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CERRO CE PASCO COPPER CORPORATION
40 WALL STREET, NEW YORK S, N, Y

Memorandum Tos Me, B. P, Koenig Mey 21, 1951,

From: B. C. MaineSubjectsSorporatiionFoyerSupplyandDemand.Expenditures currently being made for electric generating equipment
have called for a statement of Corporation power policy, What is the trend of
our power demand curve? What has been done and is being done to keep the power
supply curve above 1%7 Why install the 4th Yalpaso unit? This memorandum aims
to answer these questions,

DEFINITIONS

~~ .- Syncbronized Hetork, System of generating plants and substations
tied together electrically by transmission lines and suitchgear, sometimes re.
ferred to hereafter as the ":ysten",

Storage. Water ecoumulated ducing the rainy season and released to
supplement wncontrolled run-off during the dry season.

| Pondage, Welter contigucus to a hydroelectric plant or plant Intake
maintained in sufficient volume to compemsate for hourly and dally load fluctua
tions, Although its rate of expenditure is variable its vate of replacement le
approximately constant,

Hote: Storage is sometimes confused with pondage. Storage is relatively
greater than pondage and ia frequently, although not always, located far from the
plant, lake Junin is storage for Valpaso while leke Falpsso is its pondage, .

|  Acrefoot. Unit of water colume common im hydroelectric practice squal
to one foot of water over am area of ome acre, Therefore, 1 morefool =m 43,560
cubic feet.

Gfs = Cubic feet per second.

Horsepover (of a waterfall) - (efs) x (head in fest).
10

The above formula is accurate enough for estimating purposes, Ttessumes a tur-
bine efficiency of 58%, the average values occurring in practica, Since it is em
pressed in English waits ita simplicity is due to coincidence.

| Power factor. Cosine of the electrical angle (Cos 6) by which instantano-
Tr leads or lage behind instantancous voltage, Bence, Coz € varíes between

1 Megavolt - ampere (mva) = 1,000,000 voli-amperes,
= 1,000 ?va,



1 Yomuatt (ms) = 1,000,000 watts,
wo 1,000 kw. .

— Installed espacity. The em of the mua or mv rating of all installed
generating mits,—Empover.Megawatts(ms)whichthésystemcandelivercomtimmusly,regardless of season. : |

—.. Secondary power, Megawatts which the system can deliver during the
rainy seacon, | | |

-Toakgensratingcapacity.legavattsubichthesystemcandeliver|for short periods to supply peak loads, Tt is a function of stream flow, pondage
and installed capacity.

| —_ Jaximmdemand,MaximumtotalloadinMegawattswhieh occurs on the
system during a specified time interval, In this discussion the daily maximum
demand is used,

| Average load. Product obteimed by dividing the megawati-hour consump-
tion during a given period ty the number of hours in that period, In this dis-
cuesion daily average load is used,

Bags loadplant. Fower plant uhich generates at a constent rate depend-
ing on the rate at which water is received. A base load plant is operated "om the
block®, or with its turbine governors set in such &amp; way that all the water is util
ized with nome rejected for governing purposes,|frequencyregulatingplant.Apowerplantuhichregulatesthefrequencyof the aystem, Such a plant has its machine governors set in such a way that the
vater admitted at any instant isproportional to the demand on the plant,

| Sunof-river plant. A hydroclectrio plant without storage of pondage,
Inherently its capacity depends on the instantaneons value of stream flow at its

SYSTEHN GROW T

Tour attention is directed to the following chronological table of eysten
growth, and to attached map of Hydroelectric Department water supply,
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_ CAPACITY
Nemo Year Built . | —_—

of or — ASES. TE:

Plant Acquired “A SP 1

Oroya 1914 11.25 2.0

Bellavista 1918 2.0 OL 1,0
Pachachaca 1919 3.75 3.3 0.5

Oroya .
Stean Plant 1922 7.5 6,0 ava

Sachachaca
Extension 1927 11,25 9.0 6,0

Malpaso 1936 51,0 40,8 25,0
Present :

Total 86.75 41.5

UNnger . VOL true on

Malraso water |
Increase | 1951 JJ

4th Unit 1952 17.0 13.6
55,0

Pausartambo =— Jos 60.0

Total 178.75 143.0 ah. a

. 3 po

ha ¡ns

7.0



DESCRIPTION OF INDIVIDUAL PLAETS

odomhydroelectricstationistheonlyplantwhosefirmpoweraquele its installed capacity, It is inherently a base load plent because
it receives its water through a long canal, Its water supply is composed
of the discharge from the Kingemill Tunnel and tail weter from the —
Pachachaca plant,

—. Bellavistaplant vas the sole source of pover for the Camapalca
mine when operated by Sociedad Minera Backus &amp; Johnston, It is held in
reservo as emergency power supply for the Casapalca mine ín the event of
en interruption in the system power supply. It cannot at present be
gynchroniged with the 50-kv network because of its inadequate circuit
brecker interrupting capacity, hand voltage control and transformer com-
plications at Bellavista substation. Changes will be made to permit syn-
chrondzation in the near future, Bellavista's contribution will be needed
during the next two and a half years,

- . Pachechaca consists of tuo plante under one roof, The first vas
built with one 3,0-a unit whose water supply comes from the Huscracocha -
Hmgoncocha lake system near Morococha, Three duplicates of the first unit
were installed eight years later with water supply from Rio Huellacocha.
Inadequate storage of 10,000 acrefest in Lakes Husllacocha Alta and |
Huallacocha Baja resulted in the creation in 1941 of 21,400 additional acre-
feet of storage hy daming Rio Huallacocha at Pomacocha, In 1934 Pachachaca
lost 25% of its water supply through completion of the Kingemill Tummel,
Water flowing from Morococha mine through the tunnel formerly was pumped
into Lake Huascacocha feeding Pachachaea Unit No, 1, Pachachsca is op-
erated as a base load plant,.2hesteamplantwithitstwe3,0-mvsteamturbinegeneratingunitsoriginally received steam from waste heat boilers interposed between rever-
beratory furnaces and stack, Because the steam thus geuerated is now mainly
used for industrial processes there is a negligible energy contribution from
this soures. One of the units is kept spimning and synchronised with the
50-kv network to provide shori-time emergency power for vital smelter opera-
tions during hydroelectrie power failuves in the smelter. Contingent on the
completion of repairs the steam plant can deliver rated eapacity when supplied
with steam from auxiliary boilers,

— Melpeso, supplied with 3 Francis turbines operating under 250 feet
of head has 40,000 acrefeet of pondage and 412,000 acrefest of storage, hence
is ideal for frequeney control. It will continue to exercise this function
after the addition of new generating capacity to the system. -

| Note: For a full description of the Corporation's power system, see
pages 563-566, November, 1945, issue of "Mining and Metaellurgy".
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Nano —— CAPACITY .
of - ES TewAlliE _ seen FIRM

Plant: ; KIA — is Ml

Pachecayo pe 0,32

Coneao a Le 0,05

Sunes 0,625 0.5 0.5

Sixde 1,0 0,8 0.8

Baura 0.2 0.1 0,1

Huapa - fal 1,0 1,0
(leased) _ -

Total 3.425 2.82 7

Atoceayco Begligible
Cochas Yegligible

Pachaceyo plant ie power supply for the Pachacayo ganadera,

Consec plant is located at Consic ganadera,

— Sunca plant vas built on the Rio fanoachi to supply power for
development of the Yauricocha mine,

Siria plant was tuilt to suppleuent Sunca power for Yauricoocha
mine operation, I% operates im symchronien with Sunes,

_Raure plant was assembled from miscellaneous used parte as power
supply for a 100-hp compressor at the Raura geological examination site, It
is now in moth balls and will so remsin until the Raura operation is revived
or definitely abandoned,

Huapa station is located on the Rio Opameyo and supplies power to
the leased Juleani operation. The two generating unite are of good Swiss
Sesign but labor under the handicap of dirty water during the rainy season,
Its sand tran is insdaquzte in size aná has poor cleaning facilities,

E
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LOAD TREND

Electric pover use per unit of Corporation finished product is
on the increase for several reasons.

L. Depletion of dirsct-smelting ores makes ore concentration
increasingly necessary.

Pumping inareases as mine operations go to progressively
lower levels,

Electrolytic and elestrothermic refining of metals are
agsuning new importance in Corporation operations.

— Electric power sales to nearby custom ore shippers ave
being made in order to increase and stabilise smelter
feed,

~ Increases im power use due to the above causes are specific im
amount and predictable, There is also a tendency which is referred to ag
"cresping" growth, Unpredictable, this increase comes from mumerous smell
installations such as residence lighting end heating, alterations in ex-
isting plants and load increases in custom ore shippers’ operations. In
the past, this cresping growth hus amounted to an average annual increase
of 1,57% of existing average load, This factor has been superimposed on
specific fulare load increases occasioned by the construction of new plant
units, It has been observed, also, that system maximum demandvalues have
beem 123% of the daily average,

figure 1 attached, entitled “Average and Maximum Demand Curves
1941-19507 shows graphically how ayeten average load, maximun demand and
power supply have varisd during the past ten years, |

VATER EXAMINATIONS

— “The refining of zinc has long beenon the Corporation agenda, Anti.
cipation of substantial load increase hes prompted the mavsgement, on various |
occasions, io sponsor the investigation of water power sites in the vicinity of

The talile below summarises the characteristics óf the projects ex-
amined:

fy



HEAD WATER FP. TUNNEL POTENTIAL FIRMBROIECT FEET OFS._(RCANAL_POR-myMaipase — 290 1360 7,000" 25,0
Junin Tunnel 315 1080 30,000! 25,0 (seasonal)
Corpacancha 300 1270 52,000! 28,0
Malpaso-Qroya 200 1400 £0, 000! 20,5
Mejorada - 230 3000 33,000! 50,0
Carpapata  — 2,205 435 61,400! 60,0
Pachachaca - -

Qroya Increase . 6,0
Ingahuasi 310 2050 Panstock only £5,0
Vantaro Bend 3000 3000 55,000 600,0
Paueartambo 1600 510 39,500! 56.0

— The Malpaso plant, nov in esrvice, is mentioned bacause its luves-
tigation vas going on contemporanecusly with several of the others listed,
There vas, as a matter of fact, sentiment in favor of ive abandorment when
diamond drill holes put down inTelpaco Camyon revealed that the distance to
bed xock was disappointingly great, Sanderson and Porter, who conducted the
examination, proposed a rock-f£ill dem resting on river gravel with a concrete
apron and cut-off wall going down lo bad rock, This design vas adopted and
proved to be sound. :

| | Strategically, Malpaso fitted into the need of a plant in the system
vith adequate pondage for frequency control without wasting water,

Although Malpaso was built with the thought that 1t would later be
used for zinc production, its use for that purposes has been largely circumvented
by the creeping growih which has occurred during the postponement of the zinc
program,

~The Junin Twmel project visualized tapping Lake Junin at its
southern tip and conducting the water through a tunel to the Mantaro River,
Such action would permit drawing the lake down to a lover level than is now
possible, Im its favor may be seid:

ds Lake Junin water records have been kept long enough to
be reliable.

«&gt; lake Junin vater is clean with mo attendant abrasive
problem,

3. Bo dam would be required.

Tts disadventages would be:

1, System firm power increase (25 mr) would be inadeguate
for the zinc program, Two plants of this capacity would
Lave to be built, —

«a Tumeliling conditions were reported by geclogists to be
mmfevorable.



Extensive dredging operations through 3 kilometers of
weede would be required to get to deep lake, This ob
Jection vas intangible uhon it was made, but subseguent
dredging operations in the Upamayo chamel have revealed
hat 1% ls virtually impossible to remove thess weeds.

The plant would be seasonal in operation, there being no
possibility of gemerating power during the rainy season.

The Bunichaca project is notlisted in the table because ita sub
sequent investigation by the Hydro Department proved it to be impractical.
For this plant a dam 70 feet high would have to be built near San Blas, backing
water up to the tos of Tpamayo Dam, From the crest of Rumichaca Dam water
wuld be conducted through a camal to the powerhouse about § kilometers down
stream, —

| When viewed on the Mantaro profile map, Runichaca sbemed to have
merit due to the relatively steep gradient inthe river in that area (0.9
percent with e 5 km canal), However, whem surveyed, it vas geen that
Runichaca plant could not be built at any cost for these rebjcons: |

1. The only dam site is on a blocky, highiy fractured volcanic
Intrusion which would be pervious under the pressure proposed.

i

? The camal, if it were to terminate at the bank, would have
to be built on a trestle. ;

: The only possibile solution would be to build a canal limited
in length to ons kilometer, resuliing in a total head of
only 130 feet which would limit the firm plant capacity to
10,0 my.

The Corpacancha project would have a dam 60 feet high and a canal
15 km long terminating at a poverbouse located near the upper end of Lake
Malpaso, In consideration of its estimated firm espacity of 28,0 mr it is
easily the most attractive of the undeveloped sites on the Mantaro upstrean
from Croya.

For the Jalraco-Qroya Canal scheme a canal 15 kilometers in length
would begin at Malnaso tellwuater and terminate in one of two alternative sites:

1, At Shincamachay where a minority group advocated that an
electrolytic zinc plant be built,

At Oroya just across the river from Oroya hydroelectric
station, Inherently high in cost per unit of output due
to its low head, this plen seems to have little merit.

} At Mejorada a hydroelectric plant would take advantage of a relatively
steep gradient in the Mantaro between the villages of Imcuchacz and 'njorada,
Water would flow through a tunnel lO kilometers long to a plant vith a firm
Gapecity of 50,0 my,



GaxpepeisorFarmsproject.On September 28, 1928, Mr, C, S, Williams, Superintendent of Power,
submitted a prelíiminary report on a plant to harness the Palca, Hussahuaci
and other streams tributary to the Rio Tarma downstream from the village of
Tarma, His water measurements were made by current meter, and although he
did not so state, he inferredthat minimm flows given vere without the bene-
fit of storage, The following table summarises his conclusione:POJEREOUSENO,1+POMERHOUSENO,2 PQUERHOUSENO,3Hogmatta 3.5 48,0 60,0
Plant Elev. 6,470" 5,904" 5,904"
Static Head 1,550 2,205! 2,205!
Cfs available |
Rio Santa Rosa 31.53 31,53 31.53
Ric Palea 128,89 128.8% 128,89
Rio Huscuas 70,00 70,00 70,00
Rio Buasehuaci £9,533 89.53 89.53
Rio Malmalma 22,26 22,26
Rio Yemango 2.4
Total cfs : 319.95 342,21 435.25
Total tunnels - 30,450! 48,800: 61,400!
Est. Cost U.S.Cy, $6,268,100 89,334,100 K11,516,935

— It is interesting to conjecture what Me, Williams" cost estimates
would have been in 1951,

Dated February 7, 1930, a covering letter signed by Mr, Harold
Kingemill accompanied an undated report by A, D, Bryant, whom many Cerro
employees will remember as a civil engineer of marked ability, His findings
overlap those of Mr, Williams, and are probably more accurate than the former
because his vater volumes are based on weir measurements, He further stated
the exact amounte of storage required for each project, His results are
summarized balow:PROJECTNO,DLteeBFseoveibsomenWater cfs 300 400 500 . 500 600

load ft 1025 1350. 1670 1930 1100
Eorsepover 28,000 49,200 75,750: 87,500 60,000
Ft, of tamel = 22,450 35,320 27,470 35,050 29,250
Penstock ft, 1,500 2,250 2,050 2,850 mot stated
Storage acrefeet 22,490 23,320 21,640 21,640 17,590

Mr, Bryant listed a total of 23 small lakes which could be dammed
to secure vater storage of 30,137 acrefeet, He did not state how many lakes
would be required for each project, He made mo cost estimate.

- Y



- l0 =Pechachaos-CroyaIncrease.— 1% has been shown in recent Hydro Department reports that a system
firm power increase of 6,0 m could be realized from certain additions to the
Pachachaca-Oroya water supply system,

— 1. Ada 25,000 acrefeet of storage capacity at Lake Huallacocha Baja,
to be accomplished by:

a, An increase of 45 feet in the height
- of Hualiacacha esrth dam, or,

b. Construction of a tumel to secure
greater drawdown of the lake,

2. Raise the walls of the Oroya canalabout two feet.

3. Install a duplicate Saco eyphon,

A. Install a duplicate Oroya penstock,

_ 5, Install another 3,0 mv generating unit at Oroya hydroelectric

Ho detailed estimate of the cost of making these changes is available,
but the consensus of $1,000,000 would bring the unit cost to $170 per kilowatt.

Located on the Mantaro River at a point 29 kilometers dovnstrean
from Huancayo ls a narrow gorge which could ba dammed to give an effective
head of 310 feet, A gaging station vas established which in the dry season of
1950 indicated a minimm flow of 2,048 efs. (Corrected for diversion of the
Rio Colorado and assuming that the 500,000 acrefeet of Pia made availableat Lake Junin vere to be all withdrawn during the dry season),

Ingahuasi Ep = 2048 x 310 = 63,488
10

Converting this value to kilowatts and assuming a generator efficiency of 95%,
63,488 x 746 x 95 = 45,000 ky or 45 mr at the Ingahuasi busbars, Ingahuaci is
Jocated aprrorimately 160 kilometers from Oroya.

Same distance dounstream from Mejorada the Mantaro River makes a loop
around a marrow strip of land known as the Tayacaja peninsula, If this penin-
sula were to be cut at the shortest section by a tummel 16 kilometers in length,
it would permit the construction of a power plant with a met head of 3,000 feet.
Hence, H&gt; = 3000 x 3000 = 900,000 Ep. (Assuming 3000 cfs).

10
Converted, this is equivalent to a firm power of approximately 600,000 kw or 600,0
mi, This potential capacity meskes the Mentaro Bend one of the really great
hyéroelectric projects of the Nestern hemisnhere. Tt is entirely feasible to



bulla, having several good intake sites in the vicinity of Vigapata, with geo-
logically approved tunnelling conditiona, The dam would be only high enough to
divert vater to the tumel, A sand trap would bs required, Tt has been pro-
posed that the high head be utilized in two equal steps but this suggestion would
not necessarily be carried out because successful hydro plants with heeds much
greater than 3000 feet have already been built im Europe,

.. Ap sealed off on Corporation maps, the Mantaro Bend site is located
230 kilometers or about 150 miles from Oroya. .

~Theeconomicvoltageof transmission to Oroya would be of the order
of 220 kilovolts, This voltage is believed to be technically attainable at the
maximum elevation reached by the line, which would be at Oroya.

Paucartambo.,
_ The elite of this development, located downstream from the conflusnce
of the Huachon and Paucartambo Rivers, was first vieited by Corporation representa-
tives in September, 1947, Because of the river's steep gradient and impressive
flow the region appeaved to have interesting possibilities, Photographs taken at
that time stimulated interest among Corporation executives, Tn 198 a stream
gage vas installed and a stadia survey of the stream's plan and profile vas made
from Tingo de Hualea to Machicurapata, A veir, built 1/2 kilemeter below Tingo
de Hualea, wae finished in 1949, As a result, hydrographs of the siresm ave
available for the years 1949 and 1950.

The feasibility of the Paucaritembo development depends on two major
preni sess

—. lo That the Puncartambo plant be normally commeeted to the exist-
ing synchronized network to allow interchange of power between the old and
now systems, Under that condition Lake Junin storage and Lake Malpaso pondage
become available as compensation for fluctuations in Pausartambo's water supply.

2, That Malpaso's peal generating capacity bs great enough to take
care of new peaks imposed cn 1t by Paucartembo.

) | Without Malpaso, Pausartambo's firm pover drops to 40,0 megnvatte,
With Malpaso, including the Milraso Zth mit, the system firm power ie increased
56.0 megavatts end reaches a total of 104.5 megawatts.

Raneon.
The Hydroelectric Department vas recently requested to prepare a

preliminary report on hydroslsctric power possibilities in the vicinity of Oyon
near which 1s a deposit of coal whose characteristics ave currently being in-
vestigated. The best location at hand is apparently the Rancon site, a high
cataract on the Rio Qyon, A welr will be built there in the near future, or
may already be in operation, As soon as an engineer is available, a survey will
be made to determine the head and best powerhouse location, The site impresses
the cbserver as being ideal for power development and appears to have potential
ities considerably in excess of the 2,0 megawatt demand.

a



The cost ef the Rancon plant will have to compete with the cost of
building a transmission line into that district from the 50-kv network. 4
preliminary estimate Indicates the isolated plant would be the cheaper of the two,
Farther, the isolated plant would add to our power resources, while the trane-
mi:5ion line would be a drain om our prosent resources.

SISTEM LOAD AND SUPPLY

| Any plans for building new power facilities should naturally bs pre-
faced ty an amlysis of expected load conditions, In July, 1950, a prediction
of system lead up to 1958 vas made and results vere incorporated in Hydro print
No, J-27 entitled, "Average and Maximum Demand Curves 1940-1958 and Proposed
Gonezating CapacityCurves1950-1958", which is in Oroya and Few York Tiles.
Singe the submission of that report projected load increases have changed as
regards monitude, dato aná frequeney of incrementa, In order to Testate our
canception of the problem, there have been prepared and ave attached hereto tuo
new graphs ae follows:

Figure 2 - "Average end Maximum Demand Curves 1951-1960 and
Proposed Fira Power Curve 195-1960",

Figure 3 - "Maximun Demand Curve 1951-1960 and Feak Generating

Capacity Curves 1.
These graph sheets are largely self-explanatory, Figure 2 has a table

giving reasons for specific increases in power use and supply, and the dates on
which such inoreases are expected to occur, Figure 3 is attached for the purpose
of showing how esch generating unit requested fits into the demsnd schedule, Cn
the same cheet is a table which lists system peak generating capacities aná those
of component plants, All possible plant conditions are included in the table, and
those of special interest are choun grachically,

Although to date, the system daily maximm demand has averaged 123% of
daily average load, it is believed that in the futuro, aystem load pesks vill
bave a lower ratio to average load than in the past, This belief ie based on the
aesumption that the zine plant will have sn inherently high load factor, Cog-
nizence of this situation has prompted the use of the multiplier 1,20, instead
of 1.23, in the caleulation of system maximum demand beglmming August, 1951.
Strictly speaking, the improvement im gystem load factor indicated by the mmlii-
plier 1.20 will not be effected at once, Tut will be felt in greater degres as
the ratio of zinc plant load to existing load incresses. In fact, the multiplier
may even drop below 1.20 when all sterling units are on the live, but the use
of a smaller one, unsupported by previous experience with the sterling process,
is believed to be a potential dancer in system planning,

then evaluating the attached graphs, it should be kept in mind that
one of the chief functions of the Malpaso station is frequency control. It is
therefore imperative that lelraso!s pealr generating capacity be at least equal
to and preferably greater than the load swings it has to handle, Malpaso's
peak capacities are:

With 4 machines, peak load cavacity is 4 x 13,6 = 54.4 ms.
With 3 machines, peak load capacity is 3 x 13.6 = 40,6 mr,
With 2 mechines, peak load capacity 182 x= 13,6 = 27.2 mm.

iz



DEMAND  _
rr TE SYSTEM FARM POWER WITH 4 MALPASO

_ | UNITS

AVERAGE LOAD ___

SHADED AREA TO BE SUPPLIED BY STEAM PLANT WITH DIRECT-FIRED BOILERS

_ ! SCHEDULE OF POWER DEMAND AND SUPPLY INCREASE _
O A —

DATE RAGE | MAXIMUM | HYDRO “REMARKSFIRMPOWER __OOOO TAUG1951"41.5|48.841.5365-TONELECTROLYTICZINCPLANT| _UPAMAYO CHANNEL = FIRST CUT |

IE — — 48,5 "DIVERSION OF R10 COLORADO
- 43: 3 52.0 — 48.5 - :. PARAGSHMA PB-ZN EXTENSIÓN

| HUAYMANTA COPPER FURNACE JUN193250,7|61.050.761.0—48.5"1ST35-TONSTERLINGPROCESSUNITUNTT““ _ PARAGSH N COPPER EXTENSIONE Y,,48.5STEAMPLANTREPAIRSTION3—169.0 *48.5 2ND STERLING UNIT | FF
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In Figure 3, Condition No. 11 is of special interest. It shows
that with only three Malpaso units, system peak generating capacity falls
12.0 mw below anticipated maximum demand in 1953. Condition flo. 10 demon-
strates that this undesirable situation could be corrected by installing
the 4th Malpago unit.

Condition No. 5, also illustrated graphically, indicates snother
deficiency. From the hydrograph of the Paucartanbo River it is predicted
that during the dry season the capacity of the Paucartambo plant will drop
to 40 megawatts. This decrease in capacity is expected to last from 1% to
3 months, depending on the year. Under this condition, with only three
generating units at Malpaso, the peak generating capacity of the system
drops to 97.3 mw. Condition Ho. 4 shows that the Zth lialpaso unit cor-
rects the deficiency.

Expressed in general temms, the 4th Malpaso unit, when installed,
will enable the synchronized network as a whole to take advantage of Mal.
paso's extraordinary storage of 412,000 acrefeet (500,000 after diversion
of the Rio Colorado and dredging Upamayo channel), and its pondage of
40,000 acrefeet.

~~. Of equal importance from an operating viewpoint, is the part which
would be played by the 4th Malpaso unit as a system spare. With it, any
unit of the system could be shut dom at will for routine maintenance. With-
out it, maintenance of the Malpaso and Pancartambo units could be effected
only by reduction of system load which is of course synonymous with curtail-
ment of production.

Assuming four units at Malpaso and three at Paucartambo, the main-
tenance schedule would be as follows:

| Paucartambo units wuld be worked on, one at a time, during the
driest part of the dry season when two units could utilize all the avail-
able water. =

Malpaso units would be shut down ome at a time for inspection and
maintenance during the rainy season with all three units working at full
load at Paucartembo.

Oroya maintenance work wuld be done during the rainy season with
all units working at both Malpaso and Paucartambo.

~~ Pachachaca and Bellavista units can be shut down, one at a time,
at any convenient date because their installed capacities are greater than
thelr firm capacities.

| Figure 2 illustrates the fact that the steam turbine generators
will be required to make an energy contribution to the system from June,
1952, until December, 1953, when the first Paicartambo unit is expected
to go on the lino.

POWER PROJECTS UNDER CONSTRUCTION OR APPROVED

1. The Paucartambo scheme is now in the development stage and
scheduled to be in operation December 31, 1953.

l= .



