. ~ been upon by the teredo—were recovered, ﬂththauo‘;gﬁhm“ i e
«* abont half a dozen pieces, and none of the stone was lost. The jetty
~~ withstood the storm satisfactorily.

15891, o 3

The tide-gauge houses on the outer bar and in Bolivar Gorge were
destroyed by that storm. They have since been replaced by more sub-
stantial structures, for an account of which, as well as of tidal data,
reference is made to the report, herewith, of First Lieut. William O.
Langfitt, Corps of Engineers, E

For an account, in detail, of the work done by the contractors, and
also of the survey of the harbor in May and June, last, please see the
appended report of Mr. E. M, Hartrick, assistant engineer.

For the statement of shipments from Galveston, contained in the
table of commercial statistics for the year ending June 30, 1892, accom-
panying this report, I am indebted to Mr. Julius Runge, president of
the Galveston Cotton Exchange. For the number, character, and ton-
nage of vessels entered and eleared for the same period, acknowledge-
ment is due Mr. N, W, Cuney, collector of the port. The statistics for
this work and others in charge of this office were compiled by Mr. Elliott
Jones, chief clerk.

The ¢comparative tables of statistics herewith, to which attention is
invited, show that the shipments of cotton have increased from 1,114,133
bales or 258,638 tous in 1891, to 1,237,937 bales or 287,377 tons in 1892,
and that the total tonnage of vessels entered and cleared has increased

from 1,073,920 tons in 1591 to 1,134,326 tons in 1892, a net increase of
60,406 tons. :

Totak expended on the improvement nnder all projects to June 30,

1801, IO VS - .voeceeenmne vmbmas snis smnn e Tan e nen. 82,273, 920,90
Expended on the present project to June 30, I8 ..o niisaas 706, 017. 88
Expeuded on present projeet to Jume 30, 185 .o iiiinnee 1, 234, 440,51

The balance of funds available will be applied to continuing the exten-
; gion of the south jetty.
I The sum of $1,000,000 can be profitably expended during the fiseal
! year ending June 30, 1894, most, if not all of it, to be applied to con-
struction of the projected north jetty.

Originally estimated cost of the work as revised in 1886............. #5475, 000. 00
Aggregate amount appropriated to July 1, 182, oommennnniiiiann. 3, 378, 000. 00
Total amonnt expenided. ... oo cvveeeeecasscaloasnrmmrsscasssannanas 2,712, 843, 53

In addition to this there was expended the sum of 100,000 subscribed
by the city of Galveston in 1853, .

The work is located in the collection district of Galveston. The near-
est light-houses are at Bolivar Point and Fort Point at the entrance to
Galveston Bay. ;

The amount of revenue collected at the port of Galveston for the fis-
cal year euding June 30, 1892, was $161,052.48. '

and?! . etty, they having bemmwedhmpihlw

An account of this storm was rendered to the Department, July aa, L
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C_ -0 . July1,1801, balance nnexpended ...... ... <. ceeseerecerennesanes §1,104,079.10
P _Jmhlﬁ,mﬁupgndddﬂlngﬂuﬂ i SR Sk ' 438, 922, 63
£ i -July 1, 1892, balance unex ............,..,.....,...,,........._ﬂ,lﬂ“ e
s July 1, 1892, ontstanding liabilities. ...... ... cccaneoae.. 10, E38. 72 v
E July 1, 1892, amount covered by uncompleted contracts. : . t618, 207. 64 *

———  638,046.36

g July-1, 1892, balance Svailable .. .ocooivecnrniaanesrasiemnceonaeenss 37, 110.10

¥ Amount appropriated by act approved Angust 5, 1882, ... ... ... ... 450, 000, 00

¢ Amount available for fiscal year ending June 30, 1893, ...............  477,110.11

i, — ————————

| Amount (estimated) requiredfor cumxlatiun of existing project.... 4,650, 000. 00
8 S ed'in fiscal year ending June

Amount that can be profitably expen
BTN o o e o ot o o e e i W g R i

Submitted in compliance with requirements of sections 2 of river
and harbor acts of 1866 and 1867,

REPORT OF FIRST LIEUTENANT WILLIAM C. LANGFITT, CORPS OF ENGINEERS.

UxiTen S8TATES EXGINEER OFFICE,
b Galveston, Tex., June 30, 1532,

Masor: I have the honor to submit the following short progress report on the
tidal observations for the fiscal year ending June 30, 1802,

On July 4-5, 1891, just after the close of the last fiscal year, a severe storm occnrred
which destroyed the tide-gauge house in the Gorge and the one on the Bar, thus
leaving only the Government Wharf gange in operation. This fact has prevented
me from making the developments of the tidal data indicated in my last report ss
desiralile, [ refer more particularly to those bearing on the tidal prism, slopes, veloc-
ities, generally, all those data which would naturally be sought for in a study
of a tidal harber.

There have been submitted to yon during the year a number of tables regarding
tidal elopes, but it is not thonght desirable to insert these hers in their present state,
incomplete from want of sufficient extension.

* These appropriations were mostly expended in small dredging operations prior to

& the adoption of the project of 1874.
t Balanee of the appropriations of September 19, 1890, and March 3, 1891, availa-
ble for dishursement under present contract.
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plnnu'}-mna to the plane of reference and

classes of tide (see last report) and mean of all tides for the various g _
Mean planes of high and low waler and mean fuctuation, . =

: [ enz | ina et AR EY
Name of S | WY [T | EE™™ ¥
Mean  Mean | Mean | Mean | Mean | Mean | Mean | Mean | Mean | Mean | Moan i
Euge. high | low |fuete:] high | Jow |fAwmctu- Mg 3 Iuﬂiv& Low m
|walar. 'l'l.tfr.rlﬂl. |w r. |[wator m W alar. m . [wakar. “._ '__
— |
| Fret, | Poet. | Feet, | Feet. | Fost. | Feat. | Foot. | Feet. Feet,
Bar...... 4R 0,87 | 278 L B2 | —0.28 | 210 |41.50 |40.34 | LZ34LE2|—0.20 L
T S +1.98 |—0.29 297 I+l,m =004 | L85 |41.57 40,58 | .09 |4+1.70 [40.07 | 100
Lioveriimsent | |
:"n'lu..:-r..!..'-rl.aa 007 | LBL 4004 40034 | 1.20 (4138 |40.73 | 008 (4158 :I:&u 113
%:nm;nrruult.wl.n i-H'LIS 1.49 |+I.M 0,20 | L2 440 [40.78 | 067 [41.52 2 Lo
wa Iah -
Sonth. ... 155 [40.39 | 116 4145 |40.51 | 0.94 |[41.34 [40.80 | 0.45 |4-L45 [40.00 | 0B
E.mll.\-i;r.._t.l. 41,85 [+0.11 | 1.64 |+1.m 02 | L2 L0 (054 | 0.85 LS|40 LT
el Fia 1
North......[+1. 48 [40.67 | 070 |41.36 [40.71 | 065 41256 4094 | 0,31 0. T8 0. &
Morgan Polut{+1. 20 [+0.47 | 082 |+1.25 0.5 | 0.08 [+110 (4000 | ofa1 +0.61 | 0,60
Round Point. |41, 37 .I+|J.mi. 087 b+l.:m1- +0.82 | 0.4 j'-}-l.?-'.l I-H'I-W O (41,30 (-0 85| 0,88
1 .

The preliminary statement of record available from each gange is here given re
vised to inelule reconls naed in the revision of this table as stated above.

Rowwd Point.—From May, 1887, to March, 1290, of which about 15 months' record is
lost,

Mergon Point.—From May, 1887, to March, 1890, of which about 8 months’ recond is
lost.

Eollorer.—From May, 1887, to December, 1880, of which about 14 months' regord is
Tt

Red Fish North.—From July, 1889, to June, 1891, of which about 6§ months’ record
i= lost. X

Led Fieh Sowth,—From July, 1589, to June, 1801, of which about 7 months' record
i lost.

Hanna Reef.—From July, 1889, to June, 1891, of which about 4 months’ record is
lost,

tiorernment Wharf.—From May, 1887, to December, 1881, of which abont 5 months'
rieeoril is lost,

fiorge.—From July, 1889, to June, 1801, of which about 5§ months’ record is lost,

Bar.—From April, 1888, to June, 1891, of which abont 22 months’ record is loat,

i April 11, 1592, by your direction, 1 hired a schooner and crew of men for the
purpose of redrecting the Gorge and Dar tide-gauge houses. Owing to the unpre-
eelented continuanee of stroug northeasterly, easterly, and southeasterly winds,
cansing such heavy seas s to prevent work, this operation was not finally emn-
ple il June 9, 1292 Of the total number of days, on bnt nineteen were the
gelooner amil crew employed at the site of the houses, the remaimler of the time
the =ea being too rengh, and even on many of these nineteen the water was so rongh
that work was slow and diffienlt.

As the destroction of the former structures seemed to indicate that muoch stronger
ones were needed, as hoth of them vibrated coosiderably under stro winds amnd
sens, inodesigning the new ones these points wers kept in mind. Both houses are
practically % feet square. The Gorge house is supported on eight 8 by 8 inch
spuare, coppered, wooden piles drawn together two and twe to clasp a square HJE
% ineh timber forming the corner posts of the house. The Bar house is supporte
om four solid iron piles Ginches in diameter from about 2 feet above low water to
their lower ends and 4 inches in dinmeter above. They were driven about 12 feet
apart at the corners of & square and then inclingd by means of a pump until their
Teauls formed the corners of a square abont 7 feet on a side.  The piles are provided
with two tiers of borizoutal aml diagonal bracing.

3 &
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" shore branch settling in places where the covering of ripra
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There were two maximum tides on the 5th, one at 8:00 a. m., when it reached

feet above M. L. T., and one at 8:50 p. m., when it ml:mmi

matic tide gauge at Government Wharf, The damage to the j waa slight
P

feé

j

nwrrow. This tendeney toscour and settle has been conuterneted bj’

thnjaity with an & of small riprap placed at the tos of the side slepes,

the jetty is only a feet high. A survey of tha bar pro;ger was made immed
the storm and com; with last annnal survey, but no marked cou

bé deteeted. A more detailed deseription of the storm and its effeet can be foumnd .

in my report with accompanying charts and tablés of July 22, 1891,

The nsnal equinoctial disturbances oecorred in ber, 1801, and March, 1883,
with a continuance through the months of April and May and the end of June, fresh
Eales, rniu_qh m:a, and high tides more or less retarding progress, but with no dam-
age to the work. - ;

H&rmﬂ progress.—The contractors during. the month of July were engaged over-
hauling and repairing trestle and track, laying rails for switch to track scales and
yand, and delivered the first stone of the contract on the Inst of the month. On
the 27th of Augnst the first pile was driven for an advance at the front. The stone
received before this date and to the end of Angust was used in repair of shore branch
and other places, the astual work at the front commencing September, 1891,

On September 17, 1801, the delivery of stone was discontinned, as that presented
waa not up to the specifications. This same month the Government track seales,
with special foundation, was completed and put in active nse.

