APPENDIX.
No. 2.

On the quantities of Water which enter the
Cornish Mines.

As the quantity of water is often very great, its
removal is one of the chief causes of expense in
mining. Hence, a knowledge of the relation which
the quantity of water in the various mines bears to
the rain falling on the surface,—to the depth of the
mines,—and to the nature of the rock in which they
are worked, is not only interesting in a scientific
point of view, but useful in an economical one.

In some mines a great increase in the quantity of
water almost immediately succeeds the commence-
ment of the heavy autumnal rains; in others, on the
contrary, this increase, although it is equally certain,
does not take place until after an interval of several
months. The necessary inference is, that the in-
crease, at least, is owing to the rain-water, which,
absorbed by the surface, has found its way into the
deeper parts of the mines.

The monthly reports of the duty' performed by
the steam-engines pumping water out of the mines,

1 The duty of a steam-engine is the weight lifted by it during the consump-
tion of a given portion of fael.
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published by Messrs. Lean,’ record the depths of the
mines, dimensions of the pumps, and number of
strokes made by the engines ; and thus supply ma-
terials for computing the quantity of water drawn
out of each mine every month.’

1. On the proportion of rain whick is absorbed by
the earth—

To ascertain this proportion, with any degree of
certainty, is so difficult, if not wholly impossible,
that few observers have attempted it.

During the years 1796, 7, and 8, Mr. Dalton insti-
tuted a series of observations on the proportion of
rain which penetrates to a depth of 3 feet in the
earth’ His absorbing surface was 10 inches in

1 This Periodical was commenced in 1811, and was for many years printed
for private distribation only. Latterly, however, it has been published as a
Newspaper, for general circulatios, under the title of ¢ Lean’s Engine Reperter
and Adcertizer.”

8 Since my former publication on this subject (Phil. Mag. and Annals, ix.
1881, p, 170,) a statement of the quantity of water from each mine has formed
a part of the Report.

‘Water which p:netntu 8 feet. Rain.

“1708. V. 178. Means. Meas.

3 Inches. Inches. Inches. Inches. Incbes.
Jan. «ee. 190 .. 068 .. 177 1-45 2°46
Feb. eses 1'78 .. 003 .. 112 1-87 180
March .... 043 .. 007 . 0-34 0-28 0-90
April .... 022 .. o080 .. 0-18 0-28 1-73
May veee 2°03 .. 2044 .. 001 1:49 418
Jupe .... 017 .. o078 .. - 0-30 248
July ... 615 .. 908 .. — .. 006 . 415
Aug. — —_ .. 050 .. 017 .. 835
Sept. .... — .. 098 .. — .. 038 .. 338
Oct. —_ .. 068 .. —_ .. 028 .. 290
Nov. .... —_ .. 104 .. 159 .. o088 .. $S93
Dec. vees 020 .. 307 .. 18 .. 173 .. 893
Total 6- 10094 7-39 841 .. 3%6S

Memoirs of the Manchester Sociaty, v. p. 381.
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diameter,! and for the first year it was bare, but
during the two last years it was covered with grass.

The mean annual fall of rain was 33:55 inches, of
which there penetrated to a depth of 3 feet, 841
inches. This gives the quantity of rain on an acre
as 121,484 cubic feet a year; of which the absorp-
tion was 30,492 cubic feet, or an average daily
absorption and re-discharge (as if from a spring)-of
83 cubic feet per acre : the quantity absorbed being
about a quarter part of the rain falling.

In April, 1825, Mr. Thomas® estimated the drain-
age of the river Fowey at about 160 cubic feet of
water per day from each acre; and, during heavy
rains, at more than double that quantity. In June,
1826* (a very dry season), he calculated the quantity
at about 75 cubic feet per day from each acre. The
mean annual drainage he considers. to be about
43,800 cubic feet from each acre, or 120 cubic feet
per day.

Now Mr. Giddy’s register of rain from 1823 to
1829, both inclusive, gives a mean of 46 inches per
annum, or 166,834 cubic feet per acre.

Hence, supposing all that is taken up by the
earth flows out again in springs, the absorption by

1 Mr. Dalton also attempted to determine the quantity of rain-water flowing
off the surface, and between the 25th of January and 3rd of June, 1796, it was
1-41 inch; whilst that which was absorbed and penetrated to the depth of
8 feet in the earth was, during the same period, 16 inch.

Derangement of the apparatus interfered with the continuance of these
observations, Memoirs of the Manchester Society, v. p. 363.

$ The rain, at Penzance, in this month, was 1:005 inch.

8 History of Falmouth (Trathan, Falmouth, 1827), p. 50.

4 The rain, at Penzance, in this month, was 0.66 inch.

& Phil. Mag. and Annals, ili. (1828), p. 188, iv.-v.-vi.-vii.
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the surface will be the 026 part, or about a quarter
of the whole rain falling during the year.

The only other comparisons of the rain with the
water filtering into the earth, with which I am ac-
quainted, are by Professor Bischoff; who, from a
much smaller surface, calculates the absorption at
09' foot annually ; and states the rain falling in the
same neighbourhood at from 20 to 23 inches in the
year.!

These quantities will give an annual drainage of
39,204 cubic feet, and the rain (taking it at 21'5
inch) as 78,408 cubic feet per acre.

M. Bischoff’s observations were made near the
banks of the Rhine, where the quantity of rain is
scarcely half so much as it is in Cornwall : and the
proportion between it and the drainage is as unity
to 0'5 ;—or about one-half the rain falling is absorbed
by the earth.