2, The Malpaso 4th unit has been requisitioned for deliveryin
August, 1952.

3. New blades and nozzles have been ordered for the tuo Westing-
house steam turbines at Oroya steam plant,COMEARISONOF_PROJECTSAll the projects described uder "Water Emminations" vere under
consideration as possible sources of power for the 200-ton zinc progran.

Junin Tunnel, Corpacancha, lAlpaso-Oroya Canal, and Rumichaca vere
eliminated because two or more of them would have to be built.

The Pachachasa~Oroya increase was rejected as being entirely inade-
quate, but 1t still has merits and may be developed later when creeping load
growth or small mew installations begin to overtax system cepacity.

~The Mejorada elite vas rejected because of its great distance (about
200 kilometers) from the load center,

| Carpapata, to be feasible, vould require the daming and control
of about 20 lakes and ponds for storage. It seemed to be all head and no water.

Ingehuasi wes turned down largely because it would be characterized
by a high dem in earthqueke country, Even if a safe dam, similar to !blpaeo,
could have been built, its design would have had to be precedod by long inves-
tigation of the site, Further, the construction of the dam itself would have
been a long job, inherently.

~The lentaro Bend project, while undoubtedly the best and cheapest
per unit of capacity if fully developed, wes rejected because of its high first
cost, It would require two or thres yesrs more to build than competing projects
chiefly because its lé&lt;kilometer tunnel could be driven from only two faces, It
also seemed to have political complications in which Corporation executives did
not wish to become involved.

| The Paucartambo project appears to have several advantages over the
others previously under consideration:

1. It has more then enough capacity for the zinc program,

It can be built in the shortest time of all projects |
considered, The reason for its inherently short construc
tion period is that its J12-km tunnel can be split up into
short segments by intermediate adits.

It imposes no safety hazard or people living dounstrean
ginoe no water of comsequence is impounded by its 20 ft.
dam,

It solves the Cerro low voltege problem through construo-
tion of the Carhuamayo substation.

4
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ADDITIONAL POWER DEVELOPMENT

| There is no doubt that there exists within trensmissible distance
from Oroya more undeveloped hydro power than the Corporation can ever use. The
problem is not "where can power be found?", but "In vuhat order ought potential
projects to be developed?”,Towerfromstorage.Barring an all-out war, whieh would change everything, regardless of
who won, it 1s assumed that the Corporation will spend until 1960 digesting its
zinc program, Any load increase would therefore be small in relation to the 1954
system load as shown in Figure 2, For = slow growth of 10.0 megawatts super-
imposed on the "average load" curve, system firm power could be increased that
amount through the development of additional storage for existing facilities:

id. Pachachaca - Oroya increase 6,0 my
2, Storage for Paucartambo 4,0 mu

—. Total 10.0 mv

Artificial Nucleation,
No specific emount of power is assigned to this highly controversial

source because 1t has not yet become an exact science, Although it has been
demonstrated that the precipitation of moisture can be effected by the dispersal
ef silver iodide particles in the proper environment there exists great differ-
ence of opinion regarding the magnitude ofthe affected area, It is recommended
that mucleation tests be made at once in Peru on a pilot basis, Until the cone
clusion of this test Hydroelectric Department planning will proceed alorgz cone
ventional lines,

The attached "Electric System Map" shows the locations of the Corpore-
tion's existing power plants and substations as well as potentisl power sites,
both examined and unexamined,

Further Corporation expansion after 1960 would appear to be contingent
on three developments:

+ The success of the zinc progran with the Corporation in
a sound financial position,

Stabilization of international relations along eanitalistic
lines,

3. Friendly relations with the Peruvian Government,

Under the conditions stated above, limitations of Corporation ex-
pansion would appear to be only those of the imagination,

With a vigorous expansion policy in operation the logical site
for development would be the Mantaro Bend or Pongor project. With power po-
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tentialities up to 600 ms at our command, our power worries would be over
forever,

or The exploitation of the Mantaro Bend power site might conveniently
be dome in plant units of 200 m, each with a water supply of 1000 cfs, up to a
total of three equal units,

The acquisition of such water rights would certainly be contingent on
the Corporationis willingness to sell power to all Central Peru including the
cities of Jauja, Huancayo, Huancavelics and Ayacucho as vell as the mining
industry, There would be strong political pressure to supply power to Lima also.
Electric power transmission over this distance from the plant, approximately
430 kilometers, might eventually be dome, but it would require the use of high
voltage of the order of 400 kilovolts, not yet standardized, Sale of power to
Lima might be done by selling wholesale to Empresas Electricas Asociadas who
have the Lima franchise.

_ + Regardless of the technical problems involved, the supplier of power
would be subject to government regulation. The supplier would, in effect, be
organized as a public utility with corporate structure separate from that of
the Corporation as a metal producer,

In view of the existing world predicenent, it appears unlikely that
the Utopian conditions previously named will come to pass In the foreseeable
future, A realistic attitude demands that smaller projects closer to home be
also considered,

| The table below liste potential power sites, exclusive of Mantaro
Bend, in the order in which they might be developed,

PROJECT Md

Ingahuasi 45
Mejorada 50
Corpecanciha 28
Carpapata 20 = 60

 BYDROPROJECTSNOTEXAMINED

| Alternative hydro projects of a visionary nature have bsen proposad,
These are noted on the Electric System lap as "Mantaro Diversion No, 1" and
"lMantaro Diversion No, 2", The first of these visualizes a tunnel to divert
tantaro River vater from Oroya to some point in the valley of the Rio Palca in
the vicinity of Tarma, The second contemplates the diversion of the Mantaro
from Malpaso tailwater through a tunnel to Rio Blanco with a further extension
to Matucana or nearby point to secure head, Either would generates power of
almost any magnitude required but are mot discussed at lemgth because no factual
data concerning them are available, Either of the two would conflict with
agricultural interests utilizing Mantaro water for irrigation in the Jauja dise
trict, Diversion No, 2 might conceivebly be developed when the Lima vater prob-
lem becomes sufficientiy acute,
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SUMMARY

1. The present system everage load of 34 mi has an inherent growth
factor of 1.57%per year without nev capitel expenditure and a peak to average
power ratio of 1.23 Yo 1.0. The multiplier 1.20 is used in future peak load
estimates.

5 2, The 200-ton zinc program with a projected 1960 average load of
92.5 mw and 1960 peak load of 111,0 mr will be amply supplied by the Paucartambo
development.

3. The Maipano 4th unit is required in order to realize the full
potentiality of the Paucartambo plant and to serve as a system spare and peeling16.

4. . Eyúroelectric potentialities in the vicinity of Oroya are adegunte
to supply all possible future loads,

5. The Mantaro Bend project is technically superior to all others
discussed but has political complications which should be carefully appraised
previous to serious consideration of the site.

6, A senss of realism suggests thet future power development be
commensurate in capacity with predictable load incremente,
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APPENDIX &amp;

Thermal Electric Plant.
| While no steam plant is recommended for inclusion in the power
program, this discussion is inserted to show that pover from steam-driven
prime movers has been considered and definitely stricken from the agenda.

— EtescoServices, Inc., have kindly furnished power production
figures which are a condensation of costs prevailing in all Electric Bond
and Share-owned steam plante,

— SIEAMELECIRIC SIATIGNS ——

PERFORMANCE AND PRODUCTION COSTS

BUILT IN

Average, all stations, BI'Uper net Kuh, 20,000 18,700 13,900
Best station, Bon 8000s 16,000 11,900 11,090
Beet wnit | 8 MOMO 14,500 11,600 11,090

Average production costs, mills per net Fuhr. 3.6 3.2 2.8Average fuel coste_T_Tmy2.52.22,0Average other than fuel costs * * © 1,2 1.0 0.8
Best station production costs * © © u 1. i 1.0

It is aseumed that a steam plant at Callao could duplicate but not
improve on the average of all plants built by Ebasco in 1950, which is 2,8
mille, Cerro de Pasco now produces power at a cost of 1,0 mill per Kwebr,,
including the cost of water examinations.

The above production costs do not include fixed charges.
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THE CERRO DE PASCO ENTERPRISE APPENDIX B

Three Hydroelectric and One Steam-Electric Plants

By R. McDonald and neutral. and with a total installed ca-
B. C. Maine pacity of 84,750 kva.

Respectively Superintendent and Tante 1. UTILIZABLE WATER STORAGE
Assistant Superintendent of Power: —

Members. A. |. E: E. High Head Medium Head

ERRO'S power system consists _ Reservolr |nere-tot i
of three main hydroelectric LateHualacoeh® gp Lake Junin. | 412,000
plants and one steam-electric Lake Huallacocha 200 Lake Mal 40.000

plant. These are located on the east- Lai 2 Lake Punrun.. | 40,000
ern slope of the main Andes range at LakeHuacracocha 2,80
altitudes between 12,000 and 13,000 Co 17.040 or. Vaz
ft. The hydroelectric group utilizes Otal. ' DE

the watershed which extends for about NOTE: Other lakes tributary to the
150 kilometers south from Cerro de Yauli and Mantaro Rivers are uncon-
Pasco, divided into two catchment areas trolled an e or Remainreservoles
which lie adjacent. The northern area are partly or totally closed off.
serves the medium-head plant of Mal- .
paso, while the southern area provides Individual plants Malpaso dam passing 4500 second feet
for the high-head plants at Pachachaca The Oroya hydroelectric plant was of water.
and Oroya. , the first installed, and went into opera:

The rainfall, as registered at the rain tion in 1914. It has a total capacity Generators are star-connected with
gauging stations of the three hydroelec-  f 11,250 kva., consisting of three hori- solidly grounded neutral, and genera-
tric plants, averages 33 In. per year; zontal Allis-Chalmers generators direct tion is at 2400 volts. Excitation for
all these stations are subject to the connected to Pelton-type impulse tur- the generator fields is supplied by two
same hydrological conditions, and the bines with deflecting-type nozzles con: Allis-Chalmers water-wheel or motor-
bulk of precipitation occurs between trolled by belt-driven governors. The driven, 125-volt, d.c. generators, either
October and March. Rainfall during head on the plant is 720 ft.; the units of which is capable of total plant ex-
the dry season, April till September, ,perate at a speed of 300 r.p.m. citation. Generator voltage is stepped
has no appreciable effect on the total The water supply for the plant comes up directly through General Electric
annual runoff. from the Yauli River, the intake being transformers to the 50-kv. network.

Table 1 shows the storage capacities at La Toma. It is conveyed by an earth Each transformer bank consists of three
of the main reservoirs of the hydroelec- ditch 16 km. long to the Oroya forebay, 1000-kva. single-phase units connected
tric group. which has a pondage capacity of 45 delta-star with solidly grounded neu-

The four plants are tied together acre-feet. A steel penstock approxi- tral. Protection is provided for gener-
electrically by a 50-kv. transmission net- mately 4000 ft. long extends between ators and transformers by differential
work, the system being 3-phase 3-wire the forebay and the powerhouse where and induction-type overload relays.
at 60 cvcles with a solidly grounded it branches to the three units. As previously stated, the Oroya hydro
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THE CERRO DE PASCO ENTERPRISE

GAUGE
READINGS LAKE CAPACITY
IT. (IN ACRE FEET

HIGH 14160.Ladooo gS HAE GATE 7 HYDRAULIC oem
WATER 14157 17000% H/— | LIE re oh: NATURAL GROUND

4140 12005 Trey Armon enn EASA oa
1413¢ "600 a nr .% 6, 9% 7

A nn Z EL.14108.2° ALLa NATURAL Ri
1412" 05 FL.I4099 ; assassin -

- Lust14110 -}- 600 1408 “TUNNEL
14100 -{- 100 L CONTROL TOWER
14090 = 0 E Fig. 2. Pomacocha dam. Cross section through control tower and tunnel.

2 Total storage capacity, 21.400 acre-feet. Elevations in feet above sea level.

plant was the first installed, and from Pomacocha Dam went into service in providing an operating head of 250 ft.
it has grown the present system. September 1941. It is hydraulic-fill for the plant.

The Pachachaca hydroelectric plant type, with a total length of 1300 ft. The Referring to Fig. 3, it will be noted
has four units consisting of impulse dam is not provided with a spillway that the structure is a high rock-fill
turbines, generators, transformers, and over jt, and excess water is passed dam. It is located approximately 24
exciters identical to those described for  hrough a circular control gate located km. upstream from the smelter town of
the Oroya plant. The station is con- sp top of the intake tower. Spilled wa- Oroya. The dam is situated between the
nected in a similar manner as Oroya ter js dissipated downstream from the walls of a narrow gorge of porphyry
to the 50-kv. network, but differs slight dam, and regulated by a gate at the intruded in the prevailing sedimentary
ly from the Oroya plant in that it hasa entrance to the Pachachaca concrete rocks of the region which appear at
2400-volt generating tie bus. The first flume. the surface in this area. The dam is
unit installed at Pachachaca went into The latest addition to the system unusual in design in that its main body
service in 1919; the other three units was the Malpaso plant: which went rests on the yielding material of the
were an addition to the original instal ¡nto operation in 1936. This plant util- old river bed. The concrete cutoff wall
lation and went into operation in 1927. izes a tributary of the Amazon, the is 105 ft. deep, extending from the
Water supply for Unit No. 1 comes from Mantaro River, the main source of river-bed level to the live rock at the
the Morococha lake district where wa- which is Lake Junin. The latter lake bottom of the gorge.
ter is impounded by dams on Lakes is dammed at its outlet by a masonry The upstream section of the dam
Huacracocha and Huascacocha, and at and concrete structure, which gives a consists of a derrick-laid rock mass
Old Forebay. Lakes and the forebay Jake regulation of 7 ft. drawdown. which tapers from a bottom thickness
are interconnected by natural streams. Controlled water from the Upamayo of 150 ft. to a top thickness of 12 ft.
From Old Forebay, water is conveyed Dam flows downstream approximately This section has an upstream face of
to Unit No. 1 via a combination red- 90 km. to the Malpaso Dam, the latter laid-up rubble masonry bound by ce-
wood-stave pipe line and steel penstock.
a distance of approximately four kilo-a cpatoeteresReeater supply to the other three units, 1 MANDOS
namely 2, 3, and 4, is from the head- EL13725(CREST) 12715 EL 17180
waters of the Yauli River where it is ; = e -

impounded hy dams at three reservoirs; SE 12100
Huallacocha Alta, Huallacocha Baja,
and Lake Pomacocha. These reservoirs -

- 23" CONCRETE 412650

DOWNSTREAM UPSTREAM
A284.54' i+ HAND ANDAN 12600

ar menuroman BEEooram GRAVEL AND COARSE Lio SANA 1:3 CEMENT MORTAR
E . AND FINE Ac “CONCRETE APRON Jizss0

Sa NATURAL BED OF RIVER EL. 12510 onMEUDS A BACK FILL &gt;-Lsy
TE E, UN ems A dE 21.26 20 40' 12500

5 le GRADE (APPROX.) 13%GRADE (APPROX. REDEETEE i £
— ————— 141 —— “da A

2 dede EL.174.47 Jraaso
are interconnected by natural streams. Fig. 3. Malpaso dam. Cross sec- A, 21 |
Water is conducted to New Forebay tion through axis. The unusual - y CONCRETE
from Pomacocha Dam via a concrete design obviated excavating 140 ft. CUT-OFF 12400
Aume 18 km. long. Three steel pen- of glacial drift to bedrock. : WALL
stocks connect Units 2, 3. and 4 with +, EL./2368.8
the New Forebay. which has a pondage 12350
rapacity of about 25 acre-feet.

- MINING AND METALLURGY564



THE CERRO DE PASCO ENTERPRISE

formers to the 50-kv. transmission net:
work: they are connected delta-star
with a solidly grounded neutral.

The Oroya steam-electric plant is
operated from a boiler plant actuated
by waste heat from the reverberatory
furnaces of the smelter; in emergencies.
oil-firing is applied to the boilers. lt
consists of two Westinghouse 3750-kva.
turbogenerators operated at a steam
pressure of 175 lb. per sq. in. Gener
ators are tied together electrically by
a 2400-volt sectionalizing bus, synchro-
nized with the hydroelectric system
2400-volt bus through a bus-tie oil cir
cuit breaker.

R. McDonald Operation of system B. C. Maine

ment mortar. As a water seal, a re- J ae of He br lant, han er, averaged 89 per cent for the year
inforced concrete apron is placed from = d d roughout the 1944. System power factor averages
the cutoff wall to the crest of the dam IOLES RN Toco ed on a daily log sheet. 90 S f y of 60e am. These readings include routine gener- per cent. ystem irequency 0

The dam was constructed so as to ator plant data, equipment tempera- cycles is controlled and maintained by
allow a certain amount of settlement, (ures, etc., and for the hydro plants. the Malpaso station.
because of the nature of the materials the water-supply information pertinent All oil circuit breakers on thé 50-kv.
used. A careful record is kept of all to it. such as gauge readings at dams, network at Malpaso and the Oroya
movements, and, after nine years of canals, and forebays. In turn, these switching station, and four of those on
service, these movements have practical data are transmitted by phone to the the incoming and outgoing lines at
ly ceased. To date, the total down- control station at Oroya, where a detail- Pachachaca, have interrupting capaci
stream movement at the axis, as mea- ed log sheet of the entire system cover ties of 500.000 kva.
cured at the crest of the dam, has been ing generation, transmission, water sup-
2.485 ft., while the settlement at the ply, and weather conditions is recorded Transmission system
same point has been 1.225 ft. Settle- up to the hour. Every case of unusual All transmission lines of the system
ment through the years has been sym- trouble is reported minutely and record- run through rough, mountainous terrain
metrical about the axis. ed with all relative facts so that mea- and are subject to the atmospheric con-

From the dam, a concrete-lined pres- sures can be taken to prevent a recur- ditions typical at a latitude of 12° S.
sure tunnel about 7500 ft. long delivers rence. Operators at the Oroya hydro and at altitudes ranging from 12,000
water to the powerhouse. The lower station supervise water regulation to to 16,000 ft. They are exposed to snow
end of the tunnel is branched into four all plants and load dispatching for the and lightning storm hazards. The total
take-offs, three of which are in use, system. length of the 50-kv. double-circuit trans-
with the fourth in reserve for an addi- The average hourly output for the mission lines is 162 km.; of the 50-kv.
tional unit. Connected to the tunnel. system in 1944 was 26,176 kw. System single-circuit lines, 85 km.; and of the
is a differential surge tank located near load factor, expressed as hourly maxi- 1l-kv. single-circuit lines, 15 km.
the powerhouse, to absorb surges due mum peak power to daily average pow The supporting structures for all
to changes in water-flow velocities
caused by turbine-gate movements.

Fach of the three generating units
now in service consists of an S. Morgan
Smith vertical-shaft Francis-type water
turbine, with a rated capacity of 18,600
hp. when operating at 257.14 r.p.m. un-
der a net head of 250 ft. The turbine
is direct-connected to a General Elec-
tric generator with an output capacity
of 17,000 kva. at 6900 volts, 0.8 power
factor. The turbine gates are control-
led by a motor-operated S. Morgan
Smith governor actuated by oil pres-
sure.

Generators are star-connected with
a grounded neutral in which has been
inserted curent-limiting resistance. Ex-
citation for the generator fields is sup-
plied by direct-driven exciters mounted
on top of the generator shaft, a piiot
and main exciter being used. An 1n-
duction-tvpe voltage regulator is used
to control excitation voltage. Generator
voltage of 6900 is stepped up directly
through General Electric 3-phase trans Fig. 4. Interior of Malpuso plant.
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THE CERRO DE PASCO ENTERPRISE
lines are of steel, and are divided into
three classes: (1) the steel pole, (2)
the flexible steel frame, (3) the rigid.
wide-base steel tower.

Spacing between conductors varies
from a minimum of 6 ft. to a maximum

Fig. 5. Type of square of 10 ft., according to the types of sup-
steel pole. porting structures and the configuration

of conductors. All lines are shielded
from lightning with double overhead
ground lines and, in the sections most
affected by lightning, lightning diverter
rods have been erected adjacent to the
lines. Buried structure - to - structure

counterpoises have also been installed
in the latter sections. Lines are pro-
tected at their extremities and at all
sectionalizing switching stations by
lightning arresters, and, in certain sec-
tions, expulsion protector tubes have
also been installed. All transmission
lines are patrolled daily, and the line
crews for maintenance and repairs are
stationed permanently at strategic points
of the system.

At present, an investigation of light
ning characteristics at high altitudes is
being conducted by the hydroelectric
department under the direction of the
International General Electric Co., who
have furnished the apparatus. The in-
vestigation includes the measurement
of lightning-stroke amperages and surge

Fig. 6. Pole with flexible steel frame. voltages on transmission lines.

Distribution and utilization
Power is stepped down from 50.000

volts to 2300 volts for distribution at
receiving substations. These substations
redistribute power for local require
ments at the smelter, mines, and con-
centrators. The bulk of power used
is at 2300 volts, practically all motors
over 50 hp. being at this voltage. Data
pertaining to reception and distribution
of power is recorded hourly on daily
log sheets at all substations, and at-
tendants receive switching orders from
system operators.

All properties receiving power have
fully-organized electrical departments
capable of undertaking any electrical
repairs or installations. Most coils used
in motor and transformer repairs are
wound and treated in a central winding
department at Oroya.

A feature not properly included in
the power network but complementary
to it is a telephone system consisting

: e . of sixteen central exchanges, 700 tele-

de7, Rigid, wide phones, and 900 miles of double-circuit
- line, facilitating maintenance, load:

dispatching, and general communica-
tion among the properties.

Surveys already made of the hydrol
ogy of this region and of heads avail
able, indicate that sufficient hydraulic
power remains undeveloped near at
hand to take care of future power re-
quirements.

MINING AND METALLURGYELL



ES

t

+

IN

Z.

8
1

. ad ha IA Zl a We VL 4 ;





FEO

ir

he
LA
Pu
(7: LT
ustir:. 1.
marilte 4
iz Sprinz
alhare, T
awten, Co
oodwa 1 1

:arden ( 1:
ays, Kan
forth Platt
meoln, Net:
'ewell, S. L
Igeley, N. :
:andan, N
niversi:, '¥
-untley, 41:
“occasin, Iv
rcher, Wyu
aramie, W
ort Collins.
kron, Co: 2

-rand Valle
“ocky Fo.
‘ucumce
anta Fe ”

lephant
lephant
¿lephant
Jarlsh.
Jarl
al
4
Ae





PUUENTS OF HYTE:

V Les. A

Io .emaliis
continu E UT i + wodate wate ”





o. AI ESAPCRITICI FROM LAKE Co:í tin, MEL . ES oe

Jl L

: -U

t. o

Fe. -

EL

a

u ST ,

Te: "A

E up vin
on Lane Couctos suvuld have oo © colds a As eo Dm AL Do ai 0 ddd tloating





STENE TS CF HYD':* - .

A AR 1500

i Et, i

e... NRL

1: WI

'his

: rage

: a AV

+o poration los: trom the Lake of the -

VW umd. y ne Mania liydrogra,i.c Durvey





SLEMENTS OF HYDROLOG x

After a careful study «f i... ° .o work, the auinor has c.
cluded to retain, for the preset . :: ta: , Cit old Dalton formule

TABLE 1. fo o:

- Elda,

in Le tantially Tasa a

; "tre,
LO GIUn.... ES a Ko ae . Lo e

= Ha a . .

hon no ail he o 241 BB Livies













py January 26, 1946

hr Gurta=g Reinberg. Vice Pres.,
Cerry Pase~ 0~ +‘ tuppg.
40 Haz: Street, New York Ciuy 5

Dear My Reinberg: GROTA SUPPLY
&gt; e—.—eanra with recert sorresvondence I have

vi- TEMAS $ Mori 2and was
pr DT. »01P £ e3 1&gt; deto inscfar as
bh om "de’lassified” on the subject of the
ra =. = —.erimenta.

- -—- 7” Navel Reses- has grown to be
que” Li www “7, heads Yr ay am ~ ———nsible
dir: —— fea ,tary - T.- 1ration
Lawi.. aw --1 interested . PL =P. gies B~aneh
la Chayr “ommane-—- Exy The man immed ‘ately
in chev 7 E. fircess. Tra gro ia
hous: » Pe ,S1ini-&lt; $. *- 7 ;: «ment,
The flex - _ 18 Lt-commander Dan' 3 Y. Rex, USN,

ee OMS 6” town but T hada long talk
wi ra &gt; A £- ve Ser ~~ Institue
E 7 ES La de iia, Cifra, 1- t-- Navy

Lt HSt C years but just out -€ uni” ra and looking
fLr a succorse- when hz will reten to Ca.” ia).
The 8_3%=r) i= &gt; joint oporation "CIRRUS" -* tua Army
and the Hevy, bl parent: J prinelpa’ - vy the: Aer,with the C-nera!l Elesctr' : Comper wr VOR valo. fir
technio:. direction. 1% hea been ¢=slded to mr e the
selentific part of the w “vailable to the pubiio
dut arti. =a pertaining vo 1+ milite=r - &gt;lications
la "SEGIEN”.,  a=~logs an ( "esi t e.” TY the first
Progress report © — tr “emera,. Electris Coxp::y just
issued b7 the Of ice -. ?sohnical Sorvíces, D cartment
of Com:sres. You can 2.4 as many dopies as y u want
at $1.25 per. The second progress report wiil issus
in the near fiture and a developmen" -r the mathemat. or”,
theory involved in ¢ oud precipitat. va will se published
by Langmuir in éne of the selentific societies transag-tions.

TI WO Cone / Mie" - imte. % 8 galt Ine
pressiv.. as er... 2. e "Buen, "e. Y. Le
pidi7 over an area ¿f miles and the cost is ins". “leant.
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ADDRESS REPLY TO 4|}
CHIEF OF NAVAL RESEARCH for PEACE

NAVY DEPARTMENT _-
WASHINGTON 25, D.C.asinine OFFICE OF NAVAL RESEARCH sur

: hid :

WASHINGTON 25, D.C. SAVINGS
BONDS

BEXOS:CONR: 1428: ZCD:on

. Na TE a "Serial Mumber: €. Us. 6 6NOV 1
~

Mr. Lawrence Addicks
Bellaire, Maryland

Dear Mr. Addicks:

Your letter of 6 November requesting =z copy of the first
quarter .y progress report for Project CIRRUS has been re-
celved by this Office.

