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Traveltimes Along Clear Creek and Selected
Tributaries Upstream from Golden,

Colorado, 1996-97

By Sally M. Cuffin

Abstract

Increased traffic along mountainous
stretches of Interstate Highway 70, U.S. High-
way 40, and U.S. Highway 6 in Colorado has
resulted in a corresponding increase in the move-
ment of hazardous materials. The proximity of
Clear Creek and its tributaries to these highways
places downstream water users at risk in the event
of an accidental hazardous-material release. A
traveltime study was performed on two reaches of
Clear Creek and two of its tributaries to provide
the necessary information to allow downstream
water managers to protect water supplies in the
event of a hazardous-material release. The infor-
mation also can be used by hazardous-material-
response teams to intercept contaminants as they
move downstream. This report summarizes the
methods and findings of the traveltime study.

Traveltime measurements were made
using rhodamine-WT dye as a tracer in two
reaches of Clear Creek and two Clear Creek
tributaries in Clear Creek and Jefferson Counties,
Colorado. The reaches were Clear Creek from
the town of Berthoud Falls to the city limits of
Golden; Clear Creek from the eastern edge of
the Loveland Basin Ski Area parking lot to the
town of Georgetown; the headwaters of two
Clear Creek tributaries near Loveland Pass to the
Loveland Valley Ski Area; and two unnamed trib-
utaries of Hoop Creek (a tributary of Clear Creek)
near Berthoud Pass to the confluence with the
West Fork of Clear Creek. Measurements were
made at three times of the year to obtain data
from different flow conditions.

Traveltime and average velocities were
determined for each stream reach. During high
flow, dye-cloud leading-edge traveltimes ranged
from about 0.6 hour along the Loveland Pass to
the Loveland Valley Ski Area drainage to about
8.8 hours between Berthoud Falls and Golden.
During low flow, leading-edge traveltimes
ranged from about 2.6 hours along the same
drainage from Loveland Pass to about 28.6 hours
between Berthoud Falls and Golden. Average
velocity between the Loveland Pass sites ranged
from about 1.3 miles per hour during high
flow to about 0.3 mile per hour during low flow.
Average velocities between Berthoud Falls and
Golden ranged from about 4.4 miles per hour
during high flow to about 1.3 miles per hour
during low flow.

A curve-fitting program was used to fit
Lorentz and Gaussian distributions to the data
generated from the traveltime measurements.
Because discrete (not continuous) traveltime
measurements were made, an estimate of the
actual time of the leading edge, peak, and
trailing edge needed to be determined from
the sample data. The curve-fitting program
provided the means to calculate the timing of
events (leading edge, peak, and trailing edge)
that were not precisely measured. Calculated
leading-edge, peak, and trailing-edge times
were used to generate a series of graphs for
each study reach.

Traveltime estimation tables were
generated from the data for a range of Clear
Creek discharges. Because of the high variability
of discharge within the basin, the Lawson
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Purpose and Scope were made on all study reaches, except Hoop Creek,
during the high flow (mid-June 1996); the transi-
This report presents the results of three sets of tional flow (mid-August 1996) when the stream
traveltime data collected for two reaches of Clear Creek transitions from high to low flow; and the low flow
and two of its tributaries. Traveltime measurements (early October 1996). The study was revised in
INTRODUCTION
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A limited amount of traffic data is provided to
indicate the trends since the early 1990's. Traffic acci-
dent and volume information for the highways along
the study reach are provided in table 1 (Colorado
Department of Transportation, written commun.,
1997). The traffic data include the 1991 through 1996
period. An arbitrary comparison was made between
the first 2 years and the last 2 years of the period. The
2-year period was chosen because of the limited data
and to reduce the effect of an abnormal accident year
(such as a year with a multi-car pileup).

Study Reach 2—Loveland Basin Ski Area
to Georgetown

Study Reach 2 includes the reach of Clear Creek
from the eastern edge of the Loveland Basin Ski Area
parking lot (elevation about 10,840 ft) to Georgetown
(elevation 8,512 ft) (fig. 1). Interstate 70 follows the
valley carved by Clear Creek along this reach, and the
distance from the highway to the creek varies from
50 ft to about 0.25 mi. Study Reach 2 begins at the
Loveland Basin and Valley Ski Areas (injection
site LGI1), passes through mostly undeveloped,
forested land, and descends into areas of mountain
communities and historical mining operations. The
final sampling site is at the 6th Street bridge in
Georgetown (LGS4).

The western part of this reach passes through
the Arapaho National Forest. Extensive work has
been done to the Clear Creek stream channel by the
U.S. Fish and Wildlife Service between the Loveland
Basin Ski Area and Bakerville to improve fish habitat
by the use of small dams and rock structures. Natural
meanders, channel vegetation, and debris flows affect
stream velocities in the western part of the reach. The
I-70 construction and historic mining operations have
resulted in major disturbance of the stream channel,
primarily in the eastern part of this reach, with large
sections of the stream being straightened and rerouted.

As in Study Reach 1, accidents and average
daily traffic volume have increased along this stretch
of highway (Colorado Department of Transportation,
written commun., 1997) (table 1).

