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LEHIGH RIVER BASIN

HYDROELECTRIC POWER STUDY

CHAPTER I INTRODUCTION

Since 20 April 1977, when President Carter proposed his comprehensive energy

plan, the nation as a whole has intensified its interest in renewable

alternative energy sources such as wind, solar, and hydroelectric power.

This study of hydroelectric power generation in the Lehigh River basin is a

direct result of local concern about our national energy situation and the

rising costs resulting from the increased scarcity of fossil fuels.

STUDY AUTHORITY

On 10 May 1977 the Committee on Public Works and Transportation of the U.S.

House of Representatives adopted a resolution authorizing the Board of

Engineers for Rivers and Harbors to review the report on the Delaware River

basin, published in House Document 522, 87th Congress, 2nd Session, and

other pertinent reports with a particular view to determining whether any

modifications of the recomendations contained therein are advisable at the

present time in the interest of hydroelectric power and allied purposes in

the Lehigh River basin. A copy of the resolution is included in Appendix A.

STUDY SCOPE

The purpose of this planning study is to assess the potential of

hydroelectric power development in the entire Lehigh River basin (See Plate

1), and to develop a plan by considering all potential alternatives to

optimize the basin's hydropower production. The scope of the plan is to

include both the public and private sectors. To this end the study will
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oncourage public and private coordination and exchange. The study will

investigate current and future energy problems and needs and asbss the

pntential contributions of hydroelectric power to meet increased energy

demands and to lessen our nation's dependence on non-renewable energy

resources.

In defining the study area, consideration has been given to the area which

would be impacted by the development of hydroelectric power facilities in

the Lehigh River basin. From the standpoint of direct environmental and

, rial impacts the Lehigh River's drainage basin has been delineated as the

principal study area. From the standpoint of power utilization, the study

irea has been expanded to include the power market area of the Pennsylvania

- New Jersey - Maryland interconnected bulk electric supply system (PJM).

COORDINATION

')n 27 November 1979 formal announcement of the study was made to all known

intenrested federal, state, county, and local elected officials and agencies,

,.1oaringhouses, special interest groups and interested individuals. An

initial public meeting was held on 29 January 1980 in order to obtain input

N1n local desires and needs. A copy of the formal announcement and responses

.s contained in Appendix A. A sumiary of comments made during the initial

Public meeting is contained in Chapter V, Views of Concerned Interests.

At the Federal level, coordination has been initiated with the Delaware

River Basin Commission, the Federal Energy Regulatory Commission, the U.S.

Department of Energy, the U.S. Fish and Wildlife Service, the U.S. Geological

Survey, the Heritage Conservation and Recreation Service, and other

interested agencies.
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The P.S. Fish and Wildlife Service and the Federal Energy Regulatory

Commission (FERC) have both provided direct input to this Reconnaissance

Report. The Fish and Wildlife Service prepared a planning aid report

outlining the existing fish and wildlife resources of the basin. This

report is contained in Appendix B and briefly summarized in Chapter II.

FERC outlined the existing makeup of the Pennsylvania - New Jersey -

Maryland interconnected bulk electric supply system. The discussion on

Power Resources in Chapter II, as well as portions of the Power Development

section in Chapter III were taken from the FERC report.

At the state and local levels coordination has been initiated with the

Pennsylvania Department of Environmental Resources, the Governor's Energy

Council of Pennsylvania, the Pennsylvania Public Utility Commission, as well

as a number of municipal bodies, local planning groups, utilities, and

private interests.

A meeting was held on 20 May 1980 with the Department of Energy (DOE) and

all Lehigh Basin hydropower feasibility study loan applicants under DOE's

Small Scale Hydro Program. The purpose of the meeting was to review the

ongoing hydropower work in the Lehigh Basin and to discuss ways to

coordinate the various efforts and avoid duplication of effort. Those in

attendance generally agreed to formally set up a progress and information

exchange committee to maintain coordination.

OTHER STUDIES

[louse Document #245, 72nd Congress, ist Session. Investigations were

undertaken under the provisions of House Document #308, Sixty-ninth

Congress, first session with regard to navigation, power, flood control and
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izrigation within the Lehigh River Basin. Two plans were investigated for

power development. The first plan considered conventional development of a

,lam below the junction of Bear Creek (the current location of the Francis E.

W'iter Dam) and another below the junction of Tobyhanna Creek with the

Leinigh River with a total installed capacity of 22,000 kilowatts producing

54,91i megawatt-hours of energy annually. The second plan consisted of a

iam at Tobyhanna with a combination tunnel and pipeline through three

rsgulating reservoirs on Mud Run, Stony Creek and the lower Bear Creek to a

powerhouse on the Lehigh River near Jim Thorpe. The project would utilize

942 feet of power head with an installed capacity of 103,200 kilowatts with

,:)e capabilitv to product 255,430 megawatt-hours of energy annually. These

projects were found not to be economically justified at that time.

House Document #587, 79th Congress, 2nd Session. This study completed in

)946 authorized the construction of the Francis E. Walter (Bear Creek)

Reservoir and two local flood protection projects at Allentown and

iletnilehem. Although limited in authority to a flood control investigation,

:he Tobvhanna project was reevaluated in conjunction with the Federal Power

Ccmmission in order to assess the feasibility of expanding the system to

include pumped water from the proposed Bear Creek Reservoir. The expanded

project could develop 1020 feet of fall and a potential capacity of 150,000

kilowatts. The new plan was found to be economically feasible based on

preliminary estimates but was not investigated in detail due to the limited

iithority of the study.

Aoao;e Document #522, 87th Congress, 2nd Session. The Philadelphia District

prepared the Comprehensive Survey of the Water Resources of the Delaware

4



River Basir which is the report under review. This plan for the coordinated

long range development of the Water Resources of the Delaware River Basin

was authoriz--d by Congress in August 1962. Recommendations were made for

sonstroction -if i number of multipurpose reservoirs throughout the Basin.

Authorized Und.r this plan were the Beltzville Lake, Aquashicola Lake, and

.!exir Lakt prcnects as well as a modification to the existing F.E. Walter

Reservoir within tue Lehigh River Basin. Of these four only the Beltzvlle

Lake project has been constructed.

During the s-udy, a power work group was formed by the Federal Power

Commission at the request of the Philadelphia District Engineer. The work

group considered development of hydroelectric power using pumped storage in

a -comhination of the Tobyhanna Reservoir and Beltzville Lake. This plan

called for construction of an upper reservoir on Stoney Creek which would

draw water frol two lower reservoirs: what is now Beltzville Lak. on the

Pohopoco Creek and a proposed reservoir on the Lehigh River at the Tobyhanna

,;Ite. In addition several alternatives were evaluated utilizing pumped

water from Beltzville Lake alone. These systems were found not to be

-conomicallv feasible at that time.

The National Hydroelectric Power Study. This ongoing study was authorized

iinder Public Law 94-587. Section 167(a) authorized the Secretary of the

Arrny, actinic through the Chief of Engiraeers to conduct a study of the most

efficiont methods of utilizing the nations hydroelectric power resources.

tinder this stuidy The Corps has undertaken several studies including an

assessment of the opportunities for increased hydroelectric output, an

analysis of the need for increases in hydroelectric power development,
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rocommendations on a national hydroelectric development program, and

o,,nsideration of changes to legislative, institutional and policy practices

which affect the development and efficient utilization of hydroelectric

p.-wer projects. The study will encompass from a general standpoint the

rforts under the Lehigh Basin Hydropower Study and will aid substantially

in its conduct.

The Rural Hydroelectric Power Development Initiative. The Department of

Euergy is coordinating the activities of several Federal agencies in an

;,Ccelerated program to identify and develop potential small-scale hydropower

resources at existing dam sites in rural areas. This effort is part of the

President's Rural Energy Initiative. Several hundred sites were nominated

for study by agencies such as the Rural Electrification Administration, the

farmer's Home Administration, the Department of Housing and Urban

Development, and the Economic Development Administration. Reconnaissance

studios of these sites are currently underway. The Corps of Engineers has

propared reconnaissance reports under this program along with the Federal

Energy Regulatory Connission (FERC, formerly the Federal Power Commission)

the Bureau of Reclamation and the Department of Energy. The Philadelphia

')istrict has completed reconnaissance investigations of hydropower additions

at two site- in the Lehigh Basin: Beltzville Lake and Francis E. Walter

Reservoir. Both were found to be economically feasible.

Th,' Dpljware River Basin Conmmission (DRBC) is currently conducting a

comprehensive (Level B) study of the Delaware River Basin. The objective of

!His study is to develop a plan for the management of the water resources of

the basin, including hydroelectric power. The commission's proposals
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encourage the development of small-scale hydroelectric power at existing and

proposed impoundments. As part of their study DRBC requested the Federal

Energy Regulatory Commission to identify potentially feasible hydroelectric

developments in the Delaware River Basin. FERC identified eight potential

conventional developments and 43 potential pumped-storage projects. Of

these 51 projects, six are located within the Lehigh River Basin. The

proposed Francis E. Walter modified project and the Penn Haven Reservoir

were considered for possible conventional development. The pumped-storage

projects identified in the Lehigh Basin were the Kunkletown project on

Aquashicola Creek, and three schemes in the Pohopoco Creek basin utilizing

the Penn Forest and Wild Creek Reservoirs and Hell Creek.

DRBC, in conjunction with the Pennsylvania Department of Environmental

Resources, has recently applied to FERC for preliminary permits to conduct

hydropower additio, studies at both the Francis E. Walter Dam and Beltzville

Lake.

The Heritage Conservation and Recreation Service (HCRS) of the Department of

the Interior has an effort underway to present the Lehigh Canal system to

the public as a complete cultural heritage and recreational area. In their

efforts to promote the canal system, which extends 46 miles from Easton to

Jim Thorpe, HCRS has identified the potential contribution of the

reactivation of old hydroelectric mill facilities in their plan to preserve

the area's historic industrial heritage.

The Pennsylvania Department of Environmental Resources (DER) has recently

completed a study of the Lehigh River to determine the eligibilitv of

portions of the river and tributaries to be included in the state scenic

7



- vpr svstem. DER has recommended the segment of the mainstem Lehigh River

from Jim Thorpe to Francis E. Walter dam as well as many tributaries in this

segnent to be considered for state designation.

DR is also developing a flexible State Water Plan for wise management of water

resources to meet present and future need of the people of Pennsylvania. A

draft report on the results of the studies in sub-basin 2 which includes the

Lehigh River Basin was completed in September 1977. Completion of the final

report is scheduled in 1980.

O9'or Studies Several private groups and municipalities are studying potential

.viroelectric additions at several existing dams in the Lehigh Basin. The

ivirotugh of Lehighton, the Borough of Weatherly, the City of Bethlehem, and the

Citv of Allentown, the Chain Dam Hydropower Corporation, and the Pennsylvania

Hvdroelpctric Development Corporation have initiated reconnaissance investiga-

tions. Preliminary permit applications to conduct independent feasibility

studies have been submitted to FERC on Francis E. Walter Dam, Beltzville Lake,

and Chain Dam. A preliminary permit has already been obtained by the Pennsyl-

vania Hvdroelectric Development Corporation to conduct a feasibility study of

Faston Dam and locks 23 & 24 on the Delaware Canal at the mouth of the Lehigh

Rivar. Several other preliminary permit applications are anticipated during

the curse of this study.

THF RFPnpT AND STUDY PROCESS

This RPconnaissancP Report presents the results of a Stage I investigation of

rh water resourros of the Iehigh River basin. The purpose of a Stage I

inv,;4rigation is to determine tbe need for more detailed studies and to

ostah'ish preliminary ;tudy objectives and the framework in which further
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studies will be undertaken. Emphasis during Stage I was placed on data

collection and problem identification. The identification and evaluation of

alternative plans was undertaken at a preliminary level only. In order to get

a total picture of the study area, Federal, regional, state, and local plans

and programs were reviewed and evaluated. This allowed the establishment of a

sound data base and the identification of problem areas which will be

evaluated further during Stage 2.

During Stage 2 alternative ways to achieve the planning objectives developed

in Stage I will be identified and analyzed. This analysis will utilize

preliminary engineering, economic, social, and environmental considerations

to assess each alternative. Those that prove viable will be analyzed in

greater detail in Stage 3.

The final plan development phase, Stage 3, will consider and evaluate

detailed, implementable plans. Stage 3 ends with the selection of a plan,

and, if appropriate, a recommendation for its authorization.
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CHAPTER II

DESCRIPTION OF THE STUDY AREA AND ITS RESOURCES

STUDY AREA

The Lehigh River drains an area of 1370 square miles in northeastern

Pennsylvania, covering portions of Wayne, Lackawanna, Monroe, Luzerne,

Carbon, Schuykill, Berks, Bucks, Northampton and Lehigh counties. The

watershed accounts for one-quarter of the Delaware River drainage area above

Easton. Plate I shows the location of the Lehigh River basin.

Within the ten county area there are 101 municipalities which are either

totally or partially located in the basin. Allentown and Bethlehem, the

largest cities, support the main industrial development in the basin,

Bethlehem being dominated by one large steel plant. The City of Easton is

the third largest community in the study area. Outside of Carbon, Lehigh,

and Northampton counties the study area is essentially rural in nature with

the exception of Hazelton (Luzerne County). Textiles and cement are the

most important products originating from this area of the basin.

NATURAL RESOURCES

Physiography. The Lehigh basin lies mainly within two physiographic

provinces. (See Figure 1). The northernmost, known as the Appalachian

Plateau Province, contains that portion of the watershed above White Haven.

This region is glaciated and contains nunerous lakes and swamps at 1500 to

2000 feet above sea level. Below White Haven the basin lies within the
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Valley and Ridge Province, which is recognized as consisting of two

sections, the Appalachian Mountain Section and the Great Valley Section.

The Appalachian Mountain Section, which adjoins the Plateau Province, is a

broad hand of long narrow ridges and intermontane valleys whose axes lie in

a northeast-southwest direction, transverse to the general course of the

river. The ridges and steep slopes are moderately wooded. Elevations of

the terrain range from 400 to 1400 feet above sea level. The southernmost

ridge, Blue Mouintain, is cut by the river at Lehigh Gap. The Great Valley

Section, a broad rolling terrain, extends northeast to the mouth of the

Lehigh at Easton, on the Delaware River, and to the southwest across

Pennsylvania. South of the Great Valley Section minor portions of the

Lehigh Basin lie within the New England and Piedmont Provinces.

The mainstem Lehigh River traverses over 103 miles of variable terrain from

its source in the Pocono Mountains in Wayne County to its confluence with

the Delaware River at Easton. Over its length the mainstem falls 1890 feet

from an elevation of 2050 feet at its source near Gouldsboro, PA. Gradients

in the main stem of the River average 26.2 feet per mile above White Haven

and Alientown, and 4.1 feet per mile for 17 miles from Allentown to the

mouth. In contrast slopes in tributary streams average 50 feet per mile.

Table 1 presents the data on 15 principal tributaries of the Lehigh River.

11



TABLE I

PRINCIPAL TRIBUTARIES OF THE LEHIGH RIVER

Enters River, Drainage
Miles Above Area, Length, Elev. at Elev. at

C-ream Mouth Sq. Mi. Miles Source, ft. Mouth, ft.
-1.:on Cr. 9.2 58.2 16.5 640 206

i:rccacv Cr. 11.1 49.6 18.0 760 212
Ittle Lehigh Cr. 16.2 107.0 24.0 830 225

.lan Cr. -- 81.0 32.0 740 228

iokondauqua Cr. 22.0 42.6 15.0 760 282
Anittshicola Cr. 35.7 81.2 22.5 1,500 380

".3rd Cr. 38.8 53.8 15.0 750 415
Pohopoco Cr. 40.5 111.7 23.0 1,820 435

M,:hnning Cr. 42.1 37.3 14.0 1,040 480

,- lch Chunk Cr. 46.5 8.9 8.0 1,120 512
":.-quehoning Cr. 48.4 33.8 13.0 1,540 568

ck Cr. 55.4 62.6 14.5 1,720 760

Run 64.8 35.9 15.0 1,850 970

'3-r Cr. 77.6 50.2 13.0 2,020 1,250

" -',anna Cr. 83.5 128.3 32.0 2,080 1,410

id Hvdrologv. Although very near the Atlantic coast, the climate

the lehigh Basin is largely continental, being dominated by air masses

iio'ung eastward from the interior of North America, while being modified by

irfluences of the Great Lakes and the Appalachian Mountains. The

c'ntinental air masses cause moderate to heavy rainfall over the entire

').-' 7ware Basin when mixed with the moist tropical masses that move up from

t -outh. Generally west to southwest air flow brings the hot dry weather

wvi:ch is responsible for summer droughts. North to south airflow bringing

2lai'5 artic air into the Basin occurs in the winter.

i. T'rnperature. Figure 2 shows average annual temperature variations

:,in the Lehigh River area. Average yearly temperatures range from 46 to

5. F rhroughour the Lehigh area. The National Oceanic and Atmospheric

12
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Alilnistrdtion maintains; detailed records. The data presented in Table 2

... extracted from NOAA's "Local Climatological Data, Annual Summary with

,-,riparative Data, 1978, Allentown, Pennsylvania". The data at Allentown is

c.)-,sidered representative of monthly variations throughout the Lehigh Area.

Fxtreme variations range from an uncharacteristic high of 1050F during the

stimer months, usually accompanied by high humidity, to a low of -200 F

i:ning the winter season.

TABLE 2
AVERAGE MONTHLY TEMPERATURE VARIATIONS, ALLENTOWN, PENNSYLVANIA

Mean Maximum Minimum
?',, : F OFO

Januarv 27.5 35.3 19.6
February 29.5 38.0 21.0
March 38.5 48.0 29.0
April 49.7 60.9 38.5
May 59.8 71.1 48.5
.hune 69.3 80.3 58.2
,hulv 73.8 84.8 62.G
August 71.9 82.5 61.2
September 64.6 75.2 53.9
October 53.8 64.9 42.6
November 42.4 51.4 33.4
December 31.2 39.0 23.4

Annual 51.0 61.0 41.0

2. Precipitation. Hourly and daily as well as total monthly

precipitation amounts are published by the NOAA in its Climatological Data

Biletin. The administration operates 16 precipitation stations in the

Lehigh Basin. Nine of these stations are equipped with continuous recording

rainfall gages. The remaining 7 stations are equipped with nonrecording

2a?,es which are read one or more times daily.

13



Table 3 provides average monthly precipitation data at the Allentown

station. Figure 3 shows the average variation throughout the Basin.

TABLE 3

AVERAGE MONTHLY PRECIPITATION DATA, ALLENTOWN, PENNSYLVANIA

Average Average
Precipitation Precipitation

Month (inches) Month (inches)

January 3.26 July 6.29

February 2.89 August 4.46

March 3.73 September 3.98

April 3.79 October 2.76

May 3.84 November 3.69

June 3.68 December 3.77

Intense precipitation in the Lehigh Basin results from two general storm

types: those of tropical origin and those of extra-tropical origin such as

thunderstorms and northeasters. Historically the heaviest precipitation has

been deposited when these storm types have combined. Hurrican Diane in

August 1955 was of this type and deposited an average of 7 inches of

precipitation over the Lehigh Basin.

In contrast to storm events, several noteworthy droughts have occured in the

Delaware River Basin since 1876. The worst drought experienced in the Basin

was from August 1%1 to May 1967, causing considerable concern over the

water resources of the Delaware Basin. Prior to the sixties the worst

drought experienced occurred in 1930 and the next most severe in 1895.

3. Runoff. In respect to its drainage r ern, the Lehigh watershed

consists of contrasting areas which differ in their run-off characteristics.

In the area that lies downstream from Lehigh Gap, and comprises one-third,

14
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or more, of the entire watershed, the stream channels and basin surfaces

have moderate slopes and correspondingly moderate rates of run-off. Between

Lehigh Gap and the vicinity of Jim Thorpe is an area composed of ridges and

valleys extending entirely across the watershed and drained by four

principal tributaries, viz., Aquashicola and Pohopoco Creeks, which enter

from the northeast, with Lizard and Mahoning Creeks which enter from the

southwest. The watersheds of the streams that enter from the southwest are

much smaller and shorter in extent than those which enter from the

northeast. The tributaries in this area are characterized by moderate

slopes in their main channels and steep slopes in the basin surfaces and in

the channels of their feeders and headwater streams. Upstream from the

ridge and valley area lies the southeastern escarpment of the Appalachian

Plateau, on which the terrain and the stream channels slope steeply and

deliver the run-off rapidly. On the plateau peneplain which is drained by

Tobyhanna Creek and the extreme upper part of the main stem of Lehigh River,

slopes are moderate and there are many ponds and swamps, conducive to slow

runoff.

Precipitation in the Basin is lost through evapotranspiration and infiltra-

tion. Average annual water losses in the Basin are shown in Figure 4.

These losses are the difference between the basin precipitation and the

run-off directly contributing to the steamflow.

The United States Geological Survey currently maintains 16 streamflow gaging

stations within the Lehigh Basin. Cage locations are shown on Figure 5.

Complete records can be obtained through U.S.G.S. while select

_ m m n m
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characteristics are presented in Table 4. As can be seen from Table 4 mean

runoff in the Basin averages about 2 cfs/mi2 which is characteristic of

most drainage areas in the northeastern United States.(l)

4. Dams & Reservoirs. High flows on the Lehigh River are regulated by

Francis E. Walter Dam, Beltzville Lake, Wild Creek and Penn Forest Reservoirs.

These storage reservoirs significantly influence flood runoff characteristics.

Mean annual flood runoff measured at Bethlehem is considerably lower than

that at Walnutport which lies upstream of Beltzville, Wild Creek, and Penn

Forest Reservoirs. These values average 21.4 cfs/mi
2 and 30.5 cfs/mi

2

respectively(2)

One hundred and thirty nine dams and one natural lake are known to be

located within the Lehigh River basin. The U.S. Fish and Wildlife Service

identified these sites in relation to basin fish and wildlife resources with

site data presented in Appendix C, as extracted from Water Resources

Bulletin Number 5 published by the Pennsylvania Department of Environmental

Resources.

(1) Allis - Chalmers Corporation
(2) PA DER State Water Plan, Subbasin 2 Draft Report, September 1977.

