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CERRO DE PAscO COPPER CORPORATION

40 WALL STREET, NEW YORK S, N. Y.

Yemorandum To: Mo, R. P, Roenig ' : ey 21, 1951,

Expenditures curremtly being made for electric gemerating equipment
have called for a statement of Corporation power policy. What is the tremd of
our power demend curve? What has beem dome snd is boing dome to keep the power
gupply cmrve above 1t? Why imstall the 4th Falpaso unit? This memovandwm: aims
to answer these questions.

DEFIBITIORS

Synchronized Hetsork., System of gemsrating plants and substations
tied together electrieally by transmission lines and switchgear, scmotimes re.
ferred to hereafior as the "aysten®,

Storage. Water ecoumulated dueing the raimy season and released i
supplement micontrolled rum-off during the dry season,

Popdege. Water contiguous to s hydroelectric plant or plant intaks
maintained in sufficient volume %o compemsate for hourly and dally load fiumctua..
tioms., Although its rate of expenditure is variable i%s rate of replacoment is

approximately constant,

Hote: Storage iz sometimes confused with pondage. Siorage is relatiwvely
greater than pondage and is frequently, although vot alweye, loscated far from the
plant, Lake Jumin is storage for Malpasc while lske Falpsso is its pondage.

. it of vater colume common im hydroelectric praotice squal

to one foot of water over an arsa of ome sore, Therefore, 1 acrefoot & 43,560
cubic foet. :

Cfs = Cubic fest per second.

Horgepover (of o waterfall) - (ofs) x (head in feei).
10

The above formula is sccurate smough for estimating purposes. It essumes a tur
bine efficiency of 88%, the average value occowiring in practice, Simce it is ex-
pressed in English units ita simplicity is dus to ceincidence,

Power fastop, Cosine of the electrical amgle (Cos ©) by which imstantane~
%n:nd au;rgat leads or lage behind instanitaneous voliage, Hence, Cos © varies between

1 Megavelt - ampere (mve) » 1,000,000 voli-amperes,

= deg 3




1 ¥omvatt (ms) = 1,000,000 watis,

= oy »

My = M (Cos ©),

Jogtelled capacity. The mum of the mve or mw rating of all installed
gemerating wnite. ‘

%m‘. Megawetts (mw) which the system deliver comtinuously,
88 S22 Pon. (!ﬁl' P

regardlie

Secondavy power, Megawatis which the system can deliver during the
rainy season,

- Poak geners : Y. Fegawatts which the system can deliver
for ehort pericds to supply loads, It is a fuomction of stream flow, pondage
and imstalled capacity.

Maximm demend. Maximun total load in Megawatts whieh ocours on the
system during a epecified time interval, In this discuseion the dally maxlimwn
demand is used, :

Average load. Product obieined by dividing the megawati-hour consump-
tion during a givem period by the mumber of hours in that peried, In this dis-
cussion daily everage losd is used,

Bago Joed plant, Fower plant vhich gemerates at a constant rate depend-
ing on the rate at which water is veceived. A base load plant is operated "om the
bloel:",orwithitamw.mgoﬂmsaetinsuchawthatelltheuaﬁsrisuﬁ.l—
ized with none rejected for governing purposes,

nt. A power plant which yegulates the freguency
mechine govermors set in such a way that the
proportional to the demand on the plani,

Rwm~of-piver plant. A hydroelectric plant without storege of pondage.
Inherently its eapacity depends on the instantansous value of stream flow at its

SYSTEM GROWTH

Tour attention is directed to the following chronological table of system
grouth, and to atiached map of Hydroelectric Department water supply.
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DESCRIPTION OF INDIVIDUAL PLAKETS

electric station is the only plant whose firm power
equale its capacity. It is inheremtly a base load plant because
it receives its water through a long cansl, Its weter supply is composed
of the discherge from the Kingsmill Tuumel and tall water from the
~ Pachachaea plant,

Bellavigis plant was the sole source of power for the Casmpalca
mine when operated by Sociedad Minera Backus & Johnston., It is held in
reserve as emergemncy powse supply for the Cagapalea mine in the event of
an interruption in the system power supply. It cammot at present be
gynohroniged with the 50-kv network becauss of its inndequate cireuit
breasker interrupting capacity, hand voltage control and transformer com-
plications at Bellavieste substation., Changes will be made to permit sy~
chronization in the neer future. Bellavista's contribution will be needed
during the next two and m half years,

Pachechaca consists of two plants under one roof, The first was
built with ome 3,0-m¢ unit whose water supply comes from the Huscracocha -
Hmsoncochs lake system near Moroeocha, Three duplicates of the firet wmit
~ were installed eight years later with water supply from Rio Rusllacocha.

Inadequate storage of 10,000 acrefeet in lakes Fusllacocha Alta and
Fvallsococha Baja resulted in the sreatiom im 1941 of 21,400 additionel acre-
- feet of stovage bty damming Rio Emallacocha at Pommcoche, In 1934 Pachachaca
lost 25% of its water supply through completion of the Kingsmill Tummel,
Water flowing from Morococha mine through the tunnel formerly was pumped
into lLeke Humscacochs feeding Pachachacs Unit Ho, 1. Pachachsca is op=-
erated as a base load plamt.

with its twe 3,0-mv steam turbine generating umits
received siean from waste heat boilers imterposed between rever-
beratory furnaces and stack, Because the steam thus geuerated is now mainly
used for industrial processes there is a megligible emergy contribution from
this souree., Une of the units is kept spimning and synchronised with the
50-kv network to provide shori-time emergency power for vital smelter opeze-
tions during hydroelectrie power failuves in the smelter, Contingent on the
completion of repairs the steam plant can deliver rated eapacity when supplied
vith steam from guxiliary boilers,

Malpaso, supplied with 3 Franols turbines operating under 250 feet
of head has 40,000 acrefeet of pondage amd 412,000 acrefect of storage, hemnce
is ideal for freguency control., It will continue to exereise this fumetion
after the addition of new gemerating capacity to the system.

Hote: For a full description of the Corporation's power system, see
pages 563-566, November, 1945, issue of "Mining and Metellurgy®.
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ISCULATED EYDRCEIECTRIC PLANTS

Bame
of
Plant

Pachacayo
Congan
Sunsa
Siria
Rauws

h h
(lacasd)

Total
Atpceayeo Begligible
Cochas Hegligible

MMiammpplyfwtherm.
Congae plant iz located at Consic gamadera,

mmantmabniltontheaiowmaq;phmfw
development of the Yauricocha mine,

Sirie plant was tuilt to supplemwent Sunce power for Yauricoochs
mine operation. It operates im symchronies with Sunce,

Rauya plant was assembled from miscellaneous used perts a8 power
supply for a 100-hp compressor at the Rawra geologloal examination site, It
iz now in moth balls and will so remsin wntdl the Raura operstion is revived
or definitely alandoned,

Buapa station is located on the Rie OGpameyo and supplies power to
the leassd Juleani operation. The two gensrating vnits are of good Swiss
deaign but labor under the handicap of dirty water during the rainy season.
Its eand twep is ivedequate iw size end has poor clesming faeilities,
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LOAD TREND

Elsetric power use per unit of Corporation finished product is
on the increase for several reasomns.

1. Depietion of dirsct-mmelting oves mekes ore comcentration
increasingly necessary,

2, Pumping increasss as mine operatioms go to progressively
lower levels,

3. Electrclytie and elestrothermic refining of metals ave
agsuning new importence in Corporation operationms.

4. Elsetric power sales to mearby custom ore shippers ave
being mede in order to ipcrease and stabilise mmelter
feoed,

Increases iz power use due to the above cauges ave specific in
amount and predictable. There i3 aleo a tendency which is referred to as
* growth, Unpredictable, this increase comes from numerous smell
installetions such as residence lighting and heating, alterations in ex-
isting plants and load inereasss in custom ore shippers' cperatioms. In
the past, this ecresping growth has amounted to an average aumual increase
of 1,57% of existing average load, This factor hes been superimposed om
specifie fulare load imcreases occasioped by the construction of new plant
mits, It bas been observed, also, that system meximum demand valuse have
beem 123% of the daily average,

Figure 1 attached, entitled “Average and Meximum Demand Curves
1941-1950" ghows graphically how gystem average load, mawinmun demand and
powor supply bave varisd during the past ter years.

WATER EXAMINATIONS

The refining of zine has long been on the Corporamtion agenda, Anti-
- cipation of substantial load increase bas prompted the msmagement, on various
ocoaslons, %o sponsor the investigstior of water power sites in the vicinity of

o .

The talile below swmmarizes the chevacteristics of the projects ox-
amineds




: PORERTIAL FIRM
BROIECE EEET B CAHAL _ PR - my__

Malpaso : 250 7,000¢ 25,0

Jundn Tumel 315 30,000¢ 25,0 (seapomal)
Corpacancha 300 52,000!

Hlpaso~Oroya 200 60,000'

Majorada 230 3000 33,000!

Carpapata 2,205 435 61,400°

Pachachsca -

Oroya Imcrease
Ingahoasi 310 2050 Penstock only
Mantaro Demd 3000 3000 55,000°¢ '
Paueartambo 1600 510 39,500!

MMMmhmM,ismwmihm
tigation was goiug on contemporapeovaly with several of the others listed,
There was, as a matter of fact, sentiment in favor of ite absndonment when
dlamond drill holes put dounm in Melpaco Caxyonm revealed that the distance to
bed yock wae dissppointingly great, Sanderson and Porter, who conducted the
mum,mudcmek-ﬁumﬂsﬁngonﬁmmwlwiﬂ:amm
apron and cut-off wall geing down to bed rock, Thic design was adopled and
proved to be sommd. -

Strategically, Malpaep fitted into the need of a plant in the system
with adequate pondage for frequency contrel without wasting water,

Although Malpaso was built with the thought that it would later be
used for zins productiom, its use for that purpose has been largely circumvented
by the creeping growih vhich has occurped during the postponement of the zime
program, :

The J Tume) project visualized tapping Lake Junin at iis
; wummﬁpmdeommgthem%rthmughammthemmnwer

Such aetion would permit drawing the lake down %o & lower level than is now
possible, Im ite favor may be said:

1. Iake Junin water records have been kept lomg emcugh o
be relialbile,

2, Ials Junin water is clean with mo attendant abrasive
problem,

3. Fo dem would be required.
It disadwvantages would be:

1, System firm power increase (25 mw) would be inadequmis
for the zimc progrem, Two plants of thie capselity would
keve %o be built,

Tuznelling conditions were reporied by geologists to be
mfavorable,




—8--

3. Extsnsive dredging operations through 3 kilometers of
woede would be required to get to deep lake, This ob-
Jection was intangible when it was mads, but subssquent
Gredging operations in the Upamsyo chammel have vevealed

that it ie virtuelly impossible to remove these weeds.

4. The plant would be seasonal in operation, there being no
possibility of gemerating power during the rainmy seascn.

The Bunichaca project is not listed in the table because ite sube
sequent, investigation by the Hydro Depariment proved it to be impractical.
Iorthioplantammfoathi@muldhawto'behﬂltm&nmalg'ha.ek:lvg
water up to the toe of Upamayo Dam, From the crest of Rimichsca Dam water
wuld be conducted through a cemsl to the pewerhouge about 5 kilometers dovnpe
strean, ) : J

When viewsd on the E&nimoprofilsmap,ﬁmiuhamqémdhhaw
merit due to the relatively steep grudient in the river in that aves (0.9
percent with @ 5 kn canal), However, whew surveyed, it was § that
Rumichaca plant could not be built at any cost for these sones

1. The only dem site is on a blocky, highly fracfured volcanic
intrusion which would be pervious under the p}teame propozed,

2. The camal, if it were to terminate at the benk, would have
to be built on a trestle. ¢

{

3. The only possible solution would be to build e canal limited
in length to ove kiloneter, resuliing in a total bead of
only 130 feet which would limit the firm plant capacity to
10,0 mw. |

The Corpacapsha project would have a dam 60 feet high and a capal
15 km long terminating at o powerhouse located mear the upper end of Lake
Malpaso., In consideration of its estimated firm capacity of 28,0 mw 1% is
eaglly the most atizactive of the undeveloped sites on the Mantaro upstresn
from Qroya. :

Forthszhmaoamlﬁkﬂmﬁersmlengm
vould begin at Mailpaso teilwater and terminmate in one of two allermative sitess

1, At Shincamachay where a minority group advecated that an
elecirolytic zine plant be buils,

2, A% Oroya just across the river from Oroya hydroeleciric
statlon, Inherently high in cost per unit of output due
to its low head, this plan seems %o have littie merit,

_ At Majorads a hydroelectric plant would take advantsgs of a velatively
steep gradient in the Mantero botween the villages of Ismcuchaca and ¥pjorsda.
Water would flow through e tunnel 10 kilometers long to a plant with a fim
. capacity of 50,0 mes,




On September 28, 1928, Mr, C, S, Williams, Swuperintendent of Power,
submitted a preliminary report on g plant to harmess the Falea, HEmeshuasi
~ and other streamsg tributery to the Rio Tarme dowmstream from the village of
Tarma, Hie wvater measurements were made by current meter, sand although he
éid not so state, he inferred that minimum fiowe given were without the beme-
fit of storsge. The following table summarizes his conclusions: ‘

PO/ERHOUSE §O, 1  POMERHOUSE NO, 2 PQUERHOUSE MO, 3

45,000 68,500 47,100
3.5 48.0 60,0

6,470" 5,904 5,904
1,550° 2,205 2,205"

31.53 31.53 31.53
128,89 128,89 128.89
mow gog 'gl’g

m L o
22,26 22,26

2304

319995 ) 3‘2921 435.,25
30§450! 43,833' 61,4&‘

Bet, Cost U,S.0y, $6,268,100 89,334,100 $11,516,935

It is interesting to conjecture what Mr, Williams' cost estimates
would have been im 1941,

Dated February 7, 1930, a covering letter signed by Mr, Harold
Kingamill accompanied an undated meport by 4, D, Bryant, whom many Cerro
employees will remember as a civil engincer of merked ability, His findings
overlap those of Mr, Willisms, and are probably more scourate than the former
because his water volumes ave based on weir measurements, He further stated

the exact amounte of storage required for each project, His resulte are
gamarized belows

HROJECT HO, DA SIS AU SURERIBUL SIERia . 1

Water cfe 300 400 500 500 600
Hoad £% 15 1350 1670 1930 1100
Borsspover 28,000 49,200 75,750 87,500 60,000
Ft, of tunnel 22,450 35,320 27,470 35,050 29,250
Penstock £, 1,500 2,250 2,050 2,850 not stated
Storage acrefeet 22,490 23,320 21,640 21,640 17,590

Mr, Bryant listed a total of 23 mmall lskes which could be dammed
to secure watsr storage of 30,137 acrefeet. He did not state hov many lakes
would be reguired for each project, BHe made mo cost estimate.




& ¥t has been shown in recent Hydro Department reports that a system
firm power imcrease of 6,0 mw could be reslized from certain additioms to the
Pachachacs-Oroya wvater supply system,

1. Ada 25,000 acrefeet of storage capacity at Lake Huallacooha Haja,
to be accomplished by:

@&, An inorease of 45 feet in the height
of Hpallscacha eaxrth dem;, or,

b. Comstruction of a tuumel to sescure
greater dvawdown of the lake,

2. Raige the walls of the Oroya canal about two feet,
3. Tastell a duplicate Saco gyphom.,
4. Install a duplicate Oroya pemstock,

5. Install another 3.0 mvw generating mait at Qroya hydroelectric
generating sta . ‘

' Yo detailed estimate of the cost of making these changes is availabls,
but the consensus of $1,000,000 would bring the unit cost to §170 per kilowatt,

Ingahvaed,

: Located on the Mantaro River at e point 29 kilometers downstreanm
from Humncayo is a marrow gorge which could be dammed to give am effective
head of 310 feet., A gaging station was established which in the dry seasom of
1950 indicated a minimum flow of 2,048 cfs. (Corrected for diversionm of the
Rio Colorado and assuming that the 500,000 acrefeet of @ made available
at Lake Junin were to be all withdrawn during the dry ssason),

Ingahuesi Hp 5 2048 x 310 = 63,488
10

Converting this value to kilowatts and assuming a gemerator efficiency of 95%,
63,438 x Vb x .95 = 45,000 kv or 45 my at the Ingahuasi busbars, Ingahwasi is
located approximately 160 kilometers from Oroya.

Same distance downstream from Mejorada the Mamtaro River makes a loop
aromnd a parrow strip of land knowm as the Tayacaje peninsula, If this penin.-
sula were to be cut at the shortest sectiom by & tummel 16 kilometers in lemgth,
it would permit the comstruction of a power plant with a met head of 3,000 feet.
Hence, Hy = 3000 x 3000 = 900,000 Ep. (Assaming 3000 ofs).

10
Converted, this is eguiwalent to a firm power of approximately 600,000 kw or 600,0
mé, This potentisl capacity makes the Mantavo Band ome of the really great
hyéroelectric projects of the Western hemisphere, It is entirely feasible to




ﬂind‘t

bulld, having several good intake sites in the vicinity of Vigapata, with geo-
logisally approved turmelling comditions, The dam would be only high enough to
divert water to the tunmel, A sand trsp would be required, It has been pro-
posed that the high head be utilised in two equal eteps but this suggestion would
not necessarily be cavried out because successful hydro plants with heads much
greater than 3000 feet have already beem bullt in Europe,

Ap scaled off on Corporation maps, the Mantaro Bend site is located
250 kilomsters or about 150 miles from Oroya.

The economic voliage of transmission te Oroya would be of the order
of 220 kilowolts. This voltage is believed to be technically attaeinable at the
maximum elevation reached by the lime, which would be at Oroya.

Zeucaritsmbo.

The elte of this development, located dowmstream from the conflusnce
of the Huachon ard Paucartambo Rivers, was first visited by Corporation representa~
tives im September, 1947, Becsuse of the river's steep gradient and impressive
flow the region appeared to have interesting poesibilities, Photographs taken at
that time stimulated imterest among Corporation executives, In 1948 a stream
gage vas lostalled and a stadia survey of the stream’s plan and profile was made
from Tingo de Hualea to Machicurspats, 4 weir, built 1/2 kilometer below Tingo
de Huslea, wae finished inm 1949, As a vesult, hydrographs of the siresm are
available for the years 1949 and 1950.

The feasibility of the Pausarianbo development depénds on two major
prenisess

1., That the Pamcartambo plant be normally commected to the exist-
ing synchronized network te allow interchange of power between the old and
new systeme, Under that condition Leke Junin storege and Lake Malpaso pondage
become available as compensation for fluetuations in Paucartembo's water supply.

2, That Malpeso's peak gemerating capacity bs great emough to take
oaxe of mew pesks imposed on i% by Paucartenbo.

Without Malpaso, Paucartambots firm power drops to 40.0 megavatis,
With Melpeso, including the Maipaso 4th wnit, the system firm power ie increased
56,0 megawatie and reaches a total of 104.5 megawatis.

Ranson.

The Hydroelesiric Department was vecently requested to prepare a
preliminary report on hydrosleetriec power possibilities in the vieinity of Cyon
near which is a deposit of coal whoss characteristies are currently being in-
vestigated, The best location at hand is apparently the Rancom site, a high
cateract on the Rio Qyom, A welr will be built there in the mear futuve, or
mey already be inm operation, Ag soom as an engineer is available, a survey will
be made to determine the head and best powerhouse location, The site impresses
the observer as being ideal for power development and appears to have potentisl-
ities considerably in excess of the 2,0 megavatt demand,
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The cost of the Rancen plamt will have to compete with the cost of
building a itvanspission lire inte that district from the 50-kv netwerk. A
preliminary estimate indicates the isoleted plenmt would be the chesper of the two.
Faxrthor, the isolated plant would add to our power resources, while the trans-
ni«sion line would be a drain on cwr prowent Yesources,

SYSTEHM LOAD AND SUPPLY

Any plane for tailding vew power facilitles should paturally be pre-
faced by an amlysis of expected load conditiops, In July, 1950, a prediction
of gystem lead up to 1958 was made and resultse were incorporated in Hydve primt
Xo, J-27 entitled, "Average and lMeximum Demand Cuxves 1940-1958 and Froposed
Genexating Capacity Curvesl950-1958", which is in Oroya and Hew York Iiles.
Since the sulmission of thet report projecied load increases have changed as
regards megnitude, dats and fregquency of inorementa, In order to rTestais our
cenception of the problem, theve have been prepared and are atiached hereto o
nsw graphe ag followas:

Pigave 2 m"&mgemd}&ximmﬁmﬂ Curves 1951~1960 and
Propoped Firn Power Curve 195519607,

Pigure 3 - "Maximun Demand Curve 1951-1960 and Fesk Generating
Capacity Curves 195L-196C"

{
These graph sheets are lirgely self-explenetory, Figwe 2 hes a table

giving reagons for specific imcreases inm power use and eupply, sand the dates on

vhich such increases szre expected Yo occowr, Migure 3 is attached for the purposs

of showing how each gemerating unit requested fits into the demsnd schedule, On
the same cheet is a table vhich lists system peak generating cepacities and those
of compounemt plamts, All possiltie plant conditionsz are inmcluded in the table, and
those of spesilal interest axe chown graphically,

Although to date, the system daily meximm demand hes averaged 123% of
daily average load, it is believed that in the futuve, gystem load pesks will
bave 2 lowsr ratio to average load then in the past, This belief is btaead oz the
seaumption that the zine plant will have sn inherently high load faetor, Coge=
nizance of this situation has prompted the use of the multipiier 1,20, instoad
of 1,23, in the ealeunlation of system maxinum demand begimming August, 1951.
Sirictly speaking, the improvement in gystem load factor indicated by the malti-
plier 1,20 will not be effected at omce, bubt will be felt in greater dogres as
the ratio of zine plaut loud to existing load incresses, In fact, the multiplier
may even drop below 1.20 whem all sterling units are om the lime, but the use
of a smaller one, wmsupporied by previous experience with the sterling provess,
iz believed to be & potential davger in gystem plamning.