The delivery of acceptable sandstone riprap recommenced on the 26th of October
1891, and the firet granite block was received on the 30th of the same month, bu it

was not until the 11th of April, 1892, that the contractors Lrought on the work a o

derrick capable of handling lock from 5 to 10 tons, and then not of suficient capacs
ity to overtake and keep up with the work as it advanced,

Tuspection and eeamination of quarries,—The first stone delivered was from Ledbet-
ter (No. 1), on the Houston and Texas Central Railway. This qgmy not farnishing
the quantity, a second was opened a few miles from the first (No.2), but had to be
abandoned, as it did not come up to weight. The contractors then moved their plant
to Quarry Station on the Gulf, Colorado and Santa Fé& Railway, bat early in Novem-
ber they bogan claiming inability to procure the sandstons riprahnf the desired
weight and in suficient guantities for the work. Their statement being submitted
in writing, a careful examination was undertaken, and the report made on the 23d of
Dﬁ'ﬂﬂlﬂ_]}ﬂl‘, 1891, by ¥irst Lient. W. C. Langfitt, Corps of Engineers, U. 8. Army, and
myself,

J}#enﬂl ingpeetion,.—Om the arrival of the stone in the contractors’ yard at Fort
Point it is inspected as to its bhardness, tonghness, weight, snd derability. The
hardness and toughness is determined by the hammer, the weight by specifie gravity,
viz, immersing a large sample of stone of known weight dry in & tank filled with
water, then catching and weighing the displacel water and reweighing the sample
wel, the amount of water imbibed by the sample is also uobed; using the specifio
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2 s ol over, nf;lwu ...................... 3, 485, 910
| & R | etdeville, . .
Articles. e 1, B
| Price. | Amount. WI Amonnt.
| BT A
|
Inm the south jetiy: | | | |
BAnAAt0ns FIPTRP. « . ovveeessesrnnn L 20,000 | 6230 4508000 | #2.75 | 005, 000
ﬁunﬂalmlﬂgfh to 1 ton ench . 1,000 | L3O 2300 | LM 3, 200
Aandstone blocks, 1 to 2 tons e 1,000 30 o 800 330 3, 30
Sandatone blocks, 2 1o 5 tons e 1,000 | 4D | 2400 3,
Sandlatons blecks, 5 to 10 tene efl ([T T ] oE], 400 450 472, T
Conerete blocks, & to 10 tons each .- S N 4. 40 A2 M 5, { G, D
samilstone blocks, 10 tons and over each ... | T.000 | A o3 gE0 500 25, D
Conerete blocks, 10 tons and aver each ..ol 000 4T 33,250 | S0 | A5, D
Gramie riprp . ccooravececcinannaree- T LT BT 2D 4,50 1, (KK, 140
Granite blocks, § to ) ton eaeli. . ooocoiiian e 1,000 | R4 5 EH AT &, T
Granite blseks, 1102 tons each.. . .ooooociiiian- 1,000 3R 4.8 470 4, 700
Granite blocks, 2 o 5 toas cdeb. .. oooiianno i 1,000 400 4000 | &TD | 4, T
Granite blocks, 5 to 10 fons eech. .. LG, o 4. TR 444,100 | 4.70 S, S0
Concrete blocks, 5 fo 10 tans cach. ... P, o 4B | A2 008 | G 577, S0
Granite blecks, 10 tons and over each ..o S TR | WL 460 | 470 | 2, s
o Dloeka, 10 tons and over cach. ... .....c.c TR 3,200 G0 42, m
In the north jetiy: . | |
Hamdstome Fiprap. . a g | 1,002 340 4G 1, H6l, 100
sandstone blseks, 2 2.0 5, 786 | 100 i, B0
Samdstome hlocks, * tons el an oo | el e 050 | 3,00 | 205, D00
Banlstone blocks, B tons cach A0, 000 | 82 ] L=, 180 I: 3. i 147, DD
Samilstone blocks, ¥ tinms @i -8 | 00 4 T, 000 45D HE, s
Conerele hlscka 5 0 poaws vaeh 2 | 472 THT B | 50D 410, o
Sandstons hleks, Lk tons and over each . 5. 57| 27,750 | B.0d &75, 00
Conerete blocks, 10 tons and ever vach. .77 K3 5,040 | 375,000 | 0.0 AA), DD
Grmlluamnp SLE 000 | 408 2 114,820 | 440 2270200
Granite blocks, 3 to Ltoneach. ... cooaronens 2.'_'w| 4. B | | o, G0
Granite bocks. | 102 tons each. .ooveeoovciianonee G5, 050 | 400 145, 150 | 440 | 154, kb
Grinite Bueks, 2 10 5 ton each. ..o boaneoo | aTo) a0 | 440 215,60
Granite blocks, 3 to 10 tons each. O D000 | 44D | J6H, 18D Lni i, B
Conerete bloeks, 5 to 10 tons sueh. . .oooveecoianes | Boon | 4,73 | T, 5, 00 | 410, 00
Grapite blacks, 10 tons aml overesch_ ..o oo | 73,008 | ‘500 475, d.40| 330,000
Conerete blocks, 10 tons and aver sach.......oo000n z Tﬁ.}k.ll 15,00 | WIS, 000 6,00 | 450, )
i, feel. 1
Railway and IPeALIE . .ovonrecoscasnmnmranansassanen- 36,000 | .90 147,055 | 400 138, D0
Podal for sandatone sl PREIWRY < coremeeaiaiimmnnr coannnnnrfecenaas i, i, DKL

Total for granite and railway ...
Fodal for samdstone rprap, granite

I ;J-I!.Ii-ihl;ﬂ-"lk.l. uniler

= lons

2 pous and over, and railway . |
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- R -
&m s T s _....
iy | 2 ‘a:
G, 000 | 3.0 e _ :
L =l isl B
o ; :
=8 2813 =2
L000 | 40| - 4 3 & 00
1,000 | 430 w200 | 410 180
1,000 | 420 4, 415 .tm :
; ch, 540 10 tons saolh. .. ..o.ooneennnnnns 106,000 | 475 | a6, t'l ]
 Granite blocks | i i
. | Tooo| mes| TS0 | 635 43, T80
........ 000 | S50 [ 1,206,000 | 245 100
“iw 200 éﬁ 250 I-I:#ﬂ
............. a5, 000 | 250 V500 | 255 &0, 20
S0 | 30| Sdece| 78| 50
| #2oo | 5.00| 410,000| 500 410,000
2 75,000 | 00| 235000 | 2.80 210, 00
75,000 | 5.00| 375,000 | 535 8, T
................................. SIN000 | 2P0 | 2,000,200 | 400 | 2,072,000
Lm0 | 580 8,580 | 406 &, 0o
| s5000 | zwo| 18500 &10 143, 500
| amoen | se0| 10L100 | 415 0, 350
.| Reoe0 | 408 334580 | 435 48, 500
K000 | 5.35 | 430,500 | 0.00 442, o0
Joase00 | ko8| d08,000 | 440 B, (00
H':'ml 5.2 a0 035 a8, To0
L T oo 345007 00| 138000 | 400 13, 000
and T e S Y 5T T RS T T 2, e,
Total for grantte and PalIWay ... ..o.ccoooeiriieninlierminneslvanesaa] b G500 |....... 4,613, Gl
Total for sandstone riprap, geanitc bocks, and rail- | r
=T et e e ey RN TR RERRRR o ol T Y, Y ENESER 8, 469, 710
Tnhfmrunﬂw and blocks umiler 2 fons, |
granite blocks 2 tons pm.mr.nm,r 8, 457, 080 |....... 3, 408, 450

Bid No. 7, loweat. Aceeplancs recommended for samdstone riprap, te blocks, aml Iiil'l}'-
Amount available $1, 100,000 (liss office and inspection expenses), a atedd as follows: River and
harbor met of Seplenlber 19, 1200, 500,000 ; sumdry civil sct of March 3, 181, $500, 000,

REPORT OF FIRST LIEUTENANT WM. (. LANGFITT, CORFS OF ENGINEERS.

Usitep BraTrs EXGINEER OFFICE,
Galveaton, Ter., June 30, 1351,

Magonr: I have the honor to submit the following progress report on the tidal ob-
servations of Galveston for the fiseal year ending June 30, 1861 ;

The Rollover gange was discontinued during the latter part of January, 1891. The
f““ﬂ“‘ at Hanna Reef, Red Fish South, and Red Fish North were discontinued the
atter part of this mionth, thus leaving going at the present time the gauges at Gov-
ermment Wharf, the Gorge, and Bar, [t is thought that sufficient record has heen
obtained from the other gauges, and that these three gunges, costing nothing for
keopers, will furnish record of more than sufficient value to pay for the slizht ex-
pense of mainfenance,

The precise level party mentioned in my last report suceseded in connecting the
geros of the Gorge mmd Hanna Reef gauges with the adopted Lench mark on the
Hendley Building, thus practically eonneting these two with the Government Wharf

gauge.
Defore presenting such data as I have been able to compile from the platied

- records, it will be well to state in some detasil the extent of record available from

& n-F'Ez' ._'_"};.az.mtjf‘. 2373
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el gange, as (hin varies very much nu--‘“" ge b S &
xm.gfiu'ﬂ?m;.mr: 4 o 3N e R SRR
" fn.:u: Point.—From May, 1887, to March, 1890, of which about 15 _
o > : R et e
o’ Morgan Point.—From May, 1857, to March, 1800, of which abont 8 mthi
1 Ji.mmr.-.nm May, 1587, to December, 1880, of which abont 14 menths’ record i
LLE. 1 ¥

rescond is bost,

Eed Fish Senth.—From July, 1888, to December, 1880, of which abput 8 Ilmlllll’ .t, e
] - F !

rivord is Dost,
is lossl,

ool is lost.
tiorge.—From April, 1880, to December, 1300, of which about 13 months® record is

Gorernment I harf.—From May, 1887, to December, 1280, of which about 4 montha® 0 '¢;,'

lusst,
. Far.—Vrom April, 1888, to December, 1990, of which about 19 months’ record ia
il

The losses of rerords thus shown are due to stap) of the ganges or to donbis
as to the securacy of the reeonds either as to time or ﬂm-.tmtﬂu.

The tides have ns usual been divided into {hree closses, ealled respeetively the
great declination tides (G, D, T.}, the amall declination tides (8. 1), T.), and the in-
termedinte tides ocenrring hetween these two {I. 1%, T.). The first class oeenr wlhen
the moon's deelination i.nl].:nrm- sl show as oue large tide in the 24 honrs, The see-
omil elass oeeur near the time of the moon's nodes and show ns two small tides every
o) ours,  The intermediste tides are those ocourring in the passage from gue of
these vlasses to the other, The result obtained by combining all the tides ate nlse
usnally wiven (M. T.). i

It is now proposed to disenss in some detail, with the aid of the preciee level
determinations, the values of the relative elevations, which have heretofore been
assimed, of the zeros of the various gauges.

In 1872="3 Mr. H. C. Ripley, then United States Assistant Engineer, dotermined by
ohservations that the water table of the nottheast corner of the Hendley building,
of this vity, was 6,879 feet above the plane wean low tide, and this lLias been the
adopted plane of reference since that date, being easily established by means of the
abwve beneh mark for any g:.u.n;I:-- pear the vity.  But when gauges were established
at various points of the bay it hecame necessary, in onder to have a nniform plane of
reference, to find the elevations of their zeros referred to the adopted plame.  As
level lines were generally onf of the question, this has nsnally been done by nsing
Mitchell's rule, which is lased on the assnmption that the siverage plane of high
water ot any given gange will be s muel higher or lower than the ]pl:um ol
higlh water at a second gauge s ita avernge plane of low water is lower or
higher than the average plane of low water at the second gaunge, In other words,
it pssmes Uhat the maxi pil minimea at all ganges are symmetrieally placed with
peference to the smne planc, e, having established this plane at any e guuge,
and having given the readings of the corvesponding tidal maxio and minima at the
varions ganges (inehuling the known one), the determination of the elevation of the
zeros beromes o simple matter. Butb if this assumption is not troe the reanlis from
the rule will he erroneans, 1t hecomes then s watter of importance to determine
how far this rule con be trusted,  The results of the precise levels give an oppor-
tunity to make this determination, partially at least. For this purpose n series of
eombarisons was made belween the & ganges {tiovernment "harf, Gorge, and
Neef) whose zeros have heen connected by the level warty, and the resnlting
corrections vompared with the tene correct fons found by the levels. The errors thus
finnd sve vompiled in the following tahle. Dut it is evident that the readings of
the high amd low water planes at each ;.f:mll::t- wive sufficient data for applying
Mitehell's e, if. in their determination, no tides were pmitted at nny of the ganges.
Tt sipprosingg that thie omissions ot the varions ganges would t-ll|11||l1rrlu|]11-llf.l~ o1
another. 1 lave applicd the nle to these reailings anid determined the resulting
crrors,  They are given in the table with the others specially made, the eolumm of
romarks showing whether the value was dedieed from corresponding tides only, or
o determination of the bigh wnd low water planes without selecting correspond-
s fiales. "

?ap{‘ EZ

Teed Fisk North.—From July, 1559, to December, 1880, of which ahont 5 nonths'

R

Hamna Reer.—From July, 1889, to December, 1580, l;f which about 3 months' recond § ‘?e,, z
H R
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An inspection of this table does
marked snperiority over the others,
of all the tides are as Hkoﬂatluln L
uulmuwntrs can not tell ww L gin e . b
expoctod that ga near to each : those sitnated in vely similarposi-
tlcfm, will give h:ﬁr resnlts than ve ey £1]
result is shown by the following values obtained for the elevation of the zero of the :
bar gauge when compared with the three gauges named : bl

From Gorge gauge, mean of 179 observations, all tides. ... ....oovveeeneue... —0,82
From Government Wharf, mean of 179 observations, all tides ... ........... —0.49
From Huuna Reef, mean of 174 observations, all tides. .. ...............uuv.s —0.54 .

