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Nevado del Hulla 

1.0 l11lruuucliu11 

This is a report on a trip by Dr. Norman H. Crawford to the 
Nevado del Huila, Río Páez, and Río Magdalena on December 4 and 5, 
1990, made on behalf of the National Office of Disaster Prevention 
and Asslstance In Colombta. Tht1 µuq:.,u�t=' ur l11tt Lriµ Wi;ib Lu 
investigate the potentíal far mudslides and floods, dQmaging to 
villages on the Río Páez or Río Magdalena, or to the hydroelectric 
projlilct at Betania. Thlíi> possibility of a tragedy similar to the Nevado 
del Ruiz eruptior1 in 1985 is of c;uric;ern fur' lhe Nevado del Huila 
region. 

This report describes the sim_ilarities and differences between 
Nevado del Huila and Nevado del Ruiz, and recommends studies to 
establish the magnitude of flood flows and mud flows that may 
result from an eruption of Nevado del Huila. When the hazards of 
volcanic activity at Nevado del Huila are better defined, measures 
can be taken to prevent loss of life and límít damage to property. 

This report was prepared tor Camilo Cárdenas Giraldo, Jefe 
Oficina Nacional Para Prevención Y Atención de Desastres. Professor 
Juan Guillermo SaldarriRga, JAfe Oepto. de lngenieríR Givil, 
Universidad de Los Andes traveled with Dr. Crawford to- the Nevado 
del Huila, and provided technícal assistance in the preparation of 
this report. 
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2.0 Volcanology, Geography and Hydrology 

The characteristics of Nevado del Huila and Nevado del Ruiz are as 
tollows: 

El1:::1v,:J.Liu11 

Activity 

Glacial Ice 1

Potontlal for 
Mudflows 

Rivers that may 
be affected 
by Floods or 
Mudslides 

Unique 
Concerns 

Nevado del Huila 

5350 rn.

Active fumarolas. 
Historie reports of 
"red glow" on the 
mountain in the late 
19th century. Lava 
flows, rather than 
eruptions of ash are 
typ1ca1. 

710 Mm3 . 

Mountuin olopo3 uro 
very erodible with 
limited vegétation. 

Río Páez 
Río Símbola 

Betania reservoir 
and dam 

1 
Mm3 is millions of cubic meters.

Hydrocomp lnc. 

Nevado del Rulz 

Last eruption in 
1985 of volcanic 
ash, similar to 
Mt. St. Helens (USA). 
Eruptions cf ash 
are typical. 

1700-2000 M m3 . 

Mountuín !31opoa oro 
very erodible with 
limited vegetatíon. 

Río Gualí. 
Rf o Lagunillas 
Río Chinchiná 
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Nevado del Ruiz erupted volcanic a�h in 1985 1 �imilar to the 

Mount St. Helen's eruption in the U.S.A. Ash falling on the surface of 
the glaciar on Nevado del Ruiz melted about three percent of the 
voluma of the glacier. Glacial runoff, combinad with runoff from 
rainfall that was occurring when Nevado del Ruiz erupted, eroded 
soils on the mountain slopes and created a disastrous mudslide at 
Armero. 

Nevado del Huila is different geologically, and ís expected to 
produce lava flows rather than ash. Lava flows under the glacier 
would rapidly melt glacial ice, although the entire volume of the 
glaciar would be unlikely to melt. 

' 

Y, 

Soil conditions on the slopes of Nevado del Huila are simila1· to s.

Nevado del Rui.c� t:>o a rnudslide could develop, and historie mudslides 
on the Río Páez below Nevado del Huila have been found. 

The 13etania reservoir and dam are of eoneern, beeau.'!e high 
spillway flows or failure of this importa.nt hydroelectric dam would G. 
cause high flows in the city of Neiva, and in downstream cities on 
the Río Magdalena. 
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s�o �ñ�lysls áf tp1ooils a'nd· Mod11á'WW 

T'fió rTH!($1 óri$«:ll é'c!tnditi'din on "'1ev�dó . 21�1 ltt;il� iA J�n ftrlJptié'>n 1
,��át daujef ráfi"1 .tlá�al mett, r,rodí:Jcipd tartj·é mlltwatér flows. 
Piah aan 1'1\ay t;e c6r1'1:e1:1rr�i,t wifl an oru�Uon. 

on' Ne.,acio del Auiz in :19S5,_ 3 pere�nt of ffie ice at hi'1h 
el·evatiorié meltard as hot ash .féll �m th• ,urfati ol thi gla?l:ier. . On 
Nevado del Hulla differént m•lt rafes are ej(J)leled si·ñee lává llows

wil! melt ice trom th• t:tpttom of tf:ie g1aeter. Sin�e ttie ift'agnituoe. 
anl timiniJ of lava flowi are u'nknown, a.n ftnalysis V"lould assume 
mo<iJerate, large, and "worst exp�cted" lava flows. Glacial meft 
WOijfd be estimated for eaCh Case. 