Whon ewluating the atiached graphs, it should be kept im mind that
cne of the chief fimotions of the Malpaso station is frequency camtrol. It is
therefore Imperative that Malpmso'e peak generating capacity be at least egual
to and preferalily grecter them the load swings it has to handle, Malpsso's
peak capacities aves '

Hith 4 machines, pesk loed cspacity ie 4
With 3 mechines, peak load eapacity is 3
Witk 2 mechines, peak load capacity is 2
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4 SHADED AREA TO BE SUPPLIED BY STEAM PLANT WITH DIRECT-FIRED BOILERS
" SCHEDULE OF POWER DEMAND AND SUPPLY INCREASE
it - AWATT .
—|— DATE — [AVERAGE | MAXIMUM | HYDRO REMARKS
| POWER | DEMAND |FIRM POWER|
AUG 1951 41,5 48.8 41.5 | 35-TON ELECTROLYTIC ZINC PLANT
___UPAMAYO CHANNEL - FIRST CuT
%\f 1951 : 48,5 DIVERSION OF RI0 COLORADO
DEC 1951| 43,3 | 52.0 48.5 - | PARAGSHA PB-ZN EXTENSION
-‘ | | L HUAYMANTA COPPER FURNACE
JUN 1952 50.7 61.0 48.5 " 1ST 35=TON STERL ING PROCESS UNI
, ___PARAGSHA TON COPPER EXTENSION
% ' 48.5 STEAM P ANT&R§PAIRS
JUN 19531 57.5 | 69.0 48.5 " 2ND STERLING UNIT _
: i § ___4TH MALPASO UNIT | FIGURE 2
T : 68.5 1ST_PAUCARTAMBO UNIT
‘ 4 sa.g ND_PAUCARTAMBO UNIT AVERAGE & MAXIMUM DEMAND
!  66.6 80.0 8s. " 3RD STERLING UNIT CURVES 1951-1960
s IEmESEamlEESERea s _ __AGUAS CALIENTES PUMP STATION .
JUN 1954 72,9 87.6 104.5 " "3RD PAUCARTAMBO UNIT PROPOSED FIRM POWER CURVE
et i L __4TH STERLING ¥NIT 1951=1960
SEP 1954 85,1 102.0 104.5 " 5TH AND 6TH STERLING UNITS s
1960 92.5 111,0 104.5 ' 1.57% PER YEAR AVERAGE LOAD |NCREASE CHECKED MAY 18, 1951
B O R T N e T 55 56 57 1058 1059 60
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&
: PEAK GENERATING CAPACITIES UNDER VARIOUS
COND!TIONS SHOWN BY DOTTED LINES ® __| _WITH 3 MALPASO & 2 PAUCARTAMBO UMITS o T e
FULL LINE SHOWS MAX|MUM_DEMAND
SEE TABLE FOR SCHEDULE OF CONDITIONS =
= @] ___ WITH 2 MALPASO & 2 PAUCARTAMDS UNtRS — e
WITH 4 MALPASO UNITSk____@__A PEAK GENERATING CAPACITIES IN MEGAWATTS
* T
s PLANTS
PAC : SYSTEM
conDITION f UNITS | OROYA | JUNITS | MALPASO | UNITS | PAUCARTAMBO | TOTAL
e : .© | BELLAVISTA
ITH 3 MALPASO UNITS ' ] 16.5 _4 54.4 3= 60.0 130.9 |
BT e - <. 5mmn 2 16,5 3 40.8 } 60.0 Y3
» 3 ALL 16. 2 27.2 60.0 T03.
= 4 ALL 15.;‘ 4 54.4 2 40.0 110.9
g 5 ALL 16.5 g 40.8 2 40,0 97.3 |
L4 6 A L .§_.‘| cha 2 ‘0-0 .
o 7 A 16.5 4 54.4 | 1 20.0 9%25:. |
- 8 ALL 16.5 3 40.8 | 1 20.0 r—'r'r_';: |
T T 17 15
,.—-—.-———_ L L ' 4 ‘ 4 v . o
11 ALL_ | 16 - ﬁf 0 0 1 573
12 ALL 16.5 2 27.2 0 0 [ 43.
PEAK LOAD DATA
DATE MEGAWATTS
|_AUG 1951 48,8
DEC_ 1951 2.0
JUN 1952 .0
JUN 1953 69,0 F IGUR
APRW?M 80.0 e
— JUN 1954 87.6 MAX IMUM DEMAND CURVE
SEP 1954 102. 1951-1960
1960 “111.0
PEAK GENERATING CAPACITY
CURVES 1951-1960
éa CHECKED MAY 18,1951
51 52 53 54 55 56 57 58 59
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In Figure 3, Condition Ho. 11 is of special interest. It shows
that with only three Malpaso units, system peak generating capacity falls
12.0 nv below anticipated maximum demand in 1953. Coundition Ho. 10 demon-~
strates that this undesirable situation could be corrected by installing
the 4th Malpaso unit.

Condition Mo. 5, also illustrated graphically, indlcates snother
deficiency. From the hydrograph of the Paucartembo 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 lo. 4 shows that the 4th Malpaso unit cor-
rects the deficiency.

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

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

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

Paucartembo units wuld be worked on, one at a time, duxing the
driest part of the dry season when two units could utilize all the avail-
able water. j

Malpago units wuld be shut down one at a time for inspection and
maintenance during the rainy season with all three units working at full
load at Paucartembo. :

Oroya maintenance work would 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 tdme,
at any convenient date because their installed capacities are greater than
thelr firmm capacities.

¥igure 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 line.

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.




2, The Malpaso 4th unit has been requisitioned for delivery in
A'Jguat’ 1952,

3. New blades and nozzles have besn ordered for the two Westing-
house steam turbines at Oroya steam plant,

COMPARISON OF PROJEGCTS

All the projects described umder "Water Examinations” were under
consideration as possible sources of power for the 200-ton zinc progran,

Junin Tunnel, Corpacancha, Malpaso-Oroya Cemsl, and Rumichaca were
eliminated because two or more of them would have to be built.

The Pachachasa~(roya increase was rejected as being entirely inade~
quate, but 1t still has merite and may bs developed later when creeping load
growth or emall mew installations begin to overtax system cspacity.

The Mejorada site was rojected because of its great distance (about
200 kilometers) from the load center,

Carpapata, to be feasible, wouvld require the damming and comtrol
of about 20 lakes and ponds for storage. It seemed %o be all head and no water.

Tngehuasi wes turned dowm largely because it would be characterized
by a high dam in earthquake country, Even if a eafe dam, similar to Molpaso,
could have been built, its design would have had to be preeceded by long inves~
tigation of the site. Further, the comstruction of the dam itself would heve
been a long job, inherently, _

The Mantaro Bexd project, while urdoubtedly the best snd chespest
per unit of capaecity if fully developed, was rejected bescause of its high first
cost, It would recuire two or threes yesrs more to build than competing projeocts
chiefly because ite lé-kilometer tumnel could be driven from only two faces, It
aleo seemed to have political complications in which Corporation executdves did
not wish to become imvolved,

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

1. 1I% has more then emough cepacity for the zine program,

2, It can be built in the shortest time of =11 projects
considered, The reason for its iphevently short comstruc—
tion period is that its 12«lm tunnel can be split up into
ghort segments by intermediate adits,

It imposes no safety hazard on people 1iving dowmstrean
ginoe no water of consequence is impounded by its 20 £t.
danm,

It solves the Cerro low voltege problem throuph construc-
tion of the Carhuvamsyo substaetion.
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ADDITIONAL POWER DEVELOPMENT

There is no doubt that there exists wvithin trensmissible distance
from Oroya more urdeveloped hydro power than the Corporation can ever use. The
problem is not "where can power be foumd?, but "In vhat order ought potential
projecte to be developed?”,

FPover from storage.

Barring an all-out war, whieh would change everything, regardless of
who won, it is 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 = slovw growth of 10,0 megawattis super-
imposed on the "average load" curve, syctem fiym power could be inersased that
amount through the development of additional storage for exlsting facilities:

l. Pachachaca - Oroya increace 6,0 my
2, Storage for Paucartambo 420 Ty
Total 10,0 mv

Artificial Nucleation,

No specific smoumnt of power is assigned to this highly controversial
source becauge it 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 enviromment there exists great differ-
ence of opinion regarding the magnitude of the affected area, It is recomuended
that nucleation tests be made at once in Peru on a pilot basis, Until the con~

clusion of this test Hydroelectric Department planning will proceed along cop=
ventional lines,

New Plantao

The attached "Electric System Map" shows the locations of the Corpora-
tion's existing power plants and substetions as well as potential pover sites,
both examined and unexamined.

Further Corporaticn expansion afier 1960 would eppear to be continpent
on three developments:

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

2, Stabilization of international relations along eanitalistic
lines,

3. Friendly relations with the Peruvian Govermment.

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

With « vigorous expansion policy in oporation the logical site
. for development would be the Mantaro Bend or Pongor project., With power po-
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tentialities up to 600 mv a2t our command, our power worries would be over
forever,

The exploitation of the Mantaro Bend power site might conveniently
be donme in plant units of 200 ms, 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 Corporation's willingness to sell power to all Central Peru including the
cities of Jauja, Huancayo, Huancavelice and Ayacucho as well as the mining
industry, There would be strong political pressure to supply power to Lima aleo,
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, mot yet standardized, Sale of power to
Lima might be done by selling wholesale to Empresas Blectricas 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 predicament, it appears unlikely that
the Utopian conditions previously pamed will come to pass In the foreseceahle
future, A realistic attitudoe demands that smalier projects closer to home be
also considered,

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

PROJECT M

Ingahunsi 45
Mejorada 50
Corpecancha 28
Caxpapats 20 — 60

/
EYDRO PROJECTS HNOT EXAMINED

Alterpative hydro projects of a visionary nmature have bsen proposed.
These are noted on the Electric System Map as "Mantaro Diversion No, 1" and
"Mantaro Diversion Ne, 2%, The first of these visualizes a tunnel to divert
Mantaro River water from Oroya to some point in the valley of the Rio Palea inm
the vicinity of Tarma, The second contemplates the diversiom of the Mantaro
from Malpeso tailwater through a tunnel to Rio Blanco with a further extension
to Matucana or nearby point to secure head, Either would generate power of
almost any magnitude required but are mot discussed at lemgth because no factual
éata concerning them are available, Either of the %o would conflict with
agricultural interests utilizing Mantaro water for irrigation in the Janje dise
triet, Diversion No, 2 might conceivably be developed when the Lims water probe
lem becomes sufficiently acute,
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SUMMARY

1, The present sysiom average load of 34 ms bas an imhowent growth
factor of 1,57% per year without new capitel expenditure and a peak to average
power ratio of 1,23 %o 1.0, The multiplier 1.20 is used in future peak load
estimates. :

2., The 200-ton zinc program with a projected 1960 average load of
92,5 ms and 1960 pesk load of 111,0 ms will be amply supplied by the Pauceriambo
development,

3. The Malpaso 4th wmit is requived in order to realize the full
wmwwm&mmPthmmaaammmm
Be

4o . Hydroeleciric potentialities in the vicimity of Oroys are adegmte
to supply all possible future loads,

5., The Maniero Bend project is technically superior to all others
discussed but hae political complieations which should be carefully appraised
previous to serious consideration of the site.

6, A semse of vealism suggests that future power development be
commensurate in capacity with predicteble load increments,
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APPENDIX A

e

Therumel Electric Plant,

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

Ebasco Services, Ine,, have kindly furnished power production
figures vhich are a condensation of costs prevailing in 211 Electric Bond
and Share~owned steenm plants,

STEAM-ELECTRIC STATIGNS
PERFCRMANCE AND PRODUCTION COSTS

BUILT IN
2929 1943 1930

Average, all stations, BIU per net Kuw-hr. 20,000 18,700 13,900
i)

Best station, n Roomon 16,000 11,900 11,090
Best wnit o AW 14,500 11,600 11,090

Average production costs, mills per net Kuehr, 3.6 3.2 2,8
Average fuel coste S AR TR R 2.5 2.2 2

Average other than fuel costs ®* ® v ® t 9% 1.0 0
Best station producstion coste ® ® ©n # 1.4 : 5 1

It is assumed that a steam plant at Callao could duplicate but not
improve on the average of all plante built by Bbasco in 1950, which is 2,8
mills, Cerro de Pasco mow produces power at & cost of 1,0 mill per Byehr, ,
including the cost of water ecxaminations.

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

Thé Power System

Three Hydroelectric and One Steam-Electric Plants

By R. McDonald and

B. C. Maine

Respectively Superintendent and
Assistant Superintendent of Power;
Members, A. |. E: E.

of three main hydroelectric

plants and one steam-electric
plant. These are located on the east-
ern slope of the main Andes range at
altitudes between 12,000 and 13,000
ft. The hydroelectric group utilizes
the watershed which extends for about
150 kilometers south from Cerro de
Pasco, divided into two catchment areas
which lie adjacent. The northern area
serves the medium-head plant of Mal-
paso, while the southern area provides
for the high-head plants at Pachachaca
and Oroya.

The rainfall, as registered at the rain
gauging stations of the three hydroelec-
tric plants, averages 33 in. per year;
all these stations are subject to the
same hydrological conditions, and the
bulk of precipitation occurs between
October and March. Rainfall during
the dry season, April till September,
has no appreciable effect on the total
annual runoff.

Table 1 shows the storage capacities
of the main reservoirs of the hydroelec-
tric group.

The four plants are tied together
electrically by a 50-kv. transmission net-
work, the system being 3-phase 3-wire
at 60 cycles with a solidly grounded

CERRO'S power system consists

neutral. and with a total installed ca-
pacity of 84,750 kva.

Tapte 1. UTiLiZABLE WATER STORAGE

High Head Medium Head
Reservoir Acre-feet Reservoir Acre-fest
Lake Huallacocha
Alta . .. 900 | Lake Junin. 412,000
Lake Huallacocha
Baja 9,200 | Lake Malpaso 40,000
Lake Pomacocha 21,400 | Lake Punrun.. | 40,000
Lake Huacracocha 2,040
Lake Huascacocha 3,500
Totad. ....... 37,040 Total. ... | 492,000

NOTE: Other lakes tributary to the
Yauli and Mantaro Rivers are uncon-
trolled and the flow from them in the wet
season is utilized while the main reservoirs
are partly or totally closed off.

Individual plants

The Oroya hydroelectric plant was
the first installed, and went into opera-
tion in 1914. It has a total capacity
of 11,250 kva., consisting of three hori-
zontal Allis-Chalmers generators direct
connected to Pelton-type impulse tur-
bines with deflecting-type nozzles con-
trolled by belt-driven governors. The
head on the plant is 720 ft.; the units
operate at a speed of 300 r.p.m.

The water supply for the plant comes
from the Yauli River, the intake being
at La Toma. It is conveyed by an earth
ditch 16 km. long to the Oroya forebay,
which has a pondage capacity of 45
acre-feet. A steel penstock approxi-
mately 4000 ft. long extends between
the forebay and the powerhouse where
it branches to the three units.

Malpaso dam passing 4500 second feet
of water.

Generators are star-connected with
solidly grounded neutral, and genera-
tion is at 2400 volts. Excitation for
the generator fields is supplied by two
Allis-Chalmers water-wheel or motor-
driven, 125-volt, d.c. generators, either
of which is capable of total plant ex-
citation. Generator voltage is stepped
up directly through General Electric
transformers to the 50-kv. network.
Each transformer bank consists of three
1000-kva. single-phase units connected
delta-star with solidly grounded neu-
tral. Protection is provided for gener-
ators and transformers differential
and induction-type overload relays.

As previously stated, the Oroya hydro
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Fig. 1.

Map of Cerro de Pasco power system.
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GAUGE
READINGS LAKE CAPACITY
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plant was the first installed, and from
it has grown the present system.

The Pachachaca hydroelectric plant
has four units consisting of impulse
turbines, generators, transformers, and
exciters identical to those described for
the Oroya plant. The station is con-
nected in a similar manner as Oroya
to the 50-kv. network, but differs slight-
ly from the Oroya plant in that it has a
2400-volt generating tie bus. The first
unit installed at Pachachaca went into
service in 1919; the other three units
were an addition to the original instal-
lation and went into operation in 1927.
Water supply for Unit No. 1 comes from
the Morococha lake district where wa-
ter is impounded by dams on Lakes
Huacracocha and Huascacocha, and at
Old Forebay. Lakes and the forebay
are interconnected by natural streams.
From Old Forebay, water is conveyed
to Unit No. 1 via a combination red-
wood-stave pipe line and steel penstock.
a distance of approximately four kilo-
meters,

Water supply to the other three units.
namely 2, 3, and 4, is from the head:
waters of the Yauli River where it is
impounded by dams at three reservoirs;
Huallacocha Alta, Huallacocha Baja.
and Lake Pomacocha. These reservoirs

DOWNSTRE AM

" DROP FILL OF QUARRY RUN ROCK WITH
GRAVEL AND COARSE SAND SLUICED
IN 70 REDUCE VOIDS

NATURAL BED OF RIVER EL.12510

CONTROL TOWER

Fig. 2. Pomacocha dam.

Total storage capacity,

Pomacocha Dam went into service in
September 1941. It is hydraulic-fill
type, with a total length of 1300 ft. The
dam is not provided with a spillway
over it. and excess water is passed
through a circular control gate located
on top of the intake tower. Spilled wa-
ter is dissipated downstream from the
dam, and regulated by a gate at the
entrance to the Pachachaca concrete
flume.

The latest addition to the system
was the Malpaso plant; which went
into operation in 1936. This plant util-
izes a tributary of the Amazon, the
Mantaro River, the main source of
which is Lake Junin. The latter lake
is dammed at its outlet by a masonry
and concrete structure, which gives a
lake regulation of 7 ft. drawdown.

Controlled water from the Upamayo
Dam flows downstream approximately
9% km. to the Malpaso Dam, the latter

EL.12725 (CREST)
ELWIIH I

WATERL

2
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275"
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are interconnected by natural streams.
Water is conducted to New Forebay
from Pomacocha Dam via a concrete
flume 18 km. long. Three steel pen-
stocks connect Units 2, 3. and 4 with
the New Forebay, which has a pondage
capacity of about 25 acre-feet.
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Fiz. 3. Malpaso dam. Cross sec-

tion through axis. The unusual

design obviated excavating 140 ft.
of glacial drift to bedrock.

23"CONCRETE

NATURAL GROUND

Cross section through control tower and tunnel.
21,400 acre-feet.

Elevations in feet above sea level.

providing an operating head of 250 ft.
for the plant.

Referring to Fig. 3 it will be noted
that the structure is a high rock-fill
dam. It is located approximately 24
km. upstream from the smelter town of
Oroya. The dam is situated between the
walls of a narrow gorge of porphyry
intruded in the prevailing sedimentary
rocks of the region which appear at
the surface in this area. The dam is
unusual in design in that its main body
rests on the yielding material of the
old river bed. The concrete cutoff wall
is 105 ft. deep, extending from the
river-bed level to the live rock at the
bottom of the gorge.

The upstream section of the dam
consists of a derrick-laid rock mass
which tapers from a bottom thickness
of 150 ft. to a top thickness of 12 ft.
This section has an upstream face of
laid-up rubble masonry bound by ce-

ELEVATIONS IN FEET
ABOVE SEA LEVEL
712730

POND 12715 EL.

112700

12650
UPSTREAM

12600

MASONRY WALL LAID IN
1.3 CEMENT MORTAR

CONCRETE APRON
RIVER BED
= EL2510
' 4112500

112550

CEL.124.47 /2450

P’ CONCRETE
CUT-OFF
WALL

L EL.12368.8

12350
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R. McDonald

ment mortar. As a water seal, a re:
inforced concrete apron is placed from
the cutoff wall to the crest of the dam.

The dam was constructed so as to
allow a certain amount of settlement,
because of the nature of the materials
used. A careful record is kept of all
movements, and, after nine years of
service, these movements have practical-
ly ceased. To date, the total down-
stream movement at the axis, as mea-
cured at the crest of the dam, has been
2485 ft., while the settlement at the
same point has been 1.225 ft. Settle-
ment through the years has been sym-
metrical about the axis,

From the dam, a concrete-lined pres-
sure tunnel about 7500 ft. long delivers
water to the powerhouse. The lower
end of the tunnel is branched into four
take-offs, three of which are in use,
with the fourth in reserve for an addi-
tional unit. Connected to the tunnel.
is a differential surge tank located near
the powerhouse, to absorb surges due
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 Leing used. An In-
duction-type voltage regulator is used
to control excitation voltage. Generator
voltage of 6900 is stepped up directly
through General Electric 3-phase trans-
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formers to the 50-kv. transmission net
work: thev are connected delta-star
with a solidly grounded neutral.

I'he Oroya steam-electric plant s

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. It
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.

Operation of system

At each of the four plants, hourly
readings are taken throughout the 24
hours and recorded on a daily log sheet.
These readings include routine gener-
ator plant data, equipment tempera-
tures, etc., and for the hydro plants.
the water-supply information pertinent
to it. such as gauge readings at dams.
canals. and forebays. In turn, these
data are transmitted by phone to the
control station at Oroya, where a detail-
ed log sheet of the entire system cover-
ing generation, transmission, water sup-
ply, and weather conditions is recorded
up to the hour. Every case of unusual
trouble is reported minutely and record-
ed with all relative facts so that mea-
sures can be taken to prevent a recur-
rence. Operators at the Oroya hydro
station supervise water regulation to
all plants and load dispatching for the
system.

The average hourly output for the
cystem in 1944 was 26,176 kw. System
load factor, expressed as hourly maxi-
mum peak power to daily average pow

B. C. Maine

er, averaged 89 per cent for the year
1944. System power factor averages
90 per cent. System frequency of 60
cycles is controlled and maintained by
the Malpaso station.

All oil circuit breakers on thé 50-kv.
network at Malpaso and the Oroya
.witching station, and four of those on
the incoming and outgoing lines at
Pachachaca, have interrupting capaci-
ties of 500.000 kva.

Transmission system

All transmission lines of the system
run through rough, mountainous terrain
and are subject to the atmospheric con-
ditions typical at a latitude of 12° S.
and at altitudes ranging from 12,000
to 16,000 ft. They are exposed to snow
and lightning storm hazards. The total
length of the 50-kv. double-circuit trans-
mission lines is 162 km.; of the 50-kv.
single-circuit lines, 85 km.; and of the
11-kv. single-circuit lines, 15 km.

The supporting structures for all

Fig. 4. Interior of Malpaso plant.
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Pole with flexible steel frame.
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DE
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Fig.5. Type of square
steel pole.

Fig. 7. Rigid, wide-
base steel tower.

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
of 10 ft., according to the types of sup-
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
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
of sixteen central exchanges, 700 tele-
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 METALLURGY



28 HYDROLOGY |Sec. 2

being thus aggravated, in turn, and something of the desert character being ulti-
mately imparted to regions that were naturally verdant and productive, prior to
devastation through prodigal spending and unwise use of the fertile soil and its pro-
tective covering. Such wanton waste af soil and water tends to establish a vicious
circle to aggravate the situation, from which a region may be rescued only through
years of well-organized, scientifically directed conservation programs.

