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PASSAIC RIVER BASIN, NEW JERSEY AND NEW YORK 

SURVEY REPORT FOR WATER RESOURCE DEVELOPMENT 

SYLLABUS 

There is extreme interest by the State of New Jersey in a plan of improve­
ment for flood protection and development of allied water resources in the 
Passaic River basin. Governor Hughes (in November 1969) endorsed the plans 
and expressed his intention of recommending to the State Legislature the 
necessary laws which would provide for the State's assumption of all items 
of local cooperation. This report estimates projected needs for water re­
source development in the Passaic River Basin, surveys the resources of 
the basin, considers alternative measures for meeting the needs, formulates 
an optimum plan of de\re10pment, and considers the extent of the Federal 
interest in participating in such a development, in accordance with per­
tinent laws and policies. 

Environmental impacts of the proposed works are evaluated. 

Ther~.are same 35,000 acres of land in the Passaic River basin which are 
subject to inundation due to the inability of the existing stream to contain 
flood flows at all times. A recurrence of the largest flood of record, 
which occurred in October 1903, under present conditions would cause dam­
ages totaling about $451,330,000 with the accompanying loss of many lives. 
This area also suffers fram periodic droughts, poor water quality along the 
main stream during the summer months, insufficient outdoor recreational 
facilities for the basin's expanding population, a periodic mosquito prob­
lem and high water tables and poor overland drainage in the Central Basin. 

rrL~ District Engineer finds that a plan of improvement for the Passaic River 
basin for water resource development is economically feasible and recommends 
its authorization, subject to items of local cooperation specified in the 
report • 

The recozmnended plan of improvement for the Passaic River basin, the most 
feasible of several alternative plans considered, provides for multiple 
purpose reservoirs upstream of Two Bridges and Myers Road on the Passaic 
River for flood control, water supply, water quality improvement, and rec­
reation. The plan also provides for diversion and improvement of the Pomp­
ton River, for channel improvement on the Ramapo River and on the main 
stream fram Newark Bay to Two Bridges and from Chatham to Myers Road. 

The presently estimated cost of the mainstream plan at January 1970 prices 
is $720,810,000, of '"hich ~565,OOO,000 would be Federal. The average an­
nual charges at the specified water resource planning interest rate of 
5-3/8 percent for a 100 ye~r project life is $49,833,000; the average ben­
efits are $57,574,000. The henefit-cost rati.o is 1.2. The inclusion of 



$1,725,000 in area redevelopment benefits accruing to the plan of improve­

ment would yield the same benefit-cost ratio.
 

The District Engineer also recommends for authorization local protection
 
plans as follows:
 

a. Mahwah River at the Village of Suffern, New York and Mahwah Town­
ship, New Jersey at a total first cost of $2,310,000, of which $1,920,000 
1s Federal. The annual charges are estimated at $147,000 with corresponding 
annual benefits of $219,000 resulting in a benefit-cost ratio of 1.5. 

b. Ramapo River at Oakland Township, New Jersey at a total first cost
 
of $10,830,000, of which $6,290,000 is Federal. The annual charges asso­

ciated with the works are $623,000 with corresponding annual benefits of
 
$1,776,000 resulting in a benefit-cost ratio of 2.9.
 

c. Saddle River at the Borough of Lodi, New Jersey at a total first 
cost of $3,630,000, of which $2,820,000 is Federal. The annual charges 
associated with the works are $253,000 with corresponding annual ben~fits 
of $381,000 resulting in a benefit-cost ratio of 1.5. 

d. Molls Ann I s Brook in the Borough of Haledon, New Jersey at a total 
first,cost ot $5,710,000, of which $4,460,000 is Federal. The an:p.ual,A;harges 
as.ociated with the works are $386,000 with corresponding annual bene£~ts of 
$809,000 resulting in a benefit-cost ratio of 2.1. 

e. Nakama Brook at the Village of Sloatsburg, New York at a total 
first cost of' $1,490,000, of which $1,330,000 is Federal. The annual, 
charles are estimated at $85,000 with corresponding annual benefits of, " 
$1.2',000 resulting in a benefit-cost ratio of 1.5. ,:" 

t. Rock~8Y River at Denville Township, New Jersey at a total first 
COlt of $4,230,000, of which $4,080,000 is Federal. The annual charges are 
estimated at $238,000 with corresponding annual benefits of $442,000 result ­
ing in a benefit-cost ratio of 1.9. 

g. Reconstrnction of dams at Picatinny Lake and Lake Demnark in the 
Picatinny Arsenal area, New Jersey. The cost of reconstruction of the; dams 
is $4,320,000, all of which is Federal. 



U. S. ARMY ENGINEER DISTRICT, NEW YORK
 
CORPS OF ENGINEERS
 

26 FEDERAL PLAZA
 
NEW YORK, NEW YORK 10007
 

NANEN-Cb 

SUBJECT:	 Passaic River Basin, New Jersey and New York
 
Survey Report for Water Resources Development of
 
the Passaic River basin.
 

TO:	 Division Engineer 
U. S. Army Engineer Division, North Atlantic 
New York, New York 

I. AUTHORITIES 

1. FLOOD CONTROL ACTS. This report is submitted in compliance with
 
the Flood Control Act of 22 June 1936 (Public No. 738, 74th Congress),
 
the Flood Control Act of 6 May 1936 (Public No. 571~, 74th Congress),
 
and the Flood Control Act of 1958 (Public Law 85-500). Pertinent ex­

cerpts from these acts are quoted below.
 

(a) The Flood Control Act of 22 June 1936 provides in part that; 
"The Secretary of War is hereby authorized and directed to cause pre­
liminary examinations and surveys for flood control at the following­
named localities. • • • • • • • • • • • • • • • • Passaic River, New 
Jersey. " 

(b) The Flood Control Act of 6 May 1936 provides in part that, 
" • • • • • • • • the Secretary of War is hereby authorized and 
directed to cause a preliminary examination to be made of the Passaic 
River in the state of New Jersey with a view to the control of floods. . . 
• • • • •	 • " 

(c) The Flood Control Act of 3 July 1958 provides in part that, 
"The Secretary of the Army is hereby authorized and directed to cause 
surveys for •••••••• streams, river basins and areas in •••• 
• • • , New Jersey for flood control, major drainage, navigation, 
channel improvement, and land reclamation as follows: ••••••• 
Passaic River ••••••••• " 

2. HOUSE PUB:LtC WORKS COMMITTEE RESOLUTION. This report is als 0 in 
compliance with a Congressional resolution adopted 13 June 1956, which 
stated, "resolved by the Committee on Public Works of the House of 
Representatives, United States that the Board of Engineers for Rivers 



and Harbors be and is hereby, requested to review the report on the 
Passaic River, New Jersey, dated 20 OCtober 1948 with a view to deter­
mining the feasibility of providing flood measures along tributary 
Ramapo River in New York." 

II - EXTENT OF INVESTIGATION 

3. GENERAL. The study of the Passaic River Basin was of survey scope 
and sUfficiently extensive to permit evaluations to be made of various 
alternative plans of improvement. Field and office investigations 
were made to serve as a basis for the development and evaluation of 
these plans. Reconnaissance of the basin by the District Engineer and 
his staff resulted in the delineation of the needs, problem areas and 
possible alternatives. Field damage surveys and topographical surveys 
were made accordingly. Studies of hydrologic, hydraulic, and geologic 
conditions were then applied to the development of the alternative plans 
of improvement. Cost estimates and the evaluation of the demands for 
water resource services and possible benefits were utilized as a basis 
for the selection of a recommended plan of improvement. Coordination 
with local officials, the state of New Jersey and other Federal agencies 
was maintained during the course of the study. Numerous public hear­
ings and presentations were held to solicit the desires of local inter­
ests and to keep them informed. 

J+. FUNCTIONAL AND GEOGRAPHIC SCOPE. In response to the study author­
ization, this report is concerned with the feasibility of improving 
the water resources of the Passaic River Basin. Flood control, major 
drainage, navigation, pollution abatement, and hurricane protection 
aspects are necessarily concerned vnth the problems directly associa­
ted with the basin while other aspects, such as recreation, water sup­
ply, and fish and wildlife, involve consideration of needs of areas ex­
tending beyond the basin limits. 

5. SCOPE OF PRESENTATION. This report is of survey scope and discusses 
all phases of the flood problem and water resources development within 
the Passaic watershed, with the objective of presenting the analysis 
and considerations leading to the most suitable basin plan of improve­
ment consistent with long range needs. 

6. Topographic investigations. Numerous topographic surveys were made 
throughout the study by the New York District along the main streams, 
tributaries, and contiguous areas where there was a potential for wster 
resOQ~ce improvement. This data, supplemented by infol~ation furnished 
by state, county and local agencies, was basic in the development of 
alternative plans and determination of their benefits and costs. 
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7. Economic investigations. Field flood damage S~V€ys 'fere conduc­
ted subsequent to the various severe floods since the authorization of 
this study in 1936, the most recent survey being made in 1968. The 
damage studies have included continuing revisions to reflect changes 
in price levels and conditions of development, as well as projections 
of future damages. In addition, background data on economic activity in 
the basin were developed for use in projecting future water resources 
needs. 

8. Foundations and materials. A reconnaissance of the area was made
 
to obtain information for an analysis of foun4at10n conditions and
 
availability of construction materials. Subsurface investigations
 
undertaken at the sites of proposed improvements included core and
 
auger borings, test pits and laboratory testing and analysis of soil
 
samples. These data were supplemented by local constl~ction records
 
and other existing soils survey data. Details are in Appendix C.
 

9. Hydrology and hydraulics. The hydrologic history and character
 
of the Passaic River Basin was investigated to establish the basis
 
for analysis of flood damages, developable yields for water supply and
 
for the hydraulic design of the improvements considered. Details are
 
in Appendices A and B.
 

10. Real estate. On the basis of field investigations, supplemented 
by information obtained ~rom local authorities and by real estate ap­
praisers, appraisals were made of the existing values of the proper­
ties lying within the areas subject to flooding along the main stream 
and its tributaries, and within possible reservoir areas. Estimates 
were also made of the enhanced values of properties that would result 
from considered improvements. Details are in Appendix I. 

11. Recreation. Detailed studies were made of local and regional 
needs for recreational development. This entailed an inventory of ex­
isting facilities in the zone of recreational influence and an estimate 
of future requirements. A field reconnaissance was conducted to deter­
mine the physical and esthetic quali~ies of all potential reGreational 
sites that could be developed as part of the considered reservoir im­
provements. Recreation studies are described in Appendix H. 

12. Water supply. Detailed studies were made of local needs for 
water supply. These studies included an inventory of all existing 
and firmly committed water supply developments serving portions of the 
Passaic River Basin, and an estimate of future requirements for both 
industrial and municipal developments. The studies were made on a 
county wide basis for a nine county region in New Jersey and Rockland 
County, New York. The extent to which the needs could be met by multi ­
ple purpose improvements in the Passaic River basin was also studied 
in detail, as described in Appendix E. 

13. other studies. Investigations were also made to establish the 
needs and possible means of solution for problems in fish and wildlife, 
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water quality, navigation, mosquito control, drainage and land re­

clamation.
 

14. REPORTS BY OTHER AGENCIES. The flood problem on the Passaic
 
River has been studied by local agencies since Revolutionary times.
 
Numerous reports exist, of which the most noteworthy are tabulated in
 
Appendix T. Special reports were prepared by other Federal agencies
 
in conjunction with this survey report. Among the agencies furnishing
 
draft and final reports wer~ the Fish and Wildlife Service, Environmental 
Protection Agency, Geological Survey, Bureau of Public Roads, National 
Park Service, Soil Conservation Service, Federal Power Commission. 

15. CONSULTATION WITH INTERESTED PARTIES. In order to determine
 
the extent and type of improvements desired, public hearings were held
 
at Paterson, New Jersey in 1936, 1939, 1946 and 1961, at Washington,
 
D. C. in 1950; at Newark, New Jersey in 1956, and also at Chatham, 
Troy l1ills, Wayne, Belleville and Yahwah in 1961. In addition, public 
meetings and conferences were trequently held with officials of various 
governmental agencies, committees, organizations, agencies, groups, 
and private individuals of the State and local parties. The concept 
of the plan of improvement was further presented to the local resi ­
dents in an illustrated brochure dated December 1968 and titled 
"Passaic River Basin Water Resources Development Study, Infolmation 
Bulletin." Public meetings were held on 16 and 19 December 1968 at 
Wayne and ?4adison, New Jersey to inform all concerned on the latest 
plans of improvement under consideration. 

III - PRIOR REPORTS 

16. FLOOD CO~~ROL. A preliminary examination report was submitted 
by the District Engineer in December 1936 under the authority refer­
enced in paragraph 1. Concurrently with the foregoing report and 
under the same authorization the Secretary of Agriculture submitted 
a preliminary examination report on the Passaic River, New Jersey, 
in which it was concluded that the expenditure of Federal funds by 
the Department of AgriCUlture for runoff and waterflow retardation 
and soil erosion was not justified. Based on the review of the 
District Engineer's preliminary report, a survey report was author­
ized and subsequently submitted to the Chief of Engineers in March 
1939. Since local interests consumed considerable time in review­
ing the report in attempting to resolve their differences, the report 
was returned to the District Engineer in April 1945 for updating for 
changed conditions. In OCtober 1948 the District Engineer submit­
ted a revised report recommending favorable action on a modified 
plan. This report was returned to the District Engineer in March 
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1950 for further study because of the divergent views of local inter­
ests. In JUne 1962 the District Engineer submitted an updated and re­
vised draft report recommending favorable action on an alternative plan. 
This draft report was also returned to the District Engineer in October 
1962 for further study because of the divergent views of local interests 
and the apparent economic deficiency of the recommended plan. 

17. NAVIGATION. Under the River and Harbor Act of 10 June 1872, a 
navigation project in the Passaic River was authorized. This report 
published as Senate Executive Document No. 35, 42d Congress, 2nd 
Session, recommended a channel varying from 50 to 200 feet width and 
in depth from 6 to 7! feet, mean low water between the Center street 
Bridge in Newark and Gregory Avenue highlvay bridge in Passaic. Sub­
sequently, several modifications to this original project have been 
authorized and constructed. Pertinent information concerning these 
survey reports and the authorizing documents are contained in Appendix 
N, General Information. 

18. REPORTS BY OTHERS. Several hundred reports have been compiled on 
the development of water resources in the Passaic River basin. These 
reports date back to colonial times when the main emphasis of the stud­
ies were 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 Com­
mission, considered several alternative plans and made an inventory of 
the total flood control benefits which might be delivered within the 
Passaic watershed from each plan. The report concluded that the total 
capitalized value of these benefits would be $93,109,000. 

IV - BASIN DESCRIPTION
 

19. LOCATION AND EXTENT. The Passaic River watershed has a total 
area of 935 square miles of which 787 S~lare miles Or 84 percent are 
in the northeasterly portion of the State of New Jersey, and the re­
mainder in the southerly portion of New York State. The watershed 
in New Jersey occupies 10.5 percent of the total state area and in­
cludes the greater parts of Passaic County, Essex, Morris and Bergen 
Counties, and lesser parts of Hudson, Somerset, Sussex and Union 
Counties. In the State of New York, the basin occupies parts of 
Orange and Rockland Counties. The watershed is located within a 35 
mile radius of New York City. The area is shown on published quad­
rangle sheets of the Corps of Engineers, Army Map Service; U. S. 
Geological Survey; and the New Jersey Department of Conservation. 
The watershed area and its vicinity are shown in Figures I and 2. 
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20. TOPOGRAPHY. The ~~tershed is roughly elliptical in shape, with 
a length of 56 miles and a greatest width of 26 miles. It is topograph­
ically divided into three distinct regions known as the Highland Area, 
the Central Basin and the Lower Valley, Figure 2. 

21. Highland Area. This portion of the drainage area, roughly 13 
miles ~ide, 38 miles long and 489 miles in area, is a heavily wooded 
mountainous region comprising the northwesterly half of the water­
shed. This area is charact~rized by a series of parallel ridges deeply 
dissected by transverse, s~eep-sided, narrow valleys, in which flow 
the five major tributaries, and in which are contained numerous lakes 
and reservoirs which have an aggregate water surface area of 22.9 
square miles. The average elevation is 900 feet above mean sea level 
varying from abant 1,200 to 1,400 feet in the uplands at the westerly 
edge of the watershed to 300 feet in the valley at the easterly edge. 

22. Central Basin. This portion of the watershed, containing 253 
square miles, is a flat oval shaped depression which is about 10 miles 
wide and 30 miles long, and which extends in a northeast-southwest 
direction from Millington to Little Falls. The low-lying land border­
ing the river is largely composed of fresh water swamps and flat 
meadow lands, occasionally relieved by low rolling hills and several 
rock outcrops. The total swamp area in this region is 43 square miles, 
including the Great Swamp above Millington with an area of eight square 
miles, and the Great Meadow above Two Bridges with an area of 35 square 
miles. The Great Meadow includes a chain of low lands known locally 
as Black Meadows, Troy Meadows, Great Piece Meadows, Long Meadows, Bog 
and Vly Meadows, and Hatfield Swamp. The average elevation of the 
Central Basin is 300 feet above mean sea level varying from about 500 
feet along the southwesterly rim of the basin to 163 feet at the north­
easterly edge. 

23. Lower Valley. This portion of the basin is a flat, densely, pop­
ulated and highly industrialized region that encompasses 193 square 
miles of the southeasterly portion of the watershed and extends from 
Little Falls, at the northeasterly edge of the Central Basin, to the 
mouth of the Passaic River in Newark Bay. This roughly rectangular 
valley, about eight miles wide and 26 miles long, has rolling sides 
and a wide flat flood plain. The average elevation of the area is 
about 250 feet above mean sea level, varying from 500 feet along the 
westerly edge of the basin to tide level in Newark Bay. The tribu­
taries in this area are short and steep, and enter the main stream at 
uniform intervals below Two Bridges. 

24. STREAMS. Mainstream. The Passaic River from its headwaters in 
Mendham Township, Morris County, New Jersey to Newark Bay is 87 miles 
long. The course of the stream is generally south by east for a dis­
tance of about eleven miles to a point upstream of the village of 
Millington where the Great Swamp acts as a collecting basin for the 
headwater tributaries in 'this area. At Millington, the stream flows 
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through a narrow gorge traversing a high trap rock ridge, and then 
is sharply diverted to the northeast by the Second Watchung Mountain 
which forms the southeasterly limit of the watershed. From Milling­
ton to Chatham, the stream flows for a distance of twelve miles through 
a narrow corridor between two flanking ridges which limit the width 
of the watershed in this section to an average of about three miles. 
Beyond Chatham, the main stream continues in a northerly direction to 
the Great Meadow area in Caldwell where it turns sharply east through 
a rock gorge at Little Falls and thence northeast to Paterson, a dis­
tance of 40 miles. It then flows south a distance of about 24 miles 
to its mouth at the northerly end of Newark Bay, which is joined to 
upper New York Bay by Kill 'Van Kull and to Lower New York Bay by 
Arthur Kill. 

25. Tributaries. All of the major tributaries of the Passaic River 
ri,se in the Highland Area and enter the main stream within the Central 
Basin, Figure 2. The Pompton River, draining its tributaries, the 
Pequannock, Wanaque and Ramapo Rivers, enters the main strea~ from the 
north at Two Bridges. The Rockaway River, draining its tributary, the 
Whippany River, enters the main stream from the west near Pine Brook. 
The Saddle River, the only large tributary downstream of Two Bridges, 
enters the main stream from the north opposite the City of Passaic. 

26. STREAM SLOPES. From its mouth in Newark Bay (mile 0.0) to Dundee 
Dam at Clifton (mile 17.4), the Passaic River is tidal, Figure 3. In 
Newark Bay, the mean low water elevation is 2.3 feet below mean sea 
level, the extreme tide of record has been 8.3 feet above mean sea 
level and the tidal range is 4.9 feet. At Gregory Avenue Bridge in 
Passaic (mile 13.8), the mean low water is 2.3 feet below mean sea 
level and the tidal range is 5.1 feet. Above the Eighth Street Bridge 
in Passaic (mile 15.0), which is the head of the Federal improvement 
for navigation, the river is shallow and the tide is increasingly af­
fected by fresh water runoff of the Passaic River. 

27. In the 80 miles of its course from Great Swamp above Millington 
to its mouth in Newark Bay, the Passaic River has a total fall of 220 
feet of which about 113 feet occur as vertical falls of 17 feet at 
Dundee Dam in Clifton, 63 feet at the Great Falls (S.U.M. Dam) in 
Paterson, and 33 feet at Beattie's Dam in Little Falls. The eleva­
tion of the Great Mead~~s above Two Bridges varies uniformly from 165 
feet above mean sea level to 180 feet above mean sea level. The Great 
Swamp has an elevation of 225 feet above mean sea level at its lower 
end and an elevation of 240 feet above mean sea level at its upper end. 
The gradients of the main river and tributaries are summarized in Table 
1 and presented in more detail in Appendix B. 

28. CJiAN"l.J'EL DIMENSIONS AND CAPACITIES. In the Lower Valley, flood­
ing occurs as a result of insufficient channel capacity, due in part 
to the flat gradient and meandering character of the stream, but in a 
larger measure to flagrant encroachments by communities both in the 
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TABLE 1 - STREAM SLOPES
 

Distance 

Stream Reach 
above mouth 

of 
Average 
slope in 

Passaic River feet 
in miles La) per mile 

Passaic River Mouth to ~ndee Dam at Clifton 0-17.4 Tidei·;ater 
Dundee Dam to S.U.M. Dam at 

Great Falls 17. Lf-25.2 2.0 
S.U.M. Dam to Beatties Dam at 

Little Falls 25.2-29.7 1.9 
Beatties Dam to Below Chatham 29.7-58.7 0.3 
In Chatham 58.7-61.5 10.6 
Chatham to Above Millington 61.5-81.0 0.9 
Above Millington to Head­

waters 81.0-87.5 58.8 

Major Tributaries 
Pompton River Two Bridses to Pompt'on 

Lakes Dam 33.0.1.J1.9 4.5 
Pequannock River Pompton Lakes to Oak Ridge 

Dam 39.7-59.2 3" (IJ.; ­

Wanaq,ue River Pompton Lakes to Greenwood 
Lake Dam 41.8-58. Lf 25.9 

Ramapo Rlver Pompton Lal,e s to Monroe LI1.9-71f.6 12.2 
RockaHay River Pine Brook to Petersburg 117.0-83.0 17.2 

y.1hippany River Pine Brook to Morristown 48.2-60.2 10.2 

Other Tributaries 
vleasel Brook Passaic to Clifton (Jewett 

Avenue) lLf.2-l6.7 26.0 
Saddle River Lodi to Upper Saddle River 15.5-33.0 8.0 

Hohokus Creek Ridgewood to Allendale 25.8-31.8 35.0 
Diamond Brook Fairlawn to Glen Rock 22.2-24.7 15.0 
Goffle Brook Hawthorne to \vyckoff 23.3-30.3 47.7 
Molly Ann's Brook Paterson to Franklin Lakes 25.8-32.3 63.1 
Slippery Rock Brook Paterson to \<Jest Paterson 26.1-28.1 225.0 
Peckman River West Paterson to Pleasantdale 28.2-34.3 44.0 
Singac Brook Singac to Preakness 31.8-35.8 10.5 

Note: (a)	 0.0 miles on the Passaic River is the intersection 
of the Hackensack and Passaic River channels in 
Nevmrk Bay, approximately 4,000 feet downstream of 
Central Railroad of New Jersey bridge over the 
Passaic River, Figure 1. All mileages given are 
referred to this point. 
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flood plain and along the river banks. The process of land reclamation 
by deposition of earth fills adjacent to the river has materially re­
duced the original channel width. Through erosion and sedimentation, 
heavy deposits of silt have shoaled the channel and formed islands in 
several localities. Throughout the Lower Valley numerous bulkheads jut 
into the waterway and constrict its width. Many of the bridges, built 
at low level to meet adjacent street grades, afford grossly inadequate 
water'vays for the safe passage of floods; and many bridges, destroyed 
by the J.903 flood, have since been rebuilt with equal or smaller open­
ings than existed before the flood. In the navigable section, the chan­
nel is further restricted by large bridge-pier fenders built in mid­
stream. 

29. Under existing conditions the Passaic River varies in width from 
about 165 feet to 800 feet in the reach from Two Bridges to its mouth. 
In depth it varies over the same reach from 8 to 45 feet. The major 
tributaries in the lo'rer reaches vary up to 510 feet in width and up to 
24 feet in depth. The minor tributaries, largely in the Lower Valley, 
vary up to 80 feet in width and up to 7 feet in depth. The channel dim­
ensions of the main stem through the Lower Valley are summarized in 
Table 2. Other data on cross-sectional dimensions of the main stream 
and tributaries are given in Appendix B, Hydraulics. 

TABLE 2 - CHANNEL DIMENSIONS, LOWER VALLEY 

Thalweg raJ 
Miles Width at Depth at 

Reach Above Top of Banks Bankful Stage 
Mouth (feet) (feet) 

Min. Max. Av. Min. Max. 

Newark Bay 
to Clifton 0-11.5 260 800 l~OO 14 45 

Cl1ftonto 
Dundee Dam 11.5-17.4 200 730 330 14 33 

Dundee Darn to Head 
of Lake Dundee 17.4-18.6 720 1,300 850 13 19 

Lake Dundee to 
S. U.M. Dam 18.6-25.2 165 750 300 11 20 

S.U.M.	 Dam to 
Beatties Dam 25.2-29.7 210 620 280 8 15 

Beatties	 Dam to 
Two Bridges 29.7-33.0 200 390 290 10 12 

(a) Lowest point on channel bed at any cross-section, Figure 1. 
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30. Under present channel conditions, flooding begins to occur in the 
City of Paterson above Great Falls when the discharge at Great Falls is 
3,100 cubic feet per second. Floods of this magnitude occur on an aver­
age of twice yearly. Flooding in the river below Little Falls general­
ly occurs when the discharge at Great Falls exceeds 7,700 cubic feet 
per second, which occurs on the average twice about every 3 years. Ex­
tensive flooding through the Lower Valley begins with discharges at 
Great Falls (S.U.M. Dam) of 11,700 cubic feet per second, with an aver­
age occurrence of once every 4 to 5 years. Immediately upstream of 
Little Falls, flooding occu,.s as a result of backwater from Beatties 
Dam and from the narrow approach channel which extends upstream of the 
dam nearly to Two Bridges. In this section overflow occurs whenever 
the discharge of the Passaic River at Little Falls exceeds 4,800 cubic 
feet per second and inundation of meadowlands upstream occurs whenever 
the discharge exceeds 2,900 cubic feet per second although limited over­
flow at scattered localities occurs at somewhat lower discharges. Bank­
full channel capacities of the main stream and its tributaries at indi­
cated gages are given in Appendix B, Hydraulics. 

31. DRAINAGE AREAS. Drainage areas of the Passaic River, as well as the 
Pompton, which is the major tributary, Whippany and Rockaway Rivers and 
several other principal tributaries together with watershed areas at des­
ignated localities on the main stream are given in Table 3. other drain­
age area data are given in Appendix B, Hydraulics. 

32. BRIDGES. Several hundred bridges cross the Passaic River and its 
tributaries. In the 25 miles of stream downstream of S.U.M. Dam, 50 
bridges cross the river. Fourteen of these are railroad bridges and 
the remainder are mainly highway bridges with some footbridges and pipe­
line crossings. In the Central Basin, downstream of Millington, 50 
bridges cross the Passaic River, and a total of 25 bridges cross the 
Rockaway, Pompton and Whippany Rivers. Of this total, 61 are highway 
bridges with the rest being made up of railroad bridges, foot bridges 
and pipeline crossings. Data on the more important bridges in the 
watershed are listed in Appendix B, Hydraulics. 

