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USE OF MEAN SEA LEVEL AS THE .DATUM FOR ELEVATIONS. 

The term " engineering " is qsnally considered to be, synonymous 
with the word " efficiency:' but in at least one branch of engineering 
it is only partly true. This is in leveling. 

There is scarcely anymrveying or civil engineering which d0e.s not 
require that differences in elevation lie cletennined by spirit leveling, 
anci in newly all cases the absolute eleva.tion of the bench marks 
above some plane of i.efe,pence or datum' is determined. Efficiency in 
operation and ' in the results fr&qnently depends upon the datum 
selected. 

This is n very iniporta.iit qnevtion 
and one to which miicli t,lioiiglit is directecl by engineers. If one is 
gracling streets or  este.nding a sewerage or mater system in n city, it' 
is evident that tlie oficia.1 city da,tuni should be used in the 1e.veling 
operations; but if a city is to a.dopt a. surface for its datum, what 
should i t  be? Evidently it slioulcl adopt that datum which is inost 
ge.nerally used by State engineering departments? by tlie railroads 
which enter it! and by other e.ngineering organizations. 

Then the State itself ninst consider T v h n t  ihtum it should nclopt, 
and its decision shoulcl be based upon the previous decision of other. 
States adjoining it. 

It is evident that 
it. mould be iniprnctic.able for t.he 'Nation, especially one of. 3,OOO.OiJO 
square niiles of area, as is the case in the United States, to adopt the 
si.1rfac.e throngh mnie one bench mark as its dijtl11li in its early engi- 
neering work, for this mould require that an elaborate system of 

Cinly slight considerat-ion leads one to conclude that the idea1 
datum for a nation is one which ma.g be established at  inany places. 
The only one of this kind is mean sea level. 

%Iem sen. level is that surface which would be. a.ssumecI by tlie sur- 
face of the water of the ocem if it were not. disturbed by the attrac- 
tion of the sun and moon and the force of the wind. 

What is a. satisfactory datum? 

Final.ly, what datiun should the Nation adopt? 

s.lioulc1 prececle all its surveying and e.nginee.ring opexatians. 
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Mean sen.lewl may be est.:ibli+ed within a very sma.11 fract.ioii of 
a' foot by continuous tidal observations for at  least a year. It has 
been fouiicl '.from precise-leveling observations that, iiieiiii ses level, 
as estti.blidiecl a t  dii€erent points on t.lie open coasts, is at  all such 
points in tlie sa.iiie equipotential surface; that is, if there were no 
resist,t.ance of the water and wind to the movement of an object floitt- 
ing on t.he ocean tlie object could be moved from one point on the 
coast to another without performing any work-there would be no 
lift,ing necessa.ry. 

While this st.ntenient. m2.y not be a.bsolute.ly true? get it is so nea.rly 
the case that for all engineering and surveying purposes it inay be 
iicceptecl ;is rigidly t.rue. 

If we 1i:ive R surfa.ce a t  hand which ina.kes an ideal datum for the 
elevations of the country, shonld it be aclopted '1 Eficiency denimcls 
t h t  it slionlcl be. 

Mean sea level is nom used esclusively as  t.he hti ini  for :ill surveys 
on litlid by the Coast and Geodetic Survey aiicl by the United States 
(3eologica.l Survey. -It is only occasionally used by the Engineering 
Corps of t,he Army and not a.lwiiys 1:iy the R.ec.l:tmation Service ... 

TT~sllqlly the Geiierxl Land Office does no leveling in connection 
with its surveys of tlie public lanils. There is 110 other Federal 
orpniza tion which covers large areas in  its surveying work. 

We .can scarcely say, in consideration I if the evidence, that mean 
sea. level ha,s been universally adopted by t.he Federal (hrernnient ;is 
t,he da.tum for all of its elevations. 

' 

In Decenil>er, 1916, the Coast a.nd Geodetic: Survey sent the follow- 
iiig letber, or one. similar to it, to the chief engineers of most of the 
large cities of the country, to the State engineer of each State, and 
t,o t.he chief engineer of e d i  of aliout 150 railronds 'in the Unit.ed 
States : 

-4s you kiiow. one i j f  the impc.>rtnnt operations of the United Stiites Coast alld 
Geodetic Survey is thc estension over'the country of n uetworlr of precise level- 
ing which will give elevations .of great :iccuracy. bnsod upon mean sea level. 

We believe that this precise leveling is essential in tlir surveying nntl eugi- 
neering work done in this country l q  verious public and private agencies. ?!he 
net\wrk \vi11 enable engineers to use the sea-level dntuiu on new projects iind 
to retliice to this dntum esistiilg elevations referred til albitmry dntnnis. We 
believe that this country should eventually have but oue datum, in  order .that 
all tq$iieering and surveying \\;ark niny be easily ctiordinnted. We believe 
also that the presence of various datums lends to much confusion nnrl waste. 

In order that we may get into closer touch with- the needs of the engineeriIig 
profession, I should be glad if pju will let me know to wlx~t estent y1.1111' St.nte 
is basiiig the elevntions of its roncl nut1 other surveys mid engineering \v(irL's 
upon n~enn sea level ; also whether the use of viirions :whitr:iry ilntunis "by 
c+nties, cities. and privnty organix:itions within your Stntc is ii serious imitter 
in the industrinl development (:if your 'Stnte. . 

Replies were received from many of these engineers. 



The ..engineers .of. fi1.e uf the cj ties, ~ i i i l i i ~ l ~ ,  Fort ~~TCJrth a n d  E l  
h s o ,  Tex., Ponghlieepsie, N. T., Birmingham, Ala.., and Tei-re 
Haute,. 1n1J.~ r e p r t e d  that memi sea level liacl heen adopted as  the. 

,utficia.l datum for all elevations nsed by those cities. It m i s  1iIion:n 
that Cincinnati had adopted mean sea level a s  its oficial clatnni 
some pears ago. 

The engineers of most of the cities reported that arbit&rg c-latnms 
llad been in use for m m y  years. Many of them stated that. i t  was 
generiilly realized tlinf iiieaii sea level shoiild be used as the official 
(?;I tiiiii, hiit that the espense incident to changing t.lie many ordi- 
1in.iices: profiles, pli1 tes, etc., n1ii.de. ibs ncloption of doubtful espt- 
diency. There are given Inter extract.s froin some of the city engi- 
neers’ replies. (See pp. B to S . )  

Res]:~~!nses were received from inost of the St.nt,e engineers. some 
of thrm signing as State. h i g h ~ a ~ 7  engineer, others as  ilirect.or of the. 
State Geological Survey, engineering commissioner, etc. In all cases 
escept. one, the State e,ngineer informed the Bureau that mean sea 
level. w:is used as the datum for  the State work w1ie.rever bench 
i~inrl~s were a.va.ilable whose elevations me.re liasecl on this da k1.m 

l.’lit..y st.roiigly advocated the. rapid extension of the, precise-leveling 
syst,em of t.he count.ry in order that no extensive engineeiing snd sw- 
\-eying should have to be based npnn n.ss~uiied elevations or ar-  
bit.rary datums. 

E s h c t s  € I Y J ~ I  the l.etters of some of the Stat.e engineers are given 
c:ii pages 9 t.o 12. They sliow very clearly Rncl stronily the, de- 
$rnbilitg of having a single datum for the country. 

The chief engineers of ninny of the railroads replied to the iii- 
qniries of the Survey ‘and, in n e d y  all ca.ses, they stated that mem 
sea level was used, or wa,s in process of aclopt.ion, by the.ir roads. 
The general espressinn of opinion vas that the precjse.-leveling net of 
the country slioiilcl be complet,ed or gre.ntly est,eiicled in order tha t. 
the. nc.cura.te elera.tions might be a t  lmncl as  the l j a e  for what iiiilit  
be ternieil the “ cletailed leveling.” 

