j  t h e  r o t a t i o n . ; in n  th e  r -rn i. ’ , i n n i ’ - r - of the Area,;.
1 ‘u r e  * urban a n n  otime r h- ;vu - a en m b i  m e n  t i t . ‘i i  - I only 14 .8 pm - r i - e a t
. 1  t h e  t o t ! l and ‘ n t - u - :  in  t h e  S ut a r - g i o n . T ime r - f o r m - , ‘ u n ion fcc-- ,
t h es e  u i use; ;  to t ; ;  l i t th -  - I I  - U on the m u v e  rage: erosion r at e s

d i n t  u - - g I n; .  A -also t m ; ;; t h e  f t - , n - L se 111 ; .  r .t; Lir rn ;  ra t . - i n ,  t i n e
; - c g i e r . .  T t i e  , u ; r ~~i:i l ;;ed i ur - n t  y i n -  Id r - : m r ; t ’u - . fr om 12 to 114 tu r n ; ;  f u n
‘ ‘ i n $ r t  I n  n n iL  01’ lan d n c - a  w i t h i n  t i n e  i n;  r i - s l u m .

- h - n d er -o , ion ma r t . ; ‘ r t i r ; i e n L ; n t i o m i  r l ; n n r n r i g .  - - a t e  L’. -L im at e d  to be
-~ 5~~l . no mi nd .~~) 1I  ,000 r ; ; ~ r e n - t i v e 1y. L u r m n t  70 p - u - n ’ . - at of t h e

- ro ic ’  n ona g e- O n - r u r ; ;  in i - u  a 1 .  A r .  - o -  I r n - n  P s- r i m  cont r ibute
c lose to L~5 

p - r - e r ; t . n i ’  L o u -  . t - n l i r n i - i n t  - i a n u . - : .  
—

P r e d i c t  1 a t e . -

Ti e -  -ro . ‘ U - I  land U ; -  t oUt - m i s  wil l  not .:lnarige a;; rapidly it .
d a t  r ’- 5 i e I .  A a;; t h y  ar e -  - i n ; t n i g i m n g  in n t h e  e U l e r - i iubr egions . Cur i e —

l u l L  ly ,  t i n e  e r - . i n i  t u t u - ; ;  a r e  more s t : i t r l u  . l i n e  on ly n n o t i c e a b h u
I - t r o t : ;  ‘ r u i ~ ‘ i i i  pa stu re  to o t h e r -  i r a-i m ; ; u s . Tir e  t a r t t h a t .

for -;; t land ru - ru t iri s t i n e  nr m ; i ,l or  land use’ , almost ~~~ 1 1 - n t  of t i ne
t ot. ;. 1 l i i i area , j s; t i n . ’  m ain r e a so n  t u n e  L i i i -  s l i g h t  inc r eases; inn t u e
ero;;ion rates by POPO. It f r - i  I - n w ; ;  t h a t  re - i - l u - c - h  - r i  land t reatmen t
w i l l  h a y - l i t t l e  or no ef’t - - -t on tim e ’ er - u.  l o i n  r ot e ; ;  Ve t - t i n - Areas l t ;
tini i . n j b r  - giem .
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iedlmermt.ationi rate;; will change very little . Time average rir mi m uil
sediment yield is expected to be 13 tons per square ’ mi le of land
area in Sub rn’ 1-’io nn ~ by 2020.

Problem An ti ;;

Generally , none of the Areas  in Subregion A arc considered
erosion problem area;; because tine erosion rates from the cropland
are well below the allowable soil loss. Sedimentation problems
are also relatively minor. The entire Subregion contributes only
3 percent of the total volume o1~ sediment from the Region.

Streambanik and Sino re linne Eros ionr

Of the  approximately 23,635 miles of stream channel in this
subregion , 718 miles have eroding banks. However , only 110 bank
miles are considered to have major erosion problems . Total aver-
age annual damage from land loss, sedimentation, and other sources
is $73 ,000 which is the lowest of the subregions in the NAt-!.

