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

The recommended program and alternatives developed for the North
Atlant ic Region were prepared under the dire ction of the NAR Study
Coordi nating Committee , a partnership of resource planners represen t-
ing some 25 Federal, regional and State agencies. The NAR Study
Report presents this program and the alternatives as a framework for
f uture ac tion based on a planning period running through 2020 , wi th
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 Hydrology
D. Geology and Ground Water
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Appendix F
Upstream Flood Prevention

and Water Manageme nt
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I - SYLLABUS

Average annual flood damage in upstream areas in the North Atlantic
Region (NAR ) has increased over the years and is presently about $55
million. If no measures are undertaken to prevent flood damages,
the annual damage will increase to $82 million in 1980, $1145 million
in 2000, and. $277 million in 2020.

There have been 109 watershed projects authorized for construction,
primarily for flood prevention, as of 1967. These projects incinde
1492 floodwater retarding structures which store 527,000 acre feet of
floodwater and sediment and 171,000 acre feet of water for other uses.
They also include 1,14714 miles of channel improvement. In addition to
land already adequately treated, land treatment has been planned on
2.14 million acres. The structural and land treatment measures provide
protection to damageable property on approximately 1426,00C flood plain

V acres. The damage reduction benefit s attributed. to these projects
amount to $9 million ~rnii’~i-l1y.

Although some flood plains are managed for particular purposes,
there are few complete and comprehensive flood plain management plains
in the 1,3114 upstream watersheds. Plans for managing the 6.1 million
acres of flood plain are needed to protect or provide amenities in
the form of habitat, recreational, cultural, and scenic areas, main-
tain or improve quantity and quality water supplies and prevent
losses from flood damage. Flood plain management plans need to
consider a nniltiplicity of non-structural and. structural measures in
combination.

Flood warning systems and proofing and regulation of improvements
are some of the non-structural measures to reduce damages on .2 million
acres of built-up flood plain. Eliminating new construction would
prevent $125 million annual damage by 2020. Establishment of green
and blue belts should be considered on 1.3 million acres of flood
plain subject to high d.amages and./or on 14.3 million acres expected to
flood within each 10-year period.

There are 353 potentially feasible flood. prevention projects in
upstream areas . These projects include needed land treatment and.
management on 11.6 million acres, 1,279 floodwater retarding structures,

V 
and 14,237 miles of channel improvements. They would reduce the average
annual floodwater damage by about 37 percent. A suggested extent and
t iming of development of these potential watersheds is that 27 percent,
or 96 projects, be implemented by 1980; another 147 percent or i66
projects by 2000; and the remaining 26 percent, or 91, by 2020. The
2.2 million acre feet of floodwater retention and sediment-storage
would cost $1403 million in multipurpose structures. An additional 14.1
million acre feet storage for other uses could be developed in these
projects.
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There are 852 upstream watersheds classed as “Potential Develop-
ments” in which 2,200 reservoir sites exist. There are projects
where there appears to be little justification for flood prevention
under an early action program . These sites contain total floodwater
detention storage of 14 millIon acre feet and offer an additional
storage potential of 10 million acre feet for other uses.

The physical potential 14.1 and 10.14 million acre feet storage for
uses other than floodwater retention and sediment, could be developed
for an estimated $2,356 million. The 114.5 million acre feet beneficial
use storages have possibilities for satisfying water needs of the
region. These needs include recreation, fish and wildlife, irrigation,
rural domestic and. livestock, municipal and industrial water supply,
and water quality control. Water needs appear in functional appendices.
Amounts of beneficial storage required in upstream reservoirs to meet
these needs will be determined during plan formulation and appear in
the Main Report. 

-

Most of the subregions have high potential for watershed develop-
ment . Preliminary studies indicate that structural measures in

V potent ially feasible flood prevention projects could alleviate
upstream flood damages by 61 percent in Subregion A , 31 percent in
Subregion B, 13 percent in Subregion C, 149 percent in Subregion D,
50 percent in Subregion E, and 35 percent in Subregion F.

Even with pot ential flood prevention structural measures installed
there will be considerable remaining damages. Flood plain management
needs to be evaluated as an alternative and/or complementary consider-
ation to structural measures. In some instances, it appears to be
the only recourse for reducing these remaining damages.

More detailed studies are needed to develop flood prevention
aspects of water resource plans. Flood prevention plans incorporating
structural measures , watershed protect ion, and flood plain management
are needed in Areas 7, 9, 10, 12, 15 and 18 to prevent huge flood
damages . Comprehensive plans initiated in Areas 6, 114 and 20 to solve
water supply problems should include flood prevention measures.
Upstream watershed invest igations are needed to ascertain practicability
and local interest of pot entially feasible project s in areas not
selected for detailed river basin studies. These investigations need
to include mult ipurpose uses in both structural and nonstructural flood
prevention measures .

F—2
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II - INTRODUCTION

This is one of 22 subject appendices to the Main Report of the
North Atlantic Regional Water Resources Study (Type I). The coor-
dinated 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.

PURPOSE AND SCOPE
• 

Pu~~ose

The purpose of this appendix is to develop and document the
investigation and analysis of (1) flood prevention aspects in up-
stream watersheds , and (2) u~pst ream storage potentials and cost of
the storage . The findings serve as input to plan formulation and

V the main report .

Sc~pe

The study was limited to the application of existing data ,
ongoing ~tudies, qnd a broad inventory analysis in upstream water-
sheds. ~~~~~~~~~ refers to those strean~ above a point where- the
total area drained is less than 250 ,000 acres ( 390 square miles).
Main stems and major tributaries of more than 250,000 acres drainage
area are covered in Appendix E , Flood Control and Water Management
on Main Stems and Major Tributaries.

Flood damages were compiled , updated , and projected for the target
years 1980, 2000 and 2020. Feasibility, benefits and costs associated
with flood prevention were developed. The extent and timing of
structural flood prevention measures were estimated for the time frame
years 1980, 2000 and 2020. The significance of flood plain manage-
ment measures was discussed. Water supply storages and costs were
°determined.

All studies were broad in nature and avoided local detail. The
information is presented with the degree of refinement in accord with
developed guidelines for comprehensive framework Type I studies.

HISTORY

The NAR has a long history of too much water when it is not
wanted or too little when it is wanted. The experience of the last
decade proved no exception. Floods have claimed several hundred
lives and millions of dállars damage . Thin g the same decade , there
were periods in many areas where the demand for water greatly exceeded
the supply.

F -3
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Floods

A flood may be def ined as the occurrenc e of a flow of such magni-
tude that it overt ops the natural or artificial banks in a reach of
river channel. This water then flows over the flood plain resulting
in damages and possible loss of life.

Hoyt and Langbein(~
) in a study of frequency of overbarik flow at

1140 locations in the United States found that it is remarkably con-
sistent among rivers . They found that on the average overbank flow
of natural channels could be expected to occur every two years.

The question naturally arises as to why the channel built by the
river is not generally large enough to carry the unusually high flows .
This is due mainly to a series of complicated actions and reactions
of water and sediment leading to a type of equilibrium between river
water and river channel which requires the existence of a flood plain.
A flood plain can then be defined as a relatively flat area bordering
a stream and built of sediments deposited by the stream.

Types and Causes. The usual cause of floods is excessive runoff.
• Floods have been due to intensive rainfall, rapid snowinelt, high

tide, and overtopping or failure of reservoir dams with sudden
• release of large volumes of water. V

Storms in the region are of two general types, namely storms of
tropical origin (hurricane ) and storms of extra tropical origin such
as thunderstorms and northeasters. Tropical storms, a result of intef-
actions between differing air masses in the temperate zone, produce
intense rainfall. Extratropical storms, a result of convection insta-
bility often occurring within an air mass, pose the greatest threat to
small watersheds . V

Magnitudes and Losses. Word descriptions of outstanding floods
in the NAB date back to l635.(2) There is only one reference found
concerning floods prior to the coming of the English to New England
in 1620 and this was considered to be legendary. Systematic records
of river discharge for the most part date back only 65 years . From
the descriptions, “It i.~ fairly certain that the recent floodsexceeded all historical flo9d~ back to tue date of white settlement
some 200 to 300 years ago”.¼2) This is significant in that it
indicates that the highest recorded flood in the NAR covering only
65 years or so is also the highest in 200 to 300 years .

From 1902 to 1967 losses in individual severe floods in the NAB
occurred in 19214, 1927, 1935, 1936, 1938, 19142 , 19145, 19147 , 19148,
19149, 1953 and 1955. The property damage ranged from $2 million
to in excess of $760 million. There was a loss of life of more than

• 200 persons in the 1955 flood event. For the period 1925 to 1967
total NAB property damage average in excess of $26 million annually

(i) Numerals in parentheses refer to the bibliography at
the end of the Appendix.
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with a loss of life of about 11 persons annually. For this same period
of time the United States average property damage was $203 million
annually with a loss of life of 78(3) persons annually . The region
compared with the country as a whole contains only 5 percent of the
nation ’s land area bu has incurred about 13 percent of the flood
losses.

Localized floods in small watersheds have occurred throughout
the region every year. These floodwaters have caused an estimated
damage of $9 million annually for the period 1925 to 1967. Damage

• to crop and pasture accounts for about one-third of the total damage.
Damage to other agricultural property such as farinsteads , fences ,
livestock, and farm lanes has amounted to nearly ~l million. Much of
the $5 million annual damage to nonagricultural property occurred in
rural co unities and small towns; about 32 percent was to residences,
314 percent to commercial and industrial, 22 percent to t ransporta-
tion facilities, and 12 percent to other properties.

Over the years there has been increased movement into -the flood
- - plains by agriculture, private dwellings, industry, and other develop-

ments. This movement with its increased damageable values has been
V largely responsible for the increase in flood damages, rather than

an increase in peak discharges or frequencies. Most of the average
annual damage occurs from 10 year frequency floods and less. Floods
up to a 10 year frequency cause about 75 percent of average annual
damage to agricultural lands.

Water Management

“The habits of men and the forms of their social organizations
have been influenced more by their close associa~~9n with water than
with the land by which they earned their bread.’R I Farmers have
had to haul water for livestock in trucks from cities. City Coun-
cils have been warned that the growth of their cities would be limited
by the availability of water. Water in the reservoirs that serve
New Yorkers has been so low they were asked to cut down on the use of
water. Homeowners in many areas were asked to give up watering their
lawns in order to conserve municipal supplies. The proper develop-
ment and utilization of the water resources is imperative to the
future growth of the region.

Private groups and municipal, county, stat e, and federal govern-
ments have participated in water management practices . The Department

V 

of Agriculture (USDA ) under its Public Law 566 (PL 566), Public Law
5314 (PL 5314), and Conservation Operations (co) programs has installed
structures for flood prevention, drainage and water management. In
authorized PL ~66 projects within the region, multiple purpose reser-
voirs provide about 171,000 acre feet of storage for uses other than
flood prevention (1967 base year). These other uses include municipal
and industrial, irrigation, recreation, fish and wildlife, and low
flow augmentation. Under the CO program, the USDA has installed
channels for drainage and flood prevention-, tidal dikes , diversions,

V waterways, and farm ponds for flood prevention, irrigation, recreation,

V 

fish and wildlife, fire protection, livestock, and rural domestic use.

F-5
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E’TH0DOLOGIE~ AND ASSUMPTIONS

Ej t ~aLlish Study Area

The Coordinating Committee delineated the NAB into six Subregions
which are divided into 21 Areas (or Basins). Each of the 21 P reas

• coincide with large hydrologic units (Figure F-l) . The ad hoc Work
Group on Plan Formulation divided the 21 Areas into 50 Subareas .

Existing Data

Wherever possible use was made of existing data , records and
reports. Data from ongoing studies of the Susquehanna Rive r , Connec-
ticut River , and James River were used . The Pot omac River Rep ort
material was updated so as to be comparable to the other 20 Areas .
Information was taken directly from PL 566, and PL 5314 work plans,

V 
and preliminary investigations (P1) for PL 566 feasibility. United

• States Geological Survey (USGS) topographic maps were used to
V o~e1ineate flood damage areas and for the determination of storage

rapa~1ty in potential upstream reservoir sites.

TJ~ stream Watershed Inventory 
V

;c:~cr ever  existing data, records and reports were not available
Sc~i1 Conservation Service ( SCS ) field personnel made a reconnais-
;~ r~~t~ nventory. They used already developed methods or those
i~’s~~ribed. bc low .

Irventory forms were developed to record information including

~rea inundated, floodwater damage, floodwater damage reduction,
storage in potential reservoirs, and costs for structural measures.

.The Conservation Needs Inventory (CNI) watershed was the unit
used ir. gathering the inventory data. The CNI delineation was
developed as part of the National Inventory of Soil and Water Con-.
servation Needs. (5) Each CNI watershed is a hydrologic unit or a

~cnth inat Ion of two or more hydrologic units with a drainage area
not exceeding 250 ,000 ac res.

The material in this appendix is presented by 21 Areas and 6
Subregions . The data for the Areas and Subregions were aggregated
from the CNI units.

Delineating Flood Damage Area

Flood damage areas were delineated on USGS topographic maps .
USGS stream gage records, aerial photos, soil survey maps, field
reconnaissance, newspaper account s , and knowledge of recent key
floods were used as a basis for delineation of the damage area .
The ~arid use distribution within the damage area was determined by
measuring from the USGS topographic maps.
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Floodwater Damage Evaluation

Floodwater evaluation guides were used in determining damage
values for crop and pasture, residences , farm buildings, and
structures and contents for industrial, commercial, and institu-
tional establishments. Transportation, utilities, and other
damage values were based on judgment of personnel in the areas.

V Crop and Pasture. The average annual damage was calculated from
a family of curves showing

• acres of flood plain in crop ~o,ooc FIGURE F 2
and pasture and percent being
cultivated versus Average Annual
Damage. This family of curves
was derived from monthly >

damages weighted by the per-
V 

cent distribution of damaging .

storms .
4.—

Residences. Damage values~/ ~per market value of residences 4
for variàus water depths were W ~ •

obtained from several Corps of
Engineers damage schedules , 

______  ______  ______w ~ _ _ _ _  I _ _ _ _

Little Schuylkill Watershed 5 ~ 50 100 5001000
schedules , and from Stanfor~6) 

FLOOD PLAIN CROP& PASTURE
Research Institute St,~dies .
These values were plotted and a curve was drawn (Figure F.-3). Using
this curve and the market value of the residences , the total damage
for a specific flood freq~iency
was calculated. V ____ 

FIGURE_F-3 
____

~~60C’ —

4 /
Farm Buildings . Figure F-3 > /

~qas used, to determine the dollar ~~— 
____ ____ _____ ____

damage~./ per $1000 market valu W 50Ce~~~~~
of farm buildings . Using this 4 /
curve, and the market value of __ ____ /  / ____ —V the farm bui1ding~ the total o / ,‘

4
damage for a specific fre- 0 ( 

,
/ 

____ —quency storm was calculated. 
~ ____ ____ ____

V Structure and Contents for ~ 4~f I
All E~tab 1ishments. Establish 

-

____ ____ ____ ____

ments include retail, wholesale, ~~20( / 
~~~~

‘

personal service, manufacturing ~ ,,

and contracting. Figure F-3 wa~ __  
____ _____ _____ ____

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _

replotted and extrapolated from
a curve developed b~r the Stanford <
Research Institute. ’~6) The -J .— ____ ____ ____—J C - —
dollar damage is based upon 2 WATER DEPTH (FEET)

0 2 4 8

Includes damages to structures and contents.
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- value of rtructure ~i~ iJ — . iter-~ s. Because the damage to property
value ratio varies so greatly , ~~~~ curve was used only when it was
i~ pos~~~b i :  to ~~~ more accurat e d a t a .

Present  Average AnnuaJ F V 1~~~~~~~~~~ r~~~rI:

~ie average annual dan~1-e for crop and pasture was determined
directly from Figure F-2. the  average annual damage for other than
2rop and pa~- ~.re ~ar ‘ce ~e

-V er’Ci ~e’i ~i — ~~r.g ~~~~~~~~~~~~~~ F-It .  Figure F-14 ,
~hicr~ ~as dev~ : D ~ed from studied project , is a plotting of the
ratio of av’r~~:e annuai 1ama~-e to ~~~~~ flood damage versus key flood
f req~.iency.

F IGURE F-’- 4
A 10 ‘~~~~~~~~~ ‘ I
• V

0 6 -
0
I-;V V_i 4
~iV

- - - - - - -_ _ --- --- -- _- --+V-

0 2 ~~~~~~
THE <E’ CL~~~D IS 15 YEAR EV~~N~~V

I oAr.1A~Sl:s Ft ~OM IT TOTALED fI~~~~~~- DAMAGES START WITH 10 Y EA~ EVENT .
~ SE rU’~vE B
SI~~A~~L AL N J)AS5.A~,EJS ES1~.L...

Z ~.1AT~~~ O 2 S - S ~ CooaV : V.V S $ 5.0001
- 4 OtT

— 
L I
(...OS A - D AMAGES S~rA pT WITH 15YF EV E4T

• 9 DAMAGES START W ITH 5-~ 5 YR EV~~NT

• w C-C4MAGE S ST4RT W iTH 2-5 R EVENT

0
~~ 02

P
01 I I I I I I

1 2 4 6 6 10 20 40 60 80 100
• V KEY FLOOD FREQUENCY- V. (~~:A i?s )

U 1~:55 - - tc:~~i .-r..~] Y - r dT ma a~ sor i ,  ted with the key flood , the
- 

i~~~V 1cjueiI , ç~~(V tac ~-.ey flood , ~5 5 _ i - J  th~. f r~~aV1ency at which flooding
t L ns a:- - used to detc~rrnl~~e th e  vc.-rc ~~c annual damage . The total
dollar 4a(r V~~~ V C r( V1 tuic ke~’ fl-Clod wa~ os 55

~~rncted using the methods
c~ - ribed undu r ~‘loo

1
~~ter Damage Eva1ua~ ion.

2uif ~ ~:-~cucncy )f tLc k~y C1~od was determined using one or a
comb inaticn of h c t u  ~ f tnu ~LV ~~~ 1C~

VI J n g  ~ V:CI methods:

t

a. 

:: ; 
~~~~~~~~~ 

..
~ ~~~~~ 
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(i) Discharge—frequency FIGURE F-5
curves were developed for DISCHARGE-FR EQUENCY C1JRV~~selected USGS stream gages . FOR S~~.~1TE ~ U. S.G. S. STREAM GAGESThe curves were plotted D.A. 5-150 sq. mi.
using a gamma distribution. SUBREXIION B~ AREA 10Figure F-5 is an example ~ 95
of the plotted curves for 

~ 90Area 10.

~ 808 
~

~~14Q

~~20
C,,

~~ 5 .
C,)

I I I

.1 .25 .5 1. 2.5 5. 10.
DISCHARGE TH0USPJ~ CFS

(2) Curves were adapted from USGS Water Supply F l  er.T . (7) They
show the relationship between the drainage area and the flood di.s-
charge for a family of curves of any recurrenc e interval from 5 to
100 years . Figure F-6 shows
an example of a family of 

50.0 — ~~~~~ F-6
V curves for a part of Area Flood Fre en-~y Curves 18. ~~ch family of curves Flood Fre~~ency Region-~

’
~Jis for an area which is Hydrologi Area 9 ~/

flood-frequency character- 25.0 -
homogeneous with respect to 

~~

.

istics. They were used to
estimate the magnitude of V

a flood of any selected 8
‘0 10 0frequency between 5 and

• 100 years (or the fre-
ajiency of a flood of known
magnitude) for any site in ~ 5.0 -

L.

9 

I

V

the NAB for which the
I-I

drainage area is 5 square ~
miles or larger, on any 2.5 -

upstream tributary.not A

materially affected by /

regulation, diversion 1.0 (A’I _________________ ____

or usable storage. 5 10 50 100 200
L DRAINAGE AREA - Sq. Mi.

~/ Adapted from Magnitude and Fre-
V quency of floods in the U. S.,  Part

lÀ. USGS Water-Supply Paper 1671.
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T rie frequency at which flooding begins was determined by one of
the above two methods and experience of field personnel.

Engineering Analysis of Structure Sites

Actual field surveys of sites were beyond the scope of the
study . In lieu of field surveys , USGS topographic maps were used
to obtain the needed physical facts concerning a given site. The
information obtained from the USGS topographic maps for each site
included the bottom elevation, length of top of dam, shape of the
valley, area of contours, improvements within the impoundment area,
and drainage area above the dam. The smaller limit of drainage
area investigated was usually 5 square miles.

V To approximate the storage capacity of a site , a stage-storage
curve was developed by measuring three or four contours and using
average end areas to obtain volumes . The three or four computed
points were plotted on log-log paper and a straight line was drawn
through the points. On the same sheet of graph paper a stage versus
surface area curve was plotted to ma.ke it possible to determine the
relationship of volume of storage to surface area for a particular
stage .

Sediment Storage. The volume of sediment to be stored was based
on the amount of sediment expected to accumulate over a period of
50 years . In the region it varied from 0.15 to 1.25 watershed
inches . This was based on experience of’ field personnel and on
previously studied projects. Sediment volume in acre feet was
determined by multiplying watershed inches by the drainage area in
square miles times a constant conversion factor of 53.3. The acre V

feet of sediment determined the elevation of the permanent pool in
single purpose flood water ret ention structures .

V Flood Prevention Storage. Flood prevention storage provides
for temporary ~nipoundment of excess runoff. The volume of storage
needed for effective flood prevention varies from 3 to 5 watershed
inches of runoff in the region . This was based on experience and
the result s of completed projects. The storage for effective flood

• prevent ion usually involved a level of protection against the 100
V 

year frequency flood.

Beneficial Use Storage. Use of water in beneficial storage
could include irrigation, municipal and industrial, fish and wildlife,
recreation , rural domestic and livestock , low flow augmentat ion ,
power . ~~ visual quality. A Water Resources Development computer
program’°) using selected stream gage data was used to develop yield-

V storage relationships for det ermining a practical upper limit of
beneficial storage .

F -10
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FIGURE F-7
ANNUAL RUNOFF

‘p
Data taken from HA-212 Annual
Runoff in the Conterrninou s
United States by Mark W.
Busby , pub-
lished by
the U.S.

- Geological 11
Survey. (1Q ~ LEGEND

runoff in inches :

/ 
~~~~~~~~~~~~~ 

,_______ 
J

/
‘1

FIGURE F-8
R~~ ERVOIR STORAGE REQUIRE-
MEI’~T IN % OF AVERAGE
ANNUAL RUNOFF.
‘( 1% chance of shortage -
80% draft rate) r’~

Storage Required ( Scale
- 50 100 Muss

Region in % of Average i ~-s. .-9
Annual Runoff I

/
I S

II 55 /
III
iv 65

V 90
F
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Isopleths of average annual runoff are shown in Figure F-7.
Figure in the Region ranges from 10 to 30 watershed inches.

The maximum practical continuous draft rate is approximately
80 percent of the average annual runoff. Practical upper limits V

of water storage requirement for beneficial use are shown in
Figure F-8. Beneficial storage in the Region ranged from 8 to
19 watershed inches.

For further detail 4ee Appendix C , “Climate , Meteorolo~ r, and
Hydrolo~~”.

Structure Site Costs

Structure cost date are based on prices prevailing in 1970.
The total installation cost was arrived at by summing the cost of
construction, installation services, and lands , easement s, and
rights-of-way . Several working curves were used to help evaluate
these it ems .

FIGURE F- 9Height of Darn. The su~~~tion -

of the acre feet of flood deten- V RESOURCE AREA APPLICABLE TO

tion storage, sediment storage, 1-101 127 130 136 40 142 V 143 V 147 , 14~and teneficial storage deter- 145 149 15
mined the elevation of crest of ~I’146
the emergency spiliway as read
from the stage versus surface
area and storage curves. The 0
freeboard height as read from
Figure F-~u is added to the ele- io
vation of t h ~ crest of the w
emergency spiilway to give the
elevation of the top of the darn . -

Figure F-9 was developed from
authorized projects. The height
of the darn is equal tc the ele- 

V

vation of the top of the dam
minus the elevation of the lowest
point in the flood plain as read . 

‘ ‘ ‘ ‘ ‘
V 

f r— ~rr. the USGS topographic map . DRAINAGE A REA(s Q mi.)
V FREEBOARD CURVES

FOR CLASS ,‘C “ STRUCTU RES

I
’

F-12
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Volume of Earth Fill. Fig- FIGURE F -j O
urea F-lO , F-il , and F-12 were 1000 

~~~ SLOPIS-3-1 ~~used to compute the volume of
earth fill in the dam. The - 2.5- 28:1

figure or figures that were
used depended upon the shape ‘

of the valley, i.e.,  notched, -~ 400

rectangular, parabolic, or an V

average of two of’ the figures. ‘

~~~ ~o 200
The length and height of the 

~~~ 
‘
~~~~~<NV~ 

~~~~~

earth fill were needed . The
lengt h of the top of the dam
was read from a USGS topographic ~ _

map using the calculated eleva- ~~ - 10

The det erininat ion of the hei ht I N.
;~e u ~~~e~~~o~~

scu55ed in the 
~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~
100 ~p0O 10000

LENGTH OF FILL(ft.)
NOTCHED VALLEY

F I G U R E  F- li FIGURE F-12 ’
PARABOLIC VALLEY RECTANGULAR VALLEY

1001
. SIOE SLOPES- 3 : 1 - 2 . 5 : 1  V SIDE SLOPES- 3; 2.5: 1

2.5 -25:1 . 2.5. 2V5 :1

~~
VY

~O (100~ cu ydu )
4 V ~ O0 (1000 C -

600

100 lpOO 10000 100 ~ OO
LENGTH OF FILL(f tV ) LENGTH OF FILL(ftV)

F-13
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Construction Cost s. Unless local situations dictated the use of V

other costs , construction costs were calculated using Figure F-l3 .
The construction cost includes the cost for eart h fill , concrete ,
pipe , gates , toe drains , clearing , etc. These costs are based on
PL 566 as-built construction costs. They were adjusted to 19614 and

1.-: er e updated to 1970 for this  study .
FIGTJR E F-13

10 CONSTRUCTION COST VS. VOLUI€ OF EARflI FILL

:~~~~~~~~~~~

— 1  i i i  l i __i 1 1 1  V

1 5 10 50 100 - 500 OL~~

VOLUME OF EARTh FILL ( 1000 cu. yds .-)
In~taiJ.ation ~ervices Costs. Installation services ir.~~ jde

costs for geologic investigations, engineering surveyn , f inal
des~ ga~s , supervision and inspection , and administrative overhead .
Figure F- 1i-+ was used to calculat e the installation servioes cost ,-
as a percent of construction cost . The data to con~t rai~t th i s
curve were cornpiled from FL 566 work plans within t~ e ~~h .

FIGURE F—1 . 14
100 

INSTALLATION SERVICES VS . ~0 3TF.U~ T I0h ‘~0ST

~~~8o-

10 V — 500 1000
~~ 0V A V Y  . -~~~2 0 ;~ ~i’OST ( 1000 DCL~ A~ S)

Land, Easement and Vt~~-O~~-Way Co3ts. T~i C V ~O cos t s include
cost of land in the flood rIco1 anJ ~a:n s .~te  arc~~, cost of relocating
roads , br idges , buildings, raiircV t~~ , costs of r ights-of-way . easement s ,
etc .  The cost values were based Oti local experience and/or prepared
tabular estimates obtained through consultation with the Corp s of
Engineers . The easement area for the flood pool is read from the
stage-area curve using a stage equal to 2 feet above the crest of
the emergency spiliway .

F-1L
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Average Annual Cost. The total average annual cost is equal to
the operation and maintenance costs plus the amortized total cost.
The total cost is equal to the sum of the construction cost ,
installation services costs, and the land , easement and right s -of-
way costs. The total cost was amortized over 100 years at 5-1/8
percent interest . The average annual cost by purpose was deter-
mined using the “Use of Facilities Method” of allocation.

Present Flood Damage Reduction Benefits

Information from PL 566 watershed work plans developed in the
NkR was summarized to determine the relationship between damage
reduction (benefits) and percent of drainage area controlled by
structures. Figure F-l5 is a summary of this analysis.

V 

The percent of control determined from USGS topographic maps by
measuring the drainage area of the structure sites above the damage
reach and the drainage area to the damage center. The damages in
the reach were det ermined as described earlier in the Methodologies
and Assumptions .

FIGURE F-15
P~~CENT REDUCTION OF DAMAGES VS.

~ 100
-PERCE~T OF_DRAINAGE_AREA_CONTROLLED

j75

____150 
_

~ 25 

25 50 75 100
PERCENT REDUCTION OF DAMAGES

V 
Project Classification

The inventory data for each CNI watershed were tabulated and
summarized in Tables F-14 through F-9. These tables contain general
watershed data, pertinent flood plain information, benefit and
costs and upstream structural measures for each of the 21 Areas
and 6 Subregions . Each CNI watershed was classified as to whether V

itV was Not Evaluated, an Authorized Project, a Potential Flood Pre-
vention Project, or a Potential Development. These categories are
summarized by Region in Table F-3.

F -15
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(1) Not Evaluated. T~e:e are oatVersheds which are uroan , suejeot
to tidal inundation or are in down::tream areas on main stems . They
are the responsibility of the Corps of Engineers . Structural nea-
sures on upstream t r ibutar ies  in th e : e wa 4;cr s~Ve V I :  were : ~owr. Lot t~~ V C

damages and ben ef i t s  were i~ot V ali-~~loted. Forest pr eser ves ax~o
remote upstream areas we r V ~ iiot eva Luated .

(2)  -- V V L V r L O V V ~~1 A r c~~~
V
~~ -: . Isese r- ~ater::ieds 

V. V~~~ Vr ~~

have been authorizea by Cci~~ -es. .: n~ll ect ion  under th e  foi~ ow~ no
author i t ie::

(a)  The Flood Controi A ct- of V9 LJV~ FL 5314, as amerded ,
gives to the USDA responsisi lity in Ii seie tea watersheds
in the United States for watershed invest igations and for
p lanning and installing measures to reduce runoff and c- rns ich .

• and to retard stroar -. flow . The upper portion of the Potcrsa-:
g iv e r  Watershed (Area 19) was one of II authcriz~-d ~eleotedwate~Vsheds . Wi thin Area 19, ~0 auhwatersheds have ~:een

V 
planned and works of improvement are be ino insta .~~ed.

( i )  “PI~ et ” - V O h  :tr s t i o n  :na~l V t e r s: V~~
-
~~~ sr c~1e t s  -V - V~~ - ro

act ocrized under an aLorceiL ~tt1Oh ~ters iO 5 : - C  D : : VV :n:rA. of
Agricu .Lture APOrO~I-IW5iDO •~ct , I 95)~ (FL ~~~~~V V  lo~ or::).
Th is Act authorized the USDA to conduct sorveys , inve:3t iga-
t~i on: and research arid to carry cot preventi -oc measures ,
including but not limited to c5-?t~t t ions , nethod o f  o~~1t~ ’.r a_
t~~~n .  t he  growing of ~eo-rl- -t o o n  ~~~~V d :nang s in use of land
on 5~ watershed pro ject s  In the  ~~~~~~ Ut u t e 2 : .  Seven of
toese  p rojects are in the NAR.