The tides used for the first two values are the same as those nsed in comparing the
Gorge awl Government Wharf, line 2, in the above table, and for the last they are
the sume as those used in comparing Gorge and Hanna Reef, line 4, in the n{mm
table. The first valne is considered the most accurate. The accuraey of the result-
ing corrections also increases with the nnmber of observations, This is illustrated
Iy the fact that the first approximate valoe of the constant for the Gorge gange was
in error by 0.27 foot, and that for Hanns Reef by 0.21 foot, both being hu:ﬁ"m o
vimparativel small number of observations.

Applying Mitchells rule then to those ganges whose zeros have not been connected
Ly precise levels, and nsing the determ planes of mean high and low water, a
uew amd more sceurate value of the elevation of their zeros rred to the uﬁt’od
I-Inun of reference has been found. These elevations and those found by the of
evels are given in the following table:

TABLE 2.—FElevation of the seros of the tide in Galveston Bay referred to the adopted
plane ’;}m

[}
0l nlmi How
Gauge. of zere | "'I'l“e of Remarks,
jelevation. . oation.
g/ Tom | n purison with Gorge gauge

Bar ..ccovvnnnannnnns| —ihdl = 82 | ©iHm W SO 5
GONP0--cuenccuacnas| =280' =817 Hrp'm levala. i
Govermment Wharf .| =20 it B0 | nlaril,
7y B L
il Fish Bout =, (i} =477 | By comparison wit AN andl G ;.
HRed Fish Korth . —AmM —2.78 By comparison with Red Fish Soutl.
Morgan Point.......| —2,06 =265 | By comparison with Red Fish North,
o T e ST e
Rollover ..cccvnunnns i —k 21 =& 14 | By comparison with Hanne Heaf,

These valnes of conrse remain good only so long as the staff ganges remain at the
same elevations, [t therefore becomes o matter of some importance to be able to -
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makes this 14,045

rodl is atill there and can ea

was established on the o

neer, on the top of the

elevation as determined from the first ben T
At Round Point and Rollover there are permanent nges attached to the =
piles of the Thouses, the elevation of whose zeros are given iu the above table, = it s

At Red orth a copper nuil was driven irto the son weat pile of the gange — 7
house and s horizontal scrateh made across the head. The elevation of this score i
mark is 6.58 feet above the Euhmu of reference. An exactly similar bench-mark was
Ent on the sonthwest pile of the Red Fish South tiﬂ.b-ﬂ.‘l:lgﬂ honse, whose elevation

6.62 feet above the p of reference, Small pieces of shes
them to protect them.

At Hannas Reef a galvanized-iron spike was driven into the pile of the honse near-
est the steps, the elevation of the score mark on the head being 3,046 feet above the
plane of reference. A piece of sheet lead was tacked over the spike.

At Gorge gange a copper nail was driven into the northwest pile, of which the
olevation of the score mark on the head is 7.830 feat above the plane of reference.
1t is covered as the others.

At the Bar gauge n permanent bench-mark has been placed on one of the piles
nearest the ladder, the elevation of which is 8.04 fert above the plane of reference.
A coating of black paint was put on around the mark to protect ﬁ

The Government Wharf gange can always easily o couneeted with the hemch-
marks on the Hendley Building, of which there are two the water table at the
northeast eorner, elevation 6.879 feet above the plane of reference, and o copper
bolt let itto the corner column, elevation 10.796 feet above the plane of reference.

The precise level party also eatablished soveral permanent llmlch-mmkl Lath on
Gulveston Island and on Boliver Peninsula, the elevations and descriptions of which
are given in the ﬂlwlt of Mr. (. Bagnall, assistant engineer in charge of that work.

The fundamental assumption of itchell’s rule is, as stated above, that the same
horizontal plane will lie midway between the mean high and mean low water marks
at all the ganges, But this assumption has been ahown to be in error by the amounts
given in Table 1, Now if at the three gauges which have been connected by precise
levels the elevation of a point midway between mean high and mean low water be
found for the different kinds of tide and their differénees taken, these should equal
the errors fonnd and thus give an excellent eheck on the work. In the fullowing
table sueh o comparison is given, The agreement is all that conld be expected when
the varinble nature of the tides and varying effects of the wind at the different
ganuges are considered.

t leaul were tacked over

TanLe 3.—Comparison between differences af mid-level and errors of waler somparisen.

G.D.T. T ] L % e M.T. |
: T Ervor of Error of | pys “_|.EC vorof | [ Error of
Ganges compared. | llilli‘l.-r- e | e | S | Thifer- 1:“;" | Tviffer- | Tl iar
| e o compar- | T2 . comparl-1_t0ee ol | . jo | Emee ol | .
mid-level. T mid-level. o mirl-lwrl..l “:u':'_' i :n-ill-luwl-b |I::.]id|.
—--I_. —— ——_-——_l-—l- : .. ! - -
| Feet. Feet. Feet. | Feel. | Foet. | Fesl. | Foel ' Feel.
Gorge and Govern- | § —0.18| —0.08| —0 1H1 —0.11| -0 —ois| -0M| -0H
mant Whorl.. ... § ........ i o T T BRI N | —OL 1
Gorge amd aunes —e17| 0w —017| =012 =002 l =1, 1] 0,08 -, 00
el o S - 1 It ) St S 1 SRR B L
FISITINEY 2 i |
Governmoant
Wharf...........| =001 $801] =600} 001 | —011| =0.13| =—0.00 —0. 05
I I J

The following table gives the same facts as given in Tables 1 and 5 of my report
of lnst year, revised to inclnde the resnlts of 1500 and those from the new ganges.
The quantities are the heights o’ mean high and mean low water planes referred to
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: I, o b
& s
- i -F.-,# | - 7 T
':ﬁ ‘am ’iﬁ 157
-0.7 | 33| ™ |16
000 | 157 4168 1.18 41,38
nll‘ 144 ﬁ‘ I.H.F‘
11| L5 [+L53 +l.t| L3 4180
4047 | 118 [+L61 4000 | 0.0 |4+1.49
40, 60 'l-g k] 'l'l! o6 4125
47| 0.82 4126 4059 0.08 4010
50| 874108 +u:| 074 4123
Below is given Table 3 of my of last year, giving the delay in high and low '
water, revised to include the resnlts from the newer gau and & new rming- g
tion of the interval between the Bar and Government Wharf, The Bar time of high ¥
T4ty

or low water is taken as the origin, and the intervals show how much later the cor-
responiding phase of any tide is at the gauge considerad. 3

TABLE 5.—Delay in high and low waler from the Bar gauge.

. Delay in high water. Dielay in low water.
N of gaoge MMetance| - AT TN
] from Mar. o 1 T.i'L D.T. ig,p,'r_! M.T. G.D.T. LD.T. 8 D.T. M. T.
Miler., | Hours. | Howrs. | Hours. Hwﬂ,| Hovwrs, Howrs., Hours., Hours.
Gorge.......... i |“og| ool ese| aol e 05 o 0w
8 saisaer 'i te | nie] Loi| Li8! 17| LIS OB 005
Hannas Heef .. | - | i | AL PNl D se| sEl iq! ta
e 30 4. 6 4.5 &2 | 441 G566 5.5 & 2 5.0
Red Finh South [ /M| aBi &AL AM] LS L] A RE[ A
Floh feath .. 17| 78| &ps| &80 63| 52 L9 447 LA
o Polnd.-oon e oaee s sy | sur| Tael 17| ool a2 S0z S| L6
Ronuad Polnk ...ooocoveeen. | I £10| &87) 57| &7 GO8| &IT] 56 e
| ) L

The fignres of the last two tables eall for some explanation. Taking up Table 4
first, it will be noticed that the plane of mean low tide for each different class of
tides rises 88 we pass from the Bar to the more distant ganges, amd that the Auetun-
tion decreases at the same time. This is a natural consequence of theory arising
from considerations of the depth of the bay, its form, the friction, and the fresh-
water flow in it.

At all the gauges it will be noticed that the plane of mean low tide rises in eleva.
tion from that for the (. D, T. to that for the 5, D, T., and thot the fuctuations de-
crease passing the same way. While the facts necessary to explain this were given
last year, it is thought better to enter into the explanation a little more in detail,
oven at t|1|a risk of some repetition. i

At the generality of ports where the tides have been made the subject of study it
is found that there is a deerease of flnetnation and a rise in height of low water when
referred to s fixed plane in passing from the springs or tides occurring at or near the
syzyyies to the neap tidles or those ocenrring at or near the quadratures.  Bug the
varistions given in the above table are not connected at all, or, at least, hut very
slightly, with the relative position of the sun and moon. That this has hat slight
effert is shown from the follpwing valnes for the bar gauge of the fluctaation at
springs and neaps and the elevations of the plane of mean low tide at the same
periods, what is called the divrmal inequality having been eliminated in the determi-

nation.
Feet.
Mean Anctoation spring Hde ... coonmn e e 1.37
Mean Anetustion neap e, ..o vvaeercranr s i saeennnnsnnenao 81
H- Slevation plane mean low tide alove plane of referenee, springs .............. (L0
Elevation plane mean low tide al ove plape of pelerenee, neaps ... ...cooooe... 0. 62
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It is to be understood that these values are but mug
are sufficiently etact for the pu
of the phases of the moou on ul p port. Moreover, as
apring amd neap tides enter into each class of tide, the tabnlar values will correspond
to o mean tide so far as the effects depending on the of moon are con-
cerned. But the diurnal inuiﬁity stuted us elimiusted in the determination of the
spring and neap tide fluctuat is the dummlning_qmﬂs in the tabular classifi-

:::llllmn,_ This i'::iqnllltr h:;:mih;ng knm,iluilh in Hdll;rrhd:l-. The
ollowing quo on from article on t n the Bnu!u.'hrpod ttanien gives
an iden gf ta nature: : - & o

“Bo far we have supposed the Inminaries to move in the equator. Now let us
consider the case where the moon is not on the equator. It is clear in this case that
at any place the moon's zenith distance at the nppor transit is different from her
nadliv distance at the lower trausit, Bot the ti ting foree is ter the
smaller the zenith or nadir distance, and, therefore, the forces arve different at sneces-
sive trandits. Thos there is a tendency for two suocessive lunar tides to be of
unsgqual heights, and the resulting inequulity is ealled o ‘dinrmal tide,” * * *

(e of the most remarkable conclusions of Laplace’s t of the tides, on a globa

coversd with ocean to a uniform depth, is that the dinrval tide is everywhere non-

existent, HBut this hypothesis differs much from the reality, and, in fact, ot some |
ports the dinrmal tide is so large that during two portions of the lunation there is p |
only one great high water and one great low water in each 24 hours, whilat in other

parts of 1;6 limation the usual semnlinrnal tide is observed.”

