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GLOSSARY

[References in “Glossary’’ are listed under *“Selected References’ in Part B]

Aggradation.  The deposition of sediment by a stream of water.

Alluvium, Sediment including clay, silt, sand, and gravel in transit and(or) deposited by a
stream. Excludes detritus deposited in standing water such as lakes or oceans.

Altimeter setting.  The pressure required to make an altimeter indicate zero altitude at an ele-
vation of 10 feet above mean sea level.

Cirrus anvil.  High clouds which spread outward from the tops of thunderstorms.

Colluvium. A deposit of unconsolidated detritus or earthy material that has been carried
downslope chiefly by gravity, as opposed to running water. Generally is heterogeneous, poor-
ly sorted, and poorly bedded. Includes but is not limited to talus, soil creep, landslides,
avalanche deposits, and sheetwash.

Colorado Piedmont. A section of the Great Plains. The part of the Great Plains lying between
the Southern Rocky Mountains and the High Plains. In the Big Thompson region it is the
area east of the hogback belt at the foot of the Front Range. The name ‘“High Plains” is
sometimes used erroneously for this section.

Convection.  Vertical motions and mixing resulting when the atmosphere becomes thermody-
namically unstable.

Cubic feet per second (cfs or ft3/s). A rate of discharge. One cubic foot per second is equal to
the discharge of a stream of rectangular cross section 1 foot wide and 1 foot deep flowing at
an average velocity of 1 foot per second.

dBZ. A measure of the relative power (in decibels) of returned energy to transmitted energy.

Debris avalanche. In the Big Thompson Canyon area, term is applied to a very heterogeneous
mixture of water-saturated bouldery debris flowing very rapidly down a long, narrow steep
channel and leaving behind a conspicuous linear scar on the mountainside. Similar to a debris
flow but moving at a higher velocity down a steeper gradient (fig. A).

FIGURE A.—Debris avalanche deposit and scar.
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Debris fan. A fanlike or conelike subaerial accumulation of sand, gravel, cobbles, boulders,
and more or less organic trash deposited where the velocity of a stream is abruptly checked
by a change of gradient, as at the mouth of a gulch. Deposit is generally poorly sorted and
poorly stratified. Generally, a product of torrential runoff. The fanlike form results from the
shifting of the channel as the stream blocks and diverts itself repeatedly with its own debris
(fig. B).

FIGURE B.—Debris fan.

Debris flow. A very heterogeneous mixture of water-saturated debris flowing slowly to very
rapidly down a ravine and discharging onto a debris fan. In the Big Thompson Canyon area,
many debris flows contained abundant woody trash, such as logs and brush. Some debris
flows evidently discharged directly into the Big Thompson River and were swept away by
the flood. Similar to a debris avalanche but flowing down a flatter gradient at lesser velocity.

Debris slide. ~ The most common type of landslide set off by the Big Thompson storm. In the
Big Thompson area, a moist stony heterogeneous landslide that moved downward and out-
ward without backward rotation. Motion may have been slow to rapid. Mostly in colluvium.

Degradation.  As applied to streams, synonymous with erosion. In a more general geomorphic
sense, the gradual lowering of the landscape by weathering and erosive processes.

Detritus. ~ Any material worn or broken from rocks by mechanical means. The composition and
dimensions are extremely variable (Stokes and Varnes, 1955, p. 37).

Dewpoint (or dew-point temperature).  The temperature to which a parcel of air must be cooled
at constant pressure and constant water-vapor content in order for saturation to occur.

Discharge. = The quantity of fluid mixture including dissolved and suspended particles passing
a point during a given period of time.

Drainage area.  The area, measured in a horizontal plane, which is enclosed by a topographic
divide.

Echoes.  In radar terminology, a general term for the appearance on a radar indicator of the
electromagnetic energy returned from a target.

Entrainment.  The mixing of environmental air into a preexisting cloud parcel.

Fault. A fracture in the Earth’s crust along the sides of which there has been movement par-
allel to the fracture plane.

Flood. Any abnormally high streamflow that overtops natural or artificial banks of a stream.

Flood plain.  The nearly flat ground bordering a river and occupied by the river at flood stage,
built up from sediment deposited when the river overtops its banks and spreads outside its
low-water channel.

Floodway.  The channel of a river or stream and those parts of the flood plains adjoining the
channel, which are reasonably required to carry and discharge the floodwater (Erbe and
Flores, 1957, p. 443, quoted in Langbein and Iseri, 1960, p. 11). Usually applied to the part of
the flood plain reserved or zoned to accommodate expectable flooding.

Front.  Boundary separating two different air masses.

Gage height. The water-surface elevation referred to some arbitrary gage datum.

Gaging station. A particular site on a stream, canal, lake, or reservoir where systematic obser-
vations of gage height or discharge are obtained.

Gneiss. A foliated metamorphic rock having alternate layers of visibly dissimilar minerals,
especially feldspar-rich layers alternating with mica-rich layers. Very common in Big Thomp-
son Canyon.

Gradient.  As applied to streams, the inclination of the bed, usually expressed as a percentage,
or feet per mile.
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Granite. A visibly granular igneous rock of interlocking texture composed essentially of alka-
lic feldspar and quartz, commonly with a small percentage of mica and hornblende. Very
common in upper reaches of Big Thompson Canyon.

Granodiorite. A visibly granular igneous rock of interlocking texture similar to granite in gen-
eral appearance but with soda-lime feldspar predominant over alkalic feldspar in a ratio of
from 2:1 to 7:1 and with hornblende as the common mafic accessory mineral.

Grus.  An accumulation of waste consisting of angular, coarse-grained fragments resulting
from the granular disintegration of crystalline rocks, especially granite, generally in an arid
or semiarid region (Gary and others, 1972, p. 317).

Hydrograph. A graph showing stage, discharge, velocity, or other property of water with re-

spect to time.

Inversion (Temperature inversion). A layer in the atmosphere where the temperature increases
with height.

Isotherm. A line of equal or constant temperature.

Knot (kt). A rate of speed of 1 nautical mile per hour, equal to 1.105 miles per hour. Commonly
used to express wind speed.

Landslide. = The downward and outward movement by falling and (or) sliding or flowing of
slope-forming materials composed of natural rock, soils, artificial fills, or combinations of
these materials. (See Varnes, 1958, p. 20; see also fig. C).

FI1GURE C.—Landslide types common along the east slope of the Front Range. From left to right:

I, rockfall moves mostly by free fall, bounding, and rolling; II, slump by rotational slippage on
concave-upward shear surfaces; 111, debris slide by complex internal adjustments of highly
deformed, sheared slide mass; IV, earthflow by displacements and velocities similar to those of
viscuous fluids (Varnes, 1958, pl. 1). Types A and C were prevalent in the Big Thompson Canyon
area. Small-scale slumping, type B, took place along riverbanks east of the mountains. Illustra-
tions by Natalie J. Miller, from Nilsen (1972).

Level of free convection.  The level at which a parcel of air lifted dry adiabatically until satu-
rated, and moist adiabatically thereafter, would first become warmer than its surroundings.

Lifted condensation level.  The level at which a parcel of moist air lifted adiabatically would
become saturated.

Lifted index. An index based on the difference (in °C) between the 500-millibar (mb) environ-
mental temperature and the temperature of a parcel of air lifted adiabatically from or near
the surface.

Mass wasting. A general term for the dislodgement and downslope transport of soil and rock
material under the direct application of gravitational body stresses. In contrast to other ero-
sion processes, the debris removed by mass wasting processes is not carried within, on, or
under another medium possessing contrasting properties. The mass strength properties of
the material being transported depend on the interaction of the soil and rock particles with
each other. It includes slow displacements such as creep and solifluction and rapid
movements, such as earthflows, rockslides, avalanches, and falls (Gary and others, 1972,
p- 434).

Metamorphic rock.  Rock changed materially in composition or appearance, after consolida-
tion, by heat, pressure, or infilitrations at some depth in the Earth’s crust below the surface
zone of weathering.
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Migmatite.  An intimate mixture of granitelike igneous rock and a metamorphic host rock
(schist or gneiss) in which the mixture is on a small scale but is sufficiently coarse to be easily
recognized by eye (Stokes and Varnes, 1955, p. 92). Common in Big Thompson Canyon.

Mean sea level (msl).  The average height of the surface of the sea for all stages of the tide over
a 19-year period.

Millibars. A pressure unit equivalent to 1,000 dynes per square centimeter, convenient for
reporting atmospheric pressure.

Mixing ratio. The ratio of the mass of water vapor to the mass of dry air.

Peak discharge attenuation. The reduction in peak discharge of a stream along the direction
of flow.

Peak stage. = The maximum height of a water surface above an established datum plane; same
as peak gage height.

Pegmatite.  An igneous rock of deep-seated origin having a very coarse average grain size and

an interlocking texture, composed of predominant feldspar and quartz, subordinate mica,
and various accessory minerals.

Percent slope.  The vertical rise in slope per horizontal distance expressed as a percentage.
Thus, a 10-percent slope rises 10 feet in a distance of 100 feet.

Point bar.  One of a series of low, arcuate ridges of sand and gravel developed on the inside of a
growing meander by the slow addition of individual accretions accompanying migration of
the channel toward the outer bank (Gary and others, 1972, p. 552).

Precipitable water.  The amount of water contained in an atmospheric column if all the vapor
between two levels (usually the surface and 500 mb) was condensed.

Radiosonde. A balloon-borne instrument package for measuring and transmitting meteoro-
logical data.

Rawinsonde. = Meteorological data-collection system including a radiosonde and reflectors for
measuring winds by radar.

Recurrence interval.  As applied to flood events, recurrence interval is the average number of
years within which a given flood peak will be exceeded once.

Rockfall.  Rock material that plummets, bounds, or rolls down a precipitous slope. Rapid to
extremely rapid movement. (See Varnes, 1958, fig. 6, p. 22.)

Runoff.  That part of precipitation which appears in surface streams.

Schist. A visibly crystalline foliated metamorphic rock composed chiefly of platy mineral
grains, such as mica, oriented so that the rock tends to split into layers or slabs. Very com-
mon in Big Thompson Canyon.

Sediment. = Fragmental material that originated from weathering of rocks and is transported
by, suspended in, or deposited by water or is accumulated in beds by other natural agencies.

Sheetflood. A broad or nearly continuous cover of floodwater flowing sheetlike down a slope,
as opposed to water concentrated in rills or rivulets. A result of intense but short-duration
rainfall.

Sheetwash.  Sediment picked up and redeposited by sheetflooding.

Slump. A landslide characterized by a shearing and rotary movement of a generally independ-
ent mass of rock or earth along a curved slip face (concave upward) and about an axis parallel
to the slope from which it descends, and by backward tilting of the mass with respect to that
slope so that the slump surface often exhibits a reversed slope facing uphill (Gary and others,
1972, p. 667).

Stage.  The height of a water surface above an established datum plane.

Stage-discharge relation.  The relation between gage height and the amount of water flowing
in a stream channel.

Stream competence.  The measure of the ability of a stream to transport sediment.

Strike valley. A valley formed by differential erosion of alternate layers of relatively resistant
and nonresistant rocks, so that the valley coincides with the trend (strike) of the nonresistant
layers and the bounding ridges coincide with the resistant layers.

Talus.  An accumulation of more or less angular rock fragments derived from and lying below
a steep slope or cliff.

Time of day.  Expressed in 24-hour time. For example, 6:00 p.m. is expressed as 1800 hours
Mountain Daylight Time (MDT).

Totals index.  Defined as 2(T'sso—Ts00)—Dsso where Tss is the 850 mb temperature, Tsoo is the
500 mb temperature and Dsso is the 850 mb dewpoint depression, all expressed in °C.

Unit discharge. = The average number of cubic feet per second flowing from each square mile of
area drained by a stream, assuming that the runoff is distributed uniformly in time and area.
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CONVERSION FACTORS

The following factors may be used to convert U.S. customary units to
Standard International (S. I.) units:

Multiply To obtain
U.S. customary units By metric units
inch (in.) 2.54 centimeter (cm)
25.4 millimeter (mm)
foot (ft) .3048 meter (m)
.0003048 kilometer (km)
yard (yd) 9144 meter (m)
mile (mi) 1.609 kilometer (km)
knot (kt) 5148 meter per second (m/s)
Square mile (mi%) 2.590 square kilometer (km?)
foot per second (ft/s) .3048 meter per second (m/s)
foot per mile (ft/mi) .189 meter per kilometer (m/km)
mile per hour (mi/h) 1.609 kilometer per hour (km/h)
cubic foot per second .02832 cubic meter per second (m3/s)
(ft3/s)
cubic foot per second .01093 cubic meter per second per
per square mile square kilometer
((ft3/s)/mi?) ((m3/s)/km?2)
cubic yard (yd3) 7646 cubic meter (m3)
millibar (mb) 1 kilopascal (kPa)
ton 9072 metric ton (t)

T%mperatures are converted from degrees Fahrenheit (F) to degrees Celsius (C) by the formula
F=?C+32; from degrees Celsius (C) to Fahrenheit (F) by the formula c=% (F—32).
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STORM AND FLOOD OF JULY 31-AUGUST 1, 1976, IN THE BIG THOMPSON RIVER
AND CACHE LA POUDRE RIVER BASINS, LARIMER AND WELD COUNTIES, COLORADO

METEOROLOGY AND HYDROLOGY IN THE
BIG THOMPSON RIVER AND CACHE LA POUDRE RIVER BASINS

By JERALD F. McCAIN of the U.S. GEOLOGICAL SURVEY, and
LEE R. HOXIT, ROBERT A. MADDOX, CHARLES F. CHAPPELL, and
FERNANDO CARACENA of the
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

ABSTRACT

Devastating flash floods swept through the canyon section of
Larimer County in north-central Colorado during the night of July
31-August 1, 1976, causing 139 deaths, 5 missing persons, and
more than $35 million in total damages. The brunt of the storms oc-
curred over the Big Thompson River basin between Drake and
Estes Park with rainfall amounts as much as 12 inches being
reported during the storm period. In the Cache la Poudre River
basin to the north, a rainfall amount of 10 inches was reported for
one locality while 6 inches fell over a widespread area near the cen-
tral part of the basin.

The storms developed when strong low-level easterly winds to the
rear of a polar front pushed a moist, conditionally unstable airmass
upslope into the Front Range of the Rocky Mountains. Orographic
uplift released the convective instability, and light south-
southeasterly winds at middle and upper levels allowed the storm
complex to remain nearly stationary over the foothills for several
hours. Minimal entrainment of relatively moist air at middle and up-
per levels, very low cloud bases, and a slightly tilted updraft struc-
ture contributed to a high precipitation efficiency.

Intense rainfall began soon after 1900 MDT (Mountain Daylight
Time) in the Big Thompson River and the North Fork Cache la
Poudre River basins. A cumulative rainfall curve developed for Glen
Comfort from radar data indicates that 7.5 inches of rain fell during
the period 1930-2040 MDT on July 31. In the central part of the
storm area west of Fort Collins, the heaviest rainfall began about
2200 MDT on July 31 and continued until 0100 MDT on August 1.

Peak discharges were extremely large on many streams in the
storm area—exceeding previously recorded maximum discharges at
several locations. The peak discharge of the Big Thompson River at
the gaging station at the canyon mouth, near Drake was 31,200
cubic feet per second or more than four times the previous max-
imum discharge of 7,600 cubic feet per second at the site during 88
years of flood history. At the gaging station on the North Fork Big
Thompson River at Drake, the peak discharge on July 31 was 8,710
cubic feet per second as compared to the previous maximum
discharge during 29 years of record of 1,290 cubic feet per second.
Peak discharges for three small tributaries near the area of heaviest
rainfall northeast of Estes Park exceeded previously recorded max-
imum discharges for basins of less than 4 square miles in Colorado.

Stream velocities were rapid along the tributaries near the storm
center and on the Big Thompson River in the canyon section, with
average velocities of 20-25 feet per second being common. The flood

crest on the Big Thompson River moved through the 7.7-mile reach
between Drake and the canyon mouth in about 30 minutes for an
average travel rate of 15 miles per hour, or about 23 feet per second.

The peak discharge of the flood on the Big Thompson River at the
canyon mouth exceeded the 100-year flood discharge for the site by
a ratio of 1.8. Upstream in the Big Thompson River basin, the flood
was even more rare being 3.8 times the estimated 100-year flood
discharge at the site on the Big Thompson River just upstream
from Drake. In the Cache la Poudre River basin, recurrence inter-
vals were computed to be 100 years for the flood on Deadman Creek
and 16 years for Rist Canyon and the Cache la Poudre River at the
canyon mouth near Fort Collins.