Instances mere cited . where a. road hid ~ppa~.entntly been on 
sex-level clat.iini, but considera.ble error l i d  heen disclosed after the 
prccise leyeling had been estendecl bo its lines. Such instances as 
thest! show that iiiean sen-lexel elevntions in a.rras fnr froin the coasts, 
if not based upon prec.ise leyels, niay be in error to snch an est.ent 
that  for practical purposes they may be considered a s  being based 
upon arbitrary datums. . 

Est.racts from letters of some of the chief engineers of railroads 
are given on pages 18 to 18. 
. The city engineer of Terre Haute? Incl.: sta.tec1 that sea-level 
datum ~ 3 s  in use in his city nncl tliiit lie fouiicl the use of the United 
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States Gocernnient bench marks of great benefit. to him. He tliouglit 
t.lia t. the Qovernment. slioulc~ 1iare.bencli 'iiiarlrs in all cities of n t  least 
25,000 popii1ii.tion and that it would be of great benefit if the Goy- 
ernnient est.alslishec1 bench inarks in even 'smaller cities. 

The city engineer of Fort Worth, Tex., wrote this Office in part :is 
follows : 

The elevations of our Renrh ninrlrs throughout Fort Worth have been chniigal 
til wiif~wiii to t h e  d:ituin establislied by the Coiist and Geocletic Survey; We 
Iinvc extentled these beucli IllrIrlis to cover the entire' town. I consider the es- 
tension of your level nets of the greatest importance to the country. Hnviilg 
sonie defiuite datum to work from has been R great convenience and benefit tu 11s. 

The city engineer of Detroit, Mich., sta,ted t.lint, in his city tho 
official datum is 3.n a,rbitrary one, but. tlint the relation betwecn the 
city datum and mean sea level had been established. H e  a,ddecl: 

I cnu see no objection to the city ndoptii~g the C:overnmeut datum ns estnb- 
lislied here. Of course there are n grtwt many records throughout the city, 
both public and privnte. that wcliild be nfleeted, but I think it. woulcl he wise to 
iunke the chauge. 

The chief engiiieer of the Topogrtipliica.1 Snrveg Coinmission of the 
City of Bnltiniore wrote this office, in part, as follows : 

The city of Bnltiniore iu 1593 estnblished a series of precise-level bench 
marks which have been used since thiit time in connection with all engineering 
norlc cnrried fin by the niunicipnlitg. This survey has for its diltum the mefin 
low tide n t  Bnltimore. 

The Pennsylvmia Rni1ro;id. as ~ ~ 1 1  as other cwganizaticins. used still a dif- 
ferent datum. PO one can see thnt, nlthough the city's precise-level work has 
heen carried out t o  R clegree of precision equal t o  thnt ar1i:q)ted by your survey 
m i 1  is sitisfactory for a11 city w r k .  it would have been inuch hettey if the 
datum adopted for B:iltiniore had been that of nieiiii sex level. This. I ain sni'e, 
would have Iweu clone if at the time this survey was st:irtetl R C~overuiiient 
bench mark had been available. This would, tu :I certain extent. have done 
away with certain confusions which uow exist. 

We believe thatt the X J I ~ U  for the United St:ltes i;overnment to establish bench 
IUal.lts tlirougliout the country. lmserl on mean sen-level dntum, woulcl en- 
couixge tile use of that c1:itum liy all who wish to carry on nny estensive 
sq'stein of leveling, and would prove II gen t  convt~iiienee and eliminate olang 
errors and much confiisioii. 

The city engineer of Diiluth, Minn.? wr0t.e tlia t Diiliitli hac1 nclopted 
iiienn level of Lake Supericir ns its dntiun. 

The only objection to iunking the change t? sea-level datum wi~ulcl  be the 
altering of our records. iJllt other th:m thnt it would be a good IUOVB t.a :idopt 
sen-level datum. 

There is shown below the infornintion given on a. ca.rd issued by 
the niunicipal engineers of the city of New York. It mas prepared 
by the special commit.t~e on datum planes.' It gives n ccmparison of 
t.lie nirious datnni pla.nes in use in the city of New Turk. 

He statecl: ' 
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City datum or public works datum of Manlullan. Higbwayr and sewers. Pennsylvania 1. P. N. L Cenbd P. It. +,?.7SE - PUYK Snvire Commission at Produce Exchange +2.653. -Queens Borough datum. Lon! Island City datum +2.725. - Brooklyn Highway Bureau datum. Top~g~aphid Bureau datum +2.547. -Bronx Borouih OT Highway datum +2.608 

THE MUNICIPAL ENGINEERS OF THE CITY OF NEW PORK. 

+la- 

0.0 

-1.D-- 

-2.0- 

COMPARISON OF DATUY PLANES. 

- 

Slandard datum. Mean sea level at Sandy Hook. U. S. Coast and Cedetir Survey datacan. 
Board of Estimate d Apportionment datum. B d  of Water Supply datum. 

- Croton datum, at Jerome Avenue and M c h  Avenue -0.786. 

.-- Dock Department datum. Mean low water i t  tbe Banay -2.103. 

+ Richmond high water dalnm +3.192. 

U. S. Navy Y r d  datum. Brooklyn Watu Supplr +1.680. Brooklyn Sewerlunru +1.678. Bridge Department +1.6;7. +?,T 

For hislory 01 rbove dntnm D I ~ ~ E B  sec Proceedings of hfuniciDal Engineon lor 1916.- 
Plumred by the SDoCirrl Coturnittee on Datum Planer Novembar. 1918. 

It is evident that in the city of New Tork tliere must be niuch 
confusion resulting from the use of so many datums, and i t  is pos- 
sible that the confusion in the elevations and the clatums may involve 
the city in  much extra espense on engineering work, due to errois 
which must inevitably be made in interpreting the leveling data. 

Conditions in the city of Cincinnati in rega.rcl to elevations mere so 
unsatisf aictory that, in Augkist.? 1913, the counc.il of that tit? adopted 
by ordinniice mean sea level as the oficial dntriin foi  all city' wr\-eg- 
iag and engineering operations. Before the adoption of this dakiiu 
e:ich of the varioiis sect.ions of Cincinnati wliich hnd been an inde- 
pendent town had its own cls.t.uin for levels? and there w i s  no officinl 
Connection of the various systenis of elevations. 

The city engineer of Birniing1ia.m informecl the Coast and Geodetic 
Surrey that niem sea level had been acloptecl n.s the official &turn for 
that  city. He  snid that Birmingham was innde up of 13 ninnicipnli- 
ties, which were consolidated into one city government. At the time 
of the coiisolida,tion . a d 1  of these niunicipalities hac1 its own dtitiini, 
and, owing to the fact that the city is about 14 miles long n.ncl 5 or 6 
miles wide, it woiilcl haire been n consiclerable espense t,o the city 
n.fter the consoliclation t o  unclertake to 1i:i.rnionize all of these datnm 
pla.nes. 

The engii1ee.r of the department of iniprorenients and parks of 
the bity and county of Denver replied that the city datum for Denver 
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~ f l s  not referred to tlie. sea. iii il.ny WRY. He closccl his lc-t,tcl. wit.li 
the st:iteiiiriit : 

~ ~ i e r c  is. so fhr ,  no sentiment in favor of clia&ing tlie olrl clatum to tililt of 
m i  l w ~ l .  Personally, I am in fan-or of doing wlintever is necessary tiJ bring 
i i h w t  a clinnge to  the end that the ofticia1 clatum of every city iu the  country 
will r'elicr to the sea. 

