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EXECUTIVE SUMMARY

The Casper Aquifer is the water-bearing portion of the Casper Formation that provides water to residents of the City of
Laramie and many residents of Albany County. The Casper Formation is highly fractured, faulted, and folded
throughout its depth, including where it outcrops at ground surface. The highly fractured nature of the Casper
Formation allows for aquifer recharge from infiltration from run-off of rain and snow. These recharge routes can also
be points of entry for pollutants introduced at ground surface, making the water supply potentially vulnerable to
contamination.

Interstate 80 (1-80) passes through the entire thickness of the Casper Formation through Telephone Canyon, including
those areas connected to the Casper Aquifer, leaving it vulnerable to spills and pollutants associated with vehicle
traffic. In particular, transport of hazardous materials through the Telephone Canyon portion of 1-80 has been
determined to be a potential threat to the water quality of the Casper Aquifer. As traffic volumes continue to increase
annually on 1-80 through Telephone Canyon, including vehicles transporting hazardous materials, the possibility of an
aquifer-impacting spill may also increase.

The objective of this report is to go beyond the recommendations proposed in previous reports about the Casper
Aquifer (2006 and 2008 Casper Aquifer Protection Plans [CAPP]), and provide possible emergency response and
mitigation engineering recommendations, also with associated cost estimates, for addressing a hazardous material
release within the Telephone Canyon portion of I-80 east of Laramie.

The following items were evaluated during the study to further evaluate the potential vulnerability of the Casper
Aquifer to contamination from an accidental release of hazardous materials:

= Geology and hydrogeology of the study area

= Existing drainage infrastructure of I-80 within Telephone Canyon

= Accident data within the study area

= Contaminants of concern transported along I-80

= Other factors that may contribute to the release and/or mobilization of contaminants
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Based on these evaluations, it was determined that the area of the 1-80 Telephone Canyon corridor most vulnerable to
contamination occurs near the bottom of the canyon, between mileposts 317 and 319. This area is more vulnerable
than other areas due to increased fracturing created by faults. However, the area where the most accidents occur is
between mileposts 319 and 322, up-gradient of the fractured area. For this reason, engineering controls installed up-
gradient of the fractured area may help to minimize the amount of potentially impacted runoff that reaches this
vulnerable area of the canyon in the event of an accidental release. These engineering controls may be in the form of
detention ponds, hazardous spill basins, rock-lined channels, and other mitigative/preventive measures. Through
evaluation of the contaminants of concern, it was determined that petroleum products and solvents represent the
greatest risk to the Casper Aquifer due to the high number of loads that are transported on 1-80, their relative toxicity,
and mobility. These aspects should be taken into consideration when designing potential engineering controls for this
area.

In addition to the engineering controls described above, it also recommended that a routine groundwater monitoring
program be developed to establish baseline water quality conditions and screen for potential future impacts. It is also
recommended that measures be undertaken to help prevent the occurrence of hazardous materials releases, such as
variable speed limits and alternative road surfaces. An evaluation of the emergency spill response may also be
beneficial to protecting the Casper Aquifer. This evaluation may include additional training for response personnel,
acquisition of additional equipment, and enhancement of current response procedures.
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1.0 INTRODUCTION

The Casper Aquifer is the water-bearing portion of the Casper Formation that provides water to residents of the City of
Laramie and many residents of Albany County. For the City of Laramie, the Casper Aquifer provides approximately

60% of the annual municipal water supply. The remaining 40% is obtained from the Laramie River.

The Casper Formation is highly fractured, faulted, and folded throughout its depth, including where it outcrops at
ground surface. The highly fractured nature of the Casper Formation allows for aquifer recharge from infiltration of
run-off from rain and snowmelt. These recharge routes can also be points of entry for pollutants introduced at ground

surface, making the water supply potentially vulnerable to contamination.

Along with the fractured and faulted structure of the Casper Formation and Aquifer, an additional point of vulnerability
is the Telephone Canyon section of 1-80 east of Laramie. In this area, 1-80 cuts through the entire thickness of the
Casper Formation, including those areas connected to the Casper Aquifer, leaving it potentially vulnerable to spills and
pollutants associated with vehicle traffic (CAPP 2008). In particular, transport of hazardous materials through the
Telephone Canyon portion of 1-80 has been determined to be a potential threat with a high degree of impact to the
water quality of the Casper Aquifer (CAPP 2008). As traffic volumes continue to increase annually on 1-80 through
Telephone Canyon, including vehicles transporting hazardous materials, the possibility of an aquifer-impacting spill
may also increase. In addition, aquifer contamination could result from stormwater runoff containing metal particles
from tires and brake pads, and oil, grease, gasoline and other automotive fluids deposited by I-80 traffic.

Previous studies of the Casper Aquifer commissioned by the City of Laramie and Albany County have determined that
a hazardous material spill on 1-80 east of Laramie through Telephone Canyon would likely constitute a severe threat to
water quality (CAPP 2006, CAPP 2008). These same reports recommend that the City of Laramie and Albany County

pursue additional investigation of hazardous material spill response, mitigation alternatives, and associated costs.

The objective of this report is to go beyond the recommendations proposed in the previous CAPP’s from 2006 and
2008, and to provide possible emergency response and mitigation engineering recommendations, along with associated

cost estimates, for addressing a hazardous material release within the Telephone Canyon section of 1-80.

For purposes of this report, the term “study area” is defined as that section of 1-80 from the top of Telephone Canyon
near the Happy Jack exit (Exit 323) west to the Grand Avenue exit (Exit 316) and includes the area south and
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southwest of 1-80 to the Pope Springs and Soldier Springs well fields, collectively known as the “City Wells”

(Figure 1). This report is not intended to duplicate efforts from existing city or county documents about the Casper
Aquifer. The purpose of this report is to conduct an independent study to evaluate possible hazardous material spill
response and mitigation measures in the study area using the existing CAPP documents as reference materials for this
study. Specifically, this report will:

= Provide background information of the study area, including an overview of the geology, hydrogeology,

hydrology, existing drainage structures, and regulatory history.
= Identify and prioritize areas of aquifer vulnerability and high vehicle accident probability.
= ldentify the most frequent spill contaminants of concern.

= Outline options and associated costs for contamination prevention, response, and mitigation of hazardous materials

releases.
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2.0 BACKGROUND

2.1 HISTORY AND SITE DESCRIPTION

The City of Laramie owes much of its existence to the construction of the Union Pacific transcontinental railroad in the
1860’s. As motorized vehicles replaced the railroad as the preferred mode of transportation, nation-wide highway
construction expanded. In 1913, the Lincoln Highway was established as the first coast-to-coast automobile road. It
stretched from Teaneck, New Jersey to San Francisco, California, passing through southern Wyoming, including
Laramie. The Lincoln Highway became US Highway 30 in 1928 and was replaced by 1-80 in the 1950°s

(www.tracksacrosswyoming.com/lincolnhighway 2010).

East from Laramie, 1-80 ascends Sherman Hill through Telephone Canyon, a narrow passage rising over 1,100 feet in
elevation in 5 miles with an average grade of 5%. Accommodation for 1-80 through Telephone Canyon initially, and
for widening of the highway in 1996, was made by enlarging several rock cuts, requiring extensive blasting operations

(www.tracksacrosswyoming.com/lincolnhighway 2010).

The 1996 expansion of eastbound 1-80 through Telephone Canyon added a third travel lane. Both eastbound and
westbound travel lanes are paved with 11 inches of concrete and the shoulders are constructed of asphalt. Numerous
underdrains carry snow melt and rain water away from the roadway and into a storm drain system installed down the

canyon adjacent to the eastbound lanes (http://www.aaroads.com/west/i-080_wy.html 2010).

The City of Laramie and Albany County residents obtain water from two sources: the Casper Aquifer and the Laramie
River. The conjunctive use of these two sources has allowed the City great flexibility to meet its municipal water
demands. From 1868 to 1940, the City relied on the natural discharge from City Springs, Pope Springs, and Soldier
Springs, that discharged water from the Casper Aquifer. This spring collection system only provided what the aquifer
offered by way of natural discharge from the springs. In 1982, the City drilled a fourth well at the Pope Wellfield and
installed two wells near City Springs to allow capture of the natural discharge and better control the flow of the springs.
In 1998, a well was drilled at Soldier Springs and in 2000 the Spur Wellfield was developed with the installation and
drilling of two wells 6 miles north of Laramie. The development of wellfields at the major springs at the western base
of the Laramie Range provides the City the opportunity to take advantage of the storage characteristics of the Casper
Aquifer. (WWC, 2006).
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Two important pieces of natural and man-made infrastructure intersect in the Laramie area - the Casper Aquifer and
1-80. 1-80 passes directly over a susceptible area of the Casper Aquifer just southeast of the Grand Avenue exit.
Transport of hazardous substances along this corridor presents the highest probability of risk with the highest potential

for damage to Laramie’s groundwater supply.