It is somewhat remarkable that there is a coin-
cidence so near as 1-0 : 0-895 between these observa-
tions on the quantities of water actually absorbed
by the earth, and again given out by springs in
Cornwall and at Bonn; whilst the rain falling on
the two districts differs at least by one-half’

M. Bischoff, in 1834, made another series of ob-
servations on the waters of the Lippe, Raute, Pader,
Alme, and Herder, which rise out of the dislocated

1 Edin. New Phil. Journal, xxiii. (1887), p. 885. 3 Ibid, p. 838.

8 The mean annual temperature at Penzance is 53°¢ (Mr. Giddy, Phil. Mag.
and Anpnals, iii. p. 182.); of Plymouth 53°-081 (Mr. Harris, Reports of the
Brit. Assoc., vii. p. 24.); of Lowenburg, near Boon, M. Bischoff’s place of
observation, 46°+38 (Edin. New Phil. Journal, xxiv. p. 271.).
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sandstone, limestone, and chalk formations of West-
phalia, and there found the quantities of water
flowing from the springs so great, as to require an
absorption of two feet of rain-water per annum for
their supply.!

Few tracts, of equal extent, afford such facilities
as the Gwennap mining district, for comparing the
quantity of water falling in rain with that issuing
from the rocks and veins at different depths.

This tract includes all the mines which empty
their waters into the grea? adit, together with a
border having a breadth of about 200 fathoms out-
side the greater number, if not the whole, of them,
. and comprizes an area of about 5,550 acres.’

The various ramifications of this adit extend be-
tween thirty and forty miles on nearly the same
plane; and its extreme limits are, in a straight line,
about five and a half miles from its mouth. In some
parts of its course it is not more than 12 or 15

1 He remarks, enquiringly, that in few parts of Germany, where the annual
fall of rain is known, is it in sufficient quantity to sapply these springs, which
rise on the western declivity of the Teutoburger Wald.

Edin. New Phil. Journal, xxiii. p. 338, note.

8 Its limits may be readily traced on Mr. Thomas’s excellent and accurate
“ Geological Map of the Mining district of Cornwall, between Camborne and
Chacewater.” The points this line will intersect are, the adit’s mouth at Whea?
Friendship ; 100 fms. N. of Higher Coisgarne; 100 fms. 8, of South Als and
Cakes; 80 fms. N. of Trevince; Trevarth; 120 fms. N. of Pennance; the
summit of Cairn Marth; 190 fms. W. of North Bosveal; the Toll gate, N.E.
of Redruth; midway between Cardrew Downs and Wheal Harmony; 120 fms.
W.of Wheal Maria; the Great cross-course, at 830 fms, N.W. of Briggan;
150 fms. N. of Wheal Barberry; 300 fms. N. of Trewan; 300 fms. N, of
Hallenbeagle ; 350 fms. N. of Wheal Bissy; 300 fms. E, of Wheal Bissy; 200
fms, W. of the river at Chacewater; 120 fms. W, of the river at Cooshecca ;
200 fms. E. of the main adit at Creegbraws; 350 fms. E. of the river at Pol-
dice ; 250 fms. E. of the river at Hayle Mills ; whence it retarns to the adit’s
mouth at Wheal Friendship.
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fathoms deep ; whilst, in the more elevated grounds
which it penetrates, it is 70 fathoms below the sur-
face. Throughout the district its average depth is
probably from 35 to 40 fathoms.

More than nine-tenths of its extent are worked in
slate; but at Ting Tang, Wheal Damsel, Wheal
Jewel, Poldice, Wheal Unity, Wheal Gorlard, Wheal
Pink,and Treskerby, it enters the granite. In many
places it passes through the elvan-courses; and in
both the great rock-formations it intersects almost
every lode and cross-vein in the district.

During the period of my observations the follow-
ing mines only have been at work : viz., the Consoli-
dated Mines, to a depth of from 250 to 300 fathoms ;
the United Mines, from 160 to 220 fathoms; Pol-
dice, 90 to 110 fathoms; Wheal Unity Wood, 120 to
140 fathoms ; Cardrew Downs, 100 to 130 fathoms ;
Hallenbeagle, 100 to 130 fathoms; Wheal Jewel,
120 to 140 fathoms ; and Wkeal Damsel, 160 to 180
fathoms. These probably occupy little more than a
third part of the district; and the mean depth from
which the water is drawn may be taken at from 190
to 200 fathoms: the quantity given by the deeper
mines being much larger than that from those which
are shallower.

Of the other two-thirds of the district, one part
contains mines no longer wrought, and which are
either full of water, or drained to some extent by
the other mines. The remainder may be considered
as unwrought: for the few trials which have been
made in it were never extensive, and have been long
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abandoned. It is chiefly granitic, and extends from
Saint Day westward to the summit of Cairn Marth,
and north-westward to the Shallow-adit, on the road
from Redruth to Truro. There are many wells in
this part; although in the others they are so few
that the water for domestic purposes is sometimes
brought from great distances, and its scarcity is often
severely felt.

The generally porous nature of the lodes and
cross-veins permits the descent of water freely
through them: and, consequently, as the mines are
gradually deepened, the larger quantity is found
in the deepest levels;—of those mines especially
which are worked in the schistose slate-rocks. For,
as the laminar structure of the rocks is intersected
by the lodes, and these again by the cross-veins, the
drainage of a great part of every district is effected
whenever these veins are penetrated by the opera-
tions of mining.

There is, however, an exception to the generality
of this rule, presented by wells at the surface of
several of the deepest mines in Cornwall: as at
Wheal Fortune (Consolidated Mines), Wheal Vor,
and Wheal Reeth. These must be supposed to
derive their supplies from veins of quartz, joints in
the rock, or other subterranean channels, not in
communication with those other veins which, in
some cases at least, are worked to very great depths
immediately beneath them.

As there is sometimes but little uniformity in the
" structure and mineral composition of the rocks and
VOL. V. 3m
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veins, and the excavations at different levels differ in
extent and direction, the quantity of water at cor-
responding depths, even in adjoining mines, is very
unequal. It would, therefore, have been a difficult
task to determine the exact quantity at the different
levels in every mine.

This enquiry will therefore be confined to the
quantity of water flowing through the adit, and
derived from the various rocks, lodes, and cross-veins,
which its numberless branches intersect ; and to that
drawn from greater depths, and discharged into it by
the steam-engines on the mines which it unwaters.