Although the rainfall and flood discharges were unusually large,
they are not unprecedented for some areas along the eastern
foothills and plains of Colorado. The May 1935 and June 1965 floods
on some streams along the eastern plains greatly exceeded the 1976
flood peaks in the storm area. Prior floods on several other streams
in the foothills have approximately equaled the 1976 peak
discharges.

INTRODUCTION

During the night of July 31-August 1, 1976, a com-
plex system of thunderstorms produced intense rain-
falls along the eastern foothills of the Rocky Moun-
tains in northern Colorado (fig. 1). Devastating flash
floods quickly swept through several streams in the
area causing an appalling amount of death and
destruction. The purpose of this report is to present an
analysis of the genesis, growth, and culmination of the
severe storm system and the disastrous floods which
followed.

Coming on the eve of Colorado’s 100th anniversary
of statehood, the storm and flood quickly occupied the
centerstage of attention. Centennial Sunday was still
observed throughout most of the State but in a much
subdued manner as the tragic news slowly filtered
from a large area almost stripped bare of normal chan-
nels of communication. During the ensuing days of

1
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FiGURE 1.—Location of flood area in relation to west-central United States.
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Denver, Colo., 1600-2300 MDT, July 31, 1976.

thunderstorms that had formed ahead of the trailing
front in the region west of Denver between 1730 and
1800 MDT. The resulting arc of thunderstorms (fig.
36B) moved over the Boulder, Colo., area at about 1830
MDT (fig. 36C). The data for the Rocky Flats plant
(fig. 34) shows that the passage of the thunderstorms
was marked by strong wind gusts and air and
dewpoint-temperature changes similar to those occur-
ring about 1 hour earlier at Stapleton International
Airport and at Table Mountain. Eyewitness accounts
and the rawinsonde data from Denver, Colo., at 1800
MDT indicated that the clouds which formed ahead of
the trailing front south of Boulder had higher bases
than the clouds which developed along the foothills to
the north. At about 1830 MDT, a pressure increase of
about 1 millibar was observed at the Rocky Flats plant
and at Boulder, Colo. This pressure increase was ac-
companied by a wind shift to the southwest which in-
dicated that rain showers and evaporative cooling in

drier air along the foothills south of Boulder had pro-
duced a small high-pressure center in that area.

The arc of thunderstorms east of Boulder dissipated
rapidly after 1830 MDT. The western part of the
thunderstorms moved over the foothills southwest of
Boulder, but rainfall amounts were much less than
observed amounts 20-80 miles to the north. Radar
echoes shown in figure 36D indicate the
thunderstorms southwest of Boulder were not strong-
ly affected by terrain as some of them moved westward
almost to the Continental Divide. From the meager
data available, it appears that the small high-pressure
center developed sufficiently to cause the trailing front
to become quasi-stationary between Denver and the
foothills south of Boulder, thereby preventing the very
moist unstable air from reaching the elevated terrain
southwest of Boulder. The winds at Boulder and the
Rocky Flats plant remained light southerly to westerly
until about 2200 MDT on July 31.
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TABLE 3.—Flood stages and discharges in Larimer and Weld Counties for the flood of July 3FAugust 1, 1976, and during previous maximum

floods

FLOOD, JULY 31-AUGUST 1, 1976, BIG THOMPSON RIVER, COLORADO

Maximum floods previously known

Maximum July 31-August 1, 1976

Prior to July-

Recurence

Site Station  Stream and place . Gage " i i
Pug.pry Drainage August 1976 b Discharge A Discharge  Hour Ga; Discharge Recurence
No. No. of determination height interval i i
area 5 ft3/s da; MDT) height (ft*/s) interval
(mi?) Period — Year o e fyrs) v mom i) (yrs)
1 06733000 Big Thompson River »
at EstesPark ... .. “137 1946-76 1949 3.16 1,660 13 31 2130 3.64 457 <2
2 06734500 Fish Creek near d
Estes Park ....... “16.0  1947-55, 1951 7.32 1,480 3.7 31 2150 4.02 182 3
1976
3 06735500 Big Thompson River a
nearEstes Park ... 155 1930-76 1933 b40 2,800 11 31 2230 f5.51 &
e
4 ... Dry Gulch near @ "
Estes Park....... 200 ... ciiin diiiiee ediiene e 31 2215 e 3210  .......
5 ... Dry Guich at "
stes Park ....... 0 31 2230  ....... 4,460  .......
6 ....... Big Thompson River »
below Estes Park . 164 0 31 2300  ....... 4,330 75
)
T o Big Thompson River
tributary below
Loveland Heights . R 31 s 8700  .......
8 ... Dark Gulch at
Glen Comfort ...... 100 .ooiiil i i aiieeee e 31 e e 7,210 ...
9 ... Noels Draw at
Glen Comfort ... .. 2% 31 L. e 6910  .......
10 ....... Rabbit Gulch near
Drake ........... 2 31 s e 3,540  .......
11 ... Long Gulch near
Drake ........... K 31 s 5500  .......
12 ... Big Thompson River » d
above Drake...... 3(189) ............................ 31 2100 ... 28,200 3.8
34
13 ..., North Fork Big
Thompson River at
Glen Haven ...... 185 it e s e e 31 888  .......
14 ... Fox Creek at
Glen Haven ...... B 25 T 3 S 1,300 ...
15 ... West Creek near
Glen Haven ...... B 5 N 3 2,820 ...
16 ....... Devils Gulch near
Glen Haven ...... D1 il s e e e 31 . e 2,810  .......
17 ... North Fork Big
Thompson River
tributary near
Glen Haven...... . 3l e e 9670  .......
18 ... Black Creek near B
Glen Haven ...... 20 P 31 2300 ... 1,990 ...
19 ... Miller Fork near n
Glen Haven ...... 189 Lilh s e e 31 2300  ....... 2,060 ...
20 ....... North Fork Big
Thompson River
tributary near
Drake ........... 0 P 3 3,240  .......
21 06736000 North Fork Big
Thompson River . d
at Drake ......... “85.1 '1947-76 1965 5.66 1,290 8 31 2140 9.21 8,710 1.4
22 ...l Big Thompson River d
below Drake. .. ... 9216 il s e e e 31 . 30,100 2.9
€(121)
23 06738000 Big Thompson River
at mouth of can- . n d
yon, near Drake .. 305 1887-92, 919 ....... 78,000 26 31 2140 19.7 31,200 1.8
°(150)  1895-1903,
1926-33,
1948-49,
1951-76
24 ...l Big Thompson River
below Green Ridge
Glade, near d
........... Loveland......... “311 31 27,000 1.7
©(150)
25 ... Redstone Creek
near Masonville .. B 3 1 s e 2,640 5
26 06739500 Buckhorn Creek
near Masionville . . “131 %ggg, 1951 13.40 14,000 50 1 . 8.1 3,400 4
1947-55
27T . Little Thompson
River near Estes 3
£:14 - S 8 31 2130 ....... 1940  .......
28 06744000 Big Thompson River
at mouth, near b
LaSalle .......... 828 1914-15, 1951 7.80 6,100 77 1 2235 7.82 2,470 11
°(673) 1927-76
29 ... Dale Creek tribut.
near Virginia Dale - 31 s 727 17
30 ... Deadman Creek near h
Virginia Dale....... B2 31 2230 ... 7,400 100
31 ... Stonewall Creek »
near Livermore . .. B 1 31 2200 ....... 3,470 6
32 ... Lone Pine Creek n
near Livermore . .. 3 PN 31 2230 ... 2,590 6
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TABLE 3.—Flood stages and discharges in Larimer and Weld Counties for the flood of July 3l-August 1, 1976, and during previous maximum
floods —Continued

Maximum floods previously known Maximum July 31~August 1, 1976
N . Prior to July-
Site Station Stream and place Drai Gage ; Recurence . .
Py raina August 1976 2 Discharge f Dischar, Hour Gage Discharge Recurence
No. No. of determination areage i ugu height (ft’/s)g interval day ge (MDT) height (ft/s) interval
(mi?) Period Year (ft) (yrs) 1) (yrs)
33 ... North Fork Cache la
Poudre River at
Livermore........ 539 1904, 1904  ....... 20,000 33 31 s 9,460 16
1929-31
34 06752000 Cache la Poudre
River at moui‘h of
canyon, near Fort
Collins ........... %1,056 1882- 1904  ....... (k) ....... 1 0130 7.86 7,340 16
1976
3  ....... Rist Canyon near B
Bellvue .......... 2 1 0030  ....... 2,710 16
36 06752260 Caglle la Po;;dre
ver at Fort
Collins ........... %1,129 1976 oot e e e 1 0430 8.84 5700 ...
37 06752500 Cachela Poudre f
River near Greeley 1,877 1903-04 1917 ..., 4,220  ....... 2 0030 5.62 1,600  .......
:Contributing drainage area for flood of July 3--August 1, 1976, unknown.
Site and datum then in use.
“Caused by dam failure at Lilly Lake.
. Ratio of peak discharge to that of 100-year flood d.lscharie
prproxxmate contributing area during flood of July 31-August 1, 1976.
Backwater from Dry Gulch.
iGates at Lake Estes closed at 2055 MDT; no outflow during remainder of flood period.
Apprommate time based on information from local resident.
* Record unpublished 1956-76; availiable from State Engineer’s office.
JRecorded at site 5 miles upstream.
; Greater than 21,000 cubic feet per second.
Dally discharge.
TABLE 4.—Hydrologic data for selected flood-data sites TABLE 4.—Hydrologic data for selected flood-data sites—Continued
Unit Umt
i i . Drainage discharge Average Average Sit Station Drainage scharge Average Average
%‘I’f Stﬁz_‘m Stream and Location  gre a Dl(skctl:;lsr)ge ((ft’;lzs)/ velocity depth Nlj No. °" Stream and Location area Dl&?a';”)‘ge ((ft’/s)/ velacity d
(mi?) mi?) (ftis)  (£t) (mi?) mi?) (ft/s)
4 Dry Gulch near Estes 23 06738000 Big Thompson River
ok Colo.. ... 200 3210 1600 12 33 ;f) nn:;:f}br‘fkecm
6 e ig Thompson River b " b
léellow Estes Park, g Colo ............. 305 31,200 26 10.6
olo ............. 4,330 481 8 4.6 . .
T Big Thompson River 24 .. Big Thompson River
e o Cevn e
veland Heights, " b
b kG‘ l h . Gl . 1.37 8,700 6,350 2 5.5 Loveland, Colo ... ~311 27,000 ... 12 6.7
8 ark Gulch at Glen
Comiort, Colo . 100 7210 7210 28 5.1 2 Redstone Creek near 2640 0 2
9 Noels Draw at Glen Masonville, Colo. "29.1 640 .. 1 4.
0 plomfort, Colo ... 337 6810 2,050 21 57 21 e Uhtiljgl;%':rpaft’es
........ it Gulch near -
Drake, Colo ...... 341 3540 1,040 18 47 Park,Colo. .- -..- 277 1,940 700 10 18
1 e Long Gulch near 80 e Deadman Croeknear . 7.400 0 40
b 5 Dx:raﬁﬁe‘ Colo..... 199 5500 2760 19 58 a1 Stoirginia Dale, Colo  "23. 400 .. :
........ ig Thompson River b
ove Drake, Colo. 132 28,200 829 22 83 a2 ml;:ggr::g e%ﬂhr).ear 319 3470 ... 12 37
i " Livermore.Colo... 286.3 2590 ... 7 35
18 N‘%}&gnliogg,? ]lgver at 33 e North Fork Cache la
pSlen Haven, Colo bigs 888 ... 8 22 Poudre Riverat 0.460 o 53
14 .. ox Creek at g . VROV e .
Glen Haven, Colo. %718 1,300 ... 9 28 84 06752000 Cache la Poudre
15 West Creek near 5 River at moutlgl of
Glen Haven, Colo. °23.1 2,320 .. 7 3.0 ((::an yon, ge‘l“ ort b) 056 340 9 6.2
16 e Devils Gulch near Lollins, Lolo..... ! 7,340 ... -
NGl%nFHalreBn, Colo. .91 2810 3090 12 21 35 e Rl;iﬁ;’mugoggﬁar 527 2710 14 12 34
17 e orth Fork Big s VOO .- . d -
fribatary near Gl 8 0672260 O Pt Pt
8 ne en b
Haven, Colo . ... 138 9670 17010 29 5.6 Collins, Colo........ 1,129 5700 . 8 671
1B e B](a}(igncﬁe:t;;eaéolo 3.17 1,990 628 11 45 Apprmumate contributing drainage area during flood of July 31-August 1, 1976.
19 Miller Fork near Glen b : ’ . Contnbutmg drainage area for flood of July 31-August 1, 1976, unknown.
Haven, Colo...... 13.9 2,060 ... 12 3.6
20 ... North Fork Big
Thompson River
tributary near
Drake, Colo ...... 1.26 3,240 2,670 18 3.0
21 06736000 North Fork Big
Thompson River 5
at Drake, Colo .. 85.1 8,710 12 5.2
22 . Big Thompson River b
below Drake, Colo. 276 30,100 .. 16 10.3
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FLOOD MARKS AND PROFILES

Soon after the flood, the U.S. Geological Survey, the
U.S. Army Corps of Engineers, Omaha District, and
the U.S. Bureau of Reclamation referenced high-water
marks at numerous locations along the Big Thompson
and the North Fork Big Thompson Rivers. The Col-
orado Water Conservation Board conducted a study to
develop flood profiles from the high-water marks and
stream cross-section data at selected locations in the
flood area. Flood profiles, cross-section data, and
preliminary streamflow data are contained in a report
published by the Colorado Water Conservation Board
(Grozier and others, 1976).

DETAILED DESCRIPTION OF FLOOD AREAS

BIG THOMPSON RIVER BASIN:
UPSTREAM FROM OLYMPUS DAM

After the flood, a field inspection made upstream
from Olympus Dam indicated that streams west of
Estes Park received no appreciable flood runoff. The
gaging station on the Big Thompson River upstream
from Lake Estes (Site 1) recorded a peak discharge of
457 cubic feet per second at 2130 MDT as shown in
figure 46, but all this floodwater reportedly was stored
in Lake Estes and did not contribute to the
downstream flooding. Earlier, at 1930 MDT, a much
smaller peak had occurred, and an intermediate-sized
peak was recorded at 0300 MDT on August 1.

Minor flooding also occurred on Fish Creek (Site 2)
which enters Lake Estes from the south, just upstream
from Olympus Dam. The discharge hydrograph for
Fish Creek (fig. 47) shows that the stream rose slightly
at 1920 MDT with a lull until 2000 MDT, followed by a
sharp rise which peaked at 2150 MDT at a discharge of
182 cubic feet per second. A smaller peak occurred on
Fish Creek at 0400 MDT on August 1.

The gates at Olympus Dam were closed at 2055
MDT on July 31 at which time the river discharge was
about 200 cubic feet per second. This discharge is a
small percentage of the peak discharges at
downstream sites; thus, the basin upstream from
Olympus Dam was considered as a noncontributing
area for the purpose of these analyses.

BIG THOMPSON RIVER BASIN:
OLYMPUS DAM TO LOVELAND HEIGHTS

This part of the flooded area consists of approx-
imately 9 square miles beginning at Olympus Dam
(Site 3) and ending at Site 6 on the Big Thompson
River 0.5 mile southwest of Loveland Heights.

Dry Gulch, which drains 6.12 square miles northeast
of Estes Park, flows southwestward to join the Big
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FIGURE 46.—Discharge hydrograph for the Big Thompson
River at Estes Park (Site 1).

Thompson River just downstream from Olympus
Dam. A peak discharge of 3,210 cubic feet per second
occurred at Site 4 on Dry Gulch about 2.4 miles
upstream from the mouth. According to a local resi-
dent, the peak stage occurred at 2215 MDT.
Downstream at U.S. Highway 34, Dry Gulch (Site 5)
had a peak discharge of 4,460 cubic feet per second.
The peak stage occurred about 2230 MDT at Site 5 ac-
cording to the gaging-station record on the Big
Thompson River downstream from Olympus Dam (fig.
48). As shown in figure 49, the floodwater from Dry
Gulch impinged on the base of Olympus Dam just
downstream from U.S. Highway 34, eroding part of
the base material. Fortunately, the erosion did not
create a dangerous situation.

