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FOREWORD 

This manual is issued for the purpose of giving the general require- 
ments of the United States Coast and Geodetic Survey in carrying on 
its tidaJ work and to serve as a guide to those engaged in takmg tide 
observations. It includes instructions for the maintenance of pri- 
mary tide stations and also for securing tidal data necessary in hydro- 
graphic surveys. Instructions pertaining to temperature and density 
observations are given for the convenience of the tide observer who 
takes such observations in connection with his regular duties a t  the 
tide station. 

The computations given cover the work needful for the determina- 

tides are covered in 
Harmonic Analysis and Prediction of Tides. 

This manual was prepared by Paul Schureman, Chief of Section 
of Tide Reductions, under the direct supervision of Capt. Paul C. 
Whitney, Chief of Division of Tides and Currents. It supersedes 
Special Publication No. 139, Instructions for Tide Observations, and 
Special Publication No. 154, Instructions Primary Tide Stations. 
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MANUAL OF TIDE OBSERVATIONS 

PURPOSES OF TIDE OBSERVATIONS 

1. The tidal work of the Coast and Geodetic Survey is carried on 
for the purpose of serving the needs of the mariner, the engineer, the 
scientist, and the public generally. The work had its ongin in the 
necessity for reducmg to a common level.or datum plane, soundings 
taken at different stages of the tide, and this still constitutes one of the 
important ,purposes. Among other outstandmg purpose? are (a) 
the determlnation of tidal datum planes for general en meemg work, 
(a) the derivation of data for the prediction of tides, t )  the securing 
of information pertaining to the mean and extreme rise and fall of the 
tide which may be necessary in the construction of piers, bridges, and 
other structures for which the tidal condition is an important factor, 
(d) the securing of data for the study of crustal movements in the 
earth. A contlnuous series of tide observations in any region also 
provides data for the reduction of shorter series of observations. in 
nearby areas and furnishes infofmation often required m connection 
with legal cases involving maritime mterests. 

2. Tide stations may be classified as primary and secondary. 
Primary stations are those at which observations are to be continued 
for a number of years for the pU;PpoSe of derivFg basic tidal data for 
the locality. A secondary station is. on? whxh IS operated over a 
very limited period of time to.obta+ tidal mformatlon for a particular 
purpose and the length of series wdl depend upon that purpose. 

TIDE GAGES 

3. A tide gage is an instrument for measuring the height of the tide. 
Tide gages may be divided into two groups-nonregistering ages 
which requireathe presence of an. observer to take and recor8 the 
height of the tide, and self-registemg or automatic gages which auto- 
matically record the rise and fall of the tide while unattended. 

4. The first grou includes the tide staff and some types of float and 
pressure gages. TEe second group includes a variet of ty es, some 

others by printed figuras, and othersphotographically. The two prin- 
cipal kinds of automatic tide gages used by the Coast and Geodetic 
Survey record by means of graphs. One of these, known as the 
“standard automatic tide gage”, is designed for use at primary tide 
stations or where observations are to be continued for a considerable 
period of time. The other, known as the “portable automatic tide 

age”, was designed for use a t  tide stations which are to be continued 
for only a short period and where ease of lnstallation is a desired factor. 

of which record the rise and fall of the tide in-the r y P  orm o a graph, 

1 



2 
TIDE STAFF 

5 .  The simplest kind of tide gage is :L plniri stafl, which may consist, 
of board 1 to 2 inches thick a n d  4 to 6 inches wide, graduated in feet 
and tenths.  The length should he siifiricnl, to cstend from the lowest, 
to the highest tide which mny rcasonnhly be c s l w t r d  in the locality 
where the stnfl is to bo used. Siicli a stall’ is scoured in :L vertical 

position to a pilc or  other su i tn lh  support, 
with the gradn a t ion s incrcasin g upward. 
When nailed in placc or othrrwisc secured 
so as not i o  be c:bsily removable, it is cnllcd 
:1. ,fixed sttr1.j. 

6. Vitrified scale.-To overconic dilGcultics 
rcsnlting from thc defnc~ement of the gradu- 
:itions on n wooden tido stJnff, which may 
lwcomc illegible nftcr n cornparnt8ivrly short 
time, tho oflicc ]ins atloptrd n set of scales 
gr:xtluatcd in fert and tenths, which are made 
l)y baking IL vitrifictl coating on wrought-iron 
strips. The strips arc  in :$-foot sections 
:ibout 2Ji inrhes wide, thc sections hcing so 
gr:~diiatctl t h t  wlirn p1:iccd end to  end form 
:i single continiioiis sr:dr. Tho scnlcs may 
Ije srciirrd to n wooden st:iff or siiitablc piece 
of timlwr, hr:rss screws and lead washcrs 
being providcd for the piirpose. 

7. Glass tube.--li’or use in rough wrLter a 
glass tuhc  nhout  )/z inch in dirimctcr 1s sc~urctl 
t,o tlic Eacc of tho tide staff by spring chps or 
other devices. Tho Iowrr end ol tho t ihe  is 
pnrtially closed by inearis of a notched cork to 
dampen down tho motion of the water insidc. 

8. Portable staff.-Aft,cr IL fixed tido s t d  
11~s bccn i n  tho  w i t r r  for n considerahlo 
lirriod of tirnc, pnrticularly in harbors where 
t]licrc is much rcfiise or fuel oil, tho gradu- 
:hotis m n y  hecomc more or lrss illegiblc. To 
avoid this, therc are used at many of tho tide 
stations a portable tide st:rll’ (fig. 1) which 
riiny he c:isily rcmoved from tho water anti 
storctl under shelter when not in actual usc. 
The tide stafl mny be constructed in hinged 
sections for convenience in storing. I n  ordcr 
thtrt such a stall’ shall always have its zero a t  
the s:mc elevation whcii placed in tho  wixtcr 
for usc, n tide s t d  support permanently 
secured in nlace is necessarv. 

0. The tide st:Lfi’ support with 1ci;gtli correspondiiig spprosirnntcly 
with that  of tlic porta1)le stail’, may he constructed of 2-inch plank 
somewhat wider t h m  the tide stall’ and covered with copper sheathing 
as n protection against tcrcdos and other marina borers. A metal 
plate at  tlic top of thc support forms a shoiiltlcr on which n metal 
stop sccurcd to the baclc of tho tide stafl’ rcsts when the stalf is in 
position for use, thus assuring a f i s c d  elevation for the staff zero. A t  
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intervals along the support, metal guides are arranged in pairs to 
hold the staff in a vertical position. 

10. Different methods hnve been adopted l'roni time to  time to 
counteract the efl'ect of buoymcy of tthc water which might lift the 
portable stsfl from its 

ing the elevationof its 
zero. 0 r i g i n  a1 1 y, 
pieces of lead were 
attached to the stnn'; 
later, a locking de- 
vice d e s c r i b e d  on 
p a g e  14 of Special 
Publication No. 113, 
w a s  a d o p t e d .  At 
some tide s t n t i o n s  
this device riirty still 
bein use. The metal 
plate on top ol' the 
support was provided 
with a projecting lug 
which fits into a sock- 
e t  in the stop on the 
tidestnB,whcreit was 
held in plnce by a 
spring d e v i c e .  At 
the present tinie, the 
vitrified scales used 
on the tide staff give 
sufficient w e i g h t  to 
hold the stnB in place 
without any special 
device. 

11. Multiple staff.- 
Along shore w h e r e  
shoal water extends 
some d i s t a n c e  off- 
shore and the range 
of tide is too large to  
be m e a s u r e d  by a 
single stair, a succes- 
sion of stan's may be 
used. The different 
staffs should be so 
g r a d u a t e d  and in- 

support thus cliting- Tape Gauge 

I 

- Reading Nark 

Floor o f  T/de House r 

1-1 
&tilled that  the grad- 
ustions will be continuous from one staff to tho nest with tho rciitlings 
on all of the staffs referred to  tho same zero. 

FLOAT GAGE 

12. A floitt grge  is one in which the elevation of tlie water surl'ncc 
is determined by the position of a float. Although in strictness this 
definition would include tlie automatic gages which are operated by 
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floats, the term is generally applied to the nonrcgistering type of float 
gages. The  float operates in a vertical box or pipe with a small inlet 
to  dampen out  the larger waves, thus giving the name boJ:gogaforInerly 
applied to  this type of gage. The float gage may be used in place of a 
tide staff in localities where the water is too rough for staff readings. 

13. There are several kinds of float gages. I n  some, the float sup- 
ports a rigid rod or staff; in others, the float is connected by a flexible 
tape with a counterpoise. I n  some 
float gages, the grttduations are on the iiiovablc rod or tape with rcad- 
ings talrrn opposite a fixed reading n~arlr. In other gages, an index 
on the rod or tape moves over a lixed gr-t~duated scdc .  When R float 
gage is used a distinction must be rrit~de between tlic visible scale zero 
and the gage datum to which the obsci-ved heights are rclerred. The 
latter may be defined as the water surface at  the time the gage reading 
is zero. Some of the gages may be arranged for incrcnsing readings 
as the tide rises, while others are arranged for dccrcasing readings as 
the tide rises. The latter should be considered as negative readings. 

14. Tape gage.-The ttLpe gage (fig. 2) uscd by this Survey con- 
sists of a graduated tape attached t o  a float and provided with a 
counterpoise to  lteep the tape taut  as the tide rises and falls. A fixed 
reading Inark is placed a t  a convenient height in the tide house and the 
tape readings are talcen opposite this niarlc. The tape graduations 
tire in feet and hundredths with numbers increasing townrd the float, 
so tha t  the readings increase as the tide rises. The tape may be 
either stainless steel or phosphor bronze-the advantages of the 
former being llcxibility ltnd legibility, and of the lritter durability. 
Some of the tape gages tire equipped with a 3ji-inc-h float, others with 
the standard 8j&incIi float. Tlic htrgor h i t  is to be prefeimd as it 
stttbilizes the plane of flotntion rcwdci*irig i t  less sensitive to  change 
from frictional resistance in the opwttion of tlie gage. The  dtttuni 
of a gage of this type is a plane locsted below the rc>ading liiark by ct 
distance equal to  the rending ol the plsne ol  flotation upon the tape 
extended. 

15. Pipe gage.--Thc pipe gnge is IL type of Ifoat grige which has 
been used on offshore shoals in n depth of 30 feet of water. This gage 
consists of a white-pine rod stafl, cross section 1 by 1 inch, with 
rounded edges, graduated on each of the four sides in feet and two- 
tenths with the zero (0) at  the top, and set in a hollow cylindrical 
white-pine float 1 j4 inches outside diarnctcr and %-inch inside diameter. 
The  float should be thoroughly covered with shellac and liquid paraffin. 
The  length of the rod will depend upon the range of tide in the locality 
where it is to  be used and the length of the florLt should be about 
four-tenths that  of tho  rod. Tho float well consists of a 2-inch iron 
pipe, the Eotton of which is set in a 1,000-pound concrete block to  
serve as an anchor. The pipe should be h g  ~ 1 1 o ~ g I l  to  rerich above 
the ordinary waves a t  high tide arid a :Cinch hole should be drilled 
in the pipe several feet I L ~ O V C  tlie concrete anclior. A cap with a 
square hole through which tlie staff ~)itsses, is screwed on top of the 
pipe after the float staff has been placed inside. Just below the cap 
a 2-inch flange for the attachment of guy wires is screwed on the pipe 
and four srnall sheaves, one for each guy wire, secured to  this flange 
by wire loops. The top of the float pipe is secured in a vertical posi- 
tion by four guy wires of No. 6 wire with leads rnrilcing an angle of (ioo 

The latter are called tape gages. 

For installation of tape gage see page 24. 
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or inore with tlie vertical. The end of each guy wire is anchored to  
concrete blocks, giving a total weight of about 2,000 pounds to each 
anchor. For convcnience in handling each concrete block may be 
cast with wire rope loops projecting. After the anchors have been 
set the guy wires are led through the sheaves a t  the top of the float 
pipe and drawn taut, a fence-wire stretcher being convenient for this 
purpose. 

I’RlW3IJRE GAGE 

IC,. The pressure gage operates by ineasuring the variation in prcs- 
sure a t  tlie bottoin of a body of wnter due to tho  rise and fall of the 
tide. Although not as satisfnctory as the types of gages usually 
employed for tide observations close to shore, pressuiw gages havc 
been used with some success for observations taken on shoals a t  some 
distance froin land where i t  has been impracticable to install the usual 
type of gage. 

17. Roberts offshore tide gage.-A now type of pressure gage hns 
recently been designed and constructed by Lt. E. B. Roberts, of this 
Survey. The body of the age has two air chambers connected with 

registers the difference in the premire in the two chambers. With 
the connecting vdve open, the apparatus is lowered to the bottoin 
of the body of water in which the tide is to be measured, the pressure 
in the two air chnnibcrs rcniainin equal during the descent. Upon 

ber against further change in pressuro while the ower chamber is 
open to the changes arising Iron1 the variations in the wntcr pressure 
ns the tide rises and falls. The iiianomctcr tulm cwnnec-tiiig tho two 
c~hainbers rcgistcrs this vnrin tion. The rending of a flonting scde 
inoving over a fisrd indcs is rrcordcd l)liotogrnpliic.ally at regular 
in tervals by a smnll cnniera voiltaincd in the apparatus. h i  illus- 
trated dcsvription of the gSage in considerable detail is given in the 
IWcl Enginccrs 13ullctin of thr Coast and Geodetic Survey for June 
1934. 

each other by a vnive an f a mcrcurv-filled manometer tube which 

reaching the bottom the valve is c 7 osed, thus sealin the upper cham- ? 

STANDARD AUTOMATIC TIDE GAGE 

18. The present standard automatic tide gage used by the Coast 
and Geodetic Survey is a development of the Stierle gage adopted by 
this Survey muiiy years ago. A float operates in a vertical box or 
pipe to which the slow moving tide has free access while the more 
rapid moving waves resulting froin winds are largely damped out by 
the relatively srnall size of the inlet to the box. The rising and falling 
of the float operates a worm screw on the gage which moves IL pencil 
to and fro across a aide strip of paper which is moved forward by 
clocliworlr. The cornlined motion of pencil and aper gives a con- 

19. Names of parts.--lqor convcnhce of rcfercnce there are given 
1)elow tlie Iinnics applied to dif‘eren t parts of the standard automatic 
title gage. ‘I’ho numbers correspond to those given in figures 3 to ( 5 .  

tinuous graph sl~owiiig the rise and fall of the ti ct.’ e. 
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I ,  Time clock. 
2. Motor clock. 
3. Clock case. 
4. Supply roller. 
5 .  Tension springs. 
f i .  Pencil serow. 
7. I’enc!l iirm return 

spring. 
I(. Pencil screw 111111 

hearing. 
9. I l i~iding screw for 

pencil screw berr- 
ing. 

IO. Poiinterpoiso driirn. 
I I ,  Plont druui. 

12. J‘loiit d r t i n i  o l i i i i i ~ ~  

13. I’loat drum c l n i n ~ ~ .  

14. 1LI:iin roller. 
15. Sliding ~ ~ i i l l ~ y .  
If;. T o n s i o r ~  weigI11 

tlrurn. 
17. Itecciving roller. 
18. Itecciving roller re- 

1e:ise huttons. 
I v .  Winged nuts spcur- 

ing clock onit. 
20. Diiturn pencil rod. 
21. D n t i i m  n e n c i l  

ing nuts. 

ing nut wrenrli. 

ClrcInp. 
22. Diitorn pencil hold. 

or altiniping nut.  
2% D:itum pencil hold. 

or.  
21. 1)nturn r~encil. 
25. 1) n t u  in 11 e 11 I* i I 

~ I I I I I I J I ~ I I ~  serow. 
21;. IToiir tripping rod. 
27. Cl~iinping screws, 

tripping rod tis. 
soinlily. 

2x. I 1  o ut‘ t r i  1 1 p i  I I  I: 
weight. 

2!1. Ilour tripping Irvcr. 

~- 
Figure 6 

IO .  1 lour  trip pin^ lewr 
clamping screw. 

11. Jlour t,ripping lw(sr 
spring. 

12. I lnur  li-ipplng :irni 
t~iriding screw. 

13. IIorir tripping urin. 
11. Carrier nrm. 
15. Carrier wlieel. 

-- ~- ~- ~~ ... -~ 

I~’ig:urc G 

36. Hour tripping Iiook. 
97. Itecording pencil. 
:iX. l l o c o r d i n g  p o n c i l  

Iioldcr. 
:I!!. R e c o r d i n g  p e n c i l  

damping  screw. 
40. R e c o r d i n g  p e n c i l  

t~older adjusting 
screw. 

4 1 .  Pencil nrin. 
43. l l e c o r d i n g  p e n c i l  

weight. 
4 3 ,  l’oncil n r n ~  l)i!iirlng. 

20. Clock unit.-The clock unit consists of t,wo clocl<s niountecl on 
a frame. Facing the unit, the clock on the left ( 2 ,  fig. 3) is the motor 
clock which has for its function the tnrning of the main roller at a 
uniform rate, thus regulating the forward moveinen t of tho rccwrd 
paper. The  clock on the right ( I ,  fig. 3) is called the time clock and 
has for its function the striking of the hour marks on the record. 13y 
use of two C ~ O C ~ S ,  the time clock is relieved of unnecv.wary work and 
may therefore be more accurately regulated to lieep arid record the 
correct time. The use of two clocks has the adtlitioiial advantage 
of aiding in the securing o€ a continuous record since the stopping of 
cither one of the cloclts over a limited penod of time will not  cause a 
complete loss of the record, which may be interpreted through the 
functioning of the remaining cloc~li. 

21. When the clocli uriit is in position, a spindle operated by the 
motor clock extends through tlie bzwlt of the cloc~lc case and has se- 
cured t o  itsextremity atoothcd cnrricrwl~cel (85,iig. 5),\thich actuates 
the main roller of the gage when engagement is made through a hinged 
carrier arin (34, fig. 5) attached to tho latter. I’rojecting from tlie 
time clock through the bark of the cl0c.k cnsc is a spindle carrying a 
short arm (33, fig. 5) which is wtuated by a cam in the clocli. This 
operates the hour-marking device which is dcscrihed in paragraph 32. 

22. Each clock has an %day movement and may be regulated and 
corrected as similar cloclts in ordinnry use. To avoid injury t o  thc 
hour-mnrliing device of the time clock, however, the iriinii te hand 
must not be turned backward when between 10 minutes before and 
5 minutes after the hour “ 12 ”. ‘J’he hour hand niny be tunicd in 
either direction, and if it is necessary to turn the clock backward within 
the limits noted above, it may be accomplished by turning the hour 
hand br~clr a, full hour and theminiite hand forward to  the correct time. 

23. If either clock runs consistently fast day  after day, the regulat- 
ing lcvcr should be moved slightly toward tho lcttcr “S”; and if 
consistently slow, the lever should be moved toward the letter “F”,  
cure being tdtcn not to move the lcvcr so I‘M 11s to introduw ti11 crror in 
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standard tide gnge, the two clocks wcro mounted independently in the 
clock case, the time clock on thc left and the motor clock on the right. 

25. Rollers.-Thcrc arc three rollers on the gage, which are dcsig- 
nnted as the supply roller, the main  roller, and the receiving roller. 

The suppZy roller (4, fig. 3)  is II solid rod 011 which the blank roll of pnpcr 
is placed. This rod is readily removable from the gnge nnd is pnssed 
through the holc in the centor of the blank roll. When on the gage it 
is held in place in its bearings by tension springs (5, fig. 3) on each 
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side. These springs also press ngninst the cnds of the roll of paper 
and kccp it from unwinding too fnst so thnt the pnpcr will be held 
taut between the supply roller and the rnnin roller. The prcssure of 
the springs may bc regulntcd by slightly bending them. 

26. The main roller (14, fig. 4) is n, hollow cylinder 12 inclirs in 
circumfrrence and hns nttrtched to its nsis n t  one cnd n hinged carrier 
arm (34, fig. 5 )  which cqytgcs wit11 the cnrrici. whcc.1 gcnrcd to the 

J’ic.uiri: h --SI WI il<l . L I I I O I I I  111c 1 1 1 l n g ~ ~ ~ o  ( ~ I o c h  ~ I ) I I I ~ I Y ~ I ~ ~ )  

motor clock. Through this connection the rollcr is rotated at  tho 
rate of one turn in 12 hours, thus feeding the paper forward at  the 
rate of 1 inch per hour. Near each end of the cylinder sharp steel 
pins are set a t  1-inch intervals to keep the paper from slipping 
over the rollcr and insure that its movement will correspond to that 
of the roller. 

27. Tho receiving roller (17, fig. 4), which is designed to roceivc the 
completed record, consists of a solid core with one side flattened 
and an outer shell in which a slit runs its entire length. With the 
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slit opposite the flattened side of the core, the end of the paper is 
inserted and then secured in place by a slight turn of the shell. The 
roller is held in place in its bearings by pins which may be released 
by pressure on the buttons (18, fig. 4) at  each end. At  one end 
of the receiving roller there is a small drum (16, fig. 4) provided with 
a pawl and ratchet, upon which is wound a cord attached to a weight. 
A silk fish line is genridly used for tho cord, which is designated 
as the tension cord. The weight, known as the tension weight, serves 
to wind up the record paper on the receiving roller, and by keeping 
a tension on the paper also assists the motor clock in tiirning tho main 
roller. A weight of 12 ounces to 1 pound is gencrally satisfrtctory 
for this purpose, and when used with a rnovable pulley the extra weight 
of the latter largely offsets the diminished strain on the tension cord 
resulting from this method of suspension. 

28. Record paper.-The paper for the standard automatic tide 
gage is furnished in rolls about 13 inches wide and containing about 
66 feet in length, which is suficient for 1 month of record. The 
paper is plain without any ruling. After the tide curve has been 
traced upon the tide roll the record is called a marigram. 

28. Pencil screw.-The pcncil screw (6, fig. 3) is II rod al~oul 
56 inch in diameter with a square screw thread mth a I-inch pitch, 
except that for a very large range of tide a scrrw with a ::-inch 
pitch is used. The pencil screw is rotated through the action of the 
fioiit as the tide rises and falls, and in turn actuatcs the pencil twin 
causing a pencil to trace the r c ~ ~ w d .  The t h r d s  at each end of the 
pencil screw are turned down to prcvcnt the pcncil arm from janirning 
on reaching the extreme limits of the rod, and springs (7, fig. 3)  
are provided a t  each end to return the arm to the threaded portion of 
the screw as soon as the tide rrvcrsrs. Sce paragraphs 129-131 for 
instructions relating to the care of the pencil screw. 

30. Pencil arm.-The pwcil  arm (41 , fig. 6) ciwries the rwoiding 
pencil and is actuated by the pencil scrrw, moving toward the clock 
unit on a rising tide and in the reverse dircction on a falling tide. 
I n  the bearing of the pencil arm (43, fig. 6) is a pin which fits into the 
thread of the pencil screw by means of which the motion is coinmii- 
nicated. The pencil arm contains a holder (38, fig. 6) in which either 
an ordinary or a specid automatic pencil (37, fig. 6) can be used. 
A medium soft pencil is recoinrnended. 

31. Datum pencil holder.-Tho dntuni pencil lioldrr (23, fig. 4) 
carries the pencil (24, fig. 4) which traces the datum line. Either an 
ordinary or special automatic pcncil may be used in the holdrr. 
Attcrition is called to the fact that the climping device by which thc 
datum pencil holder is secured to the rod (20, fig. 4) consists ol tt split 
block (21, fig. 4) held together by two screws. One of the SCIY’WS 
is covered by the spring attached to the holder proper and must be 
tightened bcfore the spring is placed in position. The other screw 
is secured by the clamping put (22, fig. 4) after Ihc holder hits hem 
adjusted to the position deslred. 

32. Hour-marking device.-Thr Iioui~-ni~~rking il(1vicc is :ictiit~ted 
by the time clock. A cain attrwhcd t o  the muin shaft ol’ the c1oc.k 
turns with tho niinut e h i d  a id  operiitrs LL lrvcr which is connected 
with a srnall arm (33, jig. 5 )  projecting froin the bwli of the clock 
case. This arm in turn presses against the spring (31, fig. 6) att>ached 
to the lever (29, fig. 4)  which is connected with thr  tripping rod 
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(26, fig. 4). A tripping weight (28, fig. 4) holds the lever ngainst 
the tripping arm. Beginning 30 minutcs nftcr the hour, the cain 
grndually swings the tripping. arm and lever outward raising the 
weight and moving the tripping rod toward the recording pencil. 
The limit of the movement is rcnched a t  the striking of tho hour, 
when the cam suddenly releascs the lever causing thc tripping weight 
to fall and the tripping rod to strike the hook (36, fig. 6)  attnchcd to 
the pcncil holdcr. This causes the pencil to  mnke a short hour 
mnrlr pnrnllcl to thc cdgc of the pnper. The pencil is then immedi- 

atcly rctur~icd to its original position through tho tiction of thc pencil 
weight (42, fig. G ) .  

33. Float drum.-The float, d rum (11, fig. 3) which opcrntes the 
pencil screw is thrcndcd to accomrnodntc the wire to which the float 
is a,ttnched. A set of four intcrchnngeablc drums, with circum- 
ferences of 6 ,  0, 12, and 16 inches, is provided with tho gage to ndnpt 
it to diflercnt ranges of tide. For very large ranges, d r u m  24 inches 
in circumfercncc nrc also nvnilablc. The drums now in general 
use nre about 1); inches widc and hnvo thrends cut in the face to 
acconimodntc 18 turns of thc float wirc or 1G turns to the inch. 
Drums nrc also tbvnilnble with widths approsimnting 1 $I inches with 
a corresponding incrcasc in tho number of turns of thc wirc. There 
is a sinnll lido drilled through the face of the drum near the outer 
edge to secure the and of tho floiil wirc. Tho float drum is sccured 
to tho counterpoiso drum on the pencil scrcw by two clninp nuts 
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(12, fig. 41, which may be set by a special wrench (13, fig. 4) provided 
for the purpose. When these nuts are loosened, the drum may be 
turned to any desired position. 

34. Counterpoise drum.-The counterpoise drum (10, fig. 3), to 
which is attached the wire supporting the counterpoise weight, is 
secured directly to the pencil screw and has the float drum clamped 
to one side. The counterpoise drum is about 5;i inches in circum- 
ference and is furnished in different widths to correspond to the 
width of the float drum used. The counterpoise drum that is 1% 
inches wide will contain when filled a little more than 8 feet of wire, 
and the larger drunis a proportionally greater length. A small 
clamp or hole near the inner edge of the drum affords a means for 
attaching the counterpoise wire. The wires are so arranged on tho 
float drum and counterpoise drum that when one winds up the other 
unwinds. 

35. Wire.-Phosphor bronze or niclrel-chromium wire (No. 23 
American gage) is used to connect the float and counterpoise weight 
to their respective drums. The nickel-chromium wire is stronger 
but less pliable than the phosphor bronze wire. Since the threads 
on the drums are designed for this size wire it is importrtnt that it 
be used as any other size wire introduces a slight error in the scale 
of the gage. 

