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The dam of the distributing-reservoir is of earth, 300 feet long, 14 feet
high, and 8 feet wide on top. The reservoir is usually filled within a foot
of the top of the dam. In construction a trench was excavated 9 feet deep
ander the center line, in the center of which a tight board fence was built,
reaching to the top of the dam, to prevent the burrowing of ground-
squirrels and gophers, a function which it effectnally performs. The trench
was refilled with puddled soil each side of the fence, and the puddle brought
to the top of the dam. The area irrigated by the system in 1896 was 1092
acres, and is increasing each year as the tracts are sold to settlers.

This area was in 72 separate tracts, of which the average size is 10 to
90 acres. The rates charged for water are $2 per acre annually, with an
additional charge during the nominal ‘¢ non-irrigating season > (November
15 to April 15) of 81 per month for each tract for domestic service. In
the town of Hemet, which is supplied by the same system, there were, in
1896, 55 taps, paying a uniform domestic rate of $1.50 per month. Water-
power is used in the town to drive an electric dynamo for lighting the hotel
and some of the buildings, the waste water flowing to a small reservoir. -

The apportionment of water by the water-right contracts given with
the deeds to the land is at the rate of one-éighth of 1 miner’s inch of
perpetual flow from April 15 to November 15 of each year for each acre.’’
924 cubic feet per acre per annum, or a mean depth

This is equivalent to 46,22
of 123 inches over the land. The water-rate of $2 per acre would thus be

equal to 4.3 cents per 1000 cubie feet, or 0.57 cent per 1000 gallons.

The altitude of Hemet Valley where the dam is located is approximately
4300 feet. The watershed area, as determined from the topographic map
of the United States Geological Survey, 1s 69.5 square miles, the extreme
elevation of which is abont 9000 feet. This point is Tahquitz Peak, a spur
of Mt. San Jacinto. The total drainage-area of the San Jacinto River
above the mouth of the canyon is 141.8 square miles. The reservoir there-
fore receives the run-off from nearly one-half the entire drainage-basin of
the river. The average yield of the shed has not been accurately deter-
mined, although it has been insufficient to fill the reservoir in any one

season since 1895. The irrigation season of 1899 began with but 1000

acre-feet in the reservoir (gage 73 feet).

The present capacity of the reservoir is 10,500 acre-feet, but the addi-
74 feet to the height of the dam will increase it 24 times. The
nd irrigation-works has never been made public. The
servoir for irrigation is about 7000

tion of 2
cost of the dam a
area of the tract depending upon the re;
acres, of which not more than half have been irrigated.

The Bear Valley Dam, California.— Probably the most widely known
is that of the Bear Valley Irrigation Com-
chiefly by reason of the remarkably slender
ley dam, which has been to the engineering

irrigation system in California
pany of Redlands, California,
proportions of the Bear Val

