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The land on the Eeustt

of any large number of locks

The Enlarged
Publicity

Toro to the foot of the Machuea, embracli
the fortr rapids, the fall Is nearly forty-thr
feet In twenty-three miles, or twenty-ty
and one-half Inches per mile. This cot

prises the rooky section of the ancient Co
tinental Divide, and is the gorge of t"
rivet valley.
Below Machuc'a occurs a stretch of abo

fifteen miles of deep water, the bottom
which extends In places below sea lev
known as the Agua Muerta (dead wate
This is a portion of the old river chanr
not silted up by the volcanic sands broug
Into the Lower San Juan by the San Carl
River,

BANKS OF THE RIVER
FOUND VERY STABH

ET/Mi»-irj +r\ V#»rv Heavv. b

Chiefly Confined to the River
Bed.

This sand becomes a characteristic fei
nre of the entire lower reach of the rh
and Its delta from this point to the s<

Ii Is confined, however, mainly to the b
of the channel, the banks through the h
country* being the stiff clays resulting frc
the weathering of the rocks of the regit
These banks are remarkably stable, 11

withstanding the heavy rains and large v

urn" of water which sweep past their bns
at high stages.
As the bend of the upper river forma

important part of the route a more detail
description of It Is believed to be necessa
The slope, as given by the survey and c

reefed for stage, may be stated to b<
advantage In tabular form. This, tak
with thp cross sections, velocity and volui
of discharge as stated In detail In the n

companying reports of the assistants, v

show the characteristics of the streams
a state of nature.

Cnn... River.

Rate of f
Distance, Fall, per rn

Reach. miles. feet. u
From tie lake to Sabalos 27. 16 5 4 0.
Sabalos to foot of Toro

Rapids 1.70 7.3 4,1
To-'o to head of Castillo. ... 7.98 1.2 0.
Castillo to bottom of rapids.. 0.38 " 6.0 15,
Castillo to head of Ralas

Haaids 2.08 2.5 1,.'
Pa'as to one mile below Mali-a 10.62 26.0 2,
Machuca to Boca San Carlos.. 14.79 1.0 O.i

The Lower Kiver.
Rate of f

Distance, Fall, per m
Reach. miles. feet. fi

San Carloa to San Juanillo.. .33.02 30.0 0.
San Juanillo to Colorado 5.28 4.0 0.
Colorado fo sea (via San
Juan) 18.65 21.0 1.

Lako tosea 121.66 104.4 0 86

Slopes Always Varying.
The slopes are, however, constan

varying with the stage and loeal coc

tious. A heavy rainfall on the San Car
basin may reverse the slope for a time

. c,; thp wfltpr
the Agua .uueru, ca u.nu6

run up stream.
At Sabulos, where the slope is ab<

2V2 Inches per mile, the maximum vel<
ties and discharges as observed were

ported as follows.
fc.Ctoss Mean Dis
section velocity, chari

in feet per cu. ft.
square feet, second. sect

Jaft. 21. 1898. 8,819 2.16 1.9,
Feb. 21, 1898 8,576 1.92 16
Sept. 11, 1898 11,273 1.95 21
Sept. 14. 1898 10,684 2.12 22

Sept. 21, 1898 10.720 2.09 22
Dec 3. 1898 11,273 2.39 26

In the upper reaches, the slope be
very flat, tne river carried over 20,
cub'o feet through sections of over 10,
square feet at velocities exceeding 2 1

per second, with corresponding Increase

.
' the gorges and rapids.

The Maximum Velocities.
At Oehoa Station, about sixty-nine m

from the lake, the banks are steep <

lopes. The bed of the river consists
black sand of the same character as 1
nniMiin. ttiA beach near Greytowr
In a state oi nature the mean velocU:

the stream is frequently over four feet
second, and at times exceeding five, w

the lower river discharges over 50,000 ci

feet per second, and occasionally over 1
OOO, with perceptible effect upon the ba:
The slopes or the stream, therefore, a

from about one Inch per mile in the A
Muerta to six feet In one-third of a

on the Rapids of Castillo, and the vela
frorp less than one foot per second to <

twelve, while the recorded discharge
Ochoa ranges from 16,145 to 104,930 c

feet per second.
To pass the Castillo Rapids at low sti

of the river a tramway has been
structed under the broW of the hill for
purpose of transferring passengers
freight. The width of the upper rive
quite variable. It ranges from about
feet to 1,200 feet.