Study Reach 3—Loveland Pass

Study Reach 3 includes parts of two unnamed
tributaries that flow into the main channel of Clear
Creek near the western end of the Loveland Valley Ski
Area parking lot (fig. 2). These tributaries drain the
southern side of the Clear Creek Basin that is traversed
by Hwy 6 through a series of steep grades and switch-
back curves. The tributaries are intersected by Hwy 6
several times as the highway winds up to the pass. The
headwaters of the tributaries are located along the

Table 1. Traffic accident and volume information for Study Reaches 1 and 2 (Colorado Department of Transportation,

written commun., 1997)

Average number

Average daily

Sl:'r 9:::::' of accidents i:z::::; traffic volume i::::::
e 1991-92 1995-96 1991-62 1994-95
Study Reach 1
U.S. Highway 40, Berthoud Falls 13 23 76.9 4,691 5,553 18.4
to Interstate 70 junction
Interstate 70, junction 137 1203 48.2 27,991 31,761 13.5
U.S. Highway 40 to junction
U.S. Highway 6 (east of
Idaho Springs)
U.S. Highway 6, junction 144 180 25.0 7,178 12,058 68.0
Interstate 70 to Golden
city limits
Study Reach 2
Interstate Highway 70, 78 127 62.8 21,076 24,138 14.5

Eisenhower Memorial
Tunnel to Georgetown

!Data not available for 1996; average number of accidents for 1994-95.
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Clear Creek. Stream channel disturbances along the
subreach primarily are the present Hwy 40 roadbed
and an older, abandoned roadbed.

A major effect on subreach 4a is a diversion
(Berthoud Pass ditch) that moves water from the
northern side of the Continental Divide to the southern
side, into Hoop Creek. The diversion generally begins
flowing in late May or early June after snow has been
cleared from the Hoop Creek channel. Flow continues
through most of the summer until the water-rights
allocations are satisfied. The gate to the diversion
usually is shut sometime in late summer. Flows from
the upper part of the subreach are decreased by about
one-half when the gate is closed.

Subreach 4b begins at a hairpin turn on Hwy 40
about 1.7 mi from the top of Berthoud Pass (fig. 3).
Most of the subreach is a series of small waterfalls and
pools until the confluence with Hoop Creek where the
stream channel becomes braided. As with subreach 4a,
the stream channel disturbances primarily are the
present Hwy 40 roadbed and an older, abandoned
roadbed. Debris flows from the Hwy 40 roadcuts
also are affecting this subreach.

DETERMINATION OF AND VARIATION
IN TRAVELTIME

The traveltime in the two reaches of Clear Creek
and two of its tributaries was determined by injecting
a fluorescent dye, rhodamine-WT and measuring the
dye concentrations in samples collected at down-
stream sites (site locations and numbers provided in
table 2). In traveltime studies, as the dye moves down-
stream, dispersion of the dye mass elongates and
dilutes the dye cloud (fig. 4). At a nearby downstream
site, water samples analyzed with a fluorometer will
show a low concentration of dye in the leading edge of
the cloud, a rapid rise in concentration to a peak value,
and a slightly slower decline in concentration as the
trailing edge of the cloud passes (fig. 4). Farther down-
stream, the time between the leading edge and peak
concentration lengthens, with the arrival of the trailing
edge (defined as 10 percent of the peak concentration
for this study) stretching out considerably (fig. 4).
Samples for this study were collected at selected
intervals, usually 1 to 10 minutes, depending on flow
conditions, at each site to determine the arrival of the
leading edge, peak, and trailing edge of the dye cloud.

The dye-concentration measurements were used to
generate a set of curves, which can be used to estimate
the arrival times for two reaches of Clear Creek and
two of its tributaries.

Average velocities between sampling sites were
determined by dividing the distance between sites by
the elapsed time for the dye-cloud leading edge to
reach the downstream sampling site (these values are
provided in the elapsed time tables for each study
reach). Discharge and velocity were measured at
several sampling sites for comparison to the average
subreach velocity calculated by timing the dye cloud.
Discharge was determined at the remaining sites from
existing continuously recording surface-water gages or
staff gages (table 2). A range of average velocities
(from high to low flow) for each study reach was
determined by dividing the total reach length by the
elapsed time for the dye-cloud leading edge to reach
the last sampling site (these values are provided in the
text).

Rhodamine-WT Injection Procedures

A soluble dye injected into a stream assumes
the flow characteristics of the water particles in that
stream. Measuring the movement of the dye essen-
tially measures the movement of water particles and
their dispersion characteristics (Kilpatrick and Wilson,
1989, p. 2).

Rhodamine-WT is a highly soluble fluorescent
dye with a specific gravity of 1.15 at 20°C. The stan-
dard form of rhodamine-WT used for traveltime
studies is a 20-percent solution of the dye. Because
the dye is very viscous (<25 centipoises at 25°C),
slug-injection dye doses for this study were prepared
by mixing a predetermined amount of dye into several
gallons of water. The slug injection then could be
made by rapidly pouring the mixed dye into the
center of the stream, with a quick rinse of the
container to remove the last of the rhodamine-WT.
Without the initial dilution, several rinses of the
container would be required, which would change
the characteristics of what is intended to be a slug
injection.

The amount of dye used for each injection
was determined using the equation described by
Kilpatrick (1970). The relation between the quantity
of dye required and the concentration expected at
the end sampling site is as follows:

DETERMINATION OF AND VARIATION IN TRAVELTIME 9
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Table 2. Injection and sampling-site locations, site numbers, elevations, average slopes between sites, and discharge at the time of sampling

[ft, feet; fuft, feet per foot; ft’/s, cubic feet per second; mi, mile; -, no data; a, continuously recording surface-water gage; b, staff gage; ¢, stream-discharge measurement]

%hmﬂhmou. >N_oo_wuo >“ﬂﬂMo Traveltime SoaAuz_u..-\uw:cE discharge e
Lbcation Site  from last Elevation batwesn  over measurement
number sampling (ft) A vaaih High  Transitional Low obtained
mum Ry (fuR) flow flow flow from
Study Reach 1—Berthoud Falls to Golden (fig. 1)