36. Float.-The float designed for standard automatic gage has 
a diameter of 8?4 inches. Assuming the weight of sea water, fresh 
water, and kerosene to  be, respectively, 64 pounds, 62.4 pounds, and 
55 pounds per cubic foot; the corresponding buoyance per inch of 
immersion of a cylindrical float of this diameter is 2.10 
2.05 pounds, and 1.81 pounds, respectively. I n  the norma opera 
tion of the gage with a strain of from 12 to 16 ounces on the float 
wire, the float should be about one-half submerged. As a free float 
the immersion will be from 35 to )/z inch deeper. 

37. Counterpoise weight.-The counterpoise weight acts upon the 
counterpoise drum to create a tension in the float wire and take up 
slack in the wire as the tide rises. It is usually connected with the 
drum by wire and may be either attached directly to the wire or act 
through a movable pullcy, the latter arrangement being in general 
preferable. For the most satisfactory operation of the gage, there 
should be a tension of % to 1 pound in the float wire. The weights 
recommendcd for diflercnt float drums will be found in the tablo of 
scale combinations on page 13. 

38. Sliding pulle~--The sliding pulley (15, fig. 4) is free to slide 
on an axle be ow t e counterpoise drum. This pulley was desiped 
to lead the counterpoise wire away from the float wire, especially 
when i t  is planned to locate the counterpoise in a compartment 
below the gage. When the counterpoise wire is led to a pulley 
above the tide gage, the use of the sliding pulley is unnecessary. 

39. Scale of gage.-The height scale 01 the gage de ends upon 

screw. The different scale combinations are shown in the table 
below: 

pounds: 

the circumference of the float pulley and the pitch o f the pencil 
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!our!lor- Counler- 
IIOISO poiso 

weight (totnl) 

~ ~ o i l ~ l r i s  ~ 'o t lnr ls  
I 2 
2 i 

'I 
4 5 
0 7 
4 5 
(i 7 

.-_..___ 

13 

- 
Pleat 
wiro 

lomion 

I'onnds 
0 .03  

. 0 3  

.03 

.88 

. x 2  

. x 2  

. xn 

In thc abovc titble thc rttngc liiiiit of the curve shows the inaxiiiiuin 
rmgc that  cnn bc recorded by a continuous curve with the scale in- 
dicated. Bcyond this limit the pencil arm becomes discngaged from 
tho threads of thc pencil screw and further risc and fall is registered 
by a scries OI jogs near tho iiiargin of the pnpcr. Thc extreme range 
which can bc rccordcd hy thcse jogs dcpends upon the size of the 
float drum. I n  thc coluiuns for thc extreme rango limit two values 
are given for cach sculc. The first valuc is the limit when float and 
counterpoiso drums havo a width of 1% inches, arid the sccond value 
whcn tho width is l$i inchcs. Tho counterpoise weight given in tho 
table for each scale is that  recorninended when the weight is supported 
horn a niovablc pulley and is cxclusivc of thc 1-pound pulley now in 
use. The total weight of counterpoise including the inovablc pulley 
is given b thc next colunin. If the counterpoiso weight is attached 
dircctly to  its wiro without a movablc pulley, tho wcight given in the 
eighth column should bo lialvcd. 

I'OIWAULIC AUTOMA'I'IC' 'l'lI>lC GAGE 

40. Tlic portd)le automatic tide gagc was dosigned by this Bureau 
pririiarily for use in obtaining short series ol observations for thc 
rcduction of soundings in Iiydrogrtipliic surveys. Tho aim was to 
providc a gage niore portnblc and mort casily installed than the 
standard gage. Besidcs being snialler, it diflers in a number of ways 
froin thc larger gage. It is equipped with n singlc roller and a single 
clock inovcrncnt, tho latter bcing concealed inside the roller. A 
counterpoiso spring is substituted for counterpoise wcight. 1 t is 
providcd with a sniiiller float which operated in a convcniont sizo 
iron pipc which SCJ'VCS also ns II support for tho gige. An iron covcr 
protects thc gage hoin the wcatlier or niolcstation and eliminates the 
necessity for any s p c d l y  built slielter. The rccord is drawn on 
sheets of cross-sec tion pc~pcr which may bo conveniently rcmoved 
from tho gagc when dcsircd. Although some degree of tho precision 
of the standard gngc has bccn sacrificed to gain the conveniences of 
tho sniallcr gage, it is sufficiently nccurnto for tllc purpose for which 
it was designed. IIowcvcr, as tho sindlcr g a p  reqiiircs mora frequent 
specialized attention than tho standard gaga, tho  gain in the original 
installation is lost whcri a long series of obscrvatioiis is contemplated. 
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41. Names of parts.--ThIm views ol the portnblc tLutoitintir, tide 
Following are gage with parts nuinbered are shown in figures 7 to 8. 

the ntmies corresponding to the nuinbered parts: 

5. Ke$fiole for windingcl~rck. 
fj. Slylus screw gear. 
7. Stylus screw gear nu l .  
8. Idle ge:ir. 
9. Id10 gonr screw. 

10. Idlo gear lever nul.. 
L I .  I'lotit clrritii ge:ir. 
12. l ~ l n i i t  druin gOar mi1 
13. Floa6. 
14. Cover locks. 
15. Cleiining tool. 
10. 1iil;iko coo~)ling. 

17. 1~'loiit drum. 
18. F l I l t L L  l11.l1111 11\11! sore\\. 
l!t. Blotit druin tixla. 
20. Oil con1:iiner. 
21. Stylus screw. 
22. Styliisrcstirig txir. 
23. Stylustirnirclurn springs. 
21. 1':iper Iiolding clip, 
?5. IIcigtil utljtistmeiil sorow. 

21i. Pair letider clniiil)ing screw. 
27. l~'luii1 pilie nrich~rr I ~ o o k s .  
2s. C:ounterpoise s1)ring pnwl. 
Z!t. Couriterpoisc spring riitchot. 
:io. Counterpoiso spring axle. 
:il. l'lunt clruni (:over plate. 
32. Screw covering ail liolo. 
3 3 .  Slylr~s arm. 
:i4. '1'i;nu adjustment screw. 
:is. Stylus holdor. 
38. slyllls. 
37. Stylus weight. 
:<x. SI ylus  tirrn bonririg. 

42. Record cylinder.-The ~ * r c ~ i ~ l  c ~ y l i r i d ( ~  ( 3 ,  fig. 7) on wl1ic311 
the paper for the record is wound is 7 inches in length and 19.2 inches 
in circuinl'crence. The cylinder is geared to ti cloclc movement 
carried within itsclf whicli ctiiiscs j t  to rottile on tin rixle through its 
center. The nslo is clmipcd jii its supp0rts by II rapsttin nut  (4, fig,7) 
rind the cylindcr slioulti 110 so pliicetl tlmt this nut is on the same side 
of tlie instruinerit tis the t r t h  ol gctw wliccls. In this position the 
cylinder rotates in such t& direction that  the top niovcs towards the 
stylus screw. The cyliiidcr is pi*ovided with n clip (24, iig 8) lor 
holding the record paper in plricc. 

43. Clock movement.-&i 8 - h ~ ~  c:locl~ iiiovciiwnt is inount,cd 
iiisitlc tlie record cyhnd~r ,  ~ t s  function being to rotstc thc cylinder 
tit 11 iiiiiforiii rrek, whicah is o ~ i ( ~ ?  in 48 hours. Tho circiinifereiwe o f  
the cylindcr iiiovcs forwstd 0.4 inch pcr hour, the tiiiie scnle of th(\ 
record. Kc.yholcs lor wintling iind rogulieting are in  the end of t h o  
cylinder containing the clttrnping nut. 
44. Stylus screw.-The stylus screw (21, fig. 8) is nctwttcd by II 

train of getirs connecting with t h  flortt .dimurn and operates the arm 
tlirit ('nrrics tho  recording styliis, Inovlng this m'iii lmcliward and 
forward t is  the ticlc? risrs and ft~lls. ?'be SCI'OW is ~ ~ i t t d e  of phosphor 
bronze r i n d  h i s  te sqrltwc scww t h m d  with IL pitcJi of' 0.4 inch. The 
SCI'CW thr(w1 tcwiiintit ('s in cii.crilti~* gi*oovc~ tit ( 1 ~ 1 1  end to prcvcnt 
the stylus n n i i  f loi i i  jwiiiiing whrn  the limit of its inoveiiient is 
r e d i c d ,  tir1tl springs (2X, lig. 8 )  tire p i w i d c d  to force the I L I ' I ~  bnclc 
ag&i on tlic tlii~ctul whc'n tile titlo i*~:vc'rscs. A ~ C I L I '  wlicel (6, fig. 7 )  
is cltmipctl to OM: ctid ol LJN SCI'CW b;y u iiiilloti-Jiocd nut ( 7 ,  fig. 7) 
ttnd intty be rclriisc(I wlicn it is desired t o  i'esct the stylus. 

4 5 .  Stylus arm.-'l?ie. styliis w J t i  (33, fig. { I ) ,  which carl-ies t,hc 
recording stylus, Jirts in its bearing a $1 that fits into the thread of 
the stylus s (ww 1tnc1 when the h t t e r  is tilt-ncd with tlie rising and 
fnlling o l  tho tide the arm moves bncliwrtrd and lorwnrd along tho 
screw. T h o  stylus ami  crwricd a small weight (37 ,  fig. 9) to over- 
coinc, the tendency to bc thrown 1)ncIc on a i-ising titlc. A stylus 
holder ( 3 5 ,  fig. 9) is pivoted to t h e  w n .  Two slow-motion screws 
act upon this holder-ono (34, fig. 9) is designed Tor a relined time 
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setting of the stylus, and the other (25, fig. S) is designed to set the 
stylus to nn exact height rending. 

4G. Recording stylus.--'l'hc recording stylus (3G, fig. 9) consists of 
n pointed blade, dcsiqwd to trncc the record 011 n specially prcpnrcd 
wns-contcd pnper. The stylus is so shaped f l int  it will ride smoothly 
over the clip that holds the paper in place. 111 some of the older 
types of the gage, ordinnry pciicilq niid spccinl ch-onogrnpll pcns 

4 
I 
I 

N 
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axle (30, fig. 9) on the opposite side of the drum is attached to one 
end of the counterpoise spring and does not turn with the drum. 

48. Counterpoise spring._'rhe count,erpoise spring enclosed in tho 
float wire drum opcrntes against the weight of the float and takes up 

- 
F I G U I ~  M.--I'ortnhlo nutoinntic title g e ~ o  (loft sldo). 

the slack in the float wire as tho tide rises. One end of the spring is 
fastened to tho inside of the drum and tho other end is attached to 
the subsidiary axle (30, fig. 9). The latter is hcld fixed by a ratchet 
and pawl (29, 28, fig. 9) during the ordinary operation of the gage 
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but may be turned by a clock key when it is desired to increase the 
tension of tho spring. Tho spring is about 18 feet long nnd is coin- 
pletcly wound by about 40 turns of tho dram. The spring openites 

37 

,34 

in a bath of watch oil tvliich is introduccd through one of tho screw 
holes in the cover plate (32, fig. 9). 

49. To replace a broken spring proceed as Iollows: Looscll s c r e ~  
(18, fig. 8) which holds tlic shaft connecting the float-wire drum with 
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Sedc 

its driving gear, then take out the six screws holding the cover plate 
(31, fig. 9) and remove it from the face of the drum. Slide the drum 
away from the standard toward the gear train and remove the screw 
which fastens the inner end of the spring to the fixed shaft. (This 
screw is slotted in its shank instead of in its head.) Take out the 
screw holding the other end of the spring in the drum and remove 
broken spring. Now, put in the screw, which is slotted in its shank, 
through the round holq in the inner end of the new spring and fristen 
this end of the. spring in place to the fixed shaft, wind the spring so 
that it will fit into its recess in the drum and attnch its outer end in 
the drum case by means of tho screw provided for that purpose, and 
reassemble. About a teaspoonful of fine watch oil should be put in- 
side the case through the charging hole, which is closed by means of 
one of the s k  small screws (32, fig. 9) holding the cover plate in 
place. 

50. Fair leader.-This is A pulley mounted on a brass arm attachctl 
to the bottom of the base of the instrument and extending down 
inside the short section of flont pipe. It is secured in place by n 
clamping screw (26, fig. 9). Its  purpose is to  guide the flont wire 
from its drum to the center of the float well. 

61. Gears.-Thc f h n t  wire drum nctiiatcs the stylus screw through 
a train of three gears (11, 8, 6, fig. 7) .  The two gears (11, 6) are 
interchangeable with other gears furnished with the instrument to 
obtain diilerent scald ratios. The middle gear (8) is an idler used 
for all scale ratios and provision is made for an adjustment of its 
position to properly mesh with the other gears in use. Each gear 
bas the number of teeth stamped in the metal and the combinations 
to be used are shown in the accoinpanying tnble: 

Maximum 
ran&!@ of Ocnr 

tido nl tncliod to 
float-drum 

nilo 

Clem 
nttricliocl t o  
stylus screw 

30 
64 
72 
72 
90 

52. Scale of gage.-By changing the colnbinntion of gears ILS in&- 
Gated in the tnble above, five difrerent height scales may be obtained 
rringing from 1:llji to 1:45. The Iiiaxiiiium range of tide wlucfi can 
be recorded AS a continuons ciirv? with the difl'erent sonlcs is also 
indicated in the tnble. Rowever, 1f an unexpcctcd extreme high or 
low water does carry the stylus to one end of the stylus screw beyond 
the limit, evidence is usually left which will onable an experienced 
iabulntor to dctcrminc the approximate height renchcd by the tide. 
The absolute limit of range which cnn be recorded by tho present 
gage, operating under iisuiil conditions, is fixed by the length of wire 
w&h can be wound upon tho flocit-wire drum, which is approximately 
30 feet. 
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53. Record paper.-The record p p c r  for the portiLb1e fiutoniptic 
tide gage (fig. IS) consists of sheets with special cross-section ruling. 
These sheets are 7 inclies wide mid 19.7 inclies long allowing for :L 
:&inch overlap, tlie ruled portion being 19.2 inclies long to corre- 
spond to the circumference of the recoid cylindcr. Tlio coordii~ii tci 
lines ruled parallel to tlic short cdgo of tlie pyier pi*ovide for the tiiiic 
scale, and those ~it~i-allcl to the long edge provide for tlie liciglit scalc. 

54. The time scale is unifornily 0.4 mcli t o  the ltour ntid the lio~ir 
lines are so spwed. Tho lioiir spaces :ire subdividcd by liglilcr lilies 
into six equd  piwts to represent 1 0-minute intervals. The leiigtli of 
each slicet is sitfficient to include 48 hours wliicli are numbered in two 
sets from 0 (midnight) to 23 (11 p. m.). The Iiciglit scale riiling 
varies according to tlm scide with wliicli tlie gage is to  bo opertittcd 11s 
indicated by tlio table on page 18, provisions being niiide for five 
different scales. For tlie smallest scale, 1:45, the sheets nrc ruled for 
feet and half-feet, but for all otlier sciiles the foot spxes are sub- 
divided into five parts, each representing 0.2 foot. Printed on the 
margin of eiicli sheet is IL note indictiting tlio height scnle of the p:ipr~' 
n ~ i d  the correct gears to bo used with tlie same. 

55.  Originally tlie p p e r  provided witli the gngc was linislied wit11 
ordinary sizing for use witli pencil or ink, neither of wliicli wns 
entirely satisfactory. Tho difficulty with tlie use of ink was diie to 
the large changes in  humidity to  urliicli a tide station is exposed. 
Because of tlt e cn'ec t of excessive moisture on ordinary rccord pnper 
i t  wiis found impossible to obtain ~LJI ink wlticlt woiild g im sntisfnctory 
results under all conditions. To overconie this difficulty tliere is 
now used a wax-coated paper on wliicli tlro record is traced by n 
stylus wliicli removes the wax coating letiving exposed IL colored paper 
bema th. 

56.  Float wire.-The wire used for this giigc may be either plios- 
phor-bronze or niclccl-chromium. Size No. 25, American wire gage, 
is required to fit the groovcd thrcad on the floiit drum. This is it 
little finer than thnt used lor the standwid tidc gngr. 

57. Float.-Tho florLt (13, fig. 7) dcsigncd for usc with the portablc 
tide gage is a liollow brass cylindcr 3% inclics in diaiiieter and 15 
inclies long. It is weighted with shot t o  floiit with the uppcr end 
about 314 iiichcs above tlie siirfiire in set1 wnter or about $4 iiicli iibovc 
the surface i? kerosene. The f l o t i t  wts especiidly drsignctl for. use 
in a 3)i or 4 inch f loiit well. Tho gngo 11iiiy also bo operiltcd with iL 
largcr ditmeter floii t in iL liirgcr wril. 

58.  Float pipe.-Tllcrc i s  i'uimislictl with t Iic g:ige i~ short section 
of 4-inch p i p  7 inches long (2, fig. 7). "lie upper m d  is macliined 
to fit into tlie socket in tltc b:ise of giigc :ind is sccurcd to tlie liittcr 
by  two screw lioolcs (27, fig. 9) wliicli ciigrigc in sm:rll rec%ruiigulnr 
liolcs n e w  tho top end,of t i l o  pipe. The lowcr crid 1s tlircndcd to 
form a union with additionill lengt~lis of pipa rcquircd for tlio ilo~it 
well. Tho gages were fornierly designed for use with n 3X-incli 
pipe, and in  order to adapt tlie earlier gages for use with a 4-inch 
flout well reducing couplings tire ncccssnry. 

59. Intake coupling.-A coniciil intnkc coupling (16, fig. 7) is 
furnished ns ono of tlia regiilw ti sories to tlie portnblo tida gage. 
This is instullcd with tlie tipex of t i to  cone downwrird. The cylindrical 
part is tlireaded iiisido to servo 11s ti coupling botwcon tho flotit wcll 
proper and i~ supporting section of pipa (lig. 10). In tho upcs of tlic 
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cone there is a threaded 1-inch hole in which may be fitted a bushing 
with a smooth bore intake opening of the size dcsired. Brisliings 
with openings inch, 76 inch, nnd y i  iricli :ire providcd with the gage. 

60. Cleaning tool.-A special tool (15,  lig. 7) is fni*nishcd with 
the portable gage for use in clcanirig the int:il;e to thc floiLt well. 
This consists of :t cylindricnl weight about 1 )/2 iriclics in diarncter 
and 5 inches long containing in the bottom a pointcd sliunk about 

At tlic top is an eye for the 
attachment of a line. 

inch in diameter and 2 inches long. 

PRIMARY TIDE STATION 

61. A primary tide station is one that is m:bint:iined ovcr a period 
of several years to obtain a continuous record of the tide in any 
locality. As the records from such n station constitute busic tidal 
data for present and future use, it  is very important that the instal- 
lation and mnintenanco of tho station should be with the aim of 
obtaining tlie highest degree of reliability and precision tlint is pruc- 
ticable. The cssen tid eqiiipment of n p~im:~ry tide station includes 
an automutic tide gage, float well, sliclter, tide stnii' or cquivalent 
float gage, and a system of bericli marks. 

LOCATION 

62. Special care should be talcen in tlie sclcction of a site for a 
primary tide station. If possjblc, tliere sliould be a depth of not less 
than 5 feet below the probable lowest tide. This is especially desir- 
able in cold climates where kerosene is used in the float well to pre- 
vent freezing, and also in exposed locations wliere storm waves of 
lurge amplitude are common. Wlicn the deterniination of tho heigh t 
of mean sea level is an important aim, tlie station should be located 
on the open coast or in a bny with ample access of sea wnlcr. A 
river or buy connected with tho sea by n relntivcly sindl inlet is not, a 
suitable location for this purpose because of the probable difl'erence 
in the mean water level inside of the inlet m d  on the outer coast. 
A place separated by a bar from tlie main body of water sliould in 
general be nvoiclcd less tlie records obtnincd will not bc rcprcsentri- 
tive of the tidal conditions in tlic generid area. 

6 3 .  I n  selecting the site for a primary tide station it is very desir- 
able that attention be given to the clcanliness of llie surroundings. 
Highly congested areas with large amount of shipping should in 
general be avoidcd. Because of the coniincrcial nocd for space in 
such arcns, quarters obtainable for a tide stntiori arc usually cramped 
and poorly lighted and ventilated. These conditions, togethcr with 
the presence of more or less refuse in the adjacent waters with accom- 
panying offensive odors, tend to discourage the proper care of the 
gage by the observer. Moreover, in such areas both tlie automatic 
gage and tide stafl' arc subject to  dangcrs ol  disturbance from the 
docking and loading of vessels. Especially, the tide staff may be 
accidentally lrnoclrod out of place and rcsccurcd at a different cleva- 
tion without any report of the incident. Heavy vehicular tralfic 
in such an area also renders the lcvcling bctwcen tide staff arid bench 
marks especially diKicult. 

64. On the othrr linnd, a titlc st:rtiori 1oc:~tcd sonio distancc lroin a 
congested arcu, where the tidc is cqually rcpresent:ttivc: of t h o  gcneral 
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region, will he frrrr from these disadvtiritages and be no 1 0 s  accessible 
to  the tido obscrvrr. In gcncrnl, ii  Pedernl, State, or municipal wharE 
is prcfertil)lc? to a private orio ; b i i t  a pier Inaintaiiicd for pul)lic niiiiise- 
inrnt and rccreiLtion often ~~fl'ords nil  idcul locntion for IL primary tide 
stn t iori .  

I'LOA'I' WELL 

6%. 'l'lic floii t well is a vertical tulx or box with i i it  opening in the 
bottom drsigned to admit tho tide to  a fioat operating the gngc while 
dampening out the larger waves caused by 
winds. T h o  float wells now gonerally used 
by this survey nro constriictrd eithrr of iron 
o i  of' wood. " For exposed locntions on thc 
outer co:ist the iron float well is iised on 
nccoimt of its strcngth, bu t  for ri iox quiet 
watcrs a ilont wcll constructed of wood and 
covcred on the outside with slirct coppcr is 
inore ecorioiiiical in construction and instal- 
lation aiid will liist riiniiy years. In cold 
climntrs which 1-cquire t he use of Beroseiic in 
the wcll to prevent frecxiiig, the i r a r i  wcll has 
the advantage of retaining tho krroseiie 
without leakage over a long pcriod of time. 

G G .  Iron float well.---The iron float well 
(fig. lo) is usunlly mado up of sections of 
stock pipe. Tho usual installation when the 
depth is no t  too grcnt consists of a support- 
ing scction bclow tho intitkc and cstcnding 
sevcral fcot into tho  gromid mid containing 
largo opciiings in the sidcs to ndrnit t h o  tide 
to tho intdte. Above the intake a sufricient 
number of pip0 sections ore used to estciid 
tlie .top scvcrnl inches iil)ove tlic floor of the 
tido housc. A specinl intrnlco coupling (fig. 
11) foriiis a union bctween the supporting 
section arid tlie pipo ci1)ove. Ifpossibl~, the 
section iinrnedin taly n1)ovo t,he iiitalio should 
be sufficiently lorig t u  cstcnd above high 
wnter in ordor tlint there iiiay be no rough 
joints for the flotit to  cii tch on a id  to  j)rovidc 
an oil-tight section for kerosene whcn this 
is iiecessiiry to  prrvent iroczing. k'lnngn 
co~ipli~igs may bo iiscd for connecting pipr 
sections above high wiitcr. IVhile such 
joints arc r iot  t is  durable ns sleovo couplings 
becauso of tho tendelicy for the connecting 
bolts to corrode, t h y  add grcatly to  the 
convenience of irtstallutioii aiid tho  bolts 
when above high wntcr may be easily renowed from time to time. 

G7. For a primary tido station 12-inch pipe is rcconimonded. \'Vhcn 
a supporting section is uscd, this sliould contain sis lnrgo openings, 
cuch about 3 iiiclics wide by 9 inches long and nrrnngcd in pnirs on 
opposite sides ol the pipa and facing in diffcrriit directions. The  
center of tho upper pair should bo ubout 1 foot bclow tho top of this 
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section of pipe and the others arranged with centers approximating 
3 and 5 feet below the top of the section. 

68.1 Wooden float welL-A wooden flotlt well for use at  IL prirnary 
tide station should usually be constructed of %inch by 14-inch planks 
so assembled to form a box 12 inches square on t,he inside and long 
enough to reach from the floor of the whnrf to several fcet below the 
lowest tides. A sloping I)ot to~n wit>h intake in one of the lower 

(:orners should bo provided, 
the corresponding corner a t  
t,he top being marked for 
identification, preferably by 
beveling off the corner .  
When the depth of watcr is 
not too great, two opposite 
sides of the box niay be ex- 
tended below the intake to  
rest as a support upon the 

...__...__..__... sea bottom. The outside ol 
the float well should be 
coverod with 16-ounce sheet 
copper from the bottom to 
a height above mean high 
watcr as a protection against 
teredos and other marine 

animals, copper nails being used in construction of the well as a pre- 
caution against electrolytic action between nails and copper sheathing. 

G O .  Intake.-The intake to the floiit well shoiild be of sufficient 
size to permit the free access of the tide while damping down the 
effect of heavy seas. The opening must, however, bo la.rge enough 
so that rough water on the outside will always leave an unmistakable 
trace upon the tide record. I n  protect,ed localities an intake 1% 
inches in diameter is recornmcndcd for a 12-inch float well, but for 
places exposed to heavy seas an intake from % to 1 inch is sufficient. 
A single large intake is to be prcfcrred to several small ones, as the 
former is less likely to become clogged and is more easily cleaned when 
clogged. An intake should be in the bottom of the float well rather 
than in the side to facilitate clcaning. For an iron Aoat well a special 
conical intake coupling is providad, and when installed this is placed 
with the apex downward. 
For a wooden float well n. 
square hole may be sawed 
in one cor~ior of the bott- 

parts. At the time of the 
installation of a piimary tidc station fwilities should be providcd for 
the periodic clcaning of thc intake by the tide observer. (Sec pars. 

70. Installation of float well.-spccinl ct~rc must be triken to sccwc 
the float well in a vertical position in order that the float may rise 
and fall freely without scraping the sides of the well. Where sufIicient 
depth is available, thc well should be installed with the intake froin 
5 to 6 feet below bhc lowest probable tide. It is desirable, however, 
that there be sufficient depth below the intake to  make it unlilcely 

......................................................... - 

. . -. . . -. .-. -. . - - 

I W x ~ I t t i  11.-Intaka conpling for floiit well. 

1 toin before a,sso~rihling thc J'.I(:UILE l2 . - (~lci i1i i11~ tool for flont \wll. 

132-1 3 5 . )  
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that it will become covered by a shoaling of the water in the vicinity. 
I t  is desirable that the top of the well extend several inches above the 
floor of the tide house for convenience of access and also to lessen the 
chance of objects on the floor accidentally falling into the well. For 
an iron float well, a flanged collar a t  the top may be arranged to rest 
~ p o n  iron p1atc.s secured to the Aoor of the wharf. The well should 
be strongly bracctl in position. 

