OPEN-FILE REPORT 78-10

;.

GEOLOGIC HAZl\ROS Or: THE

GLENWOOD SPRINGS METROPOLITAN
AREA - GARFIE!...D COUNTY,

C~JlORADO

I

pqEPAR£D BY
LINCOLN - DEVORE
ENGINEERS AND GEOLOGISTS

.......
; ...
i

11-.;(

j~.;t..",....
_ ....1\

'I.~

.~

COLORADO GEOLOGICAL SURVEY
DEPARTMENT Of NATuRAL RESOURCES
STATE OF COLORADO
DENVER, COLORADO

"~

1978
".:

('
"

.

~

•• !".;

"

..

This report is the result of a cooperative effort by the City of
Glenwood Springs, Garfield County and the Colorado Geological Survey.
It was prepared by Lincoln-DeVore, Engineers and Geologists, under the
direction of the Colorado Geological Survey.
Copies of this report (Open-file 78-10) and a set of 14 accompanying
maps may be purchased from the Colorado Geological Survey, 1313 Sherman
Street, Denver, Colorado, 80203.
An additional publication, Debris-flow Hazards Analysis and
Mitigation, An Example from Glenwood Springs, Colorado, by A. I. Mears'
(Information Series 8) is an excellent supplement to this report and
is also available from the Colorado Geological Survey.

GEOLCGIC HAZARDS OF THE GLENWOOD SPRINGS
METROPOLI TAN AREA', GARFIELD COUNTY, COLORADO
by

-Richard N. Morris & Michael T. Weaver
LINCOLN-DeVORE -- Engineers & Geologists
colorado Springs, colorado

INTRODUCTION:
Glenwood Springs, county seat of Garfield County, Colorado,
lies at the junction of the Roaring Fork and Colorado Rivers
near the west-central edge of the Southern Rocky Mountains.
Surrounded on the north, east, and south by high, steep mountains,
the city occupies a narrow canyqn at an elevation of about 5800
feet and possesses a mild, semi-arid climate.

Due to its

setting of abrupt topography and complex geology, beth the city
and its

s~~roundings

are subject to a variety of geologic

processes that in the presence of human settlement constitute
natural

haz~rds.

The presence of geologic hazards in the area was graphically
illustrated on the evening of July 24, 1977, when a major thunderstorm swept enormous quantities of mud, rock, tree limbs, and
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other debris into a city residential district.

In less than a

half hour, about 200 acres of the city was covered to depths
ranging between four inches and 14

feet~

,
reliable estimates

placed the total damage at about $300,000.

This event led to

a recognition of the local importance of such debris flows,
together with ground subsidence, mass. wasting, and other
processes, to the inhabitants of the area.

As a result, Colorado

Geological Survey, in cooperation with the planning departments
of the city of Glenwood Springs and Garfield County, co-funded
a study of the nature, extent, and severity of geologic hazards
active within a study area defined in Figure 1.

The results

of that study are summarized in this report.

GENERAL GEOLOGY:
The location of the study area at the western edge of the
mountains creates considerable geologic complexity.

Every

member of the sedimentary rock section, from the Cambrian
Sawatch Quartzite to the Upper Cretaceous Mancos Shale, occurs
within the boundaries of the study area;

also found are

structural features such as monoclines, thrust faults, highangle faults, and evaporite diapirs, together with evidence of
volcanic and hydrothermal activity.

Most of the significant

geologic hazards, however, concern the unconsolidated deposits
of Quaternary age which cover the lowlands.
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From the standpoint of stratigraphy and structure, the
study area can be divided into four zones.

North of the Colorado

River, the White River uplift (a major division of the Southern
Rocky Mountains) rises in a deeply eroded, intricately faulted
sequence of older sedimentary rocks.

The series exposes rocks

of the Sawatch Quartzite, Manitou Dolomite, Peerless Formation,
Chaffee Formation, Leadville Limestone, Molas Formation, Belden
Shale, and Eagle Valley Evaporite, and is bounded on the south
by the trace of the Storm King Thrust Fault.

To the east of

the city, the ground rises rapidly to form the west limb of the
great Sawatch Range anticline, another major feature of the
Southern Rocky Mountains.
the

four~

This zone is the least complex of

only three formations--the Eagle Valley Evaporite,

the Maroon Formation, and a basaltic lava flow--exist within
the project boundaries, and no significant faults or other
notable structural features alter the section.

TO the west of

the city lies a system of high, steep ridges which form a part
of the Grand Hogback.

The Hogback, which forms the geologic

boundary between the mountains and the Colorado Plateau, is made
up of a thick section of formations which become increasingly
younger toward the west.

Included in the section are the

Eagle valley Evaporite, Maroon Formation, Weber Sandstone,
Chinle Formation, Entrade Sandstone, Morrison Formation, Dakota
Sandstone, and Mancos Shale.

The ridge system, which forms a

-3-

structurally simple, west-dipping monocline, is locally capped
by basaltic lava flows which are related to the flows on the
east side of the study area.
standpoi~t

The fourth zone--the most significant from the

of geologic hazards--is the valley bottoms of the Colorado and
Roaring Fork rivers.

Both valleys are controlled by geologic

factors; the Colorado River locally follows the trace of the
Storm King Thrust Fault, and the Roaring Fork follows the trend
of the easily-eroded Eagle Valley Evaporite.

Both valleys

.

•

are underlain by stream alluvium and terrace deposits, composed
of water-transported boulders and cobbles resting in a finergrained matrix.