The whole of the water percolating downwards,
and now intercepted by the adit, would probably
have found its way to the bottom of the mines:
whence, together with that now raised merely to the
adit by the engines, it must have been brought to
the surface, if this extensive subterranean channel
had not been constructed. I have calculated the
quantity of water, thus intercepted and raised, which
flowed through the adit in 1839 and part of 1840 ;
and estimating that each bushel (84 1bs.) of coal
consumed by the steam-engines will raise 50,000,000
Ibs. of water one foot high,' the additional steam
power which would have been necessary to raise the
whole of the water to the surface would require an
annual increase of nearly 24,000 tons® The adit,
therefore, effects a saving of about (£19,000) nine-
teen thousand pounds a year in the mines which it
unwaters, for fuel alone.

1 This was about the average duty of Cornish pumping-engines at that time.
8 The average price of coal delivered at the mines in the district was, for this
period, sixteen shillings and three-pence per ton of 34 bushels.
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I have already stated’ that this magnificent under-
taking was commenced in the year 1748 by the
ancestor of the respected family of Williams of
Scorrier House. ’

Table 1. exhibits a comparison between the amount
of rain, and the quantities of water discharged by
the adit, flowing from the surface, and evaporated :
and another, between the whole adit-stream and that
portion of it which is pumped by the steam-engines
from a mean depth of from 190 to 200 fathoms.

The registers from which I compute the quantities
of rain, and the evaporation, are those published by
the Royal Institution of Cornwall:* and for calcu-
lating the latter I employ Mr. Daniell's Tables :*—
but with an allowance of the 0°47 of the results they
give, for the difference between the evaporation
from a surface of water, to which they refer, and
that from a surface of earth, in conformity with
Mr. Dalton’s experiments.

The amount of dew, and the difference between
the rain falling on the higher and lower grounds, I
am unable to assign. The former is, of course, an
addition to the quantity of water deposited on the
surface; whilst a reduction should be made for the
latter, as the rain-guages I have quoted are placed
respectively but 55 and 80 feet above the half-tide

1 Ante, p. 89,*

2 Reports of the Royal Institution of Cornwall, xxi. (1889), p. 70, and xxii.
(1840), p. 82. The evaporation for the four last months of 1839 I am com-
pelled to estimate by interpolation, as the observations then made have not been
published.

8 Meteorological Essays, p. 164,

4 Memoirs of the Manchester Society, v. 670,

3m2
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level :' as, therefore, the differences arising from
these sources are in opposite directions, they tend
to compensate or neutralize each other.

Mr. Thomas estimates the average quantity of
surface water flowing through the Carnon valley at
about 80 cubic feet per minute.’ But, as this valley
receives the drainage of Bostrase moors, of the
grounds east of Chacewater river, and of the south-
ern side of the valley which leads from Bissoe-bridge
to Bell, all which are beyond our limits, perhaps not
more than one-half of the surface water which enters
Carnon valley proceeds from the tract under consi-
deration.

The quantity of water drawn out of the mines is
obtained from Messrs. Lean’s Report of the duty of
steam-engines, except that from Cardrew Downs and
Hallenbeagle, which (not being contained in that
publication) is interpolated from the averages of the
other mines.

The quantity of water discharged by the great
adit® was ascertained by measurements of the sec-

1 On the roof of the Royal Institution, and at Alverton, near Truro, the Seat
of W. Mansel Tweedy, Esq.

$ History of Falmouth, p. 51.

8 I am indebted to Mr. Thomas for the following observations made by him
on the same stream, long before the subject attracted my attention :—

1817, Feb. 28, .... 1,296 cubic feet ¢’ minute.
» May$o, .... 1,007 » »
s Aug.6, .... 010 ” ”»
s Nov.24, .... L1IT »
Dec. 4, .... 1815 ”
1818, April ”, ee. 2,087 » ” Some of the engines were
» Nov.8, .... 780 » ”» {prohbly stopped, as they usa-
w o 17, ... 1428 » ” ally are every Satarday.
“ 7, ... 1,218 "
1819, Jan. 14, .... 1404 ”» Hist. of Falmouth, p. 50.

The same observations have also been quoted by Mr. R. W. Fox, Annals of
Philosophy, iv. (1823), p. 445 ; Comn. Geo. Trans,, ili. p. 816.
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tional area, and experiments on the velocity of the
stream, made by myself; and which, in every in-
stance, I have several times carefully repeated.

TABLE 1.
‘Water ‘Water drawn
Burfacs Evapora- discharged | fro th
- e o b’um. “%
oot f oot | ottt | B | ol
1839,
Jan, cesreess | 1854° 40 180 1460 8813
Feb.  ........| 1559 " 119- — -
March ........ | 1711° » 184 1675- 979
April  ........| 1365- ” 857 - -
May crereses | 1245° » 552 - —_
June  ........| 1958 » 506- 1022 850
July N - » 662- 885° 8sl1-
Aug. cveeress | 1073 » 610 1177 700+
Sept.  ........ 2551 » 328-1 - —_
Oct. civeness | 1870 » 166-! 1064- 930
Nov. ceeenaee 3346 »” 56-1 1978 946°
Dec.  .... 3053- » 432°1 — —
1840.
Jan, ... 2515 ” o ($300 3| 1moes
Feb. cee 1786- » 119- — —
l o
March ........ os- o | 25 |§leee 3| 1145
April  ........| ss52- ” 283 1174+ 1021°
Mean of year.
1839  ....... . | 2005 40° 309 1323 875
From April, 1839, . . . .
i Ty } 1904 ” 810 1627 944
Means  ........ | 1954° 40- s10- 1475 909
S
1825

Interpolated from the t t

of these

ths in 1899, and the differences between

1 P P
the wet and dry bulb thermometers for corresponding months in 1840.

2 This observation was made on the moming of the 1st of January; and as the water flow-
ing had been pumped out of the mines in the preceding month, this quantity is from Messrs.
Lean’s December report.