71. Precaution against freezing.-In cold climntes lrerosene is 
generally used in float wells to prevent freezing. The coluinn of 
kcroseno should be €]*om 2 to 5 feet in height, depending upon the 
severity of the winters. A 12-inch cylindrical pipe will require about 
6 gallons of lceroscne for each foot of height and a 12-inch square 
float well about 734 gallons for each foot of height. The amount of 
kerosene which can bo retained in the float well will bo limited by the 
depth of the intalte below the lowest tide. When an iron float well 
is used and the intake is suf%ciently low, the kerosene introduced a t  
the time of installntion inay remain for many yer~rs, the loss from 
evaporation being sinall. In a wooden float well there is more or less 
leakage and the supply of Irerosene must be renewed a t  frequent 
intervals. 

72. As the specific gravity of lreroscne is less than that of watcr, 
the surface of the kerosene in the float well will stand above the 
watcr level outside, the differencc in level being approximately equal 
to one-eighth the entire height of the coliimii of Irerosene. Note 
should therefore be entercd in the record whenever lterosene is intro- 
duccd into the well and a comparative staff reading taken before and 
after this is done. In the tnbulation of the autoinntic tide gage 
i*ocord, the effect of this height difference js eliminated in the com- 
piitations involvirig the comparative staff readings. It i s  very im- 
portant, however, tliat no  kerosene shall be used in aJloat well designed 
for a tape gage or other nonregistering $oat gage tihe readings f r o m  w?~z'ch 
ore to be taken directly, as errors of indeterminate amounts may thus be 
introduced. 

TIDE HOUSE 

73. When suficient space is available, the tide house should be 
approximately 6 feet square arid €rom 7 to 8 feet high. A house o€ 
this size provides room for the tide observer to move around the gage 
and giva it such nt,t,ention ns iniiy be required. The house should be 
well lighted by windows, neibt in appenrancc, and piiinted to conform 
with other 1)iiilding.s in the iinniediate vicinity. A standard sign 
with tlic following inscription will bo provided iipon requisition: 

I )  15 I'A 11'1' MIINT Olr ('OMM ICllC'IC 

' Y l l > 1 3  S'rA'l'ION 
II s FOAST ANI)  c i icoUicm7 S ~ J R V I C Y  

74. The tide house will in genernl ba placed over the top of the float 
well so that the wiro from the gage ini~y be led directly to the auto- 
matic tide ga . Wlicii this arrnrgernent is irnprarticable, the float 
wire niuy be Y ed from the float well over systrin of pulleys and 
through a suitable coiiduit to tho gage in the tide house. When this is 
necessary, facilities should bo provided for the convenien t replace- 
ment of a brokeii float wire by tho Lido observor. The top of the 
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float well must be provided with a suitable cover as a precaution 
against the accidental dropping of anything into it. 

75 .  A table or shelf must he provided for the support of the tide 
gage. A shell' can be conveniently constructed by setting the 
shipping box of 1 tie title gage on one end : ~ n d  then laying boards fr.0~11 
this to a clri~t nailed to the will1 of the tide house. The box and 
},oards are secrircd by scrcws which may be easily removed when it 
is necessary to disnmitlc the gage. By hinging the cover of the 
shipping box a convenient cupboard is formed for the storage of extra 
tide rolls and other small articles. 

INSTALLATION OF TIDE STAFF 

76. Each primary tide station must be equipped with a tide staff 
or equivalent float gage to provide a temporary datum and reference 
scale for the automatic gage record. The tide staff, which is de- 
scribed on page 2, is to be used in preference to a float gage when 
practicable. In  selecting the location for the tide staff consideration 
should be given to convenience in taking accurate readings and also 
in leveling between staff and bench marlis. The staff must be 
reasonably near the automatic gage to avoid any long delay between 
the reading of the stitff and the recording of the reading on the auto- 
matic gage record, and should be placed SO that the graduations are 
clearly visible to the tide observer from an easily accessible position. 

77. Special attention should be given to placing the tide staff so 
that its elevation may be conveniently checked by levels to bench 
marlis. There should be sufficient clearance above the staff to hold 
the leveling rod in a vertical position. Sometimes a fixed tide staff 
can be so located that i t  can be sighted upon directly from a leveling 
instrument set up on the shore; but when this is possible only during 
low water, other arrangements should be made in order that a leveling 
party may not be unduly delayed by an unfavorable stage of the tide. 

78. When installing a tide staff care must be taken to secure it in 
a vertical position. The piling of a wharf often offers a convenient 
support €or a tide stall', but if an inclined pile is used for the purpose 
oflsets must be provided to keep the stuff vertical. At the time of the 
original installation, the exact elevation of the staff zero is usually 
unimportant and it is the general aim to place the zero sufficiently 
low to avoid frequent negntivo readings. However, if it is desired to  
set the zero a t  some previously determined datum, such as mean low 
water, the stafl graduations must extend negatively below the zero. 
After installation i t  is very important that tlie zero be maintained a t  
a fixed elcvation, and any kriown or suspected change should be 
reported to the office. 

INSTALLATION OF TAPE GAGE 

79. I n  exposed localities where rough water renders the use of a 
tide stnf€ impracticable, a nonregistering float gage may be substituted 
for the staff. The most siitisfnctory gage of this type now in use by 
this office is a tape g t ~ g e  (fig. 2)  with a graduated steel tape attached 
to an 8)/2-inch float operating in a 12-inch float well. The rending 
Inark should bo a woll-defined line on a board just back o€ the tape 
and irom 4)4 to 5 -feet above tho floor €or convenient reading by the 
observer. This reading line may be engraved on a metal plate screwed 
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fast to a board or it may be defined by the slot in the l i e d  of' u brws 
screw placed in the board close to tho tape. The counterpoise OS the 
tape gage should be attached to a movable pulley to increiw the 
range of operation otherwise limited by the height of the tide house 
ceiling. 

80. To facilitate the determination of the plane of jiotntioii and 
also to provide greater durability, it is recommended that the bottom 
portion of the tape which reirirLins below the wharf floor during all 
stages of the tide be a detachablo piece of phosphor-bronze tape. The 
work of determining the plane of ilotation will be further fricilitatod 
by installing secondary reading boiird about 18 inches above the 
level of the floor with a horizontal line froin the tnpe to  a distance IL 
little greater than the radius of the jiou t. 

81. The float well for the tnpe gage rniiy be siiiiiliir to  the one used 
lor the autonmtic g a p  (page 21). The size ol the inti~ltc should not 
he less than that indicated for tlie tLittointitic g:~gc m d  initst be 1t~rgo 
enough to show u perceptible inotion in the tape when the outsido 
water is moderately rough. When installing the h i t  special car0 
must be talcen to arrange the supporting pulley so that the flotit will 
swing clear of the sides of the well ut all stages of tlie tide. 

82. Determination of plane of flotation.-To estiL1)lish directly tlic 
relation of the datum of tlie tape gugo to bonch marlis it is rieccssary 
to determine the plane o€ flotation of tho tape gage h a t  under noriiial 
operating conditions. This is accoiilplished by placing the float in 
a pan or bucket of water of tho sanie density as thiLt in the ilout well 
and measuring the distance froin the water surfnce to soine grudnation 
of the tape. The pan is plnced over the top of tho float well and the 
flout inlist be connected with its countcrpoisc. In order tlit~t the 
counterpoise rniiy swing rlei~r of tho floor, surplr!s tqie iiiiiy ha folded 
into several loops, avoiding s1iiir.p 1mids, ii!iti tied. togot'her with :L 
cord. If the t q e  coritains IL dattichitble portion, this iiiiry 1)e ~*c~iioved 
and placed in a coil on top of tho  flout in order tliiit its weight msy be 
included in the determiniition of tho plone of flotation. The length 
of the removed section must afterwards be tulten into nccoiriit in 
obtaining the relation of the plane t o  tho scale graduetions. 

83. The float must be moved slowly up and down and allowed to 
come to rest from both the upward and downward. inoveiiient to 
ascertain any difference in t u p  reading due to friction in the  tipp port- 
mg pulleys. 1I any diii'eroriro is noted the flont should bo placed 
with the moan of the two tapo readings tit the reading miirli. Care- 
ful measurements should now be taken of the vertical distiiiico froin 
the wuter surface in tlie psn to some grtidutition 011 the tqm, which 
requires that the lino of the tiipe gmduntion be extended horixontully 
over the float to a point nbove tho wiiter surface. This ini~y be 
conveniently dono by hthving 1~ horizontul lino drnwn on the rending 
board or on a siinilnr board itrrrenged closcr to the floor ol the tide 
house Sor tho purpose. The nieasurcd distimce nddcd to t,he tup0 
graduation to which tho inefisurenmit w i ~ s  iiiii(!c, together with an 
allowance for any dotwhcd section of titpc, ~ 1 1  g i v ~  the plane of 
flotation as referred to the tq,e grndiii~tions extended: It is also the 
distance which the tape gnge datum is below the reading iiuu.1~ of the 
gage. The result, however, is subject to a small correction described 
m the following paragraph. 
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84. Correction to plane of flotation.7'l'he nccessity for this correc- 
tion arises from the fact that the shlftmg of the tape from one side of 
the supporting pulley to the other may malce a slight difference in the 
plane of flotation. Although the variation is too sinall be be of ma- 
terial importance in taking readings during the noripal operation of 
the gage; it is desirable that in IL careful determination of the plane 
of flotation under conditions differing from the normal, a correction 
shall be applied to reduce the measurement to a rne:m sea level rending. 
The correction will depend upon the weight of the tape, .the diameter 
of the float, and whether the counterpoise is attached directly to the 
end of the tape or supported by a movable pullcy. 

85. I n  order to inake this reduction, the tape reading talcen a t  the 
reading mark a t  the time the measiireinents are made should be 
noted. In taking this reading it is assumed t h a t  the looped portion 
of the tape is below the reading rnrirlc. 

Let R' =tape reading at  time of nietisurenierlt. 
R = tape reading corresponding to iiiei~n scil level. 
D =diameter of float in inches. 

W =weight of n cubic foot of water at  tide station. 
t =weight of tape per linear foot. 

a D2 
576 The cross section o l  the float is sqiiaro feet and the buoy- 

ancy due to an iinrnersion of 1 foot of :i cylinder of the snine dinmeter 
1s ' -- a ITD2 pounds. Therefore, when the norit is operating under 
normal conditions, :in application of II force of 1 pound would change 
the plane of flotation by ~ 576 feet. When the apparatus is arranged 

a wn2 
as in figure 2 with the counterpoiso supported by t i  mmable pulloy, 
the shifting of 1 h e w  foot of tripe froiri one side of the supporting 
pnlley to the other side will ctiiise ii  change of 1)i t pounds in tho 

864 t pull on the flout nnd the pliinc of flotation will he changed by - 
a wu2 

foot. The total correction to be applied to tho plane of flotation 
as obtained by direct ineasiirement, in order to reduce to the mean 
sea level value, is ___ '04 (R-R') foot. 

7r wuz 
86. Taking the avernge weight of sea water ILS G4 pounds per cubic 

foot, the weight of steel and pliospho~-bronze tape, respectively, as 
0.0071 pound tmd 0.01 1 pound per llllciir foot, t~iid ussunling the 
diameter of tlie fioiit to be either 8)h or 3)i inches, there have been com- 
puted the following fuctors which when y)pliod to tlie difference 
(R-R') will give the nooessnry corrrcchon to tlie plme of Ilottition: 

576 

Xpj-incli 
flont 

11. oon4z Steel tnpo with countorpoiso on ~novnblo ~)ulloy.. . . . . . ~ .~ ~ 

Steol tnpe with counterpoise on end of tnpo.. . . . . . . . . . . 
Phosphor-bronzo tape with counterpoiso on ~novnble ~)ulley..-. . . . . . 

~ ~ ~~ ~. . . . . . . . ~~ ~ .~ ~ . 0005f1 
.000(15 . 00087 

. . ~ ~. . ~ 

Phosphor-bronze tnpo with countorpoise on end of t t l j ) t ! . - - . - . - - .  . . . ~ ~ ~ ~  

3X-inch 
flont -___ 

n. nom . 0039 
,0045 . 00GO 

As the correction varies directly t is the weight of the tape and 
inversely as the square of the diumetcr ol the float, corresponding 
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corrections for floats of otlier sizes or for tapes of diflerent weiglit mny 
be readily dolived from tlie above vdues. For example, the correcting 
factor for a gji-incli float with steel tape and movable pulley is 

0.00042X (Sj<)2/(9~<)2=0.00034. 

INSTALLATION OF STANDARD AUTOMATIC TIDE GAGE 

87. Prepurtltory to the inst:illntion of an autoinntic tide gage, tlie 
instrument should bc esnrnined cnrefully to see tlint all parts are in 
satisfrbctory working order. Special attention sliould be given to 
the movement of the pencil ann nlong the pencil screw, and if tliere 
is any perceptible rcsisti~ncc to this inovement tlie pencil screw iniist 
bo cleaned in accord:mce with instructions in paragruplis 129-1 31. 
The 1ioiir-m:~rl;ing dcvico sliould be tested nnd ndj listed if necessary 
in accordance with iristriictioiis in 1xir:igraplis 127-128. 

88. Setting up automatic tide gage.-A typicd ai*r:ingonieiit of tide 
gage and wiring is illustrated in figure 13. Wlien prncticable tlie g q e  
should be placed on a table or slielf with the iloat drum over tlie center 
of tlie flont well so tlint tlie floiit mny be suspended directly from tlie 
drum without nriy internirdirite pulleys. 1f this is not prt~cticnble 
such pulleys as necesstiry nitiy be installed l o  letid tlie flotit wire from 
tlie drum to tlie top of tlie float well. 

89. I n  geneid it is desirdde to  l i i~ve both tension weight and cou~i- 
terpoisc wciglit nttriclicd to  niovnble piilleys and supported from fixed 
pulleys in  tlie ceiling of tlie tide house t is i n d h t e d  in figure 13. Tlic 
counterpoiso drums accomnod~ite from 8 to 13 feet of wire according 
to  width. Witli the largcr drum and tlie counterpoise nttuclicd to a 
inoviible pulley, a fdl  of G ) i  fcct will tnlte c m  of the cntire lciigtli of 
wiro on the drum. 
movable pulley averngcs ribout 1 foot pcr day, biit tlie rrLtc is not 
iiniforni. If it is irnprtictfic.able to siispcnd tho wcigli ts from tlw 
wiling, IL speci:il conip:irtment extending bclow tlic gage iii:iy bo 
providcd lor the pilrpose. It is iindesirable, 1iowcver, to  suspend 
eitlicr wcigli t in tlie flocit well lest it interfere with the lnovenient of tlic 
flotbt or CUUSG damage if supporting wire should be accidently brolron. 

90. I n  planning the sct-up of tlie instrunicnt, it sliould be tlio aim to 
provide for nn unobstructed p~ssr~ge of all movtible piirts within tlie 
limits of opsr:ition coveririg the entire rringe of tide. In  general the 
gage will bo ndjiist,rd so tlicit t i t  iqy-osinin tc inid-cstrcme tide tlio 
flor~t druin m d  coiintmpoise di-rini will cnch be hnlf filled with wiro 
and tho recording. pencil new tlic middle of tlic mLin roller. On tho 
open coast tlie niid-chstmnc tide I ~ L ; Y  bo taken to bo npprosimutcly 
tlie sinrie as nie: ir i  sea lcvcl. 111 rivers tlic liciglit nbovo the inean 
river level rc:iclicd by tlic extreme liigli w:i tcrs is usually much gretiter 
tliiin tlio depth G o  wliic~Ii tho csti*ane low wulers fall, and tliis fwt is 
to  be taken into nccount wlim ntljiistiiig tlie g t i g ~  dtliough it riit~y 
sometimes be iniprrLcticable to provide for estriLordiiiarily high freshets. 

91. Attaching counterpoise weight.-The lirst s t ~ p  in connecting 
up tlie gage is to  attach tlio counterpoise weight. The weight to  bo 
used wilI depend upon the size of tho float drum and is to  be selected 
according to  the trtble on pugc 13. After fnstening tlie counterpoise 
to ti movablo pulley place it upon tho floor of the tidc hoilse or upon 
some object rit approximatcly the lower limit of its motion. The 
necessnry fixed pulley in tho cciling litwing bceri installed, talic a spool 

The full of tlic tension weight when attached to 
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of wire and pass one end of the wire tlirougli tlie fixed pulley, tlicn 
down through tlic movable pulley attached to the counterpoise, and 
then up, temporarily socuring the end to IL screw eye in the ceiling. 
Next, cut the wire from the spool allowing a siifficient length to reach 
to the gage. Before attaching the end of the wire to tlic counterpoise 
drum, turn the latter until the penciI arm lins been run cIerLr of the 
pencil screw tlireads a t  tlie end nearest tlie clock case. The end of 
the wire is now attached near the inner edge of the drum by pussing 
it through a small liolc or special clip provided for the purpose, and 
secured by bending or Iinotting. li'iniilly, unfasten the end of tlie 
wire a t  tlic ceiling and take up dl S l d i ,  raising the counterpoise 
clear of the floor or otlior object, and ref:rsten to the ceiling. 

92. Attaching float.-The length of' wire to be wound upon the florit 
drum at tlio time of instnllation dopcnds both upon the size of tlie drum 
and the stage of the tidn at  the time. h t  L eCJUd length of wire to be 
wound upon tlic drum at time of iiist:dl:ition, C the length of wira neccs- 
sary to lialf fill tlie drum, and I/ the liciglit of tide at  time of installa- 
tion referred to the mid-extreme tide level, €1 being negative if water 
surface is below this level; then L=C+II for tlic required length. 

Tlie vdue  for C for drums 1:i :inti I y i  iriclics wide may be taken 
from the following t i ~ b l o :  

________- __ 
C'ircurriferenco of float drum J I I  iuche > 12 I O  I 21 

- _  I -'' - 1-2.- I ___I___ 

Unless previous tide obscrwitions liave becri taken iii tlie locality the 
vulue for 11 must bo estimated. Proin best informntiou nvnilt~blo 
ascertriin the npproxirnii tc lieiglits reached by the highest tind lowest, 
tides und tlicn note tlio Iiciglit of tlie w:itc3r surface u t  the time cf 
installation as coinparcd with IL pl:~no midwriy betwccn the cst,irn:itcd 
higlicst rmd lowest, tdiing I1 tis positive if the surface is above mid- 
extreme level and negative if below this lcvcl. 

93. Before installing the float it is a good plan to p:m several 
loose loops of wire through the supporting ling to aid in its recovery 
from the float well if the flout wire becomes accidentally brolren. 
Next, taking a spool of wirc, attach one ond of wire t o  the float and 
lower it into the well until it  comes to rest on tlic surfttcc of wutcr or 
]cerosene. Lead the wire to the float druin of the gage and, after 
measuring off an additional distance equal to  L as determined from 
the formula, in the preceding p:tr~~graph, CII t the wiro i'rorii the spool 
and attach tho end of tho wire to the float drum by pussing it through 
a, small hole near the outer edge and knotting it. 

94. Remove the fioat drurn entirely from the gage arid wind tho 
float wire upon it, raising the float as ne(:cssilry, until all the threads 
on the siirfucc of the drllJ~l fire filled or until the flotih h f ~ s  i-c:iched its 
upper Iirnit of ]notion. Repl:ico tho  driiiri on the guge and secure it 
with tho two clamping nuts provided for the pi~rpose, but holding it 
carefully against the sudden falling of the flciat. Next, holding the 
pencil a rm to one side to  keep it from iiiiincdiutcly engaging tho 
threads of the poncil screw, rillow tllc float to clescontl slowly. With 
a gag0 equipped with a, pencil screw of I-inch pitch, rclerLse the pencil 
arm after 2% turns if the d r u a  is 1% inches wide, or aster 7j4 turns if 
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the drum is 1% inches +de. With the pencil screw of %-inch pitch, 
release the pencil arm immediately for the drum 136 inches w d e  or 
aftor lfi turns for the drum 1% inches wide. After the release of the 
pencil arm let the float continue to descend slowly until it rests upon 
the water or lrerosene in the well. The lowering of thefloatauto- 
matically winds up the counterpoise wire and moves the pencil arm 
approximately to its correct position. If any further adjustment of 
the position of the pencil W J I ~  is necessary, it may be accomplished by 
loosening the cluiiiping nuts holding the float drum and turning the 
pencil screw as desired. In  doing this, care must be t:iBen to  hold 
the counterpoise drum against the pull of the counterpoise weight and 
also to press the float wire against its drum to keep it from springing 
off as the wire slackens. 

95. Attaching tension weight.-In genci*nl i t  is best to have the 
tension weight operate from LL movable pulley (fig. 13) to reduce thc 
m t e  of fall. When thus siispended the weight will descend on an 
tLverfige about 1 foot a day but the rate will vary with the amount of 
pnper on the receiving roller. Y1:m the weight with pulley attached 
on the floor a t  the lowest limit of its Iiiotion. After iiistalling the 
Jiecesswy fised puI1e-j in the ceiling of the tide house, t t h  a spool of 
cord arid pass one end of the cord throi~gh the fixed pulley, down 
through the movuble pulley trttaohed to tho wcight, and then seciire 
the end t o  a screw eye in the ceiling. Nest unwind enough addi- 
tiond cord to reach to the tension drum on the gage and c11 t from the 
spool. Pass the end of the cord through the ssii:ill hole in the outer 
Ilange of the drum and secure by knotting. The cord is now ready to 
wind upon the drum as soon as the record paper is installed. 

96. Starting the gage,- ?’lie gcige is now m t d g  for the instrtllation 
of the paper (pars. 115-116), adjustment of pencils (pars. 118-119) 
and entry of comparative note (pars. 120-126), these processes being 
described in detail under “Operntion of tide station.” Both cloclis 
should be wound. 1I the car0 of the g:1Lge is to be turned over to  a 
new observer, he should he given. such preliminary ,instructions as 
will aid him in interpreting the pnnted instructions in this volume. 

97. An essentid ptirt of the establishrrient of :L tido station is the 
installation of n system of bench inarks to which the observed tides 
jnay be ii1tini:iteIy referred. defi- 
nite point on a iiiore or less perintinen!, object uscd tis a reference for 
clev:bt,ions. Bench ni:rrlis established in the vicinity of IL tide s t ihon  
for the purpose of preserving tidiil plunes deterniined from the ob- 
serxwtions are I~nown as “tidd bench IIIQ~CS.” Tl l~se bench iiiarlts 
serve as the basis for elevations which tire ctmied by levels to numerous 
other bench marks established in various parts of the country. 

08. &ualities.-rl‘he two principtil qii:ilitics h i r e d  i n  brnch rnurlis 
(Lre permanency and certainty in identification, and these qualities 
should be kept in mind when establishing new bcnch iii:irlts. In  a 
settled coriununity suhstnntinl buildings efl’oid excellent locihons 
for tbc establishnient of bench n~tirlis. In  nn  iindevelopod country ZL 
ledge of rocks or a mass of concrete partly br1ric.d will serve LLS a 
suitable foiiridntion. Excep t for teinporwy iiso only, bench marlis 
should not he located on hydrants, curbstones, trees, or any strncture 
especially liable to destruction or change in elevation. 

TIDAL UENCH MARKS 

A bench 1ti:irk miy be dolined as 
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91). Standard disks.-Certainty in identificntion can be best ob- 
tninod by the standard Coast and Geodetic Siirvey disk bench marks 
(fig. 14) and these shoiild always be used when possible. The disk, 
which is made of copper alloy, is 334 inches in diainritcr and contains 
tho inscription “U. S. Const and Geodetic Survey Bench Miirk” 
together with other information. It contains n shnnlc for ccrncnting 
in plncc. Tho nrimbcr of the mark and tho ycnr of establisliinont 
shoiild bo stnmped on tho disk. I>riplicntions of numbers shonld be 
avoided and n niiin1)cr previously nqsigncd to  another brnch iniirlr in 
the same locality, wliatlicr dcstroyed or cytnnt, should not bo used for 
n new iiinrlc. Scts of dies for staniping lctters n n d  i‘igiires ciin bo ob- 
tained upon reqiiisition. 

100. Bench marks on buildings.-ln n town or city, llic post, ofice,  
customhoiisc, city litill, scliools, rriilrond stations, l)iinlts, niid othcr 

I‘rourts 14.--Stand11rd disk l i d d  bcncli 11i:irk. 

snbstnntiii.1 piiblic t i n d  busincss biiildiiigs gciic?rn.lly asfiord tho  best 
locritions for boncli ~ii:irks. 13oildings with foundtitions of qucstion- 
nhlo stii,l)ility shonld be n,voided. I’nrrnission will usually be grmtod 
Tor the instidlation of the stn,nd:i.rd disk bench Innrk on such buildings 
ns iimy bo selectcd when the iiso of‘ t h o  sii,inc is cspliiined t o  the 
uuthoritics in control. 

101. Gcnernl permission for t h o  nstablislimont, of bnnch nlarlts on 
Fedcrnl buildings is cont,nincd in thn following rLuthorixntion: 

‘ ~ l ~ l ~ > A S U l l Y  I)BI~ARTMENrT, 
l l ra~hiu&m,  Novcittber 11, 1914. 

T ~ c  I I O I I O ~ : L I I I ~  1 1 1 ~  SlrciterrAIty OI? C ~ O M M I ~ : I ~ C ~ C ,  
Ii’as~li?~glotl, D. c. 

Sr~t: By dircction of thc Sccrctnry, I linvc thc  Iionor t,o nclrnomlcdgc the rcccipt 
of your co~n~nuiiicntion of thc  7th instniit, rcqiiestiiig tlint pcrmission bc graiit,cd 
t o  the oficcw of thc Coast arid Gcodctic Survey t o  plncc 011 the  I’cdcral build- 
ings unitlcr tlic control of this tlcpnrtmcnt sinall inscribcd mct:il tablets, which 



32 U. S. COAST AND GEODETIC SURVEY 

are t o  be used as Imicli marks in connection with tlie system of leveling, the 
custodians of the  buildings t o  designate where t h e  tablets a re  t o  be placed. 

I n  reply you are advised t h a t  no objection will be interposed by this depart- 
ment t o  t h e  placing of the  tablcts on the  various public buildings, as desired, 
and this letter, or a copy thereof. upon i ts  presentation t o  t h e  custodian of a 
Federal building, is t o  be considercd by him as his autliority for permitting the  
placing of one of the tablets on the building in his custody. 

Respectfully, 
(Signctl) B. R. NEWTON, 

Assislant Secrelary. 

102. When a suitable place can be found, it is in general desirable 
to set the face of the bench m:~rlr disk horizorild for convenience in 
holding the leveling rod, hi1 t there should be sufficient clearance 
above the bench mark for the rod used in the first-order leveling, 
which is approximately 11 fcct long. Soinctimes grctiter permanency 
can 1)e secured by placing the bench marl< in the vertical wall of a 
hilding. In  this position the short horizontal line through the  
centel’ of disk becomes the bench ninrlr arid LL grnduritcd tape may 
1)c suhstitiitcd for the rod in mdiing the leveling connections. A 
1)cnch mark in n vcrtical wall should bo several feet shove the ground 
for. convenience in holding the tape used by the leveling party. C I L ~ C  
should be talien t o  sot the disk with the reference line horizontal. 
Thc bench mark is to be couritersunlc with its face flush with tho 
wall, and when set in a conspicuous place special care must be takeu 
to have the work neatly done so that the building will not be 
defaced. 