In most of the Glenwood Springs area, terrace

and alluvial deposits are found at elevations below·about 5800
feet.

However, remnants of high-level terraces do exist, notably

north of the colorado River, just west of the city limits.
The high-level terraces are sometimes locally cemented by travertine,
a form of calcium carbonate which

ha~

been deposited by hot

springs associated with the storm King Thrust Fault.
deposits and alluvium generally present few

hazards~'

The terrace
many of

the larger buildings in the city are founded on terraces.
However, the areas mapped as alluvium usually fall within the
floodplains of major streams.
Most of the other unconsolidated deposits in the valleys
are of colluvial

origin~

that is, they have been formed by
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downslope movement, or slope wash, under the influence of gravity,
of loose rock and soil debris.

Included in this category are

the large "fans" formed by debris flows.

Debris fans cover

the greater part of the developed portions of the study area
and grade into sheets and wedges of undifferentiated colluvium.
Both the debris fans and the colluvium deposits are actively
accumulating material.

Known thicknesses of these materials

range from less than cne foot to well over 50 feet.

Another

class of colluvial deposits include large bedies of rock and
soil debris on the surrounding mountainsides.

These bodies are

believed to be the remnants of ancient debris flow, landslide,
and colluvial deposits.

The most prominant of these now-inactive
,,~

deposits is Cemetary
~ure

HillA~basins E

3 and E-4, see

1), which may be the eroded remnant of a debris fan or

mudflow deposito

It is likely that the ancient debris flow and

colluvial deposits are of late Pliocene or early Pleistocene
age, and that they are roughly contemporaneous with both the
series of very large, old landslides on the flank of the Grand
Hogback (just above County Road 117 and Midland Avenue) and the
very large landslide which is believed to underlie the coalesced
'0 t

deb r is fan s of bas in s w-.l.a.,-w--l-9, .-w-2 0 ,--W-2.l,--an-tL1'l~22 • .
.

~
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The bedrock and structural geology of the study area is
shown on Sheet 1 of the map series; the surficial geology is
shown in greater detail on Sheets 2, :3 ) 4, and 5, as well as
on the stream profile sheet (Sheet 14) •

DEERIS FLOW HAZARDS:
Debris flows are masses of water and rock, soil, and other
materials which move rapidly downhill--usually, though not always,
along an existing drainage channel--and lose velocity and are
redeposited on gentle, low-lying slopes, whers they:ultimately
form characteristic fan-shaped deposits.

unlike iandslides,

which ,deform in plastic Shear, and debris-laden floods, which
flow as low-viscosity liquids, debris flows behave as Bingham
substances~

that is, they cowhine viscous flow with plastic

strength in a manner similar to lava flows and glaciers.

As

a rule, debris flows can form whenever loose soil, rock, and
other debris on steep slopes become entrained with water in such
a way that mobilization occurs.

In other words) the debris mass

must become essentially saturated with water, and that water
must exert pore pressures which are approximately equal to, or
greater than, the normal intergranular stresses (ll e ffective
stresses ll )

acting within the debris mass.

The

II

neu tral stress"

of the pore water, which cannot withstand shearing, counteracts
. the effective stress of the debris and reduces the shear strength
of the mass to negligible proportions.
free to deform and flow.
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The debris mass is then

It is often theorized that a high clay content in the debris
mass is essential to debris flow formation.

This theory arises,

in part, from a well-known association of clay, high pore water
pressures, and slope stability problems and, in part, from the "
controlling role played by clays in certain intensively-studied
debris flows, mainly in southern California.

However, debris

flows have been reported in materials ranging from silts to
rock talus which possess very low (and sometimes insignificant)
clay contents.

In the Glenwood Springs study area, debris flows

..

are associated primarily with outcrops of the Maroon Formation
and secondarily with outcrops of the Eagle valley Evaporite.
The Maroon Formation consists of brilliant red and orange beds
of shale, siltstone, sandstone, and conglomerate, with a little
limestone.

The sandstones and conglomerates are usually arkosic

and micaceous, and are often rather coarse-grained.

Although

some beds within the formation are clayey, debris weathered
from Maroon Formation outcrops does not usually have a very high
clay content.

The Eagle Valley Evaporite does contain consider-

able clay, together with soluble gypsum and halite, "and beds of
sandstone and siltstone.

However, debris

f~ows

originating in

areas of Eagle valley Evaporite outcrop are usually

sma~ler

and less frequent than those originating on Maroon Formation
outcrops.
As a result of this investigation, it was concluded that
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debris flo\~s in t~e Glenwood Springs study area probably do not
result from the gradual buildup of pore pressures' in clayey
soils as a consequ~nce of rainfall precipitation, as is the case
with southern California debris flows.

A different model,

involving the rapid introduction of water to debris, with a
sudden increase in pore water pressure producing liquifaction,
is therefore proposed.

Debris flows in the study area are

commonly caused by the sudden introduction of large quantities

.

of loose debris into rapidly moving flash flood waters.
The
•
required quantities of debris result from rockfall~ debris
avalanching, and ground failure on very steep slopes: the situation is aggravated by the very high suspended sediment load of
the flood waters, which results from sheet flooding and accelerated erosion in the upper drainage basin.

In areas of Maroon

Formation outcrop, it is likely that a great deal of debris is
contributed by rapid, progressive failure of sheets of lowdensity residual and colluvial soil; the failure mechanism
involves sudden saturation of the loose soil, followed by
collapse of the soil structure and immediate liquifaction of
the soil mass.
The relationship between flow magnitude and frequency in
a given drainage basin is a function of many variables.