Evaporation.. The ultimate measure of atmospheric moisture available for pre-
cipitation is evidently the moisture capacity of the atmospheric column plus the rate
at which it may be replenished with water vapor. Included among the accountable
phenomena are evaporation from water, soil, rock, and other moist surfaces; sublima-
tion of snow and ice; transpiration from plant foliage; exhalation from biological
organisms, products of combustion, and mechanical power generation; and occasional
voleanic eruptions. Because of the dominant role of evaporation from water, con-
stituting nearly three-fourths of the surface of the globe, it seems appropriate to make
this the basis of reckoning and comparison.

By recalling that the average insolation or radiant solar energy reaching the earth’s
atmosphere would be eapable of evaporating nearly 0.8 in. per day in equatorial regions
if no interceptions or losses intervene and making due allowance for the curved sur-
face of the sun-lighted hemisphere (with a total area double that of the great circle),
it is obvious that not more than 0.4 in. depth of water could be transformed into
vapor daily over the entire surface of the globe if the solar energy were devoted solely
to this process. However, with nearly half the insolation intercepted by clouds,
floating dust particles, and intervening atmosphere, and with further percentages
deducted from the single two-billionth part of the solar output intercepted by this
planet, to be absorbed by the earth’s surface and surroundings, only about 30 per cent
of the total insolation is employed to evaporate approximately 0.12 in. per average
day, over the entire surface of the globe., This amounts to nearly 43 in. annually
for the entire area, but varying from possibly 6 in. or less at the poles to nearly 100 in.
at a number of stations in the lower latitudes and attaining somewhat higher annual
totals in the midst of distinetly arid regions, as illustrated by both evaporation and
rainfall records shown in Tables 1, 2, and 3.

Atmospheric Moisture Capacity. The process of evaporation, like that of frans-
piration, operates more or less continuously, but at various rates corresponding to the
changes in exposure to solar radiation, temperature of both air and water, wind move-
ment, and relative humidity there prevailing. Reference to Table 4, Moisture
Capacity of Atmosphere at Various Temperatures, indicatel that the total water
content of the atmospherie column with a temperature of 50F at its base would prob-
ably not exceed 0.58 in., whereas for a corresponding temperature of 100 deg, the
moisture subject to precipitation could be as high as 3.62 in. It is thus apparent that
the atmospheric moisture capacity varies directly with some power of the temperature
(nearly the square of degrees Fahrenheit) and therefore with potential evaporation
rates. .

Release of water vapor into the air displaces corresponding volumes of atmosphere
by a substance only 62 per cent as heavy, vertical circulation being thus ensured owing
to the inherent buoyancy of vapor—somewhat comparable to the upward motion of
small bubbles through a liquid. Continued evaporation under ordinary eircum-
stances and moderate temperatures will probably overtax the moisture capacity of
the atmospheric column within a fortnight or thereabout, unless the lateral circulation
should bring other air masses with additional eapacity, 7.e., with lower relative
humidity. Wind movements may and ordinarily do convey the vapor to distant
loeations and thus account for precipitation in regions quite remote from its origin.
1If a cubic foot of air near sea level, at 100F, has six grains of water vapor intermixed
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(a medium drop of water would have equal weight), it would produce about 30 per
cent satul:ation. If the temperature of the air mass falls to 70 deg, the percentage
of saturation rises to 77 per cent; at 60 deg, complete saturation is reached, or the dew
point is attained, and condensation is produced; and at 40F, slightly more than half
the moisture will have fallen,

Evidently, the total inflow of moisture into the atmosphere during a given period
represented mainly by evaporation, will be equaled by outflow, or precipitation, durinp,;
the same period, except for the few inches of varying reserve or storage within the
atmospheric column as shown in Table 4.  Considering both the average and extremes
of prevailing temperatures as affected by seasons, latitude, altitude, and the daily
insol-ation, it appears that a 6-in. depth of moisture may be held temporarily b‘v
tropical air masses, whereas the average over the entire globe may not exceed a 2in
depth. :

Rainfall. Precipitation provides the required outlet for water-vapor content
beyond the moisture capacity of the given air mass for the prevailing temperature.
As indicated in the foregoing, the natural buoyaney of vapor intermixed with air
produces a definite upward movement, resulting in cooling with altitude and expan-
sion under reduced pressure, This upward component of air movement and attend-
ant rate of cooling may be suddenly increased by the interposition of barriers such
as cold, relatively dense air masses, by high ground and orographic features, or by a
combination of underrunning polar air and mountain ridges (;ausing abrupt d’oﬂe-rt;ion
of air :!u.rr.ont,?*. Such accelerated cooling is the immediate factor producing most of
Fhe precipitation, appearing mainly as rainfall, but with restricted localities supplied
in varying proportions by such forms as snow, hail, dew, and condensation from fog
Although the latter two forms of precipitation represent but small daily contributioush
and are not readily susceptible of measurement, the total annual dvptils may be con-
siderable. Moreover, such condensations of moisture from the Elt-l]lOSph(;re night
after night, account for the freshening and revival of foliage and \‘(.‘gvtatimll after
:.-:&'.P.ming!y hopeless wilting under bright sunshine and thus constitute vital inﬂuenoc_;q
in plant growth under some conditions.

Figures 1 to 5 graphically portray rainfall characteristics, ineluding for convenience
all forms of precipitation under the single heading, at selected representative stations
thrgughout the world. More detailed data eoncerning these and other stations in
various countries are shown in Tables 2 and 5.

Bearing in mind that an even distribution of precipitation over the entire surface
?f “30 globe would require average annual depths variously estimated from ;10 t0l4i
in., in order to dispose of annual accretions from evaporation, we have to deal in
actuality with widely varying amounts, ranging from less than 4 in. at Yuma Ariz
to more than 100 in. at selected high mountain stations on the Pacific Coast :m;i mor:
than 200 in. annually on the windward slopes of high mountains in or near t‘ho tmpimi
zone, culminating at Cherrapunji, northeastern India, in some 450 in average. ‘\i;d
more than double that amount for the maximum year of record. .‘-‘-uch‘0\':’1"'1hunld“u]t
rainfall as that at the latter station, more than ten times the z1w£r:|go for t‘lw «rl()‘hn
connotes the existence of a high, abrupt barrier of Himalayan proportions i11c1T1dinl
Mt. l‘l"f"t'est. a fluelike pass therein that induces almost a continuous flow ot: l]]O]'*TllI‘C{:
laden air masses from tropical seas, and great areas of searcity in pr(w'ipitaticm“%11(“1
as the plateau of Tibet and the desert of Gobi. Himilnr]\'.u some stations o‘nL tlic
Olympic Peninsula of Washington receive measurable tl('pt].ls of rainfall (mkmust of
the days throughout the year; they are located on a mountainous barrier erossing
”.lt‘ ]mthvul' tl:(:pi(':ll Paeific air masses, which in turn yvield hut sparingly to the Cn‘l;m:-\
:.):::Illg‘l::.msn after their prodigal spending while crossing the successive mountain
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(All depths in inches)

Rares

Station

Maximum Mean

Annual

Years of record

Mean month

Month

April to
September

|

Gardiner, Me
Boston, Mass
Rochester, N. Y
Washington, D. C
Chapel Hill, N. C
Charleston; B0 mudi cndlas
Charleston, 8. C..
Birmingham, Ala
California, Ohio
Cleveland, Ohio. ..
Petroit, Mich: s oty Sl
Thunder Bay, Mich. .
Milwaukee, Wis
Lake of the Woods, Minn. ......
Columbia, Mo
Crowley,obns s sl o e T g
Laredo, Tex
San Antonio, Tex
Austin, Tex
Armarilonas o Be v el
Big Springs, Tex
Dalhart, Tex
Lawton, Okla
oodward, Okla
Garden City, Kans
Hays, Kans
North Platte, Ne
Lincoln, Neb..
Newell, 8, D..
Edgeley, N. D. .
Mandan, N. D....
University, N. D. .
Huntley, Mont
Moceasin, Mont
Archer, Wyo
RTINS RO o, o vihny wimine jois by ege
Fort Collins, Colo
Akron, Colo
Grand Valley, Colo
Rocky Ford, Colo
Tucumeari, N, M
Santa Fe, (o e
Elephant Butte, N. M
Elephant Butte, N. M
Elephant Butte, N. M
Carlsbad, N. M
Carlsbad, N. M
Lake Avalon, N.
Las Cruces, N. M
Holbrook, Ariz :
Roosevelt Reservoir, Ariz
Granite Reef, Ariz g

Granite Reef, Ariz.. ..o

Mesa, Ariz

Yuma, Ariz. .
Nephi, Utah

Spanish Fork, Utah..........s
Fort Douglas, Utah.............

Aberdeen, Idaho
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Maximum

Remarks

Reservoir
Land pan

In city
In alfalfa field

ank floating in
river
Tank on ground

Alfalfa field
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Tasre |.—Recorn or Evarorsrion Ravus.—(Condinued)
T
Maximum Mean Annual |

Station Remarks

September

Minimum

| Years of record
|
| Mean month

! Month
April to
‘ Maximum

North Yakima, Wash

Lake Kachess, Wash

Klamath, Ore

Hermiston, Ore

Hermiston, Ore

Moro, O

] BT (R SR e T
Fallon, Nev

< S

B 1 T

Tank floating in

Lake Tahoe, Calif AnEe i) 2 L catml
Lake Tahoe, Calif . g e e |
Biggs, Calif

Sweetwater, Calif...........,
Cuyamaea, Calif

Fresno, Calif

Los Angeles, Calif. .

San Diego, Calif

Mammoth, Calif

Owens Lake, Calif.
Christiansted, V. I

Assuan, Egypt

Bombay, India

Van Wijks Vlei, §

Kimberley, South Africa
Kimberley, South Africa
Bloemfontein, South Afr
Bleemfontein, South Afrie:

Vaal River
Deep reservoir
Exposed to wind
Sheltered from
Johannesburg, South Africa il
Capetown, South Africa e S ) 2l Lo K El .
Port Elizabeth, South Africa
Alice Springs, Australia
Adelaide, Australia

Eucla, Australia

Brishbane, Austr

Blackall, Austral ; | :

C NSKWeG. . -

tudes, duration, probability of occurrence, and, within ever-widening limits of forecast
the basis for their definite prediction are gradually emerging from the r.mlm of lt.lu:
\lr.lkm{wn. These facts should stimulate further research along the lines of iogi(“!] and
scientific approach, the most lucid and helpful presentation, and the most zmthori‘t-\t‘i\' >
mt_vrprututinn in the light of all available experience, and under the most 111-‘1tnr:'
glll(l:l.nt!(!, in our dealings with hydrologic problems and their 1':m|iﬁ('°1iin'ns' 'l;]l()il’
the vital processes related to or constituting life, growth, well-being 'm.(l )!’t; r)“(u:q .
: Research and operations in the hydrologic field have now entered ‘tllu- m:)qt L)r(;(.l.uv-
tive _an(l promising phase of their development and application of \\'11i(-l; \3‘(' hs %
definite knn\.\'lc-elgv: and presumably the rich harvest has only well begun, G
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Evaporation from Deep Water. — The temperature of large _ |
deep bodies of water varies considerably from that of the air.
In general, the mean annual water temperature is slightly
higher than the air temperature. The extent to which the
temperature of lakes varies from the air temperature depends,
primarily, upon their depth. In summer, the sun’s rays with
the aid of currents set ;.lp by waves, warm the water of deep
lakes to depths of about 150 feet. Below this depth, however,
the temperature remains substantially uniform, at a little above
the mean annual air temperature, throughout the year. The
temperature of the water near the bottom of deep lakes in
northern latitudes usually remains very close to the temperature
of maximum density.

The variation, with depth and season, of the temperature
of Lake Geneva, Switzerland, and Lake Cochituate, Mass., is
graphically shown in Fig. 149. Lake Cochituate freezes over,
whereas Lake Geneva remains open the year around. After

October 23 /
1879

December 19,
1879

the entire body of water in the former lake has reached the VARIATION OF TEMPERATURE
. WITH
DEPTH AND SEASON
LAKE GENEVA
SWITZERLAND

temperature of maximum density, i.e., 39.2° F., the surface
water cools and, becoming lighter, remains at the surface until
ice forms. With increasing cold, the ice temperature continues
to drop and more and more of the layer of water immediately
below the ice cover cools down to between 32 degrees and 39.2
degrees. From a few feet below the ice to the bottom of the
lake the temperature remains at about the fmint_ of maximum : —| |
density. As soon as the ice breaks up, in spring, the entire
body of water soon attains uniform temperature, making it very 30° 4o?empmtt:;ors_negmsmﬁﬂhwnhmro’ 80°
susceptible to circulating currents set up by air movement over : \‘;: apalesce ‘ o
its surface. As the heat received from the sun increases, the e _‘[M.!m el SHLE lm)-/
surface water heats more rapidly than the deeper layers and, i !I
being lighter, remains at the top. The result is that by the end ‘ f/{/,':':oclqber 18, 1502
of mid-summer, the surface of the water usually has at least . //-‘,/""
as high a temperature as the air. f.’./” -

During the season of falling temperature the water remains ' S g, e
DEPTH AND SEASON

continually warmer than the air, because, as the surface water 1 L LAKE COGHITUATE
5 Bottom-62 feet MASSACHUSETTS

' E——

|
April 10 = Sl
1505 =

]

Depth—TFeet

5

Fic. 149,







1884 ANNUAL EVAPORATION FROM LAKE CONCHOS, MEXICO
the monthly evaporation depths corresponding to all monthly mean
temperatures at places on the Great Plateau in Texas and New Mexico
having elevations of 4820 ft.) it is assumed may be applied safely
to. Lake Conchos; also on the Great Plateau, but about 500 miles
farther south, in Mexico.
In Table 37 and on Fig. 14 are given the observed monthly mean
temperatures (the mean of the daily mean temperatures for each
CURVES OF :
MAXIMUM, MINIMUM, AND MEAN
MONTHLY TEMPERATURES
AT
EL PASO, TEX., AND LA BOQUILLA, MEXICO.
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Note:-Later data give the following additional monthly mean temperatures at
Lu Boquilla o
Jan. 1914-Max., 69; Min., 55; Mean, 62.
Feb. 1914- » 78 » 407 » 56.
The corresponding monthly mean temperatures at El Paso were
Jan. 1914-Max., 615 Min., 35; Mean, 48,

Feb. 1914- »  61.5; » 365 » 497
Fic. 14.

month) at La Boquilla for 21 months, April, 1912, to December, 1913,
inclusive. In Table 30 these twenty-one monthly mean temperatures
are repeated (with that for January, 1914, added), and there are given
also the twenty-two corresponding depths of monthly evaporation. as
read off from Fig. 15.

From Table 30, the evaporation depth from 3-ft. square pans floating
on Lake Conchos should have been 80.43 in. for the calendar year,

Monthly Evaporation, in Inches

ANNUAL EVAPORATION FROM LAKE CONCHOS, MEXICO 1885
912 . ¢ a1 H
]:l]-J. but, for a composite year, made up by adding the mean evapora-
tions for each of the 12 months, it would be %559 in. or 6.59
greater. i e
From the 22 months’ record, however, it is practicable to make up
eleven periods, of 12 consecutive months each, and so gain much more
knowledge of the variations in yearly evaporation depth. This is done
in Table 31.

12

: - CURVE SHOWING

| ‘f DEDUCED AVERAGE RELATION

‘ BETWEEN

[EVAPORATION AND TEMPERATURE
FOR

| . 3-FT.FLOATING-PAN

g AT
_ LAKE CONCHOS,

= B

-

Depth of

50 60 0
Mean Monthly Temperature, in Degrees, Fahr.,

F16. 15.

The variations in the evaporation depths for 12-month periods are
shown better by Table 32, :

I.F is believed that the most reliable and accurate value from Method
4 of the yearly evaporation depth from 3-ft. square pans ﬂuut‘iuu‘ :;1(1
Lake Conchos is (so far as ean be obtained from the data) 84 _I i1

By Subsidiary Conclusion (¢), the yearly evaporation ‘(lv :th..fr) E
8 lake surface is only 629, of that from a 3-ft. square p:n: Hr){ititl::
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cools, it becomes heavier and sinks and is replaced by warmer
water from below. The circulation thus set up extends deeper
and deeper. Cooling proceeds throughout a layer of increas-
ing thickness, eventually reaching the bottom of the lake or
at least to a depth of about 150 feet below the surface. If cool-
ing continues after the entire body of water has reached the
point of maximum density, the surface temperature is rapidly
reduced and the lake freezes over.

The currents set up in spring and fall by the change in the
temperature of relatively deep bodies of water are of consider-
able importance in connection with public water supplies on
account of their effect on the character of the water.

The temperatures determining evaporation from the lake sur-
face are, of course, the surface water temperatures, but these,
it will be noted from what has been said above, are intimately
related to the temperature of the entire body of water, and this
depends largely upon its depth. The greater the depth of a
lake the greater the excess of fall evaporation from its surface
over spring evaporation, at the same temperature.

When reasonably complete records of both air and surface
water temperatures, in addition to records of relative humidity
and wind velocity are at hand, the evaporation from deep water
can be computed directly from the observed data by means
of the evaporation formula. Usually, however, no such ob-
servational data are available.

In order to meet the need for a measure of ovaporatmn from

relatively deep bodies of water, and applicable at least to average
conditions, the author has constructed the curve of Fig. 150,
on the basis of the available observational data and the known
general relationship between air and water temperatures. This
curve, of course, is intended merely to represent an average
measure which may be applied when specific data are not avail-
able.

Fig. 151 shows the evaporation loss from the Lake of the
Woods as observed by the Manitoba Hydrographic Survey

EVAPORATION FROM WATER SURFACES 235

between 1913 and 1915.% This lake has an area of about 1500
square miles and is about 100 feet deep in places at its northern
extremity, but only about 25 feet deep throughout the main

80
0 i 0
EVAPORATION
FROM
WATER, SNOW AND ICE |

Monthly Mean Air Temperatures, in Degrees, Fahrenheit

2 3 4
Monthly Evaporation, in Inches

Fic. 150.

southern portion. The water temperature at the northern end,
at Keewatin, Ontario, where the measurements were made,
lagged considerably behind the air temperature, resulting in

* (Observations continued to 1925 do not warrant any material modification

of this eurve although they indicate a possible shift to the left of about one-
tenth inch evaporation.







222 ELEMENTS OF HYDROLOGY

After a careful study of Bigelow’s work, the author has con-
cluded to retain, for the present at least, the old Dalton formu]q..*

TABLE 19. — CORRECTION FOR SIZE OF EXPOSED
EVAPORATION PANS

Relative evaporation

Size of pan
Grunsky Bigelow Sleight *

1.82 1.30
) 1.25
1.44 1.19
1.24 141
1.00 1.00

[y Sy S
o o i T 00
2ELEY

* * Evaporation from the Surfaces of Water and River-bed Materials " by R. B. Sleight, Journal
of Agricultural Research, July, 1917,

Correction for Size of Pan. — There does not appear to be
any good reason for making a substantial reduction in evap-
oration from a large water surface as compared with evapora-
tion from a pan floated in the same body of water, as proposed
by Bigelow and others.t Differences between evaporation from
large bodies of water and from evaporation pans may be ascribed,
mainly, to differences in temperature as the result of the use of
too shallow pans and the heating effects of the portion of the
pan projecting above the water surface. When deep, fully
immersed pans are used, comparable results are obtained. For
pans entirely exposed above land or water surfaces, however, a
correction should be made. Grunskyf has proposed a cor-
rection based mainly upon the relation between wetted perimeter
~and area of pan which agrees reasonably well with Bigelow's
observations on exposed or partially immersed pans.

* A comprehensive paper on evaporation, together with extended discussions,
appears in Trans. Am. Soc. C. E., 1916, pages 1829 to 2060.

t Charles H. Lee in Trans. Am. Soc. C. E., 1927, p. 340, shows that the
temperature of the water in floating evaporation pans is substantially the same

as that of the body of water in which the pan is floated.
i Grunsky, C. E,, Trans. Am. Soc. C. E., 1916, page 1970.

EVAPORATION FROM WATER SURFACES 223

Methods of Measurement. — Measurements of the evapora-
tion from pans of water set in the ground or floated from rafts
in large bodies of water have been made in a considerable number
of places in the United States and elsewhere, Both square
and round pans have been used, although the preferable piece
of apparatus would appear to be a strong circular pan, 3 feet in
diameter and not less than 18 inches deep, with a sharp-pointed
indicator in the center. A common mode of procedure, in
measuring evaporation, is to add, each day, an amount of
water equal to what evaporated during the previous 24-hour
period. The water is usually added by cupfuls representing
inch in depth over the surface of the evaporating pan, until the
water level is again up to the top of the sharp-pointed index in
the center of the pan. A rain gage placed nearby is used as a
measure of the precipitation on the evaporation pan for which
correction must be made. The use of a circular pan has the
advantage of always giving the correct height of water even
though the pan may not be level.

By far the best way of making an observational determi-

nation of evaporation from a large water surface is to use the
floating pan, even though it is often difficult to prevent the
splash of water both in and out of the pan as the result of wave
action. The use of pans suspended above the water or placed
in the soil nearby, usually involves still greater possibilities for

error.  Fine brass wire netting, coiled into a spiral and placed in

the evaporation pan but not permitted to project above the water
surface, has been found to produce a very satisfactory baffling
effect. The evaporation pan should be bound with heavy straps
of iron 50 as to prevent distortion, particularly at the base where
the index is fastened, and should preferably be not less than 3
feet in diameter and not less than 18 inches deep, the water being
maintained as high in the dish as wave action permits,

In determining the evaporating power of the atmosphere,
botanists are making extensive use of porous-cup atmometers,
One of the best types in use is that invented by B. E. Living-
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A=3 : January 26, 1948

dr OCustave Reinberg, Vice Pres,,
Cerro de Paseo Copper Corp.,
40 Wall Street, New York City &

Dear lir Reinberg: QROTA WATER SUPPLY

In accorcance with recent sorrespondence I have
visited the Navy Department in Hashington and was
permitted to peruse their files to date insofar as
they have been "declassified” on the subject of the

The Office of Naval Resesrch has grown to be
quite an institution, headed by an admirsl responsible
directly to the “ecretary of Navy. The investigation
inwhioh we are interested is the Geo-Physies Branch
in Charge of Commander Revelle. The man immediately
in charge is ir Rarl G. Droessler. The group is
hdused in Bldg, T-3 adjoining the Navy Department.

