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LETTER OF TRANSMITTAL 

.. .. -. 
Hon. Charles R. Erdman, Jr., Commissioner 
Department of Conservation and Economic Development 

Dear Sir: 

I am transmitting herewith a report on the problem of the 
control of floods on the Elizabeth River in Essex and Union 
Counties, New Jersey, prepared by the Division of Water Policy 
and Supply in cooperation Yd.th the various municipalities and 
county agencies located within the Elizabeth River basin. 
Investigations of the causes and prevention of floods are an 
important part of the duties of the Division. This report is 
one of a series of studies which the Division is making on small 
rivers in the northern metropolitan area of New Jersey in 
cooperation with local agencies as time and funds permit. 

The report presents a Master Plan for the alleviation of 
.floods on the main channel of the Elizabeth River by the 
development of three dry detention basins located upstreijJ!l of 
the City of Elizabeth, with channel improvements upstream and 
downstream thereof. The recommended plan offers an economical 
and practical solution of the flood problem on the Elizabeth 
River. Where practical, dual benefits are developed by 
coordination of flood control improvements with the county park 
system. 

Flood control involves many complex and interrelated 
engineering, legal, politico-social, and economic problems. The 
report presents brief discussions of those questions and 
provides sUfficient data on design and benefits to enable the 
local authorities to esti.lllate costs, determine jus~ification, 
and develop a program for construction of the plan in steps, 
either now or at some future time. 

I therefore recommend that a limited edition of this report 
on the flood problem of the Elizabeth River be published as a 
special report of the Division of 1Jater Policy and SUpply. 

April 301 1951 

Respectfully submitted, 

~(,{~ti~~ 
Howard T· Critchlow, 

Director 
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INTRODUCTION 

The most serious flood of recent years throughout the· Elizabeth River 
basin was produced by the storm of July 23, 1933, However, the magni turk: 
of this flood has been exceeded by at least four floods of record, in 18)'?, 
1901, 1903, and 1915, and equaled once at Irvincton and once at Elizabeth 
within the past six years. In addition to the damages and inconveniences 
caused by these major floods, s~aller floods occurring at frequent inter­
vals have resulted in inundation o: some lands of the basin, property 
damage, an<l considerable interf crcnce with cor:imunication, transportation, 
and the habits of living. These floodn, v:hich have been terr.iecl by some as 
"nuisances" since the flood waters quicl:..ly subside, cause, on the one 
hand, minor or no damage but Give rise, on the other hand, to discontent, 
ill-feeling, and a generally dissatisfied populace. ~Jhen no protective 
measures are taken, whatever the extent of flooding, the area suffers a 
severe loss in community spirit and income as property values depreciate 
and people move out of the affected areas. 

While da~ages and inconveniences suffered during floods of the past 
have been sufficient to warrant public expenditure of funds for protection 
against recurrences,, the real seriousness of the flood control probler:i on 
the Elizabeth River, particularly on the lower reach through the City of 
Elizabeth, is potential and cannot be based upon records of past floods. 
As the Elizabeth River basin continues to develop, as it surely will, 
located as it is in a vital and convenient sector of the expanding 
metropolitan area, floods of considerably greater magnitude than have 
been experienced in the past will occur at more frequent intervals. 

The development of a rural area into an urban community creates, of 
necessity, an increase in surface runoff. The construction of houses, 
streets, gutters,, and storm sev,-ers, and the elimination of wooded and other 
natural surface storage areas all decrease the amount of storm rainfall 
which can be absorbed by the ground. This resultant increase in flood 
runoff, which cannot be avoided, will not in itself create too difficult 
a flood proble;·,1 if the natu.ral draina(;c c:·1an."1els c:;,re adequately protected 
and properly c~eveloped. The riparian property ovmer, however, in his 
desire to obtain the nost u:oe of his lanc~s, too often fills in not only 
the flooc1 plain 1·;hich nature proviJed fer the ter::pora..-;:: storn.r:,e of excess 
flooC. v;aters, but in r:iany cases part of the main cha.r.:nel required for the 
passage of flood waters. 

In l93G the necessity for a conprehensive plan for control of floods 
on the rapitlly-gro1::inG 1.Uize.beth 11.iver basin ,·ms 1.:lroubht viv:i.clly to the 
attention of the £OVernin~ bodies of :nunicipalities anti other interested 
agencies by the la.ri;e flood of July 23 of that :,re:JI. It vms apparent 
that the past practice of alleviating local flooding by the enclosure or 
improve2ent of stream channels through the individual efforts of numerous 
.municipalities was aggravating the problem by providing relief at the 
expense of neighborinG communities. furthermore, it was recoc;nized that 
unless adequate measures were taken in the near ;;:uture to provide for 
increased flood runoff, a critical flood problem would be created on the 
lower reach of the river which could only be remedied v:ith difficulty 
and extreme cost. 

-l-



-

Within practical economic limits, compensation for this increase in 
flood runoff is provided by the hydraulic design recommended in this 
report, which has the support of the tllion County Flood Control and Park 
Development Committee and its Joint En6i.neering Committee, with whom 
full details have been discussed during the preparation of the design. 

Authority 

This report on control of floods on the Elizabeth River is the result 
of studies initiated in 1939 by the State Yfater Policy Commission, pre­
decessor of the present Di vision of ·:Tater Policy and supply of the state 
Department of Conservation and 3conomic Development. Under Chapter 266, 
Laws of 193?, t.'lc Legislature of tho Ctate of l!ev1 Jersey approved a 
special appropriation for that conmi.ssion authorizing it to prepare 
comprehensive plans for control of floods on the Elizabeth and Rahway 
Rivers. At the same tine, the Board of Chosen Freeholders of Union 
County authorized an appropriation to proviGc additional personnel to 
assist in the preparation of these plans. Similar action was taken by 
the Board of Chosen Freeholders of Essex County in rnakinG available 
personnel from its engineering staff. 

On July 26, 1939 a conference was held Ydth the Essex and Union 
county Engineers to consider a joint program of cooperation for compre­
hensive studies of the flood control problems in these two basins. This 
conference adopted a cooperative program for the preparation of basic 
surveys and the installation of additional rain gages, strerun gaging 
stations, and tide gages to remedy deficiencies in basic hydrological 
data, and defined in terms of frequency the flood for which protection 
should be provided. Methods of flood control were also considered. 
It was decided that preference would be given to the Elizabeth River basin 
and that the program would include a comprehensive investigation of all 
hydrological data on these two basins, including storm rainfall, in order 
to provide basic data for improved methods of estimating flood runoff for 
problems of this type. During the course of these hydrological studies 
and durinG the subsequent period of flood control design for the Elizabeth 
River, numerous additional conferences were held wit!1 the governing bodies 
of the interested counties and municipaltties, and vrith the Joint 
Engineerinc Cor:un:i.ttee cot~)osed of enGineers representing these Govern­
mental agencies. 

Legislation supportinc such participation of State an~ local agencies 
in a prograra of flood control and long-ranee planning is provided by the 
law creatinz the Stn.te ~-rater Policy Cm:u:rission and three encroachment 
laws, whereby: 

1. The Cor.irnission is authorized to conduct investiga­
tions of the water resources of the State and to 
complete comprehensive studies for specified public 
uses and purposes, one of which is the prevention 
of floods. (Revised statutes 58:1-11) 
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2 • The State is ci ven po'>rer to control and curb future 
abuse of stream channels throuch the issuance of 
perrai ts for new structures and the renewal of 
existing structures located Yrithin the ordinary 
hiGh water nark. (llevised statutes 50:1-26 and 27) 

J. The counties are authorized to cooperate 'vith 
municipalities in flood control and channel 
improvement projects and to assist financially as 
they may deem proper. (Revised Statutes 40:29-3 to 6) 

4. The municipalities are given authority to construct 
improvements, remove obstructions, and establish 
encroachment lines to define the limits of the 
stream channel, subject to the approval of the State 
as to the flood-carrying capacity to be provided. 
(Chitter 229, tav;s of 1938 A.mending Revised Statutes 
4b: o-1) 0 

Under the above legislation, the State's cooperation in a flood control 
project is limited to the hydrological studies required to determine the 
economical safe size of flood for which protection should be provided and 
to the hydraulic design necessary to insure satisfactory operation and 
coordination of the comprehensive il.lt'rov~, c:it. 

:ydrological studies of rainfall and runoff of the Elizabeth and Rahway 
River basins were started in September 1939 under the terms of the co­
operative agreement establishe~ in the joint conference of July 26, 19391 
and were practically completed ~'hen interrupted, first by lack of funds, and 
then by the demands of Uorld V!ar II. After a six-year interruption, the 
desibns have been carried to conclusion by the Flood Control Unit organized 
in 1946 to nake hydroloc;ical studies and prepare hydraulic designs for the 
alleviation of floods. 

Scope of Report 

The intent of this report is to present to the governing bodies of all 
interested municipalities, counties, and other agencies pertinent facts, 
engineerinb data, a.~d hydraulic designs as a general guide to the complex 
problems involved in the control of floods on the Elizabeth River. Detailed 
designs are to be developed and submitted for approval to the Division of 
Water Policy and Supply in accordance with standard procedures as and when 
construction is undertaken. 

The scope of the report is four fold: 

1. To establish the size of the flood for which pro­
tection is to be provided when the basin is fully 
developed and the control works and other 
improvements have been completed. 
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2. To develop a comprehensive master plan of hydraulic 
designs for channel improvements, detention basins, 
and control works to provide the desired relief 
uniformly along the main river from the Newark 
storm sewer systen. in Irvington, Essex county, to 
the Arthur Kill in Eliz.abeth, Union County. 

3. To recommend a long-range construction program 
whereby the desired relief can be obtained 
economically and efficiently by step construction 
as and when required. 

L.. To submit for use in similar problei:is on com­
parable streams such hydrologic data and 
procedures as have been developed by these studies 
for determining flood runoffs of uniform desired 
frequency for fUlly developed urban areas. 

Working in close cooperation with local officials and encineers, a 
comprehensive plan has been developed, the general details of which are 
shown on Plate J. The magnitude of the design flood for which pro­
tection is t.o be provided is summarized in Table 4. Hydraulic design 
data on type ancl width of improved channels, improved stream bed grades,, 
and design flood hir,h ·water flow lines are presented on continuous 
profiles, Plates B, 91 and 10. Details on bridge a~d utility recon­
struction are summarized in Tables 6 and 7. Hydraulic designs for inlet 
and outlet control work~ for the three detention basins are given in 
Drawings I to IV, inclusive, submitted as a supplement to the report. 
No grading plans for th€ detention basins have been prepared. The 
storage requirements for these basins are defined by capacity-area curves, 
Plates 5, 6, and 7. Detailed park development pl~ns nnd construction 
working drawings will be prepared by local agencies J.S required. The 
proposed plan is flExiblc so that chcmges in details may be made to meet 
unexpected developments. 

Statements of physical conditions cl'fecting floods and their relief, 
and of the extent of past floo<.ls arc presented. DetCJ.ils of the hydro­
logic investigations of storr,i-rainfall ond flood-runoff r0cords on the 
Elizabeth .::ind Hnhwny River basins nre sw.irnarized. Procedures developed 
for cstimnting desicn floods on the Elizabeth River be.sin nro described 
for use in similar problems on comparable streams. Design data Pre 
presented on unit hydrograph anG. retention c:J.pacity rc;lations for 
fully developed, storm sev:ercd urban aron.s of Essex .:mcl Union Countj_cs; 
and for storr:1 rainfall relations, including frequency, intensity 
duration, depth-area, nnd type of critical storms. 

No estimates of con3truction costs or of benefits to be derived ;u-e 
included in the report of this Division. The report docs, hov;ever, 
present fncts ancl cn[;inccring data on vrhich such estimates t:.nd working 
drawings cnn be prop:lr(;d b;l the interested local cooperating offici3.ls. 
Brief discussion on tho question of benefits and real e:.:state acquisition 
is presented to complete information on "111 facts p8rtaining t.o this 
problem. The control of floods on the Elizabeth River, as on every 
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other stream in the state, is primarily a local problem. The population of 
the area affected by the flooding of the stream must weigh the facts and 
decide for them.selves 'Whether they will continue to pay the damages and 
suffer the inconveniences of repeated flooding or spend the money necessary 
to construct flood control v1orks. No consideration has been given to the 
development of a financial plan for carrying out the recommended construc­
tion and for the allocation of costs and benefits. These questions can 
best be solved by local officials most directly affected by damages and 
cost of relief. 

Conclusions 

1. Floods have occurred in the Elizabeth River basin at intervals 
sufficiently close to warrant public expenditures for the 
purpose of protecting property and persons affected thereby. 

2. Serious flooding has been experienced at numerous points in 
the basin; notably above Lyons Avenue and Mill Roa.d and along 
the Newark Flume in Irvi..vigton,, at Baldwin Place and on Lightning 
Brook in Union,, and on t:mion Avenue bcb.•een nest Grand ruid West 
Jersey Streets nnd below Trotters Lane in Elizabeth. 

3. Flood conditions in Irvington beti.vccn the outlet of the Newark 
Flunc and Hill Road h.:tvc been r;rcatly rulicved by channel 
improvcr.1cnts <llrca<ly completed. 

4. Magnitude of flood peaks in Irvington is lir.rl.ted by the capacity 
of the storm sewers 1Nhich enclose the headwaters of the 
Elizabeth River and its najor tributaries. 

5. Frequency and magnitude of floods in Union County have been 
increased by the construction of the Irvington FlUi':le. 

6. The most serious flood of record in this valley was produced 
by the storm of July 23, 19)3. 

7. The size of that flood has been exceeded by at least four floods,, 
1897, 1901, 1903, and 1915, and h~ been equaled once at 
Elizabeth and once at Irvington within the past six years. 

B. As the drainage basin develops and as the channels are improved 
by walled and paved flumes or are enclosed in storm sewers,, 
floods will increase bGth in magnitude and frequency. 

9. The fully developed and storm sewered headwaters of the 
Elizabeth River in East ornnge Md Newark above the Irvington 
strcrun gaging station c.t Valley Street is representative of 
ultimnte dovelopnent of the entire basin. 

10. Loss of nc.tural flood ~torage in Hillside and Union by 
continuntion of channel i.qprovcnent would create a flood 
problcn on the lower ri vcr th<lt could be rcncdicd only with 
difficulty anc at extreme cost. 
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11. Uhlcss mc~sures arc taken to provide sone degree cf pro­
tection, damo.ges ,:ind inconveniences vrill incro.:i.sc rnpidly 
·with the further developocnt of the basin. 

12. Protection agairu:it. the largest floocls, which occur on the 
avcrnbc at cxtrcncly lone intorvals, is not considered 
necessary or economi.c~lly advisable, 

Recommended Plan 

The integrated hydraulic desibn presented in this report as a solution 
to the flood problem on the Elizrtboth Riv8r involves (1) 1 th€ construction 
of three shallow flocd dctcnticn basins above Elizabeth in union and Hill­
side Townships on land now owned or to be -:iwned by the union County Park 
Commission and (2), ch:mnol improvements upstrean and downstrean thereof. 
The plan is one cf cooperation with natur6, maintaining and increasing 
where possible the naturnl storaee of the basin. 

Detention basins will be of the dry type. Except for relatively 
short periods of infrequent flooding, these basins will be empty ancl the 
lands availnblc for recreation and other purposes. The basins vdll be 
located on existing lowl<mds now subject to flooding. Dual benefits will 
be derived from the proposed sites by incorporating them into the Union 
County P.~k Conmission systco. Control works will be located at existing 
bridges on State Highway Route 29 and Salem Read ancl at the existing 
Ursino Dnn. Flood waters will be impuunJed. in these basins ancl temporarily 
stc.:red therein to recluce flooC: peak di::ichargcs on the lower reu.ch of the 
river through Elizabeth. For design conditions, flood w~ters will be 
confined to hiGh 'l':atcr levels cxpcricncel'. ~uring tho floC>d of July 23, 1938, 
except i:r:w1ccliatcly upstrcw. of the Route No. 29 nncl Saler.i Roa<l centrals 
whore the depth h.:-<s l.Jccn :L.'1cro<::Jcd to prcvidc more effc:;ctivo st0r.'.lbc• 

However, despite the increased flood stor.1.{;c provic.cd ab~.Ne Elizabeth, 
the required ch«11u1ol :L--:tprcvw.cnt on the lc:Yrcr reach of the river through 
th~.t City will be extensive ml: c:;:pcnsive. In order to provic'.c for 
satisfactory stcrr.J. water drnin<lgo on streets throu.:;hciut Elizaboth, existing 
channels will hE>..ve to be enlarged c..nL. cvontunlly walled for the ontire 
distance of 3.9 railes from the r;i;~utll at Arthur Kill to Ursino Da.;:-:. Twelve 
of the existing 24 bridges r:ill ultir.iatcly need tc be rebuilt to provic"le 
singlc-spt".:.n crossincs ccnfcrl7ling to the inproveC: ch::nnel sections. In 
ad.di ti.on, abciIJ.donnunt of bridges at Cr::me nncl 1.'.urr.'.ly Strec;ts and rclc•c<'.tion 
of South Street bric1{;e is rcccn:rr.endccl. For the tid:.U r<.;ach, 1",'8..lls arc to 
be carrit.::G one fO<'t n.bcvc the pr0bablc cxtro,.1c hich tiC.e. Noclification 
of th1;; recomncn~'ed rcct:mr;ular walled chenncl cross-section :J.:J.Y be possible 
thrcugh the Elizabeth Hiver Parkvmy an.cl Mattan.1..0 Park. For the upper reach 
in Elizabeth, above: head c·f ticl1.; 1 the rocor.m1endod channel imprcver.1cnt will 
approximntely C.ouble the safe carrying c<'.'.pn.ci ty d' the present channel. 
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Upstream of the proposed detention basins the improvement will be both 
less extensive and expensive. A considerable portio~ of the work on this 
reach has been completed by Irvington and the improved channel has adequate 
capacity except at certain critic al sections. The He1irark Flume, extending 
2730 feet into Irvin;:;ton dmmstrcam of the iTeYrarl: line at Valley Street, 
will require reconstruction to enlarge the waterway so as to confine flood 
waters in that area. :Xtension of the Irvincton v;allecl and paved flume, 
from the: County line at !.Till Ilo.'.ld throuah 1Iillside and Union To1mships to 
the Route Ho. 29 Detention Dasin belon Union .Avenue, is also recoramended. 
Modification of certain portions of the Irvint:;ton :rlune uill eventually 
be required. neconstruction of the more critical of these points at 
Chancellor Avenue and Trill Road ·will be incorporated in the proposed river 
crossings of r..oute !Jo. 4 Parkvmy. · 

Protection against the largest flood of record or the maximum probable 
flood is not considered economically justified. Through the City of 
Elizabeth and the detention basins the plan is designed to provide pro­
tection uniformly along the main river against the probable future flood 
which can be expected to be equaled or exceeded, on the average, once in 
25 years when the basin is fully developed and the control works and other 
improvements have been completed. Protection against sudden release of 
flood waters impounded in the detention basins by failure of the control 
works will be provided by emergency provisions in their design for the 
safe passage of floods 65 to 95 percent in excess of the 2.5-year design. 
Above the detention bas ins 1 where much of .the :L11provement has. been com­
pleted and damage due to floods in excess of design will be less 
extensive, the plan will provide protection against a flood of lesser 
frequency, once in 15 years. 