8 These observations were made on the 1st and $7th of J
of Mesars. Lean’s quantities for December and January.

'y, and this

is & mean

4 These experiments were made on the 9th and 87th of March; this result is therefore from
Messrs. Lean’s March report.



424  W.J. Hexwoon, on the guantity of

The foregoing table shows that the quantity of
rain which fell on this tract, during the period of our
enquiry, exceeded by about the 066 part the united
sums of the evaporation and streams flowing from
the surface and adit. The rain is, therefore, fully
adequate to the supply of all the springs in the dis-
trict; whether their waters issne at the surface, or
underground in the mines.'

Of course, it has been pre-supposed that the earth
was in the same state of humidity at the beginning
and end of our enquiries : but, as it will be presently
seen that the rain requires some time to descend into
the mines, the water pumped out of them during
our latter observations® cannot have been the same
which fell at the time.

The average level of the district is about 150 feet
above the rain-guages and thermometers at Alverton
and Truro: and, as less rain falls, whilst a more rapid
evaporation takes place® in high than in low situa-

1 In my Papers on this subject (Phil. Mag. and Annals, ix, (1881), p. 174 ;
Lond. and Edin. Phil. Mag., i. (1832), p. 295.), I arrived at a different conclu-
sion ; but I had then obtaiued no account of the water collected at the adit level,
and relied wholly on the observation of the quantity pumped out of the mines.

2 1n October, 1841, the quantity discharged by the adit was 2,138 cubic feet
per minute ; and in December, 1842, 1,431 cubic feet per minute.

8 It would seem, that the quantities of rain falling on isolated buildings
differ materially from that on the ground, at a similar elevation. Professor
Phillips states that, for a given period, the rain collected by the guage on the
great tower of York Minster was 15:715 inches: at Brauosby, 12 miles N.,
where the station was nearly at the same level, it was 2565 inches, and on the
ground at York 28-78inches. Reports of Brit. Assoc., iii. (1838), pp. 408-405.

Professor Phillips’s most accurate experiments on the rain collected at differ-
ent elevations give the following as the ratios at various stations above the level

of the Hamber :— At 29 feet .... 1000
72, ... 014
41l ,, ... 5915

The ratios of evaporation, at the same stations, from the 1st of Feb. to the
80th of Aug., 1834, were—At 29 feet .... 1000
73, .... 13087
241 , ... 18675
Ibid, v. (1885), p. 178.
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tions, the quantity of the former is doubtless some-
what in excess, whilst that of the latter is deficient.
The corrections required by these circumstances
will reduce the small difference (of -066) observed
within still narrower limits.

The average annual fall of rain, during the period under consideration,
was 51°12 inches.
The average annual evaporation ... 8°1 ins, or 15°83 ¢ cent.

» water flowing from
the surface .... 104 ,, or 2:03 ,,
» water dischar

by the adit ... 88:68 ,, or75°42 ,,
the difference, unaccounted for.... 84 ,, or 665 ,,

51-12 ,, or100°0 ,,

- The proportion absorbed by the surface and pene-
trating to a mean depth of at least 35 fathoms (a
very considerable part of it to much greater depths’)
is 75 per cent.,—or three-fourths of the whole rain
which falls. From the facilities which the adit’s
mouth affords for measurements, and from the care
and attention bestowed on my observations, 1 have
much confidence in the accuracy of this conclusion ;
although it differs so widely from the results ob-
tained elsewhere by other observers.

The necessity for the utmost attention to the state
of the surface, in order to prevent as much as possi-
ble the absorption of rain-water, has long been re-
cognized. To illustrate its importance, I need only
mention the following fact. When, about thirty
years ago, the United Mines were under the manage-
ment of Michael Williams, Esq., he found the surface

1 M. Juncker found that the quantity of water collected in winter at the adit
level, 55 fms. deep in Huelgoat mine, was the *59 of a cubic foot per minute,

whilst that pumped from the depth of 170 fms. was 72'4 cubic feet in the same
time. Annales des Mines, viii., Sme série (1885), pp. 134-135.
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indented by innumerable shallow pits, formerly sunk
in pursuit of the tin ore which occurs in the more
superficial parts (the dacks) of most of the lodes.
In these pits enormous quantities of rain-water col-
lected ; and, being absorbed, inundated the workings.
By his orders they were filled up, and plastered over
with tenaceous clay; and small channels were also
cut to aid the general drainage of the uneven surface.
The result, that Gentleman has informed me, was,
that he was enabled to work the mines much deeper
with the same machinery :—in fact, to such a depth,
as would otherwise have required far more powerful
and very costly engines.

I1. On the rate at which rain-water penetrates into
the mines.—

The quantities of water which simultaveously
enter the same mine at different depths have not
been recorded. In particular cases, therefore, we
are unable to estimate, with much accuracy, the rate
at which the rain-water descends : especially as this
rate is not constant, even at the same spot.

With a view, however, to ascertain generally, whe-
ther the effectsof rain appear sooner in shallow than in
deep mines, the following table has been constructed.

The proportions in the several months are ex-
pressed numerically ;—that in the month in which
the smallest quantity has been pumped out being
taken as unity.

Except in the cases where the contraryis stated, the
quantity of rain,and also that of the water raised, are
the results of observations continued for seven years.
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The foregoing table contains some mines situated
in each of the mining districts, except Saint Just
and Callington: the whole may, therefore, be pre-
sumed to present a fair average of the County.

‘With but three or four exceptions, which will be
hereafter alluded to, nearly the same period seems
requisite for the appearance of rain-water in the
mines : the interval between the heaviest fall of rain
and the largest quantity of water in the mines being
about three months ; as the greatest quantity of rain
is in December, and of water in the mines in March.

Between the month of least rain and that during
which the mines yield the smallest quantity of water
a nearly equal time seems to occur; since the rain
is least in June, and the water in the mines is least
in September. But more minute investigation, the
details of which, however, would here occupy too
much space, shows that the intervening period is in
this case somewhat longer than in the last.

