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F.E. Walter Dam & Reservoir Re-evaluation Initial Appraisal Report

1. Authority:

The preparation of this Initial Appraisal Report is authorized by Section 216 of the Flood
Control Act of 1970 (33 USC 426 et seq) as amended, which reads:

"The Secretary of the Army, acting through the Chief of Engineers, is authorized to review the
operation of projects the construction of which has been completed and which were constructed
by the Corps of Engineers in the interest of navigation, flood control, water supply, and related
purposes, when found advisable due to significantly changed physical or economic conditions,
and to report thereon to Congress with recommendations on the advisability of modifying the
structures or their operation, and for improving the quality of the environment in the overall
public interest. "

This IAR was prepared using FY 14 Operations and Maintenance funds and its cost was limited
to $20,000 per the guidance in paragraph 3-10b of ER 1105-2-100.

2. Purpose:

The purpose of this Initial Appraisal Report (IAR) is to determine whether there is a need to
conduct formal investigations to examine the feasibility of changing the congressionally
authorized operation and/or making modifications to the existing dam at Francis E. Walter
Reservoir to better meet present and future flood control objectives, in-lake and downstream
recreational use, water quality, water supply, and environmental sustainability demands.

Due to the limited nature of this IAR, considerations are limited to the review of existing,
readily-available information and best professional judgment. This IAR will be used to
determine whether changes in physical and economic conditions are sufficient to justify a formal
investigation of optimizing project operation given this change in conditions. Table 1
summarizes significant physical and economic changes that have occurred since the construction
of the dam and reservoir and warrant a future Feasibility Study to examine opportunities to
modify the operation and/or structure and to improve the quality of the environment in the
overall public interest. Although some of these changes have been partially addressed within the
limits of the current authorization and operation, permanent changes to storage authorization,
operations, or physical modifications are needed to maximize benefits for current and future
recreational, water quality, and water supply needs.

The existing Francis E. Walter Dam and Reservoir was initially designed and constructed as a
single purpose flood control project and became operational in 1961. The Water Resources
Development Act of 1988 added recreation as another authorized purpose. Current NED
benefits provided by the project are substantial. Average annual historic flood damages
prevented by the dam operations since 1961 are estimated, at the current price level, to be $3.82
million per year (derived from a $206.3 million total over the full period of operation). Census
population growth and related increased housing stock in the floodplain from 1960-2010 for the

1



three local counties of Carbon, Northampton, and Lehigh has been significant, with county
populations increasing from 23% to 54%. Recreation directly at the lake at Walter has grown
substantially, from 48,000 visitor days in 1961 to 246,000 visitor days in 2014. The current
magnitude of lake visitation can be applied to the table in the Corps' Economic Guidance
Memorandum, Unit Day Values (UDV) for Recreation for FY 15 for a monetary approximation
of the total recreational unit day value experience. The magnitude and type of visitation is
appropriate for use of the UDV method for quantifying general recreation. Applying a $5.00 per
visitor UDV (a value in the lower end of the potential range provided) provides a total NED
benefit willingness to pay valuation estimate of $1.23 million in 2014. Scheduled operational
releases to enhance whitewater rafting experiences downstream of the dam on the Lehigh River
have expanded six-fold from 1968 to the current scheduled releases of 24 per year. Whitewater
rafting is currently estimated at 75,000 people per year on the Lehigh River. A recreational UDV
experience value of $5.00 per rafter (again applying the value in the lower end of the potential
range provided) estimates a total NED valuation of $0.375 million for the actual rafting
experience on the Lehigh River. Regional benefits also accrue to the whitewater rafting
companies, suppliers, etc. providing ancillary services. The annualized cost of the district’s
current O&M cost requirements at Walter is reasonable in comparison to the set of above
benefits. Thus, the estimate of NED benefits provided by the project’s current operations with
the potential for future enhanced NED benefits from changes to project operations or
modifications compared to current project costs provides justification for initiation of a
Feasibility Study as the next study phase.

A Feasibility Study is recommended to further define problems, needs, and opportunities
associated with project operation and evaluate the feasibility of various alternatives to optimize
project operation given the change in project conditions. This Feasibility report would be
submitted to Division and Headquarters offices for approval and review by Civil Works Review
Board prior to moving forward with Pre-Construction, Engineering, and Design.



Table 1. Synopsis of physical and economic changes

Change Magnitude of change Effects on current operation Conclusion for future study
1960-2010" Current operations address flood risk
Operating within authority. but there management and recreation within the limits
Pennsylvania +12% =P g . Y. of the authorization and physical limits of the
is increased recreation use, increased .
Watershed . o dam, but future study is needed to evaluate
. impacts to water quality (in-lake and e e
and Regional | Northampton County R . future demands for services; evaluate existing
. downstream fisheries), and increased | .
Population | +48% . infrastructure to support the current and future
watershed-wide water supply needs. A . .
Growth e . demand for services; and investigate
. In addition, increased population may . S .
Lehigh County . opportunities to optimize operation to
mean that there are increased flood L .
+54% . . maximize benefits for current and future
risk management benefits. . .
recreational, water quality, and water supply
Carbon County needs.
+23%
Pocono Regional
Visitation Visitation? Current operations address recreation within
2006 — 6 Million the limits of the authorization and physical

2013 — 25 Million

F.E. Walter Reservoir
Visitation®
1961 — 48,200
2014 — 246,381

Operating within authority, but
recreation use (water and land based
recreation) has increased.

limits of the dam, but future study is needed
to address increases in recreation use, and
evaluate future demands for recreation
services; evaluate existing infrastructure to
support the current and future demand for
services; and investigate opportunities to
optimize operation to maximize benefits for
current and future regional recreational needs.




Change

Magnitude of change

Effects on current operation

Conclusion for future study

Annual Planned Releases
1968 — 4x Year
2014 — 24x Year

Operating within authority, but
recreational demand has increased.
Recreation Operations Plans are

Current operations address recreation within
the limits of the authorization and physical
limits of the dam. Future study is needed to
investigate more permanent solutions to an
annual recreation plan and evaluate future

Whltewa}ter . developed annually with stakeholder | demands for services; evaluate existing
Recreation Lehigh Gorge Annual . .
Rafter Use® input a_lnd approved as a planned infrastructure to support the current and future
P deviation from the water control demand for services; and investigate
1986-2005 average 50,072 manual opportunities to optimize operation to
2006-2012 average 75,000 ' L .
maximize benefits to current and future
regional recreational needs.

Flood 19_61_-20145 _ _ _ Fu_ture_ study will ensure that flood control
Damages $206.3 million cumulative | Operating to meet designed flood objectives are not r_1egat|vel_y affected by
Prevented 2014 annual control objectives. _proposed changes in operation or

$185,000 infrastructure.
Access Road Construction
2004 F.E. Walter Access
Road Construction Access Road Construction Future study is needed to evaluate existing
allowed cross dam access | Physical modifications were infrastructure to support the current and future
during flood control and | completed that allowed the Corpsto | demand for services without having a
recreational storage operate more effectively for negative impact to the DSAC rating (see
Structural events. recreation by temporarily storing Section 6, Existing Conditions, Dam Safety).

modifications

F.E. Walter Dam Safety
2006 - Portfolio Risk

larger volumes of water.

F.E. Walter Dam Safety

Investigation is needed to examine a
combination of changes in authorization,
operational changes, and additional structural

Analysis Improvement in dam safety rating modifications to maximize benefits for
2010 - Grout Curtain allowed for safer operations for flood | current and future recreational, water quality,
Installed control and recreation. and water supply needs.
2012 — DSAC rating
changed to 4




Change Magnitude of change Effects on current operation Conclusion for future study

Currently operating within current Investigation is needed to examine a
authorization (no water quality combination of changes in authorization,
storage) and with limited selective operations, and structural modifications to
withdrawal capabilities. maximize benefits for water quality and
Currently unable to adequately environmental conditions.
Water quality has address downstream water quality
Improvement | . din the Lehiah biecti ith h !
in Lehigh improved in the Lehig objectives without changes in

River over the past 60-70 | authorization, and/or structural
years because of various modifications.

environmental regulations
and public activities (see | The Fish and Wildlife Coordination
Appendix A for details). Act of 1958 provided that fish and
wildlife conservation shall receive
equal consideration with other project
purposes and be coordinated with
other features of water resource
development programs.

River Water
Quality

'Pennsylvania State Data Center. Census Profiles, http://pasdc.hbg.psu.edu/Data/PAStats/tabid/1014/Default.aspx

2Pocono Mountains Visitor Bureau, 2013. Annual Report, http://issuu.com/800poconos/docs/annualreportfinal

3U.S. Army Corps of Engineers, Philadelphia District Annual Visitation estimates 1961-2014, personal communication, Philadelphia District staff.

*D.M. Madl. Personal Communication. Pennsylvania Department of Conservation and Natural Resources. November 8", 2013

°U.S. Army Corps of Engineers, Philadelphia District Annual Prevented Flood Damage estimates 1961-2014, personal communication, Philadelphia District staff.



3. Congressional Delegation:

The F.E. Walter Dam and Reservoir is located in PA-11 and impacts the following members of
the delegation: Representative Lou Barletta (PA-11), Senators Pat Toomey and Robert Casey
(PA). In addition, the following members of the delegation and their districts are impacted by
the operation of the F. E. Walter Dam and Reservoir: Representative Jim Gerlach (PA-6),
Representative Charlie Dent (PA-15), Representative Matt Cartwright (PA-17), and
Representative Brendan Boyle (PA-13). Representative Chris Gibson (NY-19), Representative
Charlie Dent (PA-15), and Representative John Carney (DE-AL) are co-Chairs of the Delaware
River Basin Task Force.

4. History of Authorization and Operation:

Pertinent Authorizing Language

The following paragraphs highlight pertinent authorizing language as it pertains to the F.E.
Walter Dam & Reservoir. Appendix A contains detailed information concerning each
authorization.

1946 Flood Control Act: The project for flood protection on the Lehigh River, Pennsylvania, is
hereby authorized substantially in accordance with the recommendations of the Chief of
Engineers in House Document Number 587, Seventy-ninth Congress, second session, at an
estimated cost of $12,471,000.

1962 River and Harbor Act: The project for the comprehensive development of the Delaware
River Basin, New York, New Jersey, Pennsylvania and Delaware, is hereby authorized
substantially in accordance with the recommendations of the Chief of Engineers, in House
Document Numbered 522, Eighty-seventh Congress, at an estimated cost of $192,400,000.

House Document No. 522, 87" Congress, 2™ Session: The Bear Creek Project is a modification
of the single-purpose flood control project with incidental recreational use now under
construction, which is located on Lehigh River 75 miles above its confluence with Delaware
River and about 5 miles north of White Haven, Pennsylvania. The proposed project would be a
multiple-purpose development to provide for supplies of water and recreation in addition to the
present flood control purpose.

Fish and Wildlife Coordination Act of 1958: For the purpose of recognizing the vital
contribution of our wildlife resources to the Nation, the increasing public interest and
significance thereof due to expansion of our national economy and other factors, and to provide
that wildlife conservation shall receive equal consideration and be coordinated with other
features of water-resource development programs through the effectual and harmonious
planning, development, maintenance and coordination of wildlife conservation and
rehabilitation for the purposes of this Act in the United States, its Territories and possessions...

Water Resources Development Act of 1988: The Secretary shall ensure, to the extent
compatible with other project purposes, that each water resources project referred to in this
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subsection is operated in such a manner as will protect and enhance recreation associated with
such project....(4) France E. Walter Dam, Pennsylvania.

Authorization History

The Francis E. Walter Dam and Reservoir Project (formerly Bear Creek Dam and herein after
referred to as “the project”) was completed in 1961 under the authorization of the 1946 Flood
Control Act as a single purpose flood control project.

The project is located five miles upstream of White Haven, Pennsylvania on the Lehigh River,
approximately 77 miles above the confluence with the Delaware River, in Carbon and Luzerne
County in Northeastern Pennsylvania (Figure 1). The reservoir has a 234-foot-high earth-fill
dam and a gate-controlled outlet that has a 17,000 cfs capacity. The reservoir capacity is
107,975 acre-feet for flood control with a conservation pool capacity of 1,993 acre-feet. The top
of the conservation pool is at elevation 1300 feet NGVD.

The Philadelphia District owns, operates and maintains the project. The project is operated as
part of the Lehigh River Flood Control Program, along with Philadelphia District’s Beltzville
Reservoir and state or locally-owned flood control structures along the Lehigh River (Figure 2).
The Beltzville Lake project (Figure 3) was constructed in 1971 and was authorized along with
Bear Creek Project Modified (further studied in the early 1980°s) in the Flood Control Act of
1962, as part of the Corps’ Delaware River Basin Comprehensive Plan to collectively operate as
a system to bring about flood control benefits on individual tributaries as well as the mainstream
Lehigh River above Easton, Pennsylvania. The proposed modification was described in detail in
the 1962, House Document No. 522, 87th Congress, 2nd Session.

All civil works projects are required to consider environmental resources in their operations, but
fish and wildlife conservation is not a designated project purpose at F.E. Walter Dam &
Reservoir. The Fish and Wildlife Coordination Act of 1958 (PL 85-624), which amended the
Act of March 10, 1934, provides that fish and wildlife conservation shall receive equal
consideration with other project purposes and be coordinated with other features of water
resource development programs.

The Water Resources Development Act of 1988 added lake and downstream recreation
(whitewater and recreational fishing and boating along with in-lake recreational opportunities) as
an authorized purpose.



USACE FRANCIS E WALTER DAM AND RESERVOIR

Bear Creek

Lehigh

ivi/

USACE Francis E Walter
Dam and Reservoir P \
. 2 O0N

~ Lehigh River ounty
M“—g\_‘ig_- b h‘:}-..

Service Layer Credits: Source "Esij @
DigitalGlobe, GeoEye, i-cubed, USDA;

USGS, AEX, Getmapping, Aerogrid, IGN,

IGP, swisslopo, and the GIS User

Dxstance in Mies

Figure 1. F.E. Walter Dam & Reservoir Project Map




25 | B
-3 !ij g 5 EH 1% J 3
- o 3 r ’ > f L "/-7 .’_.":‘;: ‘f\"'
USACE Francis EyWaltér Dam and Reservoir
s ' =y 5 i : "‘ o .
K -.g-White Haven | S5
K & =]
: -
o | {
o = 5 -
- - . i 3 o R
= 7 PADEP Lehigh River
e - . Lecal Flood Protection I
Weissport, PA_-7
r L~ N
9 ;
= NG USACE BeltzvilleeDam and Reservoir
> >~ N \ -
Lehighton » o ' SR 4
» o :
= o7 3
M ~
e S Q
—~ ) N ' Easton é’
: ?:_.m - .
USACE Lehigh River Bethlehem - <
Local Fipod Protection- 5 eR
Allehtown{ PA ® " v
3 ) ® LE HIG -
- Allentown ;
§ USACE Lehigh River

Local Flood Protection
Bethlehem, PA

Watershed Location Map

Legend
® Place Names

Lehigh River Valley Watershed
Jl County Boundary

Rivers & Streams

PHILADELPHIA, PA _’/'_ f:

* /
Dmun:lr\Mm!
=

0 15 20 80

g
r 7

-

S5 Water Bodies

Figure 2. Regional Project Map



=

USACE BELTZVILLE DAM AND RESERVOIR

Monroea
County

Carbon
County

USACE Beltzville 1. > S
Dam.and Reservoir p \‘/J s

Eosp
®

»

Service Layer Gredits: Source: Esri,
DigitalGlobe, GeoEye; i-cubed, USDA
USGS, AEX, Getmapping, A€rogrid, IGN,
IGP,_swisstopo, and the GISTUser-—

Penn Forest Resérvoir

Wild Creek Reservoi\r

Distance in Miles
20 40

Figure 3. Beltzville Dam and Reservoir Project Map




Operation History

The F. E. Walter Reservoir Project was completed in 1961 with flood control as the primary
objective as an integral part of the Lehigh River Flood Control Program (USACE, 1994). A
timeline showing the project evolution from 1940 to present can be found in Appendix B.

The control tower does not have the ability to pull water at select locations within the reservoir
pool. However, the project’s bypass system is operated as a limited selective withdrawal system
for recreation. All releases of water are made through the project’s bypass system, flood control
release system, or a combination of both systems. The bypass system allows the operator to
release water from elevation 1297 ft. National Geodetic Vertical Datum (N.G.V.D.) and has
limited discharge capacity. The flood control release system allows the operator to release water
from the tower flood gates (elevation 1250-1260 ft. N.G.V.D.).

Historic Operation for Whitewater Recreation

In 1968, the Philadelphia District began operating specifically for whitewater recreation on one
selected weekend each month during the months of July through October at the request of
various organized canoe clubs in the area. Photograph 1 shows current recreational whitewater
rafting downstream of the F.E. Walter Dam & Reservoir in the Lehigh River Gorge State Park.
Although the primary purpose of the project is flood control, there were no restrictions on
accommodating additional activities such as recreation, when possible as a public service for
supporting a popular public activity.

Photograph 1. Photograph of recreational whitewater rafting.

In November 1970, representatives of the District met with representatives of the Pennsylvania
Department of Environmental Resources, Pennsylvania Fish and Boat Commission,
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Pennsylvania Department of Health, Delaware River Basin Commission and the United States
Fish and Wildlife Service to discuss the continuing of the specific white water releases on the
Lehigh River and formulate a policy that would best serve the needs of all sporting and
recreational interests. It was concluded at the meeting that the Commonwealth of Pennsylvania,
with the Department of Environmental Resources (DER) as its coordinating agency, would
develop an operational plan of modified releases. These releases would be based on the natural
characteristics of the Lehigh River below the dam and provide adequate conditions for canoeing
without causing adverse impacts to the natural environment of the river.

In 1971, the DER provided a plan for limited releases to augment natural flows for canoeing.
This plan was carried out on a trial basis for four 1971 events. The storage for releases was
limited to avoid submerging an access road on the upstream embankment of the reservoir. This
limited the releases to one day events. Pool elevations above 1309’ prevented public and
emergency services road access and impeded recreational boating on the lake. Photograph 2
shows F.E. Walter Dam & Reservoir at 1315’ pool elevation. Photograph 3 shows F.E. Walter
Dam & Reservoir at a 1300’ pool elevation that allows boat launching from an undeveloped
parking area and public use of the access road. The access road is used for boating, fishing,

picnicking and travel along the upstream face of the dam.
vi"' 7

&

] .

Photograph 2. Photograph of F.E. Walter Dam & Reservoir at 1315’ pool elevation.
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In 1972, the District scheduled four, one day events under the same requirements as those
established the previous year. From 1972-1979, on an annual basis, canoeing clubs submitted
proposed release dates to the District. The District submitted these dates to the Pennsylvania
DER for their review and approval. Many events were canceled or rescheduled after evaluations
showed dry basin conditions with inflows insufficient to store the amount of water needed for
releases.

In 1980-81, there was a basin-wide drought emergency and the Walter Reservoir was used for
temporary water supply storage and all water release events were canceled. The 1982 schedule
was also canceled at the request of the Delaware River Basin Commission (DRBC) due to lack
of sufficient water in the Lehigh River Basin. DRBC had a water supply contract with USACE
during this time period.

In January 1982, a meeting was convened by a Pennsylvania State Senator and the Director of
the Pennsylvania Bureau of State Parks in Jim Thorpe, Pennsylvania to discuss the future of the
Whitewater release program on the Lehigh River. This meeting was attended by all the key state
agencies, the District, the Delaware River Basin Commission, organized canoe clubs and
independent commercial outfitters groups. The meeting resulted in a recommendation to
continue the four events per year. In addition, the Pennsylvania Fish and Boat Commission
requested a defined constraint for storage to keep the access road on the upstream embankment
from being inundated and accommodate boating interests and aquatic resources. This constraint
limited storage of water prior to each white water event to approximately 9 feet (Elevation 1300
to 1309 ft. N.G.V.D).

The District evaluated basin hydrologic conditions prior to each event and decided whether to
cancel or continue with the scheduled releases. Additional meetings were held in 1983 to review
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and update the program. The release schedule was reviewed and adopted annually from 1983-
1986. In 1987, an additional one-day October event was added.

With the passage of Public Law 100-676, Section 6, dated November 17, 1988 the F.E. Walter
Dam and Reservoir was authorized to operate in such a manner to protect and enhance recreation
associated with the project (Appendix A). This includes, but is not limited to, white water
recreation (Photograph 1). There is no permanent storage authorized for water supply, water
quality, recreation, or fish and wildlife conservation. However, the reservoir has been operated
for recreation when feasible within the physical and operational limitations of the dam and
reservoir.

The District, in coordination with the Pennsylvania Department of Conservation and Natural
Resources (Bureau of State Parks), Pennsylvania Fish and Boat Commission, U.S. Fish &
Wildlife Service, Delaware River Basin Commission and Lehigh River Sportsmen Groups set up
an annual schedule of five weekend events for whitewater rafting that covered a total of seven
days each summer and fall. Whitewater storage was limited to elevation 1309 feet. Storage
began twelve days before the five scheduled events. This schedule was reviewed annually by the
above agencies.

In 2004, a new road was constructed across the top of the dam that eliminated the need to limit
pool levels to keep the lower access road open (Photograph 4). This also allowed for increased
operational flexibility for temporary recreational water storage in the reservoir. Starting in 2005,
increasing amounts of temporary storage were provided to expand recreational opportunities.
These deviations were provided with Division approval. In 2005, the pool level was increased to
1335 ft N.G.V.D. for recreation, the following year it was increased to 1365 N.G.V.D. and it is
now being raised to 1370 N.G.V.D. The pool is raised to 1370 ft. N.G.V.D. starting on or about
April 1 and used to help support recreational needs until mid-October when any excess water is
released and the pool is returned to elevation 1300 ft N.G.V.D. This volume is small enough to
be released in advance of a large storm, yet sufficient to provide considerably enhanced
recreational opportunities, but still relies on additional inflow during the season to fully meet the
recreational plans. These plans are developed each season by a coordinated effort involving all
interested parties to include public meetings and input.
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Photograph 4. Photograph of the improved access road.

Historic Operation for In-lake Recreation

In-Lake Recreation was not an original congressionally authorized purpose of the F.E. Walter
Dam & Reservoir Project and there is no storage specifically allocated for in-lake recreation.
Most recreational area structures and access roads are located in the flood control storage area of
the project. As a result, the type and magnitude of the facilities are not optimal. Utilization of
flood control storage above elevation 1306 ft. N.G.V.D. began to eliminate boat launching
capabilities, while storage above 1309 ft. N.G.V.D. covered the access road located on the
upstream embankment (Photographs 2 and 3). In addition, storage for whitewater events, which
became an authorized part of recreation in 1988 as part of Public Law 100-676, also impacted
the boat launching area and access road. In July 2007, a boat turn-around was constructed on the
east side along the lower road at approximately elevation 1390 ft. N.G.V.D. to facilitate boat
launching from the roadway when the pool is elevated. In 2014, an expanded trailer and vehicle
parking area was constructed in this area to meet public use demand.

Historic Operation for Fisheries

Fish and wildlife conservation is not a designated project purpose. No storage is specifically
dedicated for this purpose at the project. The Fish and Wildlife Coordination Act of 1958 (PL
85-624), which amended the Act of March 10, 1934, required that fish and wildlife conservation
receive equal consideration with other project purposes and be coordinated with other features of
water resource development programs (Appendix A).

Prior to 2005, there were no formal fisheries management efforts, but the District maintained a
stabilized pool elevation that encompassed shoreline fish habitat during the spring spawning and
nursery cycles. The need for pool stability directly competed with natural weather events and the
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need for pool adjustments frequently occurring in the spring season and during planned
whitewater release events. Water control management needs took precedence over fishery and
whitewater release accommodations, but attempts were made to adjust procedures to
accommaodate fishery purposes whenever possible. Releases were made to meet minimum
release criteria to maintain and potentially enhance downstream fisheries. Criteria were
developed to avoid abrupt gate changes during above normal releases for flood control
regulation. Efforts were made to modify releases to minimize adverse shock effects on
downstream fisheries.

Recreation and fisheries are now an important aspect of the reservoir due to public support and
economic benefits to the region (explained in more detail in Section 6. Existing Conditions,
Operation, and Facilities). Specifically authorized reservoir storage and modifications to the
reservoir structure may be needed to enhance operation for these purposes.

Historic Operation for Drought

As constructed, the reservoir does not have any surplus storage in the flood control pool that may
be permanently dedicated to water storage. The Water Control Manual for Francis E. Walter
Reservoir includes a section that deals with declared drought emergencies by the Delaware River
Basin Commission (DRBC) (USACE 1994). Since the completion of the Reservoir, the Corps
has responded to periodic requests from the DRBC to impound water during drought
emergencies. The Manual also included a copy of a draft agreement or impounding water during
drought emergencies. This agreement included a cost to the DRBC for the impoundment. The
agreement expired and no follow-on agreement has been reached. Section 4001 of the Water
Resources Reform and Development Act (WRRDA) of 2014 provided authority to enter into an
agreement with the DRBC to provide temporary water supply and conservation storage at the
Francis E. Walter Dam during a drought warning or drought emergency (Appendix A). The
agreement shall provide that the cost for water supply and conservation storage shall not exceed
the incremental operating costs associated with providing the storage. Although this storage is
not Municipal and Industrial or Agricultural Water Supply, it has been included in this category
historically. Under Engineer Regulation 1110-2-8156, the Division Commander has the
authority to approve planned deviations from the normal water control plan when necessary. A
synopsis of drought storage history is displayed in the table below:
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Table 2. Synopsis of drought storage historyl

Storage Storage # of days Approx. Outflow Starting Max. # of Days
Start Date | End Date of River | cfs Inflow | cfs During Pool Storage at Max.
flow During Storage Elevation | Elevation Storage
affected Storage Elevation
09/26/65 10/12/65 17 >o0r=200 | >or=200 1300 1358 49
04/17/66 05/17/66 31 700 50 1306 1390 35
05/09/67 05/20/67 12 1000 >or =200 1301 1358 119
01/26/81 02/07/81 10 500-6000 50 1300 1370 48
03/17/81 04/03/81 18 ~ 400 50 1370 1392 146
11/--/81 04/--182 0 1392 1370 151
05/14/85 06/17/85 35 100-500 43 1300 1392 146
11/09/85 12/25/85 0 1392 1358 47
08/04/99 | 09/15/99 44 <100 50 1300 1383 30
02/01/02 03/11/02 38 200-700 156 1303 1370 14
03/25/02 04/05/02 11 500-2000 156-650 1374 1392 11
04/05/02 07/16/02 102 1392 1392 102
07/16/02 11/08/02 115 1370 1392 115

Table taken from Page 7 “Table 1 Historic Drought Operations” of the 2002 Environmental Assessment for
Emergency Drought Storage at Francis E. Walter Reservoir, Carbon and Luzerne Counties.

5. Prior Studies and Reports

F.E. Walter Dam & Reservoir was completed in 1961 in direct response to flood control needs
within the watershed. The project was developed as a flood control reservoir and not designed or
authorized to directly benefit environmental resources, water supply, or to meet recreational
needs. A timeline table was developed to summarize the numerous policy changes and Federal,
state, and local actions and studies related to F.E. Walter Dam & Reservoir and the Lehigh River

watershed (Appendix B).

As water supply, water quality, and recreational demands changed in the region, public interest

increased in modifying the project to provide for these demands. Congress authorized

modifications to the dam in the Flood Control Act of 1962, as part of the Corps’ Delaware River
Basin Comprehensive Plan and this was described in detail in the 1962, House Document No.
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522, 87th Congress, 2nd Session (see Appendix A). In that plan, the Philadelphia District
proposed to turn the dam into a multipurpose dam used for flood control, water supply, and
recreation.

In 1974, the Philadelphia District issued a general design memorandum for the Walter
modifications (Godfrey, et al, 2012). In 1985, the District issued a revised General Design
Memorandum, Main Report and Environmental Impact Statement for the Modification of the
Francis E. Walter Dam and Reservoir that recommended significant modifications to the project.
The recommendations were to add water supply and recreation to the existing flood control
project by raising the dam 30 feet, raising the spillway 32 feet, and raising the permanent pool
127 feet. The pool would have been increased from 80 to 1,330 acres and this would have
provided an additional 70,000 acre-feet of water supply storage. These recommendations
included the construction of a new spillway, a new multigated control tower, and the relocation
of three and a half miles of Bear Creek Road.

In 1985, the Delaware River Basin Commission (DRBC) informed the Philadelphia District that
it was willing to serve as the non-Federal sponsor for the Walter Dam modification to address
salinity and water supply concerns (Godfrey, et al, 2012). However, in the Water Resources
Development Act of 1986, Congress modified cost-sharing provisions on flood control projects,
stating that local interests would now be responsible for up to 50 percent of the cost of
construction, operation, and maintenance. The legislation also stated that “local interests [were]
required to pay all costs allocated to water supply” (Godfrey, et al, 2012). In the case of the
Walter Dam modifications, this meant that the DRBC was responsible for approximately $98.6
million in construction costs and $84,000 a year for operation and maintenance (Godfrey, et al,
2012). In addition, the DRBC was responsible for half of the costs allocated for recreation,
estimated at $11.7 million, and an annual operation and maintenance charge of $111,000.99
(Godfrey, et al, 2012). The DRBC was not able to cost-share construction due to other financial
obligations and a limited ability to impose fees on water users and the project did not move
forward (Godfrey, et al, 2012).

The 1988 congressional authorization (Appendix A) provided the Corps with the legal authority
to tailor operations to better meet regional recreational and resource demands without
modification to the structure. Operations for recreation were limited due to physical constraints
(lower access road, operational tower design, etc.) and flood control operation requirements.

Increases in recreational (rafting and fishing), water supply, water quality and other demands in
the region and watershed continued through the 1990’s. In 2000, the Philadelphia District and
the DRBC co-sponsored a Section 22 Planning Assistance to States study to collect water quality
data in the watershed. This was the first step in developing a future water quality model for the
system that would aid in operations of the F.E. Walter Dam & Reservoir and Beltzville Dam &
Reservoir and to help identify what project changes are needed to meet regional goals and needs.
This effort was widely supported and included a partnership with nearly 15 federal, state, and
local agencies and interest groups. The data collection effort and study was completed in 2001.

In 2004, the Corps modified the upper access road for the project to act as the primary travel way
past the dam under higher pool level conditions. The lower access road had been a physical
constraint to operations at the project. This added operational flexibility was followed by the
creation of a Lehigh River Work Group (Corps and applicable agencies) to work with the public
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in understanding watershed needs and annually adjusting operations at the project to meet in-lake
and downstream uses within the current limits of the project. This operational work group has
met annually and held annual public meetings from 2005 through the present day. In addition,
the Corps developed a project website to better coordinate with the public and allow easy access
to project information and operations:
http://www.nap.usace.army.mil/Missions/CivilWorks/FrancisEWalterDam.aspx.