Area 5 is the only area in this subregion which contains coastal
shoreline . Of the 1,900 mi les of shoreline , 5 miles are con-
sidered stable and the remaining 1,895 miles have noncritical
erosion . This is primarily due to the rocky nature of the coast-
line which retards erosion .
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SUBRkX ION B (Areas 6, 7, 8, 9, ‘t n - i  io)
Land Erosion

Exist ing  Cond i t i on . :

The average annual gross erosion rate for th i s  Subregion is
1437 ton s per square mile. Area 9 has the highest annual rate ,
762 tons per square miii’ . The lowest rat e , 192 tori ;; per square
m,i le per year , is found in Area 6.

The soils in Subregion B are gene rall y less erodi.ble than in
thC ’ other Subregions . The average soil erodibility factor ii’ 0.17.
The topography is gentle to steep but generally averages 3 to ~3
pe rcent hig l iur  than Subregion A. The maximum 2-year , 30-minute
rainfal l  ranges from 0.7 i n m ’hes in the ext reme northern portion
of the Subregion to 1.1 inches in the southern portion and aver-
ages 0.9 i l l ah e s .  Subregion P contains a high percenta~e of fnir”:;t
land, about 7~3.6 percent . Several large metropolitan areas result
in urba n lands being the ;,rcsond largest land use at 8.0 percent .
~i’xt is c ropland, 7. 1’s percent ; other , 6. 1k percent ; and pasture 3.6
percent .  Crop rot ations are generally more in tensive  in Subregion
B thai, they are in Subregion A . A composite rotation in Area h) 

~~~

three  VI-a r ;: of row crops , probably corn silage or i’uotatoes , fol-
lowed by seven years of hay .

Average annual sedimentation rates vary from 114 to 57 tons per
squart :  m,jh- . The average for the Subregion is estimated to be 32
tons per square mile annua lly .

Annual erosion aaznages are estimated to be $1,380,000 and
sediment damages $2 ,250 ,000 . Area 8 account s for about 62 percent
of the total erosion damage or nearly $856 ,000 . Most of the
remaini ng erosion damage occ u rs in Ar ea 9, $285, 000 and Area 10 ,
$2014 ,000. Area 8 also suffers the greatest amount of sediment
damage

Predict ed Rat es

Subregion B is undergoing rapid land use changes.  Forest lands
and other lands are expected to remain relatively 0table . C rop-
land , pasture , and urban lands will experience major changes .
Crop land wil l  decrease from 7. 14 to 1.0 percent of the total land
area , and pasture wil l  decrease from 3.6 to 0.5 percent of the
total land area by 2020. Conversely , urban land will incri.’a~:efrom 8.0 to 22.1 perce nt by 2020. This subs tan t ia l  increase 1!t
urban land use is  largely responsible for the  inc rease in t h e
average annual er osion rat io from 1437 tons pe r square mile to ‘(t i
tons per s quare mi le.

An ac’ - -clerated land treatm(’llt program would have a no t icea bl ”
efl’c” n ’t  on the erosion rates in th is  Subri ’~ ioz i . The annual l ’ j ’ ()5j 0fl
rate in 2020 , with accelerated land t reatment , is expected to be

q -67



‘5, 1 - i  ‘ 01,:; per ~ ,~ , = u r - ~’ m i l e . F i m i ; ;  is’i t ’m,ini in -t i O i i of 20.h V ’ r ’ e r~ t .
‘j oe “ r m , 2 i o r m  r h u n - t i n e  t i c ’  to accelerated t -’ i t ; n i t reatment for 1980
a r m i  000 w ’Cll, t n c  5.  and i ~~~ per - ou t

Av er nig . :  -‘na tal  = e m l i m o i i t , a t i o n  rat , c ’ :; for 1980, 2000 , and 2020
ar t ’  expecti ’i to be 39, 145 , arid 58 tons per square mile of land
are-i . A r - =t 9 ‘sa;; Lhc hi 1~r 1(e ;t individual  sedimentation rate yie 1 - I —
i i m ~ 105 tot s m m -  - r  square mi le per year , on th c -  ave ra1~( - , b y 2020 .

Prom tern Areas

bone of t s r ’ -  A r - - a s  in Suinregion B are  considered erosion problem
areas in th i s  : ‘ j n t n C Y i d lX .  A r e a  9, however , does have a relatively
hig: p:,, i , of erosion from its cropland. The cropland erosion
ra te is 2.57 tons per acre per year , very close to the  allowable
of 3.0 tons .

Subregion B contributes approximately 8 percent of the total
volume of sediment from the Region. Area 8 y ields the largest
indi v idua l volume of 389,000 cubic yards annually .

Streamt ’anI,~ and Shoreline Erosion

Th is  ;;ubregion has 214 ,558 miles of ;;tream channel , of which
267 barii~ miles are experiencing major erosion problems . Damages