It has been already shown that in the Gwennap
district (0-754) about three-fourths of the rain are
absorbed by the surface. Consequently, if all the
water in the mines is derived from rain, the means
of the two last columns in the foregoing table should
exhibit the same proportion : or the sum of the mean
fluctuations of water in the mines should be three-
fourths of the sum of the proportional quantity of
rain. Accordingly, these two sums, 13-95 and 18-19,
bear to each other the proportion of 0-766 to unity :
a coincidence too striking to be merely accidental.

Although, in many mines, most of the water finds
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its way to the deepest level, yet the shallower levels,
as they are worked for a longer time, and usually
extend further than the deep ones, often intercept a
considerable quantity. To avoid, as much as possi-
ble, the heavy cost of pumping from great depths,
the water in the shallower levels is at once conducted
to the pumps. On this account, the upper lifts,
almost without an exception, are larger than the
lower.! But it may be presumed that the water thus
naturally collected at each series (’f?) of pumps
does not always, or indeed commonly, supply neither
more nor less than the exact quantity required to fill
the pumps. Whilst the water is in excess at one
level, and for its drainage the pump should be
worked rapidly, at others it is often insufficient.
When there is such a deficiency an artificial supply
is allowed to descend to keep the pumps always filled
(solid), lest the buckets, valves (clacks), &c., should
be injured by the frregular action of the engine and
other apparatus® (going in fork).

There is no doubt some difference in the times
required for the descent of the water to different
depths: but this cannot be ascertained, since the
Reports furnish little information which can throw
any light on the question, and we have no other
means for determining it.

1 My own Paper, Transactions of Institution of Civil Engineers, ii. p, 56.

$ M. Juncker found that the quantity of water delivered by the pumps at
Huelgoat differed from the estimated quantity by only about 1-30th.
Annales des Mines, viii, (1885), p. 268,

My own experiments at Wheal Towan give a difference in this respect of about
1-10th. Transactions of the Institation of Civil Engineers, ii. p. 58, note,
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The particulars of these irregularities must be
learnt by personal inspection; for their variations
are so frequent and considerable that the attempt to
enumerate or describe them would be hopeless.

II1. On the relations between the depths of mines,
and the quaniities of water in them.

If a perpendicular shaft were sunk in a rock per-
fectly homogeneous, and destitute of lamination,
_joints, or veins, the portion drained by it would be
an inverted cone, of which the bottom of the shaft
would be the apex, and the surface of the earth the
base. The diameter of this base would depend on
the facility the rock afforded for the descent of
water.'—The dimensions of this cone would vary
with the depth of the shaft; and, consequently, if
the water were solely derived from that surface,
there would be a very simple relation between that
depth and the quantity of water collected.

In natute, however, the conditions to be investi-
gated are far more complicated. Our rocks are often
schistose : the structure of even the most regular is
far from perfect uniformity; whilst all of them are
traversed by joints and veins, and the mineral com-

1 The western part of Wheal Friendship is often drained to more than 40
fathoms under the adit; whilst the United Mines, at a distance of about 600
fathoms, are worked to 160 fathoms below the adit on the same lodes. ‘ Hence
¢ it appears, that the surface of the water circalating through these lodes, has
“an inclination of about 12 degrees, If this should be taken as an average
¢ inelination in the dry season, where water circalates without interraption
¢ through the lodes; it shows, that for every fathom in depth, the lodes will be
“ drained to the distance of five fathoms at the surface, and the quantity of
¢ water from the same lode will about increase in proportion to the sqaare of
¢ the depth, In the wet season the inclination of the water line will, of course,
“be greater, from the greater quantity of moisture constantly supplying the
“ earth,” MR. Tromas, Report, p. 26.
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position is liable to some variation at almost every
fathom. Some of these circumstances impede the
drainage, whilst others facilitate it, to almost incre-
dible distances: the figure and extent of the tract
which will be drained by any given shaft or series of
mining operations can, therefore, be seldom foreseen
at the commencement of any undertaking.

To add to the complexity of this enquiry, the
horizontal excavations (levels) are continually ex-
tended, even when the shafts are not sunk deeper:
though, in most well-conducted mines, both these
operations are carried on at one and the same time.

It is therefore only from a comparison of the
quantities of water entering mines which are being
sunk deeper, with those, during the same periods,
flowing into others, of which the depths remain
constant, that we can hope to advance our knowledge
of this subject.

Of the mines particularized in Table 11., Dolcoath,
Wheal Damsel, the United Mines during the second
series of observations, and Crennis for a considerable
portion of the first series, have been worked at the
same depths, and thus afford us, if not perfect
standards of comparison, at least, the best within
our reach.

Table 1. indicates the cubic feet of water per
minute which enter them, and the rain in inches,! at
different periods.

1 From Mr. Giddy’s Register, Phil. Mag, and Annals, {ii. (1838), p. 181.
2 The total quantities are given in the London and Edin. Phil. Mag., f.
(1883), p. 289.

VOL. V. 3o
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TABLE III.
":.1:.-' ”“? 90fima, doep, | 50 fms-deop.|  Rala.
Cublc feet | Cublc feet | Cubic feet | Cubic feet | Inches.
per miaute. | per minute. | per minute. | per minute.

1823, Dec. .... 4 17 - 61 254 -
1838, Jan. ... | 38 18 - 55 863
» Feb, ....| 46 18- - 7l 696
Marck .... 43 20 - 69- 8-20

s April ... $6° 18 - 56 1-98
w May ...| 36 i6° - e 217
» Jume ... s7° 15 - 40 1-94
» July ... | 93 14 — W 308
s Aug. ... 84 13 - 82 7:08
» Sept. ..., 85- 18° - 35 864
» Oct. ... 86* 18 - 48 821
» Nov. ... 390° 15 - ol 870
g Dec. ... 4 16 - 68 629
1834, Jan. ... | 4o 17t - 60 2:00
» Feb, ... 87 17+ - 6L 3:28
» March ... | 38 16 - o6 574
w Apdl ... | e 17- - pre 260
» May ..., 85° 15 - 63 3-95
» June ... | 86 15 - 64 4°66
» Jaly .| e 16- - 6 | 318
» A“o e e 34 16 - 57 260
» Sept. ... 81- 15 - 62 416
» Octe ... s1- 14 - 3 5-96
¥ Nov. .| s 17 — 62 691
? Deo. ... | 43 19- - 78 647
1835, Jan. ... | 41° 19 - 70 3:37
Feb 87- 18° —_— 69 270
26" 18 — 78 3-61

