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Units of Measurement

Both English and metric (SI) units of measurement are used in this report; however, the English
system is used primarily. This is mostly due to the facts that both the hydraulic design of the
sediment basins and the survey of the sediment basins was performed in English units. The
hydraulic design, completed in 1992, and the surveying, completed in 1993 and 1994, were done
prior to the Colorado Department of Transportation’s efforts to produce designs and surveys in

ST units.

Units shown in the text of the report are provided in both English and SI units. English units are

shown first, followed by a “soft” conversion to SI units.

Report figures and tables are in English units. In some of the tables, totals or final results, are

displayed in both English and SI units.

The conventional unit of measurement for sediment sample analysis is SI units. Therefore, such

items as sample concentration and sample mass are reported solely in SI units.
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Executive Summary

Erosion, sedimentation, and water pollution caused by runoff from the highway system are of
concern to the Colorado Department of Transportation (CDOT). Compliance with water quality
regulations along with a desire to minimize adverse environmental impacts have led to the need

for implementing and assessing practices to control highway runoff.

One practice that can be used to control pollutants in highway runoff is a sediment basin.
Sediment basins are either constructed of embankment or excavated into the existing ground.
They intercept and temporarily store a specific volume of stormwater runoff. To provide water
quality enhancement, this runoff is very slowly released from the basin over an extended period
of time. This results in conditions favorable for suspended sediment to settle out of the
stormwater and be deposited on the basin floor. Consequently, water leaving the basin is

"cleaner" than the water entering the basin.

As part of the Straight Creek Erosion Control Project, completed by CDOT in 1994, eleven
sediment basins were constructed between the "toe" of the I-70 fill slope and Straight Creek.
The basins were built to remove sand and sediment from highway runoff so that sediment

loadings into Straight Creek would be reduced.

How much sand and sediment captured by these sediment basins along with the efficiency of
the basins in removing sediment from the runoff are the primary subjects of this research
report.

This report describes what data was collected and how it was collected. In addition, the data

analysis and findings are presented.
A variety of surveying and monitoring efforts were completed to quantify the amount of
material captured and efficiency of the basins. For example, surveying of the basins was

completed to determine the volume of material captured. Flow measurement equipment was
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installed and operated so that the water volume from the monitored runoff events could be

determined. Water samples were collected and the concentration of sediment was determined

for each of the samples. Also, sediment particle size for various soil and water samples was

determined.

A number of conclusions were drawn as a result of this research. Most of the following

conclusions that were reached are described based on the research objective that they support.

Research Object. 1:

Conclusion:

Research Object. 2:

Conclusion:

Research Object. 3:

Conclusion:

Quantify the amount of sand captured by the sediment basins.

Based on the surveying efforts and the relationship developed between
drainage area and amount of sediment captured, it is estimated that 985
tons (894 m-ton) of sand and sediment are captured annually by the

eleven sediment basins.

Determine the efficiency of the basins in removing sediment from
runoff.

The efficiency of the sediment basins in removing sediment from runoff
was based on monitoring sediment loading at the sediment basin at
station 328 +03 for a number of runoff events. The calculated TSS
removal efficiency is 90.5%. In other words 90.5% of all sand and

sediment that enters the basins will be captured.

Determine the quantity of sediment released from the basins into Straight
Creek.

The quantity of sediment released from the basins into Straight Creek
was determined based on the calculated removal efficiency and the
annual quantity of sediment captured in the basins. On an annual basis a
total of 1,088 tons (987 m-ton) will enter the basins. Of this amount,

985 tons (894 m-ton) will be intercepted and captured within the basins.
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Research Object. 4:

Conclusion:

Research Object. S:

Conclusion:

And 103 tons (93.4 m-ton) will be conveyed through the basins into
Straight Creek. Therefore, sand and sediment loading into Straight
Creek was reduced from 1,088 tons (987 m-ton) per year to 104 tons

(93.4 m-ton) per year as a result of construction of the sediment basins.

Quantify the sediment loading differences between pavement and cut
slope areas.

Based on the surveying efforts it was estimated that 101 pounds of
sanding material per linear foot of highway (151 kg/m) for EB I-70 and
101 pounds of sanding material per linear foot of highway (151 kg/m)
for WB 1-70 would be captured annually by the sediment basins. In
terms of pounds per acre of highway pavement, the estimated sand

capture rate is 88,300 Ib/acre (99,000 kg/ha).

In addition, it was estimated that 58,040 pounds per acre (65,100 kg/ha)
of sediment from the cut slopes would be captured annually by the

sediment basins.

Refine the estimate of the required maintenance clean out cycle.

The clean out cycles predicted during the design phase of the Straight
Creek Erosion Control project, for most of the basins, were found to be
reasonable when compared with the anticipated clean out cycle based on
the survey information. Based on the surveyed information, the
anticipated sediment removal cycle varies from once every 0.9 years at

station 401+00 to once every 9.1 years at station 286+79.

Even with the refined estimate of the necessary basin clean out cycle, it is
very important to keep in mind that CDOT Maintenance forces should

routinely observe the basins to assess sediment removal needs.
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Information provided in the October 1993 "Sediment Pond Maintenance
Report" should help Maintenance forces more accurately identify when
sediment removal is required. This is especially necessary considering the
facts that some of the actual constructed volumes of the basins differ from
the design volumes, that the sand application rates will vary from year to

year depending on the weather conditions, and that maintenance practices

may vary.