The field man is Lt-Coumander Daniel ¥, Rex,UsN,

Droessler was put of town but I had a long talk
with Revelle (Dr Roger Revelle of the Seripps Institue
of Coeanography at La Jolla, California, in the Navy
the last 6 years but just out of uniforn and 1
for a successor whea he will return to California).

The set-up is a joint operation "CIRRUS" of the Army
and the Navy,but ;zparnntly prineipally by the latter,
with the Ceneral HZleotric Company under oontract for
technical direction., It has been declded to make the
sclentific part of the !orkiawailigla to th; publie

but anything pertaining to its mi tary apprlications

is "SECRET". I enclose an off-set eopy of the first
pregress report of the General Blectric Company just
issued by the Office of Technioal Services, Department
of Comrerce. You can get as many coples as gou want
at $1.25 per. The second progress report will issue
in the near future and a development of the mathematioal
theory involved in eioud precipitation will be published
b{ Langmuir in éne of the scientific societies transac-
tions,

The work done is highly intelligent gnd quite ime
pressive. The effects of a "seeding” spread very ra-
pldly over an area of mules and the cost is insignificant.
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gertain definite cloud characteristioce are reguired but
work now 13 inprogress to ersate these in clodds lack-
ing them, The ideal is where a ocloud the top of which
is slightly below freezing is blown onto a mountain-
slde oreating an updraft., A smoke machine on the ground
can deliver silver iodide partiocles into this draft and
precipitation results. Sllver iodide has a very low
yapor pressure and remains in the desired state of sub-
division a long time, It does not matter, in a case
like Cerro's, wheee the snow- or rainfall ocours as

lon; as it is within the desired watershed., The slilver
required is guite negligible. The Ceneral Electric
Company is being inundated with requests for practical
application and is also being threatened with lawsults
resulding from the apparently unsettled legal question
a8 to whether the land title includes the overlylng
aireolusmn as well as the subterranean rights.

A8 to bringing Peru into this picture, there is no
objection to passing all this released information along
to any individual as long as it is not made a formal
delivery to the Peruvian GCovernment as suoch., Even
though the result is the same the law forbids handing

a foreign government any military information. This

is just protocol but it often matters just how a thing
is handled. Revelle says that the Navy would welcome
the appointment of a suitable Peruvian Haval officer
smxkxe fnder the existing officer exchange basis who
would be made a member of the experimental team and
learn the whole story. IHe says the naval attaché at -
~the U, 3. Limaembassy will know the whole procedure.

I suggest that you have this explored without delay.

I think the whole matter should be evaluated
without delay. It may bde worth little te Cerro or
it might prove very important in the matter of hydro-
electric water supply and it reguires no elaborate
undertaking on our part. -

Very truly yours,

(o






















ADDRESS REPLY TO
CHIEF OF NAVAL RESEARCH

NAVY DEPARTMENT
WESHG U S, K . OFFICE OF NAVAL RESEARCH

AND REFER TO:
WASHINGTON 25, D. C.

BX0S:0NR: 11428+ BGDoh

Serisl Mumber: <X (Bl % 6NOV ]947

Mr. Lawrence Addicks
Bellaire, Maryland

Desr Mr, Addicks:

Your letter nf 6 Wovember requesting = copy of the first
guarterly progress report for Project CIRRUS has been re-
ceived by this Office.

; You are advised that this research is conducted under
an Army contract with joint support from the 0ffice of FNaval
Regearch, The distribution of the research reports, other
then within the Naval establishment, is accemplished by the
Meteorclogical Branch, Evans Signal Laboratory, Belmar,

ew Jersey.

Extra copies of this report are not available for dis-
tribution in this Office,  Arrsngements cen be made for you
to review a copy of the report if you will contact lr. Barl
G, Droessler, (phone, Republic 7400, extension 2080.)

Sincerely yours,

.@,M

R. Revelle
By Direction, Chief of Naval Research

Yo G+ B, L X0 US4/
%deaw-—' O il Sommantion
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ORIGINAL & FIRST CARBON AIR MAIL LETTER

CARBON BY STEAMER SAILING ... ..o,

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,

Ceone.

/




'nee, cuber 5, 194_7 |

"fo: ' Mr. George F. Traln
From M. archimbqud.

Béi_gfall brocipitation,

i In complianc& W1th your instructians the writer contaeted on even
date Commander Ernesto Roldan Seminario who, as Chief of the ‘Mete~ '
‘ reological Inveaticgaticn Department of the Ministry of Aeponautics
is in eharge of the experiments being condueted by the Governement
of Peru in order to ascertaln the posslbilitles of vroduclng Tain ..
over ﬂry aareas. :

_'Comm. Raldén--and the Peruvian autharities-—are well cognlzant of
- the fact that rainfell thcrughout the year over the sierrs region

Would be most benefiecial not only $o the sierra inhabitants and' |
“thelr agr3cultural aereas but to the ecoastal people as well, being_
i that waters do eventually csmﬁ down ho the coast. G

’But b,ing that ‘the »xnerimnnts in caestion ars in in the hands of
government amnl@yees, who had never dealt with anything similar,
‘dhey ilack the n&cesvary 1nfarmat1®n for the mast suCGcsful goal of
f;the elp@rlmentsi i i e ; i
‘*They are Darticunarly 1ntarestad 111._=
'-. n&thods used in ascertalnlng types of cloud formatlons.

i 5~¢empuratu1es‘which are most apt to produce u&eful cumulous
farmatians. Seasoms, in i 215 most raVGerlee

*_ﬂResults abtjlned iﬁ dlfferent cllmates and t&pgagﬁaphles

'Equipment usad for rain precipitatlon, and rea 3ns_for
selection of éam@.:,‘u- i _ . ;

‘ '” WAvn1labil1ty ot aquipment. iy
”Partieular knowdedge userul in such 1nvest1gatzonseaor 4
special studies that metereologists must undertake to
better squip. them clves for thig type of work, :
Best regians-over Whieh metereologioal observataries may
Ve placed-~and extent of obsrervatlons Sl W e

ccmm. qoldAn has on hand dimemnt publlactons that s with the '

*I”hanlc o




. LAWRENCE ADDICKS
BEL AIR

MARYLAND

COPY

e i November 6, 1947

om of Naval Btmroh,
m; D# a!

Mﬂm: : ,

In it jaenibh to m:ua a copy of the -nm
nr.rial.n rmﬂ on rmon Cirrus", quoted at some
hnsth in th- current issue of "Boi.mu News Letter"?

I an mmutod in Wotlamo water storage
.tn th. Ptmm anau (Gtm do Pasco Mmr oemrn-
tion).
| I use this on lcttorhud mm for purposes

of identification.
 Yery truly yours,
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Office of Naval Research,
wa&mn&ton, DC c.

Gentlemen:

Is it possible to ebtain a copy of the "first
offiecial report on Project Cirrus"™, quoted at some
length in the ocurrent issue orA"Soieneo News Letter"?

I am Iinterested in hydroeledqric water atbrago
in the Peruvian Andes (Cerro de Pasco Coprer Corpora-
tien).

I use this old letterhead merely for purposes
of identification.

Very truly yours,

(i
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lir Gustave Reinberg, Vice Pres,,
Cerro de Pasco Copper Corp.,
40 Wall Street, New York City 5

Dear Mr Relnberg: CROYA POWER SUPPLY

I enclose a olipping regarding the dry lce arti-
ficlal 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
f111 reservolrs for irrigation and hydroelectric
power”., It would be very nice if Peru ecould be made
one of the colperating experimental areas in addition
to “Alaska and northern Canada".,
| #hat do we kmow about olcud conditions preceding
the breaking of the dry season?

Very tnl;yml;




Later Storage

I have advanced two ideas for increasing dry season
storage at Lake Junin.

The first aus talgnticipate the December rains by
alrplane %"seeding" flights. This may have merit, and I am
planning to keep informed as to progress on the Aruy—!n#y—
General Electric "Project Clrrus",  To date we have no idea
of the gquantitative factors. : '

The second was to gtop evapératien from Lake Junin
during_tha dry sesson by applying & covarrcr oil. Complete
success would supply 500 seecond-feet of additiona1 watﬁr,
using data in the Ehle report, equivalent to 8,000 KW additional
throughout the dry season. Theoretically, only nominal quantities
of 0il would be required, but I have dropped the ldea without
pursuing further the practical fuctors involved beeause an
adequatt.GL; cover vagld not only stop eviporation but prevent
oxygenation of the water and k;ll all animal und vegetable life
dﬁpgndont.therton, efcating scéiﬁiﬁbfgbleugvvery 1naév1;sbln in

the present state of unrest.

* i ¥

3
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1 i anave Wk Rbg, Y00 Tieta,
Cerrc de .‘asco Ge:pm
40 Wall Street, New York i.ty 5

wnmm; e m.&mm
L nave your letter of the 16th with enclosed htttt.
',mwmmmunumuuumm
‘Probably not much to be dome until the Xmas holidy is

Very truly yours,




CERRO DE PAsco COPPER CORPORATION

40 WALL STREET, NEW YORK S. N. Y.

December 16, 1947

”H%;.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,

sl e

Gustave Reinberg 2

GR/1j
Encls.




METEOROLOGY

Water Can Make Rain Fall

Common cumulus clouds of any temperature will

precipitate in a “chain reaction rainfall”

with water.

> WATER, of all things, can be used to -

make rain’ fall. This latest and ironic
dcvelopmcnt in ram—makmg was re-

ported in a communication to the Na-

tional Academy of Sciences by Dr. Irv-

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, wo'%d:'
s

trigger rain from common cumulu
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.

‘Thcorctlcally, Dr. Langmuir told

fellow sc1cntlsts, “a single dr@ of water,

, would be

1]'1 reaction

if dispensed in the right sp

sufficient to cause the c

rainfall.” ¢
Unlike the dry-ice cxpcncnts, water

'ter on a cumulus
st have a vertical,

produce rain with
cloud, the cloud m

lets, a high water content
ness of several thousan :
7 theory, the falling
u ‘d grow as they fell
' \‘:-gggley reached a
critical size of about threesixteenths of
an inch. After that, the particlcs would
shed smaller bits of water which would
be carried back into rfiihe cloud until
they grew big enough ‘to fall.
Dr. Langmuir said he
type of rain-making has

lieves th15

from reports of uncxplamed rain in
some of the dry-ice experiments. In
some cases, he explained, ordinary ice

when sprinkled

particles on the dry-ice probably melted

to set off rain under conditions where

dry-ice alone should not have produced.
any precipitation. o8
Science News Létter, December 20, 1947




.de de ayer

EXPERIMENTO

En las primeras horas de la tar-
g¢ iniciaron los experi-
mentos sobre lluvia artificial, por-
tando un avion, de la seccion de
“Transportes Militares”, una -canti-
dad de hielo seco y la otra méaquina
al Ministro de Agricultura, ingenie-
o don Pedro Venturo.

PARTE EL PRIMER AVION

Del campo militar de Limatambo
partié el primer avién —pertene-
ciente al 31 Escuadrén de la Escue-
la— piloteado por el Capitan del
C.A.P. gefior Fernindez transpor-

; .tandn al‘ Jefe del Portafolio de Agri-

SOBRE LLUVIA ARTIFICIAL

Minutos después se elevd la se-
gunda, maquina en que viajaron el

Comandante Ernesto Rolddn Semi- |

nario —Director del Servicio Meteo-
rolégico del Ministerio de Aeronau-
tica del Per(i— en compaiia del Al-
ferez Jorge Barboza.
DATOS EXTRAOFICIALES

Hemos sido informados que los a-
viones, en su vuelo hacia el interior,
ancontraron ctimulos en diversos
puntos de su itinerario y el pilotea-
do por el Comandante Rolddn y el
Alférez Barboza realizd experiencias
sobre la humedad de las zonas y la
altura de ciertas regiones,

I NO FUNCIONO EL APARATO

El aparato que para pulverizar el
| “hiclo seco” sobre las nubes que |
produce la lluvia artificial —que se |
| nos afirma ha sido fabricado en el |
| Perii— no funciond como se espe-

raba. La baja temperatura del pro- i
| ducto lo obtureé. i
Sabemos que hoy —segiin las con- |
| feregnciag realizadas por los Minis- |
tros de Aeroniutica y el de Agricul- |
tura y con los sefiores Buonanni y .
el ingeniero Flores Leén— volvera a '
intentarse tan interesante experien- |
cla.
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AGUA PARA LAS TIERRAS SECAS DEL PERU |

UANDO el doctor Irving Lang-
muir, ganador este afio del pre-
! | mio Nobel de Ciencia, anunciéo ha-
ce muy pocos dias la posibilidad de
provocar lluvia artificialmente ¥
transformar en menos de un lustro
la economia de zonas Aaridas, el Pe-
ri1 debié sentir la alusiéon muy en lo
vivo. Para hacer esta alusion mas
directa, el propio sabio mencloné a
la costa del Perf, al Norte de Chile
!y a los desiertos de California, co-
I mo zonas actualmente estériles que
| podrian ser transformadas en em-

e

=

ponos de riqueza agricola.

La nota que el Ministerio de A-
| gricultura acaba de publicar anun-
!| ciando que se practican desde hace
‘a.lgun tiempo experimentos para
' provocar lluvias en la costa perua-
‘na, mediante el uso del llamado hie-
‘lo seco, concentra mas intensamen-
ite el interés sobre este asunto. Es
‘v episodio enteramente nuevo de
la. lucha del hombre contra la Na-
/turaleza que, en este caso conereto,
afecta de un modo directo e inme-
| diato al porvenir del Perd. El buen
| éxito de los experimentos significa-
/| ria, en lo que uno alcanza a atisbar
/| desde ahora, la correccion de unc
/| de los errores que la Naturaleza ha
/| cometido con este vaiz. al distribuir
tan irracionalmente el agua, de for-
ma que, mientras en una zona es
una necesidad angustiosa, en otra
se convierte en un problema Incon-
tenible.

Desigualdades tan irritantes como
ésta hay en la mayor parte de las
sabias disposiciones de la Natura-
leza,_ cuya sabiduria tal vez debamos
estimar, no por lo ajustado, que es-
| tén sus designios a los nuestros, si-
., |no por lo que tienen de estimulan-
zfte, de aleccionador y de incitacion

|las adversidades que nos ocasiona
% con sus errores. La arbitraria. dis-
tribucion 1e las aguag ha incitado
siempre a 1ok pueblos de tierras se-
cas a idear medios ingeniosos para
réemojar su suelo y hacerlo cultiva-
ble. Los antiguos moradores del Pe-
/| ra demostraron una sorprendente
inventiva para llevar el agua has
ta lugares gue parecian inverosimi-
les. Sobre todo, que parecian asom-
brosos a los sucesivos ediles de las
niunicipalidades de Lima «y del Ri-
mac, que nunca han tenido el cora-
ie de abordar la empresa de irrigar
el cerro San Cristébal para hacer
de él un motivo decorativo digho
del paisaje de la ciudad.

Los &arabes, gente de suelo, seco,
idearon y construyeron también e-
flcaces sistemas de irrigacion, que
todavia desafian al tiempo y al pro-
i | ereso en la region levantina de Es-
"i pafia, y supongo que en otros luga-

res de la cuenca del Mediterraneo
iPero no siempre los gobiernos o los
pueblos han afrontado los proble-
| mas u]anteados por la necesidad de

ur:ga.cxon Han dejado lranscurrir
;‘el tlempo, sln encarar el gasto, fa-

bhnloso, pero rémunerador, de ‘em-
j ‘ha]ses captaciones, canalizaciones y
s ‘Tunequ He oido mu:has veces de-
elr aqui aue la irrigacion de Olmos
hublera sido la salvacion agricols

G e o p”
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del Peru y, sin suficientes elemen-
tos de juicio para saber si esto es
v no cierto, ahora me inclino a con-
siderar canceladas todas las culpas
de negligencia, o demora. Si algu-
na vez puede estar justificada la e-
conomia de lo que no se hizo, estz
vez ec akora, puesto que sera mu-
chio méAs barato esperar a que el
hielo seco o el sistema del doctor
Langmuir nos impida el trabajo y
el gasto de las obras hidraulicas.

A falts de uno, seran dos ahora
los sistemas para hacer lover. U-
no el que se esti experimentando &
qui, el Nlamado de “hielo seco’. Ei
otro es el que podriamos llamar de
“agua mojada”, que el doctor Lang-
muir llama de ‘“reaccién en cade-
na”," O sea, explicado de la mane-
r. tosca que puede h. cerlo un pro-
fano: el sistema de "“mojar” las nu-
bes con agua. De tal medo que una
gota, empanande a otra, llega a re-
sulver en agua toda una nube. Cual-
quiera de los dos sistemas o el del
voduro de plata, con tal de tener
éxito, van a plantearnos un proble-
ma gramatical de alguna importan-
cla,. Todos hemos aprendido que
“llover” es un verbo impersonal,
porque no podiamos decir “lluevo
yo” o “llueves tu”; pero no tarda-
remos en poder decir “llueve €17, re-
firiéndonos al sabio norteamericano
o a nuestro Ministro de Agricultura,
aunque, con respecto a éste, la ex-
preqxon es mAs bien ! . de “mandar
lover”, frase que se usa en Espana
para siﬂmﬁcar que alguien se ex-
cede en su autoridad a MAas a-
11a de sus atribuciones.

Hsto de “mandar llover”, que en
el futuro modra ser un poder casi
discrecional de un jefe de seccion,
fué otrora un privilegio -exclusivo
de santos varones. Tenemos a Mei-
ses gue, con su incontenible vara
de los prodigios, hizo brotar el a-
zua de la 'pefia del Monte Oreb. Y,
mas adelante, nos encontramos con
el profeta Elias que, en competen-
cia con un ejército de sacerdotes
de Baal, hace bajar del cielo uns
llama, espcntanea quc consume una
res y provoca desde el Monte Car-
melo una lluvia que pone fin a una
terrible v larga sequia que asolaba
Samaria,

Después hemos sabido de los em-
baucadores que fingian -hacey Illo-
ver y sacaban “el agua” a los cré-
dulos granjeros del Oeste nortea-
mericano con sus ritos y superche-
ras pseudocientificas. Ellos se li-
mitaban a kacer uso —o, mejor di-
cho abuso— de los datos que, el
Departamento de Mecteorologia de
la nacion ponia al servicio de todo
el mundo., O sea: gue aparecian
cuando iba a coneluir una sequia, ¥
ellos “hacian lover” cuando ya €s-
taba dispuesto por la Providencia y
prevrsto por la Ciencia.

Mi4s tarde, hace casi diez afios, el
argentino Baigorri se erigié en el
taumaturgo de las aguas pluvialcs y
di‘o que haria llover en Buenos Ai-
res. Pero me parece recordar que
aun estaba enlos preparativos cuan-
do comenzé prematuramente —al

o A i LT
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menos con arreglo a los calculos ;
de Baigor-i— una temporada de llu-/
vias que echaron a perder el expe-|
rimento, {

En ja campifia castellana he vis-
to hace muchos afios que los labrie-
gos disparaban potentes cohetes
contra las acumulaciones de nubes
tormentosas, Como espectdculo no
dejaba nada que desear, ¥y a los mu-
chachos cue nos reuniamos: 2 con—!
templarlo nos divertia tanto, que noj
comprendiamos por qué estaban an;
angustiados 10s campesinos en la|
pusibilidad de que un pedrisco Ies |
pulverizase la, cosecha. En honor a
la, verdad puedo decir que, positiva-
mente, llovia poco después de las
detonaciones. También he llegado a
pensar que los labriecos temian que
darse prisa a emplazar y disparar
sus baterias antes que lastormenta
reventase por su propia iniciativa.

et

De¢ modo que queda i. duda sobre
cuil era la causa y cual el efecto,
aquel derrocke de polvo

i g

v de si

P

0S8 y nubosos— noq ofrecei
la posibilidad de lluvias “a la car-
ta, o tal vez *‘al telegrama”. Lo
cual quiere decir que llovera en el
momento en que haga falta para
sazonar una cosecha o preparar el |
campo para una siembra. Hay que |
esperar —o al menos hay que de-
searlo— que los “llovedores” tengan
el poder de limitar la dosis, de ta:
forma que no nos veamos como el
aprendiz de brujo, que sabia el sor-
tilegin para hacer brotar agua en el
caldero pero que ignoraba cémo.
c-ontrner la efusion ‘del liquido
cuande se desbordak: de la olla €
invadia la habitacion, La posibili-
dad de un nuevo Diluvio Universai
de cuarenta dias y cuarenta noches,
mientras los técnicos buscan €l me- |
div de cerrar el grifo no es halaga-
drra. Sin embargo, bien podemos a-
frontarla. Por lo gue a mij respecta,
=0y de un lugar de la tierra donde
he visto llover durante cincuenta ¥y
dos dias, y el problema alli es el
de saber como podria impedirse qu®
llueva tanto. Si se llezase a una in-
teligente regulacion pluvial, podria-
mos esperar que el desierto del Sa-
hara llevase una parte de las aguas
de la cuenca Amazoénica, lo cual nc
es absolutamente disparatado, 4l
menos a mi juicio, si se considera
que no hay mds gue una cantidac
constante de agua’ ¥y que la que cai- |
ga en un sitio no cae en otro, de la
misma forma que las 1é.grimas vie- |
nen a mermarse de otras secrecio-
nes.

Sca. por el “hielo seco” o sea por
el “agua mojada”, podemos esperar
que dentro de tres o cuatro afos
kaya papas v camotes a un precio
razonable, aunque al paso que lle-
vamos, no se puede prever lo que s¢
considerara razonable entonces en |
materia de precios de tubérculos y
de otros productos alimenticios..

”-w--.._
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These men are among those who assemble and ship DECO machines from the Denver

. Equipment Company shops in Denver. Many of these men are old timers who have
been with the company since its earliest days. Their loyalty and industry have con-.
tributed much to the quality of DECO machines, serving around the world.

MAN MADE SNOW

(Continued from page 3)

use of the process by causing
clouds to release their moisture
high in the mountains, instead
of in the wvalleys, so that the
water can be stored in reservoirs
for generating hydro-electric
power. It can also be stored for
irrigation purposes or used on ski
slopes when needed.

During the terrible forest fires
which ravaged New England this
fall, artificial precipitation was
used as a natural overhead
sprinkling system with satisfy-
ing results. It is believed that
hail storms may be avoided by
seeding large storm clouds.

Some other methods for caus-
ing artificial precipitation are
also being developed. One system
uses silver iodide particles as
artificial nueclei for the forma-
tion of snow crystals. Experi-
ments with a rapid expansion of
air theory have been made in the
laboratory. Scientists found that
by exploding a balloon, or shoot-
ing off a pop-gun into a super-

cooled cloud, snow crystals will
develop. Neither of the above are
as practical or as easily executed
as the dry ice method.