For the lower river, protection will be limited to design flood 
discharges occurring at high tide elevation 4.0 or less, or with extreme 
high tide at elevation 7.0 and no appreciable flood runoff. Combinations 
of floods and hir;h tides in excess of these lir:ii ts nay create flood 
conditions beyond the scope of the recommended plan. The probable 
frequency of such combinations, ho·.-mvcr, is considered in excess of the 
25-year frequency lir.tlto.tions imposed on this design. 

Under ultimate conditions. of development and corapletion of all 
recommended improvc:·,1cnts, the clesir;n peak discharce suppressed by 
detention basin stora.c;e will var;{ through I:lizabeth from 5300 cubic feet 
per second below Trotters Lane to 6260 cubic feet per second at Arthur 
Kill. Corresponding flood discharGes under present conditions vary from 
approximately 2900 to 3400 cubic feet per second. Elimination of the 
detention basin system by channel improvement throui:;h the '1" ::· .i, G o~ 
· 'nion ,:ncJ Hillside v:ould result in dischc-.trges in excess of 10,000 cubic 
feet per second through Elizabeth under ultimate conditions of development. 
Major suppression vri.11 be provided by the Route No. 29 and Salem Pond. 
Detention Basins which reduce inflow flood peaks, respeetively, from. 
6440 to 5110 cubic feet per second and from 6190 to 4660 cubic feet per 
second. 
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For the upper reach, above the detention basins, the design flood 
varies from 1800 cubic feet per second at the outlet of the storm sewer 
system on Valley Street, Newark, to 3470 cubic feet per second at the 
inlet of Route No. 29 Detention Basin below union Avenue. No great 
increase in existing flood discharge will be experienced in this area, 
which is now practically fully developed and storm sewered. The flood 
of 1800 cubic feet per second at Valley street, representing the peak 
discharge from the storm se,ver system which completely encloses the 
headwaters of the Elizabeth River in fully developed sections of Newark, 
East Orange, and Irvington, has been experienced twice in the 17-year 
period of record at the Irvington gaging station. Had the capacity of 
this storm sewer system been adequate to carr<J these floods ldthout 
surcharge and teuporary retention of surface runoff in streets, QJ.tters, 
and catch basins of the tributary area, tlischarges of nearly 2700 cubic 
feet per second vroulcl have been experienced at the Irvinc:;ton gaging 
station. 

Immediate construction of the complete plan is not necessary or 
advisable. The plan, hovrever, should be approved officially by all 
interested parties to provide a 111Jaster Plan for the Elizabeth River, 11 

and a program of long-range construction adopted to relieve flooding 
as and vrhen required. Immediate measures should be talcen to secure all 
lands required for the detention basins and improved channel right-of­
ways, and to control private building operations, pipe crossings and 
other obstructions affecting the recommended plan. completion of the 
detention basins 'vill provide the greatest protection and is recommended 
as the first step to be undertaken. Priority should be given to the 
Route Mo. 29 and Salem Pond Basins. Local flooding should be relieved 
as required by rebuilding critical points in conformity with the Master 
Plan. Where practical, channel improvements should be made in steps as 
flood runoff increases. All bridges which do not conform to the plan 
should be modified or rebuilt when adjacent channel improvements warrant 
such work. 

Merits of Recommended Plan 

The plan recommended herein offers the most ecoi1omical solution to 
the flood problem of the Elizabeth River. It provides a program not 
only for the alleviation of present flooding but, in addition, an 
orderly approach to the flood control problems l'.'hich vrill arise in the 
future as the area develops, tributaries are enclosed in storm sevrers, 
and chaniiel improvenents are made. conservation of the natural storage 
areas of the I:lizabeth lli..ver is of primary importance and must be 
accomplished at once, and certain r.iodifications should be mac.le now to 
relieve present flooding at critical sections of the river channel. 
However, the major portion of the i;rork recor::r.1ended, especially in the 
lower reach of the river through the City of Elizabeth, may be deferred 
until such time as increased flood discharges '\"Tarrant such expenditures 
of funds. By adopting this lone-range program, the total cost of the 
project may be distributed over a long period of time with accrued 
benefits of sufficient value to finance much of the expensive latter 
construction. 
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Features of the plan 1.hich warrant the full support of the Union 
County portion of the Elizabeth River basin ore ns follows: 

1. For the City of Elizabeth the tY:o primary items are reduction 
of the required vrl.dth of improved channel and deferment of expensive 
channel improvement. Loss of flood storage in the proposed detenticn 
basins would require such :material widening of the river chnnnel as to 
seriously affect private property adjacent to the river. Under the 
recommended plan, the required chcnnel width is confined, for the most 
part, to the top of existing banks. Reduction of flood discharges by 
the detention basin storage will defer the time when expensive channel 
improvement on the lower river must be constructed. 

2. For the Townships of Union and Hillside the primary benefits 
are the increase of recreational facilities, the elimination of waste 
swamp lands, and increase in adjacent upland values resulting from the 
development of the detention basin areas as part of the Union County 
Park System. The history of park development has conclusively proven 
that the initial cost and loss in ratables are rapidly offset by the 
increase in land values surrounding the park lands, and that parks 
more than pay for themselves in a short time. In addition, the Town­
ships will be released from the necessity of ultimately constructing ex­
pensive channel improvements to protect low private lnnds from flooding. 

3 • While Union county at large will benefit to some degree from 
the above i tens, the mnjor i tom is the :1n.terinl reduction in the cost 
of county bridge reconstruction, 17hich 1:rill ultimntcly be required on 
the loi.-rcr rcn.ch of the river through Elizabeth. 

Existing Reports 

The flood situntion on the Elizabeth River has been under study 
for many years by municipal, county, state, and private agencies. 
During this time two reports have been published: 

1. In October, 1940 the Joint Engineering Corrunittee published 
Report No. l entitled "Control of Floods on the Elizabeth River, Section 
No. 1, Salem Road-County Line {Mi.11 Road), Union County. 11 This report 
was issued for the primary purpose of presenting to the governing bodies 
of all interested municipalities and other agencies the necessity for 
itnnediate acquisition of the property required for the construction of 
flood detention basins on the lowlands in the Tmvnships of Hillside and 
Union above Salem Road and Route No. 29. While comprehensive plans for 
the control of floods on the Elizabeth River had not at that time been 
completed in detail, sufficient progress had been made to define the 
extent of land required for these two detention basins, on November 13, 
1940 a conference of the gove~ning bodies, with their engineers and 
attorneys, of the State Water Policy Commission,, Union County Park 
Commission, County of Union, City of Elizabeth, and Townships of Hillside 
and Union was held to consider Report No. 1. The engineering features 
were adopted and a committee knovm as the Union County 7lood Control and 
P.:>.rk Development Committee WD.S ;'.ppointed, with Commissioner F. v. Lowden 
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of the Water Policy Commission llB Chairman, to develop a policy for 
carrying out the recommendations of this report. Excellent progress 
has been made in securing lands for the construction of the Route No. 
29 and Salem Pond Detention Basins. At present, approximately 
90 percent of the required acreage between Salem Road and Union 
Avenues has been acquired by the Union County Park Commission. 

2. In June, 1921 James He FU.ertes, Consulting Engineer, submitted 
his "Report to the Board of Public \"Iorks, Elizabeth, N. J. on the 
I rovement cf the Sewera e of Elizabe'Eh and the Abatement of Nuisances 
in e iza e ver." is repor inc u e a survey of a existing 
sanitary and storm drains, and established by a system of bench marks a 
much needed reference datum for the City of Elizabeth. It recommended 
that nll combination so.ni tary and storm drains be rebuilt as separate 
systems, .and that sewage discharge into the Elizabeth River be entirely 
eliminn.ted. In addition, the report included :i study of the fiood 
situation vd thin the City of Eliz~1beth. It recommended increasing the 
capo.city of channels by widening n.nd deepening, walling certain reo.ches, 
D.ligning the river as required to reduce sharp bends, and establishing 
a pro gr run for the rcplncement of all bridges of inadequate capacity• 
Hr. Fuertes' estimate of the design floocl through the City of Elizabeth 
is 30 percent less nt the City line than the 25-yenr design flood used 
in our present studies, and 14 percent less at the Arthur Kill. 
Considering the limitations of available hydrological data in 1921, 
revisions of plans for the development and improvement of the Elizabeth 
River basin above the City of Elizabeth during the past 30 years, and a 
probable difference of interpreting the size of flood considered 
economical for design purposes, this difference in flood discharge 
estimates is readily understandable. 

-10... 



DESCRIPTION OF BASIN 

The Elizabeth River is one of the smaller coastal streams of the 
Piedmont Plain in the State of New Jersey. filth headwaters located 
in East orange, it flows in a southerly direction, as shown on Plate 1, 
for a distance of 11.9 miles from the densely populated and fully 
developed municipalities of Essex County into union County; and thence 
between the rapidly grovr.i.ng Townships of Hillside and Union, through 
the center of tl1e congested urban development of r;lizabeth :into the 
tidal estuary of the Arthur l~ill below South Droad. Gtreet, Elizabeth. 

Geologically, the Elizabeth River basin is located on the Newark 
group of the Triassic Drunswick Fomation of sedimentarJ rock consisting 
of soft red shale vd th sandstone beds. In Union County stratified drift 
and recessional moraines deposited by the late glacial age overlie much 
of this formation. 

Elevations varying from 180 feet at the extreme limits of the basin 
in East orange to mean sea level at the Arthur Kill reach maxima of 280 
feet in the Lightning Brook drainage area of 1!Iaplewood on the west side 
and 210 feet in the Elizabeth River S'Wrm Sewer drainage area of Newark 
on the east side of the basin. 

For the upper basin in Essex County, slopes are steep and natural 
nood retention storage is insignificant. As shovm on Plate 2, both 
the main channel and its tributaries, except for part of Lightning Brook, 
have been either enclosed in storm sewers or improved by walled and 
paved flumes. 

In Union County, and especially in union Township, the slopes of 
both the main channel and the tributaries are flat. Large natural 
storage exists on the main river between Ursino Dam 3Ild Union Avenue. 
Additional natural storage was available on Lightning Brook and the 
East and --est nr~nches, but due to development of these areas, much of 
this storage has been lost. On the 1."!est Dranch, a large part of this 
natural storage has been preserved by the Galloping Hill Golf Course of 
the Union county Park Con::rl.ssion and the I!tunr.locks well field of the 
Elizabethtolm '::ater Company Consolidated. on the East .Dranch, all 
natural storage was destroyed by the storm se~~r systeu which encloses 
this branch throui;h Hillside. A sinilar situation is to be found along 
the lower river where all tributaries in Elizabeth have been enclosed 
in storm seuers. Because of the small size of the drainage areas in­
volved and because of the densely populated areas through vmich the 
tributaries nowed, this type of improvement has been the most economical. 
For the remaining unimproved tributaries the same type of improvement will 
undoubtedly be followed. Thus, complete improvement of all tributaries in 
Essex and Union Counties and of the main channel in Essex County, as shown 
on Plate 31 can be reasonably predicted. 
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TABLE l 

ELIZABETH RIVER TRIBUTARY G'HARACTERISTICS 
(Ultimate Conditions of Improvement) 

Distance Longest Branch 
from Draina.i;e Number Average 

Mouth Area Major Length Slope K 
Tributary Miles Sq.Mi. Branches Miles Ft./Mi. Mins. 

West Drainage 
Valley Street s.s. 9.3 1.47 1 2.6 19 25 
Allen Street s.s. 9.0 0.37 1 l.O 103 15 
Lightning Brook 6.5 3.12 3 3.8 53 28 
West Branch 5.6 2.98 1 4.4 13 13 
Lehigh Valley Branch 5.1 0.85 1 2.1 33 19 
Trotters Lane Branch 3.9 0.95 1 2.6 25 25 
Westfield Avenue s.s. 3.3 1.23 2 2.3 30 25 
Summer Street s.s. 1.5 0.58 1 1.3 35 20 

East Draina~e 
Elizabeth River s.s. 9.3 1.44 2 2.1 13 25 
Lyons Avenue s.s. a.2 1.09 1 2.3 45 19 
North Creek 6.8 0.50 l 1.3 76 19 
South Creek 6.7 0.51 1 1.9 53 19 
East Branch 4.7 2.02 2 3.0 40 30 
Parker Road 3.S. * 3.8 0~51 1 l.S 20 20 
Irvi."1gton Avenue s.s. * 3.6 0~29 1 l.O 23 15 
I.radison Avenue s.s. 2.5 0.11 1 0.5 25 12 

Loe al Inflow Areas 
Valley Street s.s. 9.3 
Allen street s.s. 9.0 0.10 0.3 1 11 
Lyons _'\.Venue s.s. 8.2 0.49 o.s 29 13 
North creek 6.3 0.54 - 1.4 39 10 
South Creek 6.7 o.oo ff.I 0.1 38 10 ] 
Lightning Brook 6.5 0.10 0 0.2 27 10 
Route Uo. 29 Control 6.2 0.09 

r-f ~ 0.3 4 10 
West Branch 5.6 o.so (J) ,.0 o.6 19 10 
Salem Road Control 5.4 0.10 IE 0.2 5 10 
Lehigh Valley Branch 5.1 0.06 0.3 14 10 
East Branch 4.7 0.11 

f.t ..5 o.4 11 10 
North Avenue 4.2 0.33 (!) •rl 0.5 10 10 
Ursino Dam Control 3.9 0.01 

I> ... 
0.3 0 10 •rl .p 

p:< 
Trotters Lane s.s. 3.9 o.oo f.t o.o 20 10 
Parker Road s.s. * 3.8 0.02 ..t:: 0 0.1 10 11 +> 'I"") 

Irvington Avenue s.s. * 3.6 0.02 .8 ~ 0.2 10 12 
Westfield Avenue S.S. 3.3 0.15 '11 0.3 10 12 !>'! 0 

Madison Avenue s.s. 2.5 0.47 •rl S:: o.8 10 14 ...... ._,. 
summer Street s.s. 1.5 0.81 r:il i.o 4 16 
Central R.R. of N.J. 0.9 0.48 o.6 2 15 
Arthur Kill (mouth) o.o 0.38 0.9 2 15 

* Proposed Storm Sewers 
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For design purposes, the :Slizallcth River basin has been subdivided 
into 16 major tributary areas anC: 20 local inflow su'uareas. These sub­
divisions arc defined by the clrainai;e areas shown on Plate 3 and Table l. 
Originally the City of :Eli~abeth was drained by combination sanitary and 
storm se•;:ers clischai·cinc directly into the :i::lizabeth River. A prograr.1 
for separation of these systems to relieve flooding and to eliminate 
sewage discharge into the river has been initiated. The drainage 
divides shown on Plate 3 are based on plans for ultimate elimination of 
all combination sewers discharginr; into the Elizabeth River. The divides 
under present conditions are shown on Plate 2. On January 1, 1929 the 
drainage area tributary to the u. s. Geological Survey stream gage above 
Westfield Avenue was revised for diversion from 20.2 square miles to 
18.0 square miles upon completion of the Orchard Street storm sevrer 
system which discharged below the i.~restfield Avenue bridge, 200 feet down­
stream of the~e. on completion of the proposed Parker Road and 
Irvington Avenue storm sewers to relieve the existing Westfield Avenue 
combination sewer and Madison Avenue storm sewer, the drainage area 
tributary to this gage will be increased to 18. 8 square miles. 

Characteristics of the major subareas of the Elizabeth River basin 
shown in Plate 3 are presented in Table 1. All characteristics shown 
are based on ultimate conditions of improvement. Lag time, ttK11 , of the 
area5 is defined and discussed under Hydrology of this report. 

The Elizabeth River and its tributaries drain parts of the eleven 
municipalities shown in Table 2. As indicated on Plate -1, South orange 
and Maplewood in Essex County, and ICenilworth, Linden, and Roselle Park 
in Union County are located on tributarie3 at a distance from the main 
stream channel and therefor have no vital interest in the Elizabeth River 
flood problem. Of the total areas of the wnicipalities listed in 
Table 2, appro~:imately 25 percent of the City o.f Newark and 20 percent 
of the City of Elizabeth are composed of undeveloped salt marsh lands. 