Among

those variables are rainfall intensity and magnitude, slope

-8-

aspect, basin length, area, and slope, rock type, amount of
available debris, and vegetation type and density.

Several of

these variables are summarized on Sheet 14 of the map series for
11 basins within the study area.

Once a flow is mobilized,

it will move downhill, either accelerating or decelerating as
a function of -the ground slope, the channel geometry, and the
physical properties of the flow.

A moving flow possesses

considerable potential for destruction; impact pressures are
directly proportional to the square of the flow velocity, and
,

may exceed 2000pounds per square foot..

•

While the flow is moving,

the positions of the soil and rock grains within the flow
continually adjust to maintain the high pore pressures which
permit liquifaction . . However, the flowing mass retains sufficient
shear strength to transport large boulders and other Objects,
which are picked up by the advancing "snout" of the flow and
transported on the upper surface of the flow.

Due to the

combination of viscous flow and plastic shear characteristics
in debris flows, it is not uncommon for flows to be diverted
from their channel or path by obstructions, which may be other,
demobilized debris flow lobes.

When diversion occurs, the flow

will "jump" its channel and find a new path; the diverted flow
then builds its own channel as it goes by leaving behind
levees and medial deposits.
As the channel gradient decreases, the advancing debris
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flow will decelerate and, finally, corne to a halt.

Deceleration

results from the reduced gradient of the slope, from the loss
of energy consumed in fluid friction (both within the flow and
at the interface with the ground surface), and from the internal
friction resulting from growing effective stresses as the high
pore pressures are dissipated by drainage.

After a flow has

demobilized, it may be extensively modified by water flooding
and later

erosion~

within the study area--especially in the

"large basins on the east bank of the Roaring Fork River--debris
flows are usually immediately followed by large runoff flows
which rework the debris and spread thin layers of mud over very
large areas.
Although the debris flows of July, 1977 took many residents
by surprise, review of old newspaper files and storm records
shows that at least 12 damaging debris flow events have affected
the study area since 1920.

In addition, two other large flows

are known to have occurred between 1900 and 1920, one of which
(1903) resulted in a fatality after a train wreck.

Nearly half

of the reported events affected areas within the present city
limits of Glenwood Springs.
of debris

fl~~s

It appears that news accounts

were published only when the flows affected

settled areas or transportation lines; recent population growth
and urbanization of the West Glenwood district has been accompanied
by a substantial increase in the number of reported flows.
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The available evidence suggests that the various small
drainage basins of the study area each possess a characteristic
"style" of deb=is flow behavior.

In general, the basins can be

grouped on the basis of their styles, as shown on Sheets 6, 7,
8, and 9 of the map series.

While both larger and smaller

flows are not unknown, each basin tends to produce flows of a
fairly consistent magnitude range.

This is probably because of

limitations imposed on the energy and mobility of the flowing
mass by the physical characteristics of the source material and

.

..

by the geometry of the basin and fan.

~Vhile

the total

nu~~er

of debris fan lobes and the total volume of debris involved can
vary

greatly~

the actual area covered by flow deposits in the

valley fluctuate"s within a much narrower range.

On undisturbed

fans, the zone of normal debris flow deposition is often distinguished from an outlying zone of eroded and reworked material
by a distinct break in slope.

Although the mechanics of flow

deposition can be altered by both human development and long-term
changes in the fan geometry, it is possible to subdivide the
study area into low, moderate, and severe hazard zones on a
semi-quantitative basis.

These zones are shewn on Sheets 6

through 9, together with the outlines of areas affected by recent
debris flows and with other information about those flows.

It

should be noted that the outlined areas include both the zone
of flow deposition and the zone of erosion and reworking.
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Although approximate methods for the quantitative evaluation
of debris flow hazards exist, the data necessary for that evaluation is usually unavailable.

The analysis of hazards on specific

tracts of land is therefore qualitative only.

In the absence

of an actual known history of flow deposition on a tract, clues
to past behavior may be found in the presence of a fan, the
presence of surface boulders and quantities of coarse-grained
materials, and the lack of a well-developed surface soil profile.
Subsurface investigations in high-hazard zones may disclose
..,
stratified, alternately coarse- and fine-grained , beds (see
Figure 2a), in which the coarse beds represent old flow deposits,
or buried soil horizons..

Due to the tendency for' flows to

change their path, the presence of a defined drainage channel
on a fan does not guarantee the safety of the remainder of the
fan.

An example may be found in the 12th Street Floodway, which

was built in 1938 to protect the downtown district from flows
in basin E-3 (Cernetary Gulch).

Although the floodway has some-

times functioned as planned (i.e. 1977), the 1943 flow left
the channel near its head and spread through the

cit~,

causing

widespread damage.
As can be seen from the maps, almost the entire urbanized
part of the study area is subject to some degree of hazard from
debris flows.

Simple avoidance of the hazard is not always

possible, and alternate mitigation methods must be employed.
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Avoidance should be practiced at the apices of fans, where the
high velocities of flows exiting from the gulches result in
impact pressures which cannot reasonably be resisted by conventional residential and commercial structures.

Elsewhere in the

city, the only useful mitigation technique on the fans involves
the design of flow-resistant buildings: such buildings require
heavily-reinforced lower walls and should not have low windows
or other openings on the uphill side.

In some cases, it may

be possible to grade a site so as to create an island 'which will
split slot~ly-moving flows.