'I'lie city enginee.r of Memphis wrote! in part, as follo~vs : 
I regret to advise that years :igo nn art.litrary datum wns ncloljteL1 here and 

ti ist  : i l l  t i t '  oiir city n~orlr is b ~ s e d  on this datum. I t  lins no relation and no 
I i i w  ning wlintsnever. However. 0111' records nt the present time comprise prob- 
:iblp lO!OW pro6les and over 500.000 ini l i~~idual  elevations, which would iiivolve 
us in a n  enornIn11s espenw, with very serious chances of error,. if we slioald 
try to chnnge tlieni. Personally, I should like to sic them ch:ingecl. b u t  I see 
no clinnce of getting :in a l~~ropr ia t ion  for the work. and if I did have it tlie 
.!fib would be a staggering one. . 

The esperience of tlie city .of Meniphis is w1ia.t mn.y lie expected 
In ally city t,hst limy adopt a clntum not liased on sea level. It. is ii 
~ c a m i n g  t o  cities i+icli 1ia.w not gct adopted official d a t u m  that 
iiieiiii sea level slioulcl be t,lie one selected. . 

. A letter was received froni the as@,unt engineer of streets of 
Treiitcq N. J.? which reod in part as follows: 

So fa r  as our esperience 1x1s taught lis there can be no question as to the 
,tiesii*~l:dity CJf n unicersnl cl:ituni pliine. :in11 I think there m u  Be no doubt 
in tlie iiiincls of engineers. engaged in munieipnl work that  mean sex level is 
the only logical datnm plane to adopt. 

In your advocacy of nu extension of sudi I~encli ninrlrs goii deserve tlw sup- 
port :iud cooperation of every engineer in the couutry. 

Thnk it is' nece,ssa.rg to  have precise leveliiig esteiidecl into arem 
mlicre sucli control is not nom available is clearly inciicatetl by the 
di1t.a furnishe,cl by the city engineer .of Salt Lake City. The only 
rlewdions :wailable in 1Tt.a.h previous t,o about 15 years ago wwe 
. f rom leveling by' milrortcls, and that  leveling was clone for the imine- 
dinte control of railroad construction ra tlier t l im to carry absolute 
values witli great accuracy. EIiS letter contaiiiecl tIie following : 

Helow please fin11 list o f  1-11? tliff'erent s e n - l e ~ l  clatuni lines user1 i n  Silt TAie 
(.:ity. 

Feet . 
S3 1 t T.n kt.. City c'orpwn t io ti _ _ _ _  - _ _ _ _  - 0. 00 
TJnital States Weather Bureau _______________________________________ 23.23 
Oregon Short Line 1L;iilro:id _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
li:iitetl States Coast and Geodetic Surrey 
Denver & Rio Gmnde Rnilroud 3. $2 

Frederick Lam Chistead,  an rintliority on city planning, Sll(Jke 
of the nee.d of B single clatctmn in his report. of the Pittsburg Civic 
Commission, which is entitled, " Pittsliurg main thoronghfares a d  
t.lic downtown 'district," w1iic.h appeared in Decenilier, 1810. In 
Part. III. under the heading " Siirveys and a. city plaii." lie S p ~ ~ k e  of 
the iieecl for surveys. One of the objects which lie t.liouglit should 

The city's clntiun being the lowest, I mil iinlling i t  zero: 

_ _ _  - - .. _ _ _  - _ _  _ _ _  _ - _ - - _ _ _  _ __ _ _  - - _ _  

; 36.95 
. .  
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be secured is aii ai:curate franiework of reference points, includiiig 
(1.) the gradual systematic setting of street nionunients througliout 
the city to serve as re.€erence points for tlie definite deterniination of 
street locations and for all public and private local surveys; ( 9 )  the 
nccurate deterinination of the locations and elevations of these and 
other nionunients and bench niarks in reference to a single general 
systeni of coordinates and in reference to tlie United States Goverii- 
ineiit bench marks ; and (3) as a means of accoinplishiiig these ends an 
accurate geodetic triangulat,ion of the district, snppleniented I,y the 
necessary precise traverse. work and precise leveling all fully checked 
and compensated for errors. 

It will be seen froni the prececling qiiot.a.tions and statements that 
city ‘engineers in general are in favor of niean seen level as tlie datum 
for their elevations, but maq7 of tlieni hesitate a t  present to aclvo- 
cnte a change froin t,he arbit.rary da tmns on acccmnt of the expense 
invblved. It is reasonably certain, however, that each city will 
eventually have to  niake a change, in order that the confusion inci- 
dent to the presence of iiiany datums in the city and in the contigrions 
territory may be eliminated. 

As previoiisly stated, the chief engineer of endl of the States of 
tlie TTnion was requestecl by tlie Coast and Geodetic Snrvey to in- 
for111 this Office as to wlietlier niean sea level was the datum used on 
official work in the State am1 whether tlie use of nrbitrury dtttums 
by the va.rious political and private orgnnizutions in the State re- 
t:irded its clevelopment. 

I n  nearly all cases the State engineers answered that  they are 
using inean sea-level datum on engineering work wherever it is prac- 
ticable to do so, imil in most cases they espresseil n desire that precise 
leveling, with elevations based on mean sen level, should be estende;l 
over the- comitq :IS ra.piclly tis possible, in order that mean sea level 
map be nvnildde to piiblic and private 6iiginc:ers and snrveyors. 
There are given below extracts froni some of the letters received : 

The Stitte engineer of Okldiomn wrote, in part : 
Replying to your letter. will say that this clepnrtment is using sen-level dntiiin 

nn nll (if its \Vorli. !Wie siiiue tlatuni is used in nliiiost all of the cities of the 
State. I do not believe that nny pnrticiiler trouhlc is  owasioiied by tlie use of 
private or nssuiiied drttum planes. .owing to the fact tbiit we are so well fixed 
with the elevations all t.hroug1i tlie Stat.e that elevations may he reduced to 
sen level wlien the snine may be needed. 

The Sta.te reclaniation engineer of Tesas said tlia t his department 
constantly ninkes iise of the bench marks estsblished ‘by the Govern- 
ment n.nd that all of his work is Based upon niean set1 level. 

ThH State. engineer of Wyoming said that he was heartily in ac- 
cord with tlie views of this Ofice reln.tive to a standard dnt.um for dl 
elevations connected with surveying work throughout the United 

89’i69O-17-2 
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States. The surveys 'macle h d e r  his supervision are, whenever 90s- 
sihe? based on elevations referred to mean sea level. 111 his opinion 
the stxinclardiza tioii of all elevakions nncl placing thein on the same 
'da tuin woiilcl be of great d u e  to the engineering profession tlirougli- 
,o~it  the country. 

' I  A lettel; received from the road engineer of the Iowa State Higli- 
iva.y Coinriiission read 'as  follows : 

l?eplying v) gnur letter of I?eceniber 14. we would s:iy that i n  ~iighway wdrlr 
the county engineers nre using the sea-level clatum for all surveys \vherever 
bench iii:irks referred to such datum are avnilnble. We are unable to dny 
just what percentage of the counties have such bench iuarlts available. 

It woplcl be :I very great coiiveniencc to us if all of the surve~s were referivd 
t n  sen-level rlatiim. as i n  a few years we will posailsly w i n t  to prerJal*t? ii top?- 
griipliicnl mnp of the Btnte. and if all the siir\'egs were referred tn one clntum 
it \vould be iinnecessnrg to reduce these varioiis siirveys to a cmiinou base. 