103. Bench marks in rock.-Rocky outci-011s and boulders in arens 
not likely to be disturbed for many years make satisfactory locations 
for bench marks. If LL bouldrr is used the bottom should extend far 
enough below the surface of the ground so that it will not bo affected 
by the action of frost. The standard disk should be cemented in 
place with its face horizontal and countersunk. 

104. Bench marks in concrete.--Where a suitable building or 
natural rock is not available, the bench mark disk may be set in a 
concrete monument built in the place desired. The monument 
should extend not less than 3 feet below the surface of the ground, 
and in localities having severe winters the depth should be sufficient 
to withstand frost action. In  general the top will extend several 
inches above the ground in order that it i m y  be readily found when 
r~cedcd. The b:we should have f~ cross s ion greater than the top 
:tnd tlicro must bo no projccting cdgcs which might provide leverage 
points for frost action. If the riioiiiiiiient is in the form of a, frustuin 
of 2% cone or pyr:miid, the sides should have a btLtter of not less th:m 
1 inch to the foot. A convenient shape for making the concreto 
irioririrnont is LL series of squaro blocks from 8 to 12 inches thick, the 
bottom block being about 18 inches square and successive blocks of 
diminishing cross section with the top block about 12 inches square. 

105. It is important in making tho concrete that d l  mtLterials be 
clean and thoroughly mixed before adding water. It should not be 
too wet and should be well tamped into the mold. When using rough 
aggregate the proportion should be about 1 : 3 : 5 ,  the u per part of 
the mass to  he of a richer mixture. When only sand an 1 cement are 
obtainable the proportion of 1 part of cement to 3 parts of sand 
should be used for the lower part of the mass and 1 part of cement to 
2 parts of sand for the upper part. To prevent rapid drying of the 
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concrete, its surface should be covered with dampened papor or 
cloth or wet seaweed held in place with emth. 

106. Number of bench marks.-’l’o insitre :~gtiinst, loss of ( h t , t i i 1 t ,  
there should be a number of bench mnrlrs widely scattered but in 
general within a radius of 1 inile from the tide station. Por all series 
of tide observations, no matter how short, 1,here should be a reference 
to a t  least tliree substiintin1 bench Indis .  The minirnuin requirement 
for a series of observations covering a year or more is five bench niarlrs. 
For a primary tide station which is to be ninintaincd over n long 
period of years ten substantial bcnch marks rimy be considered ns 
atleqnate. 

107. Primary bench mark.-At c~cich principnl tidc strLt,ion thci*e 
is usually one bench mark, known as the “primary bench mark”, 
which is sclected for its stability and convenience of location arid is 
used in checking the elevation of the x e m  ol tho tide stnf l  irorn time 
to time, so that if any change tnkes plnce tho proper allowance mny 
bo made in the tnbiilations. The stnbility of the primary hciich 
inark is in turn clieclred by levcls to IL riuitiber ol‘ otlitr bench innrlrs 
which are so locn d that their elovations will not  be likely to be 
changed by a corninon cause. 

108. Basic bench mark.--The bcisic hcricli it i t tr*lc uscd by the 
Coast and Geodetic Srirvciy consists of one of the standard disks set 
in top of a concrete monument which extends nbont 2 feet above tho 
ground. The inonuinent contains the inscription “United States 
Coast and Geodetic Survey Basic norich Mnrlr” on one side niid 
rests upon a rcenforccd concrot~ foulidation with an enlarged bnso 
extending a number of feet below the ground. 

109. Descriptions.-Frill descriptions of‘ 1111 I ) c w i h  inrii*lrs itiust, be 
cnrefnlly propnred and forwarded to tlie office with form 258, leveling 
record--tido station. Tlio descriptions should be clear and distinct 
and siiflicieri tly complete to cnnblo the bench niarlrs tJo bo rcndily 
~~ecovored and identified. If a standard disk is usod, the description 
must include n definite s t n  teirieri t whetlie: tlie number of the il1nrli, 
tlio year of establishment, and its elevation liavo bccn stampod in 
tlie metal. Wlien a bench mnrlt is located on n building, the street 
and niimbor should bo givcn when possible, or the name of tlie owner. 
When not on a. prominent structure a bench rriarlc sl~orild be referenced 
by distance. and direction to sevcrnl prominent objects. A sltctch 
wliicli will aid in locating or identifying tho bench mark is desirable. 

110. Leveling.-At tho tinrc of’ tlio rst~il~lishnicnt of a t i c k  station 
and a t  intervals thereaftor the tido staff must be connected with tho 
bench inarlts by levels. If possible, a11 bciich iiinrlis within a radius 
of 1 mile of tho tido station should be coiinectod with tho tide stnff 
a t  intorvnls not greater t h m  5 years, but it is desirable that the 
stafl’ be connected with not less tlmi three bciich inarlts incJudiiig 
tlie primary bench inark cacli year or a t  ~noro  frcquent intervals, in  
order that any change in the elevation of the tide staff inay be de- 
tected without unnecessary dclay. It is also desirthlo that bcncli 
marlm of other organizations which may be in the vicinity should be 
connected from tirno to time with the bench inarlis of this Survey. 

111. Tho graduating lines on the tide stufl’ now in use huvo a 
width or about 0.01 foot. The middle of cacli line is to bo tal- \en as 
the reference €or lioi lits on the staff. If a portable tide staff is used 
at the station, tho ?i ovoling rod should be held on tlis flat top of 
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the brass plate on top of tlie tide stall' support, arid tlie reading on 
the tide staff to which this plate corresponds must be entered in the 
record. This staf€ reading is determined by thc position of thc 
metal stop attached to the back of the s ta f f .  I t  is important, how- 
ever, that the staff be placed in its support t o  see that this stop comes 
in actual contact with the plate on the support without interference 
from any obstruction. When a. tape gage is used at the station, 
levels must be rim from the reading mark of the gage to the bench 
marks, the rclation of this reading mark to the tnpe  gage datum being 
determined from the position of the planc of flotation (pars. 82-86). 

112. Before beginning the leveling care must  be taken to have the 
instrument in  adjustment and also to soe that the bottom of the! 
leveling rod corresponds exactly with the zero of the graduations. 
The latter is important if some sights are to be talien directly on the 
tide staff or on a graduated tape. Foresights and baclisights should 
be approximately equal, Tho leveling between the marks must be 
checked by EL forward and a backward line and the closing error in 
feet must not exceed 0.035Jx, in which I< is the distance in statute 
miles leveled between adj accnt bench ~narks. For convenience of 
use the following table is given: 

__ 

If the difl'ercnce I)ctween the results froin thc forward arid 1)ackwarcl 
lines between any two bench inarks exceeds the allowthle crror, 1)otli 
the forward and backward lines kwtween the rnarlcs must be repeated 
until an acceptahlo agreement is obtsined. N o  one of the questioned 
values is to he iiscd with the ricw levels to ohtain t h o  agreement. 
Form 258, leveling record-tide station, is to  be used for this leveling. 

OPEILA'PION OF TIDE STATION 

113. The satisfactory functioning of a tide gage depends largely 
upon the ohserver in-charge, and he should I-x a person with soiiic 
knowlcdgc of inechanics and a sufficient scientific training to under- 
stand the importance of careful observn tions. 

114. Summary of observer's duties.-l~sclnsivc of work incident 
to density and temperature observations and the tabulation of 
yecords described clwwhere in this V O I I I I I I ~ ,  the duties of the tide 
observer at a primary tide station may bo siinirni~rized m follows, 
the details of the work being desci-ibed in separate lmrr~graphs: 

Dulily.--Inspect tide station, enter coJn])arativo tiriie and stdl iiotc 
ars. 120-126) on tide roll and in forin 660 (par. 136), correct gage 

c 'P ocks if necessary (par. 123), readjust pencils for wearing away of 
lead (par. 128), wind u p  tension weight, aiid (\liter in form 660 any 
item of interest relating to the station (par. 136). 

Semiweekly.-Wind both clocks. Although these are 8-day 
clocks, semiweekly winding insures against stoppage that might 
result from an unexpected interruption to the observer's daily visits. 
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WeelcZy.-Mail form 660 to officc after coriilhtirig iid'ormtktioti 
required on back of form. 

kfontkh/.-Changc paper on gage (pnr. 117), clcuii pnc i l  scrcw 
(par. 131), and forward records to officc (pars. 137-139). 

Occasionally.-As frequently tis necessary clean WoiLt well iritiLlro 
(pars. 132-1 35). 

115. Placing pa er on age.-lUef'c~i*e p!iicing tho  p:~pc! on the 
gage a note shoul % f  be ma e a t  the beginning of the roll giving the 
nitmc of the station, the date, the scale of the gage, the kind of time 
used, and the nime of the pcrson in charge. The supply roller (4, 
fig. 3) is reiuoved froin the gngo mid pimsed through the ccntrnl holc 
in llic blnnli 1.011 of pqier. The roller is then rrplaced in its sripports 
so tht~t the loose rzld of the pnpcr will piiss ii~m brlow inwrtrd towiu.d 
the iiiiiin rollcr (fig. 6). Tho tension springs (5, fig. 3)  t i t  tho sidcs 111-0 
moved down so that they will bear ngainst tho ends of' the roll of pt~per. 
Tbcse springs may be bent slightly if necessary to bold the roll firmly 
in place and provide the desired tension in the piipcr as i t  is druwn 

116. With the innin roller discoimectod €ram the iiiotor cloc~k by 
throwing out of gear the ciirrier iirin (34, fig. 6), tho piper is iiow 
pnssrd over the innin roller a d  the eiid inserted in the slot in thc 
receiving roller (17, fig. 4) tv1ier.e it is locked in pliicc by tiirning tho  
core in the sleeve of the roller. The cnd of the  ptipcr shoiild be rut 
square before at taching it t o  t,he receiving rollrr rind ciii'e iiiiist 1)r 
taken to  secure it evrnly so that the papcr will wind up  sinootlily on 
the roller.. Srvernl turns of the paper are now worind on by tiirning 
the roller in n direction such that tho paper piisscs froin the mrtin 
roller over tlie top of tlic recciving i-ollcr. The niiLin roller is then 
again connected with the inotor clock by throwing the carrier ai-111 
into geiu with the carrier wheel. Finally, tlic tcnsion weight is wound 
up rind the paper is reiidy for tlic record. 

11 7. Changing paper on gage.-On thc iirst dirv of  ctich ctilcntlnr 
month, or the following day if the first occiirs on Sundxy, tlie roll of 
piiper on tho gage should be chimged. A coxiipimtive time and stnfl' 
note (pnrs. 120-126) must be entered on the old roll beforo rcaioval 
from the gage and another riotc entered on the new roll iiiiinediatcly 
after instnllation. Brfore rcnioving the old roll, place tlie trnsion 
weight upon some support to rcrnove the strain 0 1 1  tlie piym and tltcn 
disconncct the innin roller from tho  motor clock by thimwing oyt  of 
gear the carrier arm (34, fig. 5 ) .  A few fcrt of tlie paper rcnmning 
on the s~pp ly  roller is wound irpon the receiving roller ttnd the papcr 
cut. Tho receiving roller is then removcti iron1 the gage iiftcr pr~ssing 
on the release buttons (18, fig. 4) n t  the sidcs. 'rhe pymr itqeif is 
rmovcd froin tho 1-ol1cr af tor being ~*cIcascd t)y turning tlie corc 
inside tlic shell of' the roller. For the instidltttim o€ n, new roll of 
piper sec paragrctphs 115-116. 

1 13. Adjusting pencils.-lhi- t h  originti1 sc! ting of thc dntii i i i  
pencil a position new the middle of the paper !s in gencrrrl recoiii- 
inended. After having been once set, any chitngc 111 its position shoiild 
be avoided without good cnuso, but  when necessary an explanittion 
should be noted in tho record. Whcri sccuring tho datum-pcnd 
bolder in plaro c ~ o  inust he tiilion to pi.ovide suflicient cloarnncc for 
the passing of tho recording-pencil arm, specinl ?,tention being given 
to the position of the tripping hook (36, fig. 6) j u s t  beforo the hour, 

forward. 
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since a t  that tiinc this I i o o l i  is a t  its lowest position. If difficulty is 
experienced in secm.mng the dntuin-pencil holder in position by i ts  
clamping nut (22, fig. 41, r(?inovc this i l l i t  topther with tho datum- 
pencil bolder and tightm IL sinrdl sci'cw which is thcn csposod to view 
(par. 3 l), and thcn rrssscmble the reinoved ptirts. 

119. In the original scttirig of the recording pencil i t  should be the 
aim to adjust the ttrm so that the record of extreme high and low 
waters will as far. ns possible come within the limits of the recortl 
paper. After having bcen once set, any change in the adjustment is 
undesirable and should be accornpanicd by an esplnnatory note if 
made. If the instructions for attrichirig the counterpoise and jloat ~ L S  
described in preceding prngrnphs are followed, the pcncil arrn will 
twtomaticnlly cmme to  its proper position ; but if f urfhcr adi ristrnen t 
is necessary, i t  may be r~ccomplishcd after loosening the clarnp nuts 

holding the float 
drum as described 
in paragraph 94. 
The position of the 
recording pencil in 
its holder affects 
the operntion of 
the hour-marking 
device and shoiild 
be ridiusted accord- 
ingly (pars.127- 
128). 

120. Compara- 
tive note.-Wihcsn 
fin automitic tide 
gtigc! is oi~igindly 
instiilled and daily 
during its opera- 
tion, compara- 
tive time and stafl' 

note must be entered on the tide roll with the corresponding point on 
the tide curve clearly indicated (fig. 15). This is absolutely essential 
in order to obtain the correct time relations and to establish tidal 
datum planes. 

121. The comparative note must contain the date, the correct time 
as obtained from a reliable source, the corresponding time as indicated 
by the time clock of the tide gage, and the reading talcen directly 
from an outside tide staff or from 8 nonregistering float gage which 
may have been instrdlcd as a substitute for the tide stafl'. A stateinrnt 
relative to the wind and weather and the name or initials of the ob- 
Server malting the note should he added. The exact point of the tidr 
curve to which the note npp.lies inay be conveniently indicated by 
lirst til tirig tho rocordmg p(md to irinlte n short borizontal line similar. 
to an hour mark and then drawing a tracer from the note to this line. 
The point inay also be indicr+cd by a short vertical line made by 
rocldng the h a t  drum, care being tiilren to hold the float wire so that 
it will not spring off the drum. 

122. A rubber stamp with suitable inscription is provided for 
convenience in making the note. I n  entering the date it is desirable 

include the day of the week as a check on the day of tho month. 
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Standard time should be used for the record consistently throughout 
the year regardless of the fttct thitt daylight swing time niny bnvc 
been adopted temporarily for olhcr puiposc~s during ccrtriin mon tlis. 
If desired tho times inny be expressed according lo the 24-hour 
system in which the hours arc nuinbered consecutively throughout 
the entire day thus avoiding the necessity of using the designation 

a. m.” and “p. In.” If the usual 12-hour system is used care must be 
talien to  indicate the forenoon and afternoon hours by their customary 
designation. 

123. At the beginning of the record on a tide roll the correct time 
arid tlie gage time should be in agreement. In  subsequent notes the 
difference between the correct time nnd the guge tiiiie will indicate 
liow miicli the time cloclr of the gage hns gnincd or lost since tho 
previous noto was entered. Ajter. cncli entry has boon inlede the 
tirne clock should be set to agree with the correct time. The niinute 
hand of the clock, however, must not be turned bnckward when be- 
tween 10 minutes before and 5 minutes nfter the hour. (See pars. 
22-23 for setting and regulating clock.) 

124. Reading tide staff.-In tnlting tho tide stdl reading, both the 
highest tlnd lowest points reiichcd by thc waves nre to bc recorded, 
the two readings being separated by a dash or in some other distinc- 
tive manner. If a glass tube is iised the height of the water in the 
tube should also be recorded. 

125. The observer will noto that the tide staff is graduiited in 
tenths of feet and not inches. The heights in general nro to be road 
to the neerost tenth or haJf-tcntli of IL foot, tho hdf-tenth bcirig 
recorded us 5 in tlie second clccininl pluce. When tlie sttilt’ is 
equipped with 1% glrrss tube (par. 7) tlie staff reding corresponding to 
tho wtetor surf:we inside tho tulm should he rrjid, hiit tho observer 
must assure liinisoll that the opening in tlic hottolii oT tlie tube is 
riot chgged, arid if tliero is rrny wiive niovenieiit on tho outside the 
water in the tubo should show n percepti1)le oscillrition. 

126. While individual staff readings may a t  times seein rough and 
inaccurate, the final results, depending upon an average ol a great 
number of such readings over a considerliblo period of time, reach n 
very satisfactory degree of precision provided they w e  tillten in an 
unbiased manner. It is of grent importance, therefore, that the tide 
observer when taking stiLff rendings should bo uninfiuenced by any 
other consideration, and such retbdings should be entirely independent 
of any scale on the automatic tide gage. 

127. Adjustment of hour-marking device.-The following instruc- 
tions refer especially to the latest type of hour-marking device de- 
scribed in paragraph 32 and are not fully applicable to some of the 
older gages still in use. I n  all cases, however, the tripping hook 
(36, fig. 6) should not bo permitted to bind against the tripping rod 
(26, fig. 4). In general the hook will rest lightly upon the rod with 
the downward turn of the hook just clearing tlie rod. In  the present 
typo of gtkge this should be the position during the first half of each 
hour, after which, through the action of a can! in the~clocli, the trip- 
ping rod gradually recedes from the hook until the tune for striking 
the hour. When adjustments are necessary they should, therefore, 
be made with the minute hand in the first half of the hour. 

1 I  
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128. Adjustments may be iii:dc :it lour diflerent points and severill 
trials may be necessary before securing :L sritisftictory operation of 
tho dovice. One adjristinent corrsisis ol changing t<hc position of the 
recording pencil in its holdcr, the lmwil h i n g  sccumd in plucaby ti 
binding mrew (30, fig. 6)- A very slight c1i:riige in the elevation 
of the pencil and oven :I change resulting frolri tho  wearing away of 
the lead in the pencil irrr~y htwe x sensible cf'rct on tho honr-innrjring 
device. h second adjustment consists of chmging the :ingle which 
tho recording pencil ~iiakes with the paper by means of an adjusting 
screw (40, fig. 6). A third adjustment changes the angle between the 
hour-tripping weight (28, fig. 4) and the upright supporting the 
tripping rod. In general this angle will riot dili'cr greatly froni goo. 
The weight is held in position by u binding screw (30, fig. 51, but  
becrmse of t,he strain produced by the hourly dropping OS the weight 
thoro rriay he a, slipping at timcs. The fourth adjustinont relates to 
the position of a short arm ( 3 3 ,  fig. 5) ti tttiched to r~ spindle froiri t,he 
time clock. The lever is secured to the spindle by a binding screw 
(32, fig. 5 )  rind during the first ht~lf of e:wh hour its position shonld 
be newly p:~r:~llcl to tho  slot in the ~ l o c k  case just hack of the arm, 
During the last half of each hour its position changes throngh the 
action of a cain in the clock. 

129. Cleaning pencil screw.-Onc of Ihc rwst ~0111111011 SOIII'CCS of 
trouble, which cannot he overemphasized, in the operation of the 
automatic tide gage, IS the sticking of the pencil mi1 on tho  pencil 
screw, Even when the pencil screw appears clean and the arm moves 
freely in some positions, there 3ri:iy be other positions in which a 
sticking occiirs. Sometimes the sticking may be caused by an i~ccii- 
mulation of dirt inside the tmwing of tlie pencil arm. 

130. For a thorough cleiining, tho I1o:kt wire and counterpoise 
wire should he disconnected. I t  is, therefore, irnportnnt thn t this 
mil tter be given especi:rl n ttcntion :it tho tiinn of iristn1l:Ltion of n 
gage rmd also wlienevcr i t  is necess:vy to replace IL broken wire. The 
pencil screw may then be rotated by hand to iiiove the pencil arin 
backward and forw:rrd the frill length of the screw, tho a r ~ ~ i  beconling 
disengaged from the screw thretrds a t  ench end. If necessary, the 
pencil screw inay be entirely removed from the gage alter loosening 
the elmipirig screw (9, fig. 3)  tbtit seciires tho hall hearing arid releas- 
ing the small spring a t  tho other end to pei'rnit the rc~noval of the 
pencil arm. The pencil screw and the inside of the betwing of  the 
pencil arm should be thoroughly wtishcd with lierosene, niid m y  
roiighncss ctiused hy corrosion ru:ty bo rornovcd hy n fino file. The 
use of ornery or crocus cloth is to be avoided. Aftor tho clenning 
has bcen compIetod, tho work should he carefully checltcd by seein 
that the pencil arm moves freely without rcsistanco tho JcuL? lengti 
of the pencil screw. 

131. Alter n gtige has been sot up  wit11 float m d  counterpoise 
wires attached, :I thorough cleaning of the pencil screw is less con- 
venient. At regiilnr intervds, however, it should bo wiped clean 
with a rag moistened with lrerosene, arid tho best time t'o do this is 
when the paper on the gag? is being changed alter the close OS each 
rnonth. A liberal application of lrorosene with a squirt can innybe 
helpful if dirt has accrirnrilrited inside the hearing OS the pencil arm. 
Lubricating oil miist not ha used on the pencil screw or in the bearing 
of the pencil arm, as the oil tends to collect dusf from fhe atmosphere 
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and wlion dry f o r m  11 sticky filiii on the inetiil surhces. The move- 
ment of these parts during the operation of tho p g e  is so slow that 
the  friction between tlie clean dry mhrl sirrtaces is practictilly 
negligible. 

132. Clearing float well intake.-l'aI.tic.iilai. (*:I ro irirrst be lal;cil t o  
keep open the intake to  the float wolI, ns even IL prwfid clogging mny 
clostroy tho vnlue of the record by cretiting a liig in both time and 
hcight of the tide. Clogging niay be cnused by an nccunmlntion of 
sediinent inside the well, by niarine growth n t  tho intnlte, or by the 
slionling of tho water in tho vicinity. I n  tin iron float well clogging iiilzy 
result froin nn nccun~ulntion of iron ~ u s t  scd r s  hiside the pipe, A 
clogging ol' the intake is iiidiciited by n sinooth tide ciirvc when t l ic  
wntcr outside the. h i L t  well is somewlint 1-ough. Although tlie f h t  
well is desigrictl t o  d a m ~ ~ e i i  down the o ~ i  tsitle W~IVCS, tlici-e should 
always be an uniiiist i ihble  oscillation of tlie rccordiiig pencil whwcvor 
the watcr is somewhat rough in tlie vicinity. A sniootb, regularly 
traced curve is to be regarded with siispicion niid should occur only 
when the wntw outsido tlie h n t  wrll is sniooth. 

133. I n  localities where thcre is nriy tcndcncy toward vloggirig, tlie 
observer sliould establish the practice ol clearing the iloitt well n t  
regular intervals. When chiring nn iron h i i t  wcll with intttlie in 
the center of tho stnndnrd conicd intfLkc coupling, it will genernlly 
bo nccesswy first to remove t he  float ironi the well tilid, to avoid m y  
tangling of the floiLt wire whrn raising the flotit, 1,ho wii-e should be 
secuwd by n clamp or loop tiround some convcnicnt object to tdce 111) 
the slnclr. When the intrrkc is not  badly cloggcd it is most convc- 
niently clearrd by iise of the clcrining tool shown in figure 12. Tjiis 
tool is lowcrrd into the well by n lino rind is iisccl to  try^ out, tiny €orrip 
matter wliic4z way have collcc+d in the inid<c. 

134. If there is a considci*sblc nccniiiultition of srintl in the bottom 
of tlie wrll it niny be neoesswy to use n jointcd mi inndc 111) of  s( 
of iron pipe which mtiy be fristcnrd towtlic'r ns it is lowc~ct2 into thc 
well. Qnc-hdf-inch pipe with oiitsi& tliiinietcr n little less than 
$6 inch will gc~ierdly be found sntisfwt ory for the piirposo when the 
diameter of the iiitiLlie is an inch or niorc. If the obstruction in the 
intake is found to be especially diificult, to reniove, n drill of suitable 
size soldered in the end o€ tlic lowcst swtion of pipe will iisunlly bo 
found cfl'cctivo whrn otllier inmiis have Inilcd. 

135. For a woodcn float well when the iiitnke is in t i  lower comer 
of a sloping bottoni, the i ise of thc joinLrd rod without ~ C J M I Y ~ ~  tho 
float from the well will probably be found both cwnvcnic~nt rind 
efrective in ordinary cases. When the intiilrc is in tlie side of tlia 

11 the bottom, its clewing will gcnerdlg be inore diffi- 
itrbto tdie use of n bont n t  low title. When the clogging 

occ111.s ns a r c d t  of the shonling ol t,he wntcr nroiiiicl t ho  h i t  wdl, 
the cleiaring of the intiilio h ~ o i n e s  n problcm which cwnnotj h handled 
by the usual fiicilities of the observer and the circmnstances niust, be 
reported to  the oflice. 

136. Weekly report (form GGO).-T'idc~ observers I I IT  i*cquii-ctl to 
forward to the of im n t  the end of cucb week a rcport on €orm 660. 
The daily notes should coi~espond tu those ~ 1 1  twcd 011 tho ~ni i i@mi 
itself, but  the tube rcadiiigs niny be oiiiittcd in this forin. 1€ stafl' 
readings are tdren niore thnn once during tlio siinic ciilrndtir dtiy, 
a single set will be sufficient for tho weekly report, but rill srrch 
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readings are to be noted on the marigram. In the column of 
“Rcmarlcs” there should be noted such itenis as “Float well cleaned”, 
“Jj’lont wire brolren”, “Courrterpoisc wire off driiin”, “Time clock 
stopped 11:15”, etc. The operating troubles nre to be explained in 
detail on the back of the form, which inust also include all other 
informa tion requested. 

137. Forwarding records to office.-Unless the tide obscrver tabu- 
lates the records, the tide roll is to be forwarded to the office imme- 
dintely after removal from the gage after the close o€ each calendar 
month. If the observer docs tnbnlate the records, the work must be 
cspedited and the records forwarded promptly as possible, as the ofice 
hits frequent calls for information based upon them. It is expected 
that the tabulations will be completed and the records forwarded 
within 1 week after the marigram has been removed from the gage. 

138. Before forwarding the tide roll, it should be rewound to bring 
the record on the inside with the first of the month at  the beginning. 
A label, form 489, is to be filled out as coiiiplctcly as possible, except 
that a t  R primnry tide stntion it will be unnecessary to repent the 
lntitudc nnd longitude each month. The marigrams are numbered 
consecutively from the beginning of the series regardless of calendar 
years. The Iahel is to be pasted on Ibe outside o€ the marigram in 
such a manner as not to scnl the roll. As n protection ngninst tearing, 
R few inches of the pnpor a t  the beginning of the roll should be folded 
inward, mnlting a smooth edge of double thickness. The label is then 
pasted parnllel to this edge and about 1 inch from it, witJh the bottom 
of the label towards the edge. 