Berthoud Falls (injection site) BGII 38.5 9,800 - -- - - -- --

Berthoud Falls staff gage (0.7 mi east of Berthoud Falls) BGS1 37.8 9.690 0.030 -- 317 40 21 b

Hoop Creek confluence (1.4 mi east of Berthoud Falls) BGS2 37.1 9.600 0.024 - - - - c

West Fork of Clear Creek gage (1.2 mi east of Empire) BGS3 30.0 8,235 0.036 -- 497 53 38 a

Lawson gage (at Lawson) BGS4 27.8 8,080 0.013 - 1,010 135 88 a

Idaho Springs 23d Street bridge BGSS5 20.8 7.440 0.017 -- 1,276 181 121 c

Clear Creek above Johnson Gulch (4.5 mi east of Idaho Springs) BGS6 15.9 7,210 0.009 - 1,330 182 130 a

Junction of U.S. Highway 6 and State Highway 119 BGS7 12.6 6,910 0.017 - - -- - --

Golden gage (100 ft downstream from U.S. Highway 6 bridge at west edge of Golden) BGS8 0.0 5,695 0.018 0.020 1,250 138 90 a

Study Reach 2—Loveland Ski Area to Georgetown (fig. 1)

Loveland Basin Ski Area (injection site) LGI1 124 10,840 - -- - - - -

Loveland Valley Ski Area gage (east end of Loveland Valley Ski Area) LGS1 11.5 10,615 0.047 - 80 8.3 53 a

Bakerville staff gage (I-70 Bakerville exit) LGS2 6.5 9,710 0.034 - 321 40 23 b

Downstream from Silver Plume alluvial wells (0.5 mi west of Silver Plume) LGS3 3.7 9,200 0.034 - - - - -

Georgetown 6th Street bridge LGS4 0.0 8,512 0.035 0.036 389 44 26 c

IStudy Reach 3—Loveland Pass (fig. 2)

Subreach 3a—western injection site (0.6 mi) LPII 1.3 11,820 - - - - - -
U.S. Highway 6 crossing downstream from injection site (2.1 mi) (injection site) LPIla 1.1 11,380 0.417 - -- - -- -
Confluence with main stem of stream (0.2 mi below LPI1a—not on road) LPSla 0.9 11,070 0.294 - - - -- -
Upstream from west confluence with Clear Creek at Loveland Valley Ski Area LPS1 0.0 10,640 0.090 0.172 19.2 1.7 1.3 c

Subreach 3b—western tributary main-stem injection site (2.8 mi) LPI2 1.3 11,250 - - - - -- -
Upstream from west confluence with Clear Creek at Loveland Valley Ski Area LPSI1 0.0 10,640 0.089 0.089 19.2 1.7 1.3 c

Subreach 3c—eastern injection site (1.2 mi) LPI3 0.8 11,620 - - - - - -
Upstream from west confluence with Clear Creek at Loveland Valley Ski Area LPS2 0.0 10,640 0.232 0.232 4.7 0.24 0.03 c

2Study Reach 4—Berthoud Pass (fig. 3)

Subreach 4a—eastern injection site (0.6 mi) HI1 1.6 11,140 - -- - -- - --
Floral Park campground (2.7 mi) HS1 1.1 10,710 0.163 -- - -- - -
Eastern switchback downstream from Floral Park campground (3.8 mi) HS2 0.6 10,420 0.110 - -- -- - -
U.S. Highway 40 crossing upstream from confluence with West Fork of Clear Creek HS3 0.0 9,590 0.262 0.183 38 4.1 1.2 c

Subreach 4b—western injection site (1.7 mi) HI2 1.2 10,940 - -- -- - - -
Western switchback upstream from Floral Park campground (3.5 mi) HS4 0.7 10,540 0.152 -- -- - -- --
U.S. Highway 40 crossing upstream from confluence with West Fork of Clear Creek HS3 0.0 9,590 0.257 0.213 38 4.1 1.2 c

'Mileages refer to distance along U.S. Highway 6 from top of pass.
2All mileages refer to distance along U.S. Highway 40 from top of pass.
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Figure 4. Diagram showing dye-cloud dispersion and graph showing actual dye concentrations during high-flow travel-
time measurement, Berthoud Falls to Golden, June 11, 1996 (modified from Boyle and Spahr, 1985, fig. 3).

40 Q,, L\ Q,, is the mean discharge of the reach (cubic
Vy=34x10 (T) c, (1) feet per second);

is the length of the reach (miles);
v is the mean stream velocity (feet per

where second); and
V;  is the volume of rhodamine-WT 20-percent C, is the peak concentration desired at the
dye required (gallons); end of the reach (micrograms per liter).
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Figure 5. Rhodamine-WT concentration compared to time with curve fit of Gaussian and Lorentz distribution curves.

Variations in Traveltime streams are not uniform, the Manning equation
in Mountain Streams normally is not directly applicable, but equation
variables describe the factors affecting stream
The hydrology of mountain streams is highly velocities.
variable because of large changes in the topography The general form of the Manning equation is
of the stream channel and large fluctuations in stream as follows:

discharge. Mountain stream discharge is affected by

the weather-controlled release of water from mountain
1.5 273,172

snowpacks and the yearly variation in the annual v = TR S (2)

precipitation. One reason for measuring traveltimes at
different times of the year was to determine the effect
of some of these variations.

A mountain stream can be thought of as a
series of rough channels (sometimes steep) con-

where
v is the velocity of flow (feet per second);

n is the Manning roughness coefficient;

necting a series of storage areas. Stream velocities R s the hydraulic radius of the channel
and discharge along these streams are affected by [the cross-sectional area of the
a number of variables. Stream velocity in uniform channel, A (square feet), divided by

the wetted perimeter of the channel

channels can be described by the Manning equation,
cross section, P (feet)]; and

and the effect of storage areas on discharge can
be described by a combination of the continuity S is the channel-bed slope (feet per feet)
equation and a storage function. Because mountain (Ward and Elliot, 1995, p. 212).

