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DESCRIPTION OF THE TOPOGRAPHIC MAP OF THE UNITED STATES 

The United States Geological Survey is making 
a topographic map of the United States. This 
work has been in progress since 1882, and about 
one-fifth of the area of the country, including 
Alaska, has been mapped. The mapped areas 
are widely scattered, nearly every State being 
represented, as shown on the progress map 
accompanying each annual report of the Director. 

This great map is being published in atlas 
sheets of convenient, size, which are bounded by 
parallels and meridians. The four-cornered divi­
sion of land corresponding to an atlas sheet is 
called a quadrangle. The sheets are of approxi­
mately the same size: the paper dimensions are 
20 by 16^ inches; the map occupies about 1?^ 
inches of height and ll^- to 16 inches of width, 
the latter varying with latitude. Three scales, 
however, are employed. The largest scale is 
1:62500, or very nearly one mile to one inch; 
i. e., one linear mile on the ground is represented 
by one linear inch on the map. This scale is used 
for the thickly settled or industrially important 
parts of the country. For the greater part of 
the country an intermediate scale of 1:125000, or 
about two miles to one inch, is employed. A 
third and still smaller scale of 1:250000, or about 
four miles to one inch, has been used in the desert 
regions of the far West. A few special maps on 
larger scales are made of limited areas in mining 
districts. The sheets on the largest scale cover 
15' of latitude by 15' of longitude; those on the 
intermediate scale, 30' of latitude by 30' of longi­
tude ; and those on the smallest scale, Io of latitude 
by Io of longitude. 

The features shown on this map may, for con­
venience, be classed in three groups: (I) water, 
including seas, lakes, ponds, rivers and other 
streams, canals, swamps, etc.; (2) relief, including 
mountains, hills, valleys, cliffs, etc.; (3) culture, 
i. e,, works of man, such as towns, cities, roads, 
railroads, boundaries, etc. The conventional signs 
used for these features are grouped below. Vari­
ations appear in some maps of earlier dates. 

All water features are shown in blue, the 
smaller streams and canals in full blue lines, and 

the larger streams, lakes, and the sea by blue 
water lining. Certain Streams, however, which 
flow during only a part 
being dry at other times 
lines, but by lines of d 
which are dry during a p 
by oblique parallel lines. 
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3ts and dashes. Ponds 
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Salt-water marshes are 
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n horizontal lines, 
ontour lines in brown. 
•ugh points which have 
e who foliows a con-

go neither uphill nor 
T5y the use of contours 

Civile plains, hills, and 
so the elevations. The 

by blue tufts with broke 
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line of the seacoast ifcseSf is a contour line, the 
datum or zero of elevation being mean sea level. 
The contour line at, -ayl 20 feet above sea level 
is the line that would b< the seacoast if the sea 
were to rise or the land | o sink 20 feet. Such a 
line runs back up the vafeys and forward around 
the points of hills and si urs. On a gentle slope 
this contour line is far frl n the present coast line, 
while on a steep slope it is near it. Thus a 
succession of these con: nr lines far apart on the 

steep - ope; and if they run together in one line, 
as if each contour v ere vertically under the one 
above it, : hey indicate ?lcliff. In many parts of 

press - or hollows with no 
outlets. The contours 
just as they surround hi 
known as sinks are usual 
or short dashes, on the 
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between one contour 
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according to the character of the area mapped; in 
aflat country it may latos small as 10 feet, in a 
mountainous region it amy be 200 feet. Certain 
contours, usually every ri 1 th one, are accompanied 
by number stating elevation above sea level. 
Many other heig íumentally determined, 

are also given, the number in each case being 
placed in close proximity to the point to which 
it applies. 

The works of man are shown in blaclc, in which 
color all lettering also is printed. Boundaries, 
such as State, county, city, land-grant, reservation, 
etc., are shown by broken lines of different kinds 
and weights. Cities are indicated by black 
blocks, representing the built-up portions, and 
country houses by small black squares. Roads 
are shown by fine double lines (full for the 
better roads, dotted for the inferior ones), trails 
by single dotted lines, and railroads by full black 
lines with cross lines. Other cultural features 
are represented by conventions which are easily 
understood. 

The sheets composing the topographic atlas are 
designated by the name of a principal town or of 
some prominent natural feature within the dis­
trict, and the names of adjoining published sheets 
are printed on the margins. The sheets are sold 
at- five cents each when fewer than 100 copies are 
purchased, but when they are ordered in lots of 
100 or more copies, whether of the same sheet or 
of different sheets, the price is two cents each. 

The topographic map is the base on which the 
facts of geology and the mineral resources of a 
quadrangle are represented. The topographic 
and geologic maps of a quadrangle are finally 
bound together, accompanied by a description of 
the district, to form a folio of the Geologic Atlas 
of the United States. The folios are sold at 
twenty-five cents each, except such as are unusu­
ally comprehensive, which are priced accordingly. 

Applications for the separate topographic 
maps or for folios of the Geologic Atlas should 
be accompanied by the cash or by post-office 
money order (not postage stamps), and should be 
addressed to— 

THE DIRECTOR, 

United States Geological Survey, 

Washington, D. C. 
September, 1899. 
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DESCRIPTION OF THE TOPOGRAPHIC MAP OF THE UNITED STATES 

The United States Geological Survey is making 
a topographic map of the United States. This 
work has been in progress since 1882, and about 
one-fifth of the area of the country, including 
Alaska, has been mapped. The mapped areas 
are widely scattered, nearly every State being 
represented, as shown on the progress map 
accompanying each annual report of the Director. 

This great map is being published in atlas 
sheets of convenient size, which are bounded by 
parallels and meridians. The four-cornered divi­
sion of land corresponding to an atlas sheet is 
called a quadrangle. The sheets are of approxi­
mately the same size: the paper dimensions are 
20 by 101 inches; the map occupies about 17^ 
inches of height and .llj to 10 inches of width, 
the latter varying with latitude. Three scales, 
however, are employed. The largest scale is 
1:62500, or very nearly one mile to one inch; 
i. e., one linear mile on the ground is represented 
by one linear inch on the map. This scale is used 
for the thickly settled or industrially important 
parts of the country. For the greater part of 
the country an intermediate scale of 1:125000, or 
about two miles to one inch, is employed. A 
third and still smaller scale of 1:250000, or about 
four miles to one inch, has been used in the desert 
regions of the far West. A few special maps on 
larger scales are made of limited areas in mining 
districts. The sheets on the largest scale cover 
15' of latitude by 15' of longitude; those on the 
intermediate scale, 30' of latitude by 30' of longi­
tude ; and those on the smallest scale, Io of latitude 
by Io of longitude. 