The presence of 1-80 and increasing development pressures combined with the Casper Aquifer’s vulnerability to
contaminants resulted in designation of the Casper Aquifer Protection Area (CAPA) in the 2002 Casper Aquifer
Protection Plan (CAPP). The 2002 CAPP was amended in 2006 and updated in 2008. The CAPA encompasses
approximately 72 square miles that lie east of the City of Laramie and extend to the crest of the Laramie Range. The
north and south boundaries are approximately 5 and 6 miles north and south, respectively, of the Laramie city limits.
Delineation of the CAPA was based on the hydrogeologic setting and vulnerability mapping both of which contribute
to defining risks to the drinking water source.

The potential risk to the Casper Aquifer from a vehicle-related hazardous material spill has prompted the City of
Laramie and Albany County to procure a detailed study of mitigation alternatives to protect the aquifer from
contamination. (http://www.ci.laramie.wy.us/cityservices/communitydevelopment/documents/Chapters1-6.pdf 2010).

2.2 CASPER AQUIFER GEOLOGY AND HYDROGEOLOGY

Existing documents about the Casper Aquifer (the 2006 and 2008 Casper Aquifer Protection Plans) provide detailed
descriptions of the area geology and hydrogeology. This section provides a basic overview of these features as they
apply to the study area. More detailed and thorough characterizations of the area geology and hydrogeology are also
summarized in Appendix A of this report.

2.2.1 SURFACE GEOLOGY
The City of Laramie and the wells and springs serving the city are located within the Laramie basin. The basin is
bounded on the west by the Medicine Bow Mountains, on the east by the Laramie Range, and on the south by the Front
Range. To the north, the Laramie basin is bounded by a series of anticlines, or stratified geologic formations that slope

downward on both sides from a common crest.

The Laramie Range, which bounds the Laramie basin on the east, lies immediately east of the Laramie City limits.
Between 75 and 50 million years ago, the Laramie Range uplifted resulting in terrain that slopes westward down into
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the Laramie valley. During the rise of the Laramie Range, stress and forces created faults and folds at the ground
surface. Several major faults have been mapped in the Laramie area. These include the Lincoln, Soldier, Pope,
Sherman Hills, Quarry, Jackrabbit, City Springs, and Spur faults. These major faults trend northeast to east-west.
Numerous minor unnamed faults have also been mapped in this area.

Folds, or a layer or stack of flat surfaces that has been bent or curved by permanent deformation, are also observed in
the Casper Formation. Most of the folds are east-west tending and some are associated with faults. These structural

features include the Horse Creek, Jackrabbit, Spur, Soldier and Quarry monoclines.

As early as 1947, the potential role of faults and folds in supplying groundwater to historic springs and municipal

wellfields in the Laramie area was recognized (Morgan, 1947; Huntoon, 1976). The occurrence of springs and the
large water production at the municipal wellfields are believed to be related to a particular fault, fold, or fault/fold
system.

2.2.2 SUB-SURFACE GEOLOGY
Several geologic formations, or distinctive rock units, are present in the Laramie area. Formations and units pertinent
to the delineation of the CAPA include the sequence from the Sherman Granite upwards to the Satanka Shale

(Figure 1). Following is a summary of these units.

Sherman Granite

The Precambrian Sherman Granite is an igneous rock that is exposed east of the crest of the Laramie Range (Figure 1).
The Sherman Granite was formed by the slow cooling of magma (liquid rock) and is a large mass of interlocking
minerals. The igneous Sherman Granite is distinctly different than the overlying formations which are layered
sedimentary rocks.

Fountain Formation

The Fountain Formation is an irregularly distributed sedimentary rock that is thin (less than 50 feet thick) to absent in
the Laramie area (Lundy, 1978). Where present, the Fountain Formation unconformably overlies the Precambrian
rocks, like the Sherman Granite. Because of the inconsistent presence of the Fountain Formation, it is included with

the overlying Casper Aquifer in the remainder of this report.
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Casper Formation

The Pennsylvanian-Permian Casper Formation overlies the Fountain Formation, where the Fountain is present, or the
Precambrian rocks where the Fountain is absent. The Casper Formation is approximately 700 feet thick and is
composed of sandstones interbedded with limestone and minor amounts of shale. The Casper Formation is
approximately 85% sandstone with limestone comprising the remainder of the formation. The Casper Formation is
informally subdivided, from bottom to the top, into five members designated alpha, beta, gamma, delta, and epsilon.
Each of these layers consists of sandstone and is bounded at the top by a layer of limestone (Lundy, 1978). The Casper

Formation surfaces on the west flank of the Laramie Range, east of the City of Laramie (Figure 1).

Satanka Shale

The Satanka Shale unconformably overlies the Casper Formation and is predominantly red shale with interbedded
siltstone and sandstone layers. The Satanka Shale is approximately 250 to 320 feet thick in the Laramie area. The
lower 20 to 30 feet of the Satanka Shale has several red and white sandstone beds that are similar to sandstones of the
underlying Casper Formation. The Satanka Shale comes to the surface along the western foothills of the Laramie
Range and near the eastern boundary of the Laramie city limits.

2.2.3 CASPER AQUIFER HYDROGEOLOGY
The Casper Aquifer is the hydrogeologic unit of the Casper Formation that supplies water to the wells and springs used
by the City of Laramie as a drinking water resource. The Sherman Granite provides an effective lower confining layer
for the Casper Aquifer and the low permeability shales of the Satanka Formation provide an effective upper confining
layer, when it is present in sufficient thickness. The permeability, the ability of a rock formation to transmit fluid,
within the Casper sandstones is very large in contrast to the overlying and underlying geologic units. The Casper
Aquifer is bounded above and below by effective confining units and is the sole source of groundwater for the city
wells and springs (CAPP 2002).

The Casper Aquifer is comprised of porous sandstone and fractured sandstone and limestone. Flow within these
materials includes porous and conduit flow. Porous flow occurs within the unfractured, permeable sandstones of the
Casper Aquifer. Conduit flow occurs within the sandstones and limestones where the permeability has been enhanced
by fractures and/or dissolution.
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Permeability of the sandstones that comprise the Casper Formation is variable, with the greatest permeability occurring
in the upper two sandstone members (epsilon and delta) and the lowest permeability occurring in the deepest sandstone
member, the alpha member. Porous flow is responsible for providing water to wells on the order of 1 to 100 gallons
per minute (gpm). Conduit flow is typically orders of magnitude greater than porous flow and is capable of yielding
large quantities of water to wells, as demonstrated by the Laramie city wells and associated springs. Production from
the city wells that penetrate the fractured aquifer is on the order of 1,500 to 2,500 gpm (CAPP 2002).

2.2.4 EXTENT OF THE CASPER AQUIFER
The vertical extent or depth of the Casper Aquifer varies depending on the geology. While the entire thickness of the
Casper is not saturated with water except where it is confined by the Satanka Shale, there is some depth of the Casper
Formation that is saturated throughout most of the area where it outcrops. The aquifer therefore extends from the crest
of the Laramie Range to the west into the Laramie Basin. While the aquifer is present throughout the Laramie Basin,
for the purposes of aquifer protection, the western edge of the aquifer’s areal extent is approximately nine miles west of
the western city limits. This western boundary is established because water quality from this point and continuing
west, has a total dissolved solids (TDS) concentration of greater than 1,000 mg/L, which is not considered suitable for
municipal use and provides a reasonable boundary for the aquifer. The Casper Aquifer extends approximately 50 miles
north northwest of Laramie before it is interrupted by a thrust fault. To the south of Laramie, the Casper Aquifer

extends past the Wyoming-Colorado border, a distance of at least 21 miles (CAPP 2002).

The study area, for purposes of this report, encompasses a portion of the Casper Aquifer. The study is confined to the
right-of-way of 1-80 between milepost 316.7 and 323.05. Figure 1 shows the study area in relation to Pope Springs and
Soldier Springs wells, located south of 1-80 and southeast of the City of Laramie, as well as the Turner Wells, located
northwest of 1-80.

2.25 CASPER AQUIFER RECHARGE
Recharge refers to the replenishment of the Casper Aquifer by infiltration of water derived from rainfall and snowmelt
through the unsaturated zone. This process occurs, to some degree, wherever the Casper Formation is exposed at
ground surface. Consequently, the entire surface exposure of the Casper Formation is assumed to be the recharge area
for the Casper Aquifer.

