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APPENDIX A - PLAN FORMULATION

STUDY AUTHORITY

This study is authorized by Section 607 of the Water
Resources Development Act of 1986 (P.L. 99-6862), subject to
Section 903{a) of this act (see Figure Al). Section 607
authorizes the Secretary of the Army to undertake a project for
flood control for the Passaic River in the wvicinity of Beatties
Dam.

STUDY AREA

The Beattles Dam study area is located in the Passaic River
Basin in northeastern New Jersey (see Figure A2). Beatties Dam
i1s located on the Passaic River in the Townships of Little Falls
and Wayne, Passaic County, New Jersey (see Figure A3). This
masonry dam has a 267-foot long spillway with a 152-foot arched
center section, a 55-foot straight section on the right, and a
60-foot straight section on the left (see Figure A4). The
potential project area is 3.2 miles in length extending along
the Passaic River from Beatties Dam to Two Bridges. It includes
the municipalities of Totowa, Little Falls, Wayne, North
Caldwell and Fairfield. However, In order to assess potential
impacts to both downstream and upstream areas, the study area
extsnds along the Passaic River from Dundee Dam upstream to Pine
Brook, a distance of 28.3 miles.

PURPOSE

The purpose of this reconnaissance study is to determine if
there is a Federal interest in participating with a local
sponsor in a flood control project along the Passaic River in
the vicinity of Beatties Dam.

SCOPE OF STUDY

The study consisted of technical analyses of the flcod
problem and potential solutions aleong the Passaic River in the
vicinity of Beatties Dam. This included hydrologic, Fr-rdraulic,
and preliminary structural analyses, foundation and material
considerations, assessment of environmental effects, cost
estimating and economic evaluation of alternative flocod control
plans. The study depended in part on information from existing
sources, including the data base and technical models from the
overall Passaic River Basin Study; general site inspections;
field topographic surveys; review and evaluation of previous
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reports, published maps, United States census reports, and other
published data. Records of the United States Geological Survey
and the United State Weather Bureau were utilized for
climatological, hydrologic and hydraulic data. Flood losses,
extent of flood area and other data concerning flood conditions
for past floods were determined by field damage surveys, local
officials, newspaper files for the area, and other published
reports. Coordination was carried out with the State of New
Jersey and study area municipalities.

REPORT AND STUDY PROCESS

Planning by the Corps of Engineers for any Federal Water
Resources project is accomplished in two phases: a
reconnalissance phase and a feasibility phase. The
reconnaissance phase is conducted at full Federal expense, while
the cost of the feasibility phase is shared equally between the
Federal government and a non-Federal sponsor.

Reconnaissance Phase QOverview.

The reconnaissance phase begins with the issuance of
appropriated reconnaissance funds, and terminates with the
execution of a Feasibllity Cost sharing Agreement betwsen the
Department of the Army and a non-Federal sponsor. This phase
determines the degree of Federal interest in the project with a
focus on obtalining the potentlal non-Federzl sponsor's
perception of the problem and opportunities; determining whether
a potential solution will likely have Federal interest,
including determining the nature of project benefits, and
whether a project is economically justified (that is, with a
benefit to cost ratio greater than the ones) and identifies a
non-Federal sponsor. To accomplish this, the following
activities were necessary:

© To deflne the problems and opportunities within the study
area;

o To identify suitable alternative flood control plans; to
estimate project costs, benefits and other impacts in light
of current conditions;

o To determine whether planning should proceed further into the
feasibility phase, based on an apprailsal of Federal interest;

o To develop a cost estimate and Scope of Services for the
subsequent feasibility phase;

o To assess the non—-Federal sponscor's support for the potential
solution; and if a non-Federal sponscr can be found, to
execute a formal agreement with the non-Federal sponsor for
the cost sharing of the Scope of Services in the feasibility
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study phase, including identifying those items to be
accomplished by the non-Federal sponsor in the form of
in-kind services.

This report contains a summary of investigations, results,
conclusions and recommendations of the reconnaissance phase
which was initiated in March, 1983.

Feasibility Phase Overview.

The seccond, or feasibility, phase would undertake more
detailed examination of the preferred solutions along the
Passaic River in the vicinity of Beatties Dam. The feasibility
study, part of the feasibility phase, begins with the issuance
of initial Federal funds, following the execution of a Federal
Cost Sharing Agreement, and terminates with the completion of
the feasibility report and issuance of the Division Engineer's
public notice. The feasibility phase determines the
appropriateness of Federal participation in the construction of
a project, The objectives of the feasibility phase are to
evaluate the specific engineering, environmental and economic
effects of an array of plans; to identify the optimum project
from both a Federal and non-Federal perspective; and to
recommend a project for construction, if economically feasible
and supported by non-Federal sponsors. The product of the
feasibility phase will be a report, including the appropriate
environmental documentation, for submission to the U.S. Congress
for project authorization.

PRIOR STUDIFS AND REPORTS BY THE CORPS OF ENGINEERS

Planning to solve the water and related land resources
problems and needs in the Passaic River Basin has been wrought
with controversy and indecision. U.S. Army Corps of Engineers'
involvement in Passaic River planning was first authorized in
the Flood Control Acts of 1936. In the 50 yszars since the Corps
of Engineers was first directed to plan sclutions to the Passaic
Basin's flood problems, public opposition prevented the
implementation of any of the six plans that were recommended in
reports issued in 1939, 1948, 1962, 1969, 1972 and 1973. None
of these plans was implemented because they did not receive
widespread public support, with opposition based on the
conflicting regional concerns of municipalities and various
other interests throughout the Basin.

This strong opposition centered around the use of the
upstream floodplain to protect downstream damage areas;
extensive structural measures, including dams, levees and
floodwalls; and the vast amounts of land reguired for
implementation. Basically, these plans lacked public
acceptability; and this opposition, based on environmental,
economic and social factors was mounted by various Passaic Basin
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interests, including government agencies, organizations and
individuals. The multiple levels of political jurisdiction
within the basin have further complicated the resolution of the
myriad of issues surrounding flood control planning. As a
result, the people of the Passaic River continue to be plagued
by economic losses, hazards to health and safety, and the threat
of injury and loss of life.

In 1976 Congress authorized a new Passaic River Basin Study,
a Phase 1 Advanced Engineering and Design Studv. Under this
authority an interim study of the Main Stem Passaic River was
completed in December 1987.

A sensitivity analysis of modifying Beatties Dam was
performed as part of this Phase 1 study for the Main Sten
Passaic River. From that analysis it was determined that
modification of the dam would require careful evaluation due to
the potential impacts to downstream communities and upstream
wetland areas.

The uncertainty of balancing adverse effects to downstream
communities and upstream wetland areas with the bzneficial flood
damage reduction impacts resulted in the feasibility and extent
of Beatties Dam modifications being in doubt without detailed
hydrologic and hydraulic study of these impacts. What was clear
from this sensitivity analysis, however, was that the relatively
" limited flood protection afforded by this dam modification was
not responsive to the objective of the main stem study of
providing comprehensive basin-wide protection. Therefore, the
Phase 1 report concluded that specific modifications in the
vicinity of Beatties Dam are best considered further as a
potential interim action in accordance with Section 607 of P.L.
99-662. .

The basin-wide plan recommended in the feasibility report
for the Main Stem Passaic River includes, as the central
feature, a 13.5 mile long, 39-fooct-diameter main tunnel to carry
floodwaters from an inlet at the upper end of the Pompton River
in Wayne to its outlet, on the west bank of the Passaic River,
Just above its confluence with the Third River. A 1.2
mile-long, 22-foot diameter spur tunnel will convey Central
Basin area flocodwaters from an inlet just below Two Bridges on
the Passalic River, to an underground connection with the main
diversion tunnel. Some 5.9 miles of channel modifications will
be required to direct the flows into the inlet, and. the
diversion tunnels will be augmented by some 37.3 miles of levees

and floodwalls.

In addition to these structural components, a major
nonstructural component of the Main Stem Passaic River
recommended plan is the Preservation of Natural Storage Areas.
This element will preserve 5,350 acres of natural floodplain
storage in the Central Basin, including 5,200 acres of wetlands
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which would otherwise be. lost to development without the project
and worsen the flooding problem in the future.

The State of New Jersey, through its Department of
Environmental Protection, is the non-Federal sponsor for this
basin-wide project known as the Main Stem Passaic River Flood
Control Tunnel Plan.

The feasibility report for the Main Stem Passaic River is
currently undergoing Washington level review, and on February 3,
1989, the Chief of Engineers issued a report to the Assistant
Secretary of the Army (ASA). The ASA willl request that the
Office of Management and Budget review the project, after which
it will be submitted to Congress for authorization.
Preconstruction Engineering and Design activities for the
recommended plan were initiated in Fiscal Yesar 1989 and are
ongoing.

It is noted that the recommended Tunnel Plan would provide
flood protection to the area now being Investigated as part of
this Beatties Dam Study. The relationship of a Beatties Dam
project to the Main Stem Passaic River Tunnel Plan is documented
later in this appendix.

The Beatties Dam study is technically and geographically
linked to the Pasgsaic River and Tributaries channel clearing
project which was also authorlized in Section 607 of P.L.
989-662. An Intermediate Planning Stage Report which documented
the feasibility of channel clearing measures along the Passaic
River and tributaries was completed by the New York District in
February 1987. Channel Clearing alternatives were approved by
the North Atlantic Division in March 1987 as a partial sclution
interim to a basin-wide flood problem.

The channel clearing alternatives would provide limited
flcod protection to the areas under conslideration in. this
Beattieszs Dam Study. The analysis of a Beatties Dam project was
not included in the Channel Clearing Study since, at the time,
no funds had been appropriated for that effort. Subseguently,
by letter dated November 9, 1987, the State of New Jersey,
through its Department of Environmental Protection (NJDEP)
requested that the Channel Clearing Study be combined with a
Beatties Dam study which would alsc address the relationship to
the Main Stem Passaic River Tunnel Plan. However, through
separate action the Congress elected to add the Beatties Dam
Reconnaissance Study to the Corps FY88 program as part of the
Corps two-phase. planning process, rather than incorporate it
into the existing Passaic River Phase I investigation in which
the channel clearing study had already been incorporated by
orior actions. The implications of this differentiation go
beyond just a separate study, since the Passaic Phase I study is
currently in a totally Federally funded legislative Phase I GDM
study stemming from the 1976 WRDA, while the Beatties Dam
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Reconnaissance study is the first step of a potential
cost-shared feasibility study stemming from the 1986 WRDA.

From a technical standpoint the results of the Beatties Dam
study may affect the plan formulation and results of the Channel
Clearing study since the hydraulic conditions at the vicinity of
Beatties Dam will control flood stages upstream in the Channel
Clearing study area. As a result, the Channel Clearing Study
has been temporarily suspended pending "the cutcome of this

‘Beattiés Dam Reconnaissance Study. The flood control plans

developed in this study will be evaluated independently of the
channel clearing alternatives. If a floed control project in
the vicinity of Beattles Dam is determined to be in the Federal
interest then the feasibility phase of this study would be
combined with the Channel Clearing Study. If a Beatties Danm
project is not warranted, then the separate Channel Clearing
Feasibility Study would resume.