total  ,~382 ,000 annually and are mainly from downstream sedimen-
ta tion .

A L l  of the areas in this subregion touch the coastline , with
Area 8 having so little that it is not count ed . The 2 ,300 miles
of shoreline have only 147 miles which are stable . Of the remain-
ing 2,253 mi les , 202 mIles are considered critical and need
treatment .
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SUBPJtX ION C (Areas 11, 12, and 13)

Land Erosion

Existing Conditions

The inherent erodibility of the soils in Subregion C is slight ly
below the average for the Region. The topography is nearly level to
steep. The average maximum 2-year , 30-minut e rainfall is 0.9 inches ,
about the same as Subregion B. Forest land accounts for 60.6 per-
cent of the total land area in Subregion C. Cropland comprises
15.tn percent~ pasture, 9.9 percent ; other , 7. I~ percent ; and urban ,
o .5 percent.  Area 1,3 has some extreme conditions. About 52 per-.

- ‘srit of this Area is urban and only 314.3 percent is forested. In
Area 13 only 6 percent of the total land area is cropland; but
thi s c roplar’id is the most intensively farmed in the entire Region.
A composite crop rotation is three years of potatoes, one year of
small grain, one year of hay, and then potatoes again.

Owing to the large amount of’ urbanization and intensive agri-
culture , Area 13 has a high erosion rate of l,2~42 tons per square
mile per year. The rates from Areas 11 and 12 are relatively low
so the average annual rate for the Subregion is only 14145 tons per
iquare mile.

The average annual sedimentation rate for the Subregion ito 33
tons per square mile. Area 13 is high with an annual rate of 93
tons per square mile. Area 11 is low with an annual rate of 15
tO IOO per square mile.

Annual erosion damages are estimated at $2 ,070 ,000, 85 percent
of which occur jr’i A rea 12. Area 12 also contributes most of the
sediment damages in the Subregion . The total estimated sediment
damages are $2,100,000. Area 12 incurs $1,310,000 of these damages.

Predicted Pates

The average annual erosion rate for the Subregion is expected
to increase to 568 tons per square mile by 2020 . A shift In land
u s e  from croplarid to forest actually causes a decline in the annual
erosion rate by 1980, to 1439 tons per square mile. By 2000, how-
ever , the influence of urbanization is expected to cause an increase
to 1482 tons per square mile per year .

Land treatment will not have too great an effect on the soil
loss in Subregion C. Erosion may be reduced only 10 percent to
511 tons per square mile per year by 2020 with an accelerated land
treatment program . f’

The average sedimentation rate is expected to incre:lo~’ to 142
tons per square mile per year by 2020. Area 13 wili increase its
annual yield to 113 tons per square mile.



I’ t’ c n l m l t’m A r t - o , ’

[‘st e crop llirlti in Arc-a 13 is a problem area in soil e!’us:ion .
T~te erosion i-note from th e untreated crop land j o  3.01 tons per acr’-
per year . toi~~j~t n t ,l v  Creater  than the 1~egiona1 av ~’ra ~~e allowable
soi l loo s.

[‘he total volume of sediment delivered by Subregion C ito
1,052 ,000 cubic yards per year or about 7.5 percen t of tIle total
an n ual volume from t h e  Hegion . Area 12 delivers more than 1.0
percent of the sediment from the Subregion ; however , it oiorno ’,i-
totes about 50.3 percent of’ the Subregion drainage area .

St reambank and Shoreline Erosion

‘I’here ar e 21, 04 ,0 miles of’ stream c ’ i l a l l in e l  In this Subregion .
‘
~r’ea 13 (Long b land), has a very small percent of the total mile-
a l le  arid damages. The 680 bank mi les of cr i t ical  erosion r esult
i i ,  a t o t a l  annual damage of about $1.14 million . This is the
laricio t. damage area in the Basin. Sedimentation damage and loss
of buildings , utilities , fences , etc., account for most of the
damage .

Shoreline erosion occurs only in Area 13 and is conciclere d some
of ti ,c- most s’erious in the en t . ire  North Atlantic coastline . The
t nU 5 miles of shoreline is all considered unstable and of th is  278
miln,c; are cla :;oified as being 1i a critical condition .
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SUBR~~I0I~ E (Aresis 17 and 18)

Land Erosion

Existing Coz~ itions