Its general alignment Is direct, but t
are several sharp horseshoe curves w
cut-offs would be required across alii:
flats, by which over five miles of disti
would be saved.

t .1
X Ufc Juain ai i/i(uua^v>

The principal tributaries from the C
RIcan side are the Rio Frio, Poco Sol,
Carlos and Saraplqui, the former empt
Into the lake Just at the head of the r

These large streams exert a controllinj
fluenee In confining the location of
canal to the left bank.
The streams on the left bank are

Melchora, Palo de Arco, Negro, Sab
Machuca, La Cruz, Macnado, Danta,
Francisco and others, none of which h
large drainage basin. They have n

small branches permeating the swf
and ravines which characterize the br
topography of this section.
On reaching the edge of the coastal

the river drainage is distributed the
the San Juanillo, Colorado, lower San J
Taura, and their branches, Parado
Cano Bravo, leading to the sea.

The Discharges Computed.
The ralnimuna computed discharge ol

upper river at the Sabalos station dt
1898 was found to be 11,206 cubic feet
second on May 13, while the maxlmun
curred on November 13, when it was 2
feet, the difference in stage being 3.35
At Ochca, below the mouth of '

' H,. the minimum compute*Ttv-was 16.300, ?na
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> ^ A///* A 0/V/-//A

1
kedlv.some of the points on which the W
two oceans- The difference in water level
;rn Divide rises to a greater height than

and the long stretch of straight sailing wo

Commission \A
" i i i

exclusively Dy
ig was 107,000 cubic feet per second on Noeevember 17, the varialon In stage b<*ng
co 13.35 feet.
n To provide for extreme cases, however. It
u Is estimated that the river above the San
hift Ciif-Tos may, at rare Intervals, under the

cumulative discharges from the lake and
lit river, reach a possible maximum of lOti.OOO
of second-feet, and that the San Carlos, a

si, flashy and torrential stream, may add
r). TOO.uOO more to this quantity 'in the lower
iel section for a short time.

os A CHANNEL 300 FEET
WIDE, 30 FEET DEEP.

£ Vegetation Clothes the Surface with a

Thatch, Protecting It Against
ut Floods.

The entire river bed has been carefully
surveyed, with a view to determine lis

carrying capacity under the regimen re1suiting from the creation of such dams and
r; locks as may be found best adapted to

;a. convert It Into a navigable channel fori
ed deep draught vessels.
I,, The upper river will require dredging
)n. from the lake to the Castillo rapids, and as

| the channel as proposed will be 300 feet

t'1 wide at bottom and extend to a depth "f
iV1 thirty feet below the lowest lake level this

,« cut will largely increa.se the cross section
land thus enable a larger volume to be dls

[charged without auy material increase of
*I velocity.

: th<» river falls about 13.9 feet

J below the 103 stage In the lake before

j1 reaching the head or the Castillo Rapids, so

pn
that a dam farther dowi stream lmpound;lag this water would still further augment
the cross section by raising the surface.

rjj, As the capacity is regulated by the smnll,' est sections it Is ueeossary to ascertain
their location and effects "upon the dischargeunder the new reglrnen.

»n. The Controlling Sections.
Under existing conditions the ruling seei98tlons of the stream are found to be at the

head of the Toro Ra.plds and Castillo
150 Rapids In that section of the upper river
,89 'between Port San Carlos and the Castillo
202! Vlejo.

It appears that the location of the con*48trolling section would be cbauged from its

067 present position to a point Ave miles from

the lake, while the area of that section
»11, would be very nearly doubled at a lake eleile,vation of 110 above tide.
;et. As the maximum discharge required to

png8 through this section, with a range of
l5( six feet for the greatest fluctuation, would

j2g not produce velocities exceeding 3.3 feet

aT per second, such a discharge would not materiallyaffect the stability of the chanuel
nor Its navigation.

Tnatnnri of having velocities exceeding 12
feet per second over the rapids, wnicu

1(11" would be submerged, the maximum current
los in the river under a discharge of 30,00(1
in cubic feet would nor exceed 2 feet, or 1%

to miles per hour, which would not readily
disturb the banks of this section of the

out stream. Under ordinary conditions and

)Ci_ throughout nearly this entire reach the

re. velocities would be less than one foot per
second.
With a discharge of 50,000 cubic feet,

<e, which is higher than will probacy ever be

ptrj reached in this (upper) part of the river,
the maximum velocity through the con

SSl! 1 trolling sections would not. therefore, much
g^5 j exceed 3-feet per second, imposing no ma

!|78 -fartaL, restrictions on navigation.

too Compensations of Nature.

rwrn
much 8tress &as 't>een laid upon the ex

000 oe8slve precipitation and its destructive ef

'eet fectg upon the proposed works, as well at

at upon the labor and machinery required
that the Commission is impelled to call at

tention to the fact that the physical feat
.. ures of the country furnish the most con

vlnclng and conclusive evidence that these
"lay uncontrolled forces are not so Injurious a'

of has been alleged, for the angle at whicJ
mrnip earth slopes stand Is foum

to be much steeper than that prevallinj
,

in our more northern latitudes, where the;
f n* are also exposed to the destructive actio)