(c )  USDA was given the re O115.L~~ V I iit~ for a dinin ist .erlnc
the  Watersoied P rC . c ct i r r .  51.1 Flood Pr event ion  Act of 195b ,
PL 566 , as amended . I h e c e  i c ) . V~~~ V t s  ar -  for  toe ruro-~se of
flood prevent i d .  and wat er nanscercer.t, inc 1udin~ S:: .

po:~~o as drainage , irri : :i t~~or , r ’ rea~ io~., municipal and
indostrial water sac~ ly, ±°~~~~ ar--i wildli fe :~~e v eiVo D m e n t .

-sa l- Cr  ~ua ity . sod c- ther  pu rror e s .  The USDA. in OOC~TV -~~OEt 1OO

vito feV :ier ol . st ate arV d ~~:ca o r en c ie s  mad c-: ui sac.
I r s tj c~~~ a~.: ~~~:o. t~ 1h-:O~ ui -ga~ i:at l onc a j: repar~~~nr-

a v:~’~ s ian.  As of 19r :’. 92 FL 566 D1.C V
iV V t V ;  have leo: .

an;;-.cr ~ zed in the  ~~~~~~

V (3) Potential ~ 1ood Pre icntio:: i~~~je ot .  These wate r sh - rd s  are
• proj ect . :  whies  C x r - L  ~~~hLod ‘O P :lt j orV crorfit-cost (B:C) ratios

of 0. :1 or OV TO~1
4
: :  ‘ 5 ;

V - . r  os-o .ea t  c or V d . L ti o r V : .  These projects  dese: ye
f:~~t~r.°r stuly for possisle flood prevention V h 1 :t Vi I i : a t i c z :  under  an
e a rly  a- --t icn pr:~~rar:; . Foiccwing are some of the 1-eas005 for chocs-

V a 3:C -otio of A .3:1 rath~ r t r ay .  unity .

(a)  General e’.--an st ion r o c ed u r es  ~iere u sed . A detailed
ste-dy mi. n-iow 5 r- F~:C r at io .
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(b )  The “Use of Facilities” method was used to allocat e ti~-
cost to flood prevention. The choice of anot iier - method may
favor flood prevention .

(c)  The benefits were based on r , V C V . e l i t  damages and did not
account for potential growth in the flood plain .

(d) Downstream damage reduction benefits were not included
in the evaluation .

(14) Potential Developments. If a ‘V - V-atershed did not fail into
the above three categories it was classified a:!- a potential he-iclop -
ment . These watersheds exhibited a flood pro:- - l i o n  B: t ratio of
less than 0.3:1 under present conditio~ s. T:iu. it was assume : teat
there is no flood prevention justifis Lion uriu I V an early a c ti c VxV
program. However , there is potential storage- available for oerje-
f icial uses. Beneficial use storage is that storage over and ab o ve
the sediment and flood prevention stor ge in the potential develop-
ment s and the potential flood prevent i on pr o t ect s.

Damage Projections

Damages by type were estimated at the time of the inventory
( 1965-1967) . Damages and damage projections are based upon 1970
dollars. Future potential damages were determined by weighting
agricultural and nonagricultural projections in proportion to present
damages . The weighted damage projection factors appear in Table i- i .

The projections assume people will continue to use the flood plain
similar to past patterns .

Agricultural Damage. The projection o~ agricultural  damage is
based upon expected crop yield increases (9) and cropland distribu-
tion for each area (Tables G-21 thr-ougo G-28 in Appendix G). Toe
distribution of crop land in the flood plain is assumed to be simi~~a!V
to the distribution of cropland for the entire area . Using the ex-
pected increa sed yields and the cropland distribution, an average
agricultural damage projection factor was obtained for the target
years 1980, 2000 and 2020 .

Nonagricultural Dama.~~~ N onagricultural damageable property
values wor e assumed to increase in direct  proportion to the increasea
wealth of an area . Persona l income was used as a gro\ct h indicator
of reproducible wealth . The nonagricultural damage projection factors
were based on Office of Business Economics (OBE) projections of pe:_
sonal income . A more detailed explanation of assumptions can be
f ound in Appendix E .

Personal income is comprised of per capita income and population.
Per capita income indicates improvements to and content value in
e x i s t i ng  structures. Population indi - -:-o t es rate of building . Thus ,
damageable property values with no new construction in the fi le r
plain were assumed to ii: rease in direct proportion to per o-g-- i tr
income .
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Pr ojections wi th  S t ructu r a l  Flood Ur V , vcI ,U on 11: -.;ur e-: : . Present
average annual d-nisge is toe total S V V  - ~~~~~~~ LXII I U S L i:t::1: ge Le ::s damage
reduction of :ut~ or1~~cU ru k V t : . The rresent average :tniiual damage
multiplied by the projection l- - t o r li~ I tb Ic F-l y io i {ed the potential
damages without fur ther  flood prevention mca.:ure: for the target
years 1980 . 2000 -aid 2020. fIle proje-ted damages ar e  shown by Area
in the Subregional Uwnrnnrie. .

TABLE F-i

WEIGHTED DAMAGE PROJDSTION FACTORS

Subregion : r- -
~o 

: 2000 : 2020
and Area

Subregion A
1 1.53 2.71 5.143
2 1.145 1.65 5.11
3 1.142 2.27

V 14 :.50 2.72 5.51.
V 5 1.25 1.149
V Subtotal  A 1.142 .52 14 .93

Aubregion J3
6 1.56 2.814 5.76
7 1.514 2~~93
8 ~.5 14 2.97
9 1.53  2.85 5 . 5 5
10 1.58 3.014

Subtotal B 1.55 2.93 5.)3

Subr egion C
II 1.37 2.12 3. ViiF

152 i.146 2.16
13 - - -

Subtot al C 1.1414 2.56

Subregion D
c.50 1.714

15 s.142 2 .37 14.27
11 ~ 1~~- 1.32 14.23

Subtotal D L .1414 1.1414 14.1414

A

.514 F .03 1.35
18 .35 1.81 1.50

Subtotal 5 1.141 .18 :.66

. 3 . r r - ~~~i o x .  F
:5  j~~ = .05 .10
20 1.51 .63 14.87
21 .57 .91 7.66

3-ustoist F ~.LO 2.98 5.87

1.50 ~.u5 5. 014
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Present average annual damage minus damage reduction with Poten-
tial Flood Prevention Projects gave what the 1966 damages would have
been if these projects had been installed. By applying the projec-
tion factors to this damage, damages with Potential Flood Prevent ion
Projects in place were determined for the target years 1980, 2000
and 2020.

Present average annual damage , minus damage reduction, with
Potential Flood Prevention Projects and Potential Development s gave
what the 1966 damages would have been if all potent ial upst ream
structural flood prevention measures were installed. The projection
factors were applied to this damage to yield the remaining damages
with all potential upstream structural flood prevention measures in
place for 1980, 2000 and 2020. These projected damages ~re shown
by Area in Subregional Summaries.

Objectives

V 
Alternative objectives were considered in developing needs and

solutions in plan formulation. The rationale for national efficiency,
regional development, and environmental quality objectives appears in
Appendix T , “General Program and Alternatives” .

National Efficiency (NE)

Reduction of direct and indirect floodwater damages wherever
and whenever justified are considered essential to the nation ’ s
economic growth and development.

Regional Development (ED)

Monetary benefits from a regional , stat e , or local viewpoint
are used in economic justification. These benefits include
increased spending by project beneficiaries; value of income pro-
vided to unemployed and underemployed labor and use of other
resources required for project con

V
struction, operation and main-

tenance; and added area employment .

Environmental Quality (EQ)

Protection of the entire flood plain provides benefits not
measurable in monetary terms. Prevention of loss of life, increased
economic opportunities for low-income families, improvement of
health aspects , preservation of unique areas, and maintenance of
delicate ecological systems are examples . It was assumed in this
study that optimum protection would result from management ~~ -the entire flood plain and watershed protection. Upstream multi-
purpose reservpirs would provide water surfaces where these surfaces
are required to enhance the visual quality of the environment.
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Extent and Timin~~of Structural Flood Prevention Measures

Within th~ scope of this study planning a program of watershed
development for the time frame years 1980 , 2000 and 2020 was a

-
~~ major concern . The determination of the extent and timing of groups

V 
of flood prevention projects must be made differently than justifi-
cation for individual watershed. projects which are related to
specific needs. A program relates itself to needs which may be-
satisfied over time and space.

The rate at which project s would be constructed depends upon:
(a) economic justification, and (b) coimrauiity action. The most
practical ( economic) time was established by determining the point
in time at which benefits exceeded costs for groups of projects.
The timing of Individual projects within the group was det ermined by
using a community action factor .

The following is a brief outline of the procedures that were
used to indicate potent ial structural flood prevention measures by
time frame years.

Economic Justification

Three curves of average annual damage versus time were developed
for each Area. They showed damages: (i) without additional struc-
tural measures (with Authorized Projects), (2) with “potential flood
prevention projects”, and (3) with “potential flood prevention
project s” and “potential development s” for the target years 1980 ,

V 2000 and 2020. The damage curves are illustrated in Figure F-l6 . The
-
‘ curves for (2)  and (3) assume ail projects and/or developments were in

place in 1966.
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FIGUR E F-l6
DAMAGE CURV~~AREA - RYPOTHL’TICAL

V. - rz-~ -
4•3

! ~1 ~~~~~ 

Ia1 f.~~
(2) ~0t e~

• p

• 
l’966 l’980 2c~00 2020

Tfl€

Damage reduction benefits attributable to “potential flood pre-
vention projects” are found by measuring the vertical distance
between the first and second curve . Similarly , the distance bet.:::r

• the second and third curves represents damage reduction benefits
attributable to “potential developments” .

Assuming that price relationships affecting both benefits and
costs remain the same over time, average annual costs expressed in
1970 in dollars would not change.

Damage reduction benefits are easily analyzed in relation to the
average annual costs by using the curves developed earlier. The
point in time when costs-to-benefits equals unity is found by moving
the vertical line representing the appropriate average annual cost
from right to left until it closes the span between applicable
damage curves (see illustration). Thus, economic justification ofV 

a group of projects and timing is readily coordinated .
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Connunity Action. Obviously, all of a group of projects will
not be installed i~~the same time . Distribution over time around
the unity point of the individual projects within a group is accom-

V pu shed by a conutninity action co-efficient. (10) Over 20 socio-
economic variables were stat istically determined to best describe
rates of community action. These variables were used in a discriminant
analysis program which rated the projects according to community action
or ease of adoption. Projects were categorized into high, medium or
low groups (Table F-2) by the computer program.

TABLE F-2

PROBABILITY O~ C~~~n,LTN.LV1V~~ ACTION
TO D’~ L~~~’~T

~~r~~-riJ~L FL~~~ PRzv~~-j :iON PROJ~~TS

Subregion : NU~~ER OF PROJ~~ TS
and Area : High Medium : - Low : Tot&1

Subregion A
1 1 0 2 3
2 1 0 14 5V 
3 8 8
14 1 0 1 2
5 0 0 8 8

Subtotal A 3 0 23 26

Subregion B
6 5 0 9 114
7 5 6 5 16
8 6 1 6 13
9 12 1 19 32
10 5 11 11 27

Subtotal B 33 19 50

Subregioa C
II 3 0 5 8
12 7 1 1 9
13 0 0 0 0

Subtot ai C 10 1 6 17

3ubr~g~on D
114 1 0 7 8
15 14 6 16 2C-
16 0 0 0 0

Subtotal D 5 6 23 34
• Subregion E

17 5 3 5 13
18 53 37 0 90

Subtotal E 58 1+0 5 103

• 8~abr~~ on F
19 16 13 6 35
20 1 7 1 9
21 5 9 13 27

Subtotal F 22 29 20 71

R~~ION T~~AL 131 95 127 353
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Potential projects were allotted to time spans. Total time span
varied around the unity point with the high , medium , and low group
projects spread in time according to the objective. These spans, or
portions thereof , were related to the time frame years for project

V formulation.

- V 
Toward the national efficiency objective, the total time span

was assumed to be twice the present to unity. Those projects in
the hi gh group were placed in the first half; the medium and low
group in the last half . To illustrate:

~ V) VP

.-j

Community Act içn Group of Potential FP PrOJectij
High f Med~ium 

- Low
V t  I

1966 1980 2000 2020
V YEAP

Regional benefits as increased spending by project beneficiaries
and ut ilization of unused local resources are in addition to damage
reduction benefits used to determine the unity point. The earlier
economic justification and incentives to encourage community action
are assumed to shorten the time span. Toward the regional develop -
ment objective , the total time span was assumed to be half again the
present ( 1966) to the unity point. Those projects in the high group
were placed in the first third of the time span; in the medium group ,
the middle third and the low group, the last thi rd . To illustrate:

~~~~
4V)

.H .
~

CA Grou p 6f Potential FP I5rojects Po-tentiall
High - ~Medium ~ Low Developmentsl

I -1
1q66 1980 2000 2020

Toward the environmental quality objective, landscape quality
constraint s rather than the economic unity point was used to deter-
mine time spans. Where additional water surfaces are needed, all

V 
potential flood prevention projects were placed in the earliest
time frame. Developments were placed into the later time frames.
To illustrate:

V 

~ V~~ 4V)
4V)~~~~~
~~~ V~V~

1~t~~ 1 Potential ~eve1opments

1966 1980 2000 2020
YEAR
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Because of physical and budgetary constraints it was deemed
practical to determine the timing of projects differently if the

V costs-to-benefits equaled unity before 1980. The projects in the
high group were placed in the time frame 1966-1980; and medium and
low groups in the time frame 1980-2000 . Area 18 i~ anotr ier  excep-
tion; the projects in the high group were placed in the time frame
1966-2000 , and the medium group in the time frame 2000-2020 . Project
timing described is for the national efficiency objective.

Flood Plain Management

Other measures for preventing flood losses are: flood plain
zoning, acquisition, land use management, flood warning systems,
evacuation , flood proofi ng, and flood insurance of specific prop-
erties. The extent s and combinations of these measures vary widely
from one watershed to another. These measures were not evaluated
in this analysis because of the scope of the study, and the present
state of the art does not allow for a readily usable evaluation of
the benefits and costs. It is significant to note that even if all

V 
the potential upstream structural measures were to be installed there
would be considerable remaining damages. Flood plain management
appears to be the soluti on to controlling these remaining damages.

Flood plain management demands vary according to objectives.
Urban and urban amenity lands not protected by structural measures
are the demands of the national efficiency and regional development
objectives. Management of all the flood plain is the demand of
environmental quality objective. The plain subject to high damages
would be managed by 1980 , low to medium damages by 2000, and the
remainder of the flood plain would be managed by 2020.

Wat ershed Protection

In terms of hydrologic processes , land treatment reduces over- V

land flow and runoff and increases interception, infiltration, and
soil-moisture storage. Peak flows are reduced. Although land
requiring treatment may not be justified solely on flood damage
reduction, other benefits make land treatment practical. Acreages
requiring treatment and feasible to treat are listed in Appendix G
“Land Use and Management ” . Acreage requiring treatment in project
watersheds are the demand of the national efficiency and regional
development objective. All land requiring treatment and feasible
to treat is the demand for the environmental quality objective.

R ELATION TO OTHER PARTS OF THE R EPORT

Flood Prevention

Upstream flood damages and measures for flood prevention have
been compiled in this Appendix. Damages on main stems and major
tributaries and the methods for alleviating these damages are
covered in Appendix E, Flood Control and Water Management on Main

F-2~4

____ 
‘S 

~~~~ ~~~~~~~~~~~~~~~~~~~~~~ - — — -- —- — _~V~~V_ ~~~~~~~~~~~~ 



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

Stems and Major Tributaries. In regard to the total flood damage
picture, there would show~in some instances a need for upstream
structural measures ; in other instances main stem structural
measures; and still in other inista~~ a combination of both. There
would show in other instances a need for flood plain management and
in many instances a combination of structural measures and flood
plain management, depending upon physiographic , climatological,
hydrologic , economic , and social conditions. This will be resolved
in plan formulation. -

Water Management 
V

The heeds for water covered in other appendices include irriga-
tion, navigation, pollution abatement, recreat ion, aesthetic and
cultural, fish andV wildlife, power , municipal arid industrial, and
rural domestic and livestock. In addition to flood preverrt ion
storage , potential upstream reservoirs could provide considerable
storage to satisfy water needs .

Any number of uses compatible with the physical limitations of
a reservoir site and the available water supply may be combined in
a multiple purpose reservoir. The combination of uses may be a
number of separate uses added together or there may be joint use
of the available water storage. -

If feasible sites are available but the storage capacity is
inadequate to satisfy all needs completely, then an allocation of
the storage to the various purposes must be made as equitable as
possible , the adopted allocation being a compromise between the
various uses . This V

~~ill be reconciled during plan formulation.
It will be reported in Appendix T and in the Main Report .

Watershed protection consists of proper land use and land treatment.
Protected watersheds yield higher qualities and often higher quantities
of water . They reduce surface runoff , improve moisture infiltration
into the soil , increase ground water recharge , and, decrease sediment
from polluting the streams and reservoirs . Land use and treatment are
discussed in Appendix G , Land Use and Management .

Price Base and Interest

Values of land and property, construction and service costs were
adjusted to a common price base to make them comparable to data pre-
sented in other appendices. Projected monetary values are also ex-
pressed in terms of 1970 dollars.

An interest rate of 5-1/8% was used to amortize costs. If the
interest rat e was increased from 5-1/8% to 6-1/8%, the suggested
number of projects for national efficiency objective by 1980 would
decrease from 91+ to about 70. Higher interest rates would cause use
of poorer quality, shorter life construction materials and higher
maintenance costs.
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R~~IONAL SU~~4ARY

PR~~~~T STATUS

Flooding

Total property damage in the NAB for the period 1925-1967 aver-
aged in excess of $26 million annually . (3) For this same period
loss of life averaged about U persons annually. The average annual
property damage has increased to $192 million (as of 1966 expressed
in 1970 dollars). The increase is because of the deflated dollar
and of changed and more intensive use of the flood plain.

About 29 percent of the damages occurs in the upstream flood
plains. Floodwater and sediment damage to agricultural crops,
farmlands, and buildings amounts to $18 million; damage to nonag-
ricultural properties amounts to $37 million.

Area Inundated. Total area inundated by the 100 year frequency
flood in upstream watersheds of the Region, excluding Area 13, is
approximately 6.1 million acres (Table F-3). Area inundated by the
50 year and the 10 year frequency flood is approximately 5.6 million
acres and 14.3 million acres respectively. Of the flood plain , 314
percent is in crop and pasture, 36 percent is in forest, and 30
percent is in urban and miscellaneous .

The range of percent area inundated in crop and pasture is less
than 1 percent in Area 5 to 50 percent in Area 17. The range of
percent area inundated in urban and miscellaneous is 7 percent in
Area 21 to 80 percent in Area 9. The range of percent area inundated
in forest is 14 percent in Area 9 to 78 percent in Area 1. Area inun-
dated as a percent of total Area ranged from less than 1 percent in
Area 1 to 148 percent in Area 18. V

Types and Amounts of Damage. The average annual flood damage
by Area for cropland, other agriculture, residential, commercial
and industrial , transportation and other is indicated in Tables
F-l+ to F-9.  . The present average annual damage (total damage
minus reduction of authorized projec ts ) ,  excluding Area l~ , is
equal to $55 million . Of this 32 percent is agricultural, and 68
percent is nonagricultural. Area 5 with 1 percent and Area 18 with
87 percent, indicate the range in agricultural damage in the NAR.
The range of present average annual damage of all types is $ 0.06
million in Area 1 to $10.91 million in Area 18. The present average
annual damage in dollars per acre of area inundated ranges from
less than $1 in Area 16 to $80 in Area 10. The average for the
Region is $9.

In upstream areas there are a total of 109 authorized PL 566,
PL 5314 and Pilot watershed projects which include 1492 dams with
about 527,000 acre feet of flood storage , and 1,14714 miles of chan-
nel improvement. These projects will reduce present average annual
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damage by $8.9 million leaving a damage of $14.0 million. Present
average annual damage in upstream areas outcide of watershed projects
is $50.8 million.

Water Management

In the Authorized Projects there is included about 171,000 acre
feet of storage for uses other than flood prevention in 160 multiple
purpose reservoirs . A 14,000 acre feet is stored for irrigation use . V

An ~~timatcd 1+00,000 people livi~~ in 514 communit ies are servea by
55,000 acre feet water supply. Another 90,000 acre feet of water for
recreational and fi sh and wildlife uses creates 8,700 acres water
surface. Au estimated 1+ million annual user days are provided on
these surfaces . Additional reercationa l benefits incidental to
multipurpose projects are enjoyed on 72 ,000 water surface acres
created in 255 reservoirs. Another 22,000 acre feet is stored for
other u - i cc  including low flow augmentation .

As of 1967 under the Conservation Operations program of tne
U~3DA technical assistance was provided for the installation of
about 6,800 miles of diversions , 8,000 miles of tile, and 114,000
miles of open main ditches for drainage and flood prevention .
Also in s ta lled  were about 70 ,000 ponds for flood prevention, irri-
gation, recreation , fish and wildlife, livestock, rural domestic ,
and f i re  protection.

PROBL~~.1S AiD NE~~ S

Fic-o~iing

Floods damage property , dis rupt households , hamper business ,
pos e health hazards , tangle t ransportation , mar the environment ,
and cause loss of life. Changed and more intensive use of over 6
million upstream flood plain acres subject to inundation, will
cause flooding to be an even greater problem in the future.

Present Damages. Presently the average annual flood damage in
tne Region is about $55 million. Flood damages in their entirety
cannot be economically eliminated . Even if all Potential Flood
Prevention Projects structural measures had been installed in
1966, the damages remaining would be about $30 million or 514
percent of the present average annual damages. This is due to
(i) the location of structural measures in relation to the damage
center, (2) the absence of structural measures, and/or (3) the
level of protection (economics) afforded the damage areas.

PL 566 measures are usually designed to rrotect urban arid
residential areas against the 100 year frequency flood, and agri-
~~witurai areas against a flood of 2 to 10 year frec~cency depending
upon tue crop being flcoded. From experience it has been found
tha t  tcI V~se le~e1s of prot ect ion -coincide with economic and social

V~~~~~~~ j r  u . ihu;: it can be seen t hat even if structural measures
V 

V~~~~~~ ~~ foun~
j to control 100 per-cent of the drainage area above
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the  damag~. clot there  still would be clucaages u - rring IV IV OS the
‘ LOr l ~ exceeding the designed j ivei  of p r o t c V u t l o r V .

~~~~~~~~~~~~~ Damages. If no additional flood prevention measures
-cure t h ; ;t a i l ed , the present average - -~nnu ; L flood damages of ~~~~
n i L L I o n  would increase to $82 million in i-)8b , $11+5 million in
2000 , and u~~T( million in 2020 . ( f a u l u  on page F- Ai. ) If new
cuoctruetion were restricted from the flood plains , the average

i damage say increase to $70 million, $98 million, and $150
million in 1980 , 2000 and 2020 !V o ;;~) ( ; i .t i vc 1y . If all the suggested
c lood prevention structural measures w e r e  installed based on t u e
methodologies for the ext ent and timing toward the national eff ic iency 

V

objective , the average annual damages remaining would be $73 million,
~l03 million, and $185 million in 1980, 2000 and 2020 respectively.
I-ucduction and remaining damages for other objectives are shown in
Table F-3.

-Ait ur

~ater withdrawals are expected to be foul times greater in 2020
V Van they are now . Instream need s will continue to increase. Ar.

uditional million water surface acres are necessary to satisfy
- u - -ut t e r  oriented recreational , f ish and wildlife, and, visual quality
need s . Upstream reservoir;; can help satisfy these water  storage
anc surface needs . Demand for beneficial use storauce in upstream
VVeservoirs  will be determined in the u-~AI-~ Supply Model.

Minimum irrigation water requirements for agriculture, institu-
tional and industrial lawns, and golf courses in the F~egion for
1980 , 2000 and 2020 are 762,000 acre- feet ; 1,013,000 acre feet ; and
1,238,000 acre feet respectively. About 1+2 percent of these re-
quirements is for agricultural irrigation. More than 60 percent

V 
of the water for irrigated cropland comes from constructed reser-
voirs. Consideration of irrigation storage use in multipurpose
reservoirs is especially important in Areas 1, 9, 13, 15, 16 and 18.

V 

Rural domestic and livestock water requirements in the Region V

will increase from 178,533 mgd in 196~4 to 1+90,755 mgd in 2020.(ll)
An estimated 688 rural communities and small towns need water
supply systems . In addition, 7143 upstream reservoirs are needed
(12) to help meet municipal and industrial water supply needs .

Recreation and fish and wildlife needs within the next 50 years
range frors ~14 to 2.2 additional million surface acres of fresh
water.~,/ These water surfaces provide those desiring outdoor water V

oriented activities the opportunity of 9140 million visitor days.j/
The same water surfaces enhance the visual quality of t;;LV landscape
in areas 12 through 21.

Instream flows can cc augmented by wate r  released from upstream
r c c cr v o ir ~~. Increased stream flows could dilut e waste -ii~;charges

Com niled from ~U t - - P:rase III Plan Formulation dats .

F-29 

— ;:: 
_ _ _ _ _ _ _ _ _ _ _ _ _



_ _ _ _ _  -V

- -  l~~~4 \  )~~ S LI 1 4 1  - -

-~~ 

V

- 
-4 V _ - - 

V : A ; - 4  4 V~
LI V ~~~~ ~ L _ _ t - - i -

- V S -  —1 -~ i~~~H -~ I

- 
— 

-
~ ;— V - - 1 -~~ ~~~m ; — - -~ - ; - -o~ - -Vfd - r~~-~ -J O ’~~~~V~ V•_4 V

- - - - - I ~LO 0 -D V) U) 0 - _4 ; - - V J •- S~S ~~
-V - - -~~ 

-

(fl V V V V • • •V  Ui
LU - 0 -O u~;- - - >

- >  0 0 V V~ u-- s
D D .  -SD -) U\ O  I—H O  - -D c - s o - -S H - u

LU
-) - V

W I -JO 0 ~OJ O  JO 0 0- H  ; ~V }  - -~~1 
-

V
- 0 0 0 ; - - -o -X: 55 5 01

O H  0 V 0  V 00 JO LSO d -~~ 0— C _S

~~~
>-

~~~~ 55 5 -l~5 - - -~ V V l~~~ H 0 t ~V as
3 VJ (

~r~ - 
-
~~

~~~ 
H l 4 ~~0 - -5 - V~

D 
JO - - o J O  ;~~t~~O V

V

- - JO 0 JO 550 ~ —~~ ~ - u V S  N- H

O u l  H~~~~~~~5 V 

H 
-V

c~ Z (3 —~~~~~ -~~ 0 - O J O  ~~~~~~~

~~ O~~~: 
~ 

z
(Y) ~~~ -

- —

U 551 N CU - V - - 5— fl U C~J 0 — - -~ —5 00 5)

CD Lii - - - (f) ~44 - 4 - H Cd —-I ;-J -~ 01 - - -

<C I- 
V

~ : 
d -t a ~~~~~~~~ ~~~~~ ~~~~~~~~~

cr1~~~~~:: H
LU z - : -

~ ~~~ 

g-~ JO~ N ~~~~~ ~~~~~~ ~~~~~~

I— d ; :  U~i Z 5 -d

4~~~J - - . -)

~~~< V~~~~~~~ - 0~~~~~~~ M D - t u-

<C V~~~~~~ V V :

o -:
0 --S S o ~— 50 H

5 -C CU U

LU -~~~~~~~~0 0  H
(Th Z .-~ -J ~~ —S - 

(1)
~~~~ 

VS) - 0  ~--S 00 LU >5

J O t

< 
V (1) V .- - JO  ~~~~~~~~~ U

H- L- 0 0 5) (sJ ‘S 0 —H 0
C U O d  00 0  - V

UJ - - 0’ - 44 C-i - - 
:1 0

:1

—, j c -~- - - - V (44
C)

H V V >’ 54, — V -
F -

~~~-I_ ~~~~~~~~~I:~::L~~1 ~~~~~~~ LIV 
- _



and treatment plant effluent . Inrproved water quality and uniform
flows encourage game fish populations ; stream angler days would be
increased . Low flow au~ nentation would help restore the aesthetic
landscape enhanced by streambanks with clean flowing water. In-
creased flow3 could enable recreational boatsmen to enjoy white-water
canoeing and pleasure boating and shippers to use navigation.