The Corps’ flexibility in meeting current watershed and regional demands has been constrained
by the physical aspects of the dam and reservoir, and lack of water quality, water supply, and in-
lake storage authorization. In 2006, the Commonwealth of Pennsylvania co-sponsored a Section
22 Planning Assistance to States Study with the District to better understand the operational
possibilities at F.E. Walter Dam & Reservoir and the effects on in-lake and downstream
resources of different operating scenarios. The Corps used the water quality data collected
during the 2001 Section 22 study and all other available data in the watershed to develop a
CEQUAL-W?2 water quality and flow model for the Lehigh River and the F.E. Walter Dam &
Reservoir and Beltzville Dam & Reservoir. The study was divided into two phases. The
agreement for Phase | was signed on August 4, 2006, and was completed in 2009. The study
agreement for Phase 11 was signed on June 9, 2009 and was completed in 2014. A total of
twelve operational scenarios were developed in cooperation with the angling and whitewater
interests in the watershed along with the state agencies responsible for those recreational
activities. Some of the model scenarios included modified operations under conceptual changes
in pool elevations (depths) and operations utilizing existing authorizations, storage limits and
dam and tower conditions. In addition, some of the scenarios included modified operations with
conceptual changes in pool elevations (depths), authorizations, and storage and tower intake
portal configurations. Model results showed, that under some of the model scenarios, changes or
modifications in the dam structure, the operations, authorizations, and storage could positively
benefit many miles of downstream water quality and recreation (whitewater rafting and angling)
in the Lehigh River concurrently. Operating for one objective would not exclude benefits to the
others.

The report concluded that the potential exists for F.E. Walter Dam & Reservoir to play a more
direct positive role in improving in-lake and downstream aquatic resources while providing
greater operational flexibility in meeting in-lake and downstream recreational demands.
However, the model scenarios showed that in order to meet some of these scenario objectives,
structural modifications, additional authority for storage and operation, and further study of
regional existing and future demands is needed.

Numerous reports, studies, and National Environmental Policy Act (NEPA) documents have
been prepared for the F.E. Walter Dam & Reservoir project. The Corps reports and studies listed
below are a partial list with a brief summary of report content. These reports show the level of
effort made by the Philadelphia District, numerous agencies, and the public to meet regional and
resource demands while working within the constraint of authorized operations.

1970: Feasibility Study for increasing the permanent pool elevation to 1350 Ft, NGVD for the
purpose of Recreation

The primary purpose of this study was to evaluate the benefits and effects on both the existing
project and on expanded recreation facilities resulting from raising the conservation pool for
recreational purposes. The secondary purpose of the study was to select from accumulated data
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the options leading to the orderly development of the recreational resource. Scope of the study
was the time period from 1969 level of development to roughly the 1989 authorized modification
of the project. The study included discussion on the ramifications of a raised pool level on the
operation, maintenance, hydrology, recreation development, and real estate requirements of the
project.

1974: Design memorandum No. 10; Revised Master Plan

The revised master plan updated and provided additional information presented in two other
documents. The first document was the feasibility study of increasing the permanent pool
elevation to 1350 feet for recreation purposes of April 1970 and the second was the report on the
comprehensive survey of the water resources of the Delaware River basin. The feasibility study
proposed the raising of pool elevation to provide adequate landforms for interim-use recreational
facilities prior to modifications and was abandoned. The need for the level of recreational and
facility construction proposed was reduced to reflect present demands. Retained from the
original plan was the acquisition of 1,300 acres of recreational lands and development of
supportive features for recreational land use. This master plan also revisited the subject of
visitation and rejected the original number of yearly visitors in favor of a new number of 341,000
which was up from the original 250,000 and based on two documents, the Pennsylvania State
Comprehensive Outdoor Recreation Programs report and the North Atlantic Regional Water
Resources Study both completed in 1972.

1974: Design memorandum No. 10 A; Appendices to the Master Plan; Recreation-Resource
Management

The master plan included discussion concerning the present status of the project, planned short
term utilization of project lands and waters, and contemplated long term development resulting
from authorized major project modifications. Emphasis was placed on the direction of regional
development and the role of the project on that expansion. The master plan centered on pre-
modification development and management of the project and conceptually indicated post-
modification development with details to follow in later master plan revisions.

1975: Design Memorandum No. 10 Master Plan

The master plan discussed several modifications to the project area which included; relocation of
the spillway crest 31 ft, NGVD to elevation 1481, raising of the dam 29 ft, NGVD to elevation
1503, extending the outlet tunnel 70 ft, NGVD, raising 1700 ft, NGVD of existing dike and
construction of 2900 ft, NGVD of new dike to fill a swale in the reservoir rim, relocation of over
five miles of Bear Creek Road, acquiring 3250 acres of new lands for construction and related
recreation areas, increasing of the pool size from 90 acres to 1280 acres, and lastly adding
expanded recreation facilities to include swimming and camping areas.

1975: Environmental Assessment for the Operation and Maintenance of F.E. Walter Dam and
Reservoir

In response to the National Environmental Protection Act (1969), this environmental assessment
looked at positive and negative impacts from the operation of F.E. Walter Dam & Reservoir.
Positive impacts included improved water quality due to releases during critical periods,
maintenance of the fishery and recreation area, and flood protection. Negative impacts included
increases in air and noise pollution due to equipment operation, public visitation, and debris
burning. Additionally negative impacts to fish and wildlife were attributed to above average pool
fluctuations. In conclusion to the environmental assessment and upon review of the operation
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and maintenance activities, a finding of no significant adverse environmental impacts was
reached.

1981: Preliminary Environmental Evaluation of Lehigh Basin Small Hydropower Projects
This study concluded that after modifications to the dam were complete, environmental
screening criteria showed that no major obstacles exist to hydropower development. This
conclusion was based on the assumption that modifications to the dam have been implemented
and have not caused any uncorrectable detrimental environmental impacts.

1981: Environmental Assessment for the Proposed Modification of F.E. Walter Dam &
Reservoir

This environmental assessment was conducted with the proposed modifications based on the
congressionally authorized plan of improvement in the Flood Control Act of 1962 which
provided for additional water supply capacity and recreation to the existing flood control project.
This assessment determined that no severe long-term primary impacts would be incurred due to
the proposed modifications, but secondary impacts involving accelerated development of the
area may be substantial if sufficient planning and zoning was not conducted.

1983: Thermal Analysis of the Proposed F.E. Walter Dam & Reservoir Modification:
Guidance on Selective Release

This report described the calibration and application of the one-dimensional temperature model,
STRATFY, to F.E. Walter Dam & Reservoir and the use of STRATFY to develop the design
rationale for the proposed selective withdraw structure. Conclusions from the study detailed that
stratification would occur in the reservoir from early spring through fall dependant of
hydrometeorological conditions, the selective withdrawal system should have a maximum
capacity of at least 1200 cfs, and the review of existing water quality indicated potential pH
issues which violated State water quality standards, and stratification periods would lead to
anoxic water being released from the dam.

1984: Evaluation of Fish and Wildlife Habitats, Project Effects and Mitigation Needs for the
Proposed Modification of F.E. Walter Dam & Reservoir Lehigh River, Pennsylvania

A technique known as Pennsylvania Modified Habitat Evaluation Procedure was used to assess
the effect of the proposed enlargement of F.E. Walter Dam & Reservoir on fish and wildlife
resources. In this procedure, baseline habitat conditions were contrasted against future with
project conditions giving resulting change which could lead to the formulation of an appropriate
mitigation plan. Lastly the future with project mitigation conditions was assessed to determine
the effectiveness of the mitigation plan. In conclusion it was determined that the “with project”
condition would result in a net loss of 1924 habitat units for the area. Further discussion
recommended that terrestrial habitat loss could be offset by implementing habitat improvements
on lands adjacent to the enlarged reservoir as the desired form of mitigation.

1985: General Design Memorandum, Modification of the Francis E. Walter Dam and
Reservoir, Main Report and Environmental Impact Statement.

This study centered on confirming that the regional water supply and recreation needs for which
the project was planned still existed, and evaluated if the authorized modification is still the best
plan for meeting those needs. Upon confirmation of the plan to modify F.E. Walter Dam &
Reservoir, alternative plans for accomplishing the modification were investigated and the best
plan was recommended. The recommendation was to add water supply and recreation to the
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existing flood control project by raising the dam 30 feet, raising the spillway 32 feet, and raising
the permanent pool 127 feet. The pool would have been increased from 80 to 1,330 acres.
These recommendations included the construction of a new spillway, a new control tower, and
the relocation of three and a half acres of Bear Creek Road. For various reasons, including
funding, the cost-sharing sponsor was not willing to cost-share construction and the plan did not
move forward.

2000: Investigation of the Effect of White Water Boating Releases from the F.E. Walter Dam
& Reservoir on Benthic Macroinvertebrates Communities in the Lehigh River

This study was a joint effort between the Pennsylvania Fish and Boat Commission and
Philadelphia District Corps looking at the effects of recreational releases from the dam
specifically for the purpose of white water boating. Conclusions and recommendations made by
the Pennsylvania Fish and Boat Commission were that there were no deleterious effects to
macroinvertebrates assemblages downstream from F.E. Walter Dam & Reservoir. The
commission recommended that reservoir releases should follow the agreed upon maximum limits
of water during summer and fall, avoid releasing peak levels of water on two consecutive days,
and releases should not be made lesser than 144cfs or current inflow during storage events for
white water releases.

2001: Lehigh River 2001 Water Quality Monitoring Report

In 2001, the Lehigh River Water Quality Monitoring Study was conducted by the Philadelphia
District Corps of Engineers, Delaware River Basin Commission, the Pennsylvania Fish and Boat
Commission, and the Pennsylvania Department of Environmental Protection. The project was
accomplished under the Water Resources Development Act of 1974, Section 22, Planning
Assistance to States authority. The project partners believed a predictive water quality computer
model was needed to evaluate water flows and release scenarios from the F.E. Walter Dam &
Reservoir and Beltzville Dam & Reservoir. The objective of this study was to collect water
quality data throughout a portion of the Lehigh River watershed most influenced by Corps
reservoir operations in anticipation of the future development of a water quality model.

2002: Final Environmental Assessment: Emergency Drought Storage at F.E. Walter Dam and
Reservoir, Carbon and Luzerne Counties, Pennsylvania

This environmental assessment dealt with the emergency drought storage plan that was
formulated between multiple state and federal agencies. The plan dictated that a recommended
release rate be agreed upon by the agencies of 156¢fs which was a change from the historical
43cfs. This volume was determined by a position paper released in 1992 by the Pennsylvania
Department of Environmental Protection. Review of the environmental assessment determined
that potential negative impacts associated with the project would not be significant.

2005: Environmental Assessment of Temporary Operations at F.E. Walter Dam & Reservoir:
Temporarily raising the pool elevation from 1300’ to 1335’

The 2005 Environmental Assessment determined that due to the previously disturbed nature of
the area bordering the project and based on historical data for the project, that any negative
effects to the environment are expected to be minor and temporary. Positive effects included
increasing in-lake fishery habitat at the higher temporary pool, improved downstream water
quality as a result of modified low flow fishery releases, and increased recreational opportunities
as a result of more reliable whitewater release flows and schedules. The report further concluded
that future evaluation and study may result in a more permanent change to operations at F.E.
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Walter Dam & Reservoir. A finding of no significant adverse environmental impacts was
reached.

2006: Environmental Assessment of Temporary Operations at F.E. Walter Dam & Reservoir:
Temporarily raising the pool elevation from 1300’ to 1365’

The 2006 Environmental Assessment determined that due to the previously disturbed nature of
the area bordering the project and based on historical data for the project and experiences of the
2005 temporary operations plan success, that any negative effects to the environment are
expected to be minor and temporary. Positive effects included increasing in-lake fishery habitat
at the higher temporary pool, improved downstream water quality as a result of modified low
flow fishery releases, and increased recreational opportunities as a result of more reliable
whitewater release flows and schedules. These positive effects were expected to be
incrementally greater than what was seen in 2005. The report further concluded that future
evaluation and study may result in a more permanent change to operations at F.E. Walter Dam &
Reservoir. A finding of no significant adverse environmental impacts was reached.

2008: Environmental Assessment of Temporary Operations at F.E. Walter Dam & Reservoir:
Temporarily raising the pool elevation from 1300’ to 1370’

The 2008 Environmental Assessment further evaluated raising the pool an additional 5 feet
above 2006 and 2007 levels. It was determined that due to the previously disturbed nature of the
area bordering the project and based on historical data, that any negative effects to the
environment are expected to be minor and temporary. Positive effects included further
increasing in-lake fishery habitat and providing a 5 foot pool fluctuation to enhance in lake fish
spawning, improved downstream water quality as a result of modified release schedules and
further preservation of in lake cool water, and increased recreational opportunities as a result of
release and storage plans for whitewater releases downstream. The report further concluded that
future evaluation and study may result in a more permanent change to operations at F.E. Walter
Dam and Reservoir. A finding of no significant adverse environmental impacts was reached.

2009: Phase I- Temperature and Flow Model of F.E. Walter Dam & Reservoir and the Lehigh
River: Evaluating the effects of changing the operational pool heights and release scenarios
on the downstream fisheries conditions and recreational opportunities in the Lehigh River

In a follow up to the 2001 Section 22 water quality study, additional funding for water quality
model development was secured under the Water Resources Development Act of 1974, Section
22, Planning Assistance to States authority. The model developed for this study is CE-QUAL-
W?2 Version 3, which is a two-dimensional hydrodynamic and water quality model for simulating
surface water systems, including rivers, lakes, reservoirs, and estuaries. The U.S. Army Corps of
Engineers’ Engineer Research and Development Center (ERDC) developed the model for F.E.
Walter Dam & Reservoir and 45 miles of the Lehigh River in cooperation with the Philadelphia
District and the Commonwealth of Pennsylvania. The objective of the study was to model
proposed operational scenarios at F.E. Walter Dam & Reservoir to enhance downstream and in-
lake recreation and habitat. The Phase | study was focused on water temperatures and river
flows.

2014: Phase I11- Water Quality Model of F.E. Walter Dam & Reservoir and the Lehigh River:

Evaluating the effects of changing operational pool heights and release scenarios on
downstream fisheries conditions and recreational opportunities in the Lehigh River
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In a follow up to the 2009 Phase I- F.E. Walter Dam & Reservoir and Lehigh River water quality
model, additional funding for further development of the water quality model was secured under
the Water Resources Development Act of 1974, Section 22, Planning Assistance to States
authority. Phase Il of the study focused on adding water quality and metal constituents to the
existing model and the development of six new operational scenario runs. The U.S. Army Corps
of Engineers’ Engineer Research and Development Center updated the model and ran
operational scenarios in cooperation with the Philadelphia District and the Commonwealth of
Pennsylvania. A total of twelve operational scenarios were developed in cooperation with the
angling and whitewater interests in the watershed along with the state agencies responsible for
those recreational activities. Some of the model scenarios included modified operations under
conceptual changes in pool elevations (depths) and operations utilizing existing authorizations,
storage limits and dam and tower conditions. In addition, some of the scenarios included
modified operations with conceptual changes in pool elevations (depths), authorizations, and
storage and tower intake portal configurations. Model results showed, that under some of the
model scenarios, changes or modifications in the dam structure, the operations, authorizations,
and storage could positively benefit many miles of downstream water quality and recreation
(whitewater rafting and angling) in the Lehigh River concurrently. Operating for one objective
would not exclude benefits to the others.

Other Reports:

1975-2013: Annual Water Quality Sampling Reports for F.E. Walter Dam & Reservoir

1983: USGS Water Resource Investigation Report

2003: Categorical Exclusion for Francis E. Walter Dam and Reservoir Weir Repair

2003: Lehigh River Watershed Conservation Management Plan

2004: Categorical Exclusion for Francis E. Walter Dam and Reservoir Access Road
Modification

2011: Final Environmental Assessment Forest Timber Management at F.E. Walter Dam and
Reservoir

6. Existing Operation, Facilities, and Conditions

Current Operation

Current Operation for Whitewater Recreation

The current recreation plan has evolved over time with input from many agencies, outfitters and
fishing interests to formulate a plan that attempts to maximize benefit to both fishing and boating
interests throughout the recreation season. Current plans allow for a total of 24 whitewater
releases spread throughout the season and fisheries augmentation releases every day that no
whitewater is planned (based on hydrologic availability). Storage begins on/about 1 April with a
target date of mid-May to reach elevation 1370 ft N.G.V.D. which is utilized as available to
make releases thru mid-October at which time any remaining water would be released to return
the pool to elevation 1300 ft. N.G.V.D. Flood control management needs will continue to take
precedence over white water release accommodation but an attempt is made to adjust procedures
for white water release purposes whenever possible under the current authorizations for the
project.
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Current operations address recreation within the limits of the authorization and physical limits of
the dam. Recreation Operations Plans are developed annually with stakeholder input and
approved as a planned deviation from the water control manual. Recreational demand has
increased over time and future study is needed to investigate more permanent solutions to an
annual recreation plan and evaluate future demands for services; evaluate existing infrastructure
to support the current and future demand for services; and investigate opportunities to optimize
operation to maximize benefits to current and future regional recreational needs. There is an
opportunity to investigate modifying the current authorization to a higher pool level and/or
structural modifications to allow for additional storage to improve existing whitewater
recreation. The results from the CEQUAL-W2 water quality model completed for the project
and Lehigh River showed that potential exists for significant water quality and recreational
improvements (see Section 5 for details).

Current Operation for In-lake Recreation

Under the current regulation plan, the goal to maintain the pool elevation at elevation 1300 ft.
N.G.V.D. in the winter months and at or near 1370 ft N.G.V.D. during the summer recreation
season by regulating releases to equal inflow helps ensure in-lake recreation for boating and
fishing and will keep the access road open for visitors to reach both picnic areas via the new road
across the top of the dam. Fish are stocked in both the lake and below the dam by the
Pennsylvania Fish and Boat Commission (Photograph 5). Lake boating is for non-power craft
and power craft limited to 10 horsepower.

Current operations address recreation within the limits of the authorization and physical limits of
the dam, but future study is needed to address increases in recreation use, and evaluate future
demands for recreation services; evaluate existing infrastructure to support the current and future
demand for services; and investigate opportunities to optimize operation to maximize benefits for
current and future regional recreational needs. There is an opportunity to investigate modifying
the current authorization to a higher pool level to maintain a stable pool and/or enhancing
existing facilities, such as boat launches/ramps to improve in-lake recreation.

Current Operation for Fisheries

Since 2005, the District has worked in cooperation with State resource agencies to develop
annual downstream release flow criteria that benefit the Lehigh River fishery and downstream
aquatic resources.

The Pennsylvania Fish and Boat Commission stocks the reservoir area and the downstream

Lehigh River channel three to four times a year with trout when the reservoir pool is at a higher
elevation during the spring season (Photograph 5).
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Photograph 5. hotograph of fish stocking in the F.E. Walter Dam & Reservoir.

Starting in 2005, increasing amounts of temporary storage have been provided to expand
recreational fishing opportunities. The Pennsylvania Fish and Boat Commission works with the
District to develop annual recreational plans. These plans contain recommendations on the best
approaches to protect and improve the aquatic resources in the reservoir and downstream on the
Lehigh River. The two primary goals include: creating optimal in-lake spawning areas in spring
by limiting pool fluctuations to 5 feet during the May and June time period and maximizing cold
water benefits in the Lehigh River during the summer months by augmenting flows to improve
aquatic habitat availability and buffer higher summer river temperatures. Flood control
management needs take precedence over fisheries management but the attempt is made to adjust
operations whenever possible under the current authorizations for the project.

Current operations address recreation and fisheries needs within the limits of the authorization
and physical limits of the dam. There is no authorized water quality storage and there are limited
selective withdrawal capabilities. Future study is needed to address increases in recreation use,
and evaluate future demands for recreation services; evaluate existing infrastructure to support
the current and future demand for services; and investigate opportunities to optimize operation to
maximize benefits for current and future regional recreational needs. Future study is also needed
to identify ways to adequately address downstream water quality objectives using a combination
of changes in authorization, operations, and structural modifications to maximize benefits for
water quality and environmental conditions.

There are opportunities to investigate modifying the current authorization to a higher pool level
to improve releases and/or structural modifications to allow for additional storage for existing
tailwater fisheries, improve flow management for fish and wildlife resources, and/or add water
quality storage and releases for “streamflow regulation” for fish and wildlife. The CEQUAL-W2
water quality model completed for the project and Lehigh River showed that potential exists for
significant water quality and recreational improvements (see Section 5 for details).
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Existing Public-Use Facilities

The recreational facilities at the F.E. Walter Dam and Reservoir project were developed in
response to local pressure for recreational opportunities and, as a result, the type and magnitude
of the facilities are not optimal. However, the area is heavily utilized for recreation and annual
average visitation traffic counts from 1998-2013 were 321,299 vehicles. There are limited
public-use facilities in and around the lake perimeter and there are opportunities for
improvements. The existing facilities are as follows:

e Picnic Area #1 contains three picnic sites, two portable latrines, and parking space for
five cars (elevation 1505ft N.G.V.D.).

e Picnic Area #2 contains ten picnic sites, two portable latrines and parking areas with a
total of twenty-seven spaces (located at elevation 1420ft N.G.V.D).

e A pre-existing fire control access leads from the western side access road past a high
point on the bluff to the northern Federal property line. An overlook has been provided
on the high point and includes one picnic site and one thousand feet of access trail with
selected vista clearing on the bluff above the impoundment.

e Although there is no existing boat ramp, the existing boat beach (mud/rock flat exposed
at base pool operations) is adequate for boat launching because of its topography.
Unfortunately, with flood produced rise in pool elevation of as little as six feet above
normal, it becomes inundated and therefore unavailable.

e The downstream fishing site is located on the west bank downstream from the dam.
There is no specific area designated for fishing, there are parking spaces for 25 vehicles
for those using this area. The parking and boat launching area is available at pool
elevation 1300 ft NGVD.

e Along the eastern bank, the trail which roughly parallels Cider Run tributary has a few
picnic sites along its length. This is the only portion of the total 1.5 miles of existing
trails that has any facilities other than the overlook on the west bank.

e A turn-around was constructed at approximately elevation 1390 ft. N.G.V.D. on the
eastern approach of the lower road to facilitate boat launching from the road during
higher pool elevations to accommodate recreational releases. In 2014, an expanded
trailer and vehicle parking area was constructed in this area to meet public use demand.

There is an opportunity to investigate modifying the current authorization to a higher pool level
to maintain a stable pool and/or enhancing existing facilities, such as boat launches/ramps to
improve in-lake recreation. Current operations address recreation within the limits of the
authorization and physical limits of the dam, but future study is needed to address increases in
recreation use, and evaluate future demands for recreation services; evaluate existing
infrastructure to support the current and future demand for services; and investigate opportunities
to optimize operation to maximize benefits for current and future regional recreational needs.
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Existing Conditions

Dam Safety

In 2006, the F.E. Walter Dam underwent a Screening for Portfolio Risk Analysis (SPRA) and the
dam was classified as a “3” under the Dam Safety Action Classification (DSAC). This
classification was the result of a combination of the potential for seepage and piping of
embankment material into the right abutment and the associated level of downstream
consequences. This potential failure mode was rated as “Probably Inadequate” for both the
“Unusual and Extreme” hydrological loading conditions. In an effort to address this dam safety
risk, the Philadelphia District conducted a grout curtain improvement program for the right
abutment during December 2009 through May 2010. Assessments following the completion of
the grouting program indicated an improved condition.

In 2012, the F.E. Walter Dam underwent a Periodic Assessment (PA). This assessment resulted
in more in-depth evaluations of potential failure modes and risks than had occurred during the
SPRA in 2006. As part of the PA, the DSAC for the dam and other structures are reviewed.
Based on the more in-depth review, the classification of the main dam features were reduced
from a DSAC 3 to a DSAC 4. All significant failure modes were judged to be sufficiently below
tolerable risk guidelines.

Any future feasibility studies will ensure that the dam continues to provide flood risk
management benefits to downstream communities. Recommendations will not have a negative
impact on flood risk management benefits or the DSAC rating. Chapter 24 of ER 1110-2-1156,
Safety of Dams — Policy and Procedure, states that a reallocation that would require raising the
conservation pool is not permitted at a DSAC 1, 2, or 3 dam. Raising the conservation pool at a
dam that is classified DSAC 4 will be considered by HQ USACE (USACE DSO and CECW-P)
on a case by case basis. Reallocation reports that recommend pool raises must include review of
the Potential Failure Mode Analysis (PFMA) for the dam and an analysis of the effects of a
higher pool on the probability of failure and the consequences associated with the changed pool
elevation.

Economics

In fiscal year 2014, flood control operations at F.E. Walter Dam and Reservoir prevented an
estimated $185,000 of damages downstream. Since the start of flood control operations at the
reservoir in 1961 through fiscal year 2014, an estimated $206,300,000 (September 2014 price
levels) worth of cumulated damages have been prevented.

The Lehigh River is a popular destination water resource, which draws enthusiasts looking for a
variety of angling experiences, white-water rafting opportunities and other outdoor recreation
activities (hiking, biking, hunting, and sightseeing). From a regional perspective, annual
reporting by the Pocono Mountains Visitor Bureau (2013) showed an estimated 25 million
visitors to the four county areas, where the project is located, in 2013. This is 17 million more
visitors to the region than what was seen in 2006 with visitor spending at $2.4 billion. Water
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based activities in 2012 alone accounted for $13.85 million in economic impact in the Lehigh
River regional area (Blockus G., 2013).

Recreational whitewater activities on the Lehigh River downstream of F.E. Walter Dam and
Reservoir are directly affected by operations at the dam and have a direct effect on the local and
regional economy. According to data collected by the Pennsylvania Department of
Conservation and Natural Resources (D.M. Madl, Personal Communication, November g™
2013), commercial whitewater outfitter usage totals for the Pennsylvania Lehigh Gorge State
Park located downstream of F.E. Walter Dam and Reservoir on the Lehigh River have averaged
56,535 users annually from 1986 through 2012. This does not take into account users further
downstream and many private boaters not included in the monitoring data. A declining trend of
whitewater rafting use was seen from 1986 (authorization for recreation occurred in 1988)
through 2005 (beginning of temporary recreational operations plans at F.E. Walter Dam and
Reservoir).

Since the implementation of temporary operations at F.E. Walter Dam and Reservoir (tailored to
whitewater recreation and fishery enhancement) in 2005, whitewater outfitter use totals have
raised dramatically. From 1986-2005, the average annual total was 50,072 recreational users.
From 2006-2012, the average annual total was 75,000 recreational users with the top 5 annual
usage totals for the 27 year period of record occurring between 2008 and 2012. In 2013 alone,
one of the commercial outfitters downstream had 58,645 paying guests which correlate to over
$3.5 million in river sales with a conservative economic multiplier equating it to over a $10
million impact in Carbon County alone. In addition, that single company employed 272 full and
part time individuals in 2013 (P. Fogal, Personal Communication, December 16", 2013).

The Pennsylvania Fish and Boat Commission conducted an angler use and harvest survey effort
downstream of F.E. Walter Dam and Reservoir in 2006 (Pierce et. al, 2007). The goal of the
survey was to determine the extent of angler use and harvest and the economic impact that
occurs as a result of angling activity on Section 06 of the Lehigh River. Section 06 encompassed
the tail waters of the Francis E. Walter Dam downstream 9.74 river miles to Sandy Run. This
reach lies predominantly within the Pennsylvania Department of Conservation and Natural
Resources Lehigh River Gorge State Park. The survey was also used to evaluate how modified
temporary recreational flow release affects angler use.

Some of the findings of the survey include:

e Overall, the direct and secondary impacts of fishing on the White Haven and Frances E.
Walter segments of the Lehigh River are estimated at $293,613 in annual output, of which
$201,103 is value-added. From an employment standpoint, this translates into 6.0 jobs.

e Angler use and harvest, economic and job value ratings at the time of the survey reflect the
fishery during the early development phases of the Lehigh River Flow Release plan started in
2005. The creel survey was conducted during the second year of flow modification with
regard to hydrological management of outflows from the Francis E. Walter Dam for the
enhancement of both fishing and boating recreational opportunities within Section 06. The
plan was amended each successive year thereafter. The 2008 plan included a cap on releases
for the first two weekends to maintain fishable flows (i.e., < 400 cfs outflow from Francis E.
Walter Dam) through Section 06. Thus, angler behavior noted during the 2006 creel survey
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would most likely reflect patterns more representative of flows prior to hydrological
management plans than expected angler behaviors in the later years.

e Anglers utilizing the resource originated from the states of New Hampshire, New York, New
Jersey, Virginia, Connecticut, Massachusetts, and Pennsylvania.

Current operations address recreation within the limits of the authorization and physical limits of
the dam, but recreation use has increased and future study is needed to address increases in
recreation use, evaluate future demands for recreation services; evaluate existing infrastructure to
support the current and future demand for services; and investigate opportunities to optimize
operation to maximize benefits for current and future regional recreational needs.

7. Plan Formulation

Problems and Opportunities

This report described the changing operation of the project over time and the District’s historic
and current attempts to meet watershed and regional needs within the constraints of the current
congressional authorization and the physical limits of the dam and reservoir. A formal study is
needed to evaluate these opportunities to better meet these needs and improve the sustainability
the project.

The study would utilize collaborative planning efforts to examine how to better meet the needs
associated with flood risk management, water quality, water supply, and recreation. The
expected outcome of the study is an improved multi-purpose operational plan for F.E. Walter
Dam and Reservoir along with recommended modifications to the existing infrastructure that
would better support the project’s congressionally authorized multi-purpose requirements and the
evolving demands on the resources, both in-lake and downstream. The study would also
evaluate whether the increases in the local economy described in Section 6 of this report would
continue under the various alternatives.

The study would evaluate the current services provided by F.E. Walter Dam and Reservoir,
including past and present operational plans; evaluate the existing demands for services from
interested stakeholders, including flood control, water supply, water quality, and recreation;
evaluate future demands for services; and evaluate existing infrastructure to support the current
and future demand for services. The study will consider the Project’s authorized purpose along
with the public and environmental resource needs of the reservoir and Lehigh and Delaware
River Basins. Table 3 summarizes considerations, problems and opportunities, and constraints
that will be evaluated in a future Feasibility study.

Potential alternatives

Potential solutions include a combination of changes in authorization, operational changes, and
structural modifications. There are many competing demands on the resource and these would
be evaluated individually and collectively in a formal study.

Future without project conditions
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If no additional study is performed, the operation will continue as authorized. Other needs such
as water quality, water supply, and enhanced management for fisheries and recreation would not
be evaluated.
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Table 3. Considerations that will be evaluated in a future Feasibility Study

Considerations Currently | Examples of Problems and Examples of Constraints Path Forward/ Future
authorized Opportunities Study
at F.E.
Walter?
Flood Risk Yes Continue providing FRM to | Cannot have a negative impact to | Maintaining FRM benefits
Management (FRM) downstream communities. FRM benefits or decrease in will be considered and
(PL 79- DSAC rating. evaluated in a future
526)" Feasibility Study.
Water Supply Yes WRRDA 14, Section 4001 There is currently no agreement Need for a separate
Temporary | provided authority to enter | with DRBC for temporary water multipurpose watershed-
into an agreement with the | supply and conservation storage. wide study to address
(PL 78- Delaware River Basin Impacts to operation would need water supply, low flow
534)* Commission to provide to be examined and there would be augmentation, drought
(See temporary water supply and an incremental operating cost management, salinity
Section 4. | conservation storage at the associated with providing the control, and water quality
Historic Francis E. Walter Dam storage (water supply is 100% issues. (See Section 9).
Operation | during a drought warning or | non-Federal). There is currently
for drought emergency. no watershed-wide multipurpose
Drought) | Although this storage is not

Municipal & Industrial or
Agricultural Water Supply,
it has been included in this

category historically.

study that concludes that storage at
F.E. Walter Reservoir is the best
way to address watershed-wide
water supply needs. If a water
supply study only focuses on F.E.
Walter, there may be different
modifications recommended, as
opposed to studying water supply
in a watershed-wide context

(considering the other reservoirs).
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Considerations

Currently
authorized
at F.E.
Walter?