The features shown on this map may, for con­
venience, be classed in three groups: (1) water, 
including seas, lakes, ponds, rivers and other 
streams, canals, swamps, etc.; (2) relief, including 
mountains, hills, valleys, cliffs, etc.; (3) culture, 
i. e., works of man, such as towns, cities, roads, 
railroads, boundaries, etc. The conventional signs 
used for these features are grouped below. Vari­
ations appear in some maps of earlier dates. 

All water features are shown in blue, the 
smaller streams and canals in full blue lines, and 

the larger streams, lakes, and the sea by blue 
water lining. Certain streams, however, which 
flow during only a part of the year, their beds 
being dry at other times, are shown, not by full 
lines, but by lines of dots and dashes. Ponds 
which are dry during a part of the year are shown 
by oblique parallel lines. Salt-water marshes are 
shown by horizontal ruling interspersed with 
tufts of blue, and fresh-water marshes and swamps 
by blue tufts with broken horizontal lines. 

Relief is shown by contour lines in brown. 
Each contour passes through points which have 
the same altitude. Ofie who follows a con­
tour on the ground will go neither uphill nor 
downhill, but on a level. By the use of contours 
not only are the shapes ¡oí the plains, hills, and 
mountains siown, but a ¿so the elevations. The 
line of the seacoast itse 
datum or zero of elevatio 
The contour line at, say, 

f is a contour line, the 
a being mean sea level. 
20 feet above sea level 

is the line that would be the seacoast if the sea 
were to rise or the land 4o sink 20 feet. Such a 
line runs back up the val eys and forward around 
the points of hills and spurs. On a gentle slope 
this contour line is far fron the present coast line, 
while on a steep slope it is near it. Thus a 
succession of these contoar lines far apart on the 
map indicates a gentle slope; if close together, a 
steep slope; and if they Tun together in one line, 
as if each contour were vertically under the one 
above it, they indicate a cliff. In many parts of 
the country are depressions or hollows with no 
outlets. The contours of course surround these, 
just as they surround hills. Those small hollows 
known as sinks are usually indicated by hachares, 
or short dashes, on the inside of the curve. The 
contour interval, or the vertical distance in feet 
between one contour and the next, is stated at 
the bottom of each map. This interval varies 
according to the charactewof the area mapped; in 
a flat country it may be as small as 10 feet, in a 
mountainous region it may be 200 feet. Certain 
contours, usually every fifth one, are accompanied 
by numbers stating elevation above sea level. 
Many other heights, instrumentally determined, 
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are also given, the number in each case being 
placed in close proximity to the point to which 
it applies. 

The works of man are shown in blacJc, in which 
color all lettering also is printed. Boundaries, 
such as State, county, city, land-grant, reservation, 
etc., are shown by broken lines of different kinds 
and weights. Cities are indicated by black 
blocks, representing the built-up portions, and 
country houses by small black squares. Roads 

shown by fine double lines (full for the are 
better roads, dotted for the inferior ones), trails 
by single dotted lines, and railroads by full black 
lines with cross lines. Other cultural features 
are represented by conventions which are easily 
understood. 

The sheets composing the topographic atlas are 
designated by the name of a principal town or of 
some prominent natural feature within the dis­
trict, and the names of adjoining published sheets 
are printed on the margins. The sheets are sold 
at five cents each when fewer than 100 copies are 
purchased, but when they are ordered in lots of 
100 or more copies, whether of the same sheet or 
of different sheets, the price is two cents each. 

The topographic map is the base on which the 
facts of geology and the mineral resources of a 
quadrangle are represented. The topographic 
and geologic maps of a quadrangle are finally 
bound together, accompanied by a description of 
the district, to form a folio of the Geologic Atlas 
of the United States. The folios are sold at 
twenty-five cents each, except such as are unusu­
ally comprehensive, which are priced accordingly. 

Applications for the separate topographic 
maps or for folios of the Geologic Atlas should 
be accompanied by the cash or by post-office 
money order (not postage stamps), and should be 
addressed to— 

THE DIRECTOR, 

United States Geological Survey, 

Washington, D. O. 
September, 1899. 
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INTRODUCTION 

This thesis is written in an attempt to show the im­

portance of the waters of the Delaware River and how they 

may be utilized with reference to water suooly, flood con­

trol, recreational aspects and additional power require­

ments, with emphasis upon the proposed project at Wallpack 

Bend. 

This Importance of the Delaware River Basin is fur­

ther increased by its location in one of the most lmoort-

ant industrial areas of the world. This area includes 

the states of New York, Pennsylvania, New Jersey, and Del­

aware, and such major cities as New York, Philadelphia, 

Trenton, and Wilmington. The ever-expanding industrial 

program of this region, such as the construction of the 

new United States Steel Company olant at "'orrisville, 

Pennsylvania, will undoubtedly result in additional water 

problems to those already existing. 

Engineers throughout the country have been solving 

similar problems by construction programs such as the 

Tennessee Valley Authority, Hoover Dam on the Colorado 

River, and the Grand Coulee and VcNary Dams on the Col­

umbia River. 

Since there has teen no large scale development of 

the water resources of this region, a program of this type 

is long overdue. To a large extent the future of this 

country deoends uoon the welfare and orosperity of this 

area. This region cannot continue to thrive without an 

adequate source of good water.. 
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I. .  NEED FOR UTILIZING THE YtATERS OF THE DELAWARE BASIN 

Studies of population, water consumption and capacity 

of available existing suoplies indicate that within the 

next thirty years the Northern New Jersey 1'etrooolltan 

District and the area served by Mew York City will need 

an additional 465 million gallons of water daily. With­

in a period of another twenty year3 (I960 to 2000) the 

requirements of these areas will probably Increase by an 

equal quantity. 

Philadelphia's existing sources of supply from the 

Schuylkill  River and the Delaware River are adequate in 

quantity but, because of pollution, Inferior in quality. 