The largest rainfall amounts in Dry Gulch basin oc-
curred upstream from Site 4 resulting in a unit
discharge of 1,600 cubic feet per second per square
mile, from the 2.0-square-mile basin. Much of the Dry
Gulch basin between the two sites lies to the west of
the area of heaviest rainfall; thus, the unit discharge
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2300 MDT produced rises on several streams with
resultant crests almost as high as the earlier ones. The
major damage occurred in Glen Haven from West
Creek which enters the town from the southwest.
Downstream from Glen Haven, damage was limited
mainly to the highway, which generally parallels the
river to Drake.

The peak discharge of 888 cubic feet per second,
which occurred on North Fork Big Thompson River
about 0.1 mile upstream from Fox Creek (Site 13), in-
dicates the small contribution to downstream
floodflows from that part of the basin west of Glen
Haven. Similar results were obtained for Fox Creek
where a peak discharge of 1,300 cubic feet per second
occurred at Site 14, 0.2 mile above the mouth. Peak
discharges on West Creek (Site 15) and Devils Gulch
(Site 16) were 2,320 cubic feet per second and 2,810
cubic feet per second, respectively. Again, only a small
part of the West Creek basin was hit by the heavy rain-
fall. Conversely, the entire basin of Devils Gulch
received extremely heavy rainfall resulting in the high
unit runoff of 3,090 cubic feet per second per square
mile from the 0.91-square-mile basin.

Downstream from Glen Haven, the unnamed
tributary which enters the river from the south at Glen
Haven picnic ground (Site 17) had a peak discharge of
9,670 cubic feet per second from a drainage area of 1.38
square miles. This peak-runoff rate of 7,010 cubic feet
per second per square mile is the second highest unit-
runoff rate for the flood, being exceeded only by Dark
Gulch (Site 8) which heads due south of this stream.
Peak discharges for Black Creek (Site 18) and Miller
Fork (Site 19) were 1,990 cubic feet per second and
2,060 cubic feet per second, respectively. The peak
stages occurred on these two streams about 2300
MDT; both streams were reported as being dry during
the 2100-MDT flood period. A peak discharge of 3,240
cubic feet per second occurred on the unnamed
tributary (Site 20) which enters North Fork from the
south about 3.2 miles west of Drake. The unit
discharge of 2,570 cubic feet per second per square
mile is less than that of other streams which head in
the same general area, but much of this basin lies near
the eastern edge of the storm area. Flood runoff in
streams east of this point rapidly decreased with no
evidence of flood runoff on North Fork tributaries at
Drake.

At Drake, the North Fork Big Thompson River (Site
21) had a peak discharge of 8,710 cubic feet per second.
This peak discharge greatly exceeds the previous max-
imum discharge of 1,290 cubic feet per second which
occurred on June 16, 1965. The hydrograph from the
gaging station (operated by the Colorado Division of
Water Resources) on the North Fork at Drake (fig. 50)

shows that one peak occurred at 2110 MDT, possibly
caused by backwater from the Big Thompson River.
The stream then receded until 2135 MDT and rose
again to a peak stage of 9.21 feet at 2140 MDT. The
second peak which occurred in the vicinity of Glen
Haven about 2300 MDT was not recorded at this site
because of the plugged gage intakes.

BIG THOMPSON RIVER BASIN:
DRAKE TO MOUTH OF CANYON

The peak discharge of the Big Thompson River
about 0.4 mile east of Drake (Site 22) was 30,100 cubic
feet per second. The flood crest at this location occur-
red a few minutes after 2100 MDT or approximately 30
minutes prior to the flood crest on the North Fork at
Drake. At 2100 MDT, the approximate time of the Big
Thompson River crest stage at Drake,the discharge of
the North Fork was about 4,500 cubic feet per second.
By adding this discharge to the peak discharge of the
Big Thompson River at Site 12, a discharge of 32,700
cubic feet per second is obtained, which is only about 9
percent greater than the measured peak discharge of
30,100 cubic feet per second. Fortunately, the flood
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F1GURE 50.—Discharge hydrograph for the North Fork Big
Thompson River at Drake (Site 21) until 2300 MDT on
July 31, 1976.
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crests on the main stem and the North Fork did not oc-
cur simultaneously at Drake; otherwise, the
downstream peak discharge would have been larger
and damages even more severe.

The flood crest moved through the 7.7-mile reach
between Drake and the canyon mouth in about 30
minutes for an average travel rate of 15 miles per hour,
or about 23 feet per second. The peak discharge occur-
red at the gaging station at the mouth of the Big
Thompson Canyon (Site 23) about 2140 MDT on July
31 at 31,200 cubic feet per second, as shown in figure
51. Because the gage was destroyed during the sharp
rise, river stages were based on observer readings and
high-water marks left by the flood, the times were
based on information from observers of the flood. The
U.S. Bureau of Reclamation’s calculation of peak
discharge at the canyon mouth yielded 30,000 cubic
feet per second, a percentage difference of less than 4
percent from that determined by the U.S. Geological
Survey.

The peak discharge of 31,200 cubic feet per second is
almost four times that of the previously known max-
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FIGURE 51.—Discharge hydrograph for rising stage at the Big
Thompson River at mouth of canyon, near Drake (Site 23).

imum discharge of 8,000 cubic feet per second which
occurred on July 31, 1919. The gaging station at the
mouth of the canyon was not in operation during 1919,
but the flood was recorded at a gaging station about 5
miles upstream. The 1976 peak discharge is more than
four times the previous recorded maximum discharge
of 7,600 cubic feet per second which occurred on July
19, 1945, at the mouth of canyon gage. The peak stage
of 19.7 feet on July 31, 1976, exceeded the previous
recorded peak stage by more than 10 feet.

BIG THOMPSON RIVER BASIN:
MOUTH OF CANYON TO SOUTH PLATTE RIVER

As it leaves the canyon, the Big Thompson River
valley widens rapidly. The flood crest attenuated
quickly because of valley storage and overflow into
numerous reservoirs near the river. The peak discharge
of 27,000 cubic feet per second for the Big Thompson
River just downstream from Green Ridge Glade (Site
24) indicates the effects of peak-discharge attenuation
(nearly 14 percent) although Site 24 is only about 2
miles downstream from the canyon mouth.

Buckhorn Creek experienced only minor flooding
upstream from Redstone Creek. At Site 25 on
Redstone Creek near Masonville, a peak discharge of
2,640 cubic feet per second occurred some time after
midnight as the storm system moved northeastward
out of the Estes Park-Glen Haven area. Downstream
from Redstone Creek, a peak discharge of about 3,400
cubic feet per second occurred at the discontinued gag-
ing station on Buckhorn Creek (Site 26) south of
Masonville. This peak discharge occurred between
0300-0330 MDT based on a stage record furnished by
the Colorado Division of Water Resources for
Buckhorn Creek (fig. 52) at a site 1.7 miles
downstream.

As the flood crest on the Big Thompson River moved
eastward into the wider and flatter valley, the result-
ant reduced velocity caused massive amounts of
debris and sediment to be deposited. In Loveland,
flooding was limited to low-lying areas along the river
and overtopping of several streets. U.S. Highway 287
south of Loveland was overtopped for a distance of
about 0.6 mile at the time of the flood crest.

The Little Thompson River, which enters the Big
Thompson River about 5 miles upstream from the
mouth, experienced severe flooding in the headwaters
southeast of Estes Park. The affected area which lies
on the south-facing slope opposite Noels Draw was
subjected to extremely high runoff rates near the basin
divide, as evidenced by numerous small areas of severe
sheet erosion. A peak discharge of 1,940 cubic feet per
second occurred on the Little Thompson River at Site
27 southeast of Estes Park at about 2130 MDT. The
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FIGURE 52.—Stage graph for Buckhorn Creek near
Masonville (downstream site).

unit discharge of 700 cubic feet per second per square
mile from 2.77 square miles of the basin does not in-
dicate a high runoff rate; thus, apparently only the ex-
treme northwest part of the basin received heavy rain-
fall. Farther east, at U.S. Highway 287 south of
Berthoud, the Little Thompson River did not overtop
the main channel banks.

The peak discharge of the Big Thompson River at its
mouth near LaSalle (Site 28) was 2,470 cubic feet per
second at 2235 MDT on August 1 (fig. 53). This small
discharge is further evidence of the flood-reduction ef-
fects of valley and reservoir storage. The flood crest
slowed considerably and traveled through the 35-mile
reach between the canyon mouth and the mouth of the
river in about 25 hours, an average rate of 1.4 miles per
hour.

CACHE LA POUDRE RIVER BASIN

Flood runoff originated from an area about 10 miles
wide extending from north to south across the Cachela
Poudre River basin. Generally, U.S. Highway 287
traverses the area from northwest to southeast (fig. 2).
The two heaviest areas of flood runoff appeared to be

on tributaries of the North Fork Cache la Poudre River
north of Livermore and on streams in the vicinity of
Bellvue, northwest of Fort Collins. The rainfall that
produced the flooding on the North Fork tributaries
near Virginia Dale began about 2000 MDT and was
reported as being most intense between 2100 and 2200
MDT. Between 2200 on July 31 and 0100 MDT on
August 1, the part of the storm system that caused the
Big Thompson River flooding moved over the Bellvue
area and produced flooding in Rist Canyon, on several
Cache la Poudre tributaries near Bellvue, and on the
downstream tributaries of the North Fork Cache la
Poudre River. The western limit of the flood on the
Cache la Poudre River was in the vicinity of Poudre
Park, while on the North Fork Cache la Poudre River
no significant flooding occurred upstream from the
mouth of Dale Creek just southwest of Virginia Dale.
There was minor flooding along the headwaters of Box-
elder Creek east of Virginia Dale, but data were not ob-
tained for this basin.

According to information from local residents,
tributaries of the North Fork Cache la Poudre River
basin near Virginia Dale crested between 2200 and
2300 MDT on July 31. Deadman Creek at U.S.
Highway 287 (Site 30) crested about 2230 MDT at a
peak discharge of 7,400 cubic feet per second. The
floodwater at this location eroded the highway fill
behind one bridge abutment and temporarily halted
traffic, but the bridge was not overtopped or struc-
turally damaged. A peak discharge of 727 cubic feet
per second, or 1,070 cubic feet per second per square
mile, was determined for Dale Creek tributary (Site 29)
about 1 mile northwest of Virginia Dale. Stonewall
Creek (Site 31) near the mouth experienced a peak
discharge of 3,470 cubic feet per second about 2200
MDT. Much of Stonewall Creek basin east of U.S.
Highway 287 did not contribute significant flood
runoff. Lone Pine Creek west of Livermore (Site 32)
crested about 2230 MDT at a peak discharge of 2,590
cubic feet per second. On the basis of field inspection
and rainfall data, only the eastern edge of the Lone
Pine Creek basin contributed to flood runoff.

The flood crest on North Fork Cache la Poudre River
at Red Feather Lakes road (Site 33) occurred about
0100 MDT on August 1 at a peak discharge of 9,460
cubic feet per second. According to a local resident, the
river at this location was higher than at any time since
May 20, 1904, when a peak discharge of 20,000 cubic
feet per second occurred. The North Fork reportedly
crested at its mouth about 0200 MDT on August 1.

Flooding on the main stem of the Cache la Poudre
River downstream from the mouth of the North Fork
resulted from a combination of flood runoff from the
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F1GURE 53.—Discharge hydrograph for the Big Thompson River at mouth, near LaSalle (Site 28).

two periods of intense rainfall. The discharge
hydrograph (fig. 54) for the gaging station on the
Cache la Poudre River at the canyon mouth near Fort
Collins (Site 34) shows that the river rose only slightly
until about midnight on July 31. After midnight, the
river rose sharply to a peak discharge of 7,340 cubic
feet per second at 0135 MDT on August 1, about 30
minutes prior to the flood peak on North Fork at its
mouth about 4 miles upstream. Because the
hydrograph shows only a single peak, it appears that
the peak rates of flood runoff from the two intense
bursts of rainfall arrived almost simultaneously at the
gaging station.

Several south bank tributaries of the Cache la
Poudre River between Laporte and Poudre Park yield-
ed high flood-runoff rates. Rist Canyon, which enters
the Cache la Poudre River just upstream from Bellvue,
reached a peak discharge of 2,710 cubic feet per second

about 0015 MDT on August 1 at Site 35. The unit
discharge for this 5.27-square-mile basin was 514 cubic
feet per second per square mile. The period of most in-
tense rainfall in this basin reportedly occurred between
2315 and 2345 MDT on July 31.

A peak discharge of 5,700 cubic feet per second oc-
curred at the gaging station on the Cache la Poudre
River at Fort Collins (Site 36). The discharge
hydrograph for the station (fig. 55) shows that the
river started to rise sharply at 0200 MDT and crested
at 0430 MDT on August 1. Farther downstream, the
Cache la Poudre River at the gaging station near
Greeley (Site 37) reached a peak discharge of 1,600
cubic feet per second at 0030 MDT on August 2 (fig.
56). As in the Big Thompson River basin, the sharp
reduction in peak discharge between the upstream sta-
tion and the mouth of the river indicates the at-
tenuating effects of valley and off-channel storage.
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FiGURE 54.—Discharge hydrograph for the Cache la Poudre
River at mouth of canyon, near Fort Collins (Site 34).

FLOOD FREQUENCY

In some parts of the flooded area, the peak
discharges of the July 31-August 1, 1976 flood are ex-
tremely rare, but, in other parts, they have been ex-
ceeded several times. Along the Big Thompson River
from Estes Park to the canyon mouth, this flood far ex-
ceeded the previous maximum flood recorded during
almost a century of documented observation. Con-
versely, the flood on the Cache la Poudre River has
been exceeded several times during that same period of
time. To provide an estimate of the probability of oc-
currence of the flood, a frequency analysis was made
for gaging-station records, and regional regression
equations (McCain and Jarrett, 1976) were used for
ungaged sites, where applicable. The flood-frequency
results are listed in table 3 for sites where estimates
could be made.

The 1976 flood discharge at the canyon mouth (Site
23) of the Big Thompson River was 1.8 times the
100-year flood for that site. Upstream in the Big
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FicuRre 55.—Discharge hydrograph for the Cache la Poudre
River at Fort Collins (Site 36).

Thompson River basin near the flood source, the flood
was even more rare than at the canyon mouth. For
some sites in this area, the ratio of the 1976 peak
discharge to that of the 100-year flood discharge was
computed as listed in table 3. At the Big Thompson
River above Drake (Site 12) the 1976 peak discharge
was 3.8 times the estimated 100-year flood discharge
for the site. For several small basins in the Estes
Park-Glen Haven vicinity, no estimates of the
100-year floods could be made because existing
methods are not applicable, but on the basis of field
data and information from local residents, the floods in
these basins probably were much greater than the
100-year flood.

In the Cache la Poudre River basin, the floods on
Deadman Creek near Virginia Dale and in Rist Canyon
near Bellvue had recurrence intervals of 100 years and
16 years, respectively. At the gaging station on the
Cache la Poudre River at the canyon mouth near Fort
Collins (Site 34), the recurrence interval of the flood
was computed to be 16 years.



70 FLOOD, JULY 31-AUGUST 1, 1976, BIG THOMPSON RIVER, COLORADO

1600 T T T T

1400 —

1200 —

I

1000

800 |~

600 —

DISCHARGE, IN CUBIC FEET PER SECOND

200 [~ -

P —

0 1 | | | |
2400

1200 2400 1200 2400 1200
AUGUST 1 AUGUST 2 AUGUST 3
1976

2400

FIGURE 56.—Discharge hydrograph for the Cache la Poudre
River at mouth, near Greeley (Site 37).

THE AFTERMATH

The major brunt of the flood lasted only a few hours
but during that short period of time an appalling
amount of death and destruction occurred. Search and
rescue operations were quickly begun and on August 2
Larimer County was declared a disaster area by the
President of the United States. On the same day, a
6-month moratorium on construction in the flooded
area along the Big Thompson River was declared by
the county commissioners. This moratorium was ef-
fected to restrict new construction or repairs to struc-
tures damaged 50 percent or more until completion of a
study to delineate the limits of the 100-year flood plain
(Gingery Associates, Inc., 1976).

THE HUMAN ELEMENT

There were 139 fatalities, with 5 persons remaining
on the list of missing. The ages of the victims ranged
from 2 years to 94 years, with about 40 percent of them
under 30 years of age and 28 percent over 60 years old.
About two-thirds of the victims were residents of Col-
orado; the other one-third were from 17 other States
and the Philippine Islands.