Examples of Problems and
Opportunities

Examples of Constraints

Path Forward/ Future
Study

Water Quality

No

Opportunity to add water
quality storage and releases
for “streamflow regulation”
for fish and wildlife and the

prevention of saltwater
intrusion (to maintain the
salt line in the Delaware

Estuary) (ER 1105-2-100
App C, C-6, ., 2.a., page C-

45)

Compliance with Clean
Water Act (CWA)

There is currently no water quality
storage or authorization at the
project. Constraints associated

with operating for fish and wildlife

in compliance with the CWA
would have to be evaluated in
future study.

There is currently no watershed-
wide multipurpose study that
concludes that storage at F.E.

Walter Reservoir is the best way to

address saltwater intrusion.
If a study to address saltwater
intrusion only focuses on F.E.
Walter, there may be different
modifications recommended, as

opposed to studying this issue in a

watershed-wide context

(considering the other reservoirs).

Improving water quality
for fish and wildlife,
specifically tailwater and
inlake fisheries, will be
evaluated with other
alternatives in a future
Feasibility Study.
There is a need for a
separate multipurpose
watershed-wide study to
address water supply, low
flow augmentation,
drought management,
salinity control, and water
quality issues. (See Section
9).

Environmental
considerations

Yes
Fish and
Wildlife

Coordinati
on Act
(FWCA)
1958
requiremen
t.

Opportunity to improve
flow management for fish
and wildlife resources.

Cannot have a negative impact on
fish and wildlife resources.
Constraints associated with

operating for fish and wildlife in
compliance with the FWCA would
have to be evaluated in future
Feasibility Study.

Consider improvements for
fish and wildlife resources
in a future Feasibility
Study.
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Considerations Currently | Examples of Problems and Examples of Constraints Path Forward/ Future
authorized Opportunities Study
at F.E.
Walter?
Recreation Yes Opportunity to investigate | Cannot have a negative impact to Improving whitewater
(whitewater) modifying the current whitewater recreation. recreation will be evaluated
(PL 100- authorization to a higher with other alternatives in a
676)* pool level and/or structural future Feasibility Study.

modifications to allow for
additional storage to
improve existing whitewater
recreation.

The CEQUAL-W2 water
quality model completed for
the project and Lehigh
River showed that potential
exists for significant water
quality and recreational
improvements.
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Considerations

Examples of Constraints

Path Forward/ Future
Study

Recreation (tailwater
fisheries)

Currently | Examples of Problems and
authorized Opportunities
at F.E.
Walter?
Yes Opportunity to investigate
modifying the current
(PL 100- authorization to a higher
676)* pool level to improve

releases and/or structural
modifications to allow for
additional storage for
existing tailwater fisheries.
The CEQUAL-W2 water
quality model completed for
the project and Lehigh
River showed that potential
exists for significant water
quality and recreational
improvements.

Cannot have a negative impact to

tailwater fisheries.

Improving tailwater
fisheries will be evaluated
with other alternatives in a

future Feasibility Study.

In-lake recreation

Yes

(PL 100-
676)"

Opportunity to investigate
modifying the current
authorization to a higher
pool level to maintain a

stable pool and/or
enhancing existing facilities,
such as boat launches/ramps
to improve in-lake

recreation.

Cannot have a negative impact to

in-lake recreation.

Improving in-lake

recreation will be evaluated

with other alternatives in a
future Feasibility Study.

Hydropower

No

A FERC preliminary permit
exists for the study for
hydropower development at
the reservoir.

Hydropower is a 100% non

Federal responsibility. No impact

to FRM and minimal negative

impact to recreation and fish and
wildlife per the CWA and FWCA.

Keep hydropower option in

mind when evaluating

alternatives in a future
Feasibility Study.
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8. Views of Stakeholders and Resource Agencies

Since 2005, the U.S. Army Corps of Engineers has worked closely with the Pennsylvania Fish &
Boat Commission, Pennsylvania Department of Conservation & Natural Resources (DCNR), and
numerous stakeholders to develop the Francis E. Walter Dam Flow Management Plan each year.
USACE Philadelphia District has hosted approximately 18 public meetings and received
hundreds of formal public comments in addition to many more informal phone calls and verbal
exchanges.

In October 2014, USACE hosted a public meeting in White Haven, PA with 42 participants from
a wide variety of groups including public agencies such as Pennsylvania DCNR and
Pennsylvania Fish & Boat Commission; non-profit groups such as Lehigh Coldwater Fisheries
Alliance, Lehigh Valley Kayak Club, and Appalachian Mountain Club; and private entities such
as Pocono Whitewater and Extreme Adventure Travel. These participants represent the interests
of thousands of other recreational users. They provide feedback and recommendations on a
variety of issues related to recreational water releases. Most of the stakeholders have a strong
understanding of the Francis E. Walter Dam and have worked together in a principled and
structured fashion to help create a balanced and equitable Flow Management Plan.

Several stakeholders have requested a formal investigation to determine the feasibility of
pursuing changes to the congressionally authorized purposes and/or modifications to the dam
itself to address these concerns. The Pennsylvania Fish and Boat Commission (PAFBC)
requested that F.E. Walter Dam and Reservoir be operated more consistently to improve the
downstream tailwater fishery. The PAFBC submitted a proposal to USACE Headquarters on
December 1, 2014, pursuant to Section 7001 of WRRDA 14 requesting a Feasibility Study to
evaluate the potential for the Francis E. Walter Dam on the Lehigh River to be a substantially
greater asset in terms of aquatic resources and recreation to the Commonwealth, region, and
nation. PAFBC specifically requested further study and implementation of the full
reconstruction option identified in the Lehigh River Recreational Enhancement Study.

The Delaware River Basin Commission has expressed interest in optimizing storage to include
water quality and low flow augmentation at F.E. Walter Dam and Reservoir. The New York
City Department of Environmental Protection (NYCDEP) and Congressman Gibson requested
that the District investigate whether F.E. Walter Dam and Reservoir could be used as an
additional storage site to flush salt water from the Delaware River Estuary. They state that
employing this concept would allow the NYCDEP the flexibility to deal with salt water intrusion
and the requirement for equitable distribution downstream of all NYCDEP owned dams in the
Upper Delaware River (Browne, 2014). The Philadelphia Water Department has also expressed
interest in the use of storage at F.E. Walter Dam and Reservoir for low flow augmentation in the
event of a drought as an additional storage site to flush salt water from the Delaware River
Estuary. If a low flow augmentation study only focuses on F.E. Walter, there may be different
modifications recommended, as opposed to studying low flow augmentation in a watershed-wide
context (see Section 9).
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The co-Chairs of the Delaware River Basin Task Force (Task Force), Representative Gibson,
Representative Dent, and Representative Carney sent a letter to the Philadelphia District
Commander on January 8, 2015 requesting that any study to optimize, expand, repurpose or
reauthorize the storage volumes at F.E. Walter be shared with the Task Force and other key
stakeholders. They also requested that any such reviews pay particular attention to local flood
mitigation concerns, safe capacity optimization, and optimization of alternative uses of existing
storage volumes to address down river water supply needs during drought and normal conditions
as well as down river water supply needs to address flow management and salinity control
concerns.

The potential sponsors are the Delaware River Basin Commission (DRBC), the State of
Pennsylvania, and other interested stakeholders.

9. Future Study Requirements

The first step of the study process is identifying a cost-sharing non-Federal sponsor and
beginning a cost-shared Feasibility Study to fully assess the need and potential alternatives in
regard to current authorized uses and present and all future demands of the reservoir and the
recommended changes needed to meet those demands.

A cost-shared Feasibility Study will evaluate the current services provided by F.E. Walter Dam
and Reservoir, including past and present operational plans; evaluate the existing demands for
services from interested stakeholders, including flood control, water supply, water quality and
recreation; evaluate future demands for services; and evaluate existing infrastructure to support
the current and future demand for services. The feasibility report would analyze whether
proposed changes are sound from an engineering standpoint, environmentally acceptable, and
economically justified.

There is also a need for a separate multipurpose watershed-wide study to address water supply,
low flow augmentation, drought management, salinity control, and water quality. There is
currently no watershed-wide multipurpose study that concludes that storage at F.E. Walter
Reservoir is the best way to address watershed-wide water supply, low flow augmentation,
drought management, salinity control, and water quality needs. If a water supply/low flow
augmentation study only focuses on F.E. Walter, there may be different modifications
recommended, as opposed to studying water supply/low flow augmentation in a watershed-wide
context (considering the other reservoirs). The DRBC submitted a proposal to USACE
Headquarters on December 3, 2014, pursuant to Section 7001 of WRRDA 14 requesting a study
to optimize storage in the federal reservoirs in the Delaware Basin to meet and balance current
and future needs including: flow management, low flow augmentation, water supply, flood loss
reduction, drought management, salinity control, recreation and aquatic life support. DRBC also
specifically requested that the study determine if existing storage volumes at F.E. Walter in
combination with existing storage volumes in Beltzville and Blue Marsh can be more efficiently
and effectively utilized and optimized to meet flow management objectives including
management of salinity in the estuary. The co-Chairs of the Delaware River Basin Task Force
(Task Force), Representative Gibson, Representative Dent, and Representative Carney sent a
letter to the Philadelphia District Commander on January 8, 2015 supporting this proposal. This
study could be completed using existing authority under Section 729 of WRDA 1986, as
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amended, that allows USACE to conduct cost-shared watershed planning. The District will work
with the DRBC and other stakeholders to implement this future study.

10. Conclusions/ Recommendations

This appraisal utilized only existing, readily-available data, and best professional judgment. This
Initial Appraisal has shown that the initiation of a Feasibility Study is warranted.

The Lehigh River is a major tributary of the Delaware River in the northeast region of
Pennsylvania supporting a diverse array of outdoor activities. This attraction provides annual
and long term economic benefits to the region, state and local economy, and offers recreational
opportunities for tens of thousands of people each year. In addition to recreational demand
(angling and whitewater rafting) on the resource, other demands such as water quality, water
supply and hydroelectric development interests persist. The Lehigh River downstream of F.E.
Walter Dam and Reservoir is also used as a raw water supply for hundreds of thousands of
watershed residents in riverside communities.

The water quality and ecology of the Lehigh River has improved dramatically since the
authorization and construction of the Project (Appendix B). These improvements are the result
of public awareness, environmental regulations (Clean Water Act and National Environmental
Policy Act), and the efforts and actions of numerous Federal, State, Local government agencies
and interests groups within and outside of the region. As a direct result of improved health, the
demands on use of the Lehigh River and the F.E. Walter Dam and Reservoir have increased over
the lifetime of the Project. The District has adapted operations to meet these demands when
feasible within the framework of the project’s congressional authorizations, physical constraints,
and operational limits. The Districts’ flexibility in meeting current watershed and regional
demands has been constrained by congressional authorization, physical aspects of the dam and
reservoir, and lack of water quality, water supply, and other in lake storage authorities other than
flood control. There is potential for F.E. Walter Dam & Reservoir to play a more direct positive
role in improving in-lake and downstream aquatic resources while providing greater operational
flexibility in meeting in-lake and downstream recreational demands. However, in order to meet
some of these scenario objectives, structural modifications, additional authority for storage and
operation, and further study of regional existing and future demands is needed.

Based on the consideration of potential increased recreational benefits (rafting and fishing), in-
lake and downstream aquatic system improvements, and economic benefits to the region, there is
sufficient reason to further investigate the feasibility of changes in authorization, operation, and
physical modifications of the project to better serve the public interest.
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1946 Flood Control Act
House Document 79-587
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644

Prosecution of plans,
ote.

Inftiation of proj-
ects.

Installation of pen-
stacks, ete.

Lehigh River, Pa.

Oumbérland and

West Cumberland,

’ %\,dd.; Ridgeley, W,
a,

49Biat. 1574,

33U, 8. 0. § 70la
e geg.; Supp. V, § 701b
e 3¢

g
Anfe, p. 641,

Weaynesbero, Va,

Washington, D. O.
Supra.

Savage River Dam,
Md.

PUBLIC LAWS—CH. 596—JULY 24, 1946 [60 Stam,

Provided, That the necessary plans, specifications, and preliminar
work may be prosecuted on any project authorized in this Act Wiﬂyl
funds from appropriations heretofore or hereafter made for flood
control so as to be ready for rapid inauguration of a construction
program : Provided ({wther, That the projects authorized herein shalil
be initiated as expeditiously and prosecuted as. vigorously as may be
consistent with budgetary requivements: And provided further, That
penstocks -and other similar facilities adapted to possible future use
in the development of hydroelectric power shall be installed in any
dam authorized in this Act for construction by the War Department
when approved by the Secretary of War on the recommendation of the

.Chief of Engineers and the Federal Power Commission:

DELAWARD RIVER BASIN

The project for flood protection on the Lehigh River, Pennsylvania,
is hereby authorized substantially in accordance with the recommenda-
tions of the Chief of Engineers in House Document Numbered 587,
Seventy-ninth Congress, second session, at an estimated cost of
$12,471,000.

POTOMAC RIVER BASIN

The local flood-protection project at Cumberland and West Cum-
berland, Maryland, and Ridgeley, West Virginia, authorized in the
Flood Control Act approved June 22, 1936 (Public, Numbered 738,
Seventy-fourth Congress), is hereby amended to provide for comple-
tion of the project substantially in accordance with plans on file in
the Office of the Chief of Engineers at an estimated cost to the United
States of $7,420,000 and subject to the conditions of local cooperation
preseribed for that project in the Act approved June 22, 1936, as
modified, now estimated at $1,520,000.

The project for flood protection at Waynesboro, Virginia, on South
River is hereby authorized substantially in accordance with the recomn-
mendations of the Chief of Engineers in House Document Numbered
622, Seventy-ninth Congress, second session, at an estimated cost of
$1,431,000. .

The project for protection at Washington, District of Columbia, on
Potomac River, authorized by the Act of June 22, 1936, is hereby
modified substantially in accordance with the recommendations of
the Chief of Engineers in House Document Numbered 622, Seventy-
ninth Congress, second session, at an estimated cost of $500,000.

Completion of the Savage River Dam on Savage River, Maryland,
is hereby authorized substantially in accordance with the plan con-
tained in House Document Numbered 622, Seventy-ninth Congress,
second session, at a cost to the United States now estimated at
$1,900,000, subject to the conditions that local interests make a cash
contribution of $200,000 toward the cost of the work, and agree to
hold and save the United States free from damages due to the con-
struction works, and to maintain and operate all the works after
completion in accordance with regulations prescribed by the Secretary

£ XXr

o1 yyar, .
RAPFAHANNOCK RIVER BASIN

Salem Ohurch Res-
orvoir, Va,

The project for the Salem Church Reservoir on Rappahannock
River, Virginia, is hereby authorized substantially in accordance with
the recommendations of the Chief of Engineers in his report dated
April 8, 1946, at an estimated cost of $17,755,000: Provided, That
the power gool shall be maintained at an elevation not to exceed
two hundred and twenty fest,
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79th Congress, 2d Session - - - - = House Document No. 587

. LEHIGH RIVER, PA. -

LETTER

FROM

THE SECRETARY OF WAR

TRANSMITTING

A LETTER FROM THE CHIEF OF ENGINEERS, UNITED
STATES ARMY, DATED JANUARY 31, 1946, SUBMITTING
A REPORT, TOGETHER WITH ACCOMPANYING PAPERS
AND ILLUSTRATIONS, ON A REVIEW OF THE REPORT
ON THE DELAWARE RIVER AND ITS TRIBUTARIES
SUBMITTED TO CONGRESS ON AUGUST 4, 1941, WITH A
VIEW TO DETERMINING WHETHER RECOMMENDA-~
TIONS CONTAINED THEREIN FOR THE LEHIGH RIVER,
ESPECIALLY AT BETHLEHEM, ALLENTOWN, AND
EASTON, PA., SHOULD BE MODIFIED AT THIS TIME
IN THE LIGHT OF RECENT FLOODS IN THAT AREA,
REQUESTED BY A RESOLUTION OF THE COMMITTEE
ON FLOOD CONTROL, HOUSE OF REPRESENTATIVES,

' ADOPTED ON OCTOBER 20, 1942

May 18, 1946.—Referred to the Committee on H.,_o.oa Control
R and ordered to be printed with three illustrations

‘ UNITED STATES
GOVERNMENT PRINTING OFFICE
86822 WASHINGTON : 1946

v ‘ CONTENTS

LIST OF APPENDIXES. MADE IN CONNECTION WITH THE REPORT
OF THE DISTRICT ENGINEER

(Only pls. 12 and 13 of appendix I are printed)

Appendlx No.
1. Record of hearing and related papers,
II. Section 1. Precipitation, run-off, and floods.
Section 2. Reservoir design.
Section 3. Detail data and estimates,
Section 4. Flood losses and flood-control Um:mmam

Plate No.

1, Tsohyetal map—storm of May 20-23, 1942,

2, Watershed isohyetal map—storm of WSP.« 20-23, 1942,

Plato No,

3. Mass-rainfall curves—storm of May 20-23, 1942,

4. Composite rainfall and run-off curves—storm of May 20-23, 1942,

5. Watershed isohyetal maps of notable siorms.

6. Discharge hydrographs—storm of May 20-23, 1042,

7. Gagé-rating curves.

8. Stream profiles—Itaston to Mauch Chunk.

9. May 1942 flood peaks in Delaware River watershed,

10. Stage-frequency curve at Bethlehem.

11, Bear Creek Reservoir.

12, Local protection, Allentown, Pa.

13. Loeal protcetion, Bethlehem, Pa.

14. Local protection, Easton, Pa,

15. Lehigh River, Easton to Mauch Chunk, sheet 1.

16. Lehigh River, Kaston to Mauch QE:K sheet 2,

17. Lehigh River, Kaston to Mauch Ov::w sheet 3.

18. Bethlehem hydrographs—floods of EA& 1936, 1935, and 1933,
natural and modified.
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LETTER OF TRANSMITTAL

War DepARTMENT,
v Washington, May 7, 19/6.
The Sreaker-oF THE House oF REPRESENTATIVES.

Diar Mr. Speagker: I am transmitting herewith a report dated
January 31, 1946, from the Chief of Engineers, United States Army,
together with accompanying papers and illustrations, on a review of
the report on the Delaware River and its tributaries submitted to
Congress on August 4, 1941, with a view to determining whether
recommendations contained therein for the Lehigh River, cspecially
ot Bethlehem, Allentown, and Easton, Pa., should be modified at this
time in the light of recent floods in that arca. This investigation was
requested by & resolution of the Committee on Flood Control, House
of _x%_.omo:gsém« adopted on October 20, 1942,

In nccordance with section 1 of Public Law 534, Seventy-eighth
Congress, the proposed report of the Chief of Engineers was furnished

the Governor of Pennsylvania. ‘A copy of the report was also fur-.

nished the Chairman of the Federal Power Commission for comment.
The views of the State of Pennsylvania and of the Federal Power
Commission are enclosed. .

The Bureau of the Budget advises that while there would be no
objeetion to the submission of the report of the Chiof of Engincers to
Congress or to the authorization of the recommended improvements,
the submission of any estimate of appropriation for their construction
under” existing ceonomic cenditions and under presently established
public-works policies would not be in accord with the program of the
President. The complete views of the Bureau of the Budgoet are set
forth in the enclosed communication.

Sincerely yours,
Rosekrr P. PAarrERSON,
Secretary of War.

COMMENTS OF. THE STATE OF PENNSYLVANIA

. COMMONWEALTH OF PENNSYLVANIA,
Governor’s OrrICH,
Harrisburg, November 14, 1946.°
Maj. Gen. Trnomas W. Rosing,
Acting Chief of Engineers,
War Department, Waskington 25, D, C.

Drsar Generar Rosins: I ackiowledge receipt of & copy of the
proposed report of the Chief of Engineers on a review of the Lehigh
River, Pa., for improvements in the vicinity of Bethlehem, Allentown,
and Easton, o

Our engincers have given careful consideration to this repdrt, and
upontheir recommendation, I can assure you that, upon-favorable

v
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action by Congress, the Commonwealth of Pennsylvania is prepared
to give the necessary assurances of cooperation and to meet its obliga.
tion of the costs and conditions which this report presents.
As requested in your letter of November 5, the report will be con.
sidered as ‘“‘not for public release.”
Very,sincerely, )
Epwarp MARTIN,

COMMENTS OF THE FEDERAL POWER COMMISSION

. Feperal Powsr CoMmission,
Washington 25, D. C., January 25, 1946.
Lt. Gen. R. A. WHBELER, .
Chief of Iingineers, War Department,
. Washaington 25, D. C.

Dgzar General WazsLer: There are transmitted herewith, in
response to your letter of November 5, 1945, the comments of the Com-
mission on your Department’s report on Delaware River and tribu-
taries—Lehigh River, Pa. The report of the district and division
engincers with appendix IT on a review of the Lehigh River, Pa., was
transmitted to the Commission on July 13, 1945, and that of the
Board of Enginecrs for Rivers and Harbors on this investigation with
your letter of November 5. | .

Your reporting officers and the Board recommend inprovement of
Lehigh River, Pa., for flood control by construction of Bear Creck
Reservoir and local protection works at Allentown and Bethlehem at
an cstimated cost of $12,471,000. The proposed dam below the
mouth of Bear Creck would be an earth or rock fill structure 2,900
feet long and rising 233 fect above the valley floor, creating & reservoir
of 110,000 acre-feet storage capacity below the spillway at elevation
1,450. The Bear Creek Reservoir would be used for flood control
and would not contain penstocks for the future generation of power.

The Commission staff has studied the Lehigh River in the vicinity
of the proposed Bear Creek Reservoir extensively over the past several
years and, during the past 2 years, in cooperation with your district
and division engincers in the consideration of the potentialities for
the development of power in connection with improvements on this
river.

The roport of the district engineer covers only very briefly the possi-
bilities for the development of power and the studies thercon which
were made in collaboration with the Commission staff. The apparent

attractiveness of the plan of development studied and the magnitude -

of the power which could be produced warrant a brief description
here of the plan which was developed by the staff. - Staff memoranda
describing the plan in some detail and discussing its various features

~ have been forwarded to the district engineer.

The plan includes the Bear Creek Reservoir, with the storage capac-
ity proposed in your Department’s report which would be used in
conjunction with another reservoir immediately upstream from Bear
Creck and just below the confluence of Liehigh River and Tobyhanna
Creck.,. Part of the Bear Creck flood-control storage capacity would
be transferred to Tobyhanna and used for conservation.” Water thus
stored in Bear Creek would be pumped into the conservation pool in
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Tobyhanna through a lift of about 150 feet, using off-peak power for
that purpose. .

From Tobyhanna water. would be conveyed by gravity through a
tunnel to an intermediate reservoir on Mud Run, and from there to a
regulating reservoir, on the lower Bear Creek, above a powerhouse nesar
Muuch Chunk. The flow between Tobyhanna and the regulating
reservoir would be practically continuous throughout the year, lend-
ing cconomy in tunnel sizes. A larger tunnel and conduit between
the regulating reservoir and the surge tank would permit peaking
operation, the capacity of the regulating reservoir being suflicient for
that purpose.

The water would be conveyed from the surge tank to the power-
house throngh three steel penstocks supplying three impulse-type
waler wheels direct connected to generators having an aggregate
capacity of 150,000 kilowatts and operating under an average head
of about 1,020 feet.  On the average about 325,000,000 kilowatt-hours
would be generated annually.

Preliminary estimates of cost show that the development described
would be economic, the benefit-cost ratio being 1.22. The studies
were made having consideration for mandatory releases of water for
water supply and other purposcs. The plan is also susceptible of
modifieations which might be required for the operation and use of
stornge for navigation and other purposes with no serious detriment
to power values,

The district engineer reports that power could not'be generated .

cconomically at the Bear Creck Dam and that provision for penstocks
is not neecssary.: The Commission stalf concurs in this conclusion
and also with that of the district engineer that the Bear Creek project
as proposed could be incorporated into the plan deseribed for hydro-
dectric development of the Lehigh River., .

The Commission agrees with these conclusions and recommends for
your further consideration &t such time as may be appropriate the
plan suggested by its staff for hydroclectric development of the Lehigh

iver. Attached for your information is a copy of drawing ! indicat-
ing the development.

Sincerely yours,
Levano Oups, Chairman.

COMMENTS OF THE BUREAU OF THE BUDGET

Execurive OFFICE OF THE PRESIDENT,
BUrEAU OF THE BUDGET,
Washington 26, D. C., April 18, 1946.
The Honorable the SecrETARY oF WaR., .
(Through the Budget Officer for the War Department).

My DeAr Mg, Secrerary: This will acknowledge receipt of your
letter, dated February 14, 1946, submitting the proposed report of the
Chief of Engineers on the Delaware River and tributaries—ILehigh
River, Pa., authorized by resolution of the Committee on Flood Con-
trol, House of- Representatives, adopted October 20, 1942, and re-
questing information as to the relationship of thereport to the program
of the President.

i Not printed.
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The Chief of Engineers recommends improvement of the Lehigh
River, Pa., for flood control by construction of the Bear Creek Reser-
voir, and local protection works at Allentown and Bethlehem, at an
estimated cost to the United States of $12,471,000. In the accom-
panying reports, it is indicated that the cost estimates are based on
1940 prices and the benefits on normal industrial activity. The
ratio of annual benefits to annual costs for the Bethlehem improve-
ment, including allocated reservoir costs and befiefits, is stated to be
0.93. At Allentown the comparable economic ratio is 0.91. For the
over-all project, the ratio of benefits to costs is 1.03. In addition,
intangible social and economic benefits are expected through the
climination of flood hazards.

Thereport indicales that the compreheusive plan of improvement of
the Chief of Engineers as presented in the report, when considered as a
whole, is economically justified by o margin of about 8 percent. The
estimates for the local improvements at Allentown and Bethlehem
show that these projects, by themselves, are not warranted. Since
the estimates of total -evaluable bencfits for the combined project
exceed the estimates of cost, it would appear that the-improvement
should be, in accordance with law, a Federal responsibility. How-
ever, since this is a marginal project, I would not expect that any
estimates of appropriation for construction of these facilities would be
submitted until (¢} sufficient funds have been appropriated for accom-
lishment of other authorized improvements having greater economic
justification, (3) adequate evidence has been presented warrantin,
prosceution of the work on the basis of urgent social need, or {¢) unti
expanded public-works programs are specifically initiated by the
Federal Government for employment purposcs. )

In view of the above, you are advised that, while there would be no
objection to the submission of the report of the Chief of Engineers to
Congress or to the authorization of the recémmended improvements,
the submission of any estimate of appropriation for their construction
under existing economic conditions and under presently established
public-works policies, would not be in accord with the program of the
President.

Very truly yours,
Pavr H. Arrreny,
Acting Director.
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War DepaRTMENT,
Orrice oF THE CHIEF OF ENGINEERS,
Washington, January 31, 1946.

The CuarrmaN, Commirree oN Froop CoNTroL,,
House of Representatives, Washington, D. C.

My Dear MR. Cramrman: 1. The Committee on Flood Control of
the-House of Representatives, by resolution adopted October 20, 1942,
requested the Board of Engineers for Rivers and Harbors to review the
report on the Delaware River and its tributaries submitted to Congress
on August 4, 1941, with a view to determining whether recommenda-
tions contained therein for the Lehigh River, especially at Bethlehem,
Allentown, and Easton, Pa., should be modified at this time in the light
of recent floods in that area, I enclose the report of the Board in
response thereto. . - o

2. After full consideration of the reports secured from the district
and division engineers, the Board recommends improvements of Lehigh
River, Pa., for flood control by construction of Bear Creek Reservoir
and local protection works at Allentown and Bethlehem substantially
in accordance with the plan outlined in the report of the district engi-
neer, and with such modifications thereof as in the discretion of the
Secretary of War and the Chief of Engineers may be advisable, at an
estimated cost of $12,471,000 for construction, and $10,000 annually
for operation and maintenance of the dam and reservoir; provided that
no money shall be expended on the construction of the local protection
works in Allentown and Bethlehem until responsible local interests
have given assurances satisfactory to the Secretary of War that they
will provide without cost to the United States all lands, easements,
and rights-of-way necessary for the construction of the improvements,
hold and save the United States free from damages due to the construe-
tion works, and maintain and operate the works after completion in
accordance with regulations prescribed by the Secretary of War.

3. After due consideration of these reports, I concur in the views and
recommendations of the Board.
Very truly yours,

. R. A. WHEBLER,

Lieutenant General,

Chief of Engineers.

REPORT OF THE BOARD OF MZQHZHHNM FOR RIVERS AND HARBORS

WasHINGTON, October 16, 1945.

Subject: Delaware River and tributaries, Lehigh River, Pa.
To: The Chief of Engincers, United States Army.

1. This report is in response to the following resolution “adopted
October 20, 1942:

Resolved by the Commiltee on Flood Control, House of Representatives, That the
Board of Engineers for Rivers and Harbors created under section 8 of the River
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and Harbor Act approved June 13, 1902, he, and is hereby requested to review
the report on the Delaware River and its tributaries submitted to Congress on
August 4, 1941, with a view to determininy: whether recommendations contained
therein for the Lehigh River, especially w1, Bethlehem; Allentown, and ‘Easton,
Pennsylvania, should be modified at this time in the light of recent floods in
that area.

2. The Lehigh River, & tributary of the Delaware River, rises in
Wayne County, Pa., flows southwestecly 33 miles to White Haven,
thence southeasterly 54 miles to Allentown and thence 16 miles
northeasterly to enter the Delaware River at Baston, Pa. The drain-
age aren of 1,370 square miles embraces portions of nine counties in
northeastern Pennsylvania. The headwater portion of the basin
above White Haven, Pa., lies within the Appalachian Plateau, with
clevations ranging from 1,500 to 2,000 fect above sca level and con-
tains numecrous lakes and swamps. The remainder lies within the
Appalachian Valley province, where the course of the main river is in
general transverse to the numerous steep mountain ridges. Tribu-
taries of the Lehigh River are small streamns, the largest, with drainage
arcas, being Little Lehigh Creek, 107.0 square miles; Aquashicola
Creck, 81.2 square miles; Pohopoco Creek, 111.7 square miles; and
Tobyhanna Creek, 128.3 square miles, The basin had a population
of 393,000 in 1940, nearly half of which was concentrated in the 3
largest cities, Allentown, population 97,000; Bethlehem, population
58,500; and Easton, population 33,600. The lower part of the basin
in Lehigh and Northampton Counties is highly developed both agri-
culturally and industrially, with most of the land devoted to.raising
farm and truck crops. ILcchigh County is one of the most important
cement-producing areas in the country, while Northampton County.
produces nearly half of the slate quarried in the United States. Large
quantitios of stecl, textiles, ceramics, glass, paper, and food products
arc also manufactured. Monroe and Wayne Counties, in the upper
part of the basin, are sparsely populated, the most important resources
being game, fish, limestone, and sandstone, whereas Carbon and
Luzerne Countics constitute the principal anthracite-producing center
of the basin, There are no existing Federal projects for improvement
of Lehigh River for navigation or flood control. Canalization of the,
river between the mouth and White Haven was completed by local -
interests in 1838 and scerved as an important artery of commerce for
many years. However, water-borne traffic has now ceased. Twelve
small dams in the basin arc maintained principally to supply water
for industrial purpeses and for development of hydroelectric power
at 14 small plants having a combined installed capacity of 2,054
horsepower. The basin 1s served by o network of railroads and
highways. : .