For the past thirty years a better source of upland water 

supply has been advocated for this city. 

There is an immediate need for increasing the dry 

weather flow at Trenton to at least 4000 cubic feet ner 

second and possibly to about 4800 cubic feet per second. 

Under present conditions, the natural summer flow at Trenton 

averages approximately 2300 cubic feet per second, but often 

falls below 2000 cubic feet per second. Hhen the spring 

run-off comes, at least fifty percent of the Delaware's 

total annual water yield will rush to the sea over a period 

of three and one-half months. This leaves insufficient 

water to keep the river at a proper level and still  supply 

the needs of the area for the remaining eight and one-naif 

months. 7/hen the river flow drops below a certain level 

at Trenton, salt  water from the ocean intrudes into the 



r i v e r .  T h e  r e s u l t a n t  d a m a g e  h a 3  c o s t  e n o u g h  o v e r  t h e  y e a r s  

t o  b u i l d  m a n y  d a m s .  

W h a t  t h i s  s a l i n i t y  d o e s  t o  t h e  g r e a t  m a n u f a c t u r i n g  

I n d u s t r i e s  o f  t h e  l o v . e r  D e l a w a r e  i s  e v i d e n c e d  b y  t h e  g r e a t  

d e a l  o f  e x p e n s e  n e c e s s a r y  t o  s o f t e n  m i l l i o n s  o f  g a l l o n s  o f  

w a t e r  d a i l y  w h i c h  a r e  t a k e n  d i r e c t l y  f r o m  t h e  r i v e r .  D u r ­

i n g  h i g h  s a l i n i t y  p e r i o d s ,  m a n u f a c t u r i n g  p l a n t s  d e p e n d i n g  

o n  f r e s h  w a t $ r  e i t h e r  h a v e  t o  l m o o r t  w a t e r  i n  t a n k  t r u c k s  -

a  r i d i c u l o u s l y  e x p e n s i v e  p r o c e s s  -  o r  I n s t a l l  c o s t l y  e v a p ­

o r a t o r s  t o  e l i m i n a t e  t h e  s a l t .  

T h i s  s a l i n i t y  p r o b l e m  i s  a  h i n d r a n c e  t o  a n y  n e w  i n ­

d u s t r i e s  b e i n g  c o n t e m - l n t e d ,  a n d ,  u n l e s s  a  s a t i s f a c t o r y  

w a t e r  s u p p l y  i s  a s s u r e d  w i t h i n  a  r e a s o n a b l e  t i m e ,  e x i s t i n g  

c c p a n i e s  e i g h t  b e  i n c l i n e d  t o  d i v e r t  s o m e  c f  t h e i r  m a n u ­

f a c t u r i n g  o p e r a t i o n s  t o  s o m e  o t h e r  l o c a t i o n .  
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II.  COVPANI S3 AND AD VI N IZ TRATIYE BODIES I TERES TED IN 
UTILIZING THE DELAWARE RIVER. 

A. Utility Companies 

In addition to the water conoaniea of the New-

York and Philadelohia areas, several power companies are 

interested in the water control problem. Public Service 

of Newark has faller^ behind the demand for power over the 

oast few years and is in need of an additional source..  

New Jersey Power and Light Company is confronted with the 

same problem.. 

The Pennsylvania Power and Light Company, which 

covers a district larger than that of any single power com­

pany in the east,  already has a steam generating plant 

under construction at Martin's Creek on the Delaware River. 

It  would be profitable for them to connect their system 

with a hydro-power project which would develop from this 

utilization program. 

B . ,  I n c o d e l  -  T h e i r  P r o g r a m  

The most active organization concerned with the 

Delaware River is the Interstate Commission on the Dela­

ware River Easin -  otherwise- known as Incodel. This is 

an agency of the states of Pennsylvania, New Jersey, New 

York, and Delaware. I t  was created in 1936 and is com­

posed of five members from each of the four states. 

The Legislatures of Pennsylvania, New Jersey, and 

New York directed Incodel in I9A9 to make a comprhenslve 

engineering survey of the Delaware River Basin, and to 

recommend a water conservation project that would assure 
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adequate water supplies In future years for millions of 

persons residing within the metropolitan areas of the basin 

states. 

Acting under this directive, Incodel proposed in 

January, 1951, that the states enter into an interstate 

compace setting up an administrative agency to carry out 

a water supoly and stream flow regulation program that 

would "benefit residents and industries alike. 

Incodel proposed the following twelve point con­

servation program for the Delaware River Easln: 

1. Unified Basin Development -  to form­

ulate a unified and sound plan for development of the Del­

aware River Basin,.  

2. Water Supply -  to integrate the activi­

ties of New York, New Jersey, and Pennsylvania in planning 

future water supply projects. 

3. Flood Control -  to promote the co-ordin­

ation o: federal,  state and local government projects for 

flood control.  

A, Industrial Waste -  to encourage the 

installation of works for the treatment and recovery of in­

dustrial wastes. 

j» J-Unlcipal sanitation — to assist govern­

mental agencies in forwarding the construction of sewage 

collection and treatment plants. 
I 

6.  Forestry -  to compaign for the institution 

of appropriate forest protection measures. 



7. Soil Conservation -  to secure the 

adoption of a basin wide orograr to prevent soil erosion. 

8. Schuylkill  River Restoration Project -

to work for the early completion of the Schuylkill  River 

clean-up project.  

9. Navigation -  to protect "State's inter­

ests" in the development of federal navigation projects. 

10. Port and Transportation -  to urge im­

provements and extensions of port and transoortation faci-

lities. 

11. Ground '"later Frot ction -  to secure the 

acceptance of urograms for the protection of ground water 

resources. 

12. Recreation -  to aid in the protection 

ar.d promotion of the recreational assets of the region. 

Incodel 's program assumes that the power features 

of the proposed project would be constructed and financed 

by the nubile agency representing the Joint interests of the 

four states involved and that the power facilities would 

be leased to and operated by locally established, privately 

owned oower companies 



— 

I I I .  S I T E S  S E L E C T - D  F R u .  I N V E S T I S -  v T l C N S  

A. General Survey of the Delaware River Easln 

The upper third of the Delaware River Basin above 

Wallpack Eend is soarsely settled anllargely wooded. I t  

is rugged land with a high yield of water. Because the 

underlying rocks are largely insoluble, the water flowing 

over them Is ideally soft. .  The forest blanket on the steep 

slopes protects the soil cover from erosion, resulting in 

water with relatively l i t ' le turbidity..  The annual water 

crop from this area is of h'ghest value for use as water 

supply and stream flow regulation. It  can be collected at 

high elevations, permitting its delivery to centers of need 

by gravity. 