This latter state exists at this port, nnd such s condition of affairs necessarily com-
plicates and renders extremely laborions any analysis of the tides looking to tidal
prediction or astronomical calenlation. Affer considerable st of the methods
emnployed in such cases it is believed that for the purposes for which these tidal oh-
servations were made no useful result wounld be obtained by such a discussion. [
have thesefore limited my analysis to that amonnt which will explain sufficiently
for my purposes the facts exhibited in the tables,

As a consequence of the guotation given above, the dinrnal tide is evanescent
twice in o lunar deelination month, or at or near the time of the moon’s nodes, For
u full nuderstanding of the effect of this dinrnal tide it becomes necessary to decom-
ponser the observed tide into its dinrmal tide or component and the usnal semidinrnal
tide or compenent, By referring to P1, 2, Fig. 1, where this decomposition is shown
graphically, it will be seen that near the nodes the dinmal component is gero, and
that as the meon’s declination increases, passes to a maximum and decreases again
to wero, the dinroal component goes through corresponding changes,  Its period is
seem to be about a day. Moreover this component soon passes magnitude the
aemnidinrnal component with which it combines to produce the observed tide. Asa
consgequence the observed tide passes from the usual semidinrnal type with two
nearly voual maxima®nml minima o day toa single great tide with one great high and
one great low water in a day, the reverse taking place aa the moon again approaches
Lier minle. 1t has therefore been convenient to divide the tides into three clisses de-
pendingg o hee imoon's decl i, sauld which have been called, as above, the groat
eclination tides, the si declination tides, and the intermediate declination
tinles,

Assmming that each component follows the low of the sines, either one at any par-
tieular time can be represented by an eguation of the lhl!uwing firin ;

|

¥= ..-\l'w‘lvr,r

in which v — ordinate of curve referred to an axis midway between high and low
water, T = tine in honrs from place of maximum ordinate, T = duration of one tide,
A coeflivient.  Taking two equations of the above form aml combining them we
et for the equation of the comple curve,

T

y=Acos (2r E—E)+A’ m?w%

in which v = ordinate of obsenred curve, T sml A = same q'l‘la.ll'l.j.t-:i{'B a& above for di-
urnal eurve, t, T, and AV —same quantities as above for semidinrnal component,
Fo—distance between the place of the maximam ondinate of the dinvrmal eomponent
il that of the maximnm ordinate of the preceeding semidinrmal component.

While the coetticients A amd A are variable, the one depanding mainly on the dec-
Tination amid the other mainly on the plinse of the imoeon, yet for any short time dor-
g which they may be regarvided as consts it is evident that where A has a rela-
tively large value the character of the resulting curve depinds largely on the value
of B, Two approximate values for A and A were fonnd for a partienlsr day, amd ﬂ
the v |I--||1.|1---]| il reserved eurves given in wy report last year, where it was stated

-
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gui greater pro effect 1
time of high water nearer the time of high water of the diurnal component and
away from the time of high water of the semidinrnal component. This is exactly
what takes place, and there is, therefore, in addition to the delay that would natu-
rally follow the propagation of the tide into a shallow bay, an additional delay
cansed by the change in the relative magnitades of the two components. A mm
imon-of F{gu.thﬁ, ,and 8 Pl 2,{:-&113 the two components aml the observed

m for the same day, illustrates this clearly,
, &

at the five gauges named above 1
delay in high water for the large tides

Again, the lHollover gange excep r

eater than the delay in low water for the same tides. This is also explained by
the relative positions of the two components, for the low water of the dinrnal com-
ponent oeeurring so near in time to socond low water of the semidinmal com-
ponent, any change in their relative magnitudes will have but little effect on the
time of low water,

The exception of the Rollover gauge is difficult of explanation, but thefollowing
seems to be a probably correct one:

From theory and observation it is fonnd that a tidal wave passing up a shallow
eatuary gradunally changes its form so that its front becomes ﬂﬂ-l‘{l('r and its back
flatter. As a consequence, the tidal rise ocenpies a shorter thoe and the fall longer
time than they occupied at the mouth of the estuary. Now, sinee the duration of
the tide from low water to low water must average the same at the two places in a
long series, it results that the delay in high water under such cirenmstanees most
be leas than the delay in low water. For let us take two trisngles of equal bases to
represent the duration of the tide from low water to low water and of equal alti-
tudes for convenience, but suppose that a perpendienlar let fall from the apex of
ihe one divides the base into two equal parts while in the second it cuts the base st
a point o the left of jts middle point, 'ilf. 2, Pl2 For 'I|'Iil-||'l1.‘n‘]l-l.m We CAn -
e the first to ropresent the tidsl rise s fall at the month of the estuary and ﬂl:l‘
sccond that at some distance up. Now place these two triangles on s horizontal
time scale graduated from loft-to right. Hince high water at the place up the estn-
ary can not bo earlier amd generslly must be later than high water at the mouth,
the second triangle to represent properly the phenomens observed mnst ha plaeed
with its apex to the right of the vertical from the time seale to the apex of the first
trimngle; lfu'n-'u it is readily seen that the delay in high water must be less than the
delay in low water. But if this is true the same state of affairs, other things being
eiual, should exist at all the other gauges, and in fact this cause does aperate fo
prosluee such an effect, but at them it is overcome by the causes alrendy given for
the opposite state of affairs at those gougres.

The following rale given by 8ir G. B. Airy is in point: “If D1, D2, 16, 14 are in
arithinetical proportion, then the phase of low wntlar travels with n velocity due to
the depih 1, and the phase of high water with the veloeity e to the depth T4 1t
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rotain more nearly t rolative magnitudes, and 18 & consequence
canse of the greater delay in high water for the larger tidesdoes not exist
explanation of this seems to be as follows: The tidal wave having passed t
gorge spreads ot into the lower bay and as a cousequence is greatly redun
from the effects of friction and from laving passed through s narrow pass inte an
extended reservoir. Comsequently, for all ganges existing in this Jower bay the
same state of affairs exists, and, as previously stated, the gemidiurnal component
roceives n greater proportionate reduetion than the dinrnal. RHegarding the Jower
bay as the immediate source of the tides in the upper bay we see at once that the
fﬂngﬂ in the u&rpct bay are related to those in the lower bay as these latter were to

e one in the Gulf, and similar effects follow the the tide over Red Fish
Har into the broad expanss of the npper bay. But at Ig;llnvrr the loeal conditions
are entirely different; the tidal wave, nfter passing over Hanuns Heef, passes into s
funngl-ahu[md bay, decreasing in w jlth and depth. ;

It is o well-known consequonon of theory of tidal propagation from a ses into &
canal decreasing in witith and depth that there are two causes operating o produce
onposite effects, These are the friction to rednee and the contraction to Inerelse the
tidal Anctuation as it travels up the canal; henee if the latter canse be more potent
than the former the tidal fluctnation may increase as the distance from the month
of the conal increnses. Of this there are mauy examples in nature, of which may
e mentioned the estuary of the river Thames, where the tidal range inoreases
13 feat at Shecrness (o 1 feot at Dufford, is 16 fect ot London Bridge, and then grad-
ually decrenses, the trictional effect now predominnting. From what has baen said
andl by referring to plate 1, it is seen that sneh an effect, that i, an incroase in the
tidal range as compared with Hannas Heef, might be ex weeted at Rollover, and in
fact suel has been found to o the ease 68 shown in Table 5. Asu pesilt we may
alan expect the twae components to retain their relative magnitules, wiuld thns pernit
the canses producing a greater delay in low water than in high water to have their
full effect in the maaner shown above, For the same two dnys near the tine of the
moon's maximumn declination I fonnd that the mean fluctuation of the Adinrnal com-

onent divided by that of the semi-dinrnal component gave the following ratios:

tar, 1.57; Gorge, 2.02; Government Wharf, 2.12; Hannas Reef, 2.08; Rollover, 1.60;
Red Fish Sonth, 2.42; Red Fish North, 8.60; which are in direct confirmation of what
has been advanced. On plate 2, figure 3, is griven the theoretical form of & tide wave
in u shallow river as dedueed by Sir G, B, Alry; it i bolieved that some resemblanes
to it can be observed in the Rollover curves, It isto be moted that the right-hand
silde of this enrve becomes the left-land side of the tide curve as given by pelf-
reconling tide gange. A further confirmation of the above views is fonml in tha fact
that at Rodlover the time of riging for the 8. D.T.is n rpmtiumh-l_\' 5.6 hours, aml
time of fall approximately 7.0 hours, while at Hannas teef these quantities are 6.1
anil 6.5, respectively.

One of the main Shjects of the series of tidal ohaprvations now being disncuased is
ilie determination of the tifal prism which passes through the gorge, or mther the
tidal veloeities which oeent there and which may be expeeted to effeet sconr on the
har by the intluence of jetties, but as yet it is the portion of the puliject upot which
the least of anything previse can be snid. That the queation for the larger and more
effective tides is an extremely complicated one js evident from the nnigoe character
of the tides, us woll as (vom ather causes which will appear further on, 1t is there-
fore to be regretted thi it has not been practicalie to tuke u series of observations
in the gorge extending over a period of at least a synodical month, to determine thes
aetnal velocities of ebb and flow, their directions, durntious, amil distribution
thronglont o tide without this nething bt the ronglest :|'|1|11~n1'u11:|li.|m et e ox-
bl
] The following general consilerations are NeCessAry to w clear understanding of
what Tollows:

Assuming that the tide is near low water but still fulling, wnd an ebb enrrent run-
ning ont, it i= evident that the approaching foil mnst meet aml partially overcoms
this urrent before any water can enter 1he bay. It is uot belicved that this sl
current is reversed completely at the woment of low water, bt that, for some time
after that event, water is both entering aml leaving the bay through the gorge, tho
two currents, ot zodng il ineoming, existing at the same time, Itisa matter of
common sheervation that the tide will begin to rise some time before the snrface ehb
current ceases, amil divers in their deseent have foumd an outgoing current on the
gurfiee and an incoming one near the botrom, snd 1 have-read of similar olhseTyvi-
tions being made elsewhere. Now if the moment could be exactly determined when

here
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: depends directly on some tion
may be thrown on this guestion by a consideration of the slopes existing during flood
amil obb tide, But to get data as to these quantities requives that the zeros
of the gauges be connected very closcly, and this has, so fur, been done only for the
Government Wharf, Gorge, and Hannes Eeef gouges, and sinee thess resnlts have
been availed 1 have not had time to inveatignte this question a8 thoronghly as
desirable. In fact, from these three ganges alone sufficient data for a very acourate
investigation ean not boe obtained. ith this explanation I will now give some data
learing on the guestion,

In the following table are given, refarred to the hour of high and low water, re-
spectively, for the flood and ebb slopes, the tine before these epochs that the maxi-
minm slope ceeurs and the time after them that the corresponding slope ceuses, the
ganges compared being the Gorge aml Hannas Leef:

TanLe 6.—Howrs of mgrimum and sero slope n;.l"-:r'm;t to Gorge hour of high water,

T T Flowl, : ] o “Ebh._.

Maximam [ Maximum |, .
Tide. slope be- | Hero slops after high | slopsbe 'z’mm‘]"”
fore high water, fore low h; "L_r
waber, | water. ;

Mean, | First mean md | Mean. | Moan.