.v

e Trihydro

H:\Proj ty\ProjectD: TelephoneCanyon\C: 104 i port\l_Text\201104_|-80Aq! |_RPT.docx 2-5




Studies have shown surface water can infiltrate directly into sandstone (higher water permeability) exposed at ground
surface; whereas, exposed limestone (lower permeability) tends to shed surface water. Additionally, infiltration into
the subsurface is enhanced by fractures, joints, and faults exposed at the surface, particularly in drainage channels along
fracture zones. It is assumed that the vast majority of recharge to the Casper Formation occurs in drainages. Studies
have also indicated that recharge primarily occurs during the months of March through August, during which time
spring runoff and summer storms occur. The average annual recharge to the Casper Aquifer has been estimated to be

1.4 inches per year; however, the annual recharge is highly variable (CAPP 2002).

The vast area of the Casper Aquifer available for recharge is a benefit for recharging the local water supply, but also
allows many routes of travel for potential contaminants that may flow into drainages, faults, and fractures. Since many
fractures occur in the study area, a hazardous material spill could travel the same path as recharge water and impact the
city wells.

2.2.6 HYDRAULIC GRADIENT
Studies indicate that groundwater in the Casper Aquifer in the vicinity of Laramie generally flows from east to west,
from areas of high elevation at the crest of the Laramie Range toward lower elevations within the Laramie basin
(CAPP). The gradient has a slight northwesterly trend between Simpson Springs and City Springs and is altered locally
to a more radial pattern in the vicinity of the city wells and the springs, which discharge large quantities of water from
the Casper Aquifer. Flow patterns are also locally altered to some degree by the increased permeability resulting from

fracturing associated with some faults and folds.

2.3 TELEPHONE CANYON HYDROLOGY

Telephone Canyon contains an ephemeral stream that is fed by spring flows and surface water runoff within the
canyon. Twenty-three drainage basins contribute precipitation runoff volumes to Telephone Canyon and the 1-80
corridor. Depending on the magnitude of the storm event, runoff volumes can be significant. The local hydrology is an
important variable to this study, as stormwater runoff may impact actions taken to respond to or mitigate a hazardous

material spill.

Hydrologic research of the study area included review of the Wyoming Department of Transportation’s (WYDOT)
Storm Drain Analysis Report (SDAR), which was prepared in July 1995 as part of the design efforts for the 1996 1-80

Telephone Canyon expansion. The analysis was performed based on standards outlined in WYDOT’s Operating
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Policy 18-6 Drainage Design for Highway Systems. The Telephone Canyon storm drain system was designed using
a 50-year frequency design storm and evaluated for a 100-year frequency flood hazard.

The twenty-three drainage basins delineated along the Telephone Canyon section range in size from 22 to 324 acres.
Peak runoff volumes for each drainage basin were calculated for the 50- and 100-year storm events. The SDAR
focuses on the storm drain system, specifically on how it routes runoff from the drainage basins and the roadway. The
storm drain system was designed using a storm drainage modeling program called the Hydrologic Routing Algorithm
(HYDRA). Output files generated by HYDRA were reviewed to understand the peak runoff volumes and
corresponding velocities for the various segments of the storm drain system. Details about the Telephone Canyon
storm drainage system are further discussed in the following section.

24 EXISTING DRAINAGE STRUCTURES — TELEPHONE CANYON

WYDOT’s 1995 SDAR presents recommendations for a storm drainage system in the Telephone Canyon portion of
1-80. The storm drain analysis covers the Telephone Canyon section of 1-80 from milepost 318.95 about 2 miles
southeast of the Grand Avenue interchange and ends just east of the Happy Jack exit at milepost 324.06. Between
mileposts 323 and 322, surface drainage is intercepted by drop inlets placed in the 1-80 median ditch. The inlets
discharge into pipe laterals that discharge into the main drainage channel in the canyon adjacent to the east bound lanes.
This main channel alternates between unlined open channel flow and pipe flow throughout the storm drain system.
Median drop inlets and edge drains are also located intermittently throughout the system to collect runoff and discharge
to the main drainage features. Storm drain trunk lines start at milepost 322 and end at milepost 319.5. Pipe culverts are
located throughout the system to convey drainage between the westbound and eastbound lanes. Two large reinforced

concrete boxes are also used to convey stormwater.

The SDAR states that inundation of 1-80 is anticipated to occur during a 100-year storm event; however, it states that
the proposed storm drainage system is not anticipated to significantly increase the flood hazard to traffic or adjacent
property. The 50-year peak design volume ranges from 235 to 918.5 cubic feet per second (cfs) between mileposts 322
and 319.5, with corresponding velocities of 6.3 to 11.8 feet per second (fps). At milepost 319.5, runoff is released to an
unlined open channel with a slope of approximately 14 percent. Outlet protection was placed at this outfall to provide
erosion protection from high velocity flows. As discussed in Section 3.0 of this report, the critical area at milepost 320
may experience velocities of around 21.3 fps in open channel flow. By the time runoff has collected at the bottom of
Telephone Canyon at milepost 318.95, the volume is estimated to be 1,623 cfs (50-year storm event) with a
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corresponding velocity of 13.6 fps in an unlined open channel section. The report doesn’t explain where the runoff is
conveyed from this point. It is reasonable to conclude from review of local mapping that the runoff continues to flow

within in the drainage south of 1-80 until it reaches the Laramie River.
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3.0 AREAS OF CONCERN

A hazardous material spill in the Telephone Canyon portion of I-80 and east of the city wells represents a potentially
significant threat to the municipal and private domestic water supplies for the City of Laramie and Albany County,
respectively. Designing effective response and mitigation solutions to address a hazardous material spill in this area

requires consideration of several variables, including:

= Geology — The areas between the city wells and the top of Telephone Canyon that are the most geologically
vulnerable, and therefore amenable to transporting hazardous materials into the Casper Aquifer.

= Other Local Factors — Additional local factors that may influence how hazardous materials migrate through soils or

geologic features, including:

= Volumes of stormwater or snow melt runoff

= Percent grade of the highway or drainage system in the area of the spill
= Nature of the drainage system in the area (pipe or unlined channel)

= Accident Data — The areas between the city wells and the top of Telephone Canyon with the greatest likelihood of

a single- or multiple-vehicle accident involving hazardous materials based on historical collision data.

= Contaminants of Concern Transported on 1-80 — Assessment of the types and quantity of hazardous materials most
likely to be spilled as a result of a single- or multiple-vehicle accident between the top of Telephone Canyon and
the City wells.

Assessment of each of these variables will be discussed in the following sections. This information was compiled to
identify the locations of potential greatest vulnerability within the study area, and may also used as the basis for

emergency spill response and mitigation recommendations.

3.1 TELEPHONE CANYON GEOLOGY
The surface and subsurface geologic characteristics of the Telephone Canyon section of 1-80 have the most influence

on how hazardous material releases may be transported through the Casper Aquifer and possibly to the city wells.
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Deformation, or the degree to which a geologic formation is faulted and folded, can create zones of fracturing that can
enhance the secondary permeability of the formation. The higher the permeability, the faster water and contaminants
move through the aquifer. The Casper formation has a high degree of deformation and fracturing. Because the 1-80
corridor through Telephone Canyon passes through the entire thickness of the Casper formation, many of the

deformities and fractures are exposed, providing multiple routes of entry for potential contaminants.

A vulnerability ranking of 1-3 was assigned to each one mile section of highway in the study area based on the number
of mapped faults and folds (Figure 1) to assess the geologic vulnerability of the 1-80 corridor to the west of and through
Telephone Canyon. A ranking of 1 indicates little to no faulting in the formation and a 3 indicates the formation is

highly faulted. Faults and folds that did not intersect the roadway were not considered in the evaluation.

The Casper Formation is divided into five water-bearing members or layers designated as alpha, beta, gamma, delta,
and epsilon, from the deepest to the shallowest members, respectively. The permeability of these members decreases
with depth, meaning the delta and epsilon members have the greatest permeability. The city wells pull water from the
two upper and most permeable members of the formation, the delta and epsilon. For these reasons, vulnerability
rankings for areas of the Telephone Canyon section of the 1-80 corridor that intersect these upper two members were
assigned the highest ranking of 3, while areas that intersect deeper members were given a ranking of 2. The results of

this assessment are summarized in Section 3.4 below.

3.2 OTHER ENVIRONMENTAL FACTORS
Other environmental factors evaluated during the study included natural drainages and vertical grade. These factors

contribute primarily to the mobility of potential contaminants.

Natural Drainages — drainages are important considerations in spill mitigation for two reasons. Drainages can
potentially provide a path of travel (in the case of a liquid spill), increasing the area impacted by a spill and increasing

cleanup costs. Drainages also present a means by which contaminants can be transmitted to groundwater more readily.