139. The roll should now be well wrapped for mailing arid an 
riddressed frnnliing slip (form 110) pasted on the outside. The 
inurigrarns are to be sent by registered mail, the necessnry postnge 
for this purpose being fipishcd to the obscrvcr from time to time. 
Two copim of form 413 listing the record must be sent under sepnrnta 
cover. This form is uscd only for the formal transmission of records, 
and any 1iiat.tm-s requiring special attention should be sent as separate 
communications. 

140. Shipment of Government property.-Shipments of instiuments 
or other Government property when too hulk to be sent by mail are 

necessary for the tide obscrvcr to mnke nny such shipment to the 
ofice he will be providrd with n hill of lnding for the purpose, and no 
payment of charges, other than drayngc which will usually be arranged 
for in advance, should be made by the tide observer for shipments 
sent or received by him. Form 412, in duplicate, is used as a trans- 
&ting letter when shipping instruments to the office. 

141. Requisition for supplies.-A reyuisition for stntionery lor use 
n t  a tide station mny be made by-ordinary letter or by a short form 
requisition lcttcr mimeograph coples of which may be obtained from 
the Chief, Division of Tides and Currents, upon request. Requisitions 
for instruments and general property must be ‘inade on form 12. 
Requisitions for stationery and instruments should always be made 
on separateforms, as they are handled by different sections of the 
office. 

142. Requisitions for supplies may bc made from time to time as 
needed, but it is recommended that a t  a primary tide station the quan- 
tity of any article requcstsd in a single order he sufficient for a period 

sent by express or frelght on Government bil 9 of lnding. When it is 
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of about 1 year. The following list is suggestive of the quantity of 
any article to be included in a single requisition: 
Tide rolls for standard tide gage ________._ . . .._-- -___._ - _ _  12 
Form 489 (label for tide gage record) - _ _ _ _ _  _ _  . - . . _ _  _. - - _ _  _. _ _  _ _ _ _  20 
Form 660 (weekly report of tide s ta t ion)___ _____._ _________________._ 50 
Form 457 (dcnsity and teniperature observations) . - - - - -. - - - - -. - . . - - 25 
Form 413 (lctter transmitting field records) - _ _ _  -. 50 
Form 110 (frank, inailiiig addresscd t o  Director) _ _ _ _ _ _ _ _ _ _ _ _  _.__.___._ 20 
Form 12 (requisition for iiistruine~its and goiernl property)-_-_. .._______ 10 

Envelops actdressed to Director, 3% b y  8!/s iiiclics.- - -_packages. 2 
Etivelops, inanilii, 0)/2 by 12 iticlics _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  pachnge.. 1 
Pencil leads, Scripto, blacL, BB _ _  - - - _ _  -do_ - 1 
Cheesecloth for cleaning tide gage- - . - -. - - - -. - - - - - - - ---__..yards_ - 3 
Tabulation forms (if observer tabulatcs his murigrams): 

Form 138 (high aiid low waters)- - __._____________________________ 25 
Form 362 (Iionrly heiglits) - - - - - - _ _  - - _ _  _ _ _ _  _ _  _ _  _ _ _ _  _ _ _  - _ _  - _ _ _  _ _ _  - - 50 
Form 455 (coinparative readings) - - - _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _  _ _ _  _ _  _ _ _ _  - _ _  25 

143. Emergency expenses.-Tide ol)sci.vcrs tire not eupectccl to 
incur any expenses in the operation of the tide station unlcss cspocially 
authorized b the Dircctor of the United States Coast a d  Ucodctic 

the ofice of any ricedod repairs and then wait for irlstructions. Tirnn 
will be saved if the tide observer obtains an  e s t i i r ~ ~ t e  of the cost of 
malting the needed repairs and submits this whcn inforniing the oficc 
of the need for the repairs. If the cost is more than nominal, a t  least 
three estimates are to  bc obtained when possible. 

144. I n  case of an oinergency in which there would be a considerablc 
loss of record if the observer wni tcd until receiving instructions from 
the office, he may niake irnrriediate arrangenicnts for having the work 
done, provided the cost is reasonable and does not exceed $5. In  
such cases arrangements will be made to have prLyrnerit made directly 
by the office to the party doing the worlc, OF the observer will be pro- 
vided with suitable forms for obtaining necessary receipts. 

145. When orncrgency work of considerable inagnitude is ncces- 
sary, the tide observer should inform the oEce by telegram, which is 
to be sent collect and not prepaid by the observer. 

146.1 Furnishing information to public.-All cniployccs o f  thr 
United States Coast and Geodetic Survey are espcctcd to be cour- 
(coils to the public when iiiquiries tire inado conccrning tlicir worl~,  
hit the i*cgiilations prohibit the furnishing of copies of tlie records 
without authority of the llircctor. When a tido station is SO situated 
tlint t h e i ~  may he inore or less Ircquerit ctills by local iLiithoritios for 
tluta ~ F O J I ~  tho tide-gage record, and this is brought to  the attciitiori 
of the ofilce, permission will usually be granted to the tide observer 
to  supply such information upon request, but whcn this is done tho 
part to  whom tho information is given should be informed that  the 

147. Operating difficulties.-It would be impossible to  anticipate all 
diifculties which mi lit arise in the operation of the automatic tide 
gage but the principa f ones are listed bclow. Tho tide observer should 
becoiiie fainiliar with diiferent parts of his gage by reading tho descrip- 
tion of the instrument coiituincd in this ~naiiunl. All tho ga es in 

any differences which may exist, in the gage at his station. 

- - - - - - - - - - - 

Requests for stationery (short form) . - _ _ _ _ _ _ _ _ _ - _ _ _  _. _ _ _ _  - _ _  20 
Lettcr paper for field use, rnediuiii- - - - . - ._-_-______ _._-_ tab le t__  1 

Survey. Un 9 ess an  eniergcncy exists, the tide observer should inform 

rem 9 ts are preliminary and subject to  revision by the office. 

use are not of the suine identical pattern but tho observer wil P now 
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148. Broken or tangled $oat ?Irire.-Observer visits station and finds 
float wire off drum, tangled, and perhaps broken. Although this may 
result from several causes, the most frequent one is a dirty pencil 
screw which has janinicd the gage and prevented the counterpoise 
from taking up the slack in the float wire as the tide rose. The wiring 
should be entirely removed from the gage and the pencil screw exam- 
ined and cleancd in accordance with paragraph 130. New wiring may 
then be installed as described in paragraphs 91-94. It will not be 
necessary to  attempt to adjust the gage exactly as beforc, hut a note 
should be cntcrcd on the 1.011 itself and also in the weckly rcport stat- 
ing that  new wiring was installed, and a comparative staf€ reading 
must be taken and recorded. 

140. Other caiiscs which might lead to a brolten or tangled float 
wire arc irnpropcr installation of wiring, an obstruction in the path of 
the counterpoise weight, jammirig of a pulley tlirough which one of 
the wires passes, nnd an interference bctwcen the recording pcncil and 
the datum pencil. If the instructions for attaching counterpoise 
wciglit and float arc not strictly followctl, i t  is possible tha t  an  excess 
of wlrc attuchcd to  the float may i*un off the edge of the float drum at 
the time of a specially high tide, thus causing a sudden jerk which 
could b1-eak or tangle the wire. An obstructiori in the path of tho 
couiiterpoisc weight or the junirriirig of a pulley through which the 
wire passes might prwent  the weight from functioning and tliiis per- 
mit the slaclrening of the float wire. A siinilar effect niay be pro- 
duced if the recording pcncil fails to clcar the datimi pencil in passing 
1)rcause of an improper adjustment of the pcncils. See paragraph 
118. 

150. Clock juilure.--If either clock stops frequently or runs per- 
sistently fast or slow regardless of all efforts to regulate it by the 
customary method, a requisition should be made for a new clock unit, 
and an efl’ort sliorild be made to  ltcep tlic old clocks functioning while 
waiting for the new unit. The stopping of cithw clock may be caused 
by winding too tight or by a collection of dirt in the works. The 
latter condition may be ternporarily remcdied by the use of lterosenc. 
I11 some of the oldcr types of gages, clock failure may result froin a 
flexure of the fi~ame caused by drawing too tight the screws securing 
the clocls to its caw.  Any jiinirning of the supply roll of paper might 
nffcct the running of the motor clock, and any iiniisurd resistance in 
the operation of the hour-marlting device would have its cflect on the 
time clock. 

I 51 , Failure (?f hour-marlring dwice.-Assuming that  this is not 
the result of tlic stopping of the time clock, any f:dure will probably 
be found to  be due to  an iniproper iLdjiistInent of the device. Instnic- 
Lions given in paragraplis 127-128 should be carefully followed. 

152. Yarn paper.-If tlic paper is found torn along the record curvc 
during n rising tide, it is probnbly the result of a dirty pencil screw 
which h:is forced the pencil arm downward and caused the pencil 
p i n t  to dig into the py)cr.  The softening of tlie paper by dnnip 
weather may be t~ contributing fwtor. See paragraphs 129-131 for 
cleaning pencil screw. An iniproper udj ristmcnt of the hour-marking 
clevice wlicrcby the tripping rod presses too tightly against the tripping 
I~oolc niny also result in a tcnr. A tear dong the dutum line suggests 
too great a pressure, too hard a pencil, or a brolten pencil point. A 
tear along the line of prick points ut the margin of the paper may 
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result from too lieavy a tension weiglit or too strong a resistance from 
tlie tension springs acting upon the slipply roll of paper. A torn 
margin may rosult from an improper rilinemcnt wlien the tide roll is 
installed on the gage. 

153. Failure to  trace curve.-Sornetimcs sections of tlic tide curve 
will be missing witliou t any ap1):irent c:Liise. Assuming the pencil 
point to  be unbroken, if the missing section occurs on a f:illing tide, it 
is probably the result of a dirty pencil screw -\vliicli 1111s lifted the 
poncil ofT of the pyier tcmporaiily. In sonic cases the pencil arm 
may be thrown entirely back away from tlie p:iper arid r e n ~ i n  tliere 
until retunled to its proper position by tlie observer. The obsious 
rcmcdy is tlie clcming of tho pencil screw in accord:incc with pur:L- 
graphs 129-131. If the entire tide curve is very faint, a pencil with 
softer leiid shoiild be used. 
154. Distortion of tide curve.--A series of steps in tlie record or :L 

flattening a t  the times of high or low wxter is most frequently caused 
by a dirty pencil screw rLnd this should be given first ;i ttciitiori wlieri 
the trouble arises. An irrep11:ir distortjoii 111 tlic title ciirve iiiny rilso 
rrsiilt from tho siinie c w s c .  In very cold w~ei~tlier, :I distortion of 
tho ciirve may be ctiiiscd by tho ])rcse~i(~e of ire in the float wcll. Ice 
cdlected 011 tlic iiisitlo w:tU of the wcll 1ii:iy inipctlc! tho ~ n o v e ~ i i e ~ i t ~  of  
tho flont witlioiit stopping it completely, tlius c:iusing. a11 irrcgiilw 
movomont. See p:ir:igr:Lphs 7 1-72 for prec:Lutions :ig:iinst frrczing. 
l f  ice lius tilroiidy iornicd in tlie wcll IL lilwixl use of stilt, 01' hot wi t e r  
is Iiolpful in frceirig tlic 11oii t. If :in insiillioient qu:intity of licroscn~ 
lias been plnccd in the \vel1 :is :L prec:Lutioii ngiinst freezing it is yossi- 
ble for ice to form below tlic kcrosc~~ie. Scc also the following 
1mragrnpI I . 

155. ('logged $oat wt.ll.-A clogged h i i t  \vel1 is evidenced by a 
consistently sniootli tide curve rcgwdlcss oi tiny roughness in t l ~  
water outside. As n clo,nged wcll c:iiIses IL I:ig in the record wliicli 
greiLtly imptiirs its T ~ I I ~ U C ,  i t  IS importtint tlitit tlic observer be.especially 
wntchfiil for any indications of tliis troiiblo in orcler t l i r i t  I t  lnny be 
remedied without dcltiy. llrilcss tlic surf:ice of tlic outside water is 
qui  to sniooth, tlicre sliould alwiys he n perc.cptiblc sliort period wive 
oscillation in the record R itli an nniplitudo inci*c:tsing hi proportion 
to  the roiighncss of the outside w:iter. Wlienever tlicre is nny evi- 
dence of the float woll being clogged, tlic observer slioiild follow &lie 
instructions in p:irugraplis 132 1 %  for c8lc:iririg the intdw. In 
localities wl ic~e  t lm eloggipg o(*riirs Ii~cqucntly, the observer sliould 
adopt the pr:Lctice oi c1c:iring tlic iiiti~kc :it rcgu1:ir iiitcrvuls. 

INSPECTION r w  TIDI~: STATION 

156. 111 iiiiiking I t t i  iiispectioIi of t i  prinitwy tide s h  tion note slioidd 
be inn& of tho following ni:Ltters find a report of the conditions found 
forwtLrded to  the offico in  form 681 , report-tide stri tion. Informi- 
tion relating to the station supplied by tlic offirc sliould be verified 
by the inspector :is fitr 11s prti 

157. Location.-I l' cliimgcd coiiditioii:, i i i  tlic. vicinity r d  IL tide 
st:ttion nidce it desirable that  the location be ellangod, tlic inspector 
slloiild nscertnin wlietlier tlicre is ~ ~ i o r c  siritrible site rind reportj 
twcordingly with his rcc~mmcndat~ions. 

158. Tide staff.--,l cnrcful inspection should bc IIULC?C ol' the tide 
staff, tlic legibility of its scnle, iind t o  see ivlictlicr it is finiily secured 
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in a vertical position. If a portable tide staff is in use, the staff 
support should be examined t o  see that it is substantially secured 
and that the metal plate a t  tlie top is firmly fastened in place. The 
metal stop on tlie back of tlic portable staff must be clieclred in regard 
to its position relative to tlie tide staf€ scale (see par. 111) and to see 
that it is firmly secured. The staff should be lowered into its support 
to see whether any obstructions exist t o  prevent tlie stop on the staff 
from resting fl:~tly upon the nietal plnte a t  tlie top of the support. 

169. Tlie title observer should be qricstioned in regard to any 
changes in the position of the tide stafl' of wliicli lie may have Irnowl- 
edge, and sliould be advised to dways report iiniiiediately to the 
o f h e  any occiirrence that niiglit nfi'ect the e1ev:etion of tlie tide st:~A'. 
If a tide staff has been accidentally ltnoclmd out of place or loosened 
and afterward resecured by the observer, it is important that the 
office have a record of tlie date on which tliis occurred. 

160. Tape gage.-If there is t i  tape gage or other substitute for :L 
tide stdl' at tlie station, tliis should be described and any 1;nown 
c-jianges since the previoiis inspection reported. For 1% tape gti e ,  
thc reltition of the plane of flotation t o  the t:q)e s d e  slioiild Th o 
(.\lcclied by tlic method described in ptirtigrtiphs 82 to 86. If t h e  is 
:L tide st,:Lfl in addition to soirie otlier form of nonregistcring tide gage 
at the station, sonie simultarieoiis readings from both gages should be 
t&en, preferably when the water is reasonably calm, but if tlie wtkter 
is rough the amplitude should be noted us an indication of the relia- 
bility of the comparison. 

I(j1. Automatic tide gage.---The nutoinntic tide gage is to be 
examined to ascertain if  it is operating satisfactorily, special atten- 
tion being given to the clocks, the hour-marking device, the pencil 
screw, and the wiring, which have been described in detail in the 
preceding pages. Note whether the gage is so placed over the float 
well that the float clears the sides of the well without scraping. In- 
quiry should be made as to whether the observer has experienced any 
of the operating difliculties listed in paragraphs 147 to 155, and such 
adjustments should be made and advice given as necessary. 

162. Float well.-Notc the general condition of the float well nnd 
whether it is securely fastened in place. Special attention ,must be 
given to the intidm to the well and if there is any doubt of the intake 
1)eing entirely free Erom obstruction u rod or clcnning tool should be 
ptkssed through the opening. Il' there is 
;L soparate well for :L tape gage, this must be given the saiiic attention 
; is  the one for the t~utoJnutic p g c .  

163. Observations.--7'h(. nicthods :md pi-occ~lui~o uscd by the 
observer in attending to hls duties are to be noted and his attention 
called to any matter requiring change. Any unusual method or 
procedure should be noted in the report. The inspecting oficer 
should make an-independent reading of the tide staff and enter it on 
the tide record in accordance with instructions for comparative note 
in paragraphs 120-126. 

164. Measurements.---Tho depth of the harbor bottom at the tide 
staff and t L t  the float well as referred to  the floor of tho wharf or other 
specified fixed point should be taken and reported at  each inspection 
in order that there nmy be a record of any change in the depth which 
may occur from time to  time. These depths need be given only to 

(SOC paragri~phs 132-1 3 5 . )  
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the iiearest foot or half-foot. I’revious ineasurcinents of the relation 
of the tide staff and florLt well to  the wharf floor should also be verified. 

165. Bench marks.-At the .tiitie of inqxction swrch shoold IE 
inade €or all bench marks within a radius of 1 iiiile from the tide 
station, their condition noted, arid the old description revised if 
necessary. If an old bench inrirli cannot be found, 
u statement to  that  effect should be included in the record, together 
with an  explanation whether the failure to find lhe m1tr.k results from 
an inadequate description, inaccessibility of location, or positive 
information of its destruction. If the nuinber of bench marlis re- 
covered isless than the minirnurn of five iiiarlts for a primary tide sttl- 
tion, the inspecting officer should arrange for the establishinent oE 
such additional marlis as may be necessary. Descriptions and reports 
concerning bench rnarks are to be included in the leveling record, 
form 258. 

166. Leveling.-On thc occtision of each inspection the tide stall‘ 
must be connected by  a double line of levels with not less t h a n  three 
substantial bench inarlrs including the primary bench .ninrIi, and the 
results must conie within the limits of $1 urwy indic:Lted in p:~ragrc~ph 
112. For procedure in rcgurd to leveling to a portable tide stuff or to 
u tape gage, see ptmLgrtLph 1 I 1 . The height of a bench nlnrli above 
the duturn of a tope gr~ge of the typo describrd in ptimgraph 14 is 
equal to the height of the bench inarlr above the reading 111arli of the 
gage plus the reading of the plnne of flotntion on the tnpe scale es- 
tended. If the bench mark is below the rending mnrk, the difference 
in elevation is subtracted froin the reading of the plane of flotation. 
Form 258 is to  be used for the leveling record. 

167. Recommendations.-A report of inspection should inclutlc 
i.cco~iiriiendntions for such r e p i r s  or chtinges. ns iiitiy nppertr desirable, 
with an  estiniiite of the cost when possible. M’hcn reptiirs :ire 
iirgently required, tho inspecting officer should give thCJn inirneditt to 
:I ttention, requesting by telegruph tipprowl for cspeiiditure of such 
extra funds ILS may be needed. 

(See par. 109.) 

SECONDARY TIDE STATION 

168. Secondary tide stations include those which are operiited 
over a very limited period of time, the observations in generd extend 
over less than a year but  in some ciises covering more thtin r~ ycnr. 
Secondary tida stations are established for the purpose of obtaining 
general tidal infornuition for a locality and also to obtain specific 
data for the reduction of soundings in connection with the liydro- 
graphic surveys. Obsorvntions at  a secondary tide .st:ition are not 
usually sufficient for a precise independent. deterininntion 01 tidal 
planes, bu t  when reduced by coniparison with sim$tnneous obsor- 
vations a t  a suitable primary tide station very StLtisfiictory results 
may be obtained. 

LOCATlON 

169. The selection of LL lociLtion lor .ti secoiidiLry tide station will 
tiepend upon the purpose for which it is to be established. For the 
hydrographic survey of any area there should bo i\, principal stutiori 
somewhat centrally located which will be maintuinod through the 

120022”--:i6--4 
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tiiiic thc s u n q  is in progress. If av:Lilal)le, :L standtird autoiriatic 
tide gage should bc installed at tho principal station. If there is 
dready a primary tidc station located within thc  rea to  be surveyed 
this ]nay servo as the principal station. 

170. Gages arc to be estrLblishcd at othcr points in the iinrncdiatc 
vicinity of tho  soundings as the work progresses, tho distribution 
depending upon tho cliangc in the tide from point to point. i n  some 
localities tlic tide may occiir practically simultaneously with nearly 
equal range over a largo area. In  siich a case a single tide station 
will scrvc for the entirc areri. In other localitics tho tide ini~y change 
r:Lpidly in pmsing frorn one point to another and it may bc necessary 
to establish gages a t  close intervals. For the subsidiary stations, the 
portable no tornatic title gage will gener:rlly bo found most convenient 
to install and the records siificiently acciiratc for tlic purpose. For 
a very short scrics of ol)scrvations, a pl:iin tide stdl’ to bc rcad a t  
certain fixed intervals niny be found sufGcient. 

171. For sounding on outer coast.-Yoruso in reduction of soundings 
on offshore sounding work the tido record from a gagc located 111 
a liarbor, such as at a primary tide station, can be iiscd with cor- 
rections applicd for difference in time a n d  lieigllt. It is advisable, 
Ilowcver, to avoid a location well. iiiside a river moutli or slidlow 
estuary or in aebody of water lit~virig a iiarrow conriection with tllc 
sea,. For iise in connection with inshore Iiydrogr:~pI~y along tllc 
outer coast si1bsidiai.y. stafl’s or portable gages sliould be establislicd 
wlierc possible in tlic iinincclia t e vicinity of tho  worlc r ~ l d  colinectcd 
by means of comparison of simult~t~ncous obsrrvntions with nearby 
stations wlicre long scrics have been obtained, if avnilable. 

172. Exposed channel approaches.-For survcys of exposed cliatnnel 
:Lpproaclics, wlicro tlie drptlis are near tlie drtift of vessels r m d  wliere 
cspccially accurtLte soundings will tlicrcfore be rcquircd, for tlic reduc- 
tion oi which tlic rccwd from an insliore ticlc stdf is not sufIicicii tly 
accwx,te, u t(~npor:~ry station sliorild 1)o cstJ:rl)lislwtl by pu~npirig 
( Iowr i  a pile or stiLI.;c and s c v r i d  Iiours’ title u1)wrv:itions obtainPC1 
011 a port:bble g:igo 01‘ fiscd st:ill‘ siniulti~ricous with tlic iiisliorc stti- 
tion. The ohscivations at tlic tcmpoi*ury station slroultl cover at 
least a high :md a low watcr. 

173. Abnormal tides due to configuration of shore.-in sti-nits ~ 0 1 1 -  

rlcctirig two bodies of writer liaviiig tides of tlilrercn t ixnges rlrld cpoclls 
of occurrence it usually I~appcns tliat in portions of tlie straits the 
tidc vnrics rapidly from place to placc. Ilcll Gate, East River., 
N.  Y., r~nd  tlic clianncl north of V:incouvcr Island, Uritisll Columbin, 
are csamplcs. Wlicn soutiding in sucli straits, ticlc stations sliould be 
(~strLblislicd at frequent intcrvds. At tirncs also npprcciablo difl‘cr- 
cnces both in  tirnc arid liciglit of tide occur on tlic difi’ercnt sides of the 
s:LIne island in an  nrcliipelago. 

174. Upper reaches of tidal rivers.--In the narrow ilppcr rctaches of 
tidal rivers a tide station is not rcprescntative of any considerable 
:L~c:L, arid stations slioultl be spaced sufIiciontly close togcthcr that 
sounding will riot bc done at a corisiderable distancc froin a tidc 
s tation. 

175. Effect of wind,-In hrgc  bays ol coniptmtively slidlow dept,h 
and with small range of tide, arid in broad strctclies of rivers or  
along shorcs whcro tlic watcr is s1ion1, tlic wind lius considerabIe 
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cIfcct on the tiinc and height of tlic tide. In sucli places under 
iirifavorable weather conditions the state of tlic tide at moderate 
ciist:Lnccs from u tide gage rririy be quite difi’ererit from tlia t at tlie gage, 
1,:~rticularly if  diflcrcntly exposed to the wind direction. Sounding 
at some distanco from a tide gage under s u d i  conditions will rcsult 
in failure of sounding lines to cross, at  tiiiics by scveriil feet. 

176. Vl’hcre sucli conditions prwail, a tide staff or portriblc gage 
sliould be establislictl in tlie iniinediatc vicinity of the work for tlic 
rcduction of soundings niid coiinected with tlic centixl or control 
gage by siiiiulttrnaous observations iiintlo during norm:il wonther. 
conditions. If a 1)ortithle gage is cstslblislied a t  tlie auxiliary station, 
2 or 3 dnys ol shiiultmcous obscrvi~tioiis sliould bo obttiincd. If a 
plain stall is cstahlislicd s L t  tlie ti uxiliury station, the observations for 
coniiecting with the central gcige nwd covor only tliosc hours during 
which somiding dependent upon the nusilinry giige is being done, 
cscept tliat soveld high mid several low waters sliould bo included, 
preferably n complete 1*ungc of tide e m  encli day tlint tlie staff is 
used. 

177. Wlicn surveying sliallow bodies of water, sucli as the sounds of 
North Carolina, wlici*e tlic rmge of tido is sinall niid ijuctuntions 
due to nictcorological coriditions coiisidcrable, it will bo nccessnry 
to roiiliiie tdic sounding w w l c  of nny diiy during periods oi licavy 
winds to an nrcn in tho vicinity of :L title gnge or, if sounding on 
long lines, to Iii~vc siifiioiciit auxiliary title stations in nctrial oper- 
tition sctbttorcd ovcr tlte ni*oti to furnisll coiwct reducers for tho 
sorindings tit difl’clwit positions nlorig tlic sounding lines. 

ICSTAUI,ISHMENT OV SIWONDAltY TIDIE STATION 

178. Ccrtnin prcenutions wliich are roq uircd when estnblisliing n 
primary tide stntion bccii iisc o f  its niore or lcss pcrni:inent character 
:Ire uiiricccssnry wlicn insi,:illilig IL sccontlary tide st,a tion. Witlioiit 
s:wri[icing anything wliicli iiiiglit, iiiipiLir the idiiibility of the record, 
tJio instiillit tion of :L title station !o IIC occupied for orily :L sliort p(\riotl 
of tinic 111i1y be sollicwli:i t siiiiplilictl. 