Subregion E contains soils that are slightly more erodible than
the average, having an average soil factor of 0.28. The topography
varies between the Areas in this Subregion. Slopes in Area 17 are
x,derate to steep. Area 18 has considerftbly less slope ranging from
gentle to moderate. Subregion E has the widest range of maximum 2-
year, 30-minute rainfall in the Region. The range is from 0.8 to 1.~#
inches averaging about 1.1 inches. Subregion E has the highest
percentage of cropland in the Region. Cropland comprises 26.2 per-
cent of the total land area of the Subregion. The percentage of
urban land is relatively low, 5.1 percent. The remainder of the land
uses consist of 52.2 percent forest, 8.9 percent other land, and 7.6
percent pasture .

Agricultural land use ranks second in intensity in the Region.
A composite crop rotation is two or three years of corn (for grain),
a year of small grains , and then two or three years of hay. Area
18 is cropped more intensively than Area 17.

The average erosion rate from Subregion E is one of the highest
in the Region averaging 1,530 tons per square mile per year. Area
18 has the higher rate in the Subregion with 1,626 tons per square
mile per year.

Sedimentation rates average 115 tons annually from each square
mile of land area in the Subregion. Reservoirs along the lower main
stem of the Susquehanna River trap considerable amounts of sediment
before entering the Chesapeake Bay .

Subregion E, the largest and most intensively tilled, has the
greatest amount of erosion and sedimentation damage in the entire
Region. Erosion damages are estimated to be $25,200,000 annually
and sediment damages are expected to be about $9,780,000 annually.
Approximately 70 percent of the erosion damage aM 78 percent of the
sediment damage occur In Area 17.

Predicted Rates

Land use will change little in this Subregion. The most sig-
nificant change will be from cropland to urban . The percentage
of cropland will decrease steadily from 26.2 to 12.7 percent by
2020. This is still the highest Subregional percentage of cropland
use in the Region. t’k,st of the cropland that is changing use will
go to urban, the remainder to forest . The relative stability of
the land use patterns is seen in the predicted gross erosion rates.
The erosion rates increase to 2020 but at a relatively slow rate.
The total increase is 30 percent to 1,989 tons per square mile
per year.
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Land treatment programs will have the greatest effect in this
Subregion. Average erosion rates decrease in 1980 and again in
2000. They increase by 2020 but still stay below present levels.
The large amount of cropland is responsible for the drop in erosion
rate. The effects of accelerated land trea~ment can ieadlly be
seen on la?ge acreages. The slight increase in 2020 reflects the
increase In urbanization.. An accelerated land treatment program
can reduce soil losses an average of 214.3 perc?ent by 2020. Soil
loss in Area 18 can be reduced 31 percent.

By 2020 the annual sedimentation rates are expected to be lli.4
and ]~ 7 tons per square mile for Areas 17 and 18. The average is
about 1149 tons annually per square mile.

Problem Areas

Both Areas 17 and 18 are problem areas in soil erosion. The
rate of erosion from the cropla.nd in these Areas considerably
exceeds the allowable soil loss. Untreated cropland in Area 18
has an estimated erosion rate of 5.57 tons per acre per year.

Subregion E, which consists of one-third of the cropland and
one-fifth of the land area of the Region, produces 35 percent of the
total sediment volume from the Region. Area 17 alone yields
3,796,000 cubic yards of sediment annually.

Streamb ank and Shoreline Erosion

Streainbank erosion is considered major on 1,310 bank miles of
the total 30,130 miles of stream channel in this Subregion.
Ninety-five percent of the dRmage occurs in Area 17 where the
topography is steeper. Average annual damages are $llJ-4,000 and are
attributed to land loss and sedimentation.

Approximately 2,099 miles of’ shore line exist in Area 18. Stable
conditions are found along 175 miles, and of the remaining shoreline ,
207 miles have critical areas of shoreline erosion. The barrier
Islands need protection in order to shelter irreplaceable wetland