P®ri of frost and the Internal stress due ti
hue greater range of temperature,
ubic in some cases In the northwest the rang
-0*V covers 160 degrees, whereas In Nlcaragm
nks. tije greatest fluctuation seldom exceeds 2
'ary l degrees. The absence of frost more thai

3|1la|compensates for the excessive downpour.
m.,le Nature compensates for the greater rain

fall by the uniformity of heat and moist
)V'-'T! ure. The spontaneous growth of vegeta
.Ki/. t'on reverts the natural surface, clotnln;
aD,c' It with a protecting thatch, which not onl,

act* as an elastic cushion to break th
Impact, but also to retain the water, am

con-1 thug prevent the sudden and destructlv

^tne fl^ds go familiar to us during the Spring
r Is Much Volcanic Sand.

° The board of 1895, In referring to th

here character of the work done In Greytow

ndat hart)0T< remarks that "the material exes

auce vate<i was almost entirely volcanic san(

similar to that of the beach. * *

When plied In heaps It forms a poroi
mass, through which the torrential rainfall

osta descend with surprisingly little effect upc
its contour, even though the slopes t

®an steep."
ylng Of the cuts along the railroad the boai

lver also adds: "The cuts have heights up t
twenty feet, with slopes from vertical 1

» forty-five aegrees, uuu m uiuortnoc^
tlje with an extraordinary stafolity under tl

.* tropical downpour. The surface of tl
the cutg was in gome cases protected by vine

aIos» but In most was quite bare unless for
haa m-lnnte lichen.
as a "As these clay cuts have been expose
,'.ana for over three years to the sevrest rai

nuo fall of record on this continent and we
oaen foun)j in better condition on the who
, , than an exposure In the United States f

nlfJh a s10*1® Winter would have left them,
riiorf is ®vldent that the absence of frost mo
aa°' than balances the tropic downpour, ai
ana for the material in question constructio

can quite as safely be designed as in tl
United States.
"On the whole, talcing into account tl

the condition of the sand dumps at Greytov
ning and of the clay cuts and fills on the line

the railroad. It Is evident that the hea^
^ rainfall Is not necessarily as formidah

1 "c_ an obstacle to outdoor construction
8,480 might be supposed."
feet. The geologist, Dr. Hayes, also state
* W concerning the resistance of the slopes

braslon on tiie western division, that:
'The nresent channel of the Rio GTan
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alker Commission so strongly insists. Tht
between the Atlantic and Pacific will be a

that on the Western Divide, but the San J
uld alone make the huge work a marvels a
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Dredg
Greytown Harbor is the eastern t

at work on the first mile of the route,
chief problems that face the canal con

be overcome.

Is from fifteen to twenty-five feet in depth and
and Its sides are generally steep, often fret
nearly or quite vertical. They serve to and
show the capacity of the material to stand to
at very steep slopes." dut

bisks from disease a;;;
a"re very slight, k"

ciai

Natives Suffer Little from Fevers, and Flo
Americans Can Keep

Healthy. | dry
the
n f i

The impression that this portion of the
Isthmus is unusually unhealthy is erroneous, the
On the contrary, the local conditions are per

such that, with ordinary hygienic precau- ^
tions, the risks from disease are slight.
The frequeut rainfall on the east coast

furnishes an ample supply of fresh, soft T
water condensed directly from the clouds; auj
the porous, sandy soil absorbs it so rapidly
as to prevent stagnation, while animal ret- tlle

use is quickly removed by the scavenger dee
birds and fish continually on the alert for tin
food. fre
With their light, loose clothing, vegetable ani

II diet and cleanly habits, the natives seldom j
[suffer from fevers. Even our unacclimated ma
Americans passing from a rigorous Winter bet
temperature to the mild region of the p0i
trade winds were, with few exceptions, fa^

,-j exempt from febrile complaints, and among the
the large number of engineers sent out c
there was no mortality In the country. we
The constant motion of the wind, sweep- pre

ing through this low divide, appears to re- an
Avbolotlonc nrblph pb n r, \

acterlze other portions of the isthmus. Yel- nlo
low fever finds no habitat at Greytown, lak
and even when Imported It jloes not become ou
epidemic. lni
Abstemious habits and careful police of lar

camps will Insure as good health among s
laborers as will be found In many local]- to
ties In this country. The climate would frc
affect the labor question, therefore, chiefly nei

, by the lassitude resulting from the ener- an<

vatlng Influence. foi

Range of Temperature.i
The narrow limits within which the tem- *pl

^ perature ranges Is shown from a few select- ot]
s ed observations at various stations during Ga
1 the year as below. The Rio VIejo station Pl>
1 Is located on the western slope of the Cor?dllleras east of the lake and at a higher al- ti,
f tltude than the others. Hence Its greater 0*
1 range of 30 degrees:

Exhibit of extreme range of the observed temper- p'
ature in Nicaragua. *'

* Date. Date.
tt 1898. Maximum. Minimum. 1898. Range
5 Brito and Tola Stations.
a Dec. 22 88*F. 7G"F. June 28 18*

La* Lajas Station. w

May 12 91* 73* Sept. 10 18*
'* Rio Vieio Station.
> Mar. 3 .1 97* 62* Mar. 12 35*

Fort San Carlos Station.
e May 8 91* 70* Mar. 28 21*
% Sabalos Station.
£ Mar. 20 95* 66.2* Dec. 25 24.8*
® San Carlos Hirer.
4 May 7 95* 66° Feb. 7 29" OT

e Ochoa Station.m
- Oct. 1 95* 66.5* Jan. 3 28.6* h.

Deseado Hirer Station.i
Mav 25 91* 65* Jan. 3 20* ft
(Jrtytorm.re

e Sept. 29 96* 69* Mar. 14 27" oi
ci

Volcanoes and Earthquakes. T

j
From the most reliable data obtainable, w

^ the commission believes that the canal re- C(

iS glon is practically exempt from any seismic ol
s influences of sufficient force to cause de- c<

» - - .
°<

" StrUClIUIl UI uuugci «.u ouj (m g.
>e route or suspension of Its traffic. a.

Dr. C. W. Hayes has treated this ques~tlon fully in his report. He says: p,
'Earthquakes due to the dislocations of

strata (faults) are perhaps no more liable to f
'p occur In the vicinity of the Nicaragua Ca- p
J® nal route than elsewhere, and hence they v

eJdo not constitute a danger which is pe^u- jj
*' liar to this region more than to almost any
a other in which a ship canal might be con- r

, strueted." p
He then proceeds to discuss those due to si

volcanic agencies at some length, and enn,peludes that those activities are on the
wane, and so remote from the route as not

,F to constitute a menace. In quoting from 0
" Major Button, he adds:
? "Briefly, then, the risk of serious Injury r

by earthquakes to the constructions pro- c

ha posed for the Pacific section of the canal 8

lis so small that It ought to be neglected. 1'
* Also, that the risks to the Atlantic t

section are still smaller than those to the s

'0j Pacific section." 1

7JMaterial for Construction. a
1c a

as The cost and durability of the canal are j
also affected by the character and dlstribu g
tlon of such native material as may be *

utilised for the purposes of construction. %

de These consist chiefly of earth, rock, tin her t
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;re is a long upper level, that will be as eas;

striking feature to those who beliive that tl

fuan River, with its waters thrown up and 1
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;es in the Harbor of Greytown.
erminus of the line of the canal. The dred
The accumulation of drifting sand in Gre;
tractors, but the commission has found tha

!

sand, all of which are abundant and North
\ Cement, Iron, explosives, tools, plant is a lar
some provisions and clothing will need trap wh

be Imported, but will be exempt front for stru<
y. The r

r. Hayes, in his report, says: chiefly
I'he alluvium Is everywhere of such char- miles b<
er that It can be easily handled with Machuci
dges. Almost everywhere the silt and largely
r-sllt are sufficiently solid to stand at on* dike
derate slopes. In some eases, as In the
rlda lagoon, special precautions may be
ded to preserve the slopes. The pi
rhe material becomes very hard when found i
, and even when It Is piled up so that ,iir|n~
water can drain oil It. becomes contpar-

",vlue

rely firm. It Is probable that wherever cile- T
1 .» I...I, I., . |f<] 1\

silt will form banks sufficiently lm- and hea
vtous to JiolcJ the required height of trap, ai
ter without the addition of auy other; The b
ferial." j San Cai

Black Volcanic Sand. ottae°rs
he black volcanic sand of the east coast San Ju
I lower river section is not composed of vicinity
partly decayed minerals derived from a

' <j
ply weathered rock, but is made up en- Tainbor
?ly of finely comminuted frugwents of face, ui

sh volcanic rock, evidently broken up b is tl
i ejected by explosive volcanic eruptions, tuffs ai

t would thus make u good, sharp, eleau Assoc
terlal for hydraulic mortar, eoocrete or rocks i
on. Its specific gravity is 1.68, or 104 rocks,
mds per cubic foot, comparing very congloj]
orably with the best building sand in canlc ai

United States. their p
'lay of excellent quality is abundant and from w
II distributed. When mixed in sultab'e ash is
portions with sand and gravel it makes exposui
(iHinimhip buiidinc materal. I Sever
Numerous large trees occur In the forests sultabli
>ng the river and on the border of the coast i

;e, which are denser and stronger than Point,
r American oaks and pines. Tne clear- from tl
; of the canal route will also furnish a last to
ge number of cross-ties.
Some of these native woods, according
Colonel Chllds. will last above ground The 1

irn forty to fifty years. The Madeira residua
sro Is one of the most valuable for ties,
d Is abundant. It may also be obtained sl«ere<1