Another method which may
prove to be even better than the
dry ice method for producing
rain only is being developed.
With this new method ordinary
water is dispersed into cumulus
clouds, not supercooled, and rain
is induced directly, by a ‘“chain
reaction.” This process should
be very beneficial in the summer
months when supercooled clouds
are scarce.

Weathermaking may never be-
come so exact that we will no
longer be caught in an unex-
pected blizzard ; or so simple that
we can throw away our garden
hoses. But we will be able to
manipulate the weather to our
advantage in the years to come,
and may lessen, if not prevent,
some of Nature’s more destruc-
tive forces. Perhaps this is the
long awaited answer to the pray-
ers of both ancient and modern
peoples.

OPERATING NOTES

(Continued from page 4) \
precipitation ecireuit, which in
our case is a Merrill-Crowe plant.
The cyanide consumption is not
excessive, being 0.5 lbs. NaCN
per ton compared with 0.32 lbs.
per ton for current slime.

Lime consumption is high be-
ing 12 lbs. unslaked lime (with
a CaO content of 85%) per ton
treated,

The average original value of
the slime is 1.740 dwts. with =z
residue value of 0.232 dwts. Re-
covery being 1.508 dwts. giving a
theoretical extraction of 86.7%.

The result is comparatively
good with that class of material.
Value of gold recovered

per ton i 12/6
Total working costs per ton 8/8
Net Profit per ton treated 8/10

ANSWER TO TEST YOUR WITS
PROBLEM ON PAGE 13:

Joe’s brother

Peter Harry .
* Charlie Joe
George
SNOW MAID

Inspired by newspaper ac-
counts of artificial snow making,
17 year old Kathleen Roan de-
cided to try it herself. Scientists
were amazed at her results.

By placing one wash tub inside
of another, and filling the space
between with crushed ice and
rock salt, a refrigeration unit
was formed. When the tempera-
ture dropped to 31° F, she
breathed into the tub, producing
a supercooled cloud. Kathleen
then seeded this cloud with pel-
lets of dry ice, and tiny, spark-
ling snow crystals appearead.

fe
_
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- = —Courtesy G. E. News Bulletin
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IF you're hoping for a white

Christmas this year, and the
weather man disappoints you . . .
don’t despair . . . for with a plane
(if ycu have one handy), some
dry ice, and the right kind of a
cloud, you can create a blizzard
all your own.

The idea of man actually caus-
ing precipitation is an age old
dream come true. From ages
past, peoples have tried by ritu-
als and prayers to their gods, to
bring down rain. This was cer-
tainly neither a scientific nor a
sure approach to the problem. So,
except for a great deal of loud
lamenting, we have accepted
what Mother Nature has offered
. . . when she has offered it.
But, at last science has developed
a solution.

Successful precipitation ex-
periments, most of them by drop-
ping dry ice into supercooled
clouds, have been conducted in
many sections of the country.
An enterprising farm community
in Oklahoma, had 105 pounds of
dry ice dropped into a cloud
13,600 feet above the ground to
try and bring down some much
needed rain for their crops. They
got results all right, and things
would have been wonderful, if
a strong wind had not then ap-
veared., The rain was welcomed
by a town 19 miles away . . .
which goes to show that Nature
still will play a pretty important
role in man’s planning.

Making rain is not the only
henefit to be gained from man’s
new knowledge. By the overseed-
ing of clouds with dry ice, pre-
cipitation can be prevented. The
cloud becomes over frozen, and
the resulting snow crystals are
so small and light that instead of
falling to the earth, they merely
float about in the atmosphere.
In this way, large and damaging
storms may be prevented.

In 1943 the Army Air Forces
asked the General Electric Lab-
oratories to search out the cause
of ice formation on plane wings,
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a condition which was sending
many planes and their crews to
destruction. A detailed study of
these icing clouds was made, and
the knowledge gained led to the
discovery of artificial snow.

Vincent J. Schaefer was one of
the leaders of the investigation.
In July of 1946 he created a min-
iature snowstorm in his labora-
tory by breathing into a cold
chamber, thereby producing an
icing cloud. After dropping in
powdered dry ice, snow crystals
appeared. The first of a series of
successful attempts to produce
snow from real clouds took place
near Schenectady, New York, in
November of 1946.

Creating a snowstorm cannot
be done in just any cloud that
happens to be drifting by. Nature
must furnish certain specifica-
tions. The cloud must be an icing
cloud, in a so-called supercooled
condition. Such clouds remain in
a liquid state at as low a tem-
perature as —35° C. All that is
necessary to transform these
clouds into millions of tiny ice
particles, or snow, is a very sud-
den drop in temperature. This
drop can be brought about by the
dispersion, or seeding, of
crushed, dry ice into the cloud.

These dry ice particles should be
at a temperature of about —78.5°
C. for best seeding results. As
the dry ice pellets drop into the
warmer atmosphere of the cloud,
sublimation oceurs. The resulting
vapor spreads into the cloud, and
since it is so much cooler than
the surrounding air, the cloud
cools very rapidly. The water
vapor in the cloud then freezes
into tiny ice nuclei, about 10—¢
cm. in diameter. As these ice
particles fall through the cloud,
more vapor freezes on them, and
soon the whole cloud is trans-
formed into falling snow.

No matter what changes the
drops undergo they always leave
the cloud as snow. If the air
through which this snow must
fall to reach the earth is below
freezing, it will complete its
course as snow. But if the air is
above freezing, and contains
enough humidity, the snow erys-
tals will melt and fall as rain, In-
sufficient humidity will cause
the evaporation of the drops be-
fore they reach the ground.

Farm communities are not the
only groups who may benefit
from this useful new develop-
ment. Switzerland hopes to make

(Continued on page 14)

The scaled section in this supercooled cloud was produced by seeding an L-shaped area
totaling about 11 miles, with only 25 pounds of dry ice. Thirty minutes later (when this
photegraph was taken) the precipitating area had become 15 miles long and 3 miles wide.

—Courtesy General Electric Company
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REPULPING DRIED SLIMES WITH A DENVER
SUPER-AGITATOR AND CONDITIONER
D. Dowling, Reduction Officer

The following
notes are on
the adaptation
of the Denver
Super-Agitator
and Condi-
tioner to the
treatment of
an old slime
dam situated
on the Village
Main Reef Gold
Mining Company property, Jo-
hannesburg, South Africa.

We were confronted with the
problem of how to get this solid
packed slime, laid down more
than 50 years ago, and now con-
taining 14 % moisture, back into
an emulsion with about 50%
moisture. This was to be accom-
plished without having to re-
grind the material and without
the use of settlement tanks.
Grinding was unnecessary, in
any case, as test gradings showed
95 % minus 200 mesh material.

We considered the possibility
of using brick makers puddling
machines but discarded that idea
for several reasons. We then de-
cided to use a 12'x12’ Denver
Super-Agitator and Conditioner,
which we had on an adjacent
property, and which was not then
in use. We consulted the Denver
representatives here in Johan-
nesburg as to the feasability of
the idea, and they concurred
with our scheme and thought it
was a practicable proposition.

We laid the plant down and
results were very much better
than our most sanguine hopes.
The plant consists of the con-
ditioner, an 18” conveyor belt
from ground level to top of tank,
with necessary driving gear, and
a 3”7 sludge-pump to pump the
slime to the actual treatment
tank. The slime is dug out from
the face of the slime dam by na-
tive labour, shovelled into one
ton trucks, and trammed to a
small receiving bin, from which
the feed is conveyed into the
Denver Super-Agitator and Con-
ditioner.

D. Dowling

Unfortunately a waste rock
dump was superimposed on the
slime dam in the distant past,
and this rather complicated mat-
ters. In some places the over-
burden of loose rock is as much
as 8 feet. Notwithstanding the
care taken to remove the rock,
stray pieces find their way into
the conditioner tank, much to the
resentment of the propellor.
(Cast steel propellors are better
than cast iron in this case.)

We experienced a few teething
troubles, chief of which was that
the 6” feed pipe, which delivered
the slime to the stand pipe, was
too small in diameter to take
the large sized slime lumps. We
installed an 8” pipe, and no fur-
ther trouble wasiexperienced.

Water is added to the feed pipe
to give a resultant emulsion of
approximately 51% moisture.
Added to the entrapped air
drawn down the feed pipe by the
suction of the propellor, is air
from four jets spaced around the
the bottom of the tank to prevent
settlement at the edges of the
tank. They keep the slime in
movement, and nearer to the
churning action of the propellor.
The speed of the propellor shaft
is 150 RPM. Thirty H.P. is re-
quired to operate the whole plant.

Starting with 12”7 of water
above propellor level, slime and
water are fed to the tank until it
is filled, when the slime emulsion
is pumped away to a treatment
tank. The Denver Super-Agitatoer
and Conditioner is filled and
emptied four timew i the 8 hour
shift, giving an output of 60 toas
per shift. This figure could he
improved upon with the addition
of extra native labour.

It will be readily understood
that after 50 years in situ the
slime will be highly acid due to
the decomposition of the iron py-
rites, forming the ferrous com-
pounds FeS and Fe(OH) ., which
have a very deleterious effect on
cyanide treatment. Lime is added
to the conditioner to combat the
acidity, and as before mentioned,
air is blown through the slime
converting the ferrous com-
pounds to the innocuous ferric
state. The alkaline content of the
slime is maintained at .024%
Ca (OH)Q

Lead nitrate (10 lbs. per
charge of 60 tons) is added at
the treatment tank to precipitate
soluble sulphides, after which
the cyanide is introduced, to
make up an initial strength of
.026% NaCN. Treatment is con-
tinued for 8 hours in a second
agitator, after which the slime is
discharged through a filter.

The slime is treated separately
from the current mill product
but the gold bearing solution
from the filter joins the common

(Continued on page 14}

Compacted material from a 50-year-old slime dam is being conveyed to the Denver
Super-Agitator and Conditioner shown at the extreme right. Raising the moisture content
from 14% to 50% was effectively and economically accomplished in this Denver machine.

-~
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METALS AT WORK

CHROMIUM ALLOY

A new advance has been made
ir. the field of mirrors—mirrors
that you can see through from
one side, but which reflect as do
ordinary mirors on the other
gide.

The reason you can’t see
through an ordinary mirror from
the back is because it is chemi-
cally silvered and then covered
with an opaque backing to keep
the silver from tarnishing and
rubbing off. Since transparent
mirrors must both transmit and
reflect light simultaneously, no
such backing can be applied to
them. Instead, they are surfaced
on the reflecting side, by a “mo-
lecular bombardment” process
with a ehromium alloy, through
thermal evaporation in a high
vacuum. This alloy adheres so
well that scrubbing or extreme
temperature changes will not de-
teriorate the metal surface,

The chrome film on the glass
is only four ten-millionths of an
inch thick. (It would take 11,000
such thicknesses to equal the
thickness of one sheet of news-
paper.) Hence, light passes
through, and photographs can be
taken from the reverse side.

The uses of this amazing mir-
ror are many and valuable. Used
on front doors the “magic mir-

FIND JOE’S BROTHER

Six men sat down to a game
of poker at a circular table. Peter
dealt the cards.

Harry sat next to Joe’s brother
and opposite Charlie. The man
who sat to Charlie’s left sat op-
posite Joe.

Joe’s brother sat opposite the
man who sat next to the man
who sat opposite the man to Joe’s
right. The man who sat to the
right of the man who sat next to
the man who sat opposite Joe is
George.

Can you place all the men in
their proper places around the
table and locate the correct posi-
tion of Joe's brother?

(Answer on page 14)
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ror” enables the housewife to
ignore undesirable peddlers. The
mirrors aid in cutting down
apartment house crimes in large
cities. Their use in observation in
behavior clinics and psychiatric
wards will be priceless. As “se-
curity” windows in banks, stores,
and other such establishments
their value will also be great.

—Courtesy Libbey-Owens-Ford Company

COVER ... ANGEL OF SHAVANO
(Continued from page 2)

the valley below. She even be-
came grateful to Jupiter for her
sentence. One year a drought
devastated the crops of her be-
loved people. Her sorrow for
them was so great that she be-
gan to cry. As the tears flowed,
her body melted, ran into the
valley, and supplied life-giving
water to the people. Though she
had lost her body, she was happy
in the knowledge that she had
saved her people.

So it is that each spring the
Angel of Shavano melts and
flows into the Arkansas River.

—Photo by Henry R. Hay

During a drought in the Southland,
an old Negro preacher called his
congregation to the church to pray
for rain.

“Your faith is mighty slim,” he
stated sadly. “Here we have gathered
to ask the good Lawd to make it
rain, an’ not a one of you brought an
umbrella.”

"Does that help, mister?"”

-4

The demure young bride, her face
a mask of winsome innocence, slowly
walked down the aisle clinging to
her father’s arm.

As she reached the platform be-
fore the altar, her dainty foot
brushed a potted flower, upsetting
it. She looked at the dirt gravely,
then raised her childlike eyes to the
Minister and said, “That’s a hell of
a place to put a lily!”

b

“Mummy,” asked the little girl just
returned from Sunday School, where
the lesson had been on palaces in
the sky. “Mummy, do they have
skyscrapers in Heaven?”

“No darling. They have to have
engineers to build skyscrapers.”

b

Fellows who drive with one hand
are usually headed for a church
aisle. Some will walk down it; others
will be carried in a box. Either way,
it’s better to use both hands.

i

_ A baby rabbit had been pestering
its mother all day. Finally the exas-
perated parent replied: “You were
pulled out of a magicians hat—now
stop asking questions.”

b ¢

“So your husband is one of the big
guns in industry.”
“Yes, he’s been fired seven times.”

w

Once upon a time there was a boy
penguin and a girl penguin who met
at the Equator. After a brief but
charming interlude, the boy penguin
went north, to the North Pole; the
girl penguin went south, to the South
Pole.

Later on, a telegram arrived at
the North Pole, stating simply:
“Come quick—I am with Byrd.”
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ABREVIATURAS USADAS

“Arch. Asoc. Per. p. el Prog. de la Ciencia = Archivo de la Asociacién
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.= Boletin de la Direccién de Agricultura y Ganade-
T

Bol. Aguas e Irrig. = Boletin de Aguas e Irrigacién. Ministerio de
Fomento.

Bol. C. Ings. Mins. Ags. = Boletin del Cuerpo de Ingenieros de Minas
y Aguas del Pera.
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Bol. Cia. Administ. del Guano = Boletin de la Compaiifa Adminis-
tradora del Guano.

Bol. Direc. Fom. = Boletin de la Direccién de Fomento.
Bol. ksc. ings. = Boletin de la Escuela de Ingenieros.

Bol. Min. Inds. y Constr. = Boletin de Minas, Industrias y Construc-
wones de la Escuela de Ingenieros.

Bol. Minist. Agricult. = Boletin del Ministerio de Agricultura.
Bol. Ofic. Min. y Petrol. = Boletin Oficial de Minas y Petréleo.
Bol. Soc. Geogr. de Lima = Boletin de la Sociedad Geografica de Lima.

Bol. Soc. Geolog. del Perti = Boletin de la Sociedad Geolégica del Pe-
xa. '

Bol. Soc. Ings. del Perti = Boletin de la Sociedad de Ingenieros del
Pert.

Bull. Amer. Geogr. Soc. N. Y. = Bulletin of the American Geogra-
phycal Society New York.

Bull. of Amer. Paleontology = Bulletin of American Paleontology.
Cap. = Capitulo.
Coord. = Coordenadas.

Cuad. Obs. Meterolégicas = Cuadro de Observaciones Metoreolbgi-
cas.

Cuad. Obs. Pluv. = Cuadro de Observaciones Pluviométricas.
Ed. Hamburg. = Editorial Hamburgo.

Fas. = Fasciculo.
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Festchr. = Festschrift

Gac. Cient. = Gaceta Cientifica.
Geogr. Rev. = Geographical Review.
Id. =  Idem.

Imp. = Imprenta.

Inf. y Mem. = Informaciones y Memorias (Boletin de la Sociedad
de Ingenieros).

Inv. vy Progr. = Investigaciones y Progreso.

La Gac. Med. = La Gaceta Médica.

Lat. = Latitud.

Long. = Longitud.

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

Mem. Cons. Ocean. Ib-Amer. = Memorias del Consejo Oceanografi-
co Ibero-Americano. Madrid.

Obs. Meteor. Facult. Ciencias = Observatorio Meteorolégico de la
Facultad de Ciencias Universidad Mayor de San Marcos.

Obs. Meteor. Municip. = Observatorio Meteorolégico Municipal.
Obs. Meteor. Ofic. = Observatorio Meteorolégico Oficial.
Obs. Meteor. Unanue = Observatorio Meteorolégico Unanue.

Observ. Meteor. = Observaciones Meteorolégicas.

. Petermanns Geogr. Mitt. = Petermanns Geographische Mitteilungen.

Pg. = Pégina
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pp. = de péhgina a pagina.

Proc. Roy. Geogr. Soc. London = Proceedings of the Royal Geogra-
phical Society of London.

Ref. = Referencia.

Rev. Acad. Colomb. C. Ex. F. y Nat. = Revista de la Acaderia

Colombiana de Ciencias Exactas, F.sicas y Naturales.
Rev. dela U. S. M. = Revista de la Universidad de San Marcos.
Rev. de la U. de Arequipa = Revista de la Universidad de Arequipa.
Rev. de la U. del Cuzco = Revista de la Universidad del Cuzco.
Rev. de la U. de Trujillo = Revista de la Universidad de Trujillo.
Ser. Meteor. Nac. = Servicio Meteorolégico Nacional.
Soc. Cient. = Sociedad Cientifica.
Secc. = Seccibn
- Tm. = Tomo.
Trad. =  Traduccién.

Trans Amer, Geoph. Union = Transactions of the American Geophysi-
-cal Union; Washington , D. C.

Vol. = Volumen.

Zeitchr. Oesterr. Ges. f. Meteorologie = Zeitschrift der Oesterreichis-
chen Gesellschaft fiir Meterologie
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II. Tm. Il.—pg. 174—Lima [886.

Abbot, C. G. Arequipa Pyrheliometry.—Smihtn. Misc. Collections. vol.

65, N° 9.—Hodgkins Fund. Public. 2367. pp. 1-24, afio 1916.

Adams, G. I.—Caudal, procedencia y distribucién de aguas de los
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— Lima, 1906.
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Lima 1906.
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7. Lima 1906.
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de Lima. Tmo. XI pg. 367. Lima, 1901 .

Alayza P., Francisco.—Sinopsis geogréfica econémica del Peri. Bol.
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255—L.ima, 1931.

Alvarez Lleras, Jorge—FElementos de Meteorologia Tropical.—Rv. de
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turales. Bogota. Vol. 111 Ne, 12, pp. 439-47: Vol IV Ne. 13.
pp. 50-55; Vol IV Ne. 14. pp. 222-28. —Afios 1939-1940.
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y su importancia (Notas de la Direccién).—Rv. Acad. Co-

lomb. C. Ex. F. y Nat. pg. 129—Vol IV. N° 14. Bogota. 1941.

Anénimo.—FE] Observatorio de Arequipa y la més alta Estacién
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afio 10 pg. 68. Lima, 1893.

Anénimo.— Estudio del clima de Lima. — Gaceta Cientifica, afio

II, tom. II, pag. 236.—Lima, 1886.

Anénimo—(C. J. B.) Un tornado en Sud-América.—Traducciones
de “The American Meteorological Journal” de Boston Mass.
U. S. A. (Noviembre de 1891) Bol. Soc. Geogréfica de Lima
tom. III, pag. 456. Lima, 1893.

Anénimo.—Observaciones Termométricas tomadas en el rio Perené,
Setiembre de 1895. Bol. Soc. Geogr. de Lima.—tomo V, pg.
240. Lima, 1895.

Anénimo.—El Gulf Stream (transcripcién). Bol. Soc. Geogr. de Li-
ma. tom. IV, pg. 469. Lima, 1895.

Anénimo.—Observaciones Termométricas en la Hacienda “Chiqui-

toy” Valle de Chicama (Trujillo) afio 1897 al 1899. Bol. Soc. .

Geografica de Lima. tom. XI pg. 238.—Lima, 1901.

Anénimo.— Temperatura diaria tomada a la sombra entre 1 y 2 pm.
en la Hacienda “Chiquitoy” Chicama (Trujillo).—afio 1900
v 1901. Bol. Soc. Geogr. de Lima. tom. XI. pg. 415. Lima,
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Bol. Soc. Geogr. de Lima. Tomo XI, pg. 470. Aso 1901.

Observaciones barométricas Abril a Junio de 1911. Bol. Soc.
Geogr. de Lima. Tomo 27, pg. 508, afio 1911.

Resumen de la lluvia del afio de 1911. B-o!.r Soc. éec;s;;r. de
Lima. Tomo 27, pg. 511. Afio o1
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Observaciones Meteorolégicas. Anales de la Direccién de
Fomento, ler. semestre correspondiente a los meses de Enero
a Mayo; y del 2do. semestre correspondiente a los meses de

Julio a Diciembre, pgs. 61-69. 66-81. 74-83; 74-82; 76-85;
107. 76, 62, 71, 74, 93. Ao 1912. )

Observatorio Unanue, (Remy, F.) —Climatologia de Lima en el afio

de 1919, Bol. Soc. Geogr. de Lima. Tomo 36, pg. 146. Lima
1920, $

Odriozola, M. E.
Bol. Cia. Administ. del Guano. vol. XI, pg. 487, Lima 1935,

Olaechea, T. — Notas de viajes e Dpto. de Piura. Gaceta Cien-
tifica. Tomo 1, Afio I, No, 1, pg. 4.—Lima 1885.

Consideraciones Generales sobre la Provincia de Ica
(Datos fisicos). — Gaceta Cientifica. Publicacién de la So-

ciedad Amantes de la Ciencia. Tomo I, N© 3, afio 1, pg. 108.
Lima 1885.
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Min. Inds. y Constr. Tomo VII, pg. 50, 62, 69, 75.—Lima
1891.

Olsson, A. A.—Contribulti-on to the Tertiary Paleontology of northern

Peru. Part 5. The peruvian Miocene. Bulletin of American
Paleontology. 19. 68.~1932, :

Oppenheim , V.—C;laﬁiaciones cuaternarias en la Cordillera oriental
de la Repiblica de Colombia. Rv. Acad. Colomb. C. Ex. F.
¥ Nat. pg. 70. Vol. IV. Ne 13. Bogota 1940,

Glaciaciones en el Perti. — Rv. Acad. Colomb. C. Ex. F. y
Nat.—Vol. VI Ne, 22-23. pp. 219-321.—Bogota 1945.