16



C C .0-

~~~,~Z C,. . .0
m cr0 cc cc m

-Ic 4, V- 0'. *~ 4,. r - -

C3 a, a4 .

~.C 4 4- 4~' L

1 4-

ODO C C)

-0 CY>q 4-- 4y, >

4. ~ 4 4- 4, - 0' 4, 4 4,6 7.4- C . , .OWN4



0

.4

a
0, U V V ~. X.) ~-~ C. C. C - 0 0

C 0 C 0 0 0
C b( & G~ - &

~j (0 0( 0 0) 0,
~ *0 ~ 'V

h-. I. U U I- j~

4, 4~ 4, 4~ ~,
a a a a a a

A
A 0 V . -~

a - a' ,.,

.0) 4. -
eli .. ' .7 a
- 'r . . . a -
'.42 .. - - en (l

0 0' 0 .0' -, 0

ft 0 a c a .r a a.
2. - ft. .0"U C. c .. .r .0 C'~

a .4' .4

E - -Cl

I- en .z C C
C S.' .~' - - en

44 0 0
(0 (0.

- . - (0.
4' 1. ~ 0

*~ .: ~
L

& 4, -
(1 4, C *-* ~
* C 4, 4 4, C

-~ Cr < a .

* 4, C- C- a'
I,' I- 0 0 0

~ 4, 4,
C C .v 0 0

* IC
K .t .r 4 1-

44 4, S. C. C
.5 4, 4, C,. 0) 0)

* C~. C~ ~ K (0

'4 1 C 6
-. 0 0 ftC 45

0: ft( C

- C~ C' 0 4, ft
I: ., .4

I" C' . C 4- C
cc-
C

4, C. ~' -,
.4 0 0' Cr .0) .4

ft. I I .7 t -.

-ft I. C~ C C C

.1



Geologvy. Geological formations in the mountainous regions of the Basin are

predominantly shale and sandstone. Rich deposits of anthracite occur in

Luzerne, Carbon and Schuvkill counties. In the Appalachian Valley Section,

the stream first enters a slate formation, which is extensively quarried.

It then flows over a limestone formation which is especially adapted to the

manufacture of cement.

In the tipper part of the watershed the effects of glacial action are marked

in the smoothing down of summits, the scouring of valley walls, and the deep

arcimulation of rock waste at irregular intervals. The coarse,

erosion-resisting glacial deposits have frequently interrupted the

pro-glacial irainage channels, forming ponds and some swamp and marsh land.

The river has eroded its channel progressively deeper from its source to its

exit from the mountains at Lehigh Gap. From White Haven to Jim Thorpe, a

distance of 30 miles, it flows through a gorge and rapids are frequent. The

steep gradients of the river bed and the narrow gorges indicate that the

formations resist erosion to an extent that prevented the river from carving

fq channel to full maturitv. The river has not developed waterfalls for

r'e reasu)n that the rock formations in its bed do not present sufficient

variation in hardness. Nearlv all outcrops are limestone, sandstone, and

mptamorphosed srata. Below Lehigh Cap, the subterranean structure is

or',.-rnno wh'r sol ublP limestone deposits were disintegrated bv ground

wnr.r f ow. Fi stence ot the cavities is manifested during '.ow flows hv dry

reahe q n ti, r i ver t r i hut ar Is



The geologic representation of the area is presented on Figure 6, with the

map index presented in the following Table 5.

TABLE 5

GEOLOGIC MAP INDEX

a Symbol Formulation/Group Description

Cq- Quartzose Rocks: Not Shown narrow bands lying between OEc

and PEgn

Dc- Catskill Formation: red and gray shale, sandstone, and some

conglomerate

Dh -  Hamilton Group: Hard dark shale, flaggy sandstone, limy

shale and impure limestone

Dp- Portage Group: Sandstone, sandyshale and shale

DS- Limestone, shale and sandstone:

D1- Sandstone, shale and limestone:

Mmi- Mauch Chunk Formation: Shale, sandstone, and some conglomerate

Mp- Pocono Formation: Sandstone and conglomerate, some shale

in lower part

Out- Martinsburg Shale: Shale, slate, sandstone, and some
limestone

07 c - Carbonate Rocks: limestone and dolomite

Pa- Allegheny Formation: Shale and sandstone, some conglomerate

and coal

Pp- Pottsville Formation: Sandstone and conglomerate, some shale

and coal

pFgn- Gneiss and related crystalline rocks
h- Brunswick Formation: Shale and minor sandstone, conglomerate

Diabase: Igneous sills and dikes intruding
Triassic and older rocks

Sb- Bloomburg Red Beds: Chiefly red shale and sandstone

Sh.,wangpink Conglomerate: Conglomerate, sandstone and some shale

?0
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>1is. The *;oils nf the Lehigh Basin can he divided into five broad groups

,,sed on as ;oriation with a specific parent material. These groups are:

-is formed in materials weathered f-om noncarbonate sedimentary rocks,

:r!ot, sodimentarv rocks, i neous and metamorphic rocks, glacial till

unconsolidated water ;orted materials. The soils can be further

.- ogor~ed b hvdrologic soil proups based on infiltration rates.

nfiltration rates are dependent on the soil's physical and chemical

cornpnsition, iominant slope, and depth of soil profile. The Soil

:onnservation Sorvico of the U.S. Department of Agriculture has mapped the

= i!s in this area.

.. northern portions of the basin that lie in the Appalachian Plateaus

!'-.lvince are comprised of soils formed in glacial till. They generally have

n.law infittration rates and average 30 inches in depth over shale and

sndstone bedrock. Just to the south, encompassing most of Carbon County,

is the Valley and Ridge Province which contains parallel bands of soils that

v',-re either formed in materials weathered from noncarbonate sedimentary

r-ck s or glacial till. These soils have better than average infiltration

rates. They are generally 30 to 70 inches deep and are also underlain by

;hale and sandstone.

,,- L.ehigi Voalley in Lehigh and Northampton counties contains soils

woathered from noncarbonate sedimentary rocks of the Martinsburg formation.

-Th substrata is mainly shales and sandstones. In the southern half of the

villev thick hpds of limestone lie below the Martinsburg formation. Soils

the vallev vary frnm 1V to 4fn inches in depth and have slow or very slow

infiltration rates.
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The souithern edge of the lehigh Basin lies in the Reading Prong of the New

England Province. The soils here are underlain mainly by igneous Ind

metamorphic rock with limestone and dolomite sedimentary rock also present

at some locations. The soils generally have ahove average infiltration

ratps and are 70 inches deep or more. Many sinkholes have developed in this

area due to th,- solubility of the limestone beds. These sinkholes a!ow

surface water to freely enter the subsurface water system.

Fish and 'Alildlifp. "he Lehigh basin is ecologically diverse containing a

variety of a-,hitats including forests, pasture and cropland, abandoned

fields in various stages of reversions to forest, swamps and marshes, lakes

and streams, and urban areas. Aquatic habitat includes almost 6900 acres of

reservoirs, lakes and ponds, and several hundred miles of lishable streams.

W4ator qualitv varies from excellent to severely degraded, degradation

9resulting from a history of coal mining operations with subsequent mine

drainage, and industrial and municipal wastes. The effects of the

operatinns are most heavily felt in the lower seven miles of the Lehigh

River.

The studv arpa's vertebrate fauna consists of 51 species of mammals, 220

birdlq, 23 reptiles, ?4 amphibians, and 48 fish. Two endangered species as

defined bv the Federal Endangered Species Act of 1973 are known to inhabit

the Lehigh area. The bald eagle and peregrine falcon are occasionally seen

in the basin during autmnn, migrating along ridges such as Blue Mountain.

Tn addition the Pennsylvania Fish Commission has determined that the bo,

turtle is endangered in the State. Bog turtles usually occur in r'elativelv

small isolated colonies, with some being reported in lehigh and Northamptin

count i es.
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r,- lehi~h River basin offers a widespread opportunity for wildlife related

.,.tdoor recreation. There are more than 113,000 acres of public land open

t, hikers, hird-watchers, hunters and fisherman. There are almost 88,000

,iditional acres of private land open to public hunting as a result of the

Pnnsvlvania Came Commission's Cooperative Farm Game and Safety Zone

Programs. In addition the Fish Commission's stocking program insures a

-,ipplv of game fishes throughout the study area. Details of the fish and

rAidlife resources of the basin, as prepared by the U.S. Fish and Wildlife

rvice is presented in Appendix B.

l'tAN AND ECONOMIC RESOURCES

his subsection presents information on the people and economy of the Lehigh

',lley beginning with its history and development. General information is

presented covering the states comprising the Pennsylvania - New Jersey -

Marvland bulk electric suipply interconnection.

!'-storv and Development.

1. Settling in: Who and Where. The Delaware and Lehigh Rivers

prnvided ready access to the Lehigh Valley, which was settled in the early

1700's b German, Swiss and Scotch-Irish immigrants.

Crrman settlers founded Upper Milford as the first township in 1737. Among

tie German immigrants, the Moravians founded two religious communities:

'nazareth in 1740 and Bethlehem, on the banks of the Lehigh, in 1741.

Bethlehem was planned and located to serve as the religious center for the

Mnravian community, a position it still holds today. It quickly became the

valley's economic trade center and was the area's dominant city throughout

the 1700's. In 17S2 the City of Easton was founded as the county seat of the
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newly formed Northampton county. In 1762 Allentown was founded at the forks

of Jordan and Lehigh Creeks for its trade and milling potential. These

three cities became and remain the area's dominant metropolises.

2. Transportation. Early transportation was difficult. The first

settlers relied on Indian trails and both rivers for travel. The first road

was laid in 1735 and others quickly followed, but the rivers were the roads

during much of the 1700's. Rafts and dugout canoes transported settlers and

their farm goods to the market in Philadelphia. Durham boats--wide, flat

freight carriers--improved freight transportation on the Delaware River

after 1750.

About 60 years after coal was discovered in Pennsylvania, legislative

permission was granted to the Lehigh Coal and Navigation Company in 1818 to

improve navigation on the Lehigh River. Two years later the company began

construction on 84 miles of interconnected canals that linked Stoddardsville

to Easton.

The canals created a greatly expanded market for area agricultural goods.

They also expanded freight transportation opportunities and stimulated the

developing coal mining industry, which led to railroad development in the

region. The Lehigh Valley Railroad opened in 1855. Its tracks paralleled

the Lehigh Canal and the Lehigh River. As railroads grew, canal use

declined. In addition to causing a dramatic growth in industry and

development, railroads brought many new people to the Lehigh Valley and

lessened the Pennsylvania-German influence that had dominated the area from

the 1700's through the 1830's.
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3. Industry and the Economy. The first Lehigh Valley residents created

an agricultural economy, which was gradually supplemented by a manufacturing-

based one as industry took hold. In the mid-1700's, small forges and

furnaces, powered by charcoal from local trees, manufactured the region's

abundant iron ore. This industry coupled with artisan-based commerce--

weavers, gunsmiths, shoemakers--remained unchanged through the American

Revolution because there had been almost no influx of labor, skills or

capital into the valley.

From the 1790's to the 1830's, the area's economy--still based largely on

agriculture--was increasingly prosperous. The number of towns and villages

increased, and almost all contained taverns, grist mills and tanneries.

Yany ilso boasted distilleries, saw mills, lime kilns and iron furnaces.

Although trade volume continued to grow as more roads were built, the

valley's economy did not make dramatic gains until the Industrial Revolution

in the 1800's. Railroad growth brought in large numbers of immigrant

:aborers, who built canals and manned the anthracite coal, slate, and iron

-md zinc ore mining industries. Their wives and children provided a source

oF cheap labor for the textile industry, which by 1890 had become the

region's leading employer with mills in almost every town.

Portland cement was a locally-invented product using local materials that

!ocame one of the Lehigh Valley's biggest employers. It, together with the

zrowing iron industry, revolutionized industrial and commercial building.

Technical advances in the first half of the lqth century, coupled with the

qwitcL-, from waterwheel to stream power, resulted in a major increase in
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iron, cement, and slate production. Tn the 40 years from 1850 to 1890, iron

producdion was the area's leading industry in terms of product value.

During this period, railroad growth increased the value of valley product

almost nine-folc and valley employment almost six-fold.

Competing goods and changing economic conditions meant that the iron and

zinc production peak had passed by 1880. The last mines for both closed in

the 1920's. The cement industry, on the other hand, continued to gain

strength, mainufacturing 70% of the country's Portland cement by 1900. The

textile mills also survived and prospered, and are still a significant

contributor to tne valley's economy. They switched from the manufacture of

silk cloth to the manufacture of other materials and ready-to-wear garments

ro keep pace with change.

Although agriculture's role in the region's economy has continued to decline

since 1890, it is still a significant part of the increasingly

industrial ized Lehigh Valley.

Economic Profile.

1. Setting. The Lehigh River Basin covers a vast expanse of land which

traver.es four SMSA's. This area covers 6,080 square miles and is approxi-

mately the size of the States of Connecticut and Rhode Island combined. The

counties consist of Berks County within the Reading, Pennsylvania SMSA;

Lackawanna, Monroe, and L'izerne Counties, within the Northeast Pennsylvania

SMSA: (Xarbon, Northampton, and Lehigh Counties within the Allentown-

Rethlehem-Easton, Pennsylvania-New Jersey SMSA; Bucks County within the

Philadelphia, Pennsylvania SMSA and Schuylkill and Wayne Counties,
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,v- studv area has a favorable location relative to metropolitan areas and

co the eastern seaboard. In addition it is well-endowed with natural

r.,sources which include anthracite coel, limestone, slate, zinc, and iron

.,re as well as rich farm lands and diverse recreational areas which

.!ucOmpass a "Four Seasons" operation. Manufacturing, highly diversified, is

the leading industry and is augmented by an excellent transportation network

ind an adequate ,Dply of labor. The area's long term prospects have

improved dramatically due to its large deposits of anthracite coal.

However, foreign imports of textiles and steel may continue to have a

,ampeninR effect on the area's steel and textile industries.

2. Population. Populition for the counties which comprise the study

,ira was 2,146,200 in 1976 as s'own in Table 6. This amounts to a 0.82

rcont annial growth rate from 1)70. This growth rate has been

anprnximately the same since 1950 and reflects the demographic stability of

this area.

TABLE 6
POPULATTON BY COUNTY WITFIN THE LEHIGH RIVER BASIN AREA

(1,000's)

1930 1940 1950 1960 1970 1976
.-rks 231.7 241.9 255.7 275.4 296.4 305.9

B.,cks 96.7 107.7 144.6 308.6 415.1 468.6
arbon 63.4 61.7 57.6 52.9 50.6 52.2

1-1ckawanna 310.4 301.2 257.4 234.5 234.1 235.1

iehigh 172.9 177.5 198.2 227.5 255.3 265.3

T.iz,-rnP, 445.1 441.S 392.2 347.0 342.3 343.9
lenroe 28.3 29.8 33.8 39.6 45.4 55.O
N-rrhampton 169.3 169.0 185.2 201.4 214.4 224.6

c ,uvlkill 235.5 228.3 200.6 173.0 160.1 159.2
,.vne 28.4 29.9 28.5 28.2 29.6 35.3

TOTAIS i,781.7 L.7 8 8 .9 1,753.8 1,381.1 2,043.3 2,146.2

SOURCE: 1978 PFNNOYTVANIA STATISTICAL ABSTRACT.
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As shown in Table 7 the population of the United States and of each of the

states that would be influenced by any power developed in the Lehigh River

Basin has consistently increased since 1930. With the exception of the

Commonwealth of Pennsylvania, all of the states have grown at a faster rate

than the rest of the nation as a whole.

TABLE 7
POPULATION TRENDS

(U. S. Bureau of Census Data)
Population in Thousands

Maryland Delaware New Jersey Pennsylvania United States
Year Pop. % Chg. Pop. % Chg. Pop. % Chg. Pop. % Chg. Pop. % Chg.

1930 1,631.5 238.4 4,041.3 9,631.4 122,775.0
1940 1,821.2 11.6 266.5 11.8 4,160.2 2.9 9,900.2 2.8 131,669.3 7.2
1950 2,343.0 28.6 318.1 19.4 4,835.3 16.2 10,498.0 6.0 150,697.4 14.5
1960 3,100.7 32.3 446.3 40.3 6,066.8 25.5 11,319.4 7.8 178,464.2 18.4
1970 3,922.4 26.5 548.1 22.8 7,168.2 18.2 11,793.9 4.2 202,166.4 13.3

SOURCE: BALTIMORE DISTRICT CORPS OF ENGINEERS; RAYSTOWN HYDRO POWER,
PLAN OF STUDY JUNE 1975.

As can be seen in Table 8, the study area population density in 1976 varied

greatly from county to county with 47.6 persons per square mile in Wayne

County to 763.2 persons per square mile in Bucks County.
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TABLE 8
POPULATION DENSITY BY COUNTY, WITHIN THE LEHIGH RIVER BASIN

(Persons Per Square Mile)

Land Area 1960 1970 1976
(sq-Miles)

Berks 862 318.8 343.8 354.9
Bucks 614 500.1 676.0 763.2
Carbon 404 130.6 125.2 129.2
Lackawanna 454 516.6 515.7 518.3
Lehigh 348 655.7 733.6 762.4
Luzerne 886 389.4 386.3 388.1
Monroe 611 64.8 74.3 91.5
Northampton 376 538.5 570.1 597.3
Schuylkill 784 221.0 204.2 203.1

V'ane 741 38.0 39.9 47.6

TOTALS 6080 309.4 336.1 353.0

SOURCE: 1978 PENSYLVANIA STATISTICAL ABSTRACT.

3. Employment and Income: Since 1975, total employment in the Lehigh

River Basin Study Area has increased each year and this trend is expected to

continue. Total nonagricultural wage and salary jobs have also increased

s'nce 1975, due to the growth of the nonmanufacturing sector, as the

-,anufacturing group has remained stagnent. Increases in employment in the

ruture are expected to coine from state and local government, services and

iining and the retail trade firms as projected by the Pennsylvania Bureau of

[ 'mployment Security in its Annual Planning Report for Fiscal Year 1979. A

breakdown of employment by industry, and county for 1976 is shown in Table

' As can be seen manufacturing is the dominant industry employing

approximately 44 percent of the total labor force.

29



0' .2 'C 'V
0' C 0' C' ~C CC U. <C 'C '.2

U) I a. -c c C, I
C C. U. IC' C C, C' C. 4'

J it C C 4' C. 0 g
Ci a. C" 4 C Cr CC

C

~V C. -. "' C 0' C~ C- 'C
C - '~* Cr U) it -- - U.

.2(1 -. C a. C'i U' "' Ci CC C'- C"

C-I
- 0' CC' "t '~' C" C"
C Cr 4 C. 0 r Cr C
it' C" C'- C C" - it

C" (N a. C" a. 0' 4

I",

C" - U) - 6' C" C 'C' -
C U) 0 U) a. U) U) 'C 'C C i~'

a. 4 C" C" a. C" U) Cl

4 - 4 in U)

C U - a'iria.r-a'C-r-r-' 0'
W Cf C a. -~ it' - r'- C'. U) C" U)a. - C" U) C" U) 4 U) C

44 C" 4Cr'
4 a. -" C,

6' U) a' C" - 'C 'C a.

'I U) 0 6' C" in C" C'

C, U) 'C' C a. U) in C" 6' C,
a. C. C" 4 a. Ci C"E a. - C',

'C' 0' U) -'-' a. U) - a. a. 0

C', 0 C" C" 4 C" Ci 0' U) U)

- 0' U' U) it' C U) Cr 'C

- U) C" U) C" C-i a. CC

0 .2 Ci - - 'C LU

C" C" in C" a. a. it' Cr F'
C" 0 0 Ci Ci C. it' C"

C 0 C"' C" in - C"' it C" it

F'
C. U. '4 U) Cr- C', C" Cr 4?- U) 0 0' 4 in - Cr 'C U)
'C C" C" C" a - C a. 6' 0'

it' 4' C" 'C 4 a. - in -'
U) 4 C" - -

- (V

F'
Li'.

U. Ci - - it' 6' 6" C' U) C C'
it C" -. Cr it" C" C U) Ci 'C

a. - i" - C C. 0' 4 C" a. F'
C...................it'

Ut - C" 0' it' 4 4 a. C" 0'4 Ci - C' 'C

'4'
'C

C C-
C 0'

I-' U

C U
C ~ I.. CC

Ct

i-. iC C U- ii

C'.' U ii'i 'C
U U C..i C. ~U

"U LV C "'CC UCJ C.
ii-"' C -- ' i" .~ CC C-' If.
i-I-' '- C-' UG ''- C

h .~ ~ ~ LV

U CC C .- ' U ULV V C' C C U '6 C C 'C' i~ C
I ~ F'~ C ii~U ii.

-" CV U C. C .02 - .'. C C C

30



)* ro aro large pockets; of unemployed labor within the stuidy are-a. A

.nrsonl of the labor force data for SMSA's, the state adthe ;in i*& St at s

* T.qbl P 10, ref lects- this- condi tion . Foreign imports, which rpsult in a

1ii I fil i iomest Icempl oyment i n the same indrist ri es , andl t he cont Inuinyg

f t -i popil -it i en and inrdust ry to the Southwest U .S. 'Sunbelt" areai ire

atrswhich ton( to worsen the- local employment situation. However, the

ntreasitig -al p. )drct ion in the region may offset this qomrewiat.

I*ABLE 10
'1OTAl. CIVILIAN LABOR FORCE, EMPLOYMENT,

UNEMPLOYMENT AND UNEMPLOYMENT RATE
UNITED) STATES, PENNSYLVANIA, AND SMSA's

WITHIN THE LEHIGH RIVER BASIN AREA

1977 Annual Average
(in thousands)

Labor Unemployment
Al~ _____Force Employment Unemployment Rate

* tdStates 97,401.0 90,546.0 6,855.0 7.0

i'.ansylvania 5,168.0 4,770.0 398.0 7.7

"'r-henst

to'rnvlvania SMSA 271.5 245.1 26.4 9.7

*-nt own-Bet hl eheri-
.-,3ston SMSA 300.2 279.2 21.0 7.0

Philadelphia SMSA 2,006.3 1,887.2 179.2 8.7

:Pading SMSA 145.5 136.5 9.0 6.2

SOURCE: NORIHEAST PENNSYLVANIA BUREAU OF EMPLOYMENT SECURITY

ANNUAL PLANNINC REPORT FISCAL YEAR 1979, TABLE 11, lG 20

* iii and per capita incomne for 1975, by county are presented in Table 11.

r capi ta income range-, from $4,696 in Wayne County to $6,558 in Lehigh

(;'nnty. Six of the nine counties in the Study Area had per capita incomes

o)-'-w that in the State and seven out of nine were below the U.S. average.
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IARI
TOTAl AND PFK CAPITA NCOME 'AY C(i',,Y

SEI.ECT YEARS, I 94g-I''

Cara i.,F AI . F,:,, , ,

Rhh Rh .; ,3 ? 7 4. .7,

1r , I " 8 8 ( , I4

Pinsyhvai 2L,023.? 7 ? '19* 4¢, )o0. .,q7 1m , %OO q , !
A . 190.0

q,-h v 1 1i *1 ~ 84Q688 536.9 -1, I

Pn ns yIvvan ia 24 ,928. 6* ,21 9* 46,900.0 3,971 69,.0.f n 8

17n P d ;ta t es I328,990 + I 1, 0 + 80 8,20n. 0 j 6 14, ~, I ,

SOl1RCE: i 78 P KNS YIVAN IA STATlcSTICAl. ABSTRACT TABLE ()

qTATISTICA. ABSTRACT OF U.S. 1976

* 960 PENNS'-.VANIA STATISTICAL ABSTRACT

+1975 STATII:TICAL ABSTRACT OF U.S.

4. Earnings. Earnings by industry are presented in Table 12. Th,

mannfarriiring -octor is the predominant industry with approximately 4n

percent -f total earnings, similar to this sector's share of total

e ployment. Apparel and related product,, primary metal productq and

,-lo-rrical and electronic machinery, equipment and supplies are the most

,ignificant industries within the manufacturing qector. Alsn contrihutinu'

rr, the economv rof the study area are earnings realized from whol,-.sael, tralde,

retail trade and the serviep industry, which accounted for 2Q.5 percent of

total earnings.
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Although not clearly reflected in the earnings data, Lackawanna, Luzerne and

Schuvlkill Counties overlie parts of the Middle Eastern and Great Northern

Anthracite Basins which are known as the "Anthracite Capital of the World".

Production from the coal fields in these counties amounted to 4.5 million

tons In lq75, rou ,v 85 percent of the total produced in the state.

Estimnated recov,-,ihle reserves of anthracite were calculated to he about 5.8

billion tonq in 1975 according to Pennsylvania Department of Commerce's

Countv Induqtriil Reports for 1976.

Tn ad~iition, a1 though not significant in terms of earnings, agriculture is an

important industrv, with rich farm and pasture land located throughout most of

the study area. Products grown or produced include dairy products, poultry

products, potatoes, alfalfa, corn, honey, eggs, cut flowers, wheat, and oats.

Also thp area is one of the major national mushroom producers and is noted for

havinp source of the finest fruit and crop farms in the state and country.

CULTURAL AND SCENIC RESOURCES

rhp Lehigh River area is rich in both history and beauty. The Pennsylvania

"tato Hlistoric Preservation office maintains an inventory of historic sites

throughout the state. Table 13 lists those sites within the Lehigh River Basin,

many of which have been included in the National Register of Historic Places.

, ".<. h',-r/e Conservation and Recreation Service, in conjunction with s',v-

,rajl ?mal prosorvarinn groups, has recently been exploring the historical sig-

,ificanco of the Lehigh canal, with the aim of stabilizing its historical value

throulih rontomlorary utilization mixed with historical revitalization. This

,-<forr shoil r bring into focus more clearly the value of the area's historical

rs-.oir cs in,' the need to conduct contemporary planning efforts with an under-

,;tand~ne of .istorial significance.
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TABLE 13
PENNSYLVANIA INVENTORY OF HISTORIC PLACES

LEHIGH RIVER BASIN

--d Location of Property

Shelter House, Emmnaus Trout Hall, Allentown

Dornevville Crossroad Settlement, Allentown vicinity

Bettilehem Historic District, Bethlehem

George ravior Houqn, Catasaqua

Kemrnerer House, Emnmius

Mechling Homestead, Hosensack

Dili'ingersville Union School, Zionsville

:-ino Mill Historical Museum, Cetronia

1.entigh Canal, Bethlehem-Allentown

Hefrich's Springs Grist Mill, Whitehall Twp.

Western Salisbury Union Church, Allentown

istoric Village of Salisburg, Salisburg

Adelaide Mill, Race & Courts Sts., Allentown

A'ihu)Lrti;s Lock Ridge Historical Society

Linden Grove Pavilion, Coppersburg

Lehigh Canal (Alle-ntown/Be-thlehem/Freemansburg)

Zollinger-Harned Co. Building, Allentown

Neiwil -r Brrewery, 401 N. Front St., Allentown

Tav -rn a- 16 l of Zion, Old Kings Hwy. Zionsville

Copporsourg Historic District, Coppersburg

Bpt'riphem Historic District 1, Subdistrict A

D-inwarp Divi <on ot the Pennsylvania Canal, Bethlehem
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TABLE 13 (cont'd)
PENNSYLVANIA INVENTORY OF HISTORIC PLACES

LEHIGH RIVER BASIN

Name and Location of PropertX

Gemeinhaus-Lewis David De Schweinitz Residence,

W. Church Street, Bethlehem

Gristmiiler's House, Old York Road, Bethlehem

Moravian Sun Inn, Main Street, (10-2-73) Bethlehem

Old Waterworks Bethlehem

Tannery, The, Laston

i.ehigh Canal: Eastern Section Glendon and

Abbott Street Industrial Sites, Easton

Nicholas, Jac(,b House, Ferry Street, Easton

Seipsville Hotel, Old Nazareth Road

Asa Packer Mansion, Packer Road, Jim Thorpe

St. Mark's Episcopal Church, Jim Thorpe

Carbon County Jail, Jim Thorpe

Harry Packer Mansion

(ontral RR of N.J. Station, Jim Thorpe

TeohL h Valley RR Station, Woath -rlv

g, Canal-C.rbor County

rehig. C:anal Moseum, Canal Road, Franklin Twp.

,iher House-, Riber Street, Franklin Twp.

G, ,J Mauch Chink tlistric,- District, Jim Thorpe

Ma;icli l'ink ,inni Summit Hi]ll Switchback Railroad, Jim Thorpe

K,: cIr Homo , Broad Street, Hazelton

A, ho Michae.l lhome, Middl" Smithfield Twp.

Ross : ommon Mnnor, Rossf Twp.

Lnitherr' Hom, Administiation Bldg., Topton
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I! Wd r i n to I tq cul tural resources;, the Lehigh River i s rich in scenic

>,-iltv. The Peninsvl vani a Depart-ment of Envi rornmental Resources, has rpctnti v

m~pllotrd a study of the Lehigh River to determine if it should he included

'the ttesScenic River Systemn. The qtiudv recomimended that the- main

ror a-em bo~w FrRT1(is 1". Walter Dam to Jim Thorpev be designated scenic.

-,n e mnnre that- ;everal tri hutari es in the Tipper Lehigh basin he

.~~ro ir oi tiler wI 1 dA or s;cpni c. Tabl e 14 shows the Ilimi ts of the DER

0~O

TABLE 14
TnpnsFD WILD AND SCENIC RIVER SEGMENTS

LEHIGH RIVER BASIN

Rl-coimmnded Recommended

~tetN.3ie Segment Limits Classification

f-h: g, >vpr Francis E. Walter Damn to Scenic
Bench Mark 548 at Bear Mt.,

Jim Thorpe
F!Ik (vs)Creel- Fourth Run Scenic

Run Old Railroad Grade Crossing Wild

11 r' Run H-ickory Run Lake Scenic
io u oor Man's Pond Scenic

PirnPanther Creek Scenic

;s'CreePk Junction with unnamed tributary Scenic
below Christmans

..... C reek Ye]l low Ruin Wild

Th -(k rrck Qualkak-- Creek Scenic

- ,r Crf-ek Unnamed tributary below Bear Wild

Creek Darn '"0' elevation
T, re Poar Crock Headwaters Wild

'i.i nr ceKe Headwaters W ilId
7011Ims Rui Hieadwaters to Nesquehoning Creek Wild
Npcnciennnc Cree-k jean-, Run Confluence Scenic

'-1 R:>'FmRCF.S

nrocvi 015] v, 'he 'r n. f the study are-a ha,; been expanded hevoni

Rn, Bi n fre, powr mrket ing con- i derat ions to) inclide the area

* d :the -nrn-,%-vaniq-New Jersey-Maryland (PJM) interconneted utlk
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oct r ic ;upp I v qvystem whi ch con fonris w41th t he area of the Middl e Atl ant ic

Aron RolilabilIi tv ConuncilI (MAAC) . See Plate 2. Covering about 90,000 Square

mi'.P,, with a1 popuilation in excess of ?0 million people, the MAAC region

rot ,os nq from the Ofiio-Ponns-vl \ani a border and ,nko Fri e to the Now

cv ,-o! -)T), ;tth frnm the New York-Pennsyl van ia hoiniarv t-i south of

In hr T1 ). .C.

The MAAC is ne o f n ine regi onal couinc il1s f ormed tinder the Nati1onal IEle ctri c

RP!I ah)i Ii t v C urccIlI ( NFR, an organ izat ion f ormed vol untarilIV by the

elepctric- iti litv indilstry in 1968 to augment the rel iability and adequiacy of

lhuI K -suppl I ysem in North America. The utility systems compris;ing MAAC

oporate oon an integrated and coordinated basis and participate in

coordinated planning of their generation and transmission. The utilities

listed below are signatories tinder the MAAC Coordination Agreement:

Atlantic City Electric Company

Baltimore Gas and Electric Company

Delmarva Power and Light Company

*Jersey Central Power and bight Company

*Mtropol itan Edi son Company

*Pennsylvania Electric Company

Pennsylvania Power and Light Company

Philadelphia Electric Company

Potomac Flectric Power Companv

Pubhli c Service, Electri c and ('ai Compny

UMI Corporation

q uibdiari,7s of Ceoneral Public Utilities; Corporation (CMll.



Ai, ci ates Include:

Allegheny Electric Cooperative representing the
Pennsylvania and New Jersey Cooperatives

The Easton Utilities Commission representing the
Maryland Municipals

The City of Vineland Electric Utility representing

the New Jersey Municipals

The City of Dover representing the Delaware Municipals

Southern Maryland Electric Cooperative representing

the Maryland Cooperatives.

1as,- to thl cordinated operation of PJM is an extensive, large capacity

ry.ssion network of 500, 345 and 230 kilovolt lines which effectively link

concentrations and power supply centers, and interconnect PJIT with

,o.'nhboring power pools is wpll as individual utilities. Plate 3 shows the

~arket 'S maior transmission lines and generating stations as of January, 19P.

It Is expected that this large power pool would receive any energy generated

'n, zossihle future hvdroelectric developments in the Lehigh River Basin.

whergy requirements of the market in 1979 amounted to nearly 172 billion

Vilowatt-hours with an associated annual peak demand, occurring in the

,r mmer nf about 32 million kilowatts at a system load factor of 62 percent.

The hu" of the load is concentrated in major load centers located in the

'oa ;ern portion of the the market area, such as Washington, D.C., Baltimore,

cid.!,phia, Trentonn, an-i Northeast New Jersey. Total MAAC installed

nanhi'ity fronm a' gonrating sources at the close of 1979 was 4- million

* ilnwart leaving a reserve margin above demand of about 40 percent.
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Several Congressional Acts, one of which dates back to as early as 1906,

require that preference in the sal, of electric energy from Federally owned

hydro projects be given to publicly owned util ities, such as municipals and

cooperatives. Table 15 lists, by ,tat-, the 48 municipals and 18

cooperatives located in the market area, including tntir 1978 electric power

needs. Plate 4 shows the geographical location of theso publicly owned

systems, identifying each by number or letter corresponding to Table 15.

The numbers identify the municipals and letters show the location of the

cooperatives' headquarters.
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CHAPTER III

PROBLEM IDENTIFICATION

INTRODUCTION

The energy problems facing our nation were summarized by President Carter in

his 5 April 1979 "Address to the Nation." The President stated that the

fundamental cause of our Nation's energy crisis is our dependency on

petroleum. He went on to cite reduced domestic oil production and growing

imports from foreign countries as signs of the problem. He indicated that

as a result we are dangerously exposed to sudden price rises and

interruptions in supply. He stated that there is no single solution but

that we must both produce more and conserve more. We must use American

technology to give us energy security in the future. He added that these

steps are necessary because of the serious petroleum problem and the broader

energy challenge facing the country.

The President's message of 5 April 1979 was one in a series of energy

speeches stressing the need to develop our nations energy resources, both

r'newable and nonrenewable, as rapidly as possible. Several studies

including the Corps' National Hydroelectric Power Study have indicated that

the nation's hydroelectric power potential could save the county hundreds of

thousands of barrels of oil per day thereby playing an important role in

solving our current energy problems.

The purpose of this chapter is to identify the energy and water-related

problems and needs in the Lehigh area in order that the investigation of