39 17° 87- 64- 1-00

332° 16° 144° (134 4-08

32° 16° 184 54 1-80

83 15 116° (3 4 031

81° 14 99 45° S'14

20+ 18 90 4 78

28° 18 83 44 509

20- 18- 109° 50° 583

85¢ 15° 118 -— 528

40° 17 1801 -— 307

46 18- 122 - 530

ss- 20° 166 - 31

41° 18° 144° _— 111

88° 17 118° —_ 0-60

35° 28° 51 _— 0°66

28° 14- 87" - 124

85 14 76 —_— 311

98- 18 66 — 431

85 10 61- - 284
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TABLE III. continued.

Dolooath. |Wh.Damsel] United
944 fms, | 208 fms, | Mines. Rain,
deep. deep. 90 fms. deep.
Cublic feet | Cubic feet | Cubic foet Inches.
per minute. | per minute. | per minute.
18%6, Nov. 25 12 56 438
» Dec, . 33 18 55 440
1827, Jan, c.iccevicncnns 38° 15 74 4-43
» Feb. .eciiciiiiaan 42 15 90 160
sy March ...ooioiaaii 45°1 16+ 108 526
» April ceiceiiiiall 40° 16° 109 1-36
» May ...ocoiiiaaln. 46° 19* 8° 5-81
gy JUNE  cevvvencennens 42° 17 87 216
s July  ceeciiiieaen. . 84 15° 83 225
sy AUB, ee.e.s ceeeesns 31 16 75 286
s Sept. iceiieniiinns 26° 14 - 67 2:82
sy OCt  eeiiiiiiiian. 26 14- 60 610
ss NOV. ceeecieaaiann 20 15 59 3-16
sy DEC. ceesseccaianss 41° 18 75 768
1828, JaB. ccceciecccnes 52 - 136* 745
g Febo coeieiiecanns. 49 21- 186+ 4°01
s March coovvniiana... 46° 20+ 142° 844
s April Liieeiiiiiea 44°1 20- 120° 7:50
s May .iioiciiiiae. 48 3 182 8:76
g JUDE  iecieecienns. 50* 22 186+ 196
w July  ceeiiiieieea 84 21- 119- 455
g AUE.  eeeieeiiienn. 33 22 100- 4-87
» Bept. ceeiiiiiiieen. sl 23- 86- 304
g OOt ceiiiiieianann 85° a1 82 325
s NoOv. .coiiiiieaie.. 82 181 81- 8:88
sy DeCc tiiiiiieerians 36° 23 8- 622
1820, Jan. ....iceneneenn q1- 26- 106° 318
» Feb. ool 87 21- 991 800
s March ..oovvuinenne 43 26 118 148
s Aprl .ol 871 23 106° 550
s May ...ciiiiieeee. 35 4 119 0-56
sy JUDG  iiiievecienns 83 22 100° 448
gy JUY  ceeeiiieiann. 3 17 91+ 5-61
» AU ciieciiiecnen 80° 17- 84 551
» Sept. ..iiiiiiieann. 43 18- 88° 683
s Oct.  eiieiiiiianan 38- 19 96° 308
w Nov. ..coiiiinene. 3¢9 19 100- 1-64

1 The interpolations for Dolcoath are made by comparison with Whieal Damsel; those of
Wheal Damasel with Poldics; and those of the United Mines with Wheal Harmony.

Table 1v. indicates the proportionate quantities of
water drawn out of each mine, and of rain in the
different years; and in either case, as in Table 1r.,
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the smallest quantity is taken as unity. Bat, as it
appears from Table 11. that the intervals between the
mazima and minima in the different mines are not the
same, the column of rain always shows the propor-
tion which fell just as many months before as would
be required for its descent ;—which rain, therefore,
may be considered the same water which is after-
wards pumped out of the mines.

TABLE 1V.
Wheal | United
Dolooath. Damsel| Mines. Cremnis. Means,
Ratio | Ratlo | poy
Years. Ratios of of of ratio. Ratios of Ratios of
Water Water | Water Water Water
drawn. | BAB | graumn, | drawn. drawn, | BAIS- | gy | Rain.
1823 .. | 1°11 | 165 ] 1-08 —_ 148 | 1-0 12 -— —
1824 .. {107 | 1'39 | 1-04 —_— 1441 | 112 114 -— -—
1835 .. | 10 119 | 1°04 | 1-851| 123 | 116 | 10 I1 123
1826 .. | 10 10 116 | 135 | 10 — —_— 1'1 10
1837 .. | 106 | 198 | 10 10 1'16 | — —_— 10 118
1838 .. | 131 | 157 | 185 | 145 | 161 _— —_— 181 | 16
1829 .. | 107 | 1142 | 1'38 | 1'26 | 1'39 | — _— 121 | 1-38
Sums of
:.‘hnrln-} 753 | 9045 | 80 63 9°183] 386 | 834 | 572 | 683
Means.. | 1°07 | 185 | 1°'14 | 196 | 1-81 | 1°12 | 111 |1'144 | 1°266

1 For the eight last months.
9 The ratio of raln for comparison with that of the water for the United Mines is 0°90.

Of the mines mentioned in Table 11., Wheal Reeth,
Wheal Rose, and Wheal Hope have increased most
in depth within the seven years. The following
table gives the number of cubic feet of water per
minute pumped out of each of them during every
month of that period.
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TABLE V. continued.

When! RestA. Whenl Rose. Wheal Hope.
Depth | Cublc feet | Dopth | Cubic feet Depth | Cubic feet
fmg. | perminute.| fms. |perminute.| fms. |per minute.