THE DAMAGE

The dawn of Centennial Sunday unveiled an almost
incomprehensible scene of destruction in many parts of
the flooded area. Eastward along the Big Thompson
River from Estes Park to Loveland Heights there was
evidence of flooding but damage was not severe. At
Loveland Heights, conditions changed dramatically,
for, from this point downstream to Loveland, the scene
was one of almost total devastation. As one observer
described it, “* * * The scene was one to rival a com-
bination tornado, flood, and earthquake * * *.”” Condi-
tions were similar along the North Fork Big Thompson
River in the vicinity of Glen Haven. Downstream from
Glen Haven, the major damage occurred to the county
highway which generally parallels the river to Drake
but several buildings located close to the river were
severely damaged. Damage in Weld County along the
downstream reach of the Big Thompson River was not
severe, consisting mainly of bridge damage and debris
accumulation. In the Cache la Poudre River basin,
damage also was light, being mostly related to irriga-
tion structures and partially completed flood-detention
structures on Boxelder Creek.

Although the estimates are far from complete, the
total damage to date (1977) is estimated at $35.5
million. A summary of damage estimates compiled by
the U.S. Army Corps of Engineers is given in table 5.
Almost one-half of the total damage was related to
rebuilding a major portion of U.S. Highway 34 which
parallels the Big Thompson River from Loveland to
Estes Park. As illustrated in figure 57, the highway
embankment was completely destroyed in some
reaches, leaving the canyon in a natural-appearing con-
dition. Structural damages totaling almost $9 million
included more than 50 percent damage to 252 struc-
tures and less than 50 percent damage to 242 struc-
tures. The aerial photographs shown in figure 58 vivid-
ly illustrate structure damage at Drake. Figure 584,
made on August 29, 1973, represents approximate con-
ditions of development at Drake before the flood.
Figure 58B was made on August 3, 1976, after the
flood, and figure 58C was made on October 29, 1976,
after the Drake area was cleared of debris and con-
demned structures.

The damage estimate also included $2.5 million for
the Big Thompson dam, pipeline, and powerplant. The
flood destroyed 438 automobiles and caused nearly $1
million in additional damages to house trailers. Several
views of destroyed automobiles, some battered into
almost unrecognizable shapes by debris and boulders
while others almost buried by sediment are shown in















METEOROLOGY, HYDROLOGY, BIG THOMPSON RIVER AND CACHE LA POUDRE RIVER BASINS 75

25 1 1
* * *
20— % -
* *
*
2 15 * _
w *
o
<
=z
3
z *
= 10+ ] _
* *
*
* ¥ * B July 31-August 1, 1976, rainfall
* | * * * . =
* ¥ % * % Previously observed rainfall
5 b ¥ x % _
* (] *
*
*
| ]
0 0 5 10 15

RAINFALL DURATION, IN HOURS

F1GURE 60.—Comparison between July 31-August 1, 1976, rainfalls and previously observed rainfalls in eastern Colorado.

Gage height at indicated time, 1976

Gage height Gage height
Time (ft) Time (ft)
July 30 July 31—Continued
................ 1.40 2105 1.73
July 31 2130 3.45
0600 ...........0.0. 1.40 2150 4.95
1200 . ......0cvnnne. 1.39 2200 5.40
1800 ........00uvttn. 1.39 2210 5.50
1905......00enenns. 1.39
1915 ....0vvienntn, 1.48 2245 ... ... 5.51
2300......c0iinnn... 4.95
19835.....iiiienn, 1.46 2315 . ... i 2.55
1955 ... .ciiiinntn 1.69 2400 ....... ...l 1.34
2010......0cniunn.. 1.56 August 1
2030 ......00iiinnnnn 1.60 Gage intakes
2055 ... ..., 2.02 plugged

SITE 4: DRY GULCH NEAR ESTES PARK, COLO.
(MISCELLANEOUS SITE)

Location.—Lat 40°24'22", long 105°28'37", in NE%NE% sec. 17,
T. 5 N, R. 72 W., Larimer County, 2.2 mi upstream from U.S.
Highway 34, and 2.2 mi northeast of Estes Park.

Drainage area.—2.00 mi2.

Discharge record.—Peak discharge by slope-area measurement.

Maximum.—July-August 1976: Discharge, 3,210 ft*/s about 2215
MDT July 31.

SITE 5: DRY GULCH AT ESTES PARK, COLO.
(MISCELLANEOUS SITE)

Location.—Lat 40°22'42", long 105°29'15", in NEX4NWY% sec. 29,
T.5N.,, R. 72 W, Larimer County, 1,000 ft upstream from mouth,
0.9 mi east of Estes Park, at U.S. Highway 34 bridge over Dry
Gulch.

Drainage area.—6.12 mi2

Discharge record.—Peak discharge by computation of flow through
culvert.

Maximum.—July~August 1976: Discharge, 4,460 ft’/s about 2230
MDT July 31.

SITE 6; BIG THOMPSON RIVER BELOW ESTES PARK,

CoLo.
(MISCELLANEOUS SITE)

Location.—Lat 40°22°59”, long 105°28°11”", in NE14SW sec. 21,
T. 5 N, R. 72 W., Larimer County, 0.4 mi upstream from
Loveland Heights, 1.2 mi downstream from Olympus Dam, and 2
mi east of Estes Park.
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DRAINAGE AREA, IN SQUARE MILES

F1GURE 61.—Relation of peak discharge to drainage area for flood of July 31~August 1, 1976, and previous maximum floods.

Drainage area.—164 mi%

Discharge record.—Peak discharge by slope-area measurement.

Maximum.—July-August 1976: Discharge, 4,330 ft*/s about 2300
MDT July 31.

SITE 7: B1G THOMPSON RIVER TRIBUTARY BELOW

LOVELAND HEIGHTS, COLO.
{MISCELLANEOUS SITE)

Location.—Lat 40°23'44" long 105°27°'34", in SE%SEY sec. 16,
T. 5 N, R. 72 W., Larimer County, 0.4 mi upstream from mouth,
0.5 mi northeast of Loveland Heights, and 2.5 mi east of Estes
Park.

Drainage area.—1.37 mi?,

Discharge record.—Peak discharge by slope-area measurement.

Maximum.—July-August 1976: Discharge, 8,700 ft3/s July 31.

SITE 8: DARK GULCH AT GLEN COMFORT, COLO.
(MISCELLANEOUS SITE)

Location.—Lat 40°23'44”, long 105°26'17", in SW sec. 14, T. 5
N., R. 72 W. (unsurveyed), Larimer County, 800 ft upstream from
mouth, 800 ft north of Glen Comfort, and 3.5 mi east of Estes
Park.

Drainage area.—1.00 mi®
Discharge record.—Peak discharge by slope-area measurement.
Maximum.—July-August 1976: Discharge, 7,210 ft*/s July 31.

SITE 9: NOELS DRAW AT GLEN COMFORT, COLO.
(MISCELLANEOUS SITE)

Location.—Lat 40°23°25", long 105°26°00”, in NE¥4ANWY sec. 23,
T. 5N., R. 72 W., Larimer County, 1,100 ft upstream from mouth,
0.3 mi south of Glen Comfort, and 3.8 mi east of Estes Park.

Drainage area.—3.37 mi®

Discharge record.—Peak discharge by slope-area measurement.

Maximum.—July-August 1976: Discharge, 6,910 ft¥/s July 31.

SITE 10: RABBIT GULCH NEAR DRAKE, COLO.
(MISCELLANEOUS SITE)

Location.—Lat 40°24'23", long 105°24'17”, in NEYANEY sec. 13,
T. 5 N., R. 72 W. (unsurveyed), Larimer County, 300 ft upstream
from mouth, 5.5 mi northeast of Estes Park, and 4.0 mi southwest
of Drake.

Drainage area.—3.41 mi®.

Discharge record. —Peak discharge by slope-area measurement.

Maximum.—July~-August 1976: Discharge, 3,540 ft3/s July 31.
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SITE 11: LONG GULCH NEAR DRAKE, COLO.
(MISCELLANEOQUS SITE)

Location.—Lat 40°24’46", long 105°24'04"', in SW¥% sec. 7, T. 5
N., R. 71 W., Larimer County, 1,200 ft upstream from mouth, 5.8
mi northeast of Estes Park, and 3.7 mi southwest of Drake.

Drainage area.—1.99 mi2.

Discharge record. —Peak discharge by slope-area measurement.

Maximum.—July-August 1976: Discharge, 5,500 ft*/s July 31.

SITE 12: BIG THOMPSON RIVER ABOVE DRAKE, COLO.
(MISCELLANEOUS SITE)

Location.—Lat 40°25'39", long 105°20'37", in SW sec. 3, T. 5 N.,
R. 71 W,, Larimer County, 0.66 mi upstream of confluence with
North Fork Big Thompson River in Drake, and 9 mi northeast of
Estes Park.

Drainage area.—189 miz.

Discharge record. —Peak discharge by slope-area measurement.

Maximum.—July-August 1976: Discharge, 28,200 ft3/s about 2100
MDT July 31.

SITE 13: NORTH FORK B1G THOMPSON RIVER AT

GLEN HAVEN, CoLo.
(MISCELLANEOUS SITE)

Location.—Lat 40°27'17", long 105°27'05", in NEX4SW4 sec. 27,
T. 6 N., R. 72 W., Larimer County, 0.1 mi upstream from Fox
Creek, 0.2 mi northwest of Glen Haven, and 5.7 mi northeast of
Estes Park.

Drainage area.—18.5 mi®.

Discharge record.—Peak discharge by slope-area measurement.

Maximum.—July-August 1976: Discharge, 888 ft*/s July 31.

SITE 14: FOX CREEK AT GLEN HAVEN, COLO.
(MISCELLANEOUS SITE)

Location.—Lat 40°27°17", long 105°27°13", in NE%4SW4 sec. 27,
T. 6 N., R. 72 W., Larimer County, 0.2 mi upstream from mouth,
0.3 mi west of Glen Haven, and 5.7 mi northeast of Estes Park.

Drainage area.—7.18 mi?.

Discharge record.—Peak discharge by slope-area measurement.

Maximum.—July-August 1976: Discharge, 1,300 ft3/s July 31.

SITE 15: WEST CREEK NEAR GLEN HAVEN, COLO.
{(MISCELLANEOUS SITE)

Location.—Lat 40°26°'32", long 105°27'40”, in SE % sec. 33, T. 6 N.,
R. 72 W. (unsurveyed), Larimer County, 0.2 mi upstream from
mouth, 1.0 mi southwest of Glen Haven, and 4.6 mi northeast of
Estes Park.

Drainage area.—23.1 mi.

Discharge record.—Peak discharge by slope-area measurement.

Maximum.—July-August 1976: Discharge 2,320 ft3/s July 31.

SITE 16: DEVILS GULCH NEAR GLEN HAVEN, COLO.
(MISCELLANEOUS SITE)

Location.—Lat 40°26'24", long 105°27'31", in SE% sec. 33, T.6N.,
R. 72 W. (unsurveyed), Larimer County, 600 ft upstream from
mouth, 1.1 mi south of Glen Haven, and 4.5 mi northeast of Estes
Park.

Drainage area.—0.91 mi2.
Discharge record.—Peak discharge by slope-area measurement.
Maximum.—July-August 1976: Discharge, 2,810 ft*/s July 31.

SITE 17: NORTH FORK B1G THOMPSON RIVER

TRIBUTARY NEAR GLEN HAVEN, COLO.
(MISCELLANEOUS SITE)

Location.—Lat 40°27'14", long 105°26'04”, in NW¥SE % sec. 26,
T. 6 N., R. 72 W,, Larimer County, 300 ft upstream from mouth,
0.8 mi east of Glen Haven, and 5.7 mi northeast of Estes Park.

Drainage area.—1.38 mi

Discharge record. —Peak discharge by slope-area measurement.

Maximum.—July-August 1976: Discharge, 9,670 ft*/s July 31.

SITE 18: BLACK CREEK NEAR GLEN HAVEN, COLO.
(MISCELLANEOUS SITE)

Location.—Lat 40°28'04", long 105°25'28”, in SE'4 sec. 23, T. 6 N,
R. 72 W. (unsurveyed), Larimer County, 0.2 mi upstream from
mouth, 1.6 mi northeast of Glen Haven, and 7 mi northeast of
Estes Park.

Drainage area.—3.17 mi?.

Discharge record.—Peak discharge by slope-area measurement.

Maximum.—July-August 1976: Discharge, 1,990 ft*/s about 2300
MDT July 31.

SITE 19: MILLER FORK NEAR GLEN HAVEN, COLO.
(MISCELLANEOUS SITE)

Location.—Lat 40°27'47", long 105°25'13", in NW14NW¥ sec. 25,
T. 6 N., R. 72 W., Larimer County, 0.3 mi downstream from Black
Creek, 0.4 mi upstream from mouth, 1.6 mi east of Glen Haven,
and 7.0 mi northeast of Estes Park.

Drainage area.—13.9 mi2.

Discharge record.—Peak discharge by slope-area measurement.

Maximum.—July-August 1976: Discharge, 2,060 ft*/s about 2300
MDT on July 31.

SITE 20: NORTH FORK B1G THOMPSON RIVER

TRIBUTARY NEAR DRAKE, COLO.
(MISCELLANEOUS SITE)

Location.—Lat 40°26'55", long 105°24'11", in NWY sec. 31, T. 6
N., R. 71 W. (unsurveyed), Larimer County, 0.8 mi upstream from
mouth, 2.4 mi east of Glen Haven, and 3.5 mi northwest of Drake.

Drainage area.—1.26 mi2.

Discharge record.—Peak discharge by slope-area measurement.

Maximum.—July-August 1976: Discharge, 3,240 ft%/s July 31.

SITE 21: 06736000 NORTH FORK B1G THOMPSON
RIVER AT DRAKE, COLO.

Location.—Lat 40°26'00", long 105°20'18", in NW% sec. 3, T.5 N.,
R. 71 W, Larimer County, 400 ft upstream from mouth at Drake.

Drainage area.—85.1 mi2

Gage-height record.—Water-stage recorder graph furnished by
Colorado Division of Water Resources. Stage record unusable
after 2300 MDT, July 31, because gage intakes were plugged by
sediment. Altitude of gage is 6,170 ft from topographic map.

Discharge record.—Stage-discharge relation extended above 1,580
ft*/s on basis of slope-area measurement made at site 1.6 mi
upstream.
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Maxima.—July-August 1976: Discharge, 8,710 ft3/s 2140 MDT
July 31 (gage height, 9.21 ft).
1947 to June 1976: Discharge, 1,290 ft3/s June 16, 1965 (gage
height, 5.66 ft).

Gage height and discharge at indicated time, 1976

Gage Gage
Time height Discharge Time height Discharge
(ft) (ft*/s) {ft) (ft*/s)
July 30 July 31—Continued
.......... 3.78 42 5.30 925
July 31 7.00 3,000
0600.......... 3.74 38 8.40 6,000
1200.......... 3.72 36 8.66 6,780
1600.......... 3.71 35 8.38 5,940
1700 .......... 3.72 36
1745 .. ........ 3.77 41 9.21 8,710
9.09 8,260
1820 .......... 3.76 40 9.08 8,230
1855.......... 3.80 44 8.24 5,520
1900 .......... 4.17 132 8.05 5,100
1910.......... 4.65 440 Gage intakes plugged about
1950.......... 5.03 704 2300 on July 31.
2025.......... 514 792

SITE 22: BIG THOMPSON RIVER BELOW DRAKE, COLO.
(MISCELLANEOUS SITE)

Location.—Lat 40°25'52", long 105°19'37"”, in NE% sec. 3, T. 5 N.,
R. 71 W. (unsurveyed), 0.6 mi downstream from North Fork Big
Thompson River, 0.6 mi east of Drake, and 3.4 mi northwest of
Cedar Cove.

Drainage area.—276 mi?,

Discharge record.—Peak discharge by slope-area measurement.

Maximum.—July-August 1976: Discharge, 30,100 ft*/s July 31.

SITE 23: 06738000 BIG THOMPSON RIVER AT MOUTH
OF CANYON, NEAR DRAKE, COLO.

Location.—Lat 40°25°18", long 105°13’34", in SW%4SW; sec. 3,
T. 5 N., R. 70 W., Larimer County, on right bank at mouth of can-
yon, 400 ft upstream from Handy Ditch diversion dam, and 6.0 mi
east of Drake.

Drainage area.—305 mi?.

Gage-height record.—Water-stage recorder graph furnished by
Colorado Division of Water Resources. Gage was destroyed by
flood; but one observed stage was obtained at 2110 MDT, and the
peak stage which occurred at 2140 MDT was obtained by leveling
to high-water marks. Datum of gage is 5,297.47 ft above mean sea
level (levels by U.S. Bureau of Reclamation).