3. The sversge annual precipitation on the Lehigh River water-
shed is 45.2 inches. The average annual snowfall is 45 inches. The
region is subjeet to severe rainstorms which cause frequent flooding
of portions of the trough-like valley. Flood problems are caused b
Monoecacy Creek, drainagoe area 49.6 square miles, which flows throug

-Bethlehem and entors the Lehigh River within the city; Jordan Creek,

drainage area 81.0 square miles, which enters Little Lehigh Creek in
Allentown, about 3 mile above the mouth of the latter; Mauch
Chunk Creek, drainage area 8.9 square miles, which flows through the
town ¢f Mauch Chunk in an inadequate, closed flume, about 5,000
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feet in length; and Black Creek,. drainage area 62.6 square miles,
which flows through the town of Weatherly, located 5 miles above
the mouth. Five outstanding floods have occurred since the begin-
ning of reliable stream-flow records in 1902, of which the flood of May
1942 was the lsrgest known in the basin. It inundsated.2,800 acres
- of developed land, involving property valued st more than one-half
billion dollars, disrupted all means of travel -and -communication,
stopped all commerce, and caused estimated direct and indirect dams
ages of $11,800,000. Other serious floods occurred in 1933,.1935, and
1936. The average annual preventable flood damage in the entire
basin is estimated at $722,100. .

4. Local interests desire that a comprehensive flood-control project
be developed for the entire Lehigh River basin which will provide
reliel from damages caused by floods on the main stream, as well as
on the tributaries. - The Lehigh Valley Flood Control Council sug-
gesls construction of reservoirs in the upper reaches of the stream as
the most ecconomicel means of accomplishing the purpose. The
State of Pennsylvania proposes to establish the-necessary floodways
and to keep themn free from cneroachments or obstructions. No
definite offers of local cooperation have been made, ‘but the district
engineer believes that such will be forthcoming.

5. The district engineer has investigated various means of provid-
ing the desired relief from flood damage. HHe finds that the most
practical plan of improvement consists of (@) construction of = flood-
control reservoir having a storage capacity of 110,000 acre-feet at
spillway leval, with the dam in Lehigh River below the mouth of Bear
Creck; (b) local protection at Allentown by means of channel recti-
fiecntion and enlargement, and construction of a. training dike, levecs,
and incidental structures; and (c) local protection at Bethlehem by
menns of fleod walls or levees with incidental structures and the neces-
sary pumping plants, both on the main river and Monocacy Creek.
The proposed dam below the mouth of Bear Creek would be an earth-
-or rock-fill structure 2,900 feot long and rising 233 fest-above the valley
floor. A natural saddle ¥ mile from the right end of the dam would
serve as the spillway, with crest elevatisa of 1,450 feet above sea level.
The 110,000 acre-feet of sterage capacity in the reservoir is equivalent
to 7.2 inches of run-off from the 288 squarc miles of drainage area
above the dam site. The estimated Fedoral and non-Federal first cost
of the entire plan is $12,471,000 and $514,000, respectively. The
total annual cost is .estimated as $572,000, including $10,000- for
operation and maintenance of the reservoir. The proposed improve-
ment would eliminate the most scrious flood damage along the river
between the proposed dam and Easton, and would provide average
annual tangible direct and indirect benefits of $588,000, which:gives
a ratio of annual cost to benefits of 1.00 to 1.03. Resulting intangible
benefits would materially improve the economic ratio, The major
portion of flood damages at Xaston is caused by floods on Delaware
River and the district engineer finds that improvement for floed pro-
teclion is not warranted at this time because of the high cost, The
cost of protective measures at Mauch Chunk, Weatherly, and other
ms:.,mmo centers is also much greater than warranted by the resulting

enefits. .

6. The district engineer recommends authorization of a flood-con-

trol project for Lehigh River, Pa., consisting of a reservoir formed by

4 LEHIGH. RIVER, PA.

a dam on the main river below the mouth of Bear Creek, and local
protective works in Allentown and Bethlehem, substantially as de-
scribed in his report, with such modifications as may be advisable in
the discretion of the Secretary of War and the Chief of Engineers, at
an estimated first. cost to the United States of $12,471,000, with
$10,000 annually for maintenance and operation of the reservoir; pro-
vided that responsible local interests give assurances satisfactory to
the Secretary of War, regarding the local improvements, that they
will provide without cost to the United States all lands, easements,
and rights-of-way necessary for their construction, hold and save the
United States free from damages due to the construction of these
works, and maintain and operate them after completion in accord-
ance with regulations prescribed by the Secretary of War. The divi-
sion engineer concurs. :

7. Local interests were advised as to the conclusions of the division
engineer and were invited to submit additional data to the Board of
Engincers for Rivers and Harbors. The Board has given careful con-
sideration to the views expressed by local interests In communications
received.

VIEWS AND RECOMMENDATIONS OF THE BOARD OF ENGINEERS FOR
RIVERS AND HARBORS

8. The Board of Engineers for Rivers and Harbors has carefully

_considered the reports of the district and division engincers and the

dota submitted by local interests. It finds that there is urgent need
f)r improvements to protect the communities, commerce, and indus-
try along thn Lehigh River from recurring flood damage which is be-
coming more serious from year to year. The proposed Bear Creek
Reservoir would materially reduce damage from floods along the
Lehigh River between the proposed dam and Easton. The local pro-
tection works at Allentown and Bethlchem would greatly reduce resid-

ual flood damages at Allentown and would provide complete protec-.

tion for practically all of Bethlehem from floods up to one 20 percent
greater than that of 1942.  The cost of the improvement is warranted
by the estimated resulting tangible direct 'and indirect benefits.
Improvements for flood control at Easton and other damage centers
are not warranted at this time,

9. The Board recommends improvement of Lehigh River, Pa., for

"flood control by construction of Bear Creek Reservoir and local pro-

tection works at Allentown and Bethlehem substantially in accord-
ance with the plan outlined in the report of the district engineer, and
with such modifications thereof as in the discretion of the Secretary
of War and the Chicf of Engineers may be advisable, at an estimated
cost of $12,471,000 for construction, and $10,000 annually {or opera-
tion and maintenance of the dam and reservoir; provided that no
money shall be expended on the construction of the local protection
works in Allentown and Bethlehem until responsible local interests
have given assurances satisfactory to the Secretary of War that they
will provide without cost to the United States all lands, easéments;
and rights-of-way necessary for, the construction of the improvements,
hold and save the United States free from damages due to the con-
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struction works, and maintain and .operate the works affer comple-
tion in accordance with regulations prescribed by the Secretery of
War. . : :
For the Board: Tromas M, Rosins,
Magjor General,

Senior Member.

. REVIEW REPORT ON LEHIGH RIVER, PA.

SYLLABUS

The Lehigh River, a tributary of the Delaware River in easlern Pennsylvania,
is subject to recurring, disastrous floods that.rise suddenly and jeopardize the
lives, property, and social security of the valley inhabitants. :

The district engincer finds that the construction of a flood-control reservoir
on the upper Lehigh is feasible and will afford substantial protection to flooded
arcas along Lehigh River. He recommends this construction, and in addition,
channel improvements at Allentown and protective works at Bethlehem. Local
works to supplement the protection of the reservoir at other places are not found
economically justifiable at this time,

The cost of the entire recommended project iz $12,985,000, of which $514,000
is the cost of rights-of-way for local improvements and of altcrations to exist-
ing utilities. The ratio of annual benefits to annual costs is 1.03 to 1.

N

Unirep Stares ENGINEER OFFICE,
Philadelphia, Pa., November 15, 194.
Subject: Review of flood control report on Delaware River and its
tributaries (Lehigh River), Pa. N
To: The Chief of Engineers, United States Army (through the divi-
sion engineer, North Atlantic division). -

AUTHORITY

H.ﬂmwamiaé wo%o; mmmcvamgmmwbwmw@o:monoevomozoiam
resolution adopted October 20, 1942: :

Resolved, by the Commiltee on Flood Conirol, House of Represenlatives, That the
Board of Engineers for Rivers and Harbors created under section 3 of the River
and Harbor Act mv%.déa June 13, 1902, be, and is hereby requested to review
the report on the Delaware River and its tributaries submitted to Congress on
August 4, 1941, with'a view to determining whether recommendations contained
therein for the Lehigh River, especially at Bethlehem, Allentown, and Easton,
Pennsylvania, should be modified at this time in light of recent floods in that.
area, :

2. Scope.—This report of survey scope presents the results of a
detailed investigation respecting flood control on that portion of the
Delaware River watershed which is drained by the Lehigh River.
It reviews the recommendations in a previous report in the light of
the flood of 1942. It shows the measure of protection which can be
secured by the construction of a reservoir and local improvements
and the results which may be expected therefrom.

PRIOR REPORTS

3. Prior reports that gave consideration to control of floods on
Delaware River and its tributaries are listed in Table 1. Four of

6 LEHIGH RIVER, PA.

ﬁrmmogvogmﬁgegma&oéaeﬁo.pmgmwomwoommouspmbormmvEé_.
watershed are hers summarized: )

(@) House Document No. 245, Seventy-second Congress, first session, is a
survey report on Lehigh River, I’a., authorized by section 1 of the River and
Harbor_Act approved January 21, 1927, in accordance with the provisions of
House Document No. 308, Sixty-ninth Congress, first session, and was submitted
to Congress February 4, 1932, After roview of the report by the Board of
Engineers for Rivers and Harbors, the Chief of Enginecrs concurred in the recom-
mendation that no improvement of Lehigh River for navigation, power develop-
wn.vmﬁ.. flood control, irrigation, or any combination thereof, was justified at that

ime,

(b) House Document No. 179, Seventy-third Congress, second session, is a
survey report on the Delaware River walershed above Trenton, N. J., authorized
by section 1 of the River and Harbor Act approved January 21, 1927, in accordance
with the provisions of House Document No. 308, Sixty-ninth Congress, first
session, and was submitted to Congress October 9, 1933, After review of the
report by the Board of Engineers for Rivers and Harbors, the Chief of Engineers
concurred in the finding that no improvement of Delaware River for navigation,
except as authorized by cxisting projects, or that had been recommended to
Congress, was advisable, and that no improvement for navigation, power develop-
ment, flood control, irrigation, water supply, or any combination thereof, should
be undertaken at that time. i

(c) A report on preliminary examination of Delaware River made in accordance
with authorizations in Public No, 468, Seventy-fourth Congress, second session,
Public No. 738, Seventy-fourth Congress, second session, and Public No. 406,
Seventy-fifth Congress, first session, found that sufficient data on Delaware
River were alrcady available to indicate that it was not possible to justify the
construction of a general system of reservoirs, cither for flood control alone or
for flood control in conjunction with power and water-supply developments; but
that there was a possibility of providing local protection for certain localities at a
cost commensurate with the benefits to be expected. After review of the report
by the Board of Enginecrs for Rivers and Harbors, the Chief of Engineers, on
June 11, 1938, directed a survey td determine the degree and extent of local pro-
tection that could be provided cconomically.

(d) The latest prior report, submitted to Congress August 4, 1941, is the report
under review. It was made under the directive issued by the Chief of Engincers
on June 11, 1938, cited in (¢) above. This report presented a survey of the
Delaware River watershed, made for the purpose of determining the need and
justification for control of floods in that basin. After review of the report by the

oard of Engineers for Rivers and Harbors, the Chief of Engineers found that
floods in the Delaware River Basin are relatively infrequent, but cause substantial
damage; that flood losses are widely distributed throughout the watershed, and
comprehensive measures for their prevention would be very costly; and that
protection for certain urban areas could be provided by dikes and flood walls,
but the cost of such works would be excessive. It was reported, accordingly,
that construction of works for flood protection in the Delaware River watershed,
exclusive of the basins of Schuylkill River, Pequest River, and Rancocas Creek,
which were reported upon separately, was not advisable at that time. -
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8 LEHIGH RIVER, PA.

DESCRIPTION

4. The watershed of Lehigh River is portrayed in geographic and
topographic detail on United States Geological Survey quadrangle
sheets for Pennsylvania as follows: Allentown, Ariel, Boycrtown,
Easton, Hamburg, Hazleton, Mauch Chunk, Pocono, Scranton,
Slatington, Stoddartsville, Wilkes-Barre, and Wind Gap. Aerial
photographs of the Lehigh Valley are available in files of the Agricul-
tural Adjustment Administration, United States Department of
Agriculture, at a scale af 1:12,500. Plates 1 and 2 of this report ave
an index map and a watershed map, respectively.

5. Lehigh River drains an area of 1,370 square miles in the north-
castern part of Pennsylvania, embracing portions of Wayne, Lacka-
wanna, Monroe, Luzerne, Carbon, Schuylkill, Berks, Northampton
and Lchigh Counties. It has its source in southwestern Wayne
County, and flows southwesterly for 33 miles to White Haven, forming
the boundary of Lackawanna and Luzerne Counties to the northwest
and Monroe and Carbon Countics to the southeast; thenee 50 miles
southeasterly in an irregular course, through Carbon and between
Northampton and Lehigh Countics, to Catasauqua; thence 4 .miles
southdasterly into Lehigh County to Allentown; thence 5 miles north-
easterly, into Northampton County to Bethlchem, thence 11 miles
northeasterly in Northampton County to Delaware River at Easton.
The total length is 103 miles and the watershed comprises one-quarter
of the Delaware River drainage arca above Taston.

6. The Lehigh Basin lies within two physiographic provinces. The
northernmost, known as the Appalachian Plateau province, contains
that portion of the watershed above White Haven. This region is
glaciated and contains numerous lakes and swamps at 1,500 to 2,000
feet above sea level. Below White Haven the basin lies within the
Appalachian Valley province, which is recognized as consisting of
two sections, the- ridge and valley section and the Appalachian
Valley scction. The ridge and valley section, which adjoins the
plateau province, is a broad band of long narrow ridges and inter-
montanc valleys whose axes lie in a northeast-southwest direction,
transverse to the general course of the river. The ridges and steep
slopes are moderalely wooded. Elevations of the terram rango from

400 to 1,400 feet above sca level. The southernmost ridge, Blue-

Mountain, is cut by the river at Lehigh Gap. Thoe Appalachian
Valley section, m?wz,omm rolling terrain, extends northeast to the
mouth of the Lehigh at Easton, on Delaware River, and to the south-
west across Pennsylvania. . :

7. Geological formations in the mountainous regions are predomi-
nantly shale and sandstone. Rich deposits of anthracite oceur in
Luzerne, Carbon, and Schuylkill Countics. In the Appalachian

"Valley scetion, the stream first enters a slato formation, which is
extensively quarried; thence it traverses a limestone formation which
"is especially adapted to the manufacture of cement.
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8. In the upper 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 accumulation of rock waste at irregular intervals.
The coarse, erosion-resisting glacial deposits have frequently inter-
rupted the preglacial drainage channels, forming ponds and some
overflowed land and marshland. The river has croded its channel
progressively deeper from its source to its exit from the mountains at
Lehigh Gap. From White Haven to Mauch Chunk, 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 has prevented the river
from carving its channel to full maturity. The river has not developed
waterfalls for tho reason that the rock formations in its bed do not
present sufficient. variation in hardness. Nearly all outerops are
limestone, sandstone, and metamorphosed strata. Below Lehigh Gap,.
the subterrancan structurc is cavernous where soluble limestone
deposits were disintegrated by ground-water flow. Xxistence of the
cavitics 1s manifested during low flows by dry reaches in the river’s
tributaries, .

9. Gradients in the main stem of the river average 26.2 fect per
mile above White Haven (32 miles), 17.8 feet per mile for 54 miles
between White Haven and Allentown, and 4.1 feet per mile for 17
miles from Allentown to the mouth. The total fall in 103 miles from
the source at clevation 2,050 feet to the mouth at 160 feet above sea
level mw 1,890 feet. Slopes in the tributary streams average 50 feet

cr mile, .

g 10. The river has high and rocky banks in the upper courses;
drainage into the streams is rapid, and in consequence the streams are
subject to sudden rises. 'The river bed is rock throughout most of its
length and in places is covered by a thin layer of drift. - In the carly
patt of the nineteenth century the river was improved by the construc-
tion of dams, locks, and canal channels as a private enterprise, pri-
marily for the transportation of lumber from the headwaters and
anthracite from Mauch Chunk to Delaware River at Easton and
thenee to tidewater. In the lower courses, some of the pools above the
navigation dams have accumulated silt and fine anthracite to such an
oxtent that the canal operators have found it profitable to dredge and
recover anthracito fines for marketing.

11. The width of the river channel generally increases progressively
downstream to Allentown; from that point tc its mouth at Easton it
varies irregularly from 200 to 500 feet.  The maximum depth in the
pools above tho dams is approximately 10 feet at normal stages. The
discharge of the river varies from an average of 450 cubic feet per
second m September to an average of 7,000 cubic feet per second in
April.  The channel-flow capacities, in cubic feet per socond, at seven
points between the mouth and Mauch Chunk are: At Easton, 24,000;
at Bethlehem, 34,000; at Allentown, 28,000; at Northampton, 23,000;

8t Palmerton, 48,000; at Lehighton, 13,000; and at Mauch Chunk;

39,000.

86822—46—-38

~and w_.owbm the Lehigh after passing under the Lehigh
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E.U:gow?o.HmEmdomv&a.c:gzamcmmemer?E.mam,amg-
lated below: .

Entersriver
Stresm Drainage Elovation | Elevation

Mﬂﬂ«.ﬂ area Length at source | at mouth

Miles Square ntiles Miles Feet Feel
8a11con CroeX. .. oveoeraaermeooccaaas 9.2 58.2 18.8 640 208
gobonwaw Creek. e 1Ll 49.6 18.0 760 212
Little Lehigh Creek oo, - , 16.2 107.0 24.0 830 2%
Jordan Cresk....e..vericiooarrenede]oiiiicaeea e 81.0 32.0 740 28
Hokend Crevk. .. . 22,0 42,6 5.0 760 287
Aquashicola Creek ... .ooonaoiis 35,7 81.2 22,5 1, 500 380
Lizard CreeX. . oveeeeeceeeeemedaeeean 38.8 53.8 15.0 750 415
Pohopoeo Creek..... 40.5 M7 23.0 1,820 433
Mahoning Creek. 42.1 37.3 14,0 1,040 48)
Mauch Chunk Creek...ooo__ ... 46,5 8.0 8.0 1,120 512
N honing Creek. - 48.4 33.8 13.0 1,540 568
Black Creek.”. ...l .00 0000 65,4 62.6 14.6 1,720 780
Mud Run. cooviovneomiaiaaaas 4.8 35.8 15.0 1,850 ot
Bear Creok ——— 77.0 50.2 13.0 2,020 1,250
Tobyhanna Creek. . vooomwiaanenn B3. 5 128.3 32,0 2,080 1,400

Four of the tributaries contributing to local flood problems are as fol-
lows: Monocacy Creek, which flows through the omw of Bethlehem

avigation Co.s
canal; Jordan Creek, which joins Little Lehigh Creek in the city of
Allentown about ¥ mile above its confluence with Lehigh River:
Mauch Chunk Creek, the flow of which is carried under the town of
Mauch Chunk for a distance of 5,000 feet above the junction of thé
creek with the Lehigh; and Black Creek, which flows through thé
town of Weatherly 5 miles above its mouth, in the right bank of Léhigh
River about 8 miles above Mauch Chunk,

13. In respect to its drainage pattern, the Lehigh watershed con-
sists of contrasting areas which differ in their run-off characteristics.
In the area that lies downstream from Lehigh Gap, and comprises
one-third, or more, of the entire watershed, the stream channels and
basin surfaces have moderate slopes and correspondingly moderate
rate of run-off. Between Lehigh Gap and the vicinity of Mauch
Chunk is an area composed of ridges and valleys extending entirely
across the watershed and drained by four principal tributaries, viz
Aquashicolas and Pohopoco Crecks, which enter from the northesst)
with Lizard and Mahoning Creeks which enter from the southwest,
The watersheds of the streams that enter from the southwest ars
much smaller and shorter in extent than those which enter from the
northeast. The tributaries in this area are characterized by moderat?
slopes in‘their main channels and steep slopes in the basin surfaces
and in the channels of thoir feeders and headwater streams, Up:
stream from the ridge and valley area lies-the southeastern escarp:
ment, of the Appalachian Plateau, on which the terrain and the stream
channels, including Bear, Creek Basin, slope steeply and. deliver the

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

Tobyhanna Creek and the extrerne upper part of the main sfem of

- Lehigh River, slopés are moderate and there are many ponds:and

swamps, conducive to slow run-off.

14. The climate in the area drained by Lehigh River is typical of
the northern Appalachian highlands. &rw mean annual tempers-
ture is approximately 47° F., varying from 103° to —21°. Mean
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summer and winter temperaturcs are approximately 68° F. and
95° F,, respectively. The prevailing winds are from the northwest
in winter and west it suramer. Thunderstorm winds reach high

velocities and occasionally cause considerable local damage to stand-

ing field crops. : .
15. Additional climatological data from records of dispersed sta-
ions are tabulated below. .

Avet- .
Highest|Lowest| sago Aver- Approxi- | Approxi-
Statlon Longth | tem- | tem- |annual wde«w WWVW age | mate date | mate date
of record| pers: | pera- | tom- 90° 320 growlng | of latest | of earllest
turo ture we.w. season killing frost[killing  frost
ure -
Years' | © F. °F, °R, Days
hoXCIL: TR 26 100 ~14 51.0 - 183 | May 17...| Bept, 22.
Bethlehom.we o oeeen 20 105 —16 [ () PN SR, 188 | May 9....] Sept. 11,
Matieh Chunk..... 39 104 20 49.9 |ceenann 134 160 § May 20...| Sept. 8.
Mount Pocono...... 25 103 ~35 44.4 12 150 128 | June 17.....| Sept. 4.

ECONOMIC DEVELOPMENT

16. Occupation ‘and industrial development in the Lehigh water-
shed have been influenced strongly by the physiegraphic and geological
characteristics of the area. Early growth in the valley resulted from
the development of its many natural resources in combination with

the canalization of the river to transport finished products. With -

the advent of railroads,.this growth was accelerated and expansion
has been continuous to reach the present high state of development.

A wide diversity is found between the upper watershed areas that lie’

in the Appalachian Plateau and the ridge and valley section, and
the lowerwatershed areas that lie in the Appalachian Valley section,

17. In the upper watershed the arable lands are mostly in small
scattered areas. The eastern part, in Monroe and Wayne Counties,.is
rugged, sparsely populated, and wooded with small mixed growth.
Game and fish abound. Its mineral resources are sandstone and
limestone. The western part, in Carbon and Luzerne Counties, is
mountainous; only one-seventh of the ares is susceptible of cultiva-
tion, and agriculture is of minor importance. Thisisthe anthracite-
producing area of the ILchigh Basin. Its mineral resources also
mclude sand and gravel, stone used in the construction industry, and
shale used in producing bricks. :

18. The lower watershed areas in the Appalachian Valley section
are largely agricultural lands of high quality, intensively worked for
farm and truck crops. The chief mineral resource in Lehigh County
is limestone which is valuable for numerous industrial purposes, but is
used mainly in the manufacture of cement. This ~oo®m¢% has become
one of the most prominent cement-producing areas in the country.
It is also noteworthy that Northampton County produces nearly
half the slate quarried in the United States, Iron ore, which once was
a basic resource, is now unimportant. : .

19. The upper watershed areas, with rugged terrain, have not been
developed industrially as in the case of the lower Lehigh. Valley.
Nearly one-half the oﬂ&p&on of the basin is concentrated in the cities
of Allentown, Bethlehem, and Kaston, which are the .industrial
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centers of the basin and are all situated on the river within 16 miles of
its mouth. The population of the watershed, as shown by census
data, was approximately 206,000 in 1910, 329,000 in 1920, 384,000 in
1930, and 393,000 in 1940.

20. Pertinent data on the cities of Allentown, Bethlehem, and
Easton are given in the following tabulation: -

Allentown | Bethlehem Faston

Arca___ square miles. . 17 18 4
Population_. . - 06, 004 58, 490 33,589
Banks. ——— number.. 5 4 &
Bank resources, Dec. 31, 1941 o] $54,835000 | §32,796,000 | $30, 780,000
Ineome tax returns, 1040 number..| 12, 538 11,497 7,008
REHEOBAS. o - ericvmansanrccmcccemecemrann e e do.... 6 5

13
Retail sales, 1039 . $48, 580, @oc $21,757,000 | $20, 469, 000

21. Other communities in the watershed that had populations of
more than 2,500 in 1940 are as follows:

.Population Population
Hazleton. ... ... - 38, 009 | Slatington .. ......_.. S, 4,:062
Northampton....... R, g, 622 | Hellertown_ .. _.._._ e 4,031
CPalmerton o oo ccccenenas 7,475 | Fullerton. .o oo oo 3,075
Lehighton. .o vomnnozonon 6, 615 Mauch Chunk. ... ___.___._._. 3, 009
Catasauqua ..o -_ mmmm——— 4,764 Weatherly. .o 2, 754

22. The population, industrial, and agricultural statistics of the
Lehigh watershed for the year 1940, which is considered a normal
year, are shown in table 2.

Tasre 2.—Normal cconvmic data, Lehigh River walershed, 1940

Population . - e e 392, 704
Employecs, industrial and manufaeturing. ... ___.___ [, 77, 639
Wages, industrial and manufacturing_ oo oooe il $94, 306, 400
Value of produets....______ e e e e PRI $301, 035, 500
Number of TarmS. - o e ceemem—eean &, 027
Total acreage of farms_ . L ... 362, 132
Value 0f CrOPS . .o e 6, 270, 400
Value of dairy produets_ _ . alaoo $2, 001, 500
Value of livestoek - - oo el 82, 985; 137

23. Cement and steel production sre the prominent basic industries
of the lower Lehigh Basin. Other activities of importance include
the production of textiles, miscellaneous metal products, ceramics
glass, paper, and food products, and the quarrying of limestone ani
slate. .

24. Initial use of anthracite carly in the nineteenth century, and
subsequent increase in demand for this fuel, led Lo the development of
the Lehigh Navigation Canal as a means for transportation down the
river io Kaston, where it connected with the Pennsylvania Canal
(Delaware division) that paralleled Delaware River downstream to
tidewater. The canal was put in operation from Mauch Chunk to
Easton in 1829, and from White Haven in 1838, The transportation
facility thus provided was a cogent factor in the early industrial’de-

velopment of the Lehigh Valley.,  Eventually the demsdnd that aceom--

panied expansion of anthracite mining and other industries exceeded

the capacity of the waterway, and this means of transportation was

supplemented by a railroad on ench bank of the river. As the rail
lines took over the burden of transportation, traffic on the canal
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declined, and now has ceased. The only portions that are now usable
are {rom Weissport to Bowmanstown, from Treichlers to Bethlehem
and through the terminal reach at Easton. The m.oucm%?mbmpﬁmu&
which connected with tidewater in Delaware. River is completely
closed in its lower courses. . v

25. There are 12 dams in Lehigh River, 10 of which are owned b
the Lehigh Coal & Navigation. Co.; and 2 by industrial plants €Eow
depend on the pools for their water supply. These dams are main-
tained in & reasonably good state of repair. The pools of the Lehigh
Coal .& Navigation Co. serve chiefly to supply water for industrial
operalions and for the development of power by 14 minor installations.
The total power developed is reported as 2,054 horsepower. There
is no other hydro power in the Lehigh Basin. Most of the water
drawn from the river for industries and for power production is returned
to the stream within a short distance from the point of diversion.
The Lehigh Coal & Navigation Co. has been engaged in recent years in
the recovery of small sizes of anthracite from their pools below
Mauch Chunk by dredging. This anthracite has been washed down
the tributaries which drain the mining areas. The average quantity
recovered from 1933 to 1941 was 75,000 tons snnually. In 1934,
which is the maximum year reported, the recovery was approxi-
mately 117,000 tons.

26. The western part of the Lehigh River Basin, above Mauch
Chunk, contains the northeastern extremity of the coal measures
known as the southern anthracite field, most of which lies within the
watersheds of the Schuylkill and Susquehanna Rivers. The number
of mining operations and their output vary under the influence of
labor conditions and the demand for this fuel. With the increased
demand qccasioned by wartime conditions the output has been un-
usually high, and in marked contrast to the steady decline in produc-
tion that had been in evidence through more than 10 years prior to
1939. In 1943 the output was approximately 3,500,000 tons, which
was approximately 6 percent of the entire output of Pennsylvania
anthracite. At prevailing market prices it had a value of approxi-
mately $20,000,000 on board cars at‘the breakers. The anthracite
industry in the Lehigh Basin is of major economic importance in the
Mauch Chunk locality. Elsewhere in. the basin it is of interest as a
readily nccessible source of domestic heating fuel.

27. The Lehigh Basin is served by a comprehensive net of rail lines,
principally those of the Central Railroad of New Jersey and the Lehigh
Valley Railroad, that give excellent service both as to branch-line and

trunk-line movements of the products of industry. Both railroad-

and bus-line transportation for passengers is available. The area is
well covered by a highway network that provides for local communica-
tion and for connection with outside areas by State and Federal routes.

PRECIPITATION

28. The eastern Pennsylvania area that is drained by Delaware
River and its tributaries receives an average annual precipitation of
approximately 45 inches.. Precipitation in amounts greater than 7
inches in 24 hours has been recorded on several occasions at individual:
gaging stations. The snowfall is moderately heavy, averaging 45
inches & year in the area that is drained by .Hawwmw River. The snow-
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fall in tho headwaters area is considerably heavier than in the lower
portion of the watershed. This is indicated by the Weather Burenii
snowfall records for the period 1926-43 (table 2,' appéndix IT) whidh
show an sverage snowfall of 54 inches at Gouldsboro, in the head:
waters, as compared with 25 inches at Bethlehem in the lower basin;

29. United States Weather Burcau data on rainfall that are perti-
nent to a study of the Lehigh River watershed are recorded 'at’20
stations within or adjacent to the watershed. Iuist of rainfall stations
is shown in table 1! of appendix II. The annual average precipitatioi
ovar the watershed, derived from the records of 9 solected stations cach
having more than 25 years of record, is 45.2 inches. The maximum
was 70.65 inches, recorded at Mauch Chunk in 1833, and the minimum
was 28.86 inches, recorded at Bothlehem in 1932,  Theaverage monthly
mean precipitation ranges [rom 4.8 inches in July to 3.0 inches in
February. Annual precipitation over the upper portion is approxi:
mately 5 inches. greater than over the lower portion. Tables 2! and
3! of appendix 11 show the annual rainfall and mean monthly preeipi-
tation over the watershed. ’

30. The five storms which produced the most damaging floods in
Leliigh River during the period for which authentie stream-flow dats
are available occurred in 1942, 1902, 1933, 1935, and 1936. The storms
are listed in order of flood magnitudes produced, the greatest being in
1942. Data on these slorms ave given in paragraphs that follow and
mw maps and graphs included as plates 1,' 2,' 5 and 18 of appendix

31. The storm of May 19-23, 1942, traveled generally northeast:
ward across eastern Pennsylvania and into New York and produced
the greatest flood recorded on Liebigh: River. This storm was de-
scribed by the United States Weather Bureay, in part, as follows:

The storm of May 19-23 belongs {0 the category of storms of which May 30%
June 1, 1889 (Johnstown flood) is the most famous, and May 18-22, 1894, about
the most- extreme in westward extension of the heavy rainfall, In all cases the
rainfall came out of a moist ‘current. from the Atlantie curving northwestward
ahout an upper cold cyclonic cirenlation.