Ornellas, E.—Influencia del clima de los Andes de 11° a los 13° Lat.
Sur en la Tisis “La Gaceta Médica” Afio |, No 17, pgs. 136
160, 171, 179, 202, 212. Lima, Agosto 7 de 1875,
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—Influencias planetarias y periédicas en el tiempo.
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Peppler, A—DBeitrage zur Meteorologie von Pertt und Ecuador zwis-

chen 11° und 2° suedlicher Breite Veroeff. Gesell. Erdkunde
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Perl, A—Durch die Urwaelder Suedamerikas.—Berlin, Afio 1904.
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cT;amE)o'pata 1932-1933, provincia de Sandia Per. rBoi3 So::o
eolégica del Pert. Tomo IX, pp. 37-49. Lima, 1937. : .
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133 —Lima. 1919. :

Pickering, William H.—EIl Observatorio Astronémico de Arequipa. Bol.
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ca Tomo IX, pp. 46-123. afio 1893.

Polo, José T.—Sinopsis de temblores del Perti. Complemento al traba-
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ticaca con relacién a Tiahuanaco en épocas Pre-histéricas.—

p. p. 29. La Paz 1911
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mo 1. (De “El Siglo”) p—p- 236-240—Lima 1886.

Fenémeno llamado el “Pintor”. Bol. Soc. Geogréfica de Lima,
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PRl

Feb. a Marzo de 1857. Notas de viaje para su obra “El Pert
ler. volumen pg. 36.—1942.
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Observaciones meteorolégicas de Huanuco a Chinchao (Hda.
Chihuangala) Marzo 1857.—Notas de viaje para su obra “El
Pert” 1°, volumen pg. 47.—1942.

Observaciones meteorolégicas de la Hda. Chihuangala a
Tingo Ma;’ia, Marzo 1857.—Notas de viaje para su obra “El
Pert” 1° volumen pg. 54.—1942.

Observaciones meteorolégicas. Regreso de Tingo Maria a
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Observaciones Meteorolégicas de Lima a Huancayo. Enero
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Abril 1858.—Noras de viaje para su obra “El Peru”, volumen

15 pg (138:—1942

Observaciones meteorolégicas Cuzco a Ayacucho (regreso)
Abril, 1858 —Notas de viaje para su obra “El PerG’” volumen
Ie, pg. 143.—1942.
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Observaciones meteorologicas De Ayacucho'“a. Hua!}c,:,avilica
Mayo 1858.—Notas de viaje para su o bra El Pert” 1° vo-
lumen pg. 148.—1942.

Observaciones meteorologicas de Trujillo a Cajamarca. Abril-

Mayo 1859.—Notas de viaje para su obra “El Pertt”, volu-
men 19, pg. 206.—1942.

Observaciones meteorolbgicas de Cajamarca a los minerales

* de Hualgayoc. Mayo 1859.—Notas de viaje para su obra _

“El Pertt”, volumen 1°, pg. 217.— 1942,

Observaciones meteorolégicas de Hualgayoc a f:hachaijfya,s.
Junio—Julio 1859. Notas de viaje para su obra “El Pert” vo-
lumen 1°, pg. 234.—:942.

Observaciones meteorolégicas de Moyobamba 'al_ 1.“io Hualla-
ga. (Chasuta). Julio-Agosto 1859 —Notas de viaje para su
obra “El Pert”, volumen 1°, pg. 284. 1942.

Observaciones meteorolégicas de Chasuta a Nauta. Agosto
1859.—Notas de viaje para su obra “El Perd’, volumen 1°,

pe. 289.—1942.

Observaciones meteorologicas. De Nauta a Sarayaco. A’%osto
“Octubre 1859.— Notas de viaje para su obra “El Pert ler.
volumen, pg. 304.—1942.

Navegacién de los rios Aipena y Rumiyaco y camino (Ele% puer-
to de Jeberos al pueblo. Noviembre 1859. Notas de viaje para
su obra “El Pert, volumen lo. p. 360, 1942.

De Jebero a Moyobamba. Noviembre 1859. Notas de viaje
para su obra “El Perd”, volumen 1°, pg. 380.-1942.

Observaciones meteorolégicas de Moyobamba a Chachapo-
yas. Dic. 1859. Enero 1860.—Notas de viaje para su obra
“El Perti.’ volumen 1°¢ pg. 408.—1942.
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Observaciones meteorolégicas de
bamba. Enero 1860.—Notas de viaj
rG”, volumen [°, pg. 421.—1942,

Chachapoyas a Leyme-
e para su obra “El Pe.

Observaciones meteorolégicas de
Abril-Mayo 1860. Notas de viaje
2do. volumen, pg. 12.-1943.

Trujillo a Huamachuco,
para su obra “El Perg”.

Observaciones meteorolégicas. De Huamachuco a la prov. de
Pataz. Mayo—]unio de 1860. Notas de viaje para su obra
“El Pert” 2do. volumen, pg. 55.-1943,

Observaciones meteorolégicas de Tayabamba a Puerto Piza-
na. Junio—Julio, l860.~—Notas' de viaje para su obra “E] Pe-
rd”. 2do. volumen, pg. 80.—1943,

Observaciones meteorolégicas. Regreso del Puerto Pizana
a Tayabamba. Julio 1860.—Notas de viaje para su obra* FJ
Pera” 2do. volumen, pg. 93.—1943,

Observaciones meteoroldgicas de
Agosto-setiembre 1860, Notas de vi
rd” 2do. volumen, pg. 119.-1943,

Tayabamba a Corongo.
aje para su obra “El Pe-

Observaciones meteorolégicas de Corongo a Recuay. Setiem-
bre-Octubre 1860. Notas de viaje para su obra “E] Pera”
2do. volumen, pg. 141.-1943.

Observaciones meteorolégicas de Recuay a Pomabamba.
Octubre-Noviembre 1860, Notas de viaje para su obra “E]
Pert”. 2do. volumen, pg. 164.—1943, _ :
Observaciones meteorolégicas de
Nov. 1860.—Notas de viaje para
vol. pg. 172.—1943,

Pomabamba a Llamellin.

su obra “El Perg” 2do.

Observaciones meteorolégicas de Llamellin a Huanuco. Dic.

1860.—Notas de viaje para su obra “El Perti** 2do. Vol. pg.
198.—1943,
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i 4 ima Dic.1860.—
Observaciones meteorolégicas de Huanuco a Lima Di

Enero 1861 —Notas de viaje para su obra “El PerG” 2do. vo-
lumen. pg. 233.—1943.

i i . Marzo
Observaciones meteorolégicas de Lu:xa a Mﬁ:'ozcé)chaommen
1861.—Notas de viaje para su obra “El Pert 0. Vi ;

pg.  247.—1943.

. . . . - 1 fni_
Observaciones meteoroléglcas.—Vls:cg ) la. lgaf)sl p;:;:;f: ct;:es &
1 Marzo-Abni :
ecinas a Morococha. it
F::‘i)a‘;‘a su obra “El Pert” 2do. volumen, pg. 275.—194
)

Observaciones meteorolégicas. Regreso de Mon:?Ec;;)c}I;a Z"h;ﬁz:
Abril 1861 —Notas de viaje para su obra er
volumen pg. 283.—1943.

S ; I
' i de Lima a las Minas de
. Meteor. del Recorrido des na
SE:S:ITera zeeTuctucocha. Mayo lBﬁZ.—Notas] 9(1&5 Viajes para
su obra “El Perti.” Vol. 3°.—pg. 33.—Lima g

Observ. Meteor. De la Cordillera d.e Tuctoco-chafda Bell;;rt
tay C;)rdillera de la Asuncién. Junio 1862.—id. id. pg. 3.

1945.

Observ. Meteor. De Bellavista al Distrito de San"];_l.olx;e;?;
Junio y julio 1862. Notas de viajes para su obra
Vol. 3° pg. 87.—1945.

; g,
Observ. Meteor. De San Lorenzo a Tomas, Julio 1862. 1
id. pag. 109.—1945.

Observ. Meteor. De Tomas a Huancayo y Regrlet;zsa Huan-
cache ]:ulio—Agosto 1862 id. id—paj. 129- )

Observ. Meteor. De Huancache visita a los .pueb]-c::.is (:1(&i qu—
yos ila:;ta Lunahuana. Agosto—Setiembre 1862. — 1d. 1d. pag.

169.—1945,

Obsery. Meteor. De Lunahuana la Hacienda de Arona Set .
1862, id. id pag. 189.-1945.

— 6] —




INSTITUTO GEOLOGICO DEL PERU

BIBLIOGRAFIA CLIMATOLOGICA DEL PERU

" ; s Meses: Enero-
: .—Observatorio Unénue.
Observ. Meteor. De Viscas a Omas. set.—oct. 1862, id, id. Remy, F. y Artola, sl itk
pag. 211,-1945.

Obsery. Mete(;or.—De Omas a Allauca, oct. 1862,

id, id.
paj. 229.-1945, :

Observ. Meteor. De Allauca a Chupamarca. Set, 1862. id.

id.
pg. 245.—1945,

Observ. Meteor. De la Haciend
Asia, Set. 1862. — id. id. pag. 263.—1945.

Observ. Meteor. Cordillera de

1862 — id. id. pag. 275—1945.

Observ. Meteor. Huancaveli
id. id. pag. 289-1945.

Observ. Meteor. Minas de Lircay y Viscachas,

Nov—-1863.
id. id. pag. 305-1945.

Observ. Meteor. De Ayacucho a Huanta, nov. dic

. 1863,
id. id. pag. 320-1945.

Observ. Meteor. Minas de Castrovirreyna, dic. 1862.—feb.
1863. id. id. pag. 148.—1946.

Ramos, A. Ignacio.—Curso de Meteorologia' aplicada a la aeronauti-

ca.—DBoletin de la Escuela Nacional de Ingenieros (antes
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bre a Diciembre de 1935.—Bol. Agr. y Gand. afio VI, Nos.
22-23, pg. 301. —I1936.

Cuadros de observaciones Meteorolégicas del Perti. Enero a
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finales—Lima, 1937.

Servicio Meteorolégico Oficial.—Cuadro de observaciones meteoro-
légicas. Julio a Diciembre de 1909. Bol. de la Direccién de
Fomento, afio VII, Ne. 7-8-9-10-11-12.—Lima 1909.

Shaw, Sir Napier.—Manual of Meteorology. 11 Comparative Meteoro-
logy. Cambridge 1928.—(Contiene nuevos mapas mundiales
de Meteorologia) Afio 1928.

Sheppard, G—The Rainy season of 1932 in south western Ecuador.

. Geographical Review. Vol. 23, N° 2 pp. 210-216.—New
York 1933.

2N =

BIBLIOGRAFIA CLIMATOLOGICA DEL PERU
_ The Geology of South.—Western E.cuador. (Cap. 1L Climate
and Fisiography) pp- 4-49—London 1931.

| [ (i ial Photogra-
i —_The Great Wall of Perti and other aeri og
Sblppﬁe,;?:e::udies,ebyrihe Shippee Johnson Peruvian expedition.
Cecgr. Rev. vol XK11, N° 1229, N.Y. 1932

U — ff

i i _ Reise in Peru und Ecuador ausgefiihrt 1909.—Veroett.

e \gés. }ga::lit:zde el.eipz ig 8 Meteorologische Beobachtungen.
pp. 332351 por A. Peppler. Leipzig 1914.

Sued-und Mittelamerika.— Leipzig 1914 (1914a) Berlin. 1913
(Traducciones— Castellano) (1932).

— Die Cordillerenstaaten. I. Bolivien und Pert—1914.

ilg — bre el nivel del mar en Santa Ana, (Co.nven-
ki Itjc.’m)éltgj.s sls/lirne. Ind. y Constr. (Escuela de Ingenieros).

Tomo X. p- 51 —Lima, 18%.

i 1 i Campifia. —(Infor-
i tisteban, J.—El clima de Arequipa y su
g Saf:n‘: :olfrt la zona de Arequipa. 1933). Bol. Agr. y Ganad. vol.

IV, pg. 168.—Lima 1934.

afi ima—Pri ferencia Ibero—America-
‘edad Geogréafica de Lima. Primera coni :
ey na dg, Oceanografia. Bol. Soc. Geogr. de Lima. Tomo IS
3er. Trimestre, pg. 277. Lima, 1935.

étri de reducirlas a 0°.—Ga-
ta, M. A—Alturas barométricas. Modo '
s ceta Cientifica (Secc. Variedades) Tm. VIII, pg. 41 Lima,

1892.

Spruce, R—Notes of a Botanist on the Amazon and Andes.—London,
1908.

Stiglich, G.—Los Andes.—Efectos de Luz.—Etimologia.—.Bol. Soc.
Geogr. de Lima XLIII, 3er. Trimestre, pg. 259, Lima—1926.

Mareas del Titicaca.—Bol. Soc. Geogr. de Lima. Tomo 42.
pg. 259, —Lima, 1925.

D e




INSTITUTO GEOLOGICO DEL PERU

El fenémeno maritimo del Aguaje—Bol. Cia. Administ. del

Guano. Vcl. VII Ne. 8.—Lima, agosto de 1931,

Sutton, Carlos W.—EIl Problema de la irrigacién del valle de Ica. Bol.
C. Ings. de Mins. del Perti— N¢, 56 pag. 9-34-Lima 1907.

Sutton, C. W.—El problema de Irrigacién en el valle de Chicama e In-
- formacién sobre la Irrigacién del valle de Moche. Bol. Cuerpo

de Ingenieros de Minas y Aguas del Pera.—101 Lima 1920.

Sutton, C.W, y Portocarrero, J. N.—Informe preliminar sobre un pro-
yecto para irrigar las pampas de Chimbote.—Bol. C. Ings.

Mins. y Aguas del Pertt-91.—Lima, 1918.—(Ref. Geogr. Rev.
1919).

Sverdrup, H. U—Algunos resultados de la labor “Carnegie” En el
Pacifico.—La Corriente Peruana. Rev. Cons. Qcean. Ib-

Amer. Afio 1. N° 3.—Madrid 1930.

Algunos resultados oceanograficos de la labor “Carnegie” en
el Pacifico—La Corriente Peruana.—Bol. Cia. Administ.

del Guano. vol. VII, pg. 325. Lima 1931.

Oceanography for Meteorologist. p. 235. Prentice Hall. Inc.
New York 1942. '

Johnson, N. W, y Fleming, R. H—The Oceans. Prentice
Hall. 1942,

Vitold de.—Influencia de las corrientes maritimas sobre: el
clima de Sudamérica.—Bol. Soc. Geogr. de Lima. Tomo XLII,
pp. 59-65. — Lima, 1925. :

Influencia del clima del Alto Ucayali sobre los moradores de

la regién.—Bol. Soc. Geogr. de Lima. Tomo L, pp. 19-24
Lima 1933.

Problemas de la Colonizacién de nuestra montaiia—Bol.
Soc. Geogr. de Lima. Tomo LX, pg. 176. — Lima, 1943.

— 72—

BIBLIOGRAFIA CLIMATOLOGICA DEL PERU

==

1~
Manuel O. y Garcia, Carlos A—Las Lag‘unas de ;u;cz%::ll;io
A na. Observaciones de temperatura en los dias 27 y ] e e]s .
de- 1906 en el mes de Febrero, dias 4, 13y 1:; Er'lr:a mTomo
marzo y abril de 1907—Bol. Soc. Geogr. de Lama.

¥IX, pg. 361—Lima, 1906.

a Hidrologia ¥ necesidad de fo-
Mem. vol. XLII, N° 3, pg. 115

Tamayo, Jorge L.——Impoﬂaneia de |
mentar sus estudios.—Inf. ¥y

Lima, 1941.

ca en el Pacifico. Mem. Cons.

Thoulet, J.—La Oceanografia densimétri e T ) 1930.

Ocean. 1b—Amer. Ne' 1, pp. 2-

1 1 iente que
Torrico, R.—For qué el Perti necesita un estudio de la corlx;lﬁ’n14 c; :
i lleva su nombre. Mem. Cons. Ocean. 1b.—Amer. £

i inist. del Guano vol.
- bre de 1933.—Bol. Gia. Aflmlmst. |
?X] 7;3;.c;1;531:i—13e01. Soc. Geogr. de Lima. Torao L1, pe: 262,

Lima, 1934.

i -1 léwicos de los rios de la Costa
T;ujillo Bravo, Enriqgue—Datos hldl‘OlOil'C(::’:OL eu’ b

1932-1934—Bol. Aguas e [rrig
1935.

Techudi, J. J. V.—FPerd Reiseskizzen. 1838-1842. St. Gallen, 1846.

&, = St Gallen

Untersuchungen ueber die Fauna Peruan
1844-1847. '

i i i ia al frio de la
— Factores que influencian la resistencia a i
st I.:{fal}fa (t?ascripcién de “Journal Agricultural Research”).

Bol. Agr. y Gand. vol. 1V, pg. 120. 1934.
iy U —

Ulloa, A de—Relacién histérica del viaje a la América M eridional.—

Madrid 1748.
— 13—




INSTITUTO GEOLOGICO DEL PERU

nanue I Ilp ll (0] y i
5 0. . Obse vaclo S SO e] ll ima l[lfIU.EIl
U t rvad ne bre cllma de L m su

cia en los seres' ]
aseme]ados en especl
P al el hombre.—L.i
re.—Lima
£l

1806.

-Observaciones sobre el clima de Lima. Madrid 1815 (G
; aceta

Médica, Af :
édica, Afio 1, N° 11, pg. 136. Junio 1875.

Unanue Juan F.—El clima de Lima, 1846

Vv d qu pa.— a t P ra
l ni erslda(i e Are 1pa Va[l clones de emperatu en ]OS BOIB.-

t [ L

(el::laf,zrie lab]_.aguna de “Salinas” 1916-1917.—Nov. 1935

' e sobre la excursién universitaria a Salinas Vf::]el fio
afio

1935).—
5).—Rev. de la U. de Arequipa, N° 10, anexo 9.—1936

Uriarte, O. F. M. M
3 ) S s Rv: P Fr Buenaant
24 L . g a1 2
E?ru. TEstudxo Etrico. Geoprafico—Bol. aSOCMogtana del
ma. Tomo 553, pg. 263—Lima, 1938. . Geogr. de

La Montafa del Peri i
on 1 (conti 16 i
Geogréfica de Lima. Tomo E;J/TIHO:; hf;;fﬂ‘ﬁ;a' 11'3931) i

Salubridad (cap. anex
; o a la Montafia del a i i6
Bol. Soc. Geogr. de Lima. Tomo EIII)?, :g.l?%glf’fiitrﬁl: a]c;:l?

¥ ag 3 .
U te a I {Ol aclo = InfOl me Sobre 0s Obser vatorios astronomicos

o Piedras del Sol de los I
ncas.—Bol. S .
Tomo XXIX, 2do. semestre, pg. 40? Lin?l: ]Ggelfggr. de Lima.

U v

Valdivia, N. Juan.—E .

. N. .—Ensayos sobre el estudio de 1 ici i

g;a;adﬁd l’(;s_ habitantes de Lima. (Té:isa;ai:m]g;?:ﬁz ;ail-
. édica. Afio 1, N° 1. pg. 7. Lima febrero 15 de 18756.‘

V aldlzan, Dal 10. ObSEl vaciones termomeétr 1cas tOI‘IladaS en el cam-
ce ] M = 23 . 2 i Cl ] l -
. .
pallle.nt() E 1Y ado! ploV!IlCla. e incha may() a julio

de 1901.—Bol. S. -
501 l. Soc. Geogr. de Lima. Tm XI Pg. 417.—Lima

R

BIBLIOGRAFIA CLIMATOLOGICA DEL PERU
Valverde, R. L.—Meteorologia ¥y Climatologia de Lima. Observatorio
Meteorolégico de la Facultad de Ciencias. Universidad de
San Marcos. Diciembre de 1928. Rev. de Ciencias, 37 S oo

24. Lima 1928.
— Programa climatolégico y sismolbgico. Lima 1929.

Vallaux, Camilo.—El Problema de la Corriente de Humboldt. Rev.
Cons. Ocean. Ib-Amer. Afio },0 Nt 20 pp: 86-97. Junio

1930.

El Problema de la Corriente de Humboldt. — Bol. Soc.
Geogr. de Lima. — Tomo XLVIIL, ler. trimestre, ps. 73, —
Bol. Cia. Administ. del Guano. Tomo VII, No 4. Lima, 1931.

Vanderghem, J.—Informe sobre las observaciones efectuadas en las
estaciones: Lima ¥ Lambayeque. Servicio Meteorolégico

N acional 1. de 1929.—Lima, 1930.

Informe sobre las observaciones efectuadas en las estaciones
Lima y Lambayeque ¥ las estaciones particulares. Chiclin,
Huénuco, la Oroya e Iquitos. Servicio Meteorolégico Nacio-

nal. 2. 1930. Bol. 1-13. Lima, 1931. (1931a).

La Meteorologia v la agricultura “El Comercio” Lima, 26
de noviembre de 1931.

Informe sobre las observaciones efectuadas en las estaciones,
de Lima, Lambayeque, Piura, Chiclin, Atocongo, Lachay,
Tacna, Oroya, Huancayo, Mogquegua, Arequipa, Tumbes,
Cuzco, Puno. Servicio Meteorolégico Nacional. 3. 1931. Bol.
{=12—Lima, 1932,

La previsién del tiempo. — Bol. Agr. y Ganad. Tomo 111,
Ne 9-10, pg. 2.—Lima, 1933.

Informe sobre la instalacién metbdica de estaciones meteo-
rolégicas en el Pert. Inf. y Mem. 28-3 (Boletin Soc. de In-

genieros). Lima, marzo de 1936.

PR Lo




INSTITUTO GEOLOGICO DEL PERU

BIBLIOGRAFIA CLIMATOLOGICA DEL PERU

Vanderghem, J. Gaudron, J.—Servicio Meteorolégico Nacional. Es-

P a.
V }“. re ] [ e(le cO l empera tura de Lima- Ga‘:eta Cle !ltlflc
N areal, Tl .

Tomo V1, afo: V1. -pg- 188.—Lima, 1890.
Varios.—Estudios sobre la Corriente de Humboldt.—Notas cambiadas : Alto—La Gaceta Cientifica.
entre la Soc. Geografica de Lima y la Oficina Hidrogréfica B Cibasstatorior el Caraen

_ Yima, 1892.
de de Chile.—Bol. Soc. Geogr. de Lima. Tomo 2, Nos. 1-2-3 Tomo VI, pg. 80-84—Lima
pp. 115-118.—Lima, Junio 1892.