1896, Nov. .... | 168° 4 8s- 41 | 7T 381
» S 11 v a3 ” s¢
1837, Jam. ... | o 11 » 49 »” 60
» Feb. ... » 12 » 42 » 63-
,» March ... | 16: » 50- » 75
W April o] 10 " 86 ” 7
» May ... | 12 ol- 83 » 64-
y Jume oo | 10° 04 5% » 67
w July |y, 8 95° 5% » es:
s Aug, ... » 5 » 551 ” 57
»» ceee » 6 » “ » 53-
w Oct. i | 8 » 43 » 50
s Nov. ...l 11 » 401 » 53
s Dete  eern| 4 18° » 58 88- 61

1838, Jan, ... | 22 8- | 71 » 781
» Febo ..o 20-1 90" 7 108- | 7
,» March oo i " 78 » 70-
w April ... 1z 100- | 69 » 67
n May ... ” 18 » 69° » 64-
s June ... | 9 05- 65- 112- 61-
s July ool o, 8 101 | 60 » 60°
» Aug. ... ” 8 95- 57 ” 56-
o Sept. ... 9 T » 56 ” 52
9 Oct. seee 2 8 » 54:1 ”» 51
s Nov. .ol 10 » 531 » S0
9 Dec. ceee » 18 » 851 ” 53
1820, Jan. .... | 11 90" 57 , 65
" SO 11 o1- | 68 . a1
s March .... » 10° » 64 »» 62
» April ....|188-| 10 104- | 62 » 61
s May ....| 9 107- 61 » 62
s Jume ....| 8 111 60 » 63
s July .. » 8 118 57 128+ 51
» Aug. oo | 10° 199° 56° » 50°
» Sept. ... » 15 135° 55° » 52-
w Oct oo | 18 » 59 » 59-
s Nov. ... » 10 »”» 63 ”» 58-

1 The interpolation in Whea! Reeth is made by comparison with Dolcoath ; those in Whesl
Ross with Great 8¢. George; and those in Wheal Hope with Polladras Downs.

Table vi. particularizes the mean depths, and the
proportionate quantity of water drawn out of each
mine, as well as of rain falling during each year:
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the mode of stating them is the same as in Tables

. and 1v.
TABLE V1.
Whoal Resth. Wheal Rose. Wheal Hope. Means.

i el e Il o e

mdnwn| mm“mmm“mmdn"m
1828.. {182°|1'5 {163] 88 {17 |165] — | — | — )} — | — | —
1824.. |149° [1°25 (155 89 |1°52|189) — | — | — | —| — | —
1835.. | ,, [1-12 1-21] 70° | 107 |1-19] 54° |I'01{1-28| 01-| 10 |1-21
1826.. [169- (10 (10 | 80- |10 (10 | 74- {18610 [108,{ 10610
1827..| ,, |1-25{1-26| 90 |1-11(1-98] 77* |1'85|1°16]113.| 1'32|1'33
1828.. ] ,, (1°5 |1-66] 95 |1-44 157 |107* | 1'9 |1-61 |124-| I'51 |1'61
1829.. 183 | 1-33(1°41 |108- {1°84 | 142 {119* | 1°47 [1*29 | 136- | 1'8 |1-87
Sems H
thevari-}| — 1895 971] — |9'18|945] — [768[629] — |6'19]6°41
ations. . ]
Means..| 160 1’28{1‘89 88° [1-31(1'35| 86 ‘1'51 126 | 114* [1-888/1°283

1 For the six last months.

In Table 1v. the ratios of water pumped out of
the mines in different years are for depths constant
during the whole period ;' whilst those in Table vr.
are for depths progressively snereasing from 91 to
136 fathoms. If, therefore, the difference of depth
has no effect on the quantity of water entering the
mines, the means will be in the same proportion for
every year; but, if the increased depth occasions an
increase in the quantity, the means in Table vi. will
exceed those in Table 1v., and this excess will be the
measure of the influence.

1 M. Daubuisson has treated largely of the water in the Saxon mines. Des
Mines de Freiberg, i. p, 988 iii. pp. 84-87-165-109-335-255-376.
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Now, in the mines of which the depths remained
constant, the mean of five years’ observations (Table
1v.) is 1'144; whilst, for the same period, in the
mines which had been sunk from 91 to 136 fathoms,
or an average depth of 114 fathoms, it is 1-238.
The difference (-094), which is nearly one-tenth of
the whole quantity, is therefore due to an increase
of 23 fathoms in depth.'

In the London and Edinburgh Philosophical
Magarzine, 1. (1832), p. 204, I have stated the quan-
tities of water pumped out of the same mines;
and, examining the subject in a somewhat different
manner, I found that the same addition of depth
increased the quantity of water by -101: an approx-
imation sufficiently near to my present results.

IV. On the rates of absorption by different rocks,
and on the differences in the quantities of water enter-
ing the mines in them.

Of the fourteen mines particularized in Table 11,
two are situated partly in granite and partly in slate,
two wholly in granite, and the remainder wholly in
slate. Of the first four the greatest quantity of
water in one case occurred in the same month with
the heaviest fall of rain, but in another it was in the
next month, and in the other two in the third. Of
the other ten, in two cases it happened in the next
month,—in five in the third,—in one in the fifth,—

1 MM. Combs, Raymond, and Fabre found the quantity of water entering
the mines of little Cappe at 36 fathoms deep 7,100 cubic feet: and flowing
into the shafts of Neyrand, Chavanne, and la Cluselle, the deepest of which
is 107 fathoms, 31,646 cubic feet. Annalles des Mines, iii. (1838), p. 204.
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in one in the sixth,—and in another in the seventh
month after the greatest fall of rain.

In the following table will be found a summary of
monthly observations on the depth of water in wells
in the years 1832-3. That at Falmouth was made
by Robert Were Fox, Esq.; at Mellingye, in Perran-
ar-worthal, by Mr.Thomas; at Bodmin by Dr. Potts;
at Tregaswith, near St. Columb, by Mr. Grigg ; and
those at the Lizard Light-house and Landewednack
were by the late Rev. H. T. Coulson :—the others,
on wells in Perran-ar-worthal and Stythians, are my
own,'

When the measurements made in October and
November are compared, a remarkable fact presents
itself: the water in all the wells situated in rocks of
the slate series, with but a single exception, had
diminished ; whilst, during the same period, that in
the well in serpentine, at Landewednack,—and in all
those in the granite of Stythians, had considerably
increased.