The isohyctal map of the entire storm indicates several centers of
heavy precipitation, tho greatest in the Lehigh watershed being at
Mauch Chunk where a total of 7.52 inches was measured, of which
6.52 inches fcll in 24 hours. :

32. The data indicate that an average total of 2){ inches of rain fell
on the Lohigh watershed in the 36 hours botween noon, May 20, and
midnight, May 21; that only ¥ inch fell in the ensuing 16 hours; and
that this was followed by unusually heavy rainfall for approximately
10 hours, in which 3 inches fell. Although this storm was ‘the:main:
cause of the destructive flood, a storm of May 16-17 had contributed
substantially to entecedent flood conditions when nearly 2 inches of
rain fell on the watershed.  Mass rainfall curves shown on plate 8 ! of
appendix II reveal that unusually heavy rainfall oceurred in the upper
portion of the Lehigh watershed several hours prior to the second
poriod of heavy rainfall in the Allentown-Bethlehem area. This
combination of circumstances was favorable to the production of high
flood stages in the lower reaches of the river. A detailed analysis’of
this storm, which shows the intensity and distribution of the rainfall}
has ‘been completod by the Department and is now available for ref-
erence. ‘ :

! Not printed.
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33. In February 1902, rainfall and snowfall in eastern Pennsylvania
were intense throughout the month, a severe snowstorm smounting
to about 12 inches occurring on the 16th and 17th. - The tempers-~
tures were genorally below freezing from the 5th to the 19th. . More
than 2 inches of precipitation, in the form of rdin, show, and sleet, foll

.on the 21st and 22d, from which there was no appreciable run-off.
An average of ¥ inch of rain and sleet fell over tho Lehigh watershed
during the 25th and 2¢th; the precipitation;on the lower portion of this
walershed during. this period was considerably greater -than on the
upper portion. This rainfall, accompanied. by above-freezing tem-
perntures in tho lower aren, resulted in en estimated peak ilow of
14,000 cubie feot per sccond at Bethlechem on the 26th.  Heavy rain-
fall amounting to more than 2 inches fell on the 28th of February,
during which the heavier precipitation occurred on the upper portion
of the watershed, 2.4 inches being recorded at Mauch Chunk. Total
precipitation over the Lehigh Basin between the 16th and 28th of
Tebruary, which contributed to the flood of the 28th, amounted to
about 6 inches.

34. In August 1933, a period of moderate rainfall, beginning on the
21st was followed by a tropical disturbance on the 23d which moved
in a northerly direction across the Middle Atlantic States from North
Carolina to Massachusetts. The rainfall accompanying this dis-
turbance was of high intensity and relatively long duration. The
average rainfall over the Lehigh watershed for the 3-day period was
approximately 635 inches.  Tho period of heavy precipitation oceurred
first in the lower reaches of the basin and progressed in a northerly
dircetion.  The rainfall was generally of uniform intensity during
this pariod and amounted to approximiétely 4 inches. o

35. Tn July 1935, heavy rain occurred over castern Pennsylvania for
aperiod of about 48 hours, beginning on the 8th and ending during the
morning of the 10th. The tolal rainfall was 9.32 inches in Bethlehem,
in the lower watershed, 7.21 inches at Mauch Chunk, in the middle
areg, and 7.26 inches at Gouldsboro, in the headwaters. ~ The périod
of the most intense rainfall oceurred during the afternoon of the gth,
and it appears that this period of rainfall took place simultaneously
throughout the watershed. During this period of intense rainfall
nearly 3 incles of rain fell over the entire basin in 12 hours. .

30. In March 1930, a storm having two periods occurred in the

Lehigh watershed, the first on the 11th and 12th, dnd thi second on the

17Ul to 21st. . During the first period the total preeipitation was 1.46
inches at Bethlehem, 2.23 inehés ot Mauch Chunk, and 2.50 inches at

Gouldshoro. At the beginning of this period there was sn estimiated -

average of 4 inches of water over the watershed above Bethléhem in
the form of snow, the bulk 6f it beinz at the higher clévations'in 'the
headwaters; above Tannery it was 6.8 inches. Most of the snow

melted during this period, resulting in floods througliptit the basin.

There was light intermittent rainfall betwéen the two storm periods.
37. The rainfell during tho sccond period was '3.47 inches ‘at

Bethlehem, 4.60 inches at Mauch Chunk, and 4.80 inches at Goulds- .

_58_:Swao;,Eoroao:iﬁ._.v.ao;o:oobonaraHmﬁu.A,ro.vo&o&&
oceurrence of the maximum intensity in’ the héadwaters was in tho
morning of the 18th.  Theé flood peaks resulting from this rainfall eéte
lower in the Lehigh Basin than those of thé first period. Lo
38. The pattern of the makimum possible storm that' could’ oeéur
on the Lehigh watershed has been derived from data furnished by the
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Hydrometeorological Section, Office of the Chief of Engineers, on the
maximum commmﬁmm precipitation applicable to the Lackawaxen River
watershed, which adjoins the Lehigh watershed on the northeast,
The extent and characteristics of the Lehigh watershed are such thata
36-hour storm would be of sufficient duration to produce maximum
flow at Bethlehem. The above-mentioned data indicate that the
maximum possible 36-hour rainfall for the drainage area above Bethle-
hem would amount to 18.6 inches. The rainfall pattern was arranged
in six 6-hour periods, with a maximum 6-hour precipitation of 8.5
inches occurring in the fifth period. It is considered that this Qistri-
bution of rainfall will produce the maximum possible flood peaks.

- RUN-OFF
39. The locations and other pertinent data pertaining to six stream
aging stations that are operated by the United States Geological
m:zw% in the Lehigh watershed are given in table 3.

TABLE 3.—Stream-gaging stutions, Lehigh River watershed

Dally discharge in
cublc feet per
Draln- Years| second per squars
Stream and location age | Type of gago Perlod of record nw.n.r mlle
- ord Maxt| Minh
axl-| 3
Mean|' i um! mum
Lehigh River at— Sg. mi. :
ethiehem. __v..enae. 1,230 | Nonrocording. mmgodwwm _wo» _o_o _uwmwnﬂ. 22
ar; ; Aprl 0
mavm,:wnﬂxn uwwm. 176 1 62.1 1 0.1
Do._.... Recording..... October 1028 to date.......; 18
Tannery.... Nonrecording. uJﬂWw 1914 to September 14
) 07 SR, NQSEEM.F%-. mswvmnu Swmmwm m&%.m ..... Hm 1.88 ] 64.7 | .16
{ila.. 92,8 | Nonrecording.| September 0 date....
weumwwmmwwmmww at P 110 | Recording..... October 1040 to date...-... 4191|357} .M
ville,
Hatchery..| 16.8 |..... [ " February 1041 to date..... 312211334 .52
Nch%m%ﬂww%» om.omwoan‘ 77,0 {oeuos A0 October 1639 to date....... 511881327 .1®
Palmerton.

»o.woooammcvggompa»&mwmﬁmmragmm?ﬂrm%ooia&m%o
greatost drainage area (1,280 square Emowm and longest period of
record, established mean, maximum, and minimum monthly dis-
charges of 1.75, 9.31, and 0.25 cubic feet per second per square mile,
respectively. The maximum run-off oceurred in March and the mini-
mum in October. The mean, maximum, and minimum values of
annual run-off in inches over the watershed were 23.72, 39.60, and
13.37, rospectively. The mean, maximum, and minimum percent-
ages of annual precipitation that appeared as run-off were 52.1, 674,
and 36.9, respectively. Run-off during floods of record is shown'in
the following section.

FLOODS :

41. Floods that were evidently of magnitude that would produice
extonsive damage under present-day conditions of development along
Lehigh River are merntioned in old manuseripts and publications as
having occurred as carly as 1675, Evidence is found that oE.w the
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records of phenomenal floods have been preserved, consequently it is
probable that & considerable number of floods occurred that were note-
worthy but for which no data are available. Prior to the establish-
ment of the first stream gage on the bcwmmmp at Bethlehem in 1902, nine
floods occurred for which the peak discharges at Bethlehem can be
-estimated with reasonable certainty. These discharges are based on
the most recent data of the United States Geological Survey, ang the
values previously reported for these floods are now rovised to agree
with the latest available rating curve. The years in which the floods
occurred, and their estimated peak flows, are as follows:

Cubie feet Cubic feet

per second per accond
1786 e 43,000 (1869 ... ___ [, 74, 000
1830 e m 82,000 1894_ _ .. eiiaoao 54, 000
1841 e 70,000 1901 . 56, 000
1850, e oo cmmmmmem e 54,000 1902 e 88, 000
1862, e cecam 79, 000 *

While the floods that occurred in 1901 and 1902 antedate the gage at

Bethlehem, reliable, although unofficial, data on their discharges
warrant their inclusion with the floods of record. ’
42. Four of the five outstanding floods resulting from the storms
deseribed in previous paragraphs (30 to 37), have occurred subsequent
to the establishment of the stream gage at Bethlshem. - Pertinent
data relating to these floods on the Lehigh River at Bethlehem and
Tannery are tabulated below. The hydrographs for the 1942, 1933,

1935, and 1986 (first period) floods are shown in plate 18! of appen-.

dix II.
BETHLEHEM
Maximum rate of dls- I
. nterval
Elevation charge Average | Burface between
of water Dura-
surface rainfall runofl ooyl Pesks at | oy o
Dute of flood . inches inches Bethle-
feet ahove Cublefest | oo watar- | over water- | U | paryang |floodin:
mean ses | Cuble feet | per second ‘shed shed Tannery (hoirs,
lgvel per second | per nwwww_.a (hours)
May 1842 ... 221 92, 000 719 5.6 3.1 55 10 24
August 1033, . 221.3 64, 800 0.6 6.6 2.8 38 4 18
July 1035...... 2.1 63, 700 49.8 8.5 2,6 40 7 24
AZE.. 12, 1036. 228.8 55,700 46.3 1.6 12,8 180 8 24
Mar. 18, 1836, 224.3 48, 000 38.2 4.3 3.2 75 6 18
TANNERY

Maeximum rate of dis-

Elovation charge
of water Average Surface

rainfall run-oft

. Contribution to
Dateof flood | (SUrface,

~¢  |Percent| pesk at Bethle-
inches inoties
KEOLBOTS |t et | it |over wator.| ove wr, U | et cuble fot
pe shed shed per

Tevel per sacond | per mmE:.m
mile

May 1942 .. 1,058.3 28, 600 oL¢ 8.0 3.6 60 24,000
August 1933, . 1,054.3 17,800 4.3 8.3 2.8 48 12,400
July 1036. ... 1,064.9 19, 500 60.8 8.1 2.7 44 12,800
*gw_.. 12, 1636... 1,055.1 20,200 62.7 L7 131 220 18, 600
Mar. 18, 1936... 1,054.8 19, 100 5.4 4.9 4.8 20 e

! Includes snow melt,
) Not printed.
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The flood flow whose peak: occurred on March 12, 1936, had not sub-
sided entirely before the arrival of the rise that peaked on the 18th of
March. The total volume of the surface run-off of the fwo periods
was equivalent to 6.0 inches over the watershed above Bethlehem.
»w.aﬂro flood of May 1942 is the greatest flood known on Lehigh
River. The storm that produced this flood occurred in two phases;
the rainfall of the second phase was much heavier than the first,
The rainfalls, discharges; and run-off percentages for each phase of
the storm, and the total for 5 gaging stations in the watershed are
tabulated below: :

Flrst storm phase Second storm phase Total storm
Draln- g

URE 818} Rain. | Run- | Run- | Roin- | Run- | Run- | Rain- | Run- | Run-
fall off oft fall oft off fall oft off

Station

Lobigh River at— In. In. Pet. | In, In. P, In, In. Pq.
Bethlohem....... 2.3 0.5 22| 33| 26 79 561 3.1 55
%EES‘N R, 2.4 0.6 25 3.6 3.0 83 6.0 3.6 80

muo_mm_vonc Yreck at P 1.8 0.8 33 3.3 2.2 67 5.1 2.8 55

villa,

‘Wld Creck at Hateliery. .. .. 1.8 0.3 17 3.3 1.9 58 5.1 2.2 43

Aquashicola Creek at Palm- 2.8 1.2 48 2.4 1.3 51 5.0 2.5 L]

erton.

44. It will be noted from the table in paragraph 42 that the flood of
1942, which produced the greatest peak of record at Bethlehem, had
the longest time interval, 10 hours, between the peaking at Bethlehem
and Tannery. It was determined from the routing computations
that the travel time of the floodwaters from Tannery to Bethlehem
was approximately 13 hours. The relatively short time between the
observed peaking at Bethlehem and the arrival of the Tannery peak-
flow waters to Bethlehem is indicative of a substantial contribution
from the. headwaters to the 1942 peak at Bethlehem. The smaller
intervals between times of peaking at the two locations shown for
the other, lesser, floods were partially caused by the run-ofl from the
lower areas. The table in paragraph 42 also shows the computed
contributions from the drainage area above Tannery to the peaks at
Bethlehem for the floods of 1942, 1936, 1935, and 1933.

45. Peak discharge records for the flood of May 1942, obtained by
the United States Geological Survey ab gages on the Lehigh and on
several of its tributaries, with comparable data on previous maximum
discharges, are given in table 4.

46. The maximum gage height at Bethlehem that is estimated to
result from the maximum possible storm (par. 38) would exceed the
meaximum gage height of the1942 {lood by approximately 30 feet, and
the poak discharge is estimated at more than 4 times the peak dis-
charge of the 1942 flood. i

47. The -estimated frequency of floods in Lehigh River is shown
graphically on plate 3.! amﬂ will be noted that the plotted position of
the 1942 flood docs not conform closely to the smooth curve passed
through the plotted positions of other floods. Since the discharge of
this flood is well established, its position in relation to the curve is
taken to indicate that its frequency of recurrence should be accepted
as approximately once in 100 years, in preference to its plotted position
obtained by computation.

1 Not printed.
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TABLE 4.—Peak discharges, flood of May 1942

Maximum previously recorded Ev&ﬂeﬁo%

- g

s Discharge Dischargo 8

. 3 o s E]

& =
kA & = |8
Stream and location. s | B - S w |88, Eluw |B5s
T TR b |2|E 5 |2 |5 1555
ey pey

s |2 2138 25| | 3|88 2|3

2 k) alssleod a4 158 |s08| 8

S 12 e 2% (E28in] g |87 [B52|2
[ 3 §l2z [Fadle| ¥18 [36F| 8-

ala o |0 |6 Al |0 © b

high River at—

Le ﬁc":_ozoﬁ ....... .l1,280 | 1002 | Feb. 28,1802 [22.8 |88, 000 69| 23|, 47(02, 000 72{ D
TORNCCY -nvsvsvuan -] 32 1914 | Mar, 12,1936 [13.34|20, 000] 2| 22|16, 51]26, 600 92| D
Stoddartsellle. cooooonnns - P VPRI DU J, 22 9,700 105 O
Iiarvey Lako at Goulds-

boro 3.6 vee- 22| 281 78| B
West End Pond at .
Gouldsboro 22 357 2 B
White Haven.....coacieud] 31 [oonioi|ioiimminacc o] mmenc et 22 25, 400] 82| B
Bowmpnstow: M2 feeeen. . e 2 64, 4001 73 B

Pohopoce Creek st Purryville.| 110 | 1940 | July  8,1041 | 4,857 2, 280, 21} 23} 7.42] &, 300, 48 D

Wiid Creek at Hatchery. ... 16.6| 1941 [..... do..o... 5. 50; 1, 000; 60} 23, 6,00} 1, 250 | D

Aquashicola Creek at Pal-

Bi T g o2 R, 77 | 1839 | Mar. 15,1040 {10.03| 4,550 59| 23{ 8.10{32, 10| 38 D

Tobyhanna Croek at Blakes-

_nn:o. ...... m.v«..},....:.,... 18 loooai.- STURRRRROREIN - =] p— 7,070 60| A
ar Creek at—

be Mnﬁ [6] (-1} S <! J P . PR 22 6,010 172 B.
Weatherly...oooeoeocoonan 55 |icennn JU 8,160] 148 A

Wild Creek at Wild Creek...| 22.2[...... FRRRSNSURN [IPURS FUSIN S, 23 1,440 85| B

1)Meathod of determination: A wslope area; B=flow over splitway; C=contracted opening; D=ratlng
curve from current maoter observations.
1 Exceeded on Sept. 28, 1042, when the discharge was 3,650 cuble feet per socond, gage helght 9.08.

EXTENT AND CHARACTER OF FLOODED AREA

48. Lehigh River has not developed an extensive flood plain. The
floodway is & trough, narrow and stesp-sided where it traverses-the
ridges between White Haven and Lehigh Gap, but broader and with
sides of gentler slope from Lehigh Gap to the mouth. The chief
ceniers of industrial and residential occupation have developed on
moderately sloping areas close to the 1iver, as at Easton, Bethlehem,
and Allentown. -

49, The extent of areas that are subject to inundation by floods,
and the type and extent of Improvements in those areas, are given in
paragraphs that follow.

50. At Baston approximately 100 acres bordering 2} miles of the
Lehigh River were inundated by the 1942 flood to an average depth of
6§ feet. The width of the inundated area varied from zero to 800 feet,
the maximum width occurring on the north bank at the west line of
the city of Easton. In this area are extensive industrial develop-
ments, including iron foundries, electric-power plants, ice plants, coal
yards, and lumber yards, also retail business establishments and
residences. There are two highway bridges, two railroad bridges, and
one navigation dam in this reach of the river. Easton is wsmmmoa
to flooding by high stages in Lehigh River and by high stages in
Delaware River, independently of flows in the boEmm. Extreme
stages in the U&.wimam produce corresponding stages of backwater in
the Lehigh. Delaware floods, in addition to affecting damage centers
along the Lehigh, inundate considerable areas in Easton adjacent to
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the Delaware and cause corresponding stages of backwater in Bush-
kill Creek which enters the Delaware along the north edge of the town.
Records indicate that at Easton, Delaware River floods occur more
frequently and cause more extensive damage than Lehigh River
floods. .

51. In the 6 miles of river next above Easton there are-390 acres in
the flooded area, which is mostly wooded and grass land, of which 85
acres are island area. These lands are undeveloped, except for canal
improvement and a few farm buildings. There is one highway bridge
and one navigation dam in this section of the river.

52. The residential and industrial centers of Freemansburg, Beth-
lehem, and Allentown follow in order upstream, all within a 9-mile
reach, and constitute an almost continuous development along the
river. The total flooded area during the May 1942 flood, within
these limits, was approximately 1,400 acres, which includes inundated
areas on Monocacy Creek, Jordan Creek, and Little Lehigh Creek.

(@) The flooded arca at Freemansburg amounts to 45 acres, mostly residential,
but including areas occupied hy commercial establishments and utilities. A: part
of the flooded area lies on Nancy Run which enters the river from the north at
this point. .

- (b) In Bethlehem the area that is subject to flooding lies on both the north and
south sides of the river. Within this area Monocacy Creek enters the Lehigh
River from the north. While extremely high discharges in this ereek praduce
some damage in its floodway, the high stages that result from flood flows in the
creck combined with backwater from floods in the Lehigh inundate lands that
extend 1} miles up the creck. These lands are occupied to some extent b
residences but mostly by industrial and eommercial buildings. On the woiw
side of the river the plant of the Bethlehem Steel Co. occupies 150 acres that are
subject to flooding, and the losses experienced in this plant are the chief industrial
damage in Bothlehem and a major part of the entire flood damages in the city.
The areas subject to flooding include 20 acres occupied by residences, 15 acres in
park, and 18 acres in railroad yards, also several miles of main line trackage. In
the flood of 1942, the inundated area was 1,200 feet wide and the depth of water
was 3 to 5 fect. .

(c) At Allentown, the May 1942 Hlood inundated 175 acres of improved land on
Lehigh River, 100 acres on Jordan Creck, and 75 acres on Little Lehigh Creek, or
350 acres in all. The major part of this area (about 80 percent) is occupied by
commercial and industrial establishments, the balance by utilities and residences.
Within the flooded arca at Allentown there are approximately 30 large industries,
50 small business establishments, 200 residences, and 5 hotels.

53. In the 6 miles of river upstream of Allentown are the industrial
centers of Catasauqua, Hokendauqua, and Northampton. In these
communities the area that is subject to flooding totals 225 acres, of
which 90 acres are improved and occupied by industrial and residentisl
areas. *

54. Along the remaining 48 miles of river to White Haven are located
Laurys, Treichlers, Slatington, Walnutport, Lehigh Gap, Palmertor;
Bowmanstown, Parryville, Weissport, Lehighton, and Mauch Chunk,
The valley being narrow and steep-sided along this part of the river,
the majority of these communities have relatively small areas that aré
subject to flooding. In the occupied areas the effects of the 1942
flood consisted principally of industrial and residential damages in

approximately equal amounts. The greatest item of damage on this

part of the river in the flood of 1942 was experienced by the railroads. -

55. Main-line tracks of the Central Railroad of New Jersey and the
Lehigh Valley Railroad, on opposite sides of Lehigh River, are at most
points close to the high-water elevations reached W% the floods of 1902
and 1942, and consequently, washouts and other damages are to bé
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expected in major floods. Certain low bridges also are subject to
damages.

56. Although the main highways in the Lehigh Valley generally are

above flood level and are not subject to serious damage, numerous
bridges carrying Federal and State routes across the river and its
" tributaries are imperiled during floods.

. 57. There are 44 railroad and ‘highway bridges spanning Lehigh
River between the mouth and White Haven, 71 miles upstream. Their
location, type, and clearances are shown in table 5.

TaBLB 5.——Bridges on Lehigh River (Easton to While Haven)

=
£ Number]| y Total
5 Length in
m ! ofspans mmMn m
; .
m Location and name or owner Type Use a =8
2 i 18],
5| & & 2lalRE
R Slg| < E| P
1| 0.28 | Esston, Central R. R. of New Jer- | Deck truss._... Raflroad..|-...] 3 [...o. 518 | &5
SeY.
2 .28 | Easton Concrete arch_.| Highway..|-...| 3 |.__.. 208 | 34
3 .85 | Easton, Easton & Northern R. R....| Deck truss_.... Rallroad..| 2] 6| 250 |1,080 | 47
4| 1.00 | Easton Suspension..... Foot. ... 1| 1| 440 610} 74
5| 2.28 | Qlendon ‘Through truss_.| Bighway..|....{ 3 j.....| 357 | 28
6| 3.59 | SmithsIstad. Buspensfon..._. Tow path.|eeee] 2 [ueean 200§ 12
7| 8.34 | Fr . ‘Through truss..| Highway..|....I 2 ... 368 39
8} 10.70 | Bethlehem N&Eu:,!: Deck truss SO (. 10 3|772} 493 | 31
9 [ 11.80 { Bothlechem, New Street ‘Through truss. |...do. 5| 3|662| 380{ 32
10 | 12.12 | Bethlehem, Hillto Bl __.________.. Concretearch_.{._.do... 3] 3120 35i| 49
1217 ﬂw:, ohem, Central R. R. of New | Through truss..| Raflroad._|{....| 3 |..... 438 | 17
ersey.
12 | 16.48 Nmuo owEor Central R. R, of New { Oeok girder....|...do.. 4 oo} 338 10
orsey.
13 [ 16.48 | West muwuuo_. Central R. R. of |..-... [ (. O RN (. HOU 1| 3155 208( 30
New Jersay,
14 | 16.78 | Allentown, 2d St., West Channel__..{ Steeltruss...... Highway..|....| 1....] 110 | 14
15 [ 17.00 | Allentown, Ham{lton 8t....._...... ‘Through truss. .{...do....... ‘41 41172 895 32
16 | 17,80 { Allentown, Tilghmen 8t............. Coneretearch. .|...do ..... 10 2[900}f 370 &9
17| 18.26 bwangiu. Central R. R. of New | Through truss..| Rallroad..|....| 4 |..... 800 { 18
ersey. R
1812011 Catasatiua ..do. Highway..| 1| 24 55} 302} 82
19 | 20,62 Owusuw%ﬁ? Philadelphla & Read- | Deck girder._..| Rallroad..f...| 4 ... 356 | 24
g R. R,
20 | 20.88 | Catasauqua, Pine St. Deck truss Highway..| 19| 3{763 | 413 | 35
21 | 21.31 | HokendaUQUB. - covoccmucconcacamuacfionens 0 L .do__... 5| 3|383) 474 M
22 | 22.51 | Coplay, Northampton. ... .. ...... Coneretearch. _|...do 5] 2(740| 385 | 61
23 | 23.82 | Cementon, Slegfried. .. c.oceeeunucnn Bteel truss___.__ -..do 1§ 31 70| 480 25
24 | 28,18 | Trolch) . Through truss do. 1f 3{103f 396 | 21
251 33.34 | Blatington, Walnutport. ... ... ). ... do dooeeens 1] 3)1102] 408; 22
26 | 35. 60 H.men [ 2 - TR, oqapanann .-| Deck truss.._.. ...do il N 1,000 | 39
27| 35.88 HAWKWWQWW“EV & -New Eng- |-.... L 1s S Rallroad._|. 86| 2| 520 850 | 63
28 | 30.07 | Bowmanstown, Bowmans___..__._.| Through truss..| Highway..|...| 3 | 402 | 18
29 | 43,00 | Welssport, Forge St. : Deck truss do eeee| 3 {ea- 500 | 20
30 | 43,14 | Welssport, Lehlghton__.._..._...... Through trusa..|._.do._.....| 1] 3| 86| 4481 38
34384 ﬁw&.ﬂvo—s. Central R. R. of New | Deck girder....| Rallrosd..|....] 6 j..... 432 | 16
ersey. - :
32| 46.25 | Mauch Chunk, Lehigh Valley R.R.i___ do... R . S 3| 2[303| 226 20
33| 47.67 | Mauch Chunk.....ceeceerceceeanmn Through ..| Highwa 2| 21202 205) 80
34 | 48.90 | Nesquehoning Junotion, Central | Deck girder____| Raflroad._|-...| 8 |...__ 475 | 34
R. R, of New Jersey.
35| 40.99 m_umn Onoka, Central R. R, of NeW |-... U 1. SN PR 1, IO, I [ 25 I, 240 2
orsey. .
36| 80.00 |..... do ¢ do do 2 Jecaud! 28 [ 19
37 | 50,05 | Glen Onoks, Lehigh Valley R. R do -: 4o 2 [amann 24 | 27
38| 5252 | Oxbow Bend_..... Buspensi Foot. G ol
30} 50.13 wwuanMau Junction, Lehigh Val- { Throughgirder.| Rallroad..|....| - 4 |-....] 304 ] 17
ey R. K.
40 | 65,02 | Lesile Run Buspens! Foot. 1Ml o6
41| 68,89 Fam«:_nmw Tannory, Lehigh Valley | Deck girder..-.| Rellroad..| 2| 3| 240 | 360/ &8
421 70.08 | Lehigh Tannery......-—-.- eomnooe| Bteel truss.___.. Highway..| -..| 2].....| 20| =
43 | 71.20 | White Haven, Lehigh Valley R, R..{ Deckgirder....| Rallroad..; 3] 3| 204 ] 324 | 4
44| 71.89 | White Haven, East B{de. . ........_. Bteel truss..__.| Highway__|....| 2 |._... 340 |. 2

1 No data.
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58. Throughout the length of thé Lehigh Navigation Canal, from
daston to Mauch Chunk, the dikes, banks, lock walls, and similar
clements of this waterway werc submerged 5 to 12 feet by ihe crests
of the floods of 1902 and 1942.

59. The susceptibility of the T.ehigh Valley to damage by floods is
excemplified in the data on the offects of the flood of 1942, given in the
following tabulation:

Number of § Number of
Samblies | in J

Community v :
. affected al

BASLON i
Freemnusbury. ... .
Botblehens. ..
Allenlowy
Cataszuge
Northamplon . .o e
45_:3::* ‘Township

Slatinpton. ...
Walnuiport
Palmerton

febton, .
Mauch Chu

This flood disrupted all means of travel and communication. . Com-
merce and industry were brought to a standstill.  The interruption
of operations throughout this lughly and diversely industrialized ares
with a great number of plants producing intensively in support of the
war effort, was disastrous. More than 2,800 acres of developed and
occupicd arcas were inundated, in which the investments in property
are reported to be as follows:

TnAUSEAl - o o o ... $529, 579, 000
Commercinl. . e w .- 10,040,000
Utilitios and munieipalities. . . . . . ___._._ .. __..__._..... 29 840,000
Residentinl and personal_. .. _____. e e 8, 153, 000

Potal L o o e e e e 5717, 612, 000

The employees in the commeree and industry afleeted are roported
as 35,000 in number, drawing an annual pay roll of $67,774,000.

FLOOD DAMAGES

60. The flood of May 1942 caused damages in the amount of
$14,900,000, according to the data furnished by ldesl interests at the
public hearing and subsequently. TLocal interests cooperated exton-
sively in obtaining and making available those data on’ the losses
experienced,  Appraisal of their estimates in the light of information
obtained after the flood resulted in revising this figure to $11,800,000.
It was revealed during the course of the investigation that some items
had been overestimated, and that others, representing losses thdb
would not be repeated should a similar flood occur; had been included.
The estimate prepared by-local interests also presented: date on losses
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caused by minor tributaries that could not have been prevented
economically. ~From further analysis it was cstimated. that $11'600,-
000 represents the preventable, recurring damages which would be
caused by a flood of the May 1942 magnitude, should the recurrence
happen during.a period of economic characteristics similar to those
that prevailed in'1942.- As the data represent an abnormal state of
business activity, due to the war, it was deemed proper to adjust the
estimate downward to represent the probable losses that would have
been caused had the flood oceurred during a period of average economic
nelivity. Details of the resultant estimated preventable recurring
damages of $10,400,000 are shown in table 6.