You are advised that this research is conducted under
an Army contract with joint svrport from the Office of Naval
Research, The distribution of the research reports, other
then within the Naval establishment, 1s sccomplished by the
Meteorological Branch, Evans Signal Laboratory, Belmar,
Hew Jersey.

Extra copies of this report are not evalilable for dis
tribution in this Office, Arrangements can be made Ior you
to review a copy of the report if you will contact Mr. Tarl
G. Droessler, (phone, Republic 7400, extension 2060.)

Sincerely yours,

\ 9 E
By Di R. Revellerect ion, Chief of Naval Research

; | —

i

(7 A or?“Ma TA \TVR BAA [5



Cormit Tsor Copper CorralCorrodeHurferc0yoratenColoSettles:
Correcop - Loma:

POBor2942 1717) Jet; December 10, 1947

ORIGINAL &amp; FIRST CARBON AIR MAIL LETTER

CARBON BY STEAMER SAILING. .. . .... ee

Mr, Gustave Reinberg, Vice-President,
Cerro de Pasco Copper Corporation,

40 Wall Street,
New York, 5 N. Y.

Dear Gus:

The enclosed memorandum indicates how much

Commander Roldan needs some help. I understand General

Electric scientists developped this idea so perhaps

some helpful data could be obtained from them, The

Saturday Evening Post for October 25th has an article

in it which might give some leads, As it is, the boys

are just flying around using up gasoline and oil and

getting nowhere,

Sincerely yours,

Seene

GFTstb
Encls,



Dec amber 5, 1947

To: | Mr. George F. Train

From: M. Archimbaud.

Reinfall precipitation,

In compliance with your instructions the writer contacted on even
date Commander Ernesto Roldan Seminario who, as Chief of the liete-
reological Investicgs tion Department of the Ministry of Aeronautics
is incharge of the experiments being conducted by the Governement
of Peru in order to ascertain the nossibilities of »roducing rain
over dry aereas. -

Comm. Roldén--and the Peruvian authorities--ere well cognizant of
the fact that rainfell thorughout the year over the sierra region
would be most beneficial not only to the sierra inhabitants and —
their agricultural aereas but to the coastal people as well, being
that waters do eventually come down to the coset.

But, being that the experiments in cuestion are in in the hands of
government employees, who had never dealt with anything similar,
they lackthe necessary information for the most succesful goal of
the experiments. -

They are particularly interested in:

Methods used in ascertaining types of cloud-formations.

Peuperatures vhieh are most apt to produce useful cumilous
formations. “Seasons, in any, Host favorable.

Results obtained ig different climatés and ttppograpkies

Equipment used for rain precivitation, and reasons for
selection of dame.

Availability of equipment.
Particular knowledge useful in suchinvestigationsesor

special studies that metereologists must undertake to
better equip themselves for this tvne of work,

Best regions over which metereological observatories my
“be placed--and extent of obscervations

Comm, Roldán has on hand difrerent publiactions that dealwith the
subject but has been unsucecesful in oblal *.Yect information
from those neóple actually engagsd inf LAS

Thank you. =



FOR.

COPY.

A=154 November 6, 1947

Office of Naval Research,
Washington, D. C.

Gentlemen:

Is it possible to abtain a copy of the "first

official report on Project Cirrus", quoted at some

length in the current issue of "Science News Letter"?

I am interested in hydroelegric water storage

in the Peruvian Andes (Cerro de Pasco Coprer Corpora-

tion).

I use this old letterhead merely for purposes

of identillcation.

Very truly yours,

Als



A=124 November 6, 1947

Office of Naval Research,
vashington, D. C.

Gentlemen:

Is it possible to abtain a copy of the "first

official report on Project Cirrus", quoted at some

length in the current issue of "Science News Letter"?

I am interested in hydroelegrico water storage

in the Peruvian Andes (Cerro de Pasco Copper Corpora
tion).

I use this old letterhead merely for purposes

of identification.

Very truly yours,

e



A=103 November 6, 1947

Ur Gustave Reinberg, Vice Pres.,
Ona Pagra Vepy: » Crrp.,
40 Wall Street, New York L..y 5

Dear Mr Relnberg: OROYA POXER SUPPLY
I enclose a olipping regarding the dry lose arti-

ficial weather tests, I have been watching these

experiments with a good deal of interest, having in

mind possible application to Cerro's water storage.

I am asking for a copy of the full report, if avallable,

You will note that one of the projected aims is

"mankinduced snow and rainfall over mountain areas to

fill reservoirs for irrigation and hydroelectric

power”. It would be very nice if Peru could bs made

one of the colperating exverimental areas in addition

to “Alaska and northern Canada”.

“hat do we know about olcud conditions preceding

the breaking of the dry season?

Very truy yours,

Ao



Kemorandum
to

Er, Reinberg
later Storage

l have advanced two ideas for increasing dry season

storage at Lake Junin.

The first wus to anticipate the December rains by

airplane "seeding" flights. This may have merit, and Í am

planning to keep informed us to progress on the Army-Navy-

General Electric "Project Cirrus”, To date we have no idea

of the quantitative factors,

The second was to stop evaporation from Lake Junin

during the dry scesson by applying &amp; cover or oil. Complete

success would supply 500 second-feet of additional water,

using data in the Ehle report, equivalent to 8,000 KW additional

throughout the dry season. Theoretically, only nominal quantities

of oil would be required, but Í have droppeé the idea without

pursuing further the practical fuctors involved because an

adequate oil cover would not only stop evaporation but prevent

oxygenation of the water and Kill all animal znd vegetable life

dependent thereon, creating social problems very inadvisable in

the present state of unrest.

AM vo
LA/L

Y an Za 17



A=] 13 December 18, 1947

Jr Gustave R“Inberg. Vice “res.,
Cra Fases 6“. WIPPey
40 Yall street, how York City 5

Dear Mr Reinberg: OROYA JATER SUPPLY

I have your letter of the léth with enclosed letter

from My Train and shall have a try at 1% in due course.

Probably not much to be done until the Xmas holidy is

out &lt;* the way.

Very truly yours,

ANY



CERRO DE PASCO COPPER CORPORATION

40 WALL STREET, NEW YORK 5. N.Y

December 16, 1947

Mr. Lawrence Addicks
Bel Air
Maryland
Dear Mr. Addicks:

We are sending you herewith a letter
just received from Mr. Train with its enclosed
memorandum about the progress of the artificial
rain experiments in Peru. You have probably
noticed that there was an article in the current
issue of Time magazine also.

Mr. Train's remarks confirm the im-
pression I received in Peru about this work,
and, if it is possible for you to arrange with
either the General Electric Company or the
Navy Department, or both, to give the Peruvian
Government any assistance in this matter, I am
sure it will be appreciated.

Sincerely yours,
i y . VA ~Uta. UA 2... fu

Gustave Reinberg /
GR/1j
Encls.



METEOROLOGY

Water Can Make Raiater Can Make Rain Fall
Common cumulus clouds of any temperature will

precipitate in a ‘chain reaction rainfall” when sprinkled
with water.

&gt; WATER, of all things, can be used to particles on the dry-ice probably melted
make rain fall. This latest and ironic to set off rain under conditions where
development in rain-making was re- dry-ice alone should not have produced
ported in a communication to the Na- any precipitation.
tional Academy of Sciences by Dr. Irv- Science News Letter, December 20, 1947
ing Langmuir, associate director of the
General Electric Company's Research
Laboratory.

He advanced the theory that a little
water dispensed on the right kind of
cloud at the right time under the right
conditions would start what the scientist
termed a “chain reaction rainfall.”
Water, instead of the dry-ice or silver
iodide used in earlier experiments, would
trigger rain from common cumulus
clouds, a type of heaped up white cloud
found over the South and Pacific coast
regions throughout the year and over the
Northeast commonly in the summer.

“Theoretically,” Dr. Langmuir told
fellow scientists, “a single drop of water,
if dispensed in the right spot, would be
sufficient to cause the chain reaction
rainfall.”

Unlike the dry-ice experiments, water
could set off precipitationfrom cumulus
clouds of any temperature. In order to
produce rain with water on a cumulus
cloud, the cloud must have a vertical,
upward current of at least five miles per
hour, contain fully-grown water drop-
lets, a high water content and a thick-
ness of several thousand feet.

Under the new theory, the falling
water particles would grow as they fell
through the cloud until they reached a
critical size of about three-sixteenths of
an inch. After that, the particles would
shed smaller bits of water which would
be carried back into the cloud until
they grew big enough to fall.

Dr. Langmuir said he believes this
type of rain-making has already been
achieved. He developed the new theory
from reports of unexplained rain in
some of the dry-ice experiments. In
some cases, he explained, ordinary ice



ST ; - uy : ha. - 5PERIMENTO SOBRE LLUVIA ARTIFICIAL
En las primeras horas de la tar- Minutos después se elevó la se- NO FUNCIONO EL APARATO

de de ayer se iniciaron los experi- gunda máquina en que viajaron el
mentos sobre lluvia artificial, por- Comandante Ernesto Roldán Semi- El aparato que para pulverizar el
tando un avión, de la sección de nario —Director del Servicio Meteo- “hielo seco” sobre las nubes que
“Transportes Militares”, una. canti- rológico del Ministerio de Aeronáu- produce la lluvia artificial —que se
dad de hielo seco y la otra máquina ¡ tica del Perú— en compañía del Al- nos afirma ha sido fabricado en el

y Ministro de Agricultura, ingenie- ferez Jorge Barboza. Perú— no funcionó como se espe-¢~don Pedro Venturo. DATOS EXTRAOFICIALES raba. La baja temperatura del pro-
PARTE EL PRIMER AVION Hemos sido informados que los a- ducto lo obturó.

71 campo militar de Limatambo . viones, en su vuelo hacia el interior, Sabemos que hoy —según ias con-
‘artis el primer avión —pertene- | encontraron cúmulos en diversos ferencias realizadas por los Minis-
“lente al 31 Escuadrén de la Escue- puntos de su itinerario y el pilotea- tros de Aeronáutica y el de Agricul-
.a— piloteado por el Capitán del do por el Comandante Roldán y el * tura- y con los señores Buonanni y
CA. señor Fernández, transpor- Alférez Barboza realizó experiencias el ingeniero Flores León— volverá a
tando alJefe del Portafolio de Agri- sobre la humedad de las zonas y la | intentarse tan interesante experien-
Sultura. altura de ciertas regiones Cid.TT



AGUA PARA LAS TIERRAS SECAS DEL PERU
(jUANDO el doctor Irving Lang- del Peru y, sin suficientes elemen- menos con arreglo a los cálculos

muir, ganador este año del pre. tos de juicio para saber si esto es de Baigor-i— una temporada de llu-
mio Nobel de Ciencia, anunció ha- © no cierto, ahora, me inclino a con- vias que echaron a perder el expe-
ce Muy pocos días la posibilidad de siderar canceladas todas las culpas rimento.
provocar lluvia artificialmente y de negligencia o demora. Si algu- En la campiña castellana he vis-
transformar en menos de un lustro na vez puede estar justificada la e- to hace muchos años que les labrie-
la economía de zonas áridas, el Pe- comnomía de lo que no se hizo, est: gos disparaban potentes cohetes
rú debió sentir la alusión muy en lo Vez es akora, puesto que será mu- contra las acumulaciones de nubes
vivo. Para hacer esta alusión más chio más barato esperar a que el tormentosas. Como espectáculo no
directa, el propio sabio mencionó a hielo seco o el sistema del doctor dejaba nada que desear, y a los mu-
la costa del Perú, al Norte de Chile Langmuir nos impida el trabajo y chachos que nos reuniamos a con-
y a los desiertos de California, co- el gasto de las obras hidráulicas. templarlo nos divertía tanto, que no
mo zonas actualmente estériles que A falta de uno, serán dos ahora comprendíamos por qué estaban “an
podrían ser transformadas en em- los sistemas para hacer llover. U- aángustiados lós campesinos en la
porios de riqueza agrícola. - no el que se está experimentando 2: posibilidad de que un pedrisco les

La nota que el Ministerio de A- qui, el llamado de “hielo seco”. El pulverizase la cosecha. En honor a
gricultura acaba de publicar anun- Otro es el que podríamos llamar de la verdad puedo decir que, positiva-
ciando que se practican desde hace "agua mojada”, que el doctor Lan:- mente, llovía poco después de las
algún tiempo experimentos para muir llama de “reacción en cade- detonaciones. También he llegado a
provocar lluvias en la costa perua- na’. O sea, explicado de la mañne- pensar que los labriecos tenían que
na, mediante el uso del llamado hie- I. tosca que puede hacerlo un pro- darse prisa a emplazar y disparar
lo seco, concentra más intensamen- fano: el sistema de “mojar” las nu- sus baterías antes que la tormenta
te el interés sobre este asunto. Es bes con agua. De tal modo que una reventase por su prbpia iniciativa.
ui episodio enteramente nuevo de Huta, empapande a otra, llega a re- De modo que queda i. duda sobre
la lucha del hombre contra la Na- sulver en agua toda una nube. Cual- cuál era la causa y cuál el efecto,
turaleza que, en este caso concreto. quiera de los dos sistemas o el del yvde si aquel derroche de pólvora
afecta de un modo directo e inme- voduro de plata, con tal de tener en salvagssra la lucha contra la ton
diato al porvenir del Perú. El buen éxito, van a plantearnos un proble- mentaofunaestrepitosa colabora
éxito de los experimentos significa- Ma gramatical de alguna importan- ción Gl pea
ría, en lo que uno alcanza a atisbar cia.. Todos hemos aprendido que LoS /nuevoshorizontes —horizo
desde ahora, la corrección: de una “llover” es un verbo impersonal, tes qEStEuna paradoja
de los errores que la Naturaleza ha porque no podíamos decir “Nuevo teoroldgiea, puesto que son a la We
cometido con este país. al distribuir YO” o “llueves tú”; pero no tarda- despeiados y nubosos— nos ofrece
tan irracionalmente el agua, de for. remos en poder decir “llueve él”, re- la posibilidad de lluvias “a la car-
ma que, mientras en una zona es firiéndonos al sabio norteamericano ta”, o tal vez “al telegrama”, Lo
una necesidad angustiosa, en otra 0 a nuestro Ministro de Agricultura, cual quiere decir que lloverá enel
se convierte en un problema :ncon- aunque, con respecto a éste, la ex- momento en que haga falta para
tenible. , presión es más bien !. de “mandar sazonar una cosecha o preparar el

Desigualdades tan irritantes como llover”, frase que se usa en España campo para una siembra. Hay que
ésta hay en la mayor parte de las para significar: que alguien se ex- esperar —o al menos hay que de-
sabias disposiciones de la Natura- vede en su autoridad hasta más a- searlo— que los “llovedores” tengan
leza cuya sabiduría tal vez debamos Há de sus atribuciones. el poder de limitar la dosis, de ta:
estimar, no por lo ajustado, que es- Esto de “mandar llover”, que en forma que no nos veamos como el
tén sus designios a los nuestros, si- el futuro nodrá ser un poder cas: aprendiz de brujo, que sabía el sor-
no por lo que tienen de estimulan- discrecional de un jefe de sección, tilegin para hacer brotar agua en el
te, de. aleccionador y de incitación fué otrora un privilegio exclusivo caldero, pero que ignoraba cómo,
las adversidades que nos ocasiona de santos varones, Tenemos a Moi- contener la efusión del líquido
con sus errores. La arbitraria dis- ses que, con su incontenible vara cuando se desbordab:. de la olla e
tribución le las aguas ha incitado de los prodigios, hizo brotar el a invadía la habitación. La posibili-
siempre a los pueblos de tierras se- gua de la peña del Monte Oreb. Y, dad de un nuevo Diluvio Universai
cas a idear medios ingeniosos para más adelante, nos encontramos con de cuarenta días y cuarenta noches,
remojar su suelo y hacerlo cultiva- el profeta Elías que, en competen- mientras los técnicos buscan el me-
ble. Los antiguos moradores del Pe- cia con un ejército de sacerdotes dio de cerrar el grifo no es halaga-
rú demostraron una sorprendente de Baal, hace bajar del cielo uni drra. Sin embargo, bien podemos a-
Inventiva para llevar el agua has- llama espontánea quc consume una frontarla. Por lo que a mi respecta,
ta lugares que parecían inverosimi- res y provoca desde el Monte Car- soy de un lugar de la tierra donde
les. Sobre todo, que parecian asom- Melo una lluvia que pone fin a una he visto llover durante cincuenta y
brosos a los sucesivos ediles de las terrible y larga seguía que asolaba dos días, y el problema allí es el
municipalidades de Lima « del Ri- Samaria, de saber como podria impedirse que
mac, que nunca han tenido el cora- Después hemos sabido de los em- llueva tanto. Si se llegase a una 'in-
le de abordar la empresa de irrigar baucadores que fingían hacer llo- teligente regulación pluvial, podria-
el terró San Cristóbal para hacer ver y sacaban "el agua” a los cré- mos esperar que el desierto del Sa-
de él un motivo decorativo digno dulos granieros del Oeste nortea- hara llevase una parte de las aguas
del paisaje de la ciudad. mericano con sus ritos y superche- de la cuenca Amazónica, lo cual no

Los árabes, gente de suelo, seco, ras pseudocientificas. Ellos se li- es absolutamente disnaratado, al
idearon y construyeron también e- mitaban a racer uso —o, mejor di- menos a mi juicio, si se considera
ficaces sistemas de irrigación, que cho abuso— de los datos que, el que no hay más que una cantidad
todavía desafían al tiempo y al pro- Departamento de Meteorología de constante de agua y que la que cai-
¿reso en la región levantina de Es- la nación ponía al servicio de todo ga en un sitio no cae en otro, de la
paña, y supongo que en otros luga- el mundo., O sea: que aparecían misma forma que las lágrimas vie-
res de la cuenca del Mediterráneo. cuando ibá a conéluir una sequía, y nen a mermarse de otras secrecio-
Pero no siempre los gobiernos o los ellos “hacían llover” cuando ya €s- nes.
pueblos han afrontado los proble- taba dispuesto “por la Providencia y Sea por el “hielo seco” o sea por
mas planteados por la necesidad de previsto por la Ciencia. el “agua mojada”, podemos esperar
irrigación. Han dejado transcurrir Más tarde, hace casi diez años, el que dentro de tres o cuatro años
el tiempo, sin. encarar ,el gasto, fa- argentino Baigorri se erigió en el kaya papas V camotes a un precio
hiloso, pero remuneracor, de em- taumaturgo de las aguas pluviales y razonable, aunque. al paso que lle-
halses. captaciones, canalizaciones y diio que haría llover en Buenos Ai- vamos, no se puede prever lo que se
túnelas, He oído Mu-:has veces de- res. Pero me parece recordar que considerará razonable entonces. en
cir aqui oue la irrigación de Olmos aun estaba en los preparativos cuan- materia de precios de tubérculos y
hitbiera sido la salvación agrícola | do comenzó prematuramente —al de otros productos alimenticios.



ES OPERATING NOTES - _

precipitation circuit, which in : i 4d 4 ;

our case is a Merrill-Crowe plant. i o
The cyanide consumption is not
excessive, being 0.5 ibs. NaCN
per ton compared with 0.32 lbs.
per ton for current slime. IF youre hoping for a white a condition which was sending These dry ice particles should be
_ Lime consumption is high be- Christmas this year, and the many planes and their crews to ata temperature of about —78.5°
ing 12 lbs. unslaked lime (with weather man disappoints you... destruction. A detailed study of C. for best seeding results. As
a CaO content of 85%) per ton don’t despair . . . for with a plane these icing clouds was made, and the dry ice pellets drop into the
treated. (if you have one handy), some the knowledge gained led to the warmer atmosphere of the cloud,

The average original value of dry ice, and the right kind of a discovery of artificial snow. sublimation occurs. The resulting
the slime is 1.740 dwts. with 2 cloud, you can create a blizzard Vincent J. Schaefer was one of vapor spreads into the cloud, and
residue value of 0.232 dwts. Re- all your own. the leaders of the investigation. Since it is so much cooler thanroverybeing 1.508dwis-givinga ~The idea of man actually caus-—InJulyof1946hecreatedamin-the,surroundingareSondThe result is com arativery ing precipitation is an age old iature snowstorm in his labora-  C00'S ik Tal! y th e poe er
zood with that class ofmaterial dream come true. From ages tory by breathing into a cold O tim ne el . e e.
Value of 2old recovered a. past, peoples have tried by ritu- chamber, thereby producing an nto ny nue = a qu 0

rt e E 12/6 als and prayers to their gods, to icing cloud. After dropping in in meer P these ice
T pet o Lino cocte ner ton 378 bring down rain. This was cer- powdered dry ice, snow crystals Particles fall through the cloud,

otal working costs per ton 3/ 8 tainly neither a scientific nor a appeared. The first of a series of More vapor freezes on them, andNet Profit per ton treated 8/10 sure approach to the problem. So,—successfulattemptstoproduceS00nthewholecloudistrans-except for a great deal of loud snow from real clouds took place formed into falling snow.
ANSWER TO TEST YOUR WITS lamenting, we have accepted near Schenectady, New York, in No matter what changes the

PROBLEM ON PAGE 13: what Mother Nature has ofierea November of 1946. drops undergo they always leavea hr . . . when she has offered it. Creatine a snowstorm cannot the cloud as snow. If the air
Jor's brother But, at last science has developed be done &gt; just any cloud that through which this snow must

| — o “Peter Harry a solution. happens to be drifting by. Nature fall to reach the earth is below
These men are among those who assemble and ship DECO machines from the Denver ; : Successful precipitation ex- must furnish certain specifica- freezing, it will complete its

Equipment Ag Mmonapoofend men who have Charli L periments, most of them by drop- tions. The cloud must be an icing above &gt; snow. But ; the a 18‘with the company since : » Thei md industry have com. arlie oe i : i i above freezini ich to- the: auclity = chi ; ping dry ice into supercooled cloud, in a so-called supercooled eez1ng, and contains
tributed much to the quality of DECO machines. serving around the world. clouds, have been conaticted in condition. Such clouds remain in enough humidity, the snowcrys-

George many sections of the country. a liquid state at as low a tem- tals will melt and fall as rain. In-MAN MADE SNOW cooled cloud, snow crystals will An enterprising farm community~~peratureas—385°C.Allthatissufficienthumiditywillcause(Continued from page 3) develop. Neither of the above are SNOW MAID in Oklahoma, had 105 pounds of necessary to transform these the evaporation of the drops be-
use of the process by causing as practical or as easily executed Inspired by newspaper ac- dry ice dropped into a cloud clouds into millions of tiny ice fore they reach the ground.
clouds to release their moisture as the dry ice method. counts of artificial snow making, 13,500 feet above the ground to particles, or snow, is a very sud- Farm communities are not the
high in the mountains, instead Another method which may 17 year old Kathleen Roan de- try and bring down some much den drop in temperature. This only groups who may benefit
of in the valleys, so that the prove to be even better than the cided to try it herself. Scientists needed rain for their crops. They drop can be brought about by the from this useful new develop-
water can be stored in reservoirs dry ice method for producing Were amazed at her results. got results all right, and things dispersion, or seeding, of ment. Switzerland hopes to make
for generating hydro-electric rain only is being developed. By placing one wash tub inside would have been wonderful, if crushed. dry ice into the cloud. (Continued on page 14)
power lt can also be stored o With this new method ordinary of another, and filling the space a stronewindhadmotthen a
Irrigation purposes or used on skK1 water is dispersed into cumulus between with crushed ice and ! - . me - inn in this el ;

slopes when needed. clouds, not supercooled, and rain rock salt, a refrigeration unit by a town 19 miles away . . . Rs See Soundsof e e e pea aie
During the terrible forest fires is induced directly, by a “chain was formed. When the tempera- which goes to show that Nature photcgraph was taken) the precipitating area had become 15 miles long and 3 miles wide.

which ravaged New England this reaction.” This process should ture dropped to 31° F, she still will play a pretty important Conrtesy Genero? Flacti- Compre
fall, artificial precipitation was be very beneficial in the summer breathedinto the tub, producing role in man’s planning.
used as a natural overhead months when supercooled clouds a supercooled cloud. Kathleen Making rain is not the only
sprinkling system with satisfy- are scarce. then seeded this cloud with pel- henefit to be gained from man’s
ing results. It is believed that Weathermaking may never be- lets of dry ice, and tiny, spark- new knowledge. By the overseed-
hail storms may be avoided by come so exact that we will no ling snow rrvstals annear=d ing of clouds with dry ice, pre-
seeding large storm clouds. longer be caught in an unex- cipitation can be prevented. The

Some other methods for caus-  pected blizzard; or so simple that cloud becomes over frozen, and
ing artificial precipitation are we can throw away our garden the resulting snow crystals are
also being developed. One system  hoses. But we will be able to so small and light that instead of
uses silver iodide particles as manipulate the weather to our falling to the earth, they merely
artificial nuclei for the forma- advantage in the years to come, float about in the atmosphere.
tion of snow crystals. Experi- and may lessen, if not prevent, In this way, large and damaging
ments with a rapid expansion of some of Nature's more destruc- storms may be prevented.
air theory have been made in the tive forces. Perhaps this is the In 1943 the Army Air Forces
laboratory. Scientists found that long awaited answer to the pray- asked the General Electric Lab-
by exploding a balloon, or shoot- ars of both ancient and modern —- oratories to search out the cause
ng off a pop-gun into a super- beoples. = ‘onrtesv G. E. News Bulletin of ice formation on plane wings.
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, Starting with 127 of water METALS AT WORK ror” enables the housewife to 11” PP J ES Es
OP ERA Ti N G NO TES above propellor level, slime and CHROMIUM SA ignore undesirable peddlers. The 7 RO! 0 PRA

water are fed to the tank until it mirrors aid in cutting down jEJANEDet
REPULPING DRIED SLIMES WITH A DENVER is filled, when the slime emulsion A new advance has been made apartment house crimes 1n largeSUPER-AGITATOR AND CONDITIONER is pumped away to a treatment ir. the field of mirrors —mirrors—cities.TheiruseinobservationinD. Dowling, Reduction Officer tank. The Denver Super-Agitator that you can see through from—behaviorclinicsandpsychiatricConoioand Conditioner is filled and one side, but which reflect as do wards will be priceless. As “se- Uf ¡Eee Ir