DETERMINATION OF AND VARIATION IN TRAVELTIME
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velocity variability in the upper part of the reach.
The steeper the line (fig. 6), the slower the dye
cloud passes through that subreach (lower velocity).
Velocity variability is a function of the changes in
discharge, channel characteristics, and storage-
area effects.

The data in table 2 indicate that the slope, S,
along the upper subreaches [excluding the subreach
between the injection point (BGI1) and the first
sampling site (BGS1) that has minimal stream channel
obstructions] of the study reach is steeper than in the
lower subreaches, but the actual dye velocities were
slower in the upper subreaches. If only the slope were
used, the Manning equation (eq. 2) would predict
faster velocities (the S value would be greater).
Although changes in the Manning roughness coeffi-
cient can account for some of the velocity decreases,
storage-area effects (egs. 3 and 4) probably were the
primary cause of the decreased velocity and longer
traveltime. Storage areas along the upper reach of
Study Reach 1 include numerous beaver ponds and
small, low dams used to produce pooling for improved
fish habitat.

Study Reach 2—Loveland Basin Ski Area
to Georgetown

The results of the three traveltime measurements
from Loveland Basin Ski Area to Georgetown are
presented in table 4 and figure 7. Sampling-site loca-
tions and numbers are provided in table 2 and shown
in figure 1. The arrival of the dye-cloud leading edge,
peak, and trailing edge for the three flow conditions is
shown in figure 7. The arrival of the leading edge in
Georgetown varied from about 3.5 hours during high
flow to about 15.7 hours during low flow. The dye
cloud passed the first sampling site (LGS1) in about
0.2 hour and the last sampling site (LGS4) in about
1.1 hours during high flow. During low flow, the dye
cloud required about 0.7 hour to pass LGS1 and about
6.0 hours to pass LGS4. The average velocity of the
leading edge of the dye through Study Reach 2 was
about 3.5 mi/hr during high flow and about 0.8 mi/hr
during low flow (average velocities between sampling
sites are provided in table 4). The slope is steeper in
Study Reach 1 than in Study Reach 2, but discharge,
channel characteristics, and storage-area effects
combine to result in slower movement of the dye cloud

through Study Reach 2 compared to Study Reach 1.
The precision of the traveltime measurements varied
from about +1 minute for the samples collected at
site LGS1 to between 2 minutes (high flow) and
+20 minutes (low flow) at site LGS4.

The variability of the subreach characteristics
in Study Reach 2 can be seen in the changes in the line
gradients in figure 7. Although the plots of elapsed
time compared to distance in figure 7 seem to be
linear, closer examination shows distinct changes
in gradient of the lines between sampling sites.

The steeper the line, the slower the velocity and the
longer the traveltime. In Study Reach 2, storage areas,
meanders, and vegetation decrease stream velocities,
but as discharge and slope increase, stream velocities
increase. The largest change in average velocity
between sites for Study Reach 2 occurred between the
Silver Plume alluvial wells (LGS3) and Georgetown
(LGS4) (table 4). This subreach includes an artificial
widening of the stream, several abrupt changes in
stream direction, and a series of waterfalls and pools.

Study Reach 3—Loveland Pass

The results of the three traveltime measure-
ments for the three subreaches in Study Reach 3
are presented in table 5 and figures 8 through 10.
Sampling-site locations and numbers are provided
in table 2 and shown in figure 2. The precision of the
traveltime measurements varied from about 2 minutes
for the samples collected at site LPS1 during high
flow to between 10 minutes (subreach 3b) and
130 minutes (subreach 3a) during low flow.
Traveltime-measurement precision at site LPS2 for
subreach 3c varied from about +1 minute during
high flow to +20 minutes during low flow.

Because of the intermittent nature of flow in
of subreaches 3a and 3c, the flow was supplemented
with water from a fire tanker truck. Rhodamine-WT
dye was added to 2,500 gal of water in the tanker.
The tanker was driven to the two drainages, and
about one-half of the tanker capacity was added to
subreach 3a (LPI1) and the other one-half was added
to subreach 3¢ (LPI3). The tanker provided the advan-
tage of simulating a hazardous-material spill. A
slug injection was used in the large tributary (LPI2)
because sufficient instream flow was available year
round.

UPPER CLEAR CREEK TRAVELTIME RESULTS AND DISCUSSION 17




8L

26-9661 ‘OpeI0j0) ‘Usp|oD) wouy weassdn seleINGLL Paloajes pue }eai) Jeaj) Buojy sawnjeAell

Table 4. Elapsed time between injection and arrival of dye at sampling sites and average velocity between sites for Study Reach 2—Loveland Basin Ski Area
to Georgetown

[Average velocity is determined by dividing reach length by traveltime between sites; measured stream velocity is the velocity determined by a discharge measurement at the site during traveltime
sampling; --, no data]