TABLE 2 

I,HJNICIPALITIES OF ELii;:ABETH RIVER BASIN 

Municipality 

Essex County 
East Orange 
South Orange 
Newark 
Irvington 
Maplewood 

Union County 
Hillside 
Union 
Kenilworth 
Roselle Park 
Linden 
Elizabeth 

Total Area 

2.7 
8.7 
2.0 
1.0 

n.3 
9.1 

Area 
YTithin Basin 
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1.23 
0.27 
2.10 
3.00 
i.13 

2.64 
5.88 
0.80 
0.22 
0.18 
4.85 

Distance from Mouth 
Miles 

From -
11.9 

10.4 
9.1 

To 

10.4 

o.o 



Under present conditions, over 75 percent of the basin has reached 
a high degree of development. Good transportation facilities and the 
proximity to urban centers indicate that the semi-developed portions of 
the basin will continue to grow at a rapid rate and that, except for the 
West Branch, 100 percent development of the entire basin can reasonably 
be predicted for the near fUture. 

The following population table for the political subdivisions 
within the basin is based on u. s. Census figures. These figures 
clearly show the development of the Elizabeth River basin from a rural 
to an urban area. In addition to the rapid increase in home construction 
in and about the Tovmships of Union and Hillside, the importance of this 
area industrially is evidenced by the postwar construction of numerous 
plants by large industries such as ,Jestinghouse and the American Can 
Company. 

TABLE 3 

POPULATIOH or~ ELIZ.1'..DI.:TE JIVilll DASII! 

Pol;?ulation per Acre 

Municipality ~ ~ 1940 1950 -
Essex r.ountv 

East Orange 20 27 28 31 
South Orange 5 8 9 19 
Mewark * 37 39 38 39 
Irvington 12 26 2$ 27 
Maplewood 3 12 13 14 

Union county 
Hillside 3 10 11 13 
Union l 3 4 7 
Kenilworth 1 2 2 4 
Roselle Park 8 14 15 18 
Linden -lf* 19 23 22 23 
Elizabeth* 19 23 22 23 

* Areas in salt swamp not included in con:q:>utation of population 
per acre. 

-lH~ Assumed to be equal to Elizabeth for area affected. 

\"Tater SUpply 

The first use of the Zlizabeth River as a source of public water 
supply be{;an ·with the orGanization of the Elizabethtorm r;atcr Company 
in 1854. A pumping station was erected at Crane and Golden Streets on 
the west bank of the Elizabeth River in the City of Elizabeth. '\'rater 
was drawn from an intake pond created by the construction of a small 
dam. The follm7ing year a small reservoir was built on Chilton Street 
for storage of the pumpinc; station overflow. 
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AB the City grew, the quantity and quality of the water became 
objectionable and in 1885 two storar;e reservoirs were constructed -­
one at Ursino on the main river having a capacity of 20 r:rl.llion 
gallons, ancl another downstream at Irvington Avenue adjacent to the 
river having a capacity of 21 million gallons. 

To supplement this surface nater, the Humraocl~s nell field on the 
'I.Yest Branch of the Zlizabeth rJ.ver nas first used as n source of supply 
in 1693. Additional v:ells have been drilled and the present diversion 
from the field is approximately 3 million gallons per day. In 1903 
a second well field was developed at Springfield in the aa.lnvay River 
drainage basin as an additional source of ground water supply. 

The Fai toute Reservoir on the •·;est Branch and Salem Reservoir 
on the Elizabeth niver upstream of the Ursino Reservoir were constructed 
in 1912 to increase the yield of the river to 3,000,000 gallons per day. 
In 1919 a filtration plant was built at the Ursino Reservoir. 

As the area continued to develop the character of the water of the 
Elizabeth River became unsatisfactory, and in March, 1929 the river was 
abandoned as a source of public water supply. 

D.iring the last two decades the Irvington Avenue Reservoir has been 
filled and is now used as an athletic field; the Faitoute Dam has been 
breached and the Ursino and Salem Reservoirs have filled with silt. 
However, the Union County Park Commission has included replacement of 
the Fai toute Dam as part of their proposed park development on the V.iest 
Branch, and the Salem and Ursino Reservoir sites were selected as logical 
locations for the construction of two of the three dry detention basins 
proposed for the Elizabeth River. 

1'1 ater P01·.;er 

Due to its size anC:. the natural topocraphic characteristics of the 
drainage basin, the Zlizabeth I?.iver vms never developed as an ir.lportant 
source of water pmver. r;hile records indicate that at one time at least 
five water-powered mills were located alonG the banks of the Elizabeth 
River and its tributaries, only two small grist mills were still in 
operation as late as 1894 ~ one on the Elizabeth River in Essex County 
and one on the nest Branch in Union County. 

Navigation 

At present all bridbes crossing the tiCal reach of the Elizabeth 
River belov1 South Broad street are of the lift or pivot type with the 
exception of the high-level Route 25 viaduct. However, the Corps of 
Engineers has maintained a navigable channel only as far upstream as 
the Central Railroad span, and river traffic above this point is 
extremely limited. Y1hen all riparian lands along both banks of the 
Elizabeth River from Mattano Park at Baltic Street to South Broad Street 
are acquired by the City of Elizabeth and the Union county Park 
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Commission for the development of the Elizabeth niver Parkway, there will 
be no need to Llaintain river traffic in that reach. Construction of the 
proposed Trenton Avenue approach to the New Jersey Turnpike which will 
cross the Elizabeth River as a fixed low-level span, approximately JOO 
feet upstream of the existing Baltic street bridge, will establish the 
upper limit of navigation at that point. As replacements are required, 
all bridges upstrean of Baltic Street can therefor be reconstructed as 
fixed, low-level crossings. 

Sanitary Services 

The sanitary sewer system of the Elizabeth River drainage basin, 
lmown as the "Joint Meeting in the Matter of an outlet Sewer for 
Certain ~.lunicipalities in Essex and Union counties, 11 was established in 
1901. It drains the entire basin above the City of Elizabeth through 
separate sanitary sewers and, since 1942, portions of Elizabeth through 
combination sanitary and storm sewers. In adC:ition, all sanitary 
drainage -Of the Rahway River basin above Springfield enters the Joint 
Meeting trunk line throu[h a tunnel across the divide from above 
Burnett Avenue to below Vaux Hall Hoad in Union T01·mship. 

The r:ia.in trunk se•:er parallels t11e Elizabeth niver in Essex County, 
crossint; from the east to the Tiest bank at i!ill noa<l. It continues on 
the v1est side of the river across the proposed Joute 29 and Salem Pond 
detention basins to the treatr.1cnt plant nnd Arthur I~ill outfall in the 
City of Elizabeth. 

Durinc the past decade, averai;e <lmly flow from the area above 
Elizabeth has increased from approximately 25 to 30 million ballons, a 
rise indicative of the extent of development of the drainage basin. In 
addition, the City of Elizabeth is now contributint; an average of 
approximately 10 million gallons per day to the system. 

Under conditions of heavy rainfall, 6-hour peak flows in excess of 
100 million gallons per day are not uncommon. However, except in local 
areas '''.'here sanitary se~·:ers are of inadequate design, sewers generally 
are of sufficient capacity to carry this peak load. Only once has the 
entire system been overtaxed. In the month of July, 1938 the heaviest 
total amount of rainfall and the heaviest sincle day's precipitation 
fell since the operation of the treatment plant. Trunk lines ?.rere flowing 
at full capacity 11 and sewers never before known to flow full were found to 
be heavily surcharged at the height of the deluge. The peak flow was 
measured at 150 million gallons per day and the total daily flow for 
July 23, 1938 was 100 million gallons, four times the average daily flovr. 

This increase in flm·r durinc storm periods may be attributed to both 
surface a."ld subsurface infiltration of flooc V!aters. surface waters enter 
the sewers throuGh leal:ace at ::ianholes, through illegal storm drain con­
nections above the City of Elizabeth e.n<l, since 19h2, throuch the combina .. 
tion sanitary anc storn sev;ers of J.::lizabeth. .Subsurface waters enter the 
system by underground leal:ace 1.rhich increo.ses -.:i th the external hyero­
static pressure on the smrer::;. 
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Recreation 

At present, lands on the Elizabeth River basin which have been 
set aside for recreational purposes include a number of small municipal 
parks in Essex County and Elizabeth, and one golf course in Union 
Township; in addition to the Galloping Hill Golf Course in Kenilworth 
and Union, and Mattano Park in Elizabeth which are under the jurisdic­
tion of the Union County Park Commission. Development by the Park 
Commission of the proposed dry flood detention basins between Ursino 
Dam and Union Avenue in Hillside and Union To".mships1 and the Elizabeth 
River Parkway from South Broad Street to Mattano Park in Elizabeth, 
as shoi:m in Plate 11 will increase by approximately 280 acres those 
recreational areas nm·; available to the public. In addition, it is 
proposed th~t 75 acres of land be developed for pru•k purposes along 
the bDnks of the ~:rest Dronch from Vaux Hall noad to Forest Avenue and 
from Uorris Avenue to Chestnut Avenue. 
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DESIGN FLOOD 

The degree of protection to be provided by a flood control project 
is determined by the size of its design flood. Complete protection 
against the maximum possible flood is seldom attainable because of 
practical and physical limitations. Horeover., except in rare instances 
where there is considerable hazard to life, or damage to certain highly 
congested key industrial areas would be excessive,, can complete 
protection be justified for economic reasons., such as the ratio.of 
benefits to cost and the financial ability to pay. on the other hand., 
partial protection against floods of lesser magnitude involves a 
calculated risk as to the amount of da.rnage and probable frequency of 
such damage from floods which exceed the design capacity of the control 
works. Unless the extent of this calculated risk is fully appreciated 
by the area protected, and proper allovrances are made for the limited 
degree of protection, partial flood control may be Yrorse than no flood 
control. 

On small streams such as the Elizabeth River, flood stages may be 
reached with little warning, but the duration of flooding as well as 
the volume of flood runoff are limited by the size of the drainage 
area. Storm sewer practice has lone accepted the principle of economic 
limitation in the selection of design frequency,, as hazard to life and 
extent of damage is usually not severe. For open channel improvement 
projects the risk is also limited as flood waters in excess of design 
are confined,, in general, to the natural flood channel. However, 
covered reaches in the open channels and detention basin controls 
introduce unnatural hazards for which special allowances must be made 
in the selection of the design frequency. 

In rapidly developing areas such as the Elizabeth River basin, the 
flood to be considered is not the flood of past records but the flood 
to be anticipated in the future when the development of the basin is 
complete and all improvements have been made. 

The design flood against which partial protection is to be provided 
by the plan recommended herein was defined at the conference of July 26, 
1939 with the county Engineers of Essex and Union counties in accordance 
with these principles. Expressed in terms of the probable frequency of 
future floods to be expected when the drainage basin is fully developed 
and the plan, including the improvement of all tributaries as shown on 
Plate 31 has been completed, the design flood for the detention basins 
and the charmel improvements on the main river downstream thereof is 
that flood which can be expected to be equaled or exceeded, on the 
average, once in 25 years. For the channel improvements on the main 
river above the detention basins and all i:.ajor tributaries, the 
frequency of the design flood is once in lS years. In both cases the 
frequency of the design flood is uniform along the main river, a 
condition not noroally experienced in actual floods. 
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For floods in excess of the design flood, overflow of improved 
channels and flooding of lands adjacent to the detention basins must 
be expected. Such flooding is part of the calculated risk. The outlet 
control works for the detention basins, however, must provide for the 
safe passage of floods in excess of the design flood, since failure of 
these control works would release impounded flood waters upon the lower 
valley. In this design, due to the relative 10;1 height of the control 
works and to the improbability of complete failure because of the 
physical conditions at the sites of these works, the capacities of the 
emergency spillway provisions have been increased from 65 percent to 
95 percent of the design flood. 

Magnitude of the design flood and size of these "super floods" 
are given in cubic feet per second in Table 4. 

Design Tide 

on tidal estuarie::;, protection r:IUst be provided against combinations 
of i1.ood runoff a.~~ tide levels. The na.GnituGe of these combinations and 
the frequency of their recurrence are influenced by the probability of ex­
treme high tides <lurinr; flooc.! 1Je!·iods. :;bile si:mul taneous occurrence of 
high flood runoff and extreme hiGh tide is possible, the probable 
frequency of such an event exceeds the limitations imposed on this design 
by the degree of protection to be provided. 

For the lovrer Elizabeth River, hydrological studies indicate that 
the critical flood-producinc storms are of the extra-tropical and 
hurricane types. For the former, prevalent during the summer months, 
high tides are usually nornal since both the direction and duration of 
the storr:i limit its effect on tides. The hurricane storms, however, of 
late summer and fall are of several days duration and are normally ac­
companied by exceptionally high tides of prolonged duration. On the 
other hand, the duration of high runoff for critical floods on the lower 
Elizabeth River is less than half the nonnal tide cycle, thus reducing 
the probability of coincidence of flood peak with extremes of high tide. 

Protection on the lower river w'i.11 therefore be provided for two 
combinations of tide and flood runoff, both of which are consistent with 
the limitations imposed on the frequency of the design flood: 

1. .An extreme high tide of 2S-year frequency at elevation +7.0 and 
no appreciable flood runoff. 

2. A design i1.ood of 2)-year frequency with a high tide at eleva­
tion +4.o. 
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TABLE 4 

DESIGN FLOOD - ELIZA3ETH RIVER 

Point 

Design Flood 
Area Discharge-c.f .s. 

Sq.lii. 1.5-year 25-year 

Valley Street-I1iznbeth River S.S. 2.91 1800 

Above Allen Street s.s. 

Below Allen Street S.S. 

Above Lyons Avenue s.s. 

Below Lyons Avenue s.s. 
Below Union Avenue 

Route No. 29 Detention Basin 
Total Inflow 
suppressed outflow ii-

Salem Pond Detention Basin 
Total Inflow 
Suppressed outflow * 

Ursino Detention Basin 
North Avenue-Lehigh Valley R.R. 
Total Inflow 
Suppressed outflow ii-

Ursino Dam-North ,,\Venue Reach 
Total Inflow 

3.38 

J.87 

4.96 

5.50 

9.88 
9.88 

13.42 
13.42 

Reach 
16.83 
16.83 

16.90 

1820 

2100 

2320 

3210 

3470 3680 

6440 
5110 

6040 
4660 

)300 
5210 

)210 

Super Flood 
Peak Discharge 

c.f .s. 

10,000 

1,100 

8,700 

suppressed outflor: -i.~ 16.90 5190 9,400 

Below Trotters Lane s.s. 17.85 5300 

Below Parker Road s.s. 18.35 5390 

Below Irvington Avenue s.s. 18.69 5460 

Below Westfield Avenue S.S. 20.08 5190 

Above SUmmer Street S.S. 21.46 6030 

Below Summer Street S.S. 22.04 6150 

Above Central Railroad of N.J. 22.52 6210 

Mouth at .Arthur Kill 22.90 6260 

* SUppressed outflow at Outlet Control T'orks 
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Methods of Estimating Size of Flood 

Available Methods: 

A. EX:isting Flood Records. This is the simplest and most accurate 
method as few assumptions subject to possiblu error nre required in the 
application where adequate stream flow records are avnilablc. In the case 
of the Elizabeth River problem, hormvcr, this method is impractical as the 
drainage b0.sin characteristics nnd chnnncl rcgi.':lcn are subject to radical 
change. 

B. Storm Rainfall Records. This method of detcrnining flood runoff 
of desired frequency frora ra.inf all of corresponding frequency presents a 
rn.ther complex probler.i. involving many factors which must be evaluated and 
are subject to errors of varying degree. 

(a) The Rational Formula: (Q "' CIA). This method is standard 
practice for designing storm sewer systems from rainfall records. 
For smnll drninagc areas where chmncl :md surface storage are not 
major factors, this method can be considered to give satisfactory 
results. For larger and more complex basins, such as the Elizabeth 
River, the Rntional Method fails to meet the requirements of accuracy 
desired and to produce satisfactory hydrographs needed for routing 
floods through detention basins. The coefficient 11 C11 is a composite 
of many variable factors which make satisfactory evaluation from 
hydrologic records most difficult. 

(b) Unit Hydrograph-Retention Method. This method involves the 
application of the unit hyCrograph and retention principles to storm 
rainfall. It is applicable to either actual or synthetic storms for 
any desired frequency. In this r~port, vlherein the design flood has 
been defined in terms of frequency for fully developed nnd improved 
channel conditions, the method has had to be applied to synthetic 
storms and has been bnsed on observed runoff factors derived from 
records at the Irvington streao gaging station. t~ilc this procedure 
is more cor:iplex thCTI those tliscusscd above, it was selected as the 
mctho~ nost .:ipplicablc to the :sliz~bcth River problen for the 
following reasons: 

(1) The procedure is bnscd, not on some empirical relation 
between storn rainfall and flood runoff, but on a rational 
approximation of' the various natural phases involved in the 
storm rainf c.11-flood runoff phenonona VThich c:-m be aC:justcd and 
refined to fit the available bo.sic datn. 

(2) All hydrologic factors involved can be evaluated with 
ren.sonable accurc.cy fror:i observed data and modified on that basis 
to meet design conditicns. 

(3) Method permits the most use of the observed records 
from the Irvington stream gaging station, ·which is considered 
rcprcsent<::.tivG of the future dovelopmcnt and improvoaent of the 
entire Eliz.:tbeth River drainnge area. 

-21-



(4) The unit hydrograph represents the integrated effects 
of all the basin constants, such as drainage area, shape, stream 
pattern, channel capacities, and stream and land slopes, and 
provides satisfactory hydrographs for flood routing. 

(S) Retention curves an<l indices take into account the 
intensity characteristics of storm rainfall and therefore are 
superior to coefficients that are volume ratios of runoff to 
rainfall. 

(6) Method permits application in reverse of procedures 
used in analysis to synthesize storms and flood hydrographs, 
thereby reducing the error due to the incorrect evQluation of 
hydrologic factors. 