A Phase 1 Inspection Report, as part of the National Dam
Safety Program, was prepared for Beatties Dam by the Corps of
Engineers in August 1981. Beatties Dam was classified as a
significant hazard potential structure. It was determined to be
in fair overall condition. The dam's spillway was considered to
be inadequate since a flow eguivalent to 30% of the Spillway
Design Flood (which is one-half of the Probable Maximum Floed)
would cause the dam to be overtopped.

PRIOR STUDIES AND REPORTS BY OTHERS

Several hundred reports on the development of water _
resources in the Passaic River Basin have been completed. These
reports date back to Colonial times when the main emphasis of
the studies was for irrigation of the Central Basin, and flood
protection and navigation in the Lower Passaic River. The most
comprehensive of these reports, published in 1931 by the New
Jersey State Water Policy Commission, considered several
alternative plans and made an inventory of the total flood
control benefits which might be delivered within the Passaic
River Basin from each plan.

Mcre recently, a study of Beatties Dam was completed in
April 1974 by Lee T. Purcell Associates for the Township of
Wayne. That study concluded "that the existence of Beatties Dam
plays a minor part in the circumstances that create inundation
of the low-lying areas along the Passalc River within Wayne
during heavy rains." The inadequate capacity of the river
channel was determined to be the principal factor for the
inundation of the low-lying areas.

PROBLEM IDENTIFICATION

The citizens of the potential project area have experienced
recent and frequently occurring flood related economic losses to
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property, hazards to health, and loss of life. The Basin's
geographic location in the East Coast stormbelt, its hydrologic
conditions and the extensive development in the floodplain all
play a role in this susceptibility to flocod damages. The 1903
flood is the Flood of Record for most of the Passaic Basin. The
recurrence of the October 1903 flood would cause damages of

$189.7 million along the Passaic River betwsen Beatties Dam an énd
Two Bridges {October 1988 price level). The Basin also

experienced serious flooding in 1810, 1819, 1882, 1902, 1817,
1936, 1938, 1945, 1968, 1971, 1972, 1973, in July and September
1875, in March and April 1983, and in April 1984, when portions
of the Passaic Basin were declared Federal Disaster Areas. The
estimated average annual flood damages throughout the Basin
total more than $86 million (October 1988 price level), of which
$6.6 million occurs along the Passaic River between Beattles Dam
and Two Bridges.

It is stressed that aside from these severe flood instances,
the potential project area alsc experiences less severe flooding
and related damages, but at freguencles as high as several times
per year. The damages at stage associated with the 2 year flood
event in the potential project area total $1.5 million while a
10 year flood would cause damages of $8.4 million.

MOST PROBABLE FUTURE CONDITIONS

Without the implementation of the flood control project
aleong the Passaic River in the vicinity of Beatties Dam, there
are four possible future scenarios. One scenario involves
little change from existing conditions, another 1s construction
of a Beatties Dam project by non-Federal interests, another
includes construction of the Passalc River Main Stem Tunnel Plan
and the last is construction of a Channel Clearing project.

FUTURE SCENARIOQO WITHOUT PROJECT

Without a Federal or non-Federal project {Beatties Dam,
Tunnel, or Channel Clearing) in place, the future of the study
area 1s expected to change very little from existing conditions
and current trends as detailed in the various technical
appendices to this report.

__Without flood control, public health in the project area
will contimue to b& at risk every time a flood occurs.
Floodwater spilling over the Passaic's banks would be laden with
disease carrying organisms from combined sewer overflows and
septic systems upstream. This polluted floodwater enters living
areas and basements in homes and commercial structures, and
working areas and parking lots in commercial and industrial
establishments,
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The flood related economic losses will also continue into
the future, affecting residences, commercial establishments and
industries. Depending on the depth and duration of the floods,
major highways and commuter railways may also become flooded

causing regional work steoppages, disruption and economic losses.
The average annual equivalent damages in the potential project
area are million (October 1988 price levels). The most
probable outlook for the Passaic River in the vicinity of
Beatties Dam without a Federal flcood contrel project is
maintenance of the existing trends into the future.

FUTURE SCENARIO WITH A NON-FEDERAL BEATTIES DAM PROJECT

Over the years there have been a number of efforts on the
part of the New Jersey Legislature to implement a flood control
project at Beatties Dam. As recently as September 1988, the New
Jersey Assembly passed legislation that would appropriate $5
million to reconstruct the dam using floodgates along with
removal of the rock ledge upstream of the dam. A non-Federal
flood control project involving modification of Beatties Dam
would alleviate the need for such a Federal project.

FUTURE SCENARIO WITH A FLOOD CONTROL TUNNEL PLAN

Within the Beatties Dam study area, construction of the Main
Stem Passaic River Flood Control Tunhel Plan includes a tunnel
inlet on the Passaic River about 500 feet upstream of the Route
I-80 bridge in Wayne. In addition channel modification would be
required along the Passaic River from the Route I-80 Bridge
upstream for a distance of 0.8 miles. The tunnel inlet area
would eliminate approximately five acres of forested wetlands
which would be mitigated for on project lands elsewhere in the
basin.

Ag discussed later in this appendix under RELATION TO MAIN
STEM PLAN, the elements of the tunnel plan which would protect
the Beatties Dam study area could be coperational by FY 1897.
The Main Stem Tunnel Plan would provide a 100 year level of
protection along the Passaic River between Beatties Dam and Two
Bridges and expected annual damages would be reduced by 96X%.
Residential, commercial and industrial structures would be
protected against flooding. Firms would be less apt to leave the
area if they are no longer subjected to flooding. This should,
in turn, be reflected in a more stable job market both in the
study area and the region. The commuter and industrial
transportation systems would not be subjected to the
interruptions and delays that occur now during floods.

The community cohesion, health and well-being of residents
would be expected to improve with the Main Stem Passaic River
Tunnel Plan in place. The diversion of floodwaters would keep
iving and working in these areas, lessen emergency demands on
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contamination from threatening the health of the population lthe
police and fire departments during storms and floods and, in
general, promote the public well-being.

FUTURE SCENARIO WITH A CHANNEL CLEARING PROJECT

Each of the alternatives investigated as part of the Channel
Clearing Study would provide limited protection along the
Passalc River between Beatties Dam and Two Bridges. The channel
clearing alternatives would reduce expected annual damages in
this area by approximately 12%. A channel clearing project
could be implemented by FY 1996.

PROBLEMS AND OPPORTUNITIES

Problem and opportunity statements are expressions of public
and professional concerns about the use of water and related
land resources in a particular study area. These problem and
opportunity statements result from analyses of existing and
future conditions within the context of the physical,
environmental, economic, and social characteristics of the study
area. They are used to guide the formulation of alternative
plans, and to evaluate the effectiveness of the plans. The
problems and opportunities provided the basis for plan
formulation. They primarily address the serious and frequent
filiood control problem and other associated needs, such as the
the maintenance of fish and wildlife resources in the flood
problem area. '

A review of the damage history of the study area indicates
that flood damages are both significant and chronic. However,
as mandated by law the flood control measures are limited to the
vicinity of Beatties Dam, Given the nature of the flocd
problem, and the geographical and physical constraints of the
area the scope of improvements are expected to be limited in
both the level of protection and extent of area protected.

The objectives addressing environmental needs are being
directed at maintaining the existing stream resources. Another
significant environmental problem and opportunity includes the
preservation of historical sites.

Water guality problems are considered under the program of
other Federal, State and local governmental agencies and are not
treated in this study, except for the opportunities created by
water resource development plans such as the prevention of
further degradation of water quality through sediment contrel.

Since the primary measures which will be considered are
limited to modification of Beatties Dam and removal of a channel
constriction there is no apparent opportunity to incorporate
separable recreation features into the local protection works.
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Preservation of any existing opportunities is appropriate,
however.

The development of new water supply sources within the
subject basin is not being considered as a problem or
opportunity as part of this Beatties Dam study, since the
opportunity to develop additional supplies in conjunction with
local protection is non-existent. However, the maintenance of
existing water supply sources is a planning objective in
developing flood damage reduction alternatives including
modification of existing structures within the study area.

The problem and opportunity statements developed for the
study area are as follows:

a. Reduction of the flood hazard and asscociated urban flood
damages resulting from frequent, less severe events along the
Passaic River from Beatties Dam to Two Bridges.

b. Minimize adverse impacts to downstream areas.

c. Maintain the fish and wildliife resocurces of the existing
stream environment.

d. Maintain existing open space areas and recreational
opportunities in the study area.

e. Maintain the historical and cultural attributes of any
site discovered within potential project boundaries that has the
potential to be included on the National or State Register of
Historic Places.

: f. Maintain existing utilization of the area for water
supply.

g. Maintain potential of the area for hydroelectric
purposes.

PLANNING CONSTRAINTS

The planning approach used in this study is based on
guidelines as set forth in Congressionazl and Corps of Engineers
directives that give definitive direction toc the Federal
participation in planning water and related land resources.
Water zand related land resources project plans are to be
formulated to alleviate problems and take advantage of .
opportunities in ways that contribute to national economic
development (NED) consistent with protecting the nation's
environment, pursuant to national environmental statutes,
applicable executive orders, and other Federal planning
requirements. This objective was established by the U.5. Water
Resources Councll's Economic and Environmental Principles and
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Guidelines for Water and Related Land Resources Implementation
Studies published on 10 March 1983. Contributions to NED are
the direct net benefits, expressed in monetary units (i.e.,
benefits exceed costs), that accrue in the study area and the
rest of the nation.

The problem and opportunity statements listed above reflect
certain concerns which are not necessarily directly related to
the NED objective but are so important that they impose
constraints on the planning process. The primary planning
constraint in this study was the potential for transferring the
flood problem to communities downstream of Beatties Dam. Other
considerations included the environmental gquality, which
accounts for the non-monetary effects of a plan on the
ecological, cultural, and aesthetic attributes of significant
natural and cultural resources, and social effects which account
for variables such as health and safety. Under the future
scenario with the Main Stem Tunnel Plan another major constraint
is timing, in that benefits would only be accrued to a Beatties
Dam project i1f it is operational prior to the tunnel plan.

Each alternative plan, as directed by the Principles and
Guidelines, was formulated in consideration of four criteria
including completeness, effectiveness, efficiency, and
acceptability.

NO ACTION PLAN - MAINTAIN BASE CONDITION

The No Action plan represents the base or without-conditions
from which all changes are measured. As described previously,
the most probable future conditicen without a Federal or
non-Federal project in place would be a continuation of the
existing trends. -

No additicnal nonstructural or structural measures would be
utilized to alleviate the flood problem. Average annual
egquivalent flood damages in the potential project area would
total $§ million. The affected communities would continue to
rely on emergency and temporary evacuation measures, floodplain
regulations as required under Federal, State and local law and
flood insurance avalilable under Federally administered programs.
All of the communities in the potential project area are
currently enrolled in the National Flood Insurance Program.

PLAN FORMULATION APPROACH
The flood control alternatives developed in this study

focused on modifying the existing Beatties Dam and eliminating
an upstream channel constriction. This is in accordance with
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short distance upstream (within the first guarter mile).
it was détermined that to provide additional flood reductions

the authorizing legislation in Section 607 of P.L. 99-662,
entitled Passaic River Channel Clearing, which specified a flood .
control project in the vicinity of Beatties Dam, and the desire

‘of lacal interests that gates be installed on Beatties Dam so

that they can be operated during flood events to prevent
backwater flooding conditions. No consideration was given to
other measures, such as nonstructural measures and snagging and
clearing, since these were previously considered in the Channel
Clearing Feasibility Report for the Passaic River and
Tributaries or as part of the Main Stem Passaic Rlver
Feasibility Report.