The impact of drainages within each one-mile section of Telephone Canyon was evaluated based on the 23 drainage
basins mapped by WYDOT within the study area. A vulnerability ranking was assigned ranging from 1 to 3, with 1
indicating the absence of drainages and 3 representing the presence of numerous drainages. Drainages that did not

intersect the roadway or were up gradient of the roadway were not considered in the evaluation.
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Vertical Grade — vertical grade has the potential to influence the mobility of a contaminant once it has been released.

In areas where the permeability of the formation has not been enhanced by fracturing (less vulnerable area), vertical
grade can be a disadvantage in containment of a release because contaminants may be quickly transported to areas with
higher permeability (more vulnerable areas). Contrarily, vertical grade can also be an advantage in a release situation,
in that contaminants may be transported across areas of higher permeability quickly, thus allowing less vertical
infiltration into the formation. In the case of the Telephone Canyon study area, it can generally be stated that the areas
with the highest enhanced permeabilities are also the areas with the lowest vertical grades. Conversely, the areas with
the steepest grades are also the areas with the least amount of enhanced permeability. For these reasons, vertical grade

is viewed as mostly a disadvantage in this study.

Vertical grade was evaluated for each one-mile section of the roadway based on alignment drawings from WYDOT.
The vertical grade of each section is expressed as a range, from least to greatest percent grade, across the section.

A scale was developed based on the range of magnitude of the vertical grade within each one-mile section to provide
aranking for each section. For the reasons described in the previous paragraph, areas with steeper vertical grade were
ranked as higher vulnerability because the mobility of potential contaminants is increased with steeper grades. A
ranking of 1 was assigned to grades between 0 and 2 percent. A ranking of 2 was assigned to grades between 2 and 3
percent. A ranking of 3 was assigned to grades between 3 and 5 percent. In cases where the range of grade for the
section spanned multiple rankings, the upper limit of the range was used to determine the ranking.

3.3 TELEPHONE CANYON ACCIDENT DATA

Accident data from April 2000 to March 2009 for the stretch of 1-80/Telephone Canyon interstate between mileposts
316.7 and 323.05 was reviewed to determine where the majority of semi-truck accidents occur. Review of the accident
data was focused on semi-truck accidents, due to the potential for these vehicles to be hauling hazardous materials that
could represent a potential threat to the aquifer if released. The data were also evaluated to determine if the occurrence

of truck accidents in Telephone Canyon varied seasonally. The accident data are presented in Appendix B.

Based on the April 2000 to March 2009 data, 135 accidents involving trucks occurred in Telephone Canyon. Thirty-
five percent of the truck accidents (equivalent to 47 accidents) in Telephone Canyon occurred between mileposts 320
and 321 (Table 1). Of these 47 truck accidents, 40 of them occurred while traveling downhill, or in the westbound lane
of 1-80. The area of Telephone Canyon between mileposts 320 and 322 have the steepest grades and the tightest curves

within the study area, which likely contributes to the higher accident rate. The data also show that most of the
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accidents resulted from one of two causes, 1) a rear-end collision, or 2) a side swipe while one vehicle was trying to

pass another vehicle.

It is important to note that accident data gathered for this study verifies the findings of the 2008 CAPP, which reviewed
semi-truck accidents within Telephone Canyon between 1998 and 2006 and also showed the majority of semi-truck

accidents overwhelmingly occurred between mileposts 320 and 321.

The data were also evaluated based on the seasonal variation of accidents in the study area. Of the total semi-truck
accidents, the highest number occurred in the fall (September to November) and spring (March to May), when weather
conditions tend to change most frequently and rapidly. Interestingly, the number of accidents decreased in the winter
months (18 truck accidents), and it is assumed that this may be a result of drivers being more careful and possibly
reducing speeds when conditions are known to be hazardous (Figure 2).

Knowing how accident patterns shift with seasonal variations is an important factor to keep in mind when
implementing an emergency spill response plan, as precipitation and temperature tend to influence the mobility of
contaminants. The fact that the majority of the semi-truck accidents occurred in spring or fall indicates that
precipitation may have been a contributing factor in the incident. This is supported by the 2000-2009 accident data,
which showed that 91 of the 135 accidents involving semi-trucks occurred when precipitation was present.

34 SUMMARY OF RANKED SECTIONS
Based on the criteria described above, each one mile section of 1-80 through Telephone Canyon was given a score
through summing the scores of each of the individual risk-ranking criteria described above. Risk-ranking scores for

each roadway section are included as Table 2, and summarized below:
= Milepost 317-318 (Total Score — 12)

= Delta and Epsilon members of Casper Formation (3)

o High number of mapped faults (3)

= High number of mapped drainages (3)

= Low grade—0to 1% (1)

= Number of truck accidents - 22 (2)
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= Milepost 318-319 (Total Score — 12)

Beta, Gamma, and Delta members of Casper Formation (3)

High number of mapped faults (3)

High number of mapped drainages including drainage of Telephone Canyon (3)
Low to moderate grade — 0 to 2% (2)

Number of truck accidents — 11 (1)

= Milepost 319-320 (Total Score — 9)

Beta and Alpha members of Casper Formation (2)
No mapped faults; one mapped monoclinal fold (1)
No mapped drainages (1)

Steep grade — 3 to 5% (3)

Number of truck accidents — 15 (2)

= Milepost 320-321 (Total Score — 10)

Alpha member of Casper Formation (2)

No mapped faults; one mapped monoclinal fold (1)
No mapped drainages (1)

Steep grade — 4 to 5% (3)

Number of truck accidents — 47 (3)

= Milepost 321-322 (Total Score — 10)

Alpha member of Casper Formation (2)
One mapped fault (2)

No mapped drainages (1)

Steep grade — 4.5 to 5% (3)

Number of truck accidents — 23 (2)
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= Milepost 322-323 (Total Score — 9)
= Alpha member of Casper Formation (2)
o No mapped faults (1)
= No mapped drainages (1)
= Moderate grade — 2 to 4% (3)

o Number of truck accidents - 17 (2)

Although more accidents occurred in the section of 1-80 between mileposts 320 and 321, this section appears to be
generally less vulnerable to contaminant infiltration than other sections down-gradient. Deformation in this section is
minor, occurring where the monocline intersects the highway. There are no drainages contributing to runoff. Steep
grades in this section indicate that a release is likely to travel downhill from the release site with less potential
infiltration into the aquifer. However, this increased possibility for rapid surface transport has the potential to affect

other parts of Telephone Canyon, which will be further discussed in Section 4.0 of this report.

35 CONTAMINANTS OF CONCERN

This section reviews and evaluates the types and frequency of vehicle-related waste generated from traffic through the
1-80 study area that could impact the Casper Aquifer and city and residential wells. Two potential sources of
contamination to the Casper Aquifer were evaluated: non-point sources and point sources. In this study, these two
sources of contaminants will be defined as follows:

1. Non-point source contaminants are generated on a regular basis in relatively small quantities by many individual
sources throughout an area. Though individual non-point source contaminants concentrations may seem less
significant, they can accumulate over time and result in environmental impact. Unlike point source contaminants,
the origin of non-point source contaminants is difficult to trace to any one particular location or incident and are
regional in extent. For this study, non-point source contaminants will be considered to originate collectively from
the volume of traffic moving daily through Telephone Canyon. In this study, non-point source contaminants
include particulates and metals from tire and brake pad wear; oil, gas, antifreeze, and transmission fluid from

engine leaks; and road de-icing materials.

2. Point source contaminants are considered to be generated from a specific location. For this study, point sources
indicate releases of vehicle fluids and hazardous material cargo originating at the point of impact from car and
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truck accidents. As it relates to this study, point sources have the potential to be generally larger volume releases
which occur in sporadic, isolated incidences. Point sources were evaluated through a multiple-step process that
included a review of Department of Transportation (DOT) placard data for commercial trucks entering Wyoming.

3.5.1 NON-POINT SOURCE CONTAMINANTS
According to a Transportation Research Board of the National Academies (TRBNA) 2002 report, non-point source
pollution from roads and traffic are estimated to affect the ecology of more than 1/5 of the US land area. Furthermore,
total non-rail miles travelled in the US is expected to grow 2 percent per year between 2010 and 2025 (TRBNA 2002).
In Wyoming, truck traffic is growing faster than the national average at a rate of 3 percent per year (Samuel 2009).
Therefore, it is important to consider the non-point sources of contaminants along the 1-80 corridor for future planning

purposes. Based on a literature review, the primary contaminants of concern from non-point sources are as follows:
= Leakage of brake fluid, antifreeze compounds, lubricating oil, engine oil and grease (Ball 1991, USEPA 2001).

= Releases of metals (i.e. zinc, copper, nickel, cadmium, chromium, and iron) from the abrasion of tires and brake
pads can cause impacts to soil. The potential for these constituents to migrate to groundwater must also be
considered (TRBNA 2002).

= Road de-icing materials.