33. GEOLOGY. The Passaic River watershed falls into two broad physio­
graphic provinces, the Highlands on the west and the Lmllands on the 
east. The two units are almost equally divided along an inactive fault 
which runs in a line from the south~vest margin of the basin northeast­
ward into New York State. The lIighlands are predominantly a mountain­
ous region composed of broad crystalline rock ridges and narrower belts 
of sedimentary shale, sandstone and conglomerate. The Lowlands consti ­
tute a gently sloping area from the foot of the Highlands downward to 
sea level at Newark Bay. The sedimentary shales and sandstones under­
lying the Lowlands are broken by a series of igneous basalt ridges 
trending in a northeasterly direction. Almost the entire basin was 
subjected to glacial erosion and deposition, producing lasting effects 
on the topography and drainage of the recion. Downstream of Chatham, 
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TABLE 3 - DRAINAGE AREAS
 

rtlles above mouth Drainage area 
stream of Passaic River in s9"uare miles 

Passaic River 
Mouth 
Dundee Dam 
Beatties Dam 
Below Pompton River 
Below Rockaway River 
Below Canoe Brook 
Below Dead River 

Tributaries (a) 
Saddle River 
Molly Ann's Brook 
Pompton River 
Pequannock River 
Wanaque River 
Ramapo River 
Mahwah River 
Rockaway River 
Whippany River 

0.0 
17.4 
29.7 
33.0 
47.0 
57.5 
72.5 

15.5 
25.8 
33.0 
39.7 
41.8 
41.9 
53.9 
47.0 
48.2 

935.0 
809.9 
762.2 
740.8 
347.1 
115.3 
77.9 

60.6 
8.6 

378.1 
192.6 
108.1 
160.0 
25.3 

205.7 
72.0 

(a)	 All drainage areas for tributaries are at their
 
mouths.
 

where the stream originally flowed through the Rahway River Watershed, 
heavy deposits of debris dammed the original channel and diverted stream 
flow into the Passaic River drainage system. The southernmost limit of 
the glacial advancement is marked by a terminal moraine ridge from Dover 
to Summit. An extensive area within the southern half of the Lowlands 
was covered by a glacial lake in which considerable quantities of im­
permeable silts and clays were deposited. These clayey deposits under­
lie the vast meadow lands of the Central Basin. A more detailed analy­
sis of the geology of the basin is contained in Appendix C, Geological 
and Soils Investigations. 
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v - ECONOMIC DEVELOPMENT
 

34. GENERAL. This section describes the nature of both the present and 
projected economic structure of the Passaic River basin as background 
for the consideration of water resource plans of improvement. Economic 
indicators examined were popUlation, manufacturing employment, personal 
income, agriculture and land utilization, as well as the extent of avail ­
able public facilities for transportation, power, water supply and other 
uses. From an economic standpoint the Passaic River watershed is an 
integral part of the Greater New York Metropolitan area. In the west 
and south, the development is largely rural and suburban, with a rapid 
transition to intense industrial development in the easterly portion of 
the watershed approaching New York City. Detailed discussion of economic 
aspects are in Appendix D. 

35. POPULATION nasin. According to United States Census reports, the 
population of the Passaic watershed was 1,815,000 in 1970, or about 1,940 
inhabitants to the square mile. Of this'total, about 58 percent resided 
in urban centers of 10,000 persons or more, approximately 98 percent re­
sided in the State of New Jersey, and nearly 80 percent was concentrated 
in the Lower Valley below Little Falls. In 1970, the Passaic watershed 
contained about 25 percent of the total popUlation of the State of New 
Jersey. The popUlation of the watershed increased at an average annual 
rate of 2.25 percent from 1950 to 1960 and 1.6 percent from 1960 to 1970. 
Population densities vary from an average of 6,125 persons per square mile 
in the Lower Valley to an average of 282 persons per square mile in the 
Highland Area. Maximum density occurs in the City of Paterson with 17,500 
persons per square mile. The metropolitan character of the watershed, 
partiCUlarly of the Lower Valley, is evident when its population density 
is compared with approximately 400 persons per square mile for 212 metro­
politan districts of the United States, and the value of 7,500 persons 
per square mile for the Greater New York and New Jersey metropolitan area 
as a whole. Newark, the largest city in the State of New Jersey, had a 
1970 population of 382,400 of which about forty percent resided in the 
Passaic watershed. Communities located entirely within the Passaic basin, 
together with their 1970 popUlations include the following: Paterson 
(144,824), Passaic (55,124), Clifton (82,437), Montclair (44,043), Bloom­
field (52,029), Belleville (34,643) and Garfield (30,722). 

36. Service Area. The area that would be affected most by the develop­
ment of any new supply of water and other water-related facilities from 
the Passaic River is referred to as the Passaic River Service Area; it 
consists of nine courttiesin New Jersey and Rockland County in New York. 
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The Service Area contains all sub-areas that would benefit from any speci­
fied type of water resource improvement. The populations of the 10 coun­
ties in the Service Area total 4,256,000, distributed as shown in Table 4. 
The population of the Service Area is projected to increase to 5,828,000 
persons in 1985, 7,069,000 persons in 2000 and 8,858,000 persons in 2020. 
The area considered to be affected directly by different types of improve­
ment is also indicated in Table 4. For example, recreational development 
in the Passaic River basin would benefit the counties of Passaic, Bergen, 
Hudson, Essex and Morris, and portions of Hunterdon, Somerset, and Union 
which are located within a reasonable commuting distance of 25 miles from 
the facilities. Additional pertinent information on population of the 
Service Area is contained in Appendix D; Economic Base Study. 

37. MANUFACTURING EMPLOYMENT. In 1970, 670,000 persons or 37 percent of
 
all people employed in the Passaic-Raritan Water Resources Planning Area
 
01014, an area defined by the United States Office of Business Economics
 
and approximately coextensive with the Service Area, were employed in
 
manufacturing. This proportion did not change significantly from the
 
37.9 percent figure for 1940. Manufacturing employment in Planning Area
 
01014 is projected to increase to 674,000 in 1985, 688,000 in 2000 and
 
729,000 in 2020 and is expected to remain the largest component of total
 
employment.
 

38. ManUfacturing Water Consumption. Paralleling the national situation, 
five major industrial uses of water account for close to 90 percent of all 
fresh water used in the basin for industrial purposes. These are: pri ­
mary metals, chemicals and their prOducts, pulp paper and its prOducts, 
petroleum and coal products, and food and kindred products. 

39. PERSONAL INCOME. Personal income increased at a lower rate in the 
Passaic River Service Area between 1929 and 1959 than in the nation. 
Projections indicate that this trend may be expected to continue. The 
1959 income of $11.1 billion was 2.1 times as great as the 1929 income 
of $5.2 billion, representing an annual growth rate of 2.6 percent. Cor­
responding figures for the nation show an increase of 24 times and an 
annual growth rate of just over 3 percent. Between 1959 and 2020 per­
sonal income in the Service Area is expected to increase approximately 
11.3 times, more slowly than the 13.1 times predicted for the nation. 

40. It is to be noted that the foregoing figures are based on an average 
for the entire Service Area. In actuality, the COre areas, which represent 
the bulk of the population and therefore, the major influence on all eco­
nomic parameters, portray the typical symptoms of the declining cities, 
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TABLE 4 - PASSAIC RIVER SERVICE AREA
 

County f. \ Popula1;iQn (thousands) \ f \ Applicable improvement (a) 
1970\Oj -1985\Cj 2035\Cj 2085\Cj 

Bergen 898,000 1,086,000 1,872,000 3,048,000 FPC, HC, Nav, WQ" WS 
Essex 930,000 1,039,000 1,681,000 2,605,000 WS, FPC, HC, Nav, MD, Rec, F&W, WQ, 
Hudson 609,300 619,000 824,000 1,052 ,000 FFC, HC, Nav, Rec, WS 
Hunterdon 69,700 107,000 269,000 484,000 WS 
Middlesex 583,500 755,000 1,645,000 3,313,000 WS, Rec, F&W 
Morris 383,500 540,000 1,421,000 3,081,000 FPC, MD, WS, WQ" Rec, F&W 

I-' 
-I="" 

Passaic 
Rockland 

460,800 
229,900 

493,000 
315,000 

640,000 
503,000 

833,000 
835,000 

MD, FPC, WS, WQ" 
WS, FPC, Rec 

Rec, F&W 

Somerset 198,400 279,000 762,000 1,860,000 WS, FPC, WQ" Rec, F&W 
Union 543,100 595,000 853,000 1,215,000 WS, WQ" FPC, Rec, F&W 

- ­
Total 4,906 ,200 5,828,000 10,470,000 18,326,000 

(a)	 Definitions, FPC - fluvial nood control, HC - hurricane control, Nav - navigation, WQ, - water 
Quality, WS - water supply, MD - major drainage, Rec - recreation, F&W - fish and wildlife 

(b) 1970 Census 

(c) Projected population 



while the intermediate ring portrayed by the counties of Morris, Rockland,
 
Passaic, Middlesex and Somerset, are experiencing a period of unparalleled
 
growth in population and corresponding increases in employment and personal
 
income, as discussed in Appendix D, Economic Base study.
 

41. LAND USE AND DEVELOFMENT. The land use and development within the
 
watershed is highly diversified. Intensely developed industrial and
 
urban areas are located in the southeasterly portion of the watershed.
 
Within the Central Basin, although development has been materially re­

tarded in comparison with other areas by the existence of large expanses
 
of swamp, the influence of metropolitan activity has been such as to
 
cause the growth of numerous suburban and industrial communities, parti ­

cularly where rail and highway facilities afford commuting service. For
 
example, one has rezoned some 2,300 acres of land from agricultural to
 
industrial use, and many residential developments have spr~~g up through­

out the northern portion of the Central Basin along its water courses.
 
Some of the remaining arable land is devoted to truck farming. The
 
mountainous and wooded Highland Area lying to the west of the Central
 
Basin includes :£everal large publicly owned reservations set aside for
 
water supply use by the metropolitan communities to the east, and con­

tain many summer recreational colonies bordering streams and lakes.
 
Picatinny Arsenal, a military reservation, is located in the westerly
 
portion of the Highland Area on Green Pond Brook in the headwaters area
 
of the Rockaway River. Additional detailed information on land use is
 
contained in Appendices I, Cost Estimates and J, Project Formulation.
 

42. TRANSPORTION Highways. The Passaic watershed is traversed by most 
of the important arteri~ highways connecting the New York City Metropolitan 
Area with areas to the north, west and south. The super highways traversing 
the watershed include: The New York State (Governor Thomas E. Dewey) 
Thruway connecting New York City and Buffalo via numerous other important 
cities in New York, and the Garden State Parkway connecting the New York 
Thruway at Spring Valley, New York with the southern tip of New Jersey 
at Cape May; in addition, construction is now underway for serveral major 
highways which traverse the watershed. These are as follows: Interstate 
Route 80. portions of which are complete, extending from the George 
Washington Bridge generally westward across the watershed to the Pennsyl­
vania border; Interstate Route 280 extending from Interstate Route 80 in 
the Troy Hills area generally in a south easterly direction to Kearny; 
Interstate Route 287 extending from the New York State Thruway at Suffern, 
New York, generally southwest to Somerville, New Jersey and then east 
toward Perth Amboy; Interstate Route 78 extending in a generally eastward 
direction intersecting the lower portion of the watershed just below 
Millington, New Jersey. Other major highways include: State Route 17 
starting at its intersection with State Route 3 in the vicinity of Rutherford 
New Jersey and extending northward along the eastern portion of the water­
shed through Mahwah, New Jersey and Suffern, New York to the Catskills and 
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central New York State; Route 202 extending in a generally southerly
 
direction from Suffern, New York to Wilmington, Delaware; U. S. Route 1
 
to Philadelphia and Washington crossing the Passaic River in the tidal
 
section near its mouth; and New Jersey Route 23 extending generally
 
northwest through the basin from Montclair, New Jersey to Port Jervis,
 
New York.
 

43. Many improved interstate, state and county roads that have been con­
structed in the watershed have contributed toward the extensive develop­
ment of outlying areas in the past fifteen years. Bus lines and passen­
ger vehicles constitute the most important media of local passenger trans­
port. 

44. Railroads. Several railroads, carrying a large part of the national 
commerce, traverse the watershed and converge on the Newark and Jersey 
City area where freight classification and rail to ferry transfers are 
made in the course of transportation of goods and passengers to and 
from New York City. Extensive tracka~e through the watershed is owned 
by the Erie-Lackawanna Railroad and the Central Railroad of New Jersey. 
The Erie-Lackawanna main line extends from railhead in Newark through 
Ridgewood, Suffern and points beyond the watershed to Chicago. A 
branch line connects Hackensack, Pompton, Oak Ridge and points west of 
the watershed to Wilkes-Barre, Pennsylvania. Another branch from Green­
wood Lake New Jersey connects Paterson and Passaic to the railhead in 
Jersey City. The main line of the Central Railroad of New Jersey follows 
a westerly route connecting Jersey City, Newark, and Elizabeth with 
Somerville, and points west in Pennsylvania. At High Bridge a main trunk 
extends north to Chester and Hopatcong. 

45. Air and heliports. Immediately south of the Passaic watershed is 
located the Newark Airport, a major terminus in the east for mail and 
passenger service. Regular service is maintained to all parts of the 
United States from this field. Within the Passaic watershed there are 
eleven airports of the following FAA classification types; one is 
"Supercontinental", one is "Trunk", three are"Local" and six are "Private." 
A listing of these airfields is contained in Appendix N. More recently 
the need for an additional large airfield capable of accommodating jet 
aircraft to serve the New York Metropolitan area resulted in a study to 
determine the selection of a suitable site. A report by the Port of New 
York Authority dated May 1961 recommended among several possible locations 
two within the watershed which are located at: Fairfield Township and 
West Caldwell Borough in Essex County extending west into Parsippany-
Troy Hills Township in Morris County; and Morris County mainly in Harding, 
Chatham and Passaic Townships. Local interests have indicated strong 
opposition to these proposals for a jet airfield in New Jersey and the 
location of the new jet airport is yet to be resolved. Heliports are 
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becoming very popular in this region. Because of their small size and 
adaptability to any location, they are frequently used as a taxi service
 
from existing airports to other areas within the region, including New
 
York City.
 

46. Navigation. The Passaic River is navigable, under a Federal project, 
from its mouth to the Eighth Street Bridge in Passaic. The present channel 
is part of a general project affording navigation facilities in Newark 
Bay and the Hackensack and Passaic River, New Jersey. In the Passaic 
River, the project provides for a channel 30 feet deep at mean low water 
and 300 feet wide from Newark Bay to a point 3,000 feet above the Lincoln 
Highway Bridge in Newark, a distance of 2.6 miles; thence 20 feet deep 
and 300 feet wide to the Nairn Linoleum Works, about 4.4 miles; then 16 
feet deep and 200 feet wide to the Montclair and Greenwood Lake Railroad 
bridge, about 1.1 miles; thence 10 feet deep and 150 feet wide to the 
Eighth Street Bridge in Passaic 7.3 miles; a total distance of 15.4 miles. 
The approach channel in Newark Bay is 50 feet deep with a minimum width 
of 400 feet. 

47. The existing navigation project for the Passaic River alone was adopt­
ed by the River and Harbor Acts of 2 March 1907, 27 February 1911, 25 July 
1912, 21 January 1927, 3 July 1930, and 2 March 1945. The total cost to 
the United States of all work in the Passaic River, Newark Bay and Hacken­
sack River to 30 June 1961, was about $16,512,880 of which about 10,788,280 
was for new work and $5,724,600 for maintenance. The average annual main­
tenance cost during the fiscal years 1962 through 1967 was $306,000. 
The general project for Newark Bay, Hackensack and Passaic Rivers, New 
Jersey is about 94 percent completed. On the Passaic River the channels 
included in the project have been completed to full project dimensions 
except for the completion of the 20-foot channel from Jackson Street to 
the Nairn Linoleum Works which is presently considered to be' inactive. 

48. There are several publicly owned freight terminals and more than 100 
usable private wharves and piers along the improved sections of the Passaic 
River. The navigation season extends throughout the year. Commerce on 
the Passaic River in 1968 involved a total movement of 11,411,464 tons. 
The lower Passaic is also used for recreation purposes. 

49. RESERVOIRS. There are more than 200 artificial lakes, ponds and re­
servoirs of the Passaic River basin used mainly for recreation and water 
supply purposes. Several yacht clubs, boat repair and storage yards pro­
viqe landing and servicing facilities for numerous recreation craft. 
About 130 of these are used for recreation 35 for industrial water supply, 
20 for potable water supply, and about 15, in whole or in part for water 
power purposes. Data on the larger reservoirs are contained in Appendix 
E, Water Use. 

17
 



50. WATER SUPPLY. The Passaic River and its tributaries are the primary
 
source of water supply for the municipalities in northern New Jersey.
 
Prior to 1894, Jersey City, Newark and many other communities obtained
 
their potable water supplies from the lower river. Communities else­

where used springs and wells. As demands increased through the years
 
several major supply systems were developed on the Rockaway, Pequannock
 
and Wanaque Rivers. Bayonne, Jersey City, Montclair, Kearny and other
 
communities draw water directly from the Passaic River at Little Falls.
 
The communities of New Providence, Springfield, Summit, Irvington, Chatham
 
among others draw their supply from the upper Passaic River. The major
 
water supply systems that constitute the greater portion of supply for
 
the Northern Metropolitan District comprising an area bounded by the New
 
Jersey-New York state line, Hudson River, Raritan River and the Passaic
 
River are the Pequannock, Rockaway, Wanaque-Ramapo systems, Passaic Valley
 
Water Commission and Commonwealth Water Company. These systems are dis­

cussed in detail in Appendix E, Water Use.
 

51. The Service Area's population density of 1,770 persons per square mile 
is more than twice the density of the state as a whole. Because of this 
high density, water is a limiting factor in New Jersey's growth. There has 
been a constant water shortage in New Jersey which almost became an econom­
ic catastrophe in 1965. In the spring of that year, a state of emergency 
was declared by the governor, and a statewide policy of conservation and 
rationing of water began in order to provide for the needs of people and 
industry in the northeastern section of New Jersey. By November of 1965, 
the regular water supply of the Newark area was exhausted. Consequently, 
4 billion gallons were diverted from Lake Hopatcong to the Newark area. 
During this drought of 1965, there were newspaper advertisements to at ­
tract New Jersey's industries to other states for dependable water supplies. 

52. Lack of a more dependable water supply will inhibit new invesments in 
the Service Area because of the possibility of shutdowns and resulting 
financial losses caused by unavailability of water. 

53. WATER POWER. The power resources of the Passaic watershed were uti ­
lized to a maximum during the latter part of the 19th Century when more 
than 200 independent mills were operated on run-of-river flow. Practically 
all of these have been abandoned, however, in favor of larger power systems 
having generating efficiencies. Flow diversions for potable use and for 
industrial processing have been an important contributing factor in this 
change. There are now only two important hydro-electric plants on the Pas­
saic River. These are on the main stream of the river at Great Falls and 
Little Falls. The site at Great Falls was originally developed by the 
Society for Establishing Useful Manufactures (S.U.M.) which was organized by 
an act of the N.J. state Legislature in 1791 to promote industrial activity 
in the Passaic Area. The plant is now owned by the City of Paterson but 
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leased to the Public Service Commission which sells its energy output to
 
local industry. The plant has a total installed hydro-electric capacity
 
of 4,600 KW. The installation at Little Falls is Beatties Dam which was
 
originally constructed in 1867 and is now utilized by the Passaic Valley
 
Water Commission to pump water from the Passaic River and also as a
 
booster plant for furnishing water supplies from the Wanaque system to
 
Paterson, Passaic and Clifton. Surplus energy developed at this site
 
is directed into the lines of the neighboring utility systems. Both of
 
these foregoing plants lack storage, and operate on run-of-river flow,
 
generating mainly secondary power. The total annual output of these
 
plants represents less than one percent of the power now used annually
 
within the Passaic River basin.
 

54. THERMAL POWER. By far the greater portion of the electrical energy
 
consumed wi thin the Passaic Valley is generated at steam plants. Public
 
utility service wi thin the watershed is furnished by the Orange and Rock­

land Electric Company, Public Service Electric and Gas Company, Jersey
 
Central Power and Light Company, New Jersey Power and Light Company and
 
the Butler MUnicipal Plant. All except the Butler Municipal Plant are
 
interconnected. The total capacity of the power facilities is about
 
5,000,000 KW.
 

55. SEWAGE DISPOSAL. It is estimated that over 1.54 million people or 
approximately 83 percent of the population residing within the Passaic 
River Basin are served by numicipal sewerage systems. The two major 
systems in the basin are the Passaic Valley Sewerage Commissioners system 
and the Essex-Union Joint Meeting. These systems serve approximately 
63 percent of the total population and discharge out of the basin to 
tidal waters in Upper New York Harbor and the Arthur Kill. Based on waste 
disposal data provided by the State of New Jersey and the 1962 Public 
Health Service Waste Facilities Inventory, there are over 150 waste 
treatment facilities discharging to the Passaic River and its tributaries. 
Fourteen plante discharge directly to the Passaic River with the remaining 
discharge to tributary streams. All of the treatment facilties discharging 
to the river and its tributaries were designed to provide secondary treat­
ment and chlorination before discharging. However, many of the facilities 
are either inefficient or overloaded with a resultant poor effluent quality. 
It is estimated that approximately 49,000,000 gallons of treated wastewater 
are discharged daily to the Passaic River Basin with an estimated total 
organic loading of 31,800 pounds of ultimate biochemical oxygen demand 
(BOD) per day. This is equivalent to a raw sewage discharge from a pop­
ulation o£ 125,000 persons. In addition to treated and untreated sewage, 
the stream is also used for the disposal of industrial wastes such as 
textile dying and finishing, paper board, chemical, phenols, oils, and 
pharmaceuticals. 
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56. RECREATION. The Highland Area of the Passaic watershed is well 
adapted to all types of recreation and has been developed accordingly. 
There are extensive sub-marginal areas of scrub woodland that are unsuited 
for either lumbering or agriculture. Numerous lakes and ponds, period­
ically stocked by the New Jersey Fish and Game Commission, are scattered 
throughout the region. Many of these have been developed for boating and 
swimming. Private fish and game preserves have been opened to the public. 
Many small mill ponds, which formerly furnished power to scattered in­
dustries, have in recent years been converted to recreational use. Exist ­
ing recreational facilities in this area, however, have lagged considerably 
behind present requirements. This has probably been due to the heavy in­
dustrialization of the lower valley and to the mosquito nuisance which 
originates in the Great Meadow area. Although over 60,000 acres or about 
ten percent of the watershed is held in public ownership, relatively 
little of this is available for unrestricted recreational use. More than 
45,000 acres of woodland largely in the upper Pequannock watershed and in 
the vicinity of Wanaque watershed are being held by the city of Newark and 
other municipalities for the' protection of surface water supplies. Federal 
holdings in the Passaic area include the 958 acre Morristown National 
Historical Park, which is administered by the National Park Service, and 
the 3,750 acre Great Swamp National Wtldlife Refuge, administered by the 
United States Fish and Wildlife Service. The refuge will eventually cover
 
5,750 acres. It is noteworthy that nearly one-sixth of the nation's
 
population is within three hours automobile ride of this area.
 

57. Currently there are eight state administered parks and forests used 
for pUblic recreation within the zone of recreation influence which in­
cludes all or parts of the following eight counties: Bergen, Essex, 
HUdson, Morris, Passaic, Union, Somerset, and Hunterdon. The state re­
creation areas encompass about 8,000 acres with a 1965 attendance record 
of 2.7 million. In addition there are about 12,500 acres in the county 
park system supplementing existing Federal and State lands, for which no 
attendance records are available. For a full discussion of the zone of 
recreation development see Appendix H, Recreation. 

58. MOSQUITO CONTROL. The mosquito nuisance in the Passaic watershed 
is intimately related to the local water resources problem, and is an 
important factor influencing the value of proper~' andthe economic se­
curity of the inhabitants in the lower Highland Area and Central Basin. 
Seven of the eight counties within the Passaic watershed have active 
mosquito exter.mination commissions invested with powers to trespass on 
private property and undertake action for the protection of the public 
health. Mosquito control work is under the authority of the State Board 
of Health and of the New Jersey State Agricultural Experiment Station. 
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The methods employed include drainage and spraying. Numerous attempts 
at drainage have been undertaken with local funds in the past, and much 
work was done by the Works Progress Administration and Civilian Conser­
vation Corps in clearing channels and excavating ditches. A four-county 
mosquito extermination committee has formulated plans for the improve­
ment of the upper Passaic River above Two Bridges, much of which has been 
performed. 

59. MINERAL RESOURCES. Mineral resources of economic importance are
 
developed to a very limited degree in the Passaic basin. The most im­

portant metallic ores, iron and zinc, are found in parts of the water­

shed's highlands. The non-metallic resources are present to a greater
 
extent and include considerable amounts of granite-gneiss and basalt
 
quarry stone. For the most part the rock is quarried and crushed for
 
the purposes of road fill, concrete and bituminous aggregate and rail ­

road ballast. Small 'quantities of desirable stone are quarried for
 
local building uses. In addition, unconsolidated sand and gravel bank
 
deposits are extensively developed for uses as aggregates, road sub­

grades and mUlti-purpose fill. The peat deposits of the basin's meadow­

lands have also been used for fUel and in the manufacture of commer­

cial fertilizers.
 

VI - CLIMATOLOGY 

60. CLIMATE. The climate of the Passaic area is moderate. The winters 
are mild with light snowfalls and with temperatures seldom sustained be­
low freezing for more than a week at a time. The summers are long with 
occasional hot sultry weather and frequent thunderstorms. In the Central 
Basin and Lower Valley the air is relatively moist due to the proximity 
of the ocean, while in the Highland Area, on the southerly prong of the 
Catskill mountains, the air is cooler and drier. The average annual tem­
perature is 52 degrees, Fahrenheit, with extremes varying from 26 degrees 
below zero in winter to 108 degrees above 7ero in summer. The hours of 
sunshine are 60 percent of the total amount possible. The relative hu­
midity is comparatively high, averaging about 70 percent. The average 
growing season is 171 days, decreasing with altitudeR. Prevailing winds 
are from the northwest, shifting to the southwest during the summer. 
Additional and more detailed climatological data are contained in Appendix 
A, Hydrology. 

61. ANNUAL RAINFALL. The average annual precipitation over the water­
shed is 47.3 inches. It is fairly uniform over the watershed, varying 
from 46.3 inches in the Lower Valley to 48~4 inches in the Highland Area. 
The maximum annual precipitation of record was 85.99 inches in 1882 at 
Paterson, and the minimum was 25.26 inches in 1930 at Morristown. The 
annual rainfall is fairly well distributed throughout the year, with a 
slight increase occurring in the summer months due to local thundershowers. 
The average annual snowfall over the basin is 34.2 inches, with a water 
equivalent of about four inches in depth. 
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62. NOTABLE STORMS. A summary of the most notable storms of record over 
the Passaic River watershed is given in Table 5, which indicates that 
October 1903 was the most severe with respect to total average rainfall 
over the basin, resulting in 11.4 inches of rainfall over a 5 d~ period. 

63. DROUGHTS. The Passaic River basin has been affected by several
 
droughts in the last four decades. These have been droughts which af­

fected the entire northeast region such as those of 1879-83, 1892-96,
 
1953-54, and 1964-66, and localized droughts which affected the New
 
Jersey and New York area such as those of 1923, 1931-32, 1937, 1941
 
and 1957-58. The most critical dry period from the view point of
 
dependable flow at Chatham and Two Bridges extended from 1964 through
 
1966.
 