hydroelectric power in the Lehigh Basin can be responsive to both local and

national issues.
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NATIONAL OBJECTIVES

The national objectives that the Corps must plan for are I Isted in tL.,,

Pr ncil:es ,and Standard; for Planning Water and Related land Resour-ces

original 1v estafl i shed 10 September 1973 by the Water Resource, Council an

modified 14 December 1979. As required by the Principles and Standards.

this study will he directed toward achievement of National Economic

,)evelopment (NED) and Environmental Quality (EQ) as co-pqial nati,,ca'

o-bectives. NED is to be achieved by increasing the value of the Nati n'-

output of goods and services and improving national economic efficienc.,. LO

is to be achieved by the management, conservation, preservation, creatiln,

restoration or improvement of the quality of certain natural and cultural

reqources and ecological systems.

In addition to the two oh-ectives discussed above, the additional

considerations of Regional Economic Development (RED) and Other Social

Effects (OSE) will be addressed, and a separate account will be developed

for each plan evaluated. The RED account will include both the beneficial

and adverse effects of a plan on a region's income, employment, population,

oconomic base, environment, social development and other factors relevant to

the development of the region. The OSE account will include the beneficial

and adverse effects of a plan on the distribution of real income and

.rp1ovmeot; the security of life, health, and safety; educational, cultural,

and recreational opportunities; emergency preparedness; and other social

factors.

Within the framework of these general objectives the President, in his 27

March 1q79 "Address to Congress" set forth several national energy related

o hjctives, including;
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'.~~~~~ii~~c~ In .pnnn : re 'iIi nd mi niri 7,ing. the effocts of

di r'yr 'n, , i ti h onqorvat in, a key eleoment ;

mp. omt-t n, pr zr am . -id pl i-i eq that encourage- domest ic energy

u, w s., o ~ t ser in inflationary impact.

- iv ,-,win2 r,-xhpd!cti onerpx' ourc-os fir sustained economic growth

mi'horansl in from primary reliance on depletable oil and gas

~~r-1''m -f~ mo'e- 0jhmdant enorgyv okirces;

> -~! '*nerc:-- n wavs that do not endanger the environment

in! ' (i' r If e ty vf .i ur c it i zo n,;.

Te'oob j(ct IV-s f- rm the b)asi s for thi s invest igation and provide the

;ot ri np for t hp f ol 1owi ng di scuss ion of regional characteri stic , problems

Ind needs.

PROFILE OF THE STUDY AREA

T',is s-ction profiles the existing conditions; in the study area as well as

the fuiture conditions if no Federal action is taken as a result of this

situdy. This first part of the section was taken from a planning aid report

which was prepared by the Federal Energy Regulatory Commission. It outlines

the existing power development and projected future requirements. The

second part of the section deals with water resources development in the

Lehigh River Basin.

Power-Developmnent in the Study Area. Located in northeastern Pennsylvania

and covering an area of 1,370 square miles, the Lehigh River Basin lies in

the service areas of the Metropolitan Edison Company (one of the three

integrated operating subsidiaries of the General Puhlic Utilities

/+#7



,rp,'rltion' and rlhe Pennsylvania Powor and Light Company. Both utilities

are MAAC members and participants in the PJM power pool.

'a1]- 16 shows the past and estimated futire power requirements of the

!AA . Fn-orpy requirements consist of total deliveries to ultimate consumers

plls transmission and distribution l-sses and energy unaccounted for.

timate consiners may be broadly categorized as rural and residential,

'orner1al, industril, and "all other". "All other" includes street and

highwav lightiag, .lctrifiod transportation, irrigation and drainage

znrpin , intrnal compan' use, etc... Estimated future energy requirements

!o not incldJ pumpin? energv associated aith existing pumped storage

.vr eiectric projects sr any that may be constructed in the market area.

;he factors that brought about lower system growth rates since 1973, such as

the oil embargo, increase.; in the cost of fuel oil, and adverse economic

conditions, -ontinue to affect the MAAC system. Taking into account these

factors along with emphasis by member utilities on load management and

c-nservation, the average annual peak lozd growth for the MAAC systems

hbtween 1980 and 1999 is projected to be 2.4 percent. As shown in Table 16,

the estimated peak demand of the market will amount to 42.4 million kilowatts

in 1989. and reach 52.3 million kilowatts by 1999. In view of the magnitude

and expected growth cf power requirements in the selected market area, it

appears that any power generated from possible future hydroelectric develop-

mpnt(s) in the Basin could be effectively utilized in this large power pool.

A, prpviotosl" monti.noed, the totai MAAC installed capability at the close of

!)79 was ',5 million kilnwatr; (sanmer rating), if which 61.7 percent was
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TABLE l6
LEHIGH RIVER BASIN HYDROELECTRIC POWER STUDY
PAST AND ESTIMATED FUTURE POWER REQUIREMENTS

LEHIGH RIVER BASIN POWER MARKET AREA
160-1979 (Actual) /1

Peak Load
Energy Demand Factor
(GWh) (MW) (%)

19e0 62,570 11,912 59.8

1.9b5 88,822 16,346 62.0

1970 130,504 23,838 62.5

1975 151,495 28,969 59.7
1976 159,500 29,264 62.0
1977 163,377 32,180 58.0
1978 169,036 31,686 60.9
1179 171,810 31,654 62.0

1980-1999 (Estimated) /2

Peak Reserve Net Dependable
Energy Demand Margin Capability /3
(ch) (MW) (MW) (MW)

1980 177,848 33,550 11 ,205 44,755
i181 184,476 34,550 11,460 46,010
1982 191 ,391 35,610 11,691 47,301
1981 197,578 36,590 11,823 48,413
1984 204,058 37,600 11,485 49,085

1989 2 36,938 42,370 14,176 56,546

1994 265,900 47,130 12,079 59,209

1999 297,700 52,290 13,730 66,020

GW1 - 6igawatt-Hours - Million Kilowatt-Hours
MW - Megawatts - Thousand Kilowatts

As reported by PJM Interconnection.

Based on "MAAC Regional Reliability Council Coordinated Bulk Power
Program" report dated April 1, 1980.

3 Since peak is expected to occur in ummer, capability figures are based
on slmmer ratings.
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fossil steam, 15.7 percent nuclear, 1.0 percent combined cycle, 16.6 percent

internal combustion and gas turbine, 2.1 percent conventional hydro and 2.9

percent pumped storage. Of the 27.8 million kilowatts of fossil steam

capability, 44 percent was oil-fired and 56 percent coal-fired. Scheduled

f, construction through the siummer of 1989 is a total of 13.8 million

kilowatts, of which 13.4 percent is oil-fired steam, 22.5 percent coal-fired

steam, 62.3 percent nuclear and 1.8 percent in various types of peaking

capacity. The net capability of projected additions between the stmmers of

'989 and 1999 is estimated to be 9.4 million kilowatts, 41.7 percent of

which is fossil steam, 17.0 percent hydro, 3.8 percent nuclear and 37.5

percent unknown or other types.

In addition to capacity necessary to meet actual loads as they occur,

utilities must provide reserve capacity for scheduled maintenance and

contingency purposes such as forced outages of generating units, possible

ierating of units and deviations in load forecasts. Reserve generating

capacity is defined here as the difference between dependable generating

capability and peak demand. For the period 1980-1989 the average reserve

,nargin is estimated to be 33 percent, and is expected to decrease to

approximately 27 percent for the period 1990-1999.

Although, theoreticnlly, all of the market's publicly owned electric

titlities as identified in Chapter 2 could utilize sny hydroelectric power

that may be developed in the Lehigh River Basin via PJM's extensive

transmisaion network, those likely to benefit the most from this power would

be the ones within economic transmission distance. For study purposes, this

was taken to be a 100 mile radius from Beltzville Lake, located

approximately in the center of the Baqin.
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There are 38 publicly owned systems (32 municipals and 6 cooperatives)

located within the 100 mile radius of Beltzville Lake. Eight additional

cooperatives are included for preference considerations because they,

together with the six cooperatives previously mentioned, are members of the

Allegheny Electric Cooperative. All of these 46 publicly owned utilities

and their past power requirements are listed in Table 17. In 1978, their

power requirements amounted to 3.1 billion kilowatt-hours with a peak demand

_)f about 700 thousand kilowatts, or approximately two percent of total

market rquirements. Table 18 shows the estimated future requirements of

these utilities. As shown in Table 18, it is estimated that the preference

customer load will grow to about 7.7 billion kilowatt-hours and a peak

demand of 1.7 million kilowatts by the year 2000.

The 14 cooperatives listed in Table 3 are all members of the Allegheny

Electric Cooperative, organized in 1946. Allegheny, headquartered in

Harrisburg, Pennsylvania, is responsible for the bulk power requirements of

its member distribution cooperatives. During 1978, these cooperatives

provided electricity to about 150,000 customers of various classes of

service, and served a rural population estimated to be in the order of a

half million in all or parts of 47 counties. All of the member cooperatives

are located in Pennsylvania, except for Sussex Electric Cooperative located

in New Jersey. Although only six member cooperatives are located within the

100 milp radius of Beltzvlle L.ake, all 14 members are, nevertheless,

considered prFference customers for power from possible future hydroelectric

developments in the Lehigh River Basin since they obtain their requirements

at the same rate through Allegheny. Any possible benefits from additional

power sources wilI be shared equal ly by the members regardless of the actual

sources 5ervin; a particu lar co-op load.
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TABLE 18
LEHIGH RIVER BASIN HYDROELECTRIC POWER STUDY

ESTIMATED FUTURE POWER REQUIREMENTS
PUBLICLY OWNED ELECTRIC UTILITIES

IN
LEHIGH RIVER BASIN POWER MARKET AREA

WITHIN

100 MILE RADIUS OF BELTVILLF LAKE

1980 1985 1990 1995 2000

Cooperatives

Energy (GWh) 1770 2320 2980 3700 4590

Peak Demand (MW) 404 530 680 845 1045
Load Factor (%) 50.0 50.0 50.0 50.0 50.0

Muni cipals

Energy (GWh) 1590 1940 2310 2670 3080

Peak Demand (MW) 356 434 517 598 689

Load Factor (%) 51.0 51.0 51.0 51.0 51.0

Total

Energy (GWh) 3360 4260 5290 6370 7670
Peak Demand (MW) 760 964 1197 1443 1734

Load Factor (Z) 50.5 50.4 50.4 50.4 50.5
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The 1978 energy requirements of Allegheny Electric Cooperative of about 1.6

billion kilowatt-hours amounted to around one half of the total preference

customer load. Of this total, 78 percent was sold to rural residential and

farm consumers and 11 percent to commercial and industrial consumers. The

remaining 11 percent was accounted for mainly by distribution losses and

energy unaccounted for, plus relatively insignificant amounts of energy sold

to all other classes of service. There has been relatively little

industrial consumption in the past (about 8 percent in 1978) and it is

expected that this trend will continue.

Allegheny does not own, at the present time, any existing generating or

transmission facilities. All of its power requirements are met by purchases

from the Power Authority of the State of New York (PASNY), Metropolitan

Edison Company (GPU), Pennsylvania Electric Company (GPU), Jersey Central

Power & Light Company (GPU), and West Penn Power Company. During 1978, 45

percent of the requirements were supplied by PASNY, 46 percent by the three

subsidiaries of GPU and nine percent by West Penn Power Comany. PASNY is a

member of the Northeast Power Coordinating Council (NPCC) and the New York

Power Pool (NYPP) while West Penn Power is a subsidiary of the Allegheny

Power System and a member in the East Central Area Reliability Coordination

Agreement (ECAR). PASNY's Niagara Power is delivered to Allegheny Electric

Cooperative members through transmission services provided by Niagara Mohawk

Power Corporation and New York State Electric & Gas Corporation, the New

York transmission agents, and by GPU subsidiaries, the Pennsylvania

transmission agents. Allegheny now owns a 10 percent undivided share of the

Susquehanna Nuclear Electric Station, which is currently being constructed

by the Pennsylvania Power and Light Company near Berwick, Pennsylvania.
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Allegheny is also an applicant in licensing proceedings before the Federal

Energy Regulatory Commission in connection with several potential hydro

projects outside the Lehigh and Delaware Basins.

The 32 municipal systems listed in Table 17 play a relatively equal role to

the cooperatives in the total preference customers' power requirements.

During 1978, these municipals provided electric power to about 97,000

customers of various categories, serving a population of approximately

250,000 people. Although the municipals serve substantially fewer

-uqtomers, their combined load nearly equals that of the cooperatives due to

the much higher commercial and industrial load carried by the municipals.

Of the total 1978 municipal energy requirement of 1.5 billion

Kilwatt-houirs, 39 percent was sold to residential customers, 19 percent to

co-immercial customers and 32 percent to industrial customers.

At the present time, Vineland, New Jersey, is the only one of the 32 munici-

pals generating any of its requirements, producing about 77 percent of its

own energy needs in 1978, or 17 percent of the combined municipal load. The

remainder of the municipal load is met with purchases from private utilities

in PJM. Of the total purchases, 29 percent was from Pennsylvania Power &

Light Company, 20 percent from GPU, 7 percent from Philadelphia Electric

Company and 5 percent from Atlantic City Electric Company. Each municipal

system purchases power separately, and it is anticipated that they will

-ontinue to rely mostly on wholesale purchases for the foreseeable future.

vater Resources Development in the Study Area. The water resources of the

Lehigh River Basin have been a major factor in its development over the

ypars. The Lehigh River was used for drinking water and transportation by
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the Delaware Indians and the early European settlerg. In the 1800's this

transportation system was greatly improved by the construction of the Lehigh

Canal and the Delaware Canal, allowing movement of goods to and from

Philadelphia and points south. The canal was operational until competition

from railroads and a depressed economy forced its closing in 1931.

The Lehigh River and its tributaries have been studied a number of times by

the A-my Corps of Engineers, as was indicated in the introductory chapter of

this report. As a result of these studies, two multi-purpose dam and

reservoir projects and two local flood protection projects have been

constructed in the Lehigh Basin.

Francis E. Walter Reservoir is part of the Congressionally authorized plan

for flood control in the Lehigh River Basin. The dam is located on the

Lehigh River a short distance below the mouth of Bear Creek, in Luzerne

County, between White Haven and Stoddartsville. It is approximately 70

miles above the City of Allentown and 77 miles above the junction of the

Lehigh River with the Delaware River at Easton.

Francis E. Walter Reservoir controls a drainage area of approximately 288

square miles by providing 110,000 acre-feet of storage of which 108,000

acre-feet is reserved for flood control purposes. The remaining 2,000

acre-feet is maintained as a permanent pool for water conservation and for

public use.

The reservoir is formed by an earthfill dam measuring 3,000 feet along the

crest and 234 feet in height, with a low concrete overflow section and

gate-controlled outlet works discharging through a tunnel. The cost of

construction for the project, completed in 1961, was $11,087,400.
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Downstream floods are controlled by operating Francis E. Walter Reservoir in

conjunction with local projects in the downstream areas. It is estimated

the combined action of the reservoir and the improvement projects at

AlIentown and Bethlehem would prevent $23,600,000 in damages if a flood such

L that associated with Hurricane Diane in 1955 were to recur. Damages

prevented by the reservoir since its completion are estimated to be

S4,490,100, of which approximately $1,836,000 was prevented in June 1972

luring Tropical Storm Agnes.

:',!e Citv of Allentown is located in Lehigh County along the Lehigh River, 17

mi,,s upstream from its junction with the Delaware River at Easton. The

o~ig, Valley has been subjected to many severe floods because a large

-')rtion of the upstream river Basin consists of steeply sloping terrain,

vhich promotes very rapid runoff of rainfall. The flood of May 1942 caused

-amages in Allentown estimated at $990,000, and the flood of August 1955 was

approximately of the same magnitude. The authorized projects for flood

protection on the Lehigh River include local flood protection facilities at

Allontown, Francis E. Walter Reservoir, and local protection facilities at

Bot.lehem.

The project at Allentown consisted of straightening and deepening over 1-1/2

rr.ilo of main channel and constructing a levee at the upstream end of the

-r.iect, a training dike to direct the river flow around a sharp bend at the

i ,ith of Little Lehigh Creek, and a concrete wall and two sections of levee

bptween these two structures. These improvements, combined with the Francis

F. Walter Reservoir, will reduce damages in Allentown by 70 percent in the

event )f a flood equivalent to that of May 1942. It is estimated that
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$917,000 in flood damages were prevented by the project in June 1972 during

flooding caused by Tropical Storm Agnes. Construction of the project at

Allentown began in September 1958 and was completed in June 1960. The

Federal cost of the project was $1,615,582. The City of Allentown assumed

responsibility for maintenance of the protective facilities in August 1960.

Bethlehem is located in Northampton and Lehigh Counties on the Lehigh River,

16 miles above the river's mouth at Easton. In May 1942, a major flood

caused damages in this city estimated at $6,390,000. More than half of this

damage was incurred by the Bethlehem Steel Corporation, a large steel

producer located in the city. To protect against similar floods, the

authorized project provides a system of concrete floodwalls and paved-slope

earth levee along the Lehigh River, and pumping stations located at various

points on the river to discharge storm runoff from the protected area. This

local flood control system, functioning as part of the basin system, provides

complete protection from flood discharges similar to that of May 1942.

It is estimated that the levees prevented $4,480,000 in f -od damages from

the Lehigh River in June 1972 during Tropical Stor ,zn che pumping

stations are estimated to have prevented an additionaL 17 to 18 million

dollars in damage to the Bethlehem Steel plant by pumping runoff from the

protected area and preventing major damage and business loss.

Construction of protective facilities on the right bank began in June 1960

and was completed in 1964. The Federal and non-Federal costs of the project

were $1,520,995 and $699,594, respectively. The City of Bethlehem assumed

responsibility for maintenance of the project on 6 May 1964.
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As a result of the 1955 floods, Congress authorized a comprehensive study of

the water resources and needs of the entire Delaware River Basin, including

the Lehigh Basin. Based on that study by the Army Corps of Engineers,

Congress in 1962 authorized construction of six multi-purpose projects and

the modification of two existing projects. Three of the new projects and

one modified project are located in the Lehigh Basin.

Beltzville Lake was the fist of these to be constructed. The dam is located

on the Pohopoco Creek about five miles from its confluence with the Lehigh

River near Lehighton, Pennsylvania. Beltzville Lake controls a drainage

area of about 96 square miles by providing 94,310 acre-feet of storage of

which 53,087 acre-feet is reserved for flood control purposes. The

remaining 41,223 acre-feet is maintained as a permanent pool for water

conservation and for public use. The reservoir and most surrounding land

have been turned over to the Commonwealth of Pennsylvania for operation as a

state park.

The reservoir is formed by an earthfill dam measuring 4,300 feet along the

crest and 170 feet in height with a spillway excavated in the right abutment

and a gate-controlled outlet works discharging through a tunnel. The

project was completed in 1972 and is now operated in conjunction with

Francis E. Walter Reservoir and the local projects in Allentown and

Bethlehem to control downstream floods.

A second component of the 1962 plan is the modification of Francis E. Walter

Dam to provide an additional flood control capability and also to provide

for water supply and recreation benefits. F.E. Walter at present acts only

60



for flood control and provides for a small amount of recreation. The

authorized modifications will make it serviceable for long-term storage and

water supply. The modified dam structure will rise 263 feet above the

riverbed and have a length of 3,500 feet. With these modifications, the

inactive storage will be 2,000 acre-feet. The normal pool storage for water

supply and recieation will be 70,000 acre-feet and will extend upstream for

7 miles. The flood control storage of 108,000 acre-feet provided in the

original project described previously will remain unchanged. The project

will provide recreation for a capacity of 250,000 visitors annually. The

Delaware River Basin Commission has recommended in its draft Level B report

for the Delaware River Basin that this modification be constructed.

The other two authorized new projects located in the Lehigh Basin are

Trexler Lake and Aquashicola Lake. Neither has been built. Trexler Lake

would be located on Jordan Creek about seven and one half miles northwest of

Allentown and about twelve miles above the confluence of Jordan Creek with

the Lehigh River. The dam would be an earth and rockfill structure having

an overall length of 850 feet and height of 130 feet. The reservoir would

contain approximately 15,000 acre-feet of flood control storage and 40,000

acre-feet of long term storage for water supply and recreation. Due to

local opposition expressed in 1979 during the advanced engineering and

design phase of the project, and subsequent congressional actions opposing

the appropriation of construction funds, this project is currently

considered to be "inactive".

Aqarhicola Lake would be located on Aquashicola Creek about four and one

half miles upstream from its confluence with the Lehigh River and about
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three miles east of Palmerton, Pennsylvania. The dam would be a compacted

earthfill structure having an overall length of about 2000 feet and a height

-if 110 feet. The reservoir would contain approximately 20,000 acre-feet of

flood control storage and 25,000 acre-feet of long term storage for water

ipply and recreation. The project has been deferred due to its marginal

economic justification. A restudy will be necessary to determine whether an

ec.nomicaliv justified and locally supported plan of authorized scope can be

Atveloped.

ince the 17 0 0 's numerous dams have been constructed by various private

interests and municipalities on the Lehigh River and its tributaries. Those

1, [he lower reaches of the Lehigh itself were constructed mainly to divert

wa:er into the Lehigh Canal for navigation. On the upper reaches of the

Lehigh and on the tributaries, most dams were originally constructed for

recreational or industrial water uses. In more recent years several

municipal water supply reservoirs have been constructed.

fhe Commonwealth of Pennsylvania Department of Environmental Resources (DER)

naintains an inventory of dams and reservoirs in Pennsylvania, including the

Lehigh Basin. This inventory currently contains 139 sites in the Lehigh

Basin. Table 19 lists these dams along with data such as height of dam,

drainage area, and storage voliue. In addition, several dams constructed on

the Lehigh River in the 1800's in conjunction with the Lehigh Canal have

been breached or destroyed over the years and are not listed in the DER

inventnrv. They are the Mauch Chunk, Parryville, Lehigh Gap, Laury's

Sration, Hokendauqua, and Chain Dams. The Chain Dam was reconstructed in

!q73 by DER. Some of the others may be reconstructed by DER in the future.
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The Heritage Conservation and Recreation Service, as part of their study of

the Lehigh Canal, has recommended that the restoration potential of

Hokendauqua Dam be explored. This restoration would allow rewatering of the

canal at Catasauqua. They also have recommended continued restoration of

the canal from Parryville to Jim Thorpe, including the possible construction

of a dam on the Lehigh River in the vicinity of the original Mauch Chunk Dam.
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PROBLEMS, NEEDS, AND OPPORTUNITIES

Power related problems, needs, and opportunities have been identified during

Stage 1 through coordination with the Federal Energy Regulatory Commission

(FERC), the U.S. Department of Energy, other agencies, and the public.

Other planning agencies have established an extensive cata base of the water

related problems within the basin. The Commonwealth of Pennsylvania is

conducting planning efforts which will address many of the water resource

problems in the Lehigh River Basin. The State Water Plan study deals with

quantity aspects of flood control, water supply, sediment, erosion and

recreation. The Comprehensive Water Quality Management Plan addresses, in

part, water quality management problems in the Lehigh River Basin including

areawide waste treatment management planning. The Lehigh Scenic river Study

has addressed the preservation of the Basin's scenic value for recreational

and conservational use. The Delaware River Basin Commission has addressed

the potential contributions of the Lehigh with regard to low flow

augmentation and salinity control.

As was indicated in the introduction to this Chapter, the primary cause of

the energy problems facing the United States today is our dependence on

uncertain and expensive sources of foreign oil. In the Mid-Atlantic Area

Council (MAAC), FERC reorts that 27.1% of the installed generating capacity

is oil-fired fossil steam and an additional 16.6% is internal combustion and

gas turbine. A major need in the MAAC area is to reduce this dependence on

petroleum based fuels.

At the same time that we are attempting to cut back on use of petroleum, the

power requirements of the MAAC area are continuing to increase. As was
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discussed earlier, the oil embargo, increases in the cost of fuel oil,

adverse economic conditions, and a new emphasis by utilities on load

management and conservation have brought about lower system growth rates

since 1973. However, average annual peak load growth is still expected to

be 2.4% during the remainder of the century. The current peak demand of

31,654 MW will have grown to 52,290 MW by 1999.

Approximately 39% of the new generating capacity planned to meet this

increased demand is in nuclear plants. Construction and licensing of these

:-w plants on the schedule originally intended is now in question as a

result of last year's incident at the Three Mile Island nuclear plant near

Harrisburg, Pennsylvania and the resulting public concern for nuclear plants.

Another 30% of the planned new generating capacity is in coal plants. Coal

is in abundant supply in this region but the technology needed to prevent

air pollution from coal plants is expensive. In view of current

environmental regulations and public concern over acid rain created by

cdal-fired plants, it is unlikely that any such plants will be constructed

ii the future without expensive air pollution control systems.

There is an opportunity to utilize the water flowing in the Lehigh River and

its tributaries to generate hydroelectric power for use within the MAAC.

Development of this resource has the potential to lessen dependence on

foreign oil and the need for new nuclear and coal-fired power plants.

Hydroelectric plants offer several advantages over more conventional

generator facilities. The principal advantages of hydroelectric generation

are that it uses a renewable resource -- water, and produces few adverse

environmental effects when installed at existing dams. In addition it can
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assist in long term price stability and reliability of service since it is

undependent of rising world fuel prices and fuel shortages.

With the development of hydropower resources, there may also be an

opportunity to meet other water resources needs such as those related to

flood control, water supply, and recreation. Most flood control needs are

currently met by the two existing Corps reservoir projects and the local

protection works at Allentown and Bethlehem. There are, however, many flood

plain areas in the Basin which are still subject to periodic flood damage.

The locations and average annual damages suffered in these areas are

documented in Pennsylvania DER's draft State Water Plan for Sub-basin 2.

Hurricane Agnes was estimated to have caused about $1.9 million in flood

damage in the Lehigh Basin in June 1972. There is the potential to provide

fsome flood control storage in connection with the modification of existing

dams or the construction of new hydropower dams.

Total water use in the Lehigh Basin in 1970 was approximately 440 million

gallons per day (MGD) with over 75 percent of that use concentrated in the

manufacturing industry of Lehigh and Northampton counties. The Pennsylvania

Department of Environmental Resources (DER) has projected that in 1980 the

total water use in the Basin would reach 475 MGD. Supplies for municipal,

industrial, agricultural and other needs consist of a mix of ground water and

surface water withdrawals and interbasin transfers, with direct surface water

use being predominant. The draft State Water Plan for Sub-basin 2 contains

further information on projected water needs and possible methods of meeting

these needs. Modification of existing dams or construction of new dams for

hydropower would provide the opportunity to meet some of these needs.
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The Lehigh Basin is well endowed with facilities required for most types of

warer-related outdoor recreation, including picnicking, swimming, boating

and fishing. The draft State Water Plan for Sub-basin 2 reports that power

',oating is the activity most in need of additional supply. There will be

shortages by 1990 which will continue to grow after that time. Once again,

-rojects investigated for hydropower production may have the ability to

contribute to the solution of recreational problems.

investigation of the hydropower potential of the Lehigh Canal and its

asoci aced locks and dams may provide the opportunity to continue the

preqervation and restoration of that historically and recreationally

valualie resource. This is a need that has been identified by the Heritage

,onservation and Recreation Service in their study.

PLANNING CONSTRAINTS

T'hc formulation and evaluation of alternative plans, including the screening

of p~tential hydropower sites, is constrained by technical, economic,

r-nv-ironmental and institutional considerations. These considerations play

nn important role in the plpmning process and help to define the limits of

what can be accomplished, and in conjunction with regional problems and

needs form the background for the decision process.

7echnical Constraints. One technical constraint is provided by the

3vailable technology for the manufacture of turbines and qnerators. Each

t..r!)ine type is usable only under a finite range of heady ai-l flows. There

i minirnum combination uf head and flow required at any site below which

,ta7;dard equipment is not available. The topography of a site is also a
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constraint because it will determine how much, if any, storage is

available. This will affect the type of hydropower facility which may be