Although the discrete impacts from these contaminants may be small, the large amounts of truck and car travel along I-
80 and resulting cumulative impacts may have the potential to affect water quality of the Casper Aquifer. The TBRNA
report indicates that while short term impacts from non-point sources related to cars have been well studied, long term

impacts and the methods of reducing these impacts are not as well understood (TBRNA 2002).

3.5.2 POINT SOURCE CONTAMINANTS
To determine the types of contaminants that may be released as point sources, information was gathered from the
Wyoming Highway Patrol (WHP) about the types and frequency of commercial cargo transported along the 1-80
corridor and associated highways over a period of time (Smith, personal communication). The data set contained
hazardous placard data for semi-trucks entering 1-80 and Interstate 25 (1-25) at the Cheyenne, Wyoming weigh stations
from January 1, 2010 through May 31, 2010. However, it is important to note that these data only account for roughly
60 percent of 1-80 truck traffic for the following reasons:
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= Many of the trucks entering Wyoming do not have to stop at the weigh stations as some trucks operate on an

electronic pass system.

= Intrastate truck traffic does not pass through weigh stations.

To account for the incomplete data set for 1-80, placard data for the same time frame from 1-25 was also included. It is
assumed that some of the semi-trucks that enter Wyoming from 1-25 will also travel on 1-80. Broadening this data set

to include 1-25 reduces the uncertainty that a contaminant of concern was omitted.

Placard number definitions were identified from the US Department of Transportation Pipeline and Hazardous
Materials Safety Administration’s website (USDOT 2008). The original placard information provided by the WHP is
found in Appendix C. While every attempt was made to identify all placard numbers, those below 1000 and above
4000 could not be determined and were removed from the data set. The WHP did indicate that some unidentifiable
placard numbers could be a result of human error. A list of placard numbers and their associated cargo are shown in

Appendix C.

After the placard numbers were identified for truck traffic along 1-80 and I-25, the following characteristics of the

hazardous cargo were evaluated to determine the applicability of the cargo to this particular study (Appendix D).

1. If aplacard number appeared less than 25 times in the combined 1-80 and I-25 data set, it was excluded from

further evaluation.

2. Only placard numbers indicating solid or liquid state cargo were retained in the data set for further evaluation.
Gas-phase cargo was excluded from further evaluation. Gases are volatile, making them less likely to contaminate
groundwater. However, if the placard indicated the cargo is a gas dissolved in solution, it was retained for further

evaluation.

3. If the placard indicated the cargo was an essential nutrient, it was eliminated from further evaluation. The essential
nutrients that were eliminated from this evaluation include elemental nitrogen, carbon dioxide, and sulfur. Carbon
dioxide was eliminated from this discussion because it is unlikely to be present in concentrations that are harmful
to humans in groundwater from a point source. Although nitrogen levels in groundwater are regulated and can
have human health impacts, the primary source of nitrogen contamination is from other non-point sources not

associated with this study. Sulfur is a naturally occurring element found in rocks, soils, and minerals and is

Trimm _h,..-8m

3-8 H:\Proj ty\ProjectD TelephoneCanyon\C: 1104_§ port\1_Tex!\201104_I-80Aq |_RPT.docx




essential for human life. EPA does not regulate sulfur under the Safe Drinking Water Act other than by a

secondary aesthetic-based standard, such as odor created by the presence of hydrogen sulfide.

If the placard description was too general to determine the specific chemical characteristics to be used in a
hazardous ranking system, it was eliminated from the data set. Such placard descriptions included “corrosive
liquid” or “elevated temperature liquid.”

Cargo retained for further evaluation in this study was classified by general class of contaminant; i.e. petroleum,

agriculture, household, etc (Appendix D). Each type of cargo that was retained for the study was evaluated to

determine which may pose the highest risk for the Casper Aquifer according to the following criteria:

1

Number of Occurrences — this provides insight into which types of cargo are transported through Telephone
Canyon most frequently. The most commonly transported cargo would theoretically have the greatest potential to
be involved in an accident that could impact the Casper Aquifer. The I-80 and 1-25 weigh station data presumably
underrepresented the number of petroleum product loads that actually travel through Telephone Canyon on 1-80, as
many of these are intrastate loads and do not pass through the weigh stations. The weigh station data did show the
magnitude of occurrences of petroleum product loads greatly exceeded the occurrences of any other type of cargo.
It was concluded that if actual data of cargo types traveling through Telephone Canyon were obtained, it would
still show that relative to the occurrence of all other types of cargo, petroleum products would dominate in

frequency.

Toxicity — this is an indicator of the degree of harm a substance could pose to human health and the environment.
Toxicity of each cargo was ranked on a qualitative scale from “not-toxic” to “toxic.” Toxicity assessments were
made using data collected from material safety data sheets (MSDS), USEPA guidance documents, and other
relevant data.

Solubility — this parameter determines the amount of substance that can be dissolved in a given amount of solvent,
such as water. Cargo solubility is important to this study in the event a spill occurs during a precipitation or runoff
event. It is important to note that solubility is dependent on various factors, including: pH, temperature, and
pressure; therefore, solubility numbers were considered at normal temperature and pressure (25° C and 1 atm). Itis
acknowledged that cargo truck accidents in Telephone Canyon may occur at temperatures considerably lower than
25° C, impacting solubility. Each cargo retained for analysis was ranked on a qualitative scale from “insoluble” to
“high solubility” based on data collected from the literature.
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4. Viscosity — this is a measure of a fluid’s resistance to flow. As with solubility, viscosity is dependent on various
factors including temperature, pressure, and shear stress; therefore, normal temperature and pressure (25° C and 1
atm) were assumed. Again, it is recognized that accidents could occur when temperatures are far below 25° C,
which could impact viscosity. Where viscosity is concerned, colder temperatures provide an advantage for spill
response measures by increasing viscosity and slowing fluid flow. Viscosity was also ranked on a qualitative basis

from “low viscosity” to “high viscosity,” based on actual viscosity values obtained from the literature.

It is important to note that while viscosity and solubility measurements are important, they cannot solely account for
the ability of a contaminant to enter and be transported with groundwater. Potential contaminant fate and transport

factors such as biodegradation, dispersion, and retardation were not considered for discrete constituents.

After the number of cargo occurrences and the qualitative values for toxicity, solubility, and viscosity were determined
for the contaminants listed in Appendix D, the contaminants were assigned a score for each criterion, refer to Table 3
below. The scores were then averaged across all four criteria to obtain a final score. The average score was considered
an approximate measure of potential to impact the Casper Aquifer; however, it should be noted that this was a
qualitative evaluation and that the results should be interpreted as such. Contaminants with the highest score likely
pose a greater risk than contaminants with lower scores.

3.6 SUMMARY — CONTAMINANTS OF CONCERN

Five of the fourteen contaminants of concern listed in this study were considered petroleum products. Also consistent
with this evaluation, the TRBNA noted that while gasoline, diesel, and home heating fuel are the most common
hazardous cargo transported in trucks, other common hazardous cargo includes paints, batteries, swimming pool
chemicals, and radioactive waste (TRBNA 2005). The number of occurrences of the contaminants of concern grouped

by general category is presented on Figure 4.

Based on the results of the non-point and point source evaluation, releases of petroleum products and solvents may
have the most potential to impact to the Casper Aquifer along 1-80 study section (Telephone Canyon). Petroleum
products, and specifically gasoline and diesel, were ranked as the highest risk following the methodology detailed for
this evaluation. This result is consistent with a TRBNA study that stated that “gasoline and other petroleum products
are estimated to account for about 40% of hazardous materials shipped” and that “66% of petroleum products are
shipped by truck” (TRBNA 2005). It is also assumed that of all the petroleum products, gasoline and diesel are most
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likely to be released in the largest quantities. Many gasoline and diesel transports carry full tankers in addition to a
loaded pup trailer (often termed a Rocky Mountain double). The combined tanker and pup trailer volume is
approximately 12,000 gallons; therefore, this may represent the worst case spill volume from a single vehicle. It is also
important to consider that a spill could contain a mixture of gasoline and diesel, as both products are often carried in
separate compartments within one tanker. Albany County has kept county-wide disaster records since 1948. In that
time, Albany County documented one 200 gallon diesel fuel spill in the Telephone Canyon portion of 1-80 in 2001 that
did not result in any identifiable impact to the Casper Aquifer (Albany County Hazard Mitigation Plan 2004). The
occurrence of only one incident in Telephone Canyon between 1948 and the date of this report may indicate to some
that the possibility of a hazardous material spill impacting the Casper Aquifer is remote. However, given 1-80 traffic
volume increases in recent years, particularly commercial vehicles, and the projected continued increase in traffic

volume, the likelihood of a hazardous material spill impacting the Casper Aquifer increases every year.