Sites Chosen Under the Incodei Plan 

The first oroposed unit on Incodei 's project is 

a 2000 foot lain on the iVest Branch of the Del aw are River 

at Cannonsville, New fork. After Cannonsville, the project 

call3 for a pair of reservoirs approximately 75 miles to the 

southeast -  a small one at Barryville, straddling the Dela­

ware River on the New Ifork-Per.nsvlvania l ine, and a huge one 

on the lower N'eversink, extendáis from Godeffroy to Sunriit-

ville in New York State. The preceding stages of the oroject 

are already under construction. 

After Godeffroy will come a reservoir aptroxi.nately 

45 miles down-river at Wallpack Bend, on the Delaware i tself 

between New Jersey and Pennsylvania. 

The structure at Cannonsville, a vital cornerstone 



to the whole plan for harnessing the Delaware, would hold 

back ll7,500,000,000 gallons in the headwaters, where nature 

Is most wasteful at the time of the spring run-off. This 

3lte affords control over a greater length of the river and 

a good quality water supply located advantageously with re­

gard to New York City as to elevation and distance. 

The Earryville reservoir would catch the waters 

of a vast drainage area, covering 2756 square miles, and 

divert them to Godeffroy, 17 miles to the east. This would 

be done by means of a monstrous tunnel 25 feet in diameter. 

The Godeffroy reservoir, 4500 feet long and 165 

feet high, would have a tremendous storage capacity of 263, 

000,000,000 gallons. Its own tunnel, 65 miles long and 

1000 feet below the surface at some places, would carry 

water to Erooklyn and Northern '"ew Jersey reservoirs.. 

Engineers estimate that the Cannonsv?lie, Earry­

ville, and Godeffroy projects, coupled with New York City's 

new reservoirs, can fill out the water needes of New lork 

City and Northern New Jersey until at least I9S0. 

A large ftiake created ty a dan at Wallpack Bend 

would assure a continuous flow of water each day, If needed, 

to boost the river in the Philadelphia and New Jersey areas, 

and would serve as a backstop for any a-'dltional water . 

Suooly which those areas might need in the future. 

This thesis is primarily concerned with the activi­

ties of Incodel and their proposal.for a dam at Wallpack Eend 
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IV. REASONS PCR THE SELECTION OF WALLPACK BEND 

A. Topographic and Geologic Features 

In past ages the Pocono region has teen exten­

sively eroded ty glacial action leaving a plateau of ele­

vation varying from about 600 feet to over 2,000 feet above 

sea level.  Due to this glacial action there are tyoically 

many swampy areas at the headwaters of the streams. In 

some cases, the valleys have been filled with glacial ma­

terial which later was partially eroded by the present 

streams. Thus, i t  is not uncommon to find ledge rock ex-

oosed on one side of a valley and doeo glacial drift  on 

the other. The ledge rock is frequently covered by glac' .-rl  

material of great and unknown depth, but where exposed, i t  

usually is of good quality at reasonable depth as i t  has 

been subjected to only comparatively recent weathering,.  

The steepness of the stream 3looes and the pre­

valence of glacial deoosits result in a rarity of dam sites 

sufficiently low on the watersheds to permit storage of a 

large proportion of the total yield. 

At the ' .Vallpack Dam site the right abutment (look­

ing downstream) is a steep limestone rock cliff rising raold-

ly to an elevation far above the flow line of the reservoir.  

At daces this cliff is deeply weathered and has a mantle 

of residual material covering to a depth of some 20 feet or 

more, while at other points the ledge rock is exposed. The 

Delaware River at this point is about 400 feet wide at 

normal 3tages. 
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The limestone la of close texture; dark -ray-blue 

in color; hard, w<th some partings of hard shale but no 

evidence of extensive cavities cocr-on in softer limestone. 

The shale interlayers areadvantageous as a deterrent to 

passage of water through the rock. 

At the left abut-r.ent the surface rises gently 

from the river bank and the l=dge rock near the river is 

covered with a mantle of alluvial material and glacial 

outwash to an average deoth of perhaps 50 feet. Eeyond 

the main dam there is a sadile where ledge rock is exoosed 

oris covered by a few feet of residual material and top 

9311. To the left of this saddle the ground which shows 

ledge rock at or near the surface rises raoidly to an ele­

vation high above the flow line of 42r. 

B. Population 

In general, the area is heavily forested and 

largely devoted to recreational purposes and far ring with 

a minimum of Industrial development. The largest munici­

pality on any of the watersheds is Konesdale, which has a 

population of about 6,OCX). 

The density of resident population of the Pocono 

region is about 34 persons oer square r.ile but due to the 

camps, cottages, resort hotels and hunting lod.es through­

out the area, the summer peculation is increased to approx­

imately Al'-oersons oer square mile,. 

Above Wallpack Bend where the watershed area is 

3 i:5 square miles, the only other scattered municioalities 

oi any considerable size are Liberty, population about 

_ 



5,000, vontlcello, about ¿,000 and Fcrt Jervls, copulation 

about 10,0C0. In th's area the density of resident copu­

lation is only about 31 oersons per spuare mile. 

C. Hydrologic Features of River 

The East and 'Vest Erahches of the Delaware have 

their sources in the C&tskill fountain region of Eastern 

New York, at elevation above 2,000 feet, and unite near the 

New York-Pennsylvania bo ndary to form the main river. The 

course is then In a generally southeasterly direction to 

Port Jervis where the river makes a sharp ber.i to the south­

west and continues In that direction to a short distance be­

low the mouth of the Lehigh, vhere it again cnanges direction 

and continues southeasterly to below the head of tidewater at 

Trenton and thence southwesterly to Delaware Eay. 

In the upper portion of the watershed, the topo­

graphy is mountainous and contains numerous IVe. and por. 1 s. 