Discharge record. —Stage-discharge relation extended above 2,310
ft3/s on basis of slope-area measurement.

Maxima.—July-August 1976: Discharge, 31,200 ft3/s 2140 MDT
July 31 (gage height, 19.7 ft from floodmarks).

1887-92, 1895-1903, 1926-33, 1938-49, 1951 to June 1976:
Discharge, 7,600 ft3/s July 19, 1945 (gage height, 7.55 ft, site and
datum then in use). A peak discharge of 8,000 ft*/s was recorded
at a site 5 mi up stream on July 31, 1919.

Gage height and discharge at indicated time, 1976

Gage Gage
Time height Discharge Time height Discharge
(£t) (£t/s) (ft) (£t7/s)
July 30 July 31—Continued
.......... .76 104 1. 99
July 31 104
0600.......... a2 95 5,500
1200.......... 1.69 89 31,200
1800.......... 1.68 87 Gage destroyed
1930 .......... 1.68 87

SITE 24: B1G THOMPSON RIVER BELOW GREEN RIDGE

GLADE, NEAR LOVELAND, COLO.
(MISCELLANEOUS SITE)

Location.—Lat 40°25'05", long 105°12°02", in NW%NE% sec. 11,
T. 5 N, R. 70 W., Larimer County, 2,300 ft downstream from
mouth of Green Ridge Glade, 2,200 ft upstream from bridge on
U.S. Highway 34, and 6.5 mi west of Loveland.

Drainage area.—311 mi2.

Discharge record.—Peak discharge by slope-area measurement.

Maximum.—July-August 1976: Discharge, 27,000 ft*/s July 31.

SITE 25: REDSTONE CREEK NEAR MASONVILLE, COLO.
(MISCELLANEOUS SITE)

Location.—Lat 40°30'19", long 105°11’49”, in NW¥%4NE% sec. 11,
T. 6 N., R. 70 W., Larimer County, 50 ft downstream from Hansen
Canal crossing, 3.4 mi southwest of Spring Canyon Dam, and 1.5
mi northeast of Masonville.

Drainage area.—29.1 mi2.

Discharge record. —Peak discharge by slope-area measurement.

Maximum.—July-August 1976: Discharge, 2,640 ft*/s August 1.

SITE 26: 06739500 BUCKHORN CREEK NEAR

MASONVILLE, COLO.
(DISCONTINUED GAGING-STATION SITE)

Location.—Lat 40°27'15", long 105°11'50", in SEY sec. 26, T. 6 N.,
R. 70 W., Larimer County, on right bank 1.5 mi upstream from
Buckhorn Reservoir Dam and 2.5 mi south of Masonville.

Drainage area.—131 mi?.

Gage-height record.—Station at site discontinued but water-stage
recorder graph for site 1.7 mi downstream furnished by Colorado
Division of Water Resources.

Discharge record.—Stage-discharge relation defined by current-
meter measurements below 1,300 ft*/s and extended on basis of
two slope-area measurements.

Maxima.—July-August 1976: Discharge, 3,400 ft3/s August 1 (gage
height, 8.1 ft from floodmarks).

1923, 1938, 1947-June 1976: Discharge, 14,000 ft*/s August 3,
1951 (gage height, 13.40 ft).
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SITE 27: LITTLE THOMPSON RIVER NEAR

ESTES PARK, COLO.
(MISCELLANEOUS SITE)

Location.—Lat 40°20’06”, long 105°25°48", in SW%4SW sec. 2,
T.4 N, R. 72 W,, Larimer County, 900 ft upstream from mouth of
Big Gulch, 0.35 mi south of Meadowdale Ranch, and 5.1 mi
southeast of Estes Park.

Drainage area.—2.77 mi.

Discharge record.—Peak discharge by slope-area measurement.

Maximum.—July-August 1976: Discharge, 1,940 ft*/s 2130 MDT
July 31.

SITE 28: 06744000 B1G THOMPSON RIVER AT MOUTH,
NEAR LASALLE, COLO.

Location.—Lat 40°21'00”, long 104°47°04", in SW%SE% sec. 33,
T. 5 N., R. 66 W., Weld County, on left bank just southeast of
gage on Evans Town ditch, 0.7 mi upstream from highway bridge,
1.6 mi upstream from mouth, and 4.2 mi west of LaSalle.

Drainage area.—828 miz.

Gage-height record.—Water-stage recorder graph furnished by
Colorado Division of Water Resources. Altitude of gage is 4,680 ft
from topographic map.

Discharge record. —Stage-discharge relation defined by current-
meter measurements.

Maxima. —July-August 1976: Discharge, 2,470 ft*/s 2235 MDT
August 1 (gage height, 7.82 ft).

1914-15, 1927 to June 1976: Discharge, 6,100 ft*/s August 4,
1951 (gage height, 7.80 ft at site 0.7 mi downstream at different
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Gage height and discharge at indicated time, 1976 —Continued

Gage Gage
Time height Discharge Time height Discharge
(ft) (ft*/s) (ft) (ft*/s)
August 2—Continued August3d

1000....... 4.45 975 0100....... 5.00 1,220
1020....... 4.49 995 0200....... 5.06 1,240
1100....... 4.49 995 0300....... 505 1,240
1200....... 4.48 990 0400....... 499 1,210
1700 ....... 4.01 789 467 1,080
4.50 1,020

1800....... 4.09 825 4.29 980
2100....... 4.38 946 3.77 740
2400....... 4.86 1,160 3.60 667
3.12 472

SITE 29: DALE CREEK TRIBUTARY NEAR

VIRGINIA DALE, COLO.
(MISCELLANEOUS SITE)

Location.—Lat 40°57°36”, long 105°21'39”, in NW¥%NWY sec. 4,
T. 11 N,, R. 71 W., Larimer County, 300 ft upstream from mouth,
at culvert on U.S. Highway 287, and 0.75 mi northwest of

Virginia Dale.
Drainage area.—0.68 miz.

Discharge record.—Peak discharge by computation of flow through

culvert.

Maximum.—July-August 1976: Discharge, 727 ft?/s July 31.

datum); gage height, 8.70 ft May 9, 1957, present datum.

Gage height and discharge at indicated time, 1976

Gage Gage
Time height Discharge Time height Discharge
{ft) (ft*/s) {ft) (ft¥/s)
July 30 August 1—Continued
....... 1.61 77
3.45 559
July 31 4.03 798
4.50 1,000
0600....... 1.62 78 493 1,180
1200....... 1.62 78 5.50 1,410
1800....... 1.66 85
2340....... 1.62 78 5.99 1,620
2400....... 1.79 109 6.42 1,790
2000....... 7.03 2,030
August 1 2100....... 745 2,240
2200....... 7.714 2,410
0030....... 1.75 102
0600....... 1.72 96 2235 ....... 7.82 2470
0735....... 1.71 94 2300....... 7.80 2,460
0820....... 1.55 67 2400....... 7.66 2,360
0900....... 1.66 85 August 2
0920....... 1.85 120 0100....... 7.34 2,180
0940....... 1.93 135 0200 ...... 6.99 2,010
1000....... 2.17 184 0600....... 489 1,170
1100....... 2.79 344 0800 ...... 452 1,010
1200....... 3.08 430 0840....... 443 965

SITE 30: DEADMAN CREEK NEAR VIRGINIA DALE,

CoLo.
(MISCELLANEOUS SITE)

Location.—Lat 40°55'50", long 105°20'57", in NEX4NEY sec. 16,
T. 11 N., R. 71 W,, Larimer County, 1,700 ft upstream from
mouth, 0.65 mi downstream from U.S. Highway 287, and 1.6 mi
south of Virginia Dale.

Drainage area.—23.7 mi2.

Discharge record.—Peak discharge by slope-area measurement.

Maximum.—July-August 1976: Discharge, 7,400 ft’/s July 31.

SITE 31: STONEWALL CREEK NEAR LIVERMORE, COLO.
(MISCELLANEOUS SITE)

Location.—Lat 40°48'37”, long 105°15'04", in NE“NEY sec. 29,
T. 10 N., R. 70 W., Larimer County, 0.65 mi upstream from
mouth, 1.6 mi downstream from North Poudre Ditch crossing,
and 2.2 mi northwest of Livermore.

Drainage area.—31.9 mi2.

Discharge record.—Peak discharge by slope-area measurement.

Maximum.—July-August 1976: Discharge, 3,470 ft*/s July 31.
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SITE 32: LONE PINE CREEK NEAR LIVERMORE,

CoLo.
(MISCELLANEOUS SITE)

Location.—Lat 40°47°44", long 105°17'24", in NW¥4NEY sec. 36,
T.10 N., R. 71 W., Larimer County, 50 ft downstream from irriga-
tion ditch diversion, 2.2 mi upstream froin mouth, and 3.9 mi west
of Livermore.

Drainage area.—86.3 mi?.

Discharge record. —Peak discharge by slope-area measurement.

Maximum.—July-August 1976: Discharge, 2,590 ft*/s July 31.

SITE 33: NORTH FORK CACHE LA POUDRE RIVER AT

LIVERMORE, COLO.
(DISCONTINUED G AGING-STATION SITE)

Location.—Lat 40°47°15", long 105°15'08", in SW%SE sec. 32,
T. 10 N,, R. 70 W., Larimer County, 1,000 ft upstream from bridge
on State Highway 200, and 2.0 mi west of Livermore.

Drainage area. —539 mi2.

Discharge record.—Peak discharge by slope-area measurement.

Maxima.—July-August 1976: Discharge, 9,460 ft*/s July 31.

1904, 1929-31: Discharge, 20,000 ft*/s May 20, 1904.

SITE 34: 06752000 CACHE LA POUDRE RIVER AT
MOUTH OF CANYON, NEAR FORT COLLINS, COLO.

Location.—Lat 40°39°52", long 105°13'26”, in NW sec. 15, T. 8
N., R. 70 W, Larimer County, on left bank at mouth of canyon,
0.5 mi downstream from headgate of Poudre Valley Canal, 1.2 mi
upstream from Lewstone Creek, and 9.3 mi northwest of
courthouse in Fort Collins.

Drainage area.—1,056 miz.

Gage-height record.—Water-stage recorder graph furnished by
Colorado Division of Water Resources. Altitude of gage is 5,220 ft
from topographic map.

Discharge record.—Stage-discharge relation defined by current-
meter measurements to 3,800 ft*/s and extended on basis of slope-
area measurement.

Maxima.—July-August 1976: Discharge, 7,340 ft3/s 0130 MDT
August 1 (gage height, 7.86 ft).

1882 to June 1976: Maximum discharge not determined, occur-
red May 20, 1904; maximum discharge determined, 21,000 ft¥/s
June 9, 1891, caused by failure of Chambers Lake Dam.

Gage height and discharge at indicated time, 1976

Gage Gage Gage
Time height Discharge Time height Discharge
(ft) (ft¥/s) (ft) (ft¥/s)
July 30 August 1
....... 2.35 252
0100....... 7.02 5,820
July 31 0130....... 7.86 7,340
0200....... 6.77 5,380
0500....... 2.34 248 0300....... 5.58 3,480
1000....... 2.35 252 0400 ...... 4.27 1,790
1200....... 2.38 266
1800 ....... 2.40 275 0600....... 3.53 1,070
2030....... 2.40 275 0800....... 3.29 872
1000....... 3.21 808
2150 ....... 2.45 300 1200....... 3.15 760
2210 ....... 2.45 300 1400....... 3.12 736
2300....... 2.68 428
2400 ....... 3.34 912

Gage height and discharge at indicated time, 1976—Continued

Gage Gage
Time height Discharge Time height Discharge
(ft) (ft3/s) (ft) (ft3/s)
August 1—Continued August 2—Continued
1600....... 3.10 720 0840....... 4.95 2,620
1830....... 3.09 712 0920....... 4.93 2,590
1900 ...... 3.10 720 1000....... 4.13 1,630
2000....... 3.20 800 1200....... 3.98 1,480
2200 ...... 3.75 1,260 1400....... 4.00 1,500
2330 ....... 391 1410 1520....... 4.00 1,500
2400....... 3.92 1,420
1600....... 3.65 1,180
August2 1800....... 3.63 1,160
2000....... 3.62 1,150
0200....... 3.87 1,370 2200....... 3.61 1,140
0400....... 3.82 1,330
0500....... 3.82 1,330 23165....... 3.22 816
0700....... 3.83 1,340 2400....... 3.21 808
0800....... 3.83 1,340

SITE 35: RIST CANYON NEAR BELLVUE, COLO.
(MISCELLANEOUS SITE)

Location.—Lat 40°37°43", long 105°12'44", in SEV4SE% sec. 27,
T. 8 N,, R. 70 W, Larimer County, 1,000 ft upstream from bridge
on county road, and 2.0 mi west of Bellvue.

Drainage area.—5.27 mi2.

Discharge record. —Peak discharge by slope-area measurement.

Maximum.—July-August 1976: Discharge, 2,710 ft’/s 0030 MDT
August 1.

SITE 36: 06752260 CACHE LA POUDRE RIVER AT
FORT COLLINS, COLO.

Location.—Lat 40°35’17", long 105°04'08", in NEX4SWY sec. 12,
T. 7 N., R. 69 W, Larimer County, on left bank 150 ft downstream
from Lincoln Avenue Bridge, and 2,200 ft east of intersection of
College Avenue (U.S. Highway 287) and Mountain Avenue in Fort
Collins.

Drainage area.—1,129 mi>.

Gage-height record.—Water-stage recorder graph. Altitude of gage
is 4,940 ft from topographic map.

Discharge record.—Stage-discharge relation defined to 1,250 ft*/s
by current-meter measurements and extended on basis of slope-
area measurement.

Maxima.—July-August 1976: Discharge, 5,700 ft/s 0430 MDT
August 1 (gage height, 8.84 ft).

April 1975 to June 1976: Discharge, 2,200 ft¥/s June 19, 1975
(gage height, 5.93 ft).

Gage height and discharge at indicated time, 1976

Gage Gage
Time height Discharge Time height Discharge
(ft) (ft/s) (ft) (Et2/s)
July 30 July 31—Continued

2400 ....... 2.11 62

0600....... 2.00 44

July 31 0700....... 1.96 38

0800....... 1.94 35

0100.... .. 2.00 46 0900....... 1.95 36

0200....... 1.91 31 1000....... 1.95 36
0300....... 1.90 30

0400....... 2.00 44 1100....... 1.96 38

0500....... 2.00 44 1200....... 2.04 50
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Gage height and discharge at indicated time, 1976—Continued

Gage height and discharge at indicated time, 1976—Continued

Gage Gage Gage Gage
Time height Discharge Time height Discharge Time height Discharge Time height Discharge
(ft) (ft3/s) (ft) (ft3/s) (ft) (ft3/s) (ft) (ft3/s)
July 31—Continued August 1—Continued August 1—Continued August 2—Continued
1300....... 2.02 47 2000....... 2.58 182 2. 0800....... 4.26 660
1400....... 2.02 47 2100....... 2.69 213 8388 R 2_82 32
1500....... 2.02 47 2200....... 375 610 | 1230....... 2.09 42 1000....... 4.07 565
2300....... 459 1,050 1130....... 399 529
1600....... 2.01 45 2400....... 461 1,060 | 1345....... 2.07 40 1200....... 4.00 534
1700....... 203 48 1410 ....... 208 41 1400....... 466 926
1800....... 207 55 August2 1540 ....... 202 35 1600....... 503 1,120
1900....... 208 57 1700....... 201 34
2000....... 2.09 59 0100....... 451 1,000 | 1800....... 4.02 560 517 1,220
0200....... 4.43 956 5.18 1,230
2100....... 2.10 61 0300....... 437 920 | 1830....... 4.27 676 5.18 1,230
2200....... 211 62 0400....... 4.26 854 1900....... 433 709 5.26 1,290
2300....... 2.11 62 0500....... 4.23 836 2000 . .. .... 444 764
2400 ....... 2.19 79 2100 ....... 4.64 872
0600....... 422 836 | 2200....... 4.82 980
August 1 0700....... 4.38 926 5.32 1,340
0800....... 449 992 | 9915....... 5.40 1,400 5.31 1,330
0100....... 2.38 126 0900....... 455 1,030 | 2300, .. ... 552 1500 5.21 1,250
0200....... 2.30 105 1000....... 439 932 | 2400....... 558 1,550 477 950
0300....... 7.67 3,940 August?2 4.38 726
0400....... 8.35 4,920 1100....... 522 1510
0430....... 8.84 5,700 1200....... 465 1,130 | 0030 ...... 5.62 1,580 3.92 502
1300....... 419 878 5.39 1.400 3.62 380
8288 ....... g.gg g,ggg 1400....... 411 836 483 986 3.42 311
....... . \ 1500....... 3.87 1735 .
0700....... 5.13 1,440 449 786 830 22
0800....... 4.54 1,020 1600....... 392 1755
0900....... 414 790 1700....... 363 630
1000 ...... 3.87 665 1800....... 3.49 580
1100....... 3.47 485 1900....... 3.07 426
1200 ...... 3.53 510 2000....... 291 374
1300....... 335 434
1400....... 3.10 346 2100....... 2.82 346 SELECTED REFERENCES
2200....... 2,59 280
1500....... 3.00 310 2300....... 2.13 164
1600....... 66 206 || 2400....... . .
1388 ....... gﬁg %2(1; 2400 2.00 135 Follansbee, Robert, and Sawyer, L. R., 1948, Floods in Colorado:
1800....... 2.59 185 U.S. Geol. Survey Water-Supply Paper 997, 151 p.
1900....... 2.58 182 Gingery Associates, Inc., 1976, Special flood plain information

SITE 37: 06752500 CACHE LA POUDRE RIVER NEAR
GREELEY, COLO.