Although radioactive (nuclear) waste is transported through the study area and, if released, may pose a considerable
threat to the aquifer, it was not identified as one of the contaminants of concern. It was assumed that procedures and
protocols for transport of radioactive waste are such that the probability of a release is extremely low. The Nuclear
Regulatory Commission (NRC) sets regulations regarding packaging and transporting radioactive materials. The NRC
must approve any package used for shipping nuclear material before shipment. If the package meets NRC
requirements, the NRC issues a Radioactive Material Package Certificate of Compliance (CoC) to the organization
requesting approval of a package. Organizations are authorized to ship radioactive material in a package approved for
use under the general licensing provisions of 10 CFR Part 71.

For a transportation package to be certified by the NRC, it must be shown by actual test or computer analysis to
withstand a series of accident conditions. The tests are performed in sequence to determine their cumulative effects on
one cask. Before any shipment can occur, the shipper is required to review the package CoC to determine if any testing
or maintenance is required. The shipper may be required to check or change package seals and other components or
perform leak testing. In addition, the shipper must take radiation measurements at specific locations on and around the
package to make sure that the levels are below the required limits. These requirements are in addition to applicable
Department of Transportation requirements such as placarding, route selection, driver training, and package labeling,
marking, and other documentation.
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4.0 AQUIFER PROTECTION CONTROL OPTIONS

This section reviews some possible control options for protection of the Casper Aquifer from contaminants resulting
from the Telephone Canyon section of 1-80. The options range from administrative to engineering controls. Many of
these concepts have been discussed in the 2006 and 2008 CAPPs. This study will expand upon some of those concepts,
make new recommendations, and provide high-level cost estimates for each when available. Control options will be

discussed under each of the following categories:

= Methods to Assess Impacts to the Casper Aquifer
= Spill Prevention Measures

= Emergency Spill Response

= Engineering Controls

4.1 METHODS TO ASSESS IMPACTS TO THE CASPER AQUIFER

Section 3 of this report identified non-point sources of pollution from traffic within the study area as having possible
impacts to the Casper Aquifer. As described, releases from non-point sources associated with this study are likely to be
produced in low concentrations on a day-to-day basis, but over time may concentrate to create soil and groundwater

contamination problems.

One of the best methods to determine the impact of non-point sources to groundwater over time is to establish a
comprehensive groundwater monitoring well network and periodic monitoring plan. Such a program was
recommended for the Casper Aquifer in the 2006 and 2008 CAPP’s to detect groundwater impact from myriad point
and non-point sources within the CAPA.

It is suggested that consideration be given to the installation and regular sampling of monitoring wells upgradient or
east of the City wells most likely to be impacted by groundwater pollutants released in Telephone Canyon, specifically
the Soldier Springs and Pope Springs wells. A groundwater monitoring well network and monitoring plan will be
beneficial to:
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1. Establish baseline water quality parameters.

2. ldentify incremental changes or water quality “creep” that may result from the infiltration of non-point source

pollutants.

3. Allow for early mitigation measures in the event contamination appears in one of the up-gradient monitoring or

“sentinel” wells.

The 2008 CAPP proposed locations for monitoring wells to the east of the city wells and also recommended a sampling
plan. Itis recommended that additional site-specific investigations be conducted to accurately determine optimal
monitoring well locations specific to the 1-80 Telephone Canyon study area. It is also recommended that these wells be
monitored quarterly for inorganic compounds listed in the National Primary and Secondary Drinking Water Standards,
petroleum hydrocarbons, conductivity, temperature and water level. If petroleum hydrocarbons are detected, testing for
additional organics should be initiated. Quarterly testing allows for early detection of contaminants and tracking of
background seasonal variations in water quality. This list of monitoring parameters may be expanded if deemed

necessary upon further technical investigation.

Figure 4 shows locations to consider for monitoring well locations. Table 4 shows the estimated cost for four
monitoring wells, access easements, and purchase of property surrounding each well. Assumptions are listed at the top
of the table. The estimated cost for this option is $470,000.

In addition to the monitoring program described above, further study should be undertaken to better understand the
complex groundwater transport mechanisms present in the Casper Formation in the Telephone Canyon area. Previous
studies have investigated fracture permeability in the area of the City supply wells, and informal dye testing was
conducted in the 1990’s. These studies showed that enhanced permeability in the Casper Formation east of Laramie
may increase groundwater velocity, which can decrease the time required for contaminants to migrate over a given
distance. However, these studies were not specific to the Telephone Canyon area and did not address releases at
ground surface. Similar studies designed specifically for and conducted in the Telephone Canyon area may allow
stakeholders to better identify locations of aquifer features that are more vulnerable to contaminant infiltration and
transport.
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4.2 SPILL PREVENTION MEASURES

One way to reduce the possibility of contamination of the Casper Aquifer from Telephone Canyon is to take measures
to minimize the occurrence of spills to the extent possible. In Telephone Canyon, spills generally occur as a result of
vehicle accidents. The most significant spills are likely to be the result of an accident involving a semi-truck. A
reduction in vehicle and specifically semi-truck accidents would also reduce the likelihood of a hazardous material spill
in Telephone Canyon. Collaboration with WYDOT is essential to this effort since they have authority over interstate
travel in Wyoming. Two options that may be worthy of consideration to reduce the potential for accidents, and

resulting spills, include: variable speed limit signs and alternative road surfaces.

4.2.1 VARIABLE SPEED LIMIT SIGNS
Most of the accidents occurring within Telephone Canyon can be correlated to excessive speed, especially during
precipitation events when road conditions are slick. Implementation of more stringent speed controls in Telephone

Canyon could reduce the number of collisions and the potential for hazardous material spills.

WYDOT has recently taken steps to control speeds on another notably hazardous section of 1-80. They have installed
variable speed limit signs on a 52-mile stretch of 1-80 between the cities of Laramie and Rawlins. According to a
WYDOT press release, the variable speed limit signs allow the Transportation Management Center to reduce the speed
limit in 5 mph increments to as low as 35 mph as weather and road conditions warrant (http:/dot.state.wy.us October
2010).

For the 52-mile section of 1-80 between Laramie and Rawlins, WYDOT collected collision data for the past three
severe weather seasons under various speed limit scenarios — no speed limit reduction (75 miles per hour (mph)), 65
mph seasonal speed limit reduction, and mix of seasonal and variable speed limits. Overall, the total number of
collisions per severe weather season decreased as the use of seasonal and variable speed limits signs increased. From
that same data set, WYDOT also saw a similar decline in the number of collisions involving commercial vehicles from
183 in the winter of 2007-2008 to 51 in the winter of 2009-2010. Speed sensor data from WYDOT also shows that
speed limit compliance rates increase when speed limits are posted on variable speed limit signs than on the 65 mph
seasonal speed limit signs.

Two years ago, WYDOT established a year-round speed limit of 65 mph for westbound traffic from the Happy Jack
interchange to the bottom of Telephone Canyon as a measure to reduce the number of accidents in this reach of 1-80.
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With the apparent success of variable speed limit signs on 1-80 between Laramie and Rawlins, a similar system might
prove valuable for the Telephone Canyon portion of 1-80 as an accident reduction/spill prevention measure. WYDOT
has indicated that a project to install variable speed limit signs between Cheyenne and Laramie, including in Telephone
Canyon, is expected to be in place for the severe weather season of 2011-2012 (Gould, J., personal communication
October 27, 2010).

4.2.2 ALTERNATIVE ROAD SURFACES
The high volume of traffic, especially the truck traffic through Telephone Canyon, polishes the limestone roadway over
time making the pavement slick when wet. In August 2010, WYDOT resurfaced segments of Telephone Canyon with
Novachip, a resurfacing treatment, to help address fast-traveling vehicles in wet conditions
(http://www.laramieboomerang.com/articles/2010/07/15/news/doc4c3e967533396292778685.txt). The Novachip
treatment is used to improve skid resistance and durability over traditional road surfacing methods. WYDOT

resurfaced 2 miles of the westbound lane of Telephone Canyon in 2007 and included 3 more miles in the westbound
lane and 5 miles in the eastbound lane in the August 2010 project. Continued advancements in road surfaces to
improve vehicle traction and safety are important spill mitigation and aquifer protection measures by reducing vehicle
accidents.

4.3 SPILL RESPONSE MEASURES

While spill prevention measures are important to minimizing the occurrence of accidents involving hazardous material
transport, even the best precautions can’t prevent every accident. In the event of a hazardous material spill, having an
emergency response plan in place and a trained and skilled emergency response team to carry out the plan are
important.

The City of Laramie and Albany County revised the Albany County Hazard Mitigation Plan in 2004. This plan
describes the possible environmental and man-made disasters that are likely to occur in southeast Wyoming, which
could impact human health, critical facilities, infrastructure, and private property. Steps to be taken in an emergency

spill response situation in Telephone Canyon should occur in the following order:
1. Notify 911 to mobilize first responder emergency services.