Eelow the ".ater lap, where the river cuts through the Kit-

tatiny Ridge, the valley gradually widens and the creelpi-

tous sides become gently sloping hillsides. 

Delav^are River water at Wallpack Herd a typical 

upland strea- wa+er, only lightly piluted and coming well 

within the recommended standards of the U. 3, Public Health 

Serv'ce for raw water at the source of suolyAnalyses 

of this water at Dingman"s Ferry made by the Department of 

Health of the State of Nev. Jersey from 1923 to 19¿¿, and 

analyses of samples of *vV r taken fro~ the river at the 

same location for the Board of Consulting Er.y:nesrs in 
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19^5» show the B. coll content to average less than forty 

percent of that allowable under the U. 3. Public Health 

Service recommendations. 

The water Is relatively low In color and turbidity, 

Indicating only light loading for the filtration process. 

Coagulation of this water is readily accomolished with mod­

erate chemical dosages as has been demonstrated by actual 

treatability tests.  The water is soft and is low in tutal 

alkalinity, with some addition of alkalinity being necessary 

at times. No special treatment would be required generally 

for tastes or odors although during short periods, micro­

scopic growths might make such treatment desirable but this 

could readily be coordinated with the filtration orocess. 

Provision for taste and odor treatment is necessary for any 

upland sources of supply..  



13 

V. WALLPACK BEND DAM 

A. Qualitative Analysis of Available "ater Possible 

The stream flow records of the United States Geo­

logical Survey and of the Pennsylvania Water and Power re­

sources Eoard were used in all  hydraulic computations. The 

so-called "Incodel" period, embracing the 13 water years 

between October 1, 1928 and September 30, 19^1, was the 

period considered..  

Comparison with all  records of flow for the streams 

Involved shows that the "Incodel" period spans the lowest 

flow critical interval of recorded stream flow history on 

the Delaware River watershed..  Watershed areas were deter­

mined by checked planlmeter measurement of the latest re­

vised tooograohic mans of the Federal Government, some of 

which have been included in this reoort.  

To allow for evaporation fro" the water surfaces 

created by proposed reservoir,  the maximum water area of 

the reservoir was deducted from the watershed area above 

the dam site and the remainder recorded as "net watershed 

area" in all  computations and tables dealing with reser­

voirs. The assumption that all  rain which falls on the 

maximum area of the reservoir is lost through evaporation 

constitutes a safe and conservative method for taking care 

of additional evaporation from, water surfaces in this cli­

mate . .  

Thus, from Incodel 's "Area And Caoacity Curves For 

Wallpack Bend Reservoir" i t  was found that for an elevation 
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of 420 feet (headwater elevation), there would be a water 

surface area of Q ,500 acres, a^d a storage capacity of 372,-

000 acre-feet.  ?ov an elevation of 3^7 feet,  the water sur­

face area would "be 3,800 acres and the storage capacity would 

"be 86,000 acre-feet; and for an elevation of 3^0 feet,  the 

water surface area would be 2,400 acres and the storage caoac-

ity would be 3^,400 acre-feet.  

B. Description of Dam and Reservoir Proposed by Incodel 

The maximum height of the concrete masonry dam from 

foundation to roadway will be about 170 feet and i ts length 

about 1850 feet.  The overflow section of the dam will be 

provided with 22 Taintor gates capable of discharging a 

flood of 240,000 cubic feet per second without rise in head­

water elevation at the dam. The greatest flood of record 

occurred on October 10, 1903 and developed a flow of 220,000 

cubic feet per second as recorded at Belvidere, N. J. .which 

would be equivalent to a flow of aporoxiraately K0,000 

cubic feet per second at Wallpack Eend.. Provision of crest 

gates is essential because It  Is necessary to minimize rise 

headwater during a flood which otherwise might cause mater­

ial damage in Poft Jervis. 

There will be six conduits with slide gate control,  

through the overflow section of the dam to provide for re­

lease of water when water in the reservoir is below the ele­

vation of the sills of the Taintcr regulating gates..  

The section of the dam is conservatively designed 

for a 5C£ uplift  assumption,.  There are two galleries in the 
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dam, the uoper one being for accese to tnd operation of the 

slide gates controlling the conduits for release of ccm-

pen.3 at  Ion water and the lower gallery for grouting and drain­

age of the foundation. The grouting will  he done by ata re 

grouting methods, and after the grouting is completed the 

five inch diameter drainage holes are to be dril led Into the 

foundation from the downstream side of the .-allery. 

The top of the dan will  support a roadway of 

width sufficient for two lanes of traffic. .  The mechanism 

xor operating the Taintcr gates will  be located beneath the 

roadway. 

At the left  of the overflow sect^o^ on the New 

Jersey s ?.e oí  the dam will  be located a non-overflow gravity 

section of concrete masonry dam in which provision will  be 

made for penstocks leading to a possible future power plant. ,  

hey end t .nis section the non—overflow masofiry dam will  pro'ect 

a short distance into an earth dam section which will  be 

wrapped around the masonry dam in the form of a cone. A 

^ .eel  sheet oiie cut—off extending to ledge roch is provided 

under thjs eartn dam but there is no need for a similar cut­

off in the saddle as here the earth dike is founded on ledge 

rock. 

An outlet tower with racks and control gates for 

withdrawl of water at  three levels will  be located a short 

distance upstream from the dam to provide for entry of water 

t :  rough a shaft into the conduit leading to Philadelphia.  

Should i t  be found advisable a fish ladder or fish 
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way could be provided In this dam to permit fish to pass up­

stream at time of spawning.. 

In order to caiply with the rules and regulations 

o f  t he  I n t e r s t a t e  Commis s ion  on  t he  De l aware  R ive r  Ea3 in ,  

the Pennsylvania Water and Power Resources Board and the 

decision by the United States Supreme Court governing re­

inase o» water lor use and benefit of downstream com unities 

and Individual riparian owners, the Board adoptedthe follow­

ing formualWhenever the flow of the stream is equal to 

or less than 0.6 cubic feet per second oer square mile of 

watershed area above the point of development, all  the nat­

ural flow of the stream shall be released. Whenever the 

natural flow of the stream at the point of development ex­

ceeds 0.6 cubic feet per second per square mile of watershed 

area above the point of development, at least 0.2 cubic feet 

per second per square mile shall be released..  

