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Letter of Transmittal.

May 5, I9_6.

l-Port. James F. Fielder, Governor o[ New Jersey, Trento_,; Neze

Iersey:

SIR--I transmit herewith _he manuscript of a report on "The

Revision of Primary Levels and a I_ist of Bench Marks irt North-

ern .New Jersey," .prepared under the direction, of Henry. B.

Kfimmel, State Geologist.

'i%is .report gives the results of the lines of levels which engi-

neers connected with this department have run at various times.

The determilmtlon of the exact height above sea level of a large

nfum'l_er of poin,ts throughout the State, pa_ticula.rly wtm.re located

in our centers of population, is of great importance to engineers.

Frequen_ requests for ir_formafion_ of this sort have eottvineed

me that this publication will meet the needs of a large number
of technical men in this State.

Yours very respectfully,

ALFRED GASKILL, '

Director.
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Revision of Primary Levels and List of Bench
•Marks in Northern-New Jersey.

NEw YORK, December I8, 19I 5.

Dr. H. B. Kiimmd, State GeologDt, Tree,ton, N. J.:

SIR--In compliance with your instructions, the work of revis-
ing ,primary bench marks _x%ich had been begun in 1912, was
continued this year and completed for all of that part of the
State lying noah of a line d_awn from Tren'_on to Perth Amboy.
The work of. these ,two years now enables me to submit a com-
Nete list including both new and revised, bench marks for
Northern New Jersey\. more correct as to elevations than any
heretofore published.

Original be_ch marks.--The original lines of primary levels
bad been ru_ in connection with the Tof_ographic Su_'ey, and
the results were reported in the Annual R_eports for _885 mad
I886, so far as the work had then been eom_pleted. In Volume t
(I888), the report on Topography, Magnetism,, and Climate, a
complete list was published, including all.of the wimary ,bench
marks'established during the prosecution of the survey. Thi_
was repnblished in Volume IV, Physical Geography, _g95. The
prima.D, purpose of this work had been to control and form a
basis for the topographic levels. The bench marks were estab-
lished upon the more permanemt structures then available, such
as bridges and public buildings, except for the seashore between
Sandy Ho,ok and Cape May, and a few poin.ts inland, where
monuments had been set, which consisted of a ffranite post abont
2_ feet in _ength, and 8 to 1o inches square, with 9 inches of its
u,pper end dressed to a cylindrical .shape and the toy to a spher-
ical snvface. The summit of this spherical surface is the bench
mark, and jusf 9 inches lower a shoulder is cut at th,e base of
the cylinder, which may also be used as a 'bench mark int case the
tc,p is damaged. This granite post was set by digging a hole
4 feet deep arid 2 feet square. At the bottom, in a smaller hole
9 inches deep, a .glass insulating cap such as is used on telegraph
poles, was set in hydraulic cement and covered over ,to the level
of the bottom of the larger hole with cinders. The hrger hole
was then filled solidly with. concrete in ehe top of which the:
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8 BENCH MARKS, NORTHERN NEW JERSEY.

gran_ite post was set With its head projecting about 6 inches
above vthe ground. When the nmnument was in place it formed
a monolith, weighing ,about a ton, and after it hM fully set and
shrinkage and settlement 'had taken place, the elevation was
taken and recorded. The only monument of this character in
N,orthe_r_ New Jersey is the one at Perth Amboy. This is de-
scribed ir_ ,the accompanying list of bench marks.

Reasons for re'_ision. With {he ,above exceptions, the bench
marks were on bridges and buildings, as already stated, and it
had beet_ found during recent years that through rebuilding
operations many such bench marks had disappeared. Some
localities which had been origin_ally provided for were entirely
withottt monuments, and it was important _that the work of
replacement should be undertaken at this time, as otherwise the
l_rger part of the value qf flae original lines of levels would be
permanently lost. The revision was undertaken with ¢he inten-
ti_on of not o_ly replacing these lost .benvh marks ,by others, but
establishing new bench marks, more permanent in character,
upon a large number of additional structures which are at this
time available. In order to determine the elevation o:f such
additioiml bench marks accurately, it has been rmcessary in
ma W cases to again level over a considerable part of l:he original
lines. It has not beeu thought desirable to establish new bem:h
marks without checking the necessary lines of level, and, fur-
thermore, it has bern1 though_c very desirable that stmh _ew beueh
marks should be connected with more than one of the old monu-
ments, in order to guard against settlement and otherwise in-
sure accuracy. Where there were several of the old marks still
existing in a given locality, they were again eonnee¢ed, by lines
of levels, in order to cheek the original work, and to ,detect any
possible settlement in the structures upon which they had been
Naced.

