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SANITARY ENGINEERING.

A LECTURE ox METEORCLOGY delivered in
the menth of November, 1868, before the Royal
Engineers, at their Establishment, Chatham.

Ix ths constiruction of menay important wotks, engineers find that
they hav\euﬁo unntan% B:iithalmush hoaﬁlethwti:; l;;f‘:i;hh: (;llemgnta;
consequently it is abeolntely necesesry thet the ical educa-
tion of engjgneam should iicluda # atudy of Meteorvlogy—the
science which (in addition o other phenomena) treate of the evaln-
tion of heot and mosture, of eva ton and eondopaation, of tor-
nadess and calms, of wind and rain, of cosan waves, river curpents,
land abecrption, and land floods,

For the purposen of this lecture, it sppears desirabla to omit
detailed notices of abtruse meteorological questions soncerning the
origin of storms and electric phenomena, sush a8 the formetion of
cnmulous clouds, hail, toroadoss, and wataHg;)uta. Considerations
such as thege, which are powarfully affected both by penersl canses
and by local influences ; would, on the present oecasion, have & tan-
doncy rather to bewilder than to give infurmation. To certain

facta ppunected with the science of Meteorology, as applicabls
to worka of water supply and drainage, thia inirodustory lecturs
wﬂl,:.l'bherafme, be devoted ; %nd. th.ssnlaa:;m will be untffg:ﬂt_hﬁri.n
aim alangm‘ofe; my purpose being to you onwards, &t
princi and elemontary facts, to those conelusions which even-
tually I ghall place before Four,

This earth consists, on ita surfaos, of ocean and dry land, the
ralative aress of the two being sbout in proportion of 7 to 8.
Asmuming, therefore, the entive mnface of the earth to be 200
millions ufaqum miles, then the ocean has an area of abont 140
millions of square miles, leaving an arca of about 60 millions of
squara miles to the dry land.

Thus constituted at ta surface, the torrestrial globe is enveloped
with an stmosphere composed of oxygen and nitrogen gases, nearly
in the proportion of two atoms :gt.ha lafter gaa to one of the
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former ; and, in combination with these two gases there also exista
a fractional per centage of carbonic acid gas. In this atmosphere
water ia present in the form of vapour.*

The one main source of heat to the surface of the earth and
atmosphere, and of electric action, is the sun. By the action of
the sun, also, ia prodoced all thoae phenomena of Meteorology
which wa have to consider. -

That great reservoir of water, the salt ocean, ia the prime
source of all “fresh water,” wherever and however it may
be present, either upon the surface of the land, or within the
stratafied crust of the globe. And it is through the process of
evaporetion that all “sweet' ar “fresh water” is obtained from
the salt waters of the ocean.

If the heat emitted from the sun were, year by year, uniformly
the same, there would, necessarily, be uniformity of evaporation;
and this wonld imply e ecorresponding annual uniformity in
gzacipitaﬁon of vepour in the form of dew, snow, hail, or rain.

the other hand, the reverse of these atatements will be equally
true: thet is to say, irregolerity in the emisaion of heat frem the
sun must be ettendod with a ing irregunlarity in the
volume of oecen-water eveporated, which lest irregularity muet
aleo in the aams dogres affect the volume of fresh water obtained
by pracipitation. Whether the heat of the sun, year by year, be
uni or whether it is subject to finctuating variations, it may
ba asswmed sa certain, that the heat-piving action only varies
within rcertain limits, and av conforme to overy other kmown
operation of nature; for we olwerve the grand phenomena of

elements obeying a law which, cut of apparent irregularity
and ineguality, bringa forth equality and crder, just ne a pendu-
lum ever beats true time in its swing, however great or however
alight may be ita motion ; such variely pervades nature’s working,
ang such is the type of variety in the {ransmissien of solar heat
to this oarth ; that ao, in 4 seriea of years, an averege temperature is
detarminable, to which may be referred all those eomplex and won-
d];.;fulht]'.]hu.ngaathnt are perpetnally taking place on the surface of
£ a.

o leading facts to be recognised by ongineers are com-
soquently thees : there is evaporation from the ocean caused by
the heat of the sun; and in proportion to this heat is the
volume of water that in ocach year is evaporated ; this vapour,
whatevar its volume carried into the atmosphere, must egain be

recipitated in tho form of fresh-water. Thase grand evolutions of
o olements cen be hronght undor no confrel by human power.

Experience has demonsirated that in diffarent ecuntries and

dlimates tho annual volume of rain which falls is subject to con-
-

% The permansnt gases of the stmesphere ars nitro and carbonie

The firat two ara slways fond in nearty mgmmdml)u

of ni Iﬂ%p&rmhﬁmﬂn,ﬂmmmminamﬁmd
- 47 to 6% in 10,000 parta,
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siderable variations. In the equatorial regions, for example, whm

the sun’s heat is greateet and mosi powerful, a:nagonhun
earily most copious and the rinfall is heaviest; as we approach
3 solar heat ovnﬁmten decreasos and
the rainfall is in & proportionately diminished volume. But in no
region of the earth's surface dose evaporation cease. Vary as it
TAY, nl{nnhun is gemeral and constant. Yt takes place inces-
santly, wherever the ccean extenda. Even jcobergs and the broad
floes of the polar oceans evaporats. In tropical regions, as well as
in the colder zones of the earth's enrface, is cmumﬂy