VII - RUNOFF AND STREAM FLOW DATA 

64. RECORDS. Stream flow data within the Passaic River watershed are
 
available at 22 gaging stations which are operated at the present time
 
by the United States Geological Survey. Practically continuous records
 
of stream flow are available for the Passaic River at Paterson from
 
1877 to date. No stream gaging records are available for many of the
 
smaller tributaries on which flood conditions are known to exist. Com­

plete data on gaging stations and their records are given in Appendix
 
A, Hydrology.
 

65. RUNOFF. The average annual runoff as recorded at Paterson, New 
Jersey, where the drainage area is 785 square miles, is 1.55 cubic feet 
per second (c.f.s.} per square mile, equivalent to about 21.6 inches 
depth over the total watersned area. This does not include 0.35 c.f.s. 
per square mile, equivalent to about 4.1 inches of runoff, diverted 
from the upper tributary areas for water supply purposes. The total 
average annual runoff of 25.7 inches is about 53 percent of the total 
average annual rainfall. The peak stream flow as recorded at Paterson 
occurred in 1903 and was 3.04 cfs per square mile of drainage area or 
196 percent of the average discharge at Paterson. The mimimum stream 
flow occurred in 1965 and was 0.36 c.f.s. per square mile or 23 percent 
of the average at Paterson. An analysis of available stream flow in the 
Passaic River indicates a significant potential for the use of water for 
multiple-purpose use. At Two Bridges, the dependable yield based on 
available live storage of 68,600 acre-feet from the Pompton River based 
on the 1964-66 drought, the worst of record, is 100 million gallons per 
day. The dependable yield of the Passaic River at MYers Road based on 
the same critical drought and live storage of 21,300 acre-feet is 38 
million gallons per day. 
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TABLE 5 - NOTABLE STORMS
 

Average 
Rainfall 

Period of Maximum rainfall over 
Rainfall Watershed, 

inches 
Location Depth, inches 

22-24 Nov 1840 
21 Aug 1843 

(\) 16-17 July 1865 
lJJ 20-24 Sept l'8EQ 

3-7 Feb 1896 
25 Feb- 3 Mar 1902 
7-12 Oct 1903 
19-23 July 1919 
11-22 Mar 1936 
16-23 Sept 1938 
15-23 July 1945 
17-2(' Aug 1955 
27 May - 6 June 1968 

Paterson 
Charlotteburg 
Ringwood 
Paterson 
Boonton 
Milton 
Chatham 
Midland Park 
Midland Park 
Canoe Brook 

17.90 
5.61 
3.46 

15.51 
12·97 

8.95 
9·73 

14.73 
6.40 
7.96 

8(a) 
9(a) 
6(a) 
9·2 
4.4 
2.6 

11.4 
7.8 
6.0 
7.0 
8.5 
5.0 
6.0 

(a) Estimated 



VIII - FLOODS OF RECORD
 

66. FLOOD CHARACTERISTICS. Main Stream and Major Tributaries. Although 
the Passaic area is subject to relatively intense rainfalls, the overall 
natural characteristics of the watershed tend to have a moderating in­
fluence on floods. Despite this condition, heavy flood damages frequently 
recur, due to the extensive urban development of the flood plain and its 
effect in seriously reducing the safe discharge capacity of the river. 
The main stem of the Passaic above Chatham is little affected by floods, 
partly because of its long, narrow watershed, and partly because of the 
moderating effect exerted by Great Swamp on stream flow below Millington. 
The Whippany River, and to a lesser extent, the Rockaway River have 
marked peaking characteristics in their upper reaches; but in their lower 
reaches a high degree of natural storage in the Black and Troy Meadow 
areas materially reduces the flood peaks on these streamf. During the 
1903 flood, the maximum of reCord, the natural storage in this area re­
tained 2.4 inches of runoff from the drainage area of 205 square miles 
and the flood peak at the mouth of the Bockaway River was reduced to about 
53 percent of its value upstream. The Pompton River, carrying the combined 
flow of the Pequannock, the Wanaque and the Ramapo Rivers, contributes the 
principal component of flow to the flood peak in the Passaic River. The 
Wanaque River, which for its size is the most flashy stream in the Passaic 
watershed)~ delivers its flood peak several hours before the Pequannock and 
Ramapo. ~though the lower section of the Pequannock below the Macopin 
Dam is equally flashy, the peak on this stream is considerably reduced 
by the relatively flat stream slope of the upper watershed. The Ramapo, 
which contributes the largest volume of flood flow to the Pompton, takes 
the longest time to reach its peak flow. Due to the relative timing of 
the flood crests in the upper watershed, the flood peak on the Passaic 
River at Paterson is not equal to the total of the peaks for each tri ­
butary and the contribution that each tributary makes varies with the 
storm proportional to the individual peaks. 

67. All of the foregoing streams discharge into the Great Meadow area 
above Little Falls. The bottom lands in this section act as a natural 
detention reservoir in reducing flood intensities downstream. Gener­
ally, the Pompton River contributes the preponderant flood inflow to 
the Great Meadow area, filling the available storage volume at a faster 
rate than can be discharged at Little Falls, and for a period of 6 to 
8 hours causes flood water in the lower reaches of the Rockaway, Whip­
pany and upper Passaic Rivers to flow upstream. The Great Meadow area 
floods on an average twice each year. During the larger floods, inunda­
tion extends over an area of nearly 35 square miles filling a volume of 
about 20,000 acre-feet or 0.5 inches of runoff for each foot of rise 
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over the meadowlands. Had the Great Meadows not been available for 
flood detention, it is estimated that the 1903 flood peak at Paterson 
would have been nearly 55 percent greater than what actually occurred, 
and the flood damages would have been almost doubled. It is clear 
therefore, the Great Meadow area and adjacent natural storage areas 
have been a significant influence in reducing the severity of past 
floods. 

68. Minor Tributaries. The tributaries of the Lower Valley, which are
 
distributed along the entire length of the main stem, are short, flashy
 
streams controlling relatively small steep drainage areas. These streams
 
peak much earlier than the main stream and are capable of producing a
 
flood peak on the main stem independent of that produced by the Upper
 
Valley. The peak from the lower tributaries may be greater or smaller
 
than that from the Upper Valley depending upon whether the storm is
 
centered over the upper or lower portions of the watershed. In either
 
case the peak from the Lower Valley is sharp and of short duration,
 
while that from the upper watershed is of long duration. Flood stages
 
on the main stem below Dundee Dam are affected by the tides from Newark
 
Bay.
 

69. Effect of Water Supply Reservoirs. The effects of existing water­
supply reservoirs upon flood discharges at Paterson are almost neglig­
ible, except for lesser floods of long duration and uniform intensity, 
which may be wholly or largely retained in the reservoirs. Further up­
stream, the reservoir effects are somewhat more marked. There are sev­
eral reasons why the water-supply reservoirs in the Passaic basin have 
little influence over larger floods in the Lower Valley. Both the Rock­
away River upstream of the Boonton Reservoir and the Pequannock River 
upstream of the Macopin Dam peak significantly before the main stem and 
hence have little effect on its peak. On the Pequannock, such contri ­
butions that are made to the peaks, are derived almost exclusively from 
the flashy section of the watershed below Macopin Dam. In the case of 
the Wanaque River, the Wanaque reservoir is operated primarily to insure 
adequate water supplies and to obtain the necessary head to deliver 
gravity supplies through the distribution system; the reservoir is kept 
as nearly full as possible. Storage is therefore depleted by the earlier 
runoff, and when a flood finally occurs, only the surcharge above spill ­
way crest is ordinarily available for flood detention. Inasmuch as the 
present system of operation cannot be modified to provide incidental 
flood protection without seriously jeopardizing the dependable water supply 
yield of the system, it is not anticipated that the flood conditions in 
the future will be materially alleviated by changes in reservoir operation. 

70. FLOOD DISCHARGES. The peak digriharges which have occurred during 
some of the most seriously known floods on the Passaic River and sum­
marized in Table 6. These data are based partly upon stream flow obser­
vations and partly upon computations from flood marks and collateral in­
formation. In genera~, the 1903 flood discharges were the maximum of 
record at all localities in the watershed, as exemplified at S.U.M. Dam, 
Paterson, where the peak flow was 33,700 cubic feet per second. 
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TABLE 6 - FLOOD DISCHARGES 
(In cubic feet per second) 

Location Discharae 
Oct. 1903 March 193b Ma.l 19bE 

MAINSTREAM 
Passaic River 
Dundee Dam, Clifton 35,800 
S.U.M. Dam, Paterson 33,700 
Beatties Dam, Little Falls 32,700 
Chatham 5,150 

!1AJOR TRIBUTARIES 
Pompton River at Pompton Plains 36,000 
Pequannock River at Macopin Intake 
Ramapo River at Pompton Lakes 

6,100 
15,800 

Rockaway River below Boonton Reservoir 9,500 
(u.s.G.s. gage) 

Whippany River at Morristown 3,200 
Wanaque River at Wanaque 11,100 

MINOR TRIBUTARIES 
Weasel Brook at Monroe Street Bridge 1,660 
Saddle River at Lodi 7,000 
Hohokus Creek at Hohokus 3,000 
Diamond Brook at Oxford Ave Bridge 880 
Goffle Brook at Wagaraw Road Bridge 2,200 
Molly Ann's Brook at Preakness Avenue 2,180 

Bridge 

20,400 
19,500 
19,100 
1,310 

13,200 
2,560 

19,950 
2,600 

12,300 
3,750 

16,400 

9,530 
3,300 

1,500 896 
5,720 

1,720 1,900 
2,120 

71. FLOOD STAGES. Peak flood stages, corrected to suit present conditions of 
the watershed, for the October 1903, March 1936, and July 1945 and May 1968 
floods, are given in Table 7. 

72. FLOOD FREQUENCIES. Computed flood stage and discharge frequencies 
for the main stream and tributaries corrected to present conditions of 
flow and reservoir storage are given in Table 8. The indicated frequen­
cies are intended to represent the average interval of time for an ex­
tremely long period of years, between the recurrences of a storm result ­
ing in discharges equal to or greater than a specified discharge. More 
extensive data is given in Appendix B, Hydraulics. 
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TABLE 7 - FLOOD STAGES
 

Location Flood Elevation in feet, mean sea level 

Oct. July March 
1903 1945 1236 

MAINSTREAM 
Passaic River 
Gregory Avenue Bridge, Passaic 
Dundee Dam, Clifton 
S.U.M. Dam, Paterson
 
Beatties Dam, Little Falls
 
Chatham
 

MAJOR TRIBUTARIES 
Pompton River at Boonton Road Bridge, 

Mountain View 
PeQuannock River at Macopin Intake 
Ramapo River at Pompton Lakes 
Rockaway River below Boonton Reservoir 

(U.S.G.S. gage)
 
Whippany River at Morristown
 

MINOR TRIBUTARIES 
Weasel Brook at Monroe Street Bridge 

(u.s.) 
Saddle River at Borig Place Bridge 

(u. s. ) 
Hohokus Creek at Grove Street Bridge 

(d.. s. ) 
Diamond Brook at Oxford Ave Bridge 

(d.s.) 
Goffle Brook at Wagaraw Road Bridge 

(u.s.) 
Molly Ann's Brook at Preakness Avenue 

Bridge (u.s.) 
Slippery Rock Brook at Murray Avenue 

Bridge (u.s.) 
Peckman River at East Main St Bridge 
(u. s. ) 
Singac	 Brook at Preakness Ave Bridge 

(u.s.) 

21. 5 
33.4 

124.6 
169.1 
180.0 

174.3 
587.4 

269.7 

26.4 

38.2 

68.5 

74.0 

44.0 

135.5 

131.7 

157.2 

203·0 

9·0 
31.4 ~0·9 

122.05	 ] 21..04 
164.1	 105.2 

173·2 

168.9	 170.5 
585.2	 585·9 
204.0	 204.6 

200.7	 203·7 
266.3 

21.4 

34.4	 25.4 

66.8 

72.0 

42.8 

134.1 

130.5 

157.0 

202.4 

(u.s.) denotes upstream side. 
(d. s. ) denote downstream side. 
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TABLE 8 - STAGE-DISCHARGE FREQUENCY DATA
 

Stream and 
localit~ 

Frequency 
in 
years 

Discharge 
in 

c.f.s. 

Stage elevation 
in 

feet, msl 

Passaic River at 
Little Falls 

100 
50 
10 

1 

29.200 
23,200 
17,800 
6,800 

135.2 
133.5 
131.8 
127.2 

Passaic River 
near Chatham 

100 
50 
10 

1 

5,300 
3,550 
1,900 
1,070 

203·9 
202.3 
200.5 
199·3 

Saddle River 
at Lodi 

100 
50 
10 
1 

6,250 
4,850 
2,570 

950 

47.7 
40.0 
32.4 
29.3 

Pompton River at 
Pomtpon Plains 

100 
50 
10 

1 

28,800 
22,300 
13,000 

4,440 

199.6 
196.8 
191.7 
184.7 

73. TIDES. In addition to flooding from upland flows, the Passaic 
River is susceptible to tidal flooding up to Dundee Dam, which is about 
17.4 miles upstream of the mouth. The gage at East Newark near the 
mouth of the Passaic River is useful in comparing various hurricane 
events with normal conditions. Mean high water at East Newark is 3 feet 
above mean sea level. During Hurricane Donna on 12 September 1960~ the 
maximum recorded tide occurred at ~.3 feet above mean sea ~evel. However, 
since the normal tide would have been 2.8 feet above mean sea level, the 
height of water above the expected level, or surge, was only 5.5 feet. 
The maximum surge of record is 9 feet; this at a time when the normal 
tide was low, and the recorded level was 6.5 feet above mean sea level. 
In areas subject to tidal flooding, damages start to occur when the 
water level reaches 4.0 feet above mean sea level. 
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IX - PROJECT HYDROLOGIC DESIGN CONDITIONS 

74. STANDARD PROJECT FLOOD. The standard project flood is an estima­
ted or hypothetical flood that might be expected from an extremely severe 
combination of hydrometeorological conditions that are considered reasonably 
typical of the region, excluding extraordinarily rare combinations. It 
is intended as a practicable expression of the degree of protection that 
should be sought, whenever possible, in the design of flood control works. 
The standard project flood for the Passaic River at Beatties Dam in 
Little Falls is estimated at 40,900 cubic feet per second. During the 
record flood of 1903, the peak flow at Beatties Dam was 32,700 cubic feet 
per second. Additional details are in Appendix A, Hydrology. 

75. PROBABLE MAXIMUM FLOOD. The probable maximum flood represents a 
flood that can be attained but is not likely to be exceeded in a given area. 
It is used as the standard for design of any structure requiring a conserv­
ative degree of safety such as the spillway of a dam. The probable maximum 
floods for locations on the main stream and on major and minor tribu­
taries were synthesized from the probable maximum precipitation, prob­
able maximum infiltration and unit hydrographs. The probable maximum 
flood on the Passaic River at Beatties Dam is estimated at 88,000 cubic 
feet per second. 

76. STANDARD PROJECT AND PROBABLE MAXIMUM HURRICANES. The standard 
project hurricane is similar as a design standard to the standard pro­
ject flood. The surge resulting from such a hurricane is estimated at 
14 feet, which occurring simultaneously with mean high tide would 
result in a water level of 17.0 feet above mean sea level. The surge 
that would result from the probable maximum hurricane is estimated at 
17.4 feet, which in combination with a mean high tide would result in 
an elevation of 20.4 feet above mean sea level. 

X - THE FLOOD PROBLEM 

77. EXTENT AND CHARACTER OF FLOODED AREA. Passaic River and major 
tributaries. The area which would be subject to inundation during a. 
recurrence of the October 1903 flood is estimated at approximately 
35,000 acres, as broken down in Table 9. Within the 1903 flood area 
at the present time there are about 15,400 dwellings, 3,500 business 
establishments, 200 industrial plants and 200 utility plants and public 
institutions. The areas subject to the most serious flooding along 
the main stem of the Passaic River, and its major tributaries, the 
Pompton, Ramapo, Rockaway and Whippany Rivers, lie in three well defined 
areas. One is a highly developed business, industrial and residential 
area in the Lower Valley from Newark to Little Falls. The second is a 
suburban area upstream of Little Falls, composed largely of residential 
developments in the northerly portion of the Central Basin along the 
Pass~ic River from Little Falls to Two Bridges and along the lower reaches 
of the Pompton and Ramapo Rivers. The third is an agricultural and 
swamp area, with a continuing influx of industry and residential homes in 
the southern portion of the Central Basin along Passaic River from 
Two Bridges to Chatham and along the lower reaches of the Rockaway and 
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Whippany Rivers. 

TABLE 9 - AREAS INUNDATED BY 1903 FLOOD 

Reach (a) 

Maxinrum 
Depth 

(Feet) 

Area 
Inundated 

(Acres) 

Swamp Area 
Included 

(Acres) 

Mouth to Dundee Dam 
Dundee Dam to S.U.M. Dam 
S.U.M. Dam to Beatties Dam 
Beatties Dam to Two Bridges 
Two Bridges to Chatham 
Two Bridges to Pompton Lake 
TOTAL 

14.5 
9.9 

10.2 
11.1 
14.2 
14.5 

1,529 
846 
761 

1,564 
16,100 

3,200 
35,000 

538 
11,240 
1,022 

19,300 

raJ All indicated reaches 
to Pompton Lakes. 

are along Passaic River except Two Bridges 

78. The most critical flood condition in the Passaic River watershed oc­
curs in the Lower Valley downstream of Little Falls, where the cause is 
insufficient channel capacity and the flood plain extends' generally 500 
to 1,000 feet beyond both banks of the river. The principal focal points 
of damage are the City of Paterson below Great Falls and the City of 
Passaic below Dundee Dam. Extensive losses, formerly suffered in the 
section of the river below Passaic, were relieved in large measure by 
channel enlargement for the existing Federal navigation project. During 
a flood recurrence of 1903 magnitude, over 3,000 acres would be subject 
to inundation in this section, comprising parts of the urban centers of 
Paterson, Passaic and numerous other communities. In all, there are 18 
communities bordering this 21 mile reach of waterway having a total popula­
tion of 979,000 and annually producing goods having an estimated value ad­
ded of about $2,900,000,000 according to the 1967 Census of Manufactures. 

79. The flood plain in the northerly portion of the Central Basin var­
ies from one-half to three miles in width, and contains about 5,000 
acres of land sUbject to flooding, of which about 1,600 acres are swamp­
land. The principal damage center immediately upstream of Little Falls 
is the village of Singac, the lower half of which would be completely 
inundated under a recurrence of a flood of 1903 magnitude. Further up­
stream, the principal flood damage occurs along the Pompton River from 
Mountain View to Pompton Plains. In this section, which includes the 
communities of Lincoln Park, Wayne, Pequannock, Pomtpon and Pompton 
Plains, minor freshets cause inundations, and a flood of 1903 magni­
tude would cover certain areas to depths of 10 to 14 feet, resulting 
in hazards to life and health, as well as property damage. Considerable 
expanses of bottom lands well within the flood plain have been sub­
divided for the development of residential communities. Noteworthy in 
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this category is such an area in lower Wayne Township on the left bank 
of the Pompton River upstream of Mountain View, which was inundated to 
depths of 8 to 10 feet during the 1903 flood. 

80. The flood plain in the upstream or southerly portion of the Central
 
Basin extends for a width of from one to two miles over adjacent swamp
 
and lowlands between Two Bridges and Chatham, a distance of 15 miles.
 
Above Chatham, the flood plain becomes narrowe~ varying from 1,000 to
 
4,000 feet in width. About 27,000 acres, of which 18,000 are swampland,
 
are inundated in this area, a condition largely responsible for the
 
mosquito problem in the Passaic area.
 

81. Minor tributaries. The flood plains of the minor tributaries that
 
enter the Passaic River below Two Bridges are generally narrow, and
 
flood damage results more from scour than from inundation. There are
 
exceptions such as the Saddle River flood plain which is about a thou­

sand feet wide and increases to as much as a mile in width over lowland
 
areas in the vicinity of Rochelle Park and Parwnus. At the latter
 
locality the Hohokus Creek flood plain widens to more than a thousand
 
feet above its junction with the Saddle River. The flood areas of
 
Molly Ann's Brook, Peckman River and Singac Brook widen to as much as
 
3,000 feet near the mouths of the streams where they are affected by
 
backwater from the Passaic River. Portions of Weasel Brook, Saddle
 
River, Goffle Brook and Molly Ann's Brook traverse scattered industrial
 
and commercial developments. Urban communities and moderately developed
 
residential areas are located elsewhere along portions of Weasel Brook
 
and on Molly Ann's Brook, Slippery Rock Brook and Peckman River. High
 
grade suburban commw.lities are located along sections of Saddle River,
 
Hdh~ Creek, and Diamond Brook. In total, approximately 3,800 acres
 
are inundated by flooding on the smaller tributaries much of which is
 
intensively developed suburban property.
 

82. Property Values. The 1967 true value of improved real estate in
 
the 1903 inundated area is about $297,715,700, Table 10. Of this total,
 
$174,344,000 or 58.5 percent is concentrated below Little Falls. If
 
allowance is made for railroads, highways, bridges, utilities, industrial
 
equipment, supplies and personal property not included in the foregoing
 
valuation, the total value of all property subject to flood damage by
 
1903 flood levels is estimated at about $600,000,000.
 

83. DAMAGES. The damages that would result on the Passaic River and its 
tributaries from recurrence of the major floods of the part under current 
conditions are listed in Table 11. Also indicative of the flood problem 
are the estimated average annual damages that can be expected by the year 
2085; with allowances made for continuing development in flood prone areas 
and the increased investment of wealth within the flood plain because of 
increased wealth during that period of time. These considerations indicate 
an increase in average annual damages of 483 percent in the Lower Valley 
and 1560 percent in the Central Basin and Highland Area beyond damage 
levels under present conditions of development. Average annual damages 
were computed on the basis of cQrrelation of estimates of flood frequen­
cies and damages expected to result from floods of various frequencies and 
were projected to 2085. Based on the forgoing average annual equivalent 
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TABLE 10
 

MARKET VALUE OF PROPERTY INUNDATED BY 1903 FLOOD LEVELS
 
(January 1970 Prices) 

Area Inundated 
Stream and Reach (Acres) Real Value (a) 

Passaic River 

Mouth to Dundee Dam 1,529 $ 41,436,900 
Dundee Dam to S.U.M. Dam 846 22,668,000 
s. U. M. Dam to Beatties Dam 761 23,108,000 
Beatties Dam to Two Bridges 1,564 8,124,800 
Upstream from Two Bridges 22,116 71,311,lOO 

Tributaries

Pompton River 3,200 16,066,600 
Ramapo River 304 1,298,000 
Rockaway River(b) 1,487 5,792,800 
Whippany River(b) 5,646 28,602,700 
Weasel Brook (b) 253 6,526,600 
Saddle River 2,928 35,731,800 
Hohokus Creek 852 13,240,100 
Diamond Brook 191 4,397,100 
Goffle Brook 4,202,900339 
Molly Ann's Brook(b) 173 3,573,800 
Slippery Rock Brook 52 1,610,600 
Peckman Ri ver(b) 333 5,600,300 
Singac Brook(b) 830 4,223,600 

Total 43,404 $297,715,500 

(a) Exclusive of railroads, highways, bridges, 
utilities, industrial equipment, supplies, 
and personal property. 

structures 

(b) Value of property affected by backwater in 
lower reach of stream included in Passaic 
River valuations. 
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flood damages from 1985 to 2085 are estimated at $53,052,000 for the 
Passaic River basin. 

TABLE 11 - FLOOD DAMAGES 
(January 1970 price levels) 

Flood Passaic River Tributaries Total 

October 1903 $373,054,200 $78,277,100 $451 ,331 ,300 
J~ 1945 75,741,600 27,547,900 101,289,500 
March 1936 47,002,500 13,067,700 60,070,200 
May 1968 5,617,200 15,420,400 21,037,600 
March 1951 1,216,500 10,008,000 1l,224,500 
September 1960 9,077,000 -­ 9,077,000 
August 1955 771 ,400 3,435,200 4,206,600 
June 1952 704,800 3,466,300 4,171,100 
October 1955 761 ,500 1,822,200 2,583,700 

XI - THE WATER SUPPLY PROBLEM 

84. AREA AFFECTED. The Northeastern New Jersey region consisting of 
Bergen, Essex, Hudson, Hunterdon, Middlesex, Morris, Somerset, Passaic 
and Union Counties, in addition to Rockland County, New York, which 
draws a major portion of its supplies from waters of the Passaic River 
basin are considered to form the Passaic River water service area. This 
region, with a popUlation in excess of 4.9 million is increasing at an 
average of 5,400 people a month. In addition to the municipal supplies 
that are needed to support this population growth, water will be needed 
to meet the demands of accompanying industrial and commercial develop­
ment. 

85. DEMAND. The current demand for water is 790 million gallons per 
day. The water utility component of this aggregate is 660 million gal­
lons per day, which is equivalent to 89 percent of the existing supply 
of 748 mgd. The self-supplied demand is 127 million gallons per day, which 
is assumed to be equal to 100 percent of the existing supply. These 
gross figures indicate that there is no water shortage in the study area 
at this time. In most SUb-regions of the study area this is true. How­
ever, it is not true in the Middlesex and Hunterdon-Somerset SUb-region, 
where the demand exceeds the supply and where the lack of interconnection 
prohibits the temporary use of existing surpluses of other sub-regions. 
The total projected demand for water to be supplied by utilities in the 
stUdy area by the year 2035 is 1950 million gallons per day. Self­
supplied water is expected to increase by 2035 to 130 million gallons 
per day. 
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86. EXISTING AND FIRMLY COMMITTED SUPPLIES. The service area has exten­

sive fresh water resources in several major and numerous minor river
 
basins. It also has extensive brackish and salt water resources along
 
its coast line which are suitable for purposes not requiring a high qual­

ity water which in effect, can reduce the demand for fresh water re­

sources. The major river basins contributing to the fresh water re­

sources are the mainstream and some tributaries of the Passaic, Raritan,
 
Hackensack and Delaware Rivers. The minor ones are those of various
 
small coastal streams. The fresh water resources include both surface
 
runoff and underground flow of which in general, the surface component
 
is the larger. The water utility sector of the study area is presently
 
estimated to provide a dependable yield of 748 million gallons per day.
 
'In addition, development of the full potential of existing supplies in
 
combination with firmly planned projects will provide an additional de­

pendable yield of 146 million gallons per day.
 

87. NEEDS TO BE MET. The preceding paragraphs indicate that to satisfy
 
the water needs, facilities will have to be planned and constructed to
 
provide a total additional dependable yield of 1,060 million gallons per
 
day.
 

XII - THE WATER QUALITY PROBLEM 

88. EXISTING CONDITIONS. The Passaic River, from its headwaters to 
Chatham, is of a. quality that allows its use as a municipal water supply 
after treatment. Below Chatham, industrial and municipal waste load 
discharge affects the Passaic River for 25 miles, resulting in severe 
quality degradation. Below the Pompton River to tidewater the Passaic is 
generally of suitable quality to be used for municipal and industrial 
\~ter supplies after complete treatment except during summer months when 
the quality in this reach is seriously degraded. The tidal portion below 
Dundee Dam, is of a brackish nature and polluted by high levels of dis­
solved solids, phenOls, biochemical oxygen demand (BOD) settleable solids, 
nutrients, coliform concentrations and low 'dissolved oxygen content. The 
Pequannock, Wanaque, Ramapo and Pompton Rivers are of high quality and 
are used as sources of municipal water supply. The Whippany River down­
stream of the Whippany Paperboard Company and the Rockaway River downstream 
of Boonton Reservoir are highly polluted. 