170. T l i o  titlc sL:iL1 iiiiiy h o  II ]hiin hoiirtl with ffradiiated swle 
nnilcd to  a convenierit support. l‘lic staff must, liowcvcr, he cori- 
iiected with ZL system of b c ~ i ~ l i  niurlis as dcsriibcd in pa r:igi*nplis 97- 
112. Tlic siiinllci- niid inore convoiiiently inst:dcd portnble nuto- 
rnntic tido gage iniiy usually be substituted €or tltc lurgcr standard 
gag?. Tlic float wcll nii~y be n siriiple consti*uc%ion of plnin bawds; 
or, if tho  portihlc nutoinntic p g c  is iisod, ititdo u p  of convenient 
Icngtlis of st:incliml 4-incIi iron pipc. If tlic? obscrvtitions nl’o tnlreii 
during the suinnici‘ time only, no titlr housc is Ii(wxs:ii’y, t i  w:Ltcrproof 
bo\- :La’ording sufIicicnt shelter fo r  tltc sttuitlttrtl gqw, md tho iron 
covor pimvitlctl with tho  portable giigc serving tis einplc protcction 
for tlic latter. I n  tlie winter tinic :I tide 1ious0 is niorc o r  lcss ~ i c  
as n protection :Lgainst the clcincnts wlicii changing the rccortl on the 
gage . 

180. I n  sclocting tho  sitc for ik sccondnry tide stntioii existing facil- 
ities arid t h o  iLcccssibilit,y of tlic lociltioll ti) t i 1 1  o b s o r ~ r  lnlist gcncrtilly 
be tnlicn into nccoiint. For tlic sttiiidtirtl ticlo gttge II corivcwiciit w h * f  
is es~~ecially dcsircd. Otlicrwisc soiiio spccid pln t forin iiiiist bo coil- 
structcd. Tlic portablo g:igc, purtially supported by its own 4-in(.h 
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iron pipe float well, may be secured to a single pilo, to a fish-net stake, 
or against n cliff (figs. 16-17). Care sliould bc taken to install the 
g?ge a t  a point wliere the depth is srilficient to  operate the gage at low 
tide. 

181. Tlie installation of the standard automatic tide gage has 
already been described on pages 27-30 and its operation discussed 
on pages 34-43. However, all the instructions given for tlie 
guidance of the tide observer at a primary tide station will not neces- 
sarily be applicable to a tide obscrver at a secondary tide station, who 
is working under the direction of the chief of party. Tlie installation 
and operation of the portable automatic tide gage are described on the 
following pages. 

INSTALLATION AND OPERATION OF PORTABLE AUTOMATIC TIDE GAGE 

182. Since tlic portable tide gage is designrd to be set with stylus 
wading in agreement with tlic reading on tlie tide stafl', tlie latter when 
installed sliould bc so placed that  its graduation corrcsponding to tlie 
middle of the 1iciglit scale of the record papor shall be at approximate 
half-tide level or midway between the extrame tides to be expected 
during tho  pcriod of observations. With such a setting tlic curve 
traced by the portable gage will be approximately centered on tlie 
record papcr. 

133. Float well.-'I'hc 1)asc of tlic portable aritoiiirltic tido gngc is 
provided with a sleeve to  fit on tlie top of the float well. I n  the later 
gages this provides directly for a 4-inch fimt pipe, but in tlie earlier 
gages it provided only for a 3)h-inch pipc and a reducing coupling is 
nccessnry to adapt it to the largcr pipe. Tlie pipe in addition to 
scrvirig as a.flotLt well acts also as  a support for tlic instruincnt. When 
trlic p igc  is installed on ti wharf a flmgc coupling with n sliort scction 
of pipc 11 hove the dock t~ffortls $1 rridy iiirans of supporting thc floitt 
pipe. 'I'lio conic:tl inlrt coupling is scrrwcd into tlic bottom of tlic 
longer section, rracliing bclow extreme low wsLtcr. To  provide a 
support for tlic instrument in a loc*ation at wliicli 110 wharf or platform 
is nvtiilnble, an additional section of pipe is screwed into this conical 
inlet coupling on its bottom rnd arid pcrforated with scvcral largc lioles 
to allow free access of the water to tlic inlet in the coupling. (These 
liolcs sliould be as large as can bc conveniently made, so as not to 
becomc cloggod.) This lower section rests on the bottom, and tlie 
float pipe may be laslicd to a singlc pilc or net stnlic or lashed securely 
against an  overhanging clifl wliere depth of water permits (figs. 16 and 
17). In localities wliere littlc pcnetration can bc obtairicd €or a single 
stake tlirce sliarprned poles of suitable lcngtli may bn driven about 
6 or 8 feet apart and the upper ends brought together and laslicd in 
the form of a tripod, the float pipe being luslicd in a vertical position 
to the apex of tlic tripod. 

184. Attaching flont.-Mrhen installing the instrunicnt on the float 
pipe the first s t rp  is the attaching of the float. The lengtli of wire 
required may be determined as follows: 

Let A=clistrLnco in feet, float drum to water surfncr. (Actual 
measurement not necessary.) 

Let B=lieiglit in feet of tide :ihovo o r  below ttpproxirnate niean tide 
level. 

(In tho  formulrt below use plus (+) 13 if l ido  tLtJ tlia timo is above 
Incan tide level and minus (-) B if below incan tidc Icvcl.) 
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Length of wire rcquircd=A+ 15 IcetfB.  
Take a spool of wire and attacli one end of the wire to  the float nnd 

lower it into the well. Alloying LL few inclirs €or the clistnnce from the 
top of the wcll t o  the float-wirc drum, measure off nn ndditionnl length 
ccrual to 15 fcet7th’, the v-alue of I1 bring rstiinntctl from thc stage of 
tLc ticlr, nncl tIG 
cut thc wire. Pass 
tho loosc end ol 
tho wire over the 
fixed fair l e a d e r  
and throug.11 t h e  
o p c n i n g  in the 
base of tho instru- 
ment, and t h e n  
bcforc attaching 
tlie w i r c  t o  thc 
drum wind up the 
spring citlier b -y 
turning tlic drum 
countcrclockwisc, 
us viewed from the 
side sliown in lig- 
urc 9, or by usc of 
the clock key on 
tho drum uxlc (30, 
fig. 9). Tlia spring 
sliould bo wound 
up completely and 
then slaclrencd ofl 
about four turns. 
Holding tlic drum 
i n  t h i s  position, 
the float wire is 
n o w  p a s s e d  
through tlie sninll 
drill liolc near tlic 
cdgc of thc drum 
and lrno tt~cd. The 
drum sliould now 
b e  permitted t o  
t u r n  s l o w l y  
through the nction 
of tlic spring,wincl- 
ing up tho float 
wire, care b e i n g  
t a k c n  t h a t  the 
wire f o l l o w s  the 
threads in tho face of the drum. Whcn nli the slack in the wire lins 
bccn talrcn up tlic gage is placed in position on top of the float pipe 
and locked by Inrnns of the two anchor boolrs (27, fig. 9). 

185. Counterpoise spring.-If tho float wirc.hns been c i i t  oIT n t  tho 
proper length and the instructions described i n  tho prrcoding pnrn- 
graph followed the counterpoise spring will be wound to  tlic proper 
tcnsion; but if further adjustment t o  tho tcnsion is iiccessary this may 
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inent ns the train of gc:ir wheels, tliis being tlcsignnted as tllc front of 

18!1. Record paper.--k~ivc tlifIei*cnt scillcf; of iwoid p j i p e r  iii'cs pro- 
vided nncl care must he tidien to select the sc:ilc dcsircd and to s ( ' ~  
tlint tlie gcnrs printed on tlie slieet are t h e  slmie as tlie corrcsporidiiig 
gcars on the gtLge. With tlie capstiw nut (4, Jig. 7) looseiird, tlic 
pupor is placed on the cyliridor with the zero of the lieiglit scale 
toward tlie front of the instrument; tlmt is, : L t  the saiiie end of tlic 
cylinder as tho capstan nut. Tlie paper is lield in pl:xo by n inr.t:d 
clip (24, fig. S), tliis clip being rclcased nt  one end wlieii inst:illing tlic 
paper. After the paper is in place, the cylinder is turned until tlic 
stylus reading on tlie paper scale corresponds approximately to  tdia 
correct tiiiie and tlie nut at tile end is then tightened to socure tlie 
cylinder in this position. 

revolution of tlic cyliridrr. Since tlic times of liigli rind low \wtcr 
occur about 50 iiiiriutcs later r:wIi day, the tide c~ i rvo  tri1ced on the 
mine slieet during scvrral rcvolutions of tho cyliiitlcr scp:ii,:btcs sufIi- 
cieiitly to be distinctive urilcss tlie ronge of tlitlc is vcry siiinll. AI- 
th?ugli a siiigle slmt of record ptkper i~igl i t  serve for :in cntirc week, 
it is recommended that n iiew slieet be p1:~ccd on tlic g:igc c w ~ y  3 or 
4 days. 

191. Setting stylus.-To set the stylus to tlic ttpproxiiii:ite height of 
tho tide as read on the tide shil', the nut (7, fig. 7) holding the upper 
gear to tlio stylus screw is uiicliinipod, and tlio stylus screw imy then 
be turned frccly to bring tlie stylus to  tlic rending desired. The gear 
is then ugaiii.cl:inipcd in position. A liricr ttdjustnient for lieigli t in:~y 
now be obtninrd by nietms of tlie slow-motion screw (25 ,  fig. 8 )  pro- 
vided for tlie purpose. Tlie stylus should be reset to  agree with tlic 
stafr Iwding: e:~ch time the rccord p p e r  is renewed. 

192. While tlic approxiinn te time scttirig of tlie st,ylus is obtained 
by tlic turning of tlic record cylintler ILS tlescribcd in pnriigr:ipl1 
188, n finer ndj ristiiicrit is secured by iiwniis of tlic slow-niotion sci*e\v 
(34, fig. 9) .  Wlicn settiiig tlie stylus for tinic, wliatcvcr slnck tlierc 
inny be in tlie rocord cylinder due to  lost inotioii in tlie gews sliould 
first be taken out by lightly plii('i1ig tlic lland on top of the cyliiidcr 
and drawing it in n direction away from tlie stylus. 

193. Care of clock.--illt,lioiigli t,hc clock riicloscd in  the record 
c y h d c r  has nn 8-day ~~iownient , ,  it is rccominciided tha t  it be wound 
semniwerld,y. Tlie,clock is regulated by incam of tlie smnll end of the 
clock Iiry n iser td  111 tlic siiiull liryliolo in ilie front end of t Iio cylinder. 
When rc~gt11:ihig tlie clock, 11owovcr, tlte record cyliiitler sliould be 
allowed LL -full 48-liour revolution and the clocli iiiovciiwiit adjusted 
according to tlio tirnount that it €ails or ovcrruns n coiiiplctc revoiu- 
tion of the cylinder and not for m y  particular liour on tlie cross- 
section paper. 

104. Cleaning stylus screw.-For the eficierit functioning or the 
gaga it is important that the stylus screw be cleaiied a t  frequent 
intervals. This sliould be done in the smile xnmi~cr as with tlie pcncil 

to he OpcLiIted !or i t  con- 
sidenibIe period of time tlie floci t pipe sliould be claimed occasioniilly 
to prevent tho opcning in tIict conirctl inlrt coiiplhg b ~ c o i i i ~ ~ i g  clogpd. 
It sliould bc cleancd by rcmoviiig tlio flout from tlie p i p ,  inserting 

t l re g:ige. 

190. T~~ days oi record are traced 011 tile sileet or ljtlI)cr for eacil 

screw of tho st:xlldard g:igp. (SCC 1 ~ ~ s .  128-131.) 
195. Cleaning float pipe.-1 1' tho pip 
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the cleaning tool to wliich a line lias been attached, and raising and 
lowering it several times in the pipe. 

196. Comparative note.-Etbch day the tide pigc is visited, ti coin- 
parative note giving the date, the correct time, and staff reading 
should be entered on tlie marigrnm (fig. 18). The stylus is to be 
adjusted when necessary to agree with the correct time and staff 
reading. As unbiascd staff readings are rleccssnry for the proper 
reference to the vnrions tide plancs to bench marks, care must be 
taken by the observer to avoid being influenced by u previous setting 
of the stylus on the cross-section aper when taliing a new staff 

a staff’ reading somewliat unreliable, a previous. setting of the stylus 
under more favorable conditions should be retainod without change. 

197. To indicate on the tide curve the exact point to wliich the 
comparative note refers, first rock tlie stylus holder (35 ,  fig. 9) slightly 
to make a sliort line parrhllel to the edge of the paper. Nest place 
the hand lightly on tlie float drum (17, f i ~ .  8) and raise the float a 
little way out of the water and tlienlower it, riialiing XI sliort vertical 
line on tlie mixigram. The point indicated by the intersection OI 
tliese lines is then connected wit11 tlre compnr:&w note by a light 
line. 

(See pars. 132-134.) 

reading. However, when an unusua P rough state of tlie water renders 

ISELD IIEDZJCTJONB 

198. Preliminary computations of tidal data to obtain tide reducers 
for soundings are often carried on in tlie field. The processes are 
covered in tlie following clirq~ter on Tabulation and Reduction, but 
for field purposes, parts of tlie instructions not directly applicable to 
the work in hand may be omitted. Unless there is special need to 
expedite the reductions in the field tlic planes of reference for the 
reduction of soundings will be furnished by the office upon the receipt 
of the original tide and leveling record. 

TABULATION AND REDUCTION 
PRELIMINARY WOllK 

199. The original tide records to be tabulated will vary in form 
according to tlie kind of tide gage used in takmg the observations. 
The records generally consist of tide rolls from the standard automatic 
tidc gage or tide sheets from the portable automatic tide gage. The 
following general instructions are applicable to tlie several forms used 
for the tabulations and reductions. The work is to be done neatly 
and in ink. lnterpolatcd or inferred vnliics are to be indicated by the 
use of brackets. The 1ie:Lding on circli slicct will in gcneral be filled 
out as completely as possihlc m ordcr tlrat it m:Ly he fully identified, 
but when a tabulation covcrs several sliccts a repetition of the latitude 
and longitude of the phce is unriecesstiry, t ~ n d  for a continuing series 
the spaces for the beginning and ending of the observations may be 
left blank. The heiglit dr~tum in tlie lietLding rcfcrs to the datum 
actually used for the tabulation, wliicli is geriernlly the tide staff zero. 
Standard time is to be used consistently tlirougliout tlio year regardless 
of the fact that daylight-saving time may have been temporarily 
adopted in some localities. The hours of the day are to be numbered 
consecutively from Oh (midnight) to 23” (11 p. m.) to avoid the 
necessity of using the terms “a. m.” and “p. m.” 
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200. Checking time.-In the 11ortr~>la gage record, the .hours are 
indicated by the numbered vertical lines of the cross-sect,ion paper, 
the hours being subdivided into 10-minute spaces by finer verticil 
lines. The time a s  indicated by these vertical lines is t o  be conijxired 
with the correct time as given in the conipnrntivo notes entered by tlio 
observer. Assuming th:i t tlie observer has correctcd tiny clock error 
t i t  ench visit to the tide station, any loss or giiin inny be pror!ited ovcr 
tlie period intervening between tlie visits unless there is evidence to 
indicate tha t  the loss or gtiin was not uniform. 

201. I n  tlie standard gage record tlie hours are indicated by short 
horizontal lines nii~de automatically by the time clock of the gage. 
Tlie hour begins a t  the inst i~nt  tlie mark letLves tlie curve, the length ol 
tlie stroke having no significance. The time notes entered on the 
record by tlie observer sliould be examined, and i€ it is found tlint 
the difference between tlie correct time and tlie gtige t h e  does 
not exceed 3 minutes at any time, tlie hour mtirks tis autonintically 
made by the gage inny be accepted as correct and mnrlied accord- 
ingly. In ciises where the hour riinrlrs are npprcciably in error due to 
fnilure of tlie time clock to  k c q )  correct tiirie, the totnl error indicated 
by the time clock m t ~ y  be prornted among tlie lioiir m d s  effected on 
the assumption tliiit the time clock hiis lost or gainclti uniformly 
between consecutive coin~~artitive notes. Tlie mnrlts arc to  be iiuni- 
bered consecutively from 0 (midnight) to  23 (11 p. m.), and tlic 
numbering clieclicd at eticli time note on the ini~rigrmi. In order to 
wp.edite tlic work, the  numboring of the odd hours may be omitted if 
desired. Tlie beginning of each day at the 0 hour sliould be ninrlred 
with the appropriate date. 

202. I n  cases where the hour-marking device has failed to  work 
tlie following inetliod may be used: First, from tlie comparative time 
notes ascertain the position on the curve of tlie nearest esnct lioiir for 
each note made during tlie period when tlie hour-niarlring device wiis 
not functioning. This is done by laying ofl! 1 inch on a piece of paper 
and dividing it into 12 equal parts, tlie inch measured parallel to  tlie 
datum line representing 1 hour on the tidocurve andeacli of the divisions 
5 minutes. The correct tinie of tlie point on tlie curve being linown, as 
indicated by a time note, tlie nenrest exact liour is laid off by nienns of 
this “ tinio scnle.” Second, tliroiigli the points thus found, indicating 
tlie exact hours, draw lines perpendicular to  tlie d:ituin lino and es- 
tending across thc paper. Third, prcpnre n “dividing scnle” Iroin a 
strip of paper somewhat longer than the greatest distnnce between tlie 
time notes on the niurigram. On tlic edge lay oif equal divisions about 
1 1.52 inches long. Tlicsc divisions sliould hu numbered consecutively 
from Oh t o  23’’ tind repetLteti if ncccssnry. This sciile is tlien adjusted 
obliquely between two  consecutive cross lines piissing tli~.ougli the 
correct hour points so that  t,Iie iiiiriihcrs on tliescnle will agree wit11 the 
hoiirs represented by the cross lines. With the scnle in this position, 
each division is marlied 011 t1ioiti:wigrnni by I’ourtli, tlicse Iiour 
dots are referred to tlic tide c,urvo by lines drawn through the dots 
and perpendicular to the datum line. Tlicse hoiir lines are numbered 
in tlie same iriunner us the hour inarlis autoniaticdly intido by the time 
clocB. 

203. Checking hei ht datum.-Ln tlic portablc gage rccorcl, tlic 

zero of whicli is assumed to  correspond to the tide staff zero unless 

dat. 

lieights are indicated 73 y tlio horizontd ruling of tlia profilo papor, tho 
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to refer to any datum other than stafi' zero. When a constant is 
necessary it is furnished by the office. The algebraic sum of these 
quantities will give the corrected scale setting to be used in the tabula- 
tions of the hoiirly heights and the high and low wnters. 

210. 11 there has been any change in tho adjustment of the gngr, 
such as worild be ctiuscd by rqdnc'ing t~ liroken flout wire, the intro- 
duction of keroscne in the flout well, a change in the position of the 
datum linc, etc., the dif1crenc.c~ will foim distinct groups. In such 
cases separnte means arid corrected scale settings must be computed 
for each adjustment of the gage. 

211. Sometimes an extreme high or low tide may move the 
pencil arm to the extreme limit of its motion so that it becomes 
disengaged from the threaded portion of tho.penci1 screw. If tho 
change in the height of the tide beyond this limit is small, the 
pencil arm will automatically reengage the screw throad after tho 
tide reverses without any change in the adjustment of the gngc, 
but if the tide continues to r i se  or fall after the disengagement of 
the pencil arm by an amount equal to or greater than tho circum- 
ference of the flotbt-wire drum, the adjustment of the gage will bo 
uritoriiatically changed. Each complete turn of the druiii a t  such 
times will be found registered by a jog in the rccord nenr the edge ol' 
the papor, and each such turn will signify tl chnrigo in tho adjustiiicnt 
equal to the circumference of the float drum in use. l f  such change 
takes place at  tho time of high water, the curve will be lowered arid 
tho scala readings diniinished, but if i t  taltcs place at the tinlo of low 
water, the curve will be raised and the scale readings increased. 

212. In using form 455 tho tide roll should be taken as tho unit, 
regardless of the beginning or end of the calendar month, and each 
cornparative note made by the observer on the tido roll should be 
included in the form. 

HIGH AND LOW WATER TABULATION 

213. Form 138 (figs. 20, 21) is designed for tho tabulation of high 
rmd low waters, but for a-vcry short series the high p.nd low waters 
Inay bo tabulnted directly in form 248 for the conipnnson of simulta- 
neous observations (fig. 23). When form 138 is used the tabulations 
will in general be arranged by calendar months, but if the entire 
series of observations does not exceed 31 days the tabulations may be 
included on a single sheet of the form. Tide observers who tabulate 
their own records should, a€ter completing the tnbulations for any 
calendar month, retrrin a memorandiirii of nrly high and low waters a t  
the end of tho tide roll which pert& to the following month in order 
that they may be included in the tabulations for thilt month. 

214. Times.--Tho times of tho high m d  low wntors are to be 
expressed in hours and tenths, tho holm being numbered consecutively 
from 0 (midnight) to 23 (11 p. 111.). A high or low wikter occurring a t  
inidnight (0'1) IS taken as belonging to tho dtty just beginning. Stand- 
ard time is to be tisod consistently throughout the tabulations regnrd- 
less of any temporary local use of daylight-saving tiino. In form 138 
two lines are provided for each ciLIendar day, and in general the morn- 
ing tides will be entered on ths first line and the afternoon tides on the 
second line for the day. Blank spaces should be left €or tides missing 
because of lost record in order that inferred values may later beinter- 
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polated if desired; b u t  whoii only a single high or low wiitcr actually 
ocburs on any calendar day, the nnnsed spt~c~e niny bo filled with a 
dashed line. 

215. I n  selecting the time of high or low water from the tide curve 
attention shonld 1)c given to tho pneral tro~itl of tho CI:TW r:i ther 
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as closely as possible. In tlctorniining the tiiiics of the high :md low 
waters to tho  nearest tonth of :m hour i t  may be found convenient 
to construct a small scnle 1 inch long and divided into 10 equal parts 
for use between the hour inarlrs on the curve. An experienced tabu- 

DLPA.TMF:~:FOMHERCE COAST AND CC0O”lC W R Y 0  TIDES: HIGH AND LOW WATERS 
, d  Pcb IVB 

Slallon -AJL&f%-&, __ __ 
I l i g h u t  lid< Dola LSt* 13*h /bight - 2 %  It Lower! r d r  D o c  6 S h  l ircgh, k p 

I ~ I G U I { I C  ?I.--Fortti I%, hich :mrl low w i l c r s  ( I m k ) .  

l:itor, howover, will usudly he ;i,I)lo to cstiniiite tlie tenth :Lccuratcly 
without tlio use of such :I sc:dc. 

216. Heights.- The high rrritl low wat.or hcighls j m j  to be tiibiiltittd 
in feet and tenths and should yofor to LL uniform datum throughout tho 
entire series of observations. In g e n c d  thc datum adopted for tho 
tabulation is the zero of tho tide staff us originally instnllcd tit tho 
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station, allowances being made for my subsequent change in elevation. 
However, any other datum may bo adoptod for the tabulations, but 
it is desirable that  the datiiin be sufficiently low to avoid ~riariy negn- 
tive readings. 

217. When tabulating from a portnblc gage record, tho heights m:i;r- 
bo taken directly from tho sciilo of the profile piper provided the gage 
has bcen consistently kept adjusted to agree with the tide st:tfl’ rend- 
ings, but  :tlloiv:irices must be m i d e  for any iiintcrial v:wiations from 
such an ndjustment. 

218. W lien tubulnting from the st:Lnd:ird gage record, :L glass s c d c ,  
grndiiated to conform to tlic scdo  of the record is used. A line is 
ruled across tlm ijnde~*side of this scnlo to correspond t o  tlic corrcrtcd 
scale setting :IS conipiitcd on form 455 (pnrs. 205-212). Tlie scde is 
then moved ailong tlio record with tliis line in coiiicidcn~o with the 
datum line on tho  record, tho li~iglits i ls rcnd on the scale being 
referred directly to tho  desired d:Ltum. At  any climga in tlie adjust- 
iiient of tlie :uitoin:itic gage, tho scnle setting must bo clii~ngetl to 
acc~ord with t ho  iiow sctting xis computed in form 455. 

HOUIILY H ICIGHT TABIJLATION 

219. Tlio Iioiirly lieiglits nre tnbnlntcd in lorin 362 (fig. 22). Urilcss 
otherwise directed these lieiglits will bo t:il)iilatcd in ye:~rly scrics, 
heginning with Jtinimy 1 11s tlie first day of each wries. Tlie d:igs 
nre to  bo ciitcwd conseciitivcly, 7 (hys io tlio p u g o  :ind iising both 
sidcs of tho form, witlioii t r e g d  to c1i:inge in cn1cnd:ir inoiitlrs or to 
the time of cli:inging tlie tide roll. The side ol’ the lormi Itaving tlic 
wider n1:qin 0 1 1  tlic left side sholild 1)c I i s d  iis the first I ) : L ~ G  of ~ : i c l i  
slicct. The “t1:i-y of series” will be nunibcrcd consecutively tliroiigh 
tlie year, 1)eginning with ‘‘ 1 ” for the lirst day of‘ J:inu:rry. . 11‘ aiiy 
part ol’ tlic rccord is lost, bltinli spticcs sltoiild bo lcIt lor 121 tw iritclpo- 
l a  tiori of tho missing tides. As strncds i i m  to  be uscd in conneetion 
with tlris form, it is important tli:i t tlic tnbulatcd ltciglits 1)o \vrittcii 
tvitliin tho spwes provided, t h x c  space's Iwing indicated by tlie printed 
deciiml points. 

220. As u cl~ecli 011 t l ~  1it.i.ongciiicnt ol tho chys iii 111e fornip 1110 
following tablo givos tlio p:~gc, column of p g c ,  and dlry of‘ series, loor. 
tlie first of each cs1end:Lr niontli, wlrcri tlic series W ~ I I I I I C I ~ ( Y ~ ~  with 
Janimry 1 : 
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221. The tabulated hourly lieiglits are to be expressed in feet and 
tenths and will be referred to the same datum as adopted Sor the 
high and low waters, tlic heights being scaled from tlic record in tlie 
mme iiianner as dcscrihcd for the high and low water tnhlations 

Form am ' DEp::TgzN~oz&:y,%-c~ TIDES: HOURLY HEIGHTS 
-70 P a r  1 7~ 

1 Obsorvor Lat. +zO .9 7 - Long l z Z o Z  0 2  
Timo Mrriilian 110 &' Tido Gaugo No 96 Scnlo 1 Rcducnd to Star nflsn4L- 

I l - - IP1 

- Daio Summed by- Doto MeZ. fLLfZ8  

F r ~ u a c  22 Perm 3V!, 11 ~iirly lictigltb 

Tl1c. hourly lieiglits are to  be talien on the csnct hour and allowance 
iiiust be made for any time error in tlic record. This is especially 
necessary if  tlie heights are to be used in an harrnonic sndysis of the 
observn tions. 

222.  Tide observers who tubdate their own records should retain 
a t  the end of each iiioiitli tlie last incompleto slioet of tho llourly 
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heights in ordcr I l i i t t  i t  imy  I)c coniplctcd \I lien tho  record for tho  
f ~ l l o ~ i n g  iriontli is :ivailnl~le. 

INTEIIPOLATIONS 

223.  Belore beginning tlic rednctious., if any portion of tlic record 
is lost, it is dcsir:il)lc tliat, the iiiissirig titlcs be supplied by intcrpo1:i- 
tion. Zntcrpo1:~ted tidcs should bo eiiclosed in brackets to distinguisli 
tlieiii from observed tides. 