This measure will, however, increase

damage to surrounding property.

Damage to structures and their

contents by debris flows is covered under the flood insurance
program of the Federal Insurance Administration.

However,

coverage does not extend to damage to landscaping and open ground.
As most of the reported damage in the 1977 event involved landscaping and cleanup of open areas, it does not appear that
fan-level mitigation techniques are sufficient to alleviate
the problems posed by debris flows.
The place for truly effective mitigation is above the fan,
in the lower reaches of the source basins.

One possible tech-

nique requires the construction of detention dams to completely
retain the flowing mass.

A dam of this type is in successful

operation in basin W-21, and others have been proposed in the
small basins of West Glenwood.

Detention dams must be cleaned
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out after every flow event.

Furthermore, it will be difficult

to construct dams of a sufficient size to retain the very large
debris flows and floodwater volumes generated by larger basins,
such as those along the Roaring Fork River.

Overtopping or

failure of a very large dam could be catastrophic.

Therefore,

dams cannot be recommended on other than small basins.

For the

larger basins, debris fences of the type discussed by Mears
(1977, p. 38-41) are probably the best control alternative.
These fences are designed to demobilize debris flows and permit
,

•
drainage of water from the debris mass.

The water can then be

cuntrolled by conventional storm drainage techniques.

Debris

fences are expensive, must be designed to withstand high impact
tressures, must be high enough to prevent overtopping, and must
be cleaned out after each flow event.

However, they represent

the most effective means of control yet devised for the study
area.

HYDROCOMPACTION AND RELATED HAZARDS:
A second major geologic hazard affecting the Glenwood
Springs study area is the susceptibility of colluvial surficial
depo~its

to settlement or subsidence.

The most spectacular

incidences of subsidence are due to hydrocompaction, which is
the sudden collapse of low-density soils upon wetting.

other,

more gradual subsidence is attributed to complex ground failure
and, to a very limited degree, to solution of soluble rocks in

-14-

the Eagle Valley Evaporite.

True consolidation, which requires

the expulsion of pore water from a soil under load, is relatively
uncommon, although it is not unknown.

Although the limestones

which outcrop in the study area are cavernous, the outcrops are
in rugged, unpopulated areas and subsidence of caverns is not a
significant hazard.
True hydrocompaction is known to occur at a few locations
in Glenwood Springs; most reports have so far come from the
south end of the study area.

Although collapses in excess of
,

•

10 feet deep have been reported a short distance south of the
study area, hydrocompaction subsidence in the Glenwood Springs
area is usually much less.

Hydrocompactive soils, according to

one theory, are usually low-density silts or very fine sands
which have been deposited by colluvial or aeolian (windblown)
processes.

The in-place void ratio of the soil must be greater

than the void ratio of the same soil remolded at the liquid
limit.

A small amount of clay, occurring as thin coatings on

the individual silt and sand grains, is vital to the processr
otherwise, the presence of large quantities of clay ·or cementing
compounds such as calcium sulfate and calcium carbonate tends
to reduce or eliminate the potential for hydrocompaction.

When

a susceptible soil is saturated, the water tends to weaken the
clay film bonds which have formed at intergranular contacts.
simultaneously, expansive pressures generated by the wetted
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clays tend to force the silt and sand grains apart.

The weakened

soil structure then collapses, either spontaneously or under
load, to a denser, more stable configuration.

Other theories

implicate either surface tension effects in pore water or the
pressure of small quantities of intergranular cementing compounds.
In the Glenwood Springs area, most hydrocompactive soils ar'e
colluvial materials derived from the Maroon

Formation~

rarely,

limited hydrocompaction may occur in colluvium derived from the
Eagle Valley Evaporite.
,

•

Techniques for the &aluation of hydrocompactive soils are
discussed in review papers by Dudley (1970) and Lofgren (1969).
A preliminary indication of hydrocompactive potential may be
obtained from theoretical considerations involving the specific
gravity, liquid limit, and in-place density of the soil.

Other

techniques involve field tests and variations on the conventional
consolidometer (oedometer) test.

In terms of mitigation, total

avoidance of highly hydrocompactive soils is advisable but not
always pra.ctical.

Other fairly successful techniques include

pre-wetting or complete removal and replacement with compacted
fill.

A less satisfactory technique requires the construction

of deep foundations which bear on a non-hydrocompactive material,
combined with careful control of both surface and subsurface
drainage.
A more widespread cause of subsidence in the study area is
a hydrocompaction-related phenomenon here termed complex ground

failure.

Most of the unconsolidated deposits in Glenwood Springs

contain sufficient clay and cementing compounds to preclude
hydrocompaction.

The clay and cementation may have been present

in the material when it was deposited: more often, in-place
weathering and infiltration by percolating waters has altered
the material after deposition in debris fans and colluvial bodies.
Nevertheless, the soil retains its low density and high void
ratio.

As long as the soil remains dry and undisturbed, it will

display very high strength and almost no tendency to settle under
,

•

light to moderate building loads.

If, however, the soil is wetted for an extended period of
time, the clay and cementing compounds will soften and the" cementing compounds will at least partially dissolve.

Destruction

of the intergranular bonds by this gradual process tends to
drastically reduce the strength of the soil, as shewn in the
Mohr failure envelopes for typical Glenwood soils (Figure 3).
Although no appreciable subsidence will occur in unloaded soils,
the addition of building loads can result in gradual failure
of the soil skeleton and densification of the entire soil mass.
If the soil is completely saturated, piping erosion in the
weakened soil can further reduce bearing capacity: furthermore,
densification of the saturated soil will induce very high pore
pressures and possible local liquifaction.