We are iinaible to state to which extent kities :ind towns are using the sea- 
level dntoin. but we thinlt i t  is not very general except, possil?ly, in  the cities, 
am1 towns along the Mississippi or Missouri Rivers. 
. The State engineer of New Mexico e,spresse.d t.he hope. that  some 
organization wodcl take hold of the matter of the :idoption of :I 

single dn.tmn and try to persuade. all engineers in his State to adopt 
mean sea-level da,tuni in order to avoid confusion wliich is occasioned 
bj7. the use of a number of datunis. He closed his letter as follows : 

This day (Dee. 57. '1916) there is being held at  El Paso :i teutntive-plan 
meeting. calling all . the engineers in New Aksico. Arizona, and Texis to 
organize n southwestern enginerring snciety. ant1 I feel tha t  :in oi'ganimtinn 
of this killrl. as snm RS it is establisher1 an11 i i i  w o r l ~ i n ~  ortler, ciiii clo n g e a t  
deal of good along this line of \vork. I wil! tnlre it upun myself, aftey tee 
organization of the society. to bring this particular subject before it. 

The chief engineer of Pennsylvmia wrote that all the. district 
engineers usecl mea.ii sea l e d  as the clntuni for their elevations a n d  
that his reports inilica.t.ec1 t h a t  the innjority of the city engineers 
also nsed mean sen level, but that the cit.irs of Sork, Philaclelphin., 
and Pittsl>urgh ' were using :irbi tra ry datums. He espressed the 
opinion that. there is no question but t.1ia.t in time it mould be 8 great 
help if all leveling conlcl be based on one dntuni. 
, The State engineer of South Dakotai. wrote. that in ali of the i y i -  
gation? clrii.inage, road, and other surveys that had been condncted 
unclw .hini inem sea l e d  hac1 been used AS n c l R t u m  for elevations., , 

The engineer of the, State of I<ansas! in replying to 't.l!e letter fr!m 
the ~ u i v e y ,  stated tliat- 

In so far .ns I 11:ive any infoi'niation in the niatter the various engineering 
projects of t.he B t n t r  nre bjiseil on various arbitrary datums. This mnrlit\an 
necessarily causes 1nu~~11 triiiible in ~n:iny instances.. The tiinst 'recent esniiiple 
I no\\: have iu mind is in connection with oiir incestig:ition of flocid ~oncliti~his 
here in ' K ~ I I I ~ ~ I s .  811nie of t h e  iiiost i i q w t : l n t  i1:it:i i i i  th is  wiiiiec:tim iire those 
iu the possession of the railroads, and in order to niake thein ,dvailabie 'it 

.. ' 
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would probnblg be uecessary to 1ii:iIte iiinog adjustiiwnts i i i  the vi~rious clntiiiiis 
employed. Hnd 1111 elevntious been based on iiieau sea level, this trouble would, 
of ccmrse, have been avoided. 

The State engineer of Oregon wrote that in connection with the 
State's irrigation and highway work his depa.rtment endeavored, 
wherever possible, to base its surveys on mean sea-level datum. He 
stated also that he found the bench marks of the United States Coast 
and Geodetic Survey and the United States Geological Survey of 
great benefit, as all surveys based upon them are on the same datup, 
and when connected form a uniform network over the State. 

This is a very important point brought out by the Stnt<e engineer 
of Oregon, for it is where new surveys must be connected with other 
surveys that great confusion arises unless all are bawd upon the 
single datztuni for elevations. I f  there mere to be only one survey 
in a restricted area, and t1in.t survey would never have t o  be joined 
to any others, i t  would be n matter of indifference as to whether one 
datum or another were used for elevations. 

The State engineer of Minnesota stated that he had not been able 
to use mean sea. level throughout the State,.but that as a general 
thing an arbitrary datum had been adopted ineach county ; and, in 
fact, in each of several counties niore thnn one t d i t r a r y  datum had 
beem adopted. The rewon for this condition was the lack of bench 
marks in his State. He closed his letter with this statement : 

We ngree with YOU that it would be very valuable to the State if :I system of 
levels could be established, nncl believe that sucli will need to be done in the 
near future in order to correlate the drainage, highway, aud other engineering 
work in the State. 

The Stite highway engineer of Alabama, in a letter to this Office, 
stated that wherever possible his depnrtnient based the ele.vations of 
their road work upon mean sea level. He expressed the wish that a 
sufficient amount of leveling mig1it.be done in his State to  enable all 
of the road work to be h s e d  upon mean sea level for elevations. 

The deputy State engineer of New York informed this Ofice thar, 
the engineering department of thnt State has, since 1898, used memi 
sea level in all of its work. Previous to that time, elevations were 
q m n  u diflerent d:ttuin for each of the three divisions of the New 
York State canals, those divisions having their headquarters at 
Albany, Syraciise, n.nd R.ochester. He  said that several hundred en- 
gineers, who had been employed by his depbrtnient, but were no 
longer connected with i t  on account of the completion of the barge 
can& are now eniployed by inunicipalities and la.rge corporations, or 
are in  private practice. As they are faniiliar with the sen-level 
datum they are gradually changing the d:a.tums in different localities 
to that one. 'They are having considerable influence toward securing 
the general adoption of mean sea-level datum. 
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The assistant superintendent. of the Department of Public Works 
of the,State of Ohio expressed the hope that mean sea level would 
be acloptecl throughout the entire country :is the datum for elevntions. 
His letter r e d ,  in part, as  follows : 

' : This deilartinent h:is sileilt some time and cohsiderable money in stantlardiz- 
,in& our levels over the public works of the State and we are  nom using United 
States datum (sea-level datum). 

The writer liad occasion to  be called in  consultation on certain proposed im- 
provements and the county engineer used a datum of his own selection. The 
city engineer selected a different datum, while the writer used in his calcnla- 
tioiis the United States clntum. The result, as you can very readily see, w:is 
confusion 'hhich made necessary an estra anionnt of work- to bring the various 
:irbitmry datunis to the sanie standard. 

The chairman of the Public Utilit.ies Commission of Maine stated 
in his reply that- 

We tire thorouglily in accord with your ideas as to the confusion resulting 
from the use of arbitrary 11atunis on projects requiring the cleterniination of 
elevations ant1 this coinmission h:is endeavored, in so f:ir as i t  hiis been able 
to (lo so. to  estend the use of mean sea-level datum on State, nmnicigal, find 
,private engineering works in Maine. 

He closed his letter 6i th  the request for the elevntions, of bench 
niiirks sstnblishecl on a line of precise levels estended across the 
State of Maine by a pa.rty of the United States Coast and Geodetic 
Survey in 1916. He believed that such da.ta as may be avi1.il:ible could 
be advantageously tabulated ancl published in the volume of the 
annual report of the Public Utilities Commission relating t o  topog- 
raphy, geology, nnd water resources. 

It might be well if the various States were to :mist the Feclera.1 
13ure:ius in placing the leveling anel other engineering dntn before the 
engineers of the States. This could be done very well by having the 
necessary d:i,tn nppear in the annual repoits of Lhe State engineers 
and of piiblic utility commissions. 

The vwious rai l rods of the country are vitally interested in the 
aclopt.ion of mean sen level as tlie sole. dntnm for e l e ~ ~ t i o n s  in tlie 
.coiintry, for each of a number of railroncls tmverses the territory of 
severa.1 Sta.tes and of innuinerahle cities m d  towns. There is neces- 
sarily B great cleal of confusion in elevations between the rnilronds 
and the various municipalities and polit,ical units through which the 
roads pass if ench unit has its own claturn. 