The following Unfortunately a waste rock emptied four times iu the 8 hour ordinary mirors on the other curity” windows in banks, stores, J on 2 eAe 0notes are on dump was superimposed on the—shift,givinganoutputof60tons«ide.andothersuchestablishmentsULaNNthe adaptation slime dam in the distant past, per shift. This figure could be The reason you can’t see their value will also be great. € &gt; 4
of the Denver and this rather complicated mat- improved upon with the addition through an ordinary mirror from T o - =r
Super-Agitator ers. In some places the over- of extra native labour. the back is because it is chemi- » \ o
and Condi- burden of loose rockis as much It will be readily understood cally silvered and then covered Ne
tioner to the as 8 feet. Notwithstanding the that after 50 years in situ the with an opaque backing to keep Sa Lar o
treatmentof care taken to remove the rock, slime will be highly acid due to the silver from tarnishing and &lt;7 3 ina

. . . . . NU 3 . . a E Ja

an old slime stray pieces find their way into the decomposition of the iron py- rubbing off. Since transparent Y
dam situated the conditioner tank, much to the rites, forming the ferrous com- mirrors must both transmit and EZ el

,. Dowling sn the Village resentment of the propellor. pounds FeS and Fe (OH)., which reflect light simultaneously, no &gt;. att
Main Reef Gold (Cast steel propellors are better have a very deleterious effect on such backing can be applied to ELE on (HE

Mining Company property, Jo- han cast iron in this case.) cyanide treatment. Lime is added them. Instead, they are surfaced me Ao
hannesburg, South Africa. We experienced a few teething tg the conditioner to combat the on the reflecting side, by a “mo- Ga Er

We were confronted with the troubles, chief of which was that acidity, and as before mentioned, lecular bombardment” process ; on
problem of how to get this solid the 6” feed pipe, which delivered air is” blown through the slime with a chromium alloy, through Does that help, mister?
packed slime, laid down more the slime to thestand pipe, was converting the ferrous com- thermal evaporation her high »
than 50 years ago, and now con- o smail n Jane to take pounds to the innocuous ferric Toll that a o. A The demure young bride, her face
taining 14% moisture, back into "16 “Arge sizeq Sime tumps. We state. The alkaline content of the E t h g I not d a mask of winsome innocence, slowly
an emulsion with about 50% installed an 8 pipe, and no fur- slime is maintained at .024% -emperature changes will not de- walked down the aisle clinging tomoisture. This was to be accom-—thertroublewassexperienced.Ca(OH).erioratethemetalsurface.ethereachedtheplatformbe-plished without having to re- Water is added to the feed pipe Lead nitrate (10 lbs. per _ The chrome film on the glass fore the altar, her dainty fool
grind the material and without to givea resultant emulsion of charge of 60 tons) is added at is only four ten-millionths of an brushed a potted flower, upsetting
the use of settlement tanks. approximately 51% moisture. the treatment tank to precipitate inch thick. (It would take 11,000 i Jogked at ¡de fir Eravely,
Grinding was unnecessary, in Added to the entrapped air soluble sulphides, after which such thicknesses to equal the Minister and said, “That's a hell of
any case, as test gradings showed drawn down the feed pipe by the the cyanide is introduced, to thickness of one sheet of news- a place to put a lily!”
95% minus 200 mesh material. suction of the propellor, is air make up an initial strength of paper.) Meuse, ent passes

We considered the possibility from four jets spaced around the 026% NaCN. Treatment is con- L en y AN tr otograpns de e “Mummy.” asked the little eirl justof using brick makers puddling the bottom of the tank to prevent—tinuedfor8hoursinasecondasenIromLhereversesue.*courtesyLivDey-Uweu.roraComycuyreturnedfromSundaySchoolwheremachines but discarded that idea em de e the agitator, after which the slime is The uses of this amarins mi the lesson had been on palaces in
for several reasons. We then de- . e same 181 discharged through a filter. ror are many and valuable. Use COVER... ANGEL OF SHAVANO the sky. “Mummy, do they have
cided to use a 12’x12’ Denver movement, ¿nd nearer to ¡he The slime is treated separately on front doors the “magic mir-  (Contínuedfrom page 2) AD hos have to have
Super-Agitator and Conditioner, Thespeedofth e orah 2 from the current mill product the valley below. She even be- engineers to build skyscrapers.”
which we had ‘on an adjacent he Sbees0i Tie proper or sha but the gold bearing solution | came grateful to Jupiter for herproperty, and which wasnotthen is 150 RPM. Thirty H.b. is re-—fromthefilterjoinsthecommoneo.sentence.Oneyearadroughtyin use. We consulted the Denver quired to operate the whole plant. (Continued on page 14) = SÁ devastated the crops of her be- Fellows who drive with one hand. . i ” J are usually eade or a chnurc

representatiy eshereinJohan Compacted material from a 50-year-old slime dam is being conveyed to the Denver . 75 loved people. Her hat Sh for aisle. Some will walk down it; others
hespurs as to y Super-Agitator and Conditioner shown at the extreme right. Raising the moisture content them was so great that she be- will be carried in a box. Either way,
the idea, and they concurred from 14% to 50% was effectively and economically accomplished in this Denver machine FIND JOE'S BROTHER gan to cry. As the tears flowed, it's better to use both hands.
with our scheme and thought it Six men sat down to a game her body melted, ran into the ”was a practicable proposition. of poker at a circular table. Peter~~valley,andsuppliedlife-givingAbabyrabbithadbeenpesteringWe laid the plant down and dealt the cards. water to the people. Though she its mother all day. Finally the exas-
results were very much better Harry sat next to Joe's brother had lost her body, she was happy porcizaparent replied: “You were
than our most sanguine hopes. and opposite Charlie. The man in the knowledge that she had Stop asking question o —how
The plant consists of the con- who sat to Charlie’s left sat op- Saved her people. -

1 1 ” . . . .

ditioner, an 18 conveyor belt posite Joe. So it is that each spring the ” husb y e the bi
from ground level to top of tan q Joe's brother sat opposite the Angel of Shavano melts and guns in industry.” 15 one 01 the bis
with necessary driving gear, an man who sat next to the man flows into the Arkansas River. “Yes, he's been fired seven times”
a 37 sludge-pump to pump the who sat opposite the man to Joe's —Photo by Henry R. Hay "
slime to the actual treatment right. The man who sat to the
tank. The slime is dug out from right of the man who sat next to Once upon a time there was a boy
the face of the slime dam by na- th h t ite Joe i During a drought in the Southland, penguin and a girl penguin who met
ti lab h lled into one e man wno sat opposite Joe 18 an old Negro preacher called his at the Equator. After a brief but
1ve iabour, shove George. congregation to the church to pray charming interlude, the boy penguin

ton trucks, and trammed to a Can 1 11 th n in for rain. went north, to the North Pole; the2 . . an you place a e me a os Sot ;
small receiving bin, from which : Your faith is mighty slim,” he girl penguin went south, to the South: : their proper places around the e
the feed is conveyed into the . stated sadly. “Here we have gathered Pole.
D q Acitat dC table and locate the correct posi- to ask the good Lawd to make it Later on, a telegram arrived at
enver Super-agitator an on- - tion of Joe's brother? rain, an” not a one of you brought an the North Pole, stating simply:

ditioner. - (Answer on page 14) umbrella.” “Come quick—I am with Byrd.”
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. e 7 &gt; 2 . ,Bibliografía Climatológica del Perú
Por A. J. Indacochea G.

ABREVIATURAS USADAS

Arch. Asoc. Per. p. el Prog. de la Ciencia = Archivo de la Asociación
Peruana por el Progreso de la Ciencia.

Ann. Hydrog. = Annalen Hydrographie.

Ann. der Hydrogr. und marit. Meteor = Annalen der Hydrographie
und Maritimen Meteorologie.

Ann. of the Astron. Observ. Harvard College = Annals of the Astro-
nomic Observatory Harvard College.

Aufl. = Auflage.

Bol. Agr. y Ganad.= Boletín de la Dirección de Agricultura y Ganade-
ría.

Bol. Aguas e Irrig. = Boletín de Aguas e Irrigación. Ministerio de
Fomento.

Bol. C. Ings. Mins. Ags. = Boletín del Cuerpo de Ingenieros de Minas
y Aguas del Perú.

-
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_ INSTITUTO GEOLÓGICO DEL, PERU BIBLIOGRAFIA CLIMATOLOGICA DEL PERU

Bol. Cia. Administ. del Guano = Boletín de la Compañía Adminis- Festchr. = Festschrift
tradora del Guano.

Gac. Cient. = Gaceta Científica.
Bol. Direc. Fom. = Boletín de la Dirección de Fomento.

Geogr. Rev. = Geographical Review
Bol. Esc. 1ngs. = Boletín de la Escuela de Ingenieros.

Id. = Idem.

Bol. Min. Inds. y Constr. = Boletín de Minas, Industrias y Construc-
ssunes de la Escuela de Ingenieros. Imp. = Imprenta.

Bol. Minist. Agricult. = Boletín del Ministerio de Agricultura. Inf. y Mem, = Informaciones y Memorias (Boletín de la Sociedad
de Ingenieros).

Bol. Ofic. Min. y Petrol. = Boletín Oficial de Minas y Petróleo.
Inv. y Progr. = Investigaciones y Progreso.

Bol. Soc. Geogr. de Lima = Boletín de la Sociedad Geográfica de Lima.
La Gac. Med. = La Gaceta Médica.

Bol. Soc. Geolog. del Perú = Boletín de la Sociedad Geológica del Pe-
xu. Lat. = Latitud.

Bol. Soc. Ings. del Perú = Boletín de la Sociedad de Ingenieros del Long. = Longitud.
Perú.

Mem. d'Arceuil. — Paris. = Memorias d'Arceuil. — Paris.

Bull. Amer. Geogr. Soc. N. Y. = Bulletin of the American Geogra-
phycal Society New York. Mem. Cons. Ocean. Ib-Amer. = Memorias del Consejo Oceánografi-

co lbero-Americano. Madrid.

Bull. of Amer. Paleontology = Bulletin of American Paleontology.
Obs. Meteor. Facult. Ciencias = Observatorio Meteorolégico de la

Cap. = Capitulo. Facultad de Ciencias Universidad Mayor de San Marcos.

Coord. = Coordenadas. Obs. Meteor. Municip. = Observatorio Meteorológico Municipal.

Cuad. Obs. Meterológicas = Cuadro de Observaciones Metoreológi- Obs. Meteor. Ofic. = Observatorio Meteorológico Oficial.

cas Obs. Meteor. Unanue = Observatorio Meteorológico Unanue.

. . .= Ob. i Pluviométricas.Cuad. Obs. Pluv Cuadro de Observaciones £ruviométrica Observ. Meteor. = Observaciones Meteorológicas.

Ed. Hamburg. = Editorial Hamburgo. Petermanns Geogr. Mitt. = Petermanns Geographische Mitteilungen.

Fas. = Fasciculo. Pg. = Página
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pp. = de página a página.

Proc. Roy. Geogr. Soc. London = Proceedings of the Royal Geogra-
“phical Society of London.Ref—ReferenciBibliografíaClimatológicadelPerúef. = Referencia.

Rev. Acad. Colomb. C. Ex. F. y Nat. = Revista de la Acaderia — A —
Colombiana de Ciencias Exactas, Fsicas y Naturales.

o A. I. L.—Observatorio Meteorológico Municipal.—Gac. Cient. Año
Rev. de la U. S. M. = Revista de la Universidad de San Marcos. IL. Tm. Il—pg. 174.—Lima 1886.

Rev. de la U. de Arequipa = Revista de la Universidad de Arequipa. Abbot, C. G. Arequipa Pyrheliometry.—Smihtn. Misc. Collections. vol.
o 65, N° 9.—Hodgkins Fund. Public. 2367. pp. 1-24, año 1916.Rev. de la U. del Cuzco = Revista de la Universidad del Cuzco.

; , , Truiil Adams. G. I.—Caudal, procedencia y distribución de aguas de los
Rev. de la U. de Trujillo = Revista de la Universidad de Trujillo. departamentos de Lima e Ica (contiene un mapa hidro-

lógico). —Bol. C. Ings. Minas del Perú. No 37. pes. 16, 17, 60.
Ser. Meteor. Nac. = Servicio Meteorológico Nacional. — Lima, 1906.

Soc. Cient. = Sociedad Científica. id. id. La Libertad y Ancash.—id. id. No 40. pgs. 16, 42.
- - Lima 1906.

Secc. = Sección id. id. Arequipa, Moquegua y Tacna.—id. id. Ne 45. pg.
7. Lima 1906.

Tm. = Tomo.

Aguayo, Francisco.— Temperatura de Lima (Tésis para optar el gra-
Trad. = Traducción. do de Doctor de la Universidad de San Marcos). Lima 1900.

Trans Amer, Geoph. Union = Transactions of the American Geophysi- — Disertación sobre la Temperatura de Lima. Bol. Soc. Geogr.
cal Union; Washington ; D. C. de Lima. Tmo. XI pg. 367. Lima, 1901.

Vol. = Volumen. Alayza P., Francisco. —Sinopsis geográfica económica del Perú. Bol.
, , , O :chis- Soc. Geogr. de Lima.—tom. XLVIII. trimestre 3 y 4, pag.

Zeitchr. Oesterr. Ges. f. Meteorologie = Zeitschrift der Oesterreichis 255.1 fon. 1931.
chen Gesellschaft fur Meterologie

Alvarez Lleras, Jorge.—Elementos de Meteorología Tropical. —Rv. de
la Academia Colombiana de Ciencias Exactas Físicas y Na-
turales. Bogotá. Vol. III N°. 12. pp. 439-47; Vol. IV No, 13.
pp. 50-55; Vol IV No, 14. pp. 222-28.—Años 1939-1940.
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Las oscilaciones climatéricas en los tiempos prehistóricos Anónimo.—Tiempo y Lluvia registrada en Caylloma. Julio-Dic. 1914.
y su importancia (Notas de la Dirección).—Rv. Acad. Co- Bol. Soc. Geogr. de Lima. tomo XXX, 2do. Semestre. pg.
lomb. C. Ex. F. y Nat. pg. 129.—Vol IV. N° 14. Bogotá. 1941. 229.—Lima, 1914.

Anónimo.—El Observatorio de Arequipa y la más alta Estación Anónimo.—Las Lluvias y la Evaporación en el Asiento Minero de
Meteorológica del mundo.—Gaceta Científica Tomo X, Hualgayoc. Inf. y Mem. (Bol. Soc. de Ingenieros). tomo
año 10 pg. 68. Lima, 1893. XVI.—Lima, 1914.

Anónimo.— Estudio del clima de Lima. — Gaceta Científica, año Anónimo. —Observaciones Meteorológicas en Cailloma (San Igna-
II, tom. II, pág. 236.—Lima, 1886. cio) Enero-Mayo 1915. Bol. Soc. Geogr. de Lima. Tomo

XXXI, pg. 330.—Lima, 1915.
Anénimo.—(C. J. B.) Un tornado en Sud-América.—Traducciones

de “The American Meteorological Journal” de Boston Mass. Anónimo.—El hombre y su medio. Bol. Soc. Geográfica de Lima. To-
U. S. A. (Noviembre de 1891) Bol. Soc. Geográfica de Lima mo XXXIV, pg. 380.—Lima, 1918.
tom. III, pág. 456. Lima, 1893.

Anónimo.—Observaciones en Puerto Chicama. Marzo—Agosto de
Anónimo.—Observaciones Termométricas tomadas en el río Perené, 1930. Bol. Soc. Geogr. de Lima. Tomo XLVII, pg. 136.—

Setiembre de 1895. Bol. Soc. Geogr. de Lima.—tomo V, pg. Lima, 1930.
240. Lima, 1895.

Anónimo.—La Ceremonia del Sacrificio del Agua en la época de los
Anónimo.—El Gulf Stream (transcripción). Bol. Soc. Geogr. de Li- Incas.—Bol. de Aguas e Irrigación, año I, N* 1, pg. 104.—

ma. tom. IV, pg. 469. Lima, 1895. - Lima, 1932.

Anónimo.- Observaciones Termométricas en la Hacienda “Chiqui- Anónimo.—El eclipse de Sol. Bol. Soc. Geogr. de Lima. Tomo LIV,
toy” Valle de Chicama (Trujillo) año 1897 al 1890. o Soc. . pg. 203.—Lima, 1934.
Geográfica de Lima. tom. XI ps. 238—Lima, 1901. Anónimo.—Nubes, lluvia y rocio.—“El Comercio”, Lima Mayo 26

Anénimo.— Temperatura diaria tomada a la sombra entre l y 2 pm. de 1937.
en la Hacienda “Chiquitoy” Chicama (Trujillo).—año 1900 Anónimo.—El Ozono de la Atmósfera.— El Callao”.—Callao junio
y 1901. Bol. Soc. Geogr. de Lima. tom. XI. pg. 415. Lima, “13 de 1936.
1901. . -

Anónimo.—Observaciones Meteorológicas en Puerto Victoria. Nov.—
Anónimo.—La presión del viento. Bol. Min. Indus. y Constr. tomo Dic. 1925.—Enero-Diciembre 1926.—Bol. Ofic. de Mins.

XX, No 1.—Lima, 1904. y Petról. Tomos XXI-XXII. Nos. 70 y 71, págs. 34.

Anónimo.—Velocidad del viento según las altitudes. Bol. Min. Inds. Artola, M. R.—Cartilla Meteorológica.—Lima, 1905.
i 15 de febrero.—Lima, 1906.

y Constr. Serie II. tomo 2 Artola, M. R. y Aguayo, Francisco B.— Cuadro de Observaciones

Anónimo.—Monografía de Tarma. Clima y Agua.—Bol. Soc. Geo gr. Meteorológicas (Observatorio Unanue) Julio a Diciembre 1897.
de Lima. tomo XXVII, pg. 337. Lima, 1911. Gaceta Científica. Tomo X, págs. 8, 28 y 48. Lima, 1898.
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Cuadro de Observaciones Meteorolégicas. Enero.—Agosto Observations made o the Arequipa Station. eY
de 1888. Gaceta Científica. Tomo XII, año 12, pgs. 64, 80 i Observatory Harvard College 49-1.e , , . 64, 80,

26 y 112.—Lima, 1899. no

C—Ob Meteorológicas en la Observations made at the auxiliary Stations. 1892-1895.
Artola, &gt; Rr Four a Tornos VITI y IX Annals Astronomical Observatory Harvard College 49-2.

scuela de Medicina.—Gec. Científica. . — 1908.

pg. 244 y 67.—Lima, 1893.

(Observatorio Unanue) Observaciones Meteorológicas. Enero Oscilación diaria de la presión atmosf rica en las estaciones
: GC tomo IV, p. 120. Lima peruanas del Observatorio del Colegio Harvard. Arequipa.

a Junio de 1894, Bol. Soc. Geoer E. - 1894-1895. Bol. Soc. Geogr. de Lima. Tomo XXX, 2do. Se-
1874. mestre pg., 189. Lima, 1914.

i ógicas.— i 94. Bol.

Observaciones Meteorológicas Ju. Pi 1874. Bo Badani, Augusto.—El Servicio de Estudios Agrológicos. Bol. Aguas e
Soc. Geogr. Tomo IV, pg. —Lima, . Re 95. Lima, 1933

1 Hol — 1895,

Observaciones Meteorológicas. o. ro a Mayo de Balta, José. —Observaciones hechas en un viaje a Carabaya. Bol. Soc.
de tomo 1, ps. 100—ma. Geogr. de Lima. Tomo VII, Nos. 1-2-3, pg. 105—Lima, 1897.

i ógicas.—Abri i de 1895,
o bservaciones Meteorológicas. 1 A a Setiembre de Un efecto geodinámico de la corriente Antártica Americana.
id. tomo 1V. ps. 240—Lima, - Bol. Soc. Geogr. de Lima. Tomo VII, Nos. 7, 8 y 9. ps. 311.

Observaciones Meteorológicas. Octubre a Diciembre de 1895, —Lima, 1897.

id. tomo V, ps. 360—Lima, 185. Balta Hugues, José.—Los yacimientos de Fe de Marcona.— Estudio del

Observaciones Meteorológicas. Enero a Marzo de 1895.— Vr de oescuela de Ingenieros. Tomo XVII, pgs.
Bol. Soc. Geogr. de Lima. Tomo V, pg 489.—Lima, 1899. .— Lama, .

Ballón Gastiaburu, J. L.—La emigración y mortalidad de las aves en
— E: el verano de 1925.—Memoria de la Compañía Administra-

dora del Guano. 16. pgs. 41-45.-Lima, 1925.

Bailey, S. J.— El Misti (Conferencia por el Director del Observato- Banco Italiano de Lima.—El Perú en Marcha. — publicado por el: —
rio Harvard College en Arequipa). Bol. Soc. Geográfica de Cap. Factores Climáticos. pp 14-17. Imp. Torres Aguirre
Lima. Tomo VI, pg. 294.—Lima, 189%. Lima, 1941.

Peruvian Meteorology 1888-1890. Annals Astronomical Bardalez, Hector.—La Sierra del Perú.—Inf. y Mem. (Bol. Soc. de
Observatory Harvard College. 39-1. Cambridge 1899. Ingenieros) vol. XXXIX, N” 1, pg. 63. Lima, 1938.

Peruvian Meteorology. 1892—1895. — Annals Astronomical Barreda, C. A.—Ligeros apuntes sobre la meteorología de la Meseta
Observatory Harvard College 39-2. Año 1906. del Lago Titicaca y los más conocidos accidentes meteoroló-
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gicos que influyen sobre la producción agropecuariaInf Los Andes del Sur del Perú (traducido por Carlos Nicholson).
y NU o, de Ingenieros del Perú) 30-6. ps. A Arequipa. Per 1938.
ma, Junio de .

 1914- Bowman [.—Man and climatic Change in south America.—Journal
Basadre G, Carlos.-—Observaciones magnéticas (Huancayo) Royal Geogr. Soc. 33, 267—278, 4 fig, 602. 1909.

1920.—Bol. Ofic. de Minas y Petréleo. Afio III, N° l1, ps. 7

3 —Lima, 1925. Boza Barducci, T.— Proyecto de un mapa internacional del clima
del trigo (genética) Bol. Agr. y Ganad. tomo III, pg. 101,

Beraún, Mariano D.—Teoría de las mareas. Folletos peruanos (Co- Año 1933.
lección de la Biblioteca de la Univ. M. de S. Marcos) | vol.

de 18 folletos.—Lima, 1871. Bravo, José J.—Informe sobre los humos de la Oroya.—Efecto de los
vientos. —Bol. Ings. de Minas del Perú N”. 108 pg. 41 Lima,

La Luz Zodiacal. Folletos peruanos. | vol. de 16 folletos. 1926,
Huánuco.—Lima, 1822.

, Geografía Fisica. —Imp. Lit. de T. Scheuch. Lima 1928.
Berry, E. W.—Meteorological Observations at Negritos, Pera e

cember 1924 to May 1925. Monthly Weather Review Was- Broggi J. A.—Geología General.—(Curso mimeografiado en la Es-
hington, 1927. pgs. 75-76. cuela de Igenieros.—Lima. 1940).

: Ao} i ic. de 1924 a

Observaciones Meteoro ósicas - emos del Gua- Observaciones meteorológicas realizadas en el trayecto Li-
Mayo de 1925.—Bol. gh ma Caravelí (Calpa).—Rev. de Ciencias de la U. de San Mar-
no. Tomo III. ps. 361.—Lima, 1724. cos. Año III. pp. 171-185. Lima, 1940.; ici 1904.y1905.Bock.—Temperaturas % _ a h Diem Hamburgo. Las terrazas de Chosica. — Actas de la Academia Nacional
— D. Ue Met. Sor Pe de Ciencias Exactas Fisicas y Naturales de Lima. pgs.
tomos XIV, XV y Xvl. 231-248. Vol. 1V. Fc. IV.—Lima 1941.— id. Rev. de Cien-

Boggiano, E.—El Rocío. La Gaceta Científica. Tomo VII, pg. 38. cias de la U. de San Marcos. IV. pp. 587-604. Lima 1941.

Lima, 1892. La desglaciación actual de los Andes del Perú. — Bol. Soc.

Boner, Pablo.—Loreto Industrial, aspectos climáticos y meteorológi- Geológ. del Perú. Tomos XIV-XV, pp. 59-90. Lima, 1943.. Inf.yMem.vol.XLIV,pg.434.Lima,1943.cos. Me Y ET YO Sobre Geomorfología y Climatología de Huacachina. Bol.

Borchers, Ph.—Die Weisse Kordillere.—Berlin 1935. Soc. Geológ. Tomos XIV—XV, pp. 91-98. Lima, 1943.

Bosworth, T. O.—Geology of the tertiary and quaternary periods Posibilidades Hidrológicas de un embalse en la cuenca del
in the north west part of Petú. London 1922. río Saña (con observaciones de precipitación en Espinal, Ca-

yaltí, Carhuaquero) (Rio Chancay), Tumbaden (Puclush)
Bowman, 1.—The Andes of Southern Perú (New York) 1906 — Magdalena, Bol. Aguas e Irrig. V, pg. 137. Lima. 1944.
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Broggi, J. A.e Indacochea, Angel. — Observaciones atmolósicas Le Observaciones meteorológicas en Huancavelica. Jul. y Agosto
un viaje a Piaz, Parcoy y Ariabamba. Bol. Soc. Geológ. de de 1892. Bol. Soc. Geogr. de Lima. Tomo II, pg. 414. Lima,
Perú. Tomos XIV-XV, pp. 17-27. Lima, 1943. 1893.

Brooks, C. E. P. and Hunt, Th.—The Zonal distribution of rainfall Observaciones meteorológicas en Huaytará. Setiembre de
over the earth-—Memorial” Royal Meteorological Society 1892. Bol. Soc. Geogr. de Lima. Tomo II, pg. 416. Lima, 1893.
—Vol. III Ne 28. London 1930.

, , se , Carbajal, Fernando y Rincón Aurelio.— Temperatura observada en
Brown, C. B.—Observaciones plaviométricas efectuadas en “El Gri- Puerto Maldonado. Enero a Mayo 1903. Bol. Soc. Geográ-

llo” Bol. de la Soc. Geogr. de Lima. tm. XXIX pg. 218. Li- fica de Lima, Tomo XV, pg. 113. Lima, 1904.
ma, 1912.