_The primary objective was to provide flood control to the
communities upstream of the dam while minimizing potential
adverse effects to downstream damage areas and upstream
environmental areas. Due to the complex hydrologic and
hydraulic characteristics of the flood problem in the study
area, much effort was expended in formulating and developing
alternative plans which would minimize downstream impacts as
much as possible. The incremental effects of Beatties Dam and
the channel constriction on flooding was evaluated. As part of
both the Channel Clearing Study and the Main Stem Passaic River
Study it was determined that channel regrading by itself would
result in only minimal reductions in water surface elevations.
Therefore, as part of this study, no further consideration was
given to this as an independent measure. To provide aven
limited flood protection, it was determined that replacement of
either the entire existing dam, or large sections thereof, with
gated structures would be regquired. Plan i, below, documents
the effects of total removal and_replacement of the dam. This
plan demonstrated that dam medification by itself would provide
significant reductions in water surface elevations for only a

Next

both dam and channel modifications are necessary. The limited
extent of the channel modification 1s such that it results in
additional flood protection while minimizing downstream

impacts. More extensive channel excavation would result in
eliminating the flow reversal that occurs at the confluence of
the Pompton and Passaic Rivers, thereby greatly increasing flows
into the Lower Valley, resulting in significant induced flood
damages.

Four alternative dam and channel modification plans were
formulated as part of this reconnaissance study. None is
economically feasible. The plans are described in the following
paragraphs while their physical features are summarized in Table
Al.
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PLANS OF PROTECTION
PLAN 1

The major element of Plan 1 is dam modification. The
existing Beatties Dam would be removed and replaced by a series
of three gated structures. There would be two 8.3 feet high,
50~feet wide bascule gates and one B.3 feet high, 138-feet wide
bascule gate. The spillway elevation would remain at 158.3 NGVD,
the same as existing conditions. Plan 1 is depicted in Figure
A5,

During non-flood conditions, the gates would be in the up
(vertical) position in order to maintain normal water surface
elevations. During flood conditions the gates would be
gradually lowered to allow the flood flows to pass downstream.

As part of the dam modification, excavation of rock from the
channel bottom would be required for a distance of 50 feet
downstream of the dam to reduce backwater effects. Plan 1 would
take 2 years to construct. It has an estimated first cost of
$33,904,000 and a total investment cost of $38,552,000 which
includes the cost for mitigationg adverse environmental impacts
and induced damages. These mitigation features are described
under ALTERNATIVE PLAN EFFECTS AND EVALUATION.

PLAN 2

e

Plan 2 consists of dam modification combined with channel
modification upstream of the dam. The dam modification is the
same as that described in Plan 1, the complete removal and
replacement of the dam with gated structures (Figure AB).

The channel modificati n the Passaic River involves
removal of a channel constriction formed by a natural narrow

Sremoval
“rock gorge. The channel modification would extend from a point
50 feet downstream of the dam upstream for a distance of

‘gggroximately 4,670 feet. The initial 1,480 feet consists of
rock excavation, while the remainder involves sediment removal.
The channel would be deepened a maximum of 4 feet. The reshaped
channel would have a base width of 200 feet and side slopes of 2
horizontal:1 vertical. Figure A6 illustrates the channel
modification element.

Plan 2, having an estimated first cost of $53,986,000 would
be constructed in 2 years. The investment cost totals
$61,386,000. These costs include mitigation measures for
adverse environmental impacts and induced damages.
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PLAN 3

Plan 3 consists of dam modification combined with channel
modification. The dam modification consists of replacement of
approximately 200 feet of the dam with two gated structures,
each 8.3 feet high and 35 feet wide (see Figure A7). The
bascule gates would be operated only during flood conditions as
described in Plan 1. The channel modification is the same as
that described in Plan 2 (Figure A6). The construction duration
of Plan 3 would be 2 years. It has an estimated first cost of
$52,585,000 and a total investment cost of $59,793,000 which
includes mitigation measures.

PLAN 4

Plan 4 also consists of dam modification combined with
channel modification. The dam modification includes the
replacement of a portion of the dam with a gated structure, 8.3
feet high and 100 feet wide (see Figure A8). The gate operation
is the same as that described in Plan 2. The channel
maodification is the same as in Plans 2 and 3 (see Figure A6).
Plan 4 would be constructed in 1 year at a first cost of
$49,656,000. The investment cost totals $55,126,000. These
costs also include mitigation for adverse impacts.

ALTERNATIVE PLAN EFFECTS AND EVALUATION

Impact assessment and evaluation studies were conducted to
identify, measure and compare the significant effects of the
considered plans of protection. The plan effects are detailed
in the appropriate report appendices and are summarized below.

Flood Protection. All the modifications investigated would

reduce upstream water surface elevations, with total replacement
“6F Beatties Dam in conjunction with channel modification (Plan
2) resulting in the greatest reductions (see Table A2). For

~~@ach of the alternatives, the level of protection is greatest at
the immediate vicinity of the dam, diminshing rapidly proceeding
upstream. .For Plan 2, the alternative which produces the
maximum reduction in flood stages, the level of protection
varies from a 100 year event at the dam, to a 3 year event at
Two Brldges, resulting in a weighted average level of
protection, based on proportion of damages in each reach, of
approximately 9 years for the Beatties Dam study area. Plan 3
would be the next most effective, followed by Plan 4, and then
Plan 1. Table A3 provides the level of protection by economic
damage reach for each alternative.

Downstream Effects. The nature of the measures considered
and the constraints of the geographic and physical situation of
the study area limit the possible levels of protection provided
by any of these plans to relatively low levels. 1In addition, an
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_objective of the plans developed was to minimize downstream
“effects. However, even for such rélatively small hydrologic
increases, the potential for induced flood damag: is significant
especially when viewed in light of the comparable benefits
provided by a Beatties Dam project. Hydrologic studies have
E9gﬁi__gd_;ggghzbgmigpae%s~on downstream peak discharges

resuli from the implementation of the Beatties Dam
alternatives would be small.

For Plan 2, the increase.in peak discharges at Beatties Dam
would be less than 3% for alI\f?équenCJES. For the remaining
alternatives, the increase in downstream peak discharges would
be similar. The increase in downsitream peak discharges,
although small, results in measurable increases in stage. This
causes induced flood damages in the Lower Valley from Beatties
Dam downstream to Dundee Dam, totalling $1.3 million. The
magnitude of the induced damages is significant compared to the
flood control benefits provided. Without mitigation of these
induced damages the proposed plans would not be impiementable
due to lack of public support.

Therefore, measures to mitigate these damages were

considered. 2;g;imiggx¥;mi%iga;;gghgggggggg_ggﬁgigg;;mmnmgg
work {(up to 1 foot excavatiort) throughout the affected reach in

order to return the water surface elevations to their existing
levels. the.es&imaiﬁd_consxruczjon cost of this 11.0 mile

el is ch alone exceeds the authorized cost
of a Beatties Dam project. Levee/floodwalls were eliminated
from consideration as a mitigation measure because they would be
more expensive than the channel work and they would have a more
adverse impact on the affected communities. Modification of
S.U.M and Dundee Dams as a mitigation measure was also
considered but determined to be more expensive than the channel
cost. Additional studies would be required in the feasibility
phase in order to refine the selected mitigation measure and
associated cost.

Environmental Effects. Environmental effects of the
proposed alternatives consist of loss of aguatic and terrestrial
habitat, including loss of wetlands in the Great Piece Meadows
and adverse cultural impacts to Beatties Dam. In order to
minimize the adverse environmental effects of the Beatties Dam
alternatives, preliminary mitigation measures are included in
each plan.

To mitigate for the adverse aguatic effects of Plans 2, 3
and 4, the modified channel would include scour holes or rolling

bottom contours to provide cover for flsh

To mitigate for adverse effects to wetlands resulting from
reductions in the 1 year flood stage, edch of the alternative
plans includes a low welr structure to malntain wetlands in the:

e ——
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Great Plece Meadows. This weir, which is essentially the same
as that proposed as part of the Main Stem Passaic River Tunnel
Plan, would be placed across the Passaic River at the downstream
terminus of the Meadows. This weir would be in the down
position at all times except when it is deemed desirable to
flood the 1 year floodplain to preserve wetlands for the
protection of fish and wildlife resources.

Mitigation for adverse affects to wetlands downstream of the
weir would consist of either upgrading wetlands on a 2:1 ratio
or intensively managing the affected wetlands to reproduce their
existing characteristics.

A mitigation treatment plan for the culturally significant
Beatties Dam would be developed in coordination with the State
Historic Preservation Officer. This could consist of
documentation of the dam and hydroelectric facility. If any
prehistoric sites, such as a fish weir, are discovered in the
project area, they could be mitigated through documentation,
partial preservation or reconstruction.

There would be no adverse impacts to water supply in the
study area. Neither the Passaic Valley Water Commission's
intake at Beatties Dam nor the North Jersey District Water
Supply Commission's pumping plant at Two Bridges would be
affected by the alternative plans.

Desgign Criteria. The alternatives developed in this
reconnaissance study assume the existing dam and abutments are
structurally stable, resulting in costs that are optimistic

‘given the conditions described in the Dam Safety Report. In a

worst case scenario, for Plans 3 and 4, the entire dam would
have to be replaced and these alternatives would then revert to
Plan 2, which as designed, would safely pass about 9%0% of the
SPF. Even then, additional studies would be required to ensure
the proposed dam modification meets Corps criteria regarding
stablility due to subsurface conditions and hydraulic design, the
identification of the objectlve of the spillway, the selection
of a proper security standard, the determination of and routing
of the spillway design flood and the design of freeboard.
Consideration of these factors would likely result in an
increase in the construction cost.

Economic Evaluation. The economic data (i.e., costs and
benefits) for the considered plans of protection are presented
in Table A4. The data reflects October 1988 price levels, a 100
year project life and an 8-7/8% discount rate. HNone of the
alternative plans is economically justified. The authorized
cost of a flood control project in the vicinity of Beatties Dam
is $20 million. The construction co=sts of the plans are such
that they all exceed the authorized cost limit.
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RELATIONSHIF TO MAIN STEM PASSAIC RIVER TUKNEL PLAN

An analysis was made to determine the sensitivity of
Beatties Dam formulation and design decisions to the recommended
basin-wide plan for the main stem Passaic River. This plan,
known as the Main Stem Passaic River Tunnel Plan, was described
previously under "PRICR STUDIES AND REPORTS BY THE CORPS OF
ENGINEERS."

It is recognized that the proposed Beatties Dam plans only
provide protection against frequent, nuisance type flooding for
a limited portion of the Passaic River Basin. However, such
improvements fulfill the objective of providing a measure of
relief until the implementation of a more comprehensive solution
such as the tunnel plan, which would provide protection to an
extensive area against floods up to the 500 year event. A
sensitivity analysis was accomplished by assessing the proposed
Beatties Dam alternatives with implementation of the tunnel
plan.