The problems and needs connected with water management will be
covered in other appendices . The average runoff in the Region is
163.0 bgd or 19.95 inches per year. The fresh surface water with-
drawals for all purposes is only 12 percent(l3) of the average
annual runoff . The average availability of water is abundant ,
but its usefulness is limited by uneven geographic distribution,
large fluctuations in supply, and poor quality in some locations .

MEANS TO SATISFY DEMANDS

Flooding

Flooding can be prevented or controlled with structural mea-
sures and/or nonstructural measures . Structural measures include
dams with flood prevention storage, channel iniprovement, and dikes,
levees, and tide gates. Nonstructural measures are comprised of

S watershed protection and flood plain management.

Structural Measures. The table on page F-3 indicates the
extent and timing of structural measures in Potential Flood Pre-
vention Projects. The installation of 1,279 dams with 2 ,175 ,000
acre feet of flood prevention storage and 14,253 miles of channel
will reduce the annual flood damage in 2020 by $120 million. The
extent and timing of potential flood prevention structural mea-
sures by Area and by objective is indicated on plan formulation
tables in the Subregional Summary.

Watershed Protection. In addition to structural measures,
•land treatment and management will provide flood damage reduction

V benefits. Forty percent of the Region ’s 105 million acres needs
treatment. Land treatment measures include diversions, terraces ,
wat erways , stripcropping, cover cropping, contour farming, and
afforestation. Management includes application of lime and fer-
tilizers, and conservation cropping systems . Land treatment and
management can account for 2 to 5 percent reduction in flood
damages. In the NAB if all the land were treated and managed
properly , damage reduction could amount to about $8 million in
2020. Land use, changes, treatment and management are covered
in Appendix G.

Land treatment and management contribute significantJ.~r to
controlling erosion and the resulting sediment . This is covered
in detail in Appendix Q5.
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Flood Plain Management. Flood plain management is used to cur-
tail additional damageable properties, preserve and improve ground
water recharge areas , provide aesthetic and scenic amenities ,
protect fisru mci wildlife resource , enlarge recreational areas ,
and improve visual quality of the environment . Flood plain manage-
ment ara-otices include dVjood plain zoning, flood proofing, flood
warnlnc  ysteruV ;, and evacuation .

Restricting new construction from tru e flood plain may reduce
damageab55e property growth by 57 percent. The estimate is based
upon rates of building indicated by population growth; refer to
Damage Projections on page F-l7. Controlling land use changes,
limiting intensity of flood plain use, and restricting improvement s
~~ y result in reduction of present damages as well as to eliminating
addit!ona l damageable property. Diverse flood plain ~~ nagement prac-

- - ticus ui~Ier varying conditions need to be compared wi th  structural
mess sure s

The amount 01 reduction in damage from total flood plain rrs~nage-
ruent was not analyzed in this study because of the engineering ,

V economic and social problems in evaluation. Some questions to be
answered are: How can the benefits and costs from nonstructural
measures for flood prevention be evaluated? How is the cost of
res t r ic t ing  flood plain development deterrnVined? What is the cost
in each part of the flood plain? How will the cost vary throughout
the project life? From which portions of the flood plain should
development be excluded? Which kinds of development should be
excluded? How can individual owners more effectively protect their
property by flood proofing?

~onstructural measures need to be evaluated as alternative
or complementary considerations to structural measures. Even if
sill Potential Flood Prevention Projects structural measures were
installed , nearly two-thirds of floodwater damage would remain.

~onstructural measures arpear to be the only recourse for preventing‘this  remaining damage .

LI Flood p lain management plans need to be developed and imple-
meat-sd. A first step toward such a plan is delineation of the flood
p lain and of areas expected to be inundated by several frequency
floods . Until detailed hydrologic studies cc-n be completed , soil
surveys nay be used on an inter im basis .  Planners should consider:
acquisition of the 10-year flood plain , eliminating new construc-
t ion or substantial improvement in the 10 to 50-year flood plain,
restricting construction in 50 to 100-year flood plain subject to
builders ’ flood proofing plan and to the marsagement plan , and
broadening flood insurance (mandatory when any federal funds are
Involved) to include commercial and industrial properties.

Water ~Vt c rs~~j rV rnorLIt

J tor a~ c. In addition to flood prevention storage in t r u e  Poten-
t l l~ Flood i-revent ior ~ Projc;’t. : the re  is storage of 14 .1 million acre
feet for  other cu - cs.  Th-;rc- are ab ut 10.14 million a-o re  feet of
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Figure F-17 V

SCH~ ’(ATI C OF MULTIPURPOSE R~~’~RVOTR

Flood Detent ion Storage

Figure F-18
PERCENT COST VS PERCENT STORAGE
UTILIZED IN UPSTREAM RESERVO IRS
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storage for other uses In Potential Development s and Not Evaluated
watersheds . The total available for water mAnagement in potential
upst ream impoundment is JJV~.5 million acre feet . Thi s storage is
the maximum practical development based on yield, topography and
rights of way. The specific needs for water will be identified in
other appendices .

Storage reservoirs in upstream areas have several advantages .
Listed below are a few of these:

1. Landrights costs range from 2 percent to 50 percent of
the total cost of a dam. This percentage will vary up
and down in special situations. For the most part , these
dams are located in predominantly rural areas , thus lower
landright s costs . If these sites were located in more
populated areas , the landrights costs could increase
tenfold .

2. Water for rural domestic , municipal and agricultural use
could be stored closer to the source of demand , thus
reduc ing water distribution costs. Water not consumed
will be available for re-use downstream. Pollution is
often less of a problem in upstream areas resulting in
lower water treatment costs.

3. The environment is enhanced by the distribution of water
surfaces impounded behind upstream dams . These bodies
of water would also provide fish and wildlife, and
recreat ional opportunities in close proximity to the
people.

14. The social aspects of upstream reservoir sites is
another consideration. Little disruption of community
life and transportation and service facilities is
usually involved .

The cost of storage in reservoir sites in upstream areas varies
greatly in the NAB depending upon location and site conditions.
For the smaller sites (1,000 AF) the cost ranges from $150 per AF
to $1,000 per AF. For the larger sites (25,000 AF) the cost
ranges from $30 per AF to $150 per AF. In special situations the
costs will vary from the aforementioned ranges. In general these
costs were more in the central portion of the NAB.

The economy of scale is quite evident in analyzing the cost of
an upstream site. When decreasing the storage from the maximum
practical development to 20 percent of maximum practical develop -
ment , the cost per AF increases on the average by 105 percent .

F-314
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Ground Water. The extent of ground water development is discussed
in Appendix D. Large land use shifts could affect the ground water
supplies. Precipitation infoltrates pervious areas and percolates to
the ground water . With tbe~ e pervious areas being covered by residen-
tial and urban develoVpments, shopping centers , parking lots and trans-
portation systems , the precipitat:Ion will run off and not become
available to recharge the ground orcter supplies.

Diversion. In general there should be little need to divert water
to satisfy the needs in upstream areas. The flexibility in location
of smaller impoundments and the availability of ground water supplies
should satisfy most upstream needs .

Programs and Agency Activities in Upstream Water Resource Development

There are several ongoing programs and agency activities which
would help satisfy the demands f n: flood prevent ion and water manage-
m~~t in upstream areas.

Federal Agencies

Soil Conservation Service (s-a ). haser the Conservation Operations
(cc) program t~ie sCs throu~; Soil - 7 c 1 0 c V O V ,V a t i e r -  Dlltficts (SCD) provides
technical hoTh to farmers , r c a o h e~~- : , c-rcurtmites , urbanites, and
other land. users  in a national so~~ and water .ocxoservotian program.
Approximately 97 percent of the NAi~ Lu ~n SCD. Conservation measures
such as diversion terraces , grcccrod ~rster~ays, ponds , windbreaks,
stripcropping , mul ches  u - Vnd -l- b:-i.i b c-ot n - , help hocci f-own the soil,
conserve wat er , rr-:-tec-o c rc-ps c-as bi’V C  c-- as., c-nd crscuote agricultural
economy .

As part of the Nh~ i. cmo- 1 I n v - u r o o r p  of Soil a4~d. Water Conservation
Needs , watershed p roject  needs are invent ar ied .  These needs are
periodically updated and irs -:- ~uth’ dr~~nage , irrigation, protection
against floodwater , and splim~n~s - - cactrol.

LI 
The SCS adin.inlst:-rs i~L 566 ~~~~~~ 5~ 4 and ~esour ce Conservation and

Development (RC&D) prc~~edll , an-f partucipstes in comprehensive
river basin p lanning .

Agricultural Stab~J T h  ~ u - r  r n -I ~~~aV ’css ic r1  Service (u~~CS).
Under the Agrlcu ltura .  ~o er—rat L~a ~‘~~~~~c -nc  ~ t- -~P~ f r r o ral co-st
sharing assistance j O rr c-r~ ic-f .~2nsI cvanrc aru -.1 saerc - t sc V to apply and
install land treat-sc--nt ar~-~ :;ta.c: rul me-si c-:rc s . Ibese oract ices
reduce soil erosion and j~~~~~~~~~~

V
:~~~~~~~~ fl , re dus- -s runo ff , and provide

water stora~:e for agri u1 tar-il -r-o rural V 1 V

Fa~~ ers Home Adm~r t  c-n (~ HA) - ~r- s~ 
- and loans for the

V 
construction, ic~p:’o---iesn-orLIt -~ne exi.enrion of v~ter and sewer systems are
available to ssvs fl r-:ra~ :ossrux~tt ies . Th~ s acsi:tan’c Is given to
promote th-s efficient -~nf ‘-

~~~
- -

~~ ~ cowt- of a JV V
~~I5 f t 1~~~~~ and to help

control the pc-l] ition of water.
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Agricultural Research Service (ARS ) . Hydrologic research is being
conducted at several locations in the NAB . The studies vary by
1o~ttion and concern precipitation, snow melt, rainfall-runoff
relations, flood peaks, water yield, channel stability, and sedimenta-
tion .

- 

Economic Research Service (ERS ). Research functions range . from
program-oriented applied research to research activity that is
problem-oriented, but not directly linked to the dev~lopxnent of a
specific program. The river basin studies contribution by ERS is
an exampla of program-oriented applied research. In these studies
an effort is made to provide reliable economic information to those
responsible for programs to develop the water and related land
resources. Two Type 11 and three Type IV studies are underway in the
~~R.

Problem-oriented research includes but is not limited to studies
of irrigation efficiency, laws and administrative ru.les as they affect
resource allocation, land use through remote sensing and recreation
evaluation. All of the above research funct ions are directed to
develop useful and reliable information about natural resources, their

V use , control, development and conservation.

Forest Service (FS ). About 2.3 million acres of land in the NAB
are in federally owned National Forests. These areas are managed
under the principles of multiple use and sustained yield of the forest
resources : wood , water , wildlife , and recreat ion.

The Forest Service also conducts cooperative programs in fire and
insect and, disease control , flood prevention and river basin planning
and forest management on stat e and privately owned forest lands within
the NAB .

Research is conducted by the FS in the f ields of water , t imber,
recreation, and wildlife habitat. Of particular interest to the
NAB Study is the research being done in water yield improvement
at the Hubbard Brook and Fernow Experimental Forests in New Hampshire

LI 
arid West Virginia and the cooperative federal, state and municipal
water yield studies .

The Forest Service also cooperates with governmental agencies in
the PL 566, PL 53Z~ and other water resource development and govern-
mental programs.

Corps of Engineers. Under existing authority the Corps of
Engineers can , upon request from local interests , plan and design small
reservoir projects. The field investigations , plans and design of
these projects are carried out by the District Engineer , arid he
determines the justification for each invididual project in accordance
with established criteria and procedures. If findings are favorable

• he can recommend construction of a project to the Chief of Engineers .
If upon review by the Chief of Engineers the project is deemed
advisable, allocation of funds within the limitations established by
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by the i9~48 Flood Control Act is then made for its const ruction. The
Corps of ~~gineers participates in comprehensive framework and
detailed river basin studies.

Federal Programs

Watershed Protection and Flood Prevention Act. The Congress of
the United States enacted the Watershed Protection and Flood Prevention
Act (Public Law 566, 83d Congress , as amended) . This Act authorizes
the Secretary of Agriculture to cooperate with states and local agencies
in the planning and carrying out of works of’ improvement for the
prevention of damages from erosion , flood water, and sediment and for
furthering the conservation, development, utilization, and disposal
of water. Responsibility for initiating projects under the Act rests
wholly with local people through local organizations having authority
under state laws to carry out , maintain, arid. operate works of improve-
ment . The local organizations must acquire without cost to the
federal government all necessary land rights except in cases where
recreation, fish and wildlife , and water resource improvements are
involved: defray the costs of operating and maintaining the works
of improvement ; obtain water rights; assume part of the costs of
irrigation, drainage, recreation and fish and wildlife measures; bear
all of the cost s for measures serving other purposes ; arid obtain
agreements from owners of at least 50 p.~rcent of the lands in the
watershed above each retention reservoir to carry out recommended soil
conservation measures. The Secretary of Agriculture may provide local
organizations with technical, financial, and credit assistance in
planning and installing needed water management and flood prevention
measures. The planning is limited to watersheds or subwat-’rshed areas
of 250,000 acres or less , and to Individual reservoirs with a maximum
total capacity of 25,000 acre feet and maximum flood water detention
capacity of 12 ,500 acre feet . In the event that the estimated federal
contribution to construction costs exceeas $250 ,000 or the plan
provides for structures with a capacity greater than 2 ,500 acre feet
but less than l1.,000 acre feet in a single structure , it must be
approved by resolutions of the Coi ittee on Agriculture and Forestry

LI of the U. S. Senate arid the Committee on AgricuJVture of the U. S.
House of Representatives. Any plan involving a single structure of
more than 1+,000 acre feet of total capacity must be approved by
resolutions of the Committees on Public Work s of the Senat e and House
of Representatives. Section 6 of the Act authorizes the Department of
Agriculture to cooperat e with other federal and with state and local
agencies to make investigations and surveys of watersheds of rivers
and other waterways as a basis for the development of coordinated
programs .

As of 1967 there are 91 Authorized. PL 566 projects in the NAB .

The Flood Control Act of 191411., Public Law 5311.. PL 5311., as amended ,
gives to the USDA responsibility in U select ed watersheds for
watershed investigations and for planning and installing measures to
reduce runoff and erosion and to retard stream flow. The upper
port ion of the Potomac River Watershed (Area 19) was one of U
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authorized selected watersheds. The Potomac River Watershed is
divided into 25 subwatersheds. Of these 10 have been planned and
works of improvement are being installed.

Comprehensive River Basin Planning. As a means of strengthening
coordination among all affected water arid related land. resource
interest s , the Congress enacted the Water Resources Planning Act
(Public Law 89-80). This Act established the Water Resources Council ,
authorized establishment of river basin commissions , and provided for
financ ial assistance to the states to increase state participation
in coordinated plAnn~r1g of the nation ’s water and related land
resources. Section 6 of PL 566 authorIzes the Secretary of Agriculture
to cooperate with other federal, state and local agencies in their
investigations of watersheds, rivers, arid other waterways to develop
coordinated programs . The USDA is currently involved in two Type II
and three Type IV studies.

Type II studies are in greater detail than Type I studies. They
define and evaluate projects in sufficient detail to cDmprise a basis
for au’chorizaLion or implementation of those federal or federally
assisted projects to be initiated in the next 10 to 15 years . These
studies are coordinated by a river basin commissicn or other federal
interagency - state coordinating organization. Studies recenti.y
completed within the Region are the Connecticut and ~usquehanna R~~er
Basins.

Type IV studies are in the same detail as Type II studies. Type
IV studies u~cual1y are state sponsored surveys of water and related
land. resources for all or part of a stat e or a river basin i~ which
one or more federal agencies cooperate with the state or each other.
Studies in progress within the Region are the James River and the
Massachusetts Water Resources Study.

River basin surveys were completed for the Delaware River Basin ,
the Potomac River Basin , the New ~~gland-New York Inter-Agency
Conmittee, and the Appalachian Water Resources Survey.

• Resource Conservation and Developmerrt (RC&DI. Under the Food and
Agriculture Act of 1962, Congress authorized the Department of’ Agricul-
ture to help rural communities imprcve their e~’cnon~r . RC&D crojects
were devised to meet this need. In these projects, local pe ..ple
and groups work together with USDA help to speed development of

• natural resources as a base for economic growth. RC&D projects are
administered by the SCS .

This program provides technical, financial, and loan assistance
on a limited basis to local legal sponsors in approved areas where
acceleratIon of going programs of resource conservation, development,
and utilization will increase economic opportunities for local people.
The program provides local leadership with the opportunity to
coordinate and utiiize local, st cte and federal facilities and
tec’inlques more f’~illy in ;lar~nlng and carrying cut a baIar •~ed Drog r~m• ol tand conservation ~ 1 z V i~~n and in determi ning rJternate uses
of land and wc~ter resources in open spaces. Included are technical
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help on the conservation measures needed to reduce erosion , flooding,
and sedimentation . As of 1967 there were six RC&D projects in the
NPLR which have been approved for planning or operations. They are
East Central Vermont , St. John-Aroostook in Maine, South Cent ral
New York , North Country in New Hampshire, Endless Mountains in
Pennsylvania, and Eastern Connecticut .

Needed Research

• Following is a list of research needs for flood prevention and
water management to better utilize and protect our water resources .

1. Further study in the field of small watershed hydrology .
Locate many more stream gages in small watersheds (less
than 5 square miles) to better evaluate the flood and water
yield potential in upstream areas. Evaluate effects of
urban development on runoff.

2. Develop evaluation procedures for determination of benefits
• and costs associated with flood plain management.

3. Development of procedures toward determination of the more
equitable allocation of costs in multiple purpose reservoirs .

4~ Further study into the salt water intrusion of ground w~iter
supplies.

5. Further study into evapotranspiration rates under maximum
potential and under limited water supply conditions .

6. Continued work into the use of sewage effluent to satisfy
specific water supply needs .

7. Development of procedures for evaluating projects toward
alternative objectives.

CONCLUSIONS

Flooding

Damages in the Region have increased substantially over the ycct
20 years due mainly to more intensive use and increasing wealth in
the flood plain. The trend toward increasing potential damages in
the flood plain is expected to continue, assuming use of the flood
plain will continue similar to past patterns .

If no additional potential flood prevention measures are imple-
mented, average annual damages in the Region in upstream areas are
projected to reach $277 million by the year 2020. Installation of
potential structural flood prevention measures could result in averagc
annual damage reduction of $129 million in 2020.
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Alternatives in addit ion to darn and channel construction must be
considered in reducing flood damages in upstream areas. Even if all
potential structural flood prevention measures were installed in the
Region by 2020 there would still remain an annual damage of $1148
million. Flood plain management could help alleviate this problem,
but further study is needed in the evaluation of benefits and costs.

Hydrologic studies are needed to delineate areas prone to flooding.
Regional (basin) policies and criteria for use of these flood plains
are needed until detailed plans can be developed. Needed reservoir
sites in danger of being eliminated by urban construction need to be
preserved until timely project development can take place.

Detailed flood prevention studies should be considered in Areas 7,
9, 10, 12, 15 and 18. This recommendation is based upon projected
average annual flood damages in 2020 exceeding $10 million. Flood
prevention plans incorporating structural measures, watershed protec-
t ion, and flood plain management are needed to prevent these huge
flood damages.

If detailed comprehensive river basin studies are initiated in
Areas 6, ~~ and 20 it is recommended that detailed flood prevention
studies be considered. This recommendation is based upon projected
average annual flood damage in 2020 exceeding $3 million but less than
$10 million. Detailed comprehensive plans needed to solve water
supply problems should include flood prevention measures.

There are 353 watersheds classified as “Potential Flood Prevent ion
Projects”. In areas not selected for comprehensive river basin
studies , preliminary investigation of the “Potential Flood Prevention
Projects ” are needed to ascertain feasibility and local interest.
These individual watershed investigations should consider multiple
use of both structural and nonstructural flood prevention measures.

Areas 8 and 17 have recently been evaluated under Type II and 21
is now being evaluated under Type IV river basin studies. A study
f~or Area 19 has been completed under a special Congressional authoriz-
at ion .

Wat er Management

There could be 114.5 million acre feet of water made available for
uses other than flood prevention in potential upstream impoundments.
Water surface of these potential impoundments would cover 922 thousand
acres. This water will be considered for allocation to meet the
needs developed in other appendices.

V 
Federal cost sharing policies for particular purpose should be

uniform. For example, land costs for flood prevention are borne
by local people if a federally assisted project and by the federal
government if a federal project.
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Full site utilization needs to be encouraged. Justification
procedures should include evaluat ing each purpose as the last
increment. Full use of economies of scale will prevent underdevelop-
ment of needed storage. Project purposes yielding long range and
widespread benefits do not generally receive concerted local support.
Units of governments, willing to exercise their authority to enter
into financial arrangements and bear a large portion of the cost ,
are needed to satisfy widespread public demands.

Water q~ra1ity, quantity, and surface demands vary with alternative
objecti’ies. Objectives change with time. The most desirable
objective “mix” may be different a decade from now. To have a dynamic
program , viable working tools and procedures are needed for periodic-
ally updated studies. The Demand-Supply Computer Models, resource
interactions, and related land balances are such tools.
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IV - SUBR~~ IONAL SU~~ ARY

SUBREX~ION A (Areas 1, 2 , 3, 14 and 5)

Flooding

Area Inundated. Tots]. area inundated by the 100 year frequency
flood in the Subregion is approximately 377,000 acres (Table F-14).
Of this, 3 percent is in crop and pasture, 66 percent ir in forest
land , and 31 percent is in urban and miscellaneous .

Area 5 has the greatest and Area 1+ has the least total area
inundated . The greatest and the least acreage inundated in crop

• and pasture is in Areas 3 and 1 respectively. The greatest and
least acreage inundated in forest land is in Areas 5 and 1+ respec-
tively. The greatest and least acreage inundated in urban and
miscellaneous is in Areas 5 and 14 respectively.

Area inundated as a percent of total area for the Subregion is
2. It ranged from less than 1 percent in Ares 1 to 5 percent in
Area 5.

Present Damages. The present average annual damage in the
Subr~gion is approximately $0.9 million. It ranged from $0.1 mil-
lion in Area 1 to $0.3 million in Area 3. Of the total, 114 percent
is agricultural and 86 percent is nonagricultural. The percent
agricultural damage ranged from 1 percent in Area 5 to 36 percent
in Area -3.

The present average annual damage in dollars per acre of area
inundated ranged from $1 in Area 5 to $10 in Area 14. The average
for the Subregion is $2.

There are seven authorized PL 566 projects in upstream areas
which will reduce present average annual damage by $0.17 million,
leaving a damage of $0.01 million . Present average annual damage
in the remaining upstream areas is $o.814 million.

Future Damages. If no additional flood prevent ion measures
were installed, the present average annual flood damages of $0.9
million would increase to $1.2 million in 1980 , $2.1 million in
2000, and $14.2 million in 2020 (Figure F-l9). The range in annual
damage in 2020 would be $0.3 million in Area 1 to $1.3 million in
Area 14.

Extent and Timing of Flood Prevention Measures

Structural Measures. Suggested flood prevention structural
measures involving installation of 77 multiple purpose darns with

V 302,800 acre feet of flood prevention storage at an average annual
cost of $l.114 million will reduce annual flood damage by $2.80
million in 2020. The tables on pages F-146 through F-50 indicate
the extent and timing of pot ent ial flood prevention structural
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measures for each objective by Area . The installation of structures
involving National Forest land will depend upon further analysis to
determine compatabilLit v with Ii~tional Forest :~urp o~

;es.

Flood Plain Management. Flood prevention plans for the 377,000
acre flood plain should include nonstructural measures or devices
as an alternative, in combinat ion or in adiition to structural
measures. With all pot ential flood prevention structural measures
installed, the annual damages remaining would be $0.37 million,
$0.66 million, and $1.29 million in 1980, 2000, 2020 respectively
(Figure F-19). Flood plain management on 114,000 acres subject to
high damages would reduce this remaining damage.

W~tar Management

In the seven authorized PL 566 projects there are included
58 ,300 acre feet of storage for uses other than flood prevention
in rs~ it iple purpos~ rese rvoirs . ~s Cl 1967 under the CO program
of the USDA tec:inical assistance was provided for t he installation
of about 500 miles of divc rs I onc and 300 miles of tile for dra c~~
and flood prevention . Also ir~sta1le~I were atoot 2 ,230 ncr~ds for
flood prevention, irrigation, recreat ion, fish s-na wildlife, lice-
st ock , rural domest ic , and f i re  protection .

In addition to flood prevention etc-rage in the Potential Flood
Prevention Projects , there is storage of 0.o2 ad Ld sr~ acre fcet
for other uses. There are about 2 .142 million acre feet of stcrao-e
for other uses in the Potential Developments . The total  available
for water management in potential upstream impoundment s is 3.0 14
million acre feet. The specific needs for water will be identified
in other appendices .

Programs and Activities

PL 566. As of 1967 there were seven authorized PL 561 rrc- :ects
in the Subregion; four are in Area 1, one in Area 2. and two are Ic.
Area 14 . Flood prevention storage of 148 ,1400 -sore feet and 58,330
ac re feet of storage for other uses are ~nrlu6c~ in 23 dams . The
total estimated cost is $8.8 million .

RC&D . There are two 2C~~ ’ s in the Subregion . Thc St. John-
Aroostook 2C~J) project is located in Area 1. Forty-nine projoet
meas ures have been proposed by the local peop le under the cate-
gories of Lan.i Use and Treatment , Structural Measures , Associated
Mc~is u r e o .  and Supporting Measures.

A portion of the North Count ry PC&D proj ect  is located in
Area 14. Too objec tive of this project is to provide technical
and f ir a r c ial assistance for the conservat ion and development of

~ce water, land and related natural resources for the economic
uetterment of tao ar ea citizen: .

F -~ + t

1

- •r~~
—

~~~~~~~~~~~~
——W —

~~~~~~~~~~~~~ -—~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
--

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ — -•--~~~~~~V --•- -- -- — 



New England-New York Inter-Agency Coi~nittee Report. All of
Subregion A is included in this report. The principal authoriza-
tion for the survey was Section 205 of the Rivers and Harbors and
Flood Control Act approved May 17, 1950. The principal subjects are
discussions of the river basins , economic development , storage and
stream flow regulation, water supply , pollution control , flood con-
trol and drainage , power development , navigation and beach erosion ,
fish and wildlife , recreation, management of agricultural and
forest lands , minerals and Insect control.
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~~~ :c~~ r fr ~~~ u en c r  igr~i~~~~~ . V 
~mdate UPSTREAM FLOOD DAMAGE PBOJ~~TIONSe h - u  29 . - eV Vr V . - . Land use in t h i s  ic~ 1 p la in

•t- ree of croplau-i aru  r a e  -~r-~ , A — C Total  pr rearr -1em~~esacr es of b u i l t — u n ,
a~ r~ e of n ce l ls  eou~ I-ic 

~~~~ A — D  Da ,C V4~~~~h ~~~~~rucn r~-; (as  ahc -wn
Floods ; r - - - e nt - iuoc an estimated $62,000 in  tab l~ belew urd’ r

O~~’r \ ~~(’ - conan -OL ~ afe . ‘
~lthout meeting any flood i~z ct~r - - - V - -rVt urn remu-r-ie , -rolec ted damages are expe~t’-d

t o  i~~ ~~~~~ in - iJ O , $168,000 in 2000 ; and .—. B-F D amage w l ~~h ~- l lI 37.300 on u~ etre~im reser - r r