. Carnegie Institution of Washington.—Annual Report of the Director
On some Effects of Wind and Sun in the desert of Tumbes, of the Department of terrestrial magnetism. Reprinted from
North-West Peru. 1924. year Book N&gt; 28 for the year 1928-1929. pp. 209-276. Decem-

, ber 1929.—Bol. Soc. Geográfica de Lima. VI-Fasc. 2. Lima,
Byers, Horace Roberto.—Sinoptic and Aeronautical Meteorology. 1929.

(Biblioteca de la Escuela de Ingenieros. Lima). 1937.
Annual Report of the Director of the Department of terres-

—C— trial magnetism. Reprinted from year 1930. Book N° 29 for
the year 1929. 1930. pp. 249-322. December 11, 1930.

Caballero Lastres, Ernesto.—Contracorriente observada en el Norte Carroll, C. M.—Observaciones termométricas tomadas en San Ig-
del Perú. Bol. Soc. Geogr. de Lima. Tomo XXI, pg. 236. nacio (Cailloma) Dic. 1905. Ene.—Set. 1906.—Bol. Soc.
Lima, 1907. Geogr. de Lima. Tomo XIX pag. 356. Lima, 1906.

Cambell, L.— Observaciones de Arequipa. Enero a Junio de 1912. Observaciones termométricas tomadas en San Ignacio (Cai-
Bol. Soc. Geogr. de Lima. Tomo XXVIII, pg. 237. Lima, lloma) Oct.—Dic. 1906.—Ene. a Marzo de 1907. Bol. Soc.
1912. Geogr. de Lima. Tomo XXI, pg. 238. Lima, 1907.

Observaciones de Arequipa. Jul. a Dic. de 1912. Bol. Soc. Carranza, Fortunato. Meteorología del Perú Incaico.—Bol. Soc.
Geogr. de Lima. Tomo XXVIII, pg. 375. Lima, 1912. Geogr. de Lima. Tm. XL pp. 1-22. Año 1923.

Cancino, José T.—Apuntes topográficos y meteorológicos de la Prov. Carranza, Luis.—Aclimatación de la raza blanca en algunos países
de Ayacucho. Bol. Soc. Geogr. de Lima. Tomo II, Nos, 10, de la zona tórrida.—La Gaceta Médica. Tomo II, Ne. 9, pp.
[1 y 12. pp. 406-418. Lima, Marzo 1893. 68-69; N° 12, pp. 91-94; Ne 13, pp. 99-101; Ne 14, pp. 107-

109; Ne 15, pp. 115-117; N° 17, pp. 132— 134; N° 18, pp. 139-
Observaciones meteorológwas en Acobamba 15 y 16 de ju- 141;.—Lima, 1876.
lio de 1892. Bol. Soc. Geogr. de Lima. Tomo II, pag. 412.
Lima, 1893. Ica su temperatura y elevación. La Gaceta Médica Año 1875.

Año I, pg. 31. Lima, 1895.
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Nuestra Costa y algunas singularidades de nuestro clima. Casaverde Río, Mateo.—Pronóstico de tiempo.—Revista “Aviación”
El calor de Lima. La Gaceta Médica, Revista quincenal de Ne 109 p. 51-53.—Lima—Mayo de 1945.

ici irugf ño |. No 1. pes. 3-4-43, 31-38. Castro, Pedro B. C.—Observaciones termométricas, practicadas en
Me 5 CnSe pou 1 año | DO el Colegio San Miguel de Piura. Abril a Junio, año 1897. Bol.
Lima, febrero S Soc. Geogr. de Lima. Tomo VII, pg. 339. Lima, 1897.

. a . p g

Ssh a observada o ae Tama Chávez Cabello, Enrique.—Breves apuntes elementales relacionados
yo. — Bol. 1991 eogr. de Lima. , PP- y con el Eclipse total del Sol, del 8 de Junio de 1937. Relación
Diciembre con el clima. (estudios de la Delegación Japonesa presidida

Las heladas.—Bol. Soc. Geogr. de Lima. Tomo II, pp. 67- Issei Yanamoto).

74. Lima, 1691. Cisneros, Carlos B.—Monografía del Departamento de Lima. Bol. Soc.

Fenómeno Meteorológico en Ayacucho. Bol. Soc. Geogr. de Geogr. de Lima. Tomo XXVI pg. 121. Año 1910.

Lima. No. 1, pp. 19. vol. 1. Año 169, Clima e Higiene (de Monografía del Departamento de Li-

La Meteorología y Climatología en el Perú. Bol. Soc. Geogr. my DeDos Geogr. de Lima. Tomo XXVII, pg. 221.—
de Lima. Nos. 10-11 y 12. pp. 392, 414, Tomo 1, Lima Marzo, ima, .

15%. Clemente, Pablo.—Geografía Descriptiva. Perú (Conferencia). Bol.
Tempestades de granizo en Ayacucho. Bol. Soc. Geogr. de Soc. Geogr. de Lima. Tomo XLII, pg. 339. Lima, 1925.

i —5— —233. Setiembre de 1892.
Lima. Tomo 11, Nos. 45-6. pas. 231-233. Setiembre ce Colegio Salesiano del Cuzco.—Observatorio. Meteorológico del Cole-

Carrillo, Camilo N.— Estudios sobre las corrientes oceánicas y espe- o doho6 Geogr. de Lima. Tm.
cialmente de la corriente de Humboldt. Bol. Soc. Geogr. p-p. . Año .

ire —2- — i 892.

de Lima. Tomo II, Nos. 123. pp. 72-111. Lima, | Colegio San Miguel de Piura. —Observ. termométricas de Piura. Junio

Casartelli, L. C.—Meteorología en Sud-América.—Bol. Soc. Geogr. 1895. Bol. Soc. Geo. de Lima. Tomo V, pg. 112. Lima, 1895

de Lima. —Tm. XV p.p. 93-95. Año 1904 Observaciones termométricas, practicadas por el Colegio.
. . Soc. . ima. . 4- | pg.

Casas. Enrique de las.—Provincia de Huallaga Bol. Soc. Geográfica a Gay de Lima. Tomo V, Nos. 4-5 y 6, pg. 237
de Lima. Tomo XLVII, 4° trimestre, pp. 162-210. Lima, 1930.
Bol. Soc. Geolóz. VI-Fasc. 2). Observaciones termométricas tomadas en el Colegio San Mi-

1 de Piura. io 1896. Bol. Soc.Geogr. ima.[nfluencias del clima de Lima. Bol. Soc. Geogr. de Lima. To- oy pe. 20. Ti Ja 189%, ol. Soc.Geogr. de Lima. Tomo
mo LII. p.. 80-82 Lima, 1935.

, Observaciones termométricas en San Miguel de Piura, Julio
Clima Provincia del Huallaga. Bol. Soc. Geogr. de Lima. To- 18%. Bol. Soc, Geogr. de Lima. Tomo VI, pe. 357. Lima,
mo LV, pg. 152. Lima, 1938. 1896.
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Obsérvaciones termométricas practicadas en el Colegio San Comisión Explotadora, nombrada por la Prefectura de Ancash.—Ob-
Miguel de Piura, Agosto-Setiembre 1897. Bol. Soc. Geogr. servaciones hechas desde Huaraz hasta Iquitos por las rutas
de Lima. Tomo VII, No 1, 2 y 3, pg. 476. Lima, 1898. del Huallaga y Marañón. Dic. 1897. Abril, 1898, Bol. Soc.

Geogr. de Lima. Tomo VIII N° 10-11-12, pg. 476. Lima,
Corazao, Alberto.—Apuntes sobre el clima del Cuzco. Rev. Univer- 1899.

sitaria del Cuzco. Afio XIII, vol. II del 2do. Semestre pp.
361-364. Año 1929. Contreras, Arias Alfonso.— Estudios de correlación entre la variación

del rendimiento del algodonero y la variación de la tempera-

Compañía Administradora del Guano.— Temperatura de las islas gua- tura y de la lluvia durante su período vegetativo.—Bol. Cía.
neras. Marzo-Octubre, 1934. Bol. Cia. Administ. del Guano. Administ. del Guano. Vol. XVII, pg. 309, Trascripción de
Vol. X, pgs. 68-109-145-268-305-351-387 .—Lima, 1934. ista Americana “Agricultura” Nov. Dic.—1939. Lima,

La temperatura en las islas guaneras, Noviembre de 1934 a
Octubre de 1935. Bol. Cia. Administ. del Guano. vol. XI, Copeland, R.—Experiments at high Elevation Copernicus. 3 pp. 193-
pgs. 42-135-136-179-180-379-380-411-456-510-595-5%. Li- 231.—Dublin, 1883.
ma, 1935. Cornejo, J. F. y Seminario F.—Observaciones termométricas de Piu-
Temperaturas en las islas guaneras. Dic. 1935 a Agosto de ra. Agosto a Octubre 1896. Bol. Soc. Geogr. de Lima. Tomo
1936. Bol. Cia. Administ. del Guano. Vol. XII, pgs. 76-107- VI pg. 359. Año 1897.—Lima, 1897.
133-173-342-382-418-448-480. Lima, 1936.

Corrales, L. G. A.—Observaciones M bol :
La temperatura en las islas guaneras. Set. 1936 a Agosto delo de lio SieAOcbeMo
de 1937. Bol. Cia. Administ. del Guano. vol. XIII, pgs. 28- 1931; Marzo-Mayo 1932; Junio-Noviembre 1932 — diciem.
29-109-339-340-341-374-400-428-463—464. Año 1937. bre 1932.— mayo 1933, Julio— Diciembre 1933, Diciembre—

Temperatura en las islas guaneras. Set. 1937 a Jul. 1938. DA E A po Boletín N* 2 p.
Bol. Cia. Administ. del Guano. Tomo XIV, pgs. 39-67-107- 7». 3540. No 5 2975. &gt; , — i 66 p. 45-50; ‘Ne
136-168-299-300-338-372-414-444. Lima, 1938. Oct 1931: Marzo” 1932: Junio 1932; Dic. 1932; Julio” 1933. ; ; o 2; Dic. 1932; Julio 1933;

La temperatura en las islas guaneras. Agosto 1938 a Junio enero 1934-1935.
de 1939. Bol. Cia. Administ. del Guano. Tomo XV, pgs. 41-
42-120-121-201-282-308-341-342-386-408. Lima, 1939. Crukshanks, Alexander. — Account of an excursion from Lima to

La temperatura en las islas guaneras, Julio de 1939 a Julio Pasco (Hookers Botanical Miscellany, pág. 168. London.
de 1940. Bol. de la Cia. Administ. del Guano. Tomo XVI, pes. 1831.
26-27-111-113-138-168-254-281-282-303-304417-418. Año Cc , ,
1040. Lima. 1940. ucalén, María Angélica.—La presión atmosférica en la ciudad de

Lima. Durante los años de 1910 a 1920. Tésis Doctoral. Año

Temperatura de las islas guaneras. Agosto a Setiembre de 1921.
1940 Bol. Cía Administ. del Guano. Vol. XVII. pp. 25-26,
1941. Lima, 1941.
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INSTITUTOGEOLOGICODELPERUBIBLIOGRAFIACLIMATOLOGICADELPERO—Cuadro de observaciones meteorológicas de Ica. Setiembre
a Diciembre de 1893. Bol. Soc. Geogr. de Lima. Tomo III,

— D — pg. 478.—Lima, 1893.

T t de Ica desde E M de 1894. Bol.
Dávila Cuevas, Rafael.—La Meteorología.—Suscinta Historia e m- Soc. Geogr, de Lima. Tomo IV. No 1-23, pe. 120. Lima.

portancia de esta ciencia.—Revista Aviación N* 107. p- 22- 1894.
23 Lima Marzo de 1945.

T t de Ica, Abril-Mayo-Junio de 1894. Bol. Soc.
Departamento de Meteorología.— (Antes Servicio Meteorológico Na- Geogr, deLima. Toro Iv. Eaa 1894 o

cional. —Ministerio de Fomento) Bol. Anual Meteorológico
de 1941. Año XIII, N" 24.—Publicado por la Dirección de Temperatura de Ica. Julio-Agosto—Setiembre de 1894. Bol.
Comunicaciones y Meteorología de Aeronática.—Lima 1944. Soc. Geogr. de Lima.— Tomo IV, Nos. 7, 8-9. pg. 364.—Lima,

1894.
Bol. Anual Meteorológico de 1942.—Año XIV. — No 25.—
Publicado por la Dirección de Comunicaciones y Meteorolo- Observaciones termométricas de Ica. Bol. Soc. Geogr. de
gía de Aeronáutica.—Lima 1945. Lima. Tomo V, pg. 113.—Lima, 1895.

Dextre Freyle, Jorge.— Instrumentos Meteorológicos Historia de Temperatura de Ica. Octubre a Diciembre de 1895.—Bol.
los mismo.—Observatorios Meteorológicos. Elementos que Soc. Geogr. de Lima.— Tomo V, pg. 360, Lima, 1895.
en ellos se observan.—Revista Aviación.—N” 112 p. 22-24.—
Lima Agosto de 1945. D” Ornellas, Antonio.—Los Andes, influencia de su clima sobre la ti-

sis, de 11° a 13° latitud Sur. —La Gaceta Médica, Año I.irecció Irrigación.—Descarga máxima y mínima de los No, 11. pgs. 136, 160, 171, 179, 202y212.-—Lima,1026Dirección € ha Costa en litros por segundo. Ene. Feb. May. de de 1875 y ima, Junio
1932. Bol. Direc. Aguas e Irrig.—Año | pg. 102.—Lima 1932.

. la C litros Dueñas, Enrique I.—Reconocimiento Geológico Minero de la Cuenca
Descarga máxima y mínima de los ríos a So e Irriga carbonera setentrional Lima, Junin (Cuad. Obs. Pluv. en
por segundo.—Abril-Mayo-Junio, 1932.—Bo!. ngua Oyón 1917—1919) Bol. C. Ings. Min. del Perú. N? 97. pg.
Año I, N* 2, Lima, 1932. 21. Lima 1919.

Descarga diaria de los ríos de la costa, Años TS id. id. — meridional Lima, Junin (Hoyas de Jatunhuasi
Bol. Aguas e Irrig. vol. V, 2da. parte, pg. |. 1.1ma, | y Yanacancha) Bol. C. Ings. Min. del Pera. N°. 104, pg. 29.

Lima 1921.
Divizzia, Angel D.— Temperatura de Ica. Marzo-Abril-Mayo, 160%

Bol. Soc. Geogr. de Lima. Tomo LI, No 1-23, pg. 120. La- Las lluvias de Angasmarca y Tamboras, desde 1916. —En
ma, 1893. Hualgayoc en 1914. — Oyón 1917 a 1919. Inf. y Mem.

Temperatura de Ica Junio-Julio-Agosto de 1893.—Bol. Be de la Sociedad de Ingenieros. Tomo XXIV.— Lima,
Soc. Geogr. de Lima. Tomo HI. pg. 240. Lima, 1893.
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Observaciones meteorológicas en el Cuzco. Ene. Dic. 1915.—
_ Ene. Set. 1916. Bol. Soc. Geogr. de Lima.—Tomo XXXII
— pg. 306. Lima, 1916.

Eguiguren, V:ctor.—Observaciones termométricas de Piura, Julio 1894, Observaciones meteorológicas en el Cuzco. Ene. Marz. 1917,
Bol. Soc. Geogr. de Lima. Tomo IV, Nos 4-5-6. pg. 235, Bol. Soc. Geogr. de Lima. Tomo XXXIII, pg. 217.—Lima.
Lima, 1894. 1917.

Las lluvias en Piura. Bol. Soc. Geogr. de Lima. Tomo IV, Espinar, Enrique.—Cuadro de Observaciones Meteorológicas de Iqui-
Nos. 7-8-9, 257. Li 804. tos. Ene. a Abril 1894. Bol. Soc. Geogr. de Lima, Tomo IV.

os pes. 241257. Lima, 18% Nes. 4-5-6. pg. 234. Lima, 1894.

El C 1o.—L ici teorológi l Sur de la República. , .o omentariosobrenotrede“El Deber" de Arequipa.— Observaciones meteorológicas de Iquitos, Mayo, Junio 1894.
“El C o” Li 16 de Julio de 1945 - Bol. Soc. Geogr. de Lima. Tomo V, Nos. 7-8-9, pg. 352,

omercio” Lima e Julio de Lima, 1895.

Enock, Reginald C.—El Huascarán. Bol. Soc. Ingenieros. Tomo XV, Expedición Universitaria del Año 1935, Al Crater del Volcán Misti.
173. Lima, 1904. Datos meteorológicos de la cumbre del Volcán “Misti”—

, Rev. de la Universidad de Arequipa. Afio X. Ne 11, 2 de
Perú. New York, 1908.—Lima, 1908. Nov. de 1937 tomo LI, pg. 115-116-117.—Lima, 1937.

Escomel, Edmundo.—Observaciones científicas. Bol. Soc. Geogr. de
Lima. Tomo I, pp. 5-896. Tomo VI, pg. 2. — Lima, 1929. :

Escuela Salesiana del Cuzco.—Observaciones meteorológicas tomadas o
en el Cuzco.—Bol. Soc. Geogr. de Lima. Tomo XXV ps. Facultad de Ciencias (Obsv. Meteor. de la Facultad de Ciencias. Univer-
475. Lima, 1909. sidad de San Marcos) Observaciones meteorológicas en

Agost. Set. Nov. Dic. de 1910.—Revista de la Facultad de
Observaciones meteorológicas tomadas en la Escuela Sale- Ciencias Tm. XIII. p.p. 187, 112, 235, 284.—Lima 1910.

siana del Cuzco. Ene. Feb. Marz. de 1910. Bol. Soc. Geogr. id id q Octubre, 1911.—id Tm. XIV
| ra . . e enero a Octubre, .—id Tm. . pes.

de Lima. Tomo XXVI, Pg. 110-Año 1910. Lima, 1910. 19, 67, 91, 115, 189, 169, 189, 211, 259.

Observaciones meteorológicas tomadas en la Escuela Sale- . . . .

siana del Cuzco. Feb. Marz. Abril de 1910.—Bol. Soc. Geogr. = 3, 47 Noviembre a Diciembre 1911.—id. Tm. XV
de Lima.—Tomo XXVI pg. 236. Lima, 1910. -

id. id. ici —iObservaciones meteorológicas tomadas en la Escuela Sale- : : de Enero a Diciembre 1912.—id. Tm. XV.

siana del Cuzco. Jul. Dic. 1910. Bol. Soc. Geogr. de Lima. id id de Febrero a . de A is
. . t DTomo XXVII, pg. 115.—Lima, 1910. 1913—id Tm. XV. Junio y de Agosto a Diciembre
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bre 191 LeoTo Setiembre, Noviembre y Di- Observaciones termométricas tomadas en San lgnacio (Cai-
e - lloma) Noviembre 1905. Bol. Soc. Geogr. de Lima. Tomo 19,

pg. 121. Año 1906.
id. id. Enero, Febrero, Setiembre, Octubre 1915.—id.
Tm. XVII Observaciones termométricas tomadas en San Ignacio (Cai-

lloma) Abril-Noviembre 1907, Diciembre 1907, Enero—Se-
Fisk, H. W.—Resultados preliminares de las observaciones realiza- tiembre 1908, Octubre-Diciembre 1908, Enero—Junio 1909,

dos por la Carnegie Institution of Washington, sobre el mag- Julio-Setiembre 1909, Octubre-Noviembre y Diciembre 1909,
netismo en la América Latina y mares adyacentes.—Tradu- Mavyo-Junio-Julio 1910, Enero-Abril 1910, Agosto-Diciem-
cido por A. Fuentes. Inf. y Mem. Bol. Soc. de Ingenieros. bre 1910. Enero- Junio 1911, Agosto-Diciembre 1911, Mayo-
vol. XXIX, No 1, pp. 18-34. Año 1927. Junio 1912, Julio-Diciembre 1912, Junio—Diciembre 1915,

Enero Diciembre 1916. Enero—Abril 1917, Bol. Soc. Geogr.
Fleming, J. A—Report by the Department of terrestrial magnetism de Lima. Tomos 21, 23, 25, 26, 27, 28, 32, 33,—Págs. 477,

Carnegie Institution of Washington to the Stockholm Assem- 448, 244, 367, 487, 239, 110, 238, 505, 236, 372, 316, y 458,
bly on work done since the Prague Assembly. International 220. Años: 1907-1908-1909-1910-1911-1912-1916-1917.
Geodetic and Geophysical Unión; Stockholm Assembly Au-
gust Pub. of the Department of terrestrial Magnetism of Frezier, M.—Relation du voyage de la mer du Sud, aux cótes du Chi-
Carnegie Institution of Washington pp. 5-18; 36-50, June li et du Percu, Fait 1712-1714.—Paris 1716.
1930.

Fuchs, Federico.—Zonas lluviosas y secas del Perú. Su distribución.
Magnetism investigation of the Department of terrestrial Causas que determinan la existencia o falta de lluvias. Inf.
Magnetism of the Carnegie Institution of Washington, May y Mem. Bol. Soc. de Ing. de Lima. Tomo VII, pp 270-297.
1932 April 1933. Trans. Amer. Geoph. Union Fourtheenth Año 1907.
Anual Meeting April 1927-28 y 29, 1933 Published by Mat.
Research Council of U. S. pp. 160-165 June 1933. Meteorología del Perú. Bol. Soc. Geogr. de Lima. Tomo 34,

pp. 1-22. Año 1918.
Forbusch, Scott.—El Observatorio Magnético de Huancayo. Inf.

y Mem. Bol. Soc. Ingenieros. vol. XXXI, N”, 8 pp. 473-386. Las últimas lluvias y la ciencia Meteorológica. La vida Agrí-
Agosto. Bol. Soc. Geológ. del Perú, Vol. V1-2. 1929. cola. Lima, julio 1925 y la Industria Tomo XXX. Trujillo,

Agosto 7 de 1925.
Fox, Alfredo. —Observaciones termométricas tomadas en San lgna-

cio (Cailloma) Marzo, Abril, Mayo y Agosto. Bol. Soc. Ciclo de lluvias. Bol. Soc. Geogr. de Lima. Tomo 45. Lima
Geogr. de Lima, Tomo XV, pág. 240 y 373. Año 1904. 1928.

Los cambios de clima en el mundo. Bol. Soc. Geogr. de Lima.
Observaciones termométricas tomadas en San Ignacio (Cai- Tomo 54. pp. 159-69. Año 1937.
lloma) en Enero, Agosto, Setiembre, Octubre, Noviembre ,
y Diciembre. Bol. Soc. Geogr. de Lima.—Tomo XVII, pss. Fyfe, Douglas y Morán, Robert M.—Geologia de la Región Bajo Pa-
122, 240, 357, 492. Lima, 1905. Die (Clima). —pg. 45.—Bol. Ofc. Min. y Petrol.-Afio XII° 41. Lima 1933.
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Gigoux, E. E.—La Corriente de Humboldt y su influencia en la fauna
— maritima.—Actes de la Société Scientifique du Chili. Tm.

XXXVI. 1926. pp. 38-45. Santiago de Chile 1929.

kE L—Not the Climate of the Marañon.— Proc. Roy. Gildemeister, (Casa). —Observaciones Meteorológicas en Puerto Chi-
Galt, F. Cos PA 17, pp. 138-142. Extracto en Zeitchr. cama en los meses Enero, Febrero, Abril, Mayo, Junio, Julio

ester. Ges. of Meteorologie. Wien pp. 268-269. Año 1873. a Diciembre de 1929.—Setiembre a Diciembre de 1930.—
| | Julio, Agosto de 1931.—Bol. Soc. Geogr. de Lima. Tomo 48,

Gamio, E. M.—Aspectos Sociogeográficos del paludismo en la Costa pes. 100, 172, 292.-año 1931.

del Perú. Bol. Sociedad Geográfica de Lima. Tomo 54, ps. Gohring, Roberto.—Algo sobre Meteorología del Cuzco. Revista de
41. 1937. la Universidad del Cuzco. Semestre 1°, pp. 173-179. 1930.

Gamio, Luis M.— Viajando por el Perú. El Departamento de Ancash. - La región del Cuzco. Revista Universitaria del Cuzco. Año
Bol. Soc. Geogr. de Lima. Tomo 60, pg. 197, año 1943. XXI, 2da. época ler. Semestre pp. 62-117. 1932.

. . , Goicochea, R. A. La Misión Científica del Buque CarnegieydelOb-, Aonr — 4 l Perú. Bol. &gt; a ey

García Rosell, César. he pre Fergie peculiares de mm servatorio Magnético de Huancayo. Bol. Soc. Geográfica
Soc. Geogr. de Lima. lomo 33, pg. “41 de Lima. Tomo 46, año 1929.

García, G. P.—Observaciones hidrológicas de DI I 920. Be cue Goreczynski, Ladislao.—Investigaciones Espectográficas. Bol. Soc.
po de Ingenieros de Minas y Aguas. N i DB BLL ma, Geogr. de Lima. Tomo 45, Trimestres 3ero. y 4to. p. 184,
1921. año 1928.

García M., Carlos A.—Concepto sobre condensación y precipitación Gonzales, E. Z. y Macpherson Guillermo.—Observaciones termomé-
según las ideas de Sverre Pettersen y Bergeron, aplicadas a trica de la Oroya y Matucana. Mayo, Junio, Octubre y No-
las características de las masas aéreas de la Costa Peruana. viembre. De Julio - Diciembre.— Bol. Soc. Geogr. de Lima.

Inf. y Mem. (Bol. de la Soc. de Ings) val XVII, pgs. 219, Tomo 9, pes. 125, 356. Año 1899.
—vol. XLIX, pg. 309, añ .

263, 1942.—vol. X Ps ne Temperatura Máxima, Mínima y Media de la Villa de la

Garland, A.—Perú in 1906 and after with a brief historical and Geo- uu lo eoTerr po o Geogr. de Lima. Tomo 9,
graphical Sketch; translated in english by G. R. Gepp. 2 98. &gt; + PS . 9 |

Editorial Lima 1908. Temperatura Máxima, Mínima y Media de la Villa de la
Oroya, en los meses de Marzo, Junio, Julio, Octubre, Noviem-

Garro, Eugenio J.—Clima. El litoral del departamento de Ancash. bre. Bol. Soc. Geogr. de Lima. Tomo X pgs. 117, 238 y 357.
Bol. Soc. Geogr. de Lima. Tomo 55, pg. 237, año 1938. año 1900.

oi pie Gonzales, Benites.—Ligero estudio sobre Meteorologia de los vientosx Ss 1 g rologi vie
Gaudron, I.— Estación Central de Lima.—Servicio Meteorológico de Lima. “Meteorología” ediciones en 1912 y 1913, (Colección

Nacional año 5to. No 1-12.-1933. folletos peruanos. Univ. San Marcos).
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INSTITUTO GEOLOGICO DEL PERUESRSBIBLIOGRAFIACLIMATOLOGICADELPERUGonzales Iglesias, José.—Notas y graficas de la fluctuacién del rio
Amazonas en el Puerto de Iquitos en el afio de 1936. Infor-
maciones y Memorias (Bol. Soc. de Ingenieros) vol. XXXVII, — H—
No 12, pg. 66, año 1937.