Other conclusions reached as a result of the research are:

. An analysis of the size of sediment in the runoff exiting the basin was completed.
This showed that for all rainfail, simulation, and snowmelt events: no material

larger than #60 (0.25 mm) sieve left the basin.

. The total cost to construct the basins and the anticipated cost to build the access
road is $864,980. Assuming a 25-year life for the basins, the unit cost to capture
the sanding and sediment material is $35/ton ($39/m-ton). Maintenance costs

were not included.
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1.0 Introduction

Erosion, sedimentation, and water pollution caused by runoff from the highway system are of
concem to the Colorado Department of Transportation (CDOT). Compliance with federal and
state water quality regulatory requirements along with a desire to minimize adverse

environmental impacts have led to the need to control highway runoff.

A variety of practices can be used to improve the quality of highway runoff and thereby reduce
potential impacts to receiving waters. These include such things as planning and design of the
highway location and configuration with water quality in mind, appropriate maintenance
procedures, and construction of measures to remove pollutants. One such measure that can be

constructed is a sediment basin.

Sediment basins are constructed of embankment or excavated into the existing ground.
Sometimes a combination of excavation and embankment is used to build the basin. They
intercept and temporarily store a specific volume of stormwater runoff. To provide water quality
enhancement, this runoff is very slowly released from the basin over an extended period of time.
This results in conditions favorable for suspended sediment to settle out of the stormwater and be
deposited on the basin floor. Consequently water leaving the basin will be "cleaner” than the

water entering the basin.

The Straight Creek Erosion Control Project, completed by CDOT in the summer of 1994,
included implementation of a number of measures to reduce the water quality impacts to Straight
Creek from highway runoff. One of the prominent measures implemented for the purpose of
reducing sediment loadings into Straight Creek, was the construction of sediment basins. Eleven

basins were constructed between the "toe" of the I-70 fill slope and Straight Creek.

Evaluation of the quantity of sediment collected by and removal efficiency of the sediment

basins is the primary subject of this research report. To determine this, a number of steps had
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to be taken and parameters quantified. For example, surveying of the basins was completed to
determine the volume of material captured. Flow measurement equipment was installed and
operated so that the water volume from runoff events could be determined. Water samples
were collected and the concentration of sediment was determined for each of the samples.

Also, sediment particle size for various soil and water samples was determined.

This report describes what data was collected and how it was collected. In addition, the data

analysis and study findings are presented. Finally, conclusions are provided.

2.0 Project Location and Background

The Straight Creek Erosion Control project was located along I-70, just west of the
Eisenhower Tunnel. The project limits were from the west portal of the tunnel extending
approximately six miles west toward the town of Silverthorne. All of the project construction,

except for one sediment basin, was within 2.5 miles (9.7 km) of the tunnel.

Straight Creek is situated on the south side of I-70, and the highway parallels the creek. The
Interstate was completed in early 1970. Since then, the creek has been impacted by above

normal sediment loadings from the operation of the highway.

Sources of highway sediment and sand to Straight Creek are:
1) Sheet and rill erosion of the highway cut slope.
2) Sheet and rill erosion of the highway fill slope.
3) Gully erosion of the fill slope where culverts discharge onto the slope.

4) Sanding of the pavement necessary during the winter for vehicle traction purposes.

Of the above listed sources, two contribute sand and sediment into the sediment basins. These

two sources of material are: (1) sheet and rill erosion from the cut slope and (2) sanding of the
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pavement necessary for vehicle traction purposes. Culvert gully erosion at the sediment basin
locations was repaired by the Straight Creek project; therefore, sediment is not delivered into
the basins from this source. Only a very small fill slope area is tributary to the sediment

basins; therefore, the sediment quantity delivered to the basins from this source is negligible.

The cut and fill slopes within the project corridor are very steep with slopes ranging from 1:1
(H:V) to 1.5:1. The steep slopes, lack of vegetative cover, and runoff on the slopes have
caused material to be eroded. Some of this eroded material is transported via runoff into

Straight Creek.

In addition, much sand is applied to the highway due to the very difficult climatic and terrain
conditions of the project area. On average, 40 inches (102 cm) of precipitation f.all annually.
Most of this is in the form of snow. The elevation within the project area is 10,500 feet
(3,200 m) and the longitudinal grade of I-70 is steep at 6%. The sand applied by CDOT
Maintenance forces provides the traction necessary to keep I-70 traffic moving in as safe and
efficient manner as possible. Some of this sand is transported via highway runoff to Straight
Creek.

Figure 2.1 is a photo showing sanding material on Westbound (WB) I-70 and also some cut
slope areas. Figure 2.2 is a photo of Eastbound (EB) I-70 with sanding material being

transported during a snowmelt runoff event.

To reduce the sediment loading into Straight Creek, CDOT implemented the Straight Creek
Erosion Control project. As part of the project, other erosion control practices were
implemented in addition to the construction of the eleven sediment basins. For example,
approximately 50 acres (20 ha) of the 1-70 fill slope were seeded and mulched. This was done
to establish additional vegetation so that the fill slope would be less susceptible to erosion.
Subsequently, less sediment would be eroded from the slopes and transported to Straight
Creek.
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