considered at a particular site. A further technical constraint is that the

supply of water in the basin is limited and has already been put to a

variety of beneficial uses. This further limits the availability of water

for producing hydroelectric power.

Economic Constraints. The development of a hydropower project is

constrained by the economics of site development. If no consideration is

given to hydropower's potential environmental and social contributions, such

as preserving our nonrenewable resources, power must be generated at a cost

recoverable through revenues over the projects economic life. As a result

the less alteration that is needed at a site before power can be produced,

the lower the cost of the power and the greater the chance of satisfying the

economic constraints. Utilization of existing dams, requiring little or no

modification other than construction of a powerhouse, is often necessary to

satisfy this constraint. On the other hand, hydropower's contributions from

an environmental and social standpoint, although unquantifiable in dollar

terms, allow for a liberal evaluation of economic factors in determining a

project's suitability for development.

Environmental Constraints. Project development is constrained by the

existing environment of the site and the effects hydropower development

would have on that environment. Significant environmental effects may

prevent a project from ever being implemented d-e to stringent environmental

protection legislation atJ public support for conservation of our natural

environment. The types of projects most easily satisfying these constraints
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would be those utilizing existing dams and would be run-of-river plents as

opposed to peaking plants. Inclusion of portions of the Lehigh and its

tributaries in the Pennsylvania Wild and Scenic Rivers System will further

,nstrain development within those reaches.

Institutional Constraints. The authorities, policies, and procedures of the

various institutions involved in the planning and development of hydropower

projects in the Lehigh basin can all constrain such projects. The

constraints would be different for projects developed by the Corps of

ingineers than for those developed by non-Federal interests since the

,.tensive FERC licensing process must be adhered to by all non-Federal

developers. Another set of institutions which may constrain hydropower

dlevelopment are the electric utilities which will purchase the power or

wheel it from the plant to the user. The power produced must be marketable

not only in terms of its cost but in its ability to fit into the utility's

load pattern.

PLANNING OBJECTIVES

Thc following set of planning objectives have been established to guide

study activities and future plan formulation efforts. It should be noted

that these objectives will be re-examined throughout the study process and

modified as appropriate. Study efforts that further identify the desires of

lical interests, define the power needs in the study area, and identify the

possible environmental and economic impacts of alternative means of power

generation will all contribute to firmly establishing the objectives of this

study.
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o Optimize the type and size of power plant which may be installed at

each individual site within the Lehigh basin.

o Optimize the development of the basin's hydroelectric potential

within a comprehensive planning framework, and contribute where possible to

the solution of other water-related problems.

o Contribute to the conservation of the nations non-renewable resources.

o Contribute to the national goal of energy independence.

o Avoid degradation of the environmental, social and cultural resources

of the study area.
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CIAPTER IV

STAGE I FORMULATION

The formulation portion of this study involved exploring alternative methods

of providing for future electric power within the Middle Atlantic

Reliability Council area. It concentrated primarily on the evaluation of

conventional and pumped storage hydroelectric generation. Other alternative

measures were addressed to define the "Stale of the Art", their anticipated

or potential role on the MAAC, and their relationship to the formulation of

a detailed hvdroelectric power development plan in the Lehigh Basin. This

section summarizes a preliminary screening and evaluation of potential

lydropower projects in the Basin including the rationale, criteria and

procedures used. In addition, the criteria to be used and scope of projects

to be evaluated in Stages 2 and 3, which have been identified from these

preliminary investigations, is discussed.

MANAGEMENT MEASURES (ALTERNATIVES)

Based on the problems identified and the planning objectives defined in the

preceeding section, several broad alternatives for meeting a portion of the

power needs within the power marketing area have been identified. The

following paragraphs describe in general terms each of these alternatives.

,.onvcntional Hydroelectric Generation. Conventional hydroelectric

d-vovnpments convert the energy of natural or regulated streamflows falling

through the head created by a dam to electric power.
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Such plants may be classified as run-of-river or storage projects by the

manner in which available streamflow is utilized and may be distinguished

from pumped storage projects in that water comes to the plant as a result or

natural means rather than by mechanical means such as pumiping. The capacity

,f hydroelectric facili i -s of this type and the manner in which it is used

depend en a nmber of factors. These include the available head and

.treamflow, reservoir storage capacity, and operating limitations imposed by

other project purDost. The amount of capacity installed may also be

-mited by the electrical needs of the area within economical transmission

[1tane

...ponc:, ng rn capacity of the facilities and their operating

'haracteristics, the downstream discharge of water during generation may be

-, -ficient mani t de to create adverse environmental conditions. To

ni rigato this, it may be necessary to construct a downstream reregulating

!am, which would ;erve to dampen the peak discharges that occur during

-ooerat on to oro ,ide more uniform downstream flow.

(;,'neraily speakin" conventional hydropcwer facilities have both advantages

IrjVsadvantages. As contrasted to thermal power plants, hydropower plants

.'Witheir conq, mie nor heat the water in the river, nor do they contribute to

air polutin. Becaiuc -f their ability to be started quickly and to make

-i . inI coangec n power output, hydropower plants are well adapted for

-at sfying peak oads and onr providing rerrve capacity.

he maintenano ce, of n droe'ctni plant , are relatively low, and in

.1.n r,;! ancr , th o I -i ant a ,, d si,ned for automatic or remote contrl

onerat I ons.
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Long life, low depreciation expenses, and relatively predictable costs are

additional advantages of hydropower plants. The generating units are more

reliable than steam-electric units because they operate at relatively low

speeds and the turbines are not subjected to temperature stresses. The

total annual outage, both forced and for maintenance of hydroplants, is

about one-fourth that for modern steam-electric plants.

The disadvantages often associated with hydropower developments include

high capital costs, remote locations requiring long distance transmission

lines, dependence on natural factors such as variable stream flows,

operating restrictions imposed by other purposes of the project or

competitive water uses, changes in aesthetic or scenic values associated

with the plant itself and the transmission lines, and possible water quality

problems associated with water discharged downstream from the dam.

Pumped Storage Generation. The basic components of a pumped storage project

are a pumping generating unit and upper and lower storage reservoirs. The

project generates electric power by releasing water from the upper to lower

pool. During the off-peak hours, when the project capacity is not required

by the system, water is pumped to the upper pool using energy generated by

other sources, usually by large modern steam-electric units. A pumped

storage project consumes more energy than it generates. Its economic

advantage comes from converting low-value, low-cost, off-peak energy to

high-value, on-peak capacity and energy and from the highly flexible peaking

power it makes available.
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Generally speaking, two types of pumped storage projects have developed.

The first type is one in which pumped storage features are included in the

design of a conventional hydroelectric installation. In this case, some of

the streamflow is pumped back into the normal storage reservoir to provide

greater capacity during peak-load periods. The second type is designed

exclusively as a pumped storage project where power is generated by

recirculating water between the lower and upper reservoirs. "Combined"

projects in which water is pumped from a main stream reservoir to an upper

pool and discharged into the stream channel below the main stream reservoir

are also popular. An advantage of this design is that the pumping head is

less than the generating head.

The combined pumped storage installation has several other significant advan-

tages. A major increase in dependable capacity of a hydroelectric plant can

be achieved by including pumped storage features. In many cases, sites

having small stream flows and reservoir capacities can be economically

developed as combined pumped storage installations, thus increasing

significantly the number of sites which can be used for construction of

hydroelectric peaking capacity. The upper reservoir of a combined project

normally has a relatively large storage capacity and thus is capable of many

more hours of generation than is feasible in pure pumped storage projects.

Pure pumped storage projects on the other hand offer some advantages

unmatched by the combined projects. For example, large streams are not a

prerequisite for pure pumped storage because the same water is recirculated

between reservoirs. This feature opens up a wider selection of sites for

possible development, some of which offer higher heads than those

-ncountered in combination projects.
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rumped storage projects generally sorve a dual purpose of providing system

reserve and of storing excess thermal energy during off-peak hours and

returning it to the system during peak hours. Storage time is normally a

function of the project's assigned position in the system load curve and its

planned reserve contribution.

A pumped storage plant, even with a very high head, can have the same

favorable operating characteristics as a conventional hydroelectric

plant--rapid startup and loading, long life, low operating and maintenance

costs, and low outage rates. By pumping in the off-peak hours, the plant

factor of the system's thermal units is improved, thus reducing severe

cycling of these units and improving their efficiency and durability.

Pumped storage plants can play an important role in assuring system reli-

ability, a factor of paramount importance. In addition, a pumped storage

unit can be brought from partial load up to its full load in a matter of

seconds. This, provides a desirable source of spinning reserve capacity to

protect a system where forced outages have caused the load to exceed the

generation. In the event of an emergency on the system during the pumping

cycle, the system load may be reduced quickly by dropping the pumping I-ad

to provide an effective form of quick load reduction. Pumped storage plants

can also provide a source of startup power for steam-electric units.

Pumped storage capacity can be used to provide 3pinning reserve by operating

the installation Pt partial load. When operated in this manner, the pumped

storage plant in many cases can achievo overall system savings by reducing

the portion of the required spinning reserves assigned to operating units

and hot-standby in steam-electric plants.
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While pumped storage capacity is expected to increase materially in the

future, there are a number of factors which will limit the total capacity

which might be developed. Pumped storage peaking projects are usually

economical only when relatively high-head, high-capacity projects are

developed. They are, therefore, best adapted to those areas where the

terrain is favorable and where they can be used in large interconnected

systems.

Since energy for pumping must be transmitted to the pumped storage

installation and the peaking energy must be transmitted to load centers, the

distance of a proposed site from the source of umping energy and load

centers may place a limit on the economic advantage of pumped storage as

compared to alternative forms of peaking capacity.

There is ordinarily little need for development of pumped storage peaking

capacity in systems which derive a large portion of their power supply from

conventional hydroelectric sources since peaking capacity can usually be

obtained at low cost by planning adequate initial capacity or utilizing

opportunities to add capacity for peaking requirements.

There may also be limitations on the availability of adequate supplies of

low-cost pumping energy since there are usually relatively few hours each

week night when the more efficient base-load units are available to provide

piuping energy.
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In addition to the disadvantages mentioned previously for conventional

installations, pumped storage projects require the creation of another

reservoir which may increase two-fold the environmental and social problems

associated with the overall project.

Nonstructural Measures. The Principles and Standards for Planning Water and

Related Land Resources specify that a primarily nonstructural plan must be

prepared and included as one alternative whenever structural project

alternatives are considered. Energy related nonstructural measures would

attempt to alleviate growth in energy demand through either voluntary or

enforced conservation or through economic incentives. Nonstructural options

as identified in the Principles and Standards may include (but not be limited

to) reducing the level and/or time pattern of demand by time-of-day pricing;

utility sponsored loans for insulation; appliance efficiency standards;

educational programs; inter-regional power transfers; and increased

transmission efficiency.

With regard to nonstructural measures, an important distinction must be made

between measures that are currently or could reasonably be expected to be

implemented through Federal, state and local policies and private actions in

the absence of a project, and what a nonstructural project could additionally

contribute to energy conservation. It is the current policy of utility

planners to incorporate conservation measures in their energy forecasts,

which are used to identify the need for additional electric power. A

nonstructural alternative would have to take into account measures beyond

what energy planners would otherwise forecast.
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In addition to a nonstructural energy conservation plan, nonstructural

options as related to flood control and possibly water supply can potentially

impact on hydroelectric development. The Corps of Engineers Hydroelectric

Engineering Center (HEC) under the National Hydroelectric Power Study is

presently investigating the potential impact of providing nonstructural

flood protection to lessen the need for reservoir flood control storage, and

thereby provide the storage for additional hydroelectric generation. HEC

has selected the Lehigh River Basin as one of several test cases to evaluate

the validity of this alternative. Within a comprehensive framework this

option could conceivably be expanded to consider the impact of water

conservation to reduce the requirements for reservoir water supply storage.

Conventional Thermal Alternatives. Conventional thermal powerplants, both

fossil soil and coal) and nuclear fueled, will provide most of the added

energy to the PJM system during the rest of the century. As noted in the

previous chapter, one of the objectives of this investigation is to contri-

bute to offsetting the use of non-renewable energy resources. With this

view, conventional thermal developments will be used as a basis for

evaluating the contributions of hydroelectric generation. Thermal plants

are best suited to base load operation. However, they can also be used to

produce power during peak demand periods, but at a reduced efficiency.

Presently, the most probable alternative to hydropower peak hour operation

would be conventional thermal power or combustion turbines.
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Combustion Turbines. Combustion turbines burn high grade liquid fuels and

natural gas. These units have a low first cost, offer quick starting, a

wide choice of site locations, and can be readily automated, which make them

particularly suitable as sources of peaking and emergency power. Within the

PJM system, combustion turbines are extensively used for peaking operation.

Due, however, to their requirements for high grade fuel, energy costs are

high. As with thermal plants, because of their use of non-renewable fuel

sources, combustion turbines will serve as an alternative to hydroelectric

power development.

Unconventional Power Plants. Unconventional power sources include wind,

solar, geothermal, tidal power and others. Although these sources have

potential, in general, none appears to be a viable alternative at this time

for large scale development. It is anticipated that further research will

eventually provide the technology to make these sources cost competitive to

the point where they can provide substantial conservation of non-renewable

energy. However, this is not expected in the near future.

Other Hydroelectric Alternatives. In lieu of "conventional" hydroelectric

development, hybrid systems such as a combination of hydroelectric facilities

with wind or solar plants, and hydrogen producing hydroelectric plants offer

a potential contribution. In addition, the concept of a no-head hydro-

electric system has received some recent interest . "The State of the Art"

of these systems, however, is in its infancy and the validity of these

projects for large scale development remains to be tested.
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In the last decade or so, thought has been given to the possibility of

underground pumped storage. This approach requires the excavation of a

large cavern at some depth below the ground surface. Recent research into

this alternative has shown its competitiveness with "conventional" pumped

5torage schemes. It has the advantage of not being dependent on topographic

considerations and eliminates the environmental consequences of a second

surface reservoir. Should the concept be developed and proven within the

time frame of this investigation it will be given consideration as an

alternative measure

PLAN FORMULATION RATIONALE

The Principles and Standards for Planning Water and Related Land Resources

require that Federal water and related land planning be directed to achieve

National Economic Development (NED) and Environmental Quality (EQ) as equal

national objectives. The selection of the most appropriate plan to meet

these objectives, whether structural, nonstructural or a combination of

bhth, requires a comparative evaluation using a select set of criteria.

Evaluation Criteria. The Principles and Standards specify four general

evaluation criteria, including acceptability, completeness, effectiveness,

and efficiency; and five others derived from the first four including,

cortainty, geographic scope, NED benefit-cost ratio, reversibility, and

stability.

Acceptability of a plan is determined by analyzing its acceptance by

concerned publics. A plan is acceptable if it is, or will likely be,

supported by some significant segnent of the public. However, during
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reiterations of the planning tasks, every attempt will be made to eliminate,

to the extent possible, unacceptability to any significant segment of the

public.

The completeness of a plan is determined by analyzing whether all

necessary investments or other actions necessary to assure full attainment

of the plan have been incorporated.

The effectiveness of a plan is determined by analyzing the technical

performance of a plan and its contributions to the planning objectives.

The efficiency of a plan is determined by analyzing its ability to

achieve the planning objectives and NED and EQ outputs in the least-cost way.

The certainty of a plan is determined by analyzing in general terms the

likelihood that if the plan is implemented the planning objectives and the

contributions to the NED and EQ accounts will be attained.

The geographic scope is determined by analyzing the relevancy of the

geographic area encompassed by the plan; it must be large enough to

encompass a full understanding of the problems and focused enough to make

the proposed solutions effective.

The NED benefit-cost ratio of a plan is determined by analyzing the

economic benefits in relationship to the economic costs.

The reversibility of a plan is determined by analyzing the capability,

as public needs and values change or should unusual future circumstances so

warrant, of restoring the partially or fully implemented plan to approximate

the "without condition."
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The stability of a plan is determined by analyzing the range of

alternative futures, data and/or assumptions which can be meaningfu'ly

accommodated within the recommended plan or minor modifications thereof.

Greater stability generally indicates a more desirable plan.

Formulation Of Screening Procedures. The primary purpose of this preliminary

screening was to eliminate from further study those projects with no

potential for economical development while maintaining projects for further

study which have the characteristics for potential feasibility. In order to

distinguish between the two, a set of criteria and procedures was developed

based on sound engineering judgement and experience, and tested to assure

the validity of results.

A two cycle screening procedure was selected for the Stage 1 analysis for

conventional hydroelectric development. Cycle I was formulated to analyze

only the 139 existing dams as identified by DER (see Table 19 in Chapter

ill). The selection of additional sites to be analyzed in Cycle 2,

including breached dams, canal locks, undeveloped projects, and modified

projects was based on the screening criteria established for Cycle I. A

separate evaluation of pumped storage projects was conducted and is

presented in later paragraphs.

!. Cycle 1. The criteria and procedures established for Cycle I were based

'n discussions between Philadelphia District personnel and informal

coordination with several individuals with recent experience in the field of

small scale hydroelectric power development, including: Mr. Howard Mayo,

Allis-Chalmers Corporation; Mr. Ed Gray, U.S. Department of Energy; and Mr.

Darryl Davis, U.S. Corps of Engineers' Hydrologic Engineering Center.
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Based on these coordination efforts two options were available to establish

the screening criteria including: 1) A minimum capacity cutoff, and 2) a

comparative assessment of sites available flow and head (physical

characteristics) with other projects exhibiting economic feasiblity based on

recent in-depth investigations. The first approach was considered as an

expedient way to concentrate further efforts on these projects with larger

kilowatt capacities and therefore of a larger value to a regional electrical

system. However, in light of today's national energy situation the value of

very small projects has increased either from a private use standpoint or

when considering the potential effects of multiple project development in an

electrical supply system. The second approach is more closely related to

economic factors and was selected to establish the criteria for Cycle 1.

Criteria were developed based on a project that is considered marginally

feasible. The project, which is currently under investigation, is located

in Carlisle, Pennsylvania, with an eight foot power head and an average

available flow of 300-400 cfs, or a combined head times flow value of 2400

to 3200. Using the Carlisle site as a basis, a head times flow value of

1000 was established as an absolute lower limit for the preliminary

screening. As an estimate of average flows a value of 2 cfs/mi2 was

adopted which is representative of average runoff rates in the northeastern

United States. This value was compared with gage data in the Lehigh Basin,

verifying its applicability. Since 1000 cfs-ft ' 2cfs/mi2 
= 500 mi 2 -ft,

the criteria established for Cycle 1 was a power head times drainage area

value of 500.

?. Cvcie2. The purposo of the second screening cycle was to conduct a

preliminary economic evaltiation of the projects passing the physical
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screening (Cycle 1), as -'I as an additional group of selected sites, and

to estimate potential project capacity and energy. The economic evaluations

were comparative rather than absolute. Economic evaluation criteria and

procedures are established under The Principles and Standards for Planning

Water and Related Land Resources and were in general adhered to in screening

under Cycle 2.

The economic evaluations were conducted using a computer program developed

by the Corps' Hydrologic Engineering Center ('HYDUR'). This program is an

-utgrowth of the program in use under the National Hydroelectric Power

Study. The program utilizes streamflow duration techniques to calculate

estimates of power and energy potential for run of river type projects and

--connaissance level costs at proposed hydropower installations. The

technical procedures for estimating capacity and average annual energy are

considered good for run of river projects, but inexact for storage projects

because they do not analyze the sequential nature of flows and operating

heads. However, the availability of storage at existing reservoirs or the

potential use of storage at undeveloped projects for power production is an

issue not easily defined, requiring more detailed investigations than could

reasonably be accomplished in Stage i.

Project cost estimates in the program were taken from a cost manual

developed by the Corps' North Pacific Division for the National

hivdroelectric Power Study. The procedures used were developed for

reconnaissance level cost estimates of single-purpose power projects. The

cost relationships, which are detailed in the NPD document were based on

empirical curves associating project physical parameters to site component
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costs. All costs were in July 1978 dollars and required an update to

current price levels, external to the program.

NPD developed cost curves for the powerplant, embankment, spillway, intake

and outlet structures, waterway, and the reservoir acquisition and clearing

costs. A provision to add any special cost items was also included.

Investment costs consisted of a geographic factor, contingency factor,

engineering overhead, and interest during construction. Annual project cost

were determined bv amortizing these costs and adding the annual operation,

maintenance, and interim replacement costs.

Benefits, because of both the preliminary nature of the Stage I analysis and

the relatively small size of all projects under investigation for

conventional development (less than 25MW) were not measured by alternative

generation costs. Project benefits will ultimately be determined by the

amount for which the power can be sold to a local power utility or other

purchaser on a site by site or systems basis taking into account operational

character- istics, dependatility, and reliability. It is anticipated that

project benefits will result primarily from energy production due to the

inability of most run-of-river projects to produce dependable capacity,

resulting from undependable streamflows. Therefore a generalized approach

utilizing a possible sale value of energy was developed. The approach was

geared to be optimistic and conservative in nature so as not to eliminate

projects of value to any one or all potential customers, as well as to avoid

overlooking project dependability if it exists, or the potential use of

storage projects for peak power production which could potentially displace

a more costly energy source.
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A value of five cents per KWh (50 mills/KWh) of energy was selected as a

measure of benefits for run-of-river projects. This value was based on

discussions with member utilities of PJM, the Allegheny Electrical

Cooperative, and the Corps' Institute for Water Resources who are currently

conducting the National Hydroelectric Power Study (NHS). Billing rates in

the PJM currently range from 15 mills/KWh, during baseload periods to

ipproximately 80 mills/KWh, during peak demand periods, with an average rate

of 27 to 30 mills/KWh. As most run-of-river projects would operate during

baseload as well as peak periods the system average was considered most

representative. The 50 mills/KWh was therefore derived by taking into

account real fuel price escalation over the project life, as allowed by the

Principles and Standards, and a contingency to allow for dependable capacity

credits and uncertainty in future fuel price increases. Real fuel price

escalation could potentially increase benefits by 40 or 50 percent in

present worth terms based on data published by the Department of Energy in

the Federal Register, 23 January 1980.

D-ie to the selection of a constant energy value as a measure of project

henefits the Cycle 2 screening was conducted on a cost per KWh basis.

Economics. Economic evaluations were based on a Federal discount rate of

7-1/8 percent. All projects were evaluated in January 1980 dollars. A

ro4ect life of 50 years was used for the assessment of conventional

alternatives and a 100 year life was used for pumped storage projects.

Lumped storage project costs were updated from the year of initial

investigation using an average of indices from the Bureau of Reclamation and

tie Engineering News Record. This approach for project updating is outlined
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further in the NPD cost estimating manual for hydropower projects.

Conventional project costs were updated from the July 1978 price level in

the 'HYDUR' program using the same approach.

ANAYSIS OF PLANS CONSIDERED IN STAGE I

The Stage I analysis concentrated on single site evaluations of existing

dams and assessments of previously analyzed undeveloped projects for

conventional and pumped storage hydroelectric generation.

A primarily nonstructural solution could not be evaluated during this

preliminary stage due to the extensive requirements to identify measures

currently in use, or which could be potentially implemented in the

foreseeable future by other interests. Unconventional powerplants, due to

technological limitations, were not considered viable alternatives in this

investigation. Alternative hydropower systems such as underground pumped

storage systems or hydrogen producing hydroelectric facilities were not

evaluated during Stage 1 due to the limitations of available design and

construction data. These alternatives, however, may be evaluated in

subsequent stages of this study if futher research on the "State of the Art"

indicates potential feasibility. Both thermal and combustion turbines

represent the least cost alternatives to hydro development and through a

generalized approach formed the basis for economic evaluations.

Cycle 1. Of the 139 existing dams in the Lehigh Basin, twelve passed the

cycle I screening with a head times drainage area value greater than 500.

92



Table 20 lists those projects. In addition to the twelve projects, three

projects were selected which failed to meet the criteria by various degrees

in order to test the validity of the approa-h. These projects are listed in

Table 21.

TABLE 20

PROJECTS PASSING CYCLE I SCREENING

Drainage
Project Name Head Area Head x D.A.

F. E. Walter Dam 62 288.0 17,856

Beltzville Lake 128 96.3 12,327
Wild Creek Reservoir 98 22.0 2,156
Penn Forest Reservoir 111 16.5 1831.5
Pocono Lake 26 75.2 1955.2

Pohopoco Creek Dam 18 105.0 1890.0