The Interstn te Commerce Cominission clirectecl the various mil- 
roa.cls of tlie country to show on their profiles the eqiiations neces- 
sary to reduce elevations to sen-level clatum or t o  ha.ve the pi-ofiles 
bn.secl upon mean sea level. This n7as for the vn.hietiori work under- 
taken by the commission. The result of this requirement has been 
that msny railroads changed from arbitrary datums to the menn sea.- 
level da.torn, iI.lthough probably most of the roads of the 'country ha.<! 
previously adopted mean sen, level as  their datum. It mny be inter: 
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esting to note. tliitt the . B o d  of R.ui1wa-y Commissioners of Canids 
has directed the railroacls of the Dominion to subiiiit all inforina- 
tion in connection with ele.vations anc~ piwfiles . on niean sen-level 
da tun.  

It ~ i l I  be of interest a n d  value t.0 learn the opinion of a. iiiiniber 
of the chief engineers of tlie va.rious ra.ilro:ids of the country' with 
regard to niean sea-level dntuni. To a 1e.tter sent out to thenl by 
the IJnitecl States Coast and Geodetic Snrvey a. number of replies 
were received. The Survey's letter recpestec-1 inforinittion as  to 
whether or not mean sea level mas used by tlie railroncls; if  not, what 
clxtuni was used ; and if arbitrary dabmiis were used in the territ.ory 
tro versed bg the roads, whether they were :i handicap t,U the develop- 
ment of the territory. 

There are given 1)elow the snbstrtnce of sonic of the letters and 
actual quotations from others. 

The assistant chief engineer of t,he Minneapolis, St. Piin1 & S d t  
Ste. Marie R.:iilway Co. stated that. his ronil \\:as using sea-leve,l 
datnm on it.s entire systein, except. on the Chicago division, hiit that.? 
as fast :is possible, tha t division WBS being reduced to mean sea-level 
rlitt.Uni. 

The use of vnrioiis arbitrnry ilntuiiis by States, cities, counties, nnrl private 
orgiiiiza tioiis tilong our line lins not been a very serious mntter. except that 
it reqnires iiiore lnbor nnd pnrticulnr c:ii*e to convwt thiiir i1:itums to the ime 
whi i~ l~  \ye use. T11ei.e is alwnys a gossibility of eiwr in this CiJnVersiijn of 
datiiiiis that lvajI1ld I,e eliminnted hy st:iii11:irdixing sen-level ilntuiii. 

He said in part : 

The chief engineer of the Dulutli & Iron Range Flailroad Co. said : 
Many other oi-psuix~itions in our vicinity use either ail nssuiiied ilntiiin or a 

t1:ituin which. is suplioseil to correspond to the 1iie:in low w:iter ijf Lnke Superior. 
The discrq~:trrq. betweeu the v:irious 11atunis is often cimfnsing. aut1 I linve 
Irnowii ciises where tlie confusion resulted in mistnlies in construction which 
wer6 espensive. 

The chief engineer of tlie Chicago Qren t Western Railroad st.ated 
that his road used ~ a - l e ~ e l  clntuiii for all of its elevntioiis in coiiiiec- 
tion with innps 2nd profiles..' He aclcled : 

~e eoiisider the iise #:if arbitrary iliifuii~s by States. cities. n i i i ~  counties as 
cnusing cijlisiderable iiici:liiveiiieiii.e. Quite fi-eyueutly it is necessary to coui- 
pare [ijur] levels with Itifill work. : t i i d  \\;Iirrc. elevxtiuns n i ~  not on sea-level 
clntuiii it results in coiifusii?ii nu11 inore or less inisiinilerstnnding. 

The chief engineer of t.he Pliilnclelphia &, R.eacling Rai1wa.y . Co. 
wrote in pzrt : 

Our systeiii fiir wine ye:irs hack has usetl-meaii tide at Suiiily Hook for its 
clatum. :iiiil  we lwlieve that  it is the o n ~ y  reason:ible m e  fur such piirpses. 111 

the city (of l'liilaBelphia. where iiii nrbitrnry clutnin is'used, we have to ninlie 
oiir plans coliform to the Philadelphia city datum, in  so fnr ss R I I C ' ~  ~~1:lns 
affect city iliiprowineiits. 

It is  distinctly :I serious inntter t1.1 h:we different lucalities nsing different 
cl:itunis, nird we sl1n11 1:Ie glnd to  see : ing  iiiowmeut tuward the abolishment of 
m y  cliltums which a re  not based on iiieau sen level. 
. .  
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The chief engineer of the Chicago k North Western Railway said : 
I tlinrouglily agree with you tliat tliis ,precise leveling is essential iu t i e  

surveyiug :tiid eiigiueering work done iu this couutry by vrwious public iiud 
private agencies. 

We endeavor to base our e1ev:i tioiis upou mean sea level wherever possible. 
brt iiud that the use of various tlntums liy cities. couiities, mid States results 

I am of the ogiuioii tliut if we hail 
liiit one $itum all of our work would lit. more easily coordinated aut1 would 
result in less confusion and waste thau at  present. 

The chief engineer of the Chicago, Rock Island k Pacific Railway 
expressed the opinion that the estnblishiiieiit of :trIiitrary clatuiiis 
by States, cities, connties, n.ad private organizations should be. dis- 
couraged as iiiuch as possible, as they c m s e  a great deal of confusion. 

The chief eiigineer of niaintenance of way and stiuctnres, lines 
east, of the Southern Railway system said, in part : 

1 aim ghici to advise that for some yeiirs pist ou this railway we have had :tii 
our surveys- tied into se:i-level diituui. We h r e  fouud that the presence cif 
various 'r1atuius lea(1s to mucti confusion nuc~ waste.' 

The chief engineer of the West,ern Muryln.ni1 Railway Co. said : 
We have had and still eiicouuter trouble in  nvoidiug O~YVJPS clue to the differ- 

ent datums used by utljaceut riiilronds, wrious cities. counties. nud private 
organixutions. We are heartily in f:iror of tlie estal)lishineut of yi aut1iorit:i- 
tive datum for use and adoption by all. 

The ei1gine:e.r of the Chicago, Peoria & St. Louis Railway Co. 
wrote tliat- 

We are eiiclenvoring to reduce the various nrbitrni-y datums used iu the COII- 

structioii of this liue to sea-level i1:ituiii. We (11.1 t i i i t l  that .considerable iucoii- 
vcnieuce is occiisioned by the use of nrbitrary dnturus. Inasinuch as we :ire 
brought in touch with various drainage projects along tlie liiie we feel tiitit 
some comiiioii datum should be used. 

The chief engineer of the Missouri Pacific R.ailway wrote as 

It is very desirable. though uot nlxwlutely essentlal, to me oiie datum pl:iii~? 
for ril l  engiueeriiig elevations, :is with conditions ns :it present existing there 
is ri grent den1 of confuaiim and tinie lost in looking up proper equations to 
chauge from one clatum plaue to another. 
In gettiug rriiigli spprosimntions of the discharge of streams it is necewiry 

to know the alJgroxiuiatr slope, aiid to get this it is necessary to know the 
elevations of crossings rif  the river a t  different points OD its course. Where 
elevatious of these crossiugs are referrrcl to tlifferent datums it is fre- 
quently impossible to get niore than $1 very rough npprOSiNatiO11 of the differ- 
ence of elevn tions. which results in n corresponding approsirnation of the dis- 
charge. This also very frequently 1iql)peus in conuection with drainage work. 

The use of vwious arbitrary datums by States. counties. cities. uud priwte 
organizations is becumiug more ani1 iuore a serious lxoblein. fur the reason 
that i t  requires cousidel'alile research or investigntiou to ileteriuiue whether 
the elevatious used :ire referred to sea level or other datum planes and tlieu 
to ascertain the correct equ' r l  t' Ions. 

considerable confusion aud arguments. 