—_.vn_,wﬁsh.u o.ﬂ Arrival of leading edge ou_ooﬂ_mﬂ !Nm :un”n Arrival of peak OM_MnB_mw Arrival of trailing edge ou_ohw.c%
mnﬂ_w._w_:a :...mhne.. from h (hours: sites YOIGERy h (hours: sites h (hours: sites
momﬂ_n.us: (hours)  minutes) (miles per Aa._,_u“_.wﬂ (hours)  minutes) (milesper O  minutes) (miles per
hour) hour) hour)
High-flow elapsed time and velocity
Loveland Basin Ski Area (injection site) LGI1 124 0.00 00:00 - - 0.00 00:00 - 0.00 00:00 -
Loveland Valley Ski Area gage LGS1 115 0.27 00:16 333 -- 0.36 00:21 2.50 045 00:26 2.00
Bakerville staff gage LGS2 6.5 1.79 01:47 3.29 -- 2.00 02:00 3.05 2.38 02:22 2.59
Silver Plume alluvial wells LGS3 3.7 2.64 02:38 3.29 -- 293 02:55 3.01 3.57 03:34 235
Georgetown 6th Street bridge LGS4 0.0 3.51 03:30 4.25 4.10 3.84 03:50 4.07 461 04:36 3.56
Transitional-flow elapsed time and velocity
Loveland Basin Ski Area (injection site) LGI1 124 0.00 00:00 - - 0.00 00:00 -- 0.00 00:00 -
Loveland Valley Ski Area gage LGSI 11.5 0.99 00:59 091 -- 1.23 01:13 0.73 1.45 01:27 0.62
Bakerville staff gage LGS2 6.5 6.02 06:01 0.99 -- 6.59 06:35 0.93 7.60 07:35 0.81
Silver Plume alluvial wells LGS3 3.7 8.62 08:37 1.08 -- 9.37 09:21 1.01 10.73 10:43 0.89
Georgetown 6th Street bridge LGS4 0.0 11.20 11:12 1.43 1.73 12.01 12:00 1.40 14.02 14:01 1.12
Low-flow elapsed time and velocity
Loveland Basin Ski Area (injection site) LGI1 124 0.00 00:00 - - 0.00 00:00 -- 0.00 00:00 --
Loveland Valley Ski Area gage LGSI 11.5 1.30 01:18 0.69 -- 1.66 01:39 0.54 2.03 02:01 0.44
Bakerville staff gage LGS2 6.5 8.51 08:30 0.69 -- 941 09:24 0.65 11.80 11:47 0.51
Silver Plume alluvial wells LGS3 3.7 12.18 12:10 0.76 -- 13.25 13:15 0.73 16.59 16:35 0.58

Georgetown 6th Street bridge LGS4 0.0 15.72 15:43 1.05 1.52 16.83 16:49 1.03 21.69 21:41 0.73




“SUORIPUOD MOJ} 881U} 10} SawI|aALI} uMO}B109K) 0} Baly NS UISBg puBBACT—Z YyoreY ApmiS 2 ainbi4

98pe Burrer), —y— a3pa Surjrer], y— 98pe Burred), . S/ —
yeod —@— Fd —@— AL - O—
a3pa Suipeda] —m— a3pa Surpeo| . 98pa Suipea| . F]—
MOTH MOT MOTI TVNOLLISNVIL MOTd HOIH
NOLLVNVIdXH
SO[IW Weans ul ‘93pLIq 12218 19 umo03a31090) woty weansdn souessi(y
0 1 (4 £ 14 S 9 L 8 6 0l Il 4! el

sanoy ut ‘awr pasdeq

3321 01 WYS 11 woly speal £ a3y
J10J SIXB-X i7 d[qe) Ul 9IS SIY) 10] papiAoid a1e san[eA MO[J-mo] pue ‘-[euonisuen -ydiy ¢| 2indy ur
UMOYS pue 7 d[qe] Ul paquasap ae (SO pue 197 se yons) soys Surjdwes pue uonosluy 90N

1 " ! N I} N 1 X | | . il . 1 " ! . | : | i il i WN

19

UPPER CLEAR CREEK TRAVELTIME RESULTS AND DISCUSSION



0z

£6-9661 ‘OpE10|0D ‘UBp|OH WOy weansdn seeINglL Palosjas pue )aa1) Jes|) Buojy sawnjeAe. L

Table 5. Elapsed time between injection and arrival of dye at sampling sites and average velocity between sites for Study Reach 3—Loveland Pass

[Average velocity is determined by dividing reach length by traveltime between sites; measured velocity is the velocity determined by a discharge measurement at the site during traveltime sampling; —, no data)