As an interim solution, Beatties Dam project could provide
protection agalnst fregquent flooding during the time period
until construction of those elements of the Tunnel Plan which
would protect the area under investigation in this study are
completed. Benefits would be accrued only up to the estimated
time of implementation of the tunnel plan; therefore, the
without project condition would not change measurably, nor would
the potential beneflit pool available to the more permanent
sclution be impacted. It is noted that some elements of a
Beatties Dam project may be compatible with features of the
tunnel plan. For instance, fish and wildlife mitigation of
adverse effects on the Great Piece Meadows would be compatible.
Conversely, Beatties Dam Plans 2, 3 and 4 would require changes
in the design of the tunnel plan, since they include excavation
of the rock ledge which is the hydraulic control for the Passaic
River tunnel inlet. Redesign of the tunnel inlet or inclusion
of a flow restrictor may be necessary. This would be an added
cost attributable to the Beatties Dam alternatives.

~ Based upon the design and construction schedule approved as
part of the Main Stem Passaic River Feasibility Study, it would
take 9 years after initiation of preconstruction engineering and
design activities to complete the elements of the tunnel plan
that would protect the Beatties Dam area. With the PED effort
for the Main Stem project initiated in October FY88, these
elements could be in operation in FY 1997 (Figure A9).

Based upon a planning, design and construction schedule for
a Beatties Dam project, it would take an average of 8 years
after completion of the reconnaissance phase for such a plan to
be operational. With the reconnaissance phase scheduled to be
completed late in FY89, the earliest reasonable time that the

Al7



AT

Beatties Dam project could become operational is also estimated
to occur in EY 1997 (Figure Al10). Under this scenario, there
would be no benefits associated with a Beatties Dam project.

Given the uncertainty of timely budget appropriations and
Congressional authorization, the above schedules are subject to
change. However, given that the Beatties Dam alternatives are
not economically feasible based upon a 100 year project life,
utilizing a shorter timeframe to reflect the operation of a
Beatties Dam project as an interim solution until the tunnel
plan is functional would only result in these alternatives being
even l#ss economically feasible.

Table A5 presents a sensitivity analysis of the economic
feasibility of the Beatties Dam alternatives to the
implementation of the Main Stem Passaic River Tunnel Plan. This
was accomplished by determining the justification of the propsed
Beatties Dam plans using both a 100 year project life (without
implementation of the tunnel plan) and a 10 year project 1life
(optimistic evaluation with implementation of the tunnel plan).
In this analysis, it is recognized that the expected annual
benefits based on a 1l0-year project life are equal to those
based on a 100 year life. It is noted, however, that while the
determination of the certalnty of benefits is consistent with
the evaluation framework prescribed for flood damage reduction
studies, it does not reflect a theoretical framework based on
the application of statistically rigorous probability

- distributions. The probabilistic likelihood of flood events

occurring in any given year and the uncertainty of capturing
expected annual benefits over a 10 year period versus a 100 year
project life is recognized. Although not guantified, the added
cost to Plans 2, 3 and 4 to account for changes in the Tunnel
Plan would also detract from their economic feasibility. The
results of this analysis indicate that the proposed plans are
not justified when evaluated optimistically, using either a 100
yvear or 10 year project life. A Beatties Dam project is,
therefore, not warranted as either an interim project or as a
long~term sclution.

COORDINATION AND PERTINENT CORRESPONDENCE

Upon review of the Channel Clearing Feasibility Report of
the Passaic River and Tributaries in November 1987, the State of
New Jersey requested that further investigations be combined
with a study of modifying Beatties Dam (see Attachment 1).

By letter dated 3 May 1988 (Attachment 2), the Corps
informed the State of New Jersey that funds to initiate the
Beatties Dam study had been received and transmitted a summary
of the revised non-Federal cost-sharing responsibilities. The
State of New Jersey was reguested to act as the non-Federal
sponsor for this project. In response {Attachment 3), the
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Commissioner of the New Jersey Department of Environmental
Protection indicated that his agency would coordinate with the
Corps during the conduct of the reconnaissance study but a
decision on non-Federal sponsorship would be deferred until
after they reviewed the completed reconnaissance report. As
part of the reconnaissance study, NJDEP regquested that
evaluations be made of induced downstream flooding;
environmental effects; and the relation to the Main Stem Passaic
River Tunnel Plan, including the feasibility of a Beatties Dam
project as interim flood protection until the tunnel plan is
operational. As the potential non-Federal sponsor, periodic
meetings were held with NJDEP representatives to discuss study
progress.

A multiple letter was sent in January 1989 (Attachment 4) to
municipalities, counties, State legislators and Congressman in
the study area informing them of the study and to reguest their
perception of the problems and opportunities as well as any
issues that would affect the acceptabillty of a sclution.

Two municipalities responded to this regquest - Totowa and
Lincoln Park. The Borough of Totowa expressed their objection
tc a Beatties Dam project based on concerns regarding induced
downstream flood damages (Attachment 5). The Borough of Lincoln
Park is interested in a Beatties Dam project, particularly if
removal of the upstream channel constriction would result in
flood protection for their municipality (Attachment 6).

By letter dated February 3, 1989 (Attachment 7), Assemblyman
Gerald Zecker, representing Passaic and Essex Counties,
indicated that a Beatties Dam project would be a way to provide
interim flood protection until a long-term solution is
constructad. However, he also noted several factors which could
lead to oppositicn to a Beatties Dam project.

Coordination was also carried out with the U.S. Fish and
Wildlife Service, the New Jersey State Historic Preservation
Officer and the Passaic Valley Water Commission to assess plan
effects.

FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

The examination of a flood control project on the Passaic
River, in the vicinity of Beatties Dam, New Jersey was conducted
in a reconnaissance phase, the first step in the planning
process. The main purposes of the reconnaissance phase were to
define the magnitude of the problems in the study area, to
determine if there 1is an economically feaslble solution, to
determine if there are Federal and non-Federal interests in
developing a solution, and to prepare a work plan and cost
estimate for the proposed feasibility phase 1if such interest
exists,.
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The finding of the reconnaissance study indicate the
following:

© The potential project area has a long history of
significant floocding. The area is alsc subject to more
frequent, less severe flooding. Expected annual damages are
estimated at $6.6 million.

o0 To provide meaningful though localized flood protection
the replacement of the entire dam, or large sections, with gated
structures in conjunction with upstream channel modification
would be required.

o Costly mitigation measures are required as part of each
alternative in order to protect against significant induced
flood damages to downstream communities.

o The alternative plans would cause significant adverse
environmental impacts, resulting in the need for costly
mitigation measures.

o There are no esconomically feasible flood control
solutions for the Passaic River involving the modification of
Beattlies Dam even when evaluated under the most optimistic
conditions.

On the basis of these findings, Federal interest in a flood
control project on the Passaic River in the vicinity of Beatties
Dam is not warranted. It is, therefore, recommended that
further detailed study in the form of a2 feasibility report

should not be undertaken.

R. M. DANIELSON
Colonel, Corps of Engineers
District Engineer
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TARLE A

SUMMARY OF PSYSIZAL FZATURES OF PLANS
DAM MODIFICATION (Gated Structures!

CHANNEL MODIFIZATIO

2zte Number  Width Height Rock Sedinent
Tyoe of dates _(‘set} {feat: (iengtn in feet) _{isngih in feei}
Saszu'e 2 35 5.3 g5
o 38 3.3
Sascue : 3 8.3 430 305
Zaszu'e 133 8.3
Jascu'e 2 25 8.3 430 3180
Zascu'e 130 .3 1480 3180

14

i
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TABLE A2
HYDRAULIC EFFECTS OF ALTERNATIVE PLANS

ELEVATION REDUCTION (FT.) UPSTREAM OF BEATTIES DAM

FLOOD EVENT STA 1563+85 STA 1573+10 STA 1399+00 STA1EB0+70 1769+90 1745+50
Bzatties fam Twe Bridges

Digtance Upstream of Beatties Dam{fo) 445 3,635 g,20% 13,225 17,145

Plan t - Replace Intire Baatties Jam/Existing Channel

1 year 7.4 2.7 1.7 6.8 0.8 0.7
g 5.3 2.4 T 9.7 0.8 0.8
52 5.2 2.4 T4 0.8 0.8 0.4
00 R 2.4 1.4 6.8 0.7 0.4
530 L8 2.1 1.5 0.7 0.5 0.4

Blan 2 - Replace Entire Beatties Dam/Modify Channal

1 7.4 6.5 4.9 2.7 1.5 0.8
10 6.9 6.1 4.5 2.2 1.3 0.9
58 5.1 5.5 . 4.2 2.2 1.4 1.0

100 5.7 5.3 ' 2.2 1.4 0.5
500 4.1 8.0 "3.2 1.5 1.1 0.7
Plan 3 - Replace 200 feet of Beatties Dam/Modify Channel

1 year §.8 6.2 4.9 2.1 1.5 !
10 5.8 5.4 i.2 2.2 1.5 g.8
S0 5.0 1.7 3.8 2.1 1.4 1.8

100 &7 4.5 3.7 2.1 1.4 g.5
S0 3.7 3.4 1.0 1.4 1.1 0.6
Plan & - Repiace 100 feet of Seatties Dam/Madify Channel

1 year 4.3 4.0 3.9 2.5 1.5 0.9
i 3.0 2.1 2.9 1.8 1.2 0.2
50 2.3 2.0 2.4 1.8 1.1 1.4

100 2.1 1.7 2.2 1.8 1.1 0.4
500 1.4 0.8 1.6 0.9 0.1 0.4




Levels of Frotection

Reach Flan 1 Flam 2 Flam = Flanm 4
75 yr 190 yr 100 v AT oyr
4 yr 28 ovr 0 wr 1l v
4wy 28 vyr 25 v 7 v
— 3 YF R 1 owr
Eovr 15 wr 13 vyr ARl s
1.5 vr 3oy 3oy SARYS
v & oy & oy & vr
3oy & vr D owr B ovr
1 vyr 1.4 we 1 wr 1 vy
4 yr Y Y 5oyr
1 vr I oyr 1 yr 1oy

2

Weighted 2.7 yr FLE v B.4 vr SLE v
average '
for Study Area .
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TABLE A4

ECONOMIC SUMMARY OF PLANS
(Octobar 1988 Price Level, $1,000's, 8-7/8% Interest Rate, 100 Year Project Life)

PLAN T PLAN 2 PLAN 3 PLAN 4

FIRST £OSTS

Federal 25,428 40,489 39,439 37,242
Non-Federat 8,476 13,497 13,148 12,414
Total ‘ 33,904 53,8848 52,588 49,658
INVESTMENT £O0STS
First Cost 33,904 53,886 52,585 49,656
Interest During Construction 4,648 7,400 1,208 5470
Total 38,552 61,386 59,743 55,126
ANNUAL COSTS
interast and Amortization 3,010 5,042 4,668 4,408
Intarest During fonstruction 413 §57 640 480
Operation and Maintenance 65 85 _ 84 81
Total 3,488 5,534 5,382 4,975
ANNUAL BEREFITS 2,640 4,150 4,120 3,550
NET BENEFITS -843 -1,384 -1,212 -1,425

BENEFIT/COST RATIQ 0.76 0.75 .78 0.1




TABLE A5
SENSITIVITY ANALYSIS OF PROJECT LIFE

TOTAL TOTAL EXCESS

ANNUAL ANNUAL ANNUAL BENEFIT
BENEFITS COSTS BENEFITS COST
{51,000's) ($1,000's) {$1,000's) RATIO

100 YEAR PROJECT LIFE

PLAN 1 2,640 3,488 - B48 0.8
PLAN 2 4,150 5,534 -1,384 0.7
PLAN 3 4,120 5,392 -1,272 0.B
PLAN 4 3,550 4,975 -1,425 0.7
10 YEAR PROJECT LIFE

PLAN 1 2,300 6,039 -3,739 0.4
PLAN 2 3,629 9,598 -5,969 0.4
PLAN 3 3,600 9,350 -5,750 0.4
PLAN 4 3,100 8,624 -5,524 0.4
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DEPARTMENT OF THE ARMY
PHILADELPMHIA DISTRICT, CORPS OF ENGINEERS
CUSTOM HOUSE~Z20D & CHESTNUT STREETS
PHILADELPHIA, PEMNSYLVARNIA 19108

1N REFLY MEFEIR TD

NAPER-N

81 AUG 181

Honorable Brenaan T. Byrne
Governor of New Jersey
Trenton, Rew Jersey 08621

Dear Governor Byrne:

Inclosed is the Phase I Inspection Report for Beatties Mill Dam in Passaic
County, New Jersey which has been prepared under authorization of the Dam
Inspection Act, Public Law 92-367. A brief assessment of the danm's
condition is given in the front of the report.