I
Tasrx No, 6.—Summary of May 1942 preventable recurring flood damages by reaches and damage cenlers adjusted to Tepresent average economic

activity "
LERIGH RIVER

Rest.|  Commerctal Tndostetal Tllisy Pudlic Total
don
tital, In- 1n- o
direct | Diroct] Total | Dircct | Indlrect| Total | Direct | Indirect| Total | Diroet] Total | Disect |Indirect| , Total
diroct « dizect ST
Enston: :
Below suspenslon bridge. 32, 500(531, 600 37,300/838, 30,800 $500] 310,400 3¢, 0ool 34,000 347,000 7,90 355,500
‘Abave suspenslon bridgs (ncinds Pt
ing Wast Easton), 8 3%, 400| 3125,200] 3200,408] 15,300 2300] 17,400] 6,000 31,500 8,300 124,500 118 600| ¥ 243,500
e U 1050/ 3000 7,300 28,000 BL40| 116,000 20,400 35,3000 2700 27,800 10,000 1,%0] 12300 17201 o0, 500 29,700
e e——— 0 BT R 2,600 17,4000 39,200 17, 500f 1,000 19,200| 157300 30000 _' 106, 300
yeots Tl
" Bethloom Steel Co, only. 800, 00013, 245, S00{4, 043, 500) 800, 00013, 245, 50|24, 05, 309
B anerm exclusvwolutenl | ol 7o 4,500 1,20 7,50 1%,%0 22,000 65,000 87,000 8,500
COPIDY - ns s ameamaom e 2 3 500 2 , 1 3 w00l 10,600 77,30 207,
Narth_Betilebem, north of Con- i " & 27,900
trel R, R. of Nate Jarsoy...._..| 33, 30008, s00f 36, 500300, 2,900 8,000 26,%0 830 9,20 17500 35200 3,100 38,300 30230 50,800 415,000
North Bothlehiem, along
pritet st st 1400 9,40 2000 13,400 318000 20,50 %0 20,30  a000 2600 300 300 30000 35900 2800 74,500
Total 39, 000220, 600 43,3001343, 00011, 143, 00013, 281, 800/4,425, 700 30,400 | 80,200, 130, 600| 46,00 3, 400] 50,3001, 628, 70013, 405, 700], 5, 037, 400
Allentown:
Along Lebigh River bolow Hazall-
808 BE. oo cveeeae| 22000 76,000-33,700] 90,300] 91,000 75,0001 106,500) 71,8000 40,000 121,400] 28,400l.....__| 28,400 270,000 190,900 409, 200
bnMMF—EHa;H-mGW«OiKPUngl 2,200( 35,600 6,000 42,7000 33,000( 13,500{ 48, 200| 7, 000| 1, 500] 9, 29,700 N
NI D ——— 7 3 , E 3 s ;100 2,700 100,300
II?E%EEQE,.F:KSQE: o 2L 1,20
Bt 3,400 85,300| 73,200/158,500 44,700 7,500 52200 12400 5300 18,700] 29,400 ....... 20,400 174200 37,00 261,200
Fatlors Tibligh Eives Toave Hasr
|, diaa sk 34,000| 53,300 29,200 82,500 3 570 Z00| 21| 30,200 25,000 L0 31,800 130,000 54,9000 184,500
Tota. 22,400,251, 000|127, 000(374,000] 174,400 90,0001 271,300 118,900 80,500 199, ¢00/117,400] 1, 000{119,300] 084,300 30z.300 58, 00
e So aore Bowmansiowt |+ oaq 10,200 10,20| 124,0000 22,500 144,500] 75,200 39,4000 114,900] 15,3 1
ezeaea| 20, , ,900( 15, 100) ... 100 7z 800 61,000
86,2007 13,300 3,300f 188001t T el 900 16,001 s.es“..y | DrE iy meme
128, 400l 43,800, 3,300 44,300 T LOOOLTII 0000 2200l aon|  2200] 397500I"CB00| 37, 00] 08000] 7,900 213700
eaton AR, 000 oo} [smen 00| 9,700 10, 400; X0 e 00! 3,400, 2,100 4500 47,300] 13,800| 50,100
area. 24 100| % 800| 360, 5,000 . 3,500 3,700 147,200] 063, 500) 358, 300)1, 052,000 31,200|_ -] I 200 804,200 483 00| 1,966 500
k2 A ——— [250v800] 74, 400|_ o, 700] 81,200 300, 00| 108 00| 301 00] 748,300/ 439, 50|, 180, 300] 40, 900] . 100|100, 000}, 410, 60| 558, 600 3,900,300

‘vd ‘U¥AIM HOIHET
59



103, 300
108 100

135,700
762, 600

Above Maach Chnsk 1o aad

1,205,200
716,500

o8 409,07 301, 57, 1003, 611,300

10, 406, 500

DAMAGES ALONQ TRIBUTARIES NOT AFFECTED BY LEHIGH RIVER

Mauch Chunk (Manch Chunk Creek) .

34, 700
9200

43,900

NoTz—The dumages listed for the Bethicham

Stec Co. v
fload Sotaled 37,500,000,  Sabsequent tavestigution ecl Ca. were derived by sdiusting the reported amount 10 represent averuge

#n& avulyxls [odicute that tangible damages suflered by the Dethiehem Staeh

roduction; the dumases reported for the May M2
otaled sppreximataly 33,700,000,
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61. The high ratio of indirect to direct industrinl dameges .at

"Bethlehem reflects the highly interrelated activities at that locality,

This high ratio is mainly attributable to the nature of the Josses suffered
at the Bethlehem steel plant. There were relatively moderate direct
losses, as the damage to buildings, machinery, and raw materials wag
small in proportion to the loss resulting from the interruption of pro-
duction. The plant organization is complex, and those units which
were not directly damaged were unable to produce while other parts of
the plant were inundated and while resulting damages were being
repaired.  The indireet losses allowed in this casc were carefully com-
puted from operating statistics made available by the Bethlehem Stoel
Co. The computation of indircet losses is given in detail in ap-
pendix IT.!

62. The damages that were caused by the floods of 1936, 1935, and
1933 are cstimated from the best information now obtainable and are
based on data submitted by local interests during the survey of 1942
damages supplemented by damage surveys made ww district office per-
sonnel at me:aoé: and Bethlehiem following the 1936 flood. These
figurces are greater than those given in the latest prior report, and ars
so reported only after careful investigation and evaluation. It appears
that local interests, particularly large industrics, were not as coopers-
tive as they were for the present study, nor was the damage survey as
comprehensive. It is concluded that the damage data thus obtained
were not complete, and that the figures now reported are closer approxi-
mations of the true losses.  Table 7 summarizes these damages.

Tarus 7.—~Total dumages, towns and utilities along Lehigh River, secondary floods

Town or reach ’ August 1033 | July 1635 | March 1938

SO oo $121, 600 $160, 900 $548,600
Fro DI S N 9, 100 §,100 1,60
Bethlebem oo, e me e meaeetam—————- 1,028, 700 1,012,100 344, 50
ANCNLOWI . et 364, 400 268, 700 18 .
Cutasaugua and Hokendauqua 48, 900 33, 600 nom -
Northamplon. ... i 66, 500 | 26, 200 7,40
Trolehlers and Cemonton ... ... 10, 500 3,300 8,800
Siatinglon and Walnutport. 18,400 5, 000 1,00
FPalmerton and Bowmanstew 15, 200 7,200 1,500
Wets 12, 800 22,300 25,20
Lehighton 7,300 14, 600 20,700
Mauch Chunk. ... ettt ceeenanee 21, BoO 400 40

SUBLOtAl e e timm et 1,721, 400 1, 565, 400 1,117,400

UTILITIES

FEaston to ANORUOWI. c. .o it aec e e aeaaenae 18, 200 38, 400 19,200
Above Allentown to Lehlghton. O 25, 400 16, 500 43,70
Above Lehighton to White Haven. . ooooeooe ool iiaiane. 38, 500 7,300 133,80

Potal ubIHLIeS ..o i tecaeeend] 82,100 82, 200 196,700

Qrand total it ae e raamaan 1,803, 500 1, 627, 600 1,314,100

63. The annual values of proventable flood damages, exclusive of
nenrecurring damages, are estimated by localities in table 8. Thess
values were derived by employing stage-damage-frequency relations.
The damages for various flood stages were cstimated on the basis of
existing river conditions and state of development in the floodway
and for normal industrisl activity. Details of the derivation of annual
damages are given in appendix W-T

1t Not printed.,
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n
Aﬁwvmm.ul?::.sgm\e\azq-:&mnﬁan@.&wam&c.:mﬁnﬁ.:ni&x 8:&:3&5&
normal business aclivity . :

. Average annual damages :
Damago arca

Dircet | Indlrect | Total

FOTLCI0511 DRI $52,300 |°* $25,200 $77, 500
Fi burg - 5, 800 2, 300 8, 100
Bothlvhom - 144,800 | 141,400 286,200 .
Allentown... 67, 100 32,600 99, 700
Cat 3 39, 500 5,300 45,200
Norlhanipton 12, 500 300 [ . 12,800
Remainder of arca, Catasanqua to above Bow wn 58, 700 25, 600 85,300
Parryville to Maueh Chunk, Inclusive. ., oo 84,300 19, 600 74, 200
Above Mauch Chunk to and including White Haven. ..c.oocaaneoeoaai s 18, £00 14, 600 33,100
Total 453,900 | 268,200 { 722,100

. BXISTING HubOOU..OOZA.wOH._ PROJECTS

64. The War Department has. no existing project for control of
floods in Lehigh River, nor is therc a project recommended by the
Department and awaiting action by the Congress., There is no proj-
cct for flood control on Delaware River or its tributaries that would
be affected by improvement of the Lehigh for flood control.

OTHER IMPROVEMENTS

65. No State or local agency has done any work of improvement
for the specific purpose of lowering the crost heights of floods in
Lehigh River.

66. Under a Works Progress Administration program sponsored by
agencies of the State of Pennsylvania, numerous items of bank walling
werc constructed in the period 1937-41, for the protection of proper-
ties along the river and on its tributarics. Most of this work was done
in the cities and towns, The work thus accomplished was not eoor-
dinated in & general plan for flood protection. Many of the items
were widely sepavated. The extont to which these works could be
incorporated into an integrated plan for flood protection, and their
effect in roducing -the cost of construction under such a plan, would
be inconsequential. :

szwO«‘.EaMZH DESIRED .

3.>@:v:oroﬁ.gmim.wrmimzﬁ_osgﬁﬁobmg:gKlwm»}o
learn the views and desires of the various interests in the WoEmw Basin.
The hearing was well attended by representatives of the arcas that
would be affected by flood-control improvements. A record of the
proccedings at the hearing and those in attendance, a copy of thé
notice of the hearing, and & list of those to whom notice of tho-hearing
was mailed, togethor with briefs and letters received at the hearing
and subsequently, accompany this report as appendix 1.}

68. The chief proponent for flood control on Lehigh River is the
Lehigh Valley Flood Control Council, an organization of representa-
tives of communities and interestsin the valley, having as their stated
objective “The establishmont of a nonpartisan, representative body
having as its aim the enactmont of enabling legislation, the appropri~

iNot printad.
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ation of necessary funds and the completion of essential flood-control
and prevention projects in the Lehigh River watershed.” .

69. The consensus of views and desires brought forth at the hearing
is well expressed in the summary submitted by tho chaivman of the
engineering committes, lLehigh Valley Flood Control Council, as
follows:

(1) The commuritics along the Lehigh River seek relief from damage from two
types of floods: L

(a) Floods occurring and confined within the watersheds of the tributaries
of 1lie Lehigh River.
(b) From damage due to floods of the Lehigh River. 3

(2) It is the opinion of the Lehigh Valley Flood Control Couneil that a com-
prehensive flood-control project for the entire Lehigh River Basin should be
developed.  Such a plan will he more economical and more advantageous than
the former suggestions of building flood protective works within the communities
affeeted. A comprchensive plan, including reservoirs in the upper reaches of the
river basin, hes the andded advantage of regulating the stream flow which local
protective works do not provide. Such a comprehensive plan would also have the
advantege of protecting the property, including farm lands, lying upon each side
of {he river between the communities, in view of the fact that such a plan would
probably reduce the height of the erest during flood stages. Local protective
works usnally provide for the passage of the flood waters through and past the
community without materially lowering the crest and without regulating the flow
of the river for & long time after the flood has occurred.

(3) Thal the War Department survey, which has been compleied from Easton
10 Laurys, should be extended upstream to While Haven in order that the maps
and data mey he available to the Pennsylvania State Department of Forests and
Waters for the purpose of establishing channel ornonencroschment lines thereon.

(4) The surveys and studies contemplated herein should be expedited so that

coustruetive proposals will be ready and utilized as a postwar project.
While local cooperation that would assist in defraying the cost of con-
structing works for protection against floods in Lehigh River has not
heen offered, it is anticipated that it will be forthcoming. The De-
partment of Forests and Waters.of the State of Pennsylvania proposes
to establish channel lines beyond which no encronchments or obstrue-
tions would be permitted when a Federal project for flood control on
Lehigh River has been adopted. :

SURVEYS -

70. A field survey which was made for the purposes of this report,
supplementing carlier surveys made by the Philadelphia engincer
district, obtained data on topography, hydrography, strcam flows,
occupation, and development on Lehigh River from the mouth, at
Taston, to Maueh Chunk inclusive, and on Monocacy Creek, Mauch
Chunk Creck, and Black Creek. Surveys were made also for reservoir
sites on the upper part of Liehigh River, and on Bear Creck, Pohopoco
Creek and Jordan Creek. Subsurface explorations by core borings,
and reconnaissancd to locate suitable material for dam construction;
were made ot o dam site on Lehigh River a short distance below the
mouth of Bear Creck: :

71. The flood-damage survey included a check and review of daté
that had been obtained in the field immediately following the flood of
1942, and on the occasions of earlier floods, supplemented by investi-

ation and critical analysis of the damage data that were supplied by
oom_w:g»ownm. i '
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FLOOD PROBLEM

72, The Lehigh flood problem is primarily due to the role.of the

rivet valley as a transportation gateway. Two main line railway
routes that provide access to all parts of the Nation follow the river
on opposite banks, frequently within reach of its major floods. The
many industries of the Lehigh area,-located here because of locally
available raw materials and the excellent transportation facilitics, are

logically sited as close to the railroads as possible. ILocations where .
the valley slopes are not prohibitively steep are few, and accordingly,

great concentrations of industrial, residential, and commercial prop-
erty are found at such points. Encroachments that add to the natural
flood hazards are frequent due to the industrial value of land in the
extensively developed arcas. The total valuo of property subject to
recurring floods of the Lehigh is more than $577,000,000, and the
great bulk of flood damages in the watershed occur to these propertics
located along the main stem of the river.

73. Only one community not on the main stem has reported a flood
problem. ~ Weatherly, "located on Black Creck 5 miles above its
junetion with the Lehigh, is subject to relatively minor floods as a
result of inadequate drainage facilities and encroachments -on the
channel of Black Creck and those of small tributary streams. The
town of Mauch Chunk, located on the Lehigh River gencrally above its
flood plain, experiences damages due to overflow of Mauch Chunk
Creek, o tributary of the Liehigh. Rural damages in the watershed
are small; on the main stem, there is practically none, as the few rela-
tively flat areas of the floodway that are suitable for agriculture topo-
graphically are occupied by industry. .

74. At Allentown, the éxtensive flooding is due to Lehigh backwater
in two streams, the Little Lehigh and the Jordan. The flood problem
at Bethlehem is complicated by the Monocacy, which is also subject
to Lehigh backwater throughout that portion of its course lying within
the city limits. At Easton, located at the confluence of the Lehigh
with the Delaware, the flood problem is complicated by backwater
from the Delawaro. The maximum flood of record (1942) in the
Lehigh was 10 feet lower than the greatest flood of record (1903) in
the Dclaware. Delaware floods back up the Lehigh in its lower
reaches; along the Easton frontage, to produce stages as high or
higher than that of the Delaware. -

75. Study of the configuration of the flooded arca leads quickly to

the conclusion that the best plan of improvement would consist of .

detention reservoirs. The flood zones arc long in comparison with
their arcas, and local improvements would have to be correspondingly
estensive. The volume of overbank flood waters is comparatively
small due to the characteristic trough-like shape of the floodway, and
therefore reservoirs would be very effective in lowering flood stages.
Easton is the only community that would not receive an appreciable
measure of protection as a result of reservoirs on the Lehigh, for the
reasons stated previously. :

76. Unfortunately, reservoir sites that can be economically de-
veloped and that control a significant proportion of the drainage area
thove the damage centers are few. The economic development of the
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valley below White Haven and the two main line railways that closely
follow the river to that point climinate sites on the main stem that
control a sufficiently large area to provide complete protection. Sites
above White Haven control less than 30 percent of the area aboye
Allentown, and the largest tributary between White Haven and Allen.
town, the Pohopoco, has a drainage area amounting to' only 1¢
percent of the arca of the basin above the principal damage centers.

77. Although these circumstances peculiar to the Lehigh preclude
complete protection by reservoirs, partial protection by this method
would be beneficial and desirable.  The most feasible plan would then
consists of a reservoir or resérvoirs, supplemented by local improve.
ments through the damage centers wherever further protection can be
justified.

PLAN FOR IMPROVEMENT

78. The most practicable plan for controlling floods on Lehigh River
comprises the items that follow:

(@) A reservoir on Lehigh River, the dam to be located a short distanee down.
stream from the mouth of Bear Creek. It would have a controlled outlet discharg.
ing through a tunnel in rock-at the east abutment of the dam, and a naturl
spillway. discharging through a saddle in the west margin of the pool, about A
mile from the dam. No mmprovements to the saddle are contemplated. See
plate 11,! appendix I1, ‘

() Channel improvement and loeal proteetive works:

(1) At Allentown: Improvement of the channel by widening, deeponing, and
casing of the abrupt turn and approaches thereto al the mouth of Little Lehigh
Creek; also a training dike and levees, and iucidental structures. See plate 12,
appendix IT,

2) At Bothlehem: Flood walls, or slope-paved levees, and incidental structures
on Lehigh River and on Monocacy Creek; also pumping facilities to remove stom
water from protoeted areas during flood periods.  Sec plate 13, appendix I1.
Each unit of the proposed plan was found by investigation to b
feasible and economically advantageous. The flood walls and leves
that are proposed would be of moderate height, and have been so
designed that interference with local activities or communication will
be very slight. )

79. The following table shows the estimated effect of the proposed
reservoir in reducing flood stages at Bethlchem and other importent
damage centers for four inajor floods. These stage reductions were
arrived at by, first determining by flood routing the reduced pesk
discharges at the sclected locations for each of the floods considered,
and then applying the respective derived discharge-stage rating curves
to the peak flows as experienced and as reduced by the proposed
Teservoir.

Raduetion In discharge, percent Reduction In stage, feet

Locatlon

May Mar,12,( July | August{ May |Mar.12,] July | August
1042 1936 1035 1933 142 1936 1838 153

Bethlohem (U. 8. Qeologi-

cal Burvey gage).._........ € 20 14 18 3.2 3.4 L7 0
Allentown (Hamllton St.).__ 24 34 18 20 3.5 4.5 2.3 26
Cat, 25 34 19 21 4.1 4.0 2.2 24
Northampton. .coueeveeeooo. 26 36 .20 22 8.0 5.5 3.4 - 37
Palmerton................ 32 40 © 28 2% 3.0 3.7 2.3 25
‘Weissport-Lehighton_ . ... 41 50 36 39 4.0 5.3 3.6 LA

§ Not printed.
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This tabulation shows that the reductions vary with the distances
from the reservoir of the various localities as well as with the charac-
teristics of the storms causing the flood. Plate 18,' appendix II,
shows graphically the effect that the proposed-reservoir would have
bad on the peak flows at Bethlehem during the storms of 1942, 1936,
1935, and 1933. Based-on the analysis of the,1902 storm (see par. 33)
it appears that the flood run-off from the headwaters was relatively
henvy. If the 1902 flood should recur with the proposed reservoir in
operation, it is reasonable to 9‘%8@ that the reductions in discharges
and flood stages effected at Bethlehem would approximate those antic-
ipated for & flood of the magnitude and type of that of 1942,

§0. The channel improvement as proposed at Allentown results in
additional stage reductions on the lower reaches of the tributaries as
well 2s on the main stream. The estimated combined effect of reser-
voir control and channel improvement on stages to be anticipated in
Allentown for the recurrence of these floods is as follows:

Reduction In stage, feet
Locatlon
May | Mar.12 | July August
1642 1038 1035 1033
Alléntown, Hamllton 8¢, 5.1 6.4 4.0 42
Allentown, lower end of Xlines Island ... oo oo . 4.3 8.1 3.8 3.9
Allentown, oxlsting mouth of Little Lehlgh Creek... oo 8.5 6.7 4.6 4.0

' The stages and consequent damages attending greater floods would
be reduced substantially. The further reduction of damages in Allen-
town by more extensive protective works was investigated, but was
found not economically justified at this time. Protection for this
locality can be augmented in the future.

81. In Bethlehem, with the reduction in flood levels that would
be accomplished by the proposed reservoir control, the proposed levees
and walls would m?m the vital portions of this locality complete pro-
tection against all floods of magnitudes up to that of a flood 20 percent
greater than the flood of 1942. The elevations planned for the levees
and walls will provide a freeboard of 2 feet above the stage produced
by the design flood. It was found uneconomical to provide complete
protection for floods of greater magnitude throughout the valley.

82. The proposed plan provides negligible protection for Easton.
This city, located at the junction of the Lehigh with the Delaware,
is subject to far more damaging inundations from the Delaware than
it experiences from Lehigh floods. The Delaware flood of October
1903 attained an elevation of 193.5 feet, causing an inundation more
than 10 feet deeper in the damage areas than that which occurred as
a result of the 1942 Lehigh flood, the greatest of record in that stream.
Thus, even if it were feasible to protect the city from Lehigh River
floods, Easton would remain in jeopardy of iiundations. The cost
of channel improvement in the Delaware -below and through Easton
to carry the 1903 discharge of 272,000 cubic feet per second would
be out of proportion whén compared with any possible benefits, and
the only remaining alternate is flood walls or slope-paved levees.

1 Not printed, .
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Reservoir control of the Delaware was considered in the Survey Report
for Flood Control on the Declaware River submitted to Congress
August 4, 1941, and found to be unjustifieble. No reason is seen for
modifying that conclusion at the present time, as the 1942 flood on
the Delaware was of lesser magnitude than the 1936 flood, which
prompted the Survey investigation referred to. The problem is com-
plicated not only by Declaware backwater extending up the Lehigh,
on the south side of the city, but also by backwater reaching far up
the Bushkill, a tributary of the Delaware along the north side of the

city. Accordingly, protection of Easton from a flood of the magnitude -

experienced in 1903 requires more than 17,000 feet of wall or levee
averaging 17 feet in height, as shown on plate 14,' appendix IT. The
cstimated cost of this construction, including facilities for drainage,
is $2,500,000, which is not found warranted at this time.

83. Studies were also made of local improvements to supplement
the protection aflorded by the proposed reservoir 2t numerous smaller
communities where there would be appreciable residual damages. In
these studies it was assumed that the top of levees and flood walls
would be 3 feet above the flow line resulting from the recurrence of
tho 1942 flood with the reservoir in operation. The localities con-

“sidered were Northampton, Catasauqua, Slatington, Freemansburg,

and Hokendauqua. The additional improvements were not found
justifiable. Pertinent date for these areas are listed below:

Aversgo Arcathst
Community Description of improvement Length helght Cost | would be
protected
- Feet Feet Acres
Northampton. ....| Walls, vees, and dralnsge, 1 stop-log 4,000 6 | $345,000 2K
opening.
Catasauqua.. ... Wal uvees, and dralnage, 5 stop-log 4,600 12| 569,000 8%
openings, 2 gates in canal, .
Slatington......... Levees and dreinage. 1,100 8 75, 000 114
Freemansburg... Walls, Jovees, and dralnage. ..o oceeneeooo. 4, 650 8| 530,000 25
Hokendauqui. ... Walls and dralnago, 1 stop-log openlng... 1,300 14 | 197,000 2

84. The residual damages in other communities such as Palmerton
Lehighton, Weissport, Walnutport, Bowmanstown, Parryville, and
White Haven due to o recurrence of the 1942 storm after the reservoir
is constructed, will be minor and serious consideration of supple-
mental works was not found warranted. .

85. Plans that would provide protection for Mauch Chunk from
flood flows in Mauch Chunk Creek were considered and dismissed
because they were found to be economically infeasible. The creek
passes through the entire length of the town, a distance of approxi-
mately a mile, in & masonry flume of inadequate cross seetion. By
far the greater part of the flume is covered, and it frequently passes
under buildings. Reconstruction of the flume as a pressure conduit
with dimensions adequate to carry the potentially intense rainfall on
the 9 square miles of basin above the town would be a solution, but
the cost greatly outweighs the prospective benefits, and construction
would be very difficult., Residual damages in this community from
floods in the Lehigh, including recurrence of the 1942 flood, will be
slight after construction of the proposed reservoir. -

! Not printed. o

63



LEHIGH RIVER, PA. -~ 33

86. Alternate plans of improvement that were investigated are
outlined in subparagraphs (a), (b), and (¢), that follow:

(a) Control by 2 reservoirs, plus local protection: Includes a_reservoir on
Pohopoco Creek in conjunction with the proposed reservoir on Lehigh River
below the mouth of Bear Creek and local protective measures at Allentown and
Bethlchem that are comparable in degree of protection at these damage centers
to that provided by the proposed plan. It was found that under this plan the

cost s‘ocwa be approximately 20 percent greater without & commensurate increase
in benefits. .

(by Control by reservoirs alone: Consists 0f a combination of the proposed
reservoir with reservoirs on Pohopoco Creek, Aquashicola Creek, and Jordan
Creck, also an alternate plan replacing the proposed reservoir with a reservoir
on the Lehigh telow Tobyhanna Creek. The flood protection given by either
combination would not be as complete at the principal damage centers as that
provided by the proposed plan, since flood heights would not be reduced helow
the no-damage stage, The cost would exceed the cost of the proposed plan by
more than 20 pereent with Fenefits lower than those of the proposed plan.

(c) Protection without reservoirs: Consists of channel improvement in con-
junetion with levees and walls. Investigation revealed that a degree of protec-
tion similar to that furnished by the proposed plan could not be obtained by this
method at a lower cost. Moreover, levee and flood-wall protection possecsses
serious disadvantages. It would not be susceptible of incorporation into plans
for future conservation of the river’s water. The high walls would impede
activities in the towns. A large number of openings in the walls and levees
would be needed to maintain communications, and the closing of these openings
in every flood emergency would involve & human funetion with its inevitable
clement of uncertainty. The Lenefits from this plan would not be as widely
felt as would the eflect of the. proposed reservoir in reducing the crest heights of
future floods.

87. The proposed plan of improvement for controlling floods on
the Lebigh River will not adversely affect the development of the river
for. navigation, domestic and industiial water supply, abatement of
stream pollution, conservation pools for wildlife preserves and rec-
reation, or for hydroelectric power development, nor will such ulti-
mate development reduce the degree of flood protection. :

88. Preliminary studies made in collaboration with representatives
of the Federal Power Commission indicate that the proposed flood-
control reservoir near the mouth of Bear Creck can be made & part of
a fulure power development on the Lebigh, if and when such a plan
is found desirable. In addition to Bear Creck Reservoir, the tentative
power-development scheme would require a dam on the Lehigh below
the junction of Tobyhanna Creek, & reservoiv on Mud Run, and a
regulating reservoir above & powerhouse located near Mauch Chunk.
Tunnels and conduits would convey the water from Tobyhanna
Reservoiv to Mud Run Reservoir and from there to the regulating
pool above Mauch Chunk. A pumping plant may be provided to
lift Bear Creek Reservoir water into Tobyhanna Reservoir, thus aug-
menting the base flow evailable for power. It is estimated that such
2 project would provide approximately 272,000 acre-feet of usabld
storage and develop an effective net head of between 1,000 and 1,100
feet.  The installation would be approximately 150,000 kilowatts.

89. The only work required to make Bear Creek Reservoir an
integral part of such & water-power project consists of the construc-
tion of & pumping plant. Power could not be gencrated economically
at the dam; therefors, provision for penstocks is not necessary.

90. The dam for the reservoir proposed would be approximately
2,900 feet long and rise 233 feet above the valley floor. Suitable
gate-controlled outlet works would be provided. The reservoir would
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control 288 square miles of drainage arca, which is approximately 20
percent of the total area drained by Lebigh River. The capacity of
the reservoir at spillway level, would be 110,000 acre-fect which is
o_o_iﬁ__o:p to 7.2 Inches of run-off from the drainage area above the
dam. :

91. The eapacity given above for the reservoir is its storage capacity,
exclusive of any volume discharged while water is accumulating
back of the dam. Depending on the type of storm that is anticipated;
the outlet would be open during either the early or the late portion of
the run-ofl, Accordingly, the volume controlled in a single filling
and emptying ol the veservoir might exceed the storage capacity by
as much as 20 percent. In the event that this reservoir should be
ineorporated into a project for developing power on Liehigh River, the
interests of flood control would require that the total capacily reserved
for fload-control storage in this reservoir and other reservoirs upstream
be maintnined at not less than 92,000 acre-feet.

92. The height of the dam as proposed is approximatcly 20 feet
greater than the height that would be required o give the minimum
adequate storage Tor flood-control purposes. Tt was lound less costly
to increase the height of the dam, and take advantage of the natural
spillway site, than to construet the dam with less height and provide a
spillway adjacent to the dam. The proposed loeation of the dam is
the site that was found to be most advantageous of all the sites which
appeared 1o be feasible.

93. The plan of improvement proposed will involve the following:

(a) At Allentown, the relocation of approximalely 500 feet of inverted-siphon
sewer under the river, moving one stecl tower of an eleelric transmission line, also
highway and other utility allerations; () Al Bethlchem, furnishing a new super-
structure for a bridge at. Main Strect over Monoeney Creek and miscellancous
utility alterations. A biluminous-surfaced sccondary highway passes Lhrough
the upper part of (he reservoir site, but its reloeation is not considered necessary
since il is loea’ed bigh ahbove the valley floor and would not be submerged execpt
in the oeeurrence of a flood of magnitude approaching the maximum possible floed.

94. The total first costs of construction of the improvement are
estimated as follows:

Reservoir:
Dam and appurtenances (estimated as rock-fill
construelion) _ .. ___._. $8, 796, 000
Lands il 100, 000
‘ §8, 896, 000
At Allentown:
- Channel relocation, 8,700 feet; levees and dike
2,300 fect;and revetment . ... _____ ... . e 741, 000
Lands and buildings. . - o oo omm oo . 3, 000
Utility alterations_ .. . . 15, 000
—_— 769, 000
At Bethlchem: .
Earth levee, 1,000 feel; concrete wall, 13,500 feet_.. 1, 884, 000
Pump houses. e oon . [ [, 223, 000
Pumping equipment, 4 installations __.__________ 7217, 000
Intercepting sewWers._ . - .o mo 379, 000
New superstrueture, bridge . - ..___. R 42, 000
Lands end buildings. . oo oo e 25, 000
Highway and utility alterations. .. ... .. _______ 50, 000
: 3, 330, 000
Total first cost_ __._ ..o ___. e e ———————— 12, 986, 000
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The costs shown are based on prices in effect in 1940, estimated: to bo,
applicable under anticipated postwar conditions. The quantities in-.
volved are reasonable estimates based on accepted engineering
* pragtice. . . o . oo
95. Assuming that local interests will bear the cost of land frequired
for-local improvements, the cost of highway and utility alterations,
and the cost of the superstructure of a new bridge crossing Monocacy
Creck at Main Street in Bethlehem, the Federal and non-Federal
costs will be as follows:
TFederal first cost:
Reservoir: dam and appurtenances, also land. ... ... .. $8, 896, 000
At Allentown: Deepening and widening channel, also earth -
levees, dike, and revetment_ oL ... 741, 600
At Bethlehém:
Linrth levees, conerele walls. oo ool 1, 884, 000

Pump NOUSeS - o e e 223, 000
Pumping equipment_ .. e ... 727, 000
Total Federal first cosbo .. .l 12, 471, 600

Non-TFederal first cost: - o
At Allentown: Lands and buildings, also utility alterations____ 18, 000 -
At Bethlehem:

New bridge superstructure, lands and buildings, also high-

way and utility alterations_ ... . .. 117, 000"
Intercepting SCWers . oo o oo oo 379, 000
Tatal non-Federal first costo ... ._._._. 514, 000 .