. .  ;.. 

' " 

NevdJ6 ti!
Hu1fá 

. ' 

Sketch of Mudslide and Floods at Nevado del Hulla

Figure 1 

, Hydrocomp lnc. 
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A .. w�ter flow loaving the glacier on NevétdO .fdel Huila �ould

1:nurJ1:1 :;;uil�, v1 c::�li,·,� a 1,,u�fí'ciw lnto tne nro r(loz and itc trib,ut3fia&.:.
At soma location downstream, as the velocity of the mud and water Cl ·
tlows deerease, most of the sediments will ·deposit. A f!ood with 
rnuch lower ·sediment content will continua downstream. 

3.1 Mudflows 

The slopes of the Nevado del Hulla are highly erodible, simila,r to 
the soils on the slopes of Nevádo del Rl,Jiz. The composition of the {,

oNevado del Ruiz mudflow at Armero V(as estimated to be 70 percent 
solid material. · The ·t�c�nical analytis of water �nd mudflows on
extremely steep slopes such as Nevado del Huila is approximate. 
Elther the compl.ete continuity and mómentum equations, or 
�inematic wave routing, coufd b0 _ used for this analysis. The 
compfetf3 equations of motion tend to be unstable and RrP. rliffir.11lt to 
use on lvery steep slopes, and for channéls that are dry as a flood or 
mu�slide .· begins. Kinematic wave2 flow routing is preferable 
becau.se.' t,hi� • ��.chnique· is (Obust, and is no les� accurate give11 tl1e 
uncertain ·. physícal characteristics , of mudflows. 

1 

' 

· A water and mu,dflow from Nevado del Huila wouto move either
: ,(Or, both) into the Río .Pf.lAz or Río. �ímbolr.1 along Rmnll .Grneks as 

1 ' <  i 1 ! 1 • ' l ' ' 

,;,;the !Qi:·1Yusayu and· ar:qtJilla>. ·Ptíof Páez1\rec,eives all the .water··. fr.orn th�:.:·
·;w�s.tern s!opes . ,1 o't: the , volcario; 1 Río .• Símbola ·. nJ.ns . to··' tt1e. · east, 
1·re�eivin9; 'w?ter· 'trom ¡1,·e: e�stern¡s(�p�s of., the.·,. m.our,tai� ·,,�;·, �ío .
'. SímtJola m�ts Río P�ez· ·.Jdst u¡:,stream th·e . town· of Belalcazár.- ·. 
: Figute ·� is·. a map .of . the Nevad� d�I Huila. r�giqn. . Topogr�phic 
. barriers shóuld prevent significant · water and · mudf!Óws ilito .Río 
M,oras, Río Tamara and Hío Guayabo. Thus, Río Páez and its 

. trib�1taries. have. the gr�atest risk. . Mudflows. are likely to deposit 
: along Río .. 'Páez .above Ricaúrte� ,, :· 

' ¡ 

• 
MtJtlflow$ .will deposit when the slope of the river or tloodplain 

2Kinematic wave flood routing is based on th� continuity equation, and the fíiction

slope of the flow is assumed equal to the channel slope. {Henderson, Open Cl1anoel EIQ\'i'., 
MacMlllan Publfshlng Co., New York, pp. 367-369} 
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become mild, as happened at Armero below Nevado del Ruiz. 
Modeling flow characteristics along the Río Páez will provide t5 

hydraulic data that might' indicate where mudflow sediments are.  

most likoly to doposit. 	When the largor partidas in the mudflow 
deposit, a flood with more limited sediment load mil move 
downstream. 

3.2 Flood Wave Movement 

A flood causad by an aruption of Nevado del Huila will mnve 
downstream in Río Páez and enter Río Magdalena. 

The lower Río Páez has a unique channel morphology. The 
channel meanders extensívely, but the meanders are now deeply 
incised. This channel morphology may have developed when a 
downstream geologic control was eliminated by the river. Now, the 
meanders in the lower Río Páez are incised 20 or more meters, 
creating a canyon at many locations. 