Key distinctions

between hydrocompaction and complex ground failure revolve
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around both the extended period of time and the actual physical
changes in soil structure required for complex ground failure.
The potential for complex ground failure can be recognized
from the interpretation of conventional consolidation test data
if the tests are performed under conditions which permit the
dissolution of the clay/cement bonds and if proper- consideration
is given to the possible effect of complications such as piping.
Buildings and other facilities can then be designed on the basis
of the reduced soil strength and compressibility values.

..

A

great many of the buildings in the study area have undergone
some movement and damage as a consequence of complex ground failure.

Most of the affected structures, however, are older frame

bu~ings

which are capable of adjusting to the movement without

suffering much visible damage.

Buildings constructed from

concrete, masonry, and glass often undergo considerable cracking

In cases where the affected soil

and structural movement.

underlies a slope, the mechanism carries with it the potential
for local slope failure--complex ground failure is suspected in
a small circular landslide occurring in an otherwise· stable
slope on the west side of Midland Avenue.
Other causes of ground subsidence are relatively minor
within the study area.

Some of the fine-grained soils, parti-

cularly in lower-lying areas, have the potential for true
consolidation under load.

This potential can, however, be
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detected by conventional geotechnical engineering techniques.
Gradual solution of the gypsum and halite in the Eagle Valley
Evaporite is known to cause large-scale subsidence.

However,

this subsidence is not usually accompanied by the differential
movements which prove damaging to structures.

The low permea-

bility and mechanical incompetence of the soft, plastic
evaporite combine to preclude the formation of voids and
sinkholes.

The potential for subsidence of all types is shown on
,

•
Sheets 10, 11, 12, and 13 of the map

series~

Also, Figure 2b

illustrates a typical soil profile in a material subject to
complex ground failure over a long period of time.

Figure

2c shows a typical soil profile in a material subject to
severe, short-term complex ground failure; the very low blow
counts shown in parts of the profile may reflect piping erosion.

OTHER GEOLCGIC HAZARDS:

Although most of the geologic hazards found in the study
area are associated with either debris flows or subsidence,
a few other, lesser hazards are encountered.

These include

landsliding, rockfall, and corrosive soils.
A number of rather large landslides have been mapped on
the hillsides in the west and north parts of the study area.
Most of these are very old slides in the Maroon Formation
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which now exist in a me'tastable condition.

These old slides,

together with most of the old debris flow and mudflow deposits,
seem to be related to unusual stress and hydrogeologic conditions associated wi.th the contact between the Maroon Formation
and the underlying Eagle Valley Evaporite.

It is likely,that

these features may have been initiated when the downcutting
Colorado and Roaring Fork Rivers first exposed the contact
between the two

forrnations~

Of unusual interest is the very

large coalesced debris fan of basins W-18 through W-22.
.

,

This fan is probably developed upon the remains of a very
large slope failure controlled both by the Maroon/Eagle Valley
contact and by the Storm King Thrust Fault.
At the present time, all of the large landslides and
related features appear to be stable.

In fact, the roadway

of County Road 117 cuts the toe of one of the largest of the
slides) apparently without problems.

Prudence would dictate

that extreme care be used, however, whenever one of the old
slides is affected by development or construction.
avoidance of slide areas is strongly recommended.

Total
Known

ancient landslides and slope failures are shown on Sheets
10 through 13.
A more pressing hazard involves rockfall.

Most of the

developed portions of the study area are ringed by steep
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hillsides and cliffs upon which resistant beds of the
Maroon Formation outcrop.

These outcrops serve as source

areas for repeated falls of rocks of all sizes.

Other rock-

fall source areas are found in other formations in the mountains
surrounding the study area; however, few of these rockfalls
affect deveioped area.

Although the conventional remedy for

rockfall is simple avoidance of the hazard zone, it is not
always feasible to avoid the problem in Glenwood Springs-many of the hazard areas are already developed.

At least

one damaging rockfall occurred in a residential district
during 1977i in addition, rockfalls create perpetual maintenance
problems along transportation routes.

The problem can be

minimized by careful building site location and. by grading
building areas to provide catchment, impact
features.

absorbin~·,

or deflection

In critical areas, periodic scaling of loose rock

on the slopes may be necessary.

Rockfall areas are shown on

Sheets 10 through 13 of the map series.
A final hazard is attributable to soils derived from,

or modified by, rocks of the Eagle valley Evaporite.

These

rocks contain substan~ial quantities of gypsum (calcium
sulfate), which is corrosive to concrete and most metals.
Structures and facilities located in areas of corrosive
soil must be built in such a way that the construction materials
in contact with the soil are protected.
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Concrete should be

made with Type II or Type V cement, which is inherently
resistant to sulfate attack.

Metal installations should be

coated with protective substances or be made of heavy-gauge
stock to prevent or minimize rapid damage.

cathodic protection

may, under certain circumstances, be a feasible means of protecting critical installations.

Areas in which corrosive

soils are expected are also shown on Sheets 10 through 13.