I r~ I A  
2 ____ ____— ______

. 3~ 0 :~
: :~; Q~: h ~~~~~~~~e e

a re 
a c- n  f __________ _______________

~~~~~~~~~~~~~~~ anh 11

:- -o~ y -~~~:~~~ -i , ~3 ~- -~ - .o~ a ~~~~ DCS e rV O~~r - _________rave 01-. , 322  ac re V t  f rt c rsee -~~ a —

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0_ : EV OI r f  
- - -P ~ ~V i a ~~~

‘ for 1— a ~9bb 1 d_
V - 

- - - V Ye a rc c l  7-  -r other  bene f i  V ’ ~~ uses.
Of the IS era . •- r e l~ -i s  j r  ;~ ea I , 3

- •V I . V .  o r e  (b a ~ e i  In  o tlcua5 r a f r ) - p r u r a r  t s  W O V V S~~~ s t r u c V 
~ra_ VO a P  or ” -

c r 0 3  - c—- .-r. c : l w r  f - -  wrIor - ~~~~~~~~ y~~~~~~c : - - , V T : 1 :r - - - -ur. - : - . as a r r l r V . r.. . o r-  ~~
- - 12

ns~~~~ at toc cr  -c- r - f r e s r - . w i t l rr .iVO r . r e se r v oir s  wnh 22 ,150 sore f - e t  f
he : :r ’ r l - 0  u n s ream V V ~~~~~ o : u r o V o~~~~~y s t :r a e~- co-ri - red-ro e flood in—i ~~- r ew e- , r~ rsl - r : r r c o n j~~r e -  and cc , The se 3 urroresm W~~tP ’~C V Pd S  I

- r r z -- t r :  j ,~ ~r r 1~~a~~~;
- 

~t -~ l; f-o r ~~~~“ .- a c t i or .  nr s.
A n o t h e r  80 ,- -~~ so—~ 

f ~ et of torr - - --sr- :
r s~ r f r i c e u  : f car l oris s _ c e e  ray o o t i s f  in. 23 r a s V r V c o i ~~~r cc-oO d roc- ’ib y be ieV.e 
~s t - ., f url -. and w l e r l i f e , an-d-- ~r c~e o r s i  it . 11 :r - V~ ct s wiOi r  flood :re’.-er-Ol-r as a

reels. Potentisi. rrnr~srr e e - - -c ia’-y -or inci lental c cry se.

ove r ii a res In s i z e  About  to1 of  anO area is In b~- I l l -  y e a r
- c cr  S r ole ~~~—~~~3 -sores In s l o e  f _ o c r  

~~_ s r V . E r  aotIcn fIr-cd
(00 orr —e on - . r r c s : :o— .:co ac res  i n s ize  ra raCere r r t is r.eeo e-l -on the- 1 , 212 - r c a i

in  2 p r c . - s  eec  t h a n  ~~ 0 ac res It . s i ze ,  the 10 y ear  an d  23 , 200 acres  in t h e  50 :~ear
— r - . : r - ’ C  1° feet , . : V  f e et , 53 font an: f l - cl p~~~ c in. urot r— -on 

- f I c o - 3  r r ~-v - - r V t i o r  demands sho~m below are those used in plan fo~~ u la tt on .

• Flood Prevention Demands Cost R e - r~e fIt s
:z- - r -er ene - i :Flo o d :  Strr-:tural Measures : Structural Measures : St r .

• ~ r c t e - - :?lain;Projects:Mult i-:  Storage :Chan - :  One Time : Avg.Ann .* : ç :.1rea
• 3b -: r t l v e  : t l o n  by : M~t. : :pur - : Total :Flood:nel :Total :F1ood:Totai:Flood:Da v’-~ s:Perm .

- a d pose Prey Impr Prey Prey c U Pccc 
- r : teat rent : :Dams : : to  cm : I0O-- 

1000 Ac.  No.  : No. 1000 Ac .Ft . : Mi.  : ~ million A c .

• if- - - 0 33 1
• :Ic:o. L i-nFI :In ;CY

1980 : . ~ 2 8 — 1.5 .7 .1 . 23
2000 - 1 -

2020 -u - 6 (r  t6 - ~ .5 l.~ .3 .1 27 -
•

V~~ E .3 1 4 12 8 — .5 •~~~~~~.1 .1 21 V

2000 - —V 2020 — 2 6 1- 16 — 1~, 5  ~~ I. .3 .1

2000 5.1 s -

2020 °O. -

:;-e:s: -l h e o-Ju reo  :1-wi: in the table are i r r c r - a a e r V t s l V
Sr i-c  Base 1970

* -‘- r-urrtjzed at 5- i  tF~- interest  over 100 years .
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SUB R P 2 I . N  A - AREA 2

re f 100 year frequency magnitude inun date UPSTREAM FLOOD DAM .CE PR0.J~~1~IO!~Sabout  11-0 ,711 acre,. Lan d use in t h i s  f 2 o o ~ p a I n  .8
con ~~l5t e.  r f  953 acres of croplan d and pasture , A-C To tal ~.pstre.m dams~ es

, ,r ~ s ~f fo re s t , 5~6 acres of b u i l t — u p ,
and 25 , 5-il - acres ~f m i sc e l l aneous lands . A-I) Des~~ges w i t h  p rop to ed

structures  ( a s  shown
Floods presently cause an estimated $llt+ ,000 j r  ‘ab l.  below u n d e r
average annual damage. Without meet ing any flood 

~ NFl obj . )
prevention demand s , projected damages are expected
to be: $165 ,000 in 1980 ; $301,000 in 2 1)20; and B-E Damage w i ’ h  all
$587 ,000 in 2020. upst ream re, .re~~i r

Lan d treatment , rae  chan ges , pr te t i - ’r  ~ : t  m a r —  
I r  p lace

asemert af’—-:t -cd -rae and distribution f water ~ 14
yields . If th’ 5 ,056 ,220 acres of lan d in  Area 2 ,
2,0n8,000 acres require treatmer.t axed are feasible a
t o  r—a . A ret :2 , 022 acres w r .  chance  us e
by 2020. lan e - roe ( 96c~ on the 11 watersr.e-l s D

c r e s ist s of ISU ,001 acres of cr p l an d ,
J ac” 

~ 

U:; 

~~~~~ 

reOc aere 2

C Or C S  of other land .  
/

~ufly utilized . 51 potential upare rean reeer,- -I r
s i tes  would have 5-o2 ,200 acre f-.-.t of storage at a
axe average cre st of 3e5 acre foot . Ailr-tmer.I ref
the storage cansoity is ~~~ f o r  s ed im ent and l9~~ 1980 2000 1-111
floodwater axed —

~~~~ for :tner beneficial uses. Years

Oh’ relpeag ref 933 ofs (based ore contInual dra~~ ,’ Of the 36 small watersheds ii. Area 2, 5
cc-rId au ~~~ e nt  flrw~ for water : r r a l ity  --n r-cI , appear to warrant otru-’trrt.1 meacurec w t n
r c r s  Ion , navigatIon or lo~~.s ”*on w lth i r e w s l  flood rrev’nt i r-r as a ~r ima ry r n .  Ton 10

pcter.tIa petrean reservoirs could supoI’ reservoiro w~tn  14~ ,~~00 on re feet of terporarj
hOL r-: for power , rural communitie s and t~~~~ or , - ~t0rcge could reduce flood i mn-c by 52’I.
industry ani lrrtgati n . These 5 upstrf-um watersyred: deserve fer r~~ccr

study for early action p~~ 5e- ts. An~~her

~-st r s~ rfaoes of v ar i o u s  sizes may sat ose; 169,500 acre feet of temrnra~~’ storage on
fIsh and wildlIfe , an-I: - r ~~~~~ 

Lj reservoirs could possibly be developed in
o .a i t y  e - . ir n n m e n t nee is Potenti-~l .rrtr ac- proje—to with flood prevention as a recondary
re s r-r - I —s co~ l I prov Ide : or in--iler.tsl r u r r e o e .
3E ,~ 70- a -r r in  31 p o o l s  ever 500 acr - it. s iz e

In 18 por~ s 2 0 2 — 5 0 0  ac—e ~ in  s i z  I t —  ~t 2 2  of t t  l a n d  er-.s I r e  ore ‘h~ 102
on 2 p’ ~~~ a e — S a —

2-c——az— lepths are 12 fe t , 27 f~~t , 0° ~~~ r~~~~~m~~ 15 e- - . 1’-C re t le . 5 — , 02 a n r c  or:
‘~~‘r cthve v. h’- ~2 o’er s r I  ~l ,000 ar — —c i r .  ~ n* 5 ~c~~ r

flur d claire s In -e ’ - t~~~ ’n Wa r’~~ ’ C r .

Su,~c e t i  flccd prevention demands shown below are those used in p lan formulatior..

Flood Prevantion Demands : Cost : Benefits
:Watershed:Flood : 8tructura.l Measures : Structural Meao-rr s :3tr.Measures

Protec- :P lain:Proj ects:Multi- :  Storage :Cnan- :  One Time : ~~~~~~~~~~~ : :hr ea

E t c  :11cc : Time - : tion by : Mgt. : :pur - :~~~ota1 :Flood:nei  :Total :F 1ood :Tct -~~:i  -~~~~ ::Darrac ’c Perm .
: Frame Land : : :pose I !Prev. :Inpr : :Prev.: :Pr v :~~eduo- :Poc~

fear :Treatnent : :Dams : : I I : : : :to or .  : c01
1000 A c .  : No .  : No. : 1000 Ac .Ft . : Mi. : ~ n i l loor .  : A c .

1966 2 1 - —

;nTI0~AL ~ ‘FICI~~ CY
- 1980 18 1 - 3 — • ,5 ~~

._ .~~ .1 20- 1.2

2000 — - -

2020 1 E -  — -‘ l I e  38 — b . c  s.~ .1 .1 52
I E1O~~L DEV~~.0~~~~ T

1980 1 3 S — .. , 3 . 1  .1 25

2000 - — -
2020 1~~l — 8 1 118 30 — 1 3  .1

vI~O!V’~ VTAL QUALITY
1980 0~ 1. 2 —

2000 827 82 —
2020 827 27 —

oy:Fi The - ;c , ue  hcwn in t n  t ab~~- are In cr-’m’-r:ta .
Price )a-ur 1970
/- ere:rt c - 3  -it 5-b~ -~~ irterest over 100 year.

C
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A —

Fl~~o-is of 120 year t r e l  ,o y  r e - c l ’ x c  n o :  is ’ -R ; ::--t ;14 F LOOD 2AI~it 1 F. P1-0-11,110
about  ‘.3 , : Cc a cr—-e . -sn or - -  lx:  - : e  5 .  r-  t e n  - -e - o r . s l o t s of , 0’ a - r o e  of -r  - ! t : . 1 ‘ire I - - , C - V  r ’- : t r  - i s m sw ’- :
2t , 0 ’  acr ce - o f  f ore t , - , .  - a c r e - c  , -

axel 5 ,22. acr s of - - - 1:s n-c 4:  - ic, 1 . ~~ axreeic- - w i  . h nr ’ : ’- -x
r u o ’ r -  ( a r  re -

Floods presently ce4u e:t i oe- - $ 5~. , lcc 
~. - ‘ :- 11 h , l r  o r d e r

-cver a~ e annual daria~ c W i 1 . o o t  : o - - - t i : . ~ -n) U 3 : i e - l  
‘ :1) b -

p r e v e n t i o n  demands , pc - c :  . -  - - l - j s ~~ec -sr i - c- s ; .)  -

to  be: $~.l7, 000 or: l-~~-u: : L u ,UUCC in 11) 00; o~nd B—F 
V --ass’- wi’ h elI

$l , 2 1 4 , O~ 0 o r. 22: -I . 0 - ~~~~~~~~

- V S :r.
..an d t — streere t , . re  - c har.;-- - , e r  ‘ -~~ ‘ 0  c- an n-co —

as m mt sff~ r t  s-cl-ra e in :  : : c o n : b : e l rn :f wa ’-on _________ _____________

yields. Of the 3,5 5 ,021 q ’r  ‘ 3-sn : I n  A~~ s
c l - 9 , b 2 2  a c r — s  r o o i re  t r e - -e- - - . ann  s r -  f--s ’elbl
1- t r at . A 32 1 , 2-02 a :2 Thence use
by 2020. lac . : -r e -c 1?~~ on t h e  31 w a t o r e ’ . . - i e -  .

eo is t s l -~~~ :co~~~ - r :o 
1 , C0 .L2b ~~~~~~o o f  - _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _

Pie , 022  act- ’ -’ of  rt-s ., sr.: 25,220 __.—•—

~~~~~~~~~ :1;~~~~~~~~~~~~

f~ sr. anl w o 2 I i f e , C: :  — o ’u c l  o - r - -o .  in 31 r — s - - -r -c- o i - - o ~ - e . c - o n c e . :
-eel :. Pre enti’u :r— —-- - c- : C O ~~~~~ r e _ e- ~~~ w i t  _ :~~~. :-- - .

as ci on — o r :  rr . ‘ iIe-n t rl
on 5 — -  - - coer ~O3 ci - ’ O o b o e -

,030 acron Ic- . 21 p o r b o  2 0 Z — 0- 0 -sore-c ire coce About b .2” of th~- ian .i - r - - r 15 In ‘ c- - -

In 5 p-:con b —  - crc - in sloe :onr ‘~~ 
- : r e o n i n .  I c r l 1-on “ 

110 - c r - :  ir, 2 poobo less t h an  -lor c- : in s.: - o r -  -
- - eeoc c-- - r~~~~~ o -

;~-.‘—ra ~ -- :-.rths are— 1°. fe’~ ,. O C o t , -~~- ‘ -c r 1  ce - 10 3c e-er  ~i . : 38, 1~ a o Ir. h- c 5 _
16 ~~~~~ — - o n ’’~~-relv . f l - i  - s In s  Ire  o r o t r - - r

2-u~~~’:teo: f1o~d nreve-r.tior : demands shown below are those used in plan formulation.

Flood Prevention Demands : C~~ t : 5-on-:;
:Watersaed:Flood: Structural Measures : Streucturo c - l c ec :u r c  c :.~ 
Proteo- :Plain:Projeeots:Multi-: Storage Char-: One T o m e -  : Av O 0 . ’ . 

-- C - -

0b 1c onve : : ‘e h u n  by : Mgt.: :pur- : Total :~~boo-i:nel : T o t a 3 : 5 . o o e : T c t : : i ~~r e : D o n  - : 2-c e’:.
Land : : :pcsc’ : :Pr’-v .:Inpr .: :Prev.: :Pr - ., : l - - - - .

: / - o n r  c I t e - tree -nt : : Dam e - : : : : : : : on - -

1000 A c ,  : No .  : No.  : 1000 A c . F t . : Mi . : 8 m I l l I o n  : : — - -

1 0:012.1 ~TI 0I~~;0Y_ -~So - -

C

, -

— —

2125 l~~ — -
~ 3. 35o 2 o — 5 .1 , _  o

T~~0.~L 2F~~~~ 0~5-~~~T

2000 — —

2020 lc — en _ _ c — -
_ 

° .: :.~~ .-

05-~021-IL l10°C.2~~I
- .5 . 3~

t —

- .~0u ‘ .. ~b —

2220 8 —

.-7 t: ~ ee -rnlueo or -ow - c on to.-- table are incr--m nta -

Price  R~~ e”
A re: rt c’ co 5- .: t~ - e t c  r ’- c t  e ver  100 yea rs .

C
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A - \NEA 1,

Floods of 100 year frequency m~~nitrde inundate
about  2~~, 3b acres. Land use in t h i s  flood plain U~~TR~AM FW00 DAMAGE PROJ~ TI0NS
consists of ,2S1 acres of cropland and pastur e , 1.6
1~~, e - -~ ac res of f o r e s t , i35 acre s of b r i l t — r p , A-C Total upstream damages

5 : 1  5, -’°P acres of r is c el _ a n eous ba nd s .
A-D Dama ges with proposed

Flood s p resently cause an estimated $233, 000 structures (as shown
average annual damage. Without meeting any flood Ifl table below under C
prevention demands, proje°ted damages are expected 1.2 NE obj.)

to be: $~~14.4 000 ic. l9S0~ $ o 3 3 , 300 in 2000; and
in 1 002. B-E Dama ge with all

ups tream reservoirs

land treatment , use changes , protection and man— 2 ire place

ice—.eo.t effect vcboom e and Iistribut ion -of water
t he  ,113 ,200 acres of land in Area h , .3 ______________- ______________

l,31c ,010 acres resrire treatment and are feasible
to  t reat . A net  131 , 200 acres will change use
by 2202. Land use l96co ) in the 10 wate r sheds

• ccnsis a of 132 ,200 acres :-f cr o m l a n d ,
acres ~f pasture , l ,3°3,000 acres of

f :re st , 36 , 200 acres of urban , and 3c , 000 .

:::: :i:~~::,1::~~otential upstream reservoir A 
E

- 1 o~~~t e ~~ wou ld  ha- ,’e 550 , 303 acre feet of storage at
an averase cost of 870 acre foot . Allotment of B
the etora~ze capecoty os 275 fo r  sediment ace d 1966 1980 

- 
2000 2020

- —dw -atc- r -cn i 35 5cr other c C c e e f 0 0 0 a  uses. Years

:. e ‘ - one - ace of ;o6 ‘f~ (based cc. c~ c. oc. e :rci~~ ) -‘-c the 29 small watersheds in Area 14 , 2
e c — ci ~— ~~~~~ —-1 — r on C warrant “u —~~~ — e  ~~e

c- c ‘ r e a t i: n , na-ci g a t o o n or  lo w-r e st  react w l t n d r ’ sw a  0 .  f b o~~~ I preven’ ion as a pc-ic--ar :,’ us e - The 10
— e a a_ st”earc -eso a “ u C c e5 e- .~~ — w h c-~ ~O acr e Ccc C

593 c-ceo for powe r , r u r al c o m m u n i t i e s  and rcWn s , t e ’ccr orary  s torage could reduce  f lood  damage
ind o~st r:.’ and irri~ aticro . by 73%. These 2 upstream watersheds deserve

fu r ther  study for early action p r o j e c t s .
Water surfaces of -caricus sizes may s a t i s f y  

~~ other 1714 ,500 acre feet of temporary
• recreation , fish and wil~~~i fe , and ’cr visual storage in ~~ reservoirs  coul d possibly be

o-uabity environrcent needs. Potential -rpstreact developed in projects  wi th  f lood p r e v e n t i o n
reser-.-rei rs rould provide : 

- as a secondary or incidental purpose.
9, 0 l 2  acres i n 23 po o ls over 500 acres in size

3 ,100 acres in  23 pools 22-0—530 acres in size About 1.2% of the land area is in the 100
1, 330 sores in 10 pools 100—200 acres in size year f lood  p la in .  Parly actIon flood plain
2 0.2 acres in 5 ~nols oess than 100 acres in size. management is needed on the 11,000 acres in
.Ave-c-a~ e Iepths are 19 feet , 30 feet , 30 feet and the 10 year and 22,000 acres in the 5D year

feet respectively , flood plains In upstream watersheds .

Suggocted flood prevention demands shown below are those used in plan formulation.

Flood Prevention Demands : Cost :_Benefj ts
;Wa tershed:Flood : Structural. Measures : Structural Measures :Str.Measures

: : Protec- :Plain:Projects:Molti- : Storage :Chan-: ~ne Time : Avg .Ann .* : % :Area
0t 5-  l i v e  : Iir s  : tion by : M~~. : pur- 1 Total :Flood :nel :Total:Flood :Total:Flood:Damage :Perm .

Frame : Land : : :pose : :Prev. : Inxpr . :  :Prev.: : Prey . :  Reduc-: Pool
Year :Treatxnent : : :Dams : : : : : -:tion :1000

: : 1000 Ac. : No. : No. : 1000 Ac ,Ft . : Mi. : $ million : : Ac.

196~ 2 5 1414 15 .5
10:1)11 ~~FICIEN CY

1980 3 - -  — 1 1 22 12 — 1.1 3.3 .1 .1 55 .1
2000 b ° 2  — 1 6 Sic 26 — ~ .8 2.1 .1 .1 16 3.3

- -
i~ ioo~o DEVELOPM~~-r

• 1980 51. — 1 14 22 12 — 0 .1 3.3 .1 .1 55 ~1.
2000 132 — 1 6 76 26 — 3.8 2.1 .1 .1 18 3.3
2020 — 1 —

E~P1 R0rQ~~ TAL QUALITY
l9~~ ?~ 3 —

1020 
~~~

‘
~ - —

1.015: Oe value-c showfl in the table are incremental.
SrI e Ba:e- 1970
-c- :r t i ze-1 ~1 31- interest over 100 years ,

C

k 
~~~~~~~~ ~~~~~~~~~~~~~~~~~ 

- C

~~~~~~~
-

~~~~~~ --- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . - ~~~~~~~~~~~~~~~~~~~~~~~ — —-V—--_ - - --— - - -



—V-—— ----- ---V_ ---V--— -_ - - 

SUBRFflION A - AREA 5

about 167 ,290 ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ain U~~ TREAM FL~~~ DAMAGE PR~~~~TIONS
consists of 14~ 5 acres of croplan d and pasture .8
l03,73~ acres of forest , 14142 acres of built—u; , r . c  Total ups t ream d amages

and 62,668 acres of miscellaneous lands . A-D Damages with proposed /
Floods presently cause an estimated $l147,000 s t ructures  (as  shown

average annual damage. Without meeting any flood in t ab 1~ below u n d er

prevention demands , projected damages are expected ~~ 0 i - I

to be: $184 ,000 in 1980; $366,000 in 2000; and
$733, 000 in 2020. 

B-F Dama ge with all 
-ups tream reservo irs

Land treatment , -use changes , protec t ion and man— 0 in place

agesa.olt affect volume and Iistribu e-iore of water 4 _________ ,,
_ D

yields. ~3f the 3146,50-0 acres of land in Area 5,
1,695 ,000 acres require treatment and are feasible
to tr~~t. A net 192,000 acres will change use
by 2020. Land use (1966) in the 143 watersheds 

V

consists of 215 ,000 acres of cropland ,
15, 02 0 acres o f pasture , 2 ,920 ,000 acres of 2
forest , 12b ,300 acres of urban , and 135 ,000 —
acres of other  land. A

Fully utIlized , 81 potential upstream reservoir B
sit—s would have 1,202 ,500 acre feet of storage at -

V an averace cost of $~.2 
1aore foot. Allotment of _________ ______________ _____________

the s t cr a ee capaci ty  is 27% for sediment and 1966 1980 2000 11110
O fI-’:dwater ~,n d 73% for other beneficial uses . Years

The rei’~ase of 1,769 cfs (based on continual draft ) Of the  14 3 smell watersheds in Area 5, 8
could au~ ceent flows for water quality control , appear to  w a r r a n t  stru c tu ra l cacao-ores ce--
r— r atIon , ne -z-l ga t l oc n or dos~~stream withdrawals, flood prevention as a pri mary use. The e- 6

t h e  c- : ’e e n t i a l  upstream reservoirs c o u l d  supply reservoirs  w i t h  614 ,500 acre feet :5
for pcw-~r , rural ooroco-:nite es and towns , tereponery st:C- 0e eo~ ld reduce fl-c :: larson

ice d-ostry c - ni Ic-ri g o s t i c o .  by 1.35 , The-crc epstrcqco wate-roc: ’-is Ieser’,-e
further study for ear~y action pr~~’ccts .

Wa t e - - ’  su r f acer of various sizes may satisfy Another 232 ,300 acre feet c-f temporary
rec ron ti-on , f i r - h  and w i l d l i f e , and/or visual storage in SoS reser-;otrs oou .  e p o o s o b l y  be
q-ualit:c enoironment ne-odc. Potential rpatreare ie-celope.d in projects will. floc-1 preV cecc ti

reonr -c-’Irs could provide: as a secondary or ireclie n laS put-rose.
70,690 acres in 00. pools over 500 acre s in size

V 
c ,:21 acres In 26 pools 200—500 acres irs size About 14,35 of the land area is in the 122
:-2 acres in 14 toOls 100—200 acres In size year flood p_ -sin. Early action flood p ’eIc - .
A-;eraRe der ths  are- 10 feet , 23 fee t , 11. feet management is reached on the 95, llO acres
re-sonotively. in the 10 year and 1142,000 :3cc-es in the 50

year fl-cod p la ins  in rp str ’~accc w a t e r s h e d s .

3-u~ o” ot eu  flood prevention demands shown below are those used in plan formulation.

Flood Prevention Demands : Cost : Benefits
- : :Watershed:Flood: Structural Measures : Structural Measures :Str .Measure s

Protec- :Plain :Projects:Multi-: Storage :Chan-: One Time : Avg.Ann ,* : ~ :sArea
Ot 5 o- t i l e  : Time : tion by : Mgt. : :pur- : Total :Flood:nel :Total:Flood :Total :F1.ood :Damage:Pcret .

Frame : Land : 1 :pose : !Prev. :Impr. : :Prev.: :Prev . :Re duc- : Pool
Y e -o r :Treatment : : :Dams : : : : 1 : : : t ion : 1000

1000 Ac. : No. : No. : 1000 Ac.Ft . : Mi. : $ million : : Ac .

0’ 90e —

011 100100 ~ TICIENCY
1980 — I — 

-
2000 Ion’ — 14 10 19 1, 58 — o . p  2.1 .3 .1 3°- 16.1
2020 .1. — - ,  6 06 12 — 2.t . .1 .1 5 0.5

N0010 :;AL D i L 0P~-~TT
— 1 —

2000 1O — 3 16 2 0 . 0  70 — 9, 1 . 7 , ~~ , 1 .1 142 a9 . 3
2020 o6 — 1 2 28 7 — 1.2 .3 .1 .1 1 1.7

~ pJIposMt:::AL PIJALIT’f
O ~~3-o 1 -9  1 — -

1-00: 6 - 1  11. 1 , —

2020 67° ‘52 —

:10Th: Toe -.~a1ues ohr’~m in t h e -  table are increme ntal.
Prire Bao 1970
:-r’tized at 5-1/9% interest over 100 years .
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SUB R EGION B (Areas 6 , 7, 8, 9 and 10)

Flooding

Are a Inundated. Total area inundated by the 100 year frequency
flood in the Subregion is approximately L~72,000 acres (Table F-5).
Of this 2~ percent is in crop and pasture, lI~ percent is in forest
land, and 62 percent is in urban and miscellaneous. This contrasts
with Subregion A where woodland was the predominant area inundated.

Area 9 has the greatest and Area 10 has the least total area
inundated. The greatest and the least acreage inundated in crop
and pasture is in Areas 8 and 6 respectively . The greatest and
least acreage inundated in forest land is in Areas 6 and 9 respec-
tively . The greatest and least acreage inundated in urban and
miscellaneous is in Areas 9 and 10 respectively.

Area inundated as a percent of total area for the Subregion is
3. It ranged from 1 percent in Area 8 to 7 percent in Area 9.

Present Damages. The present average annual damage in the Sub -
region is approximat ely $18.0 million. It ranged from $1.3 million
in Area 6 to $6.0 million in Area 9. Of the total, 6 percent is
agricultural, and 914 percent is nonagricultural. The percent
agricultural damage ranged from 1 percent in Area 10 to 16 percent
in Area 6.

The present average annual damage in dollars per acre of area
inundated ranged from $20 in Area 6 to $914 in Area 10. Area 10
has the highest damageable value per acre inundated in the Region.
The average for the Subregion is $143 which is also the highest
in the Region.

There are 23 authorized PL 566 projects and one Pilot Watershed
in upstream areas which will reduce present average annual damage
by $2.149 million, leaving a damage of $1.99 million. Present
average annual damage in the remaining upstream areas is $16.03
million.

Future Damag,.~~ If no additional flood prevention measures
were installed, the present average annual flood damages of $18.0
million would increase to $27.9 million in 1980, $52.8 million in
2000, and $106.8 million in 2020 (Figure F-20). The range in
annual damage in 2020 would be $7.6 million in Area 6 to $314.0
milliqn in Area 9.