MASONRY DAMS.
247
fraternity the ¢ ei
ghth wonder of the world.”
globe. The d ili Cfr (BT lo Dl
B (f ::1 ha,sdnp stability to resist water-pressure eI:ic: iei}m:. L
e f. ull, an 1t has been expected to yield at any t.imp im e
e a: i]t gl withstood the pressure against it for fifteen }e’ : thon]gll
stable as it ever was. The iliti e
: : robabilities i
an extra?rdlnary flood or earthquake, or 2 com{)ilrtllib' He nothmg hat
ments, will ever accomplish its destruction e
depe‘ndent upon the water stored by the d;;.m
p‘ubllc calamity, greatly to be deplored
(.,raft:on, and Highlands, which are amon
growing regions of southern Californi
alifornia d irrioati
e 2 » and the irricati istri
th;P ro al'ld .I erris, are the outgrowth of this watef— ton e
erris district receives but a small portion of it ol
- b I
g:;ac;.s F tHo'r' to the construction of the dam in Ilfizggimihfmm o
i usegn .erlrlag.the San Bernardino Valley had been ent.irelj,d o
; n 1 i o :
e 1rr;§at1c;11, and had _&Pparently renctiod i ]inﬁfrgim;te_d
2 tbhe S u\.’ 11‘ 08 orags:'-reservmrs were then in service, and i} l'ew
A asa ey retiiervmr for conserving the ﬂood-wagers of 1:! ‘3"383['-“1“
! 138 more than doubled the area of 1 irTi e
ras . and irri i i
::?:L:;:locmm; mn the territory covered by its water angaffal I;:jzﬂous i
£ n - 2 : :
e o Property In far greater ratio The useful fmmti?:%lf1 e
Bea;g\T‘ Hservmr was never more fully exemplified than in this ¢ : Ehe
3 Ya;: qe}- dalm was designed and built by F. E. Brown, C. E :"3‘3- d =
o kclentlﬁc‘School. The construction of the dar;'l \f;é;;.’ bgrla =
o cn:;. ur;derta-kmg, as it was the pioneer enterprize of ( Lo
Tigation-storage, and the site is in a i l
: _ 2 a remote locality, to whicl
SZ(ES,BZ:: s;lpphez had to be hauled over a rough’nwunt;cirll t:;z:en;ent’
San ardino, descending on the o ite si el
nardino, pposite side to the Mojay
Z:{[iesaga'tll‘nl cllm‘t;mg; }the mountain to Bear Valley, a total dg;)g;‘;g DESE”
. 18 cost of hauling cement was $10 : i
- | il 310 per barrel, and its tot:
Sca:-;?;ed fw?s $14 to $15 per barrel. TUnder such conditions anc?td]' TOSt
i ¥ 0. 'undshfor what was considered a questionable expe,rim :TJEI:] '&
sarprising that economy of masonr i e
arp : : \ Y was practiced to ;
:c)[;at :it is quite w:fshont a parallel for boldness of designsucg‘han dexm!t
2 ;\;e tup-r;tream with a radius of 335 feet, and is 64 feet lhigh fio “12 -
2 :ze.t Onh:o lengt}ll gn t;op is about 300 feet, and the thickness bnl:t i‘“;‘
P, and 8.5 feet ab a point 48 feet bel -
: . . elow the crest, wh i
2e:ts ;)n a base ojf masonry that is 13 feet wide, making an offset “;:' L
< eet on egeh side at the center; but as the base was ?milt withh a,0 g
buirter radins than. the npper 48 feet of the dam, the offset is not UC“_‘f'Ve °
v :tpe'rs to nothing on the waterside at the ends of the base amdl?l ;"'ins
- }f x'vn?e 011-1 the l\)gck. The lowest foundation of the base is ,20 fe lts EIlly
shown in Figs. 168 and 169. The entire dam contains about 3406(’) wub?,
. cubic

unusnal move-
Such vast interests are now
’ that its failure would be a
The settlements of Redlands
g the choicest of the a:arazf:ge1

alifornia for




3 X
Greal Lokt Meamil Don, Uhkee e, e
5. Greal Lok “&-{m-‘ Wb, BT bt g 40

Fig. 171.—Laxe HemeT (CAL.) MAsoNRY Dam.
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yards of masonry, in which were used about 1600 barrels of cement. It is
reported to have cost $75,000, or over $29 per cubic yard, of which the
cement alone cost but $7.50 for each cubic yard of masonry laid. That the
plant and labor could have cost so much as $14.50 per cubic yard, which is
several times the ordinary cost of snch work, must, if true, have been
largely attributable to the lack of adequate machinery, as well as extrava-
gant management. The Inasonry is a rough, uncut, granite ashlar, with a
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hearting of rough rubble, all laid in cement mortar and gravel. At the
beginning an earth dam was erected, 24 miles above, 6 feet in height, to
retain the summer flow. As the masonry rose water was let down to the
main dam, forming a pond which floated timber rafts on which stone was
transported to the site, and from which construction was carried on. Hand-
derricks were carried on these rafts.

The work was evidently done slowly and with great care, as it has leaked
but little beyond the usnal sweating, which has left its marks in an efflores-
cence or deposit of lime, brought ont of the mortar by the moisture oozing
through. This occarred during the first few years after completion and
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has almost entirely ceased. When inspected by the writer in August, 1596,
the water stood within 10 feet of the top of the dam with little or no visible
leakage below.

The south end of the dam abuts against a projecting ledge of granite,
standing boldly out from the side of the canyon 100 feet or more beyond
the general line of the side siopes, illustrated in the photograph, Fig. 170.
Over the top of this ledge, as far from the dam as it could be placed, a
spillway, 20 feet wide, was excavated to a depth of 3.5 feet below the level
of the extreme top of the dam (Fig. 175).

The extreme capacity of this spillway does not exceed 1700 second-feet,
which is dangeronsly small.

The great Sweetwater flood of 1895 gave a maximum discharge of nearly
100 second-feet per square mile of watershed. A freshet of proportional
volume from the Bear Valley shed would give a discharge of about 5600
second-feet, or more than three times the spillway capacity. Occurring at
a time when the reservoir were full, such a flood wounld overtop the dam by
a depth of 2 to 3 feet. 'The resnlt might be disastrous.