Distance Arrival of leading edge  Average Meoastired Arrival of peak Average  Arrival of trailing edge  Average
upstream velocity SEELE P T velocity velocity
Sampling Site from final Bours between velocity thos: between i between
site number sampling ho 2 sites h > sites 5 sites
site’ (hours)  minutes) (miles per AB-_._M“ _.woq (hours) - minutes) (miles per (hours)  minutes) (miles per
(miles) hour) hour) hour)
High-flow elapsed time and velocity
Subreach 3a—western injection site LPI1 1.3 0.00 00:00 - - 0.00 00:00 - 0.00 00:00 -
Highway 6 crossing below injection site LPlla 1.1 - - - -- -- - - - - -
Confluence with main stem of stream LPSla 0.9 - == - - - -- -- -- - -
Above west confluence with Clear Creek LPS1 " . ;
nidin chaonel at Loveland Valley Ski Aiea 0.0 0.97 00:58 1.34 2.05 1.23 01:13 1.06 1.85 01:51 0.70
Subreach 3b—main-stem (western) injection site  LPI2 1.3 0.00 00:00 - -- 0.00 00:00 -- 0.00 00:00 --
Above west confluence with Clear Creek LPS1 Y 3 :
mais charine] at Loveland Vallsy Ski Area 0.0 0.72 00:43 1.81 2.05 0.82 00:49 1.59 0.95 00:57 1.37
Subreach 3c—eastern injection site LPI3 0.8 0.00 00:00 -- - 0.00 00:00 -- 0.00 00:00 -- 7
Above east confluence with Clear Creek main ~ LPS2 ; ¥ :
channel at Loveland Valley, Ski Avea 0.0 0.63 00:37 1.27 1.74 0.78 00:46 1.03 1.24 01:14 0.65 |
Transitional-flow elapsed time and velocity
Subreach 3a—western injection site? LPII 1.3 0.00 00:00 -- -- 0.00 00:00 - 0.00 00:00 -
Highway 6 crossing below injection site LPlla 1.1 - - -- -- - - - - -- --
Confluence with main stem of stream LPSla 0.9 -- - - -- - - -- -- - --
Above west confluence with Clear Creek LPSI . ; 5
tiain channel a¢ Loveland Valley SEvArea 0.0 3.00 03:00 0.43 1.58 4.00 04:00 0.33 6.25 06:15 0.21
Subreach 3b—main-stem (western) injection site  LPI2 1.3 0.00 00:00 - -- 0.00 00:00 - 0.00 00:00 --
Above west confluence with Clear Creek LPS1 2 ) :
nadiy channel at Toveland Valley Skt Area 0.0 2.36 02:21 0.55 1.58 277 02:46 0.47 5.10 05:06 0.25
Subreach 3c—eastern injection site LPI3 0.8 0.00 00:00 - - 0.00 00:00 - 0.00 00:00 -
Above east confluence with Clear Creek main ~ LPS2 s 5 :
channel at Loveland Valley Ski Area 0.0 1.62 01:37 0.49 1.50 2.06 02:03 0.39 4.24 04:14 0.19
Low-flow elapsed time and velocity
Subreach 3a—western injection site? LPI1 1.3 Auv - - - 3 -- -- Auv - -
Highway 6 crossing below injection site LPIla 1.1 0.00 00:00 -- -- 0.00 00:00 -- 0.00 00:00 -
Confluence with main stem of stream LPSla 0.9 0.89 00:53 0.22 - 1.17 01:10 0.17 1.82 01:49 0.11
Above west confluence with Clear Creek LPS1 : : :
saain changel gt Loveland Valley Ski Area 0.0 3.09 03:05 0.36 0.47 3.62 03:37 0.30 6.45 06:27 0.17
Subreach 3b—main-stem (western) injection site  LPI2 1.3 0.00 00:00 - - 0.00 00:00 - - 00:00 - ,
Above west confluence with Clear Creek LPS1 : : ; |
maiy channel st k:oveland Valley Sk Area 0.0 291 02:54 0.45 0.47 343 03:25 0.38 5.62 05:37 0.23
Subreach 3c—eastern injection site LPI3 0.8 0.00 00:00 - - 0.00 00:00 - -- 00:00 -
Abpies eic contiasane il Ol Sreek g 1612 0.0 260 0236 031 028 336 0321 024 1231 1218 006

channel at Loveland Valley Ski Area

ISubreach 3a and 3b final sampling site (LPS1) was located upstream from the western tributary confluence with the Clear Creek main channel. Subreach 3c final sampling site (LPS2) was located

upstream from the eastern tributary confluence with the Clear Creek main channel. Both confluences were located along the western edge of the Loveland Valley Ski Area parking lot.
2Subreach 3a traveltime measurements estimated for transitional flow. Traveltimes affected by low flows in drainage.
3Subreach 3a traveltimes determined from injection site LPI1a. Snow in drainage upstream from injection site LPI1a absorbed 1,250 gallons of dye water from fire tanker truck.
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Note: Injection and sampling sites (such as LPI2 and LPS1) are described in table 2 and
shown in figure 2; high-, transitional-, and low-flow values are provided in table 2; x-axix for
5.0 |- figure 9 reads from right to left. y
g
3 4.0
=
k-
(5}
g 3.0
o
D
2,
S2.0
84
1.0
0.0
1.4 1.2 1.0 0.8 0.6 0.4 0.2 0.0

Distance upstream from Loveland Valley Ski Area parking lot near confluence with Clear
Creek, in stream miles

EXPLANATION
HIGH FLOW TRANSITIONAL FLOW LOW FLOW
—[3 - Leading edge 8 Leading edge —l— Leading edge
—G + Peak —&— Peak —®— Peak
— /& - Trailing edge —& Trailing edge —&— Trailing edge

Figure 9. Study Reach 3—Loveland Pass western tributary main-stem (subreach 3b) traveltimes for three flow conditions.
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Note: Injection and sampling sites (such as HI1 and HS2) are described in table 2
and shown in figure 3; high-, transitional-, and low-flow values for this site are
provided in table 2; x-axis for figure 11 reads from right to left.

1.6 1.4 1.2 1.0 0.8 0.6 0.4
Distance upstream from U.S. Highway 40 crossing of Hoop Creek near confluence with West
Fork of Clear Creek, in stream miles

EXPLANATION
HIGH FLOW TRANSITIONAL FLOW LOW FLOW
—[F + Leading edge = Leading edge —Ml— Leading edge
== Peak ®— Peak —&— Peak
— /5 - Trailing edge g Trailing edge —&— Trailing edge

Study Reach 4—Eastern Hoop Creek tributary (subreach 4a) traveltimes for three flow conditions.
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Note: A water year is the 12-month period, October 1 |
400 - through September 30. The water year is designated v
by the calendar year in which it ends.
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Figure 13. Maximum, median, and minimum discharge at the Lawson gage for water years 1946 through 1986 and 1995
through 1997 and mean discharge during the three traveltime measurements.