Location.—Lat 40°25'04", long 104°38°22", in NWY% sec. 11, T. 5
N., R. 65 W., Weld County, on right bank 25 ft downstream from
highway bridge, 2.9 mi east of courthouse in Greeley, and 3.0 mi
upstream from mouth.

Drainage area.—1,877 mi?.

Gage-height record.—Water-stage recorder graph furnished by
Colorado Division of Water Resources. Altitude of gage is 4,610 ft
from topographic map.

Discharge record.—Stage-discharge relation defined by current-
meter measurements.

Maxima.—July- August 1976: Discharge, 1,600 ft*/s 0030 MDT
August 2 (gage height, 5.62 ft).

1903-4, 1914-19, 1924 to June 1976: Daily discharge, 4,220 ft3/s
June 24, 26, 1917.

Gage height and discharge at indicated time, 1976

Gage Gage
Time height Discharge Time height Discharge
(ft) (ft*/s) (ft) (ft*/s)
July 31 August 1
....... 1.95 28
0135....... 1.98 31
0715....... 1.93 27

report, Big Thompson River and tributaries, Larimer County,
Colorado: Englewood, Colo., prepared for Colorado Water Con-
serv. Board, Federal Insurance Adm., and Larimer County, Colo.,
v.1,21p.

Grozier, R. U., McCain, J. F., Lang, L. F., and Merriman, D. C,,
1976, The Big Thompson River flood of July 31-August 1, 1976,
Larimer County, Colorado: Colorado Water Conserv. Board Flood
Inf. Rept., 78 p.
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ume 1. Monthly means: Natl. Oceanic Atmospheric Adm. Tech.
Rept. NWS 20, 173 p.

Matthai, H. F., 1969, Floods of June 1965 in South Platte River
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64 p.

McCain, J. F., and Jarrett, R. D., 1976, Manual for estimating flood
characteristics of natural-flow streams in Colorado: Colorado
Water Conserv. Board Tech. Manual 1, 68 p.
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procedures of the Air Force Global Weather Center: Air Weather
Service Tech. Rept. 200 (revised), 102 p.
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mining flood flow frequencies: Washington, D.C., Bulletin 17, 26
p-, 14 apps.

Williams, G., 1976, Application of the National Weather Service
flash-flood program in the Western Region: Natl. Oceanic At-
mospheric Adm. Tech. Mem. NWS WR-103, 20 p.



Acknowledgments ................ . ..
Allenspark, rainfallrecord ...................
Arapahoe County Airport ...................
Arizona .........oiiiiiii s
Arkansas River valley ... .
Army Corps of Engineers....................
Asztalos, John, thunderstorm photographs . ..
Automobiles, flood damage ..................

Bellvue ...... ..o
flood frequency .
flooding ........
rainfall record .. ..
RistCanyon................cooiiuinnnn.

Berthoud, discharge ........................

BigGulch. ...

Big Thompson area, cloud height .............
thunderstorms ..............

Big Thompson Canyon discharge . .
Site 23 ... ...

Big Thompson dam, flood damage . ...........
Big Thompson powerplant, flood damage . ... .
Big Thompson River .................... ..

cumulus clouds ............
damage ......
discharge ..

flood frequency . ..
gradients ...............o.oiiiiieiin
high-water marks .......................

source
See also North Fork Big Thompson River.
Big Thompson River basin, cloudburst phase . .
rainfall record ...l
Big Thompson pipeline, flood damage ........
Big Thompson River tributary, Site7.........
Big Thompson River valley, sediment deposi-
tion ...
Birch ................. .
Black Creek, discharge......................
Site 18 ..t
Board of County Commissioners, Larimer
County, flooddata...............
Boulder, thunderstorm.........
Boxelder Creek, damage . .
flooding minor . .......
Bucket-survey data ...................... ...
Buckhorn Creek ..............oovvuiininn.n

Buckhorn Reservoir Dam ..
Building moratorjium .... e
Buildings, flood damage.....................
Bureau of Reclamation, hydrologic data . .. ...

Lower Missouri Region, flood data.......

Cache la Poudre River

Fort Collins, discharge ..

See also North Fork Cache la Poudre River.
Canada, southern

Centennial Sunday
Chambers Lake Dam, failure

Cloudburst phase . . .

cloudburst phase

height, Big Thompson area
ice phase ..... S

College Avenue, Fort Collins
Colorado, eastern, thunderstorms

western, surface pressure
Colorado Department of Natural Resources . ..
Colorado Water Conservation Board
Continental Divide

Convective activity .

Cross-section data

Dale Creek, flooding
Dale Creek tributary discharge
Dam failures, Big Thompson dam

Chambers Lake Dam

Damage, property, total . ..
Dark Gulch, discharge ..

Deadman Creek, discharge ..

Page
Denver, rawinsondedata .................... 10, 40
thunderstorm ..................o el 32
trailing front ..................... 28
Devils Gulch, discharge .. .. 65
Site 16 .............. 77
Dewpoint temperatures .. 12
Disaster area, official . ... . 70
Discharges, peak .................c0oiiiin 57
Diurnal heating ............... . ...l 25
Douglas-fir..................ooi 5
Drake ..........cooiiiiiiiiiiiiiiii 3,5
altitude ............. 5
Big Thompson River . 78
cloudburst phase .... . 49
discharge ..............ccoiiiiiiiiinnn. 65
flood damage ................... .. ... 70
flooding ................. 56
Long Guich 77
North Fork Big Thompson River 77
North Fork Big Thompson River tribu-
tary ..o 71
100-year flood ......................ie 69
RabbitGulch........................... 76
thunderstorm, 1845 MDT . 43
Dry Gulch, peak discharges . 62
sediment deposition . . 74
Site 4 75
Site 5 75
E F
Environmental Research Laboratories 32
EstesPark......................... .. 3
cloudburst phase ....................... 56
flooding ...l 5, 56, 62, 69
Little Thompson River .................. 79
Estes Powerplant.........................n 72
Evans Townditch.................. ... ... 79
Faults, stream control ...................... 4
Fish Creek, discharges ...................... 62
flooding ...l 62
Site2 ...l 73
Flash flooding ................. 46
Glen Comfort . 56
Flood areas ...... PP 62
Flood damage, Glen Haven .................. 65
WestCreek ...........ooovviviinnininnes 65
Flooddata ............oooeviiiieiniininns 56
Flood frequency .... 69
Flood profiles ...... 62
Flood type ........... 5
Flooding, comparisons ...................... 71
greatest discharges ..................... 63
water velocity ...... e 57
Foothillsarea ...............ccoveiuiiniin 3
Foothills, thunderstorms . 39
Fort Collins ... ... e 3, 28, 67
heavy rainfall........ .. 56
Cache la Poudre River................... 80
rainfall record .............. ...l 46
surface observation . 43
wind conditions . 39
wind speed ...t 32




84

Page
Fox Creek, discharge........................ 65
flooding 64
Site 14 ....cooviiiii i e ki
Freezing level ..............ccoviviiin. 43
Frequency, flood 69
Front Range ........ 3
Fronts, leading . ..... 21
trailing ...........iiieiii e 12, 21
G
Gaging stations ............................ 56
peak discharges......................... 57
Geostationary Operational Environmental

Satellite ................... ... 11

Glen Comfort, cloudburst phase.............. 49
Dark Gulch . 76
Noels Draw 76
north bank tributaries, flooding . ......... 63
rainfall rate ......................... .l 56
thunderstorm cells . 49
GlenHaven ............ooiviveiiiniinnn... 5
Black Creek ............coccoivvnvinn..s ki
cloudburst phase ....................... 56
cumulative rainfall ...................... 56
Devils Gulch ........ 77
discharge ....... 64
flood damage . ... 65, 70
flood frequency .. 69
flood limit . ...............ccooo i 5
FoxCreek.............oovviiiininn... 77
heavy rainfall. ... 64, 65
MillerFork ............c.ovviivinnnn... 77
rainfall rate .............. ...l 56
thunderstorm cells . 49
West Creek......... 77
Glen Haven picnic ground, discharge 65
GOES ... it 11
Gradients, streambed 5
Grand Junction, rawinsonde data ............ 40
GreatLakes..............ooooviiieeennnn... 10
Greeley ......cooovviiiniiiiiiiiiiis 5, 28
Cache la Poudre River .. 81
discharge ................cc0ciiiiiiin 68
wind speed ........... ... .o 32
Green Ridge Glade, Big Thompson River..... 8
discharge 66
Site24............ 78
Grover ............... 28
radar ............. 40, 43
rainfall total 56

H 1
Hail ... i 9
Handy Ditch diversiondam ................. 78
Hanson Canal ..................ccovieuienn. 78
High Plains ................oooiiiiiinee. 10
central, deep convection................. 21
High-water marks .......................... 62
House trailers, flood damage ................. 70
Inversion ............cooiiiiiiiiiiiiine 25
Isohyetalmap ....................cooennue 43
4, K
Jefferson County Airport..................... 28
Kansas ...........coveiiiiiiiiiiineannen, 10
southern, thunderstorms ................ 21
L

Lake Estes,damgates ...................... 57
discharge 62
Laporte ........oviiiiii et 68
Larimer County .............ovvviinnnnannnn 3
flooddata.................oooovil 71

INDEX
Page
LaSalle ............o.coovvvune e 3,5
Big Thompson River ..
discharge ............coociiiiiiiieis
Leading front ................. ..o
merger

Lewstone Creek ..............ccoviuieinninns
Lifted Index ..........covvvinviniieiiinenns
Lily Lake, dam failure
Limon

Lincoln Avenue Bridge, Fort Collins...........

Little Thompson River...................... 3
discharge ............coiiiieiiiiin
Estes Park ...............cooiiiiaenn,

Livermore, flooding .........................

heavy rainfall. ......

Lone Pine Creek

North Fork Cache la Poudre River........ 80

Stonewall Creek .............cccoevnunee 79
Lone Pine Creek, discharge .................. 67

Site32............... 80
Long Gulch, discharge 64

157171 0 7
Longmont, wind conditions.................. 39
Loveland, flooding .............coeviinnn 56, 66

wind conditions...............oiiiiiin 39

wind speed ...l 32
Loveland Heights, damage .................. 70

north bank tributaries, flooding .......... 63

peakdischarges....................o000 63

unnamed gulch, discharge ............... 63
Lyons, thunderstorm, 1800 MDT ............ 43

M

Masonville, Redstone Creek ................. 66, 78
Meadowdale Ranch ..................... .. 79
Meteorology ..........c.ooiiiiiiiiiiiiiinn, 9
Miller Fork, discharge ....................... 65

Site 19 ... it ki
Mitchell Lake ...........ccvvviinineninnnn 43
Moisture content ..................o 10, 12
Montana........ooooiiviiiiiiiiinnnnnenns 10
Mountain Avenue, Fort Collins .............. 80

N
National Center for Atmospheric Research
Field Observing Facility ......... 3

National Climatic Center, flood data . ......... 71
National Hail Research Experiment site...... 3,10, 28

flooddata ..................ooiiiiiit 72
National Oceanic and Atmospheric Adminis-

tration, flood data ............... 72

National Weather Service .. ... 3,7
Nebraska .................. 10

surface pressure ........ 13
New Mexico................ 10

northern, thunderstorms 21
Noels Draw, discharge ...................... 63

highrunoff ... 66

sheet erosion 66

Site 9 ..ttt 76
North Fork Big Thompson River............. 3

damage

discharge ............

flooding ............

gradients ..........

high-water marks . ..
Site183.............

Site 21 ...
North Fork Big Thompson River tributary,
Site 17 ....oiiiiiiiiiiiieians ki
Site 20 ... .ot 77
North Fork Cache la Poudre River............ 3
flooderest.........covviiviiiiiiiiinns 67

North Fork Cache la Poudre River—Continued Page

flooding .......covvviniiiiiiiiiiiii
heavy rainfall.....
rainfall record ....

flooding ........
gates closed
Omaha District, U.S. Army Corps of Engineers,
flooddata ............oiuiiiinn

Palmer Ridge, thunderstorms................
Parshall flume, buried . ......................

discharge rating ..................ovnnes
Peak discharges ....
Peak stages......

Plants ........ccooiiiiiiiiiiiiiiii

Ponderosa pine . . e
Poudre Park ..............ocoviuiinn, ... 5,67,
Poudre Valley Canal
Precambrian rocks . .
Precipitable water
Precipitation ............ ...
Precipitation summaries ....................
Preliminary streamflow data ................
Pressureridge ............c.coivuiiiiiiiinnnn
Pressure trough ......
Property damage, total

Rabbit Gulch, discharge .....................
Site 10....oeniitiiii i

Radar, Grover .............coovviniininninns
Limon

Radar data .

Radar reflectivity, total rainfall equation . . ...

Radar summaries . ............coveevenninaann 10,

Rainfall, analysis ..................coo0iiel
average ....
floods

equation .............. ool
Rainstorms, comparisons
Rawinsonde data ....................

Denver ....
first

second ..
Sterling ...ttt
Table Mountain ........................

Site 83 ...