In addition to the $oregolng, which was more strictly revision
work, i_t was decided to run a number of new lines of levels
through those sections which had not been' covered bv the
original work, in order to secure a more equable distribution of
the monuments. The natttre of the work which has been done
may be made clearer by. describing the lines which had been run
prior _0oI888 and those which have beett, run during the past
two ye&rs.

Description of lines ru_,.--In i88_, the U. S. Coast and Geo-
detic Survey ran a line of primary levels from the tidal gage
at Sandy Hook via Red Bank, Pe_h ,_mlboy, Somervill% and
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thence westerly along the line of the Central Railroad of New
Jersey to Phillips'burg, ou the Delaware River. The results of
this work were furnished in manuscript to the Geological
Survey aim a lis_ of the bench marks w.as published in the
annual report of the State Geologist for I88I. The datum had
:been' determin;ed by a series of tidal measurements at Sandy
Hook, extending from I875 to i88i, a period of six years.
Mean sea level, as determined by these readings, or the mean
between hig,h and low tide, was adopted as zero, and this daeum
has" been used throughout by the Geol,ogical Survey sirt_e that
date.

The primary lines of levels which had been rml before {888,
under the di.reetio_] of the _,riter, and which were connected with
and based upor_ the ,foregoing _evels of the U. S. Coast and
Geodetic Survey, were as follows: (See Figure _, Frontispiece.)

L A line run by Mr. Bbilip H. Bevier, in I886, over ,tge same
route taken by the U. S.. Coast and Geodetic Survey, _from the
Sandy Hook tide gage to Metucheu., in order to establish a
larger number of more conveniently situated bench marks, for
the purposes of the topographic survey.

2. A line from Perth Amboy via Rahway to Newark, run
and re-run in the opp.osite direction, ,by Mr. Frederick W.
Bennett.

3. A llne from Newark via Bloomfield and the Morris Canal
to Paterson, by Mr. Bennett.

4. A line from Newark via Jersey City ,and Hackensack to "
Paterson, by Mr. Bennett.

5. A line frbm Paterson west following the Morris Canal
\ through" Dover, Waterloo, and Washingto_ to Phillipsburg, and

,Vherechecking on the bench marks of the U. S. Coast and Geo-
detic Survey, by Mr. Bennett,

• 6. A branch line ,from the last-_amed line at Deo,eille to Mor-
ristown, by Mr. Bennett.

7- A line from line n.umber 5 at Waterloo nc;rth,west through
Newton, Branchville, Montague, P_rt Jervis, High Point, Sus-
sex, a_d F,ranklin Purnace, returning ,to Andover and Waterloo,
by Mr. Bevier.

8. A line from Pt_illipsburg through Belvid,ere and. Oxford,
connecting at Washington with line number 5, .by Mr. Bevier.

9. From Paterson north, along the Erie Railroad to Suffern,
thence easterly along the Piermont Branch Railroad to Tappau,
and therme southerly along, the-Northern Railroad of New Jer-
sey to a connection' with lille number 4 at F'a{rvie,w, _- Mr.
Bennett,
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lo, A circuit from Bound Brook, following the Delaware and
Raritan Canal through Rocky Hill and Princeton to Trenton,
thence up the Delaware River to Lambertville, thence to Flem-
ington and Somerville, oonnecting wifll the line of the U. S.
Coast and Geodetic Survey ,first mentioned, by M.r. Bevier.

The work done in i9*e included the following :
I. A line from Newark through Bloomfield and Richfield to

Paterson was run, and, in addition, the old bench marks on the
route were verified and a number of new' ones established, while

, a branch line was run from Bloom,field through Glen Ridge'and
MontOlair, partly by Mr. P. D. Staats and partly by Mr. Jeffrey
Hoskir*g.