89. SEWAGE DISPOSAL. The major sewage disposal system in the basin is 
operated by the Passaic Valley Sewerage Commissioners. The system serves 
the communities of Newark, Belleville, Nutley, Passaic, Paterson, Clifton, 
Garfield, Rutherford, East Rutherford, Wallington, Lyndhurst, North Arling­
ton, Kearny, Harrison, East Newark, Prospect Park, Haledon, Bloomfield, Glen 
Ridge, East Orange, Montclair and Orange. It consists of a main trunk or 
intercepting sewer constructed aJDng. the west bank of the Paf's!lic River 
from Great Falls to a pumping station in the Newark Meadows. Thence the 
sewage is pumped through mains under Newark Bay and across Bayonne to an 
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outfall in upper New York Bay near Robbins Reef Light where the currents
 
are sufficiently strong to diffuse the effluent. The system became fully
 
operative in August 1924. It has a capacity of 324 million gallons daily.
 
The Federal Water Quality Administration reported in November 1969 that
 
this system is in great need of modernization.
 

90. Communities above Great Falls, those of East Paterson, Fairlawn and 
Hawthorne in the Lower Valley and those along the Saddle River, do not con­
tribute to the Passaic Valley Sewerage Commissioners system. These are de­
pendent upon local treatment works that discharge their effluent directly 
into the river. Although a substantial degree of pollution abatement has 
been achieved by these sewerage systems, residual pollution from the sec­
tions of the river not served by the Passaic Valley Sewerage Commissioners, 
and urban storm drainage, are sufficient to cause pollution of the lower 
reaches of the stream, particularly during the low flow period of the summer 
season. Even when a comparatively high minimum summer monthly average flow 
occurs, the dissolved oxygen content in the lower river may fall to less 
than 26 percent saturation, leading to color and odorous conditions in the 
lower reaches of the stream. 

91. FlJTURE CONDITIONS. It is estimated that without some type of stream
 
flow regulation, residual organic waste loads projected for the year 2035
 
would result in pollution levels of dissolved oxygen in freshwater reaches
 
over 10 percent of the time. These low dissolved oxygen concentrations
 
would prohibit use of water of all reaches of the mainstream for the prop­

agation of fish and the other aquatic life, restrict use for recreation,
 
and increase treatment costs for municipal and industrial water supplies.
 
The waters would also be esthetically unappealing, having color and odorous
 
characteristics and would constitute a public health hazard.
 

92. FLOW REQUIREMENTS. The water quality problem is illustrated by an es­
timate of the minimum flows needed to meet a desirable water quality objec­
tive in the Passaic River. The Environmental Protection Agency states that 
the objective should be a minimum dissolved oxygen content of 5 milligrams 
per liter in the summer months and 4 milligrams per liter in the winter 
months. To attain this objective by 2035, even assuming that all wastes 
in the basin are given an adequate treatment, it would be necessary to pro­
vide sufficient storage to permit releases each year averaging 391 million 
gallons per day. It is considered that adequate treatment would consist of 
99% removal of BOD and 99.9 percent removal of coliform bacteria. This 
yield of dependable water can not be developed from the remaining uncom­
mitted water resources in the basin. The low flow augmentation require­
ments are subject to modification pending the certification of a Watershed 
Management plan for the Passaic River by the Governor. Alternative pro­
grams of wastewater management will have to consider higher levels of 
treatment at the source, other methods of collection and disposal of wastes, 
and interbasin transfers of water. 

XIII - RECREATION 

93. NEEDS. While the State of New Jersey has experienced a 15 percent in­
crease in population within the last six years, the demands on outdoor rec­
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reational facilities have grown at a rate of 60 percent. All available data 
concerning trends of higher personal income, greater leisure time, and an 
increased mobility of the general population indicates an increase in 
this proportion in the next decade. Although the State of New Jersey's 
popUlation is presently approximately 7 million, almost 5 million people 
visited State Parks and other attendance-recording recreational areas 
during the period from July 1966 to June 1967. These recreation outings 
and their supporting services made vacation activities the largest single 
dollar producing industry in the State during this period. In view of 
the trends of increased leisure time, mobility and personal income, there 
is a significant lack of non-urban pUblic recreational facilities in re­
lation to the size of the expanding popUlation, and only a small part of 
the demand for outdoor recreational facilities is being met by existing 
facilities. Additional discussion of recreation needs appears in Appenr:l.ix 
H, Recreation. 

XIV - NAVIGATION 

94. The need for navigation improvemeqts on the Passaic River was investi ­
gated and the findings published in House Document No. 494, 89th Congress, 
2nd Session, covering Newark Bay, Hackensack and Passaic Rivers. It was 
found that although these improvements would produce benefits to water-borne 
commerce on the lower Passaic River, only deepening of the deep draft 
turning basin for ocean going vessels at the confluence of the Hackensack 
and Passaic Rivers, could be economically justified as a single purpose 
navigation project at this time. Therefore, the needs of local interests 
for an improved channel which would allow deeper draft vessels to navigate 
the Passaic River is still unsatisfied. However, deepening of the exist ­
ing 10 foot shallow draft channel and provisions of a turning basin would 
result in more economical petroleum products transportation. At present, 
barges must navigate in the channel with partial loads and experience 
delays due to low tides reSUlting in frequent occurrences of accidents 
and groundings. In 1968 there were 1,191,500 tons of commerce on the 10 
foot channel. By 2085 the tonnage is expected to rise to 3,448,000 tons. 

xv - FISH AND WILDLIFE 

95. FISH AND WILDLIFE CONSERVATION. The Passaic River basin has numerous 
meadows woodlands and streams which provide natural habitats for propagation 
of wildlife and opportunities for hunting, sport fishing and nature study. 
However, the increasing growth rate and corresponding demand for undeveloped 
land in the Central Basin and Highland Areas has prompted several organi­
zations and communities to support reclamation and development of these 
areas to meet the needs of an expanding population and economy. The areas 
that are of significant value to wildlife in the Passaic basin, total 
approximately 30,000 acres and are all located in the Central Basin. 
They are: Great Swamp, Troy and Black Meadows, Great Piece Meadows, Hatfield 
Swamp, Upland Flood Plain areas between Hatfield Swamp and Millington, 
and the Dead River Marsh. Long Meadow in Essex County, and Bog, Vly and 
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Rockway Meadows in Morris County are gradually losing their original marsh 
characterisitics as a result of active reclamation and development programs. 
The Troy Meadows and adjacent marsh areas, comprising in all several thou­
sand acres are one of the most desirable fresh-water marsh habitats ex­
isting for wildlife on the Atlantic Coast between tidewater and the Appa­
lachian Mountains in the United States. Fish and Wildlife Service reports 
that within the Great Piece and Troy Meadow areas are some the finest and most 
productive fresh water swamps in the Northeast. They provide hunting for 
waterfowl, upland game, and big game for residents of northeastern New 
Jersey, and attract numerous sportsmen from the New York City area. These 
marshes have more than a local significance since they are of considerable 
importance with respect to the continental waterfowl population. There is 
also a heavy population of fur-bearing animals which are an important 
resource to trappers and landowers. In the conservation of wild life, public 
opinion and sentiment are considered of greater consequence than is indic­
ated by the monetary factors involved. Convenient location makes the 
meadows a principal outdoor wildlife laboratory for study by such large 
national conservation organization, who have expressed opinions against 
the disturbance of the natural conditions in Troy Meadows by flood control 
measures. In addition to its value to the nation and to the State of New 
Jersey as a wildlife habitat, this area is a haven for song and insectivorous 
birds and is visited often by local nature study groups. Moreoyer, it serves 
as a refuge for upland game birds and is of tremendous interest to local 
sportsmen. A draft report on fish and wildlife in the Central Basin was 
prepared by the Fish and Wildlife Service, Department of the Interior and
 
is contained in the files of the New York District for inspection.
 

96. The State of New Jersey through the Department of Conservation and
 
Economic Development whose functions are now vested in the Department of
 
Environmental Protection, has shown its concern regarding the destruction
 
of the fish and wildlife resources within the State of New Jersey by the
 
New Jersey Green Acres Open Space Land Conservation Program. The result
 
of the first phase of the program as conceived and financed in a State
 
Referendum in 1961 was virtually completed in June 1967. The planned
 
acqusition under this program was 140,918 acres of open space conservation
 
land. However due to fiscal cutbacks on the Federal and State level
 
the program did not acquire the total acreage originally planned. In
 
the Central Basin, only 300 acres were acqUired of the approximately
 
2,781 acres in the Troy-Black Meadows area, and about 2,800 acres at Great
 
and Little Piece Meadows planned for acquisition.
 

XVI - OTHER PROBLEMS 

·97. MOSQUITOS. The swamp and marshlands in the lower Highland Area 
and Central Basin are breeding grounds for mosquitos which are a nuisance 
affecting the health, comfort and economic security of the area. Mosquito­
producing floods occur on the average of twice each year. These floods 
are followed py the hatching of countless mosquitoes and subject the re­
sidents of the area to a serious health menace. Studies have shown that 
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up to 10 percent of the mosquitoes are of the malarial transmitting type 
and are sufficient in number to start an epidemic under suitable conditions 
or contact. The increased emphasis on the developments of flood plain 
land bordering these swamps and marsh lands are currently increasing the 
possibilities of a serious health menace because of the effect of bring­
ing increased population in close proximity to the areas where these mos­
quito types are generally found to concentrate. Aside from the acute dis­
comfort and the serious public health menace, there are also several eco­
nomic consequences of the mosquito nuisance in the Passaic River basin. 
Real estate immediately adjacent to the lowlands is valued at from 50 to 
70 percent of equivalent property situated beyond the mosquito flight 
vector. The Morris County Mosquito Extermination Commission in conjunction 
with representatives of Essex and Passaic Counties in 1961 estimated that 
the costs of house screening and mosquito repellants, damage to business 
and recreational activity amounts to approximately $3,000,000 annually. 

98. DRAINAGE. Generally, 27,000 acres of flood plain land in the 
Central Basin are flat with very mild shapes to the streams which drain 
these lands. 'rhis condition induces the soils to be continually wet or 
retain moisture for a long time after a rainfall. The results of this 
poor drainage condition in the Central Basin are marsh and meadow lands 
with surface water levels and ground water levels that persist at detri­
mental elevations for long periods. This condition causes the breeding 
of mosquitos, damages to basements walls structures, and requires that 
sump pumps and other protective facilities be installed most homes within 
these flat areas. 

XVII - EXISTING CORPS OF ENGINEERS PROJECTS 

99. FLOOD CONTROL AND NAVIGATION. There are no major existing Federal 
projects for flood control on the Passaic River or its tributaries. 
However, several small clearing and snagging projects have been accomplished 
on the Pompton River, Pequannock Township Ditch and Ramapo River. On 
the Pompton River, shoals were removed and the channel was restored in the 
reach extending from the Delaware, Lackawanna and Western Railroad Bridge 
upstream to the Erie Railroad Bridge. The work was completed in 1954 under 
the authority of Section 13 of the 1946 Flood Control Act, at a Federal 
Cost of $50,000. On Beaver Brook and Pequannock Township Ditch, snags and 
other debris were removed for a total distance of 20,200 feet and the chan­
nel was restored to its original dimensions. The project was completed in 
1951, at a Federal Cost of $67,400. On the Ramapo River the main channel 
was excavated for a distance of 1000 feet and a parallel secondary channel 
was filled with suitable material. Work was completed in 1950 at a Fed­
eral Cost of $27,200. The existing Federal navigation project in the 
Passaic River is described in Paragraph 46. 

XVIII - IMPROVEMENTS BY OTHER AGENCIES 

100. FEDERAL. There are no improvements by any other Federal Agencies for 
the control of flood in the Passaic River basin although several sites are 
being stUdied by the United State Soil Conservation Service. 
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101. NON-FEDERAL. A m.nnber of channel improvement projects to provide 
local flood relief on the smaller tributaries throughout the Passaic area 
have been constructed by local agencies and individual property owners at 
various times. The improvements include: Weasel Brook in the Cities of 
Passaic and Clifton, with funds from the Federal Emergency Relief Program; 
Hohokus Creek in the Borough of Ridgewood, also with Federal Emergency Re­
lief funds, the Peckman River in the Boroughs of Cedar Grove and Verona; 
the Second River in Bloomfield and Belleville; Molly Ann's Brook in the 
city of Paterson and the Saddle River in Fairlawn and Rochelle Park. All 
of these improvements are considered to provide a relatively low degree of 
flood protection. Some measure of benefit is also derived from drainage 
improvements of an extensive nature accomplished by the local county mos­
quito control commissions in the swamp and meadow areas of the Central 
Basin. The work has been done in numerous areas along the Passaic, Rock­
away, and Whippany Rivers. Further information on improvements planned 
and constructed by non-Federal agencies is available in N. Y. District 
files. 

XIX - IMPROVEMENTS DESIRED 

102. PUBLIC HEARINGS. Local desires concerning improvements in the Passaic 
River basin have been expressed at the public hearings listed in Table 12. 
Digests of these hearings are included in Appendix M, Pertinent Correspond­
ence. In addition to the hearings, there have been an unusual number of 
other meetings, including many informal pUblic gatherings, meetings with 
local governmental agencies, civic groups, industrial firms, environmental 
and conservation interests and private individuals. These interests have 
also actively expressed their desires by numerous written communications 
throughout the course of the study. Following is a discussion of the prin­
cipal desires in the basin as obtained from this extensive public contact. 

103. LOWER VALLEY. Any presentation of the desires for improvements in 
the Passaic River basin would be characterized by divergent views between 
the expressions of upstream and downstream interests. In general, however, 
flood control reservoirs or local channel improvements, or a combination 
of both have been advocated by various local interests desiring flood re­
lief along the main stem of the Passaic River. Downstream of Little Falls 
most interests are primarily in favor of obtaining relief in the Lower 
Valley by means of flood retardation by upstream reservoirs. Industrial 
and power interests have concurred in the desire for channel improvements 
downstream of Little Falls, but the latter have expressed opposition to any 
upstream improvement that would adversely affect the usable now of the 
river. The Passaic Valley Water Commission has indicated that it would be 
in accord with any project that provides for the development of a water 
supply in the Passaic River and suggested the inclusion of conservation 
storage in any flood control reservoir which might be constructed in order 
to increase the low water flow of the Passaic River during the critical 
summer months for potable and industrial use. Individuals concerned with 
pollution in the lower river are opposed to any plan which would eliminate 
the flushing action of spring floods and the aeration of high waters passing 
over the dam at Great Falls. 
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104. CENTRAL BASIN. Above Little Falls in the Central Basin, several com­
munities objected to any reservoir project which would remove large land 
areas from local tax lists with consequent loss of income to these munici­
palities. They have advocated local channel improvements exclusively. 
Between Little Falls and Two Bridges some interests desired that the out­
let of the Great Meadow area be enlarged by installation of gates in 
Beatties Dam and by channel excavation upstream therefrom. Agricultural 
interests upstream of Little Falls concurred in this recommendation which 
would permit the drainage of the Great Meadow. Property owners in Wayne, 
Lincoln Park and Pompton expressed a desire for channel improvement on the 
Pompton and Pequannock Rivers, together with elimination of ice gorges down­
stream. The strongest exponents for flood relief in this section are in­
dividuals whose property and improvements are closely crowded upon the low 
bank of the river, and real estate interests who have invested heavily in 
flood-arrested developments in the flood plain. Wildlife interests are in 
favor of flood detention reservoirs and permanent flooding if regulated, 
but were opposed to any unregulated land drainage of the Great Meadow area 
which might alter the present condition of the area and render it unsuited 
to wildlife conservation. Envir~nmental groups were generally against 
permanent inundation of any part of the Great Meadows and favored a plan 
of flood plain land acquisition. The mosqbito extermination interests have 
presented a program involving the improvement of the Passaic River from 
Little Falls to Two Bridges, the installation of gates in Beatties Dam, 
partial drainage of wet lands upstream and flood detention reservoirs that 
would cause penuanent flooding over the Great Meadow and prevent mosquito 
breeding. The Passaic Valley Flood Commission has recommended the immediate 
construction of a combined recreation lake and flood control reservoir on 
the lower Rockaway River. It has also been suggested that suitable legisla­
tion be enacted to enforce the provision of flood control storage in exist­
ing reservoirs, particularly by drawdown of water surfaces in anticipation 
of a flood when watershed conditions so warrant. An additional suggestion 
is a combined water supply and flood control reservoir on the Ramapo River 
to be operated in conjunction with modification of the Wanaque Reservoir for 
water supply and flood control. Bergen County objected to any damming of 
the Ramapo River due to residential and recreational use of the land in 
that valley. 

TABLE 12 - PUBLIC HEARINGS 

Date Locality Office conducting hearing 

29 September 1936 
18 December 1939 

25 April 1946 
26 January 1950 

1 February 1956 
13 December 1961(a) 
16 December 1968 
18 December 1968 

10 May 1972 

Paterson, New Jersey 
Paterson, New Jersey 

Paterson, New Jersey 
Washington, D. C. 

Newark, New Jersey 
Jersey City, New Jersey 
Wayne, New Jersey 
Madison Borough, New 

Jersey 
Wayne, New Jersey 

New York District 
Board of Engineers for 

Rivers and Harbors 
New York District 
Board of Engineers for 

Rivers and Harbors 
New York District 
New York District 
New York District 
New York District 

New York District 

(a) Covered areas in addition to Passaic River basin 
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105. GUBERNATORIAL DESIRES. The overall views of local interests as to
 
their desires were expressed by letter dated 21 December 1956 from
 
Robert B. Meyner, Governor of New Jersey, who acknowledged the plans
 
developed by the Corps of Engineers in 1948 but also re~uested that new 
plans be developed for basin wide flood control in view of extensive 
development, economic changes and the desires of the people for a more 
comprehensive program, in accordance with the following criteria: 

a. That flood control in the Passaic Valley is a single problem 
which can only be solv2d by a comprehensive plan which will prevent or 
alleviate flood damage and loss of life for all times throughout the en­
tire basin. 

b. That the plan provide for a reasonable amount of channel improve­
ment of the lower river and a reasonable amount of flood storage in the 
upper valley. 

c. That the plan insofar as possible, incorporate the individual 
desires of all portions of the basin. 

d. That an effort be made to minimize the volume of storage required
 
in the Central Basin by development of detention basins on upland tribut­

aries.
 

e. That inclusion of water supply as part of a flood control project 
is objectionable to the people of the Upper Valley and should not be in­
cluded except as a possible alternate benefit to be considered separately. 

f. That greater emphasis than in previous studies be placed on the 
strategic location of the area in and adjacent to the nation's most import­
ant metropolitan area, the danger of great loss of life as well as exten­
sive property damage and secondary benefits such as recreation, mosquito 
control and increased land values. 

This letter established the criteria and guidelines used by the Corps of 
Engineers for development of the considered plans of improvement pre­
sented in a draft report completed in 1962 and one of the considered 
plans of improvement presented in this report. 

106. By letter dated 2 April 1963, Governor Richard Hughes requested that 
the Corps of Engineers more fully investigate the plans which contain con­
servation storage within flood detention reservoirs in light of the in­
creasing need for municipal water supplies within the Northeastern region 
of the State. This letter also requested that reclamation of the bottom 
lands within the Central Basin be incorporated into the plans as compatible 
with the purposes of flood control and allied water resources development. 

xx - PROJECT FORMULATION 

107. GENERAL. This section describes the analysis involved in the for­
mulation of a plan for the Passaic River basin and the resulting conclu­
sions. In general, needs for water resources development as described in 
Sections X through XVI were the basis for formulating a variety of alter­
native plans. These plans are discussed in detail in Appendix J, Project 
Formulation. The various type of basic facilities considered are de­
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scribed in the following paragraphs. Also described here are the four key 
Plans which emerged from the process of screening alternatives so as to 
provide maximum satisfaction of the needs consistent with minimal invest­
ment in funds, resources, and environmental effects. 

108. BASIC FACILITIES. Water resource improvements generally consist of 
certain basic facilities or combinations thereof. The basic facilities are 
reservoirs, channel and levee improvements, diversion channels, and non­
structural measures. Non-structural measures refer to flood protective 
works which are not constructed on the flooding stream itself, but rather 
to flood damage reduction by management of use and occupancy of the flood 
plain and flood proofing of existing facilities. In the formulation process 
for the Passaic, the basic facilities were varied in location and size to 
determine the functional and economic effects to form a basis for the com­
parative evaluation of alternatives. 

109. RESERVOIRS. In the Passaic River basin there are suitable reservoir 
sites in the uplands, where the controllable drainage areas are limited, 
and sites on the main stream in the Great Meadows area, where the major 
portion of the basin drainage area may be controlled. Development of the 
upland sites for the most part would involve little disruption to existing 
facilities, whereas on the main stream, development is such that any major 
reservoir would require the relocation of structures and roads. Numerous 
sites were investigated as to the feasibility of combining recreation with 
flood control and it was found that, with the exception of a site near Myers 
Road upstream of Chatham, they were either insufficient in available storage 
volume or were too far upstream of damage centers to be effective as flood 
facilities. Additional reservoir possibilities in the uplands are the modi­
fication of existing lakes and reservoirs to provide beneficial amounts of 
flood storage. However, these measures were found to be economically in­
feasible because (1) the dependable water supply yields would be jeo~ardized 
if conservation storage were to be preempted by flood storage, or (2) in­
creasing the scale of development of the reservoir to include the addition 
of flood storage would be too costly. The Myers Road reservoir site was 
found suitable for economic improvement for both flood detention and con­
servation storage. 

110. The most appropriate flood control reservoir sites in the Great 
Meadow areas are at Two Bridges, where the Pompton and Passaic Rivers join, 
and on the Rockaway River between its confluence with the Whippany River 
and the Passaic River. The Two Bridges site is suitable, not only for 
flood storage, but for the impoundment of conservation storage for multi ­
ple uses. Both sites were considered in project formulation. 

111. MAINSTREAM CHANNEL IMPROVEMENTS. Enlargement of the existing Passaic 
River channel to pass flood flows more rapidly in the more severely damag~­
prone areas would be complex and costly due to excessive relocation of 
existing developments and the high value of riverfront property, especial­
ly in the densely developed portions of Paterson and Passaic, where the 
existing channel narrows. The removal of several existing dams in the 
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mainstream was also investigated, and it was found that, for the most
 
part, these structures influenced only the immediate area in their vicin­

ity. A case in point is Beatties Dam, where the upstream flood stages
 
are controlled by the narrow rock lined approach channel rather than the
 
dam itself. Channel deepening is practicable in only limited reaches of
 
the mainstream and then only to limited depths because of the underlying
 
aquifers in those areas. For the most part however the channel is un­

derlain by rock and any appreciable deepening would require the under­

pinning of several bridges and construction of channel retaining walls
 
where development is very close to the river banks. Levee and flood­

wall improvements would be costly because of necessity of raising bridges
 
and associated work on bridge approaches in heavily built up areas. The
 
most appropriate flood protection works would consist of channel deepen­

ing and widening, levees and floodwalls in various combinations depend­

ing on which is more suitable based on existing development and subsur­

face conditions.
 

112. DIVERSIONS. Consideration was given to solving the flood problem 
downstream of Beatties Dam by means of diversion tunnels from the Paterson ­
Little Falls area to downstream of Dundee Dam. Plans of this type were 
found to involve costs considerably in excess of what it would cost to 
obtain the same benefits by improvements in the channel, and were thus not 
considered viable alternatives. However, diversions were found practical 
in other areas, such as the Passaic River at Two Bridges and the Lower 
Pompton River. 

113. NON - STRUCTURAL MEASURES. This type of flood damage reduction 
program involves no works in the flooding channels. It is an alternative 
whereby action is taken on the flood plain lands to reduce and eliminate, 
where possible, future flood damages. Typical non-structural measures 
include regulation of flood plain land to exclude damagable uses, flood 
proofing of existing facilities to minimize damage and relocation of 
existing facilities to flood-free areas. Normally the non-structural 
approach would be most applicable in areas that are undeveloped or only 
partially developed. Consideration was given to the non-structural al ­
ternative in those flood damage areas in the basin where it could pos­
sibly be practical. Non-structural measures were found to be a partial 
solution to the Passaic flood problem. The details of the investigation 
and information useful to communities planning for flood plain use along 
the Passaic River are presented in Appendix L, Flood Plain Management. 

114. MULTIPLE PURPOSE DEVELOPMENT. Dams with reservoir storage are key 
components of a plan for flood control, water supply, recreation, and 
fish and wildlife. It is possible to combine the various kinds of facil ­
ities as discussed previously, in water resource development and realize 
economies of scale because one facility could serve various purposes. 
The storage facility can retain water for conservation use and permit 
detention of flood waters. The availability of dam and reservoir sites 
previously noted, indicated that the possibility of such a plan should 
be investigated. In so doing, two basic approaches were employed. The 
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first approach was development of a plan to test the possibility of pro­
viding the multiple benefits while at the same time reclaiming maximum 
lands in the Central Basin for sUbsequent development. The second approach 
was to utilize the Central Basin primarily for flood detention along with 
various amounts of conservation storage; this second approach formed the 
b~sis for three alternative plans. The four alternatives are briefly de­
scribed as follows. Costs are at January 1970 price levels, 5-3/8 percent 
interest rate and 100 year project lives. 

115. Plan I. This plan of improvement would proVide for flood control and 
allied water resource development with a view to reclaiming the Central 
Basin area. The principal features of this plan of improvement are the 
construction of 3 detention reservoirs in the Central Basin upstream of 
Two Bridges and MYers Road on the Passaic River and upstream of U. S. Inter­
state Route I-28o on the Whippany River. The two reservoirs on the Passaic 
River would include conservation storage for municipal water supply and 
water quality improvement, wh11e the reservoir on the Whippany River would 
have a small pool for waterfowl habitat purposes. The plan of improvement 
would also include diversion of the Po~ton River into Great Piece Meadows 
for water supply and flood detention storage and the improvement of the 
existing channels in combination with the construction of levees and flood­
walls at certain localities on the Pompton and Ramapo Rivers and on the 
Passaic River from Newark Bay to Two Bridges. In addition, this plan would 
provide for the construction of a flood diversion channel on the Rockaway 
River and channel improvement on the Whippany and Passaic Rivers in com­
bination with filling and grading of swamp lands in the Central Basin. The 
first cost of this plan of improvement is estimated at $1,085,320,000, and 
the annual costs would be $68,621,000. 

116. Plan II. This plan of improvement emphasizes the utilization of the 
Central Basin's existing flood detention capabilities. It involves a com­
bination of reservoir control in the upper basin and channel improvement 
from Newark Bay to Two Bridges and from Chatham to Myers Road, in addition 
to channel improvement of the Pompton, Pequannock, Wanaque and Ramapo Rivers. 
The dry detention reservoir located upstream from Two Bridges would extend 
along the main stream to Chatham., New Jersey. In addition, a multiple pur­
pose reservoir with conservation storage would extend from Myers Road to 
Osborn Pond along the Passaic River with an arm extending along the Dead 
River and Great Brook. The first cost of this plan of improvement is esti­
mated at $603,010,000. The average annual costs would be $41,577,000. 

117. Plan III. This plan of improvement is derived from the preceding plan 
and differs only in the inclusion of a conservation pool in Great Piece 
Meadows in the Two Bridges Reservoir. This conservation pool would be 
formed by the diversion of the Pompton River into the pool area and the 
utilization of Route I-8o as a conservation dam. The reservoir would ex­
tend along the mainstream. to Chatham, New Jersey, with arms extending along 
the lower Whippany and Rockaway Rivers and along the Pompton River to 
Pompton Lakes. Two Bridges Reservoir would be supplemented by the con­
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struction of an upland reservoir at l{yers Road. Channel improvement on 
the Passaic River would be from Two Bridges to Newark Bay and from Chatham 
to Myers Road. Channel improvements on the Ramapo River would be upstream 
of Pompton Lakes and in the Mahwah-Suffern area. The first cost of this 
plan of improvement is estimated at $720,810,000. The average annual costs 
would be $49,833,000. 