Extent and Timing of Flood Prevention Measures

Structural Measures. Suggested flood prevention structural
measures involving installation of 380 multiple purpose dams with
603,900 acre feet of flood prevention storage at an average annual
cost of $7.05 million will reduce annual flood damage by $35.53

F-51

- ‘ - ‘



r - 
~~~~~~~T T ~~~~~~—- - 

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

.‘— -
~~~

--—- 
~~~~~~~~~~~~~~~~~~~~ 

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

- --
~~ 

- “'---

million ir-. 202~ . The tables on pages F-514 through F-58 indicate
the ~xt ’-Int and t t n ir ~ or potential flood prevent ion.structura l
meoioIur-’/o fo r ea -h j b , o ’ a - - t ive  by s” re’o . The installation of stru ’~
~~re-s involving Nooticeal Forest land will depend upon further
analysi~ to determine compatibility with National Forest purposes.

0 Ficod Plain Man~~~~ent. Flood prevention plans for the 1472,000
acre floo l plain chou~ d include nonstructural measures or devices
as toter-natives , in - -s mo~nation , and/or in addition to ctructural
measures. W~t~’ all potential flood prevention structural measures
instatled the annual damages remaining would be $18.8 million,
~~5.5 

m iLlion , $71.1 million in 1980, 2000 and 2020 respectively
‘i~ cre }~~-0). Flood plain management of the 100,000 acres subject

to ‘Lgh damager , would reduce this remaining damage.

or  ~‘~~x o ’ - :o:~’:’nt

In th - - ~~~ -+ aut~-erized PL 5o~’ projects there are included 21,700
a,-re ~

‘e’:t f 0:too r ’-~~ s for uses other than flood prevention in mul-
tio~

,o o- s.ruose reservoirs . As of 1967 und.er the CO program of the
USD3-’. , o or,ic’aI ac .o ~ctar.re was provided for the installation of
ai eet 300 iniler - of div e ! sinns , 500 miles of tile , and 1300 miles
cf open ~~i:. i.it.cties for drainage and flood prevention. Also
i s t t i L~d we~ c sts.’ct 12 ,600 ponds for flood prevention, irrigation,
recreation , i-:: and -.oi t dl l fe , livestock, rural domestic , and
fire orotr otiun .

In ndiit~on to flood prevention storage in the Potential Flood
Prevention Projects , there is storage of 1.31 million acre feet
for other oses . There are about 1.65 million acre feet of stor-
ag� for other uses in the Potential Developments. The total
a~isd.1-.ib1.e 1”t i ’ water :3ana~’ement in potential upstream impoundments
is ~o .~)t- .-o.~~: .,io1 . acre feet . The specific needs for water will be
i:1ontLl i-sN ~n ether ronpendices.

PL -~~~. Ac of 1.067 there were 214 authorized PL 566 projects

~n t:.e Suo~ eo ’,on~ two are in Area 6 , five in Area 7, and 11 in
.:crc~ 0 . or;ir ir. A’o- - ’ o  9, 0nd fivr- in Area 10. Flood prevention
-;t~~ro~~-: c-f ll2 , 0~Cu ~oc r-r ~oet. and 21,700 acre feet of storage for
ct7~o2r 0 1cr “,i ’S- i n.i0-ie~ in 1D3 dams . The total estimated cost is

p ,~50.2 rNii~~or..

~.C :.D . 2~uore .ore fou.r RC&D t s in the Subregion. A portion of
the E;~ct -:~~‘.tra.1 v.r:ce-nt RC&D project is located in Area 8. It
wn , tnto c1-s . ,~ .‘s ol ’ ~O~a: sponsors that the land , water , plant and.
wildlife :o~ cur cco be ñilly developed , conserved and used for the
benefit of people .

A p o rt i -r .  of toe Acrt ’ 3 Country C&D project is located in Area n .
or.J 8. The cb;? :oct~ve of this project is to provide technical
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and financial assistance for the conservation and development of the
water , land and related natural resources for the economic betterment
of the area citizens.

Most of the Berkshire-Franklin RC&D project is in Areas 8 and 10.
The project aim is to improve environmental quality; help to expand
industry, commerce, and, community services ; and, publicize the
attractiveness of the area.

A portion of the Eastern Connecticut RC&D project is in Area 8.
The primary objective of the project is to speed. up conservation and
development of the area ’s natural resources .

Type II Coordinated Comprehensive Detailed Study. A Type II
Study was recently completed for the Connecticut River Basin (Area 8).

Type IV Cooperative Survey. A statewide Massachusetts Water
Resource Typ e IV Study was begun in 1969.

Ne w &i~land-New York Inter-Agency Committee Re~port . All of
Subregion 8 is included in this report. The principal authorization
for the survey was Section 205 of the Rivers and Harbors and Flood
Control Act approved May 17, 1950 . Th e principal subjects are
discussions of the river basins, economic development, storage and
stream flow regulation , water supply, pollution control , flood control
and drainage, power development, navigation and beach erosion , fish
and wildlif e , recreation , management of agricultural and forest lands,
minerals, and insect control.
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‘7,ords of lOS year frequency magnitude inundate UPSTREA M FLOOD DA 14AGE PROJ~~ TIONS
about 67,8-.l oo r eo .  rd use in t h t s  flood pla in  

-

~o ns ts te  of l0 ,!°0. acres of orop ] a r m- ~ and pastur e , 8 
A-C Total upo tream dama ges

C2,565 acres of cjroo’ , o , -m 66 aor-’ s f bui l t—:; .
a~ d 78 ,0.~ O acres of miscellaneous leo ls .  A- D Damager wl’h i - ’

Floods present ly cause an estimated $1,320,000
-rver ’1~~e annual d’uwa-~r’. Without meeting any flood 

~ _______________

preventton demands , proj e-oted damages are expected - 
“ - - -

to be: ~: .25-9, 300 in 1980; $3, 71~8 ,000 in 2000 ; 
—~ B-E Damage w ‘h all

and $7,bC-o, 000 in 2020 . o~~st r r -em r~~ er’ , m . i r ~
lan d ~rc’otroent , use ohax:ges , protection and man— 

0 or. plac e

osamert aff~ ot volume ~nd dist ribut ’ .on of water ,-~
I— . ‘1 the 1 , -~ .2.00 acres of lan d in Area 6 ,

ac res require treatment and are feas ible
to t r~ ot .  A net CCt ,000 acres  w i i  change use

~; 
20~ 0 ~~~~~~~ 

~~~~~~~~ :
~~p~~~~

:
t::5~~~

5 

_________ _______

0 ac res f ,~
- ir a”~ 155 000 

“ 

_
__ __ _

~~~~

A — ~~_~~~~

~~~~~~~~~~ 1:~~l , 121 ~ otmor:tial upstream r- oerv c : r
:‘i se wou : h a -j o 991. , so: acre fee t  of  ct -rag e at E
~n eo’~-rs~ e o~~ t of 390 ore foo t .  Allotment of 

__________ ________________________________

eto r tge oat - ao i’ o- is 291- for serimnot a~ d ‘ 1966 1980 2000 2 :020
lw000r and 715 for  other beneficial uses. Yersr

Pc.~ r ,-oeao e of 1,1,11 ofs (based on oontinu~~ ~re f t)  21 toe 36 sroa l wao’:-roie -
-

could -~~rcont flows for water qorality control , appear 0 - wor-’~~:t -~ r -m- -~ rd1 —ca-
recr~~r O . on , :o-s ’,’ i a 0 0 0 0 - n or iownstre’u o withdrawals. f ccd pre’o-’ntcoo r , as a cr o ro :c~- .
-Cr the roto.OOal upo ’ ’eoL-o r-o ;”rvcir :- co - sOd s-s;- t - ] y  rco ’-r-j O rs w O .m - ,30 0

ac t  f o ’~ ; .o ’o o , r lrai o crn- 1ri t ieC -iO i tOW n S , teror-orart stoo rar- -~ r 0 ~j r ’ - lc - - ’ o~ f
oro r- :s .rv arc :rrhsation . by 70.1. These lrctr~-ar- w’-mO ’ -’rcheds ~~~~~~~~~~~

~srther s t u dy O r  oar v ao jo-c, r r - (

~at’-r c .:rface -of ‘carcoss a loes rev sr ’~’o - d y  ,-crctrmer 31,1.00 a” ’- fee of ~~“ry”- rc’
and w d~ a I t-c a o 29 e — j  ‘- — 
o n o e t e .  C:t~ otia1 upo0r~ ar icc”olcp-’d in o- r -- ’’o o :- w y o  f l o c  c re~,sn - j o r .

r -ose r roc i ra  c:-:l i ~~~~~~ ‘0 - - :  as a sec—icta ry r
22,’. - screc in 2- c o o  is --‘or 020 acres in oOze

ac” at’ us — ~ ac”es fl

3, 2’ . -~~r eo  t o  10 pools 0l~0~ 200 ao r -~d ~ O l O t ie  year 110001 ‘ a - o . Ear . ‘o ac too r, r:o~ -~ p00:0
1~ 2 CC On 17 less than 000 ecr~ s in 50cc .  rmanagpoe”t is nee- led -or - ‘ . - C ,~~~i-iep000 sr° 2 ’  feet , 21 fe~-t . 2O feet aol in ot e 12 coa t ’  s o O  6o ,~~: s’res in t o - 50
1” f— -’t reor ’ ’t O e y .  y o s t ’  f00c l Or ,

f lood prev000ior. demands shown below are those used in plan formulation.

Flood Prevention Demands : Ccst : °‘coofitc
:Watershed:Fiood: Stmsctural Measures : St rom-ta r-a l  Measures :3tr,0- ~ a:,.res

Protec- :Plain:Projects:Multi-: Storage ;Cha n- :  One T’.o,~ : Av~ .Aao .* 
-, - 

-lOve : ‘.r,’: : ticro by Mgt.: :pur- : Total :Flood:nel :Totai:iiooo:Total:Floon:L’ar ’, , - -rPe rr’ .
Frame : Land : :pose : rPrev . :Impr.: :Prev .: :Prev .:T1coc ~ - - :  Po~

: m uir : ‘reatr,ent: : :Dams : : : : : : :t,. 0 0.201
1000 Ac. : No. : No. : 1000 Ac.Ft. : Mi. : $ rrallior:

2 7 9 —

1E-2101 -.j ., rT”EICI ~~ CY
2980 101 5 5 39 110. 9: — ~~~ li.’ 2.~ .7 5 ~~.

2000 -
~~~~~ — 9 53 291 110 — 2 0 . 0  2 . ~~. - -. 20. ~,h1

2020 — 5 —
0000:0-0 DE’.’ L O ~~~~ r

7 5 ‘2 316 7 — ~~‘ 1  13.’ 2~~ ,~~
‘ 

~O ?.~~
2000 50.~ — 9 53 ‘91 111 — ‘-0 ,0 .5 1. -- . 0 - -  10.:
2020 - 5 -

2ITJI90~~~~ETA,L UALITY
:u8c a:2 12 —

100 oIl 28 —

2020 ‘.~~C 28 —

0300 : TEe ‘.s m- o ‘1-our , in the table are incremental .
PrIce 3a me 0970
-‘-r ” ro lzed at o- ,3~ interest over 100 years .

• ~~~
. - — - — -.,~~~~ ..—-—, -- - - .- . ..- .—

p
-. — - - , . - —  -- - —~~~~ - .-‘-‘ -- -~ ,~~ - - - - — -. 

~~~~~~
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Floods of IX year treque’~cy magnitude Inundate UPSTREAM FLOOD DAMAGE ~~o.mrrxons
about 91.775 acres. Land use in this flood platn ______________

consists of 19,755 acres of cropland and pasture , . A-C TC~ S1 -mprr ’r.~ffi d.magep “
~19,”92 acres f forest , 7,288 acres of built—up ,

and 51 .302 0 acre s — f  rri3cellaneous _ar.ds , A-D Damager- with pr’rm— o a-j C
struc~ur.r (ea s c ’ - w r o

- cod. presently oaure an estimated $2,386,000 it’. abl- b~ 1c- w under
sv’ r ,:’o- -~r..r,u-ms ouiomre . ~ itnout meet ing any flood ~~ c-b . , )
o r I,t ion d utSOits , cr c je -t -‘i damages are eX’pe ’tE ’ ]

1980; $o,992 ,000 in 0023 ; ‘mad 8- E D~ rn~g~~ w 1 h :i0

Lana tr,,tn*ot • see changes • protection and man—
a~ eaPr:t affect v- o - o me and -d is t r ibut ion cf water 

~~ -3 — _______________

Of th e~~~~~7: ac: 1~~~d 1 f l A~~ a 7  

~~~~~~~~~~~~~ /
57 ,022  acres of pasture , 2 ,190 ,101 acres of 0. — _____________ ______________

forest , 271, 000 acres cf urban & and 188,000 
______

~ ‘r” '~~~of th - er land. A - _______

_~~~l l •~~ s t i , IOCO , 172 potent ial urdtreasro reservoir
s ites  woo-old have 0 5 7 , 00-C acre feet of o torare  at
art a”erage coos’ of ~1 5jaore foot , AOJotment of -

the storage capacity is 26% f-or sediment and 19db JO~d0 o000
dwater and 76% f r  other beneficial uses . Y’aro

The re l,eao, of 1,50. 3 ot’c ( based on cont i rosal draft) Of the 60 srall w,tersh dr in Ar~~a 7 , :4
o uld a-a~~ ent f o u ~ fo ”  water quali’ y -co-r o t r o l , appear t~o warrant struct  oral aaas orao- ~:th
recreatior ., navigat i on or do~mstream withdrawals, 

flood prevention as a pr:r-,ary use. The 99
Cr t t e  p - t e n t i - ~ , acs’r—szo reservoirs c—ol d s-mp rty reservo i rs  wi’h 112 ,410 acre f~~ t
997 as-I for p owe r , roo r -il :“os c o i t i ~~s and - ~~~ te rpo ra~~c s t o race  onuO d re r s - e  f1~~od t actaCe

ry and i” r isat i  ~- - 
by 32. These 14 spot reaco w ater r e d c  deser’o t 

dv for ear ;J aoti or . cr . ots -

~a’ er  c - a— fa c es  of var: COO S s i z e d  ooa ; s’m Acrot ocr 00 ,9:0 a-or e fe-o t - - f ‘ oor -

1 - :  , f ish and wildlife , a n d — o r  - -i or t cr a~ e in 75 r e c e r v - o r s  ccu00 r - s c o 0 0 y  be

qaa00 t y m r  o- - ; i r - uo rceoo c re e l s . 00- to :- ’. 0 -mI omrs ’ r~s,—o -develop ed in prc7ectS w it h  fl - d  -ru:--0-rt t ,200

could c ” l  0-’ : as a secondary or i n c :d e r o ’al ,rp”se ,
15,390 acres On 1— p o - o~~a over 500 acres in size
22 ,000 ~o~~ s in 47 ro -00 o 20 0—000 e~’rec ic dice Aboo,t 00’~ of ‘h 00n1 area is in t ne 100
00 ,520 a - r ae  in 77 pools 100—2 00 a-o r’-~ in size year f lood plair.. Early a c t : - o  f00od p00ir
3, 001 acres in 63 pools less than 100 acres in s ize .  ros rtagcooent i s  neede : or, the 6 ,100 acres in
Average lo r t loc ar— 0 feet , 15 f e t , 20 f’o~~t and the 11 y’-m ” and 82 ,0 0 0  acr~ -~ oro the 50 year
19 fe oc r e s r e - t i , - e , v .  flood p laons in -arst reaco w aters he ds .

Surgeoteor flood prevention demands shown below are those used in plan formulation.

Fiord Prevention Demands : Cost : BenefIts
:~~mtm ’ roro ed:Flood: Structural Measures : Structural Meaos res :Str.Measure7

- - 
: Prost e-- - :Plain:Projt-cts :Mult i-: Storage :Chan-: One Time :_~y~ ,~sr~n.* : :,-~r -

Ob ive -c or by Mgt ~ur Total Flood nel Total Flood Tot~~, -so Damage P~r—
Fr-art- : ,,and : : :pose : :Prev . :Irnpr. : :Prev.: : Pr-c-.- - :Reduc-: Pool
Year ::re-ttnent : : :Dams : : : : : : : :tior :1000

0000- A -,~. : No. : No , : 1000 Ac.Ft . : Mi. : $ mIllooro : : Ac.

00b’. 5 - 179 -to 1
1.0010:002.1. ~~‘FI cI ~ icy

1980 100 10 t 00 :ol 20 — 22. 5 .5  .0 .3 11 6. 1
2000 ‘.95 5 ~~, • 0 ‘00’ 85 — 1 3 . 1 12.9 2 . 9  ,T 2 :6.4
2020 - :c -

- 3010:0.01. DEV~~.0~~4~~ T
— ,°-8C 3 54 9 93 006 001, — ‘2 ,3 ‘.0 ‘ ‘9 .2  22 :~ .i
3 2000 116 6 5 If 7” 00 — 21. ” - .6 002 .3 10 -‘ .9

2020 — —
• ;C-0 1 2 ’ C C rA L  QUALITY

1980 170 10 —
2000 760 20 -

2020 00: 55 —

1021700: l-te ‘,aioeo ohown in the table are in:rerst- rotaj,
Prjc~ Ia:- 1970
02-_-se rt tzc- t  at 5—l/~% interest over 100 years.

F

--



- - — Z~
’ ‘‘i — 7~~~

’ - 
~~~

“ 
~~~~~~~~~~~ 

‘-“
~~~~~ ~

, “ ‘ “ - ‘

~~

30131, 3 — .\} ~i0A 8

Floods of 100 year frequen cy magni: ai’- iro undat’’ UPSTREAM FLOOD DAMAGE ~~
- c 5,’;

ab~ mr ‘9 ,109 -a,- r’ ’s . 1.an~ use in this floc’i p lsmi r  in - —

c on s 1sSs of ~€ ,193 acres of ropin:, l en-I S ” ‘ ‘ ~~ A-C To~~ 1 ,rr ream sr- .- ’ 
r

- ‘ , . O  acres of forest , ‘.,4s7 acres of 0 ~~~~~0

c o o  - t . ~l i c r -c  of miscellas - ” .c 1 - u- do - . A — D “a~o. ’ - - .‘mj’.h rc ;r “-I
‘ r’ , ’ -r ”’ ~s s ‘n ’ w r .

I- Lot -CO -. r’ -nt~ j ’t u n.. :t o c - o t - - 0 $‘ , , o r .  ‘ abla r- -- . - - - - nd’-r
‘mvCr iO’O annual Luo: ”- . a’ithol,it o-. - ‘ flf ,fly lIC O I - 3~0 rob :, )

;‘r ”v- ’nt ion demands , or’ - t-  - - -Iamao’eo: mr - - s o ’ ’ --

to b~~: $m. ,007 , 000 in l,d~ ; $12, - ‘- ,300 Or. 2000: — B-E 5ers o-~ ’- ‘.1 - h all
2 81: ,J0-.’ in 2020. urs raars r 

Land treatment , use changes , protection and man—

a.zarn”nt affect volume and I ist rlb’m ’ j o - n  ‘f  wst ’n’ : --:;: r P ~~~~~~~~~~~~~~~~~~~ a~~~~~~~~~~~~~~

~ 
~~~~~~~ 

~~~~~~~~ 
E3;°

~~ -~
°

m 0 1 ___ _~~~ ,._..0~~~ ~~~~~~~ —

vor :e~~~f ’ i - ’  1 tro ’l. 
o f urban , and 00 ,:o~ 

- 

__ ,_

~ m 1l y ,tilii l , c38 poter .tial apc ’ re~a r -”c’r :ir -

s00’- wnal i ha’re 1 ,712 ,100 acre fe ’S, — f “- t O-’ -~t 
-

an av’-rag’ cos t  of ll ,00/a r-’ fn ’ . 0000’:o- -n t of

the otorag-’ -:aea00t;; is 305 for c” :ir-:n a:rd l9bo 19dm 0000

- odwat r and toSS 00r --th- r ben eficial uses. 00-ar:

The s-- ,- ’’mC f 2 ...,9 cfs ( b as e d n c - - n ir.05 . - fO) f L28 crta l w’,’ 

- u l  aorrer,t f~ ws for w-,t-’r 0sa00ty oro’r00, arc- -or - worrarO :r . ‘ r-- -

r - -’:”~ ati3n , o, -,’.- igar00on or .iown:tre’co wit :. :r’~w-00- , f l — o o  oro ‘0 ’:. as a :r- ,r~ r , _ : -  -

r’tent ial ocstr am resers : could supp,:- r’-sero- irs “.100. 99,’OC ‘o ’r’ f”e’ of

- as for power , rural communities and town s , ‘ear-racy o ’ -” t” “05010 -‘-- ‘ : ,‘--- “ l oot
ic,c:str’y an! irri’ .-at ion, by 197 .  Th’-s- - 13 .o -’ r—a,n ‘ca’n’ro:.’- .’ d’- —

carve f’ortitc’ r r’ta!y ‘ - r  ‘-a00 ’o a000 r, p r o —
‘.bit- r su”faces of varIous sizc nay sa ’. i o ’- i ~i 

jects. Ar,o’hor 100, so- ra ~“ o f

ion , fish and w~1i,lif , and,’ :r ‘,-i~ -s00 ‘—ru-crary r’ r’e-~ In 2” rr-rervoo rr’

;‘oalit’r en’ci r- ’roo-o o.t ne-’Io. F:t”n ’ial - ,00 r-’sro 00~ tibl1.’ be la- .’00~~re 0 in pr’ ,~~” ’ r f l o o i
reservoirs o-old provIso : pr 00 - - as a - 0-- n:.’ - r i n c i d ~nt al
11 ,130 s r” c in 00’ pools over 500 acre: in size purpose.

25,930 ‘i’-res in 31. pools 200—500 acres in size
10 , acres in 133 pools 100—2 00 aor~: in si ze Obo :’ 100 ’ -f ‘he and area , s  in t he 000

5,  , ,cr ’-s in 97 pools less tnar, 100 acres in c is c ,  year f oc I  ~ls:n. - -o r - - - n f , - : j a m
c - - ’ - ’e ~7o- iepths ar 23 f - - ’ , 21 f o - t , 20 fae ’ ani n- :.ac”r -r.t is n’—- - - c  ‘. ‘ 50 , - a ’r”e .0

00 f”e: ruspe~ tiv~1y. 
‘ 0 -  00 ;“sr and Q , Cl s — r e :  On ‘ °-  5C

,3u, o -- t o .~ flood c r c v ~ ntoo:: demands shown below are t o  c ’  used in clan I’ormulatic ,- . 
w -” ;- r 0 -

• : : Flood Prevention Demands : 7~ st : 0 - n -:
:Watershed:Flood: Stra -’tura~ Measures : ii’. rto - o r ’l flea. Sc- : ’ -
Protec— :Plain:Projc—ts:Multi-: St ‘r~~c :Chan-: On” 00— , Avo ,Oa,

0” cc ne on b i Mgt par Tot o : nel Tot ‘c mc - -—

Frame : Land : : :pose : :Proo ,:Irrr .: :Pr~~;,: :Pr -,’ . :2”-ds ’ -: °--00
Year :T re~tnent : : :Dams : : : : : -‘ -

1000 Ac. : No , : No. : 1000 Ac.Ft . : ils . : t ri 1:~~, : :

1966 11 °~‘ 36 31. -
0110 ~~FICI~~CY

1980 272 6 5 22 10.0 52 — 2 2 . ,  00 .2  1.1 0 9 2, 0
2000 155 6 5 29 89 38 .5 20,” ( ,~ 1,, 1. : .0
2020 31 10 0 12 23 13 — 5.1 1. , - 5 .5

. j’iC 2 9 2 6 6 21 ,i9 59 — 26 . 13. ” 1, 1 ,: 10
2000 101 5 7 -oo 10’? 15 — 21. , 10. 0
2020 252 11 11 9 009 1.7 — T~~.2 0 3 . :  . 5

1r700 0 ”1’2C-°L QUALITY
l oB: I d  —

7000 120 5 31 —

1020 1205 26 —

00100’ : l’me -caluec , shown In the table are Incremental.
Pr i c e  ba :’ 1970
ioo’,rtic’ -or ~~t ~~~~~~~~ O r .terest over 100 years .

—
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Floods of 100 yee.r frequency ma~~~itude inundate
about 179 .ll’O acres, lAnd use in this flood plain UPSTREA1~ FLOOD DAMG~ PROJ~~TIONS
consistC of 28 ,635 ac res of eropl.nd and pasture , 6-0
7, 000 acre s of forest , 19.780 acre! of buiLt—up , A- C Total upstream dazages
and 123, 705 acre! of miscellaneous lands.

A- D Damages with proposed
Floods presently cause an estimated $6,060,000 Structures (.s shown i 

C

average annual dama.~se. Without meet ing any flood In table be low under
preverxtlon demands , projected damages are expected ~3 !~! n b7 . )
to be : $9,262 ,000 in 1980; $17,115 ,000 in 2000 ; D
and $36 ,-~ot~ OOO in 2020 . 

- B-E Damage wi th  .11 / F
upstream reservoirs

Land treatment , use changes , protection and man— ,~~ ~~ place
agement affect volume and distribution of water
yIelds. Of the 2 ,615 ,000 acres of land in Area 9, ~ 20
sBE ,000 acres require tre’atmer’ and are feasible
to treat . A net 956 ,000 acres will change use
by 2020. Land use (t966) in the 30 watersheds
cons is ts  of 11.5, 000 acres of cropsan d , 59, 000
ac res of pasture , l,61h ,000 acres Of forest . - -  __________ _______________ ______________518 ,000 acres of  urban , end 250 ,000 ac ras of 

,__ __,,,
~~~~~~ ~~~~~~—‘

F’s1.ly ct~~,~~z e c , 35 pote r ,t ia srt t reacro reser ’r—ir - ‘

sites would have 32” , 300 e - r  f~—’t of s torar  at

an average cost of $22 7 - c o r e  foot . mll-ctrro ant of
the store:” capaci ’-o is 31~ for s—I lmen t  and l9bt 1980 2000 2020
f loodwate r  and 6-5 0 for othe r ben f00:a,1 u—es . Years
0’. r eas e of 1.0.2 cf t  bss d on c-n . ’~~n~ e_ dre f ’) O~ the 73 small watersheds in Area 9, 32
could ~u~ rrer,t flows for w ate r  quality control , appear to warrar,t structural meau,,ires with
r sr .at :on , ro at’IgatICr. or :ownstr ”a. . w c ,t hdrew a is .  f l oo d  pr ”v—n tio-r, as a prIm~~~’ use. The 63

the potent ial  :pstrearr r e e -.’ ’ rs c c _ I d  s mpp_ :.’ resar ’,—cl rs w It h ,  13 ,~ 0O acre feet of temporary
285 mgd for  power , rural oo~~ u,nit!es and towns , storage couid reduce flood d~~age by 19%.
inl-sttry and Irri gation, The—- 32 upstream watersheds deserve ft rther

et-s1y for ea rly  ac t d ro p r o j ec t s .  Arocth r
Wat er ea r - fa c es  of various s i z e s  may s a t i s f ,’ 1, 00 cor— f .o- of temporary storage In 22
re:reat00n, f ish and w~ I!1ife , ard or “sc -sal reserv- : :rs coulo possibly be d~ v~ lopCd in
~-s a1ity en’,’~ ro naent n e e d s .  PoSer , ’ :cl ups ra’ma rr - ’ aots with flood prevention as a second—

~re could prov : r e :  cry or :ncidenta l p-or pcse.
00 ,130 acres in 13 pool s o’ser 500 acres in size
ll ,-.-. acres in 35 pools 200—500 acres in 5i0 ,O h-:oS - 6 , 75 of the 1~ nd area Is in the 000
2 ,720 cores In 1 p : 0 0 c  100—210 ‘m ’r~ s so siS” “ear f l- sod plain. Early action flood p cin
630 acrer in 11 pools lees t h a n  100 a’rec in size . manager-ant is needed on the 136 ,000 acres
orerage depths are 7 feet , 9 f”— ’ , 00 f ’” '’ and in the 10 year and 16 3, 000 acres in She 50
19 feet ret rec t ively .  veer flood plains ~r, -spetream watersheds .

3u~cs’-ote-! flood prevention demands shown below are thos e used in p lan formulation .

Flood Prevention Demands : Cost : Benefits
:W ute rsh~d:Fjood: Structural Measures : Structural Measures :Str.Measures

Protec- :Plain:Projeots:Multi-: Storage :Chan-: One time : Avg .Ann .* : ~ :Area
Obj e : tive : Time : tion by : Mgt . : :pur - : Total :Flood:nel :Total:Flood:Total:Flood:Damage:Perm .

Frame : L.,nd : : :pose : ~Prev. :Impr. : :Prev . : :Prev. : Reduc-: Pool
Year :Treatmermt : :Daru : : : : : : : :t ion :1000

1000 Ac.  : No, : No. : 11000 Ac.Ft . : Mi, . $ million : : Ac.
19€-b - - I I —

00’-.TIONAL ~~‘FICI~~ CY
1960 103 203 12 25 86 30 — 16.7 7 2  .9 .6 7 6. 6
2000 000 00 20 303 117 — 1  — 38.1 00.3 2.0 .7 11. 10.0
2020 - 1.3 —

o 00:0:200. DE~~~.o~~~~ r
1980 170 27 13 27 91 73 — 00 .3 7. 6 1.0 .1 6.7
2000 221. 16 9 04 110 :03 — 35.5 13.1 1.9 .7 Ii 9.7
2020 - 63 -

~ ‘r:- OP~~~rrA L QUALITY
1980 191. 311 —

2000 7 °E 21 —

2020 3036 121. —

007211: The values ohoowt in She table are incremental.
Pr-joe Base 197C
lzt c,r’Sized at 5 - lj ~~~ interest over 100 years.

.4.a -- F— . a~~~~.. - .



~~~~-“~~~~~~~ ~~~~~- - --- “- .