Based on visual inspection, available rtecords, <calculations and past
operational performance, Beatties M¥ill Dam, initially listed as a high
hazard potential structure, but reduced to a significant hazard potential
structure as a rtesult of this inspection, is judged to be in fair overall
condition. The dam's spillway is considered inadequate because a flow
equivalent to 30 percent of the Spillway Design Flood - SDF - would cause
the dam to be overtopped. (The SDF, in this instance, is one half of the

- Probable Maximum Flood.) However, more detsiled hydraulic and hydrologic

studies are not recommended due to the limited site condition and the
intended purpose of the dam. To ensure the adequacy of the structure, the
following actions as a minimum, are recommended:

a. Within one year from the -date of approval of this report the owner
should engage a gqualificd prufessional consultant to perform the following:

(1) Design and oversee repair procedures for the replacement of the
large masonry blocks which have been dislodged from the north side of the
training wall which is at the left center of the dam.

(2) Evaluate the potential for undermining of the foundation

support at the downstream end of the masonry spillway training wall at the
left center of the dam caused by the loss of several large bedreck blocks,

and design and oversee corrective measures as needed.

(3) 1Investigate measures to assure the stability of the <am under
severe overtopping conditions.

ATTACHMENT B2-1




NAPEN-N
Honorable Brendan 7. Lyrne

b. Within one year from the date of approval of this report the owner
should repair the eroded construction joints,

<. The owner should develop written operating procedures and a periodic
maintenance plan to ensure the safety of the dam, within one year from the
date of approval of this report.

d. An emerzency action plan and warning system should be developed
which outlines actions to be taken by the owner to minimize the downstream
effects of an emergency at the dam within six months from the date of
approval of this report.

A copy of the report is being furnished to Mr. Dirk C, Hofman, New Jersey
Department of Environmental Protection, the designated State Office contact
for this program. Within five days of the date of this letter, a copy will
also be sent to Congressman Minish of the Eleventh District. Under the
provision of the Freedom of Information Act, the inspection report will be
subject to release by this office, upon request, five days after the date of

this letter.

Additional copies of this report may be obtained from the National Technical
Information Services (NTIS), Springfield, Virginia 22161 at a reasonable
cost. Please allow four to six weeks from the date of this letter for NWTEIS

to have copies of the report available. -

An important aspect of the Dam Inspection Program will be the implementation

of the recommendations made as a resu.z of the inspection. We accordingly

request that we be advised of proposed actions taken by the State to
implement our recommendations.

-Sincerely,

Golom
Incl ROGER L. BALDWIN

As stated Lieutenant Colonel, Corps of Engineers
Coumander and District Engineer

Copies furnished:

Mr. Dirk C. Hofman, P.E., Deputy Director X
Division of Water Resources o
N.J. Dept. of Environmental Protection

P.0. Box CR029

Trenton, NJ 08625

Mr. John O'Dowd, Acting Chief

Bureau of Flood Plain Regulation
Division of Water Resources

N.J. Dept. of Environmental Protection
P.0. Box CNUZY

Trenton, NJ 0BoZD
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BEATTIES MILL DAM (NJOOE24)

CORPS OF ENGINEERS ASSESSMENT OF GENERAL CONDITIONS

This dam was inspected on 23 April 1981 by Anderson-Nichols and Co. Inc.,
under contract to the State of New Jersey., The State, under agreement with
the U.S. Army Engineer District, Philadelphia, haa this inspection performed
in accordance with the National Dam Inspection Act, Public Law 92-367.

Beatties Mill Dam, initially listed as a high hazard potential structure,
but reduced to a significant hazard potential structure as a result of this
inspection, is judged to be in fair overall condition. The dam’s spillway
is considered inadequate because a flow equivalent to 30 percent of the
Spillway Design Flood - SDF - would cause the dam to be overtopped. (The
SDF, in this instance, is one half of the Probable Maxiwmum Flood.) However,
more detailed hydraulic .and hydrologic studies are not recommended due to
the limited site condition and the intended purpose of the dam. To ensure
the adequacy of the structure, the following actions as & wminimum, are

recommended:

a. Within one year from the date of approval of this report the owner
should engage a qualified professional consultant to perform the following:

(1} Design and oversee repair procedures for the replacement of the
large masonry blocks which have been disledged from the north side of the
training wall which is at the left center of the dam, -

(2) Evaluate the potential for undermining of the foundation
support at the downstream end of the masonry spillway training wall at the
left center of the dam caused by the loss of several large bedrock blocks,
and design and oversee corrective measures as needed.

{3) Investigate measures to assure the stability of the dam under

":

severe overtopping conditions. . .

b. Within one year from the date of approval of this report the ownmer
should repair the eroded construction. joints,

¢. The ovwner should develop written operating procedures and a periodic
maintenance plan to ensure the safety of the dam, within one year from. . the

date of approval of this repert.

d. An emergency action plan and warning system should be developed
which outlines actions to be taken by the owner to minimize the downstream
effects of an emergency at the dam within six months from the date of

approval of this report.
7L/ Zfég;;éé;f§/,-
APPROVED: /% & -

ROGER L. BALDWIN
Lieutenant Colonel, Corps of Engineers

Commander and District Engineer

DATE: /2’4%? =1 /

ATTACHMENT B2~1 (cont.)
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PASSAIC RIVER, VICINITY OF 2ZATTIZ'S
RECONNAISSANCE REPORT
APPENDIX 3 - ENGINZEZRING
SECTION 1 - HYDROLOGY

o)
;!::

Mucn of the hydroleogic input pertinent to developmsnt of the
considered plans of improvement for the Passaic River in *the

vicinity of 3eattie's Dam was obtained from the Phase I General
Design Mencorancum entitlied "Flood Pretection Feasibiliiy - Main
Stem Passalic River Supporting DJeocumentation, Part I, dAvydrology,”
dated December 1987. This memorandun is a published document
wnlcn nas been widely disseninated and sh .4 be aVailab;e to
anyone desiring a greater understanding of the nature of
flooding upstream of Beattlie's Dam

The Phase I CGeneral DJesign Memorandum involved consideration
of both present and future (1990 and 204C) states of upland
watershed development, present and future volumes of floodplain ..
storage in the Central Basin area, water rescurces devsaiopments
by others (e.g., Monksviile Reservoir}, and various flood
protection works, 211l of which could be expected to have impacts
on the extent, duration, freguency and severity of flooding as
well as on the eanvironment in general. The memorandum reflects
coordination with interested parties hoth in and ocutside of the
Corps of Zngineers.

WATERSHZID DESCRIPTION

The Passaic River empties into Newark Bay, N.J. It's
watershed area of 935 sguare miles lies in northeastern New
Jersey and southeastern New York. The roughly elliptical basin
is bounded on the north and west by the Appalachian Highlands of
New York and New Jersey, on the south by the First Watchung
Mountains, and on the east by the Piedmont Plain. The watershed
is divided Into three distinct topographic and hydrologic
regions, designated as the Highland Area, the Central Basin and
the Lower Valley (Figure 1}.

TOPOGRAPHIC AND HYDROLOGIC TFEATURES IMPACTING ON BEATTIE'S DAM

Beattie's Dam essentially defines the break point between
the Central Basin and the Lower Valley. It intercepts the
runoff from 762 of the 935 square miles in the Passaic River
Basin. It is located about 3 miles downstream of the Great
Piece Meadows, a large, natural flood detenticn area which is
one of the great influences on the shapes of flood hydrographs
at Beattie's dam.

The Central Basin, containing 262 square miles, is a flat,
oval-shaped depressicn about 10 miles wide and 30 miles long,
lying between the foot of the easterly slope of the Highland
Area and the crescent-shaped Watchung Mountains to the south and
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sast Low-lying and marsiy lands bordering the various streans
form a flioodplain that originalily extendad over 13,000 acrsas
above Little Falls and incliuded the Great 2iece Meadows
Zatfield Swamp, Troy Meadows, Black Meadows, and 3og and Viy
Maadows

The Passzaic River passes through this floodplain freom the
soutnwest and neanders generally o fh2 norin and =ast until it
passes out of the area through tas gorge at Littie Falls., The
five major tributaries from the Highland Area discharge into the
pottom iangs near TFalirfield Township and at ITwo Bridges. The
=nsin elevaticon averages 360 feet m.s.l., va*y*ﬂg from zabout 30C
i=2et m.s.i. at the rims of thes pasin tc 160 feet m.s.l. st the
norIneasteriy =nd o ths Dasin The average strean slope varies
from 9.3 f=ast per nlle in wne :eauwagers apove Chatham <o 1.4
feet per mile through the ficocdplain downstream of Chathanm
{Tao.e2 © and Figures 1 and 2).

As indicated by the topograpnic features, these three
regions of the Passaic River basin have different figod- —
producing characteristics. The basins of the Highland Area are”

the greatest flicod producers in the Central Basin although they
contain a large number of natural and artificial lakes and
reservoirs. These impoundments, which tend to dampen the flood
peaxs to some extent, are used principalilly for water supply and
recreational purposes. The northerly upland tributaries, namely
the Ramapo, Wanague, and Peguannock Rivers, join te form the
?ompton River, the greatest producer of extreme floods in the
Central 3asin. Although the flood peaks are reduced and
retarded somewhat due to the lake and reservolr storage on the
tributaries and the valley storage between Pompton Lakes and the
Passaic River at Two Bridges, the Pompton River peak reaches Two
Bridges from 40 to 50 hours earlier than the Passaic River peak
during bpasin-wide floods. The southerly upland tributaries,
namely the Whippany and Rockaway Rivers, are as precipitous as
the northerly tributaries, but they join the Passaic River atx
widely separated times which results in desynchronization of
thelir peaks. Also, they are greatly affected by the large
valiey storage in their lower reaches lying wholly or partly in
the Central Basin, and they therefore contribute less to flood
peaks in the Central Basin.