96. The Federal and non-Federal annual carrying charges on the
proposed improvement, based on the assumptions that the construe-
tion period for the reservoir will not exceed 2 years, that the construe-
tion period for locel improvement will not exceed 1 year, that the
cost of pumping equipment in Bethlehem should be amortized in 25
years, and all other costs in 50 years, arc as follows:

Federnl investment:

Total Federal first oSt oo, o oo oo oo .wHN 471, 000
Inlerest during construetion of reservoir (2 years), 3 percent of
1896,000 . - e e 267, 000
Total Federal investment_ _______________ U 12, 738, 000
Federal annual charges:
Interest, $12,738,000 at 3 pereent_ oo oo ool 382, 000
Amortization:
Pumping equipment, $727,000 times 0.02743____.____.____ 20, 000
Other costs, $12,011,000 times 0.00887........_._._______ 107, 000
Maintenance and operation of TesCrVOIre oo v oo oo 10, 000
Total Federal annuel ¢harges. . oo oo oo oo 519, 000

Non-Federal investment (as the construction period for local im-
provements does not exceed 1 year, intercst during construclion
i not charged, and the non-Federal investment equals the non-
Federal first cost). ’ . '

Non-Federal annual charges:

Interest, $514,000 at 4 percent 21, 000

Amortization, $614,000 times 0.00655_ ..« o oo _ 3, 000
Maintenance and operation of local protective works:
At AllentOWn .« oo e e 10, 00C
At Bethlehem. ... ... _..___._.. e 19, 006 -
Total non-Federal annual charges. ... _coocwooooooe. 53, 000
Total Federal and non-Federal annual charges_ ... ._.__ 572, 000
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ANNUAL BENEFITS—JUSLIFICATION OF PROJECT—LOCAL COOPERATION

97, The average tangible annual benefits to accrue to the credit of
the improvement proposed are the flood losses and damages that thy
improvement would prevent., They are evaluated as the difference
between the losses and damages that are reasonably anticipated if
flood protection is not provided and the losses and damages that
must reasonably be expected after thie improvements have been accom-
plished. They include both the direct and indirect flood damages pre-
vented.  After careful analysis of the data on flood flows and bwa
losses and damages, the total tangible benefits to result from the pro-
posed improvements are estimated at $589,000 a year. In develop-
ing the annual damages it was assumed that one design flood would
occur during ‘the economic life of the proposed improvement. The
design flood is of the magnitude of the protection provided at Bethle.
hiem, and has a reasonable probability of occurrcnce. The derivation
of these benefits, by localities, is explained in detail in appendix II!
and the results are summarized in the table that follows. The esti-
mated damages shown are based on normal industrial activity.

Tasue 9.—~Summary of annual damages and benefils

Tdamago without  {Damage with propesed
improvements improvements
Annusl
Duarnnge aren
Reeurrence Reeurrence bonefts
of 1942 Annual of 1U42 Annual
flood flood
Faston.... . $208,700 [ $77,500 | 1$235,800 |1 $77,500 |’ ]
FreomnnsbULE. oo e e 194, 300 8,100 57,000 2,400 85,10
Belhlohom . o icannaaana 5,037,400 | 280, 200 10, 000 800 285,700
Allentown..._.. - 086, 400 o8, 700 296, 000 12, 500 87,200
Catasanqun. .o caac s 204,70 45, 200 178, 000 15, 600 29,600
WS::E plon 215,700 12, 800 126, 000 3,500 9,300
ema|
manstown 1, 455, 700 85,300 242,000 14, 000 7,30
Parryville to Mauch Chunk, inclusive........._. 1,205, 200 74, 200 186, 000 7,000 67,200
Ahove Maneh Chunk to and including Whito
Uavon.._.. 716, 700 33,100 0 0 33,100
Total....... 10,406,800 | 722,100 | 1,310,800 | 133,000 | 589,100

1 Although tho proposed reservolr at Bear Creck would have affected the stage at upper Easton of the
1042 flood, no credit was Jé:ma for the reduction of annual damagos beeauss of the backwater effect of
Delaware River floods on this area.

Total annual cost of improvement.:

Reservoir on Lehigh River below Bear Creek. oo oo v oon $366, 000
Additional local improvement at Bethlehem and Allentown. ... 206, 000
Tota) . o e 572, 000
. 580,000
) Ratio of benefils to now..v!w:q:w“ddd|u.ow.

98. The improvements proposed have been planned with a view
to reducing the effects anticipated for future floods in Lehigh River to
the greatest degree that is justified, for the purpose of providing
reasonable social security for the population of the valley and reliev-
ing commeree and industry from the constant threat of interruption
and loss. The over-all ratio of cslimated tangible annual benefits
(8589,000) to the estimated annual cost of the improvement ($572,000)
is 1.03. The total worth of the proposed project is greater, as the

1 Not printed.
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intangibles and property enhancement benefits due to increased
usage made possible are not considered in this monetary evaluation.

At Bethlehem, the cconomic ratio found for the proposed improve-
" ments, including allocated reservoir costs and benefits, is 0.93. At
Allentown, where the proposed improvements would reduce the esti-
mated damages resulting from the recurrence of the 1942 flood from
$086,500 to $296,000, the comparable economic ratio is 0.91,

99. 1f & projcct is adopted for flood control in the Lehigh River in
accordance with the recommended plan, local interests, consistent
with existing Federal policy on flood-control improvements, should
meet the following requirements of local cooperation with respect to
channel improvement and local protective works:

(1) Furnish without cost to the United States all lands, casements, and rights-
of-way nocessary for their cons! ruction,

(2) Hold and save the United States free from damages duoe to the construction
of these works,

(3) Maintain and operate them afler complotion in accordance with rogulations

preseribecd by the Seerctary of War.
Among other provisions for Bethlehem, local interests should provide
o new superstructure and new road approaches to Main Strect Bridge,
construct new road appronches to Lehigh Avenue Bridge and con-
struck necossary intercepting storm water sewers.

100. No definite assurances of local cooperation hiave been received.
However, the Goneral Assembly of Pennsylvania cnacted laws during
the extraordinary session of 1936, empowering and directing the
Water and Power Resources Board of the Department of Forests and
Waters, in addition to the powers previously granted and conferred
upon it, for and in behalf of the Commonwoealth and its subdivisions,
to aid, assist, and cooperate in the carrying out of any Federal flood-
conirol program or plans. The board has the power to require ade-
quate bridge openings, to prevent encroachments, and to male sur-
veys and studies connected with flood contrel and related subjects.
Laws were enacted by the general assembly in March 1937, empower-
ing and directing the board to cooperate with local interests in the
formation of flood-control districts for the purpose of assisting in
obtaining rights-of-way by condemnation or otherwise, and for co-
operation with the Federal Government in prosccuting flood-control
plans and projects. The board has all other powers, consistent with
the State laws, necessary br required, in order to enable the Common-
wealth to participate in, and receive the benefits from any Federal

flood-control program or plans in Pennsylvania. The board has powor.
lo assist and cooperate in the construction, ercction, financing, main-.

taining, using, and operating of any Federal public flood-control
works and improvements.

101. In view of the interest and activities of local groups and the
authority vested in the State board, it is expected that the require-
ments of local cooperation will be met. -The Commonwealth of
Pennsylvania has assisted local interests in furnishing the necessary
lands and rights-of-way required for flood-control projects prosecuted

in the Stato, .
FLOOD CHANNEL DELINEATIONS
102. To secure the anticipated degree of protection from tho pro-

posed improvement will require that the hydraulic capacity of existing
channels through the damage. center areas be maintained unimpaired.
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To accomplish this purpose, the Pennsylvania Department of Forestg

and Waters proposed to establish in these areas channel lines beyond -

which no encroachment will be permitted. This action will indicate
the intent of the State to enforce its ruling rogarding encroachments
throughout the life of the projoet rocommended herein. TFinal acti
vation of this plan is in abeyance, pending Federal action on the
proposal to provide flood protection for the arca.

DISCUSSION

103. An intense concentration ol commaorce and industry has been
developed on Lehigh River. The valley is relatively narrow and
troughlike, and the centers of occupation and activity, of which
Allentown and Bethlehem are the most prominent, are located on the
banks of tho river. TFlooding is frequent, and major floods produce
groat damage. In the flood of May 1942, the direet and indirect
damages attributable to high water in the main river amounted to
approximately $11,800,000,

104. The need and justification for flood control on this stream has
increased groatly in recent decades. The flood that occurred in 1902
produced stages that were approximately equal to those of the 1942
flood. The damages produced, howover, wero estimated at $2,850,000.
The difference of nearly $9,000,000 in the damages produced by these
floods of approximately equal magnitudes indicates tho increase in
productive development and economic importance of the subject ares
since the turn of the century, although wartime conditions are re-
sponsible for o portion of the present developmont. It is cstimated,
however, that recurrence of the 1902 flood under average cconomic
conditions would now cause damages amounting to approximatoly
$10,000,000. - The total value of property subject to the damaging
effects of major floods is ovoer half a billion dollars.

105. The proposed plan of improvement, consisting of a reservoir
on the main river a short distance below the mouth of Bear Creek,
supplemented by channel improvement in Allentown and walls and
levees in Bethlehem, is found to be the most practicable plan for
alleviating flood conditions in the Lehigh Valley. Control of floods
by reservoirs alone, by local protective works along the river without
benefit of reservoirs, or by two reservoirs supplemented by local
protection -were investigated and found to be less advantageous
economically than the plan advocated.

106. Thereductions in crest stages that would be accomplished by the
proposed reservoir (par. 79) would eliminate the most serious damages
for those arcas along the river above Easton. The location of the
headwaters, mostly on the eastern slope of the mountains, is conducive
to greator intensity of rainfall in the upper parts of the basin than in
the lower portions. Analysis of the major storms indicates that in
the 1936 and 1942 sterms both the precipitation and the run-off were
greater in the headwaters than in the lower watershed, and that. the
proposed resorvoir, had it been in operation, would have been cffec-
tive in lowering the flood stages due to these two storms and in redue:
ing substantially the amount of damage caused along the Lehigh.
Available data on the 1902 flood indicate that this storm also was's
headwaters storm with resulting heavy run-off from the upper weter-

'shed, and it is reasonable to expect that the proposed roservoir con-
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trol would be just as efféctive in the recurrence of this storm as in the
case of the 1942 storm. ~The effect of the reservoir on the 1933 and
1935 storms would also have been substantial, From what is known
of the various floods that have occurred in the Lehigh Basin; the re-
duetions in flood stages expected from rescrvoir control are cons’dered
representative of future conditions which are likely to obtain in the
watershed. It is pertinent to note that the ‘three greatest floods of
record in the Lehigh Valley resulted from storms which had their
greatest intensity in the upper watershed. It is the epinion of a
prominent hydraulic engineer, who was retained as a consultant in
the preparation of this report, that a reservoir on the headwaters of
the Lehigh, as proposed, should be an integral part of any compre-
hensive plan for controlling floods on this river.

107. All flood damage in the vital arcas in Bethlehem will be pre-
vented unless the design flood is sufliciently exceeded to overtop the
walls or endanger the levees. Increased height of local protection
works was found to be not cconomically justified.

108. Local conditions at Allentown preclude protection by walls
and levees, but the proposed improvemonts, consisting, in addition to
Bear Creck Roservoir, principally of channel improvemont, would
lower all flood stages on the Lehigh River and lessen backwater effects
along the tributaries resulting in substantial reduction in flood damages.
In ease of the recurrence of the 1942 flood, damages would be reduced
by approximately 70 percent. The large part of this residual damage
in Allentown would occeur along Little Lehigh River and Jordan
Creek.  Protective measures for the further reduction of the damage
on the tributaries wore not considered warranted at this time.

109. Local protective works to supplement tho protection afforded
by the resgrvoir were considered for communities in addition to Allen-
town and Bethlehem as follows: ,

(a) Easton.~This city is located at the junction of the Lehigh with the
Delaware. It is subject to inundations caused by flood dischurges of either or

both of these rivers, but the experienced mmww stages that produce serious damage:

have come more frequently from the Delaware than from the H,oEm? The
Delaware attained a discharge of 272,000 cubic fect per second at Easton in
October 1903, and rose more than 10 feet ahove the stages reached during the
flood of May 1942, although the latter flood was the greatest of record on the
Lehigh. The Delaware River floods cause backwater effects in both the Lehigh
and the Bushkill, a tributary of the Delaware which flows along the northern
limits of the industrial and commercial area of the city. 1t is clear that complete
wwoﬁooaou from the Lehigh alone, even if feasihle, would not prevent flooding of

‘aston. Previous investigations of Delaware River flood problems have revealed’

that construction of a flood-control reservoir, or rystem of reservoirs, could not
be justified by the prospective benefits. No reason is seen to warrant a change
in this firdiilg. The most practicable plan of improvement would consist of walls
or slope-paved levees along approximately 17,000 feet of the Delaware; Lebigh,
and Bushkill frontage. The walls would necessarily average 17 feet in height,
with & maximum of 25 feet, to protect ageinst the 1903 flood with sdequate
frechoard. The cost of the improvement, including necessary facilitics for drain-

age, is estimated at $2,500,000. The area which is developed, that would be .

protected by the walls amounts to 83 acres, which is relatively small when com:
pared with the length of wall required. .Ground surface elevations rise rapidly
away from the three streams, the Delaware, Lehigh, and Bushkill, and the great
bulk of the city is free from floods, Asa result, the annual costs of the improve-
ment are approximately twice as great as the'annual benefits that may be antici-
pated. According to hydrologic investigation.and search of -historical files, it
was found that the 1903 flood is the greatest of record in a period of over a hundred
years. The attending damages from a recurrence, under existing conditions, of
the 1903 flood have been mmbogcm:\ estimated at approximately . $2,000,000.
The damages recorded for the 1903 flood at Easton amounted to only wwoo.oco.
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(b) Northampton.—Construction of the proposed reservoir will reduce the
stage in the Lebigh due to a recurrence of the 1942 storm approximately 6 feet
at {his town.- This reduction would reduce the 1942 damages of $216,000 to
$126,000. To provide eomplete proteetion against floods up to the magnitude
of the May 1942 flood would involve the construction of nearly 5,000 feot of wall
and levee averaging 6 feot in height, including 3 feet of freeboard. The ratio of
annual benefits to be derived from such works to the annual cost thereof would
be only 0.07; .

(¢) Catasauqua.—The works nceessary to provent all damage in this communily
due to recurrence of the 1942 storm, after the proposed rescrvoir is constructed,
would cost $56069,000. ‘The plan includes five stop log openings, two canal gates
and 4,600 linear feet of walls and levees to proteet only 84 acres of marginal
property. The ineremental benefits would be small compared with the cost of
the improvement. ’

(d) Slatington.—The proposed reservoir will reduce the damages due 1o a recur-
rence of the 1942 storm 1o $12,000 confined to only 13 acres.  Prevention of this
damage wonld require the construction of approximately 1,100 feet of leves
averaging 8 feel in height at a cost of $75,000. The ineremoental boeuelit-cost
ratio is only 0.03. N
Freemansburg.~—The plan of improvement required to avoid damages
which will amount to $57,000 due 1o reeurrence of the storm of 1942, with the
proposed reservoir in operation, cousists of npproximately 4,500 feet of levee and
walls having an average height of 8 feet, inelrding the required 3 feet of frechoard,
The estimated eost of this work is $530,000. The benefits applicable to this
supplemental construction give n benefit-cost. ratio-of only 0.03.

() Hokenduuyua.~—~The remaining arcw in (his town that is subject 1o inunda-
tion from a recurrence of the 1942 storm, after the proposed reservoir is in oper-
ation, amounts to only 2 acres  The work neeessary to prevenl the insndalion
consists of 1,300 feet of wall with one stop-log opening, the cost of which is esti-
maled atl $197,000. The ratio of the inerementnl henefil: to the inerementat
cost is only 0.10.

110. Other communities in the valley of the Lehigh such as Treich-
lers, Palmerton, Lehighton, Weissport, Bowmanstown, Parryville, and
White Haven, all of which suffered damages in the 1942 flood, will
have & substantial degree of protection from » recwrrence of & similar
storny, and supplemental works are unnecessary. At Mauch Chunk,
damages due to Lebigh River floods will be minor, and no cconomieally
feasible plan for protection against floods enused by Maueh Chunk
Creek was found.  In Weatherly, the flood damages are due in part to
the inadequacy of a simple drninage structure and partially to the
obstruction on the left bank of Black Creck upstream from the mouth
of Doney Run, As this obstruction consists of & mound of industrial
waste material which is being enlarged steadily, it appears to be in
order for local authority to take the necessary action to correct this
condition. The entrance of the Federal Government into this flood
problem is considered inappropriate.

111. The tangible annual henefits that are anticipated for the pro-
posed improvement amount to $589,000 compared to annual costs of
$572,000.  Other certain, though intangible, benefits would acerue to
the credit of the improvement., They include the enhancement in
values of real estate in the areas heretofore subjeet to flooding which,
though a positive prospect, have not been included with the tangibles
because of the clements of uncertainty and speculation involved.
A further and large measure of intangible benefit would acerue through
climination of the ever-present threet of floodiag and the attendant
disruption-of socinl and economic order.

112, Had the proposed improvements been in éperation during the
past 50 years, they would have effectively reduced the peaks and result-
mg damages of the two largest floods experienced, one of which
oceurred during the eritical period of wartime production activity.

”
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113. The improvement proposed would not interfere with future
developments for beneficial use of the river’s water, and the reservoir
which 1s included in the plan could be incorporated into a project for
multiple purpose development of the upper watershed without re-
ducing the value of the improvement for flood control. The proposed
reservoir would not interfere with a project for hydroelectric develop-
ment of the Lehigh River. .

114. Objection to the proposed improvement is not probable, as
local interests have indicated their desire for such a plan. .

115. In the latest prior flood-control report on Lehigh River, sub-
mitted August 4, 1941 (par. 3), economic justification was not found
for reduction of flood stages by reservoir control nor for local protec-
tive works outside of Bethlehem, whereas the instant report proposes
that rescrvoir control and a major item for the protection of Allen-
town be provided, together with local protective works for BethleKem
that arc closcly similar to those studied in the prior report. The
conspicuous difference between these reports is attributable to the
fact that when the carlier report was in preparation local interests were
not aware of the full import of the investigation and the effect their
cooperation would have on the results that would be forthcoming.
Consequently, personnel of the district office were unable, at that time,
to sccure complete damage figures, particularly those from large indus-
trial concerns.  -Accordingly, the direct damages estimated were based
on meager information, and indirect damages, mostly industrial, were
estimated to be equal to the direet damages. The cooperation of local
interests in the present study was ‘much more satisfactory, and the
scope of the investigation of flood losses greatly exceeded that of the
previous report.  Mstablishments that suffered damages submitted
signed questionnaires listing the experienced losses, these that they
anticipate if certain floods of the past were to reeur under present
conditions and those that would be suffered frora floods cven greater
than that of 1942, Much of these data were estimated by district
personnel in the previous investigation, and the differences have been
1 major {actor in establishing the economie justification of the project
herein considered. It is believed that the preseit estimate of average
annual flood damages is sound and that the benefits found are likely
to obtain if the project is constructed.

CONCLUSIONS

116. An urgent nced is found for protecting commerce, industry,
and residential occupation in the valley of Lehigh River from recurring
damage by floods. The measures that have been found most- prac-
ticable for accomplishing this objective, as incorporated in the plan of
improvement proposed, consist of & reservoir with a dam on the main
river a.short distance below the:mouth of Bear Creek, and local works
lo. give additional ‘protection in Allentown and Bethlehem where
additional benefits that would be secured justify additional improve-
ments.  The control of flood flows that would be effected by the reser-
voir would be beneficial throughout the entire populated length of the
river, and in Allentown the local improvements proposed would
substantially reduce the remaining damages. In the city of Beth~
lehem, which is the center of greatest damage along the river, the
combined effects of reservoir control and local improvements would
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protect substantially all of this locality against damage by any flood’

of magnitude up to 20 percent above that of the flood of 1942, Itis
estimated that this flood has a percent chance of occurrence of 0.29. -

117. The tangible annual bengfits that are in prospect exceed the
annual cost of the improvements proposed. Intangible social and
economic benefits also would accrue through the elimination of flood
hazards. The total value of the tangible and intangible benefits is
regarded as suflicient to warrant Federal participation in the project.

118. In view of the local character of a major part of the pro.
spective benefits, the State or local interests should cooperate to &
reasonable extent in providing the improvement, maintain and operate
the local works after construction is completed, and assure that the
United States will be immune from any claims for damages arising
from or attributeble to the improvement.

RECOMMENDATION

119. Authorization is recommended for a flood-control project for

Lehigh River, Pa., consisting of o reservoir formed by a dam on the.

main river a short distance below the mouth of Bear Creek, and local
protective works in Allentown and Bethlehem, substantially as
described in this report, and with such further modifications as may be
advisable in the discretion of the Secretary of War and the Chief of
Engineers, at an estimated first cost to the United States of $12,471,000
with $10,000 annually for maintenance and operation of the reservoir,
If a project is adopted, it should require that responsible local interests

ive assurances satisfactory to the Secretary of War regarding the
ocal improvements, that they will provide without cost to the United
States all lands, easements, and rights-of-way necessary for their
construction; hold and save the United States free from damages due
to the construction of these works; and maintain and operate them
after completion in accordance with regulations prescribed by the
Secretary of War.

Crarence RENsSHAW,
. Colonel, Corps Now Engineers,

istrict Engineer,
[First endorsement]

Orrice, Division ENGINEER,
Norrr Arnantic DivisioN,
New York, N. Y., June-25, 1945,

To: The Curer oF EnciNeers, Unitep StaTes ArMY,

I concur in the views, conclusions, and recommendation of the
district engineer. .
Avert H. Burrox,
I Colonel, Corps of Engineers,
Duvision Engineer.

O
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River and Harbor Act of 1962

House Document 87-522
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s RAARNALAASE. .

Pub. Law 87-874 ~-10- October 23, 1962

.76 STAT. 11u2,

62 Stat.

\of $50,965,000.

1176,

SUSQUEHANNA RIVER BASIN

The project for construction of the Fall Brook and Ayleworth
Creek Reservoirs, and local flood protection works on the Lackawanna
River at Scranton, Pennsylvania, is hereby authorized substantially
as recommended by the Chief of Engineers, in Senate Document Num-
bered 141, Eighty-seventh Congress, at an estimated cost of $3,596,000.

The project for the Juniata River and tributaries, Pennsylvania,
is hereby authorized substantially in accordance with the recommen-
dations of the Chief of Engineers in House Document Numbered 565,
Eighty-seventh Congress, at an estimated cost of $32,150,000: Pro-
wided, That installation of the power %enerating facilities shall not be
made until the Chief of Engineers shall submit a reexamination report
to the Congress for authorization.

/ DELAWARE RIVER BASIN

The project for the comprehensive development of the Delaware
River Basin, New York, New Jersey, Pennsylvania, and Delaware, is
hereby authorized substantially in accordance with the recommenda-
tions of the Chief of Engineers, in House Document Numbered 522,
Eighty-seventh Congress, at an estimated cost of $192,400,000,

POTOMAC RIVER BASIN

The project for the North Branch of the Potomac River, Maryland
and West Virginia, is hereby authorized substantially in accordance
with the recommendations of the Chief of Engineers, in House Docu-
ment Numbered 469, Eighty-seventh Congress, at an estimated cost

MIDDLE ATLANTIC COASTAL AREA

The project for hurricane-flood protection at Norfolk, Virginia, is
hereby authorized substantially in accordance with the recommenda-
tions of the Chief of Engineers in House Document Numbered 354,
Eighty-seventh Congress, at an estimated cost of $1,537,000.

The project for hurricane-flood protection and beach erosion control
at Wrightsville Beach, North ("arolina, is hereby authorized substan-
tially in accordance with the recommendations of the Chief of Engi-
neers in House Document Numbered 511, Eighty-seventh Congress,
at an estimated cost of $345,000.

The project for hurricane-flood protection and beach erosion con-
trol at 8&1‘0“11:1 Beach and vicinity, North Carolina, is hereby author-
ized substantially in accordance with the recommendations of the
Chief of Engineers in House Document Numbered 418, Eighty-seventh
(‘ongress, at an estimated cost of $739,000.

APALACHICOLA RIVER BASIN, GEORGIA

The project for the West PPoint Reservoir, Chattahoochee River,

Greorgia, is hereby authorized substantially in accordance with the
&', : ; VLY
recommendations of the Chief of Engineers in House Document
Numbered 570, Eighty-seventh Congress, at an estimated cost of
-\ U ’ & e t
$52,900,000. A N
CENTRAL AND SOUTHERN FLORIDA

The comprehensive plan for flood control and other purposes in
central and southern Florida approved in the Act of June 30, 1948,

\
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11. BEAR CREEK PROJECT. i operat

a. Description. The Bear Creek Project is a modificatj 50 yea
of the single-purpose flood control project with incidental recrea
tion use now under construction, which is located on Lehigh River
75 miles above its confluence with Delaware River and. about 5 mile

north of White Haven, Pennsylvania. The proposed project would be N
a multiple~purpose development to provide for supplies of water ap A
; recreation in addition to the present flood-control purpose, Rese
: volr capacity to spillway. crest level would be 180,000 acre-feet; |
.2,000 acre-feet inactive, 70,000 acre-feet for sypplies of water a
‘ recreation, and 108,000 acre-feet for flood control. The proposed
$ modification would require alteration of the spillway, increasing
3 ' the height of the dam, exténding the outlet .tunnel by the addition
i of a concrete conduit,-and constructing new and raising the height,
| of existing dikes. The modified dam would rise 263 feet above the 4
; river bed and be 3,500 feet .long. The modified project -would con-
E tribute to: (1) the satisfaction of the future water supply need
! ' downstream areas éspecially the Allentown-Bethlehem and the Trento
i - Philadelphia areas; (2) the reduction in flood damages in the do
j stream areas of especial importance to.the highly industrialized 1
Allentown, Bethlehem, and Easton areas; and (3) the satisfaction —_—
the desire for nonurban recreation facilities of the surrounding Notes:
lation. The Bear Creek Project would be required by the year 198
b. "Economic life. The economic Iife of the Bear -Creek
Project from the time.modifications are completed and including £
tures of the existing project as used in project analysis is 50 y
: c. Project costs, The estimated cost of construction
excluding $875,000 for indirectly related recreation, is $20,100 of th
which is made up of $11,100,000 for the cost of the project now venti
construction and $8,990,000 for the cost of modifications .for mu the D
purpose development. The total new construction expenditure requ from
including $4,460,000 for rehabilitation of the existing project Creek
be $13,400,000. The estimated annual operation and maintenance non-d;
is §117,000 and the estimated major replacement cost -is $3,000 a from
All costs are computéd on the basis of 1959 price levels. and t
‘ ‘ : A Bear |
.d. Benefit-cost ratios. Benefit-cost ratios were com benef
using total tangible benefits and total costs refleéting various essen
interest rates applied to Federal and non-Federal interests for and w
‘50 years and 100 years. The economic justification for the Bear appemn
‘Creek Project was based on the premise that the modification con utabl
“tuted a second stage of development and rehabilitation to provid __.gated
feasible comprehensive development with a 50-year life expectanc is pr
The benefit-cost ratio of the Bear :Creek Project for a 50éyear‘é
life is 2.6 and for a IOO—year'éconpmic,life it is 3.3. Capita
4 ’ ‘ needs
the s

AA-38
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operation and maintenance costs, replacement costs and benefits for
50 years and 100 years are as follows:

“Amortization Period
50 Years 100 Years
NEW CONSTRUCTION EXPENDITURES ~ § 13,400,000  § 13,400,000
ANNUAL CHARGES . . , ‘
Interest and Amortizatio
(including interest during. , :
construction) - 577,000 467,000
Operation and Maintenance 117,000 © 117,000
Major Replacements 3,000 4,000
Economic Cost of Land ' 17,000 A 16,000
Total Annual Charges ' 714,000 603,000
ANNUAL BENEFITS '
Reduction of Flood Damages 427,000 427,000
‘Recreation, directly related 161,000 A 161,000
Supplies of Water 1,290,000 1,380,000
Total Annual Benefits 1,880,000 1,970,000
- BENEFIT-COST RATIO 2.6 A 3.3

Notes: Costs and benefits for indirectly related recreation are
' excluded. ’
All amounts rounded; totals may not agree with sums of
individual items due to rounding. .
Interest rate of 2-5/8% used in determination of annual
costs, where applicable, and discounting of future benefits.

e. Intangible project effects. Intangible project effects

of the Bear Creek Project would include: a contribution to the pre-
vention of loss of life, which amounted to 99 lives lost throughout
the Delaware River Basin in the August 1955 flood; assurance values
from assigning' adequate flood control storage capacity at the Bear
Creek Project to completely control the standard project flood to
non-damaging proportions so as to avoid a false sense of security
from floods among the residents in the urban downstream reaches;

and the value of the provision for sufficient site development at
Bear Creek Project to insure the realization of optimum recreation
benefits. Adverse effects resulting from the Bear Creek Project
essentially would be a consequence of the damages expected to fish
and wildlife resources in the project area. There is presented in
appendix J to this report a discussion of how such damages attrib-
_utable to other projects in the plan of development might be miti-
gated No_monetary equivalent for means of recovering .such damages
is presented. : .

f. Physical feasibility and cost of providing for future
needs. The Bear Creek Project has been formulated to contribute to
the satisfaction of current and future needs for reduction of flood

AA-39




damages, recreation, and su
of the project. No provision has been made for further mo

by (1) the separable costs-remaining benefits method, (2) the py
ority of use method, and (3) the incremental cost method on tyg
periods for amortization, 50 years and 100 years. The cost alil,
tion data are shown in table AA-8,
of allocation, supply of water was considered the basic functiop
because the scheduled date for devel
on the anticipated need for supplies of water.

account the desires and views of Federal agencies, affected State
and municipalities, during the survey and the preparation of the
Survey report, the District Engineer formally established the Del
ware Basin Survey Coordinating Committee. This Committee was cop.
prised of representatives of the States of Pennsylvania, New Yor
New Jersey, and Delaware; of the cities of Philadelphia and Ney
and of the various Federal agencies concerned with water
Ten meetings of the Committee, which were open to the public,

held at about four-month intervals from April 1957 to March 196
at various points througho

the study and afford them opportunities to express their views
is believed that these interests are in
plan presented, Under the review procedures prescribed for this
survey report, local interests will have additional opportunit

Federal participation in this Project has been estimated at $
for new construction expenditures, and $85,000 annually for o
maintenance, and replacemént costs during the period of defer

of future water supplies and a total of $55 000

g. Allocation of costs, Allocation of costs were

Comput

In the incremental cost methg

opment of the project is base

h. Extent of interest in project. In order to take int

resourc

general agreement with

of the future water supplies is initiated;

reimbursable cost for the Bear Creek Project would include a
struction cos

i. Repayment schedules for reimbursable costs, The

t of $9,110,000 for supplies of water. Alterna
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repayment schedules acceptable to the Federal

government foyr the
recovery of this cost are shown below:

. 1/
Construction Annual Deferred
Function Expenditure Lump Sum Payment Lump Sum

Deferreq™
Annual

Payment

Supplies .
of Water $9,110,000

(rounded)
Current

Supply 3,087,000 $3,087,000 $116,000 N. A, N, A,
Deferred ' 2/

Supply 6,026,000 6,026,000 226,000 $6,026,000  $226,000

1/ Assumes Federal financing of such costs at 2-5/8%, amortizatjoy
period 50 years,

2/ Initiation of use of deferred su
free period.
N. A. = not applicable,

pply within ten-year interest

In addition, non-Federal intergsis would be required to contribute
$34,000 annually for the cost of operation, maintenance and re-
placement during the period of deferred use of future water
supplies and $64, 000 annually after use of the future water
supplies is initiated,

j. Effect of project on state and local govermments,
There are no major changes expected in the cost of state and local
government services as a result of the Bear Creek Project, Any
increased costs of state and local services associated with the
project have been taken into account in the estimate of annual
operation and maintendnce costs for the project. While there may
be reductions in the revenues resulting from Federal acquisition
of lands in the Bear Creek Project area, it is expected that such re-
ductions would be more than compensated for through increased
activity, directly and indirectly associated with the multiple-
purpose development features of the Bear Creek Project,




Fish and Wildlife Coordination Act of 1958 (PL 85-624)
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T2 BTAT. PUBLIC LAW 85-624—AUG, 12, 1958

“(13% to civiian or Armed Forces supply or procurement officers
and emiployees of the Federal Government ovdering, procuring, or
purchasing such knives in connection with the activities of the
Federal Govermments . . :

(2} to supply or procurement officers of the National Guard,
the Alr Netional Guard, or militia of o State, Territary, or the
District 6f Columbis crdering, procuring, or purchastng such
kmives in eomnection with the netivities of such organizations;

“(3) to supply or procurement officers or employees of the
muni¢ipal government. of the District of Columbia or of the
egovernment of any State or Territory, or any county, city, or
ather politicul subdivision of & State or Territory, ordering, pro-
curing, or purchasing such knives in connection with the activities
of such goverament; and .