Habich, E.— A ,
Notas y gráficas de la fluctuación del río Amazonas en el ConPeervatorio Astronómico del Perú. Bol. Min. Inds. y
Puerto de Iquitos, 1938. Bol. Soc. Geogr. de Lima. Tom. &gt; mo » pS. 26. Año 18%.

57, pg. 50, año 1940. _=a calor suministrado por el Sol (trascripción de “La Vie
Gonzales Ruiz, Felipe. —Historia y Geografía del Amazonas. Bol. Soc. y "e NN. No 122. Bol. Mins. Inds. y Const. Tomo

Geográfica de Lima. Tomo 54, pg. |, año 1937. » Ps. 29, año 18%.

Clima y producción natural (Capítulo de Geografía y Et- Hang, ae dates sobre el Clima de Lima (Traduccién del Dr.
nografia del Amazonas). Bol. Soc. Geogr. de Lima. Tomo 3 Pen Bol. Soc. Geogr. de Lima. Tomo 9, Ne. 7-8-9, pe.
59. pg. 46. Año 1942. - Año 1899.

Greiilich, O.—Una excursión a la cima del Misti. Bol. Soc. Geogr. de Lemperatur von Callao.—Petermanns Geographische Mi-
Lima. Tomo 45, ler. trimestre, pg. 23.—1928. tteilungen. Gotha. 1903. 5. pp. 109-110.

Guaman Poma, Phelipe.— El primer Nueva Corónica y buen Go- Zum oe des Hochlandes von Perú und Bolivia. — Peter-
bierno”. (Publicación de los originales en el Bol. de la Soc. manns Geogr. Mitt. 12. Gotha 1903.
Geografica de La Paz. (Bolivia) por A. Posnansky.—N° 63. 7 Kl; ,
año 1941; No 64.—1942; N* 65-193; etc.) um Klima von Perú—Meteorologische Zeitschrift 6. 1907.

pgs. 270-279.

Guillaume, H.—Región Amazónica del Perú. Bol. Soc. Geogr. de Lima. 7 ,
Tomo IV, pg. 180.—1894. ur Meteorologie von Perú.—Sitzungsber. Akademie. Wis—

senschaften Wien. Abt. 2da. 118 pp. 1283-1372. 1909.

Giinther, E. R.—A Report on Oceanographical Investigations in the
Peruvian Coastal Current. Discovery Reports. Vol. XIII, Handbuch der Klimatologie. 3 Aufl. Stuttgart. 1908-1911.—
pp. 107-276.— Cambridge, at the University Press. afio 1936. Stidamerika 2 pp. 260-417; 3 pp. 516-580

Estudio sobre investigaciones oceanográficas en la Corriente Hann—Siiring.—Lehrbuch der Meteorologie Verlag Willibald Keller.
Costanera del Perú.—Bol. Cia. Administ. del Guano. vol. Leipzig 1939—40,
XVII, pg. 426. año 1941.

Hanson, Earl.—Observaciones magnéticas en Iquitos. Bol. Soc. Geogr.
Guzmán y Valle, E.—Cuadros Meteorológicos 1887—1889 (Obscv. de Lima. Tm. L. ler. Trimestre. pp. 82-83. Año 1933.

Municipal) La Gaceta Científica. Tomo IV, Año 4to. pgs.
22, 112, 144,172, 228, 255, 256, 311, 312.—Año 1888.—To- Harvard Soman of the Astron. Obsv.— Vol. XXXIX. Part.
mo V, año Sto. Nos. 2, 3, v 4. pgs. 28-144-116.—Año 1889. » Feruvian Meteorology 1888-1890 y part. II id 1892-1895

Cambridge 1899-1906.
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Hauthal, R.—Quartaere Vergletscherung der Anden in Bolivien und
Peru. Zeitsch. f. Gletscherkunde 1, 203-.1911. clayo. Abril a Diciembre 1892. Bol. Soc. Geogr. de Lima. To-

mo III, pg. 469.—Lima, 1893.
Reisen in Bolivien und Peru, ausgefithrt 1908.—Leipzig.
Dunker u. Humboldt 247 s., 60 Taf. 14 Textf. Observaciones Meteorológicas de Chiclayo.—Enero.— Abril,

1893, Bol. Soc. Geogr. de Lima. Tomo IV Nos. 4, 5, 6. —
Hermano Julio, de las Escuelas Cristianas.— La atmósfera media en pg. 236. Año 1894.

Arequipa durante los días 3 y 4 de Diciembre Gltimo.—Inge-
niería en Arequipa, 1 y 2, pg. 56. Arequipa, Enero 1933. Hohagen, M. L.—Observaciones meteorológicas de Chiclayo de Mayo

a Octubre de 1893. Bol. Soc. Geogr. de Lima Tomo V, pg.
Hermosa.—Observaciones meteorológicas. (Universidad de San Mar- 114. Año 1895.

cos).—Agosto, Setiembre, Noviembre y Diciembre de 1910.
— Rev. de la Facultad de Ciencias. Tmo XIII. Temperatura de Huánuco en los meses de Mayo a Agosto de

1896. Bol. Soc. Geogr. de Lima. Tomo VII pg. 337. Año 1897.
id. 1d. de Enero á Octubre. 1911.—id Tm, XIV. pgs. —Lima, 1897.
19, 67, 91, 115, 189, 169, 189, 211, 259.

Temperatura de Huánuco. Set.—Dic. de 1896. Bol. Soc. Geogr.
id. id. Noviembre a Diciembre 1911. —id. Tm. XV. de Lima. Tm. VIII, pg. 238. Lima 1898.
pgs. 23 y 47.

Holstein, O.—Chan-Chan Capital of the great Chimú. Geogr. Rev.
id. id. de Enero a Diciembre 1912.—id Tm. XV. pp. 36-61. 1927.

id. id. de Febrero a Junio y de Agosto a Diciembre Hope, H. Jones.—Observaciones meteorológicas tomadas en Elpis
1913.—id. Tm. XV Río Perené. Octubre a Diciembre de 1895. Bol. Soc. Geogr.

de Lima. Tomo V, rg. 352. Año 1895.
id. id. Enero, Febrero, Setiembre, Noviembre y Diciem-
bre 1914. id Tm. XVI. Observaciones termométricas tomadas en Elpis, Río Perené

(Tarma) Enero 189%. Bol. Soc. Geogr. de Lima. Tomo V, pg.
id. id. Enero, Febrero, Setiembre, Octubre 1915.—id. 479.—Lima, 189%.
Tm. XVII

Observaciones termométricas de San Ignacio prov. de Cai-
Herrera, Genaro E.—-Clima de la Amazonia. Bol. Soc. Geogr. de Lima. lloma. Mayo a Junio de 1896. Bol. Soc. Geogr. de Lima. To-

Tomo XV. ler. Trimestre. pp. 87-93. Ano 1904. mo VI, pg. 117.—Lima 1896.

Hettner. A.—Regenverteilung, Pflanzendecke und Besiedlung der Observaciones termométricas. Mina Trinidad y San Ignacio
tropischen Anden.—Festschr. Ferd. Fr. von Richthofen zum (Cailloma) Julio a Octubre de 1896. Bol. Soc. Geogr. de Li-
68. Geburtstag Berlin 1893. pp. 198-233. ma. Tomo VI, pg. 359. Ano 1896. Lima. 1896.

Hohagen, M. L.—Cuadro de Observaciones Meteorológicas de Chi- Observaciones termométricas San Ignacio (Cailloma) Nov.
v Dic. de 1896. Bol. Soc. Geogr. de Lima. Tomo VI, pg. 478.
Año 1897.—Lima, 1897.32
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Observaciones termométricas tomadas en San Ignacio (Cai- Observaciones tomadas en San Ignacio feos 2) or
lloma) en los meses de Enero a Junio de 1897. Bol. Soc. Geogr. Diciembre de 1899. Bol. Soc. Geogr. de Lima, lom » PS:
de Lima. Tomo VII, pg. 238-249. Lima, 1897. 359. Lima, 1899.

. i illoma, Enero-
Observaciones termomátricas de San Ignacio (Cailloma), Ju- Observaciones tomadas en San [snaps Ca! -
lio-Setiembre de 1897. Bol. Soc. Geogr. de Lima. Tomo vIL Mayo 1900. Bol. Soc. Geográfica de Lima. Tomo IX pg. 472.
pg. 335.—Lima, 1897. —Lima, 1900.

. . : i il

Observaciones termométricas en San Ignacio (Cailloma) Observaciones tomadas en San man hl Ln
Nov. y Dic. de 1897. Enero y Febrero de 1898. Bol. Soc. Junio. Bol. Soc. Geogr. de Lima. Tomo X, pg. 117. ,
Geogr. de Lima. Nos 10, 11 y 12, pg. 474. Lima, 1898. 1900.

. . lo (Cailloma) Julio-
Observaciones termométricas tomadas en San I i i Observaciones tomadas en San Ignacio (

gnacio (Cai- . :
lloma) Marzo— Junio de 1898. Bol. Soc. Geog. de Lima. To Setiembre de 1900. Bol. Soc. Geogr. de Lima. Tomo X, pg
VIII Nos. 1, 2 y 3, ps. 119 Lima 1898. 240.—Lima, 1900.

Observaciones termométricas tomadas en San Ignacio (Cai- Observaciones tomadas en San Ignacio (Cailloma) Octubre
lloma) Julio —Agosto de 1898. Bol. Soc. Geogr. de Lima. Diciembre de 1900. Bol. Soc. Geogr. de Lima. Tomo 5, ps.
Tomo VII pg. 240.—Lima 1898. 358. Lima, 1900.

Observaciones termométricas tomadas en San Ignacio (Cai- Observaciones tomadas en San Ignacio (Cailloma) Sn
lloma) Setiembre—Diciembre de 1898. Bol. Soc. Geog. de Marzo de 1901. Bol. Soc. Geogr. de Lima. Tomo XI, pz. .
Lima. Tomo VIII pg. 358.—Lima 1898. Lima, 1901.

Observaciones meteorológicas tomadas en San Ignacio (Cai- Observaciones termométricas tomadas en San Ignacio S
lloma) Febrero—Marzo de 1899.—Bol. Soc. Geogr. de Lima. lloma) Abril de 1901. Bol. Soc. Geogr. de Lima. Tomo Al,
Tomo IX pg. 129—Lima 1899. pg. 120. Lima, 1901.

. : 2 A

Observaciones termométricas tomadas en San Ignacio y Tri- Observaciones termométricas en San lenacio El
nidad (Cailloma) Enero de 1899. Bol. Soc. Geogr. de Liv Mayo a Julio, Agosto a Diciembre de 1901. Bol. Soc. ficogr.
ma. Tomo VIII Nos. 10, 11 y 12 pg. 477. Lima, 1899. de Lima. Tomo XI, pg. 235, 412. Lima, 1901.

Notas sobre las observaciones tomadas en Cailloma durante Observaciones tomadas en San Ignacio (Calloma) Enero
tres años. Bol. Soc. Geogr. de Lima. Tomo IX, pg. 128.— Febrero de 1902. Bol. Soc. Geogr. de Lima. Tomo De
Lima, 1899. 124. Lima, 1902.

Observaciones termométricas tomadas en San Ignacio y Tri- Observaciones tomadas en San Ignacio Calo) o
nidad, Cailloma Abril Setiembre de 1899. Bol. Soc. Geogr. Junio de 1902. Bol. Soc. Geogr. de Lima. Tomo 21, pe.
de Lima. Tomo IX, Nos. 4, 5 y 6, pg. 232. Lima, 1899. Lima, 1902.
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Pecrveciones tomadas en San Ignacio (Cailloma) Julio-Agos pg. 78. Lima, 1922.
o de . Bol. Soc. Geogr. de Lima. Tomo XII _

Lima, 1902. &gt; PE: 360.— Gráfico Pluviom' trico. Observatorio de Cailloma y Huanca-
yo. 1897-1929. Bol. Soc. Geogr. de Lima. Tomo XLVI, F.

cores vaciones als en San Ignacio (Cailloma) Setiem 3 ps. 136.—Lima, 192).
re—Octubre de 1902. Bol. Soc. Geogr. de Li ;

pg. 480.—Lima, 1902. gr. de Lima. Tomo XII, Notas sobre meteorología y agricultura en el Departamento
de Piura. Bol. Soc. Geogr. de Lima. Tomo, L. ler. Trimestre.

Do an en San Ignacio (Cailloma) Agosto- ps: 16—Lima. 19.
iciembre de 1902. Bol. Soc. G412.—Lima, 1902. oc. Geogr. de Lima. Tomo XII, pg. Hoyle, Alfredo.—Observaciones termométricas tomadas en la Hda.Chiclin, Valle de Chicama. May.—Dic. 1906. Bol. Soc. Geogr.

Concrvaciones tomadas en San lgnacio (Cailloma) Enero- de Lima. Tom. 19 ps. 476. Año 1
ebre 3. .Tia A Soc. Geogr. de Lima. Tomo XIII, pg. Humboldt, A. von.—Lignes des isothermes et de la distribution de- la chaleur sur le globe. Mem. d'Arceuil 3.—París 1817. Annal

Obse . de chimie et de physique 8. París de 1817.

E. raciones e San Ignacio (Cailloma) Marzo-Abril de1903, O!. DOC. “eogr. de Lima. Tomo XIII, pg. 248. Lima, De influence de la declinaison du soleil sur le commencement_—_— des pluis equatoriales.—Annal de chimie et de Physique 8.

Observaci : J 2 Paris de 1818.
lones tomadas en San Ignacio (Cailloma) Mayo-

indde 1903. Bol. Soc. Geogr. de Lima. Tomo XIII, pg. Ansichten der Natur. (Das Hochland von Caxamarca). —
- Lima, 1903. Tibingen 1808 (2* ed. 1826.—3* ed. 1849).

apuntes e Cailloma con un resumen de las observaciones, Hunt, T. and Brooks, C. E. P.—The zonal disbution of rainfall over
. Doc. Geogr. de Lima. Tomo XIII, pg. 473.—Lima, 1903, a hoya Meteorological Society. —Vol.

&gt; . London. .

Observaciones termométricas tomad S : :lloma) Setiembre-Diciembre de O N. Hurd, H. C.—Estudio para aumentar las aguas del río Chili (Arequi-
1904. Bol. Soc. Geogr. de Lima. Tomo XV ero de pa).—Alturas pluviométricas en Cailloma 1902-1907.—Bol.

* » PE. 118. — Lima, . » .1904. C. Ings. Mins. del Perú.—N? 34. ps. 8.—Lima 1905.

Curvas del término medio por meses durante ocho años del —l—

Se y de las temperaturas máximas y mínimas, obser-vadas en San lgnacio. Bol. Soc. Geogr. de Lima Tom X: : ; V,pg. 486. Lima, 1904. o Indacochea, Angel J.—Cartas de Isohietas del Perú, Universidad Na-
cional de Arequipa. Año 1938.

Caudal de los ríos.—Cañete Pativilca, Rimac, (1897-1911)
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IN 9_ INSTITUTOGEOLOGICO DEL PERUBIBLIOGRAFIACLIMATOLOGICADELPERU___Indacochea, Angel .o. E Joe 2 Se A tmológi- Klinge, Gerardo.—Vialidad e irrigación de la Sierra. Inf. y Mem. Vol.
! az, Parcoy y Ariabamba. Bol. Soc ; : : LAT ,del Perú. No. 14-15. pp. 17-27. Año E ol. Soc. Geológ. XXXVIII, No. 6, pg 196. Año 1937

Instituto Naci , Klute.—Handbuch der geographischen Wissenschaft 1931-1932, véa-
M cion de Meteorología e Hidrología.—Boletín Anual se: Tropische Andenlaender Perú, por Troll, 1932.

Meteorológico de 1929—Año XI N= 22-—Publicado por la
ecci écni &gt; -rio ©de Agricultu deTropasanca Agropecuaria del Ministe- Knoch, K.—Klimakunde von Sudamerica.—Berln 1930 Perú p. G.ra.—Lima 1943. 125 del: Handbuch der Klimatologie 2 G.

Instituto Nacional de Meteorologí : ,teorológico de 1940 Ae e Hidrología.—Boletín Anual Me- Koehler, H—Zum Klima von Perú.—Meteorologische Zeitschr. 1927.
o. . 1940.—Año XII, N° 23. —Publicado por la p. 261-263. Año 1927
ec Genera de Comunicaciones y Meteorología de | | |
Aeronáutica.—Lima 1943. Koeppen, W.—Zum Klima von Lima.—Zeitschr. Oesterrs. Ges. 1881,

— pp. 105-106. Año de 1881.

ud Koeppen. W.—Das Klima an N.W. Ende des peruanischen trocken -
gebiets.—Meteorol. zeit. Bands 54.—pp. 186-188.

Jassaui, Federico.—El Valle de Marca- pata. Bol. Soc. G , :Tm. LIII. pp. 164-14.——Lima 1936. 00. Geogr. de Lima, Koeppen, W. y Geiger, R.—Handbuch der Klimatologie Tm. I, B p.
296.—Berlin 1936.

FK Korff, S. A.—Estrastósfera sobre Lima. Bol. Soc. Geogr. de Lima. To-
mo LII, ler. Trimestre pg. 63. Año 1935.

Kaerger, eth und Kolonisation im spanischen Amerika. Korff, S. A. y Wagner C. A.—Meteorología de la estratósfera en el
. Leipzig 1901, pg. 321, Perú. Perú. Serv. Meteor. Nacional. Lima, 1935.

e 2 Yor ie in den peruanischen Anden. Korff, S. A.—Meteorología de la Estratósfera del Perú. “El Comercio”
erlands Beitraege zur Geophysik. 54 1938. (edición de la mañana) Lima, 25 de Abril de 1939.

Kinzl, Hans.— Paisa , Krahmer, O.—Observaciones termométricas y barométricas, tomadas
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XXI N . 70. cia de Minas y Petról:o. Años XX y brero al 7 de Marzo de 1901. Bol. Soc. Geogr. de Lima. Tomo
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encomendado la Academia Nacional d ici
Ob. i a Nacional de Medicina) .—
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Resumen de la lluvia del año de 1911. Bol. Soc. Geogr. de
Cuad | e :
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Ig Geogr. de Lima. Tomo 3 No 1, 2, 3. Lima, 1893.

pos SD de Vetasmayo, provincia de Sandia.—eru — 2 , :

3. Lima 1937. oc. Geológica del Perú. Tomo IX, pp. 51- Plumandon, J. R.—Corrientes del Océano. La Gaceta Cientifica To-
mo VIII, Afio 8 pg. 91.—1892.

Observacio SoiTambonata1937-1933 i el valle Superior del Río Movimientos Generales de la atmósfera. La Gaceta Científi-
Geológica del Port , provincia de Sandia Perú. Bol. Soc. ca Tomo IX, pp. 46-123. año 1893.

gica del Perú. Tomo IX, pp. 37-49. Lima, 1937.

Apuntes, meteorológicos sobre el Alto Inambari, Tempera- Polo, José T.—Sinopsis de temblores del Perú. Complemento al traba-
N x TE y lluvias Agosto-Setiembre de 1932. Revis- jo de José T. Polo publicada en los tomos 8 y 9 del Bol. de la

e la Universidad de Arequipa, afio XI. N° 13. de 1938. Soc. Geogr de Lima. Tmo. 16, pg. 9|-Año 1904.
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P — o
ortal, I. L De pasado limeño. Cuatro tempestades. La de 1877. Pá- Los conocimientos astronómicos de los constructores de Tia-nico en la ciudad “El Comercio”. Lima 27 de Junio de 1932. huanacu y su aplicación en el Templo del Sol para la determi-

Portocarrero, ] N nación exacta de las fechas agrícolas. Bol. Soc. Geogr. de
iónde asobre los trabajos de la Comisión de irri- La Paz (Bolivia) Año LIII.—Npe. 64. pp. 40-49.—La Paz.

e Piura.— ,&gt; Año 1907. ol. C. de Ings. Mins. del Perú N&gt;. 55 pg. 1942.

Af de los rí , Las fluctuaciones del lago Titicaca y su correlación con las
: o os ríos de Churin. Bol. de la Soc. de Ingenieros. manchas solares.—Bol. Soc. Geogr. La Paz. Año LII. N*
vol. XX, pg. 154.—Lima, 1918. 64 pp. 50-59.—La Paz (Bolivia) 1942.

me del material arrancado del Continente por los ríos Posnanski, Raúl.—Observaciones Generales sobre precipitaciones at-
» e. Peruana.—Archivo Asociación Peruana Progre- mosféricas en la región Occidental de Bolivia y la región Cos-o de Ciencias. 1.— 1., Lima, 1921. tanera del Pacífico.—Bol. Soc. Geogr. La Paz. Año LIIT N*

Hidrologd ; 64. p.p. 159-162. La Paz (Bolivia) 1942.

pe ogía.—Material arrancado al Continente por los ríosS A Bol. Soc. Geogr. de Lima. Tomo XXXIX, Prado, Nuñez Eduardo. —Clima de Chancay, Chincha y Ancón. La
ps. 116. Año 1922, e Med. Año |, N* 34, pg. 271. — Lima, diciembre 4 de

Contribuciá E. 1875.

: El al estudio hidrológico del territorio psruano.—ns en Bol. Soc. Ingenieros. vol. XXVIII, N° 2, pp. Prado Ugarteche, Manuel. —Ensayos sobre el régimen pluviométrico
| e 1926. Lima, 1926. en Lima. Tésis Doctoral. Lima 1910.

Portocarrero J. N. y Sutton C. W.—Informe preliminar sobre un Preston, H.—Gréficos de lluvia, en Piura, Chiclín y Lambayeque
Ve. para irrigar las pampas de Chimbote.—Bol. C. Ings. (Meningo-encefalitis en el caballo) Bol. Agr. y Ganad. To-
919 Ags. del Perú —91.—Lima; 1918 (Ref. Geogr Rev. mo IF, No 10-11, pg. 273. Lima. 1933.

Pretel Vidal, Augusto R.—Ambiente-Climatología (Problema de los

Posnanski , Arturo.—Clima del Altiplano y la extensión del Lago Ti- Chinchonas en el Perú) Bol. Agr. y Ganad. Año IX Nos.
ticaca con relación a Tiahuanaco en épocas Pre-históricas.— 28-31 pg. 16 Lima 1938.

p. p. 29. La Paz 1911.
Príncipe de Ménaco.— Progreso de la Oceanografia. Bol. Soc. Geogr.

Le a de cíngulo climatérico en el Altiplano de los de Lima. Tomo XXVIII, pg. 182.— Lima, 1912.
Andes como factor del despueble de 1 i6n 1International Congress of A icanist a vesión interne Preusse-Sperber, O. — Peru. — Eine Skizze seines wirtschaftlic hen
Rev. de la U. del Cuzco. - — und statlichen Lebens.—Frankfurt a. M. 1913 (Angewandte,Geographie. 4.7.7) Ano 1913.

El río Desaguadero ya no desagua por la tremenda seguía del
oe Bol. Soc. Geogr. de Lima. Tmo. LVIII, pg. 67.—Lima

EA -
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He Cuadro de observaciones meteorológicas de la prov. de Ca-
jatambo, años 1861-1867.— El Departamento de Ancash y

Quiroga, Oscar.—Perjuicio motivad sus riquezas minerales. pg. 626.—1873.
i . otivado por las lluvias d o...año en | , e principio deco de la E onte 1925.Movimiento económi- Cuadro de observaciones meteorológicas Paso de la El

año IV No 9 15. Li erú). Bol. Ofc. Min. y Petról. ra y origen del río de Huarás, años 1860-1861-1867- . El
p. 13. “ama, 1926. Departamento de Ancash y sus riquezas minerales. Pg. 632.

Año 1873.

~ Ri Falta de lluvia en nuestra Costa. La Gaceta Médica, año |.
No 21. p.p. 169-193. Lima, 4 de setiembre de 1875.

Raez, Luis.—Datos teorolóo:Lima. Tomo LIIT ideE uancayo. Bol. Soc. Geogr. de Estudio sobre el clima de Lima.— Gac. Cient. Año II. To-
&gt; DS. Ae. ama, 1936. mo II. (De “El Siglo”) p-p. 236-240.—Lima 1886.

Raimondi, Antonio.—C .prov. de a iran meteorolégicas de la Fen¢meno llamado el “Pintor”. Bol. Soc. Geográfica de Lima,
. re de .

El D t » “NOV. 1867-Feb. 1868.— Tm. 2, pg. 58-67.—Lima. 1891.

595, pes on de Ancash y sus riquezas minerales. pg.- Vientos.—Bol. Soc. Geográfica de Lima, Tm. 3. pp. 92-9%.

Cuadro de ob : on Junio 1892.

las, 1860, 1867givfay pou, as rus) |riquezas minerales, pg | 611 Per ny de Ancash y sus Formación de las tempestades. —Bol. Soc. Geográfica de Li-
, . . 1ma .- ma. Tomo V, pg. 107.—Lima 1895.

aySheen meteorológicas de la prov de San Baja de los ríos.— Bol. Soc. Geográfica de Lima. Tomo V.: x — t ey 5 Nos. 1, 2,y3.pg.107.—189&gt;.minerales. Pg. 616. an de Ancash y sus riquezas : &gt; 2 ps. TT
| Coloración roja del suelo al ponerse y levantarse el sol.—Bol.

Cuadro de observaciones meteorológicas de 1 Soc. Geogr. de Lima. Tomo VII, Nos. 4, 5 y 6. Pg. 208.—Li-
llasca, año 1860-1868. El D a prov. de Pa- ma, 1897.
quezas minerales, pg, 618-1873 e Ancash y sus ri- “EL PERU” (Itinerario de viajes) Publicad 1B» PS. — 1873. inerario de viajes) Publicado por el Danco

Italiano. Imp. de Torres Aguirre.—Lima, 1929.