Flooding upstream of Two Bridges is caused by the restricted
river section and contrcl above Little Falls which throttles the
flow into the Lower Valley. This effect, combined with the
extremely mild channel gradients upstream of Beattie's Dam
ranging from 1 toc 2 feet per mile on the Pompton and much of the
Passaic River, causes a partial, temporary diversion of Pompton
River flood flows upstream intc the Great Piece Meadows, part of
the Central Basin floodplain. Thus, the combined flow from the
total watershed above Two Bridges raises the water level in the
meadows until it becomes egual fto or greater than that at Two
Bridges. As a result, during pericds of flood, the floodplain
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The cllimats of the Passaic River Basin is character
the entire Miadle Atlantic Seaboard. Marked changes of
are freguent, particularly during the spring and fall
wintars are moderate with moderate snowfall and the sumnm
moderaie with hot, sultry, nmid-summer weather and fregu
thunderstoros Tne rainfail is noderate and well Algstr
throughout the year. The relative humidity is high. <
average annusl temperature varies from £90F. at Charlot
540F. at Paterson, with extremes from 260F. helow zerc
Iroox) to 10B0F. 2bove zero (Taterson). The growing season
averages 171 days and the mean annual relative humidity varies

from 67 percent to 73 percent. Prevalling winds are from the
northwest with an annual average velocity of 2.7 miles per
hour. Rainy days average about 121 per vyear Climatological
data are shown on Figures 3, 4, and 3. Temperatur sunshine
and frost data are given in Table 2. Data for w*“d humidizty,
evaporation and rainy days are given in Table 3.

PRECIZPITATION STATIONS

The Passaic River Basin is presently served by a networkx of
official U.S. Weather Bureau gaging stations which provide
necessary input for the mathematical modeling of historic flooa
events in the vicinity of Beattie's Dam. The location, period
cf record and type of station are shown on Figure 6, which also
incliudes data on pertinent discontinued stations.

ANNUAL AND MONTHLY PRECIPITATION

The overall average annual precipitation for the Passaic
watershed is approximately 47 inches as derived from a
compilation of past records at 2¢ U.3. Weather Bureau stations
in and adjcining the basin (Table 4). The observed extrene
annual values were 85,99 inches at Paterson {(1882) zand 25.26
inches at Morristown (1930). The monthly extremes were 25.985
nches in September 1882 at Paterson and 0.02 inches at
Plainfield and Jersey City in June 1949. The distribution of
precipitation throughout the year is fairly uniform with higher
amounts occurring during the summer months {Table 4). Figure 4
shows the wvariation of precipitation over the basin.

SNOWFrALL

The average snowfall of about 34 inches for the Passai

all

c
River Basin is egquivalent to about four Inches of rain. The
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extends from the middlie of October through the middle of April.
The variation of snowfall over the basin is shown on Figure 5.
The average snowfall for the different areas and at individual
stations is diven in Table 5. The depths of snow given are for
freshliy fallen snow with an approximate content of one inch of
water to 10 inches of snow.
STORM TYPES

Storms afifecting the Passaic River 3asin are characterized
as tropical and z2xira—-tropical events. The tropical storm
arises, not surprisingly, in the tropics a hurricans is the
most ssvere, but not Tthe most common, occurrence of thiszs type
The eXirae-tropical storm arises from the Interaction 5f warm and
cocld Ironts; thunderstorm activity is the freguent result of
sucnh interactlion, but steorms of much greater areal extent also
arise therefrom, for example, the northeaster, so named for the
strong northeast winds which accompany it. The season for

tropical storms runs from about June to about Novenmber, that fozﬂ

northeasters from about November fto about Aprii. Thunderstorms®

are most freguent 1in the summner months and, due to rapia
convective circulations, are generalily limited in extent
aithoughn they may be embedded as cells in larger weather
systems. Thunderstorms freguently cause local floocding on
flashy streanms.

PAST STORMS

A review of great storms which have occurred in the
northeastern states (Table 6) reveals that the Passaic River
basin, located in the center of the North Atlantic storm belt,
has freqguently been impacted by such events.

RUNOFF RECORDS

Data for some of the major pertinent floods were obtained at

ttle Falls, located a short distance downstream of Beattle's
Dam. Data for others were obtained at the 5.U.M. (Society of
Useful Manufactures) Dam located somewhat further downstrezam.
Records for both recording sites are considered by the United
States Geological survey to be interchangeable to a high degree,
the drainage area difference being quite small and incremental
storage effects minimal. Hence, whichever gaging station
captured a particular basin-wide event, the recorded hydrograph
and peak would probably constitute a very good estimate of what
happened at 3eattie's Dam,

ANNUAL RUNOFF
The average runoff from the Passaic River watershed is

affected to a considerable extent by diversions for water suppily
from the Rockaway, Pequannock, Wanague and Ramapo Rivers, Canoce
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3rook, and the Passalc River itself. Average runcs? past
Beattie's Dam is about 1.55 cfs per sguare nile sxclusive of
average water supply diversions amounting to about 0.35 cfs per
sguare mile, which brings the to*al corrected runoff +to 1.30 ofs
per square mille. This runoff is sgquivalent *to 25.7 inches per
year cor 53 percent of basin precipitation. Seasonal var sation
in runoff cccurs with over 50 percent of the annuzl amount
taking place In the months December through April.
FLOOD RUNOTT

The flood rmunofl from this watershed is affected by its
topographic and hydrauiic Teatures ~he great natural storage
trhat ogcurs during fioed periods over the flat swamps and
mezdows above livtle Falls nhas 2 great effect on the runoff of
watersnad, especial.y Inte the ZLower Valley Secauss of the
variaois Iflicod runcif characteristics, =sach nydroloegic division
0of the watershed reguires a different treatnent for the analvysis
aof flood runoff such as the unit hydrograph method in the
Highland Area and the Lower Valley, and a combination of the
unit hydrogr=zpn and flood routing methods in the Cenitral Basin.~

FL.OODS OF RECCRD

Significant Passaic Basin flcods are on record as having
occurred in calendar years 1811, 1865, 1882, 18926, 13902, 1903,
1536, 1945, 1968, 1977, and 1984. Little is known of the
carlier events bevond the fact that the first two were,
respectively, the second and fourth largest at Little Falls
(Beatties's Dam), discounting any changes in ranking that might
arise from adjustments for watershed development. Of the more
recent events, it can be said that some were of basin-wide
consequence while others were of interest only in specific
subareas. Descriptions of some significant floods at Beattie' s
Dam are given in the following paragraphs.

Hydrographs of three of the historical events are included
in this document (Figures 10, 11 and 12). The latter plots
shows two versions of the pertinent event. The first is based
upon a gaging station record. The second is a reconstituticn
based upon mathematical meodeling using Computer Program HECI
{see below). Apparent from a review of these drawings will be
the long duration of runoff at near-peak rates of flow, which Is
indicative of a large amount of flood detention storage in the
Passalc Basin {see also Table 10, which dealis with estimates of
nypothetical floods).

Flood of October 1903. This flood was the maximum of record
in the Passaic River watershed. The beginning of the sudden
flcod rise was almost simultanecus on all tributaries of the
Passaic River at about 6:00 P.M. on Thursday, 8 October. The
Pompton River reached a maximum at 4:30 P.M. on Friday, 9
October, and continued at a high rate of discharge until noon of
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Saturday, 10 October. The peak on the Passaic River rsached a
maximum at about 12:00 P.M., at Twe Bridges, 4:00 P, M. at Lit
Falls and 9:00 P.M. at Dundes Dam on Saturday, 19 Ccicher. The
peak discharge on the Passaic River at Little Falls was about
31,700 ¢.f.s. See Figure 10.

Marcnh 1936. This was the worst winter flocod
ween March 1802 and April 1984. The peak dischargs
he 3.U.M. Dam was 19,700 c.f.s. on 13 March. The

iow on the Pompton River occurred about 24 hours before
peak on the Passaic River. The total runoff volume was 5.59
= lent to about 67 percent of the total rainfzall and
cover {water eqguivalent).

This was a major rlood downstrsanm of
Two i - iooding occurring con all Lower Valley
smal1l sitreams Ltributary to the Passaic River. Because this
storm was located primarily over the Lower Valley, it's
nydrograph is specifically not interchangeable betwesen the
Little Falls and $.U.M. gage e sites. The peak on the main stem
was due to the simultaneous nhigh flows from the short : -
tri outar¢es as indicated by the shape ©of the fliood hvydrograph
at the S.U.M. Dam [(see Flgure 11, which shows a "spike" of
runoff that iz simply not found on hydrographs of fioods that
have undergone ponding in Great Piece Meadows:. The first peak
of 19,500 ¢.f.s. was caused primarily by the flow from the small
tributaries below Two Bridges while the second peax of 11,600
c.f.s. occurred maore than 24 hours later and can be attributed
to the flow from the Great Plece Meadows area above Two

Bridges. The retardation and reduction of flood peak effected
by this natural reservoir was clearly shown during this flood.
The peak flow on the Pompton River at Pompton Plains, which has
a drainage area egual to about one~half that just below Two
Bridges, was estimated at 9,690 c.f.s. and the peak time was
estimated at one hour after the first peak in the Lower Valley
of the Passaic River at $.U.M. Dam, and 18 hours before ths
second peak of 11,600 c.f.s. attributed to the Great Piece
Meadows area. The runeff volume was 5.0 inches, eguivalent o
59 percent of the average rainfall over the basin. Beatties Dam
is known to have been damaged by this event, but no record of
the associated peak stage at that structure has been found,
according to a dam safety inspection report (see" Standard
Project Flood" helow}.

Flood of May 1968. The flood of May 1968 caused widespread
damage over the Passaic River Basin. Flooding occurred on the
main stream and all major and most minor tributaries from the
neadwaters to the City of Passaic, about 12 miles upstream of
the mouth of the Passaic River in Newark Bay. Flooding was most
severe on the Pompton, Ramapo, Wanague and Peguannock Rivers,
equalling or exceeding the March 1936 flood. Peak flow at
Little Falls was 13,5002 cfs on 31 May 1368. The peak flow on
the Pompton River at Pompton Plains occurred on 30 May 1968 and
was estimated at 13,100 cfs.
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riood of April 313584. The fliocd of April 1984 resuited, :in
part, from high antecedent flows due to precipitation in la*e
March. At a number of gaging stations in the northern and
western subareas of the Passaic Basin with 40 or more years of
record, the peaks were the highest or second highest recorded.
Estimated average return periods of the peaks ranged from 25
years at Littlie Falls to 50 years at Pompton Plains.
Ses Figure 12.

DESIGN WATERSHED DEVELOPMENT CONDITION

onsidered in this document were designad *o
ction against flood discharges reflecting the

tate of watershed development in 15%0. These

S are some of those designated "Q4" in Table 35 of the
entitlied "Flood Protection Feasibility, Main Stem
Passaic River" dated December 1987. They are included in Table
10 of this current document under the column headed "One Hour,"
to which footnotes (&), (B) and (C) apply. Refer to the 1987
document for a discussion of the development of the "Q4"
discharges. ' =

O

FUTURE WATERSHED DEVELOPMENT CONDITION

The analysis period for watershed development for %the Phase
I report upon wnhich much of this decument is hased extends
through 2040. Changes in such development over the intervening
years will lead to increasing discharges at a given fregquency
or, putting it another way, to more and more freqguent
occurrences of selected discharges. This will be readily
apparent from a review of Figure 8 and of the flows designated
"Q5" in Table 38 cited above.

