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SUBJECT: Hudson Volcano Report |
; DATE: 20 September 1991

Attached is a preliminary draft (with 3 tables Lf analyses)
of the INTRODUCTION/SUMMARY section ¢f our report of the AUG-SEPT
UN mission to assist Chile and Avgentina on some aspecta of the
eruptions of volcan lHudson, Chile. I thought it best to send

this lead saction to the distribution now, bacause the full dratt
O QUL Preilmlnary [eport 1% belulnd sch=uuly uwluy e the adidi—2

stop in Argentina and the necassity of my attendance o. the EST
Officer's workshop in Washington (on Monday) in preparation for
my new position in the US Embassy in Chile early next year. I
will continue to work on the report while in Washington, and
aiter xeceiving input that is pending on the seismicity from G.
Fuentealba (UFRO) and on analyses/maps/samples from Argentina
(oevlzlla and taller), T will wsmpleds dhe preliminary wapord,
hopefully within 2-3 weeks, with the final report to follow 2-3
weeks thsreafter, -

Ple2se let me know by telephone or FAX of any etrors or
omissiona of observation and fact in the Summary., aso that they
can be corrected and included in the actual report.

\

Xkxkx5 pagea of report and 4 pages of tables followkkx¥*
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PRELIMINARY REPORT OF THE UNITED NATIONS MISSION TO VYOLCAN HUDSON,
CHILE

21 AUGUST -- 15 SEPTEMBER 1991 ‘

NORMAN @ RANKS and MABYK (vENM

U. S. GEOLOGICAL SURVEY

INTRODUCTION AND SUMMARY |

N

This repci't presents, in preliminary form the technical data produced and ‘
observations made during our UN-sponsorsd mission of approximately 3 weeks to
assist the Chilean and Argentinsan governments with certain aspects of their

response to the 8-15 August 1991 eruptions of Volcan Hudson, southern Chile. ]
RBorciice tho ropers ia prelimina ; wiid o wdued by e wat!milb:- with  himnwaQ \

time on site, the evaluations and recommendations herein S$HAULD NOT BE
coraideresd an infallible forecast of the future expected behavior of the volcano,
NOR an all-encompassing guide for direction of improved responsd to tho current |
unrest. There undotubtadly are some errors of fact as well as both omittad and
unnecessary observations and recommondations that are endemic tc a visiting

consultant. Our final reporc, w bs sxpscted in 3-5 weweks, w111 be ltmro ‘el
Viewangt rovior wy LUl Ciligdit anag  Ar e;ltlnaan counoerpar‘t,s GG te Lo

work on the problems associated with the eruptions and continuing unrest of the

volcano, by incorporation of more analytical data, by more thorough consideraton

of our fiaid notes, and, perhaps, by new events that might occur at Volcan
Hiidson.

Our mission was charged specifically with assisting Chilean and Araentinean

sfforts in the evaluation of (A) the potential for environmental flucrine toxicity '
it wewnibwd by Lo voleaille orupuions oF August 19, anda (B) the currant and

potential future hazards presented by the volcano during this cycle of unrest,
Qur findings, when coupled with c¢ollateral studies by our Chilean and
Argentinean colleagues indicate (1) low likelihcud of acute fluorosis for grazing
animale and essentially none for humans in Chile and Argentina; (2) an
uncertain, and perhaps non-existent, potential for low-level fluorcsis in both

plume areas of the eruptionsg, (3) existence of cartain but incomnlataly svalistad
nyadroicgic hazards facing the Rio Ibafez and perhaps also the Ric Murta vallies

nn Chils and several others in both Chile and Argentina, (4) probably measureabls \
ampact on grazing animals and possibly fish frrom reduced food sources and
,gautromtenstmul probluins related to ash ingestion; (5) high ,expmctahon of
cceleratad vear of machinery, of frequent faﬂure of siectronie components, and
of degraded Wving conditions (and perhaps soms some impact on the »zaiun} for
tha human «nd animal populatiome in tha ssuthsastden piume arca from ¢hile 1
Chico-Fachinas to the Argentinean coast, perhaps for years, owing to dry climate,
atrong winds, and awborne reworking of the fine ash, and (6) a potential for
resumed volcanic activity that could broaden the scope of the 1mpact and which,
unfortunataly, is not heina monitored at the leve! that could provide the t1mo1y
short~ and medijum-term foracasting needed by civil defense authorities for
further response to the volcano crisis. In the long-term, however, the overall
affart nf tho orupeien will ke paaibive, Tho wwarae depusite vt Lho Uhilvan side
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of the border can be economically exploited, and the nutrient-rich addition to the
801ls in Chile and the Putagoman' pampa will improve the growth of grass and

shrubs used as feed b razm animalg; Hewever, land u iﬁ glanning & ould be
BINPIQYSU CO GuUArg againgst overuss ot this expecisd benef and a care ong-

term statistical study should be designed and immediataly implementsd to study
~3 the short-, medium-, and long-term positive and negative effects of the ash
deposits on the plants, animals, and humans,

Delayed and reduced access to the field in Chile limited triwe scope of our
‘evaluations and resulted in forecasts with less than satisfactory certamty about
the hvdralngicral hararde that fana H‘m Rin 1hafior telley, paasihh* the Nis Munmax,
and perhaps cther Chilean and some Argentinesn valleys. However, referral of
our data to Chilean and US debris flow specialists, plus the addit onal field work
we discussed with our colleagues, may provide the information necessary for civi)
‘officials to better plan and direct preventative measurea for ecﬁectad flooding
and possibly also post-eruptive debris flows in the affected va]leyh The dalayed
start in Chile also restricted the time available to study the! impact of the

ervpbion in Argenthia b Oly Lru par Llal days ol confw onices ll‘ DURNIVE AL,
‘Thus, avaluation of fluorine toxicity and, in particular, the short and lcng-term

neaith effects of the deposits and the wind~borne ash are npt as clear in
‘Argentina as they are in Chile. However, our Argentinean colleaguymss outlined the
extansive field studies that they have dons, and they will be pr‘OVIdmg theirr data
for consideration in the final report.

We hezrd, and read news storws, postulabing potanitimity catasirophic lnas

(as high as 30%; »f the report.od 3 million sheep and i willion beef zattle in the
affectad area of Patagenis borause of burial of grass, filling of water holea by
~ the blowing ash, and ash-biindiny of animals. Also health hazards to both

animals and humans are feared because of potentially high amounts of respirable
fine ash 1in the area. We were unable to obtain information te clarify these
hazards, to allay fears, or to provide informative statistics or the losses to date
in tha animal population, although ong infermatisn acurss plasea thass losass at
enly 200 sheep in Santa Cruz Province, Argentina. Thus, we outlined a program
chat would generate the statistical data necessary to track the impact of the
August 1991 eruptions of Volcan Hudson, and the expected arrival within the next
week of 3 USAID-funded volcanc-expsrienced physician and veterinarian should
ausist clarification of the threat to human and animal health. |

The eruptions were significant (1-2+ km3 of magma) but not huge events
Ly volianu standards,  1ng 1Moal 8-y AUGUST 8ruption (peginning abolt 182U h,
B August) was from a basaltic (50% Si0,) dike, northwsst and partly inside the
f10x7-kem, ice-filled, caldera. The basaft erupted both as a fire fountain and
pnraawmagmatmcall\{ producing a taphra and ash column 12 km hign, scoria flows
that covered 10 km‘ of the western caldera floor and some unknown area outside
of the caldera, a 4-km-long lava flow over the Huemules glacler, long-lived (12
houra) watar f]mr% down Rin Hiamnlae annd 8in Sanpnooa uancmn1 amd % pakRan
low-volume (*%¥ km®) airfall deposit to ** km north of the volcano. This ash had
a moderate level (100-300 ppm dry weight) of soluble fluorine that was quickly
reduced to 2-10 ppm by heavy raing during the next 2 weeks. rass growing
through this deposit has a background fluorine content of about 30 ppm. The
12=15 August sruption may have been due to secondary boiling triggerad by
intrusion of the 8 August, or other, basaltic dikes into the andesitic magma body
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under the caldera; bombs and lapilli of pumiceous andesite (60% Si0,) mixed with
chilled basalt are common in the airfall depesits. The 3-day andesitic eruption
produced a strong plinian column that ejected pyroclastic material into a very
strong SE-directad stratospheMc wind (185 km/hr) that kept the pluma narrow
aven T00 km from ths voicano. Ballistic pumiceous bombs 1 meter in diameter
were found 10 km from the vent where airfall deposits were more than 2.5 meters
thick. The 10 cm isopach reached just SE of Chile Chice (120 km SE of the vent)
and 1-2 ¢m of ash was deposited at the Argentinean coast. Fortunately,
pyroclastic flows did not spill onto the outer snow-covered flank3 of the summit
‘during this episode, and no additional mudfiows were reported. However,
ssasmdany waksp and pumiss flayas waps fapming am khas valeana'a flanita during
daily melting of the snow within days of the eruption. As most of the thick
depoaits on the steep mountainous terrain SE of the volcano are on and
interleaved with snow, downslope movement and associated hydrolbgwa] problems
for the downstream vallies are certain tc accelerate as the summer melting and
rains begin., The andesitic ash in Chile had low amounts of solublle fluorina (<20
ppm), and grass covered by or growing though the ash depomt&l has relatively
Tow of backyground Muoringe cunwenis.,  alsce, analysls of Plie Mlacliviis of Ue
Chilean deposits suggest that downwind (Argentinean) fluorine values will not be
gignificantly higher. \

With the database at hand, we find it most difficult to maké any forecasts
:about the future expected hahavior of the volcane. In the first! place, thare is
nco hazards majp for the volcano nor is there a detailed history of its past
activity. As a result, we are unable to apply the past as the key to forecasting
The TULure. JeCoNdly, IWoNyg I~«~0 sarvhiquakes contlnued In e Woohs Pollunling
the eruptions, and were still continuing after our departure. Plot of this eneryy
release does not descrius the logarithmic decay typical of volcarces which cease
activity following eruptions of the size that occurred during the August 1991

evants. Thirdly, menitorinu bsgan at minimal level after, not befcre, the
eruption, and i ¢mased 3 September after only 2 weechas, dospite continuing
geiemirity falt @e for we coyheinie (RN km) Thiis, with heithar a hassling

gstablished, nor sufficlent monitoring, we can offer on]y the two end-memher
altarnatives to the continuing strong seismic activity: a) the edifice is adjusting
gravitationally to the ejection of the 1~2 cubic kilometers of magma, or (2)
basaltic dikes continue to intrude the adifice. If the later, the potential for
‘additional, perhaps even larger, eruptions exists.

Our findings, recommendations, and preliminary field and laboratory data
wars givarm varbally togsthsr with analytiecal tablos and mape durimg nearly g
dozen meetings and debriefings (also in hard copy; see 10 September 1991
memorandum) to the concei-ned suthorities before leaving both courtries (to the
Intendencia and Comite Ejecutiva de Emergsencia in Coyhaique; to ONEM! and
SERNAGEOMIN 1in Santfagoe; to a number of departments and ministries in
Argentina; and to PNUD and US embassy offices in hoth countries)

Amand Qur recom 1% L
hy uFOlOQ'C hazatds pro-g]r‘wm%ag:\oni grg:aw vo‘canﬁg].dtgpof;{%&w P1m Qmoqr the

weﬂ]-supporbed and complete evaluation of the poamb]e volcano hazards of t.he
volcano; 3) establishment and maintenance of a vigorous and sppropriate
monitoring and alarm program for potantially impending eruptions and to assist
confident sconomic recovery of the region with confident identification of
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€688atI10N OF TNIS CYCI8 OT Bruptive activity; 4) Carsful swalisuical study of Lhe
Fffect of the ash deposits on the grazing animals in the affectad area; (5) a
sbhivng vlea Por the guverrments of Lotk ratisihs ts suppsrt aignifioant, long-
term, joint and meaningful geclogiec hazarde programs to assist batter preparation
and response to the next eruption that is certain to impact both countries along

ore than a thousand kilumeters of common border, Clearly neaded 1s a cadre
volcane harerdas volcanologists in both countries with eufficienmt eritical maes
jointly or indepsndently anticipate and manage the eruptions thet arae sure to
ur in the future. Encouragement of such a group will require better wages
s well a8 governmental and societal prestige for those who wish to dedicate
heir careers to what for Chile and Argentina is a necessary prafession.

The report will also provide a few obsei-vations and recommendations basad
n axperienca during other volcana crises where socicty and agtive veicanees
ooxist. Among these ara the need: (1) to edtablish executive coordinating
ommittees that meet regularly to coordinate and redirect information, studies,
nd resources, not only within varfous disciplines (volcanology, civil respanse,
ealth aspaects, economic recovery, press, etc.) but between them; and (2)
mplementation of regular (e.g. every night at 6 PM) radic and newspaper
Eu]letins that distribute the information about the volcano, i hazards, and

cvornmslhEA]l HLLpamas aima fimdinga ks tha paspla ane Bueimeec ihtorooto in the
area. Past experience indicates that such communication builds confidence in
government and morale of the porulation and thus provides ea#‘h'er return of
hope. Lack of communication can reault in erosion of conﬁdonc‘_e, rumors, and

'Feedless damage to or stagnation of economic recovery.

| Contributions to the Chilean study were made by volcanologists and
seismologists of SERNAGEOMIN, the Universidad de Chile (UC), and the
universigad de la rrontera (Urkuj. urs. nuyge riorenu and Juse Naanje (US and
SERNAGEOMIN), in particular, were maicr nartners of effort and thought at many
planning and responss meetings and at some 60 sites in the fieid where volcanic
deposits (60 sites), water (30-40 sites), and grass (15-20 sites) were sampied and
[dascm‘bed. Several flights over the caldera and the areas of ai-fall deposits, and
the examination of various video segments added to the geologic reconnaissance
lbf the eiuptive sveirts and asaasment of potontial hazarde of Vele&n Hudeon. Our
studies were also augmentad by 2 field trips and sampling of remacte sites by
Carabinsro teams, one up to the headwaters of Rio |bafiez and the other to the
toe of the Husmulss glacier. About 40 ash and 30 walter samples were processed
and analyzed on sz for F, Ci, pH, and conductivity with the portable lon
Selactive Electrode (ISE) sauipmmant hrought by the UN/USAES team. Additional
samples were shipped to the US for further analyses or were submitted to
!St‘HNAG:UMIN; some Of the samples were glven W O Alber e Villa of the
'Universidad de Chile (UC) for F analysas. Gi. Villa kindly allowed fincorporatation
f these data and other analyses he has done.

In Argentina, Dr. Hugo Corbella (CONOCIT), Dr. Miguel Hailar (Univ. de la
!Patagon‘k:a), Lic. Hector Ostera (CONICET), and Drs. Roberto Page and José Mendia
{Direccién Nacional de Mineria y Geologia) provided us with a fruitfu] nterchange
nf erianrca and havarde acsacamant nn tha depnaits and anecial orceblems of
airborne reworking of the ash in Santa Cruz Province, Argentina. We are
iexpeacting additional data from this souirce that will be incorporated in the final
report along with some of the ideas spawned during these meelings.
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we were supported tMnancailly and direclly In Liw fleld and in both capitals '
by the United Nation Development Program in Santiago and Buanos Afres, and in
Chile by the Cficina Naciona) de Emergencia of Chile (ONEM!), esspecially ONEMI's
field Manager Cristian Pefla. Many other individuals and additional resources of
the Intendencia (Coyhaique), EMSAA (Coyhaique), Carabinercs, and Fuerza Aersa
alsc supportsd cur work in Chile. Most of the sampling and hazards observations

wa mads {m Ohila weuld heuve hoan impnooihla withanit tha interast willinanass.
and skill of our Carabinero and Fuerza Asrea pilots and crews, with whom it was '
a very definite pleasure to work. |
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E 1--Anallisis Quinico de Tipo Electredo Ionico Selective
Fy §l en proporcion al peso seco de la ceniza Anion Soluble ‘
en La Ceniza  pH 10/1 CONDUCT.
- LOCALIDAD i FECHA  Nu. Muestra Fracion Commentario F tl H20/Ash u mol/ce
~L¥IZTTTTEN ' - cERTET eSS RAS TS SR ERANE TS IEERR SIS RNRNXSISSRENRITIIN
4 PQR SURESTE (12-15 AUG) 1.5
la ctliico f 12-Aug-91 A12 Compuesto 5008 13 175 6.3 445
1o Chico 12-Aug-91 Al2 (1.000.5 an Seca 15 47 6.3
e Chico 12-Aug=91 A12 0.5 na Seca 14 17§ 6.9 490
.18 Chico 13-Aug-91 413 Compuesto 5aca § L1 6.3 305
t1e Chico 13-Aug-91 A3 (1.000.5 me  Seca 5 6 6.4 208
18 Cpico 13-aug-91 A13 )0.5 an a4 7 10 6.3 380
18 Chico 14-Aug-91 Al4 Conpussto Seca 4 ] 6.1 175
.8 Cplco 14-Aug-91 Al4 (1.000.5 on  Seca 4 6 6.2 160
.o Chico 14-Aug-91 Al4 0.5 mn Saca 5 10 6.3 270
tle Chloo 1Rednoa9! 14 Fomeuagto S8ed 4 7 6.1
e Chico 15-Aug-91 A15 (1.000.5 sn  Sace 4 oY 0.
tle Chico 15-Aug-91 A15 }0.5 on Seca 5 102 6.3
1o Cheo 23-Aug-91 NB91HOZ  Compuesto 9 2 €.
(e ico 23-Aug-91 NB9LHOZ  (1.0)0.5 am R ZE 6.6
il aleo 23-Aug-91 NB91HOZ  10.5 on 8 2 6.7
ile thco 23~Aug-91 NB91HKD2 Capa de sal 35 219? 6.3 2800
11 Chico 29-Aug-91 ¢ Compuesto 1.00  18.6 1.2 e
*1 Ghico 29-Aug-91 * Conpuesto 0.7 5.5 6.6 430
i Ghico 29-Aug-91 + Conpussto 094 42 67 0
Wnot=)C.Castille  27-Aug-91 NB9IHD8  Compuesto N 2 7 6.8 ki
ta|r faétilla 77-Aua-91 KBIIHDI0  Commugste 2 (O.is 6.4 20
ants!C.Castille 27-hug-91 KB9LHDIO  (1.0)0.5 um ¢ V4o w.b T
sntelC.Castillo  27-Aug-91 NESINDIO 0.5 ma 5 {04 6.5 1
l1a Cerro Cagtillo IAN 6 Corpussto 6.3
.2 lbanez JAN 4 {ompussto 8.1
o Ibanex HG-1 Ponice 18 I
.0.1banez 27-Aug-91 NB31HD14  Cospuesto 4 8 7 78
0. 1bpnez 27-Aug~91 NB9IHDI4  (1.0)0.5 mm ] 5 6.3 63
¢.Ibanez 27-Aug-91 NB9LHDL4 0.5 ma 5 $ 7.9 e
red Fachinaa 29~Aug-91 NB9IHD2Y  Coerussio 4 b0 4.3 a7
s-ca Fachinas! 29-8u5-51 NBYIHD24  Compussto 1 8 £.2
ihrana geropto.  28-Aug-91 NB9IND16  Compussto :
bLh Alo tbanex  9%-Aug-9% MDOLHDI2  Campuoota 7 291 b.1 920
»on 31-Aug-91 NB91KD33A Compussto ’
.0 Cajon 31-Aug-91 NB9IHDI3B Compusesic )
.0 Cajon 31-Aug-91 NBIIHDIIC Compuesto Tods la nuesta ssta (0.5 ma 3 7 6.7 615
10 tajon 31-8ug-91 NB9IHDIID Cowpuesto Tods la muesta o8ta (0.5 me i 17 6.7 1080
.0 cafon 31-Aug-91 NB91RDI3E Compussto § 80 5 510
‘ltgjon 31-Aug-91 NBIIHDIIF (ompuwsto 6 A8 6.7 615
s Firloso 31-Aug-91 NBOIHDA4  ompussto |
0. Nurta 01-Sep-91 NB9IHDI5  Compuesto 1 7 6.5
_JHATPOR NORTE (8-10 AUG) .
LU MpBel Roidpbu. 20 Auy 1 HDOLHOLD  Cempuesio Tnds 1o wianta asta (0 5 b { {d.Z 6.4 1§
0. dysen 08-Aug-91 JAN 04 Compuesto Seca 315 593
to0. fysen 08-Aug-91 JAN 0B Compuesto  Seca 225 ‘
20, flsnes 08-Aug-91 HG-1 Conpuesto  Sech KL 430
1o, fisnes 30-hug-91 NB91HD29  Compuesto Seca, tode la muesta esta (0.5 mm B4 102 6.1 165
30 kn E, Pto  Cisnes 30-Aug-91 NB3IHD28  Compuests Toda la muesta esta (0.5 na 4 k 6.5 10 |
) ans of Pujuguapi 30-Aug-91 NB91HD2?  Compueato Toda la muesta ezta (0.5 m 3 0.5 6.2 13
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suapi Aerporto.  30-Aug-91 NB91HD26  Compuesto K] 45 5.2 68 J
7.1

antd 30-Aug-91 NBILHD2S  Compusste 1 51
:E::’K!l:::: I‘.’:::::l!:ﬂ::::t‘l'ﬂ:::-ll!::::::ll.l::===‘Il:===:Il'l.=:::Bl’::::"l.'::::"'x::::tK‘!t:::=:":====:ll‘: a
. Anallsls ¢{lorlnetrico de EMSSA |
)
Lfd)
l !
-21-91 5AT 13:31 G3 F.Q
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» 2--pnalisis Quimico de Tipo Electrodo Ionico $electivo
Fy Cl an Muestras del Agua
CONDUCT,
2iidad N¢. Muestra Tigo F u nol/ca
:l=== :ll!:::lll::::ll'::tllI::::ll’l:::ll!:-::Ill::::li‘::::!l‘::lllt:::!Il;::llﬂ:::ll:::tll::::ll:::llll::!:‘::l:ll!:::ll
ite erxno p» galud 1.5 2%
caC. Cnnt1119 27-Aug-91 NB9IHDIL  Arroyo 0.22 1.2 7.8 100
in--)Pto Ibanez 27-Aug-91 NB9IHDIZ  Posa 0,38 3 7.9 267
nn--)|Pto Ibanez 27-Aug-91 NB9IHD14  Posa 110 1.3 7.4 450
1, Ibdner 20-Aug-91 NB9IHDI4  Lago 0,25 08 15 19
T ihdnen 31mbna=Q1 NRQIMNIE  Aqus Potable 0.27 1.2 7.1 267
' 27-hug=91 2lake??? Lago vogt 14,8 c.0 7"
:hranq 28-Aug-91 NB9LHD16  Agua Potable antes 0.16 1.5 7 52
rca Chile Chico 29-Aug-91 NB9LHDI?  Arroyo Turbid 0.50 16 7.9 640
rca FAchinas | 29-Aug-91 NROIND22  Lago Claar 1.10 6 66 400
3 Aviles ‘ 29-Aug=91 NE9IKD23 Rio {0,2 l.q 6.9 80
Junta Aeropuarto  30-Aug-91 NBIIND25  Posa 0.30 (0,4 6.1 i1
ruguapi Aerpofto.  30-Aug-91 NBIIHO26  Posa Near Sea 0.52 0. 6.0 1"
Km stof Puyu uapi 30-Aug-91 NB91HD27 Aroyo glacial (0,2 1. 6.6 26
W0 " E, Pto. Cisnas 30-Aug-91 NB91KD28 Nieve con ceneza
) Pio. Oirnoo 20=Aug«91 NRRVHMNIN  Posa 0.30 2. 6.4 15
.0 turfoso {1-Sep-91 NB9LHDI4  Rio V.0 o.} IR 02
0., M\irta 01-50p-91 NBIIHD3ISWI Posa (0,2 (0,‘ 6.6 20
0. Miitd 01-Sep-91 NB9IHD35wp Agua patabls 3.00 0.8 105
.o Chiflon 02-5ep-91 NROTHDAL  Rio 0.50 10 69 38
erca Rio Avellano  02-Sep-91 NB9LHD48  Nieve con ceniza 1.40 18 0.6 57§
lo Ibaner 27-Aug-91 R-IBAN-} Rio ' 1.10 4.2 7.1 413
10 Ib;nez 29-Aug-91 R-IBAN-2  Rio 1.30 5 6.6 . 860
io Ibanez 29-Aug~91 R-I8AN-3 Rie 0.3 q, 6.7 185
naique 26-Aug-91 Intendecis Agua Potable (¢,2 24 .3
hile Lhico 23-hug-91 Hogpital Agua Potable {0,2 (0,5 7.2
nili Enlco -Auy Y 4 Agus Detablo 0.48 1 6.9 98 !
'to. Ibanes ' Agua Potable 0.52 | !4 200
-arvo Castillo % Agua Potable 0.45 ! 6.8 90
“orro Lastillo 24-Aug-91 # Ague Potable 0,02 61 7.4 -
*to, Chatabuco ' Agua Potable 0.80 73 30
>to, Chetabuco 13-Aug-91 % Agua Potable 0.10 28 7.5 -~
2to.Avsen % Agua Potable 0.56 [ 6.7 30
ot en 13-Aug-91 o Agus Potable 1,50 22;.3 6.7 300 |
N X Agua Potable 0.55 7.2 90
.ago Gero ] Lago ’
chiliiChico ’ 23-Aug-91 * Agua Potable 0.06 2.9 7.3
M chico 28-hug-91 Ayug Potatls 0.50 3.7 758 63
sailifehiee %-4na-91 Agua Potable 0.37 4.8 7.2 319
»hxli!thxco , 28-Aug-9! ¢ Agua Potable .53 1.6 "4 178 |
“Miichico 28-Aug-91 Agua Potable 0.23 7.9 1.5 150
ochrane 22-Aug-91 % Agua Pateble 0.10 .8 1.5 -
h::::E.'l::::lt:::::’l:::lll::::lll:::lll:::::li!:::_IL:-._:IIB::Bl!l:::!ll:::(h:::::ll:::tli:::!ll: {
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~ J~"RNELIBIE uuirlto d¢ raste pui fluvi. rur N, villa, Unlv. Chlle