G ientifica. To-
Cordenadas Geogréficas del Pert. La Gaceta Cientifica. 1o

| ‘ Put . Lima, 1892.
Meteorologia. Observaciones efectuadas en Lima, 1929; fos VUL pes. V15-97, 121.—31 de marzo

Iquitos, Ene—Marz. 1930.—Chicama Ene.—Feb. 1930 Bol.

, ‘ _ l.a Gaceta Cientifica.
Soc. Geografica de Lima. Tomo XLVII. (Tri. I) pg. 59. Lima . Corriente Peruana de Humboldt.—La Gac
1930.

Tomo 1X, pg. 93, 141.—Lima, 1893.

| ~. . Bl TG
“Guia”. (Publicacién oficial 1780-1872—Coleccion de 38 El Planeta Mercurio. Su pasaje por el ?;005 ldil—Lioma. 1803,
tomos en la Biblioteca Municipal de Lima). ' ceta Cientifica. Afio 10, Tomo Kol

Victoria, Ernesto G,—Evaporacién y frio producido por ella en Li-

. it =g 9 B 1. Min‘
i : Posicién del Observatorio MeteOI:OIOgl(l:g9;Jnanue i
ma. — Bol. Soc. Geogr. de Lima. Tomo XIX, pg. I, Lima, Ind. y Const. Tomo IX, pg. 20. Lima, 1893.
1906. :
. ¥ . Bol Soc. Geogr.
’ 1) . ' J 7 Los Cometas en tiempo de Hu;yna CZéJ aiim: 1894.
Vila, F. C.—Viaje a la regién urifera de Barranca y Borja (Contenido i de Lima, Tomo 1V, Nos. 189 pe S $
en Larrabure y Correa C. — Coleccién de Leyes etc. Depto. e e Clemcins
: A : t e .
de Loreto. Tomo III, pg. 245) Lima, 1905.' Roteoralogia d;; ‘f;esru‘_ﬁl?vle]v{;szta.i <211e :,alz ;:ctii ::.m’ oy
: i S 879509 >
Boletin® Meteorolégico de la Facultad de Ciencias. Valores Tomo 11, pgs . A
medios del afio 1928. Resumen de los meses Enero, Marzo bt Informe Anual—Bol. de la Cia. Administ. de! Gua-
1929.—Rev. de Ciencias, 32.—Lima, Enero de 1929, ) ng::m;;. n}zVI,—Lima, 1940. :
Boletin Meteorolégico de la Facultad de Ciencias. Ne. 3 il la Cia. Administ. del Gua-
R:;rlr]:en ;biﬁf]zlglli?l‘);g. aRe::Cl:IeaCienceias.lgr;.naLsima Ju- Informe Anual de 1940.—Bol. de la Cia

Lio, 1929. ol ol VI Lima, 1941,

AVes guallelas.—-- BO de la. Cla- dIIll[llSt. dEl Gua(lo- VOL
].. A

—Lima, 1941.
Resumen Julio-Setiembre 1929. Rev. de Ciencias, 32 Ne. XVIL, pg. 127 cuy
10-12 Octubre-Diciembre. Lima, 1929,

Informe Anual.—Boletin Cia. Administ. del Guano. vol.
C S 1942.
Villa, Juan C.—Aumento de las aguas del Rimac. Lagunas de Huaro- XVIIL—Lima,
chiri. Bol. Min. Ind. y Const. (Escuela de Ingenieros
XVIII, pg. 18-29.—Lima, 1902.

) Tomo

bl




INSTITUTO GEOLOGICO DEL PERU

— W —

Wachsmuth, G.—Die aetherischen Bildekrazfte in Kosmos Erde und
Mensch Stuttgart 1924.

Wagner, G. A.—Observaciones termométricas tomadas en Tuctu (Mo-
rococha), Noviembre—diciembre 1906.—Enero—Abril 1907.
Bol. Soc. Geogr. de Lima. Tmo. XXIII, pg. 118.—1907.

Observaciones termométricas y pluviométricas tomadas en
Morococha y Casapalca, mayo—noviembre 1907. Bol. Soc.
Geogr. de Lima. Tomo XXIII, pg. 237. Lima, 1908.

La Selvi y Fruticultura en las lomas de la costa del Pert. Su

cultivo con aguas pluviales. Bol. Aguas e Irrig. Afio 1, N° 2,
pg. 37.—Lima, 1932.

Influencia de los climas sobre los vegetales (Tomado de Me-
teorologia Fisica Agricola). — Pronésticos del tiempo (to-
mado de “La Nacién” de Buenos Aires). — Estaciones
Meteorolégicas ‘“‘Robot” (tomado de Literary Digest New
York).—Pronésticos del tiempo para diez dias (tomado de la

revista Die Woche de Berlin). Bol Agri. y Ganad. Tm. III.
pe. 107. Lima' 1933.

Memorandum para la organizaciéon del Servicio Meteorols-

gico del Pert.—Bol. Cia. Administ. del Guano. vol. X. pg.
103. Lima 1934.

Observatorio Central de Lima.—Servicio Meteorologico Na-
cional. Afio VI. Boletin 1-12.—Lima 1934.

Resumen mensual de las observaciones meteorolégicas.—
Servicio Meteorolégico Nacional. Afio VII. Lima enero a ju-

nio de 1935.

Ward, R—Einige wolkenbeobachtungen in Arequipa (Peri). Meteo-
rol. Zeitschrift 1898. pg. 278.

e

BIBLIOGRAFIA CLIMATOLOGICA DEL PERU
i ilungin den Perua-
i Klima und Ptlanzenverte!
B S:l:g::z f:d‘;;l.l Peil:ermanns Geogr. Mitteilungen. 1906.5 p.
1-6. 1906.

i d Klima
i ‘tteilungen ueber Vegetation un
Weberba:ller, Iﬁ-odc—h\:.[r?g:: Iliei:'ﬁ.i Englers. Botanische Jahrbuecher
er

28 Heft. 34 1907. pp. 449-461.—1907.

Die Pflanzenwelt der Peruanische Anden in ihrer; Gru;c}l;t:z—_
geln dargestellt Die Vegetation der Erde 12 Engler u

de—Leipzig. 1911

i im 5° S.B.
Die Vegetations gliederung des noerdhcherz Peruj ;m S
Engiers. Bot. Fahrbuecher 1914—50, 1914. p. L1

1 i de la
1 tacion en el Dpto. de Piura y de
lf;asvzogzsjdazrlll u—virzh?reﬁzszc. Per. p. el prog. de la Ciencia.
rov. }
1-2. p. 107.—Lima 1921.

i i Andes Peruanos. Petermanns

Fitogeografico de los i er :

lnggi:aphische Mitteilungen. Gotcha lggg Traduccidén cas
tellana del texto. Publicado en Lima 1923.

Bol.
i i4n del Valle del Mantaro.
gstudg;;: bé: i?in?;e.g?;:t::; XLI, 3er. trimestre ¥ 40, pp.
oc. ;
203-208.—Lima 1924.

i Tumbes
Die Pflanzendecke Nordperus 1m Departams}ato St
und angrenzenden Teilen des Departamento iura-

Botanische Fahrbuecher 63-1. 1930.

La flora de Lima.—Bol. Soc. Geogr- de Lima. Tomo LIL, pg.
65—Lima 1935.

s Bl
La vegetacién del Norte del Peri dentro de la prowgc;elx: ! ; rc;
r:l de Tumbes y partes vecinas del departamento de :

— Bol. Agr. y Gand. — wolo VS TN PR 57. — Lima
1935.

Sy ot




INSTITUTO GEOLOGICO DEL PERU

Wertherman.—Observatorio meteorolégico a 3,400 metros, fundada
por el ingeniero Wertherman en Tarica (Chimbote) La Ga-
ceta Cientifica. vo. VI, N° 4. Pg. 96.—Lima, 1890.

Wolf, Teodoro.—Geografia y Geologia del Ecuador (Cap. Meteorolo-
gla, Clima y Estaciones) p.p 383-414.—Leipzig 1892,

_.Y_

Yamamoto, Issei.—Comisiones astronémicas. Observaciones en pro-
vincias del Eclipse total de Sol en 1937. Daclaracionss de los
astrénomos. Bol. Soc. Geogr. de Lima. Tomo LIV, 4to. tri-
mestre. pp. 203-209.—-1937.

Informe de la Delegacién Universitaria de la Comisién as-
tronémica Peruana.—Rev. de la U. de Trujllo 1937.

__Z__.

Zarate Cortés, V.— Variacién de la humedad relativa en Lima.—Inf.
¥ Mem. Bol. de la Soc. de Ing. de Lima. Vol. XXVIII, Ne
5, Mayo 1926, pp. 192-206. Lima, 1926.

Ha terminado el verano oficial de 1935. “El Comercio” Li-
ma, 25 de marzo de 1935.

Zegarra, Jorge M.—Las lluvias y avenidas extraordinarias del verano
de 1925, y su influencia en la agricultura del departamsnto
de La Libertad.—Inf. y Mem. Bol. de la Soc. de Ing. Tomo
XXVIII. Bol. N° 1, pp. 1-46. — Ene. 1926.—Lima,

Méximo aprovechamiento de las aguas de regadio. Suple-
mento de Inf. y Mem. (Bol. de la Soc. de Ing.) vol. XXXV,
p. 26.—Lima, 1934.

La sequia y sus consecuencias econémicas (Los problemas
de la irrigacién de la Costa) Bol. Aguas e Irrig. vol. 1V,
pg. 21. Lima, 1937. -

LS e

ATOLOGICA DEL PERU

BIBLIOGRAFIA CLIM

h rovechamiento.—Bol.
o e Mbi~Livas, 1o,

Recursos acuifer
Aguas e lrrig. vol. V 2da. parte,

Zorell.—Der Nifio-strom im Jahre 1925. Ann. Hydrogr.
175.—1925.

1928. p. 166

—BRol. Soc. Geografica de Li-

La Corriente del Nifio en 1925 Brime Lima, Junio

ma. Tomo XLVI, Trimestre |
1929.










- Seior Bibliotecario de la

Sociedad Geoldgica del Perd l

LIMA, PERU
Apartado 2559




SOCIEDAD GEOLOGICA DEL PERU

Hemos recibido...

We have received

Nous avons recu

Abbiamo ricevuto

Fecha

Procedencia

Dirececién

La devolucién de esta tarjeta es indispensable para continuar recibiendo los boletines.




Paris

~d
S
=
B
3
4

London

i

, No.

4

Vol. 4




e—— S Uil
SR e L L DU

SRS TS S S S

£CONOMICAL i
150 p.) Save Your Money

eXTRAVAGANT EP * OR E
Coppus Blue Ribbon Turbimes (fractional to

There’s no need to buy El
investment and installati

hant Power for a small H.P. job. You can save

; S cost by specifying Coppus Blue Ribb
Turbines. Six sizes and prices from 150 H.P. dovEn to fractiolnalon g

thzggllxll:t:;l;:g::‘l}ia—nfs tRe country over are specifying the turbine with
i the b . band 'pamted around the flange. That blue
- y = 'assur'ance o bh.le ribbon” performance — result of pre-

n workmanship. The §uality point described at the right is typl;cal

of Coppus — it means lon
. trouble-free servi
Write for free bulletin 1 vice for you.

use . . . and information o
tical, Horizontal, Built-in s
Address Coppus Enginee

: :oppus inspectpr checking master gauge with
1-: a;lqsson size blagks. All important dimensions are
achined accuratel§ to one-quarter of one-thousandth

-8. It contains of an inch (.0002 , : :
erform ; ‘ 5. Even dimensio
P rmance curves for your height (center "ine @f shaft to bmmfusosfuffrsfn:ef‘lﬁ;

Blue Ri i <
2 e Ribbon design and construction. Ver- o e e :002§. All holes are drilled to jigs for
ed reducer. Gas, air or steam — operated barezchRageshiliralparss

g Corporation, 370 Park Ave., Worcester.

Mass., for Bulletin 135
_8. S es Ofﬁ . 3 i 1
ducts in Sweet’s. ces in Thomas’ Register; other pro- r
hant Power A turbine on 2 small job that CcOPPUS |
ower —
okt cally. | |

would fit more econo

e e

T —— e T —

ON THE COVER

OU R cover picture is a bird’s-eye view of
the dam in the high Andes that is
described in our first article. The structure
was built by the Cerro de Pasco Copper
Corporation to supply hydro-electric power
for its extensive ore-reduction works at
Oroya, a short distance away.

IN THIS ISSUE

ACED with the problem of building, at

a conservative cost, a serviceable power
dam in a narrow gorge the bottom of which
is composed of glacial drift 140 feet thick,
the engineers adopted a type of rock-fill
structure that they had designed and suc-
cessfully constructed some years previously
in California. To prevent water from flow-
ing underneath the dam, a concrete cut-off
wall was extended down to bedrock and
notched into the canyon side walls. The
heel of the main structure rests on top of
this wall into which is keyed a concrete
apron that 1s on the upstream face of the
dam and that forms a water seal for it.
Precautions taken against the serious
cracking of this apron as a result of any
movement of the dam have thus far proved
to be very effective; and there is now less
leakage through the structure than when
it was first placed in service. For the in-
formation embodied in our description of
this dam and the illustrations included with
it, we are indebted to Sanderson & Porter,

the engineering firm responsible for the
design.

THE J. W. Van Dyke, the first of three
new Atlantic Refining Company oil

tankers, is described 1n our second article.

The power plant of this ship was engi-
neered along lines that have not previously
been applied to marine practice in this
country. In view of the high efficiencies
the vessel has thus far shown, it seems
reasonable to predict that the pioneering
done by Chief Engineer Goldsmith and his

staff will have considerable bearing upon
the design of future tankers.

N RECENT years we have published

several articles dealing with the develop-
ment of the modern rock drill. Another
one is presented this month, and in it will
be found not only some additional his-
torical data but also facts that emphasize
the important contribution the modern
rock drill makes to industrial and social
progress.
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A Peruvian Dam

of Unusual Design

THE POWER HOUSE

Above is an exterior view of the gener-
ating station, with the differential surge
tan in the background. The interior
view (right) shows the three 17,000-kva.
generators at present set up. Water for
the operation of this plant is conveyed
7,500 feet from Malpaso Canyon Dam
by tunnel, and reaches the turbines
through penstocks 814 feet in diameter.
Provision has been made for adding a
fourth unit when it is needed.

AIHGII. rock-fill dam of unusual de-
sign is one of the features of a hydro-
electric power project recently ‘com-
pleted in Peru by the Cerro de Pasco Cop-
per Corporation. It is located on the Man-
taro River, a tributary of the Amazon, and
about 15 miles upstream from the Town
of Oroya where much of the power will be
used. The dam site is a narrow gorge,
called Malpaso Canyon, through which the
river flowed at El. 12,515 between walls of
porphyry rock intruded in the sedimentary
formation that predominates at the surface
in that general area.

.T.hc gorge is at least partially of glacial
origin, and is filled to a depth of approxi-
mately 150 feet with bowlders, gravel, and
sand. At the dam site it is about 175 feet
wide at the former level of the river and
narrows to a bottom width of approxi-
mately 40 feet. It would have been too
costly to excavate all the material that
would have had to be removed to restadam

5916

Allen S. Pank

of conventional design on bedrock. Accord-
ingly, there was designed a rock-fill dam
the heel of which is supported by a solid-
concrete cut-off wall extending from EL
12,470 down to bedrock and the bodv of
which rests on the yielding material of the
river bed. The cut-off wall is 105 feet high,
and the dam proper rises an additional 255
feet, making an over-all height of 360 feet
from bedrock to the dam crest. The length
of the dam at the crest is 497 feet.

From the dam, a power tunnel, about
7,500 feet long, delivers water to the power
house, the tailrace of which is at El. 12,452.
At the lower end of this tunnel are four
penstock take-offs of which three are in use
while the fourth is held in reserve for fu-
ture development. Each of the three gen-
erating units now in service consists of a
vertical-shaft water wheel with a rated
capacity of 17,500 hp. when operating at
257 rpm. under a net head of 240 feet, and
is direct connected to a 17,000-kva. gener-

ator with all accessories for governing the
wheels and controlling and measuring the
electrical output. Current is developed at
11,000 volts and stepped up to 50,000 volts
for transmission.

The Mantaro River's tributaries rise on
the eastern slope of the highest ridge of
the Andes Mountains in Central Peru.
Within its drainage area is Lake Junin,
which lies at an altitude of 13,420 feet and
has a surface area at normal level of 147
square miles. As a part of the undertaking,
there was reared on the Mantaro a low
dam—called Upamayo Dam—by means of
which water can be diverted into Lake
Junin during high-flow periods and then
released during dry periods to flow down
the river to the Malpaso Canyon Dam. In
this manner the upper 10 feet of the lake's
water is controlled and its surface eleva-
tion made to fluctuate with the season be-
tween El. 13,410 and 13,420.

The upstream section of the Malpaso
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Canyon Dam consists of derrick-laid rocks
and tapers from a bottom thickness of 150
feet to a top thickness of 12 feet. The
upstream face has a slope of 1 horizontal
to 2 vertical, and the downstream face has
a slight batter of about 1 in 20. On the
upstream face is a rubble-masonry wall
which is laid in portland-cement mortar and
ranges in thickness from about 6 feet at
the bottom to 3 or 4 feet at the top. This
facing is made of large, selected rocks some
of which extend into the dry wall, thus
bonding the two sections together. Against
the upstream face of the rubble wall is laid
a reinforced-concrete apron which serves as
a water seal.

The downstream section of the dam is
composed of dumped rock. This has a uni-
form downstream slope of 114 horizontal
to 1 vertical, with a surcharge of material,
or source of supply, at the top that will
serve to compensate for the expected settle-
ment. This surcharge is 10 feet wide at
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the top and varies in height from 5 feet at
the axis of the dam to 2 feet at the ends.
In addition, waste rock from the excava-
tion for the spillway channel was used to
load the toe of the dam and also the natural
bed of the river to a point 400 feet down-
stream from the toe.

In order to increase bearing and contact
areas, to lessen settlement, and to add to
the weight of the derrick-laid upstream
wall, the spaces between large rocks were
hand chinked with smaller rocks and quarry
spalls, after which river gravel and sand
were washed into the remaining interstices
by streams of water 114 inches in diameter
and having a nozzle velocity of more than
100 feet a second. In placing large rocks
with derricks, care was taken to get a good
bearing of bedding surfaces and good end
contacts with large rocks already in posi-
tion before doing any chinking or washing
in of gravel. The native workmen employed
were very skillful in this type of dry-wall

GENERAL VIEWS OF DAM

The dam, with the water behind it at full-pool level, is shown at
the left. The white structure near the right-hand edge is the
gatehouse for controlling the admission of water to the power
tunnel. At the upper left are seen the power house and the surge
tank, which are approximately 114 miles distant from the dam.
Above is the reservoir basin after it started to fill with water.
The vertical contraction joints in the concrete apron are plainly
visible. At the left, above, is a view of the downstream face. The
canyon wall projects from the right-hand side almost to the center
of the picture; and the spillway, which has been paved since this
photograph was taken, extends down the rock face.

construction. They are descendants of the
ancient Incas, whose ability along this line
is evidenced by the remains of many fine
structures in Peru.

Material for the dam was obtained from
a quarry on the left bank of the gorge. The
dumped section was started by placing a
line of material across the canyon from wall
to wall, and was continued by dumping
rock down both slopes from the top of this
fll. The upstream face formed a V with
the downstream face of the derrick-laid
wall. As the two sections were built simul-
taneously, it was possible to keep the bot-
tom of this V-shaped pocket 5 to 10 feet
below the top of the derrick-laid wall and
thus develop considerable upstream thrust
against the downstream face of the latter
section before the water load was brought
to bear against it from the other side.

Only sound quarry rock was placed in the
dumped-fill section, and all material from
seams was wasted. As in the case of the
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MAIN LINE TO
MANTARO

GENERAL LAYOUT

This development is located in Central Pern and roughly east of Lima, on the eastern
side of the Andes. It supplies some of the electric power for the operation of the Cerro
de Pasco Copper Corporation’s reduction works at Oroya, approximately 15 miles
down the Mantaro River. The power tunnel has a cross-sectional area equivalent to
a circle 18.4 feet in diameter, except for 473 feet at its lower end where there is a 17-
foot-diameter, riveted steel pipe from which four 814-foot-diameter penstocks lead to

the power house.

The Punabamba River crosses the tunnel line in a deep gorge.

As the grade was near the surface at that point, an inclined shaft was driven to the
tunnel line and headings were then opened in both directions.

derrick-laid section, voids were filled with
gravel and quarry fines by streams of water,
and care was exercised to obtain good bear-
ing contacts of the larger pieces of rock be-
fore this was done. Also, as provided in
the specifications, the faces of the quarry
rock were washed clean of fine materials
before more was dumped on them. The
gravel and sand used for filling voids came
from a river deposit, about 3 miles down-
stream, that was also the source of the ag-
gregates for all the concrete required on
the job. These fines consisted of hard,
sound particles, and were washed free of
clay, loam, and silt before being delivered
to the dam.

The purpose of the concrete cut-off wall
is, of course, to prevent water from flowing
through the unconsolidated material on
which the dam rests at a velocity great
enough to remove or disturb any of it. To
accomplish this, the cut-off is notched into
sound rock across the bottom of the gorge
and up both sides from bottom to top. In
addition, the foundation as well as the abut-
ment rock was grouted by means of pipes
carried upward through the concrete. These
pipes were inserted in previously drilled
holes, and grout was not introduced until
the cut-off wall had risen high enough to
insure adequate penetration under the de-
sired pressure. The holes in the bottom
were vertical and averaged 8 feet in depth.
Those in the side walls were at an angle of
45° and from 12 to 17 feet deep.

In order to build this wall, it was neces-
sary to excavate a trench 150 feet deep the
full width of the gorge through the mixed
material of the river bed. The initial 70
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feet of the excavating was in open cut, but
from that point on down to the bottom of
the trench digging was continued between
steel-sheet-pile retaining walls. As the ma-
terial penetrated was highly pervious, suit-
able provisions had to be made for divert-

ing the river, for keeping the seepage water
down to a volume that would permit the
excavating and concrete pouring to be done
efficiently, and for the disposal of the water
that entered the trench.