118. Plan IV. This plan of improvement can also be considered as an exten­
sion of Plan II: It utilizes the maximum development of the conservation 
storage available from the Pompton and Passaic Rivers. Two Bridges Reser­
voir would impound long term storage in a conservation pool which would 
extend to Chatham, New Jersey with arms extending along the lower Whippany 
and Rockaway Rivers and along the Pompton River to Pompton Lakes Dam. 
Channel improvement along the Passaic River from Two Bridges to Newark 
Bay and from Chatham, New Jersey to Myers Road, and along the Ramapo up­
stream of Pompton Lakes Dam would be similar in extent and degree to that 
as previously described in Plan II and III. The first cost of this plan 
of improvement is estimated at $918,160,000. The average annual costs 
would be $67,362,000. 

119. SELECTION OF OPTIMUM PLAN. The selection of the most favorable plan 
from among the four multiple purpose alternatives was made by comparison 
of costs and benefits, as indicated in Table 13. The benefit cost ratios 
vary from a high of 1.2 for Plans II and III to a low of 0.9 for Plans 
I and IV. The comparison further reveals, as shown in the table, that 
Plan II provides the maximum excess benefits over cost, $8,720,000, fol­
lowed by Plan III. Plan I ranks last in excess benefits due principally 
to the excessive cost of channel work that performs the function that 
would otherwise be performed by more economical flood storage, the lands 
for which would be reclaimed.under this plan. Plan II is more favorable 
primarily because it utilizes the Central Basin lowlands for flood deten­
tion storage thereby reducing the cost of downstream channels to accommo­
date flood flows. Plan III is considered the optimal design because it 
combines the use of maximum flood detention storage with beneficial con­
servation storage. Plan IV is less favorable than Plan III generally be­
cause the additional conservation benefits obtained are exceeded by the 
additional costs of construction. Additional factors influencing selec­
tion of the best plan are environmental quality and beneficial impact on 
the local economy. Consideration of the above factors resulted in the 
conclusion that Plan III would provide the most economic development of 
the Passaic River basin for flood protection and related water resource 
purposes. Environmental effects are discussed in the Environmental Impact 
statement. 

120. OPTIMUM LEVEL OF DEVELOFMENT. Further analysis of Plan III was made 
to determine the optimum level of development as reflected by the degree 
of tidal and fluvial protection and navigational improvement in the reach 
between Newark Bay and Dundee Dam. It was found that the most economic 
level of development for tidal protection was against a tidal stage of 9.5 
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TABLE 13 - ECONOMIC COMPARISON OF ALTERNATIVE PLANS 
(In dollars and January 1970 price levels) 

Item P LAN 
I II III IV 

Benefits 

Flood control 40,787,000 36,221,000 36 ,221,000 36,221,000 
Hurricane control 3,058,000 3,058,000 3,058,000 3,058,000 
Major drainage 213,000 367,000 367,000 367,000 
Fish and wildlife 775,000 342,000 827,000 552,000 
Recreation 1,728 ,000 1,800,000 3,566,000 4,312,000 
Water supply 5,400,000 1,740,000 6,310,000 9,875,000 
Water quality 2,616,000 2,491,000 2,758,000 2,491,000 
Mosquito control 1,208,000 555,000 744,000 1,392,000 
Navigation 
Land enhancement 

389,000 
4,192,000 

389,000 
2,951,000 

389,000 
2,951,000 

389,000 
2,951,000 

Advanced rep1ace­ 318,000 383,000 383,000 383,000 
ment 

Total 60,684,000 50,297,000 57,574,000 61,991,000 

Costs-­
First cost 1,085,320,000 603,010,000 720,810,000 918,160,000 
Annual cost 68,621,000 41,577,000 49,833,000 67,362 ,000 

Evaluation 

Benefit cost ratio 0.9 1.2 1.2 0.9 
Excess benefits -7,957,000 8,720 ,000 7,741,000 -5,371,000 

feet above mean sea level, in combination with an improved navigational 
channel to depth of 14.6 feet below mean low water (17 feet mean sea level) 
in the Passaic River from mile 7.7 to the Eighth Street Bridge. 

121. The plan was then investigated to determine the optimum level of flood 
protection by analysis of various levels of flood detention storage in the 
proposed reservoirs and various levels of channel improvement in the down­
stream reaches. It was determined by the analysis that Plan III providing 
231,000 acre-feet of flood detention storage in combination with local pro­
tection works which would provide protection against a design discharge 
varying from 10,500 cubic feet per second at Two Bridges to 30,000 cubic 
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feet per second at Newark Bay was very close to the optimum protection for 
this reach. An analysis was also made to determine the optimum combination 
of flood detention and conservation storage in the proposed multiple purpose 
reservoirs. This analysis indicated that the optimum degree of conservation 
storage was very close to 82,400 acre-feet with corresponding flood deten­
tion storage of 231,000 acre-feet. 

122. SINGLE PURPOSE ALTERNATE. Another tool used in the plan formulation 
process is the comparison of the costs of providing the purposes in a 
multiple purpose improvement against the provision of a specific purpose 
by a single purpose alternate improvement. When the economics of the 
most feasible of each of these possible single purpose improvements are 
established, it becomes possible to evaluate the relative feasibility of 
more comprehensive multiple purpose proposals. These single purpose or 
basic alternatives are described below. To establish comparability wmong 
all considered alternatives, they were evaluated on the basis of standards 
of performance that could be expected from a multiple purpose plan. For 
example 1 flood control alternatives along the mainstream were considered 
to protect against a flood twenty percent greater than the 1903 record 
flood, and water supply alternatives were considered to provide a depend­
able water supply 138 million gallons per day. Comparisons of annual cost 
in the following paragraphs are based on January 1970 price levels, 5-3/8 
percent interest rate and project lives of 100 years. Table 14 summarizes 
the costs of the various single purpose alternatives. 

TABLE 14 - COSTS OF SINGLE PURPOSE ALTERNATIVES 
(January 1970 Price Levels) 

Purpose First cost Average annual costs 

Flood control 
Water supply 
Recreation 
Fi sh ~nd wildlife 
Water quality 
Major drainage 
Navigation 
Hurricane protection 

$494,890,000 
54,570,000 

170,730,000 
315,864,000 
142,120,000 

30,070,000 
13,470,000 
21,130,000 

$32,877,000 
6,310,000 

11,263,000 
18,759,000 
20,780,000 
1,933,000 

741,000 
1,290,000 

123. Flood control. The most feasible single purpose flood control 
project would consist of two normally dry detention reservoirs, one up­
stream of Two Bridges, and one upstream of MYers Road, and channel im­
provement frQ1ll. Newark Bay to Two Bridges and from Chatham to Myers Road. 
The first cost of such an improvement would be $494,890,000 and the 
average annual costs would be $32,877,000. 
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124. Water Supply. The most feasible means of developing water supply in 
the magnitude of 138 million gallons a d~ for the more immediate needs of 
the area, would be the development of three sources in the Raritan River 
basin under a three stage program. The first stage, needed by 1986, would 
provide for the unobligated 80 million gallon per day balance of supply 
from the Round Valley - Spruce Run system by pumping from the Raritan River 
at Bound Brook to the Dead River, where it would then flow by gravity to 
Chatham and then via the Passaic River to the point of withdrawal. The 
second stage, required by 1988, is the construction of a dam and reservoir 
on Six Mile Run upstream of its confluence with the Millstone River; this 
would permit impoundment of Six Mile Run waters to yield 10 million gallons 
per day and impoundment of currently unallocated waters pumped from the 
Delaware and Raritan Canal for another 28 million gallons per day, a total 
of 38 million gallons per day. The third stage, required by 1994, would 
be the construction of a dam and reservoir at the confluence of the North 
and South Branches of the Raritan River, and the installation downstream 
of additional pumps at Bound Brook 9n the Raritan River. This work would 
permit an additional 50 million gallons per day of which 20 million gallons 
a day would be purchased for the alternate plan to be drawn off and trans­
ported into the Passaic River. The first cost 

, 
of this three stage program 

would be $54,570,000 and the average annual cost would be $6,310,000. 

125. Recreation. The development of water oriented recreation facilities 
would involve two reservoirs formed by dams at Two Bridges and MYers Road, 
and associated perimeter land development along with strip park development 
along the Passaic River from U. S. Route 46 to Chatham. The first cost 
would be $170,730,000 and the average annual cost would be $11,263,000. 

126. Fish and wildlife. The development of high quality warm water fish­
eries would best be accomplished by dams and reservoir impoundments as 
noted for recreation. In addition, about 4,200 acres of swamp and marsh 
lands would be acquired for maintenance as a waterfowl and wildlife refuge. 
The total first cost would be $315,864,000 and the average annual cost 
would be $18,759,000. 

127. Water quality. The most economically reasonable approach to estab­
lishment of desirable water quality in the Passaic River is to provide 
advanced treatment of all sewage prior to discharge into streams. The 
criteria used to estimate the cost of such programs are based on the de­
sirable objectives for each reach of stream as reflected by the amount 
of BOD, dissolved oxygen, coliform bacteria and other qualities such as 
color and taste. The attainment of the water quality objectives by means 
of reservoir storage is unfeasible. The average annual cost of the program 
of advanced treatment facilities is estimated at $20,780,000. The first 
cost is estimated at $142,120,000. 

128. Major Drainage. The most feasible means of improving drainage in the 
low lands between Beatties Dam and MYers Road is by filling and .grading 
these lands and the improvement of existing and construction of new drain­
age channels to accommodate the land runoff resulting from a storm with an 
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average frequency of occurrence of once every five years. Poor drainage
 
in this reach has led to saturated soil conditions and swamp-like land
 
characteristics. The first cost would be $30,070,000 and the average
 
annual cost of such work is $1,933,000.
 

129. Navigation. Improvements in the Passaic River to permit more eco­

nomical shallow draft navigation would be the deepening of the existing
 
channel and the extension of the channel from the Eighth street Bridge in
 
Passaic to Dundee Dam. The first cost of such work would be $13,470,000
 
and the average annual cost of this improvement to a depth of 14.6 feet
 
at mean low water is estimated at $741,000.
 

130. Hurricane Protection. Improvements in the Passaic River estuary to 
provide protection against tidal inundation would require the construction 
of levees and f100dwa11s along the banks of the river from Newark Bay to 
Dundee Dam. The first cost of such work would be $21,130,000 and the average 
annual cost of the improvement to provide tidal protection against a stage 
of 9.5 feet mean sea level is $1,290,000. 

131. LOCAL PROTECTION IMPROVEMENTS ON TRIBUTARY STREAMS. An investigation
 
was made as to the optimum level of protection afforded by the local pro­

tection projects along the tributary streams. These investigations indi­

cated that the optimum level of development were very close to discharges
 
equal to 20 percent in excess of the October 1903 flood on the Ramapo River
 
at Oakland, New Jersey, on the Mahwah River at Mahwah, New Jersey, and
 
Suffern, New York; and about equal to the October 1903 flood on the Saddle
 
River at Lodi, New Jersey, on Molly Ann's Brook at Haledon, New Jersey, on
 
Nakoma Brook at Sloatsburg, New York and on the Rockaway River at the Town
 
of Denville, New Jersey.
 

XXI - PLAN OF IMPROVEMENT 

132. GENERAL. The Passaic River improvement, found to be most suitable 
for the reasons described in Section XX of this report, provides for the 
use of stored water in conjunction with river improvements in the interest 
of flood control, recreation, water supply, water quality and other pur­
poses. This section describes in greater detail the components of the 
plan and pertinent related matters such as its operation and effects on 
existing development. The elements comprising the overall plan of im­
provement are presented in two categories. The first group comprises 
those elements integral to Plan IlIon the Passaic River and the second 
group comprises improvements on tributaries that are independent of Plan 
III. The breakdown is given below, followed by descriptions of each com­
ponent. Pertinent data is given in Table 15. The plan should be supple­
mented by a program of flood plain management by local interest to minimize 
damages in areas where structural improvements are not feasible. 

Integral to Plan III. 

a. Improvement of the Passaic River from Newark Bay to Two 
Bridges, Figures 6 through 14 
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TABLE 15 - PERTINENT RESERVOIR DATA FOR CONSIDERED PLAN
 

TWO BRIOOES MYERS ROAD 
ITEM RESERVOIR RESERVOIR 

General Data 

River Impounded
 
Conservation
 
Flood Detention
 

Drainage Area Controlled (sq.mi.) 
Conservation 
Flood. Detention 

Percent of Area above Paterson 

Controlling Levels (ft., m.s.l.) 

Conservation Pool
 
Spillway Crest
 
Maximum Pool
 
Top of Dam
 
Taking Line
 
Land Required (Acres)
 

Conservation Pool 

Surface Area (acres)
 
Dead Storage (acre-ft)
 
Live Storage (acre-ft)
 
Total Storage (acre-ft)
 
Dependable Yield (mil. gal/day)
 

Flood. Control Pool 

Flood Pool Area (acre)
 
Design Flood
 
Maximum Flood
 

Flood Storage (acre-ft)
 
Design Flood.
 
Maximum Flood.
 

other Features 

Levee Height (ft, msl)
 
Levee Length (miles)
 
Raised RoadS, Height (ft, msl)
 
Raised RoadS, Length (miles)
 
Structures Relocated
 
Perimeter Structures Protected
 

Panpton River Passaic River 
Pompton & Passaic Rivers Passaic River 

377 82 
735 82 

93.8 10.5 

183.0 225 
190.5 225 
197.4 232.4 
202.4 237.4 
194.3 230.0 

18,709 4,525 

4,960 2,700 
13,800 2,600 
68,600 21,300 
82,400 23,900 

100 38 

16,800 4,200 
18,800 7,500 

231,000 10,100 
116,000 24,900 

199.4 231.5 
52 8 

Varies 231.5 
17.3 4.7 

512 48 
7,500 500 
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b. Two Bridges dam and reservoir, Figure 4 

c. Pompton River diversion, Figure 20 

d. Passaic River diversion, Figures 31 and 32 

e. Improvement of the Passaic River from Chatham to Myers Road, 
Figures 15 through 18 

f. Myers Road dam and reservoir, Figure 5 

Improvement on Tributaries. 

g. Channel improvement of the Ramapo River at Pompton Lakes and 
Oakland, New Jersey, Figures 20 and 21 

h. Local protection works on the Mahwah River at Mahwah, New 
Jersey and Suffern, New York, Figure 23 

i. Local protection on Saddle River at Lodi, New Jersey, 
Figure 24 

j. Local protection on Molly Ann's Brook in Haledon, Figure 25 

k. Local protection on Nakoma Brook at Sloatsburg, New York, 
Figure 26 

1. Local protection on the Rockaway River at Denville, New Jersey, 
Figure 27 

m. Reconstruction of the dams at Lakes Denmark and Picatinny, 
Figures 28 through 30 

133. IMPROVEMENT OF THE PASSAIC RIVER FROM NEWARK BAY TO TWO BRIDGES. 
Newark Bay to Dundee Dam. The Passaic River in this reach would be i~proved 

to a trapezoidal shaped channel, varying from a bottom width of 300 feet and 
bottom elevation of 17.0 feet below mean sea level at Newark to a 150 foot 
bottom width trapezoidal shaped channel with a bottom elevation of 12.5 feet 
below mean sea level at the Eighth Street Bridge in Passaic, Figures 6 
through 10. The water surface elevations for design flood conditions could 
vary from 9.5 feet mean sea level to 18.4 feet at Dundee Dam. There would 
be about 6.1 miles of levee and 3.1 miles of concrete walls. Top elevations 
of levees and walls would be 3 feet higher than the design water surface. 
Bridges would be raised so that their bottoms would be only 2.5 feet above 
the design water surface because of the high cost of construction in heavily 
developed areas. Ten pumping stations would be provided to drain areas pro­
tected by levees and walls. 
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134. Dundee Dam to Beatties Dam. In this reach, improvement of the exist ­
ing channel would consist of the excavation of the Island Park at West 
Broadway Bridge to the depth of the adjacent channel bottom, Figure 12. 
There would be local protection facilities along both banks totaling about 
8.7 miles of earth levees and 1.7 miles of concrete walls. The top eleva­

tions of the levees and walls would vary from 34.6 feet mean sea level at
 
the downstream end of the reach tD 58.5 feet at S.U.M. Dam. Above S.U.M.
 
Dam the top elevation varies from 124.0 feet to 133.5 feet. These eleva­

tions are 3 feet above the design water surface. There would be a pumping
 
station on each side of the river for draining protected areas. A total
 
of 8 bridges would be raised; an additional 7 bridges on tributary streams
 
draining into this reach of the Passaic would also be raised, Figures 10
 
through 13.
 

135. Beatties Dam to Two Bridges. In this reach, the channel for its full 
length of 3.3 miles, would be excavated to provide a 200-foot bottom width 
with side slopes of 1 on 3, Figures 13 and 14. Bottom elevations would 
vary from 146.0 to 154.5 feet mean sea level. In addition, three new 
tainter gates, each 35 feet wide, would be'installed in Beatties Dam, Fig­
ure 36. In the uppermost section just downstream of the Two Bridges Dam 
spillway for a distance of 1,500 feet, a channel would be excavated to 
provide a 250 to 600-foot bottom width and side slopes of 1 on 3. A levee 
1,600 feet in length and about 12 feet high would be constructed on the 
left bank and a similar structure 1,600 feet long and about six feet high 
would be constructed on the right bank. The levees would be rolled earth 
embankments with a top width of eight feet with an impervious, compacted 
core and cutoff. They would vary in elevation from 164.5 feet mean sea 
level to 165 feet. Side slopes would be 1 on 3 throughout. Flood walls 
would be reinforced concrete with a 15-inch top width and a steel sheet 
piling cutoff extending on an average of 17 feet below the wall foundation 
to an impervious soil strata. Top elevations of both levees and walls 
would be three feet above the design discharge including the naVigable 
portion of the river downstream from the Eighth Street Bridge. Bottoms 
of bridges would be 2.5 feet above the design water surface. Additional 
works involved in the channel improvement portion of the plan would in­
clude the reconstruction of 3 bridges. 

136. TWO BRIOOES DAM AND RESERVOIR. Main dam. The dam structures are 
described in three sections; a main dam, a conservation dam and the Pompton 
dam. The main dam would be located across the Passaic and Pompton Rivers 
in the Township of Fairfield and the Borough of Lincoln Park, 0.3 miles 
upstream from Two Bridges. The site for the main dam consists of flat 
rolling land which extends over a valley approximately 13,000 feet wide. 
Along the length of the dam, the greater portion of the valley floor is 
composed of variable thickness of stratified fine alluvial sand overlying 
plastic clay and glacial till. Except for one locality, rock was generally 
not encountered by exploration within 100 feet of the surface. In the val­
ley wall above the north abutment of the dam, rock outcrops at approximately 
elevation 200 feet mean sea level, but dips sharply toward the dam, so that 
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the north abutment is deeply covered with a glacial deposit consisting of 
a compact mixture of cl~, silt, sand, gravel and bounders. Similarly, 
the south abutment consists of a firm moraine deposit. At the site of the 
spillway on the south bank of the Passaic River, the surface layer of fine 
sand with silt was found to be 8 to 25 feet deep, underlain with hardpan 
or glacial till, below which rock was encountered at a depth of 36 feet. 
The main dam would be a rolled earth embankment 17,800 feet long with a 
maximum height of 51.5 feet, a top width of 20 feet, and a top elevation 
of 202.4 feet mean sea level. Embankment slopes in the higher sections of 
the dam, totaling 9,000 feet in length, would be 1 on 5 on both sides below 
elevation 190.5 feet mean sea level and 1 on 3 above this level. An im­
pervious core of compacted fill would be provided for the full length and 
depth of the embankment. The structure would be protected from the erosive 
effects of wave and wind action by placing 9 inches of bedding material 
overlain with 27 inches of riprap from elevation 177.0 feet, to 202.4 feet 
mean sea level on the conservation pool side slopes. 

137. The spillw~ would be a concrete ogee type structure, 1,020 feet in 
length, constructed on a hardpan foundation on the south bank of the Passaic 
River about 5,300 feet from the north abutment. The crest elevation would 
be 190.5 feet mean sea level, with a lower weir, 120 feet in length, having 
a crest elevation of 183.0 feet mean sea level. OUtlet works in the Passaic 
Section would consist of two 5-foot conduits, located in the spillway sec­
tion. Each conduit would be equipped with two power operated sluice gates. 
The intake elevation would be at 156.0 feet mean sea level. 

138. Conservation dam. The conservation section of the dam would extend 
a distance of approximately 3,600 feet southwest along the alignment of 
U. S. Interstate Route 80 from just upstream of Horseneck Road to the U. S. 
Interstate Route 80 bridge over the Passaic River. At this point, the con­
servation dam would extend 2,850 feet in a westerly direction to high ground 
north of the community of Pine Brook. The foundation conditions in this 
section are substantially similar to those of the main dam. The conserva­
tion dam would be a rolled earth embankment with a top width of 80 feet to 
accommodate existing U. S. Interstate Route 80, a six lane Interstate high­
way. This section would have a maximum height of 31 feet, a top elevation 
of 199.4 feet mean sea level and variable side slopes to suit foundation 
conditions as used in the Passaic Section. An impervious core of compacted 
fill would extend through the full length and depth of the embankment. 
The structure would be protected from the erosive effects of wind and wave 
action by placing 9 inches of bedding material overlain with 24 inches of 
riprap from elevation 176.0 feet to 199.4 feet mean sea level, on the con­
servation pool side slopes. 

139. The spillway in the Conservation Section of the dam would have a 
length of 1,200 feet and would consist of five ogee type structures, each 
240 feet long, spaced along the length of the dam, with a crest elevation 
of 183.0 feet, mean sea level. 
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140. Pompton dam. The Pompton Section of the dam would operate in con­
junction with the Pompton diversion discussed in a subsequent paragraph. 
It would extend 11,500 feet across the Pompton River Valley from high 
ground in the vicinity of the old Route 23 bridge in Wayne to the high 
ground between the Pompton and Passaic Rivers in Lincoln Park, Figure 19. 
This section would also form the east bank of the Pompton River diversion 
channel. Foundation conditions in this section are substantially similar 
to those existing at the abutments of the main dam. The dam would be a 
rolled earth embankment. It would have a maximum height of 45 feet, a top 
width of 20 feet, a top elevation of 202.4 feet mean sea level, and side 
slopes of 1 on 5 on both sides below elevation 190.5, and 1 on 3 above this 
level. An impervious core of compacted fill would extend for the full 
length and depth of the embankment. The structure would be protected from 
the erosive forces of wind and wave action by placing 9 inches of bedding 
material overlain by 24 inches of riprap from elevation 176.0 to 202.4 feet 
mean sea level on the conservation pool side slopes. 

141. The outlets in the Pompton dam would consist of four 5-foot by 5-foot 
conduits. They would be located at the upstream end of the diversion chan­
nel and would discharge directly into the eXisting Pompton River downstream 
of the Pompton Dam. In addition to the outlets, two 5-foot siphon conduits 
would be integrated within the structure to accommodate interior drainage 
from the west bank of the Pompton River, which would be protected by a 
levee, into the existing Pompton River channel downstream of the dam. Each 
outlet conduit would be regulated by a power operated slide and sluice gate. 
The intake elevation of the outlet and siphon conduits would be at approxi­
mately 160.0 feet mean sea level, Figure 34. 

142. Conservation pool. The conservation pool would contain pompton River 
water impounded by the conservation dam. The conservation pool level would 
be elevation 183.0 feet mean sea level with a corresponding flowage area of 
4,960 acres and storage of 82,400 acre-feet. Of this total storage, 68,600 
acre-feet would be available for conservation uses, 4,400 acre-feet would 
be reserved for silting, 5,800 acre-feet for evaporation and 3,600 acre­
feet for contingency losses. Backwater at pool level would extend about 
6 miles along the Pompton River to Pompton Lakes Dam. The works would be 
arranged so that normal flow on the main stem of the Passaic River would 
by-pass the conservation pool in discharging to the lower river, Figures 4, 
31, and 32. 

143. Flood control pool. The reservoir area, at the fixed spillway ele­
vation of 191.4 feet mean sea level would be 16,800 acres with a correspond­
ing total storage of 313,000 acre-feet, equivalent to 8.0 inches over the 
controlled drainage area of 735.2 square miles. Of this total storage, an 
amount of 231,000 acre-feet, equivalent to 6.0 inches over the controlled 
watershed area would be utilized for flood control. This is 3.7 inches 
more than the amount stored on the meadows during the 1903 flood. The res­
ervoir would extend upstream for a distance of 11 miles to Chatham, along 
the Rockaway River a distance of 6 miles to above Lake Hiawatha, and along 
the Whippany River a distance of 6 miles to Florham Park. It would also 
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extend up the Pompton River and diversion channel a distance of seven
 
miles to Pompton Lakes, Figures 3 and 4.
 

144. Reservoir local protection works. Within the reservoir area, approx­
imately 52 miles of protection works are proposed for construction as circle 
levees and perimeter levees in and adjacent to the flood detention pool. 
The levees would vary in height between 34.0 feet at Pine Hill and zero at 
the tie back elevation of 199.4 feet mean sea level. They would have a 
top width of 8 feet, the side slopes would be constructed on a grade of 1 
on 4 and the water side would be lined with 6 inches of bedding material 
overlain by 12 inches of riprap. Seventy-one pumping plants with a com­
bined capacity of 7,215 cubic feet per second would be constructed behind 
the levees for interior drainage. The construction of these levees would 
afford protection to approximately 7,500 structures. The facilities of all 
water, sewage and power utilities crossing the reservoir area would be pro­
tected, and roads and highways would be raised to an elevation of 3 feet 
above the stage of the largest flood of record. The reservoir area to be 
utilized for flood control storage would be cleared of fallen timber below 
elevation 194.0 feet mean sea level. The reservoir area to be utilized for 
conservation storage would, in addition to the above, be cleared of all 
trees and brush, and all root matter and soil containing vegetative compo­
sitions would be excavated. The area of the conservation pool would be 
excavated to a minimum bottom elevation of 176.0 feet mean sea level on a 
1 on 3 side slope. These side slopes would be protected from erosion by 
a 12 inch gravel covering. 

145. Reservoir land usage. The Two Bridges Reservoir would require the 
acquisition of 18,700 acres of land. Of this total, 4,960 acres would be 
contained within the conservation pool, 1,170 acres would be required for 
recreational use and approximately 4,200 acres would be required as water­
fowl and wildlife habitats. Of the remaining 8,370 acres, approximately 
75 percent, or about 6,300 acres would lie above the stage of the 20 year 
flood. Because of the large acreage removed from productive use and the 
accompanying hardship imposed on several of the reservoir communities in 
this urban area, a portion of the lands would be made available on a lease 
basis for activities that are compatible with the flood threat. These 
activities could consist of open air theatres, municipal recreation, graz­
ing, agriculture, and parking lots in the vicinity of protected industrial 
and commercial areas. 

146. POMFTON RIVER DIVERSION AND CHANNEL IMPROVEMENT. The Pompton River 
channel improvement would involve straightening, deepening and widening 
of the Pompton River downstream from Pompton Lake Dam and levees and flood 
walls along both banks to the vicinity of Park Avenue in Lincoln Park, 
Figures 19 and 20. The new channel would be 200 feet wide at the bottom 
and have 1 on 3 side slopes. From this point a diversion channel would 
be excavated to carry the flow into the detention pool through Hook Moun­
tain at Lincoln Park. The diversion channel would be 9,500 feet long and 
would have a 200-foot bottom and side slopes of 1 on 3 through soil 
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excavation and 4 on 1 through rock cut in Hook Mountain. From the upper 
end of the diversion channel, a dry weather flow of 60 cubic feet per 
second would be released into the original Pompton River channel by the 
outlets and siphon outlets. Several railroad and highway bridges would 
be raised as appropriate. The levees along the right bank of the Pompton 
River and the diversion channel for protection of Lincoln Park, Pequannock 
and Pompton Plains against flooding would extend for 21,500 feet from 
Jackson Avenue in Pompton to the Hook Mountain divide at Lincoln Park. 
The levee would have an average height of 16 feet, a top width of 8 feet, 
a top elevation varying from 199.4 to 200.0 feet mean sea level and side 
slopes of 1 on 4. Interior drainage would be carried to the Pompton River 
downstream of the Pompton Section of the dam by two siphon conduits, Fig­
ure 34. 