A floodwave generated by an eruption al Nevado del Huila must 
move along the meandering Río Páez channel. There are two effects 
of this channel configuration. First, the many meanders in the 
channel cause high energy losses and increase the distante that the 
floodwave must travel. Secondly, the narrow canyon-like channel 
allows the floodwave to move with relatively little attenuation. 

Numorical integration of tho comploto cquations of motion is 
thv irru l dwurdle teulutique 	 ruf uuluuld.ting [bu wüvenient 
and possible attenuation of a flood wave in a river channel3, and is 
appropriate to model flows that are primarily water with limited 
sediment content. The same method is applicable to modal surge or 
dynamic wave movement in reservoirs. 

The lower Río Páez, from 1,000 meters elevation to the Río p. 
Magdalena, has an average channel siope of 0.7 percent. The 

31-lenclerson,  Open Channel rlow,  MacMillan Publishing Co., New York, pp. 285 324. 
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floodwave velocity along the lower Río Pñoz may be 15 to 25 
kilometers per hour. 

The Río Magdalena channel below the confluence with the Río iil
Páez is geologically similar to Río Páez. The channel meanders 
extensively although ít is not inoised as dooply as Río Páez. Twenty 
kilorneter$ b�low the confluence with Río Páez, Río Magdalena 
enters the Betania reservoir. 

3.3 Betanla Reservolr 

The Betania reservoir is large with a length of approximatoly 26 
Km. at  full pool, a.nd an average width of 3 Km. lts storage volume is \ "\ 
1,971 Mm3. Figure 3 is a map on the resarvoir. The reservoir has a 
southern and a northern arm and Río Magdalena enters the soutl1ern 
arm of the reservoir_ The drainage area of Río Magdalena at Betania 

is 13,572 Km2 . The average inflow from Río Magdalena to Betania 
reservoir is 470 cubic meters per second. 

The re.sgrvoir has an ov�rflow �pillway at 561 .2 meter,; 
elevation, and a gated spillway at 548 meters elevation. The total 'V"
discharge capacity of these spillways is 11,000 m3 tsec at a 
reservoir elevation of 569 meters. The surcharge storage in the 
reservoir between 561.2 meters elevation and 509 meters elevation 

is 1000 Mm3 . There is approximately 250 Mm3 of surcharge storage 
betwean 561.2 meters elevation and 563 meters elsvatíon. Flooding 
of the town of Yaguará on the northern arm of the reservoir begins at 
563 meters elevation. 

There are two possible consequences of an eruption that could 
affect the Betania r.eservoir: 

1) tl1e vol u me of water entering the reservoir could increase
the reservoir level for "level pool!! condltlons, and cause high
downstream releases from the reservoir4

.

4Splllway 1 is gated, with a sill elevation of 548 meters, ::inci R rlischage capaclty of
I 

Hydrocomp lnc. page a
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2) a dynamic wave or surge wave may be generated in the 'l
''--' 

reservoir due to a rapid inflow from Río Páez via Río Magdalena.

The heigllt of a dynamio wavo doos not depend on the volurne of

inflow to the reservoir since the water surface in the reservoir
is not level.

Since the surcharge stor age · in the Betania reservoir exceeds the 
total volume of ice in the glaciar on Nevado del Huila, there is no 
danger of overtopping the dam due to glacial melt in a volcanic 
eruption, if "leve! poo l" conditions prevail in the reservoir. High 
l't:tlt::'asé$ of vval�,· f,·o,�1 lh1:1 ,·es1:11·voi1· is a possibility tliat sl,ould b& 
investigated. 

lf a flood entering the reservoir creates a dynamic wave, this 
wave would reach the dam at Betania and would be reflected 
upstream along the northern arm of the reservoir. lt would be 
us'ilik.ely lhttl i::l uy11ct111iv VYé:iVt: vvuulu t:Avt:t:U 11 lllt:l�r'6 �1·1d Ov1:1l'top 
the dam, but this possibility should be investigated with complete 
equations or full equations routing. 

The posslblllty rhat a dynamlc wave, reriected up the nonnern ·\'
J

arm of the raservoir, could flood the town of Yaguará should be 
investigated. Yaguará is only two meters above the normal full pool 
reservoir leve!. 

The upper valley of Rio Páez is narr-ow, wilh sleep slopes along 
both banks of the river. A landslide, which may or may not be caused 1-,Y
by an eruption of Nevado del Huila, could dam the river and form a 
temporary reservoir. The landslide would be washed out as soon as 
river flows filh�d thQ t9mporary r9s8rvoir, and a flood similQr to � 
glacial m elt flood would mova downstream in Rio Páe7.. The rn=iks of 
flooding along Rio Páez, and the risk of surge waves in Betania 
reservoir causad by landslides, could be investigated together with 
the risks caused by a volcanic eruplio,1 or Nevado del Huila. 