areas. Much of the noncritical erosion is along the somewhat pro-
tected Chesapeake Bay.
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SIJBRff~I0N F (Areas 19, 20, and 21)

Land Erosion

Existing Conditions

The soils in Subregion F are generally the most erodible in the
Region. The average soil factor is 0.33. The topography is gentle
to steep. The maximum 2-year, 30-minute rainfall is the highest in
the Region, averaging about 1.3 inches. The land use characteris-
tics are similar to Subregion E. There is a relatively high
percentage of cropland, 15.14 percent; and low percentage of urban
land, 14.3 percent. Forest land comprises the major portion of land
use with 614.14 percent of the total land area.

Agriculture is not as intensive as in Subregions P and E. A
composite rotation is two years of corn (for grain), a year of
small grain, and three or four years of hay.

The annual erosion rate is 1,1479 tons per square mile, second
only to Subregion E. The rates vary among Areas from 1,152 tons
per square mile in Area 20 to 1,574 tons per square mile in Area 19.

Sedimentation rates range from an average of 86 tons per square
mile per year in Area 20 to 118 tons per square mile per year In
Area 19. The average annual sedimentation rate for the Subregion
Is 111 tons per square mile.

Erosion damages ,are approximately $16,400,000 annually, about
half of which occur in Area 19. Sedimentation damages are esti-
mated at $8,400,000 annually. About 50 percent of these damages
also occur in Area 19.

Predicted Rates

Subregion F is expected to behave very much the same as Sub-
region E in regard to land use changes. Conditions will remain
more stable with the only significant change being from cropland
to urban. Cropland will decrease to 8.0 percent of the total land
area by 2020, and urban land will Increase to 11.14 percent. The
increase In the erosion rate for Subregion F will be about 37 per-
cent or 2,028 tons per square mile per year by 2020. The high will
be Area 19 with a rate of 2,2146 tons per square mile.

Accelerated land treatment will be very effective in Area 19.
Erosion can be reduced as much as 36.7 percent with an increased
land treatment program. Areas 20 and 21 will not be affected much
by land treatment. This is due to low percentages of cropland and
urban lands and small relative changes in the amount of urban land.

In Areas 19 and 20 the erosion rates decrease in 1980 and again
in 2000 just as occurred in Subregion E. Area 21 increases to 1980
and then drops slightly by 2000. All three Areas increase again
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by 2020. The reasons for this are similar to those in the discus-
sion of the previous Subregion. There is a relatively large
percentage of cropland which tends to emphasize the effect of land
treatment and the increase in urbanization does not become sign.tfi-
cant until 2020.

The annual sedimentation rate for Subregion F is expected to
increase to 152 tons per square mile by 2020. Area 19 has the
highest rate in the Subregion with 168 tons per square mile per
year. Area 20 is low with an annual rate of 95 tons per square
mile.

Problem Areas

These Areas are all problem areas in soil erosion. The cropland
in Area 19 has an erosion rate of 5.87 tons per acre per year;
Area 20, 6.28 tons per acre per year; and Area 21, 8.91 tons per
acre per year. These areas all exceed the allowable soil loss.

Thirty percent of the sediment from the entire Region comes
from Subregion F. Area 19 produces 50 percent of the 4,202,000
cubic yards of sediment in the Subregion. Area 21 produces
1,474,000 cubic yards or 35 percent. The remaining 15 percent
comes from Area 20.

Streambank and Shoreline Erosion

In this subregi on there are about 25,280 miles of stream
channel. Of this amount 1,900 bank miles are considered to be of
i~~jor consequence and result in $254,000 of annual damage.

Shoreline In this subregion totals about 875 miles, 1460 miles
of which are considered stable. A substantial part of the stable
mileage is in tidal flatland which is somewhat protected from
erosive forces of the ocean. The shoreline remaining is not
stable and there are 78 miles of critical erosion occurring in
this Area.
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