BEATTIE'S DAM PEAK DISCHARGE-FREQUENCY RELATION

Beattie's Dam is located 0.6 miles upstream of the Passaic
River gaging station at Little Falls. The difference in
drainage areas for the two locations is minimal, as is the
intervening flood storage. Therefore, the discharge freguency
relation at Little Falls, where the period of record is 88
yvears, was assumed to apply at Beattie's Dam. See Figures 7
and 8.

HYPOTHETICAL FLOODS KEYED TO SPECIFIC FREQUENCIES

Determination of project impacts generally reguires the
development of a series of flood hydrographs with peaks
associated with a range of freguencies. Eight hydrographs were
used in this analysis with peaks ranging from 5784 c.f.s. to
44868 c.f.s. (existing conditions), and these had associated
frequencies of one to 500 years. These events are hypothetical
in that their hydrographs do not necessarily mimic any historic
ones but are representative of many.
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XON~SPECIFIC-FREQUENCY IYPOTHEITICAL FLOOIS

Aside from the specific freguency floods discussed above,
there are two other hypcothetical events of more thecretical
nature which have to be considered in the plan formulation
process. The first of these is the Standard Project Flood,
which is of interest regardliess of the nature of tThe
improvements being considered. The second is the Probabl
Mazximum Fliood, which must be evaluated whenever a dam is
considered.
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The Standard Project Flood slightly exceeds one-half of the
Probable Maximum Flilood (following paragraph) and thus

At

approximates the "Spillway Design Flcood" used in the analysis of

Seattie’'s Dam tnder Phase 1 of the ¥ational Dam Safety Program
{see "Zeatties Mill Dam, NJ 00821" dated August 1981). The
iatter flood is reportediy "in accordance with the range of
test floods given in the evaluation guidelines for dams
classified as significant hazard and intermediate size (Pag=s 9,
Secticon 5, op cit}. Thus, the Standard Preoject FTlood is
considered to be a gocd reference event for evaluating spillway
capacity (see Hydraulics Appendix).

Probable Maximum Flocd. The probable maxinum flood is that
event likelv to follow the occurrence over a given watershed of
the Probable Maximum Precipitation. The latter is defined by
the American Meteoroclogical Society as "the theoretically
agreatest depth of precipitation for a given duration that is
physically possible over a particular drainage area ...." For
the Passaic River at Beattie's Dam, the associated peak
discharge is estimated to be 88,000 c.f.s., approximately twice
that of the Standard Project Flood.

SCCPE OF CONSIDERED PLANS

The considered plans of improvement would provide flood
protection of a local nature te the area upstream of Beattie's

Dam under relatively common flood events. They are not intended

to be of basin wide import since they are confined to a
relatively short reach of the Passaic River and would not
provide any alternative path for flood runoff.
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COMPUTER PROGRAMS HHEC1 AND DWOPET

Computer program HEC]l was the principal analytical tool for
evaluating the impact of the considered plans of improvement on
flood discharges. The reascn for this was the relative eassa
with which the HECl model structure can bs changed to reflect
the implementation of & pian of improvement. The plans

‘..

r‘oz‘:Szc:er-ﬁa in coqnectlon with thlils current study |[(s2e below) all
involve changes which would alter the storage cutfliow relations
of the basin upstream of Seattie's Dam. torage routing is one
of several options available tc the user of HEC1. " The storage-
ovtflow data reguired {Modiflied-Puls methodology) was s=sadily
availiable as oulput from runs of ZEC2 input files into which
ware coded the parapeters of the proposed improvements,

The storage-outflow relatlions wnich would be affactaed by the
considered plians of improvement Include that for the ZEreat Plece
Meadows on the Passaic River upstream of Two Bridges. The

“87a+*on In this reach is nmore complex because an unstzady flow
condition results in the natural diversion of Pompton River fliow
upstream along the Passaic River given substantial runoff from &
the Pompton. Due to the occurrence of this flow reversal, the
Central Basin modeling procedure was more invoived and reguired
the use of the diversion and lagging options of HEC1 in addition
to the stream system procedure. Since HEC1 cannot model

unsteady flow behavior directly, an aid was utilized in the
modeling of complex flood wave routing in the Central basin. An
unsteady flow program, "DWOPER," was used to gain insight into
how flood waves move within the Central Basin and to provide a
basis for determining lagging and diversion variables, thereby
improving the HEC1 representation of flcod wave movement.

The "DWOPER" model was prepared by HEC {Hydrologic
Engineering Center, Corps of Engineers, Davis, California) and
documented in its Special Projects Memo No. 81 and in a revised
Memo No. 82—-1 "Unsteady Flow Analysis For the Passalc Central
Basin."™ "DWOPER" was not used as the final model analyzing the
Passaic Central Basin because (1}, it cannot interface directly
with the family of HEC Programs used in this investigation; 2),
medifying it to analyze alternative plans 1s extremely :
difficult, requiring detailed modeling changes; 3), it cannot be
readily modified to evaluate future land use changes; 4)
utilizing it for all necessary analyses would bhe too cestly: and
5) a final product based on one modeling technigue (HEC1i} for
the entire basin was highly desirable.

Therefore, diversion and lagging functions were used to
simulate the dynamics of flood routing reflected in the "DWOPER"
trial runs for the Central Basin., Diversion was accomplished
with the option in the EEC1 program which permits the amounts of
flow to be diverted to be specified,.
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A sample "DWOPER" nydrograph ililustrating flow reversal on

the Passaic River upstream of the Pompton River confliuence is
show on Figure 9.

HECI MOREL TIMEZ STEP

1
*

The ZECI mocel time step used in this study {and in the
Phase I study upon which it is based) was one hour. Thiz iz the=
sma-lest that coulid be used to develop the full hydrographns
{pase-Iflow to pase-Ilow) of floods at 3zattie's Dam given the
duration of historic events and the HECI liimit on time steps
HROLSTO R N 2t was found to be more tThan adaguate, however, in terms
of c¢elfining the shapes of the hydrographs arcound their peaks
since dlscharges there wvary 1Iitls over six- and 24-heur pericis
iTanl= 13 dus To tne gcharacteristics of the Passalc Iiver
sasin
A:TE?\ATIVE PLANS

The aiternatives considered in this document focused on

i

Beattie's Dam and its approach channel in accordance with F
specific authorization for a flood control study in the vicinity
of this dam and with the desire of local interests for the
instaliliation of moveable gates in that structure. The
relatively limited cost and scope of these improvements is not
inconsistent with -a project of potentially limited life in view
of the demand and justification for implementation of flood
protection measures of wider import (see Phase I General Design
Memorandum) . Of the four alternatives considered, the first
involved dam modification only, while the remaining thres
consisted of both dam and channel modification. Plan 1, that
without channel work, involves a replacement dam consisting
essentially of 3 gates. Plan 2 builds on Plan 1, adding to it
modification of the approach channel. Plan 3 differs from Plan
2 in. that less of the dam width would be replaced with gates,
and two gates rather than three would be provided. Plan 4 is
the least ambitious of all the dam modifications with a single
gate to be provided in conjunction with channel modification.

EXISTING FLOCD WARNING SYSTEM

There is an operaticnal flood warning system in the Passailc
River basin put inte operation by the Corps of Engineers in
1988. It was installed independently of any of the plans under
consideration in this document but will provide an increment of
safety in the cperation of the gates envisioned by
each of the plans, all of which reguire human intervention. It
was proven effective by the Spring 1989 flood, an event of wide
import which had return periods of 3-8 years dependlng upon
iocation within the Passaic basin.
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It should be noted that the gates proposed for ths rebuild
of 3eattle's Dam could be hsid at any position between normali
and fully down and that each gate could be opesrated
independently. Associated with each set of gate positicnings
a separate and distinct storage-outflow relation. Should +he
gates pe operaved with a view %o holding a constant upstrean
pocl level until such time as ail are fully down, an inconing
nyarograprn. would pe impacted by 2 family of storage- low
ralations. This wouid prec¢“ce a sudden impounanent ase
wpon warning oi gn Impending Zfiocd. This scenario car
iiy be modelled with =Z=ZCL ni can make use of
age-outflow relation pe reach per run.
s
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DEAD STORACE BELOW BEATTIE'S DAM CREST

Beattie's Dam Impounds approximately 1040 acre-feet of dead
storage on the Passaic River between stations 1588+865 and
2403+80. This 1is the volume of water below the fixed crest of
the existing dam. With the proposed gates fully deplaved
{iowered) in anticipation of the passage of a flood wave there
wouid be no comparable dead storage. A comparison of existing
and improved condilitions storage-outflow relaticns is valid,
therefore, only if the existing-conditions relations are free of
dead storage. For this current study all storage-outflow
relations were based on HEC2 runs. HEC2 normally uses the full
depth of water at each creoss-secticon in its computations since
this is germane to a determination of convevance, and it is the
associated cross-sectional area which enters into the usual
volume determinations associated with HEC2 output. Howewver, an
option of HECZ provides for volume determinations based upon the
specification of a predetermined stage at esach cross-section,
and this option was used in the caliculation of the dead storage
pelow the crest of Beattle's Dam (158.2 feet N.G.V.D.). Tabies 7
presents the volumes (storages) of interest.

HYDROLOGIC INVESTIGATIONS

Under the considered plans of improvement, the water surface
profiie at and upstream of Beattie's Dam associated with any
given discharge would be lower than under existing conditions.
Associated with the lowered profile would be changes in the
wetted cross-sections of the river channel and associated with
these changes would be changes in the volume of water under the
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profile. Should the relationsnip beiwesn volune under 3 p=oSils
and the discharge associated with that profile changs, the shape
of a specific-freguency fliood hydrograph would change upon
impliementation of the plan.

Any decrease iIn storage immediatelv upsitream of Seatiie’s
Jam could be =2xpectad to have an adverse impact on flood
dilscharges downstrean of the dam. Conssguently, 1t was
necessary to determine the nature and extent of the changss in
storage. Improved conditions storages were taken from =352 runs
wnich reflected the featiires of Dlan 2 Thesge s 0rages wara
used in new HZZCL models, the output Irom which was comparsd o
that from existing conditions runs

Tanple 7 shows the storage-outiliow relations associated with
the ZImplementation of Plan Z and compares thenm o sxisting
conditions relations. Some ¢f the changes may appear relatively
large if looxed at in terms of percent change. However, they
are small in the context of the total amount of storage which
shapes the hydrographs at Beattie's Dam, as the results -

discussed below will indicate,.

tag

INVESTIGATIONS

I
b
-

RESULTS O

The impact of implementing Plan 2 1s presented numerically
in Table 8. Inmproved versus existing discharges, the latter
enclosed in parentheses as destinguishing marxs, are given for a
range cof freguences for six main-stream locations starting with
Beattise's Dam and ending with the Saddle River confluence
{dischargss at confluences include ftrivutary runoff).