Construction work was started in 1929;

- and the industrial outlook at that time was

such that it was deemed desirable to push
operations with all possible speed to make
additional electrical power available for the
smelting and refining plants at Oroya. The
building of the power house and driving of
the power tunnel were undertaken first, the
plan being to use the latter as a means
diverting the river during the rearing of the
dam. To expedite progress on the dam,
however, it was decided to drive a shorter
tunnel, for diversion purposes only, around
the dam site. This was begun in 1929 and
finished in 1930. If the coming of the de-
pression could have beer foreseeq. ‘this
work would not have been done, for all ear
struction activities were suspended in 1931
and not resumed until 1934. But in the
meanwhile, the power house, tunnel, and
Upamayo Dam had been completed, and
some work preliminary to the building of
the Malpaso Dam had been done.

For diverting the river, a dam was con-
structed of timber cribs filled with rock and
having a wall of steel sheet piling driven
along its upper face to a depth of 15 feet.
This structure was located about 50 feet
downstream from the portals of the diver-
sion tunnels and about 300 feet upstream
from the trench for the cut-off wall. The
water surface behind the diversion dam
was 165 feet higher than the bottom of the
trench. This head, along with the nearness

WASHING FINES INTO VOIDS

A view of the derrick-laid section, showing a high-pressure water jet in use washing
clean sand and gravel into spaces between large rocks. These were laid with care to
obtain good bearing and end contacts. Any large spaces remaining were chinked

before washing in the fine material.
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This unusual type of construction was adopted as an economic measure to obviate
excavating the 140 feet of glacial drift that would have had to be removed to seat
a dam of conventional design upon bedrock. The structure was required to be only
relatively tight, and this was accomplished by extending the concrete cut-off wall
underneath the heel to bedrock and by sealing the upstream face of the dam with a
concrete apron of such design that it will withstand considerable horizontal move-
ment without rupturing. The Relief Dam on the Stanislaus River in California is
of similar design. It is 150 feet high, and has been in service since 1907. It was planned
by Sanderson & Porter, the same engineering firm that designed the structure de-

scribed here.

of the dam to the trench and the loose char-
acter of the intervening ground, made the
problem of keeping excessive quantities of
water out of the trench a serious one. To
lessen the porosity of the river-bed material,
it was decided to inject hot asphalt—which
is liquid when placed and solid when cold—
into the ground where the diversion dam
was to rise. Its introduction was expected
to plug the larger openings and to reduce
the size of the smaller ones by compressing
the material.

The American Asphalt Grouting Com-
pany of Chattanooga, Tenn., was employed
to do this work, and sent down the neces-
sary equipment and materials and an ex-
perienced man to direct the operations. A
line of 3-inch pipes, spaced 7 feet apart,
was put down to ledge rock across the can-
von at the dam site. In each casing there
was placed a 114-inch pipe perforated with
34 inch holes at 6-inch intervals for 20 feet
from the bottom. This pipe was run down
to ledge rock, and the casing was then with-
drawn partway so that the pipe was un-
shielded up to the point where the perfo-
rations ended. A stopper to fill the annular
space between the 114- and 3-inch pipes
was next put in position and forced down
to the foot of the casing. Hot liquid as-
phalt pumped through the 114-inch pipes
issued from the openings and was thus
forced through the gorge fill. The pumping
pressures ranged from 20 to 600 pounds per
square inch. The asphalt was kept hot by
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passing an electric current through an iron
wire that was threaded into the inner pipe
to the bottom of which it was connected
but from which it was otherwise insulated.
When a hole took a comparatively large
amount of asphalt under low pressure, it
was assumed that the material was going
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beyond the limits within which grouting
was to be confined. Under such conditions
the current was switched off and the as-
phalt allowed to cool, after which the cur-
rent was turned on again and pumping
resumed when the asphalt in the pipe had
reached the desired temperature.
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DETAILS OF APRON BASE

The base of the concrete apron on the upstream face of the dam rests in a groove
in the top of the cut-off wall. To allow the apron to move horizontally ir ease of
settlement of the dam, spaces were left between it and the sides of the groove, both
upstream and downstream. Coal-tar pitch was placed in these; and in the concrete
on the downstream side are pockets into which the pitch will be forced i enough
pressure is applied. Leading from these pockets and through the conerete of the
cut-off wall are ducts through which the pitch can be extruded.
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Following the asphalt-grouting, the di-
version dam was constructed, and in a fur-
ther effort to reduce seepage, a clay blanket
was spread on the river bed above it for a
distance of 100 feet or more. These meas-
ures served to lessen the flow of water into
the cut-off-wall trench to an average of
around 700 gpm. As the cross-sectional
area of the fill material just downstream
of the diversion dam covers about 19,500
square feet, the seepage averaged only
about 0.036 gpm. per square foot.

For dewatering the cut-off trench, pumps
were placed in a sump at the bottom of a
shaft sunk through rock on the right bank
a short distance upstream from the trench.
A drift draining into this sump was driven
from a point near the shaft bottom to the
far side of the gorge. As holes drilled in
the roof of this drift did not permit the
water to drain into it fast enough, the roof
was blown off, and thereafter the water
entered freely.

As the water flowing through the tem-
porary diversion tunnel returned to the
river channel about 1,000 feet downstream
from the cut-off trench, seepage from this
source had to be taken care of. Until the
trench attained depth, this flowed under
the sheet piling to the pumps. Later a
drift was cut from the upstream side of the
trench to connect with the drift leading to
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the pumps. Before concrete was placed,
this water was trapped and carried through
the trench in an 8-inch pipe, which was
subsequently closed by a valve at each end
and filled with grout. Although it had to
travel three times as far and had 20 feet
less head to force it through the fill, the
flow of water from downstream equalled
or exceeded that from upstream, showing
that the measures taken to curtail seepage
from above were effective.

The upper part of the trench was exca-
vated by a steam shovel. With the water
drained out of it, the material would stand
at a slope of 50 to 60° from the horizontal
for a height of 60 to 80 feet. After sheeting
was introduced, the usual practice was to
drive the piling a foot and then to exca-
vate to or close to its bottom level. Thus,
if a bowlder was encountered, it could be
removed to facilitate driving. Structural
steel wales and bracing, with welded joints,
held apart the two rows of sheeting, which
were later embedded in the concrete. The
6,000 cubic yards of concrete required to
fill the trench was placed in a continuous
pour. The cut-off wall was completed 170
days after the river had been diverted.

The upper 24 feet of the cut-off wall is
a horizontal true arch, 32 feet thick, with
an upstream-face radius of 200 feet: the
lower section is in the form of a wide-angle

CONSTRUCTION OF CONCRETE APRON

Below EL 12,640, the apron has three vertical expansion
joints: above that elevation the joints are at 40-foot intervals.
The lower part of the apron is anchored to its rubble-masonry
backing by dowel pins spaced on 5-foot centers and indicated
on the drawing by dots. In the upper section, each 40-foot-
wide strip of concrete is anchored by a block of concrete,
4 feet wide and 3 feet deep, along its vertical center line.

This is seated in a groove in the rubble-masonry wall. Each
strip and its anchor block were placed in one continuous pour.
At each side of the apron, 1-inch-square steel bars anchored
in the rock of the canyon wall extend alternately 714 and 15
feet into the concrete. Only every third bar is shown in this
The figures along the right-hand edge refer to

V, pointed upstream. It is 26 feet thick at
the top and decreases with depth to a thick-
ness of 21 feet at the bottom because of
the tendency of the piling to bend inward
at the bottom when driven. In the top of
this wall there is a groove 314 feet deep
and varying in width from 7 feet at the
axis of the dam to 6 feet 4 inches at the
edges of the canyon walls. In this slot is
set the base of the concrete apron on the
upstream face. The apron is 5 feet thick
where it notches into the cut-off wall, nar-
rows to 36 inches 18 feet above its base,
and then tapers to 23 inches at EL 12,640
and to 10 inches at the top.

In the lower 170 feet of the apron are
three vertical contraction joints. One is on
the axis of the dam and extends from the
top of the cut-off wall at El. 12,470 to El.
12,640. The two others are 80 feet from
the respective sides of the center line and
extend from El. 12,530 to El. 12,640. These
joints were made by leaving a 1-inch space
and filling it with soft wood which would
undergo crushing when the gaps closed.
Each joint is sealed with a soft copper
plate the edges of which are embedded in
the concrete on both sides of the joint and
assume the form of a 3-inch-deep U in the
joint. Back of the plate is a pocket filled
with coal-tar pitch, while the space in front
of the plate is calked with oakum soaked
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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 hottom of the trench is shown
at the right. The lower ends of some of the interlocking steel piles are visible at the
upper right, and at the upper left are seen some of the cross members used for brac-
ing. These were later embedded in the concrete.

in pitch and held by a metal plate bolted
to the face of the apron.

From El 12,640 to the top of the dam
the apron has vertical contraction joints
at intervals of 40 feet. That portion of the
face will be exposed for weeks at a time,
during periods when the water is drawn
down, to daily variations in temperature,
which are considerable at this latitude and
altitude. The part of the apron below EL
12,640 will be continuously submerged, and
the temperature variation will not exceed
10° to 15°F. In addition to taking care of
contraction and expansion attributable to
temperature changes, both sets of joints
will serve another important purpose—
that of allowing the apron to adjust itself
to any horizontal movement of the dam.

Another feature of the design that is in-
tended to permit the apron to adjust itself
to any horizontal movement of the dam
with a minimum of damage is the horizon-
tal curvature given to the upstream face.
The rubble masonry of the upstream face
of the derrick-laid wall and, consequently,
the concrete apron which it supports, con-
form to the outer contour of a cylinder
with a 3,000-foot radius the axis of which
is in the same vertical plane as the axis of
the dam. Measured by the rise at the axis
of the dam, the convexity amounts to 0.91
foot at the bottom of the apron where the
distance between opposite canyon walls is
140 feet, and to 11.67 feet at the top of
the apron where the canyon walls are 500
feet apart.

From the top of the cut-off wall at EL
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12,470 to El. 12,660, the apron is reinforced
with a double layer of steel bars, each layer
containing both horizontal and vertical
members. The vertical bars of one layer
are 4 inches from the front face at the bot-
tom, the distance decreasing at El. 12,510
and 12,550 to 314 inches and 3 inches, re-
spectively. In the back layer, the vertical
rods are a like distance from the rear face
of the apron. Above EL 12,660 there is
but one layer running in both directions
and placed on the center line of the apron.
The accompanying table shows the sizes
of the rods and details of their spacing.
The apron is notched into sound rock in
the side walls of the gorge to an average
distance of 5 feet, the penetration being
greatest at the bottom and decreasing grad-
ually towards the top. One-inch square
bars, anchored from 3 to 5 feet in the side-
wall trenches, project alternately 714 and
15 feet into the apron just back of the front
layer of reinforcing, as given in the table.
This special reinforcing is designed to pre-

vent cracking of the apron along and near
the side walls where it is held firmly and
cannot follow any downstream movement
of the body of the dam.

Another construction measure was a-
dopted to help prevent serious cracking of
the apron at the sides. Downstream of the
side-wall trenches the rock sides of the can-
yon converge, and into these projecting
flanks there was cut a series of shoulders
or steps leading toward the axis of the dam.
The derrick-laid rock wall rests against
these rigid shoulders, and as its thickness
increases gradually for a short distance out
from the side walls, the amount of its yield-
ing or compression at those points under
loading was assumed to be approximately
proportionate to the thickness of the wall
from apron to shoulder. Thus provision
has been made for a gradual increase in the
movement of the apron as the distance in-
creases from the side-wall trenches, where
there can be no movement. It was believed
that this would permit the apron to adjust

BeETwEEN HorizoNTAL REINFORCEMENT VERTICAL REINFORCEMENT
ELEvVATIONS Froxt Back Froxt Back
12,470 & 12,510 1”rd 9.0" ctrs 17 vd 18" ctrs 17 sq 207 ctrs 17 sq 40 ctrs
12’510 & 1%,550 1”‘ " 10.511 b 1.'.' L Q]If % 1” e M” " 111 e 4‘8” L
19,550 & 1%’595 %l} L 10.5” " :,'/g.'l (13 211‘:’ % lrr % QSH (f 1rf i 56” 3
19,59.5 & ]Q,SGO VBH ‘ ]Q-Oﬂ' % TEH “ Q4h’ % 1!! £ fggll i 1” i G4ff €
Ox CENTER Ox CENTER
12,660 & 12,680 1" rd 10" ctrs 1 sq 20" ctrs
12,680 & 12,700 § LS LY e
12,700 & 12,725 TREESETA FACSE agtl
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itself, without serious cracking, to the
downstream movement of the dam result-
ing from settlement and compacting under
the water load.

The foot of the apron was sealed into
the groove in the top of the cut-off wall in
a manner that would allow it to move a
short distance downstream with the dam.
The top of the cut-off wall was expected
to remain rigid or to move only slightly,
so provision had to be made for the inde-
pendent movement of the base of the apron.
This was done by giving it a thickness less
than the width of the groove. At the axis
of the dam there is 24 inches of surplus
space, of which 18 inches is on the down-
stream side of the apron and 6 inches on
the upstream side. The groove gradually
narrows towards the ends of the dam, and
at the side walls the surplus space totals
10 inches, of which 4 inches is on the down.-
stream side of the apron and 6 inches on
the upstream side. The uniform space of
6 inches on the upstream side was filled
with coal-tar pitch immediately after the
apron was poured. The downstream space,
varying from 4 to 18 inches in width, was
filled with pitch for three-quarters of its
height before the foot of the apron was
poured. Pockets were left in the concrete
cut-off wall downstream of the groove into
which the pitch would be forced under the
application of sufficient pressure. In addi-
tion, ducts of 6-inch diameter leading from
each pitch pocket to the downstream face of

i B el b e 0 e K M s M i WS

the cut-off wall were placed in the concrete so
that, in case of a relatively large down-
stream movement of the apron, the pitch
would be extruded. A copper plate was
sealed into the concrete at the bottom of
the groove and into the upstream face of
the apron about 9 inches above its base.
The plate passes over a 2-inch wood roller
that was originally about 6 inches above
the line where the plate enters the concrete
of the apron.

Provisions were made to measure the
movement of the heel of the dam at three
points in the bottom of the apron just a-
bove the cut-off wall. Point No. 1 is 3 feet
to the right of the axis, Point No. 2 is 42
feet farther to the right, and Point No. 3
is 37 feet to the left of the axis. Between
October 3, 1936, when pouring of the apron
was completed, and January 29, 1937,
when the reservoir was full to the free spill-
way crest for the first time, the downstream
movement at Point No. 1 was 6 inches;
7}3 inches at Point No. 2; and 7Y inches
at Point No. 3. These measurements may
be inaccurate by as much as 14 inch be-
cause of changes, attributable to tempera-
ture variations, in the length of the cable
by which they were transmitted from the
foot of the apron to an observation station
above the water line of the full reservoir.
Up to the autumn of 1938, the total oh-
served movement at the three points was:
7 inches at No. 1: 934 inches at No. 2
1014 inches at No. 3.

BASE OF RUBBLE WALL

This wall was laid in portland-cement mortar and backs up the derrick-laid dry wall
that forms the nucleus of the upstream section of the dam. The rubble wall shown
here was faced with a concrete apron which extends down into the groove visible in

the top of the cut-off wall.

By comparing the height of individual pieces of rock in

the wall with that of the human figures, it will be observed that some very large

stones were placed in the structure.
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The continued tightness of such a dam *

depends largely upon the amount of its
settlement and upon the extent to which
the concrete apron can adjust itself to the
movement without opening up leakage
cracks. It was therefore important that
means be provided for measuring the settle-
ment. The internal settlement and com-
pacting of the material on which the dam
rests are combined in the total settlement.
Both were measured at intervals after plac-
ing of the rock began. In order to measure
the compacting of the foundation material,
a 2-inch pipe was cemented into a large
rock in the bottom course of the derrick-
laid wall. As the wall rose in height, the
pipe was extended to the top of the dam.
By taking the elevation of the top of this
pipe at regular intervals it was possible to
determine how much the foundation was
being compacted. The data thus obtained
are plotted in an accompanying illustration.
The rock in which the pipe is cemented is
about on the axis of the dam, 114 feet from
the heel. Directly above it, the wall rises
to its greatest height, so that the rock load
on the base can be assumed to be the max-
imum. During the construction of the
derrick-laid wall, observations were made
todetermine the combined foundation com-
pacting and the internal settlement of the
wall. The results were not satisfactory nor
conclusive; but the readings indicated that
the internal settlement was small.
Observations were also made during the
course of construction of points on the face
of the rubble-masonry wall to determine
the horizontal movement of the derrick-
laid portion of the dam. These points were
on the axis of the dam at EI 12,5325,
12,571, 12,614, 12,635, 12,684, and 12,725
—the top—and were designated as points
4,B,C,D, E, and F, respectively. During
the ten months starting with May, 1935,
Point 4 moved downstream 0.12 foot, By
October 1, 1936, when it was submerged,
it had returned upstream 0.09 foot, thus
leaving it 0.03 foot downstream from its
original position. Between October 14,
1935, and February 6, 1936, Point B moved
downstream 0.32 foot and then returned
0.17 foot by October 1, 1936, when it was
submerged permanently. Between Feb-
ruary 6, 1936, and June 8, 1936, Point C
moved downstream 0.3 foot, returned 0.1
foot in the next 32 days and again moved
slowly downstream, its net movement to
October 6, 1936, being 0.3 foot downstream.
Point D moved steadily downstream a total
distance of 1.2 feet between April 15, 1936,
and November 30, 1936. Point E likewise
had no backward movement and traveled
1.62 feet downstream between May, 1936,
and November 30, 1936. Point F had a
similar unbroken movement of 1.61 feet
downstream between July 6, 1936, and
November 30, 1936, During construction,
the rubble-masonry face of the derrick-laid
wall was always brought out to the line it
would have followed had there been no
horizontal movement between successive
lifts. As a consequence, the upstream face
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of the rubble masonry and_also o{ the C?R
crete apron was slightly dished, its prfo le
in a vertical plane parallel to the axis of the
dam being slightly concave upstrear{n.
Upon completion of .the concrete (apr}c;;ﬁ
to the top of the demck—lal_d \_vall, at d
12,725, brass bolts were set; in its t}?p fm :
spaced 9 inches on each side of t‘ e r.’ont
traction joints, which are -40 feet apdr].
Their elevations and ti’{e distance of ealm
one from a reference line no.rmal to EIF
axis of the dam were determme_d and re-
corded. At frequent intervals since thep.
observations have been made to ascerta}n
both the horizontal and vertical n}c])\]e-
ments of these markers, and they wﬂd he
continued until the movement of the an(1i
has ceased. Between Octobe.r 3, 1936, El.tv'l
February 26, 1939, the ho_rlzontal mc;_\ c;
ment of the bolt on the axis was 1.5‘%2f ce
and its vertical movement was 0.89 ;),ot.
About half of this movement took place
during the four monthg fr(m'x Octub-er;
1936, to January, 1937, mclusn's:, du‘rm%
which the pond was filled for the first Um]c'.
The movement has been proportionate y]
less towards the side walls. The vertica
movement has been about half the horizon-
tal movement, as it should be, so long as
the integrity of the apron and the upstream
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In any period in which there has. }efzn
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the spillway, a rise c'>f the water Itab %1 d:;
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would indicate that the volume of IF-:I .a]g’e
through the dam has increased. Cony e}’f:tﬁl 1,
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in its slope would indicate a d1mm(t)1t1;m
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for the inference that there .has been a xed
amount of dam leakage with a full pgn .
Since last October there has been a r(}'hgcl;
tion in the slope of the water table, \\k1c
would seem to indic;lte tthat the leakage
as decreased since that time.
hdfi‘lilzcsr;llway for the dam was f()rllned bny_
cutting a channel into the rock of t 11e cla .
von wall at the end of .th_e (_1am on tje- e
bank. The spillway weir is in two ‘SELtIOI’ItS.
Adjacent to the dam, ‘V\:ltl‘l their cress
at EL 12,705, are five T aintor gates, eac
20 feet wide. In line with these._and fex(;
tending toward the canyon \x."all, .15- a rzzt
spillway 134 feet long, with its weir (Ef,
at El. 12,715. With t.he reservoir sut ,au;
at El. 12,723.33, the discharge capa((;at} o_
the spillway weir is more than 36,0 se:e
ond-feet, but it is expected that not mo'll
than one-third of this volume of watef wi A
have to be passed over the dam, save a

infrequent intervals. J
Thqe period of greatest run-off of the Man
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taro River watershed is from January to
March, which is the time of greatest rain-
fall and also the summer season when snow
melts in the higher reaches of the Andes.
Severe rains may also fall in November and
December, and in some years they continue
into April and May. During the months
of greatest river flow, the gates of Upamayo
Dam will be closed to divert water into
Lake Junin for storage, and this diversion
will, it is estimated, reduce the volume of
flow at Malpaso Dam by 40 per cent. By
drawing down the water behind Malpaso
Dam 15 to 20 feet prior to the rainy
season, additional storage capacity will
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-
bout one-half the uncontrolled flood flow
of the river at Malpaso Canyon. By the
exercise of vigilance, and by the use of good
judgment in controlling the reservoir level
by spillway gates and power-station oper-
ation, it is believed that the spillway dis-
charge can be kept down to between 6,000
and 10,000 second-feet in most years and
that a discharge of 12,000 second-feet will
berare. .

Water flowing over the spillway drops
nearly 200 feet in 800 feet. The rock of
the mountainside over which it descends
was so badly cracked and broken that it
was evident that it would be rapidly eroded
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EXTENT OF FOUNDATION SETTLEMENT
Graph of data obtained by taking, at regular intervals during construction, the eleva-
tion of the top of a pipe cemented into a large rock in the bottom course of the derrick-
laid wall and carried upward as the wall rose in height.

by the water. Accordingly, it was necessary
to pave it with concrete. The floor pave-
ment of this channel has an average thick-
ness of 24 to 30 inches. [t is reinforced in
both directions and securely anchored to

AIR COMPRESSORS

Compressed air was supplied by these three Ingersoll-Rand Class PRE-2 machines,
each of which delivered 1,738 cfm. They were driven by direct-connected synchro-
nous motors. Most of the air was used to operate rock drills in driving the power
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
and with Ingersoll-Rand drifter drills. In the quarry, large quantities of rock were
brought down with each blast by the “coyote’” method—by drilling tunnels and
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

Jackhamers.

the rock by 1l4-inch square bolts, one to
80 square feet of concrete. Vent holes pre-
vent uplifting of the pavement by water
passing underneath it. The sides of the
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. At its 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-
tenant works were constructed by the Cerro
de Pasco Copper Corporation under the
direction of Harold Kingsmill, general man-
ager of its operations in Peru. J. F. Foran
was superintendent of construction. The
engineering was done by Sanderson & Por-
ter of New York, N. Y., and H. H. Haggard
of that firm was on the job throughout the

“construction period.
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