Table 7. Mean discharges recorded at Lawson gage during traveltime measurements

[Discharge measured in cubic feet per second]

Mean discharge at

Traveltime Flow Dx:;:eof Lawson gage during
measurement conditions injection traveltime measurement1
(+2 standard deviations)
Berthoud Falls to Golden gage (fig. 1) High—1996 06/11/96 97765
Transitional—1996 08/13/96 13446
Low—1996 09/30/96 8248
Loveland Basin Ski Area to Georgetown (fig. 1) High—1996 06/10/96 987+24
Transitional—1996 08/14/96 13116
Low—1996 10/01/96 78+1
Loveland Pass vicinity to Loveland Valley Ski Area (fig. 2) High—1996 06/14/96 923433
Transitional—1996 08/15/96 128+7
Low—1996 10/01/96 78+1
Hoop Creek tributaries to confluence with West Clear Creek (fig. 3)  High—1996 08/15/96 12614
Transitional—1996 10/01/96 8045
Low—1997 06/18/96 87543

!Mean and standard deviation values were determined from the discharge values recorded (discharge recorded every 15 minutes) at the Lawson gage
over the sampling period (time from injection until passage of trailing edge at final sampling site).
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Table 8. Estimates of leading-edge traveltime to Golden from various upstream sites over a range of Lawson gage discharges

[Data in this table are subject to the limitations discussed in the “Estimation of Upper Clear Creck Traveltimes” section of the report; sampling sites shown in fig. 1 and described in table 2; ft*/s, cubic feet
per second; hr, hours; min, minutes]

Sampling site
Discharge at Berthoud Falls Berthoud Falls Hoop Creek West Fork of Lawson Idaho Springs 23d Clear Creek above  Junction Highways
Lawson gage gage confluence Clear Creek gage gage Street bridge Johnson Guich gage 6 and 119
(#%/s) () (BGS1) (BGS2) (BGS3) (BGS4) (BGSS) (BGSS) (BGS?)
hr min hr min hr min hr min hr min hr min hr min hr min
20 57 02 55 53 54 35 38 30 35 02 25 13 19 58 16 02
40 40 54 40 07 39 05 28 01 25 30 18 27 14 34 11 41
60 33 40 33 02 32 09 23 15 21 11 15 22 12 07 9 43
80 29 20 28 47 27 59 20 22 18 33 13 30 10 38 8 31
100 26 21 25 52 25 08 18 23 16 45 12 12 9 36 d 42
120 24 09 23 42 23 01 16 54 15 24 11 14 8 50 7 05
140 22 25 22 01 21 22 15 45 14 21 10 29 8 14 6 36
160 21 02 20 39 20 02 14 48 13 29 9 52 7 45 6 12
180 19 52 19 31 18 55 14 01 12 47 9 21 7 21 5 53
200 18 54 18 34 17 59 13 21 12 10 8 55 7 00 5 36
250 16 59 16 41 16 09 12 03 10 59 8 03 6 19 5 04
300 15 33 15 17 14 47 11 05 10 06 7 25 5 49 4 39
350 14 27 14 12 13 44 10 19 9 24 6 55 S 25 4 20
400 13 33 13 19 12 52 9 42 8 51 6 31 5 06 4 05
450 12 48 12 35 12 10 9 11 8 23 6 10 4 50 3 52
500 12 10 11 58 11 34 8 45 7 59 5 53 4 36 3 41
550 11 38 11 26 11 02 8 22 7 38 5 38 4 24 3 31
600 11 09 10 58 10 35 8 02 7 20 5 25 4 14 3 23
650 10 44 10 33 10 11 7 45 7 04 5 13 4 05 3 16
700 10 21 10 11 9 50 7 29 6 50 5 03 3 57 3 09
750 10 01 9 51 9 30 7 15 6 37 4 53 3 49 3 03
800 9 43 9 33 9 13 7 02 6 25 4 45 3 43 2 58
850 9 26 9 17 8 57 6 51 6 15 4 37 3 37 2 53
900 9 11 9 02 8 42 6 40 6 05 4 30 3 31 2 49
950 8 57 8 48 8 29 6 30 5 56 4 23 3 26 2 45
1,000 8 44 8 35 8 16 6 21 5 48 4 17 3 21 2 41
1,050 8 31 8 23 8 05 6 12 5 40 4 12 3 17 2 37
1,100 8 20 8 12 7 54 6 04 5 33 4 06 3 12 2 34
1,150 8 10 8 02 7 44 5 57 5 26 4 01 3 09 2 31
1,200 8 00 7 52 7 35 5 50 5 19 3 57 3 05 2 28
1,250 7 50 7 43 7 26 5 43 5 14 3 52 3 02 2 25
1,300 7 42 7 34 7 17 5 37 5 08 3 48 2 58 2 22
1,350 & 33 7 26 7 09 5 31 5 03 3 44 2 55 2 20
1,400 7 25 7 18 7 02 5 26 4 57 3 41 2 52 2 18
1,450 7 18 7 11 6 55 5 20 4 53 3 37 2 50 2 15
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Table 11. Estimates of leading-edge traveltime to Hoop Creek confluence with West Fork of Clear Creek from sites along
U.S. Highway 40 over a range of Lawson gage discharges

[Data in this table are subject to the limitations discussed in the “Estimation of Upper Clear Creek Traveltimes™ section of the report; sampling sites shown
in fig. 3 and described in table 2; ft*/s, cubic feet per second]