7,500 m3/sec at a pool elevation ot 569 meters. Spillway 2 is ungated, with a sil! 

evevation of 561.2 meters, and a discharge capacity of 3,500 rn3/sec at a pool elevation 
of 569 meters. 
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HY JJl<UL:Ul'lf' 

4.0 Proposed Technical Studies 

4.1 Goals 

The goal of the propasad technical studies is to detme the nsKs v
of an eruption of Nevado del Huila. 

How much glacial melt could occur and how quickly would it 
occur? 

What mudslide volume could occur?. How qulckly wuulc..f Q. 

mudslide move and w�ara míght it doposit? What bridges, roads or 
other structures would be endangered? 

How mlJ<:h wñrning time would be available far a mudslide? 

Wha t  water flow or flood hydrograph could occur, and how 
.. quickly would this flood move into Río Páez and Río Magdelena?. 

What bridges, roads or other structures would be endangered? 

Would. a rapid intlow to Betania reservolr create, a surge or 
dynamic wave in the reservoir?. How large might a dynamic wave in 
the reservoir be, and how would it affect the dam or the town of 
Yaguará? 

Would an eruption lead to high reservoir releases ·trom Betania 
that would cause downstream floods? 

4.2 Tasks, and Time Required for Studies 

In summary, the steps required to investigate the effects of a 
volc;anic eruption at Nevado del Huila are as follows. 

Hydrocomp lnc. page 11 



Task 

1 

2 

3 

4 

5 

Estimate the magnitude and 
tirring of lava flows that could 

occur on Nevado del Huila 

Estimate the magnitude and 
tiir ing of glacial melt for lava 
flo.vs of different magnitude 

C3lculate the vol u me and shape 
oi mudflows and flood hydro
graphs entering Río Paez and its 

trioutaries 

Calculate or estímate areas of 

deposition ;or mudflows along 
the Río Paez valley 

R:mte the flood hydrograph, aner 
the mudflow deposition, along 
Río Paez and Río Magdelena to 

Bstanla reservoir. 

hydrocomp, inc. 

Technlcal 

Specialties 

Volcanology 

Volcanology, 
Hydrology 

Hydrology1

Volcanology 

Hydrology, 
Geology 

Hydrology 

Estimated Professiona1 

Time (person•weeks) 

4 

4 

6 

3 

10 
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Task Technical 

Specialties 

Estimatec Professional 

Time (person-weeks) 

6 Estimate the "dambreak" flood Hydrolo{y 6 
hydrograph t� at would occúr f 
a landslide terrporarily damrned 
the Jpper Río Paez valley, and 
route this flow along Río Paez 
and Río Magdeleina, and throug1 

Betania reservoír. 

7 Calculate dynamic waves in Hydroiory 6 
Bet,nía reser.,oir, due to the 
flood hydrograpt found in Task 5. 

8 Calculate the releases from HydrolOf:Y 3 

Bettnia reservoi' in a 
volcanic eruption, given current 
reservoir operating policy 

9 Prepare a reporf Volcanology, 
Geology, Hydrology 

12 

1 The report would irelu:te summaries and results of ali stujies, maps of th3' time ot arriial and magnitude of

mudlideE and floods, reoommendations for ,emergency actions for towns affec:ted by muds ides and floods, and 

recommendatíons for l'Tl)difications, if neejed, in Betania �roject operations to lirnit darnages from dynamic 

waves o· downstream fbw releases. 

hydrocomp, inc. :1age 13 



' 
l't'Vl!l�OCOMT" 

5.0 Concluslons 

There is no evidence that Betania dam can be significatly 
affected by a mud flow from Nevado del Huila. lt can cause sorne 
waves in the reservoír that could afect the town of Yaguará, 
specíally if the pool is full. Also , the flood produced by a mudflow 
can cause large spillway discharges that can afect Neiva and/or 
other tows in the Magdalena Basin. 

The proposed studies would be done primarily in Colombia by 
professionals in the Instituto Nacional de lnv:estigaciones 
Geológico-Mineras, at universities, or by consultants, with 
assistance from l lydrocomp as necessary. 

Hydrocomp has experience with kinematic and complete 
equations routing for flood flows in streams and reservoirs, and 
with Unlted States practica In emergency action planning, that 
mlght contrlbute to these studles. 

Hydrocomp lnc. page 14 
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