.* dimension timber up to thirty-feet excava

igths and eleven Inches square. require
["he nlspera will cut In lengths of fifty the bot
;t and square eighteen Inches. It Is very bouldei
tnmon and durable, but heavy, 'Many slopes
ler varieties exist, as the Palo Cortez. ipSa nn
uchlpllln, Roble, Cocobole, Grenadla Not 1
ae, cedar, Nlambaro, Oacto, or mahogany j-eaviei
ilo de Arco, Guanadlllo, Guayncan, Al- f'or
?ndro, Fenlscaro, etc. The shipment of gtructr
nber Is one of the Industries of the port sons p
San Juan del Sur. tlon'bi

LENTY OF~SKELTER P°Thebl
IS TO BE FOUND. locked

.. the se

limatic Conditions Favorable to the pend'g1'
Preservation of Iron and panslohence

Steel. The
tempei

There Is ample material available with- clal at
*»"«+ fnr t.he nrotectlon of men and Is chic

aterials from rain and sun. The usual whtcn

rbltations of the natives consist of a care- 5
illy laid thatched roof, substantially built, ...u n .

aching nearly to the ground, with walls a.ipi,
bamboo or adobe. These afford free t..n, ,

rculatlon of air and are cool and dry. lip 5.
heir only cost is for the labor of erection, "in i

hich is slight. world'
The fuel in general use Is wood, which is of twe
it and stacked under shelter on the banks
the river. A considerable quantity of

>rdwood can be secured from tue clearing -Olio..

the route and the adjacent forests. In
>me localities water power may be made
callable.
Iron and steel will necessarily be im- Depth
srted, but the climatic conditions are such
s to cause remarkably little deterioration,
emplates of the rails which have been exosedto the rain and sun for about nine
ears do not exhibit any measurable loss
1 section of weight. T0
Only where the salt water of the ocean .

caches the iron rails and bolts on the ana

ler Is there any considerable amount of trunk
cale visible. ably

Sandstone Near Brito. proje<
A large amount of material on the route Comn

f the canal, classified as rock and soft ar<pbp
ock, will require excavation to creme me reet
hannel. A portion of this la suitable for the 1
tructural purposes. On the western dlvls- Greyt
on the rocK Is generally a calcareous non- botto
issile shale, lnterstratlfled with beds of In ea

andstone varying from a few Inches to In ha
wo or three feet in thickness. botto
About half a mile east of Ilrito is found slope:
group of heavy sandstone beds forming In
spur extending Into the Rio Grande Val- 300 f

ey. These bedis would probably yield a menti
;ood quality of dimension stone; would be of th
asily quarried in dimensional blocks up wide
o twenty or more inche« in thickness; feet
vould dress readily and ) as durable ae to th
he average sandstone. * route
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le oceans ought to be the same, as th<
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ges shown in the view are Dlstt

^town Harbor is one of the
t the difficulty can readily 8<m

1. Brit
2. Brit
3. Buc

of the canal line at Bueno Ketiro * k**!
go deposit of intruded andesite or q
loh makes a very desirable material 0. boc
L-turul purposes. 7. 8ari
ocks on the eastern division are b. Ore
of igneous origin, but from a few
?low Castillo to half way between r"ta

1 and Boca San Carlos thoy are

sedimentary with a few small lgneAll
Varieties of Rock. route

tncipal varieties of the Igneous rook sunm

11 this sectkill are auglto-andosito, The

basalt, hypersthene basalt and da- Q,att'

he first three are commonly known
rock. They are generally compact

ivy. The daclte Is lighter than the ®bov»

id somewhat softer. prow
asalt (trap) extends from the Boca u{^a"
los eastward beyond the San Fran- abovi

Ills, forming the Seraplqui Hills aud "u.ve
bordering the lower portion of the Vftl8anRiver, as well as those In the regul
of Sllleo Lake, and is suitable for tlelpt

ettles and concrete. HI
acltc is found at Lower Ochoa and 'os*e
Grande, where It comes to the sur- Juan

id continues to the Eastern Divide, has r

Here Interbedded with the andesite Th<
id basalt. be tl
iated with the above-named massive as t

s a group of fragxnental Igneous consl
whose members vary from coarse keep
lerute or breccia to beds of fine vol- with
sh. The coarser varieties resemble 'n privt
h.vslcal properties the Igneous rocks splHi
hlch they are derived, while the fine previ
generally talcose and crumbles on The
:e to the air. the 1

al outcrops of rock reported to be
i> for jetty construction exist on the
it Point of Rocks and at Monkey T»fc
The quarries are readily accessible

le sea and furnish materiul for bal- nuui
2.00f

coasters.
Some Blasting Needed. ,UK

;hree classes of materials.alluvium, Dur'