If a hazardous material spill occurs in Telephone Canyon, emergency response teams, other appropriate authorities
and possibly the public, need to be notified quickly. Reporting of any accident in Telephone Canyon would most
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likely come as a cell phone call to 911 by another motorist. The 2008 CAPP recommended that Albany County
and the City of Laramie coordinate with WYDOT to post additional signs along 1-80 in Telephone Canyon to
notify travelers they are passing through a water supply protection area. The sign should also alert the public to
immediately report spills by calling 911. The 911 dispatch will mobilize ambulance and fire services, both of
which should be prepared for dealing with released hazardous substances. The Laramie Fire Department is well-
staffed to respond to hazardous material spills. They have 20 out of 43 firefighters who have achieved the highest
National Fire Protection Association Hazmat Certification, the Technical Level, which requires a minimum of 80
hours of specialized training. Some have received additional advanced training at the American Railroad Institute

School in Pueblo, CO (http://www.hazmatmag.com/issues/story.aspx?aid=1000363299&type=Print%20Archives).

2. Identify the spill and its extent and control the spill as best as possible.

The Laramie and Albany County hazardous materials emergency response teams need to be supplied with the
proper equipment to control various hazardous materials. The Laramie Fire Department should be equipped with
spill containment materials to address the contaminants of concern identified in Section 3.0. The most likely
hazardous materials to be released in Telephone Canyon are petroleum products, specifically gasoline or diesel fuel
or a combination of the two, since tanker trucks often carry both types of fuel in separate compartments within one
tanker. The worst case volume of petroleum product to be spilled would be a volume of 12,000 gallons, assuming

release of material from a full tanker and a pup trailer.

3. If the spill involves a tanker truck that is still leaking hazardous material, contact an emergency response
environmental services contractor to pump the remaining material out of the tanker. Therefore, a contract should
be established with an emergency response environmental contractor which specifies less than a two-hour response

time.

4. If the spill poses an imminent threat to the Casper Aquifer, first responders should notify the appropriate local

authorities.
5. Once the spill is contained, contact a hazardous materials remediation contractor to clean up the site.
= Purchase emergency response equipment, truck w/spill supplies.

= Install spill response equipment and supply sheds at strategic locations in Telephone Canyon - Absorbent pads,
booms, etc., drain protectors and covers.
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4.4 ENGINEERING/CONTROLS

recommendations described above are important for the immediate response to a spill.

The emergency respon
Additional engineerifg controls may also be warranted to facilitate longer term containment and cleanup. When
evaluating engingéring controls for spill mitigation within Telephone Canyon, areas of high infiltration and mobility
need to be adgfessed regarding contaminant transport so that structures may be installed to help facilitate emergency
response in#tte case of a release. Engineering controls should be implemented to protect areas with the highest
potential for contaminant infiltration. Areas of higher vertical grade have a lower potential for infiltration; therefore
less protection is necessary in these areas. However, areas with higher vertical grade create the potential for increased

mobility. Engineering controls that decrease the mobility of spills should be considered in these areas.

Additional engineering design and further evaluation of risks and costs should be conducted prior to selection, design,
and construction of possible engineering controls. The effectiveness of engineering controls vary depending on the
contaminant that is spilled. The engineering controls discussed below will provide effective mitigation for petroleum
products, which were previously discussed as a high ranking hazard. The engineering controls should also provide
effective mitigation for the non-point source contaminants. Examples of possible containment facilities which could be
considered for installation within Telephone Canyon include:

1. Hazardous spill basins (HSB) - HSB’s are shallow basins with an outlet control structure that can block the entire
cross-sectional area of flow. Hazardous spill basins are designed to contain hazardous materials in the event of an
accidental spill. During normal operation, stormwater runoff flows unimpeded through the basin. In the event of a
spill, the outlet control structure is manually closed, preventing discharge from the basin. Some outlet control
structures may be closed remotely. HSBs may be shaped like a pond or a channel. Sluice gates or sand bags are
typically used to block the basin outlet. Some HSBs are marked by a sign with instructions to personnel on how to
contain a spill. The HSB outlet control structure may be designed to provide detention in some applications. The
determination of these strategic locations is typically based on concentrated truck usage areas such as; parking sites
at rest areas, weight stations, and runaway ramps, as well as for highway segments in close proximity to
particularly sensitive areas such as outstanding resource waters and water supply sources. An HSB may be
constructed in the runoff channel near a segment of concern such that potential spill runoff would be directed
through a facility (basin) where the flow could be interrupted and temporarily stored to prevent hazardous material
from reaching a particularly sensitive area. Examples of HSB’s installed in other parts of the country are shown in
Appendix E.
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Figure 5 shows possible locations for HSBs and rock checks with a supply shelter location included for emergency
response supplies. The supply shelter is shown at a snowplow turnout located at milepost 321.54, which is in close
proximity to the segment of roadway that experiences the highest frequency of truck accidents. The location of
this supply shelter should be evaluated to optimize the availability of supplies to response teams in the event of a
spill. It may be beneficial to have multiple supply shelters at the top and bottom of the canyon in the event that
access is limited due to an accident blocking traffic. Table 5 presents a conceptual construction cost estimate based
on the assumptions at the top of the table. Further study and site investigations are recommended to locate and size
the HSBs and rock checks within the canyon. The estimated cost to implement this option is $230,000.

2. Rock lined channels with check dams sized for large spill volume - The potential project area already contains
grass and rock swales. Checks and liners could be installed with minor earthwork. This would be especially
applicable in the extremely rocky sections where excavation would be difficult. If only rock checks were installed
there would be very little maintenance involved to keep the containment systems functioning. If overflow pipes
were added, the system would still function even if they were clogged, but not at design efficiency for small
storms. Additional upstream detention might be required if the checks were installed in existing channels that had
been sized for a specific design storm. The detention ponds would serve as a surge buffer to control the amount of

runoff.

3. Detention ponds with lined sediment\pollutant forebays - A sediment forebay is a small pool located near the inlet
of a storm basin or other stormwater management facility. These devices are designed as initial storage areas to
trap and settle out sediment and heavy pollutants before they reach the main basin. Installing an earth berm,
gabion wall, or other barrier near the inlet to cause stormwater to pool temporarily can form the pool area.
Sediment forebays serve as a pretreatment feature on a stormwater pond and can greatly reduce the overall pond
maintenance requirements. These small, relatively simple devices add a water quality benefit beyond what is
accomplished by the basin itself. Forebays also make basin maintenance easier and less costly by trapping
sediment in one small area where it is easily removed, and preventing sediment buildup in the rest of the facility.
With heavier, coarse sediments confined to the forebay area of a basin, maintenance is simpler and less costly.
Sediment forebays therefore also act to extend the life of the stormwater pond. They can be installed in wet and
dry basin designs.

The cost of a sediment forebay depends on its design requirements. Some forebays are incorporated into the wet
pond pool area, while others are separate smaller pools. Design features such as impermeable liners (ease
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cleanout), baffles, and embankment materials will affect the ultimate cost of the forebay. An example of a

detention pond is shown in Appendix E.

4. Swirl concentrators with oil/water separators — A swirl concentrator uses vortex flow to separate and remove solids
from runoff. The influent pipes of swirl concentrators are oriented tangentially to the concentrator to induce a
swirling flow regime. Flow currents direct solids to the center and bottom of the unit, where they are held in a
sump for removal. Some concentrators are configured to trap oil and floatables as well.

One example of this type of structure is the StormceptorMAXyy. This proprietary structure is a precast concrete
vault that can be sized to meet runoff demand and water quality objectives. The structure traps free oils and
sediment for later removal. This type of structure may be useful in areas where the larger footprint of a detention
pond is not feasible. Based on estimates from the Federal Highway Administration, the installation cost for the
Stormceptor product ranges from $10,600 to $47,000 depending on size and location. The estimated cleaning cost
ranges from $420 to $700 per cleaning. The cleaning includes pumping, dewatering, and disposing of solids.

Further information regarding this product can be found in Appendix E.

Another option addresses the area of highest hydrogeologic vulnerability (milepost 318.5) where the stormwater runoff
from the canyon accumulates. As described in Section 2.4, flows to this portion of the storm drain system may exceed
1,600 cfs during a 50-year storm event. This amount of water may be difficult to contain at a point upstream of the
vulnerable area. Therefore, an additional option to mitigate impacts from a release in this area is to line the open
channel area with concrete (Shotcrete) and collect the stormwater in a detention pond further downstream in areas that
are less vulnerable to infiltration to the aquifer. The discharge channel would be lined from milepost 319 to
approximately one-quarter mile past where it crosses 1-80 at 318.5 as shown on Figure 6. The conceptual level
construction cost estimate for this option is shown in Table 6. An access and maintenance easement and purchase of
property for the detention pond are also included. The estimated cost to implement this option is $3 million.