224. If tlic lieiglits of :dtermtc high witcrs :ire plotted on cross- 
section pnper it will bc Iound that f:iirly smootli ciirvcs ni:iy bo 
drtiwn tlirough the plotted points. Sue11 a gr:ipli nfloids :L iimiiis of’ 
intcrpoluting for inissing high Wii tors ~ h c r o  only :I, fcw tides have 1)ccn 
lost. Wlien only XL few tides are missing t l iu  :dtrrii:ete heights for 
several diiys before and scvcrd days after tJio bred< miy bo plotted 
and spaces lek lor tlie missing v:rlucs. Tlic siiiootli ciirro connect- 
ing tlia observed v:iluos will gonerdly dotcrinino the iiiis4ng wilucs 
with sufficient accimicy. Siinilu curves m:~y be drawn lor :iltcrn:itc 
low w:iters. Tho times :is well as tho  liciglits will I ) c  foiuid to  plot  
in fairly 1~gi11:ir CIUTCS, and tiriics of missing high and low uxters miy 
dso be detcrniincd by this gr:ipliic nictliod. 

225. Aiiotlicr iiictliod of supplying iiiissiiig vidues is by direct coin- 
pcirisoii with siiiiiilt:iiicoi~s obscrvn tions :it sonic other station in the 
vicinity. This iiietliod is espccidly risefiil in cstrtipolnting v-alucs at 
tlic beginning and end 01 t i  series oi observ~itions. 

LUNITIDAL 1NTEIIVAI.S 

2%. A Grconwich Imiitidiil iritcrvd is tlic! :I bsolrrto diflerr~nco in 
time bctwecn tlic transit of the moon over the n i t d i m  of Greenwich 
:hnd tlie time of tlio o ~ ~ i i r r c ~ i c e  of tho  iollowing high or low w:i tcr :I t 
any place, sclyii  tc intorviils being obtaiiid for tho  high and low 
waters. A local luni tidal intcrwl is tlio difl’ercnco in Lillie b r t  ~\-ecn 
the transit of tlic 1110011 ovcr tlic locnl ~iicridian :ind tho  tiiiic ot’ tlic 
following liigli or low wntcr st a pl:~cc on tlic sniiic nici~idi:~~. Tlx 
irieiin 1oc:il Iiigli-w:i tcr intcrvds lor m:iiiy p1:iccs :ire includcd in tlio 
rt1uii~1 tide t : ~  blcs ol‘ this 1 3 1 1 i ~ ~ n i .  Tho C;~*crnwicli iiitcr\~;ils 11:1w t l i ~  
:dvaiitngo tltat tlicy :iIl’oid a, dircct ineiiiis for obtaining tlic clitIcrcnct~ 
in the time of tide a t  diIicrc~nt placw. 

227. h r n i  138 (figs. 20, 21) in wliiclt tlic high :ind low ti ;rt,crs IIIY> 
t:iIniI>Lt,rCZ provides lor tlic coni~~iit:i,tion of both liigli iind lox  \v:i t r i .  
1unitid:il int]crv:ils. 7’11~ Greenwich triinsits in Iioiirs m d  tciitlis, 
which will be fiirnislird; upon ~ e q i t c s t  or I\ hich ni:iy bo ctori\-cd I‘ro~ii 
tlic Aiiicr.ic:iii ICplrcnic~ns rrricl Nnutic:il A 1 1 1 i ~ i 1 1 ~ i c  \\-lici~c tJrrp 111~’  givmi 
in 1ioirr.s :ind I I ~ ~ I I I I ~ C S ,  ~ i ’ c  to bo cntci-cti in tho coluiiin o f  “ ALoon’s 
Iminsits ”, tlte lo~ver tr;msits being distingnislieti iron1 tlic upper 
transits by 1)cing ciiclosctl iii pnrcnthcscs. 

228. I+o~ii tlic h i e  ol‘ r:ic.li liigli :iiid low \v:itrr s1il)frii(at t l i r  tiiiic 
ling nioon’s tlnnsit : i n d  cnt,er tlic dill’ci-cnrc in tlic 
in of t l ic  form : i i d  on tlie mi le  line 11s tlic iidr f i w i i  

wliirh it w:is ol)t:Lincd. 111 e~isc tlio tiriio of‘ liigli or low wtitcr. is 
nc:irly tlte s:~iiic US t l i r i  t VI the iiiooii’s triiusit,, IaLc t l i ~  tl’iilisit wliicli 
l~rc1cc(lcs idle tidc by :ibou 2 lio~ii’s, but in no ctisc nnist tlio siiiiie 
tr:iilsit bo iisecl lor two con iitive Jiigh w:itcrs or for two consccutivo 
low witcis. ‘l’he lowcr tmuisit of‘ i,lic 1tioo11 ztpplirs to bot11 high : i d  
low w:i t~r ,  just tlie stinlo lis tho iippcr t,r:insit docs. Wlicn tlic time 

12UU22Q--35-5 
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of the moon’s transit is on one day and the following lligli or low 
water is on tlie nest  day the time of this tide must bo increased by 
adding 24 hours before attempting to  subtract the time of the transit. 
The high-water intervals will usually be approximately 6 hours 
greater or less than the low-water intervals, but  tho intervals for eticli 
phase of tide will usually agree among themselves within a n  hour or 
two. Intervals from the lower transits of the moon are to be indi- 
cated by parentheses. The high and low water intervals for the 
calend:w month are summed separately and the means obtained to 
two decimal places. 

229. In tliesc computations the moon’s transits are given in Green- 
wich time wliile tlic high and low waters are given in the standard 
time of tlie place of observations. To obtain tlie Greenwich lunitidal 
intervals it is therefore necessary to  apply u correction corresponding 
to  tho time meriditin of tlie place of observation, tlic correction to  be 
added €or west longitude and subtracted €or east longitude. I n  
figure 21, the mean unreduced high and low water intervals for Seattle 
for the month represented are 4.98 hours and 11.12 hours, respectively. 
As the t h e  meridian for Seattle is 120’ or 8 hours west, a correction 
of f 8  hours must be applied to  ericli of these intervals giving 12.98 
hours arid 10.12 hours, respectively, from wliicli the lunar semidiurnal 

.period of 12.42 hours may he rejected, leaving 0.56 hour and 6.70 
hours, respectively, as tlie Greenwich high and low water lunitidal 
intervals from this particular series of observation. 

230. Local lunitidal intervals.-‘Po change from Greenwich to local 
intervals, it is necessary to  apply a correction equal to the time 
required for the moon to  pass from the meridian of Greenwich to 
the meridian of the place of observations. A table (p. 65) lias 
been prepared giving the correction for each degree of longitude 
from l o  t o  180°, and tlie valiio €or each minute of arc from I’ to  60’ 
for interpolating between the wliolc degrees. I n  changing from 
Greenwich to  local intervals, the tabular value is to be subtracted 
if tlie place of observation is in wcst.longitude and added if in east 
longitude. I n  order that  the local interva!s .may be positive nnd 
less than tlie lialf lunar day, the lunnr scrnidiurnal period of 12.42 
hours may be added or subtracted as  desired. The longitude of 
Seattle, wliicli is used as an example in figure 21, is 122’20’. In the 
table on page 65 we find the corrections corresponding to 122O and 
20’ to be 8.418 hours and 0.023 llours, respec%ively. Combining 
tliese we linve 8.44 hours as tlie dill’ercnce between Grcenwicli and 
local intervals at Seiittle, find as Scnttlc is in wcst longitude this 
difl’erence is to  be subtracted from tlie Greenwich intervals. To 
avoid negtitive results, tlie Greenwicli intervals arc first increased 
by adding the semidiurntil period of 12.42 liours, aftcia wlrich tlic 
tlifl’erence 8.44 lionrs is subtracted leaving 4.54 hours and IO.GS hours, 
respectively, as tho local high and low water lunitidal intervals for 
tlicsc observations. 

231. Method of checking intervals.-The Ineiin un1~1uccd intcrvnls 
11s obtained above may be conveniently checked by the following 
method: 

The 
number of transits will usually he two  less tlian twice tlic nunibctr of 
days in tlie month; tlint is, 54 for a 28-day month, 56 for a 29-day 
month, 58 for n, 30-day month, and GO for a 31-day month. For tlie 

(a) Surn times of moon’s transits occurring during month. 
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sake of uniformity, if the number of. transits should be one greater 
than this, the last transit inust be oinitted from tlie sum and the last 
day be considered as having only tlie single value. On tlie other 
liand, if the number of transits should be one less tlian the usual rium- 
ber, tlie deficiency must be supplied by including tlie last transit of 
tlie preceding month. Froin the sum of tlie t,rarisits subtract tlie 
product of 24 hours by tlie sum of tlie numerals indicating tlie days 
of tlie iiiontli on wliicli only a single trnnsit occurs. For esuniple, if 
single transits occur on the 3d and 17th of a month, tlio sum 20 is 
multiplied by 24, and tlie product 480 hours is then subtracted from 
tlie sum of the transits. Designate tlie remainder by T, which may 
be either positive or negative. 

( b )  Sum separately tlie times of Iiigli and low waters, limiting the 
numbor of iterris in cadi case to two less tlinn twice the number of 
days in tlie month, following tlie method described for the suiiiina- 
tion of the moon's transits. From the sum of tlie time of tlie liigli 
waters subtract tlie product of 24 hours by the sum of tlie numerids 
indicating tlm days of the inontli on which only a single high water 
occurred, and from the sum of the times of tlie low wiitors subtriwt 
tlie product of 24 hours by the sum of the numerals indicating tlic 
days of the month on which only a single low water occurred. Des- 
ignate these results by H and L, respectively. 

(c) Find the differences (H-T) and (L-T) and divide by the 
nuinber of items included in each summation, wliicli should be twice 
tlie number of dqvs in tlic inoritli less two. Such iiiultiples of 12.42 
liours may be applicd or.rojccted from the means as iiiiiy be necessary 
to reduce them to positive values of less than 12.42 hours. The 
results obtained should clieck very closely with unreduced lneaiis as 
obtained diroctly from the individual intervals, althoigli at times 
there rimy be n, small difference in the second decimal place. 

232. E.mmp~e.--This inctliod for cliocliing the incan intcrvuls is 
illustrated below for Seattle, Wash., for the iiiontli of January 1928, 
t,liese intervals having boqn computed in tlie regular manner in fig- 
ures 20 and 21. Tliis being a 31-day inontli, tlio number of itoins 
included in ericli suriiinntion inust be GO. 
Sum of times of GO tmnsits, Jnniiary 1928.- - - ~ _ _  .. -. - ~. . - - -~ -. _. -. . 727. G 
2 4 X  (7+22), siiiglc trimsits occurring J:LII. 7 niid 22- - __.___._____._ 6!)6 

Diffcrciicc (T) _______.________._______________________--.- 31. f i  

Sum of tiriics of 59 high wltcrs,  J:mu:iry 1928 ..._ -. -. _ _ _ _  _ _  ~ -. . ~ - 665. 7 
Time of high watcr Dec. 31, 1'327, for deficicmy. -. - -. _ _ _ _  _ _  _. -. . ~ . 23. 2 

Sum o f  tiiiics of GO high iv:itcrs. -. -. ..~. . _._. . . -. . . ~ - ~ ~ ~ . (i88. !) 
3 4 X  (1+15+30), siiiglc liigli miters occurring J : i i i .  1, 15, : i i i r l  30. . ~ . 1. 104 

Difference (13) ..._..__._.__.__. ~.~ ..__ ~ . . ~  ~ - ~ ~ . . ~ ~  -415. 1 

~ ~~ 

. -- __ 

____ 

~ ~. 
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pectecl, but the results will usually agree witlLiii 1 or 2 liuridredtlis of 
:in hour. 

283. Lunitidal intervals from form 248.--For II short, series of 
observations the liiniticlnl intervals can be coiiipu t.od in foriii 248 

D E ~ r i r r i ~ r  0. Cou~mm61 
Y .  *. C.D".,."D r l O D l l l r  ."."., 

Form 24" 
Ed hlep. !rn TIDES : Comparison o f  Simultaneous Observations 

; A )  ~ubordinntc atation .... A a a C K t e s  t..!%h. 
rn )  ~tsndnrd station ....... SWttl.?.d7ash.: .... 
Chiof 01 party .......................................................... Tirnu Meiidiarr. (A)  ... 1200 ...e ................... (11) ......... 

Lnt. .483..31 !...N* .......... ~ong. 122.0 ..36.! ...V 2 
 at. .P?o..??.!..N: ........... h n g .  1Z2o..ZO.!..W? ........ 

(rig. 23) from :L comparison with simultnncous ohscrvntioris : i t  :I stand- 
a rd  station siiitd)ly situntotl. 'l'lie fotm provitlcs lor the coiiipii- 
tution of tlio l o c d  intcivnls t ~ i i t l  wiit:~iiis : in  csplaii:~tion of its 1im.o11 
the back. Tlio ttJ)lc on p:tgsc 65 111:t-y be usctl t o  obtiLin tho correction 
for difference in lonqitutlc. Tlie Grecnwicli lunitidnl intcrvnls :it, 
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the subordinate station may be obtained by the simple npp1ic:hon 
of the rrienn differences in tlie time of high and low water to the 
corresponding Greenwich intervals nt the standard station. 

Tuble Jor reducing Greenwich intervals to local irdcrvnls 
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on a calendar day, by reason of one of tlie tidcs having occurred 
after midniglit and therefore on tlie nest calendar day, the single 
tide is to be checked if the tide just above it is unclieclied; otherwiso 
it should not be clieclred. If, however, the tide lias become diurnnl 
and only one high and one low wtiter occur during the tidal day, tllcsc 
should both be checked. Tlic clieclied lieiglits m e  to be sunimed 
scpanitely for the liigli and low waters, tlie sums being entered in the 
spaces provided, with the number of observations written above in 
small figures. Tlie mean of tlie lliglier liigli waters ( I I U T )  and the 
Inenn of the lower low waters (LLW) are then obt:bined, each result 
being c:mied to two decimal pltaces. 

236. Tlie diurnal liigli water inequality (DIIQ) is obtained by 
subtracting the mean of all high waters from the mean of tlie liiylier 
liigli waters, and tlie diurniil low water inequality (IILQ) is obtained 
by subtracting tlie mean of the lower low waters from the mean of 
all low waters. 

2 3 7 .  Correctioii for  longitude of moon’s node.-Therc is n long- 
period variation in the range of tide due to changes in the inclination 
of the nioon’s orbit to tlic Equator. When the longitude of tlie 
moon’s node is 0’ the inclination of the orbit 40 the Equator is at :L 
niasimiirn and tlle aver:igo r:inge of tlic four tidcs of tlie day is less 
than usiial; and when the longitude of the moon’s node is 180O the 
inclination is zit a minimum arid this range of tide is greater tllan 
usual. Tlie time required for tlio longitude of tlie nioon’s nodo t o  
pass throuyli the cycle of 360” is approximately 19 years. In addition 
to the variations c:msed by clinngcs in tlie longitude of tlie moon’s 
node, tlie diurniil ineqiiiilities are subject to variations from iiiontli to 
month ctiiised by changes in tlie declination of the sun. Because of 
,these variations certain factors are necessary .in order to reduce to 
meiin values tlie ranges and iriequiilltles obttiined from sliort series 
of observations. At the primary tide stations, the correction need 
not be applied to the results for each individual month, it being 
suficient to correct the annual means as needed. If tlie series 
of observations extends over a period of 19 years, tlie fwtors arc 
unnecessary. 

238. Tables containing the factor F(A4n) for reducing the observed 
range of tide to its mean value and factor Fl for reducing the diurnal 
inequalities DUQ and DLQ to their  neti in values are given on page 
67. These tnhles cover the years 1035 to 1044, inclusive, and 
tire lmsed upon tables 6, 14, and 32 of Harris’ h4nnu:il of Tides. 
SirnilrLr tables covering the years 1891 to 1950, incliisive, will be found 
in Spccinl Piiblicntion No. 135, Tidal Datum Planes. The factor 
F(1147~) wl~s computed for the niiddle of each calendar year, hut as the 
fnctor changes very slowly, the tahulnr vdue nmy 1 ) ~  used for m y  
inonth in tho year without inriterid error. Tho fixtor F, was coin- 
puted for the middle of each calendar month. The table includes also 
the incan of the monthly factors for each year which may be tnlieii 
a s  the factor for correcting the yearly ineqiirdities to  their iiieaii 
values. 

239. The factor F(M7h) depends not only upon the y e w  of observa- 
tion but &o lipon the relation of the diurniil to the seniidiurnG ,L 1 wave 
in the locality, this relation being expressed npproximntely by the 
formula 2(UzfQ+DLQ), - or if harmonic constants arc available by the 

Mn 
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ratio &-lo’ -. For stations dong the Atlantic coast of the United 
States from Maine to Florida this relation is generally small, and, if 
not already computed, may bo assumed to less than 0.2 without 
rnateiial error. For stations d o n g  the Gulf of Mexico from Key West 
to  tho Rio Grand0 the incan range of tide is very sm:4 and tho cor- 
recting factor may bo omitted. For stations on the Pacific coast 
the value of‘ the ratio may be computed either from the inequalities 
or from the haniionic constants but need be carried to orily one 
docirnnl place. If this ratio is larger than 2.0, no correction noed be 
applied to the mean range. 

A42 

Factor P(Mri ) . -For  reducing the observed range of t i d e  io its mean. value 
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340. Comparison of simultaneous observations.-For i~ short srrics 
of observations, reduction by comparison of siniultaneous obscrvn- 
tions is gencrnlly the best method provided there is n suitddo stand- 
ard tide stii tion from which the necessary sirnultarieous datu nutty be 
obtained. For this pinrposo tho standnrd sttition should bo so situated 
that tho en‘ects of inctoorological conditions rimy bo espocted to  be 
siiniltir to thoso a t  tho station for which the results are sought. A 
reference to the use of this method in computing lunitidd intervnls 
has alrcady been nudo in p:irtigraph 233. Tho process is cspccinlly 
vuluiLbla in tlio rcdiiction of the liciglits of tlio ticlo. For observntions 
covering n, period of loss than 1 iiiontll, forin 248 is gerierally used, but 
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for series extending over longer periods, form 657 €or the comparison 
of monthly means will be found more convenient. The latter form 
is self explanatory. 

241. Form 248 (fig. 23) is designed to  bring out  the individual 
difi’erences between the tides at the two stations compared, the accn- 
racy of the resiilting ~iieans depending solnewha t iipon the uniformity 
of these diflercnces. If any single difference varies gretitly from the 
apparent average of its grotiji, and an  examination of the original 
data  fails to show an  error, tlie difIererice should be rejected from tlic 
sum and the fact indic:ited by encircling the rejected vdue .  For 
stations where the diurnd inoqiialities are desired, the higher high 
waters, lower high waters, higher low waters, lower low waters, arid 
their differences are slimmed :~nd averaged separately ; and a11 the 
spaces in the bottom portion of form 248 arc filled in. If the di:irnnl 
inequditics are not needed, as is generally the case for stations on the 
Atlantic coast, d l  high waters and corresponding differences may be 
slimmed and averaged without distinction and likewise all low w:i ters 
and difrerences, the notiitions a t  the bottom of the columns being 
corrected to  rend IIW and LI.1’. The mean high and low water 
heights for (A) station will then be entered directly n s  items (IO)  and 
(1 1) in the form, and tlie ine:~n diflerences from the last two coliiinns 
tis items (20) and (21). Tho forin will then be completed as far ILS 
necess:iry to obtain tho results desired. 

TIDAL DATUMS 

’ 242. A t i d d  datum is a pl:inc or surfrice which may he defined by 
the tides and which is used as  a reference for heights or depths. The 
principnl tidal datums now in use by this Survey are (1) mean sea 
level, the d:itum of the first-order level net and in general iisc as  
reference for heights; (2) mrcin Zoio w n t ~ r ,  the datum of soundin, -s on 
charts of the Athnt ic  coast of the United States; ( 3 )  m e a n  lower low 
water, the d:~turn of soundings on clit~rts of the P:wific coast of the 
United States, Al:Lsli:L, Hawaii, and the Philippine Islands; and 
(4) meurb low water s p r i n p ,  tlic dutuni for the 1’:xcific const of the 
Canal Zone and in more or less general use as tlic datum of charts 
published by foreign countries. 

243. Mean sea level.- h l w n  SC:L Icvcl iii:Ly be defined :is t,he liver- 
age hciglit of the s m  for :ill stagcs of the tide. It is obtained by 
averaging tlic Iiourly liciglits :LS t:~biilt~ted in form 362. Tlic liciglits 
in  this forni are  srimrncd both vertically and liorizont:illy, nnd tho 
totid p:ige sirin covering 7 d:iys of record is entered in the lower riglit 
corner of the p g e .  For :L continuing scrics of ol)scrv:itions, tlic niem 
for each c:ilentl:w montli is ohttiincd by combining a11 tlic diiily sums 
for the month and dividing hy tlie t o t d  niinibcr ol hours as indicated 
a t  the bottom of tlic for111 Tor months of dill’crcnt lengtlis. Tlie 
~nonth ly  metin ci l r r id  to two decimal p1:ic.c~ is entered :it t ho  bot- 
tom of the sheet contki ing the record €or tlic kist day of the month. 

244. l~o i*m 4 7 2 : ~  providcs for tlie compilation of the rnontlily means 
and the coinpiittition of tlic yc:~t+y irie:ins from the same. It also 
provides for :in :~c(~~!iriulativo iiiean combining all ycr~rly inems up 
to date. T h e  prccision of t ~ t i  indcpcnclcrit dctcrniina tion of  nom sea 
level dcpcntls lnrgcly upon tlic nuiri1)c~ of yc~irs of abucr.vri lions. In 
general a series covering not less t l ~ n  3 years should he obtained €or 
tin independent deterinination of the datuin. For a shorter wries of 
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observations, the sm level as directly obtained slioiild bc rcduced by 
comparison with sitnulttmeous observiitiol1s providcd tlicre is a pi- 
miry tide station suitably lociited froni wliicli tlie nccessiiry data for 
tlie comparison may be obtained. Form 657 for tlm comparison of 
monthly iiieaiis may be used for tliis reduction. 

The nmie “iiiean sra  lcvel” sliould be npplied only to tlic 
datum drrived from observations talccn on tlic opcn coiist or in ndjn- 
cent waters having free.ncccss to the sea. The average of the hourly 
heights taltcn in a river IS ciillcd ‘'mean river lcvcl ” atid is liiglicr t h in  
tlic niciin s r : ~  lcvcl bccause of tlie river slope. Tho pln!io of half-tidc 
lcvel derived from tho high and low wiitcrs approxima tcs wry  closcly 
to tho mean sea l(?vcl or incan river lrvel detrrmincd from tlio hourly 
heights. For any one stiltion tlio diifercnce rcniairis nearly coiistaiit 
from month to month niid nflords n convenient clieck on tlie .vvorlt 
wlien both planes w e  coniputetl. 

246. Mean low water.-Meun low wnter is gcncriilly adoptcd as a 
datum for hydrogrnphic operations along. tlio Atlantic coast of the 
Unitcd Statrs. It riiny be defined as  the incan of all low wnters 
over a considerablc period of timc. Tlie datum iiiny be derived indc- 
pendently from n losig srrics of obscrvations, but froiii n sliort scries 
c m  bcst be obtninrd from n cornpiirison of simultnneous observations 
a t  a IicrLrby stnridiird station (~xirs. 240-231). For tlic longcr scries, 
the range of tide is corrcctcd for the longitude of tlic nioon’s nodc 
(1 )~s .  237-230), :111d 01i~-Iit11f of 1110 corrected. TiXIlgc is tlicn s1tljtrncted 
from the hdf-tide lcvel to obt:Lin the corrected iiican low wnter. 
Wlicn reduction is riittde by a coinpnrison of simultnneous observti- 
tions both riinge :ind half-tide levcl arc subject to  correction, nrid the 

d niciin low w:itrr is oht:bincd by subtracting one-hnlf tlic cor- 
mgc from tlio corrected I d - t i d e  level. 

247. Mean lower low water.--‘l’his d i~ l i i i i i  j, gcnctxlly :r(lopf rtl f o r  
1iytlrogr:y)liic opern tions tilong the Pucific coast of tlic United States 
and niay be ddined as tho mr:m of tlie lowcr of the two low wiiters 
of encli dziy over considerable pcriod of time. Wlirri dctcrmincd 
indcpc~ndcntly froni ii long snics of obscrvatioiis, tlic siiran r:rngc 
and diurnal lorn w:i tcr iiicqiiality must be correctctl for the longitude 
of tlie moon’s notie i~ s  csp1:iincd in 1)iir:lgriLl)lts 237 330. 
rrctcd 1ne:in lower low -water is tlicii obtainrd by sub1 r:i 
tlic half-tido lcvrl liciglit tlic slim of tlic corrcctcd h l f  ri1 l i p  :ind tlic 
corrcctrd diuiml low w:iter inequality. For t i  sliort scrics of obscr- 
vations, the mc:m lower low w:i ter daluni ui:iy be computcd by i1ic:ins 
of form 248 for t h o  comliiirison of siniiilti~rieoiis observations (piirs. 

24s. Mean low water springs.-\\Vhilc dittiiiiis ~~1)1)1~osiiii~iliug I I I ! S  
plimc ltiivc bccn rtitlicr gcnertilly iiscd by foreign coiinti.ics, its iisc by 
tliis Survcy is liiiiitcd to {lie P:iciiic coast of tlic l’il1ii1iii:i C’:iual 
%om. The d:itum iiii~y bc dcfincd :IS tlie siic:in of Ilic low \v:i t crs of 
tlic spring tides wliicli occiir witlrin n d:iy or two nftcr tlio riiooii is IICW 
orfull, : t i id may 1~ool)tiiinc~l by siibtmctilig onr-1i:ilf tliospringr:iiigc ol’ 
tido from tlie 1i:ilf-tide level. Bcciiusc of tlic liniitrd use of this tltrtiini 
it is not regul:u-ly obtiiincd n t  n l l  tidc stiitions. Tlic most s:Ltisf:ic- 
tory iiictliod of obtiiiriing tlie spring mnge of tidc is from i i s i  Iinr- 
monic nn:ilysis, un involved j)i.occss iiot cLtlnptcd to lid{ use. Froiii 
such rinalyscs it 1i:is bccn hund tliat the mtio of spring rniigo to  
inem range is fairly constant over Jvidc nrciis. For U:ilbo:r, C’an>il 

245. 

240-241). 
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Zone, the ratio is 1.26, and this factor may be applied without mate- 
rial error to the corrected incan range a t  any station on the Pacific 
coast of the Canal Zone to obtain the spring range of tide. Therc- 
fore to  obtain the datum of incan low water springs at  any st a t’ ion 
in this vicinity, first compute the corrected inean range and half-tide 
level by methods already described. Tlic dtituin may then be es- 
pressed by tlie formula “Mean low water springs=half-tide level- 
0.63 x mean range of tide.” The factor may vary in other locations. 