1 Observations on the depth of water in a well at Sydney, New South Wales,
were made in 1824-6 by Bir Thomas M. Brisbane, Bt,, K.C.B., Edin, Journal
of Science, vi. (1837), p. 226; and in wells in Kent by Mr, Bland, Phil, Mag,
and Annals, xi. (1832), p. 88.

VOL. V. 3e
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In shallow wells and in deep mines the result
then, is the same:—that the rain-water is more
readily absorbed by, and percolates more freely
through, the rocks of the granitic formation than
those of the slate series.

The most cursory inspection of Tables 1. and v.
clearly indicates a remarkable difference between the
quantities of water pumped out of Wkeal Damsel
and Wheal Reeth, which are wholly in granite,—
and also Dolcoath which is partly so; and those out
of the United Mines, Crennis, Wheal Rose, and
Wheal Hope, which are entirely in the slate forma-
tion.

Although the following abstract of the cubic feet
of water per minute drawn out of each mine does
not pretend to assign the exact proportion between
the quantities flowing from the different rocks
throughout Cornwall, it is sufficient to show that a
striking difference prevails.

Granite.

Wheal Damsel .......... 17 cubic feet ¢’ minute,
Wheal Reeth ............ 10 »»
Dolcoatk ...... vesseccsne 7 »»

Means .....ooc0000ee 21°3 .

Slate.

United Mines ............ 101 cubicfeet 4f’ minute.
Crennis ........c.c.. ceee 56 »
mwlRm ®e® 00 c0 e o0 67 ”
Wheal Hope .....o0c.... 52 ”

Means .............. 64-6 »”
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In their “ Historical statement of the improve-
ments in Cornish steam-engines,” p. 141, Messrs. Lean
have given a table which will materially aid us in
obtaining an idea of the proportionate quantities of
water pumped out of the mines in different rocks.
They state the mazima and minima quantities in
cubic feet per minute, from forty mines during five
years, as follow :—

MAXIMA. . MINIMA.
Grenite. Slate. Granite. Slate.
1833 .... 3% .. 164 ........ 19 . 89
1834 .... 85 140 ........ 15 . 60-
1836 .... 24 .. 88 . 14 . &8
1836 .... 28* .. 107" ........ 16 . @8-
1837 8- 110° ........ 17 66-
Means .. 30 122 ........ 16 8-

—— ememe—t— comm—

These results were obtained from mines situated
in all the mining districts of Cornwall, except that
of Callington. The proportions between the meaxs
of the mazima and the means of the minima seem
nearly the same; and agree in showing that the
quantity of water yielded by the mines in slate is
about four times as much as by those in granite.

In the massive greenstone rocks of the Saint Just
and Camborne districts the water is also much less
than in the schistose varieties of the slate series.

It is well known in the coal districts that the
inflammable gas issues far more abundantly when
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the barometer is low than when it is high.! M. Elie
de Beaumont has also remarked® that the less the
atmospheric pressure, the greater the quantity of
water which flows into the salt-mines at Bex,’ and
vice versd.

I have been furnished* with daily records of the
water pumped out of the Consolidated Mines during
several years, and I have carefully compared them
with registers of the barometer for the same periods,
" but I have failed to discover any relation between
the quantity of water in the mines and the height of
the barometer. That such a dependence exists, is a
general fact which admits of no doubt: but I am
unable to determine whether, in this instance, it is
concealed by irregularities in the percolation of the
water, or whether the time required for the penetra-
tion of rain-water retards the appearance of the
winter’s rain in the deeper parts of the mines until
the following spring, when the atmospheric pressure
has again increased.

Some of the foregoing deductions seem to have
a practical bearing on the economy of mining.
They, however, throw no light on the appearance
of springs in situations so elevated, that the rain
falling on limited tracts above them seems scarcely

1 Report of the Parliamentary Committee, on accidents in mines, pp. 54-110-
111-112.

$ Annales des Mines, ix. (1824), p. 694,

3 It appears that a rise of one inch in the barometer depresses the tide at
Bristol about fifteen inches.
Mr. Whewell’s Report on Tides,—Reports of Brit. Assoc. for 1841, p, 30,

4 Through the kindness of Captain Francis,



444 W.J. Hexwoob, on the Water in Mines.

sufficient for their supply.! This is a subject of
much interest; but beset with difficulties scarcely
admitting of solution, in the present state of our
knowledge.

W.J. HENWOOD.

4, CLARENCE-STREET, PENZANCE,
1843, FEBRUARY 22nd.

1 Mr. Porrett divided a jar into two cells by means of a piece of moistened
bladder: one cell was filled with water, whilst but a few drops were put into
the other. The former was connected with the positive pole of a voltaic bat-
tery ; the latter with the negative, After some time he found that the liguid in
the positive cell was gradaally transferred to the negative, through the bladder,
which had been water tight until placed within the voltaic circuit. 1t com-
tinued to be conveyed into the negative cell until its surface there was much
higher than in the positive one; and the same result attended every experiment
of the kind, whatever was the nature of the liquid.

Annals of Philosopby, viii. (1816), p. 75.

M. Dutrochet obtained very similar resuits by the action of the voltaic pile,
even when the cells were separated by thin plates of slate, or baked alamincus
clay ; but failed when employing plates of sandstone, and the carbobate and
sulphate of lime. Edinburgh Journal of Science, viii. (1828), p. 823.

M. Beoquerel has also discussed the subject in great detail,

Traité de 1'electricité et du magnétisme, iv. (1886), p. 193.

Mr. R, W, Fox’s experiments have afforded similar results.
Report of Royal Cornwall Polytechnic Society (1886), p. 116