14'7. PASSAIC RIVER DIVERSION. Within the flood detention portion of the 
reservoir the Passaic River would be diverted to the dry side of the main 
dam. The diversion channel woultl be situated on an alignment between the 
main dam and U. S. Interstate Route 80 and would discharge into the exist­
ing Passaic River channel at Two Bridges. This channel would consist of 
a 180 foot bottom width channel with 1 on 3 side slopes and would be 
26,700 feet in length. It is designed to accommodate a maximum regulated 
discharge of 10,500 cubic feet per second with 3 feet freeboard below the 
existing ground elevation. The diversion channel upstream of the dam would 
intercept the existing Passaic River just upstream of U. S. Route 46. This 
channel would be sized with a bottom width of about 180 feet, Figures 3, 4, 
31 and 32. 

148. Outlet works. The outlet works for the Passaic Diversion would con­
sist of eighteen, 5-foot conduits constructed through the earth embankment 
of the Passaic Section of the dam to discharge into the diversion channel 
which empties into the Passaic River between Two Bridges and Beatties Dam. 
Each conduit would be regulated by a hydraulically operated sluice gate. 
A gate tower with control gates would be located at the upstream end of the 
conduits. These outlets were sized so that they would pass the bank-full 
flood under a head of five feet. The elevation of the outlet was placed 
so as to be at least as low as the existing channel on the Passaic River 
at the proposed location of the dam, Figure 34. 

149. IMPROVEMENT OF THE PASSAIC RIVER FROM CHATHAM TO MYERS ROAD. This 
improvement would extend upstream from the Two Bridges Reservoir at Chatham 
to Myers Road Dam, Figures 3, and 15 through 17. The channel would be 
trapezoidal in shape with an 80 foot bottom width and one on three side 
slopes with the top of channel banks being formed by land filling operation 
of the flood plain marsh land which will drain towards the channel. Bridges 
would be reconstructed to provide a minimum of three feet of free board 
above the design flood stage. The improved channel bottom would start at 
the elevation of the existing channel at mile 51.0, 177.0 feet mean sea 
level, thence it would extend upstream with uniform slope to elevation 
186.1 feet at mile 52.8, thence at a uniform slope to elevation 195.5 feet 
at the downstream toe of MYers Road Dam. 
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150. MYERS ROAD DAM AND RESERVOIR. Dam. The dam would be located on the 
upper Passaic River about 1,500 feet upstream of MYers Road near Millingtoh, 
Morris County, New Jersey, and would have a top elevation of 237.5 feet, 
Figure 3. The dam, an earth gravity structure with an overall length of 
5,160 feet, would include a concrete 150-foot long, ogee, overflow spillWay, 
and a 150-foot long, non-overflow, gravity section that would be anchored 
into the earth gravity sections of the dam on each side. The spillway 
crest would be at 225.0 feet with a maximum height of 29.8 feet above the 
streambed. There would be two 24 inch gated conduits with invert eleva­
tions of 202.5 feet. The stilling basin for the spillway and outlet dis­
charges would be 150 feet wide and 84.0 feet long. The channel downstream 
of the stilling basin would be relocated and riprapped for a distance of 
about 300 feet, Figure 35. 

151. Reservoir. The MYers Road reservoir would be located in Dead River 
Swamp and portions of the Great Swamp, Figure 4. The swamps are rectangular 
dish-like hollows that once were a part of an ancient glacial lake, which 
formed one of the major headwaters of the Passaic River. The reservoir, 
including the entire Dead River and portions of the Great Swamp, would be 
generally divided into two sections by the natural rock gorge located about 
400 feet downstream of Basking Ridge Road near Millington. The downstream 
portion of the reservoir encompassing the Dead and Passaic River Meadows 
would be generally used for conservation purposes, recreation, water supply 
storage, flood detention storage, and fishery enhancement; the upstream 
portion would be used for wildlife refuge, waterfowl habitat, land oriented 
recreational facilities and for flood detention storage. 

152. The conservation pool at elevation 225.0 feet mean sea level would 
have an area of 2,700 acres. The pool would contain about 23,900 acre-feet 
of storage, equal to 5.4 inches of runoff over the 82.0 square miles of 
drainage area. Of this storage, 21,300 acre-feet would be used for low 
flow augmentation and water supply purposes, 1,000 acre-feet for silting, 
950 acre-feet for evaporation and 650 acre-feet for other losses. The de­
pendable yield produced by this conservation storage and river flow would 
be 38 million gallons per day based on the worst drought of record, which 
occurred from May 1965 through May 1967. A levee and pumping station with 
reversible pumps would be constructed in the conservation pool upstream of 
Millington to control water levels in the Great Swamp. In the event that 
water needs or water levels in the wildlife refuge area would be above or 
below the requirements, water would be discharged into, or borrowed from 
the conservation pool. The conservation pool would be cleared of all growth 
and the bottom would be excavated to elevation 218 feet mean sea level 
throughout, providing a minimum depth of seven feet to discourage aquatic 
growth and satisfy recreational needs. 

153. Flood control storage for the design flood would be contained as 
surcharge storage above the conservation pool at elevation 225 feet mean 
sea level to an elevation of 228.0 feet mean sea level, 3.0 feet above the 
spillway level. This would provide 10,100 acre-feet of flood storage, 
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equal to 2.3 inches over the drainage area, and would reduce the design 
flood flow at Chatham from 6,180 cubic feet per second to 3,700 cubic feet 
per second. The conservation pool could be emptied with the gated conduits 
in 28 days. The maximum reservoir level for the spillway design flood 
would be elevation 232.4 feet mean sea level with an area of 7,500 acres 
and surcharge storage of 35,000 acre-feet above conservation pool level 
equal to 8.1 inches on the watershed. Diking of developed perimeter area 
and raising of road would be accomplished as required, Figure 4. 

154. LOCAL PROTECTION ON RAMAPO RIVER AT OAKLAND, NEW JERSEY. The proposed 
plan would involve channel improvement on the Ramapo River extending from 
2,500 feet upstream of Lenape Avenue to Pompton Lakes, in order to provide 
adequate protection to residential and recreational areas, Figures 21 and 
22. The design discharge is equal to 20 percent in excess of the October 
1903 flood and varies from 14,100 cubic feet per second at a point approx­
imately 2,500 feet above Lenape Avenue, to 18,960 cubic feet per second at 
Pompton Lakes. The channel would be trapezoidal shaped with a 250-foot 
wide bottom with 1 on 3 side slopes. Bank elevations would be 3 feet above 
the design water surface. The improved channel would follow the existing 
channel for about 1.9 miles downstream of the limit. There, because of 
the meandering channel alig'nment and the recreational developments close 
to the stream banks, a new diversion channel would be constructed to Pompton 
Lakes. The improved channel would be adequate to carry the design flow 
within the banks of the stream except for the portion of the reach of im­
provement from the New York Susquehanna and Western Railroad downstream to 
Pompton Lakes, where land fill, levees, and walls would be required to raise 
the banks to closure to high ground at elevations ranging from elevation 
208.4 feet mean sea level to elevation 214.0 feet. Minor closure levees 
would be necessary to prevent Pompton Lakes backwater from entering the 
adjacent built-up areas. At about 4,000 feet upstream of Pompton Lakes, a 
lake with swimming, beach and picnic areas would be relocated to preserve 
these recreational facilities, Figure 22. The existing channel from which 
the flood waters would be diverted between the points of diversion would be 
retained in its present condition by maintaining in it low water flow by 
the installation of a gated diversion structure where the diversion starts. 
Such a diversion would preserve whatever water rights that exist along the 
existing channel and would maintain the recreational benefits currently 
being derived. The existing channel would also provide a means of draining 
the adjacent built-up areas. 

155. LOCAL PROTECTION ON THE MAHWAH RIVER. AT MAHWAH, NEW JERSEY AND SUFFERN, 
NEW YORK. Local protection would be provided along the Mahwah River from 
its confluence with the Ramapo River to the Boulevard Bridge in Suffern, New 
York, Figure 23. The works would be continued along Masonicus Brook, a 
tributary of the Mahwah River, to include major plants of the American Brake 
Shoe Company. The works on the Mahwah River would consist of over one mile 
of channel relocation, deepening and widening to a 10-30 foot bottom width 
about 1,830 feet of concrete wall, 5,070 feet of levee and several ponding 
areas and appurtenant drainage works. 
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156. LOCAL PROTECTION ON SADDLE RIVER AT Lom, NEW JERSEY. The plan for 
flood control on the Saddle River would provide protection for a concentrated 
industrial and commercial area located on the left bank of the river between 
Passaic Street and State Highway Route 46 in the borough of Lodi, for a total 
length of about 4,000 feet, and for a commercial and residential area along 
a tributary stream entering the Saddle River about midway between the limits 
of the proposed improvement, Figure 24. On the right bank, except for a 
power plant which would experience only minor flooding under the design 
flood, the area in undeveloped. The improvement would afford protection 
against a flood of 7,000 cubic feet per second, equal to recurrence of the 
1903 flood. It would involve channel relocation, levee and wall construc­
tion, and improvement of the tributary stream. The work would include 
1,800 feet of channel excavation, 2,200 feet of earth levee and 1,350 feet 
of concrete wall, a 390 cubic feet per second pumping station and raising 
or removal of 7 bridges. The levees and walls would vary in elevation 
from 30.1 to 33.7, three feet above the design water surface. Bottoms of 
bridges would be 3 feet above the surface. 

157. LOCAL PROTECTION ON MOLLY ANN'S BROOK AT HALEDON, NEW JERSEY. The
 
plan for flood control on Molly Ann's Brook would provide protection for
 
residential, commercial and industrial developments between West Broadway
 
and Church Street in the borough of Haledon, for a total length of about
 
6,000 feet, Figure 25. The design flood is equal to 1,950 cubic feet per
 
second. The works would include 3,100 feet of channel excavation, 2,900
 
feet of earth levee, 2,800 feet of concrete flume 30 feet wide, two pumping
 
plants totaling 49.7 cubic feet per second capacity and raising or removal
 
of 7 bridges. The tops of levees and walls would vary in elevation from
 
141.3 feet mean sea level and 177.6 feet mean sea level, three feet above
 
the design water surface. Bottoms of bridges would be 3 feet above the
 
surface.
 

158. LOCAL PROTECTION ON NAKOMA BROOK AT SLOATSBURG, NEW YORK. The plan 
of improvement on Nakoma Brook provides protection to a residential, com­
mercial, and industrial area in the Village of Sloatsburg, New York. The 
improvement involves channel improvements, concrete flumes, levees and flood 
walls, and extends from Sterling Mine Road on the South Branch of Nakoma 
Brook and from Long Swamp on the North Branch downstream to the confluence 
of the two branches at Route 17, and thence downstream along the Main Branch 
of Nakoma Brook to its confluence with the Ramapo River, Figure 26. The im­
provement would afford protection against design discharges of 920 c.f.s. 
along the South Branch, 550 c.f.s. along the North Branch, and 1,470 c.f.s. 
along the Main Branch. The improved channel along the Main Branch would be 
a trapezoidal section with a 50 foot bottom width and side slopes of 1 on 
2, and would extend from the new confluence of the North and South Branches 
(150 feet downstream of Route 17) to near its confluence with the Ramapo 
River, a distance of 2,860 feet. Concrete flumes totalling 3,040 feet in 
length wouJ.d be provided along the North and South Branches. The flumes 
wouJ.d be 12 feet wide on the North Branch, and 8 feet wide on the South 
Branch, and would average 7 feet deep on both branches. 
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159. LOCAL PROTECTION ON THE ROCKAWAY RIVER AT DENVILLE TOWNSHIP, NEW 
JERSEY. The plan of improvement on the Rockaway River provides protection 
to a concentrated residential and commercial area located in the Township 
of Denville, New Jersey, Figure 27. The improvement would afford protec­
tion against a design flood of 7,350 c.f.s. at Denville, equal to the 
October 1903 flood, the largest of record. The improvement would involve 
levees for 3,955 feet with an average height of 11.4 feet and flood walls 
for 5,710 feet with an average height of 11.7 feet. Three ponding areas 
would be constructed behind the levees at Gardner Field, at the downstream 
part of the improvement, and between U. S. Rout es 46 and 80. 'l'wo pumping 
stations with capacities of 10 and 20 c.f.s. would be required for interior 
drainage. 

160. RECONSTRUCTION OF DAMS AT LAKES DENMARK AND PICATINNY. The existing
 
Lake Denmark and Picatinny Lake dams on small tributaries of the Rockaway
 
River would be replaced by new structures with enlarged spillways to ac­

commodate safely, but with mini~um freeboard, the discharge of the maximum
 
probable flood, Figure 28.
 

161. The existing Lake Denmark Dam would be replaced by a new concrete dam 
and spillway with a total length of about 575 feet, founded on rock. The 
non-overflow section would have a top width of five feet, and a top eleva­
tion of 828.0 feet mean sea level. A freeboard of 4.2 feet would be pro­
vided to the top of dam above a standard project inflow flood of 4,400 cubic 
feet per second. The spillway would be an ogee section located near the 
north end of the dam. It would be 100 feet long, and would have a crest 
elevation of 818.0 feet mean sea level, which is substantially the same as 
the elevation of the existing rock spillway. The five existing 72-inch 
pipes through the railroad and highway embankment downstream from the dam 
would be replaced by a new railroad and highway bridge which would span the 
spillway channel. 'l'wo 18-inch outlets with manuaJ.J.y operated gates would 
be provided through the non-overflow section at the ends of the spillway. 
A section of the Wharton and Northern Railroad which crosses the proposed 
dam near the south abutment would require raising a maximum height of about 
three feet. 

162. The existing Picatinny Lake Dam would be replaced by a new earth dam 
and concrete spillway having a total length of about 1,200 feet. The earth 
section would have a top width of 20 feet, side slopes of 1 on 3, a maximum 
height of 22 feet, and a top elevation of 725 feet mean sea level. The 
maximum water surface elevation for the standard project inflow flood of 
5,400 cubic feet per second would be 717.5 feet mean sea level, correspond­
ing to a freeboard of 7.5 feet to the top of dam. The spillway would be 
an ogee section located near the north end of the dam, and would be 125 feet 
in length with a crest elevation of 712.4 feet mean sea level. The new 
crest elevation is the same elevation as the top of the existing flash 
boards. A chute 87.5 feet long, a drop section 110 feet long with a drop 
of 16 feet, and a stilling basin 95 feet long, would be constructed with 
a uniform width of 125 feet. Two 24-inch pipe outlets with manually operated 

60
 



gates would be provided through a short concrete non-overflow section at 
the south end of the spillway. A sheet pile cutoff would be provided in 
the foundation under the dam and spillway, and under the stilling basin 
sill to prevent detrimental underseepage. An existing highway bridge im­
mediately downstream from the proposed stilling basin would be replaced by 
a new bridge with two 62.5-foot spans raised about nine feet above the ex­
isting roadway. A single track railroad and adjacent highway which parallel 
the north wall of the new spillway channel would be replaced on higher 
ground toward the north for a distance of about 1,800 feet. 

163. MAJOR RELOCATIONS. The proposed plan encompassing reservoirs and
 
channel improvements along some 66 miles of the Passaic River and 17 miles
 
of its tributary streams would entail the relocation of several major high­

ways, sewage treatment plants, trunk sewers and water supply aqueducts.
 
Major relocations in Two Bridges Reservoir would include the raising of
 
5 miles of Interstate Route 80, 4.5 miles of Interstate Route 280, and 2.5
 
miles of U. S. Route 46, the relocation of approximately 4.7 miles of oil
 
and gas transmission lines and the protection of 0.9 mile of the Jersey
 
City Aqueduct which would underlie the conservation pool. In the MYers
 
Road area approximately 4.7 miles of roadway and 7.0 miles of gas and oil
 
transmission lines would require relocation. In addition, 4.6 miles of
 
levees would be constructed to protect Interstate Route 78 from inundation
 
in lieu of its raising. Relocations would also be required in the reaches
 
of channel improvement among which the major items include the raising of
 
several bridges and the relocation of the Jersey City Aqueduct near Nutley,
 
New Jersey.
 

164. PROJECT OPERATION. The operation of the project would be such that 
the area along the Passaic River from Newark Bay to Osborn Pond in Bernards 
Township would be provided protection against the design flood by a com­
bination of reservoir control and local protection works. Two Bridges Res­
ervoir would be regulated during the design flood in a manner such that all 
gates controlling the inflow into the Passaic River diversion would remain 
open until a maximum discharge of 10,500 cUbic feet per second is reached 
at Two Bridges from the combination of flow from the Passaic diversion 
channel and the spillway in the vicinity of Two Bridges. Upon approaching 
this maximum discharge, the gates controlling the diversion channel would 
be closed so that when the reservoir reaches a stage of 190.5 feet mean 
sea level the entire existing flow would be discharged over the spillway. 
Subsequently, when the flood pool starts to recede from its maximum stage 
of 191.4 feet, the outlets controlling the Passaic River diversion Channel 
would be opened to maintain a maximum flow of 10,500 c.f.s. when the flood 
pool reaches elevation 183.0 feet mean sea level, the entire flood detention 
pool upstream of the conservation dam would start to be discharged through 
the Passaic Diversion Channel. 

165. The Two Bridges Reservoir would suppress the design flood of 53,000 
cubic feet per second entering the reservoir to 10,500 cubic feet per second 
being discharged downstream of the dam. The local protection works down­
stream of the dam are designed to accommodate this exiting discharge in 
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addition to the drainage of the intervening area which would increase the 
design flow to 30,000 cubic feet per second at Newark Bay. Similarly, 
during the occurrence of the standard project flood the existing discharge 
from Two Bridges Reservoir and at Newark Bay would be almost identical to 
that of the design flood; however, a large difference in discharge between 
the two floods would occur in the vicinity of Dundee Dam where the discharge 
from the design flood would be 20,000 cubic feet per second and the standard 
project flood, 27,000 cubic feet per second. Myers Road reservoir would 
have an uncontrolled spillway and all suppression would be the result of 
surcharged storage. The design flood would be suppressed from 5,050 cubic 
feet per second entering the reservoir to 3,700 cubic feet per second at 
Chatham just upstream of Two Bridges reservoir. Similarly, during the 
standard project flood, the entering discharge of 8,100 cubic feet per 
second would be reduced to 5,250 cubic feet per second at Chatham. 

XXII - MULTIPLE PURPOSE FEATURES 

166. FLOOD CONTROL. The proposed plan would provide flood protection for 
the communities bordering the main stream downstream of Osborn Pond and 
along the Pompton River between Two Bridges and Pompton Lake Dam against 
a flood 20 percent in excess of the 1903 flood. The design flood of 39,800 
cubic feet per second at Little Falls would be reduced to 12,600 cubic feet 
per second through reservoir regulation. Residual damage areas downstream 
of the dams would be protected by channel improvement, levees and walls. 
Local protection works would also provide flood protection against a flood 
20 percent in excess of the 1903 flood in the communities of Oakland and 
Pompton Lakes, New Jersey on the Ramapo River and Mahwah, New Jersey and 
Suffern, New York on the Mahwah River. In addition, local protection work 
would provide flood protection against a flood equal in magnitude to the 
1903 flood in the communities of Lodi, New Jersey on the Saddle River, 
Haledon and Prospect Park, New Jersey on Molly Ann's Brook, Sloatsburg, 
New York on Nakoma Brook and Denville, New Jersey on the Rockaway River. 

167. HURRICANE PROTECTION. The improvements in the lower Passaic River 
would provide protection against tidal inundation for apprOXimately 2,000 
flood prone acres of land located downstream of Dundee Dam. The level of 
development of this protection would be at elevation 9.5 feet mean sea level 
which is one foot higher than that of the largest tide of record, 8.5 feet 
mean sea level which occurred during Hurricane Donna in September 1960. 
The level of this protection is considered sufficient to allow for a co­
incidental fluvial flow in the Passaic River of 30,000 cubic feet per sec­
ond at Newark Bay. Pertinent data relating to this feature of the plan 
are contained in Appendix F, Flood Damages and Benefits. 

168. WATER SUPPLY. Two Bridges Reservoir would impound 82,400 acre-feet 
of conservation storage from the flow of the Pompton River. The usable 
conservation storage of 68,600 acre-feet would provide a dependable yield 
of 100 million gallons a day of high quality water from municipal use. 
In addition, a dependable yield of 8 million gallons a day could be devel­
oped from 3 ground water aquifers which are contained in Troy, Black and 
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Hatfield Swamp Areas of Two Bridges Reservoir. Myers Road Reservoir would 
impound 23,900 acre-feet of conservation storage which would provide a de­
pendable yield of 38 million gallons a day of good quality water for munic­
ipal use. Pertinent details on water supply are in Appendix E, Water Use. 

169. The proposed plan of improvement would have no effect on the Pequan­

nock River, Rockaway River, or the Wanaque-Ramapo systems. However, it
 
would affect the Passaic Valley Water Commission's system and the system
 
operated by the C01lDll.onwea1th Water Company. Channel improvement of the
 
Pompton River fram Two Bridges upstream to Pompton Lakes would consist of
 
deepening and widening the existing channel, thus affecting the Passaic
 
Valley Water Commission's Point View Reservoir pumping station. This pump­

ing station is located on the east bank of the existing channel in the
 
vicinity of the confluence of the Pequannock and Pompton Rivers. The
 
channel alignment would be adjusted so as not to interfere with the pump­

ing station. However, the diversion and measuring weir acress the Pompton
 
River and the intake sill to the pumpil'l..g station would require replacement.
 
This would be accomplished by the construction of a weir fUrther upstream
 
at a point just below the confluence of the Pequannock and Pompton Rivers,
 
together with a raceway to convey the water to the pumping station.
 

170. Realignment and deepening of the Passaic River at Millburn and
 
Florham Park would necessitate replacement and relocation of the river
 
intakes and pumping stations of the Corrnnonwealth Water Company. The new
 
intake and pump station would be located on the right bank of the improved
 
channel and the present pumping capacity facilities which contain provi­

sions for expansion would be matched. The minimum regulated flow from the
 
proposed MYers Road Reservoir would be adjusted so as to insure that the
 
diversion rights of the Commonwealth Water Company would be maintained.
 
The use of the dependable yield from Myers Road Reservoir would be predi­

cated on the return of the water in the vicinity of diversion comparable
 
in quality and quantity with the water withdrawn.
 

171. RECREATION. Recreational facilities would be provided at Myers Road 
and Two 'Bridges Reservoirs in the form of fishing, swimming, boating, pic­
nicking and nature and wildlife study. In addition, Two Bridges Reservoir 
would be developed to provide an environmental center and hiking and camping 
sites with adequate trailer parking. One recreational site would be devel­
oped for water oriented uses and five sites for a combination of land and 
water oriented recreation in Two Bridges Reservoir. In Myers ~oad Reservoir, 
one site would be exclusively devoted to water oriented facilities, and two 
sites to land oriented facilities. All facilities in Myers Road and Two 
Bridges Reservoirs would be developed in conjunction with their construc­
tion. These facilities are estimated to be capable of acc01lDll.odating an 
ultimate annual visitation of 2,850,000 one day outings. Details of the 
recreational features of the plan are contained in Appendix H, Recreation. 

172. WATER QUALITY. The permanent pool at Myers Road would provide regu­
lated dry season flows of 59 cUbic feet per second on a sustained daily 
basis. The need for low flow augmentation is evidenced by the polluted 
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condition of the stream above Two Bridges from municipal and industrial 
wastes which receive minimal treatment and cause odors, turbidity, unsight­
ly stagnated effluent, sludge deposits, and low dissolved oxygen content. 
The situation is most prevalent along the Whippany River where several 
large industrial facilities are located that affect the Passaic River 
downstream as far as Two Bridges. The regulated dry season flows would 
greatly improve the stream condition by reducing the deposits and odors 
and generally make the stream attractive for other uses. Details on water 
quality aspects are in Appendix E, Water Use. 

173. MOSQUITO CONTROL. The proposed improvements would reclaim approxi­
mately 10,740 acres of existing swamp and meadow lands in the Central 
Basin. Of this total, approximately 3,300 acres located along the Passaic 
River between Myers Road and Chatham and along the Pompton River from 
Pompton Lakes to Two Bridges, would either be filled, or protected and 
drained. Some 7,440 acres of mosquito breeding grounds upstream of Myers 
Road and T~o Bridges would be e~minated due to permanent inundation by 
the conservation pools. The area along the perimeter of the conservation 
pool would undergo a program of 1arvicide.contro1. The remaining swamp 
and meadow lands that would be preserved in their natural conditions are 
situated along the Whippany and Rockawalf Rivers within the limits of the 
reservoir and along the Passaic River between Chatham and Pine Brook. 
However, the stream in the flood detention portion of Two Bridges Reservoir 
would undergo clearing and snagging operations as well as selective widen­
ing and straightening to reduce the frequency of mosquito breeding floods 
of the marsh lands. Pertinent data concerning this feature of the plan 
are in Appendix E, Water Use. 

174. LAND ENHANCEMENT. This plan of improvement, although utilizing much 
of the flood plain for flood detention and conservation storage, would en­
hance approximately 11,800 acres of land. Of this total, approximately 
2,450 acres would be located downstream of Two Bridges with more than 50 
percent concentrated along the reach of main stream between Two Bridges 
and Little Falls. In addition, approximately 1,510 acres of enhanced land 
would be situated along the reach of channel improvement and land filling 
works between Myers Road and Chatham. The remaining enhanced areas would 
generally be located along the Pompton River from Pompton Lakes to Two 
Bridges and along the Passaic River in the vicinity of Two Bridges and 
Warren Township. Details regarding the land enhancement features of the 
plan are discussed in Appendix F, Flood Damages and Benefits. 

175. MAJOR DRAINAGE. The channel improvement and land filling and grading 
operations, in addition to the construction or reconstruction of drainage 
ditches in the areas protected by this plan would also affect the natural 
drainage pattern of these lands. These improvements would allow the pro­
tected flood plain lands to effectively transport rainfall into existing 
channels because of increased land slopes, in addition to reducing the 
moisture content of the soils. The deepened channel would also facilitate 
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ground water flow from these lands into the channel and effectively further 
lower the high ground water levels in the swamp and meadow lands. Pertinent 
data concerning this feature of the plan are contained in Appendices F, 
Flood Damages and Benefits, and E, Water Use. 

176. FISH AND WILDLIFE. The elements of the plan that affect significant 
fish and wildlife resources of the existing area are Two Bridges and Myers 
Road Reservoirs. The effects on the resources of the Central Basin result 
in general increases of waterfowl habitat and warm water lake fisheries. 
Specifically, the plan would retain almost all of the Great Swamp in its 
natural form to be used as a wildlife preserve and for nature study pur­
poses, in addition to making available approximately 700 acres of land ad­
jacent to the Great Swamp National Wildlife Refuge to be preserved in its 
natural state, and provide for a warm water fishery in the Dead River area. 
With the exception of certain general recreational lands, the plan would 
further set aside the entire area within the Troy Meadows - Black Meadows 
for wildlife, waterfowl and additional hunting opportunities. An additional 
large warm water fishery would also be provided in the Great Piece Meadows 
for the development of warm water fishing opportunities in Two Bridges 
Reservoir. 