"The spillway was for a time closed with sand-bags to hold the lake to a
higher level, but this device was substitnted by movable flashboards,
arranged in four bays, separated by suitable framework.

The only outlet or means of control of the reservoir is an iron gate made
to slide on brass bearings, and closing a rectangular opening, 20 by 24
inches, leading to a culvert cuf in the bed-rock. The calvert trench was
made 2 feet wide and 3 feet high, flat on bottom and arched over the top
with concrete. The dam was built over it, and the culvert simply passed
through or under the wall. The gate is operated by a serew-stem that
passes up through a 6-inch pipe, standing vertically in the water next to
the dam, and reaching up to a wooden platform at the coping-line. The
gate-stem, hand-wheel, and month of outlet culvert are shown in the illus-
tration. 'The maximum discharge capacity of the gate when wide open
with full reservoir is about 167 second-feet, which is much more than is
ever required to be drawn. The capacity with reservoir practically empty
is over 80 second-feet.

The top of the dam is not finished to a true level line, as the coping-
stones have been omitted over about one-half the length, and this portion is
9 to 3 feet lower than the finished crest. It requires considerable nerve to
walk over the top of the dam, because it has no hand-rail or parapet and is
so narrow that few visitors care to attempt the feat. Water has stood for a
considerable time within a few inches of overflowing, although it has never
actually passed over the top, as the spillway has thus far been capable of
carrying the sarplus flood-water. The maximum volume stored in the
reservoir, thus far, has been somewhat in excess of 40,000 acre-feet, and
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in seasons of excessive precipitation ‘the run-off has exceeded the Teservoir
capacity.

In order to be able to impound the entire run-off from the watershed,
or the greater portion of it, the company at one time contemplated the
erection of a higher dam, to be built abont 200 feet down-stream from the
present dam, and impound water to the 75-foot contour of the reservoir, or
11 feet higher than the crest of the existing structure, at which level the
capacity of the basin is 80,000 acre-feet, flooding a surface area of 3060
acres to a mean depth of 25.3 feet. Tt was regarded as impracticable to
add another foot to the height of the present dam, and no engineer cared
to risk the responsibility of excavating at the toe of the wall for such an
addition to it as would enable it to be raised to the desired height; hence
it was deemed best to go a safe distance below to avoid jarring or distorb-
ing the fragile wall, and there begin an entirely independent strocture.
The new dam was designed as a rock-fill, and was to be 80 feet in height
above the base of the present dam, but was never finished beyond the
foundabions, which were laid in a substantial manner in 1893 (Fig. 176).
It is a matter of regret that the second dam was not completed, as its com-
pletion was recognized as affording a rare opportanity for studying the arch
action upon the present masonry wall. At the time it was began a com-
mittee was appointed by the American Society of Civil Engineers to
examine and measure the movement in the masonry incident to the loading
and unloading of the arch. This could be quickly accomplished by empty-
ing and refilling the pond between the two dams. If taken at the right
time, the effect of a flood pouring over the crest of the thin masonry wall
could have been observed, and much useful knowledge obtained on the
subject of the strains in arched dams of which so little is now known.

The watershed tribntary to the Bear Valley reservoir, as determined
from the best available maps, is approximately 56 square miles, the maxi-
mum elevation of which is about 7700 feet, or 1500 feet higher than the
valley. On the north and east the shed borders on the desert, and the pre-
cipitation shades off to a considerably less amount than is recorded at the
dam.

Phe record of rain and melted snow at the dam from 1883 to 1893, the
season beginning in each year on September 1st, is as follows:

Inches. Inches.
18838t 94..60 1888-89........ 46.03
188485 28.06 1890-91 78.40
1835-86 65.51 189192 33.00
183687 1892-93
1887-88 62.30 1894-95 50.00

Mean for 12 years
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The dry years which have occurréd since 1895 must undoubtedly reduce
this mean very considerably, althongh the record has not been made public.
In 1891 the run-off from the watershed was computed by Wm. Ham. Hall
from the records of catchment, as follows, beginning with the completion
of the dam:

Run-off.
Acre-feet.

Run-off.

B dson Acre-feet.

Season.