1 clay and soft rock.should be conasearth In making estimates for f,,un
tlon. The soft rock, however, may seco

some blasting, particularly toward
torn and where it contains very large S1CJ®
:s. It will stand with much steeper evl"

than the slit and clay, and will be ®on

ble to slip. th»2
being plastic, it will also support a ,

: load, and hence may be relied upon wer

tndatlons where the weight of the J"*®1
ire is not excessive. For these rea- tx

seems desirable to make the distlnc- yeai
itweea clay and soft rock wherever 't w

e.
was

weathering of rocks is brought abont P*rl
o processes.rook disintegration and 1''"

lecay. The first varies directly and 7® 1

cond Inversely with latitude when c«nl

[ty Is constant. The first proce&s deonchanges of temperature and exnof InterstlOal water by freeslng, n
is Inactive In the tropics. h f
second process depends on higher
rature and a rapidly decaying vege- liar
hence is active In the tropics. Spe- |n
tentlon is directed to the fact that It Tf
fly the first process of disintegration y
is lnimlcaj to the permanence of

ares, and hence that their relative ,59'
llt'' **"' Hp greater in the trooios i _

n higher latitudes.
L

being in brief the physical condl-
)f the route, it remains to determine
iienslons which, all things considered. Jrr
iest subserve the interest of the ZSr
s commerce in making this transit ka
Isthmus. hov

ENSrONS FIXED dry

FOR THE CANAL. T

i 30 Feet, and the Locks 80 for

Feet Wide and 665 Feet
Long. wa

Da

provide ample facilities for the safe ^
expeditions passage of vessels, the it*
of the waterway has been consider- mo

enlarged over that of any previous
:t. The dimensions adopted Dy tne Cor
ilsslon as the basis of the estimates lor
s follows: F
canal nowhere to be less than thirty ln«
In depth. The width varying wltu furl
ocal conditions as follows: From at*
:own harbor to Boca San Carlos the Mi
m width to be 150 feet, with slopes mc

rth of 1:1 and In alluvial suit of 1:2. ral
rd rock vertical sides 40 feet from the wt
m, with slopes 5:1. In soft rocks the In
s to be 2:1. Ja:
the river the width at bottom to be 16.
eet. with slopes of 1:2, with en largesiat the bends, and at the eastern end
e lake the excavation to be 600 feet 1
at the outer end, decreasing to 300 ti£

at the river, and having slopes of 1:5
e depth of 6 feet and then 1:3. For all aD

from the Caribbean Sea to the lake, cH

NICARA1

ft 5^ 5 5

nd the St. Lawrence- At either end of the

;y are really one body of water.
the passage of the greater part of the divid

i the Report N
y, Together with

nu the Menocal route, the eame dl-1 when due t(
«" » that In this

bottom width of the canal from the exceed 2%
) the Pacific to be 150 feet, with
ae on the east side, and the compu- THIRTY
have been baaed upon a minimum

evatlon of 104 above mean sea level,
pan Sen as a datum. The minimum
Is limited to 3,000 feet, with enlargeofwidth In bends varying according Plentiful i

degree of curvature,
locks are 80x30x066 between quoins,
an available length of 630 feet with
e lifts.
aates were also made upon numerous
rations of the above dimensions. fhe run-o

*, r*c,
thii season

Area oi Cross Sections, only gx'n w

jonvenlent reference and comparison were

he canal prism as proposed by the °"i>be^'utflc
me Canal Company, tne areas of the 16 Is given
I cross sections and the percentages to a verti
ease are stated herewith: (2,000,000 a

P. C. of deducted fr
increase. f«» it

of cross sections in square feet.f M* ,
i Jetties, Greytown 23,400 dU
:e to harbor. Greytown... .14,700 diurnal rat
section 0,800 10.8 inchwi per
roper 5,^00 0.1 per annum
1 rock.... 4,500 50.0 ducted durl
river (in rock) 0,000 131.0 |pea rpr>r»«i

river (in earth) 10,800 84.0 leBS rePreS(
lake> 7,272 73.0

(13,272 218.0
TTTva-r nrnw rphp

i dlride ~. 4.500 60.0
coaital plain 5,850 8.0 leas fmnfall on

meet along the line of the canal route pro- 'be lake pr
sed by this commission, from the seven fnMM,i j.

bom curve in the. Pacific Ocean to the
'en fathom curve in the Caribbean Sea. rail. This

o Harbor 0.03 The avei

0 to Buena Retiro 8.04
no Retiro to west tide of lake 8.73. Dl
e Nicaragua 71.34 7S-2U lc<di<
t aide Lake Nicaragua to Boca San rose 18 IDC
arlos..... 56.90 have raise.
a San Carloa to Saripiaui 21.59 tlon as de
piqui to Qreytown 20.59 ifv

ytown Harbor 1-74 fltlon th.