(7) Method also permits satisfactory application of flood 
routing procedures to evaluate the effect of channel and 
detention basin storage. 
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RECOMMENDED PLAN 

Available Methods 

As applicable to the Elizabeth River problem, protection against 
floods can be provided by any of the following three methods, or 
combinations thereof: 

1. L'llProvement or enlart;eoent of stream channels to increase 
their capacitj.es sufficiently to pass flooC: floi;ts without causing 
damage. 

2. Construction of storage or detention basins which temporarily 
hold back flood flows in excess of the capacity of the natural channel. 

J. Removal of buildings an~ other improvements from low areas 
subject to floodinb, thereby eliminatinG the necessity for protection. 

The first of these i:iethods is a man-made d..;vicc which, without 
proper planning, may provide only temporary local protection and increase 
flood peak discharges beyond practical control limits. The second is 
nature's way of handling the problem but necessitates long-range planning. 
The third method, flood plain clearance, is often strenuously opposed 
locally but in many cases provides the most economical and equitable 
means of protection, particularly Wien the lands are utilized for needed 
recreational or other civic purposes. A most enlightening, comprehensive 
discussion of these questions is presented in the Progress Report of the 
Committee of the Hydraulics Division on Flood Control Methods, published 
in the Proceedinbs of February 1940 of the American Society of Civil 
Engineers. 

For tidal reaches, the problem is further complicated.. Protection 
against extreme high tides can be provided by either raising lowlands 
adjacent to the stream channel or by diking such lan<ls and providing 
tide gates and eraerr;ency pumping stations to han<.lle local drainage. 
Channel improvement in tidal reaches is also aclvisable to keep high water 
levels durinG flood runoff within the limits of extreme high tide. 

Recor:unendations 

The plan reco1ainended by this Division for the control of floods on 
the Elizabeth Itiver combines all three of the above methods. It is one 
of cooperation with nature, maintaining and increasinc where possible 
the natural storage of the basin. The general plan, sho1.';n graphically 
in Plate J, includes the following recommendations: 
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1. The construction of a series of three dry detention basins in 
the Townships of Union and IIill~ide ';ith outlet control vTorl:s located 
at Route Uo. 29, Salei:i Road, anC: Drsino Dam. 

2. Channel improvement for the entire distance of 3.9 miles 
throuGh the City of ~izabeth from Trotters Lane to Arthur Kill~ 

J. Reconstruction of 2730 feet of the Newark Flume located in 
the Town of Irvington below the outlet of the Elizabeth River and Valley 
Street storm sewers. 

4. Modification of certain critical portions of the existing 
Irvington Flume at Clinton Avenue (780 feet), I.zy'ons Avenue (3$0 feet), 
Chancellor Avenue 0-400 feet), and possibly at Hill Road. 

5. Extension of the Irvington Flume for a distance of 2020 feet 
in the Townships of Union and Hillside from Mill Road to the inlet of 
the Route No. 29 Detention Basin below Union !venue. 

Detention Basins 

The proposed basins are of the so-called "dry detention basin" type. 
Under normal conditions these basins 'rill be empty except for a few small 
permanent ponds located within their areas, and the lands \'l'i.ll be avail­
able for recreational and other uses. During floods the basins will fill, 
the depth of water dependinc on the raagnitude of the flood. Flood peaks, 
however, are of relatively short C.uration, and sustained fiooding of 
major portions of the basins is not expected to exceed one day. 

The cenercl. design of these basins has been made in conformity vdth 
gradine; plans sub1ll.ttecl by t."le Union County Park Cora."!lission. Capacity­
area curves presented on Plates 5, 6, and 1 are 'uased on these gradill{; 
plans, anc.l were usecl in routing the clesicn flood tlu·out.;h the detention 
basins. A radical chan(e in these c~ves by reduction of the storage 
capacity of the proposed detejtion basins will reduce the effectiveness 
of the basins in suppressing flood peaks and thus increase the size of 
flood on the lower Elizabeth River. All grading and park development 
plans of the detention basins will be completed by the union County Park 
Commission. 

To avoid the possibility of the proposed detention basins becoming 
unsightly nuisances, and to provide required additional recreational and 
park facilities, the plan recom.1llends that all such lands be allocated to 
the union County Park Commission for development and maintenance as part 
of its park system. In general, this park development of the detention 
basin sites will consist of regrading the existing ground surface to 
form a bowl-shaped basin through which the existing meandering stream 
will be relocated in well-defined low flow channels. In order to reduce 
maintenance, these low flow channels should be paved as shown by the 
typical cross-sections on Plate 9 and by the more detailed drawings of 
the detention basin control works. Examination of flood records indicates 
that the sizes recommended for these low flow channels are of adequate 

-24-



capacity to limit flooding of parked lands to once or twice a year for 
one or two days duration. VIhere possible and desirable, small permanent 
shallow ponds may be constructed on or off the channel to provide 
facilities for ice skating and wading. The lower portions of the basins 
which are subject to frequent flooding \'li.ll be planted in grass. Access 
paths will make this entire lawn area available for recreational purposes 
except during occasional flood periods. Baseball diamonds and other 
recreational facilities will be located in the higher portions of the 
basins which are not subject to frequent flooding. ~hese upper portions 
of the basins, including lands between the design flood flow line and the 
taking line, ''lill be planted in shrubbery with access paths for convenient 
entrances to the parl' areas. All builJinr.;s and other structures subject 
to damage fror;i flooding 1;ill be located in the higher portions of the 
basin above or adjacent to the design flood flow line. There ad.joining 
private lands arc 101':, the basin Yrill be graded to forr11 a protective dike 
inside of tho takinG lines and facilities will be provided for drainage 
of local flood runoff. In all detention 'Wasins, sanitary sewer manholes 
will be made water-tit;ht. 

outlet controls are of the fixed-opening type which will ciischarge 
floods without operation of gates, ~'hile more efficient operation of 
the detention basin storage might be possible i,i th gate control, the time 
of concentration of flood waters is considered of too short duration to 
rely on manual operation. In addition, the use of automatic gates is not 
considered advisable due to the possible failure of operating and control 
devices and to the high cost of such equipment. Size and shape of opening 
have 'therefore been desir;ned to provide, for the storage available, the 
greatest suppression of the design flood discharges to be expected off the 
drainage basin above the control. All outlet controls are free from back­
water submergence from points downstream. They are of the contracted­
opening type which will pass the low flood flows with a minimum rise in 
water surface upstream of the control, thus conserving detention basin 
storage for the suppression of flood flows of such magnitude as to over­
tax the downstream channels. In order to protect outlet control works 
from failure due to floods in excess of the design flood, emergency 
overflow spillways have been provided. 

Inlet controls have been designed to reduce the high approach velocity 
and to confine the resultinc hydraulic jurap and its attendant turbulent 
flo,1 to paved riprap reaches independent of the depth of the backwater from 
the basin or channel located do,mstrean. The -efficiency of these velocity 
reducinc; inlet controls is ~cpcndent upon their rouchness and shape. The 
lengths of these control sections are minir.rum for clesibn conCitions. 
Should indications of scour of parl:ecl lanC:s develop 'oelov1 the controls 
under actual flooG conditions, the paved and riprap sections should be 
extended as required. 

Major features of the detention lJasins are sumr.1arized in Table S. 
The most effective storage for suppression of flood peal's is provided in 
the upper two basins -- 0.35 inch on the drainage area tributary to Route 
No. 29 Basin and 0.79 inch for the correspondinc area above Salem Pond 
Basin. ,,hile the storac;e provided in the Ursino Basin does not increase 
appreciably the total cumulative storar,e, that storage will be beneficial 
in suppressing the flood peaks off the East Branch and for storms centered 
on the lower basin below one or both of the upper detention basins. 
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Route No. 29 Detention Basin 

This basin, v:ith outlet control worl~s located immediately upstream 
of the Route No. 29 bridce in Union and Hillside Townships, is the first, 
or uppermost, of the series of three detention basins proposed for the 
Elizabeth niver. Pertinent data, capacity-area curves for present and 
proposed future conditions, and continuous profile of the detention basin 
reach which includes cross-sections of the major control works are pre­
sented in Table 5 and Plates 5 and 9. In addition, Drawing r, showing 
details of the principal hydraulic features of the inlet and outlet 
control works and of the detention Lasin between Route ~~. 29 and union 
Avenue, has been included as a supplement to this report. 

The outlet control is a 35-foot wide rectangular contracted opening, 
located 75 feet upstream of the existing 59-foot span bridge on Route No. 
29. It is designed to maintain a high water flow line 100 feet upstream 
of the control at elevation 52.36 for the design flood of 5110 cubic feet 
per second. A ratinb curve for this control section is shown in Plate 4. 
The curved approach walls, paved transition reach between the control 
section and the bridge, and paved invert through the bridge are designed 
to assure efficient operation of the control and stable supercritical 
flow through the bridge. The outlet transition below Route 29 into the 
proposed Salem Pond Detention Basin is desibned to reduce the high dis­
charge velocity before it reaches park lands and to contain the hydraulic 
jump to the paved apron below the outlet of the bridtie for all stages of 
backwater from the lower basin. 

In order to safeguard the control works, and to prevent flooding of 
Route Ho. 29 and the adjacent built-up sections of Hillside, the control 
section and approach wing ·r;alls have been carried vertically to elevation 
60.0 to provide for a flood peak dischar::;e of 10,000 cubic feet per second, 
the estimated "just full" c~pacity of the Route No. 29 bricice under present 
conditions. The gradint; should provide for dikes at elevation 60.0, or 
higher, to connect the WinG walls to natural ground. Should this design 
prove to be objectionable aesthetically, or frou the standpoint of safety, 
a sloping or other type section may be substituted for the vertical 
walls one foot above the design flood high vrater. Such a desit;n, however, 
would probably require core wall construction and protective riprapping 
of the side slopes to safeguard the control and bridge for floods in 
excess of the design flood. 

Inlet controls on North and South Creeks are combined in the inlet 
control works on the Elizabeth River below Union Avenue. It is recom­
mended that in connection with the construction of Route 4 Parkway and 
the resultant relocation of Glenwood Avenue, North Creek be relocated and 
enclosed in a 72-inch storm sewer to conform to the American Can Company 
storm sewer in which the upper reach of this stream has been enclosed. 
It is similarly recommended that South creek also be relocated below 
Gtenwood Avenue in a 10-foot wide walled and paved flume through park 
lands to the river. 



The type of design of the inlet control works on the Elizabeth River 
is required to protect park lands .from severe erosion. The works are de­
signed to check high approach velocities by spreading flood waters over a 
heavy riprap, rough paved apron and to deflect such waters into the broad 
portion of the basin for all discharges and stages of backwater. The 
control works are to be connected to the Union Avenue bridge by the exten­
sion of the 3.5-f oot wide walled and paved channel recommended for the 
improvement of the river above that point. 

The inlet control works on Lightning Brook below Union Avenue is 
designed on the same basis. Mo design is provided for the approach 
channel above Ulion Avenue since that channel is considered part of the 
Lightning Brook Improvenent and beyond the scope of this report. The 
design, however 1 does provide for supercritical fioyr through the Ulion 
Avenue bridi:;e, ·which must be maintained if floodinr; cf Union Avenue is to 
be avoided. 

The low· flow channel on Li;;:1tninc nrook involves a sanitary trunk 
sewer crossing of the Joint IIeeting consistin::: of two lines, one a 42-inch 
diameter pipe above the stream bed and the other a J-foot hit;h by 6.,5-foot 
wide concrete sewer uncler the improved grade. It is recommended that the 
upper sewer, which is not in use at present, be rer.ioved to eliminate a 
possible control and erosion of parked lands. 

The proposed location of the Route No. 4 Parkway through the basin, 
together with tentative road grade elevations, are indicated on Drawing I 
and the continuous profile, Plate 9. The storage lost by this location 
has been coJ:?pensated for by slightly increasing the design flood high 
water elevation, For design purposes the crossing has been assumed to be 
a single-span, flat arch bridge with a normal span of 100 feet to avoid 
any further increase in top of dike elevation along Union Avenue. An 
accept:".blc nlternai.e <lesiLn would be r.i t1'!o-sp".'n brid5e 1·.·ith en.ch span 
not less than 60 feet nonnal. 

To protect private lands south of Union Avenue from flooding under 
design flood conditions, diking to elevation 55.0 will be required from 
the inlet control works below Ulion Avenue for a distance of approximately 
600 feet along the north side of the basin. Provisions must also be made 
for handling local flood drainage off lands back of 'this dike unless such 
lands can be raised by fill. 

Salem Pond Detention Basin 

This basin, -:7ith outlet control '\.vorks located at Salem noad in Hillside 
and Union Tom1ships, extends upstrea.o to li.ou te No. 29. Pertinent data, 
capacity-area curves for present and proposed future conditions, and 
continuous profile of the detention basin reach vrhich includes a cross­
section of the ri.ajor control works are presented in Table 5 and Plates 6 
and 9. In addition, DraViing II, showing details of the pr:incipal hydraulic 
features of the inlet and outlet control v-mrks of this basin, has been 
included as a supplement to this report. 
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The outlet control, located in the upstream face of the Salem Road 
bridge, is designed to maintain a high water flow line immediately upstream 
of the control at elevation 42.71 tor the design flood of 4660 cubic feet 
per second. It consists of two semicircular arch co~tracted openings, 
each 17 feet in diameter, created by the construction of a concrete curtain 
wall in the inlet of the existing twin-span, 2.5-foot rectangular bridge 
openings vdth stream bed paved through the bridge to the invert grades 
shown on Plate 9. A ratinG curve for this control section is sho\'lll'l on 
Plate 4 •. 

In order to confine the design floo<l and prevent overtopping of the 
present road surface at elevation 39.$1 the upstream railing of the 
existing bridge is to be reconstructed as a solid concrete parapet wall 
and extended to create a dam JOO feet in length with spillway crest at 
elevation 43.0. concrete wine walls and short earth dikes are to be pro­
vided to elevation 45.0 to connect this parapet to natural high ground. 
For floods in excess of the design flood, the parapet wall and Salem Road 
become an emergency overflow spillway, 300 feet long, increasing the 
outlet capacity to 7700 cubic feet per second for high water at top of 
wing walls and dikes. Free passage of flood waters across Salem Road 
should be provided by installing an open pipe railing on the downstream 
side of the bridge. 

This design converts Salem Road bridge into a safe and efficient 
control with the minimum of new construction and costs. The design 
utilizes the depressed profile of the Salem Road crossing. Flooding of 
Salem Road will be experienced at rather infrequent intervals, but such. 
flooding is not considered objectionable or dangerous if the recommenda­
tions for the design of the outlet transition channel are adopted. 

This outlet transition discharges into a short reach of natural 
channel connecting this basin to the Ursino Detention Basin at the 
Lehigh Valley Railroad bridge. It is designed to reduce the high dis .. 
charge velocity of the control through the bridge and to confine the 
attendant hydraulic jump to the paved apron for all stages of flow. 
For floods which overflow Salen Road, the dm"1?lstrearn. road embanlonent and 
channel side slopes of the transition are to be protected by paving, 
riprap, or other satisfactory material) and graded so as to channelize 
overflow waters into the main channel. Protection should extend to 
elevation 42 .o at the doi.mstrearn. end of the transition and be warped to 
meet the doYinstrearn. curb or sidewalk elevations along Salem Road below 
elevation 46. The extent of this protection, as shown on Drawing II, 
is the estimated r.rl.ni.mum required. EX:perience, hoi:rever, may indicate 
that extensions are advisable to reduce erosion. 

It is recommended that the existing Salem Pond Dam iinmediately up­
stream of Salem Road be rel!l)ved, and that a permanent pond for recreational 
purposes be provided in the flood plain east of the low flow channel. This 
recommendation conforms to the plans of the Union county Park Commission 
and provides for better utilization of the storage on the lower reach of 
the basin to be made available by the relatively deep cut shown on the 
continuous profile, Plate 9. 
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In order to reduce the possibility of turbulent now and resultant 
scour of pnrl{ed lands on the i:;est Dranch below Vaux Hall Roac.i, the bridge 
transition section, lovr flow channel, and flood plain from Vaux Hall Road 
to the Elizabeth River have been desicned to maintain stable subcritical 
flow by varying the size and shape of the channel cross-section. Deepening 
of the invert of the Vaux Hall Roa.cl bridge from elevation 42.$ to elevation 
34.0 is proposed to reduce the stream bed slope of the doYmstream channel. 
This recommendation conforms to the design adopted for carrying the Joint 
Meeting supplementary Sanitary Trunk Sewer crossing through the waterway 
opening of the Vaux Hall Road brid{;e when that bridge was extended down­
stream in 1939. Details of the replacement of the existing Faitoute Dam 
and of the original upstreaia portion of the Vaux Hall Road bridge, 
protection of the Joint Meeting Sanitary Trunk sewer crossing located 
in that dam, and the desii;,'ll of the r.-est Branch approach channel above 
Vaux Hall Road are considered part of the ,,~est Branch Improvement and 
beyond the scope of this report. 

In order to protect private lowlands outside of the park limits from 
flooding under design flood conditions, diking to elevation 45.0 will be 
required from Route No. 29 for a distance of approximately 1800 feet along 
the north taking line in Hillside Township adjacent to Harvard Avenue. 
Provisions must also be made for handline; local flood drainage off low­
lands back of this dike. 

Ursino Detention Dasin 

This basin, the last of the detention system, c01Jbines the Ursino 
Lake and North Avenue Detention Dasins recoru.1endeC: as two basins in Report 
N0 • l of the Joint Encineering Cor.'.lmittee. For descriptive purposes it may 
be divided into three reaches; namely, Ursino Dam-IJorth Avenue, 
North Avenue-Lehigh Valley Railroacl, and Lehibh Valley Railroad-Salem Road. 
Pertinent data, capacity-area curves for present and proposed futtll'e 
conditions, and continuous profile of the detention basin reach which 
includes cross-sections of the major control works, are presented in 
Table 5 and Plates 7 and 9. In addition, Drav:ings III and IV, showing 
details of the principal hydraulic features of the inlet and outlet 
control wor!cs of this basin have been included as a suppleracnt to this 
report. 