Site 25 ...
References, selected
Reflectivity data ....................
Rescue operations ...................
Reservoirstorage....................
RistCanyon.............ocovvuvnnenn

discharge ....................00

flood frequency ..
flooding ......oooviiiiiiiiiiiiiiiiias

Rocks, Precambrian ..
Rockwell International Corp. ................
Rocky Flats, surface data
Rocky Flats plant

thunderstorm
Rocky Mountains, deep convection

64
62
62
62

72



S Page

Satellite photographs ....................... 10, 21
Search operations ...................o0ulens 70
Sheet erosion, Noels Draw ... ................ 66
Site 1, Lake Estes, discharge ................ 62
Big Thompson River .................... 72

Site 2, Fish Creek .
flooding ...........ooiiiiiiiiiia 62
Site 3, Big Thompson River.................. 74
Olympus Dam
Site 4, Dry Gulch . .
Site 5, Dry Gulch...........................
Site 6, Big ThompsonRiver..................
Loveland Heights, discharge........
Site 7, Big Thompson River tributary . . ..
Site8, Dark Gulch.....................
Site 9, Noels Draw . ..
Site 10, Rabbit Gulch................
Site 11, Long Gulch.................. .
Site 12, Big Thompson River ................
Drake, 100-year flood ...................
Site 13, North Fork Big Thompson River.....
Site 14, Fox Creek ...........coovvvinienin
Site 15, West Creek ................cooouuee
Site 16, DevilsGulch........................
Site 17, Glen Haven picnic ground, discharge. . 65
North Fork Big Thompsen River tribu-
tary oo
Site 18, Black Creek
Site 19, Miller Fork
Site 20, North Fork Big Thompson River tribu-
Ay oo 65, 77
Site 21, North Fork Big Thompson River.....
Site 22, Big Thompson River ................
Drake, discharge........................
Site 23, Big Thompsen Canyen. .. ...
100-year flood .................
Site 24, Green Ridge Glade.......
Site 25, Redstone Creek
Site 26, Buckhorn Creek
Site 27, Little Thompson River. . .. ..
Site 28, Big Thompson River ................
Site 29, Dale Creek tributary .................
Site 30, Deadman Creek .
Site 31, Stonewall Creek . ....................
Site 32, Lone PineCreek.....................
Site 33, North Fork Cache la Poudre River.... 80
Red Feather Lakes road, discharge ....... 67
Site 34, Cache la Poudre River. .. ... .... 68,80

flood frequency ............ e 69
Site 35, Rist Canyon 68, 80
Site 36, Cache la Poudre River .. e 80

Fort Collins, discharge .................. 68
Site 37, Cache la Poudre River............... 81

Greeley, discharge . 68
6-month moratorium ........................ 70
SlOPES ottt 5
Snowmelt floods 5
Soils......coiiiiiiie 5
Soldier Canyon 3
Sources, data..........c.ooiiiiiiiiiiiins 71

INDEX

Page

South Platte River 3,5
Southern Canada 10
Spring Canyon Dam .................. ... 78
Squall ine ..........covuinininieanaane, 21, 25
Stapleton International Airport.............. 28, 32
State Highway 200, Red Feather Lakes....... 80
Sterling, rawinsonde data ................... 10, 40
trailing front ............ ... ...l 12
Stonewall Creek, runoff .. .. 67

0300 MDT, August 1.......c.cvuvinnenn. 66
Black Creek, 2100-2300 MDT............ 65
Drake, 2100 MDT.........ccovivnenninens 65

Fox Creek, 2100 MDT ................... 64
Glen Haven, 1930 MDT ................. 64
Miller Creek, 2100-2300 MDT ........... 65

See also Thunderstorms.
Storm Mountain, thunderstorm.............. 43
Stratocumuluscloud ........... ... 43
Stratus clouds......... 43
Stream courses, faults . 4
Stream depths ........ 57
Stream velocities ...... 57
Streambed gradients..... 5
Streamflow data, preliminary................ 62
Surface low ...l 25
T

Table Mountain ...................cooiennn 28
rawingonde data ........................ 40
surfacedata..................... ... 32

39

10

Terrain ........oooviiiiiiiiiiieiinnaa. 3
Texas .......oooiiiiiiinininnnnn. .. 10
Thermal structure 11
Thunderstorm cells, Glen Haven 49
Glen Comfort .................... 49
Thunderstorms . 1
cirrus anvil . .. 43
maximum tops 43
movement . . 21
Palmer Ridge . 21

photographs ............ ... ...l 43

85

Thunderstorms—Continued Page
steady state ............oiieiiiiiiiins 43
stream velocities 57

Total rainfall . . .. 46

Totals Index .. 10

Trailingfront ................... .. 12,21, 25, 28, 32
foothills.................... 39
maximum intensity 25
mergef ......................... 25
stationary 38
thunderstorms .............. e 21

5

True Gulch, discharge....................... 64

uv

University of Northern Colorado............. 3

U.S. Army Corps of Engineers . 3,72

U.S. Bureau of Reclamation ............. 3

U.S. Geological Survey, Water Resources Divi-

sion, flooddata..................

U.S. Highway 34, Dry Gulch
flood damagecosts................ .

Green RidgeGlade......................

U.S. Highway 287 ................coivn
bank eresion .

flooding . ..
Virginia Dale .

Utah ...oooiiiiiiiiiiiiiieien
southern, squall line
Valley water storage ...........ooovvneuvenns 67
Video Integrator Processor.................. 32,43
Virginia Dale . 3
Dale Creek tributary .................... 79
DeadmanCreek....................ocee 79

w
Waltonia, east, little flooding ................ 63
west, peak discharges ................... 63
Water Conservation Board, Colorado......... 3
Wave Propagation Laboratory ............... 32
Weak trough ..o 10
Weather fronts ........ 10

Weld County .......... 3
road damage ...... 70
West Creek, discharge 65
flood damage .......... 65






Part B.

Geologic and Geomorphic Effects
in the Big Thompson Canyon Area,
Larimer County

By RALPH R. SHROBA, PAUL W. SCHMIDT, ELEANOR J. CROSBY,

and WALLACE R. HANSEN

of the U.S. GEOLOGICAL SURVEY

With a section on

DAMAGE CAUSED BY GEOLOGICAL PROCESSES DURING

FLOOD PRODUCING STORMS

By JAMES M. SOULRE of the COLORADO GEOLOGICAL SURVEY

STORM AND FLOOD OF JULY 31-AUGUST 1, 1976, IN THE BIG THOMPSON
RIVER AND CACHE LA POUDRE RIVER BASINS, LARIMER AND WELD
COUNTIES, COLORADO

GEOLOGICAL SURVEY PROFESSIONAL PAPER 1115







CONTENTS

Page Page
ADSEract . .ottt e e 87 Geologic and geomorphic effects of the flood—Continued
Introduction ......... ... . i 87 North Fork Big Thompson River...................... 118
Grain sizes of sediments........................ool 88 Above Glen Haven .........cccoveviieniennnnnn.. 118
Converting English units tometric.................... 88 Devils Guleh ....oovvi it 119
Acknowledgments ...ttt 88 eSSt Creek ©oveet et eeeeennnannnnnns 119
Physical setting of the Big Thompson River basin and its Westof Glen Haven .............coevneennnn.. 120
relationtotheflood................................ 89 Glen Haven to mile 6.7, including Piper Meadows
Topography and drainage ......................... ... 89 Arainage . ....oeviiiiii i 120
Geologic factors related totheflood................... 91 Mile 6.7 t0mile 5.0 ... .uvvrerereeeeeeeeenanannns 123
Bedrock ..........cccciiiiiiiiiiii 91 Dunraven Glade . .........covvniiiieeeaa.., 123
Surficial deposits ..........coooiiiiiiiiiiie e 92 Miller FOrK «ovneeeeee e, 124
Vegetation ............. ittt 94 Other tributaries . .....oovveeereneeennennenns 124
Plainsgrassland .....................ooiiall 94 Debris avalanches ..........cooviiiiiniennnnn. 124
Montane forest ...l 94 Mile 5.0 to Drake ........cooviniiniiiniininnnnnn. 124
Geomorphic evidence of past flooding ..................... 95 Big Thompson River from canyon mouth to conflu-
Geologic and geomorphic effects of the flood............... 95 ence with South Platte RIVET . ... .ouooeennennn.. 126
Big Thompson River and tributaries from Estes Park to Channel modification ............................ 126
Drake ......o.oiviiiiiiiiii i 95 Overbank deposition .. ............ccooveveeannnn. 129
Estes Parkarea ..................coocviiiiiine, 95 Zone 1, Canyon mouth to Big Thompson school ~ 129
Valley slopes ............covviiivivinnnnns, 95 Zone 2, East of Big Thompson School to Love-
Dry Gulch ...........oooeiiiin 100 P O 133
Big Thompson Canyon, Olympus Dam to Drake.... 100 Zone 3, Southeast of Loveland to Larimer-
Sheet erosion and gullying ................... 100 Weld County-line road ..................... 135
.Lanc.ls]iding ................................. 101 Zone 4, Larimer-Weld County-line road to con-
M'aJor tr.lbutary gulches.......................... 103 fluence with South Platte River ......... 136
Minor tributary gulches .......................... 106 Damage caused by geologic processes during flood-producing
Big Thompson River............c.covieinnennnnn, 106
. storms, by James M. Soule ................oinatn, 136
Olympus Dam to Loveland Heights ........... 106 G .
. eologic hazards ................coiiiiiiiiiiiiinn, 136
Loveland HeightstoDrake ................... 107 D . logic hazard areas 138
Big Thompson River from Drake to the canyon mouth.. 109 AMMAEE IN BEOIOBIC NAZATCATGAS . - +vvovrvereeureeresrs
DraketoMidway ...........coociniiiiiiinin. 110 Damage on debris fans ... .. e S 138
y .
Midway toCedarCove ..............cooevvinennn. 110 Damage on valle}f slopes and in tributary drainages 139
Damage in landslideareas ...............couvnen. 139
The Covered Wagon Restaurantarea.......... 113 i
Loveland powerplant and vicinity . ............ 114 | Conclusions ....... ..o 140
Cedar Covearea ...........ocovvuuvinunnnnnnns 115 Selected references ...ttt 146
The Narrows ..o, B B § T 15 149
ILLUSTRATIONS
Page
PLATE 1. Map showing geomorphic setting of the Big Thompson drainage basin, north-central Colorado............. In pocket
2. Map showing geologic and geomorphic effects of 1976 storm and flood, Big Thompson River area, Colorado . . In pocket
3. Stream profiles of Big Thompson River and North Fork Big Thompson River...........c.ccueveiieininenn. In pocket
FIGURE 62. Map showing geomorphic setting of the Big Thompson River drainage basin, north-central Colorado........... 90
63. Photograph of The Narrows of Big Thompson Canyon, August 2,1976...........ccoviiviiiniiiiiiiinanen, 93

64. Schematic diagram showing three modes of flood erosion and deposition within the canyons of the Big Thompson

River and North Fork Big Thompson River. .



v

CONTENTS

FIGURE 65-99. Photographs:

65.
66.

71.

72.
73.
74.
75.
76.
71.
78.
79.

80.
81.
82.
83.
84.
85.
86.

817.
88.

89.
90.
91.
92.
93.

94.
95.

96.
91.

98.
99.

Helicopter view showing effects of sheetflooding along foot of Mount Olympus at Crocker Ranch.......
Tongue of bouldery debris deposited by sheetflooding along the base of Mount Olympus at Crocker
RanCh ..o e e

. Toe of Olympus Dam, scoured by floodwaters of Dry Gulch, viewed toward the south................
. Small debris slide in stony colluvium on 67-percent slopenear mile 53.2............c.cvvvvrvinnennn
. Motel unit damaged by a rock slide on an oversteepened bedrock slope near mile 56.0.................
. Unnamed gulch, viewed about 100 yd upstream from its confluence with the Big Thompson River, at

1011 L5 T 3 St
Gully cut by intense runoff channeled along the shallow ruts of a dirt road in a grassy area, upper part
of unnamed gulch at mile 54.4 ... ... ... ... it it i it e e i
Granite boulder near mile 42.7, showing freshimpact scars..........c.coiviiieiiiiiiiiieiiennennnn
Overbank sand and buoyant debris on the south side of the Big Thompson River at mile 54.4..........
Debris pile on the upstream side of highway bridgeat mile 52.2............... ... oo,
House undercut by Big Thompson Rivernearmile 45.4 ............ . ... i,
The riverside community of Waltonia, mile 47.0, before and after the 1976flood ......................
Helicopter view showing flood damage in part of Drake . ..........c.oviinieiiininiineinenieninenns
Preflood and postflood views taken near southendof Drake........... ... iiiiiiiiiinenninnnennn,
Wrecked house and other debris lodged on a damaged private bridge at mile 44.7, 0.5 mi downstream
from Drake ... oo e i e
Flood damage along the Big Thompson River near centerof Drake .................coiiiiiniien....
Remains of diversion dam below Midway at mile 43.25 . ..........o.iiiiuiiii i,
Site of the Loveland powerplant at mile 41.3 before and after theflood .................... .. ..ol
Helicopter view of the Cedar Cove areanearmile 39.6..........covuiiiniiiiiiiiiiiiiiiieien.n.
Flood damage at the mouth of Big Thompson Canyon, U.S. Highway 34 ............................
View into The Narrows of Big Thompson Canyonon August 2, 1976 ..............c.cciiiiiiin...
House in the lower end of Devils Gulch, near Glen Haven, demolished by hydraulic forces and impact
from floating debris ... ... i i i e
Scar left by debris avalanche that entered the North Forkatmile5.1...........oooiiuiiniiiinaena..
Remains of a medium-size automobile flattened and wrapped around a large boulder in the North Fork
Dear TULE 4.5 . ... i i e
Pickup truck partly buried by coarse sand deposited by the North Fork near its confluence with the Big
B 003 o0V o -0 « TS PPN
View of damage to road and abutment of steel bridge torn out by Big Thompson River in crossing first
ridge east of Big Thompson Canyon ... .......oueeniteitan it ia i i iaaaanes
Lateral cut into south bank of the Big Thompson River southwest of Loveland ......................
Movement of cobbles and pebbles on a point bar indicated by partial burial of cattails................
Flood-deposited sand near confluence of Sulzer Gulch and Big Thompson River showing two terraces
cut below highest level cf deposition......... ..o
Desiccation cracks in slightly silty very fine sand trapped at mouth of Sulzer Gulch..................
Upstream side of ponderosa pines stripped of bark by impact of flood debris, between dam at mouth of
Big Thompson Canyon and first ridge east of canyon ...t
Current-terraced deposit of sand on downstream side of debris pile in cottonwood grove west of Big
Thompson School .. ...ttt e ettt i et et
Condemned damaged house and debris pile in cottonwood grove west of Big Thompson School........
Lee deposits of flood-borne sand on down-current side of bushy weeds east of Glade Road . ............
Flood damage in cornfield southwest of Loveland ............. ..ottt

100. Map of geologic hazards in the Glen Comfort area, between mile 53.4 and mile 51.9 on the Big Thompson River. .
101-109. Photographs:

101.
102.

108.
104.
105.

106.
107.

108.
109.

Aerial views of Noels Draw, mile 52.7 on the Big Thompson River, before and after the 1976 flood. .. ...
Acerial views of debris fans, mile 51.1 to mile 50.9 on the Big Thompson River, before and after 1976
412 T N
House on debris fan at mile 51.1, Big Thompson River, damaged by boulder debris...................
Deposit of sand- to cobble-size material on a debris fan near mile 7.3, North Fork Big Thompson River .
Postflood aerial view of Bobcat Gulch debris fan, mile 0.5 on the North Fork Big Thompson River,
AUGUSE 3, 1076 . oottt ittt i e e e i
Building lot covered by sediment, in a subdivision where colluvium derived from grus was eroded and
=Y (=) o103 1 =Y« L RPN
Gully erosion in fine-grained, relatively thick colluvium or residuum derived from granitic rocks.......
Landslide in Glen Comfort area, mile 52.4 on the Big Thompson River..............ccooiviiiniinen..
Aerial view of debris avalanches from 1976 storm and flood, between mile 5.2 and mile 5.4 on the North
Fork Big Thompson RIVer . ... .uuitt ittt itttett et eatrateeteentennsaenranarnnernnenns

104

104

105
107
108
108
110
111
112
114

116
116
117
118
120
121
122

123
125

126

127

128
128
129

130
131

132

132
133
134
135
137

140
142
143
143
144
145

146
147



CONTENTS v

TABLES

Page

TABLE 6. Summary of geologic and geomorphic effects of the July 31-August 1 storm and flood on the Big Thompson

River and its tributaries from Olympus Dam to the confluence with the South Platte River, including average

gradients and selected hydrologicdata . ..........co.uiieiiiiii i e 98

7. Size and lithology of largest boulders transported by the 1976 flood in the Big Thompson Canyon, mile 56.4 to
4001 L= 15 S 106

8. Size and lithology of largest boulders deposited by the 1976 flood in the Big Thompson Canyon, mile 44.3 to mile
1525 28 Z 113

9. Concrete blocks carried downstream from destroyed diversion damatrivermile43.25.....................coinenn,. 113






STORM AND FLOOD OF JULY 31-AUGUST 1, 1976, IN THE BIG THOMPSON RIVER
AND CACHE LA POUDRE RIVER BASINS, LARIMER AND WELD COUNTIES, COLORADO

GEOLOGIC AND GEOMORPHIC EFFECTS
IN THE BIG THOMPSON CANYON AREA, LARIMER COUNTY

By RALPH R. SHROBA, PAUL W. SCHMIDT, ELEANOR J. CROSBY, and WALLACE R. HANSEN,
of the U.S. GEOLOGICAL SURVEY

ABSTRACT

Intense rainfall from the Big Thompson thunderstorin comnplex
on the evening of July 31, 1976, and the ensuing floods that evening
and the following day led to widespread erosive and depositional ef-
fects along the Big Thomnpson River and its tributaries. Because of
the intensity of the rainfall and the steepness of the terrain, runoff
quickly reached flood stage.

The storin was centered over rugged country. Mountain tops are
as much as 3,000 ft (feet) above streamn level, and the canyon walls
are comnmonly as steep as 80 percent (40°). Cliffs are common. The
canyon is cut mostly into Precambrian metamorphic and igneous
rocks, and streamn gradients are closely related to the erosive
resistance of the rocks. The steepest reaches are across resistant
pegmatite; the flattest are across broad fault zones. Fault zones, in
places, also control the trend of drainage. On the Great Plains the
Big Thompson River crosses rocks of Paleozoic and Mesozoic age
mantled with Quaternary deposits, and the gradient flattens ac-
cordingly. In general, the river is at grade on the plains but not in
the mountains.