Cuadro de observaciones ;| - meteorológicas de la prov. de Po-
mabamba, año 1860 y 1868. El Departamento de E Observaciones meteorológicas de Lima a Cerro de Pasco, Feb.

riquezas minerales, pg. 620. Año 1873. y 1857. Notas de viajes para su obra “El Perú” 1% volumen.
. 29, Año 1942.

Cuadro de ob. : ot pg. 47,

1860— - Si Te de la prov. de Huari, . los; ,les, pg. 624—1873 e Áncash y sus riquezas minera- Co e BS, i de Cerro de Pasco a Humus,
. eb. a Marzo de . Notas de viaje para su obra erú

ler. volumen pg. 36.—1942.

u
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Cres Sige de Huánuco a Chinchao (Hda. Observaciones meteorológicas De Ayacucho a Huancavelica
p Ses a) Marzo 1857.—Notas de viaje para su obra “El Mavo 1858.—Notas de viaje para su o bra “El Perú” 1° vo-

erú” |", volumen pg. 47.— 1942. l en re 148.—1942
u — 174d.

O : 3 .a de la Hda. Chihuangala a Observaciones meteorológicas de Trujillo a Cajamarca. Abril-
P I in arzo 1857.—Notas de viaje para su obra “El Mayo 1859.—Notas de viaje para su obra “El Perú”, volu-

erú” 1% volumen pg. 54.—1942. lo pe. 206.—1942men |, pg. — :

Obs i ógi : ‘ i

De ae Regreso de Tingo Maria a Observaciones meteorológicas de Cajamarca a los minerales
, mm. aro ril de 1857.—Notas de viaje para su de Hualgayoc. Mayo 1859.—Notas de viaje para su obra

obra erú” 1% volumen. pg. 65.—1942. “El Perú”, volumen 1”, pg. 217.— 1942.

Observaciones meteorológicas de Huáso a Lima. Abril 1857,— Notas deviaje y Sn Re Observaciones meteorológicas de Hualgayoc a Chachapoyas.
Peru” ler. volumen, pg. 91.-—1942. oR or Sed 1859Tota vije para su chen tha E

umen |”, ps. — .

Observaciones Meteorolégicas de Lima a Huanca E1858. Notas de viaje para su obra “El Perú” ler. volumenpe. Observaciones meteorológicas de Moyobamba al río Plush
101.—1942. ga. (Chasuta). Julio-Agosto 1859.—Notas de viaje para su

obra “El Perú”, volumen 1”, pg. 284. 1942.

Observaciones meteorológicas. De Ayacucho a la Hda. Rapi
y regreso. Feb. 1858.—Notas de viaje para su obra “El Pe- Observaciones meteorológicas de Chasuta a Nana. Agro
td” volumen 1° pg. 110.—1942. 1859 —Notas de viaje para su obra “El Perú”, volumen 1”,

pg. 289.—1942.

Observaciones meteorológicas de la ciudad de Ayacucho al t
Cuzco, Marzo 1858.—Notas de viaje para su obra “El Perú” Observaciones meteorológicas. De Nauta a Sarayaco. Agosto
volúmen 19%, pg. 122.—1942. Octubre 1859.— Notas de viaje para su obra “El Perú” ler.

volumen, pg. 304.—1942.

Observaciones meteorológicas Cuzco a Chirumbia por el
valle de Urubamba. Marzo Abril de 1858.—Notas de viaje Navegación de los ríos Aipena y Rumiyaco y camino del puer-
para su obra “El Perú” volumen 1°, pg. 134. — 1942. to de Jeberos al pueblo. Noviembre 1859. Notas de viaje para

, su obra “El Perú, volumen lo. p. 360, 1942.

Observaciones meteorológicas Chirumbia al Cuzco (Regreso)
cor 1858.—Noras de viaje para su obra “El Peru”, volumen De Jebero a Moyobamba. Noviembre 1859. Notas de viaje

. pg. 138.—1942. para su obra “El Perú”, volumen 1°, pg. 380.1942.

raciones meteorológicas Cuzco a Ay acucho (regreso) Observaciones meteorológicas de Moyobamba a Chachapo-
3 ril, ole de viaje para su obra “El Perú” volumen yas. Dic. 1859. Enero 1860.—Notas de viaje para su obra

» PS. . . “El Perú.” volumen 1° pg. 408.—1942.
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Tui. limes de Chachapoyas a Leyme-
or volu S , -—Notas de viaje para su obra “El Pe Observaciones meteorológicas de Huánuco a Lima Dic. 1860.—

, men |", pg. 421.—1942, - Enero 1861.—Notas de viaje para su obra “El Perú” 2do. vo-

Obs , lumen. pg. 233.—1943.
ervaciones meteorológi d .-

ypril-Mayo 1860. Notas de Viaje quito i Observaciones meteorolégicas de Lima a Morococha. Marzo
o. volumen, pg. 12.—-1943, eu. 1861.—Notas de viaje para su obra “El Perú” 2do. volumen,

Ob pg. 247.—1943.
servaciones meteorológicas. De H

Pataz. Mayo-Junio de 1860. Notas chum a la prov. de Observaciones meteorolégicas.—Visita a las principales mi-
El Perú” 2do. volumen, pg. 55.—1943 MISJe para su obra nas vecinas a Morococha. Marzo-Abril 1861. Notas de via-

Ob - je para su obra “El Perú” Zdo. volumen, pg. 275.— 1943.
servaciones meteorológicas de T.

na. Junio Julio, 1860.—Notas de Vio emba 2 Puerto Piza- Observaciones meteorológicas. Regreso de Morococha a Lima.
rú. Zdo. volumen, pg. 80.—1943 Je para su obra “El Pe. Abril 1861.—Notas de viaje para su obra “El Perú” 2do.

volumen pg. 283.—1943.

Observaciones meteorolósi
a Tayabamba. Julio 1860Notae, del Puerto P izana Observ. Meteor. del Recorrido desde Lima a las Minas de la
Perú” 2do. volumen, pg. 93.—1943 *Je para su obra” El Cordillera de Tuctucocha. Mayo 1862.—Notas de Viajes para
Ob su obra “El Perú.” Vol. 3%.—pg. 33.—Lima 1945.

servaciones meteorológicas de T
Agosto-setiembre 1860. Notas d e viajoca a Corongo. Observ. Meteor. De la Cordillera de Tuctococha a Bellavis-
rú” 2do. volumen, pg. 119-1943, para su obra “El Pe. ta y Cordillera de la Asunción. Junio 1862.—id. id. pg. 53.—

1945.
Observaciones meteorolóo;
bre-Octubre 1860. Notas de Sm Recuay - Setiem- Observ. Meteor. De Bellavista al Distrito de San Lorenzo.
2do. volumen, pg. 141-1943. u obra “El Perú” Junio y julio 1862. Notas de viajes para su obra “El Perú”

Vol. 3° pg. 87.—1945.

Observaciones meteorológi
Octubre Noviembre 1860, Notas de uy &gt; Pomabamba, Observ. Meteor. De San Lorenzo a Tomas, Julio 1862. — id.
Perú”. 2do. volumen, pg. 164.—1943  ?418 su obra “El id. pag. 109.—1945.

Observaciones meteorolósi Ob M De T H R Hógicas de Pomab , serv. Meteor. De Tomas a Huancayo y Regreso a Huan-

Nov: 1860 Notas de viaje para brapoema. cache julio—Agosto 1862 id.  id.—paj. 129-1945.
Observ. Meteor. De Huancache visita a los pueblos de Yau-

18007 Yaciones meteorológicas de Llamellín a Huánuco Di o hasta Lunahuana. Agosto-Setiembre 1862. — 1d. id. pág.
198 1993 de viaje para su obra “El Perú 2do Vol De. 169—198.

Observ. Meteor. De Lunahuana la Hacienda de Arona Set
1802. id. id. pag. 189.-1945.
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serv. Meteor. De Viscas a O — £2nm
a _ mas, set.—oct, opas. 211-1945. oct. 1862, id, id. Remy, F. y Artola, M. A.—Observatorio Unánue. Meses: Enero-

Ob a Junio de 189%. Bol. Soc. Geogr. de Lima Nos. 1-2-3, pg.
els Omas a Allauca, oct. 1862. id id 120,— Lima, 1894.

. — , . . 1d,

Ob Observatorio Unanue. meses: de Julio a Diciembre de 1894,
serv. Meteor. De All Bol. Soc. Geogr. de Lima. Tomo 1V, p. 364. Lima, 1894.

be. 245.—1945 auca a Chupamarca. Set. 1862. id. id. Observatorio Unanue. Meses de Enero a Marzo, Abril a Junio

NE Fe De la Hacienda de San Juan de Arona de 1895. Bol. Soc. Geogr. de Lima.—Tomo IV-V. Lima 189.
, et. — id. id. — a"pas. 263.—1945. Observatorio Unanue.—De Julio a Diciembre de 1895. Bol.

Observ. Meteor. Cordill Soc. Geogr. de Lima. Tomo V. Nos 4-5-6-7-8 y 9. p.p. 240
y era d . ,

1862 — id. id. pag. 75104 a Cotai, oct. nov, 360. Lima, 1895.

Observ. Meteor. H , Observatorie Unanue, Enero a Marzo de 1896. Bol. Soc.
MD cor. Huancavelica y mina de Azogue, Nov. 1863 Geogr. de Lima. Tomo V. No 10-11-12, ps. 480. Lima,

. pag. 289-1945, : 18%

Observ. .id. a Meteor Minas de Lircay y Viscachas, Nov-1863 Observatorio Unanue.— Observaciones termométricas de Li-- o 2 i ma. Abril a Mayo, Octubre a Diciembre de 1896. Bol. Soc.
Geogr. de Lima. Tomo VI. N. 1-2-3-7-8-9, pgs. 120-360.

Ob g &gt; Pg

= em Meteor. De Ayacucho a Huanta, nov. dic. 1863 —Lima, 18%.
. , g. _ | . . .

Ibserv. M M Observatorio Unanue, Enero a Febrero. Bol. Soc. Geogr.
Vv. eteor. inas de C : . de Lima. T -VI, No. 10-11-12. P 480, año 1897.—Lima,

1863. id. id. pag. a es dic. 1862feb. 1897. &gt; - - &gt;

Ramos, A. Ignacio.—Curso de Meteorología' apli Observaciones climatológicas en el Paso de San Carlos.—
om de la Escuela Nacional” de Ta &gt; la Boron. Km. 77.727 del camino a Pichis-del 7 de Set. al 10 de Nov.
3oletin de Minas e Industrias y Construcciones, Tor e de 18%. Bol. Soc. Geogr. de Lima. Tomo—Vil, pg. 349.

pg. 2. Lima 1941, » Tomo. XV. Lima, 1897.

Remy, Federico. —Mere "matológi&gt; , orología y clima d Cuadro de observaciones climatológicas practicadas en el
Geogr. de Lima. Tomo II ma de Matucana. Bol. de la Soc. Puerto del Callao, Oct. Nov. y Dic. de 1897. Bol. Soc. Geogr.

i. Nos. 2 3 81 8 .893. &gt;&gt; P.P. 61-86.—Lima, de Lima. Tomo VII, pg. 347. Lima, 1897.

Observaciones meteorológi Cuadro de ob i limatológ: ticad lógicas de Li ro de observaciones climatológicas practicadas en €

Lima, Nos. 10-11-12, pe. 481. Limo. - Soc. Geogr. de Puerto del Callao. Enero, Febrero y Marzo, 1898. Bol. Soc.: | Geogr. de Lima. Tomo VII Nos. 1,2 y 3, pg. 480. — Lima,

_ 1898.
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&gt; , Lima. TomoObservaciones climatológicas del Puerto del Callao. Abril Climatología del año 1918. Bol. “en NT =
Mayo, Junio, Julio, Agosto, Setiembre, Octubre, Noviembre, XXXV, ler. Trimestre, p.p. 20-68. Año :
y Diciembre. Bol. Soc. Geogr. de Lima, Tomo VIII. Pgs. : T XLIX,
120, 240. 350, 355, 360. Lima, 1898. Clima de Lima.—Bol. Soc. Geogr. ño 1932 &gt;

Jer. y 4to. Trimestre, p.p. 216-220. Año -
Cuadro de observaciones meteorológicas practicadas en el G . de Lima.
Callao. Ene. Marz. Bol. Soc. Geogr. de Lima. Tom. VIII, Clima de Lima en el año de 1938.—Bol. i LE 1940.
pg. 480. 1898. Tomo LVII, ler. y 2do. Trimestre, pp. 47-47. ,

e. Piura. Oct.—dic.Cuadro de Observaciones climatológicas practicadas en el Ríos, Juan José De los. —Observ. termométricos &gt; 257 Lima
Puerto del Callao. Marzo-Mayo 1899. Bol. Soc. Geogr. de de 1895. Bol. Soc. Geogr. de Lima. Tm. V.
Lima, Tm. IX pg. 129.—Lima, 1899. 1895.

: tronómicas yCuadro de observaciones climatológicas practicadas en el Rouand y Paz-Soldán, Manuel. — Observaciones Ent entre
Puerto del Callao Junio-Setiembre 1899, Bol. Soc. Geogr. Físicas de la Comisión Peruana demarca
de Lima. Tomo IX, pg. 232. Lima, 1899. el Perú y Brasil. Lima 1869.

Soi hechas en Li-Cuadro de observaciones climatológicas practicadas en el Resumen de las observaciones meo echa
Puerto del Callao, Octubre-Diciembre de 1899. Bol. Soc. ma durante los años 1869-1870.—Lima, .

Geogr. de Lima. Tomo IX, pg. 359. Lima, 1899. ss ” 1

Roldan, S. Ernesto.—El Pronóstico de Formación Estrato NoCuadro de observaciones meteorológicas practicadas en el valle Livermore.—(California) Revista Aviación .
Puerto del Callao. Enero-Marzo de 1900.—Bol. Soc. Geogr. p. 81—83.—Lima, Julio de 1945.
de Lima. Tm. X.—Lima 1900. -

Rondon M., Enrique.—Tres días en el Crater del o. Bol. Soc. Geogr.Cuadro de observaciones meteorolégicas practicadas en el de Lima. Tomo LIV, pg. 170.—Lima, |

Puerto del Callao. Abril 1900. Bol. Soc. Geogr. de Lima, - lósica del mundo
Tomo X, pg. 122.—Lima, 1900. Rotch A.. Laurence.—La más alta estación meteoro ógica Julio de

“(del Annual Report of the Smithsoman ni 5Observatorio Físico Unanue” Lima, Enero-Marzo 1910, 1893). Bol. Soc. Geogr. de Lima. Tomo IV. Nows.
Bol. Soc. Geogr. de Lima. Tm. XXVII, pg. 235. — Lima. pg. 459. Lima, 1895.
1911. ; .

Ruiz Fowler, José R.—La meteorología en el EH o E: ch i » PP. EE AMorococha, Enero a Diciembre de 1911. Bol. Soc. Geogr. dia) Bol. Soc. Geogr. de Lima. Tomo
de Lima. Tomo XXVIII, Pg. 220. — Lima, 1912. ma 1924. | |

E: . de Tayacaja. — Bol. Soc.Meteorología del Año de 1912. Observatorio Meteorológi- Ensayo monográfico e ler. Trimestre, pp. 21-37.—
co Unanue. Academia Nacional de Medicina. pp. 3-20. — Geogr. de Lima, Tomo ’
Lima. 1913. 1930.
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El fenómeno de “Las Heladas” 2prov. de Fluancayo) Bol. e ¿o ¡neieoro ógicos de la La corriente del Perú y sus límites norteños en condiciones
Jer. trimestre, pg. 214, Lima, E. e Lima. Tomo LII, normales y anormales. (Trad. de Der Perú-Strom und SeineNeerdlichen Nachtbargebiete in normaler und anormaler

Ruiz P — : A Ausbildung. — Annalen der Hyd hie und Maritimeer een podromu” A. Aude — en dr Hg Ee 1lensis ñ . - ? - - -

tes a regiones climáticas)—1798- 1802. den datos concernien- Ib-Amer. No 8, p.p. 3-56.—1931).
La corriente del Perú y sus límites norteños en condiciones

—5— normales y anormales. Traducido de los “Annalen der Hidro-graphie und Maritimen Meteorologie” 1931. en Fasc. V., vol.
IX, p.p. 65-107.—Bol. Cia. Administradora del Guano.—

Salaverry, Po Datos meteorológicos. La Punta. Ene.—Feb. 1931 Lima, 15.
ol. Soc. G eoc. Geogr. de Lima. Tomo XLVIII, pg. 100, Lima, 1931. Der Perustrom und seine noerdlichen Nachbargebiete in

Sal , E. . ; normaler und anormaler Ausbildung.—Ann. der Hidrogr.
a, es Jr Ohsivailines imeioiiligiis wn In Und Marit. Meteor. 59. 1931, p.p 161-169; 200—214; 240-

unta. Marzo-Junio de 1931. Bol. Soc. Geogr. de Lima. To- 253.—1931
mo XLVII, pg. 222. Lima, 1931.

. . Der Perustrom etc.—Traducida.— Bol. Cia. Administ. del

Sanson, ]-— Influencia del clima sobre los rendimientos de papas en Guano. vol. IX de 1933.
departamentos de la Loire-inferieure y Finisterre (Francia).

Maa Jom 5 c Agriculture Practique París.— Der Peru cder Humboldtstrom.— Forschungen und Fortschri-
. eccion de gricu tura G de » : _ , - :

vol. IV. Nos, 13 al 16, pg. 120. a ría de 1934, tte 7. 1931. pgs. 373-377. Año 1931

Schlaci . Nl , Circulación general de los océanos. Bol. Soc. Geogr. de Lima.
c E O. Niederschlagsverheeltnisse und Vergletscherung Tomo XLIX, 3er. y 4to. trimestre pg. 107. —Lima, 1932.

er westichen Kordillerenkette des noerdlichen Perú. Peter-manns. Geog. Mitteilungen 59. Gotha 1913, pg. 197. Schweigger, E. H.— Temperatura de las Islas Guaneras (1926-1930)

Schl E Bol. Cia. Administ. del Guano. —Vol. VII, pg. 121. — Lima
chlzppi, F.—Condiciones climatéricas de la región central del Perú.— 1931.

Vell del Perené).—1932.—Bol. Soc. Geogr. de Lima. TomoI. 4to. trimestre, pg. 363. Lima, 1935. Observaciones oceanográficas sobre la Corriente de Humboldt
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eA Peruvian Dam
eof Unusual Design

Allen S. Pank

THE POWER HOUSEAbove is an exterior view of the gener- GENERAL VIEWS OF DAM
tank En" he paelground. The interior The dam, with the water behind it at full-pool level, is shown at
view (right) ahows the tee 170009 the left. The white structure near the right-hand edge is the
generators i presen set up. Water or gatehouse for controlling the admission of water to the power
generators at present set up. Water for tunnel. At the upper left are seen the power house and the surge
7.300 feel from Malpaso” Canvon_Dam tank, which are approximately 114 miles distant from the dam.
ly tunnel, and esha “the' turbina Above is the reservoir basin after it started to fill with water.
rough pentocks 855 fet fn diameter The vertical contraction joints in the concrete apron are plainly
Provison has been made. for adding a visible. At the left, above, is a view of the downstream face. The
nh kt ait ended, 5 canyon wall projects from the right-hand side almost to the center
EE of the picture; and the spillway, which has been paved since this

photograph was taken, extends down the rock face

Ao rock-fill dam of unusual de- of conventional design on bedrock. Accord- ator with all accessories for governing the Canyon Dam consists of derrick-laid rocks the top and varies in height from 5 feet at construction. Theyare descendants of thesign 1s one of the features of a hydro- ingly, there was designed a rock-fill dam wheels and controlling and measuring the and tapers from a bottom thickness of 150 the axis of the dam to 2 feet at the ends. ancient Incas, whose ability along this line
electric power project recently com- the heel of which is supported by a solid- electrical output. Current is developed at feet to a top thickness of 12 feet. The In addition, waste rock from the excava- is evidenced by the remains of many fine

pleted in Peru by the Cerro de Pasco Cop- concrete cut-off wall extending from El. 11,000 volts and stepped up to 50,000 volts apstream face has a slope of 1 horizontal tion for the spillway channel was used to structures in Peru.
per Corporation. It is located on the Man- 12,470 down to bedrock and the body of ior transmission. to 2 vertical, and the downstream face has load the toe of the dam and also the natural Material for the dam was obtained from
taro River, a tributary of the Amazon, and which rests on the yielding material ofthe The Mantaro River's tributaries rise on a slight batter of about 1 in 20. On the bed of the river to a point 400 feet down a quarry on the left bank of the gorge. Theabout 15 miles upstream from the Town sjvor herd. The cut-off wallis 105 feet high,-thecasternslopeofthehighestridgeofupstreamfaceisarubble-masonrywallstreamfromthetoe.dumpedsectionwasstartedbyplacingaof Oroya where mu h of the power will be and the dam proper rises an additional 255 the Andes Mountains in Central Peru. which is laid in portland-cement mortar and In order to increase bearing and contact line of material across the canyon from wall
used. The dam site is a narrow gorge, feet, making an over-all height of 360 feet Within its drainage area is Lake Junin ranges in thickness from about 6 feet at areas, to lessen settlement, and to add to 0 wall, and was continued by dumping
called Malpaso Canyon, through which the from bedrock to the dam crest. The length which lies at an altitude of 13,420 feet and the bottom to 3 or 4 feet at the top. This the weight of the derrick-laid upstream -ock down both slopes from the top of this
river flowed at EL 12,515 between walls of of the dam at the crest is 497 feet. has a surface area at normal level of 147 facing is made of large, selected rocks some wall, the spaces between large rocks were fill. The upstream face formed a y with
formation that predominates ar the surface From the dam, a power tunnel, about square miles. Asa part of the undertaking of which extend into the dry wall, thus hand chinked with smaller rocksand quarry the downstream face of the derrick-laidformation that predominates at the surface—7,500feetlong,deliverswatertothepowertherewasrearedontheMantaroalowbondingthetwosectionstogether.Against spalls,afterwhichrivergravelandsandwall.Asthetwosectionswerebuiltsimul-in that general area. house, the tailrace of which is at El. 12,452. dam-—called Upamayo Dam—pby means of the upstream face of the rubble wall is laid~~werewashedintotheremainingintersticestaneously,itwaspossibletokeepthebot-The gorge is at least partially of glacial=~AtthelowerendofthistunnelarefourwhichwatercanbedivertedintoLakeareinforced-concreteapronwhichservesas—bystreamsofwater114inchesindiametertomofthisV-shapedpocket5to10feetorigin, and is filled to a depth of approxi-  penstock take-offs of which three are in use Junin during high-flow periods and then a water seal and having a nozzle velocity of more than —elow the top of the derrick-laid wall and
mately 150 feet with bowlders, gravel, and while the fourth is held in reserve for fu- released during dry periods to flow down The downstream section of the dam is 100 feet a second. In placing large rocks thus develop considerable upstream thrustsand. At the dam site it is about 175 feet—turedevelopment.Eachofthethreegen-therivertotheMalpasoCanyonDam.Incomposedofdumpedrock.Thishasauni-withderricks,carewastakentogetagoodagainstthedownstreamfaceofthelatterwide at the former level of the river and erating units now in service consists of a this manner the upper 10 feet of the lake's form downstream slope of 114 horizontal bearing of bedding surfaces and good end section before the water load was brought
narrows to a bottom width of approxi- vertical-shaft water wheel with a rated water is controlled and its surface eleva- to 1 vertical, with a surcharge of material, contacts with large rocks already in posi- to bear against it from the other side.
mately 40 feet. It would have been too capacity of 17,500 hp. when operating at ‘on made to fluctuate with the season be- or source of supply, at the top that will tion before doing any chinking or washing Only sound quarry rock was placed in the
costly to excavate all the material that 257 rpm. under a net head of 240 feet, and :ween El. 13,410 and 13,420. serve to compensate for the expected settle- in of gravel. The native workmen employed dumped-fill section, and all material from
would have had to be removed to restadam is direct connected to a 17,000-kva. gener The upstream section of the Malpaso nent. This surcharge is 10 feet wide at were very skillful in this type of dry-wall seams was wasted. As in the case of the
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ing the river, for keeping the seepage water &gt; .2730
down to a volume that would permit the ¿temas (mes)

3 , WATER LEVEL WITH FULL POND 12715 EL

excavating and concrete pouring to be done +] ==
efficiently, and for the disposal of the water A 12700
that entered the trench. a A

Construction work was started in 1929; a
and the industrial outlook at that time was &gt;
such that it was deemed desirable to push N 23CONCRETE 2650
operations with all possible speed to make ZO O
additional electrical power available for the =.= 2
smelting and refining plants at Oroya. The DoWnIIREAM Sales i &gt; TESTREAN
building of the power house and driving of : ÉS 284 54/
the power tunnel were undertaken first, the 3 a TT, a 2600
plan being to use the latter as a means «of 3 GENERAApa SAND SLUKGED HAND AND DERRICK A
diverting the river during the rearing of the |.” VOIDSCHINKEDAND %
dam. To expedite progress on the dar: . - FINEMATERIAL y ~ MASONRY WALL LAID IN |:3 CEMENT MORTAR

however, it was decided to drive a shorter -3%sLOPE . Posse AN CONCRETE APRON 12550

tunnel, for diversion purposes only, around TEE a
the dam site. This was begun in 1929 and pa go &gt; A a
finished in 1930. If the coming of the de- E ES BACK EMENEREDpression could have been foresees, ‘this II —DORMMEDOERNERELEReON.—Bestswork would not have been done,for all ear TE Freud laa. Az ae uo } 12500

GENERAL LAYOUT struction activities were suspended in 1931 &gt; &lt; Tr Bes E E
and not resumed until 1934. But in the 5% GRADE (APPROX) force A ERAS e