,

•
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ORDINANCE NO. 26

Series of 1981
1\I\j ORDINANCE OF TI ill CITY OF GLENWOOD SPRINGS, COLORADO i\1\;lENDIN(;

O-IAPTER 20 OF 111E TvlUNICIPAL CODE (SUBDIVISION, DEVELOPiv1ENT AND
USE OF LAND) BY ADDING ARTICLE X, DEVELOPMENT IN AREAS OF
GEOLOGICAL I-Ii\ZARD AND ADDING A PARACRAPI I 13 TO CIIAPTEl< 20, ;\RTICLE
III, SECTION 3, ANDJ\IVlEND.INC OIAPTUR 20, AI~TICLE I, SECTION Z.E.
THE CITY COUNCIL OF 1till CITY OF GLEMvOOD SPRINGS, COLORADO ORDAINS:

Section 1.
That there be added to Chapter 20 of the iv1unicipal Code of the City of
Glenwood Springs, Article X, Development in areas of geological hazard,
which shall read as follows:
ARTICLE X
DEVELOPMENT IN AREAS OF GEOLOGI CAL HAZARDS

Section 1.

Purposes of Article.

The purpose of this Article is to promote the public health, safety,
and general welfare and to minimize public and private losses due to
geologic cOIlditions in specific areas by provisions designed to:
A.
B.
C.
D.
E.

Protect human life, safety and property;
Minimize damage to public facilities and utilities;
Tvlinimize the need for relief and clean-up operations due to
geological events with their accompanying public and private
costs;
rvlinimize tile need for expensive mitigation measures to protect
public and private property;
Alert property owners and potential buyers of geologic hazards
existing in certain areas, so that they may protect their own
property and avoid endangering the property of others.

Section 2.

General Provisions.

A. Areas of Geologic Hazard. As used in this ordinance, the term
"geologlc hazard" shall include the following hazards, as defined in
Colorado Geological Survey Open File Report 78-10.
1.

Debris flow hazard means severe and moderate debris flow hazard.
Severe debris flow hazard poses possible serious damage to
structures and risk to life, and mitigation is necessary.
Moderate debris flow hazard poses possible minor damage to
structures and risk to life. Mitigation is recommended and major
cleanup is probable.

2.

Hydrocompaction hazard means severe and moderate hydrocompaction
hazard. Severe hydrocornpaction hazard poses a high probability
of major and/or rapid settlement, accompanied by local piping and
slope instability due to soil structure disruption. Moderate
hydrocompaction hazard poses a low probability of rapid major
settlement, but a high probability of significant long-term
settlement.

3.

Rockfall hazard criteria include (a) an identifiable source area

for rocks and (b) the presence of fallen rocks with intennediate
diameters of two feet or more.
4.

Landslide hazard is shown in areas of identified landslide
leatures. Slicles are mostly older features, but have potential
for reactivation.

5.

Slope instability denotes areas of past and current mass wasting
processes.

6.

Corrosive soils are potentially corrosive to concrete and steel.

13. Establishment of GeOlfgical Hazards Districts. There are hereby
created within the City 0 Glenwood Springs the following geologic
hazards districts:
1.

Hazard Avoidance Districts. These districts include presently
undeveloped areas with debris flow hazard, hydrocompaction
hazard, and/or rockfall hazard and up-slope drainage basins
contributing to the above-mentioned areas.

2.

tlazard Mitigation Districts. These districts include areas with
the above-mentloned geologlc hazards where there already exists
significant public and private investment cmd where additional
Jevelopment will not significantly increase the risk of damage
from the hazard nor significantly increase the cost to the
community of mitigating the hazard.

C. Inca oration of Geolo ic Hazards District Ma. The locations and
oun aries 0 - e geologlc azar s lstrlcts esta lished by this
ordinance shall be shown on the "Geologic Hazard District Map of the
City of Glenwood Springs", which is hereby incorporated into this
ordinance. This map shall bear the seal of the City and the date of
adoption. Changes in the boundary of any geologic hazards district
shall be made only upon amendn~nt to this Article and shall pron~tly
be entered on the Geologic Hazards District Map. A list of such
amending ordinances with number and date shall be kept on file in the
office of the City Clerk.
D.. Geologic Hazards District Boundaries. Except where othel1~ise
necessary, geologlc hazards clistrict boundary lines shall follow the
City's corporate limits, section lines, lot lines or right-of-way
lines or extensions thereof. ~~ere a district boundary follows a
street right-of-way, the center line of such street right-of-way shall
be the clistrict boundary. In subdivided property or wllere a hazard
district boundary divides a lot or parcel, the location of such
boundary, unless indicate by dimension, shall be determined by tile
scale of the hazard district map. lVhere a district boundary coincides
with a right-of-way line and said right-of-way is abandoned, the
district boundary shall then follow the centerline of the former
right-of-way.
E. Adoption of Official Geologic Hazards Map. The geologic hazards
maps WhlCh accompany Open File Report 78-10, prepared by
Lincoln-Devore Testing Laboratory for the Colorado Geological Survey
(CGS-78-l0), are hereby adopted as the official maps of hazard areas.
These maps shall servO as official reference in case of dispute
regarding the location of hazards, and the City Engineer's
interpretation of these maps shall be final.
F. Armexation of Land Within An Area of Geologic Hazard. Upon
annexation to the City of any land within an area of geologic hazard,
as determined on the official maps of geologic hazards, (CGS 78-10)
such land shall be added to the appropriate geologic hazards clistrict,
and all provisions of this Article shall apply. The boundaries of

such <.listrict shall be detennined in compliance with the purposes and
provisions of this Article by the City Council upon recon~endation
from the Planning Co~ission.
G. Applicability. ]11e provisions of this Article shall apply to
every proposal requiring anyone or more of the following:
1.