“(4) io manufacturers of such knives or bonu fide dealer
therein in connection with any shipment muds pursuant to an
nmemﬁ. from any pévson. désignated In paragraphs (1), {(2), and

’ 3).
The Hv%mgzwm”.ﬁ. General may require, as a condition of conveying
any such Jnife in the mails, that any person proposing to mnil such
knife explain in writing to the satisfaction of the Postmaster Gen-
exal SEM. the mailing of suel knifé will not be in violation of this
section.”
Sec, 6. This Act shall take effect on the sixtieth day after the date
of its enactment.
Approved August. 12, 1858,

Public Law 85-624
AN ACT )
To gmend the Aot of Muréh 10, 1938, to provide for more effective integratifn
o a fish and whidlife eonservativn program with Federal water-resource
developments; aid for othér pNrposes.

Be it enacted by the Senute ond. House of Representatives of the

nited States of America in Congress assembled, That ‘the Act of
March 10, 1934, as amended, and as further amended by this Act
may be cited as the “Fish and Witdlife Coordination Act”,

Sge. 2. The first four sections of the Act entitled “An Act to pro-
mote the conservation of wildlife, fish, and game, and for other pur-
poses”, approved March 10, 198¢ (16 1. 8. C,, secs. 661664, inclusive).
ars gmended to vead.as follows:

“For the purpose of recognizing the vital contribution of our wild-
life resourzes to the Nation, the inereasing public interest and sig-
nificance thereof due to expansion of cur national seonomy and other
factors, and to provide that wildlife conservation shull receive equal
censideration and be coordinated with othér-fentures of water-rescurce
devalopment programs through the effectual and harmonious plan-
ning, development, mainfenance, and coordination of wildlife con-
servation and rehabilitation for the purposes of this Act in the United
States, its Tervitories and possessions, the Secretary :of the Interior
is authorized (1) o provide nssistance to, and cooperate with, Federal,
State, and public or private agencies und organizations in the develop-
ment, protection, rearing, and stocking of all species of wildlife,
resources thereof, und thelr habitat, in controlling Josses of the same
from disease or other couses, in minimizing damages from overabun-

dant:species, in providing public shooting and fishing aveas, including

AUTHENTICATED
U5, GCOVERNMENT
INFORMATION

GPO,

563

Requlrement. for
madling.

Eifective date.

Augpunt 13, 1958
(Hl, R, 13138)

Fiah ond Wild-
11f e Cowrdisiation
Ak

A8 Stat. 401,

Wildlife conger-
vation.

Cooparation of
agoncles.

564

Burvays and ioe
vastigations,

Donatlonn.

PUBLIC LAW 86-824~AUG. 12, 1858 hﬂw STAT.
enseraents across public lands for access thereto, and in carrying out
other measures necessary to gifectuate the purposes of this Act; (2)
to make surveys and investigations of the wildlife of the public
domain, including lands and |waters or interests therein acquired or
controlled by any agency of the United States; and (3) to accept
dongtions of land and contributions of funds in furtherance of the

© purposes of this Act. m

Interagunay
water control cone
sultation.

Reports and rec=
ormendations,

Modlficarion of
projects.

C “Spe.-2. (1) Except ag hereafter stated in subsection (1) of this
section, whenever the waters of sny stream or other boily of water are
propased or authorized to be impounded, diverted, the channel deep-
ened, or the stream or other body of water ofherwise controlled or
modified: for any purpose whitever, including pavigation and drain-
age, by any department or afency of the United Stetes, or by any
public or private rgency under Federal permit or license, such depart-
ment or agency first shall an%min with the United States Figh and
Wildlife Service, Department of the Interior, and with the hend of
the agency exercising administration over the wildlife resources of
the particular State wherein|the impoundment, diversion, or other
control facility is to be constructed, with a view to the conservation
of wildlife resources by preventing loss of and damage to such re-
sotirces &s well as providing ffor the development and improvement
thereof in connection with such water-resource development,

“{b) In furtherance of such purposes, the reports and recommenda-
tions of the Secretary of the Interior on the wildlife aspects of such
projects, and any veport-of the head of the Stute ngency exercising
administration over the wildlife resources of the State, based on sur-
veys and investigations conducted by the United States Fish and
Wildlife Service and such State ngency forthe purpose of determin-
ing the possible damage to wildlife resources and for the purpose of
determining means and measures that should be adopted to prevent
the loss of or damage to such wildlife resources, as well 4s to provide
eoncurrently for the development and improvement of such resource
shall be made an Integral patt of any report prepared or submitte
by any ngeney of the Federal Government responsible for engineering
surveys and construction of such projects when such reports are pre-
sented to the Congress or:to any sgency or person having the anthority
or the power, by administrative action or otherwise, (1) to authorize
the construction of water-resojirce development projects or (2) to ap-
prove x report on the modification or supplementation of plans for
previously anthorized. projects, to which this Act applies.” Recom-
mendations of the Secretary of the Interior shall be as specific as is
practicable with respect to fentires recommended for wildlife con-
gervation and development, Tands to be utilized or aequired for such
purposes, the results expected, and shall deseribe the damage to wild-
life attributable to the project|and the measures proposed formitigat-
ing or compeusating for these damages. The reporting officers.in
praject reports of the Federal ugencies shall. give full consideration
to the report and recornmendsitions of the Secretary of the Interior
and to any report-of the State agency on: the wildlife aspects of such
projects, and the %ﬁ&.mcﬁ plan shadl include such justifiable means and
mensures for wildlife purposes 1s the reporting agency finds should
be adopted to obtain maximmm overall project benefits.

*#(c) Federal agencies authorized to construct or operate water-
control projects are hereby authorized to modify or add to the struc-
tures and operations of such projects, the construction of which hus
not been. substantially completed on the date of enactment of the
Fish and Wildlife Coordination] Aet, and to acquire lunds in secord-
apce with section 3-of this Agt,lin order to accommodate the means
and measures for snch conservation of wildlifé resources as an in-.
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72 Brar.) PUBRLIC LAW 85-624—AUG. 12, 1968

tegral part of such projects: Provided, That for projects anthorized
by a specitic Act of Congress before the dite of shactment of the Fish
and Wildlife Coordination Act (1) such modification or land acqnisi-
tion shall be compatible with the purposes for which the project was
auihorized; (2) the cost of such modifications or Jeind . dcquisibion,
as means and measures to prevent loss of and damage to 'wildlife ve-
sourges to the extent justifinble, shall be an integral paxt of the cost
of such projests; and (8} the cost of such modifications or land ae-
quisition for the development or improvement of wildlife resources
muy be inclnded to the extent jusiifinble, and an appropriate share
of the cost of any project may be allocated for this purpose with a
finding as to the part of such nllocated cost, if any, to be reimbursed
by non-Federal interests.

“{q) The cost of planning for and the construction or installation
and maintenance of such means and measures adopted to carry out
the congervution purposes of this seetion shall constitnte an integral
part of the vost of sueh projects: Provided, That such cost attribunt-
able to the development and improvement of wildlife shall not extend
bayond those necessary for (1) land acquisition, (2) modifieation
of the __%3.&%., and (3}, modifieation of project operations; but shall
sot include the operation of wildlife facilities wor the construction
of such facilities beyond those herein deseribed: And provided fur-
ther, That, in the case of projects authorized to be constrocted, oper-
ated, and maintnined in accordiinca with the Federal reclamation
laws (Act of June 17,1902, 33 Stat. 388, and Acts amendatory thereof
or supplementary therato), the Secretary of the Interior, in addition
to allocations made under section 9 of the Reclamation Project Act
of 1039 (58 Stat. 1187), shall make findings on the part of the
estimated cost of the project which can ?dﬁﬁma be sllgeated fomenns
and measures to prevent loss of and damage to wildlife resources
which costs shall not be reimbursable, and nn approprisie share ol
the wgwmﬁ costs may be allocated to development and improvement
of wildlife resourres, with a finiling ss to the part of such allocated
costs, if any, to e réimbursed by non-Federal fish and wildlife
ugencies or interests,

(g} In the case of construction by & Federal agency, that agency is
suthorized to transfer to the United States Fish and Wildlife Service,
out of appropristions or sther funds mide available for investigations,
engineering, or construction, such funds us muy be'necessary to condnet
all ov part of the investigations required to carry out.the purposes of
this section. ’

“{f) In addition to other requirements, there shall be included iu
any report-submitted to Congress supporting » recommendation for
suthorzation of any new project for the control or use of water ns
deseribed herein (including any new divizsion of such wnow.oon or new
supplemental works on such project) an estimation of -the wildlife
benefits or losses to be derived therefrom including benefits to bs
derived from messures recommended specifically for the development
and improvement of wildlife respurces, the cost of providing wildlife
benefits (including the cost of additionnl facilities to be installed or
fands to be acquired specifically for that partienlar phrse of wildlife
conservation relating to the development and improvement of wild-
life), the purt of the cost of joint-use facilities allocated to wildlife,
and the part of such costs, if any, to be reimbursed by non-Federal
interests.

“(g) The provisions of this section shall be applicible with reégpect
to any project for the control or use of water ag prescribed herein,
or any unit of such %3?2 suthorized before or after the date of
enactment of the Fish and Wildlife Coordinution Act for planning
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or coustruction, but shull n
thereof anthorized before the
life Coordination Act if the
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t be applicable to any project or nmt
date of enucbment of the Fish and Wild-
onstruction of the particular project or

unit thereof has bean w;_uw?:%i.q completedd,” & project or wnit
thereof ghall be considered to be snbstuntially completed when sixty
percent. or more of the estimated construction cost has been oblignted

for expenditure.

*(h) The provigions of this
projects for the impoundment

areqa of such Impoundments

et shall not be applicable to thowe
t gf waber where the maximum surface
Eﬁwmm than ten aerss, nor to-activities

for-or in-eonnection with pr

¥

mams primarily for land menagement

(-4 L 2 R
anil use carvied out by Federyl agencies with respect to Federal lands

undey their jurisdiction.

“SEe. 3. {a) Subject to theexceptions preseribied in section 2 (h)

of this Act, whenever the w
water are impounded, divert
or other body of water other
pose whatever, inclnding ny

raters of any stream or other body of
od,| the chanuel despened, or the stream
wise gontrolled or modified for any par-
vigation and drainage, by any depart-

ment or agency of the United Btates, adequate provision, consistent
with the primary purposes of such impoundment, diversion, or cther
contraly shall be made for the use thereof, together with any nreas of

land, water, or interests thery

bin, ncquired or administered by a Fed-

eral agency in connection therewith; for the conservation, main-

tenance, and management of

wildlife resources thereof, and its habi-

tat thereon, wu&iﬁsm the development and. improvement of such

wildlife resourees pursuant £

6 the provisions of zection 2 of this Aét.

“(b) The use of such waters, land, or interests therein for wildlife
vonservation purposes shall be jn sccordance with general plans ap-

proved jointly (1) by the hes

1 of the particolar department or agency

exercising primary adninistryition in each instance, (2) by the Secre-

tary of the Interior; and (3}

oy thie Bead of the agency exercising the

administration of the wildlife resources of the particular State where-

in the waters and areas lie.

Such waters and other interests shall be

E:&mi&?iﬁ2..&5&&&% 31:&5?%%32@5_u%mgormgg ﬁhwnawg
if the' management of the properties relate to the conservation of wild-

life other than migratory bix

ds; or by the Secretary of the Interior;

for administration in such manner as he may deem advisable, where

the partienlar properties huve value in carryin

mipratory bird ‘mapagement|
this section shall be construe

¢ out the national
program: Providéd, Thut nothing in
us affecting the anthority-of the Secre-

tary of Agriculture to eooperate with the States or in making lands
availuble to the States with respect to the munagement of wildlife and
wildlife lmbitat on lands administered by hine.

“(c) When consistent with|the purposes of this Act and the reports
and findings of the Seeretary of the Interior prepared in accordance
with section 2, land, waters;|and intevests therein may be acquired
by Federal construction agencies for the wildlife consérvation and
development purposes of this At in connection with a project s
reasonably needed to preserve and-assure for the public benefit the
wildlife potentials of the partieular project aren: Provided, That
before properties wre moﬁr@a %ow this purpose, the probable extent
of such nenuisition shall be set forth, along with other datu necessary
for project authorization, in g report submitted to the Congress, or in
the case of o project previonsly authorized, no such properties shall
be aequired unless specifically laathorized by Congress, if specific
nuthority for such mequisition is recommended by the construction
AZENCY. M

i
1
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#(d) Properties acquived for the purposes of this section shall
continue to be used for suth purposes, and shal]l hot become the sub-
jeet of exchange or other transastions if sucl exchange or other trang-
setion swould defent the indtial purpose of thelr acquisition.

“(e} Federal lands scqnired or withdrawn for Federy] water-
resource purposes and mude availabde to the States or to the Secvetaxy
af the Titerior for wildlife roanagement purposes, shall be made avail-
able for such purposes in accordance with this Act, notwithstanding
oiber provisions of law. . ]

“(f) Any Iands acquited pursnant to this seetion by sny Federal
agency within the exterior bonndaries of a national forest shall, upon
wiqmisition, be ndded to and become national forest lands, and shiall

he adninistered aso part of the forest within which they are situated,’

subject to all laws applicable to lands acquired under the provisions
of the Act of March 1, 1911 (36 Staf. 9615, unless such lands ave
acquived to earry out the National Migratory Bird BMunagement
Progeam. )

“lpe. 4 Such aress as are made pvailable to the Secretary of the
Interior for the purposes of this Act, pursuant to sections 1 and 5 or
parsuant to any other authorization, shall be administered by him
directly or in accordance with coopersiive agreerapnts entered into
pursuant to the provisions of the firse sedtion of this Aet and iv ac-
cordanee with such rules snd regulationy for the conservation, main-
tananee, and management of wildlife, resources thersof, and ts habi-
tat thereon, as miay be adopted by the Secretary ih secordunce with
general plans approved jointly by the Secretary of the Interior and
the head of the department or agenay exercising primuary adminis-
tration of such areas: Prowdded, That such rules and regulations shall
not be inconsistent with the laws for the protection of fish and gnme
of the States in which such area js situated (16 17, 8. ., sec. €64) :
Provided furiler, That Jands having valne to the Netional Migratory
Bird Muungement Program wmay, pursuant to general plans, be mads
wvailable without cost directly to the State agency H.Ei:m control
over wildlifs resonrces, if it is jointly determined by the Sécretary
of the Interior and such State ageney that this would be'in the pub-
Yie interest: dAnd provided further, That the Secretary of the In-
terior shall have the right to assnme the manugement and adminds-
tration of such lands i behalf of the Nutionnl Migratory Bird 3Man-
agement Program if the Secretary finds that the State agency has
withdrawn frem or otherwise relinquisled sueb mansgement and
administration.” )

See, 3. The Watershed Protection and Flood Prevention Aect, as
amended (16 UL 8. €., secs, 1001-1007, inclusive)}, is amended by add-
ing at the end thereof the following new section:

“Sre. 12, When the Secretury nppeoves the fuenishing of assistance
to a loeal organization in preparing a plan for works of improvement
as provided for in section 3:

“{1) The Secretary shall so notify the Secretary of the Interior in
order that the latter, as he desires, may nuike surveys und investigs-
tions and prepare & report with recommendations concerring the con-
servation and development of wildlife resources and participate, under
arrangements satisfactory te the Secretury of Aprienlture, in the

preparation of o plan for works of Improvement that is deceptable to,

the loeal organization and the Secretary of Agricalture.

#(2) Full consideration. shall be given to the récommendations
contained in nny such.report of the Secretary of the Interior as he
may submit to the Secretary of Agricolture prior to the fime the
local organization and. the Secretary of Agriculture have agreed on
a plan for works of improvement. The plan shall include such of
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the technically and eeconomies
wildlife purposes recommmen
the Interior as are acceptabl

ization and the Secretary of Agrienlture, and such report of the
Secretary of the Interior shall, if requested by the Secretary of the
Interior, accompany the plan for works of improvement when it is
submitted to the Seeretary of Agriculture for approval or transmitted
to the Congress through the President.

%(8) The vost of making surveysand investigations and of prepar-
ing reports concerning the conservation and development of ﬁ:mm?
resources shall be borne by the Secretary of the Interior out of funds
appropriated to his Department.” -

EC. 4. There is authorized |to be appropriated and expended such
funds as may be necessary to parry out the purposes of this Act.

Approved Aagust 12, 1958, | .

ﬁww.{ feasible works of improvement for
in the report by the Secretary of
and agreed to by, the local organ-

Public Law 85-625 !
AN ACT

To gmend the Interstate Commerde #nr a8 amended, 50 as to strengthen und
fmprove the national transp riation system, and for other purposes.

Be it enacted by the Senaty and House of Representdtives of the
Uwited States of America in Congress assembled, That this Act may
he cited as the “Transportetion Act of 19587,

AMENDMENT TO INTERSTATE COMMERCE ACT, RELATING T0 LOAN
GIUARANTIES

_'Src. 2. The Interstate Cormerce Act, as amended, i$ amended by
inserting immediately after part IV thereof the following new part:

“Parr V
‘PURPOSE

#Sec. 501, It is the purpose of this part to provide for assistance
to commaon carriers by railroad subject to this Act to.aid them in
acquiring; constructing, or mainfaining facilities and equipment for
such purposes, and in such & manner; as to encourage the employment
of labor and to foster the preservation and development of a national
transportation system adequate to meet the needs of the commarce of
the United States, of the postal service, and of the national defense.

“pEETRTTIONS

“Sro, 502, For the purposes of this part— :

“(n) The term *‘Commission| means the Interstate Commerce Com-
mission. -

“(b) The term ‘additions and betterments or other capital expendi-
tures’ means expenditures for the sequisition or construction of prop-
erty used in transportation service, chnrgeable to the road, property,
or Ei.wgmsﬂ investment aeconnts, in the Uniform System of Accounts
preseribed by the Interstate Commeree Commission.

“{¢) The term .wwﬁg&.ﬁnim for maintenance of property’ means

. expendifures for labor, materinls, and other costs ineurred in main-

taining, repairing, or renewing equipment, road, or property-used in
transportation service chargeable to a@»nmﬁﬁm‘ expenses in mooomaw.anm
with the Uniform Systex of Accounts preseribed by the Commission,
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Public Law 100-676, Section 6, November 17, 1988
Water Resources Development Act of 1988
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SEC. 6. OPERATION OF CERTAIN PROJECTS TO ENHANCE RECREATION.
(a) Enhancement of Recreation.--The Secretary shall ensure, to

the extent compatible with other project purposes, that each water
resources project referred to in this subsection is operated in such
manner as will protect and enhance recreation associated with such
project. The Secretary is authorized to manage project lands at each
such project in such manner as will improve opportunities for
recreation at the project. Such activities shall be included as
authorized project purposes of each project. Nothing in this
subsection shall be construed to affect the authority or discretion of
the Secretary with respect to carrying out other authorized project
purposes or to comply with other requirements or obligations of the
Secretary which are legally binding as of the date of the enactment of
this Act. The provisions of this subsection shall apply to the
following projects:

(1) Beechfork Lake, West Virginia.

(2) Bluestone Lake, West Virginia.

(3) East Lynn Lake, West Virginia.

(4) Francis E. Walter Dam, Pennsylvania.

(5) Jennings Randolph Lake (Bloomington Dam), Maryland and

West Virgina.

(6) R.D. Bailey Lake, West Virginia.

(7) Savage River Dam, Maryland.

(8) Youghiogheny River Lake, Pennsylvania and Maryland.

(9) Summersville Lake, West Virginia.
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(10) Sutton Lake, West Virginia.

(11) Stonewall Jackson Lake, West Virginia.

(b) Recreation Defined.--As used in this section, in addition to
recreation on lands associated with the project, the term "recreation"
includes (but shall not be limited to) downstream whitewater
recreation which is dependent on project operations, recreational

fishing, and boating on water at the project.
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Water Resources Reform and Development Act (WRRDA) 2014, Section 4001
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DEPARTMENT OF THE ARMY
U.S. ARMY CORPS OF ENGINEERS
441 G STREET, NW
WASHINGTON, DG 20314-1000

REPLY TO

ATTENTION OF FEB 1 9 2015
CECW-NAD

MEMORANDUM FOR COMMANDER, North Atlantic Division

SUBJECT: Implementation Guidance for Section 4001 of the Water Resources Reform
and Development Act (WRRDA) of 2014 — River Basin Commissions. -

1. Section 4001 of WRRDA 2014 amends Section 5019 of the Water Resources
Development Act (WRDA) of 2007and directs the Secretary to allocate funds to the
Susquehanna and Delaware River Basin Commissions and the interstate Commission
on the Potomac River Basin. The amount allocated should be equal to that determined
by each commission in accordance with the respective interstate compact approved by
Congress. Further, if funding is not allocated, the Secretary is directed to submit a
notice to the Committee on Environment and Public Works of the Senate and the
Committee on Transportation and Infrastructure of the House of Representatives with
the Agency’s Annual Budget submission. The notice shall describe the rationale for and
impact of not allocating such funds. A copy of Section 5019 of WRDA 2007, as

amended, is enclosed.

2. Funding for the River Basin Commissions may be considered for inclusion in the
budget in accordance with the annual budget engineering circular. If funding is not
allocated to these Commissions, the District Engineer will prepare a draft notice
describing the impact on water supply allocation, water quality protection, regulatory
review and permitting, water conservation, watershed planning, drought management,
flood loss reduction, recreation and energy development and forward the draft to the
NAD RIT for review and coordination with the Secretary for submission to Congress as

part of the Budget submission.

Encl EDWARD E. BELK, JR., P.E. o
Chief, Operations and Regulatory Division
Directorate of Civil Works
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SUBJECT: Implementation Guidance for Section 4001 of the Water Resources
Reform and Development Act (WRRDA) of 2014 - River Basin Commissions.

SEC. 5019. WATER RESOURCES DEVELOPMENT ACT OF 2007.
SUSQUEHANNA, DELAWARE, AND POTOMAC RIVER BASINS,DELAWARE,
MARYLAND, PENNSYLVANIA, AND VIRGINIA as amended by Section 4001 of
WRRDA 2014 4

(a) EX OFFICIO MEMBER.—Notwithstanding section 3001(a) of the 1997
Emergency Supplemental Appropriations Act for Recovery From Natural Disasters, and
for Overseas Peacekeeping Efforts, Including Those in Bosnia (Public Law 105-18; 111
Stat. 176), section 2.2 of the Susquehanna River Basin Compact to which consent was
given by Public Law 91-575 (84 Stat. 1512), and section 2.2 of the Delaware River
Basin Compact to which consent was given by Public Law 87-328 (75 Stat. 691),
beginning in fiscal year 2002, and each fiscal year thereafter, the Division Engineer,
North Atlantic Division, Corps of Engineers—

(1) shall be—

(A) the ex officio United States member of the Susquehanna
River Basin Compact and the Delaware River Basin
Compact; and

(B) one of the 3 members appointed by the President
under the Potomac River Basin Compact to which consent

was given by Public Law 91-407 (84 Stat. 856);

(2) shall serve without additional compensation; and

(3) may designate an alternate member in accordance with
the terms of those compacts.

“(b) AUTHORIZATION TO ALLOCATE.—

“(1) IN GENERAL.—The Secretary shall allocate funds to the
Susguehanna River Basin Commission, the Delaware River Basin Commission,
and the Interstate Commission on the Potomac River Basin to fulfill the equitable
funding requirements of the respective interstate compacts. :

“(2) AMOUNTS.—For each fiscal year, the Secretary shall allocate to
each Commission described in paragraph (1) an amount equal to the amount
determined by the Commission in accordance with the respective interstate
compact approved by Congress.

“(3) NOTIFICATION.—If the Secretary does not allocate funds for a given
fiscal year in accordance with paragraph (2), the Secretary, in conjunction with
the subsequent submission by the President of the budget to Congress under
section 1105(a) of title 31, United States Code, shall submit to the Committee on
Environment and Public Works of the Senate and the Committee on
Transportation and Infrastructure of the House of Representatives a notice that
describes—

“(A) the reasons why the Secretary did not allocate funds in
accordance with paragraph (2) for that fiscal year; and
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SUBJECT: Implementation Guidance for Section 4001 of the Water Resources
Reform and Development Act (WRRDA) of 2014 - River Basin Commissions.

“(B) the impact of that decision not to allocate funds on each area
of jurisdiction of each Commission described in paragraph (1), including
with respect to—

“(i) water supply allocation;

“(iiy water quality protection;

“(iii) regulatory review and permitting;
“(iv) water conservation;

“(v) watershed planning;

“(vi) drought management;

“(vii) flood loss reduction;

“(viii) recreation; and

“(ix) energy development.”.

(c) WATER SUPPLY AND CONSERVATION STORAGE, DELAWARE
RIVER BASIN.—
(1) IN GENERAL.—The Secretary shall enter into an agreement with the
Delaware River Basin Commission to provide temporary water supply and

conservation storage at the Francis E. Walter Dam, Pennsylvania, for any period
during which the Commission has determined that a drought warning or drought
emergency exists.

(2) LIMITATION.—The agreement shall provide that the cost for water
supply and conservation storage under paragraph’(1) shall not exceed the
incremental operating costs associated with providing the storage.

(d) WATER SUPPLY AND CONSERVATION STORAGE, SUSQUEHANNA
RIVER BASIN.—

(1) IN GENERAL.—The Secretary shall enter into an agreement with the
Susquehanna River Basin Commission to-provide, temporary water supply and
conservation storage at Federal facilities operated by the Corps of Engineers in
the Susquehanna River basin for any period for which the Commission has
determined that a drought warning or drought emergency exists.

(2) LIMITATION.—The agreement shall provide that the cost for water
supply and conservation storage under paragraph (1) shall not exceed the
incremental operating costs associated with providing the storage.

(e) WATER SUPPLY AND CONSERVATION STORAGE, POTOMAC
RIVER BASIN.—

(1) IN GENERAL.—The Secretary shall enter into an agreement with the
Interstate Commission on the Potomac River Basin to provide temporary water
supply and conservation storage at Federal facilities operated by the Corps of
Engineers in the Potomac River basin for any period for which the Commission
has determined that a drought warning or drought emergency exists.
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SUBJECT: Implementation Guidance for Section 4001 of the Water Resources
Reform and Development Act (WRRDA) of 2014 - River Basin Commissions.

(2) LIMITATION.—The agreement shall provide that the cost for water
supply and conservation storage under paragraph (1) shall not exceed the
incremental operating costs associated with providing the storage.
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Appendix B: Historic Timeline
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Dates Description
Start End
1940 | Project Authorized in Flood Control Act of 1940
1955 | Hurricane Diane devastates the region
1955 | The Lehigh River Restoration Association is established
1956 | 1961 | Construction of the Francis E. Walter Dam and Reservoir (Bear Creek Reservoir)
1966 | Pennsylvania State Representative Samuel Frank is instrumental in returning the ownership of the
Lehigh River to the Commonwealth after 144 years of ownership by the Lehigh Coal & Navigation
Company
1968 | The Pennsylvania Fish and Boat Commission studies the Lehigh and Delaware rivers determining
that the American shad could not survive in their polluted waters
1968 | 1970 | Start of whitewater releases on 1 weekend a month July-October with no access road infringement
1970 | State and Federal resource agency coordination to discuss canoeing and whitewater release plans
1971 | 1979 | Release plan implemented to include canoe interests
1974 | F.E. Walter construction project environmental assessment completed per NEPA 1969
1980 | Pennsylvania Lehigh Gorge State Park is created downstream of the F.E. Walter Reservoir
1980 | 1982 | Regional drought conditions resulted in cancelation of recreation releases and implementation of
F.E. Walter Reservoir water supply storage at the request of DRBC
1982 | Meeting convened by PA State Senator to discuss release program viewpoints amongst agencies and
interests
1982 | The Lehigh River Scenic Rivers Act adds a portion of the Lehigh River to the state Scenic Rivers
System
1983 | Improved water-quality conditions enable programs to reintroduce breeding populations of bald
eagle, osprey, and river otter in Pennsylvania that are dependent on aquatic resources
1983 | 1987 | Newly developed release plan implemented to include access road restrictions
1981 | 1986 | Corps F.E. Walter Reservoir Feasibility study for adding water supply, water quality & recreation
1988 | The Lehigh River Foundation is established
1988 | Congressional authorization for Recreation at F.E. Walter Reservoir
1989 | 2004 | Coordination with resource agencies and interests with modification of release plan to include
access road restriction
1990 | 4,000 acres of the Lehigh Upper Watershed is Protected
1991 | Trout stocking begins in the Upper Lehigh by the State of Pennsylvania
1994 | A migratory fish Passage is constructed on the lower Lehigh River for shad and other species
1997 | The first annual Lehigh River sojurn
1999 | The first Lehigh River Watershed Conference
2001 | Corps and Pennsylvania Section 22 Lehigh River Comprehensive Watershed WQ Study
2001 | 2002 | Drought storage performed at F.E. Walter Reservoir and recreational releases cancelled
2003 | Wildlands Conservancy Comprehensive Lehigh Mgt. Plan
2003 | The Lehigh River Water Trail is established
2003 | The Lehigh River is placed on the Pennsylvania River's Registry
2004 | Completion of new access road across the top of the F.E. Walter Reservoir dam
2005 | Present | Temporary Annual Recreation Operations Plan in cooperation with resource agencies
2005 | Temporary recreation pool level modified storage to elevation 1335’
2006 | Temporary recreation pool level modified storage to elevation 1365’
2006 | Pool height of record at F.E. Walter Reservoir following severe storm event
2006 | 2014 | Corps and Pennsylvania Section 22 Reservoir and Lehigh River Water Quality model (Twp phases)
2007 | Water Resources Development Act (WRDA) of 2007
2007 | Pennsylvania State Lehigh Fishery Management Plan developed
2007 | Lehigh Named Pennsylvania River of the Year
2008 | Temporary recreation pool level modified storage to elevation 1370’
2009 | 2009 | Completion of Phase I and Startup of Phase Il of the Section 22 Reservoir and Lehigh River Water
Quality Model
2014 | Water Resources Development Act (WRDA) of 2014
2014 | Completion of Phase Il of the Section 22 Reservoir and Lehigh River Water Quality Model
2014 Section 216 IAR for F.E. Walter Reservoir

Corps Action or Federal Policy Change ©

Corps and Local Partner Action or Study ©

State, Local or Watershed Interest Study or Action © Other Relative Watershed Activity ©
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