1 189.90 inches. O
on the Ink

Lake as Summit Level. due to the

plans for a canal by the Nicaragua
contemplate using the lake as the square mil

lit level for the canal and as a feeder, times that

regulation of its level is therefore a ratYo'of°t
>r of the greatest Importance. drainage.

due to ru
Is known witn reasonable vsrumi;

the lake bus varied in Its elevation
P ,a'n a

? sea level as much as 13 feet. It hagj
ibly beeu as low as 98 feet above
sea level, and as high as 111 feet; " "en tr

s the same plane. These extremes drawn up<
occurred at relatively remote inter- power. T
but their occurrence in the absence of! )h
atlng works must be reasonably an- j, ,

ited. kliia of d

s also knowu that, notwithstanding the! estimate
s due to the outflow through the Sau!}raJ>'- but
River and to evaporation, the lake traH*c '

isen as much as two feet In six weeks. as the est

5 higher the lake is held the less will: '°£bage, h
te excavation In the upper level, and Tne suii

his is a heavy item In the cost of!8Pve!'n'
truction, the effort has always been to jugulated
that level np as high as practicable, trolled wl

out causing unnecessary damage to ai

ite property. On the other hand, a!s
ivay of capacity sufficiently great to|
ent the lake from rising is expensive, "11

problem, therefore, Is how beat to meet: "ration a:

rarylng conditions. ! *.n" lnfl»i
J * storage a;

Area 3,000 Square Miles. mum rniti
. - , \T1 , determinl

e area of Lake Nicaragua, In round maximum
bers, Is 3,000 square miles, nearly
»,<)00 acres. The drainage area, inoludbothlakes, Is about 12,900 square m'les. ^

Ing the dry season of 1868 measure- w'^ t'ie

ts were taken to determine the total pnst nlD<
w Into Lake Nicaragua, which was reached
d to be only about 1,700 cubic feet per absolutely
nd, showing that In the dry season ihe jfor all pri
w Into the lake Is scarcely worth con-1 The vet
ring. Nearly all the streams showed mined by
euce$ of being stagnant several that year
ths, yet the year 1898 was oue of more; be reduci
average rainfall. between

serrations to determine rainfall have parts of
i kept at Kivas ror tne last nineteen ;as tne av

s. dry year,
miparing the records at Rivas for thej It is p
1808 with those for the other points low. Tv

ill be noted that the rainfall at Rivas 'been as

greater than the average for other rainfall 1
:s of the basin; that at Rivas being
Inches and the average In the basin
inches, a difference of about 28 per The es
t. In favor of Rivas.

per cent
Peculiar Topography. will dim

his might at first appear anomalous, rainfall.
It may be accounted for by the peeu- taken as

topographical features of the country
connection with the prevailing winds, tributary
vlll therefore be assumed that In order 9,900 sq
obtain the rainfall In the basin for fall on
ar years than that of 1898 the Rivas Inches.
>rd will have to be reduced by 28 per will ralsi

t. of loss a
here are two distinctly marked seasons But th
the drainage area of the lake.the wet about 6<
the dry. The latter begins about De- be lost h

iber 15 and lasts until about May 15. of 63 in<
> wet season then begins and lasts until would tl
member 15 following. It Is probable, the end
rever, that the length of the wet and the end
seasons may vary In some years. dry pert

_,.
For th

Evaporation Measured. during '

he amount of evaporation as determined trLc"J11jT J
the year 1868 was 52 inches. That So In

r was an abnormally wet one and It Is for locli
refore probable that the evaporation Inches.

. . ., .,

* .Inches,
s somewhat below the average. Mr. h
vis estimates a normal annual aggre- , .

*

n ot a'hnnt RO Inohexi or about, five feet.
e amount of evaporation In the lake i-io 'ia
slf has been taken at four Inches per '"® "

rth during the wet period, and six
hea during the dry. tw°.dr5
These results have been checked by the Vi^i,
inmlaalon's study of the exhibits, as fol- j^veft
'rom chart No. XVI. It appears that dur- cee<31n?

t the year 181)8, throughout vrhlch care- r
examinations were made, the lake fell

out 8.00 feet between January 0 and In a

ty 16, a period of 131 days, or 4.5 lmum
inths. while In the following season of
infall It rose 4.72 feet by December S,
lea It again began falling. The net gain ""rplus
storage during this entire year from
nuary 6, 1898, to January 6, 1899, was The j
8 Inches. to the

Effect of the Big Wind. |ne3 a

:t will be observed that during that por- of 28.fi
n of the seaaon beginning February 1 t>pf°re

4 ending May 15 the lake surface de- at°o
ned uniformly (the slight fluctuations] It is,

GUA.
< '

1TLA/iT/C OCtAN

>y

I
line, huge locks wlU

\
e eaa^rjL The abssncy

ow Given
That

j mind and not to rainfall) anfl
time me toxai raiDan.ii awi 1101

Inches over the lake surface.