The control options described above are examples that could be implemented/constructed within Telephone Canyon to
assist in mitigating impacts to the Casper Aquifer from contaminants in the event of a release. Some integrated
combination of these controls may be implemented depending on design aspects and cost considerations. Additionally,
a maintenance program would need to be developed that defines the agency(s) responsible for providing the personnel,
funding, and scheduling for performing the maintenance so that these structures are capable of performing to their full
potential.

Trimm _h,..-8m

48 HiProj ProjectD TelephoneCanyon!Ci 1104

porti1_Tex!201104_I-80Aq I_RPT.docx


Bern
Highlight

Bern
Highlight


5.0 SUMMARY AND RECOMMENDATIONS

The objective of this report is to go beyond the recommendations proposed in previous reports about the Casper
Aquifer (2006 and 2008 CAPP’s) and provide further evaluation regarding the nature and potential for hazardous
materials released within the Telephone Canyon portion of 1-80 east of Laramie to impact the Casper Aquifer. As part

of the study, the following factors were evaluated:

1. Geology of the study area and other factors (i.e. hydrology, grade, etc.) to determine the areas that are most
vulnerable to infiltration of contaminants from a potential release.

2. Vehicle accident data within Telephone Canyon to evaluate the areas where releases are most likely to occur.

3. Potential contaminants of concern to determine the contaminants most likely to be released in a spill and their
associated risk and mobility properties.

Based on the items evaluated, it was determined that the stretch of 1-80 from milepost 317 to 319 is the most vulnerable
to contaminants infiltrating the Casper Aquifer. This stretch likely has the highest permeability due to enhancement
from faulting and fracturing. The majority of the accidents involving trucks occurred between milepost 319 and 321.
The rate of accidents within the stretch is likely due to steep grades and tight curves (designed for 65 mph). Petroleum
products such as gasoline and diesel are the most commonly transported material within Telephone Canyon. These

products are often carried in loads of approximately 12,000 gallons.

Based on the conclusions summarized above, the following possible recommendations are proposed to assist in
protection of the Casper Aquifer and in responding to an accidental release of hazardous materials along 1-80 within

Telephone Canyon. These recommendations are listed in order of priority based on the evaluations of this study.

1. Develop a monitoring plan and system of monitoring wells to assist in assessing impacts to the aquifer. This would
also allow for advanced identification of potential impacts, so that the City has time to adjust its groundwater use
plan (i.e. switch to different pumping wells, install new wells, etc.), and/or install pretreatment to address the

possible impacts. Estimated cost to implement is $470,000.

2. Develop and enhance existing accident prevention measures in order to reduce the possibility of a spill in the

Telephone Canyon Study area. Possible accident/spill prevention measures may include:
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= Variable speed limits
= Alternative road surfaces

3. Develop and enhance existing spill response measures to more effectively address possible releases, and reduce the
potential for impacts to migrate to the aquifer. Examples of possible spill response enhancements include:

= Preparing and implementation a more-comprehensive spill response plan, which specifically considers and

addresses the risks associated with the Telephone Canyon study area.

= Provide additional training for existing response personnel, specifically targeted to the Telephone Canyon

study area.

= Staging of spill response materials in or near Telephone Canyon to be readily available for use in the event of a
spill.

= Contracting with an emergency response environmental contractor to further decrease the time required to
respond and mitigate potential spills/releases within Telephone Canyon.

4. Design and implement engineering controls to assist with containment and mitigation of hazardous materials spills.

Example controls evaluated as part of this study include:

= Hazardous spill basins

= Rock lined channels with check dams

= Detention ponds with lined sediment\pollutant forebays
= Swirl concentrators with oil/water separators

= Concrete-lined channels
Estimated cost $230,000 to $3 million depending on scope/size of engineering control measures.
The measures described above are examples of structures that could be constructed within Telephone Canyon to assist

with spill control and mitigation. Some integrated combination of these control structures, in association with

administrative controls, may be implemented, depending on design aspects and cost considerations.
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Additional items to consider for a future study or during design include a phased approach to implement the
recommend measures and controls, maintenance over a specified period of time (such as 20 years), and additional
funding and/or grant sources for both initial implementation and long-term maintenance. Additionally, care should be
taken to integrate the administrative controls (speed limits, road surface, spill response plans, etc.), engineering controls
(retention structures, spill response equipment, etc.), and monitoring plan (groundwater wells/monitoring, sediment
monitoring, etc.) selected by the City/County in to one comprehensive system that strives to reduce the potential risks
to the Casper Aquifer associated with the 1-80/Telephone Canyon study area.
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APPENDIX A. BEDROCK GEOLOGY DESCRIPTIONS

Stratigraphy

The bedrock at the site includes the Satanka, Casper, and Fountain Formations, which are underlain by Precambrian
igneous and metamorphic rocks. The Satanka Shale unconformably overlies the Casper and Fountain Formations,
which unconformably overlie the Precambrian rocks. However, the Fountain Formation is irregularly distributed and
can be absent in the area under investigation near Laramie. Where the Fountain formation is absent, the Casper
Formation directly overlies the Precambrian rocks. These formations have a gentle westward dip (2-8°), with the
greatest dips in the eastern portions of the study area (Lundy, 1978). Additional formations overlie the Satanka Shale
and can be found west of the study area. In addition to the bedrock, some Quaternary deposits are present in the west

and northwest portions of the study area; the deposits consist of alluvium, colluvium, and aeolian sands.

The Satanka Shale is the basal component of the Chugwater Group. This formation outcrops in the western portions of
the study area. The formation consists of red shales, sandy shales, siltstone, interbedded sandstone, and gypsum beds
(in the upper 80 feet). The formation is mid-Permian in age and has an approximate thickness of 250-320 feet (CAPP,
2008). The red shale beds also can contain foraminifera and pelecypods (Chen and Boyd, 1997).

The Casper Formation consists of poorly sorted, subarkosic sandstone interbedded with limestone, dolomite, and minor
amounts of shale. The formation is Pennsylvanian to Permian in age and is approximately 700 feet thick (CAPP,
2008). The limestone and dolomite beds thin to the south and west of the study area and are more continuous in the
upper portions of the formation, while the lower ~300 feet of the aquifer contains less continuous beds. The continuous
limestone beds have been used to subdivide the Casper Formation into five members (alpha, beta, gamma, delta and
epsilon), each of which are bounded above and below by a limestone/dolomite bed (CAPP, 2008). At its base, the
Casper Formation intertongues with the Fountain Formation. The Fountain Formation is scarce in the study area.
Where present, it is an arkosic sandstone with some siltstone. Thicknesses range from 50-0 feet.

Precambrian rocks underlie the Casper and/or Fountain Formations and are composed of granite, gneiss, anorthosite,
and gabbro. These rocks have, since there formation, been intruded by a granitic formation known as the Sherman
Granite. The Precambrian rocks are present at the surface at far eastern portions of the study area.

Hydrogeology

The four main bedrock units found at the site combine to form the confining and water bearing zones of the Casper
aquifer at the site. The Satanka and Precambrian Formations act as the upper and lower confining layers, respectively,
and the Casper and Fountain Formations serve as the water bearing formations. However, the Fountain Formation is

scarce with decreasing abundance in the northern sections of the aquifer (Lundy, 1978).
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The Precambrian igneous and metamorphic rocks are composed of granitic gneiss, anorthosite, gabbro, and are intruded
by the Sherman Granite. These rocks form the basal confining layer for the Casper Aquifer, as little to no hydraulic
interaction occurs between the Precambrian rocks and the overlying Casper Aquifer. Some areas that are fractured
exchange water with the Casper aquifer, but this exchange is infrequent and only occurs within the lower portions of
the Casper Aquifer (Frost and Toner, 1996). The groundwater present in the fractured areas of the Precambrian rocks

is minimal but can sometimes be extracted for domestic purposes (CAPP, 2008).

The Satanka Shale is composed of a low-permeability shale. Where unfractured and with adequate thickness, the shale
acts as the upper confining layer for the Casper Aquifer (CAPP, 2008). This upper confining layer isolates the Casper
Aquifer from hydrological influences above the Satanka-Casper Formation contact.

The Casper Formation is combination of sandstone interbedded with limestone beds of variable extent and thickness.
The limestone beds are largely impermeable when unfractured. Some of the limestone beds (many of which have been
mapped by Benniran (1970)) are horizontally continuous through the Casper Formation. These beds are interpreted by
Lundy (1978) to delineate upper and lower confining layers of five hydrologic zones within the formation. These
zones are suggested to be hydraulically independent of each other due to the low permeability of the limestone and
differences in hydrostatic pressure within each zone.

In the areas where the limