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HYDROLOGIC INVESTIGATIONS IN THE ARAGUAIA-TOCANTINS RIVER BASIN (BRAZIL)
By Leonard J. Snell

ABSTRACT

The Araguaia-Tocantins River basin system of central and northern Brazil
drains an area of about 770,000 square kilometers and has the potential for
supporting large—scale developments. During a short visit to the headquarters
of the Interstate Commission for the Araguaia-Tocantins Valley and to several
stream~gaging stations in June 1964, the author reviewed the status of the
streanflow and meteorological data—collection programs in relation to the
pressing needs of development project studies.

To provide data for areal and project—site studies and for main-stream
sites, an initial network of 33 stream gaging stations was proposed, including
the 7 stations then in operation. Suggestions were made in regard to operations
staffing and equipment. Organizational responsibilities for operations were
found to be divided uncertainly.

The Brazilian Meteorological Service had 15 synoptic stations in operaticn
in and near the basin, some in need of reconditioning. Plans were at hand for
the addition of 15 sites to the synoptic network and for limited data coliectio
at 27 other sites. The author proposed collection of precipitation data at
about 50 other locations to achieve a more representative areal distribution.
Temperature, evaporation, and upper—air data sites were suggested to enhance th
prospective hydrometeorclogical studies.



HYDRCL OGS TNYRSTIGATIONS TN _TD KECEIVED

ARAGTIATZ-"CCANTINS RIVAR BASI4 [BRAZI] 6 1964
jﬁrlléZhhéVw/ J. Szwre// JUL
ontroduebion FOREIGN HYDROLOGY SECTION

The purpose of ihe vigit to the hesadquar~ s of CIVAT {The
szate Compdasion o the Ara sguaia~loecan”!

Tntar i “Los Valley) was to
review with CIVAT personnel ths existing hyoro.ogic program la

the basin snd to sujpens & program to meet the needs of the studies
For proposed lavge-scels CQa“opqenuﬁ in the Masinu

The Commlssion was orgaqu”zed in 1902 ead Ls cruposed of”
pregentatives froo the States of Pard, Mare: hio, [ito Grossa,
s, and the Fedcral bistrict. The Comnmlssion visuailzes the
lopment of i%crvveﬂ 5 o cultare, large goentities of possible
seliectric power, mk ovement of n&vlgauch drain&ge of
e marshy srgeaes for agricultuvel us

strial preduction in thab lerge, re:a =y
.931040 The busls Por much of the de ozl ﬁmuﬂ is the
control of the wuier of the Aragusie wno Tocanting Rlvers
tre dis c¢nrqe o, which., beiow ha?&U&, is
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...:f’ ORT ROIJX
The ‘“ag ale-Toceatine Biver basin {inelvass en arsa of

hout {76,000 sguare kilometere (300,000 sq wiles) batween lati-
tudas 29 and 18% S, and lon nyltudes 1160 and 55° K. The length from
the source of the Arsguats Piver, west of Goiania, to the Bay of
Marajo, at Belem, 1s more than 2200 kllometers (1500 miles). The
valley averages abcy: 500 kilometers {300 miles) in width above
the confliuvence of th: Araguaia and Tosantias Rivers near maraba,
about 500 kilometers from the moubh.

5‘..

Topographically the sres is generally relsatively flet in the
nerthern half with geatly rolling to rugged hills in the hilgher
vegions; streams contain a large number of falls and rapids which
range vp to 20 msters in fall. Moat of the area lies betueen 200
and 600 meters ia elevation elthough in the extreme upstream

areas the slevations exceed 1200 wmeters; the lowsst 200 kilometers
however &re mostly bralded tidsl flets. The extsnsive wmearshy
area of some 50,000 sguare kilowmeters along the Aragusla River
at sn elevation of nearly 200 meters is a distinct feature and is
an asrece which may becomne good agricultuwral lend if provided with
dralnage and flood control measures. [See Fi'ﬂures']

Native vegetsiion and cover varles from relatively barren and
gnassy on extensive areas cf thin soll cover in the uplands to the
tropical rain forests in the lower reaches. In wost of the basin
the soils appear to be mainly recent alluvial deposits, but with
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meo~ivae outeroppings of roclr Jarmations vhich result in the
numersus rapids 2ni Tells "2on sre the apparsat cause of the
barrisvs to dralnag: s:ch 2= on the Araguala River.,

=3

Phe ciimate of troplcal but variss from the
tropleel humid to et higher elevations. A
low pratsure ooel of Brazll ia swimer when the |
34 TOrLTE BTG DS aln 5 iy masses Tt the noriheast
wodeh pePold Lo sk Duoosos o, 2o precipitat;cr 0 winter the

et

K Lo A
€.20bs 8re lar euy Yron tha zast. Preelpitation i8 almoed
lng the guincer Lorii o Acl Gversges from 1500 to 2000 mna

t of the bagin LoV r? 2500 wm norch of baraba.

s precileally yrec! itestiosn In June, July and August.
23irum obssrved rnfc siwoticn iu 2l hours in the basin

S omm at Belem on Mer. 13, 1931L. 65@8 Figure 1.)

Mz 256 from about 2560 to 26°C
thy o and anmual rong COnY CoM=
sailderrad “1& basin, whsre the nemid tropical
ciimate an wperstuce varies less than 2°G,
wish the e acons o e ze nperat u; 28 in ths bigher
soutnsr. regiong have & 7 Ll 233 even e€X &ealng
1@90, Whith tewpcratur I nzoin winte? and
vp to LOYC in sSunm

Reletive bunidiz: o
tre besin to 635 in thc

Hroeolosis Tnformation

PTG

The susrmous nren ondsy uqos:daration? which is largsr than
meny countries of the worlia, would regqulire very exteasive networks
of sireenflow, wusteoroleglcesli, “dd climatologicel stations if the
develilopnment, populoilon, asd osthey Tectors required cr permitted.

counctries would have a total of more than
tiong anc mure than 300 streamflow stations
However, becsuse of the sparseness of

In tect, most devels
& thouseand rainfe. .
in sn erea of that

B ot @
o m ™

&
nﬂpulation, the abseunce of Lnaz;c;v and agriculturs to benefit
from such aate, and the difficuliy oi transportation and communl-
cations 1n much of g basin, very 1ittle data has been obtalaed
Lie

oM
ol m':}‘d‘.. !—'-m*c e SR VNN G
b

in the past. ﬁven p”@&ﬁlu sime 1t 1s probable that only
the nost necessary cet prellable stations of the various
ne tworks should be 1qae“ua"euc Jats should first be obtained
which will meet the greatest nced in the planning of the develop-
ments now preposed and for some good general hydrologlc data in
the besini the networks may then eypaad end f£i1l gaps as sites
become accessible and &s porsoxuel and equlpment become svallable.

SEmoe
i

A French consulting organlzeiion, SCsT (Soclete Centamle
pour Liixqulpment du Terrlitoire), has nade a detasiled solils and
hydrologic study of the Alto Argbuaia ares and will submit &
report (prepered in France)] to CIVAT in July 196l. The group
made recoanaissance trips throughout the basin, largely by alr,

2



to view vegetatlon, possible dun sltes; and gaging staticn sites,
&nd related loformation. They plan to propsre & suggested hydro
loglcal plan for tne entire basin In addition to the indiyvidual
"basin Studles" of Alto Araguais, Farinhes, snd Alto Parana
River btasias to which thoir studlies were msainly oriented.

18 netwovk streomTlow ctation should consider the res -~
ntr fox p1< 11; 1 the followLné waher-usc or water-cont 0,
3 i“oleunﬂ1c pover
Irrigation
Flood conirol
Drainage
Navigation '
Industrial end wmunicipal use

1
Jt
i3]

Streamilow discharge date is required for the determinatjon
of the cepacity end production of power at. hydrcoelectric projact
and the determinetion of spillway capacit™ies. For irrigatio
@tx&ieo or planning the dats is asedsd Lo determine ths amounq of

and wr(ich may be irrvigetsi s well as for raservoir and sp;llyay
canﬂv1‘ifu “100% control ig based on the capacity of a channgl -
to carry thoe '“to?, the copacity of gtorape reservolrs to regulate
the flom, and of their spillway cepacitles. The study of drainage
requires kaowledge of the inflow and outfiow of water in the
problem aresa. Mavigaticn studies require discharge data throughou
the reaches to be studled In ordar to lsarn the steps to be taken
to improve dsapith of cheaonsl, or velocwty, or other problems
in certeln reacheS. For indusurial and wmunicipal requirements
the amcunt and the guelity of water need to be knhowhe

In conjunction with river discharge and stege data it is
necessary to know other cheracteristics of the rivers. The
sediment discharge should bhe studied at lmportant reservoir sites
for the detsrmination of sllt stcrage requirements since silting -
of a ressrvoir will reduce the active cepacity; sediment discharg
data, and especially the heavier bed-load movement, i1s needed to
stuay the formation and changes in sand end gravel bars in a yiver
which would affect navxgationo Sedimeant depocsition on irrigated -
lands wzay be a benefit or a detriment depending on ths type and“\
gquantity of sedimsents and of the solls irrigated.

The chemicel quality of water should be known in the varioua
parts of the basin to understand its effect on crops if used for
irrigation, and for industrial ok other use. Only occasional
analyses of water samples would be necessary for such studles,

The great ebundance of asurface water in the basin which at
present 1lg not belaopg utilized appears to indicate that large scale
ground water use would be a futtre development. However, in
certain areas 1t may be desirable to conslider pumping of under=
ground water for intensive use and, also, such pumping might be
carried on in presently marshy areas for the dual purpose of
drainage and irrigation.



Metecorologicnl date gre needed to better understand the climate
of the area since metocorological steticns are ncw so few . Rainfall
and tempereture, scpeclally should be known and evaporatlon,
humidity, and. othor datzalse be avallable for study. Good rainfall
data can provide informstion For corrslation studies. Howsver,
since the dat2 for individoel rainfall statlions vary considerably
it is nacezsary olal & large number bs sstablished.

In the uss of ceorrelation studiss te produce data fer an area

wvhere dats 13 nol svalloble iL must be realized that correlation

is merely a veol Dy which te try to meke en sducated estimate.
There muat be reiishle data as o base from which to begin and such
data should cover 2 large encugn poricd of years end of area to be
rapresentaetive. ”or*ela+ion bosed on strsamflow 18 less srratic
trzon rainfail dats since runci'{ data tends to integrate the ssv.ral
factors in a uas'n, such as rainfall, evaporation znd transplration,
geology, &nd topegraphy wVLCﬂ inflivense runoff.

ons La cu srea the size of thse .
very lavse progrem and 1t will be
zta can be obtelned, and much willl
art neads to be mads and from
nd as funds, personnel, and

Hydrological 1
Araguala~Tocantline vasia is a
TMANY yeers
probasbly noever
thers ths i“‘b?uiLuVJOQS a& 8XpL
equipment allow.-

There haw bean very 1little date cobtainsd in ths Araguala-
Tecentins baein, he Meteorological Service of the sinistry of
Arriculturs hazs operated observetion stations at & number of places
but date has besen ILncompletz sna irbe‘mittant, probably beczauas,

of Ilasufficient supervision, wmaiantenance, repair, or replacement
~.of equlpment. Streamflow datz are even more scarce. rrior to
wmld=190]1 when CulG (Centrais wmletricais de Goias) began streamflow
investigations throu;’ HIDRCSLRVICK, an englneering and consulting
firm, the only data ccnsisted cf gega regdings at several polnts

on the Tocantins River by CHORTA (Comissac do3 Estudos — Je Obras
des Rios Tocantins e Araguaia). Thet organization is now included
in the Department of Rlvers and Harbors, which also has a hydrology
section for 1ts hydrological studies. DBecavse of the need for
data, CIVAT has begun investigaticns and operate one dischapge
station st the present time.

It is unfortunate that lack of foresight by the englineering
and zclentific professicns, by governmental agencies in general,
and the Divisao das Aguas has permuitted sc great a river basin to
have gone so0 long without at least a few streamflow discharge
stations since Rio Tocantins is acbtually one of the largest rivers
in the world. However, slnce back data are not available 1t is
most desirable to begin runoff investiyations as soon as posslble
to meet ilmmedlate needs fecr basin plaenning and for the long range
study of the regime of the basin so as to evesluate over succesding
decades the effect of man-made changes through water use and control
as well as to study possible long-range cliuatic changes in the area.

IN
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A pooa streamflow network 1s desirable to meet 21l nesds
both pruiont and fubure, incluvding individural project planning

{(whichk, & bowever, weny engineers. seem Lo velieve 1s the only
purpose cf data), runoff from the various parts of the besin for
foture siuGloes and planaing, and loungange index stetions on
tre main cten of the rivers aud on tributaries to learn the )
long ~TOIE cnanyres In the arysten. A8 so little has been done
Zace te desirable progran g large, ha*ever, slnce costs
1ways ove e limlting factor. the progran should begin modestly
wafr e vost urgently needed stations and those most essily
opereted Zivenr the first priority.

-

\
3
-
n

Reinfell is mostly dnrlng the ®mwmer months and streacflow,
accordingly, 18 greatest daﬁhng the Decembor-February psriod.
To avoid the difficulties in conparison and correlation of dats

during high discharge perlods it is ,ubueuted thet the water-yes»,

basis be usod coverlang the psriod October 1 to September 30,
Stresams are geaerally at, or nsar, Gheir low points in the basin

at that tice so that annusl or scagoansl date are meore easlily

weasursnant, but with the "ueon-

me thods.,

a3

sectlons,

compared.

Jscrorge measuromsats by ©

ot

BLORUSARVICE are by usvel U.S«
methode ,- that is, the 0.2 =znd 0

%gth methad for velOPlty
on™ method for tbeir com~,_
putation. At the one dischargse s
the dlacharge 1s measwxed by abto
at cach ol about a devan sect i“ra

if CIVAT is to opsruls °ta 1oas 1t is recommenued thet
the 0.2 204 0.0 depth Lalucic nethoed be wsed, with 20, or more,

24 thet ths "wlua- eecz.on* revhod of dischargs compu-
tatlon bs nged, eincs 1t wiil tpesd up the flsld work slightly
g0 reduce the computation of tha measurexent to a smsll fractlon
of the time it now takes.

CIVAT has not yet made dally dlscharge computations but
BEIDROSLRVICE, likge the Divisdo das Aguas, computes dally discherge
from ths eguation I the stages-discherge relation curve., The
"rating teble"” method as used in the U.S. is & more easy method
of computation and seems morse flexible in that shifting control
adjustments are easily made; alse, the appllcation of discharge..
may be done by most smployees after any shift adjustmentis are
determined by an eunglneer or techalcian.

kelsting Streamflow Data and Program

pata avalleble and ststions operated at the present time
(June 196L) are a8 given below. The accuracy end relisbility
of the data 13 probably gcod to fair except that high dishharge
data 1s scarce and changes of gages at some locations msy make
even the short pserlods of record difficelt to review. Also, e
large number cof discharge messurements were made
during each infrequent visit to a station snd many were made
either on the same day or at the same stage during the visit,

5
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"Rio Tocantins et 8o Felis, Golas

Let 1393315, long LB006'4, neer Sao Felix dem site, 400 m down=-
streaw from Ric Sac Felir. oralnage ares, 55,500 sq km. Station
satablished by hHINuISsRVISE for CrLG Sepbtember 1901. Gage helghts
avelladle from Ssptomver 1901 to Descember 1962 and probebly to
pregent, Sinty-four discharge measurements wmede from Septsniber
1961 to sovember 1953, but were made in five or six groups so not
woll disiributed. fighest discharge measuremzat, 1190 m>/s et [;.08m
gago height on Feb, 9, 1963; maximun daily gage hwight, 8,20 n,
Dec. 23, 1902. No gape roadings Dec, 1=-20, 1902, when higher stsge
probably occurred. ©Data appears reliable.

= I k) 4
Rio Tocantins at Porto declicnal, Goias

Lat 100555" long 4j6°25'W,, at clty of rForto kiscional. wurainage
area, 173,200 sq kn., About 13 years of gage readings are availabls
according to CIVaT. Ths French group, 3CsT, iz reviewing the. data
1o France 82 all data 13 not available at CIvVal. A total of 353
discharge moasurements were mads during the period March 1949 to
Juse 1954 by CWLORTA, a8ll of which are under 1,000 w3/s. Gage heights
Tor some dlscharge measursmants are confusing as 1 and 2 meter
iscropancies are fraguent (pbobavly because gaga sectlons were
not preperly marked) but errors can probably be corrected and the
discharge computed,

Bidroservice established a station Septermber 1961 about 80 meters
from old CuURTA gage and also constructed a peontoon raft and ferry
cable from which to make discharge weasureunsnts. Gage readings
were bogun by Hidroservice Jepteuber 19ol and 19 discherge measure=-
ments were uude during Decsmber l%o% and Januery 1964. Highest
discharge msasursments were 3,150 ms/s at 6.40 meters gage height
on Jan. 15 and 16, 196lL; maximun mean dally gage height since 1961
18 9.8l w on vec, 13, 1962, The new station may provide data
for computation of old gags data 1f gage elevations can be compared.

Rio Tocantinag at Carolina, Ma.

Lat 07°%22tS, long L7°27'W; on right bank at city of Carolina.
Drainsge area, 275,800 sq km. Statlion established by Hidroservide
September 1901l. Gage readings avallable since establishment. Ko
discharge measurements. Highest mean delly gage height for period
1s 8.19 m on Vec. 2L, 1962. In a Hidroservice report the maximum
known stage is given as 15.2 meters.

Rio Rilbeiro Lagesdo at Lageado, Go.

Lat 09°51's, long LB°L4'W, 500 meters below & falls and 18 kilometers
upstreem from Rio Tocantins. rstablished by Hidroservice for CELG
in September 1961. Gage readings are available to date. Nine
discharge measurements were made in September 1961 and 10 made in
January 136&; measurements range from 7.3 m3/s at gage height 1.30
to 2.7 m?/s at 3.02 meters. Daily discharge has been computed

by Hidroservice. The station appesrs to have been changed during
the short periocd of record but remained in the vicinity of the falls.



Rio Farinhe néar Fazenda Nova, Ma,

Lat ¢7°02%3, long L7900'W; two kilometers above falls, about six
s ﬁéiﬁ}dAéﬁ/ﬁf/ﬁﬁfﬁXi%#, downstream from Rch do ato, about 65
kms upetream from Rlo Tocesatins, and o5 kums northeast of Carolina.
Dreinage ares, ebout 3,000 sg kwm. Station eatablished July 1961
by Hidroservice or CELG. GCGage readings are availilable since July
1961 and dally discharge coumputed by Pidroservice based on 15
discharge measurements made in July tnd September 1961 and Febru-
erey 1902. Additional measrements have prcbably besn odbtained.

- Measureunént No. 1h, made Feb. 17, 1962, is 70.1 m3/s at gage
height of 2.41 weteors. '

Rio Mosagulto, in iHunicipio Campos Belos, Go.

Lat 12°50'5, long 46”264, 30 wmeters from wooden bridge and 50
meters above & rapids, about 12 kms south of Vile Manha; and

2l kme upstrsam from Rio Palma (& tridutary of Rio Tocantins).
Drainege arce, about 330 sq k. Statlion was established in
Segptember 19561 hy Hidroservice for CuLG. A second station was
established at the same time at & site 18 kms above Rio ralma.
Five dischspgﬂ measursrments were mede at uhﬁ upper site and two
at the lower site 1n Septembor 1961, Although no data is in the
files of CIVAT? or CZLG, gage readlings at one, or both, sites

are probebly available since establishment.

Rig Araguala neszr Alio Aregusis, MALY Gro&ac,

v
:
3

Lat. 179058, Long 53%:0  on prignt beak (Golds) sbout 200 ueters
upstream f{rom ftlls teboubt 20 msters}, 10 kma downstream from
Rio B&biloniag and 25 ks downstream &and northeast of Alto Aragusia
an ta Hita Avagu 1a situeted on left and right banks, rese-
pectiveWJ, of the river on highway BR 31. urainage sareg, &?50
8q km. Altitude, about 760 wmoters. Station established Nov. 1k,
1963, by CIVAT for possible hydro electric project at falls,
Auxiliary staff gages lnsiallsd at boat wmeasurcing section abtout
cne kilometsr upst vam. CIVAT hes made six discharge msasurements
to date znd gage rcadings are available since establishment,
Flow is s8ald to be very uniform with & minilmum discharge of about
0 m3/s throughout the dry season.
F
One dlischarge measurement was mage of Rio Tocantins at Maraba
in October 1963. Discharge was 1500 m”/s; stage was referred to a
reference mark at top of concrete steps at street lsvel of Maraba,
Flow of Rio Itacaiunas at rgpids about 2 kms upstream fwom mouth
was estimated as about 5 m>/s.

Suggested Streamflow Statlon Network

~ L 4
The seven gaging statlons mentioned above are a start in a
network which should be expanded in an orderly, well-planned program
All of the present stations except those on Rio Tocantins at Porto
Nacional and Carolina ere "project-type" stations since they have

been established to provide data for a certaln project; in this case
proposed or probable hydroelectric developments. The stations at

7



Perto Naclonal and Caroline ere main svem stetions which will
provide data on Rio Tocantins for both navigation studies and for
long~range inventory and regime studles in the basin. The Porto
Naclonal records should be computed and complled in order to make
that 12.-year record avallable for plananing purposes and possible

correlation with other points in the basia. Sime water-use and
control in tiie basln iIs neglligible at the present time all
staticus provide data uwnich indicate the natural runoff for their
respective dralunge areas. A3 the stations are mainly for
hydroelsciric projects thev should continuse to provide natural
discharge date after the projects are complsted a3 the only
chenge from natural flow coandlitions would be the regulatory
ei'fect 1f & reservoir 1s used, shorrt-period hourly or daily .
variations in discharge caused by power requlrements, bank storage
effects, and perheaps increased evaporetion if reservoirs are
large. Stations upsiream -or downstream from such projscts
should therefore be continued if at all possible or practicable
after & projsct has been completed s0 a8 to provide continuous

date at such sites for projsct operaticn and for correlation with
nearby streemB.

Gaging stations sy be closssd as "project", "areal index"

"river Jana@ement", and "river ianventory" type, or as “primary"

snd Becondary", dependlng on what the purpose of a gaging station
is. The cost and the work lnvoived to obtain good, reliable
streamflow cdata regulre that the purpose cf a station be knowa
before 1ts estapblishment and, a&lso, that the length of time that
it is expescted to be opsrauea be considered. Streamflow rocords
for & long, conitinuous pericd sre mocst desireble as such records
supply dete con which to estimate future variations in the straam
as well e&s to provide a gecod bess, or index, from which shorter
periods at cihexr stations maey bo extended by corrslation methods.
A1l types oif stations are therelore neesded in a station network
end certain staticns should bse chosen as primary index statloans
to be operated indefinitely to provide such a base for correlation
end for long~range reglme studles. If the long perlod of gage
haight record at ©.e Rio Tocantins at porto Nacional can be
transformed into discharge records it should be one of the
stations (o be operated indefinibaly,

Until actuel locaticne have been seen so that it is known
thet conditlons at a site are suitable for a gaging station, the
exact locatlons of stations cannot be definlitely planned. Some
day if, and when, the Araguaia-Tocantins basin is developed and
water use 1s such that 1t might become a scarce commodity, the
mumber of streamflow stations could exceed 300 in the basin.
However, in view of the eamly stapeof development, of the inac=-
cessibillty of so mach of the area, and the costs involved, 1t
is sug;ested that a network be started which will provide for
early planning needs and then expand the netwerk &s conditions
permit,

The elsment of funds is probably the most critical and CIVAT,
CELG, SPVEA; and the Divisao das Aguas should plan on how the
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propran 1s to procecd; and who should do the work. Perhaps the
Divisoo das fcuas can copsrate the stations with some funds supplied
by other agencies. OJlnce CELG has found it necessary to utilige

a commercial Tirm to obtain sireamfleow date 1t appears that the
DMvisaoc das »;335 which it would seem zhould actually opecrmate

all statione in Brazli, Is uasble to provide the personnel and
equipment to do tic worke. Also, CIVAT hes found 1t necessary to
begin it own imve stigavioas. Alvhough there should be no objectio
to the production of sirvsamilcw data by ¢ commerclal irm, the

foct that date cnould ne collecied Tor 1ndefinite, long periods

of vears for loap =range scientific and river regime or climatic
studles s woll as for immediste planniag, the overall program
apoears best sulted to & large govermmental agency such as the
Diviaan das Aguas, and that the corwmerciel firms are best stdted
for individual project studies. Iowever, 1f the agency which
shouvld, apparently, be responsible for the program cannost properly
do the job as required, 1t does become necessary for other agencies
tc ohtaln the aata as tb@v zes nacessary so that the lack of data
doces nob 'Cnpmh“léb develiopment plasaning. No recomiendations

are thsrefore uade as to OHHﬂdtLon, computation and compilation
erxcept that 1f the Dlvieao das Aguas 1s unabls to dc the work

that Celi ana CIVAT chould cbtelin the datsa as condlitlons permit.

Dats shculd, houever, be turnsd over to & centrsl agency for
publicstion verardless ol now seny epenciss perform the work so
that the date will become available to all interested agencles,

Cusling stav ons are necded for placning of hydroelectric

svclopr.nits, anil five of ftls prcsent zeven stations are for that
pv;pxcn. Othoy posgible bydroelectrice development foresesn by
CIVAT are on fig Itceziunes nepr Marebs end on Rlo Tocantina
gt ITtebocg, «b the lwrre reapide in the lower reach of the river,
Streamflow stetypus should be established wihich wlll assist 1n the
conslderation of those sites. Other main stream and trlbutary
data should be obtalned for adélitional probable development,

Navigation ¢ dles rsqd@e diSCthbS data although stsage data
only wey be nesdel at most guch stations during later years. The
Rio Tocantlos stations at Sao Helix, rérto Necional, and Carolina
may be used in thnat study. Ofther main sbtem stations should be
astablished to provide further infcrmation.

Irrigaticn 1s prscticed cn only & small scale at the present
time but the benefits are probably known when crops can be grown
throughout ths &ry season. Streamflow statlions should be estab=-
l1ished above or helow an area that may be an irrigation area,

Drainage, expeclally along the Rio Aragualia, may make large
areas of msrshy lands suitabls for agriculture. Streamnflow
stations above and below such problem areas will provide data
on which drainage problems may be studied.

Municipal and industriel water use 1s not a problem as yet,
however, data on tributary strsams will be useful for such
studies a3 well as for sreal runoffl studles.



Eighwag< ar3 not yet extensive but dlschaprge data could
provide flood freguency and magnitude dete to assist in ths
selectior of bridge and culvert sizes after a few ysars when
more znd much more costly constiruction may be necessary.

beglyvin: Wi

d@véhyk;u' necisa ace “"1b¢]tt§3 wnd of s»auioqs decirabie to
provide data Cor vunoff corrolation studies, for the next twe
oY Thrue year ; iod. The iisting 1s not in order of priority
and condition qt known at the present time may changs the -
locutions, A ;act to be considered is tnat accessibility 1s
very important and good, relisble rscords near a proposed
developuent ars nmuch more valuable then guestionable, uanreliable
data attewpted to b o obtalned at & project site. See Figure 3
for map zrowlng locstions.

Note.- 1 HMeln stream iaventory station

2 Arsel iadex statlon

3 Project-type station

Type of

Name end location station
Rio Tocentvins at bao pe7tx, Goo 1,3
Ric Tocantins =2t rorto Necional, Goe. 1,3
Rio Tocentins at Aarolin@,dua 1,3
Ribeiro lLageado at Faz. Lageado, Ma. 2,3
Rlo Farirha nesr Faz., Neva, [ia. 2,3
Aio 'cuquitc in municipio Campos Belos, Gos 2,3
Ric Araquia near Altc araguala, 4t and Go line 2;3
(The above are existing stations)(19iy)
Below confluence of Araguala and Tocantins
Rio Tocantins at iarabda, “pa, 1,3
Rio Itacaliunas near Maraba, Pa. 2,3
Tocantins basin —
Rio Tocantins at Tocantinopolis, Ma. 1,3
Rio Tocantins at Pedro Afenso, Go, 1,3
Rio das Balsas near Ponte Alta #o Norte, Goo. 2
Ric Perdida at Tres Pedras, Go. 2
Fio Palma nesr Parana, Go.o 2
Rio Parana nsar Monte Alebre de Goiae Go. 2
Rio- Parana at Urutagua, Go. 1l
Rio das Almas at Ceres, Go. 1l
Rio Santa Teresa near Pelxe, Go. 2
Rio Marnah&o above Rio das Alsmas, near siquelandia 2
Rio Serenc near Piaca, Ma. 2
Rio Manuael Alves Grande near Piaca, Ma, 2
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Araguals basin

Pio Araguela at ~~ambioa, or Araguat‘ns, Goe

Rio Araguala at Arasguaceas, Go. (or Conc. do Araguale)
Ric Cixas Mirim noar Bandelrante, Go.

Rio Araguala at Santa Issbel {(Ilha do Bananal), Go.
Rio Araguvala at Baandelrante; Go.

Plo Araguaia at Aruana, GOo

Ric Mortes near Xavantina, Mt.

Rio Araguala at Aragarcas, Go.

Rio Vermelho below Goias Go.

Hio das (Gargas near General Carneiro, it.

Ric Claro near Mal Floriano, Go.

NNNHN&*’:“':"NHH
LELAVE L WX )

(In addition to the suggested regular gaging stations, it may
be also necossary to establish gages for river stage only
observations &t critical points on the araguala and Tocantins
main stems and to make speclal dischargs measursmnts &t other
critical points where complete records s¥e not needed.)

The locations of tho above stations have been based mostly
on ingpsction of iopogrephic maps, location of regular airline
serviceg and O&uS g0 &re based largely on dgccessibility.

The writer has not seen mosit of the basin having been only tg
gceres of the v'per &raguaif and upper Tocantins streems in the
region west and north of uﬂiania and in the Maraba to thaba
trer; howvever, the Rio Balcas and Rio Parnaiba in Maranhio are
lcnown and some conditions may e similar. The local conditions
at some ¢f the suygested sites may not be desirable for a-
gazing station so that an alteraate location might be preferabls
since rivey condltions should be such as to produce acoeptable
date, an observer wust be svallable, and the slte must be
accesaible for discharge measurenentse.

The thirty-three stations suggested would be a begiuning
of streamflow infcermation Gesirable for areal runoff studles,
project studies, main river discharge data for navigation and
drainage studies, as well as data for knowledge of the long
time behavior of rivers in tke basin. Data at other sltes may
be more urgent or desirable as CIVAT and CELG plans develop and
and should supersede soms of the above as necessary.

Since the streamflow data program 1s Just beginning the
suggested progzram will probably take two or more years to
implement. Staff gages are sufficiently accurate for gage
heights on large streams, but sutomatic water-stage recorders
are preferable on the more rapidly changlng streams. DBoat
measuremants sre pbably necessary on most streams as bridges
ere uwsually not available snd stream widths and bank heights
mey not be such as to make a cableway practical; even though
cableway measurements are usually considered more accurate than
boat measursments. A station such as Rio Aragualzs near Alto
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Araguala is well adapted for a cableway and a 3/4-inch cable
erected on usuel A=frame supports, or even attached to large
trees and then anchored to the base of other tress, would
fnprove measuring conditions and aveld the necessity of using
four or more men to obtain measurecments.

The suggested network would require about four or five field
crews, including the statiosns now covered by contract., Two crews
wouldé ¢ needed e3 esarly as posslole and the other two added as
the network orpands. Tralning of personnel in the field work and
in oi'fice computations will bs necessary if CIVAT uniertakes to.
operats the network. Training will be necessary in the making
of discharge measurements, installation and operatiocn of watere
stapge recordere and of cableways, sediment sampling, routine
operatlion and maintenance, snd training ln iwpreved practices
as wall as in the computation aand compllation of data, Computations
will prcbably be done in the central office. Fleld training is
1s best done in the fleld by actually doing the work. Vehlcles
and bo3tse will have to be rented locally in towns accessible
only by air.

Major eguipment naeded Tor a nstwork such as the above,
and ccnsidering four or five crews, is as glven below. The
items and names gasjas used In U.S, practices, and the costs are
estimated in U.57 dollars. The symbol (°) indicates all or part
of the itom would be locally furanlished.

quantlty Cesat
(°) Pickup trucks, L-wheel drive 3 ,#5800
Boats, alumioum 3 00
Rubber raf'ts o 200
OQutboard mctors 3 800
Current meters, Price type AA 6 800
Sounding Reels, type A (USGS) 5 1200
L n s type B " 2'4 1203
Boat bcowms 3 700
Water-stage recordi:rs 5 2000
Bridge cranes 2 600
Hand<lines, complete 5 200
Wading rods 6 200~
Sounding weights, 15-pound 5 200
" " s 30=-pound 5 200
n " , 50-pound 5 300
" " 100-pound 5 Loo
n " : 150-pound 4 Loo
" ", 200=-pound 2 300
Tag-1ines, 100-meter 5 200
n ", 150-meter 5 300
Boat tag-lines, 300-meter L 300
Reels, for beat tag-lines 4 200
Stop-watches, 60-second 10 100
(°) Level, surveyors 2 500
(°) Lavel rods. 2 100

12



~

Hand levels 5 100
Cableway equipment 5 1000
Sadiment samplers, lategrating, point,

and. bokhtom type 5 1700

Depth sovAder, recording 1 1500

" " , bonerscording i 200
{°) ¥isgecz2llaasous mbnod equipmont for water=-

stape vecordsrs, etc. 2000

(®) Office cqulpment aad forms, etc. 1000

Books and publicatioans Loo

Totel 25,900

Locally procured 8,000

Imporsed T 17,900

Freight, plus 30% 5,100
3,300

du

Meteorologlcal Network

Few records of climatic dats are availabls in the bsasin
and much 18 intermitteat or incomplete. The Meteorological
Service of tle Ministry of igriculiure has opesrated the existing
nietwork and 1s entering into an agresement with CIVAT for the
reconditioning of existing statlions and expansion of the

network. That program 1s expected to be started immediately
end be well cceomplished as to reconditioning within the
nextA COonLas .

Rainfall and tempsrature cdata are the most important and,
fortunately, the sasisst to obtain es far as costs and services
of en observer are concerned. Such stzatlons should be located
throughout the bssin at all towns or places where rellable
observers may be found.

Evaporatioa data 1s nseded for agricultural studles,
especially, but also for tha study of luss of water through .
evaporation in reservolirs, iIn the sxtensive marshy sreas, and
in other luvestigations. Humidity, wind, solar radiatiocn, soil
tempsratures, and upper air conditions are alao desirable and
should be ohtained as funds and cbserver avallability permit,
although on a limited scale compared to the rainfall and the
temporuture data,

Existing Network

The exlsting network, as glven 1n CIVAT files and corres-
pondence with the Meteorological Service, is as follows:



State of Golas

At Goiss : Synoptic station No. 83,37L, ostablished 1912.

Equipment: Berasgraph
Dry end wet thsrmometer
‘Max and Min thermometer
Wind
Rainfall

Observation: No., shelter. HMFunctioned irregularly
in 1911, 1916, 1920, 1930, and 1S47. No
data for 1917, 1918, 1937, 1945.

At Pirinopolis: Synoptic station No. 83,376, established 1914.
Eguipment: Same as for Goias with additlion of barometer,
thermnograph, hygrograph, evaporimeter (FPiche),
heliograph, and recording raln gage.
Obgarvations: Punctlioned irrsgwlarly in 1913, 1929, 1933,
195k, 1956.

At Pormosar Symoptic station No., 83,379, established 1915,
Lat 15032'S, long L7°168%W; altitude, 912.0 m.
tguipment: same &8 Plrinopolis pius anemomster.
Ohservet ons: Evaporation data {probably pan) and solar
- data not belng furnished. Station functioned
irregularly in 1912 and 1960.

At Porto secional: Synoptic station No. 53,06l4; estsblished 19163
Lat 10°31+'&, long LBOU3%W; altitude, 237.19 me.
Zouipment: Same as Pirinopolis, except probably an evapo=-
ravion pan. '
Cbzervaticons: [ue to laclk of observers thers have taen no
avaporation znd soler data. Station functioned
irregularly in 1915, 1925, 1938, 1shLl, 1946,49,50.

At Taguatinge: Synoptic statlon No. 83,235; established 1917
Bguipment: Baromater :
Yot and dry thermometers
..ax and min thermemetsrs
Wind
Observations: No shelter. Jo observations ia 1919. Irregular
observations in 1918, 1925, 1929-31, 52, 53, 60.

At Pedro Afonso: Station now closed but observations made 1936 to
1959, with irregularities in 1936,38,41,42,
Station had barometer, wet and dry thermometer,
mex and nin thermometers, rain and wind gages.

At Parana: Station No. 83,231. Record indicates that only barometer
and wind gage, but other equipment may be on hand.

[ State of Maranhdo

At Imperatriz: Synoptic station No. 82,56l; established 1914,
Equipment: Wet and dry thermometers
Max and min therwmometers
Rain gage
Wind



Observations: Ho shelter. No observatlons 1936, 1937;
Irreguiar data in 1935, 1938, 1939, 1951,

£t Carclina: Synoptic station No. 82,765; established 1917,
Baulpment; Barometer
Thermometer
Pm .n gagoe
win
Obscrvatione: MNc cholter. Trﬂcbular cperation in 192,
15925, 1951, 1957, 1959, 1960.

. ”
State of Papra:

At Belei: Synoptlc station No. 62,191; established 1923,

kouipment: Barometer Heliogreph
Barograph Anemome ter
Wet and dry thermomsters Faln gage
Hygrograeph Recording rain gage
avaporimeter Shelter

Cbservations: Irregular operation 1926, 1927, 1930, 1932,
1936, 1938, 1951, 1953-58.

At Conscelcfo do Araguais: Syncptic station No. 82,861;
ostavlshed 1915.
Bquipment: Lsrometer
wet and dry vhermoacter
Maz and ain theraomster
Wind

1917, 1918, 1930, 1936,

Obegervaticns: Irregular operation
195 1939» No data 192L 290

1918“Q4 19)g

State of iHato Grosse

At Presidente Mutinho: Syaoptic station No. 83, 365, established,
192, Lat 109313, long L8043 1Ws
altitude, 552.0 moters.
Equipment: Barograph Max end min thermometers

Barometer Heliograph
Wst and dry thermometers Wind

Observations: No shelter. uo observations 1946~49.
Irregular operatioa in 1958,

At Xavantina: Station closed. No 1iafermstion.

[ Stations outside, but near, the basin:

At Goianis: Synoptiec station No. 83,423; established 1937.
Lat 16°41¢S, long Q9“17*d° Altitude, 729.49 m.
Eguipment: Full equipment, including thsodolitse,

Observations: Pmelably complete except aerclogical data,
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At Brasilis: Synoptlc station No. 83,377,
BEguipment: As in h05ﬂUL3, but no theodollte.

&

At Cuiba: Synoptic station No. 83,361; established 1912.

mguipment: Complete, inciuding recording equipment.
[Proposed Plan of Coo eraton]

The proposed plan 7 cooperation bstween CIVAT and che

Meteorologleal Service proposes the recondltioniag ol, or the

establishment of, umeteorologlcal station at locations as follows,

which ilnclude those mentioned above:

Belém,‘ﬁ&, JaCuad~, Fa.
Igerape-nirl, Pa. Maraba; Pa,
Cameta; Pa. Xembloa, Go. ,
BuL&Q Pe. Loncexﬁko do Arsguvelsa, va.
ThuUPUi, Pa. lmperatriz, Ms.
Carolina, is. , Rlachuu, Ha,
Tocanfinopoils, Go. Montes Altos, Ma.
Grajeu, Ha. vYedro Afonso, Go.
Flracema, Co. Pérto naclional, Co.
Pornte Alta do Norte, Go. tovo hcdrdo, Go.
Lizerda, Go. reixe, Go,
Gurupl, Gob Yorangetu, Go.
S&o Migusl lo Arsguala, Co. Senta Isabel (Ilha do 3ananal),Go.
D*anﬁ“WI?sg Go. detividade, Go.
Paﬁsqa Gos Cavalcsnte, Go.
Nova Roma, 30, Sdo Uoumi o8, GOe
Combinaco Agro-Lrbanoc de Taguatinga, Go.
Arraiu8, Go. Mao relex, Go.
Nicueléndia, Co. 330 Joao d'Alianga, Go.
Veadeiros, Go, Aruana, Go.
Aragargas, Go. GCeleponia, Go. 4
Israelandia, Go. Brazilia,
Formoss, Ge. Pirinopolis, Go.
Anapolxs, Go. Cristalina, Go.
Golania, Go. Piregs do Rio, Go.
Morringes, Go. Goi&s, Gooe
Ceres, Go, Culaba, Mt.
Poxorewu, MAt. Alto Araguaia, Mt.
Mineiros, Go. Paralso, Go.

The coumplete plan of CIVAT end the Meteorological Service
for equipping the sbeve statioas is not known, however; in view
of the €osts involved and the problem of cbservers, it is probable
that only elementary squipment would be provided at most statlons:
and that statione may be up«gradsd as conditlons peruit.

The exlsting stati>ns to bs reconditioned are mainly in the
east and south and will serve as a good bese from which to expand
and improve the network since those stations are equipped for most
of thse necessary obsservations. Other locations to fill gaps 1in
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the e il oty
including rainfall,
d*1~ﬁt*nn with ova;cratinq
date &8¢ a few, are:

Ry - ey
netrorl fopen

Tucurul
Xambola
tigvo Acomdco
Sao Feli:
Uruacu
Zevantina
Natividade

s ~ . N .
Sae i"iguel 495 Aragusie

tomperiabose,

cntradlo {op Yalniyv ocooplete doin,
wemidivy, wind encsn and
~, - 4
o, 1eliug*"\ls, end ooponuctric

Marabﬁ

Arcguacens

feixe

ALED vvegp“:

11 Tena
alagarcgas

Szata Isahel (Ilhse Cdo Bananal)

A few other locations in the nildcis nIlo Araguwaia re.:.n should
be established 1f oLsavvers cre L,ab3€, sinco thot erta is
s81d to be uwell suitca for valsing ricea

CSuqqested Additiims to The Afeherk_]

In ed4di®ion to the 15 staticns to B2 continusd snd,»econ-
iltloned, and $he o S Iond gugeckoed arsve Lo Le soaad
fo the graoptic net geegied that stationg o0
raiafsll and toinse rainfall adsts ooly bs wzoisos

lished Zn at lezstv 7 as thwoughout thie basin as
indicated approxing i, Thec locetions indiecztsd are:
L
In Pare: Cometa
Jurena
Jacungl Congalves
In Marachdc: Hiachic Fradss

oo

s AYapust
Tocantis
JOJ"aﬁ ‘cx
Miracen
Iizard
Porangatu
Csvalcaite
"'bsho de srralas
880 J. d'Atience
Calaponia
Perauna

vineirocs

Iporo

Mgl Floriano

S8o Bentinho

Tres Fadra

Padra de Anchar

Conc. de Norte
dfonte Alegro de
Golas

Urutagua

Sanp Migusl do
Araguais

Cristalandia

Canoanea

Czbocelringe (om #io Far
Aldcia do Correinha
Tres Pedras

Piacsa

Ponte Alta do Horte
Gurupi

Jlanocpolls

SZo Domingos
Niguélandla
Veadelros
Cristalina

Ceres

Crixes

Avrolandils

Hovo America
Iticaja

Lizarda
damiasnopalls
Arrales

Posse

Trombkas

Bandeirante

Piedade

Guare

Duere
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In Mato Grossc: Gol. Ponca Araguaina
. Guiritings Tesouro (or Gen. Carneiro)
Gol ioru Santa Terisina

The 64 locations listed are at towns or places found on maps
and are indicated by opeun c¢ilrcles in Figure L. Six other
desireble locaticns are indicated with & circle and question
mark since place nawee were not glven. The locations include
nearly &1l locations included in the CIVAT plan plus about

50 odditional. t should be possible to establish such stations
between the more complete statlons to fill in those area. Kven
80, the area per rainfell stetion will be more than 7500 square
kilometers and, o hundred or more rainfell stations should be
added as good locatlioas are found,~ perheps at fazendas between
the suggested towns, Also, 3one of the stations tc be estab=
lished by SUDENE in the Si&ate of Maranhdo should be of walue«

Since the astwork is to bs establlished with the c00per&tian
of the NMateorologlcal Service, 1t is expected that their
standardised sgulpwont will be used. No comments are therefore
made in that regerd since steandsrdlzatlion 1s a deslrable aspsct

as loug as such equipment furnishss rellable data. hvaporatlon
etations, however, should include evaporatlon pans aven though
Piche evaporimeters are used, since the coefficients applicable
are often doubtful.

Upper air data is very scerce in Brazll and 1t ls probable
that even at Brasilie snd HBslem the aqu*nment may not be ‘n 8L o
Suck deta would pe of walus at & number of lacations sc chat

weather patterns may be studled. The cost of pilot baélson atat 7210

l1a relatively high put shiculd bs considered for a few places
such 88 Goiénia, Porto hacienal, Carolina, Maraba, and other
locations where airport personnsel could operate the equipmenb,

Figure L indlcates the location of uxisting stations of the
&eteorological Service and thoss suggested by the writer.

gvaporation stations should be at at least 12 locations,
which could b2 some of the aynoptic stationa., Those stations
should be egquipped with Type~2 evaporation pans even though .
Piche evaporimsters are used. Twelve suggested locaticas for
the evaporation station network are:

Maraba Sta Igabel (Ilha de Bananal)
Imperatrie fgrana
Carolina Sap Fellx
Sao, Miguel Presidente Murtlnpo
Golas Conceicas de Aragumia
Uruacu Porto nNaclonal

Conclusion

The discussion, comments, suggestions;, and recommendations
made herein have been based on aketcbypersonal acquaintance with

18



the rasin end have been based mos “3 on avallable maps and infore
mation, subsbtautisted by a few visits to paris of the area. The
suggested progrom will roguire furiher study &s it 1s implemented
since better locatlons of stutions may be likely thean those
suggested. The accessivility and the availability of observers
will have to recsive as nmuch consideration as the acturl station
conditions ia many csses, which may causs data to be more aifficult
to work with in come 1qstaqcese

Thie prelinminary study is therefore preparsd to give an
idee of the slze of the problew, the ava;lability of data at
sresent, ond supggesticns and recomendations to begin an extensive
proprem. If tne studles and developuents in the entirs Aragusla-
Tucanting basin should materiallge, whatever information gathered
at the earliest date will be very ussful,

The sxcellent cco*erabfoﬁ from CIVAT perscanel 1s greatly
appreciated and thelr intersst in furtharing the development of
trhe basin 1s to be Cum@@Qdeuo The fleld trips during the past

two=weeks visiv to CIVAT heedguarters and area wers valuebles as
wall as educationsl to me. 4And, if the hydrologic investipaticens
program as discussed sbove may not be 88 complete as mlght be
desirad, 1t is hopsed that It may be & step toward good planning;
for ths plaanlng of water-use projects and developments on the
scale cnvisioned {n the Arggela-Tocantins basin should be based
cn reliable hydvologle luformation, It seens well, therefore,
%o begln an orderly study of the aveilablility and distribution
of water since ihat 1s without & doubt the greatest natural,
replenishable resourcs in the basine

- £ - - -» - LS 8

Soms notes from field trips in June 196l to the Alto
Araguals area, to Rio das Almas, Rio Marnhao, and Rio Tocantins
ia the vicinity of Cerss aund U”uacu, and the October 1963 trip
to Rio Tocantins at Maraba, are attached for further information.

L. J. Snell
June 14, 1964
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[Awnex 1]
TRIP_TO ALTO ARAGUAIA [PeAzic]

Jme 3 - Departed Coisnis at 7330 z.m. with Engr. Frton Carvelho of CIVAT, -
“(Qo4  Arrived Alto Araguaie (540 lus) at 5:10 pum. ‘

Crossed Rio Verde and Rio Claro flowing south to Rio Parenafbe,
Good looations for discharge staticns, vith good flow and oleer wster; but
outside basin now under study, Rie Babilonia, tributary to Rio Araguaia, elso
hzd good flow,

Area west of Rio Verde was quite dry and native vegetation sparse,
but farming seemed to be inoreasing,

une 4 - Departeé Alto Aragznala 7:30 a.m, About 3¢ ims to CIVAT geging
Station on Rio Arama_a, at 22 meter falls about 10 Xms dowmsiresm
from Rio Babilonia. Staff gages about 200 meters upstrean from falls; boat
measurensnt locatlion and suxdlisry gnges about one kilometer ups’t.rﬂame Surveys
are being made in ares for Wydreelesctric power de‘felomart. '

A discharge measurement wos mads, at 0,79 meter gage height
(discharge is probably over 50 m3/s), vith Amsler current meter on A-meter
rod, from degout boat. liver is aboui 60 m. vide, vertical bank to 3,0 meter
goge heipht, and eboubt 5 1/2 m. to top of banks, CIVAT discharge moasurements
zre mais by ootainivg vertical ve‘iocity cyre ot each section and cormputed
by m.ottmg verticel velocity curves, Simpler 0.2 and 0.8 depth method with
at least 20 veriticals would be faster to measure and could be comg:ted in 20
wlmites, #lgo, measuring with rod from boat is harder work and not as good
as with sounding wveight and reely Good cable-wmy location at measuring sectiong
nay even use irees for supports and anchers,

Noed to gaging station from Alto Araguaia ssible in wet woather.
Betnrned to Alto Arayusia and to Jatai, arrived Jatai 9 Mm,

June 5 = Departed Jotal 7:15 e.n.; arrived Goiania 1230 peme
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June 8 ~ left Goifvia at 12130 p.m. ‘ho 1o dns Alrae at Gerea. Lmatim

i964-  gppeared good for gaging station as chonnel is roclq,and permanent.,
Gege could be about 150 meters upstroam on Izt bank, from highway bridge.
Mossurerents would need to be made by boat.

River narrouws below city and Jocation of goge may be proferable
in the reach within 2 or 3 kilomaters below city; also a cableway couid be
constructed for discharge measurements, but on observer may be a provlem.

0ld cable vehicle bridge is very overloesded, 1t appears, as some
dack support iroms are broken and nesad reoair. About one meter sag in deck
as heavy trucks cross. Bridge not suitable for discherge memsuremsnts.

Road (BR-14) ie being rebuilt and to e asphalted betueen Anapolis
and Cores. Construciion is progressing all ithe wey to Uruacu and, also, east
to Niquelandia. Bread valleys appear rood agriculturelly, but gsrobably no
market for oroducts,

Fotel Araguaie in Uruosu is bettor then most small towm hotels,
Town is spread over 6 or § kilometers of rcad. Traffic to Uruacu was heaviast
ecen in ares, end all carro trucke, Arrived Uruacu st 8 p.n, Urvecu 1s iIn &
"barbeira" , or chagas, ares ut none seen; even one village is nemed Chagas,

Juns ¢ « loft Uruaocu 2t 7:30 a.m, Iooksd over Rie Tosautineg 10 kms east of
Uruscu, end about 3 kms below where Ric das Almas and Ric Maranbio
join to form Rio Tocantins, for raging staticns site. Bridge is to be bullt (?)
to replace ferry on new Uruacu to ldquelendia road; pgeping station could be
et, or near, bridre vhich 3o to be Just below present ferry crossing, Tstimated
flow as about 300 m3/s. Area from Uruacu to Minuelendia is much like U,S.
plains Stutes with gently rollirg hills, grossy fleis, and occrsional large
flet areas; aimilay in perts of Rio das Almas basin., Soils very variable from
gilty to prawvels. Veretation sperse on well drained rises of ground and
“revelly areas but rich in bottom lends.

On portion of new road constructed to Miquelandia the road had
wvashed out at almost all water-courass crossings for lack of oulverts, or if
culverts were installsd were insufficlont to coxry the vater.

locked ovar sitos for gazing station on Rio Maranhfio at bridge on
BR-95 between Nlguslendia and Corumba. Dischorge wos estimated at about .
80 u?/s, River mukes o shorp 1802 bend at biridge in & massive rocky channel.
Gapes cculd be at upstrean side of bridpe atiachsd to rock lsdges and to
circular nlers btut if vetsr ab higher stages is rough it is possible that the
location might bot be desirable. Other locations could be around the bend
asbout 200 moters dowmsirean st a2 large pool and above a szaller rock constrictlon,
wvhich would be the contrel. Discharge measurements wruld heve to be made about
200 moters, or mre, upstrean from bridge vhere chanmel is smoother, straighter,
and wider anbove s grevel riffle. Cape covld also be located there if water
bacomos too rovgh for good reading of gege al the other sites -mentiomed,

; ' The Ric Meranhéo ares has very sperse vepetation except in narrow
velleys. Soil is gereraily very thing some hills as wsll as some roed ocute
indicate uo scil cover vhatever,

A lerpe cement plant near Corumbs eppearad not in operationo



[Anpex 3]

SUXTTARY OF IIORMATION ON 1. MTASUI'MZHT OF
DISCHARGT OF RYO TOCANTINS AT MARABA, PARE, Oct. 26, 1963

The discharge measurement was made by the U.S. Geological Survey group
vhich was in Brazil to measure the flow in the Amazon River., Although all
persons were not nceded for the Tocantins River measurcuent, the pariy
consisted of Roy Oltman, Frank Ames, Iuther Davis, and George Staeffler of
USGS offices in the United States; L.Je Snell, USGS eagineer assigned to
USAID in Recife; Lt. Kieffer and Li. Viveiros of the Brazilian Nayy Hydrographic
Office in Belem; and Harold Eissner, of the U5, Consulate in Belem, who
acted as interpreter.

Details aboubt the river ir ths viecinity of Maraba end other infornation
are glven below,

Oct. 25: River within sbout 10 kus of Maraba wes checked by boat snd soundings
to find locetion for measurements of discharge; depths of over 30 feet

(10 meters’) and low velocitles dowmstream and roeky rapids immediotely upsiream
from Maraba Indicated that pood measurement could only be made al Merabz, Rio
Itacaiuna; vhich enters the Tocantine River ati Marcba, was estimated as cerrying
about 175 cfs (5m3) per second,

Oct, 261 Tocentins River discharge measursd, in two chammels, at Marabd from
boat, using a 15-pourd sounding weight, Price current meter, and hand.line,
with distances delsrmined by transit.stadig.

Left_charnel Bight chzpne)  Combineg

1dth fect 1250 1700 2950
naters 331 518 299

N e T

T o7 e om

Maximm do>th . Lt B0 h

Dischargs :ﬁs %’Osgg 28’33_3 5%;%32

Flow was smooth and uniform with a few weak beilsy strescm-bed was medium
sand, Temperature of unier was 852 F (310C) at 3 pm; 869F (309C) at 9 am,
Electrical conduetiviity wos 42 mieromhos, indicating toial Rardness of sbout
30 ppm.

River stage was referred to a reference point on concrete retaining wall, '
39,80 £t {(12.13m) above water level. Flood mark of March 1957 flood was de~
ternined as 48,0 £3 (14.6 m) ebove water level of Oct, 26, and 2.2 £t (2.5 m)
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above reference mark. The 1957 flood waes ebout one meter deep in main part
of town of Maraba but was exceeded by about two meters by {lood of 1927,
accord‘ng to reports of locsl persons,

As it was reported that veloci.tles were low during floods, it _was eati.mate&
that flood flow of 1957 might be about 1 1/4 million ofs (36,000 w?).

Oct, 27: Travelsd by boat about 100 kms downstresm from Marabé to the

village on e-st side of Rio Tecantins opposite Jatobal, River is consiricted
by massive rock outcrop aboutl 40 kme from Maraba, vhichk cause the low velocities
in that reach,

From the consiriction to Jalobal, ars ssverel rapids with falls averaging
about one meter. Time cld not psrmi‘b inspection of the reported 17 meter fall
below Jatobal. The entire reach appeared poor for a streemflow gtation beesuse
of measuring conditions. Best measuring conditions are at Maraba, however, the
send streambed is subject to shifts, CGege could be above rapids, about 2 kms
upatream, .

Oct. 283 Met with the mayer of larabd in rorping and levels yun from river io
reference pgint and to the 1957 fleod mark. Departed Varaba via VARIG and
arrived Belem at 4330 pne