PER CENT OF
RAIN REACHES LAKE.
Hater Supply for Lockage
and PowerPurposes.

ft from the parched ground at
Is practically zero. Hence the
as the direct rainfall, while the
those due to evaporation and

iw 'between February 1 and Mar
ae 2,817,748 acre feet, equivalent
cat depth over the lake area
cres) of 1,408 feet. If this he
om the loss In storage and ralnls2.840 feet. It leaves 1.432
e to evaporation In 104 days Or a
e of .165 Inches (1-6"). or 5
month, or a rate of 5.00 feet
for a dry year. This bc'ng dengthe dry season would doubtmtthe maximum for the year.

Inflow to the Lake.
>ff or inflow to the lake, from
Its drainage basin, exclusive of

oper, for the year 1898 has *b£en
e about 80 per cent of the faintscomputed as follows:.,
age rainfall at six stations In
of Lake Nicaragua for'1898 was
-s. Durlntf that rear the lake
hes. The outflow, if held, would
d the lake 84 Inches. Evaporiterminedwas 32 Inches, so thtu
tad been no outflow or evaporlnkewould Stave risen 154
f this, 78.29 was by direct fail
e, leaving 75.7 'inches as the rise
fall on ihe land or the run-off.
of the lake Is 3,000 square miles;
of the tributary basin is 9,900
es. The latter is. therefore. 3.H
of the former. Dividing the-lathelake, 75.7 Inches, by 3.3, the
he lake surface to the exterior
we have 22.94 inches as the rl an-off.This is 29.3 per cent of
11.

Estimate for Lockage.
le canal is built the lake will bo
in for uater for lockage and for
here will also be some lockage,
nt depending largely upon ilio
ams and wastewrys used. The
for lockage Is neoessnrily arb'ta computation based on iarr
ough the canal gives three Inc u s
Imntp for nnninl requirements *ur
?akage and power,
face of the lake Is acted upon by
iposing forces. They must be so

that Its fluctuations can he conthinproper limits. Evaporation,
ud use of the canal will lower the
?1. Rainfall and inflow will raise

lust therefore he stored for evnptiduse. and the excess of ralnfill
v be discharged. For purposes of
gainst evaporation venrs of minl#..11IU U .r>0 #,.,.

ng spill-way capacity years of
rainfall.

Records of Great Value. \
le records for 1898 In connection
rainfall records of, Itlvas for the
rteen years conclusions may he
which, while they may not he
r correct, will be sufficiently close
actieal purposes.
ir of minimum rainfall, as detertheRlvas record, is 1890. During
31.81 Inches of rain fell. If this

ed by 28 per cent, the difference
Rlvas and the average of other
the basin, we have 22.9 inches
erage for the basin In an extreme

robable that this estimate Is too
renty-eight inches have therefore
sumed as the minimum annual
n the basin.

Estimated Run-Off.
timated run-off for 1898 was 29.8
of the rn Infill!, and us the run-Off
inlsh with the diminution of the
25 per cent of the rainfall hag been
the average for a dry year. We

e 28 Inches falling directly on the
28 Inches on the drainage area
thereto. The latter being about

uare miles, enough water would
the land to raise the lake 23.1
This added to that falling direct

i the lake 51.1 Inches If all sources
re cut off.
ie loss from evaporation would be
) Inches, and three Inches would
iv lockage, leakage and use.a total
;hes or 8 feet and 3 Inches. There
hen be a deficit of 11.9 Inches at
of the year. If the year ends with
of the wet period the succeeding
od will be begun with this deficit.
Is period, lasting about five months,
which the lake would receive prac10rain, and evaporation would be
laxlmum, the loss to the lake would
dies for evaporation and m Inches
:age, leakage, etc.; total loss 3J6
which, added to the deficit 01 xj..»

gives 43,4 Inches as the deficit at
Inning of the wet season, when the
uld probably fill up again,
jrary storage of about 4 feet in the
therefore needed to provide for

tlon and use in a time covering
periods and one wet one. In other

lr the lake had been at 108 at the
og of the first dry period, it would
illen to 104 at the end of the sucdryperiod.
Janger of Too Much "Water.
year of maximum rainfall and mtnevaporatlonthe conditions are reTheproblem will be to get rid of
water and prevent the lake from

to a high level.
rear of maximum rainfall, accordin"
Rlvas record, was in 188T, when 12o
fell. Reducing this by the 28 per
tio we have a rainfall in the basin
Inches for the maximum year. As

stated, the variation in annual rain?ra large area is not as Teat as it
D'j station.
therefore, probable that the en-