This development is located in Central Peru and roughly east of Lima, on the eastern meanwhile, the power house, tunnel, and = |
side of the Andes. It supplies some of the electric power for the operation of the Cerro U D had b leted d ,
de Pasco Copper Corporation's reduction works at Oroya, approximately 15 miles pamayo Liam had been comp ete L an “sr
down the Mantaro River. The power tunnel has a cross-sectional area equivalent to some work preliminary to the building of CROSS SECTION THROUGH AXIS
a circle 18.4 feet in diameter, except for 473 feet at its lower end where there is a 17- the Malpaso Dam had been done. This unusual type of construction was adopted as an economic measure to obviate
foot-diameter, riveted steel pipe from which four 8 15-foot-diameter penstocks lead to For diverting the river, a dam was con- excavating the 140 feet of glacial drift that would have had to be removed to seat
the power house. The Punabamba River crosses the tunnel line in a deep gorge. tructed of timb ibs filled with rock and a dam of conventional design upon bedrock. The structure was required to be only
As the grade was near the surface at that point, an inclined shaft was driven to the SO TE a WICH TOC AN relatively tight, and this was accomplished by extending the concrete cut-off wall
tunnel line and headings were then opened in both directions having a wall of steel sheet piling driven underneath the heel to bedrock and by sealing the upstream face of the dam with a

along its upper face to a depth of 15 feet. concrete apron of such design that it will withstand considerable horizontal move-
This structure was located about 50 feet ment without rupturing. The Relief Dam on the Stanislaus River in California is

derrick-laid section, voids were filled with feet of the excavating was in open cut, but downstream from the portals of the diver- eam a : ow Sri rine
gravel and quarry fines by streams of water, from that point on down to the bottom of sion tunnels and about 300 feet upstream scribed here 2
and care was exercised to obtain good bear- the trench digging was continued between from the trench for the cut-off wall. The
ing contacts of the larger pieces of rock be-  steel-sheet-pile retaining walls. As the ma- water surface behind the diversion dam
fore this was done. Also, as provided in terial penetrated was highly pervious, suit: was 165 feet higher than the bottom of the of the dam to the trench and the loose char- passing anelectric current through an iron beyond the limits within which grouting
the specifications, the faces of the quarry able provisions had to be made for divert: trench. This head, along with the nearness acter of the intervening ground, made the wire that was threaded into the inner pipe was to be confined. Under such conditions
rock were washed clean of fine materials problem of keeping excessive quantities of to the bottom of which it was connected the current was switched off and the as
before more was dumped on them. The water out of the trench a serious one. To but from which it was otherwise insulated. phalt allowed to cool, after which the cur-
gravel and sand used for filling voids came lessen the porosityof the river-bed material, When a hole took a comparatively large rent was turned on again and pumping
from a river deposit, about 3 miles down- it was decided to inject hot asphalt—which amount of asphalt under low pressure, it resumed when the asphalt in the pipe had
stream, that was also the source of the ag- is liquid when placed and solid when cold— was assumed that the material was going reached the desired temperature
gregates for all the concrete required on into the ground where the diversion dam
the job. These fines consisted of hard, was to rise. Its introduction was expected
sound particles, and were washed free of to plug the larger openings and to reduce
clay, loam, and silt before being delivered the size of the smaller ones by compressing a
to the dam. the material. e Y. a

The purpose of the concrete cut-off wall The American Asphalt Grouting Com- et &gt; APRON.
is, of course, to prevent water from flowing pany of Chattanooga, Tenn., was employed ve, Na B 4 SEMI -CIRCULAR GROOVES
through the unconsolidated material on to do this work, and sent down the neces ue CONCRETE BLOCK Ni AT INTERVALS FOR POURINGwhich the dam rests at a velocity great sary equipment and materials and an ex- ASPHALT=[5REANPITCHenough to remove or disturb any of it. To perienced man to direct the operations. A COATING &gt; o PAPER ORCLOTH |, votod. 7 =raccomplish this, the cut-off is notched into line of 3-inch pipes, spaced 7 feet apart, gnEAE=EL.12470sound rock across the bottom of the gorge was put down to ledge rock across the can-—HoLE6”amTEand up both sides from bottom to top. In von at the dam site. In each casing there DIAM. &gt; + PEEL awl Te
addition, the foundation as well as the abut- was placed a 114-inch pipe perforated with TTTTR ba Ga
ment rock was grouted by means of pipes 34-inch holes at 6-inch intervals for 20 feet kad CUTOFF WALL AS E PET,
carried upward through the concrete. These from the bottom. This pipe was run down i’ Lo fo Del 7
pipes were inserted in previously drilled to ledge rock, and the casing was then with- ET eto «Ca
holes, and grout was not introduced until drawn partway so that the pipe was un- ? pe ET e e
the cut-off wall had risen high enough to shielded up to the point where the perfo- co o
insure adequate penetration under the de- rations ended. A stopper to fil! the annular a mal A”sired pressure. The holes in the bottom space between the 114- and 3-inch pipes os 9 le 249 Lle—— 5" 6 |

were vertical and averaged 8 feet in depth. was next put in position and forced down DETAILS OF APRON BASE
Those in the side walls were at an angle of to the foot of the casing. Hot liquid as- The base of the concrete apron on the upstream face of the dam rests in a groove
45° and from 12 to 17 feet deep. WASHING FINES INTO VOIDS phalt pumped through the 114-inch pipes in the top of the cut-off wall. To allow the apron to move horizontally in ease of

In order to build this wall, it was neces- , , , : , : e. , issued from the openings and was thus settlement of the dam, spaces were left between it and the sides of the groove, both

sary to excavate a trench 150 feet deepthe 310%oh hegravelinto spaces etweenlargerocks.«Thesewerelid withcareta forced through the gorge fll. The pumping Upstreamanddownstream. Coal lar pitch was placed in theses andintheconere
full width of the gorge through the mixed obtain good bearing and end contacts. Any large spaces remaining were chinked pressures ranged from 20 to 600 pounds per pressure is applied. Leading from these pockets and through the conerete of the
material of the river bed. The initial 70 hefore washing in the fine material. square inch. The asphalt was kept hot bx ent-oft wall are ducts through which the pitch can be extruded
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EXCAVATING TRENCH FOR CUT-OFF WALL
So that the concrete cut-off wall on which the heel of the dam rises would rest on rock,
it was necessary to sink a trench through the 140 feet of glacial drift that filled the
narrow gorge at the dam site. The first 70 feet was removed in open cut, after which
two rows of steel sheet piling were driven. Upon reaching rock, a notch or keyway
was drilled and blasted. This notch was also carried up the canyon walls. Drilling
was done with Ingersoll-Rand S-49 Jackhamers. The bottom of the trench is shown
at the right. The lower ends of some of the interlocking steel piles are visible at the

CONSTRUCTION OF CONCRETE APRON Lt a fT concrete, E the cross members used for brac

Below EL 12,640, the apron has three vertical expansion This is seated in a groove in the rubble-masonry wall. Each
jointsiabovethat dlevation the jos are AAR fo intervals. Sp and its anchor block were placed in one continuous pour.backing bydowel pins spaced on 5-foot centersandindicated inthe roce ofthecano E de YD in pitch and held by a metal plate bolted 12,470 to El 12,660, the apron is reinforced~~ventcrackingoftheapronalongandnearon the drawing by dots. In the upper section, each 40-foot-—feetintotheconcrete.OnlyeverythirdbarisShootinthistothefaceoftheapron.withadoublelayerofsteelbars,eachlayerthesidewallswhereitisheldfirmlyandvide ¿ui of concrete is anchored by a block of concrete, drawing. The figures along the right-hand edge refer to From El. 12,640 to the top of the dam containing both horizontal and vertical cannot follow any downstream movementet wide and 3 feet deep, along its vertical center line. their spacing the apron has vertical contraction joints members. The vertical bars of one layer of the body of the dam. =

at intervals of 40 feet. That portion of the are 4 inches from the front face at the bot- Another construction measure was a-
i . : i . . . face will be exposed for weeks at a time, tom, the distance decreasing at El. 12,510 dopted to help prevent serious cracking of

a e eaEAfar ne De vastrodemi ace Y pointed stream. Bi ee we at during periods when the water is drawn and 12,550 to 314 inches and 3 inches, re- the apron at the sides. Downstream of thether effort to reduce seepage, a clay blanket the trench in an 8-inch pipe, which was ness of 2 feetac the bottom becauseof down, to daily, variation in temperature, spectively. In the back layer, the vertical—side-walltrenchestherocksidesofthecamwas spread on the river bed above it for a subsequently closed by a valve a h end h i . which are considerable at this latitude and rods arealikedistancefromtherearfaceyonconverge,andintotheseprojectingdistance of 100 feet or more. These meas- and A with grout.. Althou ha q o tetemtos of e oa ng to per inward altitude. The part of the apron below El. of the apron. Above EL 12,660 there is flanks there was cut a series of shouldersures served to lessen the flow of water into—travelthreetimesasfarandhad20feetthiswallthereisagroove314fectdee12,640willbecontinuouslysubmerged,andbutonelayerrunninginbothdirectionsorstepsleadingtowardtheaxisofthedam.the cut-off-wall trench to an average of less head to force it through the fill, the and varying in width from 7 feet at the the tempe rature variation will not exceed and placed on the center line of the apron. The derrick-laid rock wall rests agamst
around 700 gpm. As the cross-sectional flow of water from downstream equalled axis of the dam to 6 feet 4 inches at the 10 to 1 En addition to taking care of The accompanvine table shows the sizes hese rigid shoulders, and as its thickness
area of the fill material just downstream or exceeded that from upstream, showing edges of the canyon walls. In this slot is contraction and expansion attriburable to of the fads and details of their spacing. Mmcreases gradually for a short dista neeout

of the diversion dam covers about 19,500 hat the measures talcen to curtail secpage set the base of (he concrete apron on th Empa DEO e o Otn reomil Ingorcompression ar those polnteunder
5 e averaged on : oboat 0.036 gpm. persquare oo , E upper |partof he rench Was exca- apsireamface. me arm ee ich that of allowing the apron to adjust itself distance of 5 feet, the penetration being loading was assumed to be approximately

For dewatering the cut-off trench, pumps vated by a steam shovel. With the water rows to 36 inches 18 feet above its base to any horizontal movement of the dam - greatestat the bottom and decreasing grad proportionate to the thickness of the wall
were placed in a sump at the bottom of a drained out of it, the material would stand and then tapers to 23 inches at El. 12 640 Another feature of the design that is in- ually towards the top. One-inch square from apron to shoulder. Thus provision
shaft sunk through rock on the right bank at a slope of 50 to 60° from the horizontal and to 10 inches at the top oe tended to permit the apron to adjust itself pars, anchored from 3 to 5 feet in the side- has been made for a gradual increase in the
a short distance upstream from the trench. for a height of 60 to 80 feet. After sheeting In the lower 170 feet of the apron are to any horizontal movement of the dam wall trenches, project alternately 7/4 and movement of the apron as the distance in-

A drift draining into this sump was driven was introduced, the usual practice was to three vertical contraction joints, One is on Ta
rom a point near the shaft bottom to the rive the piling a foot and then - i : ? , , - 7

far side of the gorge. As holes drilled in vate to or close to its a level. Thus, i aomallatEL 12470 05 a Wen masonry of the upstream face This special reinforcing is designed to pre. that this would permit the apron to adjust
the roof of this drift did not permit the if a bowlder was encountered, it could be 12,640. The two others are 80 feet from the derrick-laid al consequently _
water to drain into it fast enough, the roof removed to facilitate driving. Structural the respective sides of the center line and : : EE SR 1 Spat der , —
was blown off, and thereafter the water steel wales and bracing, with welded joints, extend from El. 12,530 to El. 12,640. These cb Ss 000 : nie dt e 7 hich ETT HORIZONTAL ReINFORCEMENT y Cg Tra
entered freely. held apart the two rows of sheeting, which joints were made by leaving a 1-inch space o th doar as S he - I 12 470 €, 12510 1” rd 90cr 1” 118" t 1” s 0” ctrs a 10” ctrs

As the water flowing through the tem- were later embedded in the concrete. The and filling it with soft wood which would “he d Mos To P fine as De he 2 12510 &amp; 12.550 1” É 10.5" ge 1” É 21" e 1” a 4 = 1 a 48" “
porary diversion tunnel returned to the 6,000 cubic yards of concrete required to undergo crushing when the gaps closed. the de he cor y te rise at ie axis 12.550 &amp; 12,595 74 “10.57 © 4 “ar 17“ 287 17“ 568 et
river channel about 1,000 feet downstream fill the trench was placed in a continuous Each joint is sealed with a soft copper &gt; Ene he the convexity amounts to 0.91 12,595 &amp; 12,660 76" “ 12.07 © Y aa Rega 17% 64 5
from the cut-off trench, seepage from this pour. The cut-off wall was completed 170 plate the edges of which are embedded in Lo al fe bottom of e o Yau ee
source had to be taken care of. Until the days after the river had been diverted. the concrete on both sides of the joint and 110 e &gt; Sry frome th we y ON CENTER Ox CENTER
trench attained depth, this flowed under The upper 24 feet of the cut-off wall is assume the form of a 3-inch-deep U in the h een Sh to 1 fee Ea , e 12,660 &amp; 12,680 1" rd 10” etrs 17 sq 20%, etrs
the sheet piling to the pumps. Later a a horizontal true arch, 32 feet thick, with joint. Back of the plate is a pocket filled the apron where the canyon walls are 500 12,680 8: 12,700 1” : 19 c Y « 2 ce
drift was cut from the upstream side of the an upstream-face radius of 200 feet: the with coal-tar pitch, while the space in front feet apart: | 19.700 4: 19.705 ! 1 i 2trench to connect with the drift leading to lower section is in the form of a wide-angle—oftheplateiscalkedwithoakumsoakedFromthetopofthecut-offwallatE

- +
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itself, without serious cracking, to the thecut-off wall were placed in the concrete so The continued tightness of such a dam
downstream movement of the dam result- that, in case of a relatively large down- depends largely upon the amount of its
ing from settlement and compacting under stream movement of the apron, the pitch settlement and upon the extent to which
the water load. would be extruded. A copper plate was the concrete apron can adjust itself to the

The foot of the apron was sealed into sealed into the concrete at the bottom of movement without opening up leakage
the groove in the top of the cut-off wall in the groove and into the upstream face of cracks. It was therefore important that
a manner that would allow it to move a the apron about 9 inches above its base. means be provided for measuring the settle-
short distance downstream with the dam. The plate passes over a 2-inch wood roller ment. The internal settlement and com-
The top of the cut-off wall was expected that was originally about 6 inches above pacting of the material on which the dam
to remain rigid or to move only slightly, the line where the plate enters the concrete rests are combined in the total settlement.
so provision had to be made for the inde- of the apron. Both were measured at intervals after plac-
pendent movement of the base of the apron. Provisions were made to measure the ing of the rock began. In order to measure
This was done by giving it a thickness less movement of the heel of the dam at three the compacting of the foundation material,
than the width of the groove. At the axis points in the bottom of the apron just a- a 2-inch pipe was cemented into a large
of the dam there is 24 inches of surplus bove the cut-off wall. Point No. 1 is 3 feet rock in the bottom course of the derrick-
space, of which 18 inches is on the down- to the right of the axis, Point No. 2 is 42 laid wall. As the wall rose in height, the
stream side of the apron and 6 inches on feet farther to the right, and Point No. 3 pipe was extended to the top of the dam.
the upstream side. The groove gradually is 37 feet to the left of the axis. Between By taking the elevation of the top of this
narrows towards the ends of the dam, and October 3, 1936, when pouring of the apron pipe at regular intervals it was possible to
at the side walls the surplus space totals was completed, and January 29, 1937, determine how much the foundation was
10 inches, of which 4 inches is on the down- when the reservoir was full to the free spill- being compacted. The data thus obtained
stream side of the apron and 6 inches on way crest for the first time, the downstream are plotted in an accompanying illustration.
the upstream side. The uniform space of movement at Point No. 1 was 6 inches; The rock in which the pipe is cemented is
6 inches on the upstream side was filled 71% inches at Point No. 2; and 714 inches about on the axis of the dam, 114 feet from
with coal-tar pitch immediately after the at Point No. 3, These measurements may the heel. Directly above it, the wall rises
apron was poured. The downstream space, be inaccurate by as much as 14 inch be- to its greatest height, so that the rock load
varying from 4 to 18 inches in width, was cause of changes, attributable to tempera- on the base can be assumed to be the max-
filled with pitch for three-quarters of its ture variations, in the length of the cable imum. During the construction of the
height before the foot of the apron was by which they were transmitted from the derrick-laid wall, observations were made
poured. Pockets were left in the concrete foot of the apron to an observation station to determine the combined foundation com-
cut-off wall downstream of the groove into above the water line of the full reservoir. pacting and the internal settlement of the
which the pitch would be forced under the Up to the autumn of 1938, the total ob. wall. The results were not satisfactory nor
application of sufficient pressure. In addi- served movement at the three points was conclusive; but the readings indicated that

tion, ducts of 6-inch diameter leading from 7 inches at No. 1; 93% inches at No. 2: the internal settlement was small. SPILLWAY Each concrete pier is 6 feet wide and 9 teethigh:
each pitch pocket to the downstream face of 10M inches at No. 3% Observations were also made during the : 00 feet in a distance of 800 feet; and pl be face is designed to reverso the ng

course of construction of points on the face The spillway drops action of the water, it was necessary the water striking it. A view from Of water entering the
of the rubble-masonry wall to determine pecan ode face of the canyon wall. At the, Tinte showing the effect of 14,000 repone is a second energy
the horizontal movement of the derrick- to ral view made during the ItO placed basin. Near the bottom ICA &gt; the hvdraulic jumplaid portion of the dam. These points were fone the speed of the water, BY Dosm in detail at the—destrover,basedonthepron the axis of the dam at El. 12,532.5, at about the half-way point. in the ele-
12,571, 12,614, 12,655, 12,684, and 12,725 2 tical to 1 horizontal, ber, 1938, the normal diferen ie De—the top—and were designated as points bble masonry and also of the con- slope of the dam,2vervationofthewaterie:Detsindicat-A, B, C, D, E, and F, respectively. During of the un lightly dished, its profile 1s preserved. e taken to make the with full reservoir — table of lin 210
the ten months starting with May, 1935, crete apron was shg [lel to the axis of the The steps that were ht have proved to ing a slope of the water taf No. 2 stood
Point 4 moved downstream 0.12 foot. By ina vertical plane para cave upstream. dam reasonably watertig &gt; An not feet, or 0.00476. Water in Py on in Pipe
October 1, 1936, when it was submerged, dam being slightly of the concrete apron be quite effective. is a : f water is now uniformly about 0.1 foot De on ish ground
it had returned upstream 0.09 foot, thus Upon completo rr k-laid wall, at El. more than 35 second- hal half of this, No. 1. These E ren a fixed
leaving it 0.03 foot downstream from its to the top of the derric et in its top and passing the dam site anc sing through for the inference that hee h full pond.
original position. Between October 14, 12,725, brass bolts "sh side of the con or perhaps even more, &gt; pam €he zone amount of dam leakage wit 2
1935, and February 6, 1936, Point B moved spaced 9 inches Ni E are 40 feet apart. the canyon side walls HE ure of 314 Since last October there has e MD
downstream 0.32 foot and then returned traction jos, wc he distance of each reached by grouting. by lin to the tion in the slope of the water a lena
0.17 foot by October 1, 1936, when it was Their elevations and a normal to the second-feet is arrived at by a d De aweir would seem to indicate that e
submerged permanently. Between Feb- one from a reference determined and re- surface or visible flow, 000 feet below the has decreased since that time. s formed byruary 0, 1936, and June 8, 1936, Point C E ro sentintervals since then, in the river channel he subsurface flow. The spillway for the eyrockofthecan-moved downstream 0.3 foot, returned 0.1 corded. A have b made to ascertain dam, an estimate o ly in an upstream cutting a channel into he dam on the left
foot in the next 32 days and again moved observations have La d vertical move- Three pipes, approximately driven into the yon wall at the end of the dam sections.
slowly downstream, its net movement to both the pro ES, and they will be and downstream eeeh “dam to make bank. The spillway weir Su “Their crests
October 6, 1936, being 0.3 foot downstream. ments of these m ovement of the dam old bed of the river be ON dins s of ground- Adjacent to the dam, T - gates, each
Point D moved steadily downstream a total continued until tae O tober 3, 1936, and it possible to obtain o 1 ervals. The at El. 12,705, are five Ta o ge gh ex-
distance of 1.2 feet between April 15, 1936, has ceased. Between he h rizontal move water elevations at regu 101 t apart, and 20 feet wide. In line with t e 3 SPs
and November 30, 1936. Point E likewise February 26, 1939, e o was 1.82 feet first and third pipes are 21 = first one. tending toward the canyon wat, ir crest
had no backward movement and traveled ment of the bolt on Te o as 0.89 foot. the second is 19.5 feet tom : has been spillway 134 feet long, with its we surface
1.62 feet downstream between May, 1936, and its vertical Po mt took place In any period in which t o ater over at El. 12,715. With th e reservorr itv of
and November 30, 1936. Point F had a About half of this onthe from October, no recent rain or no passage o table ac- at El 12,723.33, the discharge 36.000 ec
similar unbroken movement of 1.61 feet during the four "1937 i Jusive during the spillway, a rise of the water its slope the spillway weir is more than 36, t more
downstream between July 6, 1936, and 1936, to January, 1937, inc “st time. companied by an increase in ond-feet, but it is expected that no .

o os : d was filled for the first tim indi hat the volume of leakage . his volume of water willBASE OF RUBBLE WALL November 30, 1936. During construction, which the pon roportionately—wouldindicatethaLd.Conversely,thanone-thirdofthiscaveatThis wall was laid in portland-cement mortar and backs up the derrick-laid dry wall the rubble-masonry face of the derrick-laid The movement has been The vertical through the dam has increse and decrease have to be passed over the dam,
¡hat forms the hudleus of the Upstream section of The dam. The rubble wall shown wall was always brought out to the line it less towards the side wa o If the horizon- a lowering of the water table inution infrequent intervals. f the Man-
ra Eee NE y vall. By mus dog individual Seccof rol a would have followed had there been no movement has been Nm so long as in its slope would indicate DU Octo- The period of greatest run-off of the
the wall with thatof the human figures. it will he observed that Some very large has ie movement pelween ore al A Le anronand the upstream in leakage. From October. 5923
stones were placed in the structure ifts. Asa conseauence, the upstream face -
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taro River watershed is from January to JAN.|FEB.[MAR|APR.|MAYAadAUG.[SEPT|OCT.|NOV.|DEC.|JAN.|FEB.IMAR.|APR.|MAYeeAUG.|SEPT|OCT,|NQV.{DEC.March, which is the time of greatest rain- SBRonaergnelfall and also the summer season when snow zo | a. -

melts in the higher reaches of the Andes. 700
Severe rains may also fall in November and so
December, and in some years they continue  r .5leol |
into April and May. During the months &amp; z|, | i
of greatest river flow, the gates of Upamayo  : el 7 MONTO ser
Dam will be closed to divert water into : &gt; NOICATES + &lt; TINGO7 LOABINS (ELE TE

Lake Junin for storage, and this diversion — "e. ,
will, it is estimated, reduce the volume of : i
flow at Malpaso Dam by 40 per cent. By seo |
drawing down the water behind Malpaso sar
Dam 15 to 20 feet prior to the rainy ; se
season, additional storage capacity will 2 =
be provided there. These measures, to- ©
gether with the discharge of water for -
power generation, are calculated to re-
duce the spillway flood discharge to a- Ff
bout one-half the uncontrolled flood flow  * —
of the river at Malpaso Canyon. By the o "
exercise of vigilance, and by the use of good ATRACC ELEVATION TOD OPDERRICICUADWALLMEETME
judgment in controlling the reservoir level bo - 4 88 3 2% 2% 3% 3: 32 ¢ EE
by spillvay gates and power-station oper- -
ation, it is believed that the spillway dis- EXTENT OF FOUNDATION SETTLEMENT
charge can be kept down to between 6,000 Graph of data obtained by taking, at regular intervals during construction, the eleva-
and 10,000 second-feet in most years and tion of the top of a pipe cemented into a large rock in the bottom course of the derrick-
that a discharge of 12,000 second-feet will laid wall and carried upward as the wall rose in height.
be rare...Water flowing overthe spillway drops by the water. Accordingly, it was necessary—therockby1l4-inchsquarebolts,onetonearly 200 feet in 800 feet. The rock of to pave it with concrete. The floor pave- 80 square feet of concrete. Vent holes pre-
the mountainside over which it descends ment of this channel has an average thick- vent uplifting of the pavement by water
was so badly cracked and broken that it ness of 24 to 30 inches. It is reinforced in passing underneath it. The sides of the
was evident that it would be rapidly eroded both directions and securely anchored to channel are also faced with reinforced con-

crete to a height of 10 or 12 feet, and on
the mountainsides these walls are doweled
to the rock and amply vented.

To reduce the high velocity the water
would attain at the lower end of the chan-
nel by reason of the steepness of the slope,
an “energy killer” was placed in the chan-
nel about half way down. This takes the
form of a shallow basin about 30 feet long
and 100 feet wide. Atits downstream edge
is a concrete shoulder 30 inches high, and
rising from this are eight concrete piers
each 6 feet wide and 9 feet high. These
are spaced 12 feet apart, center to center,
leaving 6-foot openings between adjacent
ones. The upstream faces of the piers are
shaped so that the water striking them re-
turns upstream. Water enters this basin
in an unbroken stream with a velocity of
50 to 60 feet a second, and leaves it very
much broken up and frothy with a velocity
of 20 to 30 feet a second. A short distance
from the final drop, about 200 feet from
where the spillway joins the old channel of
the river, there is a second energy de-
stroyer. Its design is based on the principle
of the hydraulic jump.

The Malpaso Canyon Dam and appur-
AIR COMPRESSORS tenant works were constructed by the Cerro

Compressed air was supplied by these three Ingersoll-Rand Class PRE-2 machines, de Pasco Copper Corporation under the
each of which delivered 1,788 cfm. They were driven by direct-connected synchro- direction of Harold Kingsmill, general man-
nous motors. Most of the air was used to operate rock drills in driving the power ager of its operations in Peru. J. F. Foran
and diversion tunnels, in excavating at the dam site, and in quarrying the rock in- . .
corporated in the dam. The tunnels were driven by the heading-and-bench method was superintendent of. construction. The
and with Ingersoll-Rand drifter drills. In the quarry, large quantities of rock were engineering was done by Sanderson &amp; Por-
brought down with each blast by the “coyote” method—by drilling tunnels and ter of New York, N. Y., and H. H. Haggard
crosscuts into the rock face and placing large charges of explosives in them. This .
drilling, as well as that in the canyon bottom and side walls, was done with S-49 of that firm was on the job throughout the
Jackhamers. construction period.
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