. 

follows : 
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:I do not linO\\r o f  :illy vne thing wIiik.11 tlir Ci):lst Survey hns undertnlten 

yhicli will be of grertter benefit to the engineering, profession of the country 
:it large. in so far as all engineering t:q>erations :ire concerneti--.sutl by t$is 
one can nlinnst m y  all indnstrinl dev‘elcipment of the country-thn tci proinnte 
and secure tlie arluption of iiieaIi sea level ;is the dntuin for all e1ev:ttions. 

The chief engineer of the Illinois Central Ra.ilroad Co. infornid 
this Office that his road uses niea!i sen level as .the dgt~iiii for its 
elevations. He concludecl by saying : 

The various clatuin planes used by cities aut1 surveyors along the lines of 
this company cause, in m:iny cases, confusion irntl incmveuience in coiinec!,iuii 
with the working up of p l~r i s  nnd the correlating of them to Ioct1.1 siirveys? It 
would be of gre:it benefit if, as you suggest. :L single datuni plane were in use 
a11 over the United States, and presuiii:ibly this wi1J be in effect some clay. 
but tlie time will he greatly advanced throngh t.he estnblishinent by the United 
States Coast and Geodetic Survey uf beach iiinrlis thiwughout the country. 

Tlie chief engineer of the Kansas City Southern Ra.ilvmy Co. sa.icl 
he believed that if :I universal sea-level clatuni could lie a.doptec1 by 
a.11 State, county, and city orgamizations it woiild be of grent benefit, 
not only to the ra.ilroa.cls but to other indnstrial .as well a.s private 
org:inizations. He heartily indorses any niovexiient that would bring 
sbout this plan. 

Tlie chief engineer of the Leliigli Valley Ra.ilrcmtd Co. said in part : 
I ngree with you that. it would be n very grent benefit if the country should 

evei;tunlly have but one clatuin, in order that nll engineering n1111 surveying 
work n ~ i y  he easily coorAin:ited. This wouli~ snve r.onsidernble nniioymce nnd 
many crrul-s. 

..The chief engineer of the Hocking Valley Rni1w.n.y Co. said that 
all of tlie elevntions of his road are referred to sen-level datum Lnt 
thtit, iis far LS he knew, none of tlie towns or cities on his line used 
that datnni. He said tlint the idea that all levels sliodcl be referrkcl 
to sea.-level clatum is an escellent one and that it would facilita.te 
matters if the whole country would nclopt this datum for all of its 
le\-ding. 

: The chief engineer of the Delawtre, Lackanminii & Western Bail- 
rbad Co. said: 

There is jin question in our work bnt that the variation in the data is confus- 
ing. ; i l d  i t  certainly would lie not only to the mi1ro;id COIIIpii11J”S interest but 
to, the interest of the muiiicipnlities, boroughs. etc.; nlong the line to have a 
uniform clntuni. 

The chief engineer of the Michigan Central Railroad Co. is using 
inem sea level on tha,t; iwad as the datnni for a,lf elevations. He adds: . 

.I believe that the use by States and counties :uicl by privnte orgnnixations of 
datunis (liffprent from the sen level one is R grent disnllvnntnge. especlinllg where 
tlie milroads are requested to do mnrk in connection with them. such as build- 
ing sidetrucks, ‘etc. When tlie elevations of floors and cjther portions. of a 
building are given on :in arbitrary datum and thr milroad mork is clone 011 the 
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sea-level drituni, there is :ilwnys very grent cliaiice of error i n  relating one 
datum to the other. 

The chief engineer of the Chicago & Alton Railroad Co. stated that 
it is imfortunate that the municipalities have not, like the railroads, 
:Idopted the niean sea level. As an illustration he stated t1ia.t almost 
!every day situations occur in Chicago where elevations are referred 
to city datum ; that is, the average elevation of Lake Michigan. This 
produces confusion, as it is necessary to consider the relation of the 
nrbitrary datums with reference to mean sea lcvel, which is almost 
universally used as the datum by railrosds, geological surveys, etc. 
He added: 

Any degnrture from the Government clatuin lirocluces confusion and often- 
times eiiibarraksing situntions. I 11:ive hrtd ~iiicli experience in the city of 
Clevelnnd ant1 in tlie city of Pittsburgh. where for many years no datum plane 
of any sort esisted that was relinble tiid properly referenced. 

, The chief engineer of the Pennsyhania Railroad Co. informed the 
Survey that all construction on his road was based upon elevations 
on the sea-level datum, with the exception of some few cases where 
his work joined with that of cities, when it was necessary to have 
plans based upon the clatunis adopted by the municipalities. He  
cspressed himself as being heartily in favor of reducing all eleva- 
tions in the country to the meal; sea-level datiim. 

The chief engineer of the Boston c!! hlbmy Railroad wrote i.n part 
as follows: . .  

We have fnund Governnieiit precise lereliiig of. the greatest service to 11s ill 
connection with our 1ie:iv.v I’CCoiistriiCtii~ii o i i  the Boston L Albriny Rni1ro:id. 
W e  are running nltogether on the Government ‘datiiin. and I quite ngree with 
iou that tlie whole country should :idopt it if a t  all possible. 

The various dntunis a t  present i n  use i i i  cities :ind towns cniise much con- 
fusion and wnste of time in eqwting hetween them. For instance, in our 
work i n  t h e  city of Boston, with which the city work conies in contact. we 
have to run everything on sen-level clatum and also on the city of Boston 
cl:itum, nnd similtu. conditions obtnlu i u  W’orcester and Springfield. 

I have been endeavoring, :IS fnr as possible. to get the wrious town and city 
eugiiiesrs dong our road to :idopt tlie sea-level dt~tuni, and .wveral of them nre 
now using it. 

The chief engineer of the Los Angeles & 8n.lt Lake Railroad CO. 
wrote tliat- 

A book can be written setting forth the value of precise .levels nnd the 
clisatlvuutnges of assumed levels. Therefore, I think it only iiecessary to say 
t.hut we use your levels wherever we find them. and our regret is that your 
work is not now further advauced. We are in hearty sympathy with you1* 
work and hope that you will be able to continue it in R broad way. 

The chief engineer of the St. Louis-San Francisco Railway Co. 
informed the Survey that all the profiles of his road that are now 
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being l>r'1>i1reil? 01' t.h:l t 1ia.w l>ee11 p ~ ~ p a r e d  for soiiie time l>ilSt, ;ire 
Imecl on sea~lev-el. dii tiini, and  that  lie considers i t  ;I. serious impx i : .  
tion to have. various arbitrary clntunis by Stittes, counties, cities, etc. 
He s:iirl bliat serious cSificulties iwre encoiiiiterecl by liis roii.d ;is it 

resu1.t of various cla tums in coiinect.ion with drainage niatters: g:rnJe 
selw ration, ;ind developnient work. 

The chief engineer of t,he Wisconsin L!, Northern Rlii1ro:rd C!o. BR id, 
in par t :  . e 

A s  ii genenil 1iropositim thtw cnii be 110 question as to the great !lesirril4itg 
of ltnvin;: r i l l  survea-8 and benches rrf'errctl to se:i-level t1:itutii. niid in utlier 
snrwys upoii w l i i ~ ~ h .  I linve Iwen engaged in this territory for interurlnu linee, 
:uid, to a iiliiior esteiit. n.ater-pt:wer tlevel~.qmeiit. I hare gone to soiiie lxii,ns 
tu estulblisli siwh clntnm. Wliile frum m y  own experience I cm1 s:iy but little 
:IS to tlie beariiig of tliis quertiiiii upon iiiiliistri:il 111~di ip1~e11t~'  I can s:iy 
without liesitiiticiii tli:it tlie 1ii:irter is a11 iiiipwl.:iiit o w  n i i d  will lmmiie, in- 
cre:isingly sn :is tlie coimtry beconies iiiore ltiglilg tlwelopeil. I wiiilil add 

wv:i tion tiint from the tremriiilnus esg:insji:in nt.lw beginniiig ii i  

pc.ri~inneut r~i:i(I ci:i~istriictim. tlie prnvitling (if sucli l>:ise lines of pi:wise 
leveling as you Iiieiitiuii at  the earliest l)rnc.ticnl>le date W J U I ~  be of tlw grmtest 
i~ngurt;iiice :ius; tiwetit. . 