Hotire Hours, Hours, Hours. Hours.
B s an s s e - - N 21 1.0
T B e B EER e T SRR JF R R e 15| 55 24 L4 2.0
{ 21| L4 6

T e e O { 7.5 | 59

From this table it is seen that between the two points, Gorge and Hannas Reef, the
abl-slops has entirely ceased at about 2§ hours after low water at the Gorge.  But
these ganges are 10 miles apart, and for gauges nearer to the Gorge than Hannas Eeef
this time would be reduced.  Moreover, the Gulf has been rising during this 24 hours
anil much faster than the gorge, and as the water is rising rapidly on the bar and
falling inside the gorge it is evident that the moment of equality of transfers in and
ont will soon e reached after the Bar and Gorge gaoges are at the same level,
This point evidently lics somewhere between 0 and 2§ hours after low water at the
purge.  In lack of anything to indicate more definitely its position, I will assnme it
to e at 1 hour after low water at the gorge for the G, DT, and for the 8,10 T, in
the same way it will be assumed at one-half hour after low water,

Again, referring to Talle 6, it is scen that the flood slopes between the Gorge and
Hannas Beef ganges cease for the 5. D T. 2.2 hours after high-water at the Gorge,
But in this 2 hours the Gorge Gauge has fallen a little, and if the water which this
fall represents passes into the bay it will be accounted for on some other gauge; if it
does not pass into the bay it adds pothing to the tidal prisem and therefore shonld
not be counted; hence for these small tides we may take the npper surfice of the
tidal prism as that existing at about 2 hours after high water in the gorge. Turn-
ing to the larger tides Table 6 gives two values for the hour of zero slope, the ex-
planation of which is that the slope may decrease to zers, become ehb in character,
again beeoine gero, pass to lowl, then to gero, and begin the main ebb,  These vari-
atiens are illustrated in Fig, 9, Pl 2, where flood slopes are shown abeve (pesitive)
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TaBLE T.—Tidal prisms of Galveston Bay.

il K i — B _.I -
Banin. Arca. GD.T. BD.T.
West BaY ccccossssamnnnnnnnnnns
Lower BAY ...covvuenesssasassss
b R A58, 1 | 10, T30, 960, Goo &, 187, B75, 000
B - = JE___J_E LT S SRS TS
T 8.0 107, 610, 000 =T 50, T, 000

The quantities given for the G. D). T: pass throngh the gorge twice every day and
thiose for the S, Ib, T, four times n day whenever the partienlar class of tide exista
to which they belong. From the series of slopes from which Tabla 6 was deduced 1
found that on an average the flosd slope from its commencemont to its first zero
lusted abount 10 hours and that the ebb from the last flomd zero to its enid lasted abount
4.4 hours doring G. D.'T.  For the 8 D, T, the ebb awl ilood slopes are of about
vqual duration of about 6 hours each. ‘Taking the cross section of the gorge as about
160,000 square feet, it is easily calculated that the water muost flow through the
gorge with an average velocity for the diferent cases as follows:

For . D, T, during fleed. .o v cee i ccvieeecen e feet per second. .1, 87
For G.D. T. during ebb .......cvinmmcrnmernnnsmmnnnsmanessannssnsssss do....1. 08
For 8. D. T. during flood and ebb.......cccooeeiiinnciiicicenicnrcaansnas do.... 09

It is here assumed that the doration of fow and slops in the same direetion are squal,
This, from lack of observations to determine the relation between these quantities, is
the only one that can be made, and i8 ne denbt very near the truth. 1 have left out
ot consideration the time when the slopes vary abont the zero, as was doue in the
calenlation of the tidal prism. .

But in the case of tidal flow we know that the current in either divcetion begins
at zero, inerenses to o maximum, and then decreases to zero, and 1 know of no for-
mula which will apply to such s case; that is, to where the slope, the cross section,
and prohably the coefticient of friction vary with the time, Such a formula, could
it b devised, wonlid be ﬂ.xt,mmu[ar complicated, and require an invense number of
observations for its determination.  Nor is it believed that tidal velocities bear the
e relation to the slope that holds in rivers amd conals, where the slope remaing
t for a considerable length of time,  Moreover, in the G. 1. T., the existence
dinrnal compuonent, oeenrcing st the time it does in relation fo the seani-
it. tends to produce o complexily of currents, making it uneafe to

K i as to the actual ve i (rom the slopes existing at sny partion-
ar i . Tu a report of a board of engineers dated January 21, 1846, in which this
harbor is congidered, it is stated that © where the tidal heights give with time as
alseisang o tidal enrve of regnlar and nearly sionsoidal form, ag is the case af the
Narrows in New York harbor, the velocity enrve during s tide with times a2 absei
wag has o similar Germ, which may e represented approsimately by a triangle;
whenee i follows that e maximnm mwean veloeiby during a tide is abouk denble
the mean velocity for fhe whols poriod of the vise or Gl

/& of zz S S Ky

- o B0




From which it is seen that the average and maximum ebb slopes are greater than
the corresponding flood ﬂnm and hence greater volocities mlp;-be expected from
them. There is another factor which at times increase the ebb velocities over
the flood, and that is the fresh water which the bay receives from the bayons anid
rivers emptying into it. In times of flood this undoubtedly amouuts to a consider-
able volume, but it has never been evaluated. An indication of it amount is given
w the fact that when the San Jacinto and Trinity rivers are both very high the

pper Bay becomes fresh almost thronghout its whole extent.

As shown in Table 6 the maximum flood slopes occur for the G, D, T. 2.1 hours ba-

fore high water, and the maximum obb slopes 1.4 hours before low water, and a8 o con-.

sequence the maximum velocities should expected somowhere near these same
times and probably after them. From the same table it is scen that that the main
obb doss not begin for the same class of tidesnntil about 8 hours after high water,
and that it censes about 2.6 hours after low water, In table 3 of my rt dated
July 1, 1889, it is shown that on the bar the rise to high water ooccurs in about 8
hours, An inspection of the G. . T. will show that for the purposes of this dis-
ousaion the rise may be taken as proportional to the time; consequently, when the
obb slope hag ceased or become very small it may be said that the tide has risen say
one-third of its way to high water, or about 0,91 feet. Hence considering the slopes
oceurring after the maxinum, it may be said that the ebb current has practically
ceaseill when the tide has risen from low water to 0.91 feet nbove the plane of mean
low tide for the G. D). T., or 0.26 feet above the plane of reference. In the samo
table (3) of July 1, 1859, it was shown that the tide ou the bar fell 0.5 of a foot in
4 honrs, and to low water in 16.9 hours; hence in this case it can not be sssumed
that it will fall & foot in 8 hours, beeause it fell one-half foot in 4 hours. Bt it
will fall more than one-half snd less than 1 foot, In lack of more exact data let us
take 0.75 of o foot as the probable full in 8 honrs, Then it is seen that the ebb eur-
rent for the G. D, T. practically doss not begin until the water has fallen from high
water 0.75 of a foot below the plane of mean high tide, or to a point 133 feet above
the plane of reference. As the ebb current commences at gero and gradually in-
creases it would seem thot the strong velocitivs will not be reached until the water
has fallen considerably bolow this latter limit (4133 feet), bot may ocenr before it
hins fallen to the former one (40,26 feet).

The flood velocities, of conrse, practically begin when the water has risen to the first
limit %"‘ (.26 feot), anid ond when it has fallen to the second (-4 136 feet ).

In the L D. T. the above limits will apply equally well to at Jeast that half of them
which is nearest the (3. 10, T.; therefore, the above limits will apply to the tides
ovenrring on more than one-half of the days in s synedical period. A8 these tides
furnish the controlling or groatest velocities the others have not been considersl,

The sbove fignres are to be considersd approxinute; exact ones conld ouly be ob-
tained by comparisons made after the bar and gorge ganges had been conmected by
a ling of proctse levels,

In Table 7 it will be seeu that for the 8. D). T, the Upper Bay adds only 130 mil-
lion enbie feet, correspomding to g tidal rise of only 0.02 of o fest, For the G, 10, T,
0,99 of & foot was found to represent the effective tidal Huctnation.  These fignres
show what o reduction in the effective tidal prism the delays in high amd low witer
s,

ENG 91—119

_.ffé d];j'z .-’j_} VAL o2 £ :,:" -




“ ".' A i b= . -_. L -_-: :.1:"" .. -1:1- 4 ."'. 1 gl 1'
1890 REPORT OF THE CHIEF OF ENGINEERS, U. 8. ARMY.

In the table of tidal prisms, the horizontal line unier the totals gives th

gives the area and

.pthm E ':m lﬂnldu.daq:rfn the Eut.t-im are Lioth earried ont to the bar, other things sup-
P Very respoctiully, your obedient servaut,

WM. C. LANGFITT,

First Lient,, U i
© Maj. CHAS. J. ALLEX, eut., Corps of Engincers.

Corps of Engineers, U. 8. A,

HEPORT OF ME, E. M. HARTRICK, ASSISTANT ENGINEER.

UxiTep BTAaTES EXGINEER UFFICE,
: talveston, Ter., June 30, 1891,

&re: 1 have the honor to submit the following re wort of operations for improving
Galveston Harbor, Texas, during the fiscal year umlliug June 30, 1801,

Mr. H. C. Ripley, assistant engineer, Lad immediate supervision of the work to
August 13, 188, when Viest Lisut. W. C. Launghitt, Corpd of Engineers, took super-
vision, followed by Mr. E. M. Hartrick, asdistant engineer, from October 1, 1830, to
the end of the fiscal year.

CONDITION OF CONTRACT.

At the end of the last fisenl year the contract with Messrs, A. M. Shonnon & Co.,
weas still nnfinished, although they hal had two extensions. The present fiscal year
was entered on with » third extension to Aungust B0, 1HIM), o whirL date they finally
gomploted their contraet, the expense of inspection awl measurement of material
being deducted as before, .

BUPPLEMEXTARY REPORT Tu LAST FISCAL YEAR.

Tu Lient. W. C. Langfitt's roport of October 15, 1890, supplemeniary to the repork
for the last fiseal year, he states that, from longitndinal profiles sl eross sect lons
taken After the work was finally completed by the contractors, cou pared with those
of the year before, he deduces the ful}nwiug-. .

o FProm Station O te sStation 94 60 the crest has Been raised. This is due Lo riprage
Jieed during the year to till voids whivh existed smeng the blocks, From Station
}I + 60 to Station 96 the work was lefl undindshed in the center to allow as much set-
tlement ns ible to take plues before completing the erest. This distance was coul-
pleted dur ﬁu:-lm yoir aml the effect has bean o raise the erest except in o few
places which d heen completed at the end of the fisenl year 1R88-"=)  Not with-
gtanding thesd additions, from Station 59 to Station 70 the avernzge settloment hias
baren . feet and maximum 2 feet, amd from Station 70 te Station 74, the average
gottlement has been 0,283 fect, with n maximum seitlement of 1 fuot. This settle-
ment was due probably to the high tides of April, May, anl Junie this year (1800}
which coused a general settloment of the shore braneh, but which was covered
up by additions puade after ita oeenrrence,  From Station 84 to Station 134, or over
that portion of the jetty where the elay core exists, there Wis more oy less settlement
gluiug on throughout the yuar, bt as stope was added continuully, this portion ot
the jetty has been rnised In helght. ®= = ° A et i ok sert lement mny
Toe rs‘.]m-.-wl. thﬂmglmur this purtion of the jefiy. Fru wintion 134 to Station
1540, the end of the completed work June B0, Trsn, there has been pract jeally mo ad-
dition of stone during the year,

o ] have divided thgi digtanes into theee portions, as follows:

1, From Station 134 to Station 15% there has been practically no change,

“d, From Station 138 to Station 144 the average sottlement has heen O 46 with o
maximum of 1.2 feet.

w4, From Statiog 1 to Statiog 150 the average settlement has been O AB with a
maximum of 1 foot. = * .