2. The old line from Paterson to Phillipsburg had been veW
satisfactow when originally run, and it was not four_d necessa W
to re-rm_ it where the bench marks wer# intact. It was re-run
by" Mr. H.osking, however, from Paterson to Little Fal}s, from
Boon,ton to Denville, from Rockaway to Dover, and from
Wharton it was run eominnously for 43 miles to Phillipsburg,
many of the old bench marks having been destroyed.

3. The llne from Phillipsburg through gelvidere to Wash-
in,on was re,run throughout by Mr. Hosking.

4- In Sussex County the line running northeast from Waterloo
was re-run, by"Mr. I-Iosking from Whitehall through Newto,_ to
Bmnehville Junction and was repeated in the reverse direction.
..All bench marks were verified so far as they existed, and a itum-
bet of new ones were established.

5. On the oId Paterson-Suffem line Che levels were re-run by
Mr. Staats continuously from Ridgewood to Suffern, and re-run
in the reverse direction. The old bench marks along the Pier-
mont .branch were verified and a number of new ones established.
On the N,orthern Railroad the line was re-run from ttighwood
to Nord.hoff, and considerable local leveling was done to estab-
lish additional bench marks at Richfield, Hacken,sack, and Jersey
City.

6. A new line was run by Mr. S_aats from Hackensack north-
ward through Westwood to Nanuet, and new bench marks estab-
lished along the route.

7- A new line was run by Mr. Staats from Hackensack through
Rutherford to Harrison and Newark.

8. A new line was run by Mr. Stoats from Newark through
the Oranges mad Summit to Mor.ristown, and tbence ¢o Denville.

9- Beginning at Newark, a line was run by Mr. Staats tl_rough
Elizabeth and Metuchen to South Plainfield.
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In I9:5, the fo!lowmg_" work was done by, Mr. bre_ P.
Plummer. Jr. :

:. Beginning at Elizabeth, levSels were run along the Central '
Railroad of New Jersey to INmellen, and thence .to Soutk Plain-
field to connect with the work done in I9:2.

2. Begi:ming at Somerville, a line was run along the Central
Railroad of New Jersey to Washington, Warren Courity.

3. Beginning at Annandale on the last-described line, levels
were run 'through Clinlon, Pittstown, and Frenehtown, thence
down tile Del,h'ware to Lambertville.

4- Old benches were xerified and new marks established in
Trenton, Princeton, Monmouth Junction. and points along the
Delaware and Raritan Canal to New Bnmswick, also at Perth
Am_yoy and Woodbridge.

5. Le_ets were run .from Kingston through Rocky Hilt, Hope-
well, and Penningtou to \Vashington's Crossing and Titusville.

6. ,A_nea_ lin:e was run from V_rhitehouse, Hunterdon County,
throngh Gladstorte, :gernardsv-ille, and S,nmmit.

7. Beginn,ing at Ridgewood, in Bergen County X line was run
west_,°ard to 5{idland 'Park, and thence follo_,'in K the New "t_ork
Susquehanna and Western Railroad to Franklin Fx:rnace, thence
to Sparta Jtmetiol_ and B.ranehville Junction., in, 'Sussex County.

8. A short cbeck line was run from Monntain View, Passaic
County, nort'h along the Nen, York and Greemx_ood Lake R'ait-
road to Pompton and Butler, on line number 7.

The above work has resulted irt the reoavery and verification
of t29 old bench marks, and the establishment of 579 new ones,
making a total of 7o8 in all for the portion of the State under
eoi_sideration. The original work had only provided I85 per-
manent bench marks, a large" number of those established at the
time having beert of a tem_porary nature for use in, connection
with the topog,raphic work.