Tlie chief engineer of the Oregon shor t  Line Railroad Co. iln- 

nouiicecl tliat his ro:i.d is using iiieiin s~:i-level clntuiii for  a.11 of its 
e1ev;itions. He said that  lie fonncl the results of tlie Uiiitecl Sta.tes 
Cwist niicl GeocMic Survey leveling invalunLle for his use. in coli- 
iiection witli location a n c ~  m i ~ i ~ i t e ~ i : ~ i l ~ ~ ,  worlr. I-Ie espre.ssec1 the 
Iwlief t.1ia.t: if eigineers generally coulil realize the saving in time ni!cl 
lcsse~iing in confusion which would result fro111 the, iise of the 111e311 
sen-level clatum, they woi~lil eliminate the 17arious inclepenclent 
clstuiiis ancl a.dopt tlie stanclnrd sea-lecel clntmni. 
. Tlie chief engineer of the. Northern Pii.cific R,a.ilwa.y Co. repliecl that  

there is a. gineat clea.1 of confnsioii at. present caused by t.he v;irious 
c!a.tnms usccl for level work l>y cliiikent. rnilroacl coinpaiiies, cities, 
iu .~r l  ~:wiv:i,te orgnnizntioiis. He also said t1i:it the Northern Pac,ific is 
iisiiig sen-level dnt.uni, but that t.Iiere is confusion caused by the fact 
tllat sea-level tIa.tuii, as usee1 by otlier orgnnizatipns, 1in.t~ different. 
eleva tion-s. He expressed tlie opiiiioii that  engineering work mon1.d 
1:ie grently facilitated if it could he based on the snine dat.uin for all 
the Ststes. 

This  is nnot1;er inst.ance where elemt.ions, supposedly based oi1 

ii1enn .sea level, iire in error lje(:aiise of t.he lncli of precise leveling 
elevations before t.he cletiiiled leveling was run. This is iin :irgnnie.iit 
:Tor the extension of the precise level net into the areas which no\v 
d 1.) no t 11 v e this f und;~ iiim t a1 con t r 01. 
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The chief engineer of the Toledo d Ohio C%.ntral Ridway Ch. 
approved of :my niovement to establish reliable bench marks, referred 
to sea level, o\ier the territory of the United States ns, in his opinion, 
i t  would be of great valne to the engineering profession and to  a.lL 
iiidnstries which have engineers in their service. 

Iu dnys gone hy n great many surveys were iiiatle on our road and referred 
t~?  any arbitrnry datuni that the iuiiii in charge might choose, with the result: 
thntowe find it clifficiilt and incnnrenieiit miing  tiiiies to utilize prirperly the 
results obtnined from these uld snrveys. * All the work we are U I W  doing is 

He  ndcled : 

referred to seii-level (1. il t un1. 

The quots.tions contained herein from letters received from ni:iny 
of the most prominent engineers of the country prove conclusii-ely, it 
is believed, tlint it would be f:ir better for the country i n  its in- 
dustrial aiid engineering de.ve1opments if there w c ~ e  used cmly one 
datum and if that dat.um were nie:in sen level. It! is realized by tlie 
members of t.he Coast and Geodetic Snrvey that much of the con- 
fnsion in clntnnis which now exists is di1e.t.t) the fact t1ii.t tlie precise 
level ne.t of the Unitecl States was not este.nded in tlie pis t  'as rnpiclly 
as it shonld have been. I t ,  of course, was impossible, or rather im- 
practicnble., to exteiicl a precise level net. into a.rena through which 
railroncls hacl not been run, for the espense woulcl hare been pro- 
hibitive. It niay be that the Survey clicl not. fully renlize the news- 
sitp for having all enginee.ring and surveying work on the same 
dntnm, bnt in recent pears it has been fiillp d i v e  to t.he necessity of 
having n. single clatuni for the entire coiintry, and it is consequently 
estrnding its precise lereling net :is rapidly as fuiiilv n.niliible. will 
pennit. 

To show how active the Survey has heen in it,s precise lereling in 
recent years; .it niny be state,d t l u t  in Deceinher, 1907, there were in  
the Unit,ed States 34,000 miles of precise leveling wliicli hacl Been rnn 
by tlie Unitecl St,htes Comt and Geocletic Surrey, t.he Corps of Engi- 
neers, United States Army, t.he United States Geological Snrvey, t.lie 
Unit.ecl States Lake Survey, tlie Pennsylwnin and the 13:iltimore &, 
Ohio R.n.ilroncls, toget.her with the Mississippi nnci Missouri E.i\.er 
Conimissions. The a.nioiinb of precise hveling in t.he country in De- 
cember, 1916, was 35,500 miles. It may be interesting to note t.h:it 
cliiring the calendar ycar I N G  about $00 miles of precise 1eveling 
were adclecl to the net by the Coast and Geodetic Survey. 

That the nmount of precise leveling in the United Pta.tes is entirely 
jnndequnte is shown in the following table which gives tlie amount of 
leveling in ninny cjf the countries of the world. This table d s o  shows 
the ainoiint of such lel-eling for ench 100 sqiinre miles of area. We 
shoiild doiible the :imount of leveling in this country within the nest 
few years. 

, 
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Country. 

United States.. .. ___. ......... ._. _ _ _  __.. :. .. __. . _ _  _. ........ _. ... 
~ i ~ l i ~ .  -. .__. ....................... _.... _. . __. ... .__ __. ... ._. .. 
British Isles.. .................................................... 
hustria--I.Iuogary.. ............................................... 
m3uw. -. ........................................................ 
Ccimanv.. ..................................................... _. 
h p n u . .  . ._. ......................................... ._. .. _ _  ...... Italy. - _. .......................................................... 

-- I area. 

... 

kea.  

Equtlre ?i8i1es, 
3>!lA),NHl 

m,um 
121,0(10 
241, liw 
207. m 
W9. IY10 
111,ooi) 
liti,onO 

3.5,500 
20 

13,804 
18,129 
7,234 
33, ti61 
4, MI3 
Y , 1 3  

17,301 

While. it  is of d u e  to the Nation for various organizations and 
iiidividuals io adopt :inc~ use iiieaii sea-level d:~.tiiiii for their elevu- 
tioiis, the country will benefit still more if each orgmiza tion doing 
estensive leveling mill publish in psmphlet forni the elemtions nncl 
descriptions of the bench marks they niny esttablisli in order that 
other orgnniza.tions n n d  individuals may properly coordinate their 
levels. Engineers a.re urged also to use substtzntial hench iiinrks in 
order’ t1i:i.t f nture work 1iin.y he 1)enefit.ed 1)y their prewrvntion. I n  
this connection it niny be interesting to quote fimm a 1ett.er which 
was  sent to the Engi~ieeriug Record bg I?. D. Tenton, of Oak Har- 
bor! Ill. This letter a.ppenreil in the issue of May 20, 1916: and is 
entitled : ‘i Surveys and bench marks-more pernianeiice needed.‘: It 
r e d s  as follows: 
SIX : I \vo~lcl like t.o suggest :a nit.we ge~~ernl ust: of sen-level A:it11nl ant1 refer- 

ence ties to public lanrl lines l:vr a11 surveys: the ~ n c k  of which wilt geueixlly 
be found tu be weak goiuts in many surveys. The too freqiieiit priictice of 
nsin;: assuinetl bench I U n r l i s .  Such as spikes in trees. or tops of  curl^? sliould 
be tl iscon t i 11 lied whcrever pr ac t icnble. Ref ereuce poiuts. such as st i I lies a oi1 
iiiarks opposite center of structures. are often used instead of t.ownsliip and 
sectiou lines. It is only a questioii of.a few yeltrs before nssiiinetl bench iiiarlis 
and reference points mill be destroyed. aiid tlie surveys \vi11 be prnctically 
viilurless for future use. 