<= 1t is evident that the consolidation aml settloment goos ol glow ly anel that aevernl
yenrs will be required from the completion of sueh @ jetty until such OV e s
LR LHE L

i The remninder of the completed work having been finished sinee wne 30, 1R, no
comparison has been attempted.

w1t will be notieed that a seour is shown in advanes of e completed work from
Station 195 - 50 1o Station 1 iR, This seour averngea 1706, with o maximmm ol 3
fect, = * * The seour is evidently the resuli of the enprent whipping around the
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APPENDIX U—REPORT OF MAJOR ALLEN. 1891

_end of the work, and as it may take place as fast as the work is pushed ont, it prac-
ticully adds wo much in height to the jetty to be constrneted.  From data in hand.,
the distance which this scour oxtends out can not be dotermined, but the facts so far
aa “"“ﬂ go would indicate the advantage of at ouce carrying ont a layer of riprap
over the old mattress jetty should the scour extend further than the length of the
Jetty nnder construction at any one time, * * *

“In regard to changes in the bottom in the vieinity of the jetty, it quay be said that
from Station 0 to Station 79 there practically ha been no change; that from Station
80 to Station 153 a fill on both sides of the jetty is shown, anid thia bottom is generally
raised above what it was originally. As the work advaneces a deep treneh is seonred
along the jetty near the end and is filled up as the work progresses, the final resnlt
bhil.l“’ to eliminats the shallower trench which genorally existed on both sides of the
old matiress jetty.” :

INCIDENTAL BURVEYHE AND OHSERVATIONS,

In A.ntmut and September, 1800, a survey of part of the outer bar anid its channels
was maule to determine any changes that might have seenrred after completion of the
contract. On plotting the survey and comparing the curves of depth with those of
the Jillll'\‘t\}’ made in April, May, aud June, 1880, no appreciable change could be ob-
served,

Abant six months after the completion of the work a profile over the axis of tha
Jetty was taken in the latter part of January, 1891, together with cross sections
every 1,000 feet in the first part of February, 1891, By compuring these sections
with those taken at the end of last fiscal year and completion of contract it was

. found that there had been no decidedly marked change, with the exception of a
slight settlement between Stations 22 and 24, and general settlement over that part
of the jetty completed toward the end of last contraet.

In April, during and after the running of & construetion trai
the Life-Baving Station, n slight settloment was observed botw Statious % and 60,

There has been no profile nor cross seetions taken over the completed jetty for this
raport, as the change wonld be so slight that » comparison conld not be made of any
practical valwe,

ﬁrr the repairs of

ADVANCE OF THE WORK DURING THE YEAKR ON soUuTH JETTY.

End of completed work June 3, 1880, Station 180 end of completed work June
0, 1881, Station 1M4; advanee this year, 1,400 feat.  Fnd of incomplete work June
S0, 1880, Station 192; emd of itiﬂllll#]uta work June 30, 1891, Station 196 4 00 imoanil-
vauee of completed work, 160 feet,  End of trestle June 30, 1890, Station 196 425 amd
of trestle June 30, 1801, Station 198 4 68; construeted ghis year, 240 feet,

TasrLe No. l=8kawing kind awed ouownt ol slowe wsed,

- — > | ; —
Muonth. Cars.| Riprap. |Cars.| Hlocks. | Total cars.

- —— | - e
duly 500080 | N | 208605 747
Angnst LOTT. 54 BEE | 2 3040 TUs
Tatul i i 10,900.50 | G84 | 4, 520.00 1, 447

Tanry No. 3. —Showing querntitien af atowe awed and cost of some in the work and other
items of crpense, nol ineluding ofice and inspection erpenses.

O e T - Gl (TR Gl )

Ttems. Culii: vanls, Coat. Culde vards

e dimt,

Iev Foul
L A L o ot T i ol TR A, 0THORE e e 10 o, 5 &1, 0
Hlocks .. .. L R - e

!hilw“}l T
Extras. . . B - s e
TEORRY TR L. &« % s - wnaas e ahe e ol o e A, 178, s 5, Tiw, 041 52 1.0
Provious expemditures. ... ....ooveeeiiininnee.. SO T N FL A F T B ik 17. 04
8T R D 1A S e P Ty P g, 5. 30 18, 12
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July 1, 1839, amount available. .. - o tbess i et e
July 1, 1890, amonnt expended d fiseal ym.’mﬂﬂﬂ' : qﬂ ;
of liabilities outstand J ll and “Mm AT e 4
TR A

¥ 1, 1890, on g lia o W w0 b o O : Siat
July 1, 1890, balance available ......... wnmcebs dasenn smenatREURERREE L O AT
Amount appropriated by act of September 19, 1890... .0 e s snassssass 500, 000,00
T —

Amount available for fiscal year ending June 30, 1891.. cesmenasnsnages S0, G10:08

Amount (estimated ) required for complation of existing beensss B, T00, 000, 00
Ir.!l.mount that can be profitably expended in fiscal year ending June 8
R R R S G T T
| Submatted in compliauce witl requirements of sections 3 of river and

| barbor acts of 1566 and 1867,

REFORT OF FIRST LIEUTENANT WILLIAM €. LANGFITT, CORPS OF ENGINEERS. ;

USITED STATES ENGINEER OFFI
Falveaton, Ter., June 30,

Mason: I have the honor to submit the following progress report on the tidal ob-
servations of Galveston Bay :

As stated in my last report, three new gan Wers &hl-' in operation at the placea
designated, the record from them beginning ﬁ:?luly, 1880, The relative elevations of
the zeros of the new ganges, referred to the adopted plan of reforence, were deter- .
mined in the nsanal manner by water comparisons.

It being evident that the presence of a gange located in the of the harbor
would give resnlts of great imnortance, it was decided, in view of the fact that the
reconls from Hound Point and Morgan's Poiot ganges wore so similar that one of
tham could be dispensed with, to dismantle the Round Point Gange and establish it
in the gorge. This has been done, the Roumd Point record ceasing in March and
the Gorge recond commencing in April, 1880, The Round Point tide-gange honss was
left standing, with two-staff’ ganges on different piles, with their seross at the same
lewel. A line of precise levels can be run to them at any time and tie in the recorda
already obtained,

On the 31 4th, Gth, and 6th of April a freshet oceurred in the Ban Jacinto River,
dnring the conrse of which the eurrent of the river entering Morgan's Canal com-
pletely carried away the tide-gange house at Morgan's Point and the revetment of
the eanal on the same side as the honse, The keeper, Mr. Warren, thonghtfully saved
the instroment and all movable properiy. The gange was located on the east side of
tho canal and behind the revetment. It was erected in 18587,

The ganges have been inspected much more frequently this year, resulting in a
marked improvement in the records,

A greater part of the time I have been unaided in the reduetion and plotting of the
reentds, and have had to compile all numerical data for myself. As a consequence
the new matter which I can present in this report is meager, and, in fact, no com-
plete report can be made until further physical data are obtained, notably the rela-
tive elevations of the zeros of the ganges; current obscrvations, including relative
veloeities of bl and flood currents, with their relative durations and times of slack.

A party is now engaged inrunning a line of precise levels to connset the various
#oeros, but the resnlts so far reported have not been reecived in time to be nsed.

While [ have gome data reduced from the reeords of the vew ganges, the resnlts
depamd npon teo few observations to be comparable with those from the older ones ;
they ars consequently reserved for fotore discussion.

For these reasons the remaining portion of this report is abridged as far as may s,
only such resulta of my reductions being given as will give relatively correct resalta
when compared with my report of last year, together with a short explanation of the
canse of the one tide a day |Ilul'i:1|;,r large declinatioms of the moon. .

The following table gives the same facts as given in Table I of the last year's re-
port, revised to include the vesults of the year 1880, viz, elevation of mean low tide
referred to the plane of reference adopted at Galveston, mean fluctuationof the tide
at the varions gauges for the great and small declination tides, the intermediate tides,
wl mean of all the tides, The bar record for 1589 is much broken, l)'l:urll aving
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A comparison of this H T :
L. That the plano of M. L. T. at the bar has lowered ﬂudﬂh'.:l i
ohservations, 1ul:'rllﬂlh the mean fluctuation has been Imrnmql‘humh "

tially aecounted for Ly the fact that the whole number of observations is small and
the fddlﬂnn.l ones introduced happened to eontain a relatively large number of tides

with very low low-water and large fluc
2. That the plane of M. L. T. at all the has been lowered.
B.‘Eh-plm « L. T. at the various gauges or 1880 only is as follows: e
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All of which show a lower plane than heretofore.

i, The of M.L.T. st Rollover still continnes lowor than at Government
Wharf its mean fluctation slightly luﬁ

4. The mean fluctation at all the ganges has been alightly increased, v

Tables IV and V of last year's report are combined in the following table, the
sults being determined from the observations to inalude 1889,

Tasre IL.—Rise of G. D, T. and §. D. T. divided by rise of M. T.*

LA ——
Lacald G.D.T. | 8.D. T,
2 J AT ;
Lds | 0.6
..................... 1.z 0,75
..................... 1.&1&‘ 0. 700
................................................... L8 0.674

* Bee remark (*) Tabls I

These results give the same indications as those given last year, yet when the abso-
lute differences are so small, a positive conclusion can wot be drawn until a longer
series of observations conlirms the results in their relagive valoes, ’

Tables IT and VI of last year's Report are consolidated in the following table, and
extended to inclnde the various classes of tides and the mean tide. These resnlts
tliffer somewbat from the partial determination of the delays in high and low water
given last year, but the couclusions are in no vwise affected as the relation between the
Valoes is still in the same direction. The time of high and low water at the Govern-
ment Wharf gange was taken as the origin in the reduction and the results trans.
ferred to the bar gauge as an origin Ly adding to the difference of time found be.
tween the Government ganga amf the other ganges, the difference of time found be-
tween that gauge and the Bar gange. Owing to the limited amount of record from
the Bar gauge, these last differences are not so well determined, but as their absolute
amonpts ure relatively small, the other results are, I think, practically correct.
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This table brings out two facts very clearly : (1) That the delay ml-u-& A
islarger than that for the smaller ones ; 2 I&u:hlﬂl;rllﬁﬂ is
is givon Table VIL of to inclaé of1889. I8
given s VIL llltmﬁﬂnpnr&.rﬂiﬂl ) hw-..‘_“ h :

was obtained by adding to the plane of M. L. T. (Table
mding I“hu.tiun.

o

TaBLE IV.—Mid-level of water.®

Lasatien. G.D.T. | 8&D.T. :r.n.r.l MT.
5 Feat, Feel. Fasl,
0, 818 0os 0, & [N
0,775 [/} ] 0 B30 [N ]
| oem| eme| oms| eme
hea i e | oems| ome| osm| 8ee
oA M e e B L 4 Ty B

* Boo remark (*), Table L

This table gives abont the same relative resnlts as Table VII of last year's Report,
bat, as there stated, the quantities are so nearly equal that no positive conclusion esn
be drawn from them. .

In Table VIII of last year's I gave the results obtained for the plane of M.
L. T. taken out for each kind of tide independently. This table is here repeated, re-
vised to include results of observations of 1833, .

Taprg V.—Planeof M. L. T. for G. D. T., I. D. T, and 8. D. T.*

] |
Location of gange. | G.D.T. | LD.T. | 8 D.T.
|
Fort. Feet. | Feal,
e i e i, 5 —17 +0.28
Government Wharf —40, 01 +D-31‘| +0. 62
Rolluwer.....cconnss wene| =il 08 0. 13 | it 35
Morgan's Point ....... - -l 0, 47 +0.54 | +0. 8
B0l POBRE . . voensnassn s rme semrns smessasssassaansnannnnmnnnsssnnsanas] +Mﬂl .58

* Sem rematk (*), Table L

The t!slll‘llﬂon of these resnlts will be found in the following remarks on the ob-
perved tide and its components.

So far as I know no explanation has ever been given by this office for the apparent.
anomaly of only one tide a day here during parts of a lunation, and two during the re-
mainder, Stated briefly the reason is this: That as the moon leaves her node there is
developed a tide baving a period approximately of a day, which increases in size na -
the moon's declination increases ;ait?ur north or soath), and soon passes in magnitude
the regular tide which occurs twice a day. This last tide is called the semi-dinrnal
component, and the former the dinrnal eompouent of the observed , the latter
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i the character of the com-
plex curve, as do also the relative magnitudes of the cients A and A'. With_ a
mmtmnufE.mdg changes in value of A and A" any observed form of
ve not had time nor sufeient data to determine the law

of the chan in thess coefficientsa. .

C 008 2t + D cos (—E) —y=0,

in whieh ¢ = time in hours from place of maximnm ordinate of semi-dinrnal curve,
C, I, E, and y are similar quantities to A’, A, E, and f'tn the squation given above,

It may ba of interest to state that ag Cat Island E 18 about nioe hours, while for
Galveaton Har it is about five hours.