A development penni t; or

2.

A grading permit; or

3.

A building pennit for construction of a new building or
structure; or

4.

A building permit or permits for addition, alteration, or repair,
of an existing building or structure the value of which exceeds
fifty per cent of the assessed value or market value, whichever
is greater.

H. Interpretat~.on. rDle provls10ns of this Article shall be deemed to
be mlnlmum requlrements. Nothing herein shall impair the obligations
of or interfere with private agreements in excess of the minimum
requirements. Where this Article imposes a restriction different from
that imposed by other applicable provisions of law, contract or deed,
the more restrictive provision shall control.
I. Disclaimer of Liabilitf' This Article is intended to provide some
degree of protection to li~e, safety, and property. It is based on
scientific and engineering considerations which are continually being
developed and proven. Compliance with the provisions herein cannot
ensure freedom from risk to life, safety, or property. This Article
shall not create liability on the part of the City of Glenwood
Springs, any officer or employee thereof for any damage that may
result fronl reliance on this Article or any administrative decision
lawfully made thereunder.
Section 3.
A.

1.

Geologic Hazards District Regulations.

Hazard Avoidance Districts.
No improvement, building, structure, excavation, dumping, or
backfill shall be placed, built, undertaken or approved in a
hazard avoidance district, except for fences, geological
stabilization structures, or paths for non-motorized use, unless
before application for development permit or, if no development
permit is required, for grading or building permit, ~~e applicant
demonstrates to the City Engineer and the Director by clear and
convincing evidence that one of the following conditions is met:
a.

The land to be affected does not lie within any area of
debris flow, hydrocompaction or rockfall hazard or a
drainage basin contributing to any such hazard, as shown on
the official Geologic Hazards Maps (CGS 78-10), and the
proposal is in conformance with tile purposes of this
Article.

b.

The hazards as specified in CGS 78-10 do not exist on the
subject site and the proposal is in conformance with the
purposes of this Article. Such a determination shall
~gquire detailed analysis of the area by a q~alified
geologist and an engineering geolo8Y report) which report
may be submitted by the City to the Colorado Geological

Survey for review. "The area" as used here means the site
proposed for development as well as adjacent land and
upslope drainage basin as necessary to compa~e the area.
analysis with the CGS 78-10 maps. Upon submlttal of thlS
report by the applicant, application may be made for
development, grading or building permit, but no such penl1it
shall be issued until the City Engineer and the Director of
CommWlity Development have determined that the conJitions o[
this subparagraph b. are met.
c.

proposed development meets all of the following
conditions:

'[he

1)
2)
3)
4)
d.

B.
1.

It will include no human habitation;
It will not require City water, sewerage, streets, or
other public service;
It will not increase the hazard to other public or
private property;
It is consistent with the intent and purposes of this
Article.

subject site lies within an area with rockfall hazard
but not debris flow or hydrocompaction hazard, and not
within a drainage basin contributing to any such hazard, as
shown on the official Geologic Hazards Map eCGS 78-10). In
the case of such a determination by the City Engineer, a
mitigation plan shall be required before issuance of a
development, grading or building permit. The mitigation
plan shall be produced and certified by a qualified engineer
and shall demonstrate to the City Engineer and the Director
by clear and convincing evidence ~~at rockfall damage will
be prevented, by a catchment wall or other means.

'[he

Hazard Mitigation Districts.
All new structures and additions or improvements as set forth in
Section 2.F. proposed in a hazard mitigation district shall be
subject to the requirements of Section 3.B.2. through 3.B.IO.
below, unless before application for development permit or, if no
development permit is required, for grading or building permit,
the applicant demonstrates to the City Engineer and the Director
by clear and convincing evidence that one of the following
conditions is met:
a.

1ne land to be affected does not lie within an area of
debris flow, or hydrocompaction or rockfall hazard or a
drainage basin contributing to any such hazard, as shown on
the official Geologic Hazards Map eCGS 78-10).

b.

The hazards as specified in CGS 78-10 do not exist on tile
subject site and the proposal is in conformance with the
purposes of this Article. Such a determination shall
require detailed analysis of the area by a qualified
geologist and an engineering geology report, wllich report
may be submitted by the City to the Colorado Geological
Survey for review. "The area" as used here means the site
of t.he proposed development as ,vell as u1.e adj acent land and
upslope drainage basin as necessary to compare the area
analysis with the CGS 78-10 maps. Upon submittal of this
report by the applicant, application may be made for
development, grading or building permit, but such permit
shall not be issued until the City Engineer and the Director

have determined that the conditions of this subparagraph b.
are met.
2.

In areas with severe or n~derate debris flow hazard, as shown on
the official Geologic Hazards ~~ps (CGS 78-10), before issuance
of a development permit or, if no development permit is required,
grading or building pennit, the applicant shall demonstrate to
the City Engineer and the Director by clear and convincing
evidence that any structure or grading change that may divert
debris flow or flood waters from the subject property will not
increase hazards to other public or private properties. Such a
uetennination shall require an engineering geology report
produced and certified by a qualified engineer.

3.

Before issuance of a building permit, the applicant shall
uemonstrate to the City Engineer and the City Building Official
by clear and convincing evidence that the following requirements
are met:
a.

Within 600 feet of gully mouths, as shown on the Geologic
Hazards District Map, the following performance
specifications shall be met, unless the applicant submits a
report certified by a qualified geologist and a qualified
engineer which provides computations supporting other
performance specifications for the specific area in
question. Such report shall be subject to the approval of
the City Engineer, who may submit the report to the Colorado
Geological Survey for review.
1.