177. The plan would effect certain losses in big game and upland hunting, 
fur animals harvested and trout and stream fisheries. As a means of re­
taining and enhancing wildlife value, certain changes have been incorporated 
into the plan, which would primarily consist of magnifying the Two Bridges 
and Myers Road Reservoirs to provide additional facilities for fishery, 
waterfowl' and wildlife resources. This recommendation as it applies to 
the warm water fisheries created within Two Bridges and Myers Road Con­
servation pool, is for the incorporation of an initial fish control program 
and construction of suitable perimeter gradients, boat ramps, fishing piers, 
access and parking facilities. To maximize the waterfowl and wildlife re­
sources within Two Bridges Reservoir, the lands in the Troy Meadows - Black 
Meadows Area, exclUding those which may be reserved for intensive develop­
ment of general recreation or for safe and efficient project operation, 
would be made available for wildlife management. In addition, to maximize 
the development of waterfowl resources in the Great Swamp area of Myers Road 
Reservoir, those lands on the west bank of the Passaic River, upstream of 
White Bridge Road in Bernards and Passaic Townships, except for that land 
administered by the Somerset County Park Commission, would be transferred 
to the United States Fish and Wildlife Service for administration, provided 
this usage does not interfere with the flowage rights necessary for long 
and short term storage. In addition, a levee and pumping station to be 
constructed within the conservation pool in the Great Swamp Area to control 
the water surface levels within the refuge, would also be administered by 
the Fish and Wildlife Service. 

178. The plan would cause losses to warm and cold water stream fisheries 
and big and upland game because of improved channels and permanent inunda­
tion of about 7,600 acres of marsh and woodland by the conservation lakes. 
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Mitigation measures have been incorporated into the plan to replace these 
losses with similar resources in the same general area. The mitigation 
measures include the purchase of 2,700 acres of woodland adjacent to the 
Great Swamp National Wildlife refuge for big game and upland game habitat, 
the purchase of a 25 foot wide strip along the banks of the Ramapo River 
for 8.5 miles upstream from Pompton Lakes and along the Passaic River down­
stream of Myers Road dam for 1 mile, and the use of the banks of the 
Pompton and Passaic Rivers within the Two Bridges Reservoir for warm and 
cold water stream fishery resources. Pertinent data concerning mitigation 
measures and cost thereof are contained in Appendix G, Fish and Wildlife. 

179. NAVIGATION. The channel improvement works in the Lower Passaic River 
would include deepening of the existing navigational project from an author­
ized project depth of 10 feet mean low water to a depth of 14.6 feet mean 
low water for a distance of approximately 7.5 miles between the Erie Lacka­
wanna Bridge in Arlington and the Eighth Street Bridge in Passaic, New 
Jersey. This increase in depth would allow the use of greater capacity, 
deeper draft vessels, in addition to reducing the high tide waiting time 
for many vessels which now operate in this reach. Pertinent data concern­
ing this feature is contained in Appendices D, Economic Base, and E, Water 
Use. 

180. OPEN SPACE LAND CONSERVATION. The plan of improvement in the Central 
Basin would also make approximately 6,300 acres of flood detention lands 
available for open space land conservation use. These areas would consist 
generally of the meadow and swamp lands bordering the Passaic River from 
Chatham to Pine Brook and along the Whippany and Rockaway Rivers, which 
would not be utilized for general recreation purposes. These lands within 
the reservoir are estimated to provide a net increase of 3,070 acres to the 
land already utilized for this purpose under the State of New Jersey's 
Green Acre Open Space Land Conservation Program, Phase I, which was com­
pleted in January 1968. Pertinent data relating to this feature of plan 
of improvement are discussed in detail in Appendix J, Project Formulation. 

XXIII - ESTIMATE OF FIRST COST 

181. BASIS OF ESTIMATE. The estimated first cost of the selected basin 
plan is summarized in Table 16. The first cost includes such items as: 
lands and damages; relocations; dams; fish and wildlife and recreational 
facilities; reconstruction of roads, railroads and bridges; channel improve­
ment; levee and floodwalls; contingencies; engineering and design; and 
supervision and administration. The contingency allowance which was used 
in estimates of cost for construction and relocation features of the con­
sidered plans of improvement was 20 percent of the estimated direct con­
struction costs. Contingency allowance used for real estate and damage 
separation for lands and structures varied between 10 and 15 percent. The 
costs for engineering and design are generally 8 percent of the construction 
cost, excluding lands, but vary with the nature and magnitude of the im­
provement. The costs for inspection, supervision, administration and over­
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head are taken generalJ.y at 8 percent of the construction cost plus the
 
engineering and design costs. The administration and ~~upervision cost for
 
real estate were generalJ.y taken as 10 percent of the eonstruction cost.
 
rrhe total estimated first cost, based on ,Tannary l'!70prL,'e levels, is
 
presented in Table 16.
 

XXIV - ESTIMATE OF ANNl~L CHARGES 

182. BASIS OF ESTIMA'rE. The estimate of annual charg~s is shown in Table 
17. It is 5-3/8 percent on total investment costs, comprised of the first 
cost and interest during construction. Charges for amortization of the 
various structures are based on a life expectancy of 100 years, except for 
the reconstruction of Picatinny and Denmark Lake Dams which are computed 
on a 50 year life of structures. Where length of construction is less 
than 2 years, there was assumed to be no interest duril~ construction. 
Consideration was given to tax losses re,sulting from the acquisition of' 
land in the studied reservoir sites; hov,rever, it is considered that the 
increase in taxes from the areas enhanee,d and the landn and structures 
protected would more than balance those losses as demonstrated in Appendix 
J, Project Formulation. The total estimated annual charges are $51,822,000 
based on January 1970 price levels. 

xxv - ESTIMATE OF BENEFITS 

183. TOTAL BENEFITS. The average annual tangible benefits that would be 
derived fram the proposed plans are estimated at $61,326,000, as broken down 
in Table 18. In addition, annual benef1ts estimated at $1,725,000 would 
accrue to the proposed plan in the category of area redevelopment. An ex­
planation of the bases for the benefit determinations is contained in the 
subsequent paragraphs. 

184. FLOOD CONTROL. Benefits for flood control are the estimated average 
annual damages that would be prevented ewer the 100 year assumed life of 
the project. The estimate allows for increases in the value of damageable 
assets in currently developed flood plain areas and for future development 
in currently undeveloped flood areas that would occur 'Nithout protection. 
Fluvial benefits are separated from tidal benefits due to the different 
cost-sharing procedures that apply to these purposes. 

185. WATER SUPPLY AND WATER Q,UALITY. Benefits for water supply are equal 
to the average annual cost of prorrucing the same yield as the proposed plan 
by the most likely alternative means. Similarly, for water quality, the 
benefits are equal to the average annual cost of the most likely alternative 
means of upgrading river quality to the same extent as the proposed plan. 

186. RECREATION AND FISH AND WILDLIFE. These benefits are the value of the 
new and enhanced facilities that are part of the proposed plan as expressed 
by the product of the number of users of the facilities over the project life 
and the amount that they vTOuld be willing to pay for such use, reduced to 
average annual terms. 
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TABLE 18 - ESTIMATES OF BENEFITS
 

~------_.-

Improvement Annual Benefits 

Mainstream and associated works 
Flood protection, fluvial $36,221,000 
Flood protection, tidal 3,058 ,000 
Water supply 6,310,000 
Water quality 2,758,000 
Recreation 3,566,000 
Fish and wildlife 827,000 
Major drainage 367,000 
Land enhancement 2,951,000 
Vector control 744,000 
Advanced replacement of faciHties 383,000 
Navigation 3892. 000 

subtotal $57,574,000 

Ramapo River 
Flood protection, fluvial $ 1,712,000 
Major drainage 16,000 
Land enhancement 25,000 
Advanced replacement of fadlities 232. 000 

Subtotal $ 1,776,000 

Mahwah River at SUffern, New York and Mahwah, 
New ,Tersey 
Flood protection, fluvial $ 219,000 

Molly Ann's Brook at Halellon, New Jerse~{ 

Flood protection, fluvial $ 809,000 

Saddle River at Lodi, New Jersey 
Flood protection, fluvi~l $ 381,000 

Nakoma Brook at Sloatsburg, New York 
Flood protection, fluvial $ 125,000 

Rockaway River at Denville, New Jersey 
Flood protection, fluvial $ 442,000 

TOTAL $61,326,000 
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187. NAVIGATION. Benef'its are equal to the average annual saving resulting 
from l!lore economical transportation brought about by the deeper navigation 
channel. They were estimated on the basis of the number of vessel trips 
needed to transport quantities of goods and the reduced waiting time for 
h1~h tide. 

188. MOSQUITO CONTROL. Benefits are equal to the estimated average annual 
cost of the alternative control measures that would have to be used to ef­
fect the same degree of protection as the proposed plan. 

189. MAJOR DRAINAGE. Benefits are equal to the reduction of average an­

nual damages caused by standing water and high soil moisture content to
 
structures and public health consideration.
 

190. ADVANCED REPLACEMENT OF EXISTING FACILITIES. Benefits are equal to
 
the average annual value of extending the usef'ul lives of structures, such
 
as bridges, and any associated reductions in the cost of maintaining these
 
facilities.
 

191. LAND ENHANCEMENT. Where flood protection by the proposed plan would
 
result in a higher utilization of land, the increased value expressed in
 
average annual terms, is the land enhancement benefit.
 

192. OTHER BENEFITS. There are other monetarily evaluable benefits that
 
are not included as direct project benefits, but would have an impact on
 
the region. These are in the form of an increase in the net tax gain due
 
to the increased land values in the Lower Valley and Central Basin, re­

v1tali~ation of the flooded area and recoverable depreciation of property,
 
and benefits for providing employment and strengthening the economy of the
 
area. Detailed discussions are in Appendices D, Economic Base, and J,
 
Project Formulation.
 

193. INTANGIBLE BENEFITS. These are benefits that cannot be expressed in 
monetary terms, but which are real and must be considered in project evalu­
ation. The proposed plan would benefit the public welfare by decreasing 
the hazard to life, the possibility of flood-induced unsanitary conditions 
and general inconvenience brought about when floods cause evacuations and 
disruption to the community, which is currently a frequent occurrence in 
the Passaic River basin. In addition, the two new lakes and the improved 
channels would add aesthetically to the environment in the area. The elim­
ination of mosquito breeding grounds would measurable add to the economic 
value of surrounding areas and improve the general health and environment 
o~ the area. 

XXVI - ECONOMIC EVALUATION 

194. BENEFIT-COST RATIO. The total average annual cost of all components 
of th~ proposed basin plan are $51,822,000 and the total annual tangible 
Oe~ef1ts are $61,326,000. The resulting benefit-cost ratio is 1.2, indi­
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cating that the plan is economically justified. A breakdown of annual 
benefits, annual charges, benefit-cost ratio and excess benefits is con­
tained in Table 19 by individual plan components. The plan would also 
provide $1,725,000 in area Redevelopment Benefits annually. Including the 
Area Redevelopment Benefits in the economic comparison would yield a benefit­
cost ratio of 1.22 for the proposed plan. 

XXVII - PROPOSED LOCAL COOPERATION 

195. GENERAL. Federal laws on flood control and water resource improve­
ments require that local interests furnish assurances of cooperation prior 
to implementation of a plan of improvement by the Government. In the pro­
posed plan, the United States would acquire the reservoir lands, design and 
construct all the works and operate and maintain the dams and reservoirs. 
Local interests would agree to items of cooperation that vary with respect 
to reservoirs and local protection facilities. 

196. RESERVOIRS. The items of cooperation required of local interests for 
the two reservoirs of the proposed plan are that they: 

a. Pay all costs allocated to water supply. 

b. Pay half the cost of facilities for fish and wildlife and recrea­
tion in the plan and all costs of operation and maintenance. 

c. Pay half the cost allocated to major drainage and operate and 
maintain the associated works. 

d. Maintain all roads and utilities that are changed or relocated 
because of the dams and reservoirs. 

197. LOCAL PROTECTION. Additional items of cooperation for local protection 
works would be that local interests: 

a. Provide all lands, easements and rights-of-way. 

b. Hold the United States free from damages. 

c. Operate and maintain the completed works. 

d. Prevent any actions that would prevent proper functioning of the 
works. 

e. Provide all necessary relocations as required. 

f. Pay at least 30 percent of the cost allocated to hurricane protec­
tion, which includes items a through e above. 

g. Provide depths in navigation berthing areas connnensurate with depth 
of the improved channel. 
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TABLE 19 - ECONOMIC EVALUATION OF PROPOSED IMPROVEMENTS 
(January 1970 prices) 

Excess 
Improvement Annual Benefits .Annual Charges Benefit Cost Benefits 

(dollars) (dollars) Ratio (dollars) 

Mainstream and &ssociated 57,574,000 49,833,000 1.2 7,741,000 
works 

Ramapo River	 1,776,000 623,000 2.9 1,153,000 

Mahwah River at Mahwah, New 219,000 147,000 1.5 72,000 
Jersey and Suffern, New York 

Molly Ann's Brook at Haledon, 809,000 386 ,000 2.1	 423,000 
--.:] 
1iJ New Jersey 

Saddle River at Lodi, New 381,000 253,000 1.5 128,000 
Jersey 

Nakoma Brook at Sloatsburg, 125,000 85,000 1.5 40,000 
New York 

Rockaway River at Denville, 442,000 238 ,000 1.9 204,000 
New Jersey 

Total(a)	 61,326 ,000 51,565,000 1.2 9,761,000 

(a)	 Excludes the costs for reconstruction of Picatinny and Denmark Lake DamE which is estimated at a 
first cost of $4,320,000 and annual charges of $257,000. 



198. LOCAL INTENT. New Jersey. By letter of 19 November 1969, Governor
 
Richard J. Hughes of New Jersey expressed his support of Plan III as the
 
best plan and the intent of the state of New Jersey to provide the items
 
of local cooperation in accordance with the requirements for Federal water
 
resources improvements. He requested that every effort be extended to
 
expedite all phases of the plan to permit authorization of Plan III and
 
funding by Congress at the earliest possible date. By letter dated 4 May
 
1971, Governor William T. Cahill requested that this report be expedited
 
so that the state of New Jersey could make its final comment on the pro­

posed plan.
 

199. New York. The New York state Conservation Department, by letter dated 
15 September 1969, indicated support of the proposed plans of improvement 
for the Villages of Suffern, and Hillburn, New York, and indicated the in­
tent of the State of New York to provide the items of local cooperation, in 
accordance with the requirements for Federal flood protection improvements. 
The Commissioner flrrther request~d that every effort be extended to expedite 
the processing of this report to permit authorization of these improvements 
and funding by Congress at the earliest possible date. By letter dated 4 
November 1971, the New York State Department of Environmental Conservation 
indicated support of the proposed plans of improvement for the Village of 
Sloatsburg, New York, and indicated the intent of the State of New York to 
provide the items of local cooperation, in accordance with the requirements 
for Federal flood protection improvements. 

XXVIII - ALLOCATION OF COSTS 

200. COST ALLOCATION. Project costs are allocated among the project pur­
poses to provide a basis for applying Federal cost-sharing policies that 
are appropriate for each purpose. The separable cost-remaining benefit 
method was used in developing the allocation which is presented in Table 
20 and discussed in detail in Appendix K, Allocation of Costs and Cost 
Sharing. 

XXIX - APPORTIONMENT OF COSTS 

201. GENERAL. The sharing of project cost between Federal and non-Federal 
costs differs for the various project purposes. The formula for each pur­
pose as prescribed by Federal law was applied to the allocated costs to 
arrive at the cost sharing arrangement shown in Table 21. Details includ­
ing options available to non-Federal interests for payment are discussed 
in Appendix K, Allocation of Costs and Cost Sharing. Following are de­
scriptions of the formulas applied. 

202. FLUVIAL FLOOD CONTROL. Based on the Flood Control Act of 1936, flood 
control costs associated with dams and reservoirs are entirely Federal, ex­
cept for maintenance of raised roads and relocated utilities. For channel 
works, local interests provide land, easements, rights-of-way, relocations 
and operation and maintenance. 
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TABLE 20 - ALLOCATION OF COSTS AMONG PURPOSES 
(In dollars and January 1970 prices) 

Improvement and Annual Operation, 
Purpose First Cost Maint enanc e and 

Replacement Charges 

Mainstream and associated works 
Flood control 1+91,870,000 2,031,000 
Hurricane protection 18,430,000 82,000 
Navigation 4,940,000 15,000 
Major Drainage 9,450,000 27,000 
Water supply 94,530,000 621,000 
Water quallty 44,520,000 203,000 
Recreation 44,900,000 768 ,000 
Fish and wildlife 12,170,000 105,000 

Subtotal 720,810,000 3,852,000 

Local Protection(a) 
Ramapo River 10,830,000 38,000 

Rockaway River at Denville, 4,230,000 10,000 
New Jersey 

Mahwah River at Mahwah, New 2,310,000 22,000 
Jersey and Suffern, New York 

Saddle River at Lodi, New 3,630,000 56,000 
.Jersey 

Molly .Annis Brook at Haledon, 5,710,000 77,000 
Nem Jersey 

Nakama, Brook at Sloatsburg, 1,490,000 4,000 
New York 

Picatinny and Denmark Lake 4,320,000 24,000 
Dams, New Jersey 

Subtota.l 32,520,000 231,000 

TOTAL 753,330,000 4,083,000 

(a)	 All cost a.ssociated with the local protection improvements are allocated 
to flood control. 
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TABLE 21 - APPORTIOm·ffiNT OF COSTS FOR ENTIRE PLAN 
(In dollars and January 1970 prises) 

Annual Operation, 
Maintenance and 

Reach First Cost Replacement Costs 
Total Federar-- Non-Federal Federa-C--' --- - Non-Federal 

---------------------------_._--------------- ­

Mainstream and associated works 
Flood Control 491,870,000 455,625000 36,245,000 1,565,000 -466,000 
Hurricane Protection 18,430,000 12,650,000 5,780,000 -- 82,000 
Navigation 4, %0, 000 540,000 4,400,000 15,000 
Water supply %.530,000 94,530,000 -- 621,000 
\\Tater qual i ty 44:520,000 44,520,000 -- 203,000 
Recreation 44,900,000 36,380,000 8,520,000 -- 768,000 
Fish and wildlife 12,170,000 11,060,000 1,110,000 3,000 102,000 
Major dl-sinage 9,450,000 ~.2Q?,000 .2, ~45~ 000 -- 27,000 

S:ibtotal 720,810:000 561.1-,980,000 155,830,000 1,786;000 2,066,000 

Local Protection 
Ramapo River 10,830,000 6;290,000 4,540,000 -- 38,000 

,j Mahwah River at Suffern, New York 2,310,000 1,920,000 390,000(a) -- 22,000(b)
0\ 

and Mahwah, New Jersey 
Molly Ann's Brook at Haledon, 5,710,000 ~.,46GJOOO 1,250,000 -- 77 , 000 

New Jersey 
Saddle River at Ladi, New Jersey 3,630,000 2,820,000 810,000 -- 56,000 
Nakama Brook 2t Sloatsburg, New 1,490,000 1,330,000 160,000 -- 4,000 

York 
Rockaway River at Denville, New 4,230,000 4,080,000 150,000 -- 10,000 

Jersey 
~ake Denmark and Picatinny Lake, 4,320,000 4,320,000 -- 24,000 

New Jersey -
TOTAL 753,330,000 590,200,000 163,130,000 1,810,000 2,273,000 

.- ---- ._- _ .. ---- ._--- -----_..­

(a) First costs of $390,000 are apportioned as $305,000 to New Jersey and $85,000 to New York. 
(b) Annual charges of $22,000 for maintenance, operation, and replacements are apportioned $17,000 to New Jersey 

and $5,000 to New York. 



TABU': 2lA - APPORTI01'MENT OF COSTS FOR 'I'm BRIDGES AND MYERS ROAD RESERVOIRS 
(~n dollars and January 1'70 prices) 

._~._~ -_._- --_..-- ..... ­
Reser-voir First Cost Annual Maintenance, Operation & Replacements 

~----Total -Federal Non-Federal Federal Non-Federal 
._____..___" . ---- ___. _______.. _____ _____. -_______~ ----.-·_=_·_-~-==_-"o-·~c- .-.-."-~-------~.-

Two Bridges Reservoir 

Flood Cont.rol 407,450,000 407.450,000 -- 1,542,000 18,000
 
Recreation 27,030,000 22,730,000 4,300,000 -- 432,000
 
Water Supp-;.y 74,600,000 -- 74,600,000 -- 43,000
 
water QuaEty 4,360,000 4,360,000 -- 2,000
 
Fish and Wildlife 7,290,000 6,610,000 680,000 -- 52,000
 
l1ajor' Drainage 7,200,000 3,600,000 3.600,00(, -- 5,000
 

Subtotal 527,930,000 444,750,000 83,180,000 1,544,000 550,000 

---.I 
---.I Myers Road Resezvoir 

Flood Control 5,830,000 5,830,000 -- 23,000 1,000
 
Recreation 17,870,000 13,650,000 4,220,000 -- 336,000
 
Water Supply 19,930,000 -- 19,930,000 -- 578,000
 
Water Quality 40,160,000 40,160,000 -- 201,000
 
Fish and Wildlife 4,880,000 4,450,000 430,000 3,000 _2°,000
 

Subtotal 88,670,000 64,090,000 24,580,000 227,000 965,000 

Total 616,600,000 508,840,000 107,760,000 1,771,000 1,515,000 
<--_. 



TABLE 2lB - APPORTIONMEN'I' CF COSTS FOR Mf-\.IN STF"S/m REi\.CIill8 EXCLUDING RESERVOIRS 
(In dollars and January 1970 ~rices) 

Reach 
Total 

First Cost 
Federal Non-Federal 

Annual Maintenance, Operation & Replacements 
Federal Non-Federal 

Newark Bay to Dundee Dam 
Flood Control 
Hurricane Control 
Navigation 

38,630 ,000 
18,430,000 

4,940,000 

22,470,000 
12,650,000 

540,000 

16,160,000 
5,780,000 
4,400,000 

-­
-­

15,000 

127,000 
82,000 

Subtotal 62,000,000 35,660,000 26,340,000 15,000 209,000 

Dundee Dam to Beatties 
Dam 
Flood Control 26,310,000 8,400,000 17,910,000 -­ 213,000 

--."J 
()) 

Beatties Dam to Two 
Bridges 
Flood Control 
Major Drainage 

2,490,000 
1,010,000 

2,110,000 
__510,000 

380,000 
500,000 

-­
-­

53,000 
18,000 

Sub:total 3,500,000 2,620,000 880,000 -­ 71,000 

Mile 51.0 to Mile 61.9 
Flood Control 
Major Drainage 

11,160,000 
1,240,000 

9,365,000 
95,000 

1,795,000 
1,145,000 

-­

-­
54,000 
4,000 

Subtotal 12,400,000 9,460,000 2,940,000 -­ 58,000 

Total 104,210,000 56,140,000 48,070,000 15,000 551,000 



203. TIDAL FLOOD CONTROL. In accordance with the Flood Control Act of
 
1958, local interests must pay at least 30 percent of the allocated cost
 
for this purpose; this cost would include the lands, easements, rights-of­

way and relocations and any cash contribution necessary to meet the 30
 
percent minimum participation level.
 

204. WATER SUPPLY. In accordance with the Water Supply Act of 1958, all
 
costs allocated to water supply storage would be charged to non-Federal
 
interests.
 

205. WATER QUALITY. The Federal Water Pollution Control Act of 1956 per­
mits reservoir storage in Federal reservoirs for water quality if it is not 
in lieu of adequate local waste treatment. Because of the widespread nature 
of this benefit, the cost allocated to water quality control would be en­
tirely Federal. 

206. RECREATION A1'JlJ FISH AND WILDLIFE. The basis for cost sharing is the 
Federal Water Project Recreation Act of 1965, which stipulates the Federal 
and non-Federal interests will share equally the cost of including these 
purposes as a project purpose, while the Federal Government will pay the 
entire cost of facilities that are used jointly with other purposes as well. 
Operation and maintenance of recreation and fish and wildlife facilities 
would be a non-Federal responsibility. All cost associated with recreation 
or fish and wildlife areas administered by Federal interests are considered 
to be Federal. 

207. NAVIGATION. In accordance with established Federal policy, non-Federal 
interests would provide the maintenance of berthing areas adjacent to the 
deepened channel, while all other costs associated with the works are con­
sidered Federal. 

208. MAJOR DRAINAGE. Costs would be shared equally between Federal and 
non-Federal interests on the basis that improvements to drainage are equally 
beneficial to the local area and the nation. The 50 percent local share in­
cludes lands, easements, rights-of-way, and relocations. Operation and 
maintenance would also be local. 

xxx - COORDINATION WITH OTHER AGENCIES 

209. FEDERAL AGENCIES. Evaluations of the basin's needs and the proposed 
plan of improvement were coordinated with Federal agencies in order to in­
sure that there would be no conflicts with their plans or activities. As 
a result of this coordination, several reports on the resources of the basin 
were prepared by various Federal agencies, in addition to their review of 
the proposed plans. The plan of improvement was coordinated with the Soil 
Conservation Service, Department of Agriculture, Federal Power Commission, 
Environmental Protection Agency, Department of Housing and Urban Development, 
Fish and Wildlife Service, National Park Service, Bureau of OUtdoor Recrea­
tion, Geological Survey, Department of the Interior, and Federal Highway 
Administration. 
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210. LOCAL INTERESTS. Coordination with local interests was effected
 
throughout the study. Recent coordination included a series of meetings
 
to which the mayors, planning board chairmen and municipal engineers of
 
over 50 communities and 8 counties affected by the plan were invited as
 
well as representatives of the appropriate agencies of the States of New
 
Jersey and New York. In addition,numerous public and private meetings
 
were conducted with representatives of environmental and conservation
 
groups, municipal planning boards and councils, citizens, business and
 
civil defense organizations, as well as with concerned individuals. Pri ­

mary agencies of state coordination have been the New Jersey Department
 
of Environmental Protection, formerly the Department of Conservation and
 
Economic Development, and the New York Department of Environmental Con­

servation, formerly the Department of Conservation.
 

211. In compliance with the Bureau of the Budget Circular A-95, coordina­
tion has also been effected with Tri-State Transportation Commission, which 
is the metropolitan clearing house for review of Federal grants in aid in 
Northern New Jersey. Coordination in compliance with their circular on a 
state level was effected with the Division of State and Regional Planning, 
New Jersey Department of Community Affairs. 

XXXI - DISCUSSION 

212. GENERAL. The findings of the Passaic River study are based on con­

sideration of the water-related problems and needs and the available al ­

ternatives.
 

213. PROBLEMS. The Passaic River basin is the most serious flood problem 
area in New Jersey. The average equivalent annual damages expected over 
the period from 1985 to 2085 are estimated at $53,052,000 and the past 
history of fatalities indicates that no abatement of danger to life can 
be expected without some protection facilities. In recent years there 
has been intensive development of all kinds in flood plain areas, contin­
ually increasing the flood damage potential. 

214. No less an important problem in the basin as well as in contiguous 
areas is that of the future water supply. The area affected is the most 
heavily developed portion of New Jersey, which is the most urbanized state 
in the nation. The continuing population growth, and the accompanying need 
for supporting economic activities indicates a need for facilities to pro­
vide 1,060 additional million gallons per dalf by 2035, beyond those that 
either exist or are firmly planned for. There are several areas where 
growth is even now inhibited by lack of assured water supply. Emergency 
conditions existed during the drought of 1961 to 1965 when numerous meas­
ures were taken to alleviate the problem, such as prohibition on certain 
uses, diversion of water from recreation lakes and investigation of possible 
new ground water supplies. 