TlDE REDUCERS FOR SOUNDINGS 

249. After the datum or plane of reference has been derived, the 
tide reducers for soundings are obtnined by subtracting the reading 
corresponding to the datum from the recorded heights of tlie tide 
taken at  intervals during the time of tlie soundings. The difl’erences 
will in general be positive except when the tide fdls below the d:ituni. 
The positive differences are to be subtracted from the soundings, but 
when entered in the sounding books, the minus sign is usually omitted 
for convenience. TVlien the tide ftllls below the datum, the differ- 
ence is to be added to  the soundings and this difference must always 
be prefixed by a plus sign when entered in the sounding record. De- 
tailed instructions pertaining to the application of the tide reducers 
to the soundings will be found in the Hydrographic M a n i d  (Special 
Publication No. 143). 

250. Graphic method.-When the reduccd soundings are to be 
given in integral feet, reductions for tide may be made easily and 
rapidly from either the standard automatic tide-gage or the portable 
automatic tide-gage marigrams by a graphic method described in the 
following paragraphs. In  using this nicthod care should be tnltcn, 
however, to  avoid confusion as  to the times or the heights of tides, 
especially when reading from a portable autoinatic tide-gage record 
on which the curves representing the tide for difl’crcnt dnys are often 
close together. At times it may be necessary to strengthen a faintly 
traced curve of the record so that it may be sufficiently bold to  be 
readily seen through the transparent graphic scale. 

251. This scale is constructed on transparent tracing cloth or 
tracing paper by ruling a series of horizontal lines spaced at intervals 
representing feet in the same height scale as used on the marigram 
and a series of vertical lines spaced a t  intrrvals representing hours 
in the same time scale as used 011 the marigram. For the portable 
tide-gage records the vertical lines may usually be omitted. The 
horizontal lines are nunibered upward from the bottom of the scale 
$3, +2, + I ,  0, -1, -2, -3, -4, c ~ c . ,  according to the ninge of 
tide, small figures being used for this numbering. A hoiizontal 
line in red ink is now drawn on the tracing at the scale reading corrc- 
sponding to the value of the forniuh 1 -y -0.7 It., wliere s =height 
of plane of reference (LW or U b i ’ )  above zero of the tide stafl’, 
y =height of datum line of marigram as referred to zero of tide staff, 
and the value “0.7 ft.” rcpresents tho fraction at which the reduced 
sounding changes by an integral foot. 

For the standard tide-gage record the value of “y” is the corrected 
scale setting as coinputed on for~ii 455 (fig. 19). For the portable 
tide-gage record tho “ 0 ”  of the marigrain record may be taltcn as 
the datum line and “y” becorrics equal to zero. Tho  red line will be 



MANUAL O F  TIDE OBSERVATIONS 71 

above or below the zero of the scale, according to whether tlic d u e  
from the forniula is negative or positive. 

252. The graph is lmd over the marigram with the red horizontnl 
line in coincidence with the datiiin line if a standard gage record, or 
with the scale zero of the portihle giigo record (nssuniirig that  this 
corrcsponds to the tide staff zero), and the hour mnrlts of the graphic 
scale and of the marigram in coincidence. In case a tiinc allowuiice 
is to  be made, the graph is shifted to the right or to the left, according 
to the amount of time dlowr~iice. 

253. The spaces between the horizontal lilies arc nuinbered with 
figures sornewhat lnrger t h a n  those used for the scde lilies, beginning 
with “0” for the spncc just nl)ovc the zero (0) line arid iiiimbcring 

l W * U I : E  24 --(Iri:~ili ror olituin~iil:  tlde redocurs directly from i r i i :r~pri~r~~ 

coiiscciitivcly ahove alld below this space, using the plus ( +) sign 
before the ~ i u ~ i l ~ r a l s  for the lower spnces. These iiurnbers will bc 
the tide roduccrs to  intcgrd feet for all portions of the tide curve 
falling within tho spncc so ninrltcd. 

For tlic 
standard-gage record, assiiiiliiig thii t ‘ ( x ” ,  the height ol the plane of 
reference ubovo tl iu zcro of the tide stnB, is 2.3 fect, and thtit “y”, 
the height of the dntuni line above tho zero of tide stafl’, is 5.1 f c  
the formula 2-y-0.7 gives -3.5 feet as the scale rending a t  
which tlic red line is dmwii, this liiic to  be plnced in coincidence 
with the datum line of the murigrain wlieii t h o  scnlc is iii 11s~. For 
the portuble gtigc, nssuiniiig tlint “ x  ”, the hciglit of plnno of referencn 
on title stnfl’, is 2.9 feet, aiid taking “y”  as zcro, the forrnula gives 
3 - 2 2  feet ns the scale reading for the red line, which is to  be plncsd 

in coincidence with the zero of the murigram scale when in USC. 

254. An esninple of a graphic sotile is given in figure 24. 
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255. Time allowance.-When there is m u c h  difl'crcnce in the time 
or height of tho tide at the placc of sounding and at  thc tide gage, 
allowilrtce should bc rnndc in the rcduction of the soundings. The 
cljffrrcnce miiy gcnerally he cstirnated from observations rnnde a t  
several stations in the vicinity of thc work, but wlicn it has bcrn 
iinpossiblc to establish iiiore than o m  tide station in thc locality, tlic 
following formula limy be useful in estimating the velocity of n 
progressive tidal \viive and enahlo one to obtain tho approximate 
diffcrcnce in the tiiric o€ the tide: v=@=5.G7Jd feet pcr second, 
when .(I =32.17 feet pcr sccoiid and d =depth of wntcr for thc uvtrngc 
cross section between stations, in fcct. 

In order to  convcrt fcct per sc>contl into nautical i d e s  per hour, 

.Tlic timc rcqiiired for the tidc wave is 

. .  
For coiivciiiciicc tlic lollowing brief tublc is givcn: 

7'inir rcqvircd f o r  the tide wave to  lravrl 

.- . 

.\ Iiim1r.s 
7. :1 
5. 2 
e2 
:1. (i 
:l. :i 
:1. f l  
2.  x 
2. li 

.. . 

I s l ~ l l l i l , l !  
iriilo 

*\ 1 i l l  riles 
2. 1 
2. 0 
1 .  F 
I. 4 
I .  2 
1. 0 

. x  

.!I ~ 

236. For  oLl'4ioi~~ :L~CIH wlicrc~ tlic continc>iit:tl slirlf is broiitl iiiid 
tho  t i dd  w:~vo  i~ppiui~clit~~; ] ) i d l c l  to tho coiist t h o  iitlc will rLriivc ofY- 
shorc car1ic.r thiin inshorr, rind lor m i  iwciiriLtc Iwluc.tion of sountliiigs 
ZL tiiiic coriwtioii will hc 11 Tliir time coriwtion can be 
applird from thc s l i o r~  011 twtl ld  by tiiliilig sections whcrc the tiiiic of 
the title averagcs 15 minri t r~,  30 ininritcs, 45 iiiiiiiitcs, 1 lioilr, ctc., 
cidicr tlitm u t  the titlo st:ition. ions can bc tletcrrriincd 
hy rrieims ol the above tilblc, giving tho time requircd for tlic tide 
wuvc to  travel at difrcrcnt depths. 

237.  Height Allowance.--When thc titlc s i  tition 115cd Sol* clcriving 
thc tide rcdirccrs is ~riiitle to  cover a n  tirra over which the rnnge of 
Lido writs height corrections will be nrccssary. For t h o  ndj ustriient 
of tide rctluccrs bctwccii stations dorig t h o  coast arid imido wi?ters 
it will be Sound convcriicrit to dividc tho urea covered into scctlons. 

i1i.y. 

'J'liesc s( 
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I<acli section iriuy cover an area in wliicli the variation in range of 
tide does not exceed three-tenths of tlio unit used for the tide reducers ; 
that  is, 0.3 foot, 0.9 foot, and 1.8 feet when tlio reducers arc entered in 
units of a foot, h l f  iatliom, and whole f:itliom, respectively. T:ikc, 
for csample, an  area, 15 iiiiles long with 110 narrow restrictions nncl 
with dcpths o l 3  J’athoins or lcss. A t  o m  crid is stiitioii A, \ ~ l h c i ~ c ~  tide 
obscrviitions have bccri t:ilccn during tlie tiiiic ol  the soundings; :it 
tlic otlicr ciid is st:ition B, w l i c 1 ~ ~  t h o  time diflci~riicw m d  ratio o f  
rmgcs have been dctcr~ninc~i. TIic n i ~ m  rnngr of tide at sliitioii Ll 
is 2.G fcct, a t  sttition 3.5 fcct, the difl’crcncc in r:ingc bciiig 0.9 foot. 
The dill’crcncc in tlic time of tide bc>twccn tlic t n o  stntioiis will be 
itssiinitd to  be 45 niiriutrs. Tlic arc11 should, tlimcfo~~c, be divided 
into loiir sections. Assuiiiing tlie t id r  io  incwasc uniformly with tlic 
tlistsncc, thct f i r h t  sc~*tion will bc 2j4 niilcs long rind tlic hciglit m t l  
time of tlic tide tlic s~ i i i c  ns at st:ition A .  Tlic sccoiid srction will 
be 5 iiiilcs long arid tlic height of high wutcr 0.3 loo t  qiwtcr  m d  tiiiic 
15 minutes liitcr thm at st:itioii A. Thc thiid scctioii \vi11 also bc 
5 i d c s  long mid tho hcight of high w : ~ t ~ r  will bc O.G foot grr:itcr iind 
tlic t h e  30 niinutcs lntcr than a t  st:ition A. Tlic fourth scctioii will 
I)c 2): iiiilcs long mti tlic hciglit of high W V : L ~ C ~  0.9 foot grcntcr iirid 
tlic time 45 riiiiiiitcs lntcr tlinn tit stntion A. 

258. Tlio tide reducers for soundings in each of scctioiis 2 ,  3 ,  m c l  4 
iii:iy he dcrivcd directly from the CUTW for station A by rending 
the ciirves 11 t pohits wliich are as ~ii:iny.iiiiriiites c:Lrlier than the tiiiics 
of tlie soundings ns there MO iiimritcs 111 tho  tiiiio ullowiuico for c d  
section iind iiiultiplying the rc:itlings by tho rii tio of r:mges. For 
ofl’shorc w e a s  the rmge of tide m:iy gencrdly be t:ilieii tlie s:iiiie :IS :it 
the nearest point  long the coast. 

TEMPERATURE AND DENSITY OBSERVATIONS 

259. At  soiiic tido stibtions, tcmpcr~itiire nnd density obscn-:~ tioils 
:ire talieri incidcrittilly to the  rritiiii  purpose of scouring tile tide rccord. 
These ohscrvn tioiis a1.e ttilien d:Lily n t the time the tide stn tion is 
visited and :~ rc  rccoidcd in fori11 457 (fig. 2s).  Tlic water to be 
tested ~iiiist bo dipped i’r~iii just, ~ ~ c l o w  tho  siirf‘:icc. The ordcr of‘ 
procediiro in iiinl;ing the obscrvations is iiidic:itcd in dct:iil on tlic 
1)iiclr. of tho j’or~ii, l’lic rcc~)rcl is to bo lorwardcd to tlic oflicc :it, t l i c  
c~losc of CiLcli c:tlond:i 11i01ith. 

‘l’~:Ml’El<ATlll<I~: 

X 0 .  In gcricrtil, tho tcniperatwcs will lw given to tlie i i r : i i w t  
tcntli or nc:west 1i:ilf dcgi*co in the cc1itigr:idc sc:ilc. The sc:ilc of 
tlic centigrade tlicimonietcr is usually dividctl into tlcgrccs :inti Ii:iI[ 
tlcgwcs. 
indic:~tcd by 111r Icttrr F n t  tlic top of tlie colriniii coiitnining t l ic  
tc.iiipcr:~t~ii cs. The rccorcl includes tlic t (~~ii]wr:it~irc~ ol tlic outdoor  
air, tlic teiiipcr:i tiire of t h o  s c : ~  witcr iiiuiicdintcly :iftcr it his 1)ccw 
tlr:~wn froill the Iinrbor or s(w, :inti tlie toiiipcr:itiiiv of tlic \\-:itc*r iii t l i c >  
jnrin wliich tlic hyt l ro~iwtc~is  jlo:Ltrd ti~kcii i L t  the tiiiic ol  the lipdroiii- 
ctcr rc:iding. Tlic tc~iiper:~ ture of tlic s c : ~  \\ :itw i i i i i h t  be t :iltcn in 
tlio 1mclcc.t irnincdititely after t h o  w:Ltcr h:is I m n  tlr:i\vii :iritl brforc. 
i t  hiis had time to  be all’cc%od by tlic t r~i ipcrntu~x~ ol tlic siirroiiiidiiig 
tiir. The teiiiperature of tlic \wter in tlic jw, wliicli is iisetl to rctliic~c~ 

If‘ ti P:ilircnhcit tlicrnionirtc~r* is being iisrd, it shorild 
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the hydrometer reading to a standard temperature, is not talcen until 
there has been time for the water, the jar, and the hydrometer to  
become adjusted to a uniform temperatiire. Sometimes tho column 
of nicrcury in the thermometer may become separated in sections, 
causing crroneoiis readings. When this occurs the brolren sections 

w.* ..... ....... '.6 ................ d~fi~..llt.t 
TEYPIR*T"RI: 

nm. A 
_E 

26.2 
25.2 
21.7 
26.9 
27.3 
20.2 
20.2 
24.2 
24.7 
22.3 
21.6 
21.8 
21.9 
23.4 
25.9 
22.8 
21.0 
25.3 
21.9 
29.0 
20.7 
22.1 
24.0 
24.0 
27.2 
22.8 
23.8 
20.2 
20.1 
18.6 
20.5 

.I W.,. 
7 

16.8 
21.3 
18.1 
17.4 
18.0 
19.5 
19.4 
21.4 
22.8 
22.5 
15.6 
19.0 
18.9 
21.1 
20.7 
20.9 
21.6 
22.7 
22.4 
22.4 
22.0 
22.2 
22.6 
22.8 
23.3 
22.2 
22.5 
22.4 
21.2 
20.5 
% 
L4.6 
20.79 - 

w.r..,r I.. - 
16.1 
22.0 
19.0 
19.5 
19.3 
19.6 
19.6 
21.9 
23.1 
22.6 
17.5 
19.6 
19.4 
21.7 
21.9 
21.4 
21.6 
23.4 
22.5 
23.3 
21.7 
22.5 
23 .O 
23.3 
24.0 
22.5 
22.6 
22.4 
21.0 
20.4 
20.2 

- 

DENSITY 

0 I'..ID 
If.,",." - 

1.0 230 
1.0 227 
1.0 226 
1.0 226 
1.0 226 
1.0 219 
1.0 222 
1.0 217 
1.0 213 
1.0 216 
1.0 234 
1.0 223 
1.0 218 
1.0 213 
1.0 214 
I O  214 
1.0 209 
1.0 209 
1.0 209 
1.0 210 
1.0 200 
1.0 212 
1.0 209 
1.0 211 
1.0 211 
1.0 215 
1.0 212 
1.0 215 
1.0 216 
1.0 216 
1.0 216 

. R . D U m  "110. 

IP c. 
- 
1.0 236 
1.0 232 
1.0 234 
1.0 236 
1.0 235 
1.0 226 

1.0 231 
1.0 232 
1.0 231 
1.0 233 
1.0 239 
1.0 232 
1.0 227 
1.0 227 
1.0 229 
1.0 228 
1.0 223 
1.0 226 
1.0 226 
1.0 229 
1.0 222 
1.0 229 
1.0 227 
1.0 230 
1.0 231 
1.0 232 
1.0 229 
1.0 232 
1.0 229 

E 
1.7131 
1.0230 

.... - 
*8*LIN ITY m 
_. 

31.9 
31.4 
31.6 
31.8 
31.8 
30.8 
31.2 
31.4 
31.2 
31.6 
32.3 
31.4 
30.7 
30.1 
31.0 
30.8 
30.2 
30.8 
30.6 
31.0 
30.0 
31.0 
30.7 
31.1 
31.2 
31.4 
31.0 
31.4 
31.0 
30.0 
30.7 
964.4 
31.11 
=c 

I ~ I ~ ~ U I I R .  25 - I ~ O I I I I  IV, d ~ 1 1 ~ 1 1 y  1111tl ~ O I I I ~ I ~ I ~ U I O  

c t ~ n  iisu:illy be j:rrretf togcthcr by h n d .  l iedings ol dill'eiwit 
thermometers should he occasionally checl<ed by cornparison with 
each other. 

26 1 . The trLl)le l)elow, which gives equivnlcn t rcnclings in conti- 
g r t d e  and l'ahrcjnheit therrnonioter sctiles, affords I I  convenient ineiiris 
for converting the readings froin 0110 ol' theso s d c s  to those of the 
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other scale between the limits -20' and 39.5' C. Beyond these limits 
the following forrnula may b0 used: Fahrenheit reading=32O+ 
(centigrade readingx 1.8). 

Cn7wersinu of centigrade to Fa/lre?b/lcit scale 

-18.5 -1 -8.5 
'-18.0 0 '-8.0 
-17. 5 0 -7.5 
-17. 0 1 -7.0 
- 10.5 2 -0.5 
-10.0 3 -F.O 
-15. 5 4 -5.5 
-15.0 5 -5.0 

-13. 5 -3. 5 

-2. 5 

-11. 0 

14 
15 
16 
17 
18 
i n  

21 
22 

25 
20 
27 
28 
28 
20 
39 
3 1 

0.0 
0. 5 
1.0 
1. 6 

-2.0 
2. 5 
3. 0 
3. 5 
4.0 
4. 5 
5.0 
5. 5 
6. 0 
0. 5 
7. 0 
7. 5 

'8. 0 
8. 5 
9. 0 
0. 5 

32 

35 
36 
30 
37 
38 
39 
40 
41 
42 
43 
44 
45 
40 
40 

10. 0 
10. 5 
11. 0 
11. 6 

*12.0 
12. 5 
13. 0 
13. 5 
14.0 
14. 5 

15. 5 
10. 0 
16. 5 
17. 0 
17. 5 

'18.0 
18. 5 
19. 0 
19. 5 

15. 0 

O F. C y .  
__ 

50 20. 0 
51 20.5 
52 21.0 
53 21.5 
54 1 '22.0 
64 22.5 
55 23. 0 
50 23. 5 
57 24.0 
58 24. 5 
59 25.0 
00 25.5 
FL  26.0 
02 26.5 
63 27. 0 

~ 

28.5  m. 0 

FY 30.0 

70 .{I. 0 
71 31.6 
i 2  '32. 0 
72 32.5 
73 33.0 

75 34. 0 
io 34. 5 
77 35.0 

79 30.0 

111 37.0 
x2 37.5 
82 '38 0 
83 38 5 

011 BO. 5 

74 ". 5 

i n  35.5 

xn 36.5 

__ ___ 
1'. 

8ti 
8; 
88 
89 
90 
00 
91 
!I2 
Y3 
04 
95 
90 
!I7 

!I9 
100 
100 
101 
102 
103 

$18 
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265. The water whose density is to be tested is poured in tlie jar 
l~i~ovidcd for tlie purpose arid the Iiydi~ometer lloated in tlie same. 
A thernionictm is tt!ien i>lacetl in tlic jar to  obtain the tcniperatm'e 

----= 0.9960 ---- 5 0.9962 
----= 0.9964 
----e 0.9968 ---- 5 0.9?68 ---- e 0.9970 ---- = 0.9972' 
----e 0.9974 ---- = 0.9976 
----e 0.9978 ---- T 0.9980 ---- rn 0.9982 ---- c 0.9984 ---- = 0.9986 ---- D 0.9988 

= 0.9990 ---- = 0.9992 ---- = 0.9994 ---- = 0.9996 ---- I 0.9998 
---- E 1.0000 
---- = 1.0002 
---- P 1.0004 
----e 1.0006 ---- P 1.0000 ---- I 1.0010 
---- m 1.0012 ---- 1.0014 ---- m 1.0016 ---- I 1.0018 ---- I 1.0020 -_-- 1.0022 ---- i_ 1.0024 
----e 1.0026 
----e 1.0028 
- - - -= 1.0030 

i. 1.0032 ---- 5 1.0034 _-_- I 1.0036 _ _ _ _  I 1.0038 
---- 1.0040 ---- = 1.0042 
----E 1.0044 ---- 1.0046 ---- = 1.0048 ---- 1.0050 ---- 1.0052 
----I  1.0054 ___- I 1.0056 
----I  1.0068 ---- 1.0060 
----a 1.0062 
----= 1.0064 ---- 1.0066 ---- 1.0060 ---- 1.0070 ---- a 1.0072 ----. 1.0074 ---- c 1.0076 ---- 3 1.0078 ---- = 1.0080 
----I 1.0002 ----- 1.0084 ---- ~ 1.0086 
----= 1.0088 ---- ~ 1.0090 __-- - - 1.0092 
----I 1.0094 
---= 1.0096 ---- c 1.0090 
----I 1.0100 
----e 1.0102 
- - - -= 1.0104 
----e 1.0106 
- - - - m  1.0108 
----E 1.0110 

:it ions of hydroiiio- 
ler s d c .  

lor corrc6ting tlie dcrisi"ty rcctding. A suifichrit time 
should be allowed to clnpse to permit tlie hydroinctcr, 
tliermomrtcr, and retaining jar to acquire the same 
tciiiperatiire as  tlie water. I n  rc:ding the hydrometer 
tlie eye sliould be bi.oiiglit to  the lcvcl of tho surfrm 
of the water arid tho reading taken wliicli appears to  
coincide with tlie level surface. niter using, tlie jar 
:ind inrtriiinents ni-e to  be carefully cleaned to prevent 
tlie accumulation of salt. 

266.  Reduction of density.-The tlonsity of scii 
water as c ~ I m ~ ~ v c i l  depends not only upon the ainonnt 
of soluble matter contained in a unit volume hut also 
upon the temperatiire of tho water a t  the time of ob- 
servations. 1 t is, tliore€oi*e, necessary to reduce tlic 
observed densities to  some standard tcmperature in 
order that  tlicy may be comparable and indicate the 
uinount of matter licltl in solution. 

267. Tlie td)le on pagcis 78-70 gives a scrios of 
tliffcrcnccs to be applied to  the observcd dcnsitics in 
order to  rccluce them to a standard tempcrnturc of 15' 
C. Tlic table, wllicli is h s c d  upon data givcn in 
appendix 6 of the Unitcd St:itlcs Coast n r i d  Gcodctic 
Suivcy 1tcym-t for 1891, is applicable to  readings of 
:I liydroriieter st:und:irdized a t  n temperatiire of 15' 
C. with reference to uiiit density at 4' C. If the 
liydrometcr used is staridardizctl a t  sonic otlicr tcm- 
perature or reiers to nnotlier unit density, ZL furtlicr 
correction will bo necessary. The tabular difrercnces 
include tlie coriwtion due. to tlie expansion or con- 
traction of tlie hydrometer itself ti? well as tlie change 
in tlie tlonsity of tlic water ai-ising froin clinngcs in 
tcrnpcr:itui*c, and should be applicd according to sign 
to tlic observrtl liydromctcr readings. 

268. Tlie difl'crcnces in the trzhlc~, wliicli are cs- 
prcssctl in ten-tliousantlllis of a iiiirt, trim givcn for 
e:zcli wliolo dcgiw of tcmpcr:Lturc. f r m i  0' to 35' C., 
and for each cli:mge of 0.0010 in t h o  dcnsity froiii 
unity to 1.031O. For observcd dcnsitirs less tliuri 
iinit,y, tlie top line of tlie t:rI)lc m:iy be iised with)ii t  
inaterial error. Tlic followi~~g esmiplc illustrates tho 
iise of tlie t:Lblc: Suppose a liydroinctrr reading of 
1.0244 his hccii t:iltcn wlicn tlic tcmpclalui.o 0 1  t ho  
water in tlie jar is 11.5' C. Tlie nearest observed 
tlcnsity miding givcri i n  tlic t:hlc is 1.0240. Polltzw- 
iiig this line, we f i r i d  tliil'crcirccs of - 7 tint1 - 5 for 
ttxnpcrnturc 11' :md 12', rospcctivc\ly, giving an in- 
tcrpolr~ted t1ill'ereiic.c of - 6 for a Compcrat,iii,o of1 1.5'. 
Tlris dill'rrcn(3o of - 6 npplicd to 1110 oi-igiii:il liytlroinc- 
I er r r d r i c  of 1.0244 srivcs 1.0238 as tlio rcducod value. 

269. I n  tlio lieuding d form 45'7 tlie lieuviest und Iiglitcst sea 
water refer to the reduced values. 



270. Salinity.--Thc s:ilinit,y or SCVL w~iitcr is dcfinell as the niinil)c~r 
of grams of salts coi1t:iincd in 1,000 grnms of sea, water. Wliilc thc 
total mnolint of sillts contnincd in a given voliinie of sea water v:ii.ics 
in dill'cront pI:r(~s, tiic rcltrti-cw po&ms of tlic dif'ererit kinds 01 srilts 
is ~~c:irly consttint in all piirts or tlic occm. I'or csiiIlII)le, sodiiiiii 
cliloride or coiri~iion table siilt constitiites nc idy  78 percent of :dl tlie 
snits in zi~ly loculity. Clieiriiciil an:rlysis litrs S~IOWII t l ~  t 1,000 grilIils 
ol s(\:I, wtetcr contain in soliition an avenLgc of 35 grn~ns of SiLlts of 
vnr-ions kinds, of wliicli about 27 granis is conini~n tublc salt. 

271. The sirlinity ol  sea watcr intiy be dctcrniined by severid 
difTei*cnf rrictliods, one of the simplest rnctliods being h s c d  upon the 
density oI' the w:itcr :is obt:rincd from tlic use of tlie liydro~~ictcr. 
The donsity dcpcrids upon tho salinity and the tempera ture ol the 
wii tcr. Tlrc tuhlo on pagc 80 gives the siiliriity corresponding to 
different dcrisitics nt tlie sttmdard temperature of 1.5' C., to wliicli 
tho dcrisitics in folm 457 :ire rcdiiced. This tiiblo was compilcd 
from tnblo 2 on p:igc 38 oi Const and Geodetic Siirvcy Speci:il 
Publicntion No. 61, Physical Laws Underlying tlie Scalc of II Sorlrld~lig 
1 ubc. T111~ouglr tllc IISC of this tuble tlic values for tho salinity in 
foim 457 miiy bo oasily obtained from tlic reduced dciisitics in tlic 
preceding column. 

1 1  



Diflerences for reducing densities of sea water to 15' C. 
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Diflerences f o r  reducing densities of sea water to  I:>" C.-Continued 
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I. otl!l!l 
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( 'orresponding densities and suliTiiiics 

[Density at  15" ('.--Salinity iri ports pcr 1,000] 
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1. 025.1 
I .  n m  
1. 0'250 
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32. .l 
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33. 0 

:u 2 
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35. I 
:is. :i 
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:{I. 0 
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I. 02lili 
1. OX7 
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I .  0270 
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I. nzoi 
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Jli. 7 
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