31J 1~1,1 51~I1, d — ~ ,. - ~~~ 10

a~ out 53, - 7 i c:~~~ . Lan d us~ 
UPSTREAM FLOOD DAMAGE PROJFrOIONO

consi st’ -o f l7,3f11 acres of - ‘r’ p i arod and pasture _ _) 
-

15 ,00 ‘~cr~ s - f  f ’reit , . ,190 sor~-’ of bull’ —up , A-C ~CtAs - or ’ rear, dama ges

era l l - , ’ . - to r eS f r  :oe00 -tr e crus _ -rn :i,s - A- D Uerta~ e: w~ ’h, proposed

Floods or nt ‘, - ‘sa,. an. o :t I (r,.st~ -i ~~-, : O~~ 
- rr r i00ur.~ (~a s shown

- ‘ 
- in table belo w und er

average ax-.sou,.  00,-si, ’ -’. a. ,loout s- t 1o,.~ soy flood - NT obj . )
:‘rev xIt ion n-’rUtL-i : . or : ’ - -‘t oil - ~qt.gas ‘irs’ -~s~-e ted -

to be: $b b ~ -7 .u00 do: o~ .J: 01 ,ddU ,3)0  in ?00o:—; 
~~~- B-F Oasis e u ’’’ all

and $ 1 ,505,000 ir~ 2020 . ~9’ 
‘ ‘
ups raem r”r-eroodrn

- use - ‘  -so.c ~~ , inn’ ‘‘ - ‘ t o  s a ~d man— 
In pie-”

‘ -f f’c S ‘o:i’:m.’ es -I oro tri lut ino -f water ‘-~

yields. -Of t ”  2,1300,200 eora s of land Ic Area 10, ~~ 
‘ —

1,21 - .1-21 acres ~~q:Ire tr’atrent ana ar-i feasible
to s -’-st A se ’. 730 ,031 c’r”s w l l  change use
t”t 2020. land ros e — Ohs. ) too the ‘~C ws t~ r~heds
~~~~~~~~ 

: 

O

~~~

a 
lIi 

:~~2~~ :~~ 
_
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S1JBR~~IQN C (Areas 11, 12 and 13)

Area 13 was not inc luded in the upstream analysis because of
its urban -maracter.

F ,,oodir,~

Area inundated. Total area inundated by the 100 year frequency
flood in the  Subregio n is approximately 518,000 acres (Table F-6) .
Of thio , 15 percent is in crop and pasture, 35 percent is in forest
land, and 50 percent is in urban and miscellaneous.

Area 12 has the larger area inundated (382,000 acres). The
larger acreage inundated ir . crop and pasture is in Area 11
(1+5,000). The larger acreage inundated in forest land is in
Area 12 (11+3,000). The larger acreage inundated in urban and
miscellaneous is in Area 12 (205 ,000).

Area inundated as a percent of total area for the Subregion is
1s . The values for Areas 11 and 12 were 2 percent and 5 percent
respectively .

Present Damages. The present average annual damage in the
Subregion is approximately $5.1 million. The values for Areas
11 and 12 were $o.8 million and $1+.1+ million respectively . For
the Subregion 21 percent is agricultural, and 79 percent is
nonagricultural. The percent agricultural damage for Areas 11
aria 12 were 1+8 percent and 16 percent respectively .

The present average annual damage in dollars per acre of area
inundated for Areas 11 and 12 were $6. and $12. respectively. The
average for the Subregion is $10.

There are two authorized PL 566 projects in upstream areas
which will reduce present average annual damage by $0.22 million,
leaving -a damage of $0.03 mIllion. Present average annual damage
in the remaining upstream areas is $5.10 million.

Future Damages. If no additional flood prevention measures
were installed , the present average annual flood damages of $5.1
million would increase to $7.1+ million in 1980, $13.1 million in
2000 , and $2 1+.0 million in 2020 (Figure F-2l). The annual damages
in 2020 for  Areas II and 12 were $2.9 million and $21.3 million
respectively .

Extent and Timing of Flood Prevention Measures

Structural Measures. Suggested flood prevention structural mea-
sures involving installation of 78 multiple purpose dams with

• 93,800 acre feet of flood prevention storage and 25 miles of chan-
r.crl improvement at an average annual cost of $i .2~ million will
reduce 2r.r~ua1 flood damage by $3. 1+0 million in 2020 . The tables on
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pages F-62, 63 and 61+ indicate the extent and timing of potenti’al
flood prevention structural measures for each objectiv e by Area .

The installation of structures involving Nation al Forest land
will depend upon further analysis to determine compatabillty with
National Forest purposes.

Flood Plain Management. Flood prevention plan s for the 519,000
acre flood plain should include nonstructu.ral measures or devices
as alternatives, in combination, and/or in addition to structura l
measures. With all potential flood prevention structural measures
insta lled , the annual damages remaining would be $5.9 million, $10.5
million, and $19.1 million in 1980, 2000, and 2020 respectively
(Figure F-2l) . Flood plain management of the 1+3,000 acres subject
to high damages , would reduce this remaini ng damage.

Water Management

In the two authorized FL 566 projects there are included 200
acre feet of storage for uses other than flood prevention in mul-
tiple purpose reservoirs. As of 1967 under the CO program of the
USDA , technical assistance was provided for the installation of
about 500 miles of diversions , and 900 miles of tile , and 1500
miles of open main ditches for drainage and flood prevention.
Also installed were about 11,100 ponds for flood prevention, irri-
gation, recreation, fish and wildlife, livestock, rural domestic ,
and fire protection.

In addition to flood prevention storage in the Potential Flood
Prevention Project s , there is storage of 0.20 million acre feet for
other uses . There ar e about l.Bli million acre feet of storage for
other uses in the Potential Developments. The total avaIlable for
water management ‘in potential upstrea~ Impoundments is 2.011, million
acre feet . The specific need.s for water will be identified in
other appendices.

Programs and Activities

FL ~66. As of 1967 there were two authorized FL 566 projects
in the Subregion; one is in Area 11, and one is in Area 12. Flood
prevention storage of 8,1+00 acre feet and 200 acre feet of storage
for other uses are included in 8 dams. The total estimated cost
is $14.5 million.

RC&D. There is one RC&D project in the Subregion. A portion
of the East Central Vermont BC&D project is located in Area 11.
It was a desire of the sponsors that the land, water, plant , and
wildlife resources be fully developed, conserved, and used for
the benefit of people.

Ne w England-New York Inter-Agency Committee Report. All of
Ar eas 11 and 12 arc included in this report . The principal
outhorization for the survey- was Section 205 of the Rivers and

F -60
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Harbors and Flood Control Act approved May 17, 1950. The principal
subjects are discussions of the river basins , economic development ,
storage and stream flow regu lation , water supply , pollut ion control,
flood control and drainage , power development , navigation and beach
erosion , fish and wildlife, recreat ion , management of agricultural
and forest lands , minerals and insect control.

F-61
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Floods of 100 year frequency magnitude inundate U~~ TREAM FLOOD DAMAGE P~0.J~~TIONS
about 137, 136 acres . Land use in this  flood plain
consists of 145, 171 acres of cr’opland and pasture , A-C Total upstream damages

39 210 acres of forest , 511 acres of built-up ,
and 52,21414 a~’rec ci’ miscellaneous lands. A-D Damages with propc Fed

stru cture s (as  shown
Floods presently cause an estimated $767,800 in table below under

average annual damage. Without meeting any flood 3 NF C b ,i. )

prevention dema nds, projected da1~~ges are expected
to be: $1,051,900 in 1980; $1,627,700 In 2000; and B-E Damage with all 

-
$2,863,900 in 2020. upstream res e rv clr r

o in place
Land treatment , use changes , protection and man- LI

a~ emesit affect volume and distr ibution of water
yields. Of the 7,1L~0,000 ac res of land in Area 11,
2 ,1142 ,000 acres require treatment and are feasible
to treat. A net 1,393, 000 a cr es will change use
by 2020. Land use (1966) in the 111 watersheds
consists of 1,5.02 ,300 acres of cropland , 920 ,000 _____________ __________

acres of pasture , 4,1427,000 acres of forest , 1 —

i32 ,-50 acres af urban, and 1439,000 ac res of

B
Fully ut i l ized, 255 cctc- : IO ~, -s1 upstream reservoir
zites would have b ,’ l - crc feet of storage at
an average cost of 3131/-c.~~re foot . Allotment of 1966 1980 2000 2022-
the storage ‘ar~ Ity  ic 3&I for sediment and Years
f1oad~~-t e r  and 02’~ for other beneficial uses.  Of the £� small watersheds ir. Or e s  II . 8 -cc-’ 

to warrant  s t r u c t u r al , measu res v i ta  flood ar c-
l’he release of 3mO cfs (based on c outinual draf t )  vention as a primary use. iLc- 149 ia ’car voir I’

-could a-sgment t’1~ws fo~- water 0u-Jity control , with 30,700 acre fe-:-t of temporary storafe
r ” ’r eat ion , r,-ajl,a_tj or , or :cwr.-I tre am withdrawals.  ‘cult reduce flood damage by ~~LI~

’ . These
Or the p. ’te ntiSi a: t r  - ‘-c ; reservoirs could supply ur rt ream ‘-catersueds  dese r ve fu~~ i;er stu sy f or
623 c~ d for power , rura l  -occaunities and tease , Carey action pro e ct s .  AnOther 001 , c - C  acre
ir.d-cstry and i :-r i ’-s t ion .  fec-t  of temporary storage in 0 c c. re-c c -r v c ir c

could possibly be developed in prc~~cst c’ ’ c i th
O - :t c - r  c- srI - a c - - c  of various sizes ma y satisfy flood prevention as a sec ondary  or l r . s i s c - n t a_
r e— r e a t i a n , lId; ‘end wjli.ejl-s , an d/ a r  visual purpose .
quell onvironmant nc- c-is . Potential upstream
recer7olr~ could provide: cbo~t ~~. ~~ of the lend arc- a ic ~~ toe  _Oe year
11, 0 a rca in 15 pools -aver 500 acres in size flood plain . Early action flood plcc- n man-~~e-
1-0 ,1420 “sr’~c ir. 03 pools 200-500 acres in size ment is needed en the 70,000 so re: in the 10
8,530 ores in co pool: 130-0-30 acres in size year and 110,000 acres Ic. the 50 year Vised

a :re Ir, 1 o  pools less than 100 acres in size, plain: In ua;’tream s’tera,ed: .
Avc -ra~’ - deptac are .c~ let , 114 f e a t , 12 feet and
i~ feet r- -~p’:’tivo1’.’. -

suggested fj, cod prevention demands shown below are those used In plan formulation.

- : Flood Prevention Demands Cost : Benefits

;Watershed:Flood: Structural Measures : Structural Meacs .,, -es :Str .Meacsre :
Protec- :Plain:Projects:Multi-: Storage :Chan-: One Time : Avg .enn .* : ~ :r~r ’~

Objective : Time : tior, by : Mgt.: :pur - : Total :Flood:nel :Total:Flood:Total :Flood:Damago :Pcrm.
Frame : Land : :pose : :Prev. :Impr.: :Prev.: :Prev. :Reduc-: Pool

Year :Treatment : :Dams : : : : : :tion :1000

1000 Ac. No. No. : 1000 Ac .Ft. : Mi. $ million : : A s .

1966 1 14 1 1 —

NAT IO3AI, ~~FICIENCY
1980 142 1 2 e.2 06 ~ L 1 ~~.

‘, ~ .6 .c .1 a 1.7
2000 33 - 1 20 14 3 3. 1.3 2 .1 5 1 1 4
2020 107 1, 5 25 52 17 19 a, ’. 3,14 .5  . 114 1.7

R~~ IONAL DET~~0~ .~~1T
1390 75 3 .14 56 18 14 3. 14 3.14 .5 .2 11 3.2
2300 93 - 3 7 8 6 18 3.- 3.’ .. .1 10 .

~~2020 LI )  1. 7 37 107 53 14 c; .: 5.7 l~ I .  5 a
ENVIR0N?~~ TAL Q,UALrIY

1980 0o9 23 -

2000 857 LI -

2020 a57 52 -

NOTE : Inc ‘Ic ~-5e5 shown in the table are incremental.
Price Base 1970

* Amortized at 5-1/8% interest over 100 years .
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Flood” . 1 ’ 100 year l’ c~ ’qs - c - - ’, ’ r v  a, t c  c 1r .un ’l- ct ’ - UP STREAM FLOOD DAMAGE PBOJ~~TIONS
cCO’,It 14 ,~~~0 a -: . L- 5::’ 1:, t; ; flood plain
consists of 314,2147 ‘-re” of ‘r c1’ :nd ‘nO , ‘ - st u r c , A -C T:’el api” ream jemages

~i ,14 c , , , rca of for - -I , 2. 4 5 - c ’  r i ’  of bui lt—up,
cool 202, Ic - ‘cc-rc a of ml.;:’ L- -n e I -  c - ’  A — D Da m c~~’ a ah ; rc

‘rue  arc:’  (as rhc a w r,
Floods present ly ,-ese an estimated $14, c,,c),300 in  ~ab 2c’ b,-lcw ur,~~c r
average annual damage. Without meet ing any flood 15 NE b ,)
prevention demands , projected damages are expected
to be: $6,366,000 in 1980; $ll,598 ,1400 in 2000; ‘cnd .— B-E Damage wi’h all
$21,321,900 in 2020. ‘

~~~ upstream resers

Land tr ” :tm ;,t , 4:e ‘ic’cngo ‘ , rot ’ ‘t ia ; .  and m a n —
a ’ ’mont affect  volum e -:no cistributlon of w- tsr ~, 10 —

y i ’~~ i . . Of too e ,2)3 . I )  acres 01’ land in Are’: 12,
:14 ,1 )  a ‘r - - c , ‘jui re t r c - ’cto-: t and - .rc feseible

to treat. A net ..,337,00a acres wil l  -han 1’e ccc
by 2020. Land use (_lcc-b ) in the 132 watersheds
:on-sicts of l , ) L ,000 acres of ‘ropl:jd , 7014 ,000

of :t,cr . 5, c , ,003 ‘c rc: of forest , 5
U ’ecr c-s of . .rh - :., - n i  701, ’ : ‘: ‘r ’: of other

Fully uti l ized , 265 potential upstream reservoir
alto :  would have 2,,LI,60:c acre feet of storage at
an average ‘r’,’t of 81,OC ’a’ rc foot . Allotment of 

180 2000 
—

the storage capacity is 2~~5 for sediment - m d  1 9 - -. -

floodwater and 7$ for other beneficial use:. ..r..

Of the 132 small w’aterc-’ec’d,- in Area 12, 9
i’l.e release of ~~, .  s c-ft (b- ,:ed on ‘onti :..~’.L d r a f t )  appear to warrant s tru ’ tu rw~ a--a

- .,amer,t f..c;-;s for water qeaLI t a .- c:.trca , flood prevention as a rr ccar) u , ‘Ic - ’ -  03
ti m or iown.:tr e”;— . w i th  I i ,  w- - ,:. rc’:”rvo c,r: wit’, 51,000 a -r” f’~’e

Or t;,-a Oat - r.tia.. stream re:- r”~ lrs reeca supply :tor’c ’  “ould rc- cl C -e flood dan’c0e c - j
3,283 m~d for :o’,-:- ,r. m’ ;r’cl osc’,u: ,It le,  ‘ :; s.c-n:, The:— ’ 9 5’ t r - ’:r; watur ..icc-c-’ ‘le er’,”- :‘um~tc- ’m’

:c:trL’ and ,‘- : ‘.‘- t :.. study for early action rrcje -t-
509, 1400 acre feet of tessaci-ary :tcr’e’c in

-1 t- ’r :arf- . .c-: of v’rAncs size: may :‘.ti:fy 236 reservoirs - p u c e  cc- ’ 
~~~~

_ ;  be a -’vc l ’:r~~-i
tl..n. fI:l. and wildlife, - - nd/ c”  visua.L in projects with flood or-”,’~-nt I r a  cs a

onvi rsr ,m ent :ccces , Pot enti— I a: :t ‘ - ‘ :5 i’’ -end s ma or i’- I ‘tor.t-, I ur: -

‘ er’:: r: c - o s l O  provide:
acre: in 14: pools ovor 500 acres in ,sI:e lOcuS 0 , 

- of t’.~ land ‘ mac !.s i:, a- . LI) a--
, i~ acres 1:, 87 pool: , LI-5 a:r’-: I;. size f. .aod :aal:.. Early ‘ectlc., f_ . . . . I  ;,eI:. ;-,:;: : -

9, a -rca in 62 pools 103-000 cc’ rca I:; size mer.t is n edo-i or. t i i -~ 231, a - c-’.. In 5 : . ’: I ’J

sores  in 141 pools less t:,a;, 100 0 ‘cc.. in size. yea r ‘,:,s 327...-~~. acre: ii. t a  52 ,, -.‘.r

~ oerar” tort..: ‘re 13 Vc- :t , 21 feet , 23 feet -a 15.i :,,: I:. -t sot r ; . -:’
22 loot rc:re ’ti-:’ly.

Sa c-” - t - :  flood prevention demands shown below are those used in plan forriculatean.

Flood Prevention Demands : Cost : Bcn ef : t s
:l4atershed:Flood: Structural  Measures : St ruc tura l  Me-a:ur -s : St r . Me” :,crc -

• : : Protec- :Plain:Projects:Multi- :  Storage ;Chan -:  One Time : A v g . o e , . : ‘,- :-cr - -

Oh “' tion by Mgt pur Total Flood nel Total Flood Tot c P -...~ c °

I ran’: : Land, : : :posc : ~Prev . :Imp r .  : :Prev.:  Pr - -: . :c ’--a s-:Pce,

Year : re tment: :Dams : : : : : : : :‘. a

1000 Ac. : No. : No. : 1000 Ac ,Ft . : Mi. : $ ms,llior : : a : .

1 - 7 -

LI.:loiAl E~~TI0IENCY 
‘ -

1980 156 14 25 1714 51. - :  ~ .: .— ..u

2000 31 3 2 ~ 15 7 - -

2020 - 5 -

~::3 ,,0’~ DEVELOPMENT ‘ - - ..
• 1980 17 1, 9 28 193 57 - 14 -   2. - . -.

2000 15 3 L 4. 7 - . c .  .  . . -

2020 - 5 -

I::VF 0N1.~~TAL QUALIT Y 
--  - - a -

1980 ‘ . ‘ 2) i5 ,. 5- c - ‘c , . )  .

2000 di) . Ic-I -

• 2020 dl14 203 -

:OT 2: The ‘,‘clues shown in the table are increment al.
Price Base 1973
“- ‘sortized at 5-1/8% interest over 100 years .
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SUBB~~ION C - Area 13

No inundation or damage est imates for upstre am areas were made.
Flooding problemz and remedial measures are discussed in Appendix E.

Flooding charact eristics are unique to this highly urbanized
area. There are no major river basins in the area . Evaluation

= procedures used in the rest of the Region are not applicable to
limited number of upstream drainage areas . Flood damages are
predominantly from tidal flooding, man-made obst ructions , and

-
‘ overflowing storm sewers .

Lend, treatment , use changes , protection and management affect
volume and. distribution of water yield. Of the 1,053,000 acres

- 
- of land in Area 13, 112,000 acres require treatment and are

feasible to tre at . A net 396,000 acres will change land use by
the year 2020.
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JBREGION C
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FLOOD DAMAGE DISTRI BUTION AND PROJECTIONS
DISTRIBUTION PRESENT AND PPUJECTED

AVERAGE ANNUAL DAMAGES

‘
50 - - E S’ S 

H H H_

POTENTIAL WATER SUPPLY FROM UPSTREAM RESERVO IRS
BENEFICIAL  USE 

- ST O RAc ~ E - s - - -

- 

r d ,  

. 

I
vw

-

~~~

T 7  ~~~

- 
,~~~~

.. .- 
~~
‘ -‘r’~~~ . —.-— - -“  

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ --
—-

~~~~~~ ‘ ‘ - - .- - - -—‘--‘ -~~~~~~~~--~~‘ - - - -- --~~~~~~~ -~~~~
‘
~~~~~~~-



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :,-77~~~~~~=~s ’- ----’-’- ..--‘ —---‘-- ‘--- 
— - - -  —‘-—I

/ . )
/ 1 U @ r ~~

~~~~ ~~

)~ -hI  -

~~~~~~~~

~~~~
1

( -~
-
~ T ’

~
\ ~~~~~~~ 

)

I 
‘

~~~~‘~~~~~~~~~~~~~~~~

(> ~- L ~~
’
~~~~~ 

©
:t

5 ~
-
~-A’ SUB -REGION C

AU HORIZED FL 566 PPC:J 
7 

5 / AREAS ~i~i)- ~13’~
HLOT P1 OJECTS .

~~ FL 5 - 34 UPSTREAM FLOOD
POTF NTh A L FLOOD PREy PROJ . PREVENTION PROJECTS

SU~3A~ EA E3C Ur cDA RY / ( 

-

— ) ~S~~ 0 lS , - V O  ~~ 0- ~

~~‘ I ~ /
_ 5’~ ‘-

.
~ 

-

—~~~~~~~ — ~~
. —

-

~~~~ ~~~~
“ “@ ,

~~ ‘-‘---- 9 -

1f~~ ‘
. 

. -
‘
-

FfGURE F’ -2 1
LISOA SCS ’ , S* f l c  . - c l ( ’c i I , ’ ,

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



S~JBR~~ I0N D (Areas 114, 15 and 16) -

Flooding

Area Inundated. Total area inundated by the 100 year frequency
flood in the Subregion is approximately 1.27 million acres ( Table
F-7). Of this , 31 percent is in crop and pasture , 2b percent is in
forest land, and 143 percent is in urban and miscellaneous.

Area 15 has the greatest and Area 11+ has the least total area
inundated. Area inundated in crop and pasture for Areas 114, 15
and 16 are 12,700 acres , 378,300 acres and 5,500 acres respec-
tively. Area 15 is second to Area 18 in area inundated in crop
and pasture . Area inundated in forest land for Areas 1~4, 15 and16 are 17, 100 acres , 195,100 ac:-es, and 119,500 acres respectively.
Area inundated in urban and miscellaneous for Areas 114, 15 and 16
are 30,600 acres , 309,300 acres , and 203,700 acres respectively .

Area inundated as a percent of total area for the Subregion is
11. To~e values for Areas 114, 15 and 16 are 

14, 11, and 23 res-
pectively. Area 16 is second to Area 18 in area inundated as a
pe rcent of t otal area .

Present Damages. The present average annual damage in the
Subregion is approximately $5.5 million. It ranged from $0.1
million in Area 16 to $14.3 million in Area 15. For the Subregion ,
28 percent is agricultural, and 72 percent is nonagricultural.
The percent agricultural damage ranged from 8 percent in Area 114
to 141 percent in Area 16.

The present average annual damage in dollars per acre of area
inundated ranged from less than one dollar in Area 16 to $18. in
Area 114. The average for the Subregion is $6. Area 16 has the
lowest damageable value per acre inundated in the Region .

There ure 21 authorized PL 566 projects and one Pilot Watershed

L 

in upstream areas which will reduce present average annual damage
• by $1.7 million, leaving a damage of $0.14 million. Present

average annual damage in the remaining upstream areas is $5.1
million.

Future Damages. If no additional flood prevention measures
were installed, the present average annual flood damages of $5.5
million would increase to $7.8 million in 1980, $13.3 77i.llion
in 2000, and $214.3 million in 2020 (Figure F-22) . The range in
annual damage in 2020 would be $0.3 million in Area 16 to $18.5
million in Area 15.

~ ctent and Timing of Flood Prevention Measures

Structural Measures. Suggested flood prevention structural
measures involving installation of 89 multiple purpose dams

F-65

—‘ r-~~~ .~~~~~.—— - - .. .



- — -  --— -- —~~ -

with 132,800 acre feet of flood prevention storage and 380 miles
of channel improvement at an average annual cost of $1.68 million
will reduce annual flood damage by $11.70 million in 2020. The
tables on pages F-68, 69 and 70 indicate the extent and timing
of potential flood prevention structural measures by Area.

Flood Plain Management. Flood prevention plans for the 1.3
million acre flood plain should include nonstructura l measures
or devices as cccclternatives , in combination , and/or in addition
to structural measures. With all potential flood prevention
structural measures installed, the annual damages remaining would
be $3.3 million, $5.6 mi llion, and $10.2 million in 1980, 2000
and 2020 respectively (Figure F-22). Flood plain management of the
261,000 acres subject to high damages, would reduce this remaining

- 
- damage.

Water Management

In the 21 authorized FL .66 projects and one Pilot Watershed
there are included 147,700 acre feet of storage for uses other than
flood prevention in multiple purpose reservoirs. As of 1967 under
the CO program of the USDA technical assistance was provided for
the installation of about 1,000 miles of diversions , 1,500 miles
of tile, and 2,1400 miles of open main ditches for drainage and
flood prevention . Also installed were about 5,000 ponds for flood
prevention, irrigation, recreation, fish and wildlife, livestock ,
rural domestic , and fire protection.

In addition to flood prevention storage in the Potential Flood
Prevention Projects, there is storage of 0.29 million acre feet
for other uses. There are about 1.06 million acre feet of storage
for other uses in the Potential Developments. The total available
for water management in potential upstream impoundments is 1.35
million acre feet. The specific needs for water will be identified
in other appendices .

Programs and Activities

FL 566. As of 1967 there were 21 authorized PL 566 projects
and one Pilot Watershed in the Subregion ; one is in ‘

~rea 114, and
21 are in Area 15. Flood prevention storage of 73.200 acre feet
and 147,700 acre feet of storage for other uses are included in
86 dams. The total estimated cost is $70.1 million.

Delaware River Basin (Area 15). The history of p lanning for the
development and utilization of the water rescur-~es of this basin
dates from the early 1800’s. In 1933 the Corps of Engineers corn-
pleted preliminary studies of the Delaware River that were sub -
mitted to Congress and, became part of the nationwide study known
as the “308” report. The Committee on Public Works , U . S. Senate ,
on April 13, 1950, adopted the first of several resolutions that
authorized a Comprehensive Survey of the Water Resources of the
Delaware Piver Basin. The report was published in December , 1960 .

I 
F-66
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The Chief of Engineers recommended that Congress adopt the com-
prehensive plan present in the report. In 1961, t he Delaware R iver
Basin Compact became law creating the Delaware River Basin Commis-
sion. The Commission is an agency and instrumentality of the
principals ; The United States of America , the State of Delaware ,
tne State of New Jersey, the State of New York , and the Common-
wealth of Pennsylvania. Eight major multiple purpose reservoir
projects contained in the Corps of Engineers ’ comprehensive plan
were included in the Delaware River Basin C ornrn, ission ’ s Comprehensive
Plan, Phase 1 ( adopted March 28 , 1962 ) and authorized by Congress
in the Flood Control Act of 1962 (P.L. 87-8714 of October 23, 1962).

Type IV Cooperative Survey. The Appalachian Region Water Resources
Study was recent ly completed. The upper western portion of Area 15
is inc luded in this study .

t 
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~ ,.,c~ ~c - r n i~~C . - be ‘.‘e~~~:e - o

q’ elit~,’ or,’ir:r:~e :.-:-‘--r: . 2 - : 1  ~~~~~~~~~ 
to ,  r osi n- ‘‘n- -~C t : ,  f2C rn-~ r r—c ’ .’ent l c : .  a: a - - -

0000rvo ir- :  ~o ,eLd rrovido: 5 0 ” - or is,
5, 231 acre - Cr, S poeii ever 500 ::re.o in :1o-~5,5 7- C ac roc  Cr. 17 pools 2-C1-~ C ‘lore: is, sioe 1bo-~t 2 .~ el too nn,d -r -o I: Cr , ‘n , - - 102
3, 220 a:ro: irs 23 pools L-1 ,—~~~~ acres in :1:-s

acre: Cr , Cc pools less t2rsrs 200 a -re.: is , sloe . ~~~~~~~~~ C. n-€i-:: or, tOe a:s’ez Cr.
Overaoe depth,: are 12 foot . 18 foot , 20 f:-et -siC 1 : 1 . 10 year -:s ~ 52.2 acres Cr. 0 , -: 5-C-

39 i’s:t recs ic :t1’,’s l, - . flood s i ± s ) ’,, . - I” plaro-so: n- -to: -:

Su estel  flood prevention demands shown below are those used in p lan formulation.

Flood Prevention Demands : Cost : :‘~‘-r . c f :  0 - -

:Watershed:Flood Structural Measures : Structnra1~ Mea :-sr - . 
_______________

Protec- :Plain:Projects:Multi : Storage Char.-: One ~nac 

‘0 2’,’- : TIme : tion by : Mgt. : :pur- : Total :Floodsnel :Tota~ :E_ oo0 :Tct :2~ c i :D05~650PCrm.

Fr ame : Land : :pose ~Prev . :Impr . : s-rev.: : or’.. ‘05500- :  Pc-:.

: i- ’~ r :Treataent : : :Dams : : : : : : : :t’nr : 1O~~
1000 A c .  : No, : No. : 1000 Ac .F t . Mi.  : ~ mill ier ,  : : A s .

29cc C- 3 1 1 -

::2TtOOAL I7FICIENCY -
IySO 10 3 1, 1 2 — - .  

-
‘ j , C- ,~~~~~~~~ . -

2000 i30 2 7 13 32 20 - .3 5.~ . . . 1)

2020 - 5 -

:1Fn IONAL D~~T ELOP!’~~lT
• L580 2-) 3 i. 3 - - .2 - . - . .~~~~~~~~ . - - .3

2000 , .  7 ~8 20 - - . 3  ._ .9 .3

2020 2. ‘‘2 17 — .0 , 2  . o  .7 ._  2

.‘r :-o:r- ~~2i’;~L PUALI T Y
• 2380 1 3 5 70 -~~~~ IC — . ‘ ‘ . ..)

2000 2.32 7 ~ ~ 5l c~ - . rn 7 ~~~~.‘ 2.3 . ‘

2020 132 23 -

:FYE: he values shown in the table are incremental.
Pri-e Ba:;o 1970

* Arortiz” C at 5-1/8% i r ,t or oct  over 100 years .
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~0 5 t L  r ag”  caoar~ 0’.’ is a~~ f o r  sed -me r : t  and 1966 1980 2000 2020

I S fC’n- r’,:at’r ar,d ~3 icr Ct0- r b ”no fioial use:. Year s
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0 ~J au”m~” fi for water qcals ‘ trr) ,., 
0 W ar  “ ‘- — ~ .. w

—~ —— p “a eat n o— d ~r ~~~ — ~lr ~ 
C r r” jr a a —

r “ s-r al n ” e ~~ ” c c — r — ” d r ” ” ’ ’ ” 9,, ‘ a r “ -..-

1 L rsgd rural r”'—-r a o si r ,, id — -~ si’~ a” ~ ~
rs-fo ’ r’r and r” ”'t ”’. “5~ ~ C 0’50r’5m wa rn-- r~~~’ d ’ ” ’ ’ ”  f . r - ’ r

.0.id” f o r  ar ly  a e t j c r  ar is: ” s.
het’-r :or:’ae”o “f various si ze s  may cat 1sf’.’ ~1°.8°C a’r— fae~ of t~ m0rrer.’ rnorasr r.