The primary outlet control, located at the existing Ursino Dara, is 
designed to maintain a high water flow line upstream of the dam at 
elevation 23.80 for the design flood of 5190 cubic feet per second. The 
alterations t(' the existint,; drua required to provide this control consist 
of lowering the crest of the center portion of the 105-foot broad-crested 
spillway from elevation 22.4 and constructing an ogee spillway section, 50 
feet in length, with crest at elevation 16.o. In aduition, the existing 
earth dike extending alone the west bank from the dam to ~Jorth Avenue is 
to be widened, strengthened and raised to a mininrum top elevation 27.0. 
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Drainage Area above Control-Sq.Mi. 

Detention Basin~ 
Design Flood High \:Ia ter 
Outlet Control 
Inlet Control 

Area. of Maximum Flooding - Acres 
Area within Taking Line - Acres 
Maximum Available Storage- M.C.F. 
Total Accumulated Storage- Inches 

Outlet Control Works - Loca ti.on • 1...>J Type of Control 
'f 

Width of opening - Feet 
Invert of Control 
Top of Control Dom 

Design Flood Discharge: 
Inflow - Cubic Feet per Second 
Outflow- Cubic Feet per Second 

Earth Dikes - Location 

Length - Foot 
Top of Dike 
Average Height - Feet 

Super Flood Protection: 
Type of Overfloi.·1 Control 

Peak Discho.rgo - Cubic Ft. per Sec. 
Emergency Spillway Crest 
Flood High '.'fo.tor 

TABLE 5 
DETENTION BASIN DATA 

Route No. 29 
Detention Basin 

9.88 

El. 52.36 
El. 53.19 

39 
71 
8' 
0.35 

75'above R.29 Bridge 
Contracted opening 
in approach channel 

35.0 
El. 3B.5L1-
Ele 60.0 

6440 
5110 

Bulow inlet control 
adj.to Union Avenue 

600! 
Ele 55.0 

3 

Contracted opening 
in approach channel 

io;ooo 
El. 60.0 
El. 60.0 

Salem P®d 
Detention Basin 

13.42 

El. 42.71 
El. 43.66 

53 
73 
17 
0.79 

Inlet Salem Rd.Bridge 
Contracted opening in 
twin arches 

2 - 17.0 diameter 
El. 26.o 
El. 45.0 

6190 
4660 

Above outlet control 
& ~long Harvard Ave. 

1800! 
El. 45.0 

3 

Bridge parapet 

7,700 
El~ 43.0 
El~ L+5.o 

Ursino Detention Basin 
North Avenue Ursino Lake 

16.83 

El. 25.16 
El. 28.62 

24 
63 
4 
0.74 

16.90 

El. 23.80 
El. 23.95 

10 
14 
3 
0.81 

Inlet North Ave.Bridge 
Contracted opening 

Ursino Dam 
Notch in 105' 
Spillway 

50.0 
in bridge 
2-45x8(or equivalent) 

Ele 12.0 
El. 30.0 

5;00 

Outlet of East Branch 

200! 
El. 30.0 

2 

Bridge openings 

8,700 
El. 30,.0 
El. 30,0 

El. 16.o 
Ele 27.0 

5190 

Along w~ba.nk 
above dam 

1300.:t 
Ele 27eO 

7 

Exist.Spillway 
& Flood Gate 

9,hoo 
El. 22.6 
El<l 27.>') 



For flood heights above elevation 22.4, additional spillway capacity 
will be provided by the remaining 55 feet of the existing dam crest3 
Total capacity of the control for high water at top ol dike elevation 
is estimated at 9400 cubic feet per second for free discharge, not 
submerged by backwater from the lower channel. A rating curve for this 
control is sho~n on Plate 4. The existing 15-f oot gate at the east end 
of the da.~ is manually operated and, therefore, is not considered 
effective for flood control purposes. YJhile its capacity has been 
neglected in the Cesicn of the control vrorks, it is recouraended that 
the structure be repaired for lower:inG the water level in Ursino Lake 
and for emergency use. In that event, a separate outlet channel, 10 
feet in width, should be provided from the c;ate to below Trotters Lane 
bridge. 

Complete reconstruction of the existing two-span Trotters Lane 
bridge is required to eliminate the center pier and to raise the under­
clearance of the bridge deck to a minimum elevation 21.0. The 
reconnended new design is a three-span structure ·with a center span 
50 feet wide,for the passage of the flood discharge from the Ursino 
Dam spillways, and two side spans each 10 feet wide. The east side 
span is for the discharge of the Ursino Lake gate and is to be 
connected to that gate by a walled and paved flume 160 feet long. 
The west side span is for the outlet discharge of the Trotters Lane 
Branch,, which was enclosed many years ago below Horris Avenue in a 
42-inch by 48-inch elliptical storm sewer to relocate the outlet below 
Ursino Lake. Y!hile the capacity of this storm sewer will probably be 
inadequate for the ultimate flood runoff to be expected off this branch, 
the design of its reconstruction is considered part of the Trotters Lane 
Branch Improvement and beyond the scope of this report. 

For the design flood or smaller, the design p~ovides for con­
necting the .50-foot span to the oeee spill'vmy section by a smooth 
paved flume of the sa..'i1.e .:idth vrith low· walls at elevation 1).5. For 
the larger floods, the discharce over the overall spillway is to be 
channelized into this desicn flood channel by smooth paved aprons 
constructed on top of the low walls i:Ji th side trainin;::; walls extending 
from the existing spillway Yr.i.ng walls to the 50-foot bridge span. 
Downstream, the overall bridbe span is to be connected to the 50-f oot 
wide improved channel recor:ir:lended for that reach of the lower river 
by a 30-foot long transition to provide for the junction of the two 
10-foot wide side channels. 

The basic principles of the hydraulic desien of this control and 
its outlet transitions are to maintain free-fall discharge over the 
new ogee spillway section, free from any backwater submergence, and to 
shift the hydraulic jump, if possible, to the improved channel 
downstream of the Trotters Lane bridge. The transitions, therefore, 
have been designed to stremnline the flow pattern so as to eliminate 
disturbances and the attendant energy losses. The recommended design 
is shovm on Drawing III. Certain details will probably have to be 
modified when a more detailed survey of this site is made. The length 
of transition, however, between Ursino Darn and Trotters Lane bridge 
should not be reduced below 120 feet. 
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Numerous designs were investigated to reduce the overall cost of 
this control, and especially to avoid raising Trotters Lane bridge. The 
recommended design provides the best hydraulic solution of this problem, 
but baclnvater computations do not give sufficient assurance that the 
supercritical flow in the approach channel can be maintained to shoot 
flood waters under the Trotters Lane bridge for design flood conditions 
on the lower river, especially during high tides. For design conditions, 
the flow in the improved channel downstream of Trotters Lane vdll be 
subcritical and is affected directly by tide levels at the mouth. A 
hydraulic jump is therefore created at some point below Ursino Dam. 
For an underclearance at the present elevation, the location of this 
jump within the bridge opening would submerge the bridge underclearance, 
cause flooding of Trotters Lane and reduce appreciably the discharge 
capacity of Ursino Dam. 

Raising the underclearance of Trotters Lane bridge as recommended 
will necessitate raising the roadway from elevation 19.6 to 24.o. No 
difficulty is presented on the west approach which has a steep grade. 
The east approach, however, is level and will have to be raised. The 
present road grade of this approach is also too 10"1 to provide satis­
factory freeboard for the design flood flow line in the improved 
channel below Trotters Lane. 

If desired, modification of the ogee section of the Ursino Dam 
spillway can be considered to reduce cost of alteration provided a 
smooth overfi01-: nappe is naintainecl and the spillway length is 
adjusted to satisfy the desicn require::ients. The spillway crest was 
lowered for four reasons. It increased the storage available for 
flood waters; it conformed to the desire of the Union County Park 
Commission for a shallower amusement lake; it reduced the flood back­
water on North Avenue .:hich is frequently overtopped under present 
conditions; anc last and nost important, it increased the freeboard 
and safety of the earth dike which confines Ursino Lake along the 
west bank between the darn and North ·~venue. The failure of this dike 
would release flood waters on a congested section of Elizabeth east 
of Morris .Avenue. 

A secondary control in the Ursino Detention Basin is located at 
North Avenue which raises the high water flov: line l. 2 feet to elevation 
25.16 immediately upstream of the bridge, for the design flood of 5200 
cubic feet per second. This flow line, approximately five feet 101·rer than 
the present 25-year high water, will be maintained by increasing the 
present size of the bridge ~nich has proved to be inadequate and is 
difficult to maintain free of debris. The existing twin 22-foot diameter 
arch spans will be maintained ~~th stream bed deepened to elevation 12.0. 
A new bridge with a rectangular opening 50-foot wide by 8-foot high, or 
the equivalent in capacity, will be constructed in the middle of the 
crossing between the existing twin arch bridge and the old 10-foot span 
arch which is now practically buried in the lake bottom near the east 
end of the crossing. The vertical opening of the new span is limited 
to 8 feet by an 18-inch diameter sanitary sewer located in the road 
embankment of this crossing. This design is preferable to the 
reconstruction of the existinc bridge since it is more economical, 
provides for a better distribution of floi'T, and should reduce maintenance. 
A park underpass at North Avenue is desirable but the available headroom 
is limited by the sanitary sevrer crossing. 
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While the modifications of Ursino Dam and the North Avenue bridge 
as discussed above reduce the frequency of flooding of the North Avenue 
crossing, it is recommended that protection from overflow of North 
Avenue with the resultant inundation of Morris Avenue and the adjacent 
built-up sections of Elizabeth be provided for the maximum capacity of 
the ursine Dam spillvtay. By raising the present North Avenue roadway 
from a low point elevation 25.J to elevation 27.0 to conform to the 
top of the ursino Lake dike, and by providing a solid parapet wall 
similar to that proposed for Salem Road to elevation 30.0 for a 
distance of approximately 500 feet along the upstream face of North 
Avenue, the capacity of the North Avenue bridge openings will be 
increased to 6700 cubic feet per second with flood high water at the 
top of the North Avenue parapet wall and Ursino Lake dike. Both ends 
of the parapet wall should be carried to natural high ground by short 
dikes at elevation 30.0 or higher. A rating curve for the North 
Avenue bridge is shown on Plate 4. 

By lowering the design high water above the North Avenue bridge 
to elevation 25, the flood storage available in the North Avenue­
Lehigh Valley Railroad reach will be reduced from approximately eleven 
million cubic feet under present conditions to four million cubic feet. 
A similar but smaller loss is created for the same reason in Ursino 
Dam-North Avenue reach. However, the Ursino Basin is the least 
effective of the proposed detention basin system in reducing peak 
discharges, and it is estimated that the loss of this storage will 
not increase the desibn flood peak through the City of Elizabeth more 
than four percent. Moreover, this loss is more than compensated for by 
the increased protection to the Ursino Lake dike, the relief from 
frequent flooding of the North Avenue crossing, and the reduced flood 
backwater on the East Branch storm sewer system. 

The flood problem on the East Branch is considered part of the 
improvement of that stream and beyond the scope of this report. The 
outlet capacity of the comprehensive storm sewer system which encloses 
all of this branch, however, was investigated to determine the maximum 
high water which could be adopted for this detention basin and the 
proper design for the inlet control ~nrks. Much of the flooding which 
has been experienced on this branch is due to the limited capacity of 
the 16-foot wide by 6-foot high 6utlet section, for which the "just full" 
capacity is estimated at 900 cubic feet per second. This problem, 
however, is seriously aggravated by the flood heights now experienced 
on the main river which reduce the flat slope available on the lower 
reaches of the East Branch and place that storm sewer system under head 
for approximately a mile upstream. The adoption of the observed maximum 
high water elevation 28.0 for the design high water above North Avenue 
as originally contemplated would have made the solution of this East 
Branch problem exceedincly difficult, if not practically impossible. 
The design flood high water was therefore established at elevation 25 
upstream of Horth Avenue so as to create no bach'Water on the r.:ast Branch 
outlet sevrer either under present or future improved conditions. 
The control will be the outlet cross-section under both conditions 
and the total natural slope will be available for the future enlargement 
of the East Branch stom se".ver whe11 required. 

-33-



The inlet control on the East Branch was designed to meet these 
conditions. The existing storm sewer will be extended for a distance 
of approximately $00 feet through private lands below Conant Avenue to 
the detention basin limits by an open walled and paved channel, 25 feet 
in vddth, with top of walls at elevation 30.0 or higher. A short, 
flaring, paved outlet transition section with wing walls will be provided 
to reduce discharge velocities and scour of park lands. Wing walls will 
be connected to natural high ground by short earth dikes to protect 
private lowlands adjacent to the inlet control. Such lands should be 
raised by fill to elevation 30.0 or higher before the sites are developed. 

For the Lehigh Valley Railroad-Salem Road reach of the Ursino 
Detention Basin, a uniform trapezoidal earth channel with very flat 
side slopes, as shov:n on Plate 9, was tentatively selected for design 
purposes. Inasmuch as the effect of this channel storage in reducing 
peak discharges is considered negligible, other sections may be sub­
stituted for this reach which best meet the graclinr; requirements of the 
Union County Park Conuirl.ssion and do not increase ba.ckvmter on the Salem 
Pond Detention nasin outlet control works below Salem Road. The design 
for the inlet channel on the Lehigh Valley Branch is discussed under 
Bridges. Details of this control can be modified to meet grading require­
ments for this reach. 

It may appear from the preceding description and from examination 
of Table 5 that the cost of this basin is not justified by the degree of 
flood peak suppression to be derived therefrom. Huch of the cost would 
be required if the basin was eliminated entirely. For the design 
conditions, the flood-producing storm was centered uniformly on the 
drainage basin tributary to this control. ~ctual storms, however, are 
distributed unevenly. For certain distributions, the value of this 
basin vli.11 be greater. The reach also has attractive recreational 
features. For these reasons, Ursino Basin has been retained in the 
detention basin system and its development is recommended. 

Channel Improvements - Lower River 

Extensive and expensive channel improvements through the City of 
Elizabeth will ultimately be required from the City Line at Trotters 
Lane for a distance of 3.9 miles to Arthur Kill. Details of the plan, 
including typical cross-sections of the improved rectangular walled 
channels, are shovm on the continuous profile of the lower reach of the 
Elizabeth niver, Plate 10. Also sh01m thereon are the recommended 
improved stream bed grade, design flood hii:;h water flow line, and 
observed high water profiles for four najor floods of record. 

Boring data obtained from the Corps of Engineers, New York 
District Office, indicate that the recommended improved grade for the 
tidal reach can be obtained by dredging vd. thout rock excavation. For 
the reach above South Broad street, ledge rock is close to the present 
stream bed grade and no appreciable deepening is practical. 

-34'-



The improvement has been designed to provide protection against 
the combination of either a moderate high tide at elevation +4.0 and 
the 25-year design flood suppressed by detention basin storage, or an 
extreme high tide at elevation +7.0 and no appreciable flood runoff. 

The capacity of the recommended improvement is approximately double 
that of the existing unimproved channel, and has been designed to provide 
a high water flow line satisfactory for the discharge of side drainage 
and storm sewers. Flow will be stable subcritical throu11hout the lower 
reach of the river with average velocities of S and 9 feet per second 
for the tidal and upper reaches, respectively. Paving of the channel 
invert will not be required except for a distance of approximately 600 
feet from above Crane street tl1rouch the liulford Coal Yard to below 
Vlest Grand Street v:here a constricted section 40 feet wide was adopted 
to avoid reconstruction of the Central Hailroad bridGe• Ylidths of the 
improved channel conforu, for the oost part, to the overall top vd.dths 
of the existinc channel and do not involve any major reconstruction or 
alteration of private structures. 

Above head of tide in the City of Elizabeth, rectangular walled 
channels 50 and 55 feet in width are required for the reaches from 
Trotters Lane to Irvington Avenue and from Irvington Avenue to Y!estfield 
Avenue, respectively. For the reach from YJ'estfield Avenue to below South 
Broad Street, a channel 60 feet in width is reco1mnended except for the 
600 feet of paved channel discussed above. Masonry or concrete walls 
are considered practical and advisable for this reach where lovt flows 
are shallow and ledge rock is close to tJ1e improved stream bed grade. 
Minimum freeboard to top of wall or below underclearance of bridges is 
one foot. Design flood peak discharges vary from 5300 and 5390 cubic 
feet per second at Trotters Lane and at Irvington Avenue, 5460 and 5790 
cubic feet per second above and below the T'estfield Avenue storm sevrer, 
to 5890 cubic feet per second below South Broad Street. 