Bear Creek Dam 17 35.2 598.4

Easton Dam (No. 8) 11.5 1373.0 15,790
Allentown Dam (No. 6) 8.2 1129.0 9,258
Treichler's Dam (No. 4) 11.0 892.0 9,812
Little Lehigh Creek Dam 8 187.0 1496.0

Hokendauqua Creek Supply Dam 12 42.0 504

TABLE 21
TEST PROJECTS

Drainage
Project Name Head Area Head x D.A.

Mahoning Creek Dam 11 36.3 399.3
Illicks Mill Dam 10 47.7 477.0
Lake Hauto 33 9.7 320.0

Cycle 2. All projects listed in Tables 20 and 21 were evaluated using the

'HYDUR' program in Cycle 2. In addition 18 other sites were selected as

listed in Table 22 including six locks and six breached dams along the

Lehigh Canal (one dam was recently reconstructed and did not appear on the
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DER inventory), one lock along the Delaware canal, one undeveloped project

previously analyzed by FERC, three undeveloped Corps projects, and one

authorized Corps modification. These projects are located on Plate 5.

TABLE 22
ADDITIONAL PROJECTS CONSIDERED IN CYCLE 2

Site Head (Ft) Drainage Area (mi2 )
Lehigh Canal Dams

Mauch Chunk Dam 12.6 577.0
Parryville Dam 10.8 727.0
Lehigh Gap Dam 5.6 855.0
Laury's Station Dam 13.1 928.0
Hokendauqua Dam 7.2 975.0
Chain Dam (rebuilt 1973) 10.6 1,323.0

Lehigh Canal Locks

Lock # 2 21.8 -

Lock #15 20.1 -
Lock #23 16.9 -
Lock #39 11.2 -

Lock #41 19.7 -

Lock #47 22.0 -

Delaware Canal Locks

Lock #23 30

Undeveloped Projects (FERC)

Penn Haven 130 459

Undeveloped Projects (Corps)

Aquashicola 63 66
Trexler 98 51
Tobyhanna 125 224

Modified Proiects

F.E. Walter Dam 188 288

The level of detail of Cycle 2 analysis was of necessity constrained by the

availability of site data and therefore required certain project related

assumptions. From an economic standpoint the only costs included :a the

analysis were those of the powerplant, including the turbine, generator,
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.witchyard, and related civil, mechanical, and electrical costs. Costs for

intake and outlet works, penstocks, and transmission lines were excluded

from the preliminary analysis due to the detailed effort that would be

r,-quired to identify these site specif;c costs. In the case of undeveloped

projects, embankment and other costs were not included unless the dam was a

single-purpose hydro project and the other data was readily available as in

the case of the Penn Haven Reservoir, previously a,,alyzed by FERC.

1'roec-t flow dorat ion curves were developed by selecting a gage wit] flow

c'h.aracteristtcs representative Of the project area, and using the 'HYDUR'

.,r-igram, adiusting gage flows to the site by a simple drainage area ratio.

Pro ect capaci~v and energy were calculated for a range of design flows, and

pioliminarily s.zed nn a minimum cost per KWh basis. Use of project storage

was not taken into consideration and could significantly alter project sizing

under more detailed investigations, for those projects having a large amount

of storage available for use in hydropower operations. In order to assecs

the potential power development within the Lehigh and Delaware canals it was

.-3;uned that the original channel capacity of the canal could be

retablished. (Costs for reconstruction were not included.)

rhe original Lehigh canal had a forty-five foot base width, a sixty foot top

width and was five foot deep. Historically the canal velocity was limited

to two fps to allow barges pulled by mules to travel upstream. It was

assumed that the velocity under current circumstances could be increased to

four fps., taking into account both structural considerations (avoiding the

need for rip-rap protection) and aesthetic factors. Therefore the maximum

canal flov would be limited to 1050 cfs. During low flow periods canal flow

would be limited by mainatem requirements. Minimum flow requirements in the
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mainstem Lehigh River were estimated by extrapolating the seven-day 10-year

low flow (Q 7-10 flow) requirements below the F. E. Walter Reservoir and

Beltzville Lake to the canal area by simple drainage area adjustment with a

?0 percent factor of safety. Q 7-10 requirements below Walter and

Beltzville were both, on a drainage area basis, about 0.2 cfs/mi2

Throughout the canal length these flows ranged from 140 to 330 cfs and were

considered unavailable for diversion to the canal for power production.

Power production in the Delaware canal was evaluated under similar

assumptions. The original canal had a 30 foot base width, 40 foot top width

with a five foot depth. Assuming a four fps velocity the maximum canal flow

would be 700 cfs. Minimum mainstem flows however, were not considered due

to the discharge over Easton Dam directly into the Delaware River. In

addition to the general assumptions discussed above certain site specific

assumptions were required as follows:

o F. E. Walter & ,eltzville: Reallocation of overall project costs were
not considered.

o F. E. Walter (Modified) Project: No modification costs were allocated
to power.

o Trexler & Aquashicola: No constructiin costs were allocated to power.

o Penn Haven: Q 7-10 flows would be maintained below the reservoir.
Dam and tunnel costs were updated from FERC estimates.

The results of the Cycle 2 screening are presented in Table 23. It should

be noted that those projects selected to test the Cycle I criteria had

energy costs ranging from 206 to 280, well above the 50 mills/KWh criteria

required for further study.
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TABLE 23
RESULTS OF CYCLE 2 SCREENING

Site Design Flow Capacity Energy Energy Cost

(cfs) (KW) (KWH) (mills/KWh)

F. E. Walter (existing) 564 2136 14610 15.50
F. E. Walter (modified) 282 3325 28686 13.74
Beltzville 110 888 7133 22.19
Wild Creek 47 339 2208 47.15
Penn Forest 33 270 1819 43.76

Pocono Lake 152 287 1897 64.14
Pohopoco Cr. Dam 189 248 1535 85.16

Bear Cr. Dam 80 99 624 136.87
Easton Dam 1955 1636 11784 36.34
Allentown Dam 1888 1126 7517 49.59
Treichler's Dam 1627 1302 8733 44.11
Little Lehigh Cr. Dam 191 ill 846 133.13
Hokendauqua Cr. Supply Dam 62 54 320 254.19
Mohoning Cr. Dam 108 86 463 211.80
Illicks Mill Dam 69 50 301 279.59

Lake Hauto Dam 34 67 320 205.93
Mauch Chunk Dam 1010 925 6341 47.82
Parryville Dam 1431 1125 7309 49.59
Lehigh Gap Dam 1636 666 4380 65.03
Laury's Station Dam 1545 1473 10303 36.80
Hokendauqua Dam 1652 865 6023 54.15
Chain Dam 1962 1513 10678 39.70
Lock # 2 838 1329 8767 31.56

Lock #15 822 1203 8746 30.93
Lock #23 943 1160 8319 34.89
Lock #39 926 754 5740 50.37
Lock #41 925 1325 10239 28.13
Lock #47 905 1449 11805 24.48
Lock #23 (Delaware Canal) 615 1343 12993 18.32

Penn Haven Dam 1868 17670 63663 33.45
Trexler Lake 78 559 2951 44.13

Aquashicola Lake 112 513 3425 44.56
Tobyhanna Dam 213 1942 16299 16.77
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Pumped Storage Evaluation. As identified in Chapter I, several pumped

storage projects have been evaluated by both the Corps and FERC within the

Lehigh River Basin. The purpose of this Stage I analysis was to

reinvestigate the economic feasibility of these projects to determine if

further studies are warranted.

Previous Corps investigations in the Basin centered on the development of

either a pumped storage or conventional system utilizing some combination of

the Tobyhanna, Beltzville, Stoney Creek, Mud Run, Bear Creek (tributary

reservoir), and Francis E. Walter Reservoirs. Investigations conducted

during the Comprehensive Survey of the Water Resources of the Delaware River

Basin in the late 1950's narrowed the alternatives to four pumped storage

schemes using Tobyhanna, Stoney Creek and Beltzville Lake. These four

schemes were selected due to relatively more favorable economics and a

significant increase in capacity and energy production over the other

alternatives evaluated. For Stage 1, these four alternatives, for which

detailed project data was available, were selected to test the current

economics of the proposed alternatives.

Tables 24 and 25, and Plates 6 through I describe the pertinent

characteristics of the projects under investigation, inctuding four

additional projects previously investigated by FERC. No attempt was made

during this preliminary analysis to investigate alternative project sizings

or alternative configurations. It should be noted that all previous

inveqtigations were conducted at a preliminary level of detail. The

projpcts investigated by FERC did not take into account environmental or

social constraints and are considered to be sized at a maximum level.
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TABLE 24
FERC PUMPED STORAGE INVESTIGATIONS

LEHIGH RIVER BASIN
PROJECT CHARACTERISTICS

PROJECT
Project Data Kunkletown Pohopoco Pohopoco Pohopoco

Mtn # 1 Mtn # 2 Mtn # 3

Upper Reservoir: Elev. bottom 1,540 1,640 1,500 2,000
Elev. Max. Power Pool 1,596 1,736 1,566 2,085
Elev. Min. Power Pool 1,548 1,680 1,504 2,004
Gross Storage, Ac-Ft 29,000 28,400 1,400 7,000
Usable Power Stor. Ac-Ft 27,000 25,600 7,000 6,700
Hours full load use 8 8 8 8
Dead Storage, Ac-Ft 2,000 2,800 400 300

Lower Reservoir: Elev. bottom 500 1,120
Elev. Max. Power Pool 626 1,040 840 1,200
Elev. Min. Power Pool 540 1,000 820 1,132
Gross Storage, Ac-Ft 28,000 25,600 7,000 6,800
Usable Power Stor. Ac-Ft 27,000 25,600 7,000 6,700
Dead Storage, Ac-Ft 1,000 100

Waterway
Type lined tun. lined tun. lined tun. lined tun.
Size - length & diam. 2,600 5,900 6,600 7,600

Static Head,. Ft.:
Maximum 1,056 736 746 953
Minimtun 922 640 684 804
Average 983 690 723 881

Installation, KW:
Conventional
Reversible 2,970,000 1,950,000 553,000 648,000
Capability at Min. Hd. 2,801,000 1,843,000 539,000 455,000

Generation, 1000 KWh:
Average Annual 6,180,000 4,060,000 1,150,000 1,350,000
Pumping Energy 9,270,000 6,090,000 1,725,000 2,025,000
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Project evaluation consisted of an update of project first costs from the

year of initial investigation to a January 1980 price level plus a

contingency of 25 percent and E&D/S&A costs ot 17.5 percent. In addition,

total investment costs were calculated to include interest during

construction based on a six year construction period.

Annual costs were calculated based on an ammortized investment cost plus

O&M&R expenses estimated from the North Pacific Division cost estimating

manual tor hydropower evaluations. Annual pumping costs were estimated

based on the price of energy from coal-fired plants in the PJM system.

Estimates of pumping energy requirements for the FERC projects were based on

a three to two ratio of energy produced from the projects, consistent with

the requirements of existing pumped storage facilities. Annual project

benefits were evaluated utilizing generalized capacity and energy values for

peaking power, based on an annual capacity factor of 25 percent. These

generalized values based on capacity factor and the alternative displaced

were supplied by FERC and are shown in Table 26. Pumping energy based on

this table was valued at 15.5 mills/KWh for the preliminary investigation,

based on discusrions with FERC. Stage 2 investigations will require a more

extensive analysis to define both the amount of energy available for pumping

in the PJM area and its actual value. However, due to the abundance of coal

resources and the heavy utilization of coal fired units in the PJM, and

based on discussions with FERC, 15.5 mills/KWh was considered a reasonable

value for preliminary investigations. Peaking energy and capacity based on

a capacity factor of 25 percent were valued at 49 mills/KWh and $42/KW

respectively.
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TABLE 26

FERC CAPACITY AND ENERGY VALUES

JANUARY 1980

Hydro Capacity Valtle Energy Value

Capacity ($/KW-yr) (mills/KWh)

Factor I/ I/

Combustion Turbine Alternative

0 32 -

5 21 78

1O 21 65

15 21 61

Combined Cycle Alternatives
20 42 48

25 42 49

30 42 50

Nuclear Alternatives

40 63 6
50 97 6

60 120 6

70 120 7

80 120 8

90 120 9

100 120 8

Coal Fired Alternative

40 92 7

50 92 15

00 92 16

70 92 17

S0 92 17

90 92 17

[00 92 15

1/ Based on the Federal Discount Rate
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Table 27 presents the results of the updated economic evaluat ion. All ot

the projects investigated exhibited at least marginal teasibility due

primarily to the high value of peaking energy.

STAGE I CONCLUSIONS

Based on the analysis of existing dams, breached dams, locks and undeveloped

projects tor conventional development, and an analysis ol previously

evaluated pumped storage projects the 29 sites listed in Table 28 have been

identitied lor turther investigation during Stage 2. It should be noted

that during the early portion ot Stage 2 a location study will be undertaken

to identity other potential new locations for hydroelectric development,

particularly with regard to pumped storage power.

The following paragraphs present a summary ot the projects investigated

9 during Stage I, and discuss pertinent issues which could potentially impact

or play an important role during further study stages.

Nine dams originally constructed in connection with the Lehigh Canal were

investigated. The Allentown Dam will be reconstructed shortly by the

Lommonwealth ot Pennsylvania. At the request of the City of Allentown,

consideration is being given to installing a small hydropower unit at the

time ot reconstruction. Easton and Chain Dams are in good condition as a

result ot reconstruction. Both are being investigated for hydropower

additions by private interests. All three of these, plus Triechler's Dam,

show good potential for hydropower additions with no major work on the dams

themselves (other than the referenced reconstruction ot Allentown Dam).
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TABLE 28

SITES SELECTED FOR FURTHER

STUDY IN STAGE 2

Lehigh Canal Dams

Allentown Dam
Easton Dam
Chain Dam
Treichler's Dam
Mauch Chunk Dam
P,rryville Dam
Laury's Station Dam

Lehigh Canal Locks

Lock No. 2
Lock No. 15
Lock No. 23
Lock No. 41
Lock No. 47

Delaware Canal Locks

Lock No. 23
Existing Corps Projects

Beltzville Dam
F. E. Walter Dam

Authorized Corps Projects

F. E. Walter Dam (modified)

Non-Federal Dams on Tributaries Aquashicola Dam

Wild Creek Dam

Penn Forest DamUndeveloped Sites (conventional)

Tobyhanna Site

Penn Haven SiteUndeveloped Sites (Pumped Storage)
Kunkl etown

Pohopoco Mountain No. 1
Pohopoco Mountain No. 2
Pohopoco Mountain No. 3
Tobyhanna-Beltzville No. I
Tobyhanna-Beltzville No. II
Tobyhanna-Beltzville No. III
Tobyhanna-Beltzville No. IV
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The other five canal dams, at Mauch Chunk, Parryville, Lehigh Gap, Laury's

Station, and Hokendauqua, would require considerable repair or complete

reconstruction in order to be usable for hydropower generation. The Lehigh

Gap and Hokendauqua darns do not appear to be economical sites. The other

three have potential for hydropower development since there is some interest

in repairing or rebuilding the dams for historical and recreational reasons.

Generation of power at six locks along the Lehigh Canal and one along the

Delaware Canal was considered. All except one were found to be economical.

Lehigh Canal Locks 2, 15, 23, 41, and 47 and Delaware Canal Lock 23 are in

watered canal segments but may need some work on the dams diverting the

water into the canals (in the cases of Lehigh Canal Locks 2, 15, and 23),

some work to increase the capacity of the canal itself, and some repair and

modification of the locks to allow them to accept a hydropower addition.

Some of this work would be beneficial from the aesthetic, historical, and

recreational viewpoints. Lock 39 is in a dewatered canal section which

could be rewatered only if the Hokendauqua Dam were reconstructed. In

addition, its energy cost slightly exceeds the 50 mills/KWh cutoff. This

lock along with the Lehigh Gap and Hokendauqua dams as well as the Pohopoco

Dam and Pocono Lake, which are discussed in later paragraphs, had energy

costs ranging up to 85 mills/KWh. Although these projects will not be

considered further in this investigation they represent the most likely long

range hydro alternatives in the Basin should energy costs substantially

increase to justify their development.

Two existing Corps of Engineers projects were considered: Beltzville and

Francis E. Walter Dam. The authorized water supply modification to Walter
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Dam was also considered. All three showed favorable economics. If

developed as run-of-river hydropower plants, impacts on authorized project

purposes would be minimal.

If developed as hydro-peaking projects utilizing reservoir storage, the

value of the generating capacity would be increased considerably, but only

at the expense of other purposes such as water supply, recreation, and flood

control. Evaluation of this trade-off will necessitate reservoir

reregulation studies using a sequential routing analysis.

Two Federal projects which were authorized but never constructed were

evaluated. Neither the Trexler site not the Aquashicola site were found to

be good sites for single purpose hydropower projects due to the relatively

small streamflows at both sites and the large costs for construction of new

dams and reservoirs. In both cases, however, hydropower development does

show promise when considered as an add-on to the authorized multi-purpose

project. Inclusion of run-of-river type hydropower plants in these projects

during construction would have only minimal impacts on the authorized

project purposes. In view of the strong opposition to the Trexler project

which was encountered during Engineering and Design, including a referendm

vote opposing the project by Lehigh County voters; the continued opposition

as expressed at the 29 January 1980 Lehigh Hydropower Study public meeting;

and the decision to remove the project from the State Water Plan, due to

alternative water supply solutions, the generation of hydroelectric power in

connection with the Trexler project will not be considered further in this

study. In regard to the Aquashicola project, there is the potential to

allocate some storage to hydropower and use the facility as a peaking plant.
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Evaluation of this will require a reservoir reregulation study using a

sequential routing analysis. It should be noted that construction of either

the Trexler or Aquashicola projects would likely have significant

environmental and social impacts.

Ten non-federal dams located on tributaries of the Lehigh River were

considered. The Little Lehigh Creek Dam, Hokendauqua Creek Supply Dam,

Illick's Mill Dam, Lake Hauto Dam, Mahoning Creek Dam, Pohopoco Creek Dam,

,nd Pocono Lake Dam were found to be uneconomical for hydropower

development. Wild Creek and Penn Forest Reservoirs show potential for

hydropower additions and will be considered further in Stage 2. The City of

Bethlehem, owner of both reservoirs, has initiated hydropower studies on

Penn Forest Rerservoir. Both are used for municipal water supply and any

hydropower developments would have to avoid conflicts with that use.

Two undeveloped sites that have been proposed for development previously,

the Tobyhanna and Penn Haven sites, were considered for conventional

hydropower development. Both show the potential for economic justification

and will be studied further. It should be noted however, that these

projects may have considerable environmental and social impacts. The Penn

Haven project is in a reach expected to be designated as a scenic river by

the Commonwealth of Pennsylvania. Both projects, and particularly the

Tobyhanna project with its greater storage, would have multi-purpose

potential. Storage could possibly be utilized for flood control,

recreation, water supply, and other uses. This will be investigated during

Stage 2.
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i':lght previously proposed p'imped-storage hydropower projects were :ons derd

and round to be potentially teasible based on updates ot benefits and costs

previously reported.

The Kunkletown project would use a new reservoir on Aquashicola Creek as a

lower reservoir with an upper reservoir atop an adjacent mountain. The

first two Pohopoco Mountain projects would require modifying existing Penn

Forest and Wild Creek Reservoirs, respectively, as lower reservoirs with new

upper reservoirs on high ground nearby. The third Pohopoco Mountain project

would be located in the same area but would require two new reservoirs. The

[obyhanna-Beltzviile project (Plan No. I) would also include construction ot

two new reservoirs with releases being made into Beltzville Lake. It should

be noted that an analysis during Stage 2 will be conducted to assess the

utilization of the modified Francis t. Walter project in lieu of the

lobyhanna Reservoir in Plan No. I. Plans II, III, and IV are variations of

this project requiring construction of only one additional reservoir. All

of these projects would involve the construction of one or two additional

reservoirs with all of the potential environmental and social impacts

associated with such projects. Those utilizing existing reservoirs will

have to be carefully evaluated to ensure that incorporation into the

pumped-storage project would not interfere with the existing reservoirs'

uses.
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CHAPTER V

VIEWS OF CONCERNED INTERESTS

During the course of the investigation, the Philadelphia District maintained

a coordination effort with other Federal agencies, State agencies, local

government, and private interests. The study initiation was formally

announced by public notice in November 1979. Subsequently an initial public

meeting was conducted on 29 January 1980 in order to permit a full expression

of opinions concerning water related issues and the development of

hydroelectric power in the Lehigh basin.

The meeting began with a presentation by Col. James Ton, District Engineer,

and John Tunnell, Clzief, Basin Planning Section. This presentation included

an overview of the Corps of Engineers role in the development of hydropower

f nationally, a general discussion of what hydropower is, a synopsis of

previous and current hydropower and related studies in the Lehigh River

Basin, and a discussion of Corps planning procedures. Those in attendance

were then given an opportunity to deliver prepared statements, give their

opinions on hydropower, and ask questions about the study. Strong support

for development of hydropower in the Lehigh Basin was evident, particularly

with regard to hydropower additions. A number of local and ceunty officials

objected to DRBC's decision to file for preliminary permits on F.E. Walter

and Beltzville Dams. As a result of several misleading news reports, many

Lehigh County residents attended for the purpose of expressing their

continued opposition to the Trexler Dam and lake project. Table 29 presents

a summary of the views expressed at the initial public meeting. Selected

correspondence received in connection with the study initiation and the

public meeting are included in Appendix A.
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Ad-liinal views were obtained through informal d icusons and a formal

coordination meeting. The meeting wa.1 held in Philadelphia on 30 May 1980

with the !. Department of Fnergv (DOE) and All feasihil ity stisdy loan

ipplicants; in [tie Lehigh basin. These loans are be-ing made tinder DOE's Small

H.ietvdro Program. Applications have been made tor loans to conduct hvdlro-

power st'zdie.s on Francis F. Walter Dam, Beltzville Dami, Penn Forest Dam, and

Cha in Dam. The pu rpos e o f t le meet ingV wa s to revi ew thle o)ngo ing hydropower

w',rk in the Lehigh basin and to disCuss ways to coordinate the various;

,offorts and avoid duplication of effort. The purposeq of and current statius

., the National Hydroelectric Power Study were summarized. The Lehigh

11I1iropower Study and its rolationship to non-federal site specific studies

Was discussed. The applicants generally expressed their desire for their

5;.ro specific studies to procede as quickly as possible, particularly at

non-federal dams. All attendees agreed that each hydropower site should be

developed to its optimum. The formation of a progress and information

exchange coimmittee for the Lehigh Study was discussed and generally agreed

to.

7mtring Stage 1, the Philadelphia District has reviewed preliminary permit

apnulications that FERC had received on Beltzville, F'.E. Walter, and Chain

T)air, s Competing applications were filed by the Boro)ugh of Lehighton and the

DRBC -Pennsylvania Department of Environmental Resources (DER) on

Beltzville Damn. Competing applications werp filed by the Borough of

Lehighton, DRBC-DER, the Borough of Weatherly, and the Pennsylvania

Hydroelectric Developmient Corporation on F.E. Walter Dam. The Chain Dm

Hydroelectric Corporation filed an application on Chain Dam. These

applications were reviewed and cotmments were forwarded to FERC by the Olffice

oF the- Chief of Engineers.
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TABLE 29
DIGEST OF COMMENTS l/

29 JANUARY 1979 INITIAL PUBLIC MEETING

o Mike lKraisi, a Congressional candidate, expressed support for the

develoment of hydroelectric power in the Lehigh Basin and expressed

oppositinn to the construction of Trexler Dam.

" Bruce Conrad, Planning Director for the Carbon County Planning
Conmission, expressed support for Lehighton and Weatherly Boroughs'
proposals to develop the hydroelectric power potential at F.E. Walter and
Beltzville Dams. lie opposed DRBC development of hydroelectric power

far iIi ties.

" Mortimer 'Smedlev, Borough Manager of Lehighton, reviewed Lehighton's past

efforts to hiave, the Corps study hydropower in the Lehigh Basin, reviewed
the corniunications between Lehighton and DRBC concerning hydro additions

at F.F. Waiter and Beltz-ville Dams, and expressed Lehighton's continued

interest in hydropower development.

o David Alt richter, Mayor of Slatington, stated that Lehigh County
residents vot ed 3 to I against construction of Trexler Damn.

o Paiil McHale of the Lehigh Valley Sierra Club called for the deauthoriza-
tion of the Trexler Dam project and expressed support for developmient of
hydroelectric power at existing dams.

o ohn McSparren, Director of the Bureau of Resources Planning of the Penn-

sylvalnia Department of Environmental Resources, stated 'hat they applied
for preliminarvq permits on F.E. Walter and Beltzville in conjunction

with DRBC becausp of the large investment the State has already made in
the';' pr~jrts.

i.arrv (lenPresident of Pennsylvania Hydro Developmient Corporation
Pxpr(,-ee concprn that the Lehigh Study may delay his firm's implementa-

ton of a hydropower addition at Faston Dam.

Josph7eIlr, a Pennsyvlvania Stato Legislator, expressed opposition to
the co)nstriction of Trexier Dam.

o ohn Thomas, Buisiness Representative for the Ope-rating Engineeis Union,
expres;sed sutpport for thb, hydropower study.

Jof'rv 1;rhmidt of the Pennsylvania Sierra Club expressed opposition to
hew construct i n of Trexi er Dam and e-xpressedi support for the development

-)f hvdiroe 1,,, t r i (- power at exi st i g d am s.

Counrnnts iro -s'mlmair zedl f rom "Tro'i-;rri pt , In t iat Pibl Ic Met ing,

:?9 Januiary 1990, leh i igh R i vor Bas in fv Iropower Study,' whi ch s avn lable to
t ho pub! i c at thle coszt of reproduct ion.



TABLE 29 (Cont'd)

DIGEST OF COMMENTS I/
29 JANUARY 1979 INITIAL PUBLIC MEETING

0 Robert Miller of the Northwestern Lehigh Citizens Coalition expressed
support for hydropower development in the Lehigh Basin and opposition to
the Trexler proect.

Joseph Nester, Planning Coordinator for the Lehigh Canal Recreation

Commission expressed support for Lehighton's hydropower plans, opposition
to DRBC's plans, and requested that the Corps consider the Lehigh Canal
in their ;tudv.

William Buskirk, Jr., representing the Lehigh-Pocono Comnittee of
Concern, expressed that organizations opposition to the construction of
Trexler Dam.

Michael Rednar, a resident of Whitehall, Pa., expressed opposition to any

study of 'vdropower at the Trexler site, but suggested consideration of

the Allentown, Hoke-lauqua, Cementon, Larv's Station, Bowmanstown,

7r.ichlers, and 1.e1.,,h Cap sites.

o Davi-i Fink of the Lehigh County Farmers Association requested that

farmers needs of water for irrigation he considered in investigating any

hydropower projects.

Eugene Pattishall, Vice President of the Northwestern Citizens Coalition
of LehiRh County. expressed support for development of hydroelectric

power at existing dams and opposed any consideration of the Trpxlpr site.

Arlne Wallach, representing Citizens of Lehigh County Against the Dam,
expressed opposition to the constriction of Trpxler Dam.

Rohert Zovak, Presqident of the Carhon County Sportsman's Association,

-ommented that fish ladders should he provided on main stem dams that are
robuilt for hydropower and also expressed opposition to fluctuations in
iiver 'low for Fither hvdropower or white water rafting purposes.

Tim Or ,, a resident ff Palmerton, Pi., -xpressed support for producing
h.,dro ,.Iectri- power at .xlcting dams and expressed opposition to

)n~trtiction of new lamn , partir,ilarlv tie- proposed Aqiashicola Dam.

Yr-".~e 0 't i i v '.nvinee s , In _ an enginfeer i p consultant to
1,s, Firug.h ,f W st her~v, -xpressed supr,,r t for the Borough of

oiiqhton', posi ion regarding hvro dev# ripment of F.E. Wal ter Dam.

Keen H,-.' and of 9,,rgor As~ ocri tes, Arc'iite t%, Engineers, and Plauners

rq tt h,, (a' or c ona i der the p ,si blIe va 1 f hvd Y rp 1

,we r to) mum. pA 1r ies as wel As to tit i itv (rpanies.



CHAPTER V1

STUDY MANAGEMENT

I NTRODUICTION

:in t r<:;ment ot the Lehigh River basin Hydroelectric Power Study is the

rtsp,:sI. itv ot the Planning/Engineering Division, Philadelphia District.

",%'t inv irrently scheduled for completion in Fiscal Year 1986 at a

,S[ .,I $1, 74t),000 at September 1980 prices.

,," ;, . *r,nkess employd in the study will be consistent with the Water

'.or t :, il's Prmnciples and Standards. The Corps' water resources

' " ,. n,,s (ER series 1105-2-2XX and related regulations) will be

,w,.,: in , , ing the study. 1he study planning process will be an

s .r-,-i t i', of four tunct tonal tasks: problem identification;

. ; .,l I i itt,, rnatives, impact assessment; and evaluation ot

t , t . .t .ri t tl ,,inn i* ig pr', cess (St agt I) has neen completed

c i"T r-,,- , ' .. t 
, , 

te ' pt ,r I IV. From tii, ii. t i "il sc it-1 ni ng

,lent I ,,, t , v,iiated in futur,- it,.rstins ot tin

•, . h ni , t',.is mik , vus, ,ttir plans which attlmpt t l addrss a

'. ,,a;'iO;I ,it,.ct iv,,s wli hi' identitied. A Nati,,nai

S . r .A . Iona

, I .i :I it n 1 , ri t a t ,:I Jnm- ' i1 a , n ,I

.............................i.,,, C



an~d :Ina'L stage of tnls study will concentrate on detaiilea

dlannlng and Iincii formulation toward a recommended plan. For those

alternatives selected for detailed study, emphasis will be placed on

derining the economic, social, environmental1, and regional development

im. acts of eaich aitornat LvP and presenting a detailed evaluation of each by

.c yster. of Accounts. This stage will end with the preparation of a

:casibility report and a reconmmendation to Congress.

WORK PACIKAGES

ii section provides brief descriptions on the tasks that will be required

,- Sages 2 and 5. Ttie costs for each task, by stage and by Fiscal Year

3rcn prc:sentt:o in Appendix D on Engineering Form 2204 (PB-b) and Table

r,- ,pec tiveye

!e IfIIC i,vo~vement. Stage I efforts in public involvement have included

~oord inat.i in wi th va r iots inst Itut ions as well as conduc ting an ini tial1

j*i ic meeting.

1A1 nttempt Wili be madc- in Stages 2 and 3 to establish and maintain a

'I, I nI~kLIu Ilal egtie bt:wea ii the planners and the affected and interested

i * I' TI ttes, groups, iii: inalividuals. The public involvement program itself

wi,. r~e cnrrit-; oit itr. thie tist of four basic tools: information bulletins

*.1, Otr'u Ot the stUdy, workshop meetings, public

ma ce.ings andI contacts with agencies,

I I kcwho .,r,- act ively involved in the study. All

p.,. rI pt ipat e and w il h e provi ded with

t Jr i, t ienS inc orporated in the study .

i 6



-I"d, t i on a pro gre ss ;nd it rima [1on e.xc han ge c.mm-,It tee wi

es'~, h ii-od o nsi s-ting oi i oczi1, Federa I, Stateo, and private hvdr ''r

i nt rkst to coord inate the various ongoing hydropower studi1es in the Lehiigh

hasI T,. Tnis lz ttoe result of the intense interest in hydropower cicveiopmrent

1I i cr Oils 1;. I'li pr ima ry purpose of th is commi ttee wil I no) to a'voi a

nop~ .n<I r v Lie various interested parties and to exchange

ypYpr '-' Clnira.i nformation as 't is developea.

~nsitni~n~Stujies. A survey of the public institutions in the stUd'.'

are'a wricn .-ct r will be affected by the implementation of a

;Lvdroelectric development plan will be conducted during Stage 2. In