‘ - ‘n-st fish s-sic wiidl’ fa . and/”r visual 
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a — -r ”a  i r, 0100, 0 o v - r  500 a r’s i r ,  s loe
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,. ee— “3 c d  t ~ Th,’ r “c’ ~
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Sr c ~‘ 3 5 ~~ ir s” '  ~

3’,ssscest’:: flood prevention demands shown below are those used in plan for imilation.

Flood Prevention Demands : Cost : Benefi ts
Watersrsed:Flood: Structural Measures : Structural Measures :Str.Meaaeres

Protec - :Plai n :Pr oj ects:M ulti -: Storage :Chan -: One Time : A~g.Ann .* : :~~r”’~
Ob3e:tive : Time : tian by : Mgt. : :pur - : Total :Flood :nel :Tota l:F lood :Tota l:Flood :Daroa~ e: Perro ,

Frame : Land : :pose : :Prev. :Impr . :  :Prev .: :Prev. : ted sc - :  Pool
Year Ireatment ; :Dazss : : : : : : : :tior, :1000

1000 Ac. : No. : N o . : 1000 Ac.Ft . : Mi . : $ million : : Ac.

l3to t 21 78 120 Cl ‘2.
• r ;o ::o:, -.o ~~‘FIC E;CY 

-

1980 °O 8i 1. 15 1. ‘.2 — . - .2 .1 3 .3
2000 - 1 . 2  — 22 ‘ s_ 7 3~~: 5 - ’ - , 0 ’ 3 ,0’ ~~~~ 

j , ” - —

2020 - 22 -

R~~ IONAL D~~~~~~~’~~ T
1980 155 71. 1-2 3 ’ siC )‘i 9] 9. 3.1 .~ ° . .° 21 ‘- . 3
2000 e]l  - 12- 55 26? 9” 23’0 : s 22 , 2 .7  1.2 “ 9  9 .2
2020 C l ’  0’ 3 :0  76 “2 3 1~~.” ~~~~ • 0 .5 1 5 , ]

1IFON~~~ TAL QUALITY
1980 ~‘a1- p 1.9 73 ~ o °:2 11 ’  °90 53,7 ~~‘ , . ‘ . ‘ 1.— - ° 3 . 2
2000 “7’ ‘n), 2’ - “ : ‘~( - 1 

~~
- 28. 2 , ‘ .C

~ 7, ’ 2.
2020 “7 ’~~~~~ 2 - - jSc 7’~ I “-‘ - ~ “ o , - 2 3 ,~~ -s a , - 2. .7

,0 ’E :  rhe values shown in the table are incremental.
Price Base 1970

• rsc aY~~-. ze d at 5-1/8% i r t” r e c t  over 100 years .
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,ilLc s”Ot” s’, flood pr ev esot ion  demands shown below are those used In plan formulation.

Flood Prevention Demands : Cost : Bcnest t :  
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:Watershed:Flood: Structural Measures : Structural Measures :Str.Me’:.
Protec- :Plain :Projects :tkult i - :  Storage :Chan-: One Time : Avg .Ar,n .* : ~

- : .r’ -

Obj’o:’Iv e : Time : tion by : Mgt. : :pur- : Total :Flood:nel :Total:Flood:T:tal:Flood:D’ssis250P’rs’- .
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• 1-75-c -
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2000 Ic ’ 122 -
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SUBREGION E (Areas 17 arrd 18)

Flooding

Area Inundated. Total area inundated by the 100 year frequency
flood in the Subregion is approximately 2.72 mi llion acr e c  (Table
F-8). Of this 1414 percent is in cr-op and pasture, 39 percent is in
forest land, and 17.0 percent is in urban and miscellaneous.

Area 18 Lao the largest area inundated (2.52 million acres) in
the Region . Are-a 18 also has the largest acreage inundated in crop
and’ pasture (1.10 million), forest land (0.99 million), and urban
and miscellaneous (0.142 ) in the Region.

Area inundated as a percent of total area for the Subregion is
12. Area 18 has the largest percent of its land area inundated (~ 1+)
in the Region . In contrast , Area 17 only has 1 percent of ito
area inundated.

Present Damages. The present average annual damage in the Sub-
region is approximately $15.14 million. The values for Areas 17 and
18 were $4.U9 million and $10.9 million . For the Subregion, 614
percent is agricultural, and 36 percent is nonagricuJ~t’ora.L. The
percent a~ r1 clLLtural damage for Areas 17 and 18 were 8 and 87
respec tively.

The present average annual damage in dollars per acre of area
inundcste-3 for Areas 17 and 18 were $26 and $5 respectively.
The average for the Subregion was $7.

There are 26 authorized PL 566 projects and one Pilot watershed
in upstream areas which will reduce present average annual damage
by $2.2 million, leaving a damage of $0.5 million. Present aver-
age annual damage in the remaining upstream areas is $114.9 million.

Future Damages. If no additional flood prevention measures
were installed, the present average annual flood damages of $15.14
million would increase to $21.7 million in 1980, $33. 4 million in
2000, and $55.~ 

million in 2020 (Figure F-23). The annual damages
in 2020 for Areas 17 and 18 were $28.5 million and $27.3 million
respectively .

Extent and Tinin ~ of Flood Prevention Measures

Jt ru -stur cs l Mea oure o .  Suggested flood prevention structural mea-
sures irA °A’o iving inotaliat ion of 11+0 multiple purpose dams with

ac re feet of flood prevention storage and 3, 6814 miles of
channel improvement at an average annual cost of $14.80 million will
ro-Iu -:e annual flood hama~ e by $18.07 million in 2020 . The tables
on pages F-714 and F-75 iioiicate the extent and timing of potential
flood prevention ot ro otur al  measures by Area .
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Flood Plain Management. Flood prevention plans for the 2.7
million acre flood plain should include nonstructura3. measures or
devices as alternatives, in combination, and/or in addition to
structural measures . With all potential flood pL-eve~tion struc-
tural measures installed, the annual damages re~~ining would be
$6.6 million, $10.2 million, $17.0 million in 1980, 2000, and
2020 respectively (Figure F-23) . Flood plain t’~ n~gement of the
673,000 acres subject to high damages, would reduce this remaining

Water Management

In the 23 authorized PL 566 projects there are included 15,200
acre feet of storage for uses other than flood prev~~tion in multi-
purpose reservoirs . As of 1967 under the CO program of the USDA,
technical assistance was provided for the installation of about
3,800 miles of diversions, 2 ,800 miles of tile, and 5,200 miles of
open mm ditche s for drainage and flood pr evvut ion . Also in-
stalled were ab out 11,000 ponds for flood prevention , Irrigat ion ,
recreation , fish and wildlife, livestock , rural domestic , and fire
protect ion.

In addition to flood prevention stora ge in the Potential FloOd
Prevention Project s, there is storage of 0. 117 million acre feet for
other uses . There are about 1.52 milli on acre feet of storage for
other , uses in the Potential Developments. The total avai lable for
water mana gement in potential upstream impoundments is 1.99 million
acre feet.  The specific needs for water will be identified in
other appendices .

Programs and Activities

FL 566. As of 1967 there were 23 authorized FL 566 pro jects In
the Sub region ; seven are in Area 17, and 16 are in Area 18. FlOod
prevention storage of 33,100 acre feet and 15,200 acre feet of
storage for other uses are Included in 28 dams. The total esti-
mated cost is $1~3.0 million.

RC&D. There are two RC&W s in Area 17. The primary object ye
of the &idless Mountains RC~~ project is for a guide to the economi c
improvement of the family farm unit by inc reasing farm income and
eliminating underemployment t hrough the maximum development , im-
provement , conservation and utilization of the natural resources of
the area.

The objectives of the South Central New York RC&D are to find
uses for underdeveloped re source s, to create a f&vorable cllmte
for all types of industry, to mlnt*In prufitable f~~~1y~type farms,
to develop full-time employment and train or retrain citizens for

t careers within the Region , and to help landowners ad just to changing
• conditions and find economic uses for lands not used by agriculture .
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Type II Coordinated Comprehensive Detailed Study. A Type II
Study is near completion for the Susquehanna River Basin.

Type IV Cooperative Survey . The Appalachian Region Water
Resources Survey was recentl y completed. The upper half of Area 17
is included in this study.

4
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UPSTREAM FLOOD DAMAGE PROJ~~rIONs
• , 

214 
A-C Total upstream damagea / /

~nd 314, 501 acres of miscellaneous lands . A-D Damages with proposed

Floods presently cause an estimat ed $14 ,1489,700 ~~~~~~~~~~~~~ under
average annual damage. Without meeting any flood 8 NE obj
prevention demands , projected damages are expected
to be: $6,9l14,l00 111 1980; $13,603,800 in 2000 ; and .—. B-E Damage with all
$28 ,509,600 in 2020. upstream reservoirs

Land treatment , use changes , protection and man- 
P

• agemer~t affe ct volume and distr ibution of water 12
:~ie1ds. 2f the 17,1407,000 acres of land in Area 17,
o,3~ 0,C(’ acres require treatment and are feasible a
to troat. A net 2,863,000 acres will change use

• by ?020. Land use (1966) in the 1145 watersheds
consistc ~f 14.219,000 acres of cropland , 1,14714,000

• acres of pasture , 9,779,000 acres of forest, 6
883,000 acres of urban, and 1,252,000 acres of
other land .

B

Fully utilized , 521 potential upstream reservoir
sites would have 2,230,000 acre feet of storage at
an average cost of $386/acre foot. Allotment of
the storage cepaci~y is 23~

’ for sedthient and flood- 1966 1960 2000 2020
water and 77’~ for ot:~cr beneficial uses. 

Years

The release of 3.263 cfs (based on continual draft) Of the 138 small watersheds In Area 17, 13
could au~ flent flows for water quality control, 

appear to warrant structural measures wit .

recreation , navigation or downstream withdrawals, flood preventio n as a primary uce. T~.e 66
Or the potential upstream reservoirs could supply reservoirs with 66 ,200 acre feet of tempora r’~’
2,237 mgd for power , rural coxmnunities and towns , storage could reduce flood damage by 15e •
industry and irrigation. These 13 upstream watersheds deserve furt~ pr

study for early action projects. Another

• Water surfaces of various sizes may satisfy 397,100 acre feet of temporary storage In

recreation , fish and wildlife , and/or visual 
1475 reservoirs could poss ibly be developed

quality environment needs. Potential upstream in proj~•~~•~ wit~ flood prevention as a
reservo irs could provide: secondary or ineidental purpose.

21,250 acres in 27 pools over 500 acres in size
30,150 acres in 100 pools 200-500 acres in size About 1.1 of t~ e land area Is in t~ e 100
214,1460 acres in 179 pools 100-200 acres in size year flood plain. Early action flood plain

13,700 acres in 206 pools less than 100 acres in size, management is needed on t~ e 113,000 acres

Average dopt~.s are 19 feet, 20 feet , 19 feet and 
in the lO.year and lo°,000 acres in the 50

16 feet respectively. year flood n]a~ ns in ups~-ream waters~ eds.

Suggested flood prevention demands shown below are those used in plan formu1~tion.

Flood Prevention Demands : Cost Benefits
:Watershed:Flood : Structural Measures : Struntural Measures :Str.Measures

F : : Protec- :Plain:Projects:Mu.lti-: Storage :Chan-: One Time : Avg .Ann.* : % :Area
Objective : Time : tion by : Mgt. : :pur- Total :Flood :nel :Total:Flood :Total:Flood:Daxnage:Perm .

Frame : Land : : :pose : tPrev . :Impr.: :Prev.: : Prey . :Reduc-: Pool
Year :Treatment : : :Da.ms : : : : : : :tion :1000

1000 Ac. : No. No. : 1000 Ac.Ft . : Mi. : $ million : : Ac.

1966 ~j 144 58 3o 8
NATIONAL ~~TICIENCY

1980 814 - 3 9 35 17 — 12.o ~ .3 .~~ .3 3 1.3
2000 69 1 3 2 142 - ~.9 l.7 •14 .1 3 1. 1-
2020 33 1 7 148 2214 51 - 108.7 27.2 5.0 1.14 10 7,~

R~~ IONAL D~ 1~~O~~~~T
1980 1148 - 5 2i 79 25 — 25.1 7.2 1.3 .14 14 2.7
2000 j.12 1 14 15 el 8 - 18.1 1.3 i.0 .1 2 ~.5
2020 1471 - 9 67 297 38 - 1-72.9 50.5 S.o 2. 12 214 ,1

F~VIR 0N~~~TAL QUALITY
1980 ~~~~ ~i 13 • • .  280 92 - 128.~~ 3c.

Q L , C  L . )  lo ).
2000 2532 113 So ~~3 975 22 - ~~~~ 70.6 19.1 3.~ 3 39.9
2020 2532 35 50 227 975 222 — 3b0.2 70.5 19.1 3.7 3 39.9

N~~E: The values shown in the table are incremental.
Price Base 1970

* Amortized at 5-1/8% interest over 100 years.
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S1J8R~ZI0N E - AREA 18

Floods of 100 year frequency magnitude inundate UPSTREA M FLOOD DAMAGE PRo~mrrIoriS
about 2,518,800 acres . Land use in this flood plain 32consists of 1,102,923 acres of cropland and pasture , A-C Total upstream damages
990 ,030 acres of forest , 70,905 acres of built—Up.,
and 3514 ,9142 acres of miscellaneous lands. A-D Damages with propo Sed

structures (as shown C
• Floods presently cause an estimated $10,913,700 in table below under
• average annual damage . Without meet ing any flood 214 NE obj

prevention demands, projected damages are expected -

to be: $114,733,500 in 1980; $19,753,800 in 2000; B-E Damage with all
and $27,381e,300 In 2020. upstream reservoirs

a
- 0 In place

Lan d treatment , use changes , protection and man—
agement affect volume and distribution of water 

~yields . Of the 14 ,650 ,000 acres of land in Area 18,
2 ,1467 ,000 acres require treatment and are feasible
to treat. A net 1,372 ,000 acres will change use
by 2020. Land use (1966) In the 116 watersheds A -
consists of 1,766,000 acres of eropland,
209,000 acres of pasture, 1,7140,000 acres of 8forest, 228,000 acres of urban, and 707,000
ac res of other land.

Fully utilIzed , 76 potentIal upstream reservoir
• sites vo-.x.1I h ave 1420,200 acre feet of storage at B — — ______________

an average cost of $251/acre foot. Allotment of _________ ______________

the storage capacity is 36% for sediment and 1966 1980 2000 2020
floodwater sm-i 614% for other beneficial uses. Years

- Of the 1114 small watersheds in Aree 18, 90
The t-~ 1ease of 1451’ ‘fs (based on continual draft) appear to warrant structural measures with
o~ u1..I ~~rner.t flows for water quality control , flood prevention as a primary use . Tha 72
r~~reiticn . navigation or downstream withdrawals, reservoirs with 116,600 acre feet of te~tp~~—
Or the p~ tet~t1 a1 upstream reservoirs could supply rary storage could reduce floo dao~aee by
2914 mgi f~r powe r , rural communities and towns , • 89%. 3, 6814 miles of channel improverent are
In dustry and irrigation. included in the 90 watersheds . These 90 up—

stream watersheds deserve further s tudy
Water si~rfaces of various sizes may satisfy early action projects. Another 14 ,730 ai~r,
recreatIon, fish and wildlife, and/or visual feet of temporary storage in 2 reserc:Irs
quality environment needs. Potential upstream could possibly be developed In pro ects with
reservoirs could provide: flood prevention as a secondary or I n O i I ~ n —
2,550 acres in 14 pools over 500 acres in size tal purpose.
5,160 acres in 18 pools 200—500 acres in size
14,310 acres in 29 pools 100—200 acres in size About 514.2% of the land srea is in the 130
1,050 acres in 11. pools les~ than 100 acres In size. year flood plain. Early action f~~~I p 1~ in
Average depths are 21 feet , 20 feet , 21 feet and management is needed on the 1,965 ,000 acr’.~
20 feet respectively, in the 10 year and 2,393,000 acres in  tn e

year flood plains in up r tre en w a te r -h e  I F .
Suggested flood prevention deamnds shown below are those used in plan formulation.

Flood Prevention Demands : Cost : BenefIt:
:Watershed:Flood: Structural Measures : Structural Measures :Str.Mea:..rc:

Protec- :Plain:Projects:Multi-: - Storage :Chan-: One Time : Avg .Ann .* : :j~r~~
Objective : Time : tion by : Mgt. : spur - : Total :Flood:nel :Total:Flood:Total:Flood :Damage:Perrn .

Frame : Land : : :pose : tPrev. :Impr. : :Prev.: :Prev . :Reduc-: Pool
Year :Treatment: : :Dams : : : : : : : :tion :1000

1000 Ac. : No. : No. : 1000 Ac.Ft. : Mi. $ million : : A: .

1966 16 14 17 9 1082
NATIONAL ~PTICIE~CY

1980 985 80 22 21 119 144 810 25.1 12.6 1. 1. .7 22 3.9
2000 1389 — 31 31 167 61 11141 36.3 :6.S 2.2 1.0 30 5 . -i
2020 1102 19 37 22 129 143 17 1 4  143.2 20 , 8 2.7 0 . 3  37

R~~IONAL DEV 0~~~~T
1980 1273 58 53 52 286 105 1951 61.3 28.9 3.6 1.7 52 9 .3
2000 1102 13 37 22 129 143 17114 143.2 20.8 2.7 .3 37
2020 — 28 —

E~VIP0!Th~~TAL QUALITY
1980 1493 632 17 714 1415 1148 140 141.8 13.3 0 . 5  . ‘ 9 13.0
2000 987 15141 8 2 6 6 — . 8 .8 .1 .1 .1.
2020 987 355 —

NOTE: The values shown in the table are incremental.
Price Base 1970

* Amortized at 5-1/8% interest over 100 years.

F -75

~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ •

‘ 

.



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~---—

• UPSTREAM FLOOD DAMAGES , WATER MANAGEME b
SUBREGION E

General Watershed Data Pertinent Flood Flab Infore.ation
S66s~ea N s~ber Total Area Inundat ed by 100 Year Freg. Flood Avers~r Annual S’lood Daaa~e : Beai~Project Clssaificsti on of Water- : Crop & Wood - Other Total Crop :Other,f4 eoid .:Coaa’25P~~s. Other: Tot al : Flood Prey .: Agr .: I

Projects : shed : Pe a— : tends : Urban , Misc. I : AC . :  & : : : I baage,MIti& :Wster:
Area a tore : I : : : a : :jndu,: .• -. Redctn :CUJ a Mgt.:
sa~,e1 . er, a ac. er. I ac so. tI~oU0a5d dolla,-, : thoua nd I

AREA 17 SUSQUEHANN,L
17s 31 7579 38239 8~26 1.10 8122 ‘ 167 59.4 70 .0 71 . 7 ~17 •15, 7 J F5 .4 91’. .7 1,01 7

4 0Th 25 5832 9308 12687 - 7716 29711 7.9 10.1 ~1 - 2  0.1, - - 29 .“ 1.2. 4, ‘2’ l 9 557 9

17c jl~ 3252 11126 10015 - 5915 775 5!, 9.2 23 ,0 ~‘ . ‘s 11.0.8 88.8 -~~ 51.2.6 9i. .1

lid 1.5 71.71 25316 20938 237 9268 55779 56 .1 9, 2 l~~.5 ‘ 669, 0 1 ’ ’ . ’ ‘‘~~ 39 1.0

lie 19 3309 1661.7 10982 3 34460 31292 29.7 17 .2 207 .9 105.2 108.4. ,1 , 8 1  . ‘ 192.1

N::o1:.~ ’ .i 1 68
P.O.  566 4 5  875 1.1.7!, 2106 1’.c 51’8 8159 78.6 -‘ .1 175 .6 272.5 fli .7 117. 8 721.5 691.0 118.1 ‘-7 . 1 44~S’S.  Prey .  P r , , ec ’ ,: 15 208!, 9130 61.27 ‘1  I. 11 12675 11.7 38 . ’. U’ .l .1.1.,!. ~~~~~ ~~ . 111’ .! 77’’ 6

17 21.1.81. 87230 51.1.85 11o 29032 57989c ’,’...C 171 . 1 ~~‘ .4 560.3 97P,.2 1 ~~~,7 20’~~.7 58 7. 1

7 5’ L’ 138 c7015 17:6 6 6 -u i8  £0 . sISal 190507 160.5 71 .5 1 3 : 4 . 5 1277,2 1~~78.~ 57’ .? ‘181 .6 10”9.1

AREA 18 PATUXENT AND NANT
08, 17 2073 7312 1.780 05 13880 22035 27.8 .s  31.6 0~ . c 88.0 1~~~ 7 ~~~~~ 51’ , ’

18h :7 582i, 1099763 985275 7 8 6  111,6’ .o .( 17828 .1 .5. :sl .s  81 .8. n 9.0 21.1.7 ssS7€ .5 1 9773.8

7 218
86. ho: . .  ‘ ‘ ,~~. :0 14 , r. 3€ I 858s7 11:2.50 ill .115. 2’ ~57” . ’ _ ,4~~~~ :’ , . 1 -~ , ‘ - - .5 !‘22 .5 i 55.1. 2 128 .5 . .~.6 . .3 ~I P P 90 P9 .6 748 81’) I’ 70795 97 2 7 7 108 1 7 10
P.~~- ’n~~’ .,: ‘. ,‘ - : ey” . ’ 9 768 5 5  5,5 - LI’ - c - 7.8 - ~ .7 - .“ 1? i,~~

“ 2 1  .5. 7897 1124073 990055 7051 5 :519 7 75191, ’ :7 :~ 89...1 .7 119 .7 120 .9 627. 0 ‘ ‘50 ,7 7L ’7, :.

SUBREGION E
S -Is

~~

:‘ . c i .’ — !  P .S . “ C “ ‘ 1911 :I J: 1L7170 ,5. - ,  “~~ 5, ,’ ‘- “i: I, 19 ’ 290 II’S 1 65 7”2 77’.. ‘7 l’17Fr- Pr’ . ‘ i ~ “ .77 1118 3- .’ - ,s.5 ,‘ 6 ’:, ’ • ., : .1~~:. :: 5 .7 0 ’ . :9 ‘.5, U”? o~P 11525 .‘177
:1,757 87’ ,’ . ’. ‘ 5 o : ’ ,~ ’ j7.1:,O ’3L yr.l 1..e9 :~~ . 5 5 5  j .

~ u’.’.

‘~~‘ 71, 252 :951.’ 1203907 1~~~3:’77 71555 •‘1’~ - ~~_ 9~ ’~ 11057 ‘11 1’~~’ .1’ . - ‘.18’ 1’’ : 57. 5 9 .
~~
,.

Oc r  b~ :, , - , ’1 :’ I ,ses ‘h e r  - Is:, flood c s’:.
S 

— 
‘ So Ul: ’ 1;.
I i,, i , . - ,- c—I ’, ’.’ - I ,co.’o SI ,’ 0,1,-: “c 7 ’ , , - ’ ’

:1 Ol y cs :n e l S e ,
Sote , Inventory base 1 345€ ; Pr ice b::. ., ‘ :7:’, ‘.n, : 7 5 5 ,7 ’ ::: r’ ,t: ’ , ‘- . 9 0  ove r 151,) yr:’:

~~~~~~~~~~~~~~~~~~~~~~~ ~~~ ~~~~~~~~~~~~ ~~~~~~ ~~
--—-- . - . ,,



r ~~~~ -~~~~-~~~~~~~~~~~~~~~~~

WATER MANAGEMENT AND STRUCTURAL MEASURES
SUBREGION E

BenefIts anal Costs Uputreaa Structural Measures

~~~~ 

: Benefits : Costs a No , :D.A . : Itor s~e :Area : Channel Othe r
Total : Flood Prey,:  Ags’ .: Sec . :Oth er: Total :Flood :Ag r . :Rec . :Other : Tot al : Total a of :~ bove :Sedi- :Plo,od- :Other Uses ~,/: Tota l :Fera. : Imp . Water-

a Imaage :MItJ&:Water : Uses : Prey , Water: Uses : Av rg , : Eat. I DatsaDars ernes t water :Afl oc , :Ava i L: Pool : : shed
a : Redctn:CUJ a Mgt.: a : a :Mgt . a a Annl.a Cost a a a a : a : a : Imp .

thousand dollars thousind dollars a asg .rni.: thousand acre feet : er, a miles

17 SUSQUEHANNA RIVER
108,7 91- ,“ 1,1,6,0 • 254,,’ . , ’ 10313.6 197220 162 1301.1 13,1 127.2 2 ,4 398.0 540,7 23316 8.2 5.2

p.2, 5. ~~~~~~~ ..97 : 9  7790 ,7 11839.7 229869 106 1133,6 9,0 104.9 15 ,5 275.1 404 .5 12618

15 ,5 062 ,6 : 4 , 1  829,2 6691,2 128599 67 687.9 9.9 1.3.1 - 281.6 3344.6 15266

16s, ’ .~~ “ . - .151 .0 :5’3 . 3 11489.5 222416 173 1435.3 25.1. 150.3 3.6 518.4 697.7 27721

435.  s81.8 192 .1 1 5 0 ,5 5366.8 104299 57 567,!) 12,8 59.1 - 238.2 311.1 13972

147.9 “02.5 s91,9 .18,1 37.1 1.58,1 21,8 l668.~~~ 778 .7 2.9 272.9 16, 6 871,1 21152 44 207.6 5.4 31.0 21.2 - 57,6 1322 8.2 5.2
65.3 :5,14. 1 77’ ,8 1896 ,8 6673,9 12871,7 66 722.9 8,1 66.2 - 205.7 280.0 9702

162.2 2.5’S,? :9 ,5, 7’19 .5 38156,0 732504 1.55 419J. ,8 56.7 387.!, .3 1505.6 1950,0 7981.5

37” ‘292 .  ; r ’ ’Oi  9787. ’ 45700,9 882403 569 5125.3 70.2 484 ,6 21 ,5 1711.3 2287,6 90869 8.2 5.2

BATUXENT AND NANTICOKE RIVERS
5 1.3~ . .‘ 25 , . . ~ . , 5570 ~~~~~ 279.8 46 1. 1.8 21,2 81.3 5.7 1744 ,1. 282.6 772’. .3

241. 11876 .5 741 ,2 “88.4 86-44.8 Ia,,-48 34 s79 ,4 11.7 48.9 3.8 92.7 155.0 6024 171 ’,3

10’2, 5 i , l0~~~ . 8,5 1.82 .3 364. 3 :52 .6  1.401..T 597 , 5 575,1. 8.9 90.7 57c.8, ’ :“7”h~ 4 121.8 .8 8 .~ 7.5 - 17.2 0” ? 1s8, .7
2 6:. 1,6572,” ‘‘ ‘ s  20(8. 5 ~~~~~~ 2,1: 8 71. - ,24 .” 30.7 lE.6 — “ ‘9  44144 .2 i~c’i5 ‘08’ .’.
2 3,6 1’? ’ .  , , ‘8, 4, 1, 5 , 3  195 2 “~ . L 1,3  4 .7 — .2 6, 2  68 —

- 1L’l’ .8 “0’ .5. ‘7486.2 1.1,4 ”:. 80 771.1. 32.8 j 3 (’ .2 7 .5 ‘~~7,1 ~~~~ is ’Ll 5.7(9 6

SUBREGION E
‘ 181 y”2~, ,5 ,, ‘27 1517 825 27? 667C~~~~1 127 ’78 282 1” . ‘ ‘. ‘ 5 (725 5.8 -20 6 5. 29 — “ :Q0’. :”s)c 5

7,0 :‘ ‘ .8’ . ’ ‘ ‘ 8 6 ’  29 33 75 14’ ‘17 . 0 ,9~ — 5 . 7 1  : 51 ’ ‘“ ‘ - ‘ 5 1-
1’~~~~~~~5 ‘30 “‘52 ‘‘: .1’ ” ’’ ’ S )  I.’” 5. ,” ‘ 9  ‘.rc — is ’s  ‘o’ ”oI -

1~ ” 5 ’ ’ ’~ 12”,’’ 1 ’2 7  ‘ .‘82, ‘ , p ,8’fo 41.5 ‘ 4 ’ ,:. 0,7 ~0’ 70 1979 ,s” S’f1 :1.111’,’ 5 . 1 . 5

SUBREGION E
TABLE F-8
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FLOOD DAMAGE DISTRIBUTION AND PROJECTIONS

DISTRIBUTION PRESENT AND PROJECTED
A V E R A G E A N N U A L  D A M A G ES
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SUBR~~ION F (Areas 19, 20 and 21)

Flooding

Area Inundated. Total area inundated by the 100 year freaj.i ency
flood in the Subregion is approximately 731,000 acres (Table F-9)
Of this, 41~ percent is in crop and pasture, 46 percent is in forest
land, and 10 percent is In urban and miscellaneous. Area 19 has
the greatest and Area 20 has the least t otal area Inundated.

Area inundated as a percent of total area for the Subregion is 4.
It ranged from 3 percent in Area 21 to 4 percent in Area 19.

Present’ Damag~s. The present average annual damage in the
Subregion is approximately $10.1 million. It ranged from $1.0 million
in Area 20 to $6.6 million in Area 19. Of the total , 36 percent is
agricultural , and 61i. percent is nonagricultural . The percent agricul-
tural damage ranged from 30 percent in Area 21 to 49 percent in Area 20.

The present average annual damage in dollars per acre of area
inundated ranged from $9. in Area 20 to $20. in Area 19. The average
for the Subregion is $17.