ddad l FECHA  Nu. Muestra Tipo Commantario F

. xln:x:::::k:::::zu:nu--nn:::::::::::::::::u‘ux::::::::::::::::unllltt:::::::::::llll"

' POR SURESTE (12-15 AUG)

g Cofre 13 72.5
Castille JaN-4 Pasto de niel 64,0
thico 26-Aug-9! NBIIHD2  Pasto de miel 151.2
Chico $19 95.5

v Chico 33 85.8

- Chico 14 testigo sin ciniza 102.0
g 28-hug-91 NBIIHDIS  Pasto de nlel 29.0

co-Fachinag Via 29-Aua-91 NB9LHD2L  Pasto de aiel 69.5 "

ango 12 10.5
nag 116 4.3

088 $17 39.9

o lbanez $10 testigo sin ciniza 114.0 "
- banez Voo testigo sin ciniza 101.0
Nurte '} K1 9K]
FIR NORTE | 8-10 AVG)
igqr JAN-1 Pasto de aiel 15.7
1 Lropuerto  30~Aug-91 NBILHD2S  Pasto de aiel 4.1
iysen 26-Aug-91 NB9iMDi5A Paste 4¢ riel 3.9
58N 28-Aug-91 NB91HD158 Pasto de misl 29.0
Y8R JAN-0 pasto de niel 215.0
88N Av-1 Pagto de nisl - 280.0
1anes 30 Aug 71 NDPLIIDZ?  Pasto d¢ miol 274
.apl Aerporto.  30-Aug 91 NB9IHD26  Pasto de misl 13.2
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