Type of be**chmarks established.--On 'beginning the work of
revision, the question of adopting special naonume:gs of stone or
metal was giv.en consideration in the light of the exl>erieuee
which had already been had concerning the bench marks estab-

, fished in the original work, executed mainly from 29 to 34 years
ago. The mortal'ty of the bench na,'rks then ,estaM:shed h'as
proven to be 30 per cent., or something less than : per cent.
yearly. At the present time a much lar'g-er number of substantial
permanent structures exist than were available 3° ),ears ago.
With the my?re numerous marks now established a mortality of

, t per cent. an,rurally will not prove serious for :xmny years, and
will, on the whole, in the opinion of the writer, be quite as good
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as can be expected of aw system of special monuments erected
either on private lands or on the highways. There is no more
satisfactory bench mark, in the writer's judgment, than the stone
monumen'.ts which were set in the manner we have described in
I885 and i886, but, nevertheless, even among these, the mor-
tality has been quite as great as t per cent. yearly, although they
are mostly set ut_on public property, such as the grounds of life-
saving stations. In a densely populated State, such as .ours. a
metal mark of any kind appears to excite both the curiosity and
cupidity of certain persons, an:d it has eve_, been found that the
un<lerg.round marks of the 02 S. Coast m_d Geodetic Survey
triangulation points, although they consisted of nothing of value,
so aroused the curiosity of certain persons who learned that
something had been buried in the locality that many of them
were destroyed. In this respect the stone monuments n_.entioned
are least subject to disturbance for the .reason l'hat they present
,othiug of value which it is possible to earQ" away, and indicate
their own purpose so plainly that curiosity is satisfied. Marks
nlmn buildings and bridges, however, have nothing about them
to invite their destrtmtion. They are subje_ only to the ordinary
mortality of such structures. It is for this reason that we have
relied mainly upon this class of umnnments. Nothing can be
better short of absolute own_rshi,p and comrol of tl_e ground in
which permanent monuments are ,placed, and even this would not
eliminate the need for inspection and care.

.dccuracy of reawlt_.--Tbe leveling alterations of the U. S.
Coast artd Geodetic Survey have been conducted with instruments
and methods of .precision which are admirable for the pucpose.
Such methods have not been :adopted by this Survey, however,
for the reason that it has been four/d possible to obtain accuracy
sufficient .for our purpose at a very much smaller cost by means
of the instrumen:ts and methods in common use by civil engineers.
We have used throughout an ordinary engineer's Y'-level uith a
rod graduated to hundredths of feet and read in part with the
t.elescq)e to the nearest .oo 5 foot and in part with the target to
thousandths of a foot. The accuracy which we had secured
duri_g _he prosecution of the original work _:as shown by the
results reported in 1885 and I886 _to be within the lira,its of
error con'sidered permissible by the Geodetic Association of
Europe, as quoted in the .report of _the Superintendent of the
U. S. Coast and Geodetic Survey for I882, page 522, namely,
.o158 ,foot per mile. The work done during 1912 and t9t 5
has afforded an opportunity for r)eheeklng and recomlmJting the
original levels dud making a rigid comparison between all of the
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levels run in these mid earlier years. The results may be of
interest, as indicating what may be done .with such methods as
we have adopted, and may also be some guide to the confidence
which may betplaeed in the results of the leveling operations.

'In recompu.ting .and recomparing the earl,let work it was
found that the levels run from Sandy Hook to Metucben, a
distance of 34.5 miles as COhered with the results of the U. S.
Coast and Geodetic S_rvey, showed a .difference of --.o47
foot. The difference had been greater at some intenl_ediate
points, however. At Red Bank, + .i53; at _{atawan, + ._62:
at Morgan, --.I t4; South Am,boy, --•246, and Raritan, draw-
bridge, --.3_4 foot. These levels were run five years later than
the U. S. Coast and Geodetic Survey levels, and it should be
remarked that the Raritan" drawbridge was.known to have
settled during this period, such settlement ultimately becominff
so con'siderable that it affected the closing of the'bridge. There
is also no certainty that the point on the old: railroad abmment
at S_uth Amboy had not settled.

The line from Perth Am'boy to Newark, t8 miles, when re-
run, checked _back within .o6 foot, and this total error in 36
miles was not exceeded at any intermediate _polnt.

The circuit from, Newark through Jersey City and Haeken-
sack, returning via Bloomfield to Newark, 39 miles, c!osed

'within + .57 foot•
The line .from Paterson through Dover, \'Vaterloo, and Wash-

• ington to Phillipsburg, 59 miles, closed w_thio, .o6 fbot.
Taking _he early urork and the recent work together, we have

o'btaiued a nmnber of addi.tional checks, which have thrown
much greater light upon the general character c_f th_ earlier
work and have in a few cases detected some important differ-
ences where the early work had been insufficiently checked, but
in the main the errors have bern found to be clerical or typo-
gra:phical, and not due to inaccuracy in the field operations, The
line run from Newark through Bloomfield to Paterson, in 1912_

, closed at the East Jersey Resen, olr within --.o 9 foot. This'
line started.and closed on :adjusted. elevations of'the earli6r
work.