188384 236,000 1887=88........ 132,400
188485 21,600 1888—89 70,400
1885-86 142,400 1889-90........ 211,600
1886-387 1890-91 186,300

126,150

This estimate is so large as to be decidedly questionable. Mr. J. B.
Lippincott, Hydrographer U. S. Geological Survey,* estimates, by compari-
son of observations in other parts of the State, that the probable maximum
run-off of the shed is about 100,000 acre-feet, and the mean about 28,500.
The minimum was doubtless reached in 1895-99. 'I'he irrigation season of
1899 began with but 1560 acre-feet in the reservoir, a small portion of
which was held over from the previous year. This was entirely exhausted
early in the season, and an attempbt was made to maintain the supply by
pumping from shallow wells in the bed of the reservoir, although with
indifferent success. Tour to six acre-feet per day were obtained for a time,
but it was largely dissipated by evaporation in passing down the canyon.

The loss to be anticipated from this reservoir by evaporation is a sub-
ject of much interest. It is at an altitude of 6200 feet, and well sheltered
from winds by surrounding mountains, favoring minimum loss. On the
other hand the water is shallow and spread out over a large area. Observa-
tions made at the gate-house of the Arrowhead Reservoir Company in Little
Bear Valley, in the same mountain-range, but at lower elevation (5160 feet
above sea-level), indicate that the evaporation from water-surface is about
36 inches per annum in that locality, of which abont 90# occurs in the
eight months from March to November, inclusive. This rate of loss applied
to Bear Valley reservoir when full would indicate a probable loss of over
20% per annum if no water were drawn out, or about 14% per annum if a
uniform draft of 2500 acre-feet per month werec made during the period
from March to November, inclusive.

The general form of the reservoir is shown in Fig. 177.

La Grange Dam, California.—There is something quite unusual in a
masonry dam 125 feet high which is erected for the sole purpose of divert-
ing water from a stream for irrigation purposes, and this is the character of
structure that was built on the Tnolumne River, 11 miles above the town
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of La Grange, California, in 1891-94, by the Turlock and Modesto irrica-
tion districts jointly. The Tuolumne River, as it leaves the mountains.hbn
1ts way across the San Joaquin Valley, is cut down so deeply below the
general level of the plain as to require a high dam to raise the water snffi-
ciently to get it out on the irrigable lands. The dam is located at the
mouth of a narrow box canyon and is in no sense designed or used for
storage. If is 125 feet high on the up-stream face, 129 feet on the down-
stream side, 90 feet in thickness at bottom, 24 feet at crest, and but 310
feet long on top. The wall is built as the segment of a circle of 300 feet
radius, the arch being opposed to the direction of the water-pressure,
although its profile is of purely gravity type, in which the lines of - pressure
are well within the middle third. On the water-face the dam is vertical for
70 feet below the top, and thence to the foundation has a batter of 1 in 20.
The edges of the crest are rounded off on a radius of 3 feet on upper side,
and 17.5 feet on lower side, leaving 6 feet of the crest level. At 6 foet
below the crest the dam is 24.13 feet thick; at 69 feet below it is 52 feet
thick; at 89 feet it is 66.25 feet; and at 97 feef, the top of the foundation
masonry, it is 84 feet thick. The extreme bottom width at the highest
point of the dam is 90 feet. The lower face has a batter of 1 to 1, from 70
feet below the crest, where a compound curve of 63 and 23 feet radii
commences, which carries the face to its intersection with the battered face
of the foundation masonry about 3 feet above low water. From this point
the foundation babter is 1 in 7, to the bottom, about 32 feet in the
deepest place. These dimensions give practically an ogee form to the
down-stream face, which permits the water to follow the masonry without
leaving ifs face in its descent, provided the depth be not more than 4 to 5
feet, and gives it a horizontal direction at the bottom. The curvature of
the dam and the fact that the canyon is but 80 feet wide at the base of the
dam, or top of foundations, so concentrate the stream that some erosion
may be anticipated at the base, although nothing serions in that line has
been reported. :

The dam contains 39,500 cubic yards of masonry and cost $550,0(9.
It is built thronghout of rongh, uncoursed rubble masonry, laid in Portland-
cement concrete, in practically the same manner as that deseribed in the
construction of the Hemet dam. The work was done by contract, at $10.39
per cubic yard, including the excavation for foundations, but not including
cement, which was furnished by the districts. The cement cost $4.50 per
barrel delivered, and 31,500 barrels were used in the work.

It is believed to be the highest overflow dam in the United States, if not
in the world. 'The volume of water passing over it may in extreme floods
amount to 100,000 second-feet. The maximum flood that has yet gone
over the dam was about 46,000 second-feet in volume, the deptd on erest
being 12 feet.