mngmtﬂ the stmosphers, a.g'a:m to be nundenned -and becorn
~water; and atall l.l.mfou-ﬁwmg}th:sauo\f
e*rapﬂntmg water implica eahaorphcm Iatent heat, which heat
uﬁuﬂ ﬁ'mn out, sometimes secompanied by ]J.ghhnmg and
th when invisible vapour ie condensed infc water, as tornado,

uts, delug'!n%ahaata of watar, gentla rain, snow or hail.
-

oauses, such as latitnds, t]:.a relative position of and water,
plains, valleys, mmmtam.s, m—currﬁnts {winds) which all act
and re-act upon the proces vapour mto rain. This
may be ﬂlultmted fim 'by what lﬂ.ma in gur
own country. {a.mi ﬂ:lenunnnl :m.l.nmfmm 10
to 36 inches. '.[']!.a dmtnbutlon of this ho'wever, eingnlarly
arbilrary, as the average fall of rain in one pm:hon of the Lake
dietriots e not 1ess than 160 inchesin sach year; and even 300 inches
of rainfall has been sxperienced st Btyshead. Tn contrast with this,
annporhunof the esatern ovast of England the everage yearly
fall of rain doss not exceed 20 inchea; and, in a dry s

it pinks down to 14 inches. In the Thamsavalley the mrmm
yoarly fall {a 27 inches. Omn the western coast of England, as

on the southern, the rain which regularly falls year by year con-
siderably exceeds in volume the rminfall on the esstern coast. This
reault is produced by a grester local alencs of the south-west
wind, whichk bri in the vapour-laden atmosphere from the
Atlantic Ovean, much of thia vepour, as it eweeps towards and
over the backbone ridge of our Islund, becomes condensed, and
g-;iﬁ itates heavy rains in the distriots that lie towards the south

8 woat,

During the sctual descent of the heaviest yain over any area of .
fall, the process of evaporation is maintained. Recent rescarches
have led to the di that, in and, the amount of constant
evaporation is greater {han previ had beon uuppomd. ere
do not appeartomstanyuartmndamwhohmat; s de-
termining accurately the comparstive amownt of evaporation in the
tropics. | But, if we take the valley of the Thames, which contains
an ares of about 5,000 square miles, and where the yearly aw
rainfall amounta to 27 inches, we find something nenrly a) -
ing to two-thirds of the entire fall of rain re-evaporates and passes
again, in the condition of invisible vapour, intc the atmosphers,
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say, about two-thirds of the entire volume of the rain

the area of the Thamea valley, and is there
measured in the rain-gauge, is not measurable in the river or in
any of its numercus eprings and feeders; nor could this large pro-
portion of the whole %yminfa.ll be admitted by an engineer
inio his calculationa for any works to be constructed bhim for
water-supply in the valley of the Thames. He could really rely
only u one-third of moasared rainfall, and of thet third
ona- now passes away in floods, and the other half by

ial river flow. Onge more: take the velley of the Fee, a
tributary of the Thames, having an area of §00 equare milea.
Four-filths of the ralp-fall is not messurable to the river—a fact
which has been determined by accurate gaugings taken during the
last tweng years, It hoe been demonstrated that four-fifthe of
this rod pasaca away through ro-evaporation,

I now desire to direct your atteniion fo some important com-
aiderations in connection with ** averages.’! In gnestions of wator-
supply engineers have besn in the haebit of coneidering that they
have to dedl with averages. It iz nocessary that you should
digtinetly understand when &nd how everages sre liable to be
fallacious. An average in neefnl when an sppeal is made to it to
indicste the ganeral difference that exists between one district and
gonother district. But if sverages of anoual reinfalls in any
partoular locality, for however long & period teken, are
acespted and ad ag giving the tros bazis npon which either
sewers or works for providiog & water-supply should be projected,
subsequent experimental test of uee supply would g;oum
to show thatl_Sm engineering works had been designed and built
:ﬁm misleading data. The enginecr, in such & ckes, would find

t the averages to which he had trusted Led misled hkim. This
&riges from the fact that his averages hed made no provision for
encountering snd dealing with emﬁoﬁlﬂ circumstances  and
poogsional axoesisi-—excoanns, probably, which may cecur only atle
infarvala, but whinh, when they de oeeur, may ba pudden in ther
appenranco and violent in thoir oporation. Averages extending
over & pariod of one hundred or more years would ba reqiired, in
order to seeyre their induding and assounting for oecasional excass ;
and even then an average would fsil to indicate the amount of pre-
caution that would be required to meet and provido against mexi-
MUM CXCOIREE- !

The avaraga fall of rain for the entire surface of the earth may
be assumed at 150 inches ; and if' we apply the rule of § loes for a
dry season, and § more for a wet season, the dry season would give
100 inches, and the wet sseson 200 {nches. If any such variation
can be even approximetely sottled, we may then conclude that
there is & corresponding annusl variation in the heat and evapora-
ting power of the sun.

SPome districta of the earth’s surface sre rainless, and other
districts are exceptionally wet. Some mountain ranges are sg
lofty as to prevent vapour yassing over, whilst all ranges and