Associated changes in stage are given in the Hydraulics
Appendix.

o

Figure 13 shows the variation of rurioff with time of the.
design flood for Beattle's Dam under existing conditions. It
does not show the variation associated with improved conditions
even though there is an increase 1in peak flow because the scale
of the drawing is too small for the relatively small change Irom
existing to improved conditions *tc be apparent. Table 89 shdws
this small increase and also those associated with other
frequencies. It alsg shows the timing of the increased peaks to
change by no more than two hours within the limits of accuracy
of HECI1 modeling. Table 10 makes clear the degree to which
runoff rates around hydrograph peaks remain nearly constant over
significant time pericds and define broad hydrographs. :

Plan 2 was intultively the one likely to have the greatest
impact of those which provide for a modified approach channel
{Plans 2, 3 and 4). This was so because it provides for the
greatest length of crest capable of being dropped upon the onset
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of fivoding. This length was 238 :
3 and 100 feet for Plan 4 (all g=at for all spillways are the
same height, 8.3 feet). Plan 1, while otherwise similar to Plan
2, would lack the modified approach channel and thus have less
of an impact than Plan 2.

feet versus 190 feet for =1
asg
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STORAGE-OTTFLOW RELATIONS
PERTINENT 7D
BEATTIE'S DAM ANALYSIS

UPSTREAM OF TWO 3RIDEIS TO
TWO BRIDEEZS ITATTIZ'S JAM
= =EISTING ZEISTING
sk Z=28% NEIZ (3 TMER CROSS XET (T, e
; ‘AC-FT} (AC-FT) (AC-FT) {AC~TT) (AC-37) AC-ET
- - - 7725 7315 (BDFL
- - - - (4903 3872
- - - - (3519} 2418
- - - 4104 3694 (2346}
- - - - (2901) 1779
- [74692) 70124 - - —
73380 72750 {683:8) - - -
- - - (1373) 1232
- - - 2279 1559 (1185)
- (51430} 48494 - - -
- (42347} 37338 - ~ -
- - - - (1513} 966
37130 36500 (32418) - - -
- (34483) 30767 - - -
- - - - (1145) 792
- 21360 - - -

(23960)
20000
16057

(16045)

(10528)

- { 7573}

0

(18168)
{143086)
14289
8840
6483
0

STORAGES IN PARENTHESES ARE THOSE COMPUTED BY HEC1
STRAIGHT-LINE INTERPCLATION OR EXTRAPOLATION,.
IXCLUDES 630 AC-FT OF DEAD STORAGE.

EXCLUDES 410 AC-FT OF DEAD STORAGE.




(A)

TABLE 8

EXISTING AND IMPROVED DISCHARGES

PASSAIC RIVER

POMPTON RIVER TOC SADDLE RIVER

L 0 C A T I N

BELOW AT "BELOW AT - BELOW AT BELOW
FLOGD FOMPTORN LITTLE PECKMAN 5. U.HM. DIAMOND DUNDEE SADDLE
FREQ RIVER FALLS (B) RIVER DAM BROOK DAM RIVER

(YRB) (CFB) (CFS) (CFS) (CFS) (CF3) (CF3) (CE3)
ONE 5577 5880 5887 5802 5813 5908 58974
(5488) (5784) (5732) (5805) (5818) (5812} (5878)

TWO 7982 8270 8273 B283 8291 82893 5354
(7773) (8037) (8039) (8050) (8081} (8063) (B1zZgy”

FIVE 10505 10888 10800 10833 10965 10878 11127
(102533 (10615) (10619) (10837) (10652) (108703} (10757)

EN 13356 13927 13944 139890 14035 14057 14278
(13148) (13653) (13669) (13705) (13740} (13762) (13841)

25 18139 18831 18859 18907 . 18952 18966 19267
{17918) {18555) (18579) (18623) (18659) (18665) (18940)

50 22882 23638 23674 23731 23788 23794 24243
(22589) (23278) (23308) (23370) (23424) (23425) (23856)

100 27416 28256 28301 28375 28452 28455 29061
(27048) (27780) (27805) (27874) (27948) (279bb) (Z8bHZ4)

500 44545 45584 45632 45835 45985 46006 47185
(43980) (44868) (44853) (45108) {(4b244) (45282) (46403)

(C) 44392 45503 45552 45614 45672 45638 464193
(43745) (44766) (44806) (44870) (44923) (44808) (45610)

(A) EXISTING-CONDITIONS FLOWS ARE IN PARERTHESES AND CORRESPOND TO "Q4"

IN TABLE 38,
(By ALSO AT BEATTIE'S DAM.
(C) BSTANDARD PROJECT FLOOD.

PHASE I G.D.M.

CORRESPONDS TO COLUMN 2,
FREQUENCY UNASSIGNED.

TABLE 10.
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(5784;{C)
8270
(8037)(C)

13927
(13653) (C)

18831
(18555) {C)

23638
(23278) (C)

28256

(27760} {C)

45594
(44868) (C)

45503
(44766) (C)
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3234
(8005)

10870
(10601)

13905
(13627)

18790
(18505)

23574
(23220)

28183
(27690}

45454
(44732)

45359
(44644)

et e

CHCOO ™
Y
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5627
(5530)
7993
(7793)
10817
(10547)

13619
(13357)

18185
(17852)

22771
(22393)

27208
{26723}

43517
{42923)

43587
(43007)

EXISTING-CONDITIONS FLOWS ARE IN PARENTHESES.

JECI REPORTS
CORRESPONDS TO

STANDARD PROJECT

TEIS AS THE INSTANTANEOUS PEAK,.

IN TABLE 38, PHASE I G.D.M.
FREQUENCY UNDEFINED.

|1Q4!!
FLOOD.
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TABLE 6 — RIP-RAP REQUIREMENTS FOR PLAN 2

STATION

FROM TO
1568+65 1572400
1572+00 1584400
1594+00 1610+00

RIP-RAP THICKNESS

12“

27"

1211

TABLE 7 — RIP-RAP SPECIFICATIQONS FOR PLAN 2

LAYER D100 (LBS.)
THICKNESS MAX. MIN.
12" : 86 35
27" 2984 394

D50 (LBS.)
MAX., MIN.

26 17
282 - 157

D15 (LBS.)

MAX. MIN.
13 5
146 62
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IVv. IMPACT ANALYSIS
DOWNSTREAM IMPACTS

The proposed Beatties Dam modifications would reduce the
dam's crest elevation from 158' MSL to 150' MSL. Based upon
the HEC-1 hydrologic analysis there would be a small increase
in the downstream discharges for the 1-YR, 2-YR, 5-YR, 10~-¥YR,
25-YR, 50~YR, 100-YR, 500-YR and SPF flood events. Based
upon a review of rating curves {(see Figure 15), the water
surface elevations along the Passaic River from Beatties Dam
downstream to Dundee Dam would increase up to 0.2 feet for
the 1-YR, 2-¥YR, 5-YR, 10-¥YR, 25-YR, 50-YR, and 100-YR flood
events; the 500-YR and SPF stages would be essentially
unchanged.

Therefore, the proposed Beatties Dam modifications would
result in a small but measurable increase in flood stages in
communities downstream of the dam. The corresponding
increase in flood damage is provided in the Economics
Appendix.

IMPACTS ON THE MAIN STEM PASSAIC RIVER TUNNEL PLAN

The rock outcrop at Beatties Dam acts as a natural
control for the Passaic River flows aentering the Lower
Passaic Valley through the gorge in Little Falls. Beatties
Dam, built on the rock cutcrop, has a minor impact on the
flood flow elevations of the river from the dam upstream to
Two Bridges.

- Flooding in the Central Basin is primarily due to the
backwater effect caused by the natural channel constriction’
and rock outcrop occurring along the Passaic River between
Two Bridges and Beatties Dam in combination with the mild
gradients and insufficient channel capacities of the Passaic
and Pompton Rivers. :

The proposed Beatties Dam modifications would reduce the
dam's crest elevation from 158' MSL to 150°' MSL when open
during a flood event. The lower crest would result in lower
flood stages. During non-flood conditions, the pool eleva-
tion of the river would be maintained above elevation 158'
with gates in the closed vertical position. Under the Main
Stem Passaic Riwver Tunnel Plan, the modification of Beatties
Dam would add to the reduction in flood stages in the stream
reach upstream to Two Bridges. With the existing dam, only
approximately 6,000 cfs can be conveyed downstream before
flood levels rise above bank stages in the Central Basin.
From Table 1I-15, supporting documentation Part II, Phase 1
GDM, during the 100-year flood event 9232 cfs would bypass
the Passaic River Tunnel inlet. This bypass flow is greater
than bank full capacity. With modification of Beatties Dam,
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the bank full capacity will be much greater than 9232 cfs
when the gates are open. These gates can be used to allow
more water downstream in a flood if the tunnel capacity is
exceeded. However, during a flood event, the gates at
Beatties Dam cannot be opened until tunnel flow capacity is
exceeded. To open the gates any sooner would reduce the
effectiveness of the tumnel and increase fFlood flows
downstream. Therefore, with the implementation of the tunnel
plan the gates would serve no apparent purpose other than to
be opened for the 75 to 100 year flood event or less freguent
floods when tunnel flow capacity is exceeded.

The design of the tunnel plan’s Passaic River inlet at
Two Bridges 1s based on the presence of the rock outcrop near
Beatties Dam. Modification of this condition may require
changes in the proposed inlet design and corresponding addi-
tional costs. This, in turn, requires that Beatties Dam be
absolutely risk free in its operation because of potential
adverse impacts on both the Central Basin and Lower Valley
flood problems should the tunnel be unable to operate as
designed. Modifications to Beatties Dam may be necessary
both in control systems and structural features to assure the
integrity of the tunnel project, resulting in additional
costs. These added costs to the tunnel plan would be attri-
butahble to the Beatties Dam alternatives. This effect has
not been evaluated in this reconnaissance study but would be
undertaken in the feasibility stage 1f additional studies of
Beatties Dam alternatives are warranted.

V. SUMMARY

The Beatties Dam was constructed on a natural rock outcraop
that formed a falls on the Passaic River. The dam has a minor
impact on flood elevations along the Passaic River upstream to
Two Bridges. The flooding in the Central Basin is primarily due
to the combination of mild gradient and insufficient channel
capacities of the Passaic and Pompton Rivers. Locally, between
Beatties Dam and Two Bridges, this flooding problem is worsened
by the backwater effect caused by the natural channel constric-
tion occurring in this reach.

In order to provide interim flood relief to municipalities
upstream of the dam while maintaining normal wetland water levels
in and around the Townships of Lincoln Park, Montville, and
Fairfield, four flood control alternatives involving modification
of Beatties Dam were studied. The two types of gates investi-
gated for the modification of Beatties Dam were tainter gates and
bascule gates. Based upon the economic, hydraulic and opera-
tional points of view, the use of bascule gates for the applica-
tion of Beatties Dam was recommended. The proposed Beatties Dam
modifications would reduce the dam's crest elevation from 158"
MSL to 150' MSL. Thghlgﬁggﬂg:ééy would result in lower Flood

Stages.
Pttty
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Under the Main Stem Passaic River Tunnel Plan, the modi-
fiation of Beatties Dam would provide some additicnal flood pro-
tection upstream to Two Bridges during less frequent flood
events. In addition, the gates can be used to allow more water
downstream in a flood if the tunnel capacity is exceeded.

The Beatties Dam modification plans would result in a small

but measurable 1ncreEgg_;nfiiood_staggghig_ggmmﬂnltléEZEaﬁﬁﬁngém
downstream

of the dam.
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