Sampling sites

ll.)al\;.;:t::ggea;te East injection site c::::z':‘:‘r: d East switchback West injection site West switchback
(/) (HI1) (HS1) (HS2) (HI2) (HS4)
hour minute hour minute hour minute hour minute hour minute
20 12 59 8 47 4 02 5 48 3 31
40 7 41 5 14 2 30 3 53 2 20
60 5 39 3 52 1 53 3 05 1 50
80 4 32 3 07 1 32 2 36 1 33
100 3 50 2 38 1 19 2 17 1 21
120 3 20 2 18 1 09 2 04 1 13
140 2 58 2 03 1 02 1 53 1 06
160 2 41 1 51 0 57 1 45 1 01
180 2 27 | 42 0 52 1 38 0 57
200 2 16 1 34 0 48 1 32 0 53
250 1 55 1 20 0 41 1 21 0 47
300 1 40 1 09 0 36 1 13 0 42
350 1 29 1 02 0 32 1 07 0 38
400 1 20 0 56 0 30 1 02 0 35
450 1 13 0 51 0 27 0 57 0 33
500 1 08 0 47 0 25 0 54 0 31
550 1 03 0 44 0 23 0 51 0 29
600 0 59 0 41 0 22 0 49 0 28
650 0 55 0 39 0 21 0 46 0 26
700 0 52 0 37 0 20 0 44 0 25
750 0 50 0 35 0 19 0 43 0 24
800 0 47 0 33 0 18 0 41 0 23
850 0 45 0 32 0 17 0 40 0 22
900 0 43 0 30 0 16 0 38 0 22
950 0 41 0 29 0 16 0 37 0 21
1,000 0 40 0 28 0 15 0 36 0 20
1,050 0 38 0 27 0 15 0 35 0 20
1,100 0 37 0 26 0 14 0 34 0 19
1,150 0 36 0 25 0 14 0 33 0 19
1,200 0 35 0 24 0 13 0 32 0 18
1,250 0 34 0 24 0 13 0 32 0 18
1,300 0 33 0 23 0 13 0 31 0 17
1,350 0 32 0 22 0 12 0 30 0 17
1,400 0 31 0 22 0 12 0 30 0 16
1,450 0 30 0 21 0 12 0 29 0 16

ESTIMATION OF UPPER CLEAR CREEK TRAVELTIMES 33
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if diversions, flooding, or surface-water-gage error is
involved. An alternative would be to check weather
conditions along with the Lawson discharge. The
estimation tables were not designed to be used
during times of flooding. If flooding does occur in
the lower basin, a conservative safety factor needs to
be applied to the estimated traveltimes (about 1 to

2 hours during high flow and 2 or more hours during
low flow) to ensure the leading edge of a plume will
be contained.

Several additional factors can affect traveltime
to downstream locations. Diversions upstream from
Golden can affect traveltimes, as can reservoirs, such
as Georgetown Lake. Also, the type of hazardous
material spilled needs to be noted. Rhodamine-WT
dye is very water soluble, whereas gasoline is
not. A soluble chemical behaves similarly to the
rhodamine-WT, but organic chemicals that have
low solubility cling to surfaces, potentially leaching
into the stream for an extended period of time. The
leading edge may arrive at about the same time as
the rhodamine-WT, but the trailing edge can be
extended. Another factor is that the rhodamine-WT
dye was injected as a slug. An actual spill may leak
contamination into the stream for a number of hours,
again lengthening the trailing edge.

SUMMARY

Population growth in the mountainous areas
along the Colorado Front Range has resulted in
increased traffic and a corresponding potential
increase for accidents, possibly involving hazardous-
material carriers. Because of the proximity of moun-
tain streams to highways, hazardous-material spills
can affect downstream water supplies. This study
determined traveltimes along four reaches of the
upper Clear Creek Basin to provide downstream water
managers and hazardous-material-response teams with
a method of estimating the arrival times of hazardous-
material spills.

Traveltime studies are a useful tool that help to
minimize the effect of hazardous-material spills into
streams that are used for water supply. The complex
nature of mountain streams affects many estimation
techniques and requires actual measurements to deter-
mine the actual traveltimes. Channel characteristics in
the upper Clear Creek Basin vary from intermittent
rills flowing from snow fields to artificially straight-

ened channels contained by steep canyon walls. Dye-
tracer (rhodamine-WT) measurements provide useful
information from such areas.

Traveltime measurements were made at three
times of the year to obtain data during three different
flow conditions. Leading-edge traveltimes along
the study reaches varied between high and low flow
as follows: about 8.8 to about 28.6 hours between
Berthoud Falls and Golden (average velocity varied
from about 4.4 to about 1.3 mi/hr); about 3.5 to about
15.7 hours between the Loveland Basin Ski Area and
Georgetown (average velocity varied from about
3.5 to about 0.8 mi/hr); about 0.7 to about 2.9 hours
between the Loveland Pass subreach 3b injection site
(LPI2) and sampling site (LPS1) (average velocity
varied from about 1.8 to about 0.4 mi/hr); and
about 0.8 to about 5.0 hours between Berthoud
Pass subreach 4a injection site (HI1) and sampling
site (HS3) (average velocity varied from about 2.1 to
about 0.3 mi/hr).

The study indicated the great variability of a
mountainous system where leading-edge traveltimes
could be three to six times longer at low flow than at
high flow. Factors such as beaver ponds, waterfalls,
and manmade structures for fish habitat improvement
can substantially affect the time required for a dye
cloud to pass through a stream reach. The step-pool
characteristic of high mountain streams proved to be a
major factor in average reach velocity in the headwater
streams. Snow fields near the Continental Divide
seemed to be effective, temporary spill-containment
systems.

The variable nature of Clear Creek and its tribu-
taries can cause problems when making estimations
from the data. Measurements during three discharge
conditions provided sufficient data to develop a rela-
tion between discharge and the time required for the
leading edge of a contaminant plume to arrive at a
downstream site. The validity of the estimated travel-
times for discharges greater than or less than the
discharges measured during the study was not deter-
mined. Estimated traveltimes always need to be used
with care until additional data can verify the estima-
tion. Factors that did not occur during the study, such
as intense rainfalls in one or two subbasins, need to be
considered when using the estimated traveltime tables.
The estimated traveltimes need to be used as guide-
lines, not as absolute values.
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