Wﬂlalrf Plate I is given & Luimﬂu.fr whlmﬂrnl:nmhmsh‘h tide :g- the Government
harf gange. A comparison of the two will show the chan undergons in passin
from the bar to the Government Wharf, a distance of lbﬁn'lgﬂ?ml]“. .

Befors closing this report, I wish to call attention to an error in the last table

}'\-"III} in the published copies of my report of last year. TM_?;;F“ of all the quantities

n the table Id ba plus, except that of the top nomber (0.%2) in the colomn headed
G. D. T., which is correctly minns.

Very respectfully, your obedient servant,

W, C. LANGFITT,
: First Lieut., Corps of Engincers,
Maj. Cras. J. ALLEX, :
Corpe of Eungineers, U. 8. A.

REFORT OF MR. H. 0. RIPLEY, ASSISTANT ENGINEER.

UsITED STATES ENGINEER Omcli
Galveston, Tex., July 1, 1800,

Marom: I have the honor to mnkﬂh.afnllawingmpnﬂmhtinigﬂth improvement -

of Galveston Harbor, Texas, for the fiscal year ending June 30,

Steoias e . : i .’.'.
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i Jwgml;ﬁr building a :lﬂpla;lb%u .G:Iml:‘; Hu::rﬁmm,u-
; coived advertisemen! wuat 21, a 1684,
hlﬁ-ﬂ.ﬁ.l‘m ¥ mm,mw i -

t, Corps of Engineers, at Gal

1 ato }-m wth 5| Rail
T . ne [ way,
! Ho. mw of 105,800 eu- | 2 ton each, | ton each, 13,500 Hnilr ﬁ:ﬂn .i.":&'

s Bie yards. | 8,000 cublo (23,000 cablel  fect. .
yards. yards,

Pr.ewyd®| Proowyd | Proewyd. | Prft Pr.t

¥ 1| A. M. Shamnon & Co.,
Galveston, Tex. .. ... 08 .50 B30 -] #1000
% | G. W, Burk 3
time, and T. . Strib-
ling, Breaham, Tex.. .80 [x 450 3.0 B0
3 Jetty and

unmfn;o.f:’.'..'. 255 4.5 4.5 . 510 .70

Galveston, Tex 2. 08 a3 L1 30, 97 1.8
5 | Bamuel W, Swift, Gal-
waahon, THK cxannnns iam 385 425 50| Lo0

:
:
:
i

pasra. Ricker, Loo & Co. statod {hat their figures for railway and rails

M
mﬂnﬁmﬂdmuhnnﬂﬂ.ﬂputthnﬂwn:.--ndnmupﬂfmﬂurrﬂh

No. 1, lowesat; acceptance recommendad.

——

A
!\ EEPORT OF FIRST LIEUTENANT WILLIAM C. LAXGFITT, CORPS OF ENGINEERS.

a. UxrTeEp StaTes ExGINEER OFFICE,
Ygl Galreston, Ter., July 1, 1889,

S5 Bm
£ 3 ﬂﬂlu and tidal records of Galveston

L -]

e 3
o S el A HC

firat efforts were directed to bringing them up to date.

survey of Galveston Harbor and Entrance in ‘.Ih{ and June, 1859,
P

tion with the distant gauges is not in possession of this office.

+ T have the honor to snbmit mmmﬂngpmpmmpnﬂmmlummﬂm

Bay.
laced in ch of these records about the middle of Oetober, 1888, At this
time the plotted records were about four months behind the rolls as taken from the
After familinrizing myself with the mode of plotting and the necessary
m

Y
duties have interrupted the plotting ani study of the records, among which
be mentioned the sarvey and sxamination of the bank of the Rio Grande River

ﬁ- vicinity of Fort Brown, Tex., in November and December, 1883, and the
There was also &

gheeta npon which the récords are
redneed during which no pletti conld be done.
least once and some of them oftemer.

I regard it a8 usr;-dulnbh that they should be visited at least once every month,
and oftener, if practicable, to insure that they are working properly, and that the
elocks are set correctly, Henee'it ia to be regretted that some means of communios-

owln,gtothupu'hnuglimd ng the mecheﬂ::htﬁlwu .n:dm

dori
gatisfactory. The defect in the “fix

s new one on each gange. 'I'hu;rmnmnmwhdﬂuthy plac

more +
Lientenant Zion _in his report of last year, has been corrected b{ the nhﬁuﬁu?[
ug small weights on

them mrdmudmtwumafthupmuﬂonm paper can be obtained. A

littls care thus auniform distinet line.

s oo
-4
3

The manner muqmummmmdmummmmpmﬂw

Zinn mentioned e,

s
E )

¢

:

g

3
L1

finding that the gauge at the Government
%?ﬁmum.whi‘:h was of cast-iron, 4

inches in diamater, 1t was found to be so badly eaten by galvanic action as
ubunmﬁrhriermudldmmdmuplmlt ¥ & wooden coppered tube of

about 6 inches by & inches inside dimensions, which were suited to
float then on hand, the increase in diameter being sdvantageous. The
attached to s brassribbon which weund oruummf

from the slotted rim of & wheel,
1t is evident that as the ribbon wound orunwonnd the dismeter of the wheel changed,

thus ﬂnl:neanlu-ntl{ chan seale of heights, not indieated in any manner
L © gine % “'unlﬁrm: scale of one- -

e ﬁ-wxmﬂ Hence Wmm If inch to
e the an error would be in Upuinru&xﬁonthhm was found to be
i about 8 per cent. of the total height, that is, in & of, say,5 feet rise the plotted
e fivsm. Qs i f]-./dc_..-_
£ ! s 7 :'# L )av : A
i 2 of 22 e dEaos i.:r{{,‘\_.ﬂw __
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"-',--t#iwldlburaa 4.6 feet. As there was in the office another instrument of a

soale of 1 inch to the foot, and withont this defect, it was placed in order and then

- set up in place of the old one,
The gauges now in use are all of the same scale of 1 inch to the foot and hour, ax-
bar gange, whose scale is one-tenth of a foot to & foot rise.
bar gange until Beptember, 1832, had a pendnlnm clock. The clock was fre-
quently vibrations of the tide-gauge building, this causing much loss of
record, Dmnﬁ eptember the clock was removed :llnfa]ten‘d. to a spring-balance
one, nnder the direction of Mr. H. C. Riple 'y assistant engineer. The gauge wasnot
in working order again until early ﬂ. {ehrlmr}'. 1=8, since which time a great

Euﬂmant as been shown and much good tidal record obtained,

plotting these records it beeame desirable to see whether the zero of the stafl
gaoge had not changed its position. A comparison with the Government Wharf
record, made in the usnal wanner, showed that the zero line of all records plotted dur-
hﬁlﬂ!& should be lowered nine one-hundredths of a foot.

is method of deducing the reading of the zero of one gauge at mean low tide of
another is not satisfactory when the gauges are so far apart.  Aa it is proposed dar-
l:althe ensuing vear to connect all the ganges by a line of precise levels, this fact

then be obtained independently of such comparisons and enable all observations
to be reduced to the plane of mean low tide of any desired location,

The records so far accumnlated are of insufficient extent for & proper determination
of the tidal movements. There are especially lacking observations on the velocities
and directions of the tidal eurrents at the entrance and throughout the bay. Tha
gange on the bar has an apparatus attached, designed by Mr, Ripley, assistant engi-
meer, intended to show the direction and velocities of the currents at that point. 1t
is h that when the records from it are satisfactory and sufficiently exten: d
some light may be thrown upon this subject.

I have devoted some time to the study of the records, the results of which are given
below. The 1ecord for the bar gauge extends from April, 1585, to September, 1524,
and is moeh broken. For the other gauges the records extend from May, 1837, to
December 31, 1833, but they are also very incomplete, It may be well to state that
during the three or four days when the moon has her greatest declination there ia
developed but one tide per day ; for the same length of time near the nodes there are
developed two tides of inuch smaller Huctuation. These are called, respectively, the
great declination aud small declination tides. The tides connecting these 1 have
called the intermediate declination tides,

In the following table is given the reference of the plane of mean low tide at each

to the plane of mean low tide to Galveston, as previously determined; alsao the
md fall of the tide at the ganges, for the tides of the moon's greatest decling-
tion, least declination, the intermediate tides, and mean of all tides :

i

TanLk L—Rise and fall of tide.,

=
i
2
B

LD.T.| M. T.

Location of gange, laneof M. | G.D.T. & D.T.
L] T. at GGov-

ernment

Whar,

-1
oy

23
pepuul
B2Zg2

Feet. Feet, | Feel

%

]
|

|

S&dES
SR
-

rEeR

The above table presents several facts of peenliar interest. The firat is the appar-
ent elevation of the plane of mean low tide at Government Wharf, This amonnt
gl}'.-ﬂ is far beyond the limits of any error that may have been made in determining
.. plotted records and the rolls as they came from the gauges have been exam-
ined, but no error found in them. An examination of the wind recon during the
period of high low waters may throw some light on the subject. A redetermination
of the zero of the staff gange of the Government Wharf, compared to the B. M. on the
Hendley boilding, was made, but it was found to be practically unchanged. Thia
bench-mark B 6.579 above the M. L. tide as established from the observation of
187273,
The second is the fact that the plane of mean low tide at Rollover is, for the perind
smbraced, (.14 lower than the plane of mean low tide at Galveston, and that the
- mean fluctuation at that point is slightly greater than at Government W harf, Roll-
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by & reef neross its entrance, w ment Wharf is only 6} miles.
These resnlts were therafore entirely nnexpected. shape of East Bay, in which
Rollover is situated, mqtgoulhtg affect the Anctuation, asit is of funmel

It will be noticed also that at all of the ganges the plane of meau low tide is above
that assumed at Galveston. The amonnt at the bar (5’.!9] may perhaps be partially
accounted for by the im comparison of the gan The amonut of the eleva-
tion at Round Poiot, at Poinot, isl E:;:n Whether in the
fature the plane of mean low tide at Governmens Wharf will fall to what it hashere-
tofore heen and whether ales the planes at the other places will be lowered
proportionally, can only be determined by re ohservations. L3
e Do o e (e nring Libie sogoiber mlih (halr spproxiats Sitanse

, Is given

M‘m’pﬁnh

W-ﬂ. mﬂ..ﬂllﬁbll the h:ll']gng;.n the bottom of o shallow bay

TanLe I1.—Delay in high and low water from the bar gauge.

Delay in hours.
Location of gange Distance -
from bar. High Low
M . | waber.
Miles.

Geveroment wharf. . ......ceees [ L. 6,25 L43 L
Rollower .. ..ccuux =“ ;; t:

m-.rmn =
Round Poing ..... 55, 50 .9 6B
The amonnts of these delays in the cases of the last three has raised the

nestion whether the upper bay above Red Fish Bar, and East back of Hannah's
Mmd-dmuri;u to the effective tidal flow buck and forth over the bar. Thesolu-
tion of this question is im nt, aud to help ‘determine it three new p‘m have
been , one of which will probably be placed near to and above Red Bar.
A second will be placed near to and below the same bar, while the third will be
near to Hannah's Reef. These gauges have been received and are in operation om
the ﬂum-mnt\\'hﬂ for the purpose of testing and adjosting them before M-I.Im
them up in their permanent place. The records of these ganges, it is ih“‘lg:- w
throw much light on this question and the one st Hannah's Reef may help toexplain
the lmpoet«fly large fluctuation at Rollover. It may beof interest to state in this
connection that during a “mnorther™ on Janntmlm the tide jost above Red
Fish Bar at the light-house read 1.3 feet, and at Halfmoon light-bouse the same tide
read 3.1 feet below mean low tide, both being at their lowest. Red Fish Baris 17
miles from bargange, while Halfmoon light-house is 10, These fignres were obtained
from Mr. Hartwick, United States assistant engineer in charge of the Ship Channel
Improvement. This same tide read at—
t Wharf, 3.65 below mean low tide. r
Rollover, 0.80 below mean low tide.
Morgan’s Point, 0.65 below mean low tide,
Round Point, 0.80 below mean low tide. -
The above facts illustrate the great obstructions cansed by Bed Fish Barand Han-
nah’s Reaf to the tidal flow.