The reservoir above the dam will extend northwest­

ward up the Delaware River to about the Iffatamoraa-Port Jervls 

highway bridge and northward up the Neversink River to about 

two miles above the Tristate Rock. The lake thus formed will 

be some 30 miles in length, on-half mile in width for much 

Oi i ts length and will have an area of approximately 9,500 acres 

The reservoir when filled to flow line level at 

elevation 420 will have a storage capacity of 121.5 billion 

gallons (372.2 thousand acre-feet) and at 43 feet maximum 

drawdown will have a residual capacity of 30 billion gallons 

(92 thousand acre-feet) thus profiditg effective storage cacac-

itv of Q1.5 elllion gallons (280.2 thousand acre-feet).  
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C. Location Survey 

1..  Descriptive 

The following location survey, dan center-line 

stake-out, and profile were made possible through data ob­

tained from ifr.  Franz of the Bethlehem office of Inccdel..  

His assistance was highly appreciated. 

Since topography maos were obtained from the 

U. S. Chief of Geologic Surveys and Incodel, the location 

survey and dam center-line profile were all  that was nec­

essary to round out the picture at Wallpack Bend.. Two 

trips were made to the dam site early in Si arch, but in­

clement weather prevented any extensive field work from 

being accomplished. 

Because of the steep river bank and thick for­

est on the Pennsylvania side of the Delaware River, a hor­

izontal control traverse was run from an old copper -nine 

monument located approximately one-half mile southwest of 

Flatbrookville, New Jersey, to the northwest terminus of 

the dam proposed by Incodel. 

The complete traverse was run by a three man 

crew, the system field notes shown on the following nages 

being adopted for simplicity. Time did not permit a fine 

adjustment of the traverse. 

The center-line of the dam was staked out, 

using this terminus as station 0 plus 00 and elevation 

441.00 feet above sea level.  
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For obtaining the profile of the river bed 

along this established center-line, i t  was necessary to 

rent a boat at Rosencran's Ferry, about l£ miles upstream 

from the dam location. The water l ine elevation was est­

ablished from station 20 olus 00 south,.  One crew member 

was required to keep the boat as near line as possible at 

approximate 50 foot stations while another sounded the 

river bed with a 20 foot length of 1^- inch pioe marked at 

one-half foot intervals. The tran9itman on the New Jersey 

shore aided by reading approximate stadia distances while 

keeping the boat on line. 

Control stakes were set 150 feet below and 

above the dam center-line on the New Jersey bank but time 

did not permit any more river sections to be taken,.  



Above picture was taken at Rosencran's Ferry, our point 
of embarkation on the Delaware River. This point is a-
bout 1^ miles from proposed dam site, as indicated on the 
Corps of Engineers Flatbrookville Quadrangle. 
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Approaching dam alte. Top of valley ridge increasing in 
elevation. 

Exposed ledge rock on Pennsylvania side which would 
tie-in of abutment.. a lorm 



Photographs of Wallpack Bend showing steep rising slopes 
and forestry conditions existing. 



Looking downstream below dam site showing gradually declin 
ing ridge and a good indication of the width of the river. 

Carrying center line of dam through heavy brush and trees. 
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Establishing line to edge of river at proposed site of dam.. 

Set-up on center line of dam, New Jersey side, opposite 
exposed ledge rock on Pennsylvania side of river. 
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THE TOPOGRAPHIC MAPS OP THE UNITED STATES 

The United States Geological Survey is making a series of 
standard topographic maps to cover the United States. This 
work has been in progress since 1882, and the published maps 
cover more than 47 percent of the country, exclusive of outlying 
possessions. 

The maps are published on sheets that measure about 16£ by 
20 inches. Under the general plau adopted the country is 
divided into quadrangles bounded by parallels of latitude and 
meridians of longitude. These quadrangles are mapped on 
different scales, the scale selected for each map being tluit which 
is best adapted to general use in the development of the country, 
and consequently, though the standard maps are of nearly uni­
form size, the areas that they represent are of different sizes. 
On the lower margin of each map are printed graphic scales 
showing distances in feet, meters, miles, and kilometers. In 
addition, the scale of the map is shown by a fraction expressing 
a fixed ratio between linear measurements on the map and cor­
responding distances ou the ground. For example, the scale 
«¿ó means that 1 unit on the map (such as 1 inch, 1 foot, or 1 
meter) represents 62,500 of the same units on the earth's surface. 

Although some areas are surveyed and some maps are com­
piled and published on special scales for special purposes, the 
standard topographic surveys and the resulting maps have for 
many years been of three types, differentiated as follows: 

1. Surveys of areas in which there are problems of great 
public importance—relating, for example, to mineral develop­
ment, irrigation, or reclamation of swamp íireas—are made with 
sufficient detail to be used in the publication of maps on a 
scale of (1 inch = one-half mile) or ^ (1 inch = 2,000 feet), 
with a contour interval of 1 to 100 feet, according to the relief 
of the particular area mapped. 

2. Surveys of areas in which there are problems of average 
public importance, such as most of the basin of the Mississippi 
and its tributaries, are made with sufficient detail to be used in 
the publication of maps on a scale of (1 inch = nearly 1 
mile), with a coutour interval of 10 to 100 feet. 

3. Surveys of areas in which the problems are of minor 
public importance, such as much of the mountain or desert 
region of Arizona or New Mexico, and the high mountain area 
of the northwest, are made with sufficient detail to be used in 
the publication of maps on a scale of ¡¿55 (1 inch = nearly 2 
miles) or =¿¡¡= (1 inch = nearly 4 miles), with a contour interval 
of 20 to 250 feet 

The aerial camera is now being used in mapping. From the 
information recorded on the photographs, planimetric maps, 
which show only drainage and culture, have been made for some 
areas in the United States. By the use of stereoscopic plotting 
apparatus, aerial photographs are utilized also in the making of 

. I k e  r egu lar  t opograph ic  maps ,  wh ich  s i i owj r e l i g f  
drainage and culture. 