The flood responded markedly to changes in gradient. Reaches
steeper than 2 percent generally were scoured, especially on the out-
sides of bends and where the channel was constricted. Basically, the
main channel was scoured throughout its length, but outside the
main channel deposition took place where the gradient flattened to
less than 2 percent, especially at wide places on the flood plain and
on the insides of bends, where point bars forined. Large boulder-
gravel bars diverted the river from its preflood channel, notably at
the community of Drake, and deposition was intensified where the
flow was iinpeded by bridges, buildings, or vegetation. Boulders as
large as 7 ft in interinediate diaineter were deposited in bars. The
largest boulder apparently moved by the flood measured about
12X12X23 ft and weighed an estimated 275 tons.

Lateral scour was most pronounced at the outsides of bends; in
general, highway dammage was greatest at such places. At The
Narrows at the mouth of Big Thompson Canyon, scouring flood-
water rose 14 ft above the preflood level, and obliterated 1.9 iniles of
highway.

Downstream fromn the mouth of the canyon, overbank deposition
was the chief geologic effect of the flood, although scour was ap-
preciable at the outsides of bends and in the main channel. Over-
bank deposits of sand and silt decreased in thickness and grain size
fromn the canyon mouth to the South Platte River. Local deposits of
gravel and cobbles were reworked from the preflood riverbed and
banks. Buoyant debris was abundant. Croplands were damnaged by
deposits of silt and sand.

Along the tributaries, geologic effects were confined largely to the
zone of intense downpour, chiefly to places within the 6-in. (inch)
isohyet and, foremost, within the 10-in. isohyet. Sheetflooding on
hillslopes locally remnoved as mnuch as a foot of soil and left pebbly to
bouldery lag deposits. Locally, boulders were transported down
slopes by sheetflooding and were redeposited on gentler slopes.
Thickly grassed open slopes resisted sheet erosion rather well, but
gullying quickly cut through the soil where the grass had been worn
thin along dirt roads and trails. Sparsely covered slopes in pine
forests were vulnerable to sheetflooding.

Along minor drainageways, channelized runoff comnonly scoured
down to bedrock, then deposited debris flows or debris fans where
reduced gradients lowered the competence of the floodwater. Some
major tributaries duinped their loads into the main stem where the
load was either deposited as an obstructing bar or was carried off by
the flood. In places the Big Thompson River and the North Fork
were forced laterally out of their preflood channels by swollen
tributaries.

Debris slides, debris flows, debris avalanches, rock slides, and
rock falls were set off in the intense-downpour area. Saturation of
the soil was the chief cause, but some landslides were caused by
lateral undercutting.

Many homes and other buildings were lifted off their foundations
and were carried away by the flood. Somne of these collapsed with
nearly explosive force. Somne buildings that remained in place were
partly filled with sedinent and were damnaged by impact fromn
floating and saltating debris. Massive piles of buoyant debris ac-
cumnulated against trees and buildings. Trees, bushes, and even
grasses acted as natural sediment traps.

Historic, clinatologic, hydrologic, and geologic evidence indicates
that other drainage basins along the east slope of the Front Range
are no less vulnerable than the Big Thompson River basin to
catastrophic flooding in the future.

INTRODUCTION

Mountain flooding is not uncommon in the Front
Range of Colorado, and previous floods have also pro-
duced marked geologic and geomorphic changes. No
previous historic Front Range flood, however, has in-
volved so much erosion and material transport, and
never before has a Front Range storm of such
magnitude afforded such an opportunity for study and
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documentation. Centered over Big Thompson Canyon
and its North Fork between Estes Park and Drake (pl.
1), uncommonly heavy rains falling on steep slopes led
to very rapid runoff, high flow velocities and flood
peaks, widespread geologic and geomorphic changes,
heavy property damages, and high mortality among
canyon residents and visitors. Maximum rainfall inten-
sity was about 10 in. in less than 4 hours (hrs). An
estimated 6 in. fell at Glen Haven in about 45 minutes
(min), and a total of 12 in. fell in 48 hrs. (See Part A, fig.
44.) Hydrologic measurements at the canyon mouth in-
dicate a recurrence interval of about 200 yrs. Small
tributary basins had discharges unequalled in the
records of Colorado flood history, and flow velocities
reached about 10-30 ft/s (Part A, table 4). With such
intensities of rainfall and runoff, widespread geologic-
geomorphic effects were inevitable.

Coming on a weekend during the peak of the summer
vacation season—with an estimated 2,500 people in
the canyon—the Big Thompson flood caught hundreds
of residents, campers, and tourists with virtually no
warning. It left 139 known dead and, at this writing, 5
persons unaccounted for.

Although a detailed discussion of the sociceconomic
impact of the Big Thompson storm is outside the scope
of this report, it was of great concern to many people,
and we would be remiss not to note briefly some of the
costs. The economic losses were severe, amounting to
an estimated $35.5+ million.! Tables prepared by the
U.S. Army Corps of Engineers, Omaha District (James
W. Ray, letter dated Dec. 30, 1976), list financial losses
caused by the Big Thompson storm in various
categories.

Most of the damage in the public sector was to
highways, roads, and bridges; whereas most of the
private damage befell individuals and small
businesses. A damage survey by Larimer County in-
dicated that 252 structures, mostly dwelling units,
were damaged beyond repair (damaged more than 50
percent—condemned and demolished); 242 structures
were damaged to the extent of less than 50 percent
and, therefore, were declared eligible for repair. The
U.S. Army Corps of Engineers awarded contracts for
the removal of 319,863 yd? of debris, 93 propane tanks,
and 197 automobiles. Debris included flotsam as well
as structures that were damaged beyond salvage and
had to be demolished.

'Even so, property damages from the Big Thompson flood were far less than from some
previous floods. The storm of June 14-17, 1965, over the South Platte River basin cost an
estimated $508.2 million in damages, about 75 percent of which occurred in the Greater
Denver Area (Matthai, 1969, p. B31). The storm of May 5-6, 1973, in the Greater Denver
Area (Hansen, 1973; Ducret and Hansen, 1973) cost an estimated $50 million.

GRAIN SIZES OF SEDIMENTS

Grain sizes of sand, gravel, and so forth noted in this
report are based mostly on visual estimates or field
measurements rather than on laboratory
measurements. Because of the extreme heterogeneity
of most of the flood deposits, precise laboratory
measurements of small samples, in fact, could yield
misleading results. Our field nomenclature for these
materials is modified from the widely used United Soil
Classification System adopted by the U.S. Bureau of
Reclamation and the U.S. Army Corps of Engineers as
follows:

SIEVE NO. (OPENINGS PER INCH) INCHES
200 40 10 4 3 12
clay and fine medium coarse pebble cobble boulder
silt sand sand sand  gravel gravel gravel

CONVERTING ENGLISH UNITS
TO METRIC

With the passage by Congress of the Metric Conver-
sion Act of 1975, agencies of the United States
Government, nearly all scientific and research
organizations, and many private industrial organiza-
tions are rapidly converting measurements from the
Customary System of Units (English) to the Interna-
tional System of Units (metric). The Geological Survey
has been in the forefront, but inasmuch as many
readers of this report probably are not yet comfortable
with the International System, customary units are
used here.
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less than 1 percent to more than 4 percent. The width
of the canyon floor ranges from less than 100 ft to as
much as 600 ft. Wide places in the canyon have been
much used as building sites. Ease of access is com-
bined with favorable soil conditions for excavating
foundations and for installing wells and waste disposal
systems. Drake, Midway, and Cedar Cove became
focal points for summer and year-around homes and
for tourist-oriented businesses, such as motels,
restaurants, trailer courts, and shops. About half a
mile below Midway, the river had been dammed for a
downstream hydroelectric powerplant serving the
town of Loveland. Below Cedar Cove some water had
been diverted for cropland irrigation.

East of the mountain front, the Big Thompson River
flows generally eastward about 35 mi across the Col-
orado Piedmont section of the Great Plains to its con-
fluence with the South Platte River (pl. 1). Between the
mountain front and Loveland, the river crosses a belt
of alternate strike valleys and hogback ridges, formed
by differential erosion of interlayered soft and hard,
tilted strata. This belt, however, has little effect on the
behavior of the river; the river crosses it with no
significant change of gradient. From the Loveland area
to the South Platte, the river flows between discon-
tinuous alluvial terraces on a flood plain that locally is
more than a mile wide. The river gradient is about 0.7
percent from the canyon mouth to Loveland and about
0.2 percent (or about 10.6 ft/mi) from Loveland to the
South Platte River.

GEOLOGIC FACTORS RELATED TO THE FLOOD

BEDROCK

Bedrock at first thought might seem to have little in-
fluence on the behavior of the 1976 flood or its geomor-
phic effects. Closer inspection indicates clear cause-
and-effect relationships—some subtle and some more
obvious. Canyon widths are related to the erosive
resistance of the bedrock and local base levels; the gra-
dient is related both to the resistance of the bedrock
and to the width of the canyon; the velocity and com-
petence of the river in flood, in turn, are closely related
to the gradient.

Between its source and its confluence with the South
Platte River, the Big Thompson River flows across
rocks of widely varied composition and age. The moun-
tainward part of the basin is eroded entirely from
crystalline rocks of Precambrian age; the greater part
of the canyon, along both the main stem and the North
Fork, is cut into a metamorphic complex of gneiss,
schist, and migmatite (Tweto, 1976). This complex is
intruded by many small stocks of Boulder Creek
Granodiorite and is bordered irregularly on the west

by a batholith of Silver Plume Granite. In addition, the
metamorphic complex is intruded by uncounted
pegmatite dikes and lesser plutonic bodies. Pegmatite
is especially abundant in the area between Long Gulch,
Glen Haven, and Drake.

At the mouth of Big Thompson Canyon the river
passes from the Precambrian terrane onto a belt of
tilted sedimentary rocks of successively younger
Paleozoic and Mesozoic age. This terrane is com-
plicated somewhat by faulting and folding, which
cause stratigraphic repetitions across the strike and
even bring Precambrian rocks to the surface locally
east of the mountain front. From a point just west of
Loveland to the South Platte River, the Big Thompson
River flows across a thick sequence of gently dipping
Upper Cretaceous rocks which, however, are beveled
almost flat and are largely concealed by surficial
deposits of Quaternary age (Colton, 1978).

The bedrock geology of the Big Thompson area from
the hogbacks west of Loveland into the mountains is
complicated by abundant faults and shear zones of
varied ages, sizes, and orientations. The predominant
trend of fractures is northwestward, and many dikes
follow that trend also. From Drake east toward the
mountain front and down the North Fork from
Dunraven Glade, the Big Thompson River and the
North Fork cross and recross a broad west-northwest-
trending fault zone called the Thompson Canyon fault
(Braddock, Calvert, and others, 1970). This zone has
been mapped for a distance of about 24 mi (Tweto,
1976). In many places the fault zone and the canyon
floor coincide, so the fault zone must have influenced
the course of the river. At Cedar Cove the zone
probably exceeds 600 ft in width (Braddock, Nutalaya,
and others, 1970). Toward the canyon mouth the river
swings north away from the zone and passes instead
through The Narrows in resistant nearly vertical
metasedimentary layers (Braddock, Calvert, and
others, 1970).

At the west end of Big Thompson Canyon, a north-
northeast-trending fault about 12 mi long borders
Estes Park on the east. Dry Gulch, Devils Gulch, and
Fish Creek about coincide with its trace. Many other
gulches and tributary ravines also coincide with faults
in the Big Thompson area and must have been localiz-
ed by them, through the process of differential erosion.

Between Olympus Dam and river mile 50.5 (miles in-
dicated on pl. 24, 2B, 2C), the river crosses a large
body of granitic rock, mostly of the Silver Plume vari-
ety, and the gradient is about 60 ft/mi (pl. 3). At about
river mile 48, the river crosses onto a terrane of very
resistant pegmatite interlayered with metamorphic
rocks. Here, the gradient steepens to about 160 ft/mi;
the canyon is constricted and steep sided, and the bed



92 FLOOD, JULY 31-AUGUST 1, 1976, BIG THOMPSON RIVER, COLORADO

of the river is very bouldery. These conditions persist
downstream about to Drake. At and below Drake, and
up the North Fork from Drake, the valley bottom coin-
cides with the Thompson Canyon fault, the canyon
widens conspicuously, and the gradient flattens.
Where the river swings away from the fault, the
canyon again constricts and steepens just as
noticeably—for example, below Midway, above Cedar
Cove, and at The Narrows.

In the wider reaches, the river down through time
has built discontinuous flood plains, commonly as
much as 500 ft across and locally much wider. The July
31 flood spread out in these bottomlands and
deposited much of its load. At Drake the river
deposited a huge bar of cobbles and boulders across
the old preflood channel; in slacker water it deposited
sand and pebble gravel along with a great mismash of
tree trunks, branches, lumber, fuel tanks, household
items, and parts of demolished buildings. Conversely,
scour predominated in the steeper, narrower reaches;
for example, 1.9 mi of highway was destroyed at The
Narrows when the highway embankment was
obliterated (fig. 63). These details are further discussed
in subsequent sections.

Subtle effects of bedrock on the degradation and ag-
gradation patterns of the flood extend along the main
drainages and up the tributaries. Granitic terrane in
Big Thompson Canyon generally has yielded larger
and more abundant boulders to erosive processes than
metamorphic terrane has, partly because the granite is
more massive, and the metamorphic rock tends to be
strongly foliated and closely jointed. Consequently,
reaches of the river flowing across granite tend to be
rougher and more bouldery than reaches flowing
across metamorphic rocks.

SURFICIAL DEPOSITS

Surficial deposits greatly influenced the distribution
and character of the effects of the flood. To a large
extent they determined the sediment yield of the
involved streams and, hence, the erosion and sedimen-
tation effects on the whole drainage system.

Surficial deposits mantle bedrock discontinuously
throughout the study area. In most places, except in
valley bottoms, the surficial mantle is patchy and thin;
in many places, bedrock forms cliffs or bold outcrops.

In its headwaters the Big Thompson River crosses
deposits laid down by a succession of late Pleistocene
glaciers. These glaciers terminated just west of the
town of Estes Park where they built massive moraines,
but outwash gravel extended on down the canyon and
out onto the plains. Down through the years, much of
the outwash has been reworked by the Big Thompson
River, but patches still remain in the canyon.

In many places in the canyon, hillsides are mantled
with soil or with stony sandy colluvium and slope wash
to depths of several feet. The colluvium occasionally
passes upslope into coarse talus and downslope into
alluvium. Loamy soils high in some tributaries, such as
Piper Meadows, may have been augmented by eolian
deposition. During the July 31, 1976 storm, much
saturated colluvium collapsed and moved downslope
as small landslides. Also, much colluvium was
transported down hillsides and into the drainage
courses by sheetflooding, rill erosion, and gullying in
countless small channels.

On gently sloping granitic terrane, especially on
Silver Plume Granite, prolonged weathering has pro-
duced a patchy friable grus and (or) sandy colluvium,
commonly 3 ft or more deep, interspersed with round-
ed outcrops. This kind of regolith is very vulnerable to
scour, and it was severely eroded locally on July 31,
1976. Regoliths on metamorphic terranes seemed to
have been less vulnerable to scour, but the reasons
why are unclear; factors such as rainfall intensity and
discharge might have been as important as erodibility.

The floors of most sizeable tributary canyons,
gulches, and ravines are bottomed with nearly con-
tinuous fills of alluvium and slope wash. Many of these
were severely scoured during the storm. Most of them
have soil profiles that indicate ages of at least several
hundreds of years. The Big Thompson itself flows
across a virtually continuous fill of mostly coarse
grained bouldery alluvium, which in wide places such
as Drake covers several acres. The course of the river,
moreover, is bordered by discontinuous gravel ter-
races, some of which were drastically altered by the
flood. Some buildings on terraces or colluvial slopes
above the flood were carried away when lateral scour
caused the banks to slump.

During the flood, many alluviated tributaries were
scoured to bedrock, especially toward their mouths,
through old fills as much as 10 ft thick (fig. 70).
Although in many places the Big Thompson severely
scoured its bed, it rarely uncovered bedrock in the bot-
tom of its channel; but in many places it cut laterally
into alluvial terraces, colluvial slopes, and road em-
bankments; and it released many small landslides. As
it scoured the channel floor and reworked and
redeposited its bedload, its channel shifted from side
to side, causing much property damage in the process.

Nearly all large tributaries of the Big Thompson and
the North Fork, and many small tributaries, have
debris fans at their mouths. (See ‘‘Glossary,” fig. B.)
These fans are the products of multiple episodes of
deposition, and most of them are graded to the flood
plain or to slightly higher stands of the river. Nearly
all of them in the area of heavy downpour were
modified by the storm. They were variously entrench-
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