Within 300 feet (gOm) of gully mouths, all buildings
shall have the uphill wall designed and constructed to
resist a horizontal force of 900/lbs/ft2 (43kPa) to a
height of six feet above undisturbed or finished ground
level, whichever is higher.

2.

Between 300 and 600 feet (gO-180m) from gully mouths,
all buildings shall have the uphill wall designed and
constructed to resist a horizontal force of 400/lbs/ft2
(19kPa).

3.

The uphill wall shall be considered that wall most
likely vulnerable, in terms of direction, to debris
flow. In case of dispute, the City Engineer shall
determine which wall or walls require reinforcement.

b.

In areas with rockfall hazard, as shown on the official
Geologic Hazards Maps (CGS 78-10) a mitigation plan shall be
produced and certified by a qualified engineer and shall
demonstrate that rockfall damage will be prevented by a
catchment wall or other means.

c.

In areas with hydrocompaction hazard, as shown on the
official Geologic Hazards Maps (CGS 78-10), a mitigation
plan shall be produced and certified by a qualified
engineering geologist and shall demonstrate that all
foundations, roads, and underground utilities are designed
and will be constructed to prevent significant damage or
premature deterioration due to ground subsidence.

d.

In areas with landslide hazard, slope instability, or
corrosive soils, as shown on the official Geologic Hazards
Maps (CGS 78-10), the applicant shall demonstrate that all
such hazards will be mitigated to accomplish the purposes of
this Article. The City Engineer may require an engineering
geology report where he deems it necessary for detennining
that any hazards are mitigated.

4.

The design-load requirements of subparagraph 3.a. above may be
applied to a building located anywhere within a hazard mitigation
district where the City Engineer determines, before issuance of a
building permit, that the specific situation warrants such
requirement.

5.

Reinforcement of uphill walls is recommended for all structures
within hazard mitigation districts, whether or not it is
required, except where hydrocompaction is the only hazarcl
present.

6.

Building design which places sleeping quarters on the downhill or
less vulnerable side is reconunendeu wi thin hazaru llli tigation
districts, except where hydrocompaction is the only hazard
present.

7.

All require<l geology reports shall be submitte<l in such a [onn
that they can be directly related to CGS 78-10.

8.

A required mitigation plan shall include a description of the
geologic hazard(s), conclusions and recommendations regarding the
effect of such hazards on the proposed development, and design
criteria and procedures for mitigating such hazards, based on
sound engineerin& and geologic practices and infoTIllation.

9.

For purposes of this Article, a qualified geologist shall be
considered a professional geologist, as set forth in C.R.S.
51-3-1, and a qualified engineer shall be considered a
professional engineer, as set forth in C.R.S. 51-1-2.

10.

For any proposal in a hazard mitigation or hazard avoidance
district, the review fee may be increased to cover the actual
cost to the City of contracting with a qualified geologist or
engineer to review the applicant's proposal, reports, ~Ld/or
plans.

Section 4.

Variance.

A variance from the strict application of th~ requirements of this
Article may be granted pursuant to the provisions, conditions, and
procedures as set forth for zoning variance in Article IV, Section 5,
of this Chapter 20, except that the following additional conditions
mus t be found:
A.

The hazards as specified in CGS 78-10 will be mitigated, so
that the development does not increase the hazard to public
or private property; and

13.

The variance granted does not impair the pl.LrpOSes of this
Article; and

C.

The above determinations shall require that the applicant
submit a detailed area analysis by a qualified geologist and
an engineering geology report, which report may be submitted
by the City to the Colorado Geological Survey for review.

Section 5.

Public Improvements in Areas of Geologic Hazard.

Public improvements including but not limited.to streets, water ~ewage
and electrical services will not be extended lnto the Hazard Avoldance
District, except where:
A.

An area or a proposed development meets one of the

13.

Where the public good. will be better served. by the
extension, which shall be in convliance with the City goals
and policies. Such determination shall be made by the City
Council upon a recommendation from the Planning Con@ission.

conditions of Section 3.A. of this Article; or

Section 2.
There should be added to Chapter 20, Article III, Section 3, a
paragraph B., Development in Areas of Geological I-lazard, which shall read
as follows:
B.

Development in Areas of Geological Hazard.

All development proposed for land within any Geological Hazard
District, as set forth in Article X of this Chapter 20, shall comply
with the provisions of said Article X.
Section 3.
That Chapter 20, Article I, Section 2.E. of the Glenwood Springs
MUnicipal Code should be amended to read as follows:
To guard against loss from natural hazards such as flooding, falling
rock, landslides, snows 1 ides , debris flow and unstable soils by
regulating the use of land in such hazardous areas.
INTRODUCED, READ AND PASSED ON FIRST READING AND ORDERED PUBLISHED IN
fULL IN 11-IE OFFICIAL NEWSPAPER TI-fIS l8 n-I DAY OF JUNE, 1981.
r

THE CITY OF GLENWOOD SPRINGS

ATTEST:

INTRODUCED A SECOND TIME, PASSED AND ORDERED PUBLISHED BY TITLE AND
NUMBER ONLY IN THE OFFICIAL NEWSPAPER THIS 2ND DAY OF JULY, 1981.
11iE CITY OF

G~VOOD

SPRINGS

Marian I. Smith, Mayor
ATTEST:

Bob Standerfer, Finance Director