In the tidal reach of the Elizabeth River below South Broad Street, 
a rectangular section 80 feet in width with walls of timber or steel 
sheet piling is recommended. Because of the depth to rock, this type of 
construction is considered practicable and advisable. For .the navigable 
reach below Trenton 1\venue1 the recommended sheeting; is timber, conform­
ing to standard pierhead construction which probably will be adopted for 
the development of docks along that reach of the channel. For the 
balance of the tidal reach through I!attano Park ancl the proposed Eliza­
beth River Parkway, steel sheet pilinc is rccormaended to reduce cost of 
subaqueous construction and width of required channel. In the u;,Jper 
reac:1es \"There rock is close to the il\"'lrovcd streaI~1 bed grade and the 
depth below nean lovr water is shallon·er, masonry or concrete i,1alls are 
submitted as an alternative c.lesicn. For the entire tidal reach walls 
are to be carried to a minir:ium elevation +3.0, one foot above the 
probable extreme high title, and higher v;here rec;.uired to maintain 
a mininrum freeboard of one foot above the design flood high water flow 
line. Design flood peak discharges vary from 5890 cubic feet per 
second below South Broad Street to 6260 cubic feet Per second at 
Arthur Kill. -
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Uodification of the rectangular channel section can be considered 
through park lands should the hich vertical walls prove to be objection­
able aesthetically or .from the standpoint of safety, satisfactory 
treatment of this reach to conf oro to desirable park landscape practices 
is complicated by the depth of the improved channel, the relative narrow 
width of the parkway 1 and the natural tide fluctuation. An earth 
trapezoidal channel section, with or without dikes, would reduce cost 
of channel improvement and better conform to the lan:lscape treatment 
of adjacent park lands. Hydraulically, such a channel can be considered 
provided suitable transitions are constructed at the various bridges. 
The trapezoidal channel section, however, was not included as an 
alternate design for three reasons. First, the greatly increased top 
width would seriously encroach on lanci.s available for the parkway, and 
at many points vrould reduce such lands to unsatisfactory widths. Second, 
maintenance of the flood channel would be extremely difficult due to 
the effect of tidal fluctuations. .And last, but not least, the appearance 
of the banks would be detrimental to parlt development as planting and 
landscaping camot be undertaken between mean low water elevation -2.J 
and elevation +4.o! because o! frequent exposures to oily, salty, or 
brackish water. T''hile mean high tide is at elevation +2.4, records 
indicate that high tides at elevation +3.4 occur, on the average, twice 
per month and that tides as high as elevation +5.0 are not exceptional. 
This condi ti.on Cl•Ulc b~ \jliminated and maintenance reduced by the 
construction of a tide gate such as the Union County Park Commission 
has proposed in Uattano Park. rlrl.le such a tide gat.e would create many 
attractive features aloll(; the Parkway and in l.lattano Park, its cost would 
be great since sensitive controls an(: very rapid Gate operation would be 
required because of the liraited storage available in the approach channel. 
Combinations of the rectant,"Ular anC:. trapezoidal channels with top of 
sheeting cutoff at mean hich water or some corresponclinc point were also 
considered but discarded because of no material saving in cost and of the 
greater top ~~dth required. Further study of this reach by interested 
local agencies is desirable. 

Upper River 

Upstream of the detention basin system, for a distance of 2.5 miles, 
from belo•v Union Avenue in Union and Hillside to the outlet of the Valley 
Street and Eliza.beth River storm sewer s~stems downstream of Valley Street 
in Irvington, less channel improvement is required. Much of this work has 
been completed by the Town of Irvington and is of adequate capacity to 
provide protection against the design flood of 15-year frequency. More­
over, the area tributary to the upper reach of the river in Essex County 
is practically fully developed and storm-sewered, and little increase in 
present flood discharges will be experienced under future conditions. A 
profile of this reach showing the design flood high water flow line, 
recommended modifications and extensions of existing walled and paved 
channels, and typical cross-sections of these channels is presented n 
Plate a. 



The most extensive work required is the reconstruction of the 
Newark Flume in Irvington, which extends do~nstream for a distance 
of 2730 feet below the outlet of the storm sewer systems at Valley 
Street. The existing paved channel with sloping concrete walls and 
a bottom w.i.dth of 16 feet has inadequate capacity, as has been 
evidenced by frequent overflow of bnnks. A rectangular walled and 
paved section 27.0 feet in width upstrenm of the outlet of the Allen 
Street stom sewer and 31.0 feet below that point is recommended to 
confine the design flood 'Which varies fro~ 1800 to 2100 cubic feet 
per second. 

Except for r.iodification of certain critical sections, the 
Irvington ir.iproved channel extending for a distance of 1.6 miles 
from the outlet of the Newark Flume to 1.Iill Road at the Essex-Union 
County Line has adequate capacity for the 15-year design flood. The 
most critical of these points is the twin 9-foot diruneter pipe 
culvert at Chancellor Avenue, which creates a flood backwater under 
present conditions extending to above Lyons Avenue. Reconstruction 
of this culvert and possibly of the existing two-span bridge at 
Mill Road to provide single-span openings conforming to the width 
of improved channel is included in plans for the extension of Route 4 
Parkway through Irvington. The Chancellor Avenue reconstruction 
involves the relocation of 1400 feet of existing i~proved channel and 
will provide for deepening of the improved grade. The reconstruction 
of the Mill Road bridge 'Will reduce disturbances in the high velocity 
flow by easing the curvature at that point and eliminating the center 
pier. 

While hydraulic jumps will occur upstream and downstream of 
Lyons Avenue, flow in the Irvington Flume, in genoral, will be super­
critical. However, in order to maintain this flow and prevent serious 
flooding at Lyons Avenue under design flood conditions, it is recom­
mended that the existing channel 50 feet dovmstream of the Lyons 
Avenue bridge be widened from 26.2 to 32.0 feet and the channel 
downstream be rebuilt as required to provide a uniform transition 
section between the bridge and the existing 28.6-foot channel 350 feet 
downstream. In tho vicinity of Clinton Avenue it is recommended that 
the vddth of the channel be incre~sed from a minimum of 15.S feet to 
21.0 feet for a distance of 780 feet, to maintain supercritical flow 
and eliminate a hydraulic jump which would cause flooding at that 
point under design flood conLitions. No changes in existing paved 
inverts are required. Channel walls should be raised as required to 
provide a freeboard of one foot on straight reaches, and for the 
supercritical reach below the Newark Flume as required to confine 
waves at and dmmstrear.1 of curves. In addition to these modifications 
of existing improved channels in Irvington, extension of that 
improvement is recommended through Union and Hillside by the 
construction of a walled and paved flume, 35 feet in width, from the 
Mill Road bridge to the inlet of the Route No. 29 Detention Ba.sin 
below Union Avenue. 
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Bridges 

Existing and proposed bridges are summnrized in Table 6 and shown 
in profile on Plates 8, 9, and 10. In all, a total of 44 existing bridges, 
including six footbridges, span the Elizabeth River, and four new cross:i.ngs 
are proposed. Of this number it is recommended that 18 be reconstructecl., 
three removed, one relocated, and two modifieJ. Of these, two are State 
Highway crossings at i'.festfield and North Avenues, two are private bridges 
in Elizabeth, and tvro arc footbridges in Irvington. 

TWelve of the 24 bridges located in the City of Elizabeth will 
ultimately need to bu rebuilt to provide spans conforming to the required 
improved ch.:innel section. Of these, eight are brov.nstone multiple arches 
which create obstructions to flood flows a."ld two are raovable bridges at 
South and Bridge Streets which have inadequate capacity under present 
conditions. For four of the 12 bridges, reconstruction will probably 
involve raising street grades. All bridges will be reconstructed as 
single-span structures, except at Bridge Street, Trest Jersey Street, and 
Trotters Lane. The Trotters Lone Bridge is to be a special three-span 
design which has been described with the outlet control works for the 
Ursino Detention Basin. The channel alignment at the Baltic Street 
Bridge is poor, and it is recom.~ended that this span be removed upon 
completion of the proposed Trenton Avenue Bridge to be constructed 140 
feet upstream on an access road to the New Jersey Turnpike. It is further 
recommended that the South Street Bridge be reloca.ted at John Street to 
provide higher approaches and to raise the bridge underclearance. The 
crossings at Murray Street and at Crane Street should be removed to reduce 
cost of bridge reconstruction. 

Three of the total number of bridges crossing the river in Elizabeth 
are main line railroad spans. The lower Central Railroad of New Jersey 
structure downstream of the proposed New Jersey Turnpike bridge conforms 
to the recommended plan. The capacity of the twin-:1rch Pennsylvania 
Railroad span upstream of Rahway Avenue is inadequate for the design flood, 
and it is recommended that this structure be rebuilt to conform to the 
recommended plan when realignr.ient of the railroad is made through Elizabeth 
to improve its curvature. No changes nre proposed in the upper crossing 
of the Central Railroad of Hew Jersey. The improved channel has been 
designed to conforril to this structure and to provide adequate c~pacity by 
paving the restricted channel for a distance of approximately 600 feet 
from above crn.ne Street to below T!est Grand Streot. Reconstruction of this 
bridge to eliminate a constriction in the channel at this point would be 
considerably oore costly than the recommended paving of the channel invert. 

For practical purposes, hea.d of navigntion will be established at 
Trenton Avenue by the construction of the low-level fixed bridge approved 
for the New Jersey Turnpike Authority by the Navigation Council, Division 
of Planning and Development, New Jersey State Department of Conservation 
and Economic Development, and the Corps of Engineers. Reconstruction of 
existing movable bridges upstream cf that point can therefore be con­
sidered, subject to the approval of the above agencies. 
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Five bridges cross the Elizabeth River in the Townships or Union 
and Hillside. The State Hic;hwa:r Route 29 spnn has been incorporated 
in the desicn of the outlet control vrorl~s for the noute !Jo. 29 Detention 
Basin and is described under that subject. The bridge at Salem Road has 
been modified to proviC:e the outlet control for the Salem Pond Detention 
Basin. Details are given in the description of that basin. In order to 
alleviate flooding of North Avenue,, and to reduce flood backwater on the 
East Branch tributary,, the additional ~"a.terway opening described for the 
North Avenue control of the Ursino Detention Dasin must be provided at 
that crossing. The Lehigh Valley Railroad span between North Avenue and 
Salem Road conforms to the recommended plan. The proposed Route No. 4 
Parkway will cross the Elizabeth River in the Route No. 29 Detention 
Basin and is described under that basin. 

At Union Avenue the existing two-span bridge on the main river may 
have to be either modified or rebuilt to provide a single 35-foot span 
conforming to the improved channel. The center pier and low under­
clearance of the existing bridge introduce objectionable obstructions to 
the supercritical approach flow which may cause the roadway to be over­
topped. In an attempt to eliminate this obstruction and maintain super• 
critical flow with adequate freeboard below the present underclearance,, 
an inlet drop has been introduced in the invert grade through the 
bridge. In the event that this design fails to pass flood flows satis­
factorily, the bridge can be modified by removal of the center pier and 
reconstruction of the deck to provide the required single span with no 
appreciable change in roadway grade. 

In addition to the bridges crossinL the Elizabeth River,, five 
spans over tributaries have been investigated in connection with the 
design of the detention basins. }trdraulic details are shown on Drawings 
I to IV, inclusive. 

The e'~isting briclce at Glennood Avenue in Hillside belov:- the 
present junction of the Horth and South Creek tributaries at the inlet 
to the Route No. 29 Detention Jasin will be abandoned upon construction 
of Route No. 4 Parkway ancl relocation of Glenwood Avenue. Recor.nnendations 
for its reconstruction as separate crossings on North and South Creeks 
are given in the description of the Route No. 29 Detention Basin. 

The Union Avenue Bridge on the Lightning Brook tributary in Union 
conforms to the tentative desitn for the improvement of that stream and 
the design recommended herein for the inlet control works on Lichtning 
Brook in the Route No. 29 Detention Basin. Details are given in the 
description of that basin. 

The Vaux Hall Road Bridee on the - est Branch tributary in Union must 
be modified to conform with the design recommended for the inlet channel 
on the \Jest Branch in the Salem Pond Detention Basin. This bridge con­
sists of two structures -- the oribinal 10.7-foot span bridge, 18 feet 
long,, and an ld.O-foot span downstream extension,, 37.4 feet long, which 
was designed and constructed to provide for a future two-level waterway 
opening around the 11-foot wide by 3-foot high Joint Meeting supplementary 
Sanitary Trunk Sewer crossing located in that reach. The existing outlet 
cutoff wall and paving in the upper level on top of the sanitary sewer 
crossing will have to be reraoved so that the invert can be lowered from 
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elevation 42.5 to 34.0 to meet inflow conditions established in the 
description of the Salem Pond Detention Basin. No change will be 
required in the sanitary sewer crossing but reconstruction of the 
original bridge section to conform to the extension will be required 
when the improvement of the i·rest Branch is undertaken, 

The Morris Avenue Bridge on the Lehigh Valley tributary in 
Union is inadequate. The capacity of this structure will have to be 
increased and the invert lowered approximately l.S feet to conform 
to the proposed inlet channel on this tributary in the Ursino 
Detention Basin on the Elizabeth River. 

Of the 15 bridges crossing the Elizabeth River in Irvington, it 
is recommended that three major bridges and two footbridges be rebuilt. 
The reconstruction of the Chancellor Avenue culvert and perhaps of the 
County Line Bridge at Mill Roo.d will be incorporated in the design of 
the river crossings on the proposed Route No. 4 Parkway at these 
locations. At Mill Road the center pier and low underclearance of 
the existing two-span bridge introduce objectionable obstructions to 
the supercritical approach flow. Reconstruction as a single 35-foot 
span vdth un<lerclearQilce at present elevation is considered advisable. 
However, in the event that this structure is net rebuilt in connection 
with noute Uo. 4 Pnrh."Way, reconstruction r.i._i.y be deferred until the 
qownstream ch.:i.nnel hns been improved so as to relieve flood backwater 
which nay be primarily responsible for flooding of roadway. The 
Clinton Avenue Bridge should also be rebuilt when the Irvington Flume 
is modified to eliminate a constriction which studies indicate will 
create flooding nt that point under design flood conditions. The 
Madison Avenue Bridge apparently conf orr.is to the improved chnnnel 
design recommended for reconstruction cf the Newark Flume. 

Six of the 15 bridges in Irvington are footbridges. Of these, 
only the two timber bridges across the Newark Flume need be rebuilt. 

Utility cross~s 

All utility crossings of record are shown on the continuous 
profiles of the Elizabeth River, Plates 8, 91 :..md 10. As sununarized 
in Table 11 13 of these crossings on the main river chmlllel and one 
on Lightning Brook tributary in the Route No. 29 Detention Basin 
must be either removed or relocated as they are above the proposed 
improved channel grades and would obstruct flood flows at their 
present elevations. The 8-inch Schering Corporntion sanitary sewer 
crossing may be left to serve as n low dam in the parked channel if 
so desired. 
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TABLE 6 
ELIZABETH RIVER DESIGN 

SUl:lHARY OF BRIDGF.S 
(1nolud1ng dams) 

Existing Bridges Required New Bridge 
NQ; of Net Span Gross Span Net Span 

~ Spans Norl?lll - Feet Iformal • Feet Type Normal • Feet Remarks 
City of Elizabeth -

South Front Street DraVlbridge 1 78.0 82.0 Adequate 

South First Street Drawbridge 1 6o.o 76.0 Adequate 

I Central Railroad Drawbridge 3 2-30 & 1-60 142.o Adequate 
+:"" .. T~pike Viaduct- 75.0 New Bridge 

Baltic Street Drawbridge 2 1-25 & 1-61 97.0 Adequate To be remDved 

Trenton Avenue Girder ao.o New Bridge 

Summer Street Drawbridge 1 6o.o 60.0 Adequate 

Jolm Street Girder 75.0 New Bridge 

South Street Turnbridge 2 1-48 & 1-15 93.0 To be relooa. ted 
at Jolm Street 

Route No. 25 Viaduct 1 65.0 65.0 Adequate 

Route No. 25 Viaduct l 65.0 65.0 Adequate 

Bridge street Turnbridge 2 1-33 & 1-11 48.o Girder 2-38.0 To be rebuilt 
and raised 

Route No. 25 Viaduct l 60.0 60.0 Adequate 



TABLE 6 (continued) 

Existing Bridges Required New Bridge 
No. of Net Span Gross Span Net Span 

Type Spans Normal - Feet 
City of Elizabeth-Continued 

Normal - Feet ~ Normal - Feet Remrks 

Broad S treot Arch 3 3-17.6 58.8 Girder 60.0 To be rebuilt 

Rahway Avon ue Arch 2 2-22.1 55.4 Girder 60.0 To be rebuilt 

Ponnsylvanio. Railroad Arch 2 2-22.8 52.6 Girder 60.0 To be rebuilt 

Murro.y Street Arch 2 2-20.7 44.5 To be removed 

Wost Jersey Stroot Girder 1 46.3 46.-3 Girder 2-28.5 To be rebuilt 

West Grnnd Street Arch 2 2-22.5 48.o Girder 4o.o To be rebuilt 

' -fu'Mulford Coal Yard Beam 1 34.9 34.9 Girder 40.0 To be rebuilt 
• 

Rnilroo.d Siding Trestle 2 1-u.5 & i-19 35.0 Girder 4o.o To be rebuilt 

Central Ro.ilr:oad of N.J. Arch 1 40.0 4o.o Adequate 

Cro.no Street Arch 2 2-21.5 46.0 To be removed 

Westfield Avenue Arch 4 4-20! 90.1 Girder 55.0 To be rebuilt 

U.S.G.S. Gaging Weir Dnm 1 48.o 5(>.5 Dam 55.0 To be re lo ca tod 

Morris Avenue Arch 2 2-21.0 45.6 Girder 55.0 To be rebuilt 
and raised 

Irvin{;ton Avenue Flat Arch 1 45.5 45.5 Girder 50.0 To be rebuilt 
and raised 

Do.ms Rock 2 30.! 30.! To be removed 

Trotters Lano Girder 2 2-30.3 64.6 Girder 1-50 & 2-10 To be rebuilt 
and raised 



TABLE 6 {continued) 

Existing Bridges Required New Bridge 
No.~ of Net Span Gross Span Net Span 

~ Spans Normal • Feet Normal - Feet ~ Normal - Feet Remarks 
Townships of Union and Hillside 

Ursino Dam Dam 1 105• broad Dam 1•50' Ogee Detention 
crested 1-55' broad basin 

crested control 

liorth Avenue Arch 2 2-22.0 50.0 Arch 2-22.0 Detention 
Girder i-50.0 bas in control 