idition, efforts will be made to identify the relationships and inter-

relatin-nships that ail of the institutions have in regard to the planning

and implementAtion of the hydroelectric plan. An assessment of the factors

cons training andI promoting hydroelectric development i's currently :heing

:7onducteO onder the National Hydroelectric Power Study. This effort will

,erve as a gaide to the scope of the study required to outline the

1.n-stitlitional ram,,work affecting the Lehigh area. Some additional

1nt; ion tuidi,s wili 10(- accomplished in Stage 3 in connection witio

.va~iatirkg tnt, implomentahility of detailed plans.

:)e'C JI b L olis L nvolvement to date has included a gathering and review :)

X t~ k;" dIlt. !;, d t S( ri I i I Of,0f thel- st Ld area and Lt s soc lalI

'M t) I ti -. i,, _'. stiu iis wit center around an evaluation of th1e

* i et atiicirrmit 1ve plans wili have both locally and me O~ . In

It~, lC)al iod 2. gional efttcts will S.studie d in further depth.

* o. t r ksu rCSStudies. Stag I efforts concent rated onl a pre I m'n ~



S:, l- cu ,, : - :i :in ; hi st ,-r: s tes "i1lh >cenic 'Irea- s ili t!Ie !)asi..

. 1:ib: .t g 2 a i4i Lural resources overview for the entire basin wiLl be

prepared which wiIl identify important historic and archeological areas.

overview study will be used to assist in lef ining alternative pla,

mpa:, ir : pr,-e,-: screening. in Stage 3 a cuitural resouces

:. i;-,e.t igut ior will be conducted on a site by site basis to

- -eie the potential impacts of favorable plans.

-:~v: a. StuH ios. During Stage 1, data collection and review was

1: j: I'd 11": i preLiminary overview of environmental features in the study

- - .w's mai .. Stage 2 will include further collection of environmental

:i C. Oestn~iish a case for preliminary impact evaluations. Emphasis in

wii h e piacec on plan evaluations as a background to detailed

1,n sige 3. In Stag,- 3 an Environmental Impact Statement will be

:-Lar,-d titizing evi-ed CEQ guipaeflnes and ER 200-2-2. Emphasis will be

,acei ou d Aiscuss orn and impact review of alternatives. Discussions will

.. Jdi- an anaLVSls on non-Federal conventional and unconventional power

I .,in. T.e detail o site discussion will be proportional to the

. -. - a : ): implementation.

-, Studies. Coordination with the Fish and Wildlife Service

.:,,s t,,, plac~ througnnolt the development ot this report and will continue

::.r-.,a;.ta.es ,'.;c . "<ftorts wik, consist of the development of mapping

t' ,: vari(,us i-.nl a[-, wilditfe resources ant tie

-m .,_It 1,r. ti), rpa t on thes, resources by alternative plans. Il

, 'i. , ;i,,, tht Ksl. ;in Wi I, it E Servi-C will report on the selected plan-.

MatI _,ta iitlv : o .Itpli, wiii be conducted t, assess the narket;,., -

I .VOirOP . , j n- knd t de 1,i- its roc I 11 V:I

i 1



iL, r;e regional transmission system. FERC has indicated that all hydropower

development in the Lehigh could potentially be absorbed in the large

interconnected bulk supply system. Consistent with the Principles and

Standard: a ioad-resource analysis will be undertaken for single projects or

syscemat c plins in excess of 25 megawatts of capacity. During Stage 2 a

survey of xisting rate structures, power resources, and load patterns will

be undertaken using DOE and FERC data as a basis for marketability. Future

generating resources and system imports will be projected based on available

data and sysiem studies. Stage 3 activities will concentrate on refining

project marketability and, from a preliminary standpoint, outlining the

operation and impacts of the proposed projects on the supply patterns of the

regional electrical system.

Econom c Studit's. Economic studies will consist of base studies to

establish existing and future economic and social resources and the relation

these characteristics to the anticipated growth in energy demand. Annual

benefits and costs will be calculated based on the energy and capacity

values estabiished as a result of the marketability studies for each plan

under consideration. Stage 2 studies will be sufficient to establish

project f asibility and will include for multi-purpose projects an

assessment of additional benefits and an allocation of costs among project

purposes. More detailed economic studies will be conducted during Stage 3.

in, addition, ar. evaluation of a primarily non-structural alternative wiii be

undertaken in both Stages 2 and 3. Costs for defining the impacts of a

non-stiu~tural plan on the region's future electrical needs as well as the

otfher ai:ernatives under consideration are included here.
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>orov ~g nd appag. Work efforts to date have included general data

collection and the preparation of preliminary base maps for the study area.

Future efforts in this area will be done in connection with specific project

,roposals to collect information for technical evaluations. In the Stage 2

ot or I ihere is no intent to generate new surveys and mapping. Readily

A'ilahle mappin, such as USGS quadrangle sheets and existing aerial photo-

:raphy and topography will be obtained. It is anticipated that adequate sur-

veM ing and mapping will be provided by private interests currently studying

~cvra *iirsies iner onidratoninthis study. Site specific surveys

.in, ac r i a topographnic mapping of sites will he conducted where requireo

during Stage 3.

~andi Hydraulics Investigations. Efforts in Stage I consisted of

*s ta-blislhin, preliminary streamfiow duration data for power computations and

prelimninary economic evaluations. In Stage 2, more detailed hydrologic and

r..valraulic data. w~il be gathered and run-of-river sites will be reevaluated.

A. )rolirranary assessment will be made of storage-type projects. The exist-

'AHEC-5 model1 of the Lehigh Basin will be expanded and refined. It will be

,o val iarte tf~e effects of storage projects on downstream run-of-river

* ~ ~wa~iw-.i potential pumped storage projects will also be made.

p nP d stora.- ,rojects will be analyzed individually while combined

.~ce ~ ;ctsand those involving diversions from one watershed to

<2r wibe <ci. c n the HEC-5 mode to identify impacts on other

.-- aws rar. . t. 2, the HlhC-5 basin model will also be used to

.;,y*.>svt~.~of r.y'~ropower dams. la Stage 3, the basin model will be

2' :> rterto a ow iiore detai led analysis of basin-wide alternativi-s.

0-,ra on i 11be optimized to the extont practical , as wAill po IKin1

i 2(



capabilities. Stage 3 refinements of the HEC-5 model will be based

primarily on the impacts of more detailed topography and other physical data.

Foundations and Materials Investigation. Foundations and materials efforts

for Stage 2 will be limited to a review of available geological and soils

information. No subsurface exploration or testing is anticipated in this

stage. Design will include preliminary studies of existing data to develop

probable embankment cross sections with site specific foundation and

spillw--v treatment required. The level of detail in Stage 3 will be based

On site specific subsurface explorations and soils testing, resulting in a

higher degree of reliability than obtained in Stage 2.

Design and Cost Estimates. Design and cost estimates for Stage 2 will be of

a prelininary nature based on existing topography and subsurface information.

The level of detail in Stage 2 will be limited to conceptual type layout

plans and typical cross sections for the embankment and relocations at each

site, with similar efforts for additional features such as the powerhouse,

tunnel, conduits, tailrace, etc. Drawings and sections will be primarily

ror sizing, with structural dimensions based on engineering judgement rather

than detailed analysis. Cost estimates will be of a preliminary nature

based on ,eneralized unit and lump sum prices with no development of site

specific prices. The level of detail in Stage 3 will be based on site

specific subsurface explorations and soils testing together with new aerial

surveys. Investigations and designs will provide a high degree of assurance

as to engineering feasibility and project costs. More detailed layouts and

adlitional and more detai ,,d sUCtions will be provided than in

121



Stage 2. Design details will be based on preliminary analysis in Stage 3

rather than the conceptu ,l and judgemental approach in Stage 2. Estimates

for Stage 3 will be based on site specific unit prices and reflect more

accurately the quantities involved.

Real Estate Studies. These include determination of land costs, easements,

:ights-of-way, and possible damages due to the various alternative plans.

Real Estate data utilized during Stage 2 will be preliminary and based on

contacts with local brokers. Stage 3 estimates will be based on gross

ipprai.ais developed by the Real Estate Division of the Baltimore District.

Study Management. Study management is concerned with the efficient conduct

of the study including the allocation of and management of funds and

personnel. Study Management activities include monitoring the progress of

the study as specified in ER 18-2-2 entitled "Intensive Management Milestone

System", as modified oy North Atlantic Division. This includes preparation

of SSPR's, 1632's, and PERT networks. Due to the size and complexity of this

study a significant portion of the work will be accomplished by contract. A

major study ranagement activity will be coordination of work between contrac-

tors and District elements, monitoring the progress on contracts while they

are underway, and reviewing the contractors' work. Study management also in-

cludes coordination between the District's technical elements and preparation

of Budget Data for higher authority and the Congress.

Plan Formulation and Evaluation. Plan formulation efforts in Stage I

included prelii.iinary individual project evaluations, and coordination

meetings to outline the scope of further study. Future efforts will entail

pian development, evaluations and assessment based on an iterative screening

122



process Formulation will be aimed at optimizing the us: of basin resources

as well as developing implementation strategies for proposed alternatives.

atage 2 will begin with a field review of all sites under consideration,

followed by a site-by-site evaluation using low duration analyses. This

wil include run-of-river, storage, and pumped storage sites. An HEC-5

model wilt then be used to assess storage impacts and to evaluate the

inter-relationships betweeL storage projects, pumped storage diversion

projects, and downstream run-of-river projects. Individual projects will be

formulated into basin-wide plans. These plans will be evaluated during

Stage 3.

Report Preparation. Efforts to date, under t.his task, have resulted in the

preparation of this Stage I Reconnaissa.:e report. Future work under this

task will include assembling, writing, editing, typing, drafting, reviewing,

revising, reproducing and distributing the Stage 2 and 3 documents. Many

elements of the District and other agencies will play a part in the

development of these documents.

Supervision and Administration. Work under this task has and will continue

to involve the supervisors who oversee the study and provide guidance where

needed. In addition, the cost estimates for supervision and administration

requirements include other indirect costs which cannot be allocated directly

to other tasks.

FUNDING AND MANAGEMENT SCHEDULE

study Cost Estimate. For the purposes of developing the study ost

estimate, and based on an evaluation of Stage I results, it has neen assLImed

that ton .*onventiona] sites and 5 pumped storage projects will surviv Stage

2 screening to be considered in detail during Stage 3. Cost estimates for
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Stage 2 were based on a preliminary analysis of all projects except for the

Penn Forest Reservoir, Easton Dam, Chain Dam, Allentown Dam, Lock No. 23

IDeiaware Canal), and Locks No. 41 and 47 which are alternatives to the

Allentown and Chain Dams, respectively. These projects are currently being

analyzed by private interests. Study costs are based on a review of these

efforts and the identification of potential impacts caused by the

implementation of other plans under a comprehensive framework.

The sLudy costs were derived from estimates furnished by the pertinent

office elements that would be involved. Discussions were conducted with the

Corps North Pacific Division, District offices, and the Hydrologic

Engineering Center (HEC) to validate the study cost estimates based on their

, xperience in planning and conducting hydroelectric feasibility studies.

Ttie study costs have been distributed among the accounts and sub-accounts as

established in OCE ER 11-2-220 entitled "Civil Works Activities, General

Investigations," dated 29 July 1977. A detailed breakdown -f study costs by

accounts and sub-accounts is presented on Engineering Form 2204 (PB-6) which

is included in Appendix D. Also included in this Appendix is a proposed

oitailed breakdown of study costs by Fiscal Year (Table D-l).

The estimated cost of the study is $1,796,000. This cost estimate includes

anticipated cost of living increases at 6% per year and a general

contingency of 10 percent. This is an increase ot $1,446,000 over tile

previousiy approvec estimate of $350,000, submitted in 1977. Stage 1

investigations determined that hydropower investigations of varying types

Aplmear appropriate at many more locations than the 5-7 conventional sites
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considered in the previous estimate. This is partially a result of the

recent escalation of energy costs which has made sites previously believed

to be "too small", now to appear worthy of further investigation. There has

also been some advancement in the "State of the Art" with regard to

development of low head hydropower sites. Consequently, many small, low

head sites which were never considered previously now show potential for

economical development. Many of these sites are interrelated and will hav

to be evaluated as a system. Recent changes in the Principles and Standards

will also require additional effort, particularly for major projects.

The costs indicated are entirely direct Federal costs to the study and

include funds to be transferred to the U.S. Fish and Wildlife Service. The

study cost estimate reflects the total study effort.

Study Conduct and Scheduling. The study is being conducted in three

stages. Work is scheduled for completion in April 1986. Stage I will be

complete upon approval of the Stage I Reconnaissance Report. Public

meetings will be held to present the findings of Stages 2 and 3 in October

1983 and January 1986, respectively. If the findings of Stage 2 at the time

of the checkpoint conference are favorable, work on Stage 3 will begin

following the Stage 2 public meeting.

The proposed study milestones are shown in Table 30 and displayed on the

study schedule network in Appendix D.
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TABLE 30

LEHIGH RIVER BASIN HYDROELECTRIC POWER STUDY

STUDY MILESTONES

Number Milestone Schedu-led Date

I Study Initiation Nov 79 (completed)

2 POS Approval Oct 80

3 Stage 2 Report Submittal to NAD Jun 83

4 Stage 2 Checkpoint Conference Aug 83

5 Completion of Action MFR Sep 83

5a Stage 2 Public Meeting Oct 83

6 Submit Draft Report & Draft EIS Jun 85

to NAD

7 Stage 3 Checkpoint Conference Aug 85

8 Completion of Action of MFR Sep 85

9 Coordination of Draft Report Nov 85
& Draft EIS

9a Stage 3 Public Meeting Jan 86

10 Submission of Final Report & Mar 86
Revised Draft EIS to NAD

11 Release of Division Engineer's Apr 86
Public Notice & Submission of
Report to BERH

RECOMMENDATION

It is reconmended that the Stage I Reconnaissance Report for the Lehigh

River Basin Hydroelectric Power Study be approved.

Colonel, Corps of Engineers

District Engineer
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Mr. Charles Derr Reuben Hill

Pennsylvania Canal Society Lehigh Canal Recreation Commission

117 Main Street RD No. 3

Freemansburg, PA 18017 Lehighton, PA 16235

Dr. Kenneth A. Friedman

Lehighton Valley Conservancy Earl F. Snyder

559 Main Street Lehigh River Restoration Assoc.

3ethlehem, PA 18016 Box 3
.,alnutpoint, PA

,'-sner Repher
President of Lehigh Canal Commission

Leh' 9i ton, PA 13235
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DEPARTMENT OF THE ARMY
PHILADELPHIA DISTRICT, CORPS OF ENGINEERS

CUSTOM HOUSE-2D & CHESTNUT STREETS

PHILADELPHIA, PENNSYLVANIA 19106

Dear Sir:

I am pleased to inform you that we have initiated the Lehigh River Basin
Hydroelectric Power Study. This Congressionally authorized study will
investigate the potential for developing hydroelectric power in the entire
Lehigh Basin by considering both existing and potential dam sites. This
study was authorized on 10 May 1977 by the U.S. House of Representatives
Comittee on Public Works and Transportation.

During the coming year, the Corps will concentrate on developing a Recon-
naissance Report which will detail how the study will be conducted. We
will also hold a public meeting, establish an extensive public involvement
program, collect data, evaluate hydropower potential and identify any
issues which conflict with optimum basin hydropower development.

Public participation is especially important during our preliminary
investigation to ensure that the study and its recomnendations reflect
the needs and desires of basin residents. Prior to our initial public
meeting, an information bulletin will be issued containing further
information on hydropower in general and on our study in particular.

Wve welcome any contributions that you can make to this study. Please
d1irect them to Mr. John Tunnell of my staff, either at the address above
or by telephone at (Area Code 215) 597-4714.

We look forward to your assistance. As the study progresses we will
inform you of all major developments and solicit your views on them.

Sincerely,

JANES G.
Colonel, Corps of Engineers
District Engineer
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DELAWARE RIVER BASIN COMMISSION

P. O.BOX 7360

WEST TRENTON. NEW JERSEY 08628

\ \. (609) 883 9900

HEADOILARTERS LOCATION

M ~A SLEP2S NITATE POLICE DIRIVE

T L'11WEST 
TPENrON. N J~

December 4, 1979

Colonel James C. Ton
District Engineer
t'. S. Army Corps of Engineers
2nd and Chestnut Streets
Philadelphia, Pennsylvania 19106

Dear C&el'Ton:

I have your letter, NAPEN-R, dated November 27, 1979 announcing

that you have initiated the Lehigh River Basin Hydroelectric
Power Study.

'..'e stand ready to cooperate with you during the conduct of the

study. I have designated Mr. Robert L. Goodell of my staff to
act as liaison contact nan for this effort. Please direct all

inquiries to Mr. Goodell.

Sincerely,

4rad7ans ler
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In reply refer 1,
December 10, 1979 hM -WR

')i str ;ct hoc i nee.r
~ln h ii I bi~t,'-t Corps of Fnhlnece,

J-st, m Ilouse ,endond mid Chestnti t reets
Philidcelphia, PA 19100,

('er Volonel Ton:

k(,\ ,rncr Thornhurgh has requested that T acknowledge your letter of
\ex'emher 2, ,mnouncincLl the initiation of the Lehigh River Basin H ydro-
electric Power Study.

We are pleased to see that this important study is now underway, and
look forward to working with you and the members of the district staff in
this effort.

I am requestin (T that R. Timothy Weston, Associate Deputy Secretary
r cater Resources, help coordinate any assistance' wlh.ich you need from

the Department in pursuing this study. Mr. Weston can he contacted at
'. . Jox 110,", Hlarrishur,, Pennsvlvania 17120, or h)r telephone at (717)

Yo 'I (a ac ssiid oF our continued sqpport and cooperation in this
Inr) ,It ant Aor:k.

Sincerel y,

V. i. A-Connel 1, IDeputv Secretary
Resoumrces Management
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U.S DEPARTMENT OF AGRICULTURE
ECONOMICS, STATISTICS, and COOPERATIVES SERVICE

1974 Sproul Road (4th Floor)
Broomall, PA 19008

December 10, 1979

Mr. John Tunnell
Department of the Army
Pniladelphia District, Corps of Engineers
%-jstom House - 2nd & Chestnut Streets
Philadelphia, PA 19106

Peference: NAPEN-R

Dear Mr. Tunnell

I recently received a letter from a Colonel Ton regarding the
hydroelec-ric feasibility study in the Lehigh River Basin. I appre-
ciate being informed of your impending work. This office would be
more than happy to review the Reconnaissance Report which you will be
developing this year.

At a recent Soil Conservation Society of America meeting (William
ernn Chapter) we heard from John Liu Associates - an engineering firm
specializing in lowhead hydro. Their discussion on lowhead hydro in-
cluded recent technological innovations and was a very interesting talk.
Although I have no specific ideas on what your Reconnaissance Report is
going to deal with, if there is any work looking at lowhead hydro feasi-
bility, I would suggest that you contact Mr. Liu and his associate. I
suspect that they may have a great deal of information that would be
i eful to your Report if you are planning to look at lowhead feasibility.
if you are interested, please drop a line or phone me (FTS 596-5772)
and . will forward to you their address.

Again, thank you for your letter informing us of your impending
st ;dy.

Sincerely,

DR. MARK R. BAEY

Assistant Leader
Northeast Section
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December 12, '71)

Colonel James -,"on, Dis.rict Engineer
Corps of Engin, .'=.
Department of tlk: .rmy
Custon House
2 D and Chestnu Streets
Philadelphia, Pennsylvania 19106

Dear Col. Ton:

I am in receipt ci your letter of Nove;,iber 27, 1979, announcing
the Lehigh River Basin Hydroelectric Power Study.

Could this be a round-about way of saying that the proposed Trexler
Dam project has again been activated?

You know as well a, I that this proposal was soundly defeated on
a Lehigh County re _erendum. We art currently fighting to save
open space and farmland in our County. With the arrival of the Dam,
we can only see the immediate end to agriculture in our northern
Lehigh County , . It would be simple to blame the upstream farmer for
any chemical tr .

Al though thc C(', iiay have added a new frosting, we still see the
same old rotterh , . The Litizens of Lehigh have rallied in the
past against thi project and I have no doubt that this time around

the forces wi 1 I he :ven stronger and more numerous in numbers.

S inc eely, ,,. .'/ ,

J(s h R>Zel I I(
ber

aw
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DEPARTMENT OF THE ARMY
PHILADELPHIA DISTRICT. CORPS OF ENGINEERS

CUSTOM HOUSE-2 D & CHESTNUT STREETS

PHILADELPHIA. PENNSYLVANIA 19106

SAPEJ 1-P 22 January 1980

H'onorable Joseph R. Zeller

P,-nny1vania House of Representatives

1. 0. 3ox 93 - Roor 60 4

farrishtrq, PA 17120

. r "r. Zeller:

This is in resi)onse to your letter of 12 December 1979 concerning our

i-itiatirn of work on the Lehigh River Basin Hydroelectric Power Study.

Yur letter concerned the possible reactivation of the proposed Trexler

) roject. The purpose of our current study is to investigate the

hyJroelectric power potential of the Lehinh River basin. The only context

in which the study will consider the Trexler Lake project is to investigate

_e oossibility of includinn hydroelectric power generatinn as an additional

purpose of the dam should it ever be constructed for its authorized purposes.

Although the project remains classified as "inactive' we must consider

the site to fully respond to the Congressional resolution which has provided

the authority for the study.

I trust that this has allayed your concerns regarding the Trexler project.

Snould you have any further questions concerning the purpose of our Lehigh

Study, please do not hesitate to contact me.

Sincerely,

JAMES G. TOHl

Colonel, Corps of Engineers

District Fnqineer
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L C
REGIONAL PLANNING COMMISS10NR00 AOAMS AVENUE. CRANTON. PUNNSYLVANIA 18803

December 12, 1979

ratrick J Dempsey

Mr. John Tunnell
Murray Weinberger Philadelphia District, Corps of Engineers

S....Custom House - 2 D and Chestnut Streets
Philadelphia, Pa. 19106

F-ed Belardi, Jr
.-S,;,t,,-, , Dear Mr. Tunnell:

Rocco L Campagna In reply to your office's letter with regard
-- ~E:~f'z, ... to the Lehigh River Basin Hydroelectric Study

(NAPEN-R), the Lackawanna County Regional Planning

Commission would like to contribute its findings
with regard to its research on the "energy fall"
concept. Even though Lackawanna County is not in
the Lehigh River Basin and the "energy fall" study
was conducted with Lackawanna County as the focal

f point, our findings could become an added
perspective in your study of the Lehigh River
Basin.

Sincerely,

• )

Rocco L.- Campagna, VAIGT
Executive Director

RLC/py
Enclosure
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* THE FOLLOWING IS EXCERPTED FROM A RECENT *

ENERGY REPORT MADY BY THE LCRPC.

While varying philosophies view and define energy
differently, it is universally conceded that energy is
ai genus consisting of various elements or forms and must
be so considered. Man's modern day requirements usually
demand the change of one form of energy to another (e.g.,
chemical energy to electrical energy, etc.) so that is
we can conserve energy in one form it, may well result in
an increase of energy in yet another form.

It is this writer's opinion that since electricity
can be produced by the simple expedient of providing
a conductor, a magnetic field and relative motion between
the two, this form of energy has great potential for meeting

fair share of the energy needs of man at a most reasonable
cost.

Let us now touch upon the production of electricity
using water power. Hydroelectric generating plants are
still considered to be the most economical and safest of
a1 the methods of producing electricity since all that is
required is moving water and a generator. There are too
few natural waterfalls available to be put to this use.
But what about the possibility of creating a waterfall
("energy fall"?) under certain conditions?

Consider the following:

1. A river or stream etc. winds it's way along the
earth's surface, curving wherever it runs into a
mountain or hill, etc.

2. The elevation at the initial point of curvature
is 1300 feet above sea level.

3. The course of the waterway around the mountain
and along a valley forms a rough semi-circle.

4. The elevation at the terminal end of the
curvature is 1,100 feet.
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Question: Why cannot the waterway be channeled to the obverse
side of the mountain so that it reaches an elevation of 1,280
or so feet, from which point sufficient earth could be moved
to clear a plant site at a 1,120 foot elevation causing a ver-
ticaL water drop of 160 feet?

The kinetic' energy so cri-ited can be ha'rnef;sed to renerate
:lectrLcity in s-everal different way.;. Th(c accompanying'
graphic illustrates the posibility described above with t-e
plant site engineered to accommodate an appropriateLy sized
turbine.

Vrtually e-very major waterway (and many minor ones) has
one or more locations similar to that described above which
permits the waterfall to be used and provides for a re-entry
into the waterway after use.

Control of flow could be accomplished in many ways (e.g.,
valves, etc.). A highly desirable location would be near an
exLcting dam which would be ideal for the control of flow.
(3ce flowing illustrations.)

Hopefully, after reviewing the above information, an
interest will develop to further study the "energy fall"
concept. Please feel free to contact me with regard to
this concept.

Rocco L. Campagna, AICP
Executive Director
Lackawanna County Regional Planning Commission
200 Adams Avenue
Scranton, Pa. 18503
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United States Department of the Interior

WATER RESOURCES DIVISION
P. 0. Box 1107I

Harrisburg, Pennsylvania 17108

December 14, 1979

James G. Ton
Colonel, Corps of Engineers
District Engineer
Philadelphia District, Corps of Engineers
Custom House, Second and Chestnut Streets
Philadelphia, Pennsylvania 19106

Attention: Mr. John Tunnell

Dear Colonel Ton:

We received your notice of initiating a study of developing hydro-
electric power in the Lehigh Basin. Please be advised that we of
the Pennsylvania District, U.S. Geological Survey, Water Resources
Division are willing to discuss any assistance we could give to the
study in areas where we have expertise. Our local contact would be
Mr. John Murphy of our Malvern Subdistrict Office. He may be con-
tacted by phone at 215-647-9008, or the address is:

Great Valley Corporate Center

35 Great Valley Parkway
Malvern, Pennsylvania 19355

Sincerely,

&a'- -C
David E. Click
District Chief

t O NE ItI JNI)RED YEARS OF EARTH SCIENCE IN THE PUBLIC.SERVICE

(o I C 0"
A-65
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}i. L. A'?

Palmerton, Pa. )t071
December 15, 1979

Mr. Gorald M. Han'lor

D'liware River Basin Comisssion
P. k) Box -/ICIO

,pet Trenton, New Jersey t.)-2""

Lr Mr-. Mans Ior:

As ,t fol low-up t; my rnmme :ts a! teio- Novemb- 1 t: -ar rn. at
as t -. roudshjr.q on t.o F'rl Draft. neoort of tne Delawar- :liver BaF'i.r

Qnl3rpernsiv^ ILove. B) 3 iid, I wiso, to reiterat. the conerns of" the
A.Inrr-o a Va,'Iev Action .,,mritlee, co-rpris np res"dents, who will he affected

," e, Drcpomeo A'quamni'o1a "a.

Franllv, wo were c(mntiderably disturbta that tr, e data on the
A i-- olo rriect nad not bee.r un1ated from the orioinal inforration com-
ne -- bv the Army n-Iir.n-ers in the early lQ6O's. This outdated information
an-areo in tt- February ,' Leve: B Study Heport, was, brougnt to the
A-er,; '.n of' t1e Study Staff' at toe April 4th Allentown hearing, was confirmed

w-itinx tr, Mr. David Lon~maid on April 25th, but asain appeared unchanged
in the Octobe- Final Draft Herort.

We wish to know if it is possible to revise this information for the
fInal publication of the ivel B Stuay Reort to reflect the actial facts as of
11)70, and to present the realistic economic, environmental and social impacts.
4e "o-I that a study last.ng one and one-half years ano costinp $1,500,000
sho ,!d certainly present the true facts on all proposed projects lest the
creiihility of the ertire study be questioned.

Avodinr the usual emotional objections predoninanly aired at hearlnp.s,
we w;:ih to confine the rol]owinr items to tanrible economic issues which should,
,) ill reason, remove the Aquashicola Project from the ist of proposed faciiti-s
if. shown in Tat-le 6 on pare 13 (October report).

On pare lCG it ifn stated that 100 homes would te lost or relorated,
Arn ip-to-date count shows about 25( homes. There has been unu:;ual bu.ldinf
ictvity in the Valley between Little Gap and Smith Gap, much of it inspired by
b.te desirabl environment if this section of the Aquashicola Cr-ek. The count
of 10 farms and 15 businesses shown in the report is essentially correct.
However, one business, Scotty's Fashions, has greatly expanded, now emnloying
!AO prople.

The greater number of homes will certainly affect the Purchase Cost
of 1a.nd Acquisition shown at $7.6 million on pave 100, increasing it substantially.
Thp average purchase price or, 250 homes would only be $30,400 without consideration
of the 2440 acr-s involved. By today's values this firure is ridiculously low.

Should a realistic 7.urnhase allowance be made, this will impact on
the benefit-cost ratio, making, this project less favorable than the 1.2
:.ndicated on nare 100.

4P must question how thp 1.2 benefit-cost ratio was ohlained in view
o' tn- inforraton o Cost of Flow Au mentation on page ]Y04. There it is
stateo that nanital cos, t per cfs new yield is $7 0,000 - mor than double the
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-osi of arv -f the other projects listed in that category. Furthermore,
is the $"' million allocated capital realistic in this day of grossly overspent
r)Ojects?

Of wreat concern to us is the impact on the tax revenue, most of
which suTports the local school systems already restricted to tight budgets.
The loss of 2SO homes could represent the loss of as much as 5 of the
tax revenue.

Folaowinv are a number of other factors tnat zhot.,a rit he overlooked:

1. The -!,ort does not take into account a natural gas pip-line passirn
throigh almost the entire length of the proposed impoundment. This
line was installed after the Cor's of Engineers' initial study.

2. A now s-i area located on the north face of Blue Mountain opnosite
L 't 1- Qao pro mnes to be one of tne fine.;t in Pcnnsvlvania when fully
developed. "he Aquashicola Jam Pro j',ct will limit its develotment
alonx with the economic benefits.

3. :toney i;dge bounoing the north side of the imrounament area is
honevc'rqbed with old mine tunnels from the mninp of iron ore used in
makinF r-d piments. These tunnels pose the threat of seriols lpakarp
and flooding haards with the high water levels; proposed.

. The stress on the local facilities an! services hv the influx of
156,-0" visitors annually is to be viewed with alarm. Narriw