S e L

In the following table are given the & values of the following quantities for

the Government Wharf and gauges noed from the same as Table I,
viz: The mean fluctuation, the time to rise .5 of a foot, the time to his'h water, the

time to fall .5 of nﬂ:nt,liuotnlﬂrwlhr,ifntthnﬂduwmﬂmm declination
ate

is greatest and least, and for the intermed tides and the mean of all tides:

Tarrx III.
At bar,

Moan, | Rise 10| Bite 10| pui 1o

r‘;n Sfoot.| MER | g 00n

Heurs, | Howrs.| Houra,

H.E._F- .57 L1 1.9 L1
B Cennmipieec], H TR RY 27
LI T it ccceirnnne] EW ] X8| -24] - a8
ML nnenees] L0 %4 w4] . A2

28 of-32
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° . The quantities given in the third and fifth columns include the time at stand or
; tiln a grm‘{-qjorlty of eases this is small, especially on the bar, and can not

. be evaluated with accuracy from the plotted records, !
- In this table there will be noticed a great disparity between the time 1t takes the
-2 to rise .5 of & foot and that taken to fall the same amonnt. While this ratio
o be slightly rednced by the determination of the high and low water stands, it
still n-alrn large. This, I think, arises from the fact that the water on
it Tises v n.pli]y to its highest point and them begins to fall, not from an
~* ebb corrent hﬁnm the water flowing nup the bay, the ebb current not setting up
erably. Anexamination of such eurrent observa-

a8 has been obtained the bar gauge confirms thess conclusions,
- It will be further noticed that the mean of all the tides on the bar gives s much
: mt tide than at Government Wharf. This arises from the fact that on the bar
is developed a second tide during the transition from the single great declina-
tide to the two small declination tides before this is done at the Government
This pecnliarity is also noticed at Rollover,

has bean lmnmdo& of Board of Engnm of January 21, 1836, on Galves-
Report ief of Engineers for II, p. 1301) that, becanse at
Bolivar the tides rise to high water in 8.9 hours only fall .& foot in 9.2 honrs
g table above for Government Wharf gives 8.18 and 9.31 hours, reapectively ) that
; great declination tides in the interior will be increased in the same or greater
ratio over the mean tide. The following are these ratios deduced from the above

TaBLE IV.—Rise of great declination tide divided by rise of mean tide.

Government Whatf..........cc... 1.478 | Morgan's Point .oooee oo oeeeonn.. 1344
HollOTEE ... - o enmmpe annns wesss= L2838 | Round Point .... ... R o T T

Now, if we take the ratio of the mean tides to the small declination tides for the
same points wo get the following resulis :

TaABLE V.—REise of emall declination tide divided by rise of mean fide.

Government Wharf................ .609 | Morgan’s Point ....c.veee s cone vaee 737
LT e T « T80 | Round Polnk ... .o vees connes cnes . 602

A consideration of these two tables shows that the great declination tides are not
in the same ratio above the mean tide as wo go up the bay, but that this

4  ratio ntly approaches nnity by a decreasing series: further, the small declina-
e tion show & smaller Froportiunntu decrease as we go up the bay, the ratios in-
ereasing towards unity. Inother words, the great declination tides suffer & greater

' . reduction proportionately than the smaller ones.
.- - This resnlt seems contirmed by the fact that the delay in high water is greater

i d‘.ull.'nE great declination tides than it is during small declination tides, as shown by
e e wing table, bar time of high water being taken as the origin :
TABLE V1,
g
h gl Delay low water. | Delay high water,
i Location.
-:l:‘ : G¢.D.T. | 3.D.T. | 6.D.T. | 8.D.T.
&y
b Howrs. | Howrs. | H Hours.
A BUTORDE, WhALL - nmsve nssesras s e, "6 i oy R
ke LT — PR — ssasnna (%] (X1 [ Y] 48
WHWI........... e 8.5 a0 B3 6.1
s R B A 7.0 8.5 Ll 6.8

Thess results probably arise from the fact that during the great declination tides
_the water is disturbed to greater deptha, the “lmt'i‘nﬁ of movement g-m-l.;nr, and
effects of the resistances are larger during these tides

the

the ones,
mmimnummid-mnwamnmrmnnﬂm
L. T. of Government wharf, for the great declination tides, the small dec-
2 ﬂhhﬁu&hﬁ;m“ﬂﬂlm: it



Tasie VIL—Mid-level of waler.

Mean of

Location. &D.T. |&AD.T. | LD.T. all tidea,
Feet, Feet, Foet. ' | “Pest.

0. 778 0. B50 0.9l 0913

0. 85 LB 0, 953 LN

0. 600 0. B78 0. TH 0, B

0. BT 0, B 0. 905 0. B85

0. 765 0. §35 0. 8o 0 BiS

_ This table was obtained by adding to the reading of the plane of M. L. T, for each
kind of tide, ita corresponding half flnctuation, -

The resulting quantities are so nearly equal that no poeitive conclusion can be
drawn from them, bat the mid-level seems practically constant at all the au%u for
?uy one kind of tide, and a trifle higher for the small declination tides tgm or the

T ones,

is table confirms, I thiuk, by its oniformity, the correctness of the results of
Tabla I, as I see no reason to su) that the mid-level of the bay should bs higher
or lower than that of t.lm_FnIf. ence if any important error was made in detarmin-
ing the reading of M. L. T. it should show itself here, the other factor, mean fuetn-
|tgm.. being practically the same as heretofore determined.

A mean level could be found by adding the eco-ordinate of heights of each tide for
every hour and finding the mean. The resnlt wonld for the great declination tides,
on necount of their form, be slightly greater than the values above found, while for
the same reason the values for the smaller tide wonld not be affected. Hence it is

bable that the mean level of the gulf and bay are nearly if not exactly equal.

is result arises from the fact that the plane of M. L. T. rises” during small declina-
tion tides wr{'muuh above what it is for the great declination tides, as shown in the
following table :

Tapie VIII.—Plansof M. L. T. for the G. D. T. and 8. D. T. and I. D, tides.

Location. G,T.D.| BD.T.| LD.T.
-0.33 —0. 45 =0, 17
—0.08| —0.T0 —0. 35
-0, 02 —b. 48 =023
—0.48 | =088 —0. 58
. 38 —0.71 —0. 42

It would seem, therefore, that in ];lutng from G.D.T.to 8. . T. the bay recelred

ﬂ water than it passed out, and in passing from 8. D.T.to G.D.T.the reverse is
case,

As subsequent reductions are made the valnes of the quantities in all of the above

tables may be cha more or lesa. They are in fact introduneed more to give a gen-

eral idea of the problems involved and to show the need of mors extended observa-

m at a greater number of places than on account of their value in their present
nished sta :

ta,
It is to beregretted that lack of time has prevented a more extended study of the
tidal movements and the solntion of the unexpected elevation of the M. L. T. at Gov-
srnment Wharf over what had heretofore been determined.

Very respectfully, your obedient servan
i " " W, C. LANGFITT,

First Lieut. of Enginesrs,
Major O, H. ErN8T, 3 y
Corpe of Engincers, U. 8 A.
REPORT OF MRE. H. 0. RIFLEY, ASSISTANT ENGINEER.

Uxiten StaTEs EXGINEER OFFICE,
Galpeston, Tex., July 5, 1889,

‘Magomr: I have the honmor to make the followi relating to the improve-
ment of Galveston w,mmmmm¥MJum , 1880

' JETTY CONSTRUCTION. :
At the end of the last fiscal year the work under contract with A. M. Shannon &

s jetty was incomplete. The work was therefore continued until v

3 o g = A
; v 18 . L inbiag 53—-‘-‘7?;"
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15, 1888, when their contract expired. After the expiration of their contract
work was continued as extra work, but at contract prices, nntil July 17, when,
aceonnt of the exhaustion of the appropriation, the work was snspended,

On Beptember 20, 1888, bids were ope for & continnation of the work ander a
new

and the contract was again awarded to A. M. Shannon & Co.
fieations require that the stone to be furnished shall consist of large-sized

. The
utnndnmdsn

| 'Flmﬁﬂthwpm ides on t

: moﬁfm sides on

lens 2 tons each for the protection of the

blocks weighin

but at least 76 per cent. of it must be in pieces weighing from
not less than three-fonrths of a ton each for

shore branch, and of blocks weighing not

and sides on the golfward exten-

‘sion. They also require the contractors to build a railroad trestle over the line of

the proposed work, to alter the
Mnci;!, and to formish new rails for the same.

i

was to be done at cost price,
Work nnder this contract was commenead October 15, 1838, by the commencement

of the constrnetion of the railroad trestle for the shore branch.,

did not commence until the 2d of the following month.

LOCATION OF THE WORK.

e of the track over that portion of the jetty

The changing of grade

The placing of stone

The shore branch of the jetty commences at a point on the axis of Avenne A 105

feot weat of the west face of

inth atreet, and extends as follows ;

From O (sta. zero) to P, on atangent whose bearing is 73° 17/, 105 feet ; from P 10 Q,
on & curve whose radius is 835 feet, 625 fect ; from Q to R, on a tangent whoss bearing
im 30° 24°, 1,040 feet ; from R to 8, on a curve whose radins is 1,065 ﬁw-:, 7504 feat 3 from
8 to T, on & tangent whose bearing is 82 37 24", 55004 feet ; from T to U, on a com-
ponnd curve whose radii are 1,000 fect and 1,200 feat, 3504 feet ; from Uto V,on a tan-
ﬁ;ﬂ: whose bearing is 30° 53' 54", 95044 feet; from ¥ to W, on a curve whose radius is

feat, 365+; feet; from W to station 13 (of last year's work), on a tangent whose

bearing is 65° 47°,

feet.

At W the line coincides with ihe axis of the old wark,

and in the gulf extension of the new work the axis coincides with that of the axis of

the old mattress jat.t.ﬁ @

tion to avoid an ang
interval of 100 fest,

refer to the zero of the shore branch,

zeapt on the enrves where it was necessary to make o doggia-
The line of the work has been measored and monrks

nt oan

ated as stations. The old work has been rennmbersd, to
correapond with the new, ao that all distances given either on the new or old work

The difference between the new and old num-

bers is 84-4-64', so that station L1 (old No.), which is the inner end of lust year's com-
rlarhd work and the onter end of the shore branch, is, according to the new number-

. station 95464,

AMOUNRT OF BTONE USED.

The following table (No. 1) shows the number of cars and amonnt of each kind of
stone placed during each month thronghout the year.

TanLe 1.—Showing kind and amount of stone wsed.

|
Month. I Cars, ‘ Riprap. | Cars. | Blocks. | oMl
Ou. s, |
4, 508.76 | 0
.......... Caiiseh Borhaa deehaa oo e
'ﬁ:ﬁif'!'" 5 T
neaoe| | me]| e
7,208.40 | 194 | 1 EmET| 5%
10,860,562 | 801 | 2 6 KD Hi
gL 18| 378 318154 | B
: 47,00 1M | L6200 | 304
e T e e e e 125 2, 158 47 | 148 1.7, 08 | 281
s 100 | 1,00.23 | 107 1, 027, 26 0
e e cessasness:| LTI6| 49, 44800 i nood | 1T | 4z
1
thus be seen that the total number of cars of stone placed during the year
lha.? 2,726 cars contained 49,448.91 cubie yardsof riprap, and 1,504
13,717.84 cuble yards of blocks, making a total of 63,166.75 cubic yands

-
372 e e
i




PLATE 2

FIGC. |

CRAPHICAL ANALYSIS OF TIDE CURVE FROM GORCE GAUCGCE
NOVEMBER 1890
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