Lehigh Valley Railroad Girder 1 69.0 69.0 Adequate 

I 
2 i-25.0 2-17.0 fF" Salem Road Concrete 53.5 Arch Detention 

1-25.35 basin control 

Salem Pond Dam Dam 1 ao.o so.o To be removed 

Route No. 29 Concrete l 59.34 59.34 Adequate Detention 
bas in control 

Route No. 4 Girder 100 New Bridge 

Union Avenue Concrete 2 2-16 35.0 Girder 35.0 May be rebuilt 

Town of Irvington 

Mill Road Concrete 2 2-16.0 35.0 Girder 35.0 May be rebuilt 
and raised 

Footbridge (Park) Flat Arch 1 27.0 27.0 Adequate 

Footbridge (Park) Flat A.rch 1 25.9 25.9 Adequate 

Chancellor Avenue Pipe Culvert 2 2-9.0 Girder 30.0 To be rebuilt 



TABLE 6 (continued) 

Existing Bridges Required Uew Bridge 
No. of Net Span Gross Span Net span 

Type Spans Normal - Feet Normal - Feet ~ Normal - Feet Renarks 
Town of Irving ton - continued 

Yale Avenue Concrete 1 26.o 26.o Adequate 

IQons Avenue Concrete l 22.0 22.0 Adequate 

Nye Avenue Concrete l 22.9 22.9 Adequate 

Springfield Avenue Beam l 19.7 19.7 Adequate 

Footbridge (Playground) Girder 1 22.5 22.5 Adequate , 
~ 

y- Clinton Avenue Concrete 1 15.5 i5.5 Girder 21.0 To be rebuilt 

Footbridge (Stadium) Timber 1 16.5 16.5 Adequate 

Footbridge (Rich Street) Timber 1 27.0! 27.0! Girder 31.0 To be rebuilt 

Madison Avenue Girder 1 31.0 31.0 Adequate 

Footbridge (Allen Street) Timber 1 16.o 16.o Girder 27.0 To be rebuilt 

U.S.G.S. Gaging Vieir Dam 1 16.o 16.o Dam 27.0 To be relocated 

Valley Street Concrete 2 1-10.5 & 1-12.5 27.5 Adequate 



TABLE 7 

Utility Crossings to be Removed or Relocated 

Location OWner Description 

Elizabeth River 
City of Elizabeth 
Front Street 
Front Street 

N.J. Bell Telephone Co. 
Union County 

311 Telephone Cable 
Electric Cable 
Electric Cable South First Street 

South First Street 
Central Railroad 
Central Railroad 
Bnltic Street 
Summer Street 

Union County 

Central Railroad 
'\"iostern Union 
Union County 
Union County 

Townships of Union ~nd Hillside 

Cable (concrete casing) 
Signal Cables 
Telegraph Cables 
Electric Cable 
Electric Cnble 

Below Lehigh 
Valley Railroad 
Below Salem Road 
Below s.~.lem Road 

Schering Corporation 811 Sanitary Sewer 
Elizabethtown Water Company 12" Water Main 

Above Route No. 29 Joint Meeting 
Below Union Avenue Elizabethtovm -rra.ter 

Lightiling Brook Tributary 
Below Union Avenue Joint Meeting 
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6tt Sanitary Sev:er 
1611 Sanitary Sewer 

Company 6t1 Water Mtiin 

42 11 Sanitary Sewer 
(abandoned) 



Dams -
The six existing dams across the Elizabeth River are included in 

the summary of bridges, Table 6, and are sh°'m on the continuous profiles 
on Plates 8, 91 and 10. Two are control Vfeirs for u. s. Geological 
Survey stream gaging stations located downstream of Valley Street in 
Irvington and upstream of i'iestfield Avenue in Elizabeth. Both must be 
rebuilt when channel improvement of these reaches is undertaken. It is 
recommended that the Irvington Station be relocated and incorporated in 
the new Chancellor Avenue bridge when that structure is built in order to 
record total inflow off the Elizabeth River into the detention basin 
system. However, before being discontinued, the present station should 
be maintained for a short period to obtain correlation between flood 
records and to check flood routing computations on the intervening reach 
of the improved flume. Relocation of the Elizabeth station at Ursino 
Dam is also recommended when that dam is modified to provide the 
recommended control. Such relocation will eliminate flood backwater now 
experienced at the present station for the larger floods and provide 
records of the suppression obtained from the recommended series of 
detention basins. If possible, gaging stations should be incorporated 
in the outlet control works of the Route No. 29 and Salem Pond Detention 
.Basins to record the outlet flood hydrograph at those points. 

Two low rock dams belm-1 Trotters Lane in Elizabeth are obstructions 
to flo·w and shoulc.l be removed. 'l'v.o dans are located in the Tmmships of 
Union and Hillside -- the Salem Pond Dan above Salem Road and Ursino Dam 
upstream of Trotters Lane. It is proposed that the former be removed 
and the latter raodi.fied, as shorm in cross-section in Plate 9, to provide 
the outlet control for the Ursino Detention Basin. In addition to these 
dams across the main Elizabeth River channel, it is recommended that the 
Faitoute Dam on the :::est 3ranch tributary be rebuilt to conform to the 
proposed modification of the Vaux Hall Road bridge and nest Branch 
approach channel to the Salem Pond Detention Basin. 

COST ESTTildATES 

Estimates of cost of the Elizabeth River project are not included 
as a part of this report. While the State, as a participant in the 
cooperative program, has prepared the details of the hydraulic features 
of the flood control improvements presented herein and will review 
structural plans prior to construction to assure their conformity to 
the recommended plan and their safe operation, preparation of 
construction drawings and estimates of costs are referred to the 
interested counties and municipalities. In addition to the plates and 
tables submitted under the Recommended Plan, Drawings I to IV, inclusive, 
showing details of the detention basin control works are available to 
assist in the preparation of these estimates. 
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REAL ESTATE ACQUISITION 

The acquisition of real estate required for the development of 
the recommended plan can be divided into two classes: 

(l) Lands required for the detention basin areas. 
(2) Lands required for the chRnnel improvements, 

The first of these lands is to be acquired by joint effort of all 
interested agencies and trruisf erred to the Union County Park Com­
mission for development into parks in accordance with the plan 
submitted herein. The second cl.::>:.ss is the sole responsibility of 
the municipality in which the improved channels are located. 

Actual acquisition of lands required for chnrmcl improvements 
is not considered nccessnry. Under the provisions of Chapter 2291 
La1'1S of 1933, Amending Title 401 Ch~pter S6-1, Revised Statutes, the 
lands required can be defined by the establishment of encroachment 
lines conforming to the width of chn.nnel required for the safe 
passage of flood flmvs. For such lands, past practice has provided 
that no payment be made on the theory that under the common law the 
riparian property ovmer is responsible for providing a channel of 
adequate capacity through his lands and thc-'.t ·where walls are 
constructed or the streo.m is enclosed and improved through private 
property and no direct assessment for the cost of such improvement 
is made against the ripn.rinn property ormers, those owners benefit 
to the value cf the lands required for such improvements. Establish­
ment of such encronchment lines is a matter of highest priority and 
should be undertaken at cnce in order tc prevent encroachments by 
buildings, fills, and other private construction on the required 
right of way. 1!Jhen established, the encroachment line should be 
properly monumented and adequately designated on maps filed with the 
building inspector and other officials interested in construction. 
The cost involved is not great. With the right of way protected, 
the actual construction of the improved channels can be deferred 
until such time as and when required by flood damages. 

Vlhile the progress in the acquisition of lands for detention 
basins has been ~ost gratifying, highest priority should still be 
given this phase of the plon. In accordance with the recommendations 
of Special Report 1 of the Joint Engineering Committee, "Control of 
Floods on the Eli::;c..beth River, Suction No. 1, Salem Road-County Line 
(Hill Road), Union County," 90 percent of the lands required for the 
Route no. 29 .:ind Snlcr.1 Pond Detention Basins has been acquired .:ind 
turned over to the Union County Perk Cor:u:iission. This pr0gr::m should 
be extenC:ed nt once to the area below Salen Road to insure the Ursino 
Detention Basin. The v.:i.ri0us methods by which lands can be acquired 
and hnve been acquired along the Rahwny River by the Union County Park 
Commission for its Rahway River pJ.rkway were summa.rized in Specinl 
Report l. These methods will be repeated in order that the report may 
be complete in all ph~es of the work involved in cnrrying out the 
recommended plan. 
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"Methods which have proven successful along the Rahway River are 
as follows: 

1. Donations by :municipalities of public lands which had 
not been specifically acquired for parking of the 
river. 

2. Specific purchase by municipalities of lands required 
for parking of the river and donation of same to the 
Park Commission. 

3. Cooperation of municipalities with the Park Commission 
in cases which involved tax and assessment distressed 
properties by adjustment of taxes and assessments where 
private owners were willing to deed to the Commission 
the portion of the property needed for park purposes. 

4. Donations by private owners with foresight sufficient 
to realize that the improvement and parking of the 
lowlands alone the river would increase the value of 
the balance of their properties. 

$. Free sale on very favorable teros by private property 
owners to the Park Commission of the rear portions of 
their properties adjoining the river. 

6. Direct purchase by Park Commission. 

7. Condemnation by Park Commission." 
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DAMAGES 

The special features of the Elizabeth River flood problem have 
been discussed in the Introduction. Flood damages in the basin may 
be classified as follows: 

1. Past damages which have been eliminated or greatly alleviated 
by relief 1vork programs similar to the procedure of step construction 
recommended herein. 

2 • Past da.I:lages for "l"lhich protection is to be provided against 
their recurrence. 

3. Future damages, which would occur if the natural flood 
storage of the basin were to be destroyed, to be eliminated by the 
recommended plan. 

4. FUture damages, due to increased flood runoff to be ex­
perienced by the continued development of the basin, which can be 
alleviated only by the channel improvement measures of the recommended 
plan. 

No estimate of damages in terms of dollars and cents is presented 
in this report. This estimate can best b<:l rnade by local officials who 
must also evaluate benefits and determine equitable allocations of cost. 
General data on the extent and frequency of damages are presented for 
assistance in the preparation of such estimates. 

Irvington 

Much of the flood damage in this reach has been either eliminated 
or greatly reduced by the channel improvements constructed as viorl{­
relief projects between 1933 and 1939. Prior to completion of these 
improvements, serious floodinc was frequently experienced at most 
points along the river. Stream. flow and other records indicate that 
flooding occurred at Nye Avenue, Lyons Avenue, Springfield Avenue, 
l.lill Road, and alone the !Jewark Flume reach four or five times a year. 
Darnai;e for the July 23, 1938 .flood Yiould have been considerably grt::ater 
had not the ch;_41:1el improvement been partially completed at that time 1 
particularly at Springfield and nye Avenues where satisfactory relief 
was obtained. 
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In 19301 the flood problem in Irvington was brought forcibly to 
the attention of interested parties by a severe flood of unknown mag­
nitude that occurred on July 22 of that year. As a result of the 
damages and inconveniences suf f erod during this flood, the Irvington 
stre;:u;1 gaginc; station was installed to provide data for study, and 
the To1m of Irvington undertoolc one of the first channel improvement 
projects in the State. Bridges at Nye ond Lyons Avenues ~~re rebuilt 
by Essex Count:,·. Extensive flood studios were made by tho Tovm, the 
County, and this Division by the Rational Uethc.d, based on observed 
data at the Irvington gaging station. Unfortunately, this method 
failed to disclose the high degree of storn sewer suppression in­
volved in those records, with the result that th\..; design flood adopted 
in this report has had to be increased ~bove the design capacity of 
parts of tho Irvington improvement. 

No great increase in flood damage is anticipated in this area 
which is now fully developed and storm. sewered. Present flood dar.1age 
is confined to the following reaches: 

Newark Flume - This reach cons ti tu tcs the area of naximur.1 flood­
ing. Capacity of the existing concrete flume is approximately two­
thirds that which should be provided. For the; !Ilc1.Ximum floods of recent 
years, July 23, 1938 and Septe::1ber 141 1945, which frequency studies 
indicate uay be expected to be equaled or exceeded, on the average, 
once in 15 years, observed high waters at the Irvington gaging station 
rose five feet over the top of the walls. For the 17-year period, 
1931-38 nnd 1940-49, stre<m flow D.nd other records indicate thnt 
flooding has been experienced approximately 25 tines in varying degrees 
along this reach, vdth a maximun of six tines in 1936. However, as 
building, in general, has been rcstrictea in the flood area and 
protective measures have been taken by those property mmers subject 
to frequent high wnter, dm:iage for the r.iost pnrt hn.s been confined to 
the flooding of garages and cellars and to the inconveniences arising 
from frequent flooding. 

Chancellor Avenue-Yale Avenue - Dr..ckwatcr flooding extending to 
Yale Avenue ond for so:ac tlist.:mcc upstrc<.'.r;1 thereof is created by the 
twin pipe culvert at Chancellor Avenue. The depth and extent of 
flooding for the July 231 1933 flood ~re shovm on the continuous pro­
file 1 Plato 8. v1hile flooding in this reach is severe and frequent, 
dauage has been negligible due to the high banks and type of develop­
ment of adjacent l~ds. For the larger floods,. however, the inadequate 
capacity of the Chancellor Avenue culverts may seriously affect height 
of flood waters above Lyons Avenue. 

Mill Road - The frequency and nagnitude of flooding at this point 
has been increased by the upstream chnm1el improvements. While the 
relatively low underclearance of the bridge and center pier losses 
undoubtedly contribute to the extent of flooding, the condition is due 
prinarily to flood back:;vater from the unimproved and constricted chan­
nel downstrerun of Mill Road. During the flood of July 23, 1938 three 
concrete block garages on the east bank collapsed, :.md approximately 
four times a year two cellars are flooded and traffic is interrupted 
when flood waters overflow Mill Rond. 
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Clinton Avenue and Lyons Avenue - Flooding in the vicinity of 
Clinton Avenue and at Lyons Avenue has been greatly alleviated by the 
Irvington Flume improvement. However, flood bacbvater computations 
have indicated that critical sections in the Irvington Flume exist 
downstream of Lyons Avenue and at the Clinton Avenue bridge and channel 
upstream and dovmstream thereof. Phi.le the capacity of these reaches 
proved adequate for the passage of both the July 23, 1938 and 
September 14, 1945 floods, a slight increase in discharge would un­
doubtedly have caused serious flooding at these bridges. 

Union and Hillside 

Much of the flood damages experienced in these Townships have 
been located on tributaries -- Lightning Brook, North and South Creeks, 
and the East and nest Branches. Such flood damage will not be alleviated 
by the plan recommended herein, although the backwater effect on the 
East Branch will be reduced. Great increase in flood damage Ill.1st be 
anticipated on many of these tributaries as these areas continue to 
develop. Additional studies which are beyond the scope of this report 
will be required to remedy these conditions. 

on the main river, however, the extent of future damages will be 
limited by the acquisition of lowlands for the detention basins recom­
mended herein. Under present conditions flood damage has been 
experienced at the points which are described in detail below. The 
observed flood hit:;h water for tirro floods, the July 23, 1938 and Uay 31, 
1940, vd.th estimated frequencies of once in 12 years and 6 years, 
respectively, under present conditions, are shmm on the continuous 
profile, Plate 9. 

Union wenue - Frequent flooding has been experienced at this 
point with resultant damages to a dairy and one residence on the west 
bank, and a florist business on the east bank. Until measures are 
undertaken to realign the approach channel to the Union Avenue bridge 
and improve the stream channel by continuation of the Irvington Flume 
from Mill Road to the inlet of the Route No. 29 Detention Basin, increased 
flood damage may be expected. Probable modification of the bridge to meet 
design requirements of the plan is presented on page 6j. Observed flood 
high water records indicate that for the period of record, 1924 to 1949, 
the roadway at Union r.venue has been overtopped at least 18 times, end 
flooding to some degree is now experienced at this point, on the 
average, four or five times a year. 

Baldwin Place - Flooding of lowlands at the foot of Baldwin Place 
is a source of constant irritation. However, these lands have been 
acquired by the Union county Park Commission as part of the Route No. 29 
Detention Basin and all structures, includinf eight residences, are to 
be demolished or moved to higher ground. Observed high water records 
indicate that cellars of these homes are now flooded five or six times a 
year. i"ihile adjacent property along Union ~venue outside of the proposed 
detention basin limits is now subject to occasional flooding, satisfactory 
protection ~~11 be provided by construction of the recommended dikes. 



Harvard Avenue - Prior to the construction of the dikes and storm 
sewer extension in 1943 as part of the recommended plan, serious flooding 
was experienced along Harvard Avenue and on lowlands at the foot of 
Cornell Place and John, Spring, anq Gardner Streets from backwater on 
the main river in the Salem Pond Detention Basin site. Flooding was 
frequent, and high water several feet deep in the vicinity of the inter­
section of Harvard Avenue and Cornell Place was not unusual. While the 
diking is adequate, satisfactory drainage of accumulated flood runoff 
behind the dike has not been provided. 

Salem Road - Flood damage to property has been neglicible at this 
crossing. nuriric both major floods of recent years, July 23, 1938 and 
September 14, 1944, the roadway was not overtopped. 

Conant Street - \"Jhile flooding on the :Cast Branch above Conant 
Street is frequent and severe, flooding at Conant Street due to backvrater 
from North Avenue has been negli~ible. However, the frequency of such 
flooding is of interest in the appraisal of the flood problem on the 
East Branch. Observed flood high 'vater records inclicate that Conant 
Street has been overtopped approximately seven times since the major 
flood of record of July 23, 1938. Frequency of such flooding, which in 
addition to causing tra£fic interruptions at Conant Street increases the 
flood problem on the East Branch storm sewer system by backwater, will 
be greatly reduced by the recommended plan for the Ursino Detention Basin. 