secondarw, roads serve this area, unlike Beltzville whirr', is ,uot off
tne Nnrtheast Turnpike. Police service is minimal in our area,
and increased crime invariably follows in recreation areas.

. The Bethlehem City water supply and Buckeve petroleum pipelines
will nave t,) be relocated as well as nortions of tie ?. P. & L.
nowor disribtion systen.

In view )f tn' steep terra>..s;rr. uc<nF ts' [ro:e.n o nen,
we . )r the siitabil tv of any part of this- area f r ,and
recrat :. ea. activities.

. '; J,, p7 in of t no C)rs f Engi .n-ers d ro' prnv dp a rr)iwiv

-il-nv ,n rrhn jAe between the dam an,, i' (
1

j, 'L i-i*' '
iropertv hetween the impoundment area and the to: of 6S nv rl ,f
ra'a.':rrin. nr.vat,- hands would )e !naccesi,;, t *hp )wrrs.

. t . *,, mntn ou* by t kh Carbon Co.n". Ianr :g. omo,,
n t ,''.eut ' 0,' o" tnfc la fd ar-a of tn; C itn-y in or , ortan.

Furt'-r r-nilv of priva,- p-operty can hav' a der,,ssin,, r!rfct.
P5Dr:,-7v t tre Aqasnicola area where re-ictinitr lands wi: not

ho narti.-,,-rly suited to residential or commerrnial ,1velopmen,.

PRla.,,- a'nowlw-',- Thi e l-eter, Btating wt'e,-!,sr or no' th. SAv ta;f
w;i . n r nr'- r.tt ,  

?-.' ,;vla',d faros in trti- f>. Leve'l i rii ,rt.

I" ; , e ,r. :,ellr o! top 'a i:: e, , ,r , ' r, he a. e
"v;v- ,), mai .* o* f,, i ov Lr p blict "or on emc: ,onal v' i oave -er
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tc, deai with facts in an oh,-,Pctivp manner, our messape has not been given
serious consideration.

Copeps of this letter -will be released to concerned State and
?orlleirislators and local newspapers.

Verv truly voiir -,

Aquashicola Valipv Art~on Comm~ittee I.AVAC"

Da v d Lo r -na; H
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PP&L
TWO NORTH NINTH STREET, ALLENTOWN, PA. 18101 PHONE: (215) 821-5151

December 17, 1979

Mr. James G. Ton

Colonel, Corps of Engineers
Philadelphia District

Custom House-2D & Chestnut St.

Philadelphia, PA 19106

LEHIGH RIVER BASIN

HYDROELECTRIC POWER STUDY

CCN 775225

Dear Mr. Ton:

We appreciate receiving your November 27, 1979 letter and being informed

of the Corps' Lehigh River Basin Hydroelectric Power Study. PP&L welcomes
the opportunity to participate in the proposed study and would be pleased
to provide helpful information for its successful completion.

If the need arises, I can be contacted at (215) 821-5641.

Verv truly yours,

W. N. Strobel
Principal Civil Etgineer

W'NS/ PIG/ R,JT: po

Pt -N',Yl 'ANIA POWER & C,14T COMPANY
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A ALUS-CHALMERS
BOX 712 * YORK, PENNSYLVANIA 17405 /717 792-3511

YORK PLANT
HYDRO-TURSINE DIVISION

January 3, 1980

Department of the Army
Philadelphia District
Corps of Engineers
Custom House - 2D & Chestnut Streets
Philadelphia, Pennsylvania 19106

ATTENTION: James G. Ton
Colonel, Corps of Engineers
District Engineer

REFERENCE: NAPEN-R

Dear Sir:

In response to your letter of 27 November 1979, we are very pleased to
be advised you are proceeding with the Lehigh Basin Hydropower Study.
The most current information which we have had available is the Delaware
River Basin "Planning Status Report" published by the Federal Power Com-
mission in 1966. This lists storage reservoirs, exisiting hydro projects
and potential storage and hydroelectric projects on the Lehigh River.

We are currently working with the Lity of Allentown, Pennsylvania, and
the Pennsylvania Hydroelectric Development Corporation who are each
proposing to develop sites. We are enclosing two (2) copies of our
standardized hydroelectric generating unit bulletin which may be useful
to you in "ballparking" the equipment size and type most suitable for the
low head sites. This line of standard units is being expanded into higher
heads for the small sizes and another line of equipment for sites with
heads less that, 20 ft.

We trust that you have on hand the Department of Forest and Water's
inventory as well as the two or three others that are available.
Please do not hesitate to contact us if we can be of assistance.

Sincerely,

/Howard A. Mayo, Jr., P.9. /

Manager, Market Development

HAM/jb
Encl os ,re

uC: 'r. John Tunnell, Department of the Army, Philadelphia District
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CARSON F DIEFENDERFER PAUL H. REIMER, JR

STrawi 1 Past President

T (OM AS P CONLON DANN H HALL

P- dent Elect Dicto 1980

NCENT VISCOMI IVAN M VIEST
,, e President D-iIrector, 1980

'i A L Y KOSTEM EDWARD D. WETEL

I.-leraV i Director. 1980
,stz Erngineering Lahoratory, 13

L .iqh Jnlverst, l ROBERT H HAMMER JR
1',trllehem Pennsylv

i
na 18015 LEHIGH VALLEY SECTION Decto,. 1981

EN AMERICAN SOCIETY OF CIVIL ENGINEERS IYNNE SCHROEDER
Declr' . 1981

YNN ., I3i_ EVLE

January 7, 1980 L),,ec or 198,

Col. James G. Ton, District Engineer
Philadelphia District, Corps of Engineers
Custom House - 2 D & Chestnut Streets
Philadelphia, Pennsylvania 19106

RE: NAPEN-R

Dear Colonel Ton:

Your letter of November 27, 1979 addressed to the Executive Director
of the American Society of Civil Engineers (ASCE) on the Lehigh River Basin
Hydroelectric Power Study was referred to the Board of Directors of the Lehigh
Valley Section, ASCE. The contents of the letter were discussed at the January

7, 1980 meeting of the Board. The Board is extremely interested in the forth-

coming activities, and would like to be kept informed, if possible.

In the very near future section-wide committees dealing with the environ-
mental, and energy areas will be activated. I am sure these committees would

be greatly interested in interacting with this project and providing input,
where possible. Until the identification of the individuals who will be charged
with these technical activities, I would greatly appreciate it if you can
direct future correspondence to me at the above address.

We would like to express our appreciation for the opportunity given to

us to interact on this important project.

Sincerely yours,

Dr. Celal N otm ertr
Lehigh Valley Section, ASCE

CNK-k7

A-71



DEPARTMENT OF AGRICULTURE

" ' SF AHA LOWELL

January I1, 1980

,Clonel James G. Ton
7'1,strict Engineer
enartment of the Army
.Thiladelphia District, Corps

<f Engineers
'-,,tor House--2D & Chestnut Street
* - Iladelphia, PA 19106

c-- (olonel Ton:

Thank you for informing me that the Army Corps of Engineers has

--,tiated the Lehigh River Basin Hydroelectric Power Study to investigate
the potential for developing hydroelectric power. The study, which will

consider both existing and potential dam sites in the entire basis for the

nroduction of electricity, is of interest to the Department.

I have designated Mr. Daniel K. Cook, Director of the Office of
. nning, Research and Economic Development of my staff to represent the

epartment in the Lehigh River Basin Study. Please direct further corre-
socndence concerning the study to Mr. Cook at the address below, or by
Lelephone at 717-787-1788.

Sincerely yours,

PENROSE HALLOWELL
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DEPARTMENT OF THE ARMY

PHILADELPHIA DISTRICT CORPS OF ENGINEERS

CUSTOM HOUSE-2 D & CHESTNUT STREETSC 21 rPHILADELPHIA. PENNSYLVANIA 19106

N .9PLY RgFfR TO

NAPEN-P 4217 DEC 1979
INVITATION TO A PUBLIC MEETING

LEHIGH RIVER BASIN HYDROELECTRIC POWER STUDY

... to be held on 29 January 1980
at 7:30 p.m. in the Auditorium
of Lehighton Area High School
Beaver Run Road, Lehighton, Pennsylvania

I would like to take this opportunity to invite you to a public meetinq
to discuss our study concerning the development of hydroelectric power
in the Lehigh River Basin. This study is being made at the request
of the Cowmittee on Public Works and Transportation of the U.S. House
of Representatives.

At this initial public meeting, we are particularly interested in learning
about prior non-Federal hydropower studies, your views on energy problems,
the basin's hydroelectric generation potential, and the possible problems
its developmert might cause. During the meetinn we will present slides on
previous Corps of Engineers hydroelectric power studies, discuss current
studies by Federal, state and private Interests, and outline the general
framework for Corps of Engineers' planning activities.

Your help is needed to determine the extent of our investigations and to
set the stage for an effective study. You can begin to help us by planning
to attend the public meeting and encouraging others to do the same. A map
of the reeting location is inclosed.

It would be particularly helpful if lengthy presentations were submitteui
in writing to me prior to the meeting and only summarized at the meeting
itself. These documents will be made part of the record, but sumyarizinn
thei at the ,ieeting will allow uoore time for everyone to participate.

I am looking forward to seeino you at the meetino.

Sincerely,

1 Incl JA
Map of meeting location Colonel, Corps of Enqineers

District Engineer
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Janiary 15, 1980

Attention: COL. James G. Ton, Philadelphia District Engineer

Subject: Hyuro-electric power in the Lehigh River Basin

Dear Colonel Ton:

I am writing in reference to the proposed hydroelectric power for the

Lehigh River Basin.

Coincidentally, I rece tly viewed a television special called "Weati.er

Report 1980" and one matter presented was a hydroelectric power project in

Africa. It focused on the plight of the animals in the flooded lands. A

rescue operation was initiated by the S.P.C.A. Many of these animals were

already drowned or starving in the branches of the trees.

The newspaper article I read concerning the project made no mention of

wildlife and what would happen due to the flooding of game lands.

Can you answer my question?

Thank you.

Barbara A. Langel
319 So. River St.
Plains, Penna. 18705
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St;ir r~oute #1 o; 44j

Jan. 1), 1900

Col. Jolmes k,. Ton
Phii~q. Dist. Engineer
,.,rrmy C-orps of En ,,neer, Custom house
Sec.1nd and Chestnut StS.

Pa. 10106

Cci~ne~Ton,

trn wrt t ir to you r ,I,'rprc'e to anr :ar't cre pri oted 1r: our In-

-~,m no; r: *r ni>.'' r'' ~. W icr11m. Iafo irot sure ii

7,11 n r 4ef'ren(ne wiith tiie _,- ;-1 1 -1:tiiav .m nt' r )I tWe

,jwAn, R! wr miA n Qwq! s ;! 0. r3ut., in el-ar ' "P, 1 ous-t

r: and/or - v~sitor-c< Stodi'j'tsvi. le, trpe

~ ;jc~~i n')mA +~f'i j Is W-aore ikoute 1 15 coss-

W~' cLhich River, ~wtnh om2:. ? Irteeri years. ih ~~'n~iver anoj

-- n ;rrnwndmAng i r-,'-s n, .);en ai. *r e t, J c i i, Toit to * !'c 1 )f tn i s

* 't 'hi -. i e, my par'eo to- re nlow perrjaripr-lt r- s idents.

Par , thee n n years, I have ert,ayoi tme 000i h siver w mi t

-- ns' Jo r'-' my awn "private library" . . ianv a s(oiner, Ihv

* )in r on h xurs, s i t t i rV or,' Th, roorzs ri the E--un, readtni , r 7000-

.-i i lhyiT  the i(-'n(-ry )r 'J f17 .or

r'3 to) 9~~:; ArvIotion :'(r the Lehi.:h.

'I)''oe at' oq ,ii c nrcerai to tn'o par)irt 1 lar stu y, 1:s what

Q~z 1'~ 7r t* -Ii ' Iv o t''i flole

' *i',w~i'. - -- t tO' I,- tL It W,- t. 1 -1t. N iv

,I. if w.*.- r; ' I , i; '. e~ t t ip t I '0 i i 1' o' i d".

! I *'e W r ti t , I'I rk: o du . ' n :t. t).'2

I' "q e n n 2 I F, I in V-lem1iP' l nt "V n* 1 1& -1
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P. C 8()X 73EU

&i-%T TPENTCN NEW JEPSFY JE36,11

609 BEJ 1500

i t r ioct 11n 11 e .c

I idl, phia I)istrit, ('.,rp. oi :ngineers
-,t,,m ilouseu 2nd ani (ht-stnut Streets
Ia ;( ni a, PC1ns vvan I a I I Uob

I Jr ,o IonvlI T , )1:

%,vc .our t ti NA .N-P dated Decembr 2,, 197(1 and the invitation to
..:. ic meeting on .JInuarv 29, 1980 reardin< the L.ehih River Bas in

.droeiectric Power Study. As suggested in your invitation, in order to
.. vc time at the public meeting, I am submitting the following comments

r t iat record at this time.

:he )elaware River Basin Commission encourages the development of hydroelectric
pw'r by private and public agencies as a beneficial use of the basin's water
:esources and as an addition to the nation's renewable energy supply. By
\esolution No. 79-24 (copy enclosed) adopted on October 16, 1979, the Com-
:'-ission declared its policy to encourage development of small-scale hydroelectric
liwtr and energy at existing and proposed impoundments in the Delaware Basin.
It alse declared that the development of such power and energy shall be co-
.,rdinated with other water uses and consistent with policies in the Comprehensive

- lan. The Commission is now reviewing its hydroelectric power policy and it is
expected that there will shortly be further policy adopted for guidance of
hvdropower developers.

In addition, Resolution No. 79-24 identified the Commission's fundamental
interest in certain projects in which it has served as a project sponsor, pur-
:based water supply storage in such projects, or indicated a commitment to
p Irti ipate in such projects. In order to achieve maximum multiple benefits

ron the major existing and proposed projects in the Basin, the Comilssion con-
*-1dd2rs it imperative that their operations be coordinated and integrated.

As noted in the draft Level B Plan, the )elaware River basin confronts serious
flow management problems, relating to control of salinity intrusion in the
itlaware estuary, protection of public water supplies, and provision for
important power, inki ,strial and agricultural diversions. Storage available for
flow maintenance, releases must be marshalled from a number of projects in the
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RESOLUTION NO. 79-24

A RESOLUTION relating to small-scale hydroelectric power policy.

V14(REAS., ;ect on 1.3 of the Delaware River Basin Compact recognizes that

the various u ,es of the water resources of the basin - including water supply,

flood c'j'tr. a,tr ;uality enhance-ent and hydroelectric power generation-

are funct ;ra~ nterrelated and interdependent; and

WHEREAS, there dre presently existing or planned a number of dam and

riser cir prcoet,, in the Ua8Sn constructed and operated by agencie- of th.e

';r,1Iy par: es, niludiny the U. S. Army Corps of Engineers, the Soil

Conservation' 1,ervices and the Comnwealth of Pennsylvania Department of

Ernvir(_nmental Rt-,ources, and

WH4EREAS, such projects serve multiple uses recognized and protected by

the Delaware 6,-,n Comprehensfve Plan; and

WHIEREAS, -re Delaware River Basin Commuission has a fundamental interest

in such pe. Is, and for several of the projects has served as a project

spor~or, ;-r 's1stora,-i in such projects or indicated a commitment to

. ;t ,.j- fl "Q;rojects, and

WHE E t',, , rrIer tn i~heve maximum multiple benefits from the major

eXsra. S! dr"' e-,erv,,tr projec~s in the basin, it is Imperative that

'~ ~ ~:na~d nd integrated, and

I~ it t~ onrsontelead responsL it

to pr et r~ d- Ii~ -. atIon and ; teqrdt ion of pro~ect dev.'locprn-nt

,?., r e ,', __icert w ii- the signatory parties, anJ

E~ A" ~'c ex i- ,,rr and propo-,rd dam proj)ert s sponsorcd by

, ** *'t , ~ir.''. ve t I p oten t i a to prov Ide , ydroenI tr i

;...*j' If (I -.i (,v, Ir me (~ a~ ("I r y bene f it to C t Ie r Pr (ij C(



WHEREAS, Articles 9 and 12 of the Compact authorizes the Commission

to sponsor, finance, develop and operate facilities for the purpose of

hydroelectric power generation and transmission, and to market such power;

and

WHEREAS, development of hydroelectric facilities at those dams constructed

and operated by agencies of the signatory parties by other private or public

cntities would further complicate project operations and hinder achievement of

coordinated and integrated project management; and

WHEREAS, development of hydroelectric facilities at such dams by the

Delaware River Basin Commission, in concert with the affected signatory party

agencies, would enhance the coordinated and efficient operation and management

of the major basin projects and maximize the achievement of multiple project

benefits in the public interest; now therefore

BE IT RESOLVED, by the Delaware River Basin Commission:

1. It shall be the policy of the Commission to encourage development of

small-scale hydroelectric power and energy at existing and proposed impound-

ments in the Delaware Basin. The development of such power and energy shall

be coordinated with ether water uses and consistent with policies in the

2. Subject to the availability of funds, the Commission will undertake

teasibility studies of the hydroelectric power potential at the following

proJects:

a. FranLis E. Walter Reservoir (and proposed modification)

b. Beltzville Cam

c. Blue Marsh Dam

d. Prompt n Da (and proposed modification)
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o. Any project owned or operated by an agency or

subdivision of a signatory party when the signatory

party has requested the Commission to undertake a

feasibility study.

Where appropriate, the Commission shall undertake such feasibility

studies in concert with interested agencies of the signatory parties in which

the particular project is located and agencies which own or operate the

parzicuiar project.

3. 1he Executive Director shall file with the Federal Energy Regulatory

Commission documents constituting a proper application for preliminary permits

to study those projects listed in or authorized pursuant to paragraph 2 of this

resolution. The Executive Director is further authorized to apply as necessary

to the Department of Energy for one or more loans under Title IV of the Public

Utilities Regulatory Policies Act of 1978. Such applications shall be filed,

where appropriate, in concert with the interested agencies of the signatory

parties.

4. The Commission will oppose the issuance of preliminary permits or

licenses by the Federal Energy Regulatory Commission to sponsors other than

the Delaware River Basin Commission or aaencies of the ;R:*t,'-..

relating to the projects listed in or authorized pursuant to paragraph 2 of

this resolution, or any project now owned or operated by an agency of a signatory

party, unless otherwise approved by the Delaware River Basin Commission and

included in the Comprehensive Plan. The Executive Director and General Counsel

are authorized and directed to take such action as necessary to communicate

and enforce this policy.
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Resolution No. 79-24 - pagc 4

5. The Executive Director is directed to notify appropriate federal

agencies of the Commission's interest in small-scale hydroelectric power

development in the Delaware Basin and to advise them of the requirements

relating thereto contained in the Delaware River Basin Compact.

s/Dirk C. Hofman
Dirk C. Hofman, Vice Chairman pro tem

S/ W. Brinton Whitafl
W. Brinton Whitall, Secretary

Adopted: October 16, 1979
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,."ITIZENS

NORTHWESTERN LEHIGH

</ Box 13, New Tripoli, PA 18066

January 22, 1980

Colonel James C. Ton, District Engineer
c lo Mr. John Tunnel 1
Corps of Enginers, Dpartment of the Army
C7istom louse, Seond and Chestnut Streets
Philadelphia, PA 19106

Dear Colone] Ton:

Fe: Lehigh River Basin

Hydroelectric Power Study

Please includ, this letter in the record of public comments presented at your
Lehighton, Pennsylvania meeting on the Lehigh River Basin Hydroelectric Study.
It represents the position of the Northwest Lehigh Citizens Coalition only
insofar as the studv relates to the proposed Trexler Dam Project in Lehigh
Countv, Pennsvlvania.

We tentatively endorse a study of the possible development of hydropower in
the lehigh River Basin providing this development is within sound environmental

and ecnomic wuidelines and does not involve the loss of homes and farms or
otherwise disrupt the people of the area. We strongly oppose the construction
of additional dams anywhere in the Delaware River Basin.

The inclusion of the Trexler Project in this study is reprehensible. As you
have b,en advised as early as 1966 by Mr. John H. Spellman, Ncting Regional
Fngineer, Federal Power " "tssion, who wrote:

"Based on the results o, - review, it Is concluded that the
relatively small power potential associated with the Trexler
multiple-purpose reservoir project would not he economically

feasible of development."

Yen ir, fully aware that this project was rejected unconditionally by the
v,,ters ,, VIehigh County by an overwhelming 3 tol majority, and that the State
r,.ngre-;smen of lhigh, the City of Allentown, the County of Lehigh, U. S.

Pepr#.qentative Dnald Ritter and Senators Richard Schweiker and John Heintz

',ave all called for congressional deauthorization of the project. Currently,

in rhis session of Congress, there are pending, in both the House and Senate,
hill; tt" deaithorLze the Trexler Project.
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(Colonel ,James C. Ton -2- January 22, 1980

ho~ng in full knowledge of these facts you are now proposing to use public
rioiey to reactivate this project under the guise of a hydroelectric study. We
c';an only view this as an attempt to contravene the wishes of the voters and
,'ir elected officials and representatives, and is clearly contrary to the

>ui, es of the Congress.

A:ter the general election of 1977 when the project was defeated, the people
Lehigh County were promised by the United States Congress and President

(irter that there would be no further funding for studies or construction of
rexter Dam. If the Corps insists on including this project in its hydroelectric

*udy , we hiave no recourse but to petition the House Committee on Public Works
.rnd Transportation to honor their pledge to the people of Lehigh County and
;.thdraw all current and futtire funding for this study.

:t,,ur pr,,ram is to havc any chance of success, it is essential, therefore,
-uv respect the mandate of the people and delete the Trexler Project from

.7 further consideration.

d ,-r;rcv, we, the people, not you, will decide our own destiny.

Very truly yours,

J. Robert Miller

Water Resources Chairman
R.D. 1, Box 212

Schnecksville, PA 18078

'r,. .-ntatyive Donald Pitter
- r H i-ard ' . Schweiker

nat, r . ohn Heirt z

-. r.-ild I.. Dillon
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Box 49, Star Route

Blakeslee, Pa. 18610

February 7, 1980

Col. James G. Ton
Philadelphia District Engineer
Army Corps of Engineers
Customs House, Second & Chestnut Streets
Philadelphia, Pa. 19106

Dear Col. Ton:

I am a property owner at Stoddartsville, Pa. overlooking the Lehigh
River. I learned that a hearing was to be held in Lehighton on
January 29th concerning the possible use of the Francis E. Walter
Dam for hydroelectric power. Since I was not able to attend the
hearing, I feel compelled to write this letter.

First of all, I, and many others, are in extreme opposition to
raising the F. E. Walter Dam above its present height for numerous
reasons previously outlined to the Delaware River Basin Commission.
I fully realize the complexities of the situation confronting the
DRBC. I have gone on record with them, and wish to do so with you,
that it is far more important to encourage conservation of water
and power downstream than it is to turn one of our few remaining
natural assets into an automatic faucet for others to waste away
with no conception of its value and what is involved at its origin.

As to a possible hydroelectric project on the dam, it would certainly
seem more worthwhile than impounding water for a possible drought,
the likes of which only occurs about once every 500 years (accordiniq
to DRBC statistics). I have lived by and watched the flow of the
Lehigh River past Stoddartsville in all seasons for about 50 years.
My common sense alone tells me that the flow of that river, even w-th
Bear Creek and the Tobyhanna added to it, could not possibly maintain
an ample flow for a project such as I understand is presently uroer
consideration. The hydroelectric installation at Hawley on .ane
Walenpaupack is a perfect example of what would happen on the Walter
Dam. Once again we are faced with a terrible waste of money and the
prospect of looking at a mud hole full of dead trees.

I urge you and all others involved to let the Walter Dam do what it
was constructed to do in the first place -- flood control. It can
still supplement flow on the Delaware River, when nce-ded, at its
present height. Surely the preservation of the God-g ven falls of
the Lehigh River and the gorge below at Stoddartsvill, is icst a,
important to future generations as what is presently contemeiate,.
on the Walter Dam. Man can not continue to wipe out in a short tnTe
what God has taken millions of years to provide--especially where a
compromise is possible--and I truly believe in this situation th,,rc
is a compromise that should receive reasonable and very serious con-
sideration.
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Col. James G. Ton Fcbruary 7, 1980
Philadelphia District Engineer - 2 -
Army Corps of Engineers

There is only one earth, our earth; there is only one race, the
human race; there is only one future, our common future based
on harmony among ourselves and with nature.

Respectfully submitted,

Miriam E. Eyre
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SYNERGIC RESOURCES CORPORACIG.\-

ry7, li6k

Cooe .amos 'e. ititP i

Dear t of Arm,.r:

P- I del: !I ia Di ;t I i.t Cori .e )t !:I ';IxI 2,

Cutm Flouse , t~o & Chk,; t nut Q t r, .(t

Phlde1ihia , PA.1'4U

DcrColonekl Ton:

Iwas pleased to accep~t your invitation to your puhl ic rtt.:. n
hih Pive-r Basin Hydroelectric Power Study inLehiq n Pa. n.

auar 29, 1980. In the interest of time I did not make a :;)tetrneit.

chs1 tter rep resents; the essential point., that T would have, ral ned at
t s- eting,. Plaeirclude this letter in the. public record.

heLel. igh- River Basin iydrolectric Power [study by tie U.S. Corps

o nineer's is Loth timely,, and ne(cessary. The hydroelectric_ rc,ources

fths Lads n are ~Xtn 11;.v, inc ludinq both existing dams az..i I. t--ntial
1 1,t 1, -WhI ot al qt nerat ion of all the Ipotieriti : :~rojrects

it *, b~s in would not re l lice tht ti> ot ecictrnc qoenirat ion usino;

ottrtec!hnel cI iss , iiydroi --an makt i s;i,;riif icant coritrihut i- t. r the

refu r'rnt r( I~ r on . :h(t 'iI1 those s 1e0 (ts F;;h
A (.r ak.'n, !i0,- vr, II.I,',r. 1-IviianmntalI, aned L( 1 1 at

i iv-r .,I cA*. pwi 1 ",- Len(-rrite ., *I(velOpm(rnt. ! Y rt;i. Ori,

rec, su d. y i s I (ulil tevluatt tiie hydroel-ctric: ;r c . a

'- t'bas i .,; it", In the. cont ext of their current ana 1,,.

ia ve us,-.

rt t -: i r x I i rc7, ina , i(Iener t I. tea :4 - , ai :
r c-, I irt i "a ar i t. 1-i h i v r il Ie i I v ilir I iii the

an-n eo, it tPr, ul lie 1o t nt in 1,(1:1 It........, er in -

dicton of tieirt.ercet i-< .xi r-ssi(d in the niumbir- of Iul 'Ii- d.( ri-
Va Ioncorf I Ot~ie f lo Pdre'i-,tric jx. 'r~ ot ,ti, at vani-

cket,, tml irrr.,' ijr it ": ! OrIr~ i'* r ic it, it' I
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THE PHILADELPHIA URBAN COALITION
MAINSTREAM ENTERPRISES

Business )c' clhi)t C enter
31 S Walnut Street -Suite 300 - Philadelphia, Pennsylvania ,i

(215) 732-9222

\ i'.: R %i-KI 1 111 February ii, 1980

Mr. John Tunnell

Department of The Army
?hila. District, Corps of Engineers
Custom House - 2nd and Chestnut Streets
Philadelphia, PA 191D6

Dear Mr. Tunnell:

I am writing as a business consultant to minority businessrr.en under a
contract with the U.S. Department of Commerce, Minority Business: Develop-
ment Authority. In this function, I have become involved with private
developers and municipalities seeking to develop small scale hydroelectric

power at existing dams.

I am pleased to hear that the U.S. Army Corps of Engineers will per-
form additional studies of the Lehigh River Basin aimed at maximrLzing hydro-
power development. I am well aware that few people understand the extra
long-term benefits which can accrue from careful planning and coordination
of storage and flows. To this end, the Corps held a public mrnet-n: in
LehiFhton on January 29, 1980 which aimed at explaining your program and
eliciting constructive input.

The price of oil and competitive fuels, rising as they art, enhances
the long-term economics and overall feasibility of hydropower pruects. As
you are aware, there is a critical short-term problem as well. Prab oil
supplies could be cut at any time creating an immediate threat to our vital
national interests and security. The Army Corps of Engineers -oust not
ignore this important point of national interest. Any new study of the
Lehigh River Basin should seek to encourage, or at least not hi-- r, rapid
development wherever possible. This is particularly true in the case of
run of the river projects at existing dams where there is th-, jotf.tLal to
derive short term benefits at a reduced cost to long-term consiu :ratons.
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Tam irnereste: :.i re -;panse and Wi. 'a- :ra
cdParties >qr' coorainaT ion c:, shr. rnd I>r:'

R. Wickx Haveri
Mgr. Business PlarmninL' dri:o
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COMMONWEALTH OF PENNSYLVANIA

PENNSYLVANIA FISH4 COMMISSION
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DELAWARE RIVER OA3IN LOMMISSICIN

P. 0. BEox 7-36(0

WEST TRENTON. NEW JERSLY OUE328

-" / iO9 1383 9OO

"-. "7 HEADO,jAPT r, 0,'AT'"'

,ANLE 2} 9 1AN LAr

1 CUP [C70P WEST i' '.'fN N

NOTICE OF INTENT

LEHIGH SCENIC RIVER SYSTEM

Environmental Assessment - Neqative Declaration

T. , e .... . r.' g . r Rcsin Cc-mr ,'. . . '- -'.
r 

..... ,.,,,..'...-, i

assessment based on an environmental report prepared by the Ptennsylvania
Department o' Environmental Resources (PaDER) in relation to a pro ,onaI
by PaDER to adopt certain portions of the Lehigh River and its tributaries

into the Commission's Comprehensive Plan as ccmponents of Pennsylvania',,
Scenic River System.

The analysis indicates that the proposed action will be beneficial

to the quality of the human environment in the area involved. Thetre
would be few, essentially unavoidable, adverse impacts which would bv
limited in area and scope. The environmental assessment concludes that
an environmental impact statement is not required.

Notice is hereby given that the Executive Di e.tr ite' d,

a negative declaration, i.e., a finding of no s'c:nifi at , . : '
based upon the environmental assessment, in accordan(. -.rtr -

4.5 of the Commission's Rules of Practice and Pioc~iture. - i,

Object inn to the issuance of a negative dec ,irt i '

by any interested pers.on or agency in a written s.it, . ' ' .
why an enviro, ritel impact statieont should he pr-e!,.irt -
such writ ten statement must be subni t ted to tro Ex(

the Comri, ssion n,- lotur than ,:OO p.m., Augus.t 31, i t .

Copies of t r' 'nviro(nientil a s',m nt, a ted e *,
avii lable fr of noi Co r:6i ,,>ion u ,)Vr r-e usi . A c-,,' ,t ; " [
Rc,ort is av i , it i, for cxmiination in ti,. Cui ,riii.,nio,', ,  I, 1,

T ')',c .,t' , ted in r c i vin ' a copy of th, C-I,,n i , - 1
asseSsmerlt f )T t i',. ro:, sed acti,)n ,hould adviS, Mr. J. -. Iih.:

Head, [nsirer. ta Unit. (609) 833-9500.

/ ( / iCC

,' ". !99
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r erald '. liansler
x, cutive 1Irector

Id'rc ,iver B~asin friniiisslon
P. . ,;x 7360)

rentor. rw .)ersy 08628

tu.iAr .r. Iarsler:

This is in, re'snonse tc your 9 August 1979 Notice of Intent for the
Lehirsh Scenic :,iver System.

S,,ay 1"77, the crrittee on Public Works and Transportation of
S. House of fepresentatives adopted a resolution directing the

.orps of Fnnineers to conduct a feasibility study of the Lehigh River
Masin for the development of hydroelectric power. jue to the high
riority Qiven to enerqy development within the Federal government,
4t is anticipated that the study will be initiated in the near future.

-1, c rhinh 'iver Sasir my have a significant hydroelectric power

otp'rical when low head, conventional, and pumped storaqe systems
.r , cr-,si dersd. ,s the result of the prohibition imposed on impound-
Kefts and the restrictions on other encroachments by the scenic river
'esijration, we are concerned with the impact of the proposed designa-
ioi -.r the effective conduct of our study.

-',P' + /(;,i for tie o-portunity to comnnent on this notice. It would
aprec-ated if you would incorporate this letter as a matter of

record

Sincerely.

JAMES G. TON
Colonel, Corps of Engineers
District Engineer

A-100



APH.2 f~FEB NO8

r~ Jt'es qtPSC

*e " .'apson

<Lconcerns the Lm+-i-;h Rtiver ,asin :yroroelectric S'er tudy which wats
>.tit'ztn by this office In November No~.Ckr st,.Wy wis authocrIze,4 on
I'1oy 1'17 t-y the il.X. House of Representatives Loffn~itte on Public 4.orks

-nc Tr.,nsrortatior.

,, uriosm rf thc? study is tc Investl-jate the potenti.,1l for .evelopinni
y,ruelectric )ewer In the entire Lehilh 3asin. 'de int~nd to

fnvest;t.ate the feasibility of hyd4ropower additions at all existinq
.a'.s c-n the Le-i.qh River and Its tributaries. The major tributaris
-4 this river re -1 ucon c reek, 'lwoocy Creek, Littic Lahlii Creek,
.frrio Lree i4oken-auqua rreek. Aquashicola Lrtmi, IUzr~i CreeL.
i~rdirpcor Crt.*l,, ', hnlnrj Creek. 14osqeownir-. Creek l~ack Creek, ud

,n ear .-reek rrbyhanne Creek. an-1 Tun~hannock 1'reek. Uastd or.
the inclosed inventory of dams prepared by the Pennsylvania L-epartP-:nr