Recently I desired records (.if high-ynter iu:irks along a certniu strip .of land 
to use in estrtblishing a high-water plane. Several dozen surveys. which hud 
heen nmle for ger~nnnent 1)r ic I~~ work :ind which contaiinecl high-water reoirds, 
were t-Wained from tlie files. As is often tlie case, the surveys lind beeu iunde 
from assumed beiicli iuarks. The .connecting Iiuks were inissing and the sur- 
veys were valueless flJr iny purpose. 
’ One finds ~nnul: mnlm profiles. aucl topographical snrveya nu file in engiiieer- 
ing offices beming practically 110 direct relation tt:, each other. Engineers have 
h:id occasion in Taluation work, and in lawsuits inwlving surveys. to handle 
i i i i t r ~ ~  null profiles the value of which would have been intrinsic if only soine 
relation between the imps and the profiles could hare 1.1eeii estnblished. The 
engiueering departments nf Iwth si11:111 and 1:lrge corlwmtions are iiiore or Iws 
a t  fault i n  the m:itter of allflwing siirveys tn be inade :ind filed mliicli are of 
practicrilly no future value. 

1. a 
.o 

10.6 
5. I 
3.5 

16.0 
4.4 
5.2 
1.0 
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The. Fedc.r;!l i;vvcrnnieiit hiis cst:il.dislwtl sc.:i-level bench mnrlis ani1 pcrni;i- 
nent 1:Ind lines in m m ~ y  pnrts of the country, find their use sl~ii11lil 11ecome 111isre 
general in surreys id : i l l  liillrls. The 111ore ;ent.r:ll use of sea-level ilatilnl iuiil 
Inntl-line ties f~.w snrveys will :lid greatly i n  reilucing the tluplicntion of ficlil 
survers't aJc1 \vi11 teiid tow:ird imiugiir;itiug n more permanent :III~I ecoiiomic;il 
11olic.y of ~il;tlii~lg ;tnd filing ~ r v e y s .  

I n  the October 13, 1916, copy of Science there. is a. short art.icle 
entitled ' 6i Espet1it.e the 11i:i.p." It anncunced that a committee t.o 
expedite bhe complet,ion of the Lopogriipliic niap of the United States 
1i:id 1jiv.n formed, on the invitation of the 'mell-known geograpliey 
nncl geologist, Prof. 13'. Mi Davis, of Harvaril University. Prof. 
Davis, t,he writer of the :irticle. in Science, inade the statenlent : 

]::very industry.' i r t ,  :int:I science wiiicli ~ m a u d s  ii Iii1ti\\;letIg6 of the lay of 
tlte Iniicl is bencfitcd by good ninps of the arm in which wurl; is cnrricd 011. 

Il'he general location of milways find highways, the planuing of water supplies, 
Jrrig:ition. and dr;~ inage projects. the prosecution of gedi:igic:il, suil. ;in11 fix'est 
sii,rveys. the development of water powers. and the installntinn of electric 
tRinwiission lines, the pro~nation of l%rge-sc:ile realty trnnsactions such ns are 
ct:minioii iu the less settled parts of tlie country, :ire all aided immensely if 
gtiia1 tt.qit:rgrapIiic maps of tlirir nreas arc awil:it>Ie, and t~iey :ire 'correspo:id- 
iitg!y eniburrassed if sucli iiii111s :ire smiting. Practical iiien who have lint1 ex- 
Iwrienw in iljoppeil and in unm:ipperl areas can .testify to the ease and the 
tlificulty of nrorli in the t\vo cases. 

This is admirably sta.tecl nnd is convincing in showing the neces- 
sity for  acciira t.e. topogrqhic niaps in the conntry. Engineers \vi11 
realize that such maps c:in not Le accurate mil cnn not be of tlie 
grw'test v:ilne unless each map or section of a. map has its elevations 
and ctiiitoiirs referred to ;I coinnion d;itum. 

<:nx ("LI'Sl ON. 

The Suriley, whose ob1ig:ition it is to ext.enc1 the precise leveling 
net. Over the country for the m e  of Federal, State, city, nncl other 
engineering, surveyinqa? and mapping mork, feels t h a t  the expressions 
oC opinion of the 1e:iding engineers of the country point to only one 
conclusion. This is that the Federal GoverAieiit should provide the 
fundame,ntal elc.vations in snfficic.nt nnmber that the varioiis Fcclcrd 
engineering and surveying organiz:i.t.ions nncl the smuller p o l i t i d  
miits such as  States, counties, and cities, as well ns privnte orgnnizn- 
tions a.ncl individuals, n1a.y have a,va.iltible func1a.inent.d elc.v:it.it-ins 
-upon. Tvhich t o  st.art leveling, precise or ot.lierwise., for detailed c l p ~ -  
a t.ions. 

The amount. of prec.ise leceling-which shoulil be. clone by the Federal 
Ctovernment can not. be foretold. ' It must depend upon the needs of 
the varioiis org:miz:it.ions aiicl'iiiclivicliinls using the results. After n 
certain c1e.velapment of t.he precise level net wliicli n'ppenrs now to 'be 
nl-,solut.ely necessary, t.he rapidity wit.11 which further estensions we 



MEAN SEA-LEVEL D.4TUM FOR ELEVATIONS. 21. 

made slioiilcl depend up011 the dewlopmeiit of the country. But. siich 
furt.lier este.nsions shoiilil precede mtlier than follow such develop- . 
nient as is proved by the unfortunate condition of affairs in iiiucli of 
our engineering and snrveyiiig \ v ~ r k ,  cliie to lack of precise elemtions 
in the past, when sncli work mns inangurntecl. 

TIWi the increased cleinniicls for accurate tnpograpliic iiiaps I-~f  the 
coiintry, the monclerful est,ension of our good-roads niovcnient,, t.h0 
esteiision of the rnilioacls, : ~ n d  the llerelopnient of river, irrigation, 
a.nd clra.ina.ge projects, t.lie precise leveling of the coiint,ry shoulcl 130 
carried in the near futnre into niaiiy of the lnrge arem nom having 
little or 110 :iccurnt.e leveling. Tlie furt1ie.r c.onclusion may be drawn 
.that it will be best for t.lie efticieiicg of the country as a wliule t,lint. all 
new leveling, I?y t.he va.rioiis orgniiizntions arid individnals engged 
upon engineering a n d  siirvrying n70rk. be plnced iipon nienii sea-level 
clatnni, wherever t.his is pract.icable, und a.lso t.1ia.t as f a r  as possible 
existing leveling referred to :irhitrary clatmns shoulcl lie changed to 
sea-level cliitum. 

step toward the iiidustri:il prepa.re.clncss of 
oiir Nation the cngineerinw wess, the Nationnl! Stntc, :i.iicl city engi- 
neering 'socieiies nnd associnticq aiicl engineering orgsniza.tions and . 
incliviclunls of the coiintry will tdre an active part iii fnrt.lie:.ing the 
use of inem Sei1 level as the clatuiii f w  elemtions. 

. 

It is liopecl that a.s 

b l  
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