North Avenue - The frequency and magnitude of flooding at this 
point has Seen increased considerably in recent years by the accumulation 
of silt and debris in the approach channel and openings of the North 
Avenue bridge and in Ursino Lake. 1''hile flood damage has been limited 
primarily to the interruption of traffic, flooding of North Avenue 
constitutes a serious flood hazard to the Morris Avenue residential section 
of Elizabeth. 

Ursino Dam - In 1928, following the then major flood of September l, 
1927 1 a 15-foot sluice gate was installed by the Elizabethtown ,,.ater 
Company Consolidated in its Ursino Dam to permit regulation of flood high 
water. Until 19291 when this reservoir was abandoned as a source of 
water supply, flood heights at this point and flood discharges at the 
Elizabeth gaging station were regulated by 24-hour operation of this gate. 
Since then the gate has been operated with less regularity and Ursino Lake 
itself has been given less maintenance. 

VJhile no appreciable flooC.: dauage has been experienced, the dikes 
on the west bank above Ursino Dam 'lvere damaged by the relatively minor 
flood of November S, 1950, and until such time as th~ crest of ursino Dam 
is lowered, the accumulation of silt is rer.loved from the lake bed to 
provide additional storage, and the dikes are strengthened and raised, 
the possibility of serious damage to property along Morris Avenue will 
exist. 



Elizabeth 

'lbe major flood problem on the lower river is the threat of loss 
of flood storage in Union and Hillside. Under present conditions the 
flood damage to property for the period of record, 1921 to oate, has been 
limited to relatively small areas. Hoi;:ever, the two maximum observed 
floods during this period, July 23, 1938 and September 14, 1944, are not 
of exceptional magnitude. Based on the assumption that the entire period 
of record is representative of present conditions, these floods have a 
frequency of recurrence of once in 12 years. However, as development of 
the basin, and particularly the improvement of the channel in Irvington, 
has increased the flood runoff from the Elizabeth River basin, the actual 
frequency of the July, 1938 and September, 1944 floods is considerably 
less than 12 years under present conditions. The present flood problem, 
therefore, is more critical than is indicated by past records,. and large 
increases in flood damages must be anticipated if no relief is provided. 
Another special and important feature of the Elizabeth River problem is 
the adverse effect of present flood high wat~r on street storm sewers 
which prevents satisfactory drainage of low sections of the City. In 
addition, high tides are a major factor which complicate protection of 
this area. 

Observed high water profiles for four major floods on the lower 
river are given on Plate 10. Damages experienced during these floods 
are as follows: 

July 28, 1897 - This flood of unknown magnitude and frequency was 
the most disastrous flood experienced on the Elizabeth River. High 
ground saturation at the beginning of the storm, excessive storm rain­
fall, and exceptionally high tide all constributed to the occurrence of 
the extremely high flood water experienced in most parts of the City. 
'While the macni tude and frequency of this stor1:1 far exceed the limits 
of partial protection to be provided for control of floods on the 
Elizabeth River, the size of that flood as e:cperienced under 1897 
conditions is probably equaled or exceeded by the size of the design 
flood adopted for the recommended plan. The follo1·iing description of 
flood damage, therefore, r.iay be considered a basis for estimating the 
merits and benefits of the recommended channel improvements through 
Elizabeth. 

Flood waters reached depths up to 17 feet above normal water. While 
considerable loss was experienced by high tide along the Sound, the 
greatest damage was suffered in the upper portion of the City. All 
storm sewers '\'Ver€ overtaxed, traffic was practically at a standstill for 
several hours, and both the electric plant and water supply pumping 
station were forced to shut down. Greatest damage to buildings and stock 
was experienced in the Broad Street business section where flood waters 
reached depths up to 7 feet in many stores. Tracks of the Pennsylvania 
Reilroad north of Broad Street were washed out, the Central Railroad 
underpasses were flooded to depths up to 10 feet. Cellars were flooded 
along First street and in the vicinity of Fifth and Franklin Streets. 
Lowlands below Elizabeth Avenue on the east side of the river were 
inundated and isolated from the rest of the City. rrater was five feet 
deep in Golden Street. Catherine Street was flooded from La.f ayette Street 
to Ermna Street, and Grand Street from 200 feet west of Catherine Street 
to Reid Street. Reid Str0ut was flooded three feet deep, and Elizabeth 
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Avenue was severely damaged by washouts. Severe damage was suffered 
at Bridge Street where flood waters rose several feet over the top of 
the railing. Houses were damaged in the vicinity of "V;ashington Avenue. 
At i··est Jersey Street the bridge was overtopped and lower floors of 
houses along the river were flooded, and at Price Street flood waters 
rose to the second stories of residences. Lumber from the Mulford Coal 
Yard washed away and caused severe floodinE; by forming a dam at West 
Grand Street bridge. At Crane Street the first floors of houses were 
nooded, and at Westfield Avenue flood waters overtopped the bridge and 
destroyed the Harris Mill. Considerable damage to gardens and property 
was experienced along the river from Morris Avenue to Prince Street; 
the Morris Avenue bridge was overtopped and badly damaged; and on the 
east side of the river in this vicinity buildings were swept from their 
foundations. The IrVington Avenue bridge was damaged and many basements 
were flooded on Sayre and Orchard Streets. Many families had to be 
evacuated and were left homeless in the wake of the high waters, and at 
least one death was attributed to the flood. 

In the past 54 years since this flood, the character of the 
drainage basin above Elizabeth has changed tremendously, and each step 
in the progress of development has increased the flood potentialities 
of the lower river. If the storm of 1897 were to occur under present 
conditions, the extent and magnitude of flooding would be far greater, 
and damages, men.sured in thousands of dollars by standards of 18971 
would undoubtedly be men.sured in millions under present-day valu~s. 
Vlhile completion of the recommended plcri for flood control would greatly 
reduce flood damages if this storm ~ere to occur under future conditions, 
extensive damage would, nevertheless, be experienced in the City of 
Elizabeth. 

October 9a 1903 - This flood approached in severity the great 
flood of July 2 1 1897. '.!bile rainfall was not as heavy, high tide was 
estimated to be at least six inches higher than the extremely high tide 
which contributed to the damage suffered in the flood of 1897. Bridges 
were overtopped at Morris Avenue, and at Sayre, Crane, Fest Jersey, 
Bridge, and Summer Streets. The greatest flooding was experienced in 
the vicinity of West Jersey and Price StrEJets, where flood waters 
reached depths of five feet, and at Union Street, Harri.son, and Crane 
Streets. Once again the City was plunged into darkness ~nen flood 
waters reached the fire boxes of the electric plant, an estimated 75 
to 100 families were left homeless, and a child was drowned in a 
flooded cellar a day after the storm. 
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J'Ult 23, 1938 - This flood may be considered to represent the 
maximum t 0od Which can occur under present conditions without causing 
widespread and serious damage in the City of Elizabeth. Traffic was 
interrupted and cellars were flooded in many parts of the City as flood 
waters overtopped bridges, overflowed the stream ba"lks, and surcharged 
storm sewers. The Trotters Lane bridge was overtopped by 2.5 feet of 
water, and at Morris Avenue, between r:estfield Avenue and Sayre Street, 
business houses were inundated and suffered considerable stock loss. 
At ·estfield Avenue and Harrison Street a garage and trucks were 
nooded; crane street was overtopped; and the Eliznbethtovm t!ater 
Company garage on Golden Street was inundated. Lumber and other 
materials stored in the Uulford coal Yard were damaged, and nooding 
was experienced on Union Avenue between nest Grand and :'Test Jersey 
Streets and above Bridge Street. 

May 31, 1940 - While the peak discharge of this flood was 400 
cubic feet per second less than that experienced in July, 19381 flood 
high water belowYTest Grand Street was greater due to higher tide 
backwater. However, damage was somewhat less during this flood, as 
much of the extensive damage suffered in the flood of July, 1938 
occurred in the upper portion of the City above 'l'Test Grand Street. 
During the period of stream gaging record four additional floods 
occ\ll'red on August 9, 1942, October 27, 1943, September 14, 1944, 
and November 81 1947 which had frequencies equal to or exceeding 
that of the May 311 1940 flood and damages approaching that experienced 
during the flood of July 23 1 1938. 
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BENEFITS 

No attempt has been made to evaluate, in terms of dollars and 
cents, present or future damages and benefits, nor the allocation of 
costs. However, it is considered that the size of flood for which 
protection is to be provided, the methods recommended for alleviating 
flooding, and the long-range construction proGram presGnted in this 
report of fer the most economical solution to the flood problem on the 
Elizabeth River. Merits of the recommended plan are discussed in the 
Introduction. All county, municipal and other agencies must now 
determine, by a detailed analysis of damages and benefits, whether 
they are willing to suffer the damages and inconveniences of present 
and future flooding or expend the funds, as required, for the 
recommended control and improvement works. Moreover, as many interests 
must share the cost as well as reap the benefits of the proposed 
project, a careful analysis must be made to assure a fair distribution 
of the expense of the program. 

Two fundamental principles govern the proper planning of such a 
public works program: 

1. Benefits derived must equal or exceed the cost of the 
project. 

2. The cost must be imposed on the area or interests 
benefited, in proportion to the benefits conferred. 

In evaluatinb damages and benefits to be derived from a program 
of flood control, consideration nmst be given not only to present 
conditions but also to the fUture. ~7hile flood control benefits accrue 
throughout the life of the control uorks, the generation which builds 
the project usually bears the major burden of the cost and receives 
only a small percentage of the total benefits• HoYmver, the recommended 
plan for flood control of the Elizabeth River is rather unique in that 
it provides a program of step construction which includes not only 
measures for the immediate alleviation of the relatively minor damages 
and inconveniences of present flooding but, in addition, provides for 
safeguarding the drainage basin from future abuses, and permits the 
more expensive work to be deferred until such time as future flood 
runoff warrants such expenditures. 

Flood control benefits are many. VJhile some can be accurately 
determined or closely estimated, others, none the less real and usually 
comprising a major portion of the total, are of such an indirect or 
intangible nature that they cannot be readily evaluated in terms of 
dollars and cents. It is these indirect and intangible benefits which 
justify the assessment of the community at large, both county and 
municipal, for a considerable portion of the cost of flood control works. 

General flood control benefits are as follows: 



Release from Damages 

Flood damages include not only direct physical destruction of 
property ~~thin the flooded area but, in addition, indirect damages to 
the general public both within and without the area subject to flooding. 
Indirect damages consist of such items as the general interruption of 
the business and social life of a community, interruption of trans­
portation, loss of business, loss of profits, loss of wages, and cost 
of relief work and prevention of epidemics. 

A serious aspect of oany floous is the loss of life. There can 
be no doubt that protection to life is an important benefit from flood­
relief measures and that it should be evaluated when costs and benefits 
are balanced. 

Release from Real Estate Depreciation 

Lands in and adjacent to areas subject to flooding are in a constant 
state of depreciation and drop sharply in value immediately after a 
damaging flood. By reraoving the flood menace, the lands thus become more 
attractive for development and return to their natural value. Benefits of 
this nature apply only to land that is habitable or usable under normal 
conditions and affected only by flood waters. 

Reclamation of Swamp Land 

Lowlands in flood plains which are unfit for development are made 
usable and increase in value when the meandering streams are confined in 
channels and the swamplands are drained, graded, or filled. BY developing 
much of the waste lands of the Elizabeth River flood plain as detention 
basin sites to be incorporated in the Union County Park System for 
maintenance as public park lands, the community as a whole ~~11 benefit 
from the much needed recrcation<J.1. facilities provided. 

Increase in Upland Values 

Lands above the area of actual flooding arc retarded in their develop­
ment by their proximity to waste swamp areas or lands depreciated by 
actual flooding. Thus, by elir.ri..nating the unattractive areas subject to 
flooding, material increase in upland values will bo experienced, 
especially if the reclamation and improvement of the flood areas are 
coupled with park development. 

Intangible Benefits 

Aside from those benefits mentioned above, certain intangible benefits 
accrue from a program of flood control which defy evaluation in terms of 
dollars and cents but none the less increase the happiness and well being 
of the community as a whole. The reduction of the mosquito nuisance, the 
improvement of th6 unsightly and unsanitary condition of the stream, and 
the general tendency to improve the healthfulness of the community are 
among the more important. 
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CONSTRUCTION PROGRAM 

The flood control plan submitted herein requires no immediate large 
outlay of funds. construction of the complete plan at the present time 
is not essential and is not recommended. A satisfactory solution of the 
Elizabeth River flood problem can be provided by a program of step 
construction of inq>rovements made in accordance with the plan as and 
'When required to alleviate flood damage. This procedure, however, 
requires lonG-range planning and the ad.option of a comprehensive con­
struction program to coordinate the efforts of the various affected 
agencies and to insure the maximura benefit from all llonies expended for 
any reason vthatsoever on river structures and il:lprovements. For 
instance, the reconstruction of a bridGe for any reason should be 
accompanied by sufficient improvement of adjacent channels to develop 
the maximum benefit of the bridge reconstruction. Similarly, channel 
improvements should include reconstruction of bridges of inadequate 
capacities. 

Complete construction of the improved channel, however, need not 
be undertaken at one time. Such construction can be undertaken as 
separate partial improvement projects extended over a period of years -­
first by increasing the capacity of the channel by widening and deepening, 
then by construction of walls, and eventually by paving the bottom - all 
in accordance with the recom.'llended plan. Each step of such a program 
should provide adequate temporary flood control relief until such time 
as the increase in flood runoff warrants additional construction. 

In order to assist in the formation of a comprehensive improvement 
program, the following recommendations are submitted on the priority to 
be given the construction of the major features of the plan. 

In Union Q>unty, the development of the detention basins will 
provide the most benefit for the least cost. Supprassion of flood flows 
by the storage in these basins Vlill def er for many years the need for 
most of the expensive improvement recommended for the low·er river. The 
first priority should be given to the Salem Pond Detention Basin which 
provides the i;;reatcst amount of flood storage and entails the least cost 
for control works. Consiclei·ation should be Given next to the Route No. 29 
Detention Basin. Tihile the control wor!~s are rather expensive, its 
development should not be def erred too lont,. This basin tukes the shock 
of the flood runoff from the walled and paved flume of the upper drainage 
basin, a.n<l the suppression provided by the storage of the basin is needed 
to protect the outlet control worl~s of the Salem Pond Basin. Construction 
of the inlet control works on the main river below Union Avenue can 
probably be deferred until the channel is improved above that point. 
However, the recommended relocation of North and South Creeks at the 
inlet of the Route No. 29 Detention Basin should be incorporated in the 
plans for the proposed Route No. 4. Eventually, development Of the ursine 
Detention Basin should be undertaken in order to derive the maximum 
degree of flood suppression from the detention basin system. Reconstruction 
of the Trotters Lane bridge should be undertaken when the Ursino Dam 
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spillway is modified. Special priority should be given to the enlarge­
ment of the North Avenue crossin(; to alleviate the present flooding at 
that point, the potential flood hazard to the Uorris Avenue section of 
Elizabeth, and the oackwater flooding now eA-perienced on the East Branch 
tributary. Raising the Horth Avenue roaeway and increasin{;; the height 
of the Ursino Lake dikes should be undertaken as soon as possible to 
provide additional flood protection in this area. In addition, 
modification of the Ursino Dam and construction of the recommended parapet 
wall along North Avenue should not be deferred too long. 

On the lower river, the construction schedule for the most part 
will be influenced by the location of future flood damages. Upon 
completion of the detention basins, immediate relief may be expected, 
provide~ construction is not delayed too long. However, as flood 
runoff continues to increase, channel capacities will again be overtaxed, 
and more and more local improvements vdll be required to relieve flooding. 
In establishing a construction schedule for the lower river, these 
fllture conditions should be anticipated as far as possible. In addition, 
the cost of the comprehensive improvements, including the reconstruction 
of bridges, should be distributed over a sufficient period of time to 
maintain annual costs within the financial ability of the interested 
agencies. V\lhere possible, the program should be coordinated with other 
civic improvements, such as the reconstruction of bridges to relieve 
traffic congestion and the development of automobile parking areas and 
parked lands for recreation. Under present conditions, the most relief 
for the least cost can be obtained by deepening and enlarging the channel 
from belovf South Broad street to the head of navigation at Mattano Park 
so as to relieve flood bacbvater on the river above South Broad Street 
and on the street storm se-rrer system. The recommended removal of 
inadequate bridges at tiurray and Crane Streets involves little cost 
and should not be delayed. Upon completion of the Trenton Avenue approach 
to the New Jersey Turnpike, the poorly aligned bridge, including abutments, 
at Daltic Street should be re1:i.oved. Another i~roveraent vrhich may be 
justified under present conditions is the construction of the recommended 
walled and paved flume in the vicinity of the Central Railroad of New 
Jersey bridge to reduce flood levels as far upstream as Trotters Lane. 

For the upper river above the detention basins, no appreciable in­
crease in future runoff is to be expected. Thus, the construction program 
can be based on past records of actual flood damage rather than estimates 
of probable damages to be experienced by increased runoff of the future. 
Moreover, the flood problem in Irvington has been simplified and the cost 
of a flood control construction program greatly reduced by past improve­
ments which have satisfactorily alleviated or greatly reduced flood 
damages in this reach of the river. Reconstruction of the bridge and 
channel at Chancellor Avenue, and possibly the Mill Road .crossing,should 
be incorporated in the plans for the extension of Route No. 4 through 
Irvington. Reconstruction of the Newark Flume, the most expensive 
improvement recommended, the channel below Lyons Avenue, the Clinton Avenue 
bridge, and the channel upstream and downstream thereof may best be under­
taken by a program of step construction with cost of improvement distrib­
uted over a number of years. Extension of the Irvington Flume from Mill 
Road to below Union ,,venue and modification of the Union Avenue bridge 
should be undertalrnn prior to or shortly after completion of the outlet 
control works of the Route no. 29 Detention Basin so as not to unduly delay 
the construction of the inlet control works of that basin. 
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