Beginning on an_ adjusted bench mark at Hackensaek, _nd
"running thence .through Rutherford and Harrison to Newark,
I2. 5 miles, _the difference was .o7 .foot.

Beginning at Newark and rerrunning the line thence to Hud-
son, County Court House iu Jersey City, 6 miles, the,difference
was .o2 foot.



_4 BENCH MARKS, NORTHERN NE\_n JERSEY.

On the line from Paterson to Phillipsburg the difference ,be-
tweer_ Paterson and Little Falls was --.22 foot; from Boonton
to Denville, + .oz foot; from Rockaway to Dover, + ._6 foot.
On the line re*run in I912 from Whartorr to Phillipsbnrg the
differen'ees between the later and the earlier elevations were as
follows : Lake Hopatcon,g, -- .03 ; Hackettstown, -]--.04 ;
Washington, ---.ol; Philtipsburg, + .o6; the latter being for
a distance of 43 miles.

The line run iu i912 from Phillipsburg through Belvidere to
Washington_ was -05 miles long and checked ,out at _Washington
on the line previously described with a difference of + .o8 foot.
From Whitehall to Branchville Junction, in Sussex County, 9
miles, difference was .3 t foot. Starting on an adjus*ed eleva-

' tion of the I886 work at Ridgewood, Bergen County, during
the present year, aud running thence westward 32 miles, over
the mountains "to a bench mark at Branchville Junction, in Sus-
sex CountT, the ag_reement with an ,elevation at the same lmint
determined by a line run by Mr. Hoskiug in I912 from Audover,
north to Branehvitle Junction, was exact, whereas the difference
compared with a line run from Andover to Branchville Junction
by Mr. Bevier in, 1886 was + .31 foot. These errors may be
taken as obtaining in a line 44 miles tong between the adjusted
bench mark at Ridgewood and _the adjusted bench mark at
\Vaterloo, 'both determined in the work done before I888.

Another comparison may he made by taki_N the elevation at
Eranklin Furnace as determined by mean,s of three d[fferm_t
lines run f,rom \Vaterloo and one line run from Ridgewood,
Bergen County. The results are as follows:

Elevation at Departure
Fra_klin Furnace. from Mean,

Beginning at Waterloo on a previously ad-
justed bench mark, thence to Newton-
Branchvitle-Franklln Furnace, 24 miles, run
by Bevier & Plummet .................... 566.45 --.26

Same llne as above, run by Hosking &
Plummer................................. 566.76 + .05

Ridgewood Bergen County, to Franklin Fur-
nace, 3z ml es, run by "I_Ir."Pummer,..... 566.71 o

Waterloo to Franklin Furnace, I9_ miles,
rur_by Mr. Bevier, ....................... 566.9I + .2o

The :foregoing comparison indicates something of the probable
errors at ,Franklin Furnace as determined by levels connected
from Ferth Amboy through Paterson, Ridgewood, and Pompton,
and from Perth Amboy and Phillipsburg through \Vaterloo,
They are residual errors of a number of long lines.

• I
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The circuit from Elizabeth through Plainfield, South Plain-
field/and Mett_chen, back to Elizabeth, 32,5 miles, _Iosed within
.32 ,foot. The circuit from Somerville to Washi_Nton, 27. 5
miles, closed within ._5 fobt. Beginning at Whitehouse on the
Somerville-Washington line, and runn,ing through_ Glad'stone
and Bernardsville to Summit, 34 miles, and there testing on the
bench mark of the Newark-Morristown line, run by Mr. Stoats
in I912, the difference was .t8 foot.

Begin,ning at Ammndale, on an adjusted bench mark of the
Somerville-\Vashington line, and running .thence through
Frenchtown to Lambertville, 33 miles, and testing on a bench
mark of the Trenton-Lambertville-Somerville line, run by Mr.
Bevier in t886, the difference was .I 5 foot.