A topographic survey of Alaska has been in progress since 
1898, and nearly 44 percent of its area lias now been mapped. 
About 15 percent of the Territory has been covered by maps 
qii a scale of (1 inch =s nearly 8 miles). For most of the 
remainder of the area surveyed the maps published are on a 
scale of (1 inch == nearly 4 miles). For some areas of par­
ticular economic importance, covering about 4,300 square miles, 
the maps published are ou a scale of ¡¡¿¡5 (1 inch—nearly 1 mile) 
or larger. 1 n addition to the area covered by topographic maps, 
about 11,300 square miles of southeastern Alaska has been 
covered by planimetric maps on scales of ^ and 

I he Hawaiian Islands have been surveyed, and the resulting 
maps are published on a scale of 

A survey of Puerto Ric^ ^ 11 v Progress. The scale of 
the published maps is Ja-

The features shown on topogf®! ®ic maps may be arranged in 
three groups—(1) water, inclu ng seas, lakes, rivers, canals, 
swamps, and other bodies oí watm; (2) relief, including 
mountains, hills, valleys, and ot *! features of the land surface; 
(3) culture (works of man), sue .1- towns, cities, roads, rail­
roads, and boundaries. Uie '' Kl'" used to represent these 
features are shown and explain6 low. \ aviations appear on 
some earlier maps, and additional features are represented on 
some special1 maps. 

All tlie water features are represented in blue, the smaller 
streams and canals by ringle blue lines and the larger streams 
by double lines. The larger streanj*, lakes, and the sea are 
accentuated by blue water lining or blue tint. Intermittent 
streams—those whose beds are dfl for a large part of tlie year— 
are shown by lines of blue dots and dashes. 

Belief is shown by contour lii-® in brown, which on a few 
maps are supplemented by shading showing the effect of light 
thrown from the northwest across the area represented, for the 
purpose of giving the appearance of relief and thus aiding in 
the interpretation of the contour lines. A contour line repre­
sents an imaginary line on the ground (a contour) every part 
of which is at the same altitude chore sea level. Such a line 
could be drawn at any altitude, but in practice only the con­
tours at certain regular intervals of altitude are shown. The 
datum or zero of altitude ot the Geological Survey maps is mean 
sea level. The 20-foot contour would be the shore line if the 
sea should rise 20 feet above m«an sea level. Contour lines 
show the shape of the hills, mountains, and valleys, as well as 
their altitude. Successive contour Enes that are far apart ou 
the map indicate a gentle slope, lines that are close together 
indicate a steép slope, and lines that run together indicate a 
cliff. 

The manner in which contour lines express altitude, form, 
and grade is shown in the figure below. 

The sketch represente a river valley that lies between two 
hills. In the foreground is the sea, with a bay that is partly 
enclosed by a hooked sand bar. On each side of the valley is 
a terrace into which small streams have cut narrow gullies. 
The hill 011 the right lias a rounded summit and gently slop­

ing spurs separated by ravines. The spurs are truncated at 
their lower ends by a sea cliff. The hill at the left terminates 
abruptly at the valley in a steep scarp, from which it slopes 
gradually away and forms an inclined tableland that is trav­
ersed by a few shallow gullies. On the map each of these 
features is represented, directly beneath ite position in the 
sketch, by contour lines. 

The contour interval, or the vertical distance in feet between 
one contour and the next, is stated at the bottom of each map. 
This interval differs according to the topography of the area 
mapped: in a flat country it may be as small as 1 foot; in a 
mountainous region it may be as great as 250 feet. In order 
tliat the contours may be read more easily certain contour Unes, 
every fourth or fifth, are made heavier than the others and aré 
accompanied by figures showing altitude. The heights of many 
points—such as road intersections, summits, surfaces of lakes, 
and benchmarks—are also given on the map in figures, which 
show altitudes to the nearest foot only. More precise figures 
for the altitudes of benchmarks are given in the Geological Sur­
vey's buUetius on spirit leveling. The geodetic coordinates of 
triangulation and transit-traverse stations are also published in 
bulletins. 

Lettering and the works of man are shown in black. Bou mi­
añes, such as those of a State, county, city, land grant, town­
ship, or reservation, are shown by continuous or broken lines of 
different kinds and weights. Public roads suitable for motor 
travel the greater part of the year are shown by solid double 
Unes; poor public roads and private roads by dashed double 
lines; trails by dashed single lines. Additional public road 
classification if available is shown by red overprint. 

Each quadrangle is designated by the name of a city, town, 
or prominent natural feature within it, and on the margins of 
the map are printed the names of adjoining quadrangles of 
which maps have been published. More than 4,100 quad­
rangles in the United States have been surveyed, and map of 
them similar to the one on the other side of this sheet have 
been published. 

Geologic maps of some of the amis shown 011 the topographic 
maps have been published in the form of foUos. Each folio 
includes maps showing the topography, geology, underground 
structure, and mineral deposits of the area mapped, and several 
pages of descriptive text. The text explains the maps and 
describes the topographic and geologic features of the country 
and its mineral products. Two hundred twenty-five folios have 
been published. 

Index map of each State and of Alaska and Hawaii showing 
the areas covered by topographic map and geologic folios pub­
lished by the United States Geological Survey may be obtained 

Cfopiea pf tbfcatoudard topograpllkjpafli? may jta nhfrhnrrl 
for 10 cents each; some special maps are sold at different prices. 
A discount of 40 percent is allowed 011 an order amounting to 
$5 or more at the retail price. The discount is allowed on an 
order for maps alone, either of one kind or in any assortment, 
or for maps together with geologic folios. The geologic folios 
are sold for 25 cents or more each, the price depending on the 
size of the folio. A circular describing the folios will be sent 
011 request. 

Applications for maps or folias should be accompanied by 
cash, draft, or money order (not postage stamp) and should be 
addressed to 

THE DIRECTOR, 
United States Geological Survey, 

November 1937. Washington, /). C. 
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VI. .'.ATER3HED AND RESERVOIR SANITATION, 

The following reccmmedatlons should he followed to 

maintain proper 3anitary conditions concerning the Wall-

oack Bend reservoir and watershed. During the process 

of the construction of the dar. ,  the impound area should 

be roughly staked out to an elevation 425. which Is approx­

imately 5 feet above reservoir surface elevation. All t imber 

should he cut and removed fro .1  this area -  and the brush, 

long grass, ,  and rubtage gathered up and burned. I t  will  not 

be necessary to remove the sod, because sod forms a firm 

foundation and will  prevent the erosion of the soil .  The 

contents of privies and cesspools and the adjacent contamin­

ated soil  should be removed, and the excavations should be 

fi l led with sand, gravel,  or loam.. Other polluted areas of 

large size, such as barn yards, may be covered with a layer 

of san-or gravel without prior excavation. All buildings 

and other structures,  and generally wooden fences, should 

be removed. Land should be purchased to a distance of at  

1,000 feet beyond the water 's edge. 