215. The need for new water-oriented recreation facilities is demonstrated 
by the failure of new facility development to keep pace with recreation 
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growth, which in recent years has been four times as rapid. At present, 
the available opportunities for water recreation in comparison to population 
is severely lacking in Northern New Jersey. The current trend of higher 
income, more leisure time and greater mobility is expected to aggravate the 
problem in the coming years. Similar considerations, in combination with 
the current trends of development of existing wet land, also demonstrate 
the need for enhancement of existing, and creation of new fish and wildlife 
resources. 

216. The Passaic River has been publicized as one of the 10 most polluted 
rivers in the United States. Extensive new treatment facilities will be 
required to bring the river up to the desirable standards promulgated by 
the State of New Jersey. Even with such facilities, a need will still ex­
ist for certain amounts of fresh water to supplement low flows during the 
dryer months of the year, and the possible rearrangement of several existing 
waste water treatment and effluent discharge systems. Since improved water 
quality is a critical factor in the improvement of the environmental quality 
of life in the study area, a basin wide approach to waste water management 
is necessary for the optimum use of resources to enhance water quality. 

217. Among the other of the basin's water related needs are: additional 
land for beneficial development for residential and other uses to accommodate 
the continually growing population; the elimination of mosquito breeding 
areas; improved drainage in developed areas; and more economical water 
transportation of commodities. 

218. AVAILABLE ALTERNATIVES. There are numerous alternative means of 
meeting, to various extents, the water needs of the area. Through the many 
years of study, all reasonable possibilities have been examined. With re­
gard to control of flooding from fluvial sources, detailed consideration 
has been given to detention basins, tunnel diversions, channel improvements, 
levees and walls, preservation of flood plain lands and non-structural pro­
tection, not only to serve the sole purpose of flood control, but as a com­
ponent of multiple purpose plans to meet other needs as well. Tidal flooding 
was considered in conjunction with such works. Furthermore, in the formula­
tion of a plan, alternative improvements to meet these other needs were 
evaluated, including water supply and quality, recreation and fish and 
wildlife, drainage, mosquito control, and navigation. The primary finding 
of these investigations was that multiple purpose development, which per­
mits several purposes to share in the cost of construction, is the most 
economical way of responding to the basin's needs. SUbsequent investiga­
tions were conducted with a view to determining in precise terms the scope 
of such a project. In doing this, alternatives were developed based on 
common criteria for flood control, and emphasis was placed on different 
aspects of development. For example, Plan I emphasized the reclamation of 
swampland for new development, Plan II emphasized economy by limiting the 
major storage facility to flood detention only, Plan III was designed to 
provide a balance of conservation storage and flood storage, and Plan IV 
emphasized conservation storage by providing for its maximum development. 
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Throughout the studies, thorough coordination was effected with interested 
Federal and state agencies, especially the New Jersey Department of Conser­
vation and Economic Development, now the Department of Environmental Pro­
tection. The work of these agencies and their views were incorporated to 
the maximum extent possible. It was found that Plan III, with the basic 
criterion of flood protection in the main stream against a flood 20 percent 
greater than the 1903 flood of record, along with a local protection works 
in several tributaries, offers the most economically desirable approach to 
alleviating the basin water resource problems. The total first cost of this 
plan is $753,330,000 at January 1970 price levels. The average annual costs 
are $51,822,000, which compared to the total average annual benefits of 
$61,326,000 results in a benefit-cost ratio of 1.2 and annual excess bene­
fits of $9,761,000. Implementation of the proposed plan would also provide 
$1,725,000 annually in area redevelopment benefits as presented in Appendix 
D, Economic Base study. Inclusion of these benefits in the economic analysis 
would yield a benefit-cost ratio of 1.22 and annual excess benefits of 
$11,486,000. 

219. SMALL PROJECTS. There have been several requests by local interests 
for consideration of small flood control projects under the authority of 
the Flood Control Act of 1948, as amended. Such projects permit construc­
tion without specific Congressional authorization if the Federal cost is 
no more than $1,000,000, they are economically feasible, and local interests 
furnish the necessary items of local cooperation. Currently, consideration 
is being given to small projects at the Township of Mahwah, New Jersey, and 
the Village of Suffern, New York. In addition, studies under this authority 
have been requested by the Cities of East Orange and Clifton, the Boroughs of 
Bernardsville, East Paterson and Saddle River, and the Towns of Nutley, Lit ­
tle Falls, Bloomfield, Belleville and Montville. It is considered that 
these investigations will be undertaken in calendar years 1972 and 1973. 
The investigations for Mahwah and Suffern involve works that are physically 
independent of improvements at these localities discussed elsewhere in this 
report. 

220. FLOOD PLAIN MANAGEMENT. While the possibility of flood damage allevia­
tion by means other tha~ river improvement works were investigated, this ap­
proach was found not to be sufficiently effective to warrant general appli ­
cation throughout the basin. However, such non-structural measures should 
be applied in those areas where the damages are not sufficiently severe to 
make river work feasible and where there is still time to take the necessary 
non-structural measures. These measures consist primarily of flood proofing 
structures subject to damage, regulation of undeveloped land to exclude de­
velopment incompatible with occasional flooding, and relocation, where pos­
sible, of damage-prone structures out of the flood plain. As an aid to local 
interests in applying these measures, pertinent technical data for the Passaic 
River tributaries developed in connection with determining the best plan of 
improvement are presented in Appendix L, Flood Plain Management. 
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221. LOCAL COOPERATION. support for the proposed plan was communicated
 
by former Governor Richard J. Hughes in a letter dated 19 November 1969 to
 
the District Engineer, who expressed his preference for Plan III, and the
 
intent of the state to fUrnish the required item of local cooperation.
 
He requested that every effort be made to expedite all phases of the re­

port to permit authorization of Plan III and funding by Congress at the
 
earliest possible date. By letter dated 4 May 1971, Governor William T.
 
Cahill expressed his desire for expeditious completion of this report.
 
A similar letter was received from Commissioner Henry L. Diamond of the
 
~ew York state Department of Environmental Conservation on 15 September
 
1969 expressing the state's support of the plans of improvement and its
 
intent to provide the necessary items of local cooperation.
 

222. LA..l\ffi ACQUISITIUN. In view of the urgent nature of the problems that 
the proposed plan i fl dedgned to meet a.nd of the continuing threat of pre­
emption of' the proposed reservoir lands for other uses resulting ultimately 
in higher project costs, it is considered advisable that the most immediate 
action possible be taken to acquire the lands needed for the proposed d.ams 
and reservoirs. I t would therefore be appropriate for Congress to consider 
the appropriation of funds for land a,c'juisition of these. elements concurrent­
ly with its consideration of authoriz8xion of the project recommended in 
this report. 

XXXII - CONCLUSIONS 

:'23. CONCLUSIONS. ':'he conclusion of this study is that Plan III, as de­
scribed in Section XXI, consisting of two multiple purpose reservoirs and 
'l.ssociated channel works on the Passaic and Pompton Rivers, along with 
local protection works along certain tributaries, should be recommended 
for Con;>;ress1.cnal a.uthor:i.zation. This is based on the favorable benefit 
eost rati.o of 1.2 and the local intent to cooperate as expressed by the 
Governor of New Jersey. It is also concluded that the urgency of the plan 
warre,nts consideration for the earliest possible reservoir land acquisition 
to preclude pxcessive cost increases that would jeopardize the feasibility 
of the plan. 

XXXIII - RECOMME~IDATIONS 

224. RECOMMENDATIONS. It is recommended that: 

a. Congress authorize two multiple plu~ose reservoirs on the Passaic 
River, diversions of the Passaic and Pompton Rivers, channel improvement 
and local protection works on the PasslJ.,ic and Pompton Rivers: tributary 
local protection flood cant r:.-.]. works on Moll,y Ann's Brook at Haledon, New 
LTersey; Saddle R.i.VC1' !~,t Lodi, New ,Jersey; Ramapo River at Oakland, New 
Jersey; Mah;lah River at Suffern, New York an'i. Mahwah, New Jersey; Rockaway 
River at DenVille, New ,Jersey, Nakama Brook at Sloatsburg, New York; and 
the reconstruction of t'i:le Federall,y-owned dams at Lake Denmark and Picatinn} 
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Lake at Picatinny Arsenal, New Jersey; all with such modifications as the 
Chief of Engineers may consider advisable; and at a total estimated first 
cost to the United States of $590,200,000 and annual operation, maintenance 
and replacement costs of $1,810,000. 

b. Concurrent with authorization of the recommended plan, Congress
 
authorize immediate detailed investigations for accurate definition of the
 
project reservoir lands required and the acquisition of such immediately
 
upon such determination to preclude incompatible uses.
 

c. No funds be expended by the United States on the recommended plan
 
unless local interests give assurances satisfactory to the Secretary of
 
the Army that they will meet the following items of local cooperation.
 

(1) For the dams and reservoirs; 

-Repay all costs allocated to water supply presently esti ­

mated at $94,530,000 for construction and $621,000 annually for operation,
 
maintenance, and major replacements, all in accordance with the Water
 
Supply Act of 1958 as amended;
 

-Agree to preserve the integrity of water quality releases
 
from the Myers Road Reservoir by returning to the Passaic River undiminished
 
in quantity and quality all withdrawals made for water supply and further
 
construct, maintain and operate waste water treatment workS for this
 
purpose;
 

-Agree to administer project land and water areas for rec­

reation and fish and wildlife;
 

-Pay one half of the separable costs of landS and facilities 
for recreation and fish and wildlife presently estimated at $9,630,000 for 
construction and all costs for operation, maintenance, and replacements 
thereof presently estimated at $870,000 annually; 

-Pay one half the total allocated cost of construction for 
major drainage, presently estimated at $3,600,000; 

-Agree to administer project lands and operate facilities re­
quired for major drainage improvements currently estimated at $5,000 annually; 

-Maintain all facilities that are changed or relocated because 
of the reservoir flood control and conservation pools. These costs are cur­
rently estimated at $19,000 annually for the flood control pool and are in­
cluded within the maintenance costs of recreation, water supply and fish and 
wildlife for the c anser-vation pool. 

(2) In addition, for local protection work; 
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- Provide all lands, easements and rights-of-way currently
 
estimated at a construction cost of $53,725,000;
 

- Hold and save the United states free from damages due to
 
the construction works;
 

- Operate and maintain the works after their completion in 
accordance with regulations prescribed by the Secretary of the Army current­
ly estimated at $748,000 annually; 

- Protect the channels, ponding areas and other flood works 
from future encroachment or obstruction including waste disposal, that 
would reduce their flood carrying capacity; 

- Pay at least 30 percent of the cost allocated to hurricane 
protection, which is included in all the items enumerated above for local 
flood protection; 

- Establish and enforce regulations prohibiting discharge of 
untreated sewage, garbage, and other pollutants in the waters of the Passaic 
River in accordance with applicable laws or regulations of Federal, State, 
and local authorities responsible for pollution prevention and control; 

- Provide and maintain depths in berthing areas and local 
access channels serving navigation terminals commensurate with the depths 
provided in the related project area; 

- Pay all costs for land easements and rights-of-way allocated 
to major drainage currently estimated at $1,455,000, in addition to repaying 
a cash contribution, the difference between the former amount and one half 
the allocated construction cost for major drainage, presently estimated at 
$190,000. 
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XXXIV - STATEMENT OF FINDINGS
 

225. I have reviewed and evaluated, in light of the total public interest,
 
documents concerning the proposed action, as well as the views of other
 
agencies and the general public, relative to the various alternatives in
 
accomplishing the development of water resources in the Passaic River basin
 
located in New Jersey and New York.
 

226. The possible consequences of these alternatives have been studied and 
evaluated according to engineering feasibility, environmental effects, social 
well being, and economic factors including regional and national development. 

227. I have considered several alternatives to provide for the optimal de­
velopment of water resources inclUding the prevention of damages caused by 
fll1vial and tidal inundation, development of supplies of potable water for 
ffiilllicipal use, enhancement of undeveloped flood plain lands, development of 
outdoor recreation opportunities, preservation and enhancement of fish and 
wildlife resources, elimination of mosquito breeding grounds, enhancement of 
water quality in the mainstream, increased saving for commercial navigation 
vessels and preservation of lands for open space, requested by local in­
terests. These alternatives inclUde, provision of upstream reservoirs, and 
reconstruction of existing water supply reservoir, preservation of flood 
plain lands, tunnel diversions, channel improvement and local protection 
works and non-structural means of providing flood protection. In addition, 
several plans consisting of multiple purpose reservoirs in various locations 
and with varying degrees of conservation storage were investigated independ­
ently and in combination with downstream local protection works. However, 
none of the other plans would provide for optimal development of a major 
portion of the above mentioned needs consistent with the required investment 
of resources. 

228. I find that the action, as proposed in my recommendations, is based on 
thorough analysis and evaluation of various practicable alternative courses 
of action for achieving the stated objectives; that wherever adverse effects 
are found to be involved, they cannot be avoided by following reasonable al ­
ternatives which will achieve the Congressionally specified purposes of the 
recommendation; that the recommended action is consonant with national policy, 
statutes, and administrative directives; that where the proposed action has 
an adverse effect, this effect is either ameliorated or substantially out­
weighed by other considerations of national policy; and that on balance the 
total public interest should best be served by its implementation. 

229. I, therefore, present my conclusion not as perfection, but as the best 
balancing of all elements in the total public interest. 

a. From an engineering standpoint, I have optimized flood protection 
and potable water development. 

b. From an environmental standpoint, I have accepted minor aesthetic 
degradation, viz, some losses to a natural environmental setting and a con­
trolled risk of eutrophication. 
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c. From an economic standpoint, I have departed from the best economic 
solution, since the difference between the most economic plan and the recom­
mended plan is relatively small, and because the recommended plan is con­
sidered to be the optimal development of both flooc control and allied water 
resource development. 

230. ~herefore, I recommend that the ~ed plan for water resource devel­
opment be authorized for implementat 

Engineers 
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'''.0 

2 " 2 III ~ • PIPES THRU 3PILUU,Y (GATED) 

E 2.0~2,OO...Q 

~~, .4'l PROFI LE 

SCALE IN FEET 

600 0 600 1200 
HOR. lJ....oI-j,.•...I_....L.L ...L ---' 

~\ \ ~ 0 15 ~ 
VERT. L....-L-_..I........-..1 ---L__~_.____.J 

UIPNOVUUNT 

N 
~~PlllOPOs[D Mn"s ROAD ot... 

~ \' 13ff PLATn , AND :J" 

E 2.041.000 

./~'"O + 

\, 
\, 

\, 
\, 

\, t ,.~SI[D CHAIUlIlL 
\, 

\,, "ILL or.Slh, 'LOW L .......' 7 I , r [ICISTUliG GlItOUND SLMt'ACI 

~ g ~_ I L__ ~"ILl 
..,.,..,~- --~i~ ;jj iii"""

I 
R 0 A ,0 4=",4,,* · " 12- nOCK LINI. - .~'- --1 

\.. I 
\ 91:0110" AT WILE Ii 1.60 

c \ 
SCALE IN FEET

~ 
I 

50 0 50 100 
I. , , , I I I

~\'~ 
RES E R 

\ LEGEND 
I 

\ FI 
~ FILL (PLAN) m:zzn ~ .. s.-..yR...-."""'-""5.di.o6"1k

UTlLI'Y LIN[, '0-./1I Flroed c-." Ad" 22 J- 19J6(N8: No. 7M.7.... c.....-).8E "(LOCATED Fill PROFILE (R"'.) IZZZZZII \ FilL PROFILE IL.B.) = PASSAIC RIVER BASIN, N. J. AND N. Y. 
FILL PftMlLE (BOnt BAHt<SI IllUIl:lllI 

[ 2.040.000 PASSAIC RIVER MILE 60.2 TO MILE 61.9PLAN CHANNEL IMPRO'V£MOfT ~\~>\"t ~+
" SCALE IN FEET MPARTMEHT OIF T1t£ ARlIT 

,.. 'foe; DeSTJIICl. COlW'S QIf (~ 

100 0 100 1200 ~ ~'f~.~'~ 
~L...l...-----L__---.J 

--­
'P~fJ£,r CR-PRB-18i 
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i;i 

PROFILE 
~oril. 
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f Chan",JI 

DATA 

5CALI.S~ 

SECTION AT STATION 60 + 00 
5CALE IN FEET 
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I ! !------J 
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It.fOO 
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SECTION AT STATION 40.00 
SCA,LE IN FEET 
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MOUNTAIN VI[W 

PASSAIC RIVER BASIN. N. J. AND N. Y. 
POMPTON RIVER DIVERSION 

MILE 1.3 P TO 3.32 P 

•• '0lIl{ ~. COWl 01 lMiIICUIS 
•• ,~ .. TOM 

DEPARnIDfT OF ntE AllNY 

....... ­
·CR.PRB-19 

..- -"'-" 
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DEPARnI£NT (y THE: ARtfY 

""""' .........ICWYORIlDf:STRM:T.C 
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a;:../_ ~ J /.,q, ~ 
~ ......~-;'~iii:i~-_- eJiMi.-~~ 
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CR·PRB-20 .....-..­
fiGURE 20 

C. PftOPOS£O CHANM:L
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NCO L N 
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""'rTTlI:D; 

~t.e.~,:; 
-/}"'--'I o..~ 

~wilhs.n.,.Rq-t"~""'S:edi..6"'" 
F'Iood e....-I Ad. aI 22 J- 19)6 ~ N-. 7)8·7«1rl e..v-~ , 

PASSAIC RIVER BASIN, N. J. AND N. Y. 

POMPTON RIVER MILE 3.32 P TO MILE 6.9 P 

S!:CTIOM AT MILE: 

SCALE IN FE ET 

!ip".? ~ 

•.../. 

t PROPOSEO FLOOOWALL 

I 

1ll1.4P 

SCALE 1M FEET 

600 0 600 1200 
I !I ' ! 'I I J 

'00 
---' 
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~I 
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yAw 

srCTIOM AT MILE ....1 ,. 

SCALE 1M FEET 
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!lO 0 
I L .. L .. ~ j I 

---iIIIIIIIll!--~$ III' SCALE IN FEET 

600 0 600 1200 
HOR. . I! I I I I ! I ...I. 
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CORPS OF ENGINEERS U.S. ARMY 
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Flood e-..I Aa: 01 ZZ J-- 1'}}6 (NJIic No. 7)8-7.. ~). 

BASIN, N. J. AND N. Y. 
POMPTON AND RAMAPO RIVERS 

MILE 6.90 P TO MILE 10.0"1 P 

DEPARTIIENT OF THE ARMY 
DISTRICT. CORP'S OF INGINI:US 

Nl:W YOAK. HI. YOM: 

".YIIEW£D: MCONMIINDII'D: 

.;;r£~~'"'" _._~ 
~.~.. I ...............
 
(,J.:.L.d by CR·PRB· 21 

TO ACCOWAIt'l' SUJrVU IlI'tNrT DAUD ""Ill lnt FIGURE 21 
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tlEW YORk 

PASSAIC RIVER 

1IU_,.rTTl:o, 

~t':::~ '''~~,~ 
A~~ ~l

~'~lttICTuKOoo(U 

CLOSURE STIlUCTUIll .. II-
FLOOD WAll IIJlII:lIIBlCII 

LEVEE ~ 

tUTED STRUCTURE H 

LEGEND 

I.!~ !I 

2116.& 

l
IXl.TlN8Ctl.....L 

PROPORD LEVfl 1"R00000000 tttN8l1.L 4PftOPOS[D

'''LLW'~O'S1 •• ,~,:,.nGW LJ I d [llISTlNG GROUND 5U"'AC( I 

~ -1- -----~ ~ .."~~~_... r- --" ~ 
3 ;>.>:' 
~ 200' t2." ROel( L1NU" 
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$CHIJYL£IIII AVE 
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- MODIFICATION I••,." '" " .... , "~: .. , . "':._ 

DAMS ~6HW"''l' 2-l:H's,..-ftcti•• '.41' 

--~-"n.. -ItAMeuRG TPk Add (-eel ',*,-RlIi.. ,2-.]' 

"'l •• ".0" 

.f •• ; ~ I • 

PROFILE 
SCALE IN FEET 
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HOft Ll..' I I I ! ! J 
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VERT. l-...l-....&... I I 
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+
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~ ~. 
•f;.~~ 
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E2.1'8,Ooo 

U. S. ARMY 

~wit"5uo--rqR~jqc~withSetli<>.6u1dle 

Flood Coatr..l Act <JI n 1- 19)6 (P.ldic No. 7J8-14d. ~~ 

PASSAIC RIVER BASIN, N. J. AND N. Y. 
LOCAL PROTECTION 

RAMAPO RIVER MILE 1O.04P TO MILE 12.1 P 

D£PARTMIENT OF THIE ARlIT 
HEW YORK Dt51lIICT. COWf"S Of' [~HlfIIr'S 

HEW YORK. NUl' YORK 

1IlI...ITTI:D: 

of Btldll'O 

'" 

l==~:==~=j~~~~~~~t~~~~::=;~~t~=$:ii~t:L.lJ2.7-1 +0 EL to'.r 

WEST OAKLANO AVE. 

LEHAPE AVE. 

N.Y S.l'Io W.R,R. 

.0 
. J 

+ 

PROFILE 
SCALE IN FEET 

600 0 600 1200 
HOR. I,." I I I I 

I~ 0 15 
VERT. ~ I I 
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scA'i:E'iN'FE ET 

600 0 600 1200 
I I I I ! I I ~ 

--------.~~._._-
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PROPOS EO LEVEE 

'= " 
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~~ 

SECTION A.! MILE IO.3P 

SCALE IN FEET 
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I •• "I I I 

.. PROPOSED CHANNEL 

-t­

, PROPOSEO CHANNEL 

.. "LL~O'SlaN~::~'NE T'EXI5T':"_~~~N~~~",~c_:i-_--- .",...", 
7l7AWlT imr - ==4; ------j~___u.__~_ .. - -V .:........JI 

IT 71J'&/f. :5 

SECTION AT MILE II.~P 

SCALE IN FEET 

50 0 ~O 
L ..l II I I I 

-+ 

+ 

,,.J­

t PROPOSEO LEvEE 

CORPS OF ENGINEERS 

E:2.U.,OOO 

E 2,lIi.OOO 
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RIVER 

_._­
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10+00l' 
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~ ~~-=;;_ / ~_-=-=r~-~280 
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PROFILES 
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!OO 0 X)O 800 
I I I --.J 

" 0 " ~I I I I 
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Otooe .... IOOMS 

~ ..... s.....,.R.p.t.~""'SedIio&.6"" 
fl..... e.-.I Ad ..# 12 1- 19» (P.WiI: No.. ])8·7'-" c:....-). 

I 
PASSAIC RIVER BASIN. N. J. AND N. Y. 

LOCAL PROTECTION 

NEW JERSEY Ill«) SUFFERN, NEW YORK 

DE.PARTIf£HT Of' THE ARIfT 
MUf roe; DtlTIInCT. COltPS cw t:~t:1tS

MI. yOlftl••• yOU, 

MY.KWIt.D 

V[Ft'T. 

.....1t.0'M', 

PROPOSED LEVE[ 

PROPOSED .ALL 

20+"'" 

~.ROfILE ALONG t. -PROTECTION 'A' 

LEGEND 

)(HOOA 

:tHH 
~, 

~-;.; 

.~~ 
PROFILE ALONG t MASONICUS 

• 10 RELOCATION 
~ 0 > 
o __ 

Ir Bl-ANII[T L(\If[, • --~._---- '" ~.:1: ' _ UilQAUOOlJTLlT ~I --\.fV(I[J­ _­ .,­ :t;
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IlOTTOM Of' .."!1ItV1OUI ClJII'[ C/ 

40+00Ii 

U.S.ARMY 

PROFILE ALONG t MAHWAH RIVER RELOCATION 

COIIIST. "'H... OUTLET ON EXIST. 

2'-. Y,C PIPE AT I-WAl.l ~~::; ,:~_~~ 

OftOF' INLET \WITH 24" _ PIPE 

~ 
r~~"--

~3° -~~----
.. -~ 

co.,...... '" 
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"'°"0 
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_. 
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-o:::oMD.-~_ 
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~~};~. 

S1rip ."".,. ditrYf:HtI 

VtHifl. o.pl/l ,1t01I btl tlquol to N'HI lNifl/f/ of 
1fWI 1fIwfI. fI.e"p1 iI ~hal! 001 bfl IJI" ffIQtI 6 
f1l4l' "'" '41•• Ift,m .3 fo.,. 

RIVERSI[)£ 

DEPA-RTMDfT Of' THE: ADY 
MfW lOB ottTWICT. COftP'S Of" (H"Utll" 

NlW lOIIK(. IKW ,~ 

~ ... s.-,R.-a.~wiIlt.~6"" 

""" e-.l ""' • 12 J- '9l6(P>Oti< .... ')0.,'" "-~ 

1\1 J. AND N.PASSAIC RIVER BASIN•••. 
LOCAL PROTECTION 

SADDLE RIVER AT LODI, NEW JERSEY 

...,....lTTil:O; 

J'..-.t/? F,,:.,.: 
..,_........ _ .. l!iIIu.. 

LEVEE SECTION 

SCALE IN FEET 
o 10 20 

• I I I 
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L~ 

I 

Inspection Tr.nch~~ I /
IIth.rtl dir.cJed, ~.. I 
(Jadfill.,.'h 
ImPM"iou. 
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LANOSIOE 

'51.' Shu! Piling 
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l~= 
SCALE IN FEET 
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~ I ~_--I 

110"'00 

Dlfch "'/tN' 
rt}(IU"NJ(j.--~ 

LAf'/OSIDE 

--­

120·00 

SCALE IN FEET 

200 0 1:00 400 
L......_-i..1 ~---l 

II 0 6 15 
~~_.__-L..__._ _.J 

PRQFILE 

PLAN 
SCALE IN fEET 
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~..Ll.__",_. ---.L .J 
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~~-,-~.~-
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.5101100 INome of 8rtdgoJo 

I EXISTIN G 
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12' +70 F'RIV~TE ~it;,o~~OT~:~IIe' 7 -~~.~ --"-~O--'-' ~.,~ .~~--~._-

~;~-- ~-- Pipe Cro."~i;;;--·-/'---"­ ---­ -----­ _.-- Ao'~e '3 Feet. 5::;;;:;'T;;;­
~~_:."'. P"'."~-"-_ ... " SupportIng __~ _~-=-~~_ __-.:~.0 _ ~ 3 ""ocoled ''''.' 51.8ridg _ 

129' 70 AA.NOT ST. ~~~'!::d.. r 2 33.5 '7.0 22. a zr~~~~3~;;~:~~~na 
~~-;:-;-~'~~-:;~-D-' J.:t~~d;n~ -­ t---,--~~-. -~-_. .24.;' ~I!'.~ 5fMfCof'Weyor - I 

T,mb«r r"..... fI. Cr~fl! Con.t,..uet w...- Support.
r;;..+~-PR-,-v.-r-f.-- p,p«Cr(ll"a:lnq GO.O .­ --'-0-,0----·· -~~.fi Aois.',....t. --,---­
II ~ "'If 5-"'PPDrting . 

'-~~~ ;;I-~~;·- ~::~;:\l-:;nu I GO.O ~-_.._~~~----- -~ ~;:~k--·v------_.-

~O"GO RoUT!:"''' ~19h'N1r)<E . '. d 2 4".~ ---;~.o---~-- -"':~j No .".;:;;;---------~--, 
~~ ",O"C. .nC<U8 _r er 

131 +70 RAILROAD Concrete ! - ..• 4 ~- 14 a 21 2 (KtendGrnTh~-.Ley'e-••-­
~~ >------_ SOlt Culv.,rt __ f---­ . .____ _~ in.toll !:~~.G~~o,~.~. _ 

______1_______ _._ _._ _l 

LEGEND----­

@ 

~ Chonnel 10 bt I'1I1.d 

Propo ..d VIoIl i L" (I( NT") 

fftrTJr Propoud Lnu (On Pion) 
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