Flash flooding in the mountainous portion of the Subregion occurs
freajiently. These storms create floods with very high velocities
causing extreme property damage and loss of life. The same amount of
rainfall in the flatter regions would not create as serious a problem.

There are 15 authorized PL 566 projects and 10 PL 534 projects
In upstream areas which will reduce present average annual damage by
$2.0 million, leaving a damage of $1.3 million. The 10 PL 534 projects
are located in the upper reaches of the Potomac River Basin. Present
average annual damage in the remaining upstream areas is $8.8 million.

Future Damages . If no additional flood prevention measures were
installed, the present average annual flood damages of $10.1 million
would increase to $16.2 million in 1980, $30.1 million in 2000, and
$59.4 million in 2020 (Figure F-24). The range in annual damage in
2020 would be $4.6 million in Area 20 to $40.4 million in Area 19.

Ext ent and. Timing of Flood Prevention Measures

Structural Measures. Suggested flood prevention structural measures
involving installation of 515 multiple purpose dams with 820,500 acre
feet of flood prevention storage and 162 miles of channel improvement
at an average annual cost of $7.23 million will reduce annual flood
damage by $20.66 million in 2020. The tables on pages F-8l, 82 and 83
indicate the extent and. t iming of potential flood prevention structural
measures for each objective by Area. The installation of measures
involving National Forest land will depend upon their effects and
compatibility ‘with the multiple-use management of National Forest
resources.

F-77
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Flood Plain Management. Flood prevcnt~ oz. j , ,L’ :i~~ for 1~~I~ ’ 131,000
ac re flood plain should include nonstructurai.  ?‘3”a.Suro~c or ’ devices a~
alternatives , in combination , and/or in addition to structural mea-
sures. With all potential flood prevention structural measures
Installed , the annual damages remaining would be $9. 5 million , $17.7
mil lion , and $314.9 million in 1980 , 2000 and. 2020 respectively (Fi , urc
F -A14 ) . Flood plain management of the 172 ,000 ac res subject to -t.ii~h
damages , would reduce this remaining damage .

Water Management

In the 15 authorized PL 566 projects and 10 PL 5314 projects
there are included 13,000 acre feet of storage for uses other than
flood prevention in multiple purpose reservoirs. As of 1967 under
the CO program of the USDA , technical assistance was provided for
the installation of about 700 miles of diversions , 2000 miles of
tile and 3500 miles of open main ditches for drainage and flood
prevention. Also installed were about 25, 000 ponds for flood prevexi-
tion , irrigation, recreation , fi sh and wildlife, livestock , rural
domestic , and fire protection.

In addition to flood prevention storage in the Potential Flood
Prevention Projects, there is storage of 1.22 million acre feet for
other uses. There are about 1.146 million acre feet of storage for
other uses in the Potential Developments. The total available for
water management in potential upstream impoundments is 2.68 million
acre feet. The specific needs for water will be identified In
other appendices .

Programs and Activities

PL 566 and PL 5314. As of 1967 there were 15 autno ’r’ized PL 56t
projects, and 10 PL 531-f projects in the Subregion; 114 are in i~.rea
19, five are in Area 20, and six are in Area 21. Flood preventior.
storage of 238,700 acre feet and 13,1400 acre feet of stora~’: for
other uses are included in 22~4 dams . The total estimated cost is
$50.9 million.

T~~ e IV Cooperative Survey. The James ~iver Basin Survey (Area
21) is nearing completion.

The Appalachian F1.egion Water Resources Survey is near completion.
The upper portions of Areas 19 and 21 are included in this survey.

Comprehensive Survey of the Pot omac River Basin. The Corp s of
Engineers , in response to a Senate Public Works Committee resolution
of January 26, 1956, initiated a comprehensive survey of the Potomac
River Basin for the control of floods and the development and son-
servation of the basin ’s water and related land resources . Toe
USDA began its activities in this survey in fiscal 1951 and cosc, ,~etc c
them in fIscal year 1963. The USDA report was revised in 191.5.
The principal features of the revised plan were:
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A. Installation of a system of upstream reservoirs with
the modificat ion and expansion of the original plan
to provide additional developments for recreational use.

B. Acceleration and expansion of the current programs for
land use and treatment to reduce erosion and sediment
pollution.

C. Additional forestry programs which would cDntribut e
to making the Potomac a model of conservation.

1
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SUBR~~I0N F - AR EA 19

Floods of 100 year fre quency magnitude inundate
about ~12 ,41~e acres. Land use in this  flood plai n U~~TREA14 FLOOD DAMAGE PR0J~~TI0NS________________C
consists of 206,200 acres of croplan d and pasture ,

and 33,Olb acres of miscellaneous lands . A-I) Damages with proposed
structures (as shown

Floods presemt l.y cause an estimated $6,615,600 in table  below under
average annual damage. Without meeting any flood 

_____________

165 ,000 acres of forest, 82,000 acres of built—up , 
A-C Total upstream damages 

/

~

//
//
//

//
//

//
/~ 

D

prevention demands , projected damages are expected 30 NE obi.)

to be: $l0 ,783, 1400 in 1980; $20 ,177 ,600 in 2000; B-F Damage with all

o in place
Land treatment , use changes , protection and man-
agement affect volume and distribution of water 2C

and $140,355,200 in 2020. upstream reservoirs E

yields . Of the 9,257,000 acres of land In Area 19,
0,521,000 acres require treatment and are feasible a
to treat . A net 1,267, 000 acres will change use ‘a

by 2020. Land use (1966) in the 79 watersheds
consists of 1,823,000 acres of crop land ,

• 1,1148,000 ac res of pasture, 5,289,000 acres of _________ ______________

forest , 373, 000 acres of urban , and 621~,QOO
acres of other land.

l

~~~~~~~~~~~
: 

_

Fully uti l ized , .07 potential upstream reservoir
sites woul d have 1,213,000 acre feet of storage at
an a’TeraRe cost of $ 2 5 5 / a c r e  foot. Allotment of __________ _______________ _______________

the storage capacity is 36% for sediment and 1966 1980 2000 2020
floodwater and 61~% for other beneficial uses. Years

The release of 953 cfs (based on continual draft) Of the 79 small watersheds in Area 19,  35
could augment flows for water quality control , appear te warrant structural measures wI~~~h

recreation , navi gat ion or downstream withdrawals,  flood prevention as a primary use. The 315
Or the potential upstream reservoirs could supply reservoirs with 350,900 acre feet of tamp :-
616 mgd for power , rural communities and towns , rary storage could reduce flood damage by
industry and irrigation. 3L s % ,  These 35 upstream watersheds deserve

further study for early action projects.
Water surfaces of various sires may satisfy Another 10,500 acre feet of temporary storage
recreation , fish and wildlife , and/or visual in 92 reservoirs could possibly be developed
quality environment needs . Potential upstream in pro/cots w i t h  f lood pre vention as a
reservoirs could provide: ‘ secondary or incidental purpose .

5,900 acres in 9 poo1s over 500 acres in size
11 ,030 acres in 35 pools 200—500 acres in size About 4.5% of the lan d area is in the 100
13,703 acres in 95 pools 100—200 acres in size year flood p , a in .  Early act ion flood plai t

• lO ,1~00 acres in 170 pools less than 100 acres in size , management is needed on the 252 ,030 acres in
Average depths are 11 feet , 20 feet , 16 feet and the 10 year and 363 ,000 acres in the 50 year
18 feet respectively, flood plains in upstream watersheds.

Suggested flood prevention demands shown below are those used in plan formulation.

Flood Prevention Demands : Cost Benefits
:Watershed:Flood: Structural Measures : Structural Measures :Str.Measures
Protec’- :Pla1n:Projects:Mu1ti-:_~~torage :Chan-: One Time : Avg , .Ann .* : ~ :Area

Objeot ive : T ime : t ion by : Mgt. :pur - : Total :Flood:nel :Total:Flood:Total:Flood:Damage:Perm .
Frame : Land : : :pose : ~Prev. :Impr.: :Prev.: :Prev. :Reduc-: Pool
Year :Treatment : : :Dajns : : : : : : : :tion :1000

1000 Ac. : No, : No. : 1000 Ac .Ft. : Mi. $ million : : Ac.

1966 114 1142 152 s06 149
NATIONAL EFFICIENCY

1980 1191 11 16 158 500 211 — l2l.i 28.6 7.2 1.7 17 15.2
2000 21~3 5 19 157 1475 203 — 1114.3 31 .9 7.2 2.2 18 16.0
2020 - —

R~~I0MAL DEV~~0~ 4~~T
1980 2191 9 29 263 835 352 — 200.8 57.6 11.5 3.3 30 26.2

• 2000 183 7 6 52 1143 62 — 314 ,0 .2 2.9 .6 14 5.0
2020 — 16 —

~ lVIRONI’~~TAL QUALITY
1980 9014 97 35 315 978 4114 — 23 5.7  63.8 11. 0 3,9 31. 31.2
2000 1803 253 30 92 235 23 — 73.9 — 14.3 — 1 10.14
2020 1808 62 —

SOTE: The values shown in the table are incremental.
Price Base 1970

* Amortized at 5-1/8% interest over 100 years .
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SUB~~~X0N F - AREA 20

floods of 133 year frequency magnitule lnundat~• about 131,o70 acres. Lend use in this floc t p la in  UPSTREAM FLOOD DAMAGE PROJ~~TIONS
con~ tst s of 1.5,013 acres of croplend and pasture , 14
68 ,5141 acre s of  forest , 703 acre s tf  b u i l t — u p , A-C Total upstream damage
sod 17,213 acres of miscellaneous lands .

- A-I ) Damages with proposed
Floods presentll cause en estimted $950 ,1400 structures (a. shown
average a,i~,ua 1 dI~~~e. Without ~~eting any flood 

in table below under
preve~tton demands, projected damages are expected 3 NE obj . )
to be: *1,1435,100 th 1980 ; *2 ,1499,500 in 2000 ;
and $14,628,IeOO in 2020. B-E Damage with .11

ups t ream reservoirs

“I
Land treatment, use changes, protectio n and man— in piece

‘-4agement affect volume end distribution of water 
7~ 2yields. Of the 3 ,736 ,03C acres of land in Area 20 ,

1 ,635 ,300 acres require treatment and -are feasible
to treat . A net 552 ,0C C acres will change use
by 2020. Land use (1966) in the 32 watersheds
consists of 582,003 acres of cropland,

• forest , 116 ,000 acres of urban , and 238 ,000
359,000 acres of pasture , 2 ,14141,000 acre s of

acres of other land.

Fully utilized, 217 potential upstream reservoir B• sites would have 1,068,600 acre feet of storage at
an average cost of $132/acre foot . Allotment of
the storage capacity is 33% for sediment 

~~~ 1966 1980 2000 2020
floodwater and 67% for other beneficial uses. Years

The release of 901 cfs (based on continual draft) Of the 27 small watersheds in Area 20, 9
could augment flows for water quality control , appear to warrant structural measures with
recreation , navigatton or downstream withdrawals, flood prevention as a primary use. The 109
Dr the potential upstream reservoirs could supply reservoirs with 11.3,700 acre feet of tempo—
583 mgd for power , rural communities and towns , rary storage could reduce flood damage by
industry and irrigation. - 1.14% . These 9 upstream watersheds deserve

• further study for early action projects.
Water surfaces of various sizes may satisfy Another 163,800 acre feet of temporary stor—
recreation , fish and wildlife , and/or vIsual age in 108 reservoirs could possibly be
quality environment needs. Potential upstream developed in projects with flood prevention
reservoirs could provide: as a secondary or inci dental purpose.
11,6140 acres in 18 pools over 500 acres in size
27,960 acres in 87 pools 203—500 acres or, size About 3.5% of the land area is in the 100
11,100 acres in 79 pools 100—200 acres in size year flood plain. Early action flood plain
2,820 acres in 02 pools less than 100 acres in size . management is needed on the 99,000 acres in
Average depths are 13 feet , 15 feet , 26 feet 5~t O the 10 year and 125 ,000 acres in the 50 year
19 feet respectively. floc- i plains in upstream watersheds .

Suggested flood prevention demands shown below are those used in plan formulation .

Flood Prevention Demands Cost : Benefits
:Watershe doFlood: Structural Measures : Structural Measures :Str.Measures

• : Protec- :Plaln:Projects:Multi-: Storage :Cha.n-: One Time : Avg .Ann .* :~~% :Area
Objective : Time : tiofl by : Mgt. : :pur - :Total :Flood:nel :Total:Flood:Total:Flood :Damage:Perm .

Frame : Land : : :pose : tPrev. :$mpr .: :Prev.: :Prev. :Reduc-: Pool
Year :Treatment : : :Dams : : : : : : : :tion :1000

1000 Ac. : No, : No. : 1000 Ac.Ft . : Mi. $ million : : Ac.

1966 5 148 50 145 1148
:j tTI0:;~ L EFFICIENCY

1980 12 1 1 18 108 °‘~ — 27.9 8.0 i.1. .0 8 3.3
2000 — 1 -

• 2020 ‘53 — 8 91 358 .30 90 55.0 13. t  2.9 .7 36 18. 14
R~~ IONAL DEV~~.O~ .~~T

1980 12 1 1 iS 108 37 — 27.2 8.: i.1. • 1. 8 3.3
2000 271 — 6 149 218 71 71. 36.2 11.1. 1.9 .6 16 9.7

• 2020 182 1 2 1.2 11.0 59 16 19.~ 2.0 1.0 .1 20 9.7
~ WIB0lB~~~TAL QUALITY

1980 328 :0 9 109 1.66 107 20 83.7 21.1. 0 ,3 1.1 1414 21.7
2000 655 90 7 58 3214 102 .171 52, 0 1 . T  3.3 .7 9 15.6
2020 635 17 6 50 278 97 i1.6 51.6 13,1. 2.7 .7 8 13.1.

torE: The values shown in the table are incremental.
Price Base 1970

* Amortized at 5-1/8% interest over 100 years .
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~J~h~Fl~ION y - ARtiA 21

• ~~~~~~~~~~~~~ Year fre~ue~cY rnari
~~~

e 
~~

undate UPSTREAM FLOOD DAMAGE PROJ~~TIONS
O O f l s i s t s  cf 95 ,065 acres of croplan d and pasture , 16 

A-C Total upst ream damages9,51.0 sores of fo rest , .- , 900 acre s of built—up ,
a r t  10 ,~ u acres of miscellaneous lands . A-D Damages with proposed

Floods present ly cause an estimated $2,514o,500 
structures (as sh Wfl

average annual damage. Without meeting any flood 
~~ obprevention demands , projected damages are expected

to be: $3,988,600 in 1980; $7,393,9 00 in 2000; h 11—~ B-E Damage w aan .,. ,~~,,, n 
upstream reservoirso .o in placeLend treatment , use changes, protection and man—

ager e:.o a f f e c t  volume and distribution of water .~‘ 8• yields. Of the 6,639,000 acres of land in Area 21,
3,1.1.14,000 acres require treatment and are feasible a
to treat . A net 606 ,000 acres will change use
by 2020. Land use (1966) in the 100 watersheds

- • consist3 of 636,000 acres of croplan d ,

• ~32,000 acres of pasture , 0,916,000 acres of _________ _____________ _____________

forest , 31.6,000 acres of urban , and 209,000
acres of other land. 

A 
___

“

~~~

‘

~~~

Fully utilized, 196 potential upstream reservoir __._— “.
_ ‘

sites woulth have 1,896 ,800 acre feet of storage at B
an average cost of $120/acre foot. Allotment of _________ _____________ _____________

the storage capacity is 38% for sediment and 1966 1980 2000 2020
floodwater and 62% for other beneficial uses. Years

Of the 73 small watersheds in Area 21, 27
The release of 1,775 cfs (based on continual draft) appear to warrant structural measures with

• coul i augm ent flows for water quality control , flood prevention as a primary use. The 91
recreation , navigation or downstream withdrawals, reservoirs with 2014,500 acre feet of tempo-
Or the potential upstream reservoirs could supply rary storage could reduce flood damage by

mgd for power , rural communities and towns , 36%. 714 miles of channel improvement are
Ooiustry and i r r igation ,  included in the 27 watersheds. These 27 up-

stream watersheds deserve further study for
Water  surfaces of various sizes may sat isfy early action projects. Another 392,500 acre
recrea t i on , f ish and wildl ife , and/or visual • feet of temporary storage in 105 reservoirs
Suality environment needs. Potential upstream could possibly be developed in projects with
reservoirs could provide : flood prevention as a secondary or incidental
00 ,200 acres in 141. pools over 500 acres in size purpose.
0,000 acres in 16 pools 200—500 acres in size
0 ,100 acres in 69 pooTh 100—200 acres in size About 2.8% of the land area is in the 100

0 ,730 acres in 614 pools less than 100 acres in size. year flood plain. Early action flood plain
Aoera~e depths are 18 feet , 19 feet , 23 feet and management is needed on the 11.3,000 acres in

• 20 feet respectively, the 10 year and 178 ,000 acre s in the 50 year
flood plains in upstream watersheds .

Suggested flood prevention demands shown below are those used in plan formulation.

Flood Prevention Demands : Cost : Benefits

:Watershed:Flood: Structural Measures Structural Measures :Str.Measures
Protec- :Plain:Projects:Mu-lti-: Storage :Chan-: One Time : Avg.Ann .* : % :Area

• 0b j e~t1ve : Time : tion by : Mgt.: :pur- Total :Flood:nel :Total:Flood:Total:Flood:Danage :Perln .
Frame : Land : : :pose ~Prev. :Impr.: :Prev.: :Prev. :Re duc- : Pooi

Year :Treat.nent: : :Dams : : : : : : : :tion :1000
1000 Ac. : No. : No. : 1000 Ac .Ft. Mi. : $ million : : Ac.

1966 6 314 50 1.8 71.
:;ATI0IOL EFFICIENCY

~ 8o 69 1. 3 10 51 19 23 5.6 1.9 .3 .1 1 1.0
2000 95 1~ 8 20 138 52 17 18.1 S.c .9 . 0 9 3 , 0
2020 1.95 3 16 61 1.01. 169 32 62.7 25.8 3.1. 1.1. 214 :o. 8

• R~DI0NAL
1980 199 l~ 6 28 153 58 23 20.9 7.0 1.2 , 1~ 6 . 1 .
2000 ~69 3 17 50 352 11.1. 149 1.14.6 2 3 .3  2 . 3  1.2 22 8.8
2020 102 3 10 29 2814 50 57 1.1.8 ~6. 14 2 . 3  .9 11 9.6

ENVIBON)~~ TAL QUALITY
1980 689 51 27 91 593 21.0 72 86. 2 37.6 - .6 2 .0  30 15 .2
2000 1378 127 20 53 6514 238 157 71.1 30.7 3 .7  o .6 S
2020 I T °  10 20 52 653 238 156 69.7 26.1. 3 .7 1. 14 8 22.9

:;OTE: The values shown in the table are incremental.
Price Base 1970

~ Amortized at 5-1/8% Interest over 100 years .
F -82
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UPSTREAM FLOOD DAMAGES J WATER MANAGI
SUBREGION

General Watershed Oa t ,. per t ine,it FI, ,-xt I l a l  ii I , Iformat I on
Subs ’s Number : Total Area 1nufld~ted by 100 Yes.r Freg . 1~l ood Average Annua l ~ I OOd IMaage

Pr~ j ect C l a s s j l j - u ’  ~~,, Of : Water - Crop & : Wood - : Other : TotSi Crop :Ot her: Resid. :Co ~~ , :T rans .  Other: Tot .1 i!100d Prey,
Pr - jee t s : shed : Pas — : ls .n ds ;T i r bass :M1sc . : : : Agr.: & : : : IDaaage :~~~Area : t a re : : : : : :Indu s : :

• sg.s.1. : s.c. : s.c. : .~. Sc. : Sc. thousand doiis.rs

AREA 19 POTOM
] 9s 214 4202

19b 14 3028

19c 43 741.0

Not Eval uated 0
Aut hor ized P .1. 566 & 534 14 2256 399914 4/ :~.L 1410,4 546.1 263.8 612.9 562.8 2872.1. 1h50.5 205.1
Potent ial Flood Prey. Projects 35 8559 256770 41.94.6 2265.14
Potenti a l  Develops.ent s 30 3855 115650 598.9 26.9

79 114670 206200 165000 8200 33011. 412414 11( 5 .0  l1~ 7.0157J.0 759.0 1736.0 i6~ 8. 1 8266,1 39 1.2.8

AREA 20 YORK AND RAP F
• 20a 13 2581 26451 13965 663 51448 146527 237.3 73.8 107.2 11.8 158. !. 2 1 . 3  609.8 4(is.7

PUb 14 2827 18562 54576 40 11765 84943 2 13.0 3 4.5 11.9 8.3 193.7 60.1 521.5 355.0

Not Eva luated 5 595
Authorized P .L. 566 5 498 1397 3277 138 68 4880 1p6.2 6.2 17.2 - 25.9 37.5 71’.( 180.9 86~Potential Flood Pre y. Projects 9 1961 25474 22986 565 6573 55598 208.1 71.1 97.6 13.1 197.9 35 .8  ~~~~ 1.15.2 1.39.
Potential Dev’-lopisent s 13 2949 18142 42278 — 10572 70992 116.0 29.0 4.3  7. 0 128.3 8.1 292.7 162.6 392.

WTM.
2/ 

27 5408 1.5013 68541 703 17213 1311470 1.50.3 108.3 119.1 20.1 352.1 81.1 1133-3 758.7 918.1

AREA 21 JAM E
218 31, 3760 64160 13975 1770 6345 86250 271.0 106.8 1134.4 399.0 91.5 2002.7 1072.8

21b 37 3229 30565 64405 fl30 3825 99925 346.5 52.4 50.1 219.7 68 . ’ 737.0 424 .8
21c 2 214 340 1160 - 15 1515 4.0 2.1 1. 4 .7 1. ( 9.8 o,4

?ko Fvalua ed 27 3397 714615 332.7 1.2 .C
A.ohor ized P.1. 566 6 672 7370 101495 280 1315 19460 167.1 2.2 — 20.6 73, !. 263.3 209.0 149~
Pr ’ ent ial Flood Pre y. Projects 27 2317 51650 11.550 1155 5060 72415 242.1 69.9 835.6 336.2 58.c 15140.9 872. 14
Prt ent ial Developments 1.0 4214 3601.5 54495 1465 3810 95815 212.3 90.1 350.3 262.6 30.0 945.3 419.6

T0TAL~
’ 73 7203 95065 79540 2900 10185 187690 621.5 161.3 1185.9 619. 1. it ’.1. 2749.5 1501.0

SUBREGION
• Not Fsvlu ated 32 3992 74615 333 1.2
• Authori zed P.1. 366 & 5314 25 31426 64334 770 421 827 fe9 671, ~3~i 0 I e  3141.

P~ r t ia l  Flood Pre y . Prr .jec ’s 71 12837 3814783 ‘-655 3553
Potential Development s 83 11018 2821457 2137 609

• WTAL~
’ 179 27281 346278 313081 11803 60412 731574 21477 11427 3655 2708 1881 1211.7 6202

3/ To cre st of eme rgency sp illway .

~J Storage for beneficial uses other than flood prevention.
3/ Floodwater d1v er ~~ on in miles

Number of ~‘r ,de stabi l izat ion structures.
a 

~~ 
Excludes Not Evaluated .
Inc ludes redevelopsen’ and/ or secondary bene fi ts .

Note: Inventory base 1966 ; Price base 1970; A.z,ao r tization rate , 5-1/8% over 100 years. 
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•WATER MANAG EMENT AND STRUCTURAL MEASURES
SUBREGION F

BenefitS and Costs IJ js t r -u a 7t ru--tura M,~, ;- , r
e ~~~~~~~~~ : Benefits : Cost s ‘ : No. [l .A. : Itorag. :Ar ’ ,: ’ n ,,,’

:Other: Totti 1 Pre y.: Age.: Rev . ,Othet : Total :Flood :Agr. :Rre. Other : Total : Total : of above :S,-.J i - :Fiood-:Oth ’-r  ‘Is ,: :~~~ Total : l’r a . :  1st . .
baaage :WIU&:Water: :115ev : :Prev .:Water: mU ses : Avrg.: Ext. 1 Daas:[laaz :ment water :A1104 . :A v a l 1 . :  :J”e,I
~edctn:CW : Mat.: : : : :Ngt . : : : Anni. :  Cost : : : I 3/ : : : I

thousand dollar s thou sand dollars : : s g . m 1 . ,  thousand w ee  fe~ t : 5 .  1 ~ f 1+:

REA 19 POTOMAC RIVER ‘

2164 .1. — 2 541 , (- 194 .4 4900 . 4 9387]. 172 j ( $ ( . 7- 24 .9 182.2 ‘: 1 . 1  - y f , .- - t f j f m -  I ~i • .

1121.3 - 2365.8 363.2 38149.3 71802 138 3 1 0 . 1  2 1 . 1  l ’i( .~ 1 l h . ’ - m l ’  1. ~ ( l - • , -(~~~

2030.8 — 5228.1 3271.0 10529 .9 18306] 239 17 7 1 . 1  44 .7 m o m . 1  5142.4 — 4’ij.i m i - ’  0! 0

6
562.8 2872.1. • 11.50.5 205.0 - 293.3 173.6 241’.. 1441.2 — 138.0 32.1. 1611.6 39269 142 1300.2 14.~4 Ill.? ( , (  - 151.9 1-71.1- i.l~-

4494.8 I 2265.14 3875.3 - 7306.7 2967.8 13879.5 235808 315 • 2423.9 63,2  350 ,9 563.6 - 9(7, ’) - i  -

898.9 26.9 - - 2689.8 1098.5 3788.2 73660 92 53 1 .5 12,6 10 .5 pj7 ~ l, - m-1 50 ~ 1~

1638.1 8266.1 3942.8 5316.5 - 10134.5 3828.6 19279.6 348737 549 • 4055 .0 9 . 2  1.92.6 7~ .5 - I m ( s .  - i - f t I.:m~~ .
-

YORK AND RAPPAHANNOCK RIVERS
22.3 609. 8 403.7 i~ 6~ .6 4589.6 86287 124 776.2 25.6 162.7 2.1: ‘9(.5 ~8t ,Fj 1 533;

60.1 521.5 355.0 1344.3 3187.2 59429 141 911,0 32.2 179.5 ‘ .3 513.8 55i. tm ; 9 ~m 1.  l.y ,14

W 57.9 129.7 2270 8 47.7 1.6 10,2 - 20.5 52. 5  l i 1 -
I 37.5 l’ . C 180.9 66.!. 20.14 41.3 13.8 386.ff 202.6 23 ,5  7, 6 19, 0 252.7 6358 48 209,0 10.0 34 .7 .3 — ‘;~~ , • -: 1 .1,,’

35.8 ,23.6 1.15.2 439.7 1269.5 4427.1 84392 109 679.2 23.0 143.7  3. C 296,9 ~~~~~ osis-4 P . -
8.1 292.7 

• 
162.6 392.7 11+37.8 30972 56966 108 799.0 25,8 163.8 - 433,4 ( 7. 5~uu8 -‘~~~.

81.’. 1131.3 758.7 918.8 2909.9 7777.0 147716 265 1687.2 57,8 342.2 8.3 710 .~ 1118, ’ 57h 7~

-AREA 21 JAMES RIVER
o 91.5 2002.7 1072.8 3331.0 7029.9 133813 117 1450. 0 5o.5 325.6 3( .2 504.5 91’- .7 i514~ 11 5.~
7 68.3 737.0 424.5 1918.8 5029.9 98130 112 1469.8 71.8 312.3 7.5 ~7 7 . 1 .  1529.2 1.i145t 351- 7

.7 1 . 6 9.8 3.4 7.2 . 8.]. 145 1 3.5 .2 .9 - - 1.1 27 1.1.

332.7 1.2,0 6’ 676.1 1999.6 42306 69 496.0 20.8 109.1 - ~~( j , 5  ~si. - 15,~9
~.6 73, !. 263.3 209.0 49.8 - — 7.8 301.4 ’ 207.9 - - 4.9 212.8 5238 34 241.7 5.6 41.8 1.8 - ~~~~~
~.2 53, 0 35140.9 872.4 2084.0 4559.3 85817 91 92~+.5  35 .2  204.5 16.6 315 .7 t3s. 10609 70.7.6 30,0 945. 3 1419,6 2965.1 7296.1 151033 105 1757.1 80.6 392,5 25.3  8c~.4 13(3.5 ~~~~ ~2-

~j. 16’.!. 271+9.5 1501.0 5257.0 12068.2 232088 230 2923.3 122 .4 638.8 43.7 1157.1 1947. 5 (5�4o L( ’ .-

SUBREGION F
333 42 61 734 2129 54576 77 544 22 119 - 282 1471- -~ ( I  3/

67’. 3351 204o 341 20 335 195 3103 1852 24 146 56 2077 50865 221. 1551 31 208 13 - 15 I. -7 1.
6659 3553 7229 22666 406017 515 1.028 121 699 583 634 21~~7 9395 1.~2137 609 41403 14182 271659 305 3088 118 567 238 1219 1117 861-01 (-I,

I - 1881 Fl57 6202 13584 39125 728541 101.14 8667 270 11.71. 831. 18~ 1- 414 11 1535711 1 5 ’ 1 .m’

SUBREGION F
TABLE F-9
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FLOOD DAMAGE DISTRIBUTION AND PROJECTIONS
DISTRIBUTION PR ESENT AND PROJECTED

AVERAG E ANNUAL DAMAGES
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