Since the Impound of the reservoir will  extend from 

Wallpack Bend to Port Jervis,  the sewage treatment facili­

t ies of such towns as Port Jervis,  Matadoras,  " ' i l lford, 

Montague, Dingman's Ferry, Layton, Wallpack Center,  Flat-

brookville,  and Bushkill  should be inspected for their 

adequacy of treatment. .  

To prevent the formation of stagnant water in shallow 

areas around the edge of the reservoir,  all  areas above 
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elevation 4i8 on the reservoir area sould be excavated to 

that elevation. 

The region surrounding the upper Delaware Easln Is well 

known for Its excellent recreational asoects. Easily access­

ible from both the Philadelphia and New York areas, this 

section ha3 long been used as a playground by the residents 

of these concentrated population centers. With this in mind, 

coupled with such features as the Pocono Yountains and the 

Delaware Water Gap, it is suggested that all facilities poss­

ible be used at Wallpack Reservoir to further enhance the 

recreational value of this region. 

However, for sanitary reasons, these recreational 

facilities must be controlled». All areas to be set aside 

for fishing, swimming, picnicking, and hunting, should be 

kept at safe distances from intakes. These areas should 

also be oollced regularly and kept clear of trash and 

refuse. 



VII. MISCELLANEOUS 

A. Property Damages 

Since this dam will not diminish the normal flow 

oí '  the Delaware River below WallpackEend, there will te 

no ¿r:evances to adjacent property owners In that location. 

Above the dar. on the New Jersey sideof the river, no com­

munities of larye extent or important roads will te ham­

pered by the 1 mounded water. However, tecause of the 

presence of privately owned roads and dwellings, a f  ree-

me.nts for the acquirement of these -r oert '  es and co*-en-

sat 'on for the structures thereon m.ust be made with the 

respective owners, 

A slightly different situation exists on the 

Pennsylvania side of the river. Just above the dam, parts 

oí the oresent town of Eushkill  will  be under water and 

therefore will require tore extensive negotiations be­

tween the state agency for the construction of the Jam 

and the community owners. Also, in this region, portions 

of United States Highway 209 will he covered and therefore 

require re-routing. In this case the state agency must 

negotiate with the federal Government. The remaining por­

tions of the land on the Pennsylvania side of the river will 

be treated in the same manner as those mentioned on the New 

Jersey side,.  

- our highway bridges and one railroad trida© are 

w i thin the i i ,nits of inund *ei lands or ti  e protective mar­

ginal strip, as follows: 
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De-, :a ' .vg?v River Crras 1 

A three span steel truss highway bridge, with­

out walkways, at Dingman's Perry, having total snan length 

of approximately 555 feet andowned by the Delaware Bridge 

Company. This bridge would be replaced at a higher eleva-

tlon, In the 3ame location, and approach roads would be raised. 

A three span steel truss highway bridge, with­

out walkways, at Gilford, having a total span length of anorox-

imately 525 feet.  It  Is reported the Bridge Commission has 

replacement of this bridge under con3iderat1 on, at a location 

some 1,000 feet downstream. Such relocation could readily be 

accomplished as needed to conform to water elevation of the 

filled reservoir.  

Neversink River 

A single soan steel truss highway bridge, 125 

feet in length on concrete abutments, at Port Jervis. Top 

of abutments are at elevation 427 and bridge floor at ele­

vation 451.6 Pool level elevation of 420 will not affect 

this bridge..  

A single span steel dec'/  bridge on 3tone 

abutments owned by the Erie Railroad Company. Clearance 

between bottom of main girdera and full pool elevation would 

be approximately nine feet.  No alterations are considered 

necessary..  

Sawklil Creek 

A modem concrete smandrel arch bridge carry­

ing highway U. S. 209 at v ' i lford. Roadway elevation is 11 

_ 



feet above pool level and arch ribs at the crown wot Id have 

clearance of about 3ix feet.  No alterations are considered 

necessary. 

A new road should be built  from U. S. 2CS Just 

north of Coolborough to the dam and be carried across the 

top of the dam to connect with the New Jersey highway systen. 

No railroads extend along the river bank between 

Wallpack Eend and Port Jervls but railroad yards in that 

city would require minor adjustment. 

3. Soil Conservation on the Watershed Area 

Because of the close association between water 

and soil i t  is necessary to include a program of soil and 

forest conservation in this report.  

Although most of the watershed area is wooded, 

some sections nave been cleared and are being farmed. 

Therefore, the possibility of soil erosion must be con­

sidered and methods taken to avoid i ts occurrence. Cleared 

areas not being farmed shoul- '  be protected by "lanting a 

grass cover. To prevent excessive erosion in gullies, 

check dams must be built .  This will also prevent additional 

quantities of silt  from being washed into the reservoir.  

Practices, such as croo rotation, terracing, and contour 

strip cropping, are recommended. In addition to prevent­

ing wasteful soil erosion, these practices help control 
of 

the amount/silt  carried into the reservoir and thus re-

luce the turbidity of the water. 
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VIII. C:::CLU3ICN 

From the foregoing material presented in this thesis, 

i t  is concluded that the or -nosed project for the construct­

ion of a dan at Walloack Bend should be undertaken.. 

I t  has teen shown that by the utilization cf the waters 

of the Delaware River in this re-ion increased water su :<•. V. ,  

better flood control,  improvement in recreational facilities, 

and additional rower re uire cents r.ay V had. 

Also, the problems of this import int industrial region 

in the vicinity of the Delaware River can be overcome and 

the welfare and prosperity of this area greatly increased. 

It  is further r- commended that the State agencies 

.undertake the development -if this project in their own 

vital requirements rat her than the Federal Govern cent which 

will be participating at State and Local levels and have 

the tendency to smother the sense of well-being and re-

soonsibility. Also, interstate cooperation will prevent 

the control of the river basin from being concentrated at 

the national Caiitol,  so distant from, the life of the 

neople of the region. 
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