Beginning at Kingston on a bench mark of the Mt. Holly-
Bound Brook line, run by Mr. P,evier in I885, and running
thence through Hopewell and Pennington, to Washington's Cross-
inK and Timsvitle, o-t.5 miles_ and there testing or_ one of the
bench marks estaNished by Mr. Bevier in I886, th.e difference
was .26 foot•

Beginning at Mountain View, on a bench mark of the Pater-
son-DoYer-Philllpsburg line esta_blished bv Mr. Bennett in _887,
and ruu,ning to Pompton, 'and there t_sti)_g ou a bench mark of
this year's Ridgewood-Franklin Furnace line, the difference was
.t6 foot. _

Many of these results rep.resent the accumulated error in a
nttmbek of lines of levels, Nit tt_e earlier work 'had been pre-
viously adiusted and the errors distributed.

Ca,rrection for £nsse,r Coun,ty.--The elevations in Sussex
Coml_ty originally depended u,pon a loop run from Waterloo
through Newton, Branchville, and Montague to Port Jervis,
returning via High Point, Sussex, and Franklin Furnace to ""
Andover and Waterloo. This loop traversed a mountainous
country with large differences in elevation. The results were
less satisfactory than for the other lines, bu_t it was tho*_ght to
have been sufficiently adjusted to give suSstantlally correct re-
sults when the levels were published ir_ _888, The levels recently
rt!n, however, proved that the early levels had not been suffi-
ciently checked at ir/termediate 9oint$, and that the finM elex,a-'
tions were somewhat at fault for that part of Su_ex County
lying'north of Andover.

_The above results range from about _/5 to 1/82 _of an inch per mi|e.
The average error in closure for atl the c;rcuits cited was abot_t I/_4 of
_n inch per mile. H. 13. K,
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The levels run by Mr. Hosking in I912, those run by Mr.
Plummer during the present year, and the original hqoeld**ores
of the levels run in t886 were all again carefully compared and
reeomputed, and a final adjustment made, which has changed
the elevations through Sussex County in some cases as much as
.8 foot; but the results of a eomgarism_ of the various lines have
already been given and are sufficient to establish the accuracy
of the final elevations now adopted. There were other cases in
which local errors were detected, chiefly mathematical or clerical,
but in some cases typographical, notwithstanding great care had
been taken to avoid errors c*f this nature. Such errors have
been carefully eliminated in the list ¢d elevations .st*bm,itted here-
'with. They in no ease.represented errors in the principal lines
of levels, except the discrepancy in the Sussex loop already
noted. A re-examination of the original field no_tes .proved that
the field work had been accurate.

The foregoing results of tests are given in full and are in-
tm_ded to speak for themselves. There is no question that they
are sufficient to indicate that as a xx;hole ,the work is accurate.
it is not claimed that they absolutely prove that every elevation
given is of correspouding accuracy throughout, bu.t tlte cheeks are
so frequent, and are so often made frbm intermediate points of
one line to iuterumdiate points of another line of levels that they
appear to preclude any doubt that the work is fairly good
throughont.

Co_zpariso_ r_Hs, None, York Datu4# Plcr_e.--Dnring the ,past
year there has been published the ,result of tlae .precise levels run
for the Board of Estimate and Apportionment of th'e City of
New York by Mr. Frederick W. Koo> assistant engineer. In ,
these levels the elevation of the monmnent at Perth Amboy has

- been taken to be 6o.946 _feet, which differs both from the eleva-
tion heretofore published 'by this Survey, and also from the
elevation as adjusted for the present report, and as _:his involves
a slight differei_ce in the datum 9lane adopted by the New York
levels and by this Survey, a eomparisou of the elevations seems
desirable. As heretofore stated, in i886 the line from Sandy
Hook .tide gage through F'erth Amhoy to Mettmhen was re-run,
and certain differences appeared in the elevatio*is at South Am-
boy and Perth Amboy as thus ascertained, and those given
by the 15. S. Coast and Geodetic S_rvey, as the results of its
operations in I88L tt should be furthermore stated that the
elevations furnished by the t_h S. Coast and Geodetic Survey in
manuscript, and publis'hed by this Survey in I88I, differ slightly