4~ viR-~tj esouircos this will Include approxim,!ately 140 e.-Ist
;n '1s 1rAstr~jctIof of new sinfilo purpose hydropower la:.3s ani
'ulti >irO )rojects Includi"~ hydropower as a m~ajor conip~mnt w;ii
iso Iivo-stiiated In our study.

- ir *~r~ t1- recent Issuance oF' . prel1 idnary parmi t on V'.L
:.istof x,.; to '% private. developer, this recent applications for ,Y'r
11-Anery F-rnt y~ several perti,--% on our 3eltzvlils and F.E. ',jit~r

-uns. ac~u' prellIt-try '-ydropower additirm Inv~tinations on stvtr' -
c.ther -trims in th.- LOeh M oasin w.hich may lead to prel inary peornit
.ipplications. Thr sto'y will oe a cornprehunsive investi.'ation9':
'Nytropokwer rosfIurces of tbe Lehinh .-asin. It Is intancled to rs.i iIr
v-re noti -al utilization of thiese resources than slr,..lcI site fn.Si Alty

~i~ic~. In orrder to avoid developatent on a site-by sitt; -asis a'i y
!-c.t t rN mPatibic with a coriprehensive h.asin plan, w.- re'-,'i-st rh.-t -r.:

ilAiry pemlt ane licoee applications few sites P'. t".e Lehl'h sli be

A-101l



*rt Iq tr; this thiffl 7* fupr review hIn .dsI t I rl in view -)f..
. ; IrIII sould ,a I nforia that thoy ;%y uts.hor take i Ir,, I -It, L.s 1.. c

t,.Plr i*wn rHO

~.forwe'rd tt~Ii r:oop-ra~tlIor *d t.l v*j r Ot fh tm
r* I.tIl hiYOU ihVc .tly ',4UCt 10fl COFILarnl o. Oa-0 I M ikh lptidy

'.r'k' ctr Jnhn lunne~l. ,' -dcf of t, .. nsin Pletnnir,e SI~.,st (Ar

Di. J. S,4ERIDA'o
Chief. Ptatonlnjlrnin*erlpcnq slu

102



4 4MAR '1980

.r. Obra S. &ernoqilc, III
. ' tonal -euptre-sentar t"

-e-artrtr of ',n, r-y
I 1 herry Strnt

Piladelphia, P.1 I 132

:oar r. IVernodle;

',1's concerns ia~ Lt1'A- ivfr aasir,. hy,:rocetectric Pome~r Sturly %idt.as
i1! iltd Ly t4 ISOfflCC. i.- live--rr V-1'7. Our stujy was authorlze&: on
V) 19 ' '7 by t,-, iUS. House of R.presenttivos Comilt tee on Public Works

7 -purpose of thc* study Is to investi ;ate the pot,*ntlai1 for ~eresr
.yttiroelectrlc lxwior Irn tfw entire Lehicd' Resin. Je Intenzi to Investtqate
th-' feasibility of Iydrc4pcr additions at all axIstin-, -ions on the
L'.heh -'lver and Its tribujtaries. Construction of new simule purpose
nydropmmr dams and r'ru1tl-purpo..e projects lnchtidin., hyjropioer is
f-.a]-r coponent will also be 1nvest-.*tP.! In ou~r study.

'!" are aviarn of various recenrt ajpiicatlons for ~)or~~tof Lner,,y
iqrneiectric feasibicy sttudy loans to Invest-jatt the hy..-roek*r_--rir
ow-r potentt.1l of various site%. Th., purpose of Ct-rs lettt-r 1b tc

express ovr zon~cern th,-, ary other t',reie.S carrle, ot i- thc La',; 1i 51n
-,Jth the asssitiNc-e of 'Fe'er~l ffun.i couli raisult In a iupllcatloo t.~f
effort. I hope tha~t this can he evol led throu,'.h closr- c opor a! i W
ot.Ieen our offices.

Thould you have anty qjostions please dc, not hesita~te to contact .;s.

Sinc-rely,.

Chicr, ~ ~ u Br.., IFR

A-i (TJ



,*'OOA - 'd.I

s ' ',n*,t t reet.
' Ilpri i Pernsyl, -ria 1,'06

- r -r eridan,

tk your iettr -r of Mar( h '1, 19S0 (oncernin,i the L eniqh 'v r
-ir, 'yeroe'ectric Power Study, we are pleased to hear that the Study has

te ' f1ni fIitod.

7. a ' or for ern ngino this to nur i ttenti on due to its rel eva y -o our
i..i' Scale Hyre Proqram. We, too, are concerned with the possiLo dupli-

r;' n of e-fort; however, rinse cooperation between our offices should
:7Vio such duplication and contribute to the depth of your Study.

)-iy of your letter has beer, forwarded to our Washington office to apprise
"- of i.r Study and your awareness of the need to coordinate our" ;tual
terests. They -av make additional comments in regard to any simi ir Study
--as and ;rocedures adopted in sucn instan:es.

S .. ira is toe Prooram !-anaaer for Smali Scale Hydropower. ,e uDrqrl .97
.re (215) 97-3607.

Sincerely,

, ./

{ ()~aS. t r,.dle, IIV
{pRegiona, .epresentativu

S" awe : Sri,i n

, I n,
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Mx.--~~ Hobson
ve ioral Enqineer
Federal inerqy Regulatory Commission
26 Fek!, ral ?laa, Roor 2227
New York, ,iew York 10007

)war ?1r. Hebson:

I am writinq concerning our Lehigh River Basin Hydroelectric Power Study. As
has already been ciscussed by telephone with Mr. Anton Sidoti of your office,
we are currently preparing a Stage 1 Reconnaissance Report on the Lehiqh
Basin and need your agency's input On existing power development and projected
future requirements.

!:!e request that you prepare a brief report similar to the inclosed "Power
' evelopment in the Study Area" section of the Raystown Hydropower Plan of
St _ w ich was prepared by the ederal Power Coaission for Baltimore
District, Corps of Fnqineers. The power market area for the Lehigh Study
will be the Saine as for the Raystown project: the mid-Atlantic Area
Reliabillty Council (MAAC). The report should include informatio on past
%nd future requirements of publicly owned electric utilities in the vicinity
of the Lehigh River Basin (similar to Tables 11 and 12 in the aysto Plan
of Study). We would also appreciate receiving a copy of any update which
may be marle of the c.pacity and energy values currently being used in the
National Hydropower Study.

It is requested that your report be submitted to this office by 30 April.
Should this achedule present any problems or should you have any questions
concernin4 the Lehigh Ctudy or our request, please contact Mr. John Tunnell,
Chief, Basin Planning Section, at (Area Code 215) 597-4714.

Sincerely,

D. J. 510.*RIDAN
Chief, Plannina/Enqineerina Diision
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DEPARTMENT OF THE ARMY
PHILADELPHIA DISTRICT CORPS O ENGINEERS

CUSTOM HOUSE -2 0 A CHESTNUT STREETS

PHILADELPHIA, PENNSYLVANIA 19106

N *P. ' All. TO

NAPEN-P

Mr. Michael Kaiser, Director

Lehigh-Northampton Joint
Planning Commission

ABE Airport
Lehigh Valley, PA 18103

Dear Mr. Kaiser:

This letter is In reference to the recent hydropower feasibility study loan

applications submitted to the Department of Energy by the City of Bethlehem,
the Pennsylvania Hydroelectric Development Corporation and the Chain Dam
Hydroelectric Corporation concerning three dams In the Lehigh River Basin.
These dams are the Penn Forest, Easton, and Chain Dams, respectively.

As a result of a 30 may 1980 coordination meeting between the Department
of Energy, the study applicants, and the Corps of Engineers, we have no
objection to the studying of these projects by the applicants. This
position is based on an agreement with the applicants at the May meeting
that there will be an open exchange of technical information by the various
parties in order to avoid duplication of effort with our comprehensive
Lehigh River Basin Hydroelectric Power Study.

I hope this Information Is satisfactory for your needs. Should you desire
any additional information please do not hesitate to contact us.

Sincerely,

JAHES G. TON
Colonel, Corps of Engineers
District Engineer

A- It 7
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UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
112 West Foster Avenue
State College, PA 16801

April 16, iB

<olone! James . Ton
Distr'ct En7ineer
7'h I lacelphl :isrrict, Corps of Engineers

i stom House, 2nd and Chestnut Streets
Philadelphia, !A 19106

Re: 'ehigh River Basin Hydropower Study

Dear 'olonel Ton:

-c clanning aid letter about fish and wildlife resources in the study
area has been prepared pursuant to the Fish and Wildlife Coordination
Act (48 Stat. 401, as amended; 16 U.S.C. 661 et seq.). This report is
of a reconnaissance nature and does not constitute the report of the
Secre!tary of the Interior on the project within the meaning of Section
2(b) of the Aut. It contains information that was available in this
s fice as well as information that we obtained from the Pennsylvania
Fish and Came Commissions and Department of Environmental Resources. No
special field work for this report was done by the Service or by these
cooperetin7 agencies.

1-t 6 square miie study area has considerable to ographical variation.
arrow, steep-sided valleys dissect the heavily 2 ted Pocono Mountain
Psateau in the northern section. In the cent- on, valleys are
more nroad and separated by narrow, parallel -,es. terrain in the
southern third of the basin, south of the Blue :ountain ridge, is gently
:ofing. Elevations in the study area range from about 150' MSL at the
nouth of the Lehigh River to about 2300' MSL in the Lackawanna State
Fore - -.

1;1 b --s~ns ecologically diverse. It contains numerous habitats,
Isuils:g forest (oak/hickory, maple/birch/beech, oak/pine, aspen/birch)
• t.at covers much of I.ts northern half; pasture and cropland; abandoned
* iei! in various stages of reversion to forest; swamps and marshes;
lake,; i.. s treams; ;nd urban areas.



Wetlands are especially irnport~int to wide variety of fish and wildlife.
They are extensive in the Lehigh River basin, especiaiy in the Pocono
Plateau section. We have listed basin wetlands (Table 1) that were
included in a 1975- :;,tate-wide inventory by the U.S2. 7orest Service.
U)nfortunately, the invenitory covered only wetlands o' 4C acres Or More.
Consequentil, Talble I. does riot include all wetlands that may have exis3ted
in the stuuoy airea diuri.ng 3

Autcna"' dull irclUc t 1' 61JOC 'u
o: e~evolr'1,ai 1a1 per, J '_a_- ind! hue~ un- rc m*e

usnalle urein; (2 W r quai 'vt c.exlin ts cry
iegrad'ed. Thie P'e.nnsyva~~ :)2 irtmen o:'ri nvro rime n sal Res-ource.; (L'>

aurvvedwater _iii .ty and r)enthlc Tncoinvertelbrates in the Lehigh vr
and 0o tribultdr~es: uuring l',J7 (Table 3 and 4 ). Conclusions from the
PE stukiy --re as foliows

-. The upper reaches o' the Lehigh River, were in excellent
t-iolagical cond~ition.
ruin Black Creek to Aq uashicol a Creek,, the Lehigh expressed,_

reducedi p.roductlvity because of the infl7-ux of mine drainage
and ,natural f-terility -of the watershed_. Tre_g", concentrations of zinc entered the rtver fromn New Jre
Iinc Cnayvia Aquashicola Creek.
Ephemeroprterans were absent in the Lehigh FRiver from the
corcrluence of Aquashicola Creek to the mouth atl Easton.

5. Alkalini-ieS were increased from Allentown to Easton as the
result of limestone tributaries, namely Jordan Creek, Monocacy
~reek, ,itl Lehigh Creek, and Saucon Creek.
-enthic fauna were depressed from Allentown to the confluence
with the Delaware River. This depression was the result of
industllal and municipal waste.
T'he important waste discharges which degraded the lower Lehigh
:River were Allenitown LTBethlehem STP, Bethlehem Steel
Co_-roi-,j ion, Now Jersey Zinc Company mine on the Saucon Creek

watrshcand crmdrains.
The lowei 7 m -iles of the Lehigh River were heavily degraded.

.r;utrystreams which were unaffected by serious pollution
wer-e Tuni hainnock Creek, Tobyhanna Creek, Bear Creek, Sand

P- iigRn, Mild Run, Mauch Chunk Creek, Mahoning Creek, and
pohopaco Creek.
r uicwha aid Lizard Creeks were the first tributaries to show
:nc.reas;ed Alkalinities (25-4+0 mg/l).

~ AqjashculaCreek was severely degraded b)y heavyv metals from
the New .Jersey Z-inc Company plant at Palmerton.

_aicon C-reeK was severely degraded by the New JTersey Z-inc
r'onianv's Priedensvilie mine discharge, Bethlehem Steel Corpora-

~ad C~ty of Bethlehem STP.
tle Lehigh Creek, while showing signrs of organic enrichment,
Win g(od biological cond it ion.

Lehigh River, while naturally infertile, supported a sensitive
Lu-nthic c:ommun 1 L y. Pr om the confluence with Aquashicola
(gre to thte mouth at Easton, it was degradled by industrial
dllu municipal wastes. This condition becameY- more severe from
Alentown donwstream.



~:osI~c~tli:.stae-w~e s.,,,-.sent (iJ76 Water Qulity :nveiitory),
mtte. ajor persjstelt wate> quality problems in the Lehigh

vr1asin. Inaudequately treated so-wage was the most widespread problem,
ilversely atfectinZ Saucon Creek. (City of Bethlehem), Hockendauqua Creek
(Northampton B3oroug-h), Nesquehoning Creek (Nesquehoning Borouigh),
Black Creek (Treskow Village) and the Lehigh River (Allentown and other
unnamed municipalities). hes.e five streams and Aquashicola Creek were
also adiverse'; astectedl _v lnl, ustrjia waste, acidic drainage f-ron coal
refus7e i-le D

sThe J ir'e,,'. tasin, ii .e the titibltat- t hat s,_iports- It, I's
-v1s _- - ): specles ofaas 220 b)irds'1, 23 reptiles,

_imop, ,s L he: (?slles~ 6, 7, 8 and G, respectively).
Xtile m 1 ri o il,3t occurrenc o-. particular specees in particular

pirts3 o, tiie ;)a!..i exi-s only for I.ishes. Such information results
trort survey-- ca-rid (-at routinely by the Pennsylvania Fish Commission
iir.d is ,rma: e(d 1' able 10.

Er.Jngeec ~ec~s.is deflined. in the -Federal Endangered Species Act
17,are '-hose in Janifer of extinction throughout all or a significant

socrtion of their ran,,e. Numerous species have been declared endangered
*:x e :_.. )partrment of_ Interior, pursuant to the Act. The Lehigh

---aln ; wthi:s the historic ranges of two such species -- bald
ea7* ' 7_re_7ri*ne falcon. Both birds are occasionally seen in the

S , "1 :i- s--tumn, nigrating along ridges such as Blue Mountain.

ltral ' an.pered Isecites Act makes it unlawful to import, export,
harm, tap:':rv, and se-i or shdpi interstate or foreign commerce
an 2lngered specites. lurthernore, Section 7 of the Act directs all

!der' de7rartments to consult with the Department of the Interior
1 isi ins4 W*.ldlIife "ervice) ". .. to insure that actions authorized, funded,

irried out by themg ;, not jeopardize the continued existence -of such
redspeies...or re3sult in the destruction or, modification of

1_ 7m~cc t'e -ecretary ... to be critical." None of the
-u vor ), 'i:.:>; sen forally designated critical habitat for bald
oai r per -,rine s-acon.

:.ycaAxs~immi:sslori has- de termined that the bog turtle i's
red r. he ate, i.e., actively; threatened withi extinction, its

~ su~I su'.K a~ 1:etinsylvania' dependent on special protecrtve measures.
t~e sss~ ~csrin relatively small isolated colonies-. There

lt ee:i rel idle_ reoports of-' s uch colonies at three sites within thp
jsiv nra near i i-.aus and Macusg:ie in Lehigh County and near Cherry-ville
:.crt, am s *s;y None o! tj-he ,tner reptiles, amphibians and fishes

son*~~i t ccrinteLhgh River basin has been declared,

cndangered y The WihCommission.

vss'are Commqissioni is developing ain endangered sipecies program
in i - 'e si>;and mammals. The Commission recognizes as endangered
;;-c.'- s designat ed 1by the federal government (e.g. , bald eagle

anoP pregrifrieo :alcon). tT may include on the state's endangered species
. t s',her species that are threatened in a more local or regional

ijse -lite 1'ish Commissioni has done with the bog, turtle.



,he Lehigh kiver basin offers widespread opportunity for wildlife-related
outdoor recreation. There are more than 113,000 acres of public land
open to hikers, bird-watchers, hunters and fishermen, including about
3100 acres of O tate Forest; 26,700 acres of State Parks; and 77,500 acres
of State Came Lands (Table ii, Figures 1 and 2). Almost 88,000 additional
acres of private land are enrolled in the Came Commission's Cooperative
Farm Came and Safety "one Programs (Table 11 and Figure 3). These lands

are open ,:o .- hunting. Thcr is public access to almost 400 miles
reams ans moru than 2060 auces of lakes fsr which the Fish Commission

--as management respons, tliies (Tile 12). Several of these waters are
niviable by ,small boats and there are public boat-launching ramps at six
Lakes (Beltzvlie ieservoir, Brady's Lake, Francis E. Walters Reservoir,
oui sboro Uike, Mauch Chunk Lake, and Tobyhanna #2) and seven sites on

the :,ehigh River (Canal Park and Kimmets Lock at Allentown, Coplay,
Northampton, ?,ementcn, -,ockdale, Weisport). The Fish Commission's
t<oe'n program insures a supply of game fishes throughout the study

i-rea. in many streams, stocking of trout sustains a sport fishery that
otherwise wold not exist.

We appreciate the opportunity to provide this inventory of the Lehigh
Ki-ver easi .'s fisl, ind wildlife resources. We are prepared to work closely
wIt. your agency rir ing the remainder of the hydropower study.

Sincerely yours,

Charles . l
Field Supervisor
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Table 5. Mammals Known or Likely to Occur in the Lehigh River Basin

Opossum Didelphis marsupialis
Masked shrew Sorex cinereus
Water shrew Sorex palustris
Smoky shrew Sorex fumeus
Rock shrew Sorex dispar
Short-tailed shrew Blarina brevicauda
Least sihrew Cryptotis parva
Hairy-tailed mole Parascalops breweri
Eastern mole Scalopus aquaticus
Star-nosed mole Condylura cristata
Little brown bat Myotis lucifugus
Keen bat Myotis keenii
Leib bat Myotis subulatus
Silver-haired bat Lasionycteris noctivagans
Pvgmy bat Pipistrellus subflavus
Big brown bat Eptesicus fuscus
Red bat Laslurus borealis
Hoary bat Lasiurus cinereus
Eastern cottontail Sylvilagus floridanus
New England cottontail Sylvilagus transitionalis
Snowshoe hare Lepus americanus
Woodchuck Marmota monax
Chipmunk Tamias striatus
Gray squirrel Sciurus carolinensis
Red squirrel Tamiasciurus hudsonicus
Eastern flying squirrel Claucomys volans
Beaver Castor canadensis
Deer mouse Peromyscus maniculatus
White-footed mouse Peromyscus leucopus
Eastern wood rat Neotoma floridana
Red-backed vole Clethrionomys gapperl
Meadow vole Microtus pennsylvanicus
Pine vole Pitymys pinetorum
Muskrat Ondatra zibethicus
Southern bog lemming Synaptomys cooperi
Meadow jumping mouse Zapus hudsonius
Woodland jumping mouse Napaeozapus Insignis
Norway rat Rattus norvegicus
House mouse Mus muaculus
Porcupine EreLhizon dorsatum
Red fox Vulpes vulpes
Gray fox Urocyon cinereoargenteus
Black bear Ursus americanus
Raccoon Procyon lotor
Short-tailed weasel Mustela erminea
Long-tailed weasel Mustela frenata
Mink Mustela vison
Striped skunk Mephitis mephitis
River otter Lutra canadensis
Bobcat Lynx rufus
White-tailed deer Odocoileus virginianus
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Tabl I. Reptiles Known or Likely to Occur in the Lehigh River Basin

Snapping turtle Chelydra serpintina

Bog turtle Clems muhenbergi

Wood turtle Clemmys insculpta

Spotted turtle Clemmys guttata

Stinkpot Stenotherus odoratus

Painted turtle Chr sems icta

Box turtle Terrapene carolina

Five-lined skink Eumeces fasciatus

Water snak. Natrix sipedon

Garter snake Thamnophis sirtalis

Ribbon snake Thamnophis sauritus

Smooth earth snake Virginia valeriae

Red-bellied snake Storeria occipitomaculata

Brown snake Storeria dekayi

Hognose snake Heterodon platyrhinos

Worm snake Carphophis amoenus

Ringneck snake Diadophis punctatus

Smooth green snake Opheodrys vernalis

Black racer Coluber constrictor

Black rat snake Elaphe obsoleta

MIk snake Lampropeltis triangulum

Copperhead Agki.strodon contortrix

Timber rattlesnake Crotalus horridus



Table 8. Amphibians Known or Likely to Occur in the Lehigh River ;asin

Red-spotted newt Notophthalmus virideseens

Jefferson salamander Ambytoma jeffersonianum

Spotted salamander Ambystoma maculatum

Marbled salamander Ambystoma opacum
Mountain dusky salamander Desmognathus ochrophaeus
Northern dusky salamander Desmognathus fuscus

Spring salamander Gyrinophilus porphyriticus

Red salamander Pseudotriton ruber

Slimy salamander Plethodon glutinosus

Red-backed salamander Plethodon cinereus

Four-toed salamander Hemidactylium scutatum

Two-lined salamander Eurycea bislineata

Long-tailed salamander Eurycea longicauda

Eastern spadefooc toad Scaphiopus holbrooki

American toad Bufo americanus

Fowler's toad Bufo woodhousei

Spring peeper Hyla crucifer

Gray treefrog Hyla versicolor

Upland chorus frog Pseudacris triseriata

Cricket frog Acris crepitans

Green frog Rana clamitans

Bullfrog Rana catesbeiana

Pickerel frog Rana palustris
Wood frog Rana sylvatica



Table 3.Fishes known to occur in the Lehigh River Basin

1. American eel Angulla rostrada
2. Rainbow trout Salmo gairdneri

Brown trout Salmo trutta
14. Brook trout Salvelinus fontinalis

5.Chain pickerel Esox niger
6. Reci in ~i~viEsox dmericanus
7;. T._i muskellunge (hybrid) Esox lucius x Eso ax qiog
P. Goldfish Carassius auratus

C. Carp Cyprinus carpio
10. Cutuips minnow Exoglossum maxillingua
11. River chub Nocomis micropogon
12. Golden shiner Notegonus crysoleucas

3.Comely shiner Notropis amoenu3
S" atinf1in shiner Notropis analostanus
Conmon shiner Notropis cornutus

16. Spottail shiner Notropis hudsonius
17. Swallowtail shiner Notropis procne
18. Rosvflace shiner Notropis rubellus
19. Spotfin shiner Notropis spilopterus
20. Bluntnose minnow Pimephales notatus
21. Blacknose dace Rhinchthys atratuylus
22. Longnose dace Rhinichthys cataractae
23. Creek chub Semotilus atromaculatus
24. Failfish Semotilus corporalis
25. Pearl dace Semot ilus margarita
26. White sucker Catostomus conimer'soni
27. Creek chubsucker Erimyzon oblongus
28. Yellow bullhead Ictalurus natalis
29. Brown bullhead Ictalurus nebulosus
iO. Chann~el catfish Ictalurus punctatus

l.Mar7c-med radtom Noturus irnsignis
inried! ki-Ilifish Fundulus diaphanus
-i ozir-sDine stickleback Apeltes quadracus

* jDoc. bass Axnbloplites rupestris
D.Bluespotted sunfish Enneacanthus gloriosus

HE. Redbreast sunfish Lepomis auritus
37. Green sunfish Lepomis cyanellus
38. Pumpkinseed Lepomis gibbosus
3'). Bluegill Lepomis macrochirus
i4 3. S'mallmouth. bass Micropterus dolomieui
4i. Largemouth bass Micropterus salmoides
4+2. White crappie Pomoxis annularis

4 Black crajPie Pooi ni2omculatus
44. Tessellatedi darter Etheostoma olmstedi
'45. Yellow perch Perca flavescens
,+6. '.hield darter Percina peltata
17. Waieye Stizostedion vitreun
48. LlJimy sculpin Cottus cognatus
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Table LI. Lands Open to Public Hunting in the Lehigh River Basin

STATE GAME LANDS

County, Identification Number Acreage

Carbon 40 5,743
141 17,048

P. ell 217 3,969
"!Monro, 129 3,518

I.ackawanna 135 3,039
"/Luzerne 91 9,035 approx.

1Aehigh 205 1,303
Lu ot, rnt. 149 1,334
" 19 3,974 approx.

Mon ro,. 127 25,079
38 789 approx.

Northampton 168 2,635 approx.

STATE FORESTS

County Name Acreage

Carbon -- 097
Lackawanna Thornhurst 6,052
Monroe Delaware-LehIgh 2,054

STATE PARKS

(ountv Name Acreage

Carbon Bteltzville* 2,972 (including 947-acre lake)*
" Hickory Run 15,500 ( " 17 acres of lakes)

Monroe Gouldsboro 2,800 ( " 250-acre lake)
Tobyhanna 5,439 ( 170-acre lake)

COOPERATIVE FARM GAME PROJECTS

County Identification Number Acreage

Berks/Lehigh 53 3,775
Carbon/Monroe 179 13,337
Lehigh 127 724 approx.

9 3,905 approx.
93 4,095

Northampton 44 1,713 approx.
" 64 4,219

54 11,379 approx.



SAFETY ZONE PROJECTS

Coun y Acreage (approximate)

Berks 254
Carbon 29,145
Lackawanna 762
Lehigh 2,764
Luzerne 4,154
Monroe 1,565
Northampton 4,176
Schuvlkill 1,882

*An additional 422 acres at the Beltzville Reservoir Project is leased

to the Pennsylvania Game Comission for wildlife management.
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APPENDIX C

GLOSSARY

Abbreviations

alternating current ac gravitational constant g

barrel (42 gallons) bbl head in feet H

benefit to cost ratio B/C horsepower hp

cents C kilovolt kV

cubic feet ft 3  kilowatt kW

cubic feet per second cfs kilowatt-hours kWh

cubic yard cy yd megawatt MW

direct current dc megawatt-hours MWh

dollars $ percent %

efficiency in percent E pound lb

feet ft pounds per square inch psi

flow in cfs Q square yards sq yd

gigawatt GW

Defini tions

ALTERNATING CURRENT (ac) - an electric current that reverses its direction

of flow periodically as contrasted to direct current.

AVERAGE LOAD - the hypothetical constant load over a specified time period

that would produce the same energy as the actual load would produce for

the same period.

BENEFIT-COST RATIO (B/C) - the ratio of the. present value of the benefit

stream to the present value of the project cost stream computed for

comparable price level assumptions.
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BENEFITS (ECONOMIC) - the increase in economic value produced by the hydro-

power project, typically represented as a time stream of value produced by

Lihe generation of hydroelectric power. In small hydro projects this is

often limited for analysis purposes to the stream of costs that would be

representative of the least costly alternative source of equivalent power.

CAiACiTX - the maximum power output or load for which a turbine-generator,

station, or system is rated.

CAPACITY VALUE - that part of the market value of electric power which is

assigned to dependable capacity.

APITAL RECOVERY FACTOR - a mathematics of finance value used to convert a

>,mp sum amount to an equivalent uniform annual stream of values.

CONVENTIONAL HYDRO PLANT - a plant using only water naturally occurring at a

site to produce power, as contrasted to a pumped storage plant.

,OSTS (ECONOMIC) - the stream of value required to produce the hydroelectric

power. In small hydro projects this is often limited to the management

and construction cost required to develop the power plant, and the

administration, operations, maintenance and replacement costs required to

c-ontinue the power plant in service.

COST OF SERVICE - cost of producing electric energy at the point of

iwnership transfer.

CRITICAL STREAMFLOW - the amount of streamflow available for hydroelectric

power generation during the most adverse streamflow period.
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CRITICAL DRAWDOWN PERIOD - the time period between maximum pool drawdown and

the previous occurrence of full pool.

DEMAND - see LOAD

DEPENDABLE CAPACITY - the load carrying ability of a hydropower plant under

adverse hydrological conditions for the time interval and period specified

of a particular system load.

DIRECT CURRENT (dc) - electricity that flows continuously in one direction

as contrasted with alternating current.

ENERGY - the capacity for performing work. The electrical energy term

generally used is kilowatt-hours and represents power (kilowatts)

operating for some time period (hours).

ENERGY VALUE - that part of the market value of electric power which is

assigned to energy generated.

ELECTRIC RATE SCHEDULE - a statement of the terms and conditions governing

the sale of electric service to a particular class of customers.

FEASIBILITY STUDY - an investigation performed to formulate a hydropower

project and definitely assess its desirability for implementation.

FEDERAL ENERGY REGULATORY COMMISSION (FERC) - an ageny in the Department of

Energy which licenses non-Federal hydropower projects and regulates

interstate transfer of electric energy. Formerly the Federal Power

Commission (FPC).
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FIRM ENERGY - the energy generation ability of a hydropower plant under

adverse hydrologic conditions for the time interval and period specified

of a particular system load.

FORCE OUTAGE - the shutting down of a generating unit for emergency reasons.

FORCED OUTAGE RATE - the percent of scheduled generating time a unit is

unable to generate because of forced outages due to mechanical, electrical

or other failure.

FOSSIL FUELS - refers to coal, oil, and natural gas.

GENERATOR - a machine which converts mechanical energy into electric energy.

GIGAWATT (GW) - one million kilowatts.

HEAD, GROSS (H) - the difference in elevation between the headwater surface

above and the tailwater surface below a hydroelectric power plant, under

pecified conditions.

VnROELECTRIC PLANT or HYDROPOWER PLANT - an electric power plant in which

the turbine/generators are driven by falling water.

INSTALLED CAPACITY - the total of the capacities shown on the nameplates of

the generating units in a hydropower plant.

INTERCONNECTION - a transmission line joining two or more power systes

through which power produced by one can be used by the other.

KILOVOLT (kV) - one thousand volts.

KILOWATT (kW) - one thousand watts.
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KILOWATT-HOUR (kWh) - the amount of electrical energy involved with a

one-kilowatt demand over a period of one hour. It is equivalent to 3,413

BTU of heat energy.

LOAD - the amount of power needed to be delivered at a given point on an

electric system.

LOAD CURVE - a curve showing power (kilowatts) supplied, plotted against

time of occurence, and illustrating the varying magnitude of the load

during the period covered.

LOAD FACTOR - the ratio of the average load during a designated period to

the peak or maximum load occurring in that period.

LOW HEAD HYDROPOWER - hydropower that operates with a head of 20 meters (66

feet) or less.

(AT) MARKET VALUE - the value of power at the load center as measured by the

cost of producing and delivering equivalent alternative power to the market.

MEGAWATT (MW) - one thousand kilowatts.

MEGAWATT-HOURS (MWh) - one thousand kilowatt-hours.

MULTI-PURPOSE RIVER BASIN PROGRAM - programs for the development of rivers

with dams and related structures which serve more than one purpose, such

as - hydroelectric power, irrigation, water supply, water quality control,

and fish and wildlife enhancement.

NUCLEAR ENERGY - energy produced largely in the form of heat during nuclear

reactions, which with conventional generating equipment can be transformed

into electric energy.
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NUCLEAR POWER - power released from the heat of nuclear reactions, which is

converted to electric power by a turbine/generator unit.

OUTAGE - the period in which a generating unit, transmission line, or other

facility, is out of service.

PEAKING CAPACITY - that part of a system's capacity which is operated during

the hours of highest power demand.

PEAK LOAD - the maximum load in a stated period of titne.

PLANT FACTOR - ratio of the average load to the plants installed capacity,

expressed as an annual percentage.

PONDAGE - the amount of water stored behind a hydroelectric dam of

relatively small storage capacity used for daily or weekly regulation of

the flow of a river.

POWER (ELECTRIC) - the rate of generation or use of electric energy, usually

measured in kilowatts.

POWER POOL - two or more electric systems which are interconnected and

coordinated to a greater or lesser degree to supply, in the most

economical manner, electric power for their combined loads.

PREFERENCE CUSTOMERS - publicly-owned systems and nonprofit cooperatives

which by law have preference over investor-owned systems for the purchase

of power from Federal projects.

PUMPED STORAGE - an arrangement whereby electric power is generated during

peak load periods by using water previously pumped into a storage

reservoir during off-peak periods.
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RECONNAISSANCE STUDY - a preliminary feasibiiity study designed to ascertain

whether a feasibility study is warranted.

RUN OF RIVER HYDRO PLANT - a conventional hydro plant having little or no

storage available for regulating releases of water for power generation.

SEONDARY ENERGY - all hydroelectric energy other than FIRM ENERGY.

SERVICE OUTAGE - the shut-down of a generating unit, transmission line or

other facility for inspection, maintenance, or repair.

SMALL HYDROPOWER - hydropower installations that are 15,000 KW (15 MNW) or

less in capacity.

SPINNING RESERVE - generating units operating at no load or a partial load

with excess capacity readily available to support additional load.'I
ST -ELECTRIC PLANT - a plant in which the prime movers (turbines)

connected to the generators are driven by steam.

STORAGE HYDRO PLANT - a hydro plant which stores water during periods of low

electrical demand and generates power during high demand periods.

SURPLUS POWER - generating capacity which is not needed on the system at the

time it is available.

SYSTEM, ELECTRIC - the physically connected generation, transmission,

distribution, and other facilities operated as an incegral unit under one

control, management or operating supervision.
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THERMAL PLANT - a generating plant which uses heat to produce electricity.

Such plants may burn coal, gas, oil, or use ouctear energy to produce

:tsermal energy.

'r!FPML POLA-TION - rise in temperature of water such as that resulting from

ieat rejeased by a thermnai p.ant to the cooling water when the effects on

itr uses ot tLe water are detrimental.

7"ASFTRMER - an -1pctr )magnetic device fcr changing the voltage of

alt,.nating: cur-eiit E ,octrictty.

,ANSMI.RSION - the act )r process of transporting electric energy in bulk.

7'.-%31NE - th, part of a generating unit which is spun by the force of water

or steam to drive an electric generator. The turbine usually consists of

a series of curved vanes or blades on a central spindle.

,URBINE/GENERATOR - a rotary-type unit consisting of a turbine and an

,lectric generator. (See TURBINE & GENERATOR)

ArLTACPE OF A CIRCUIT - 'he electric potential difference between conductors

or cnductors to the ground, usually expressed in volts or kilovolts.

WA7" - riie rate of erergy transfer equivalent to one ampere under a pressure

: one volt at unity power factor.

,lt'rELIN; - transportation of electricity by a utility over its lines for

inother utility; also includes the receipt from and delivery to another

V.,tem of 1 ik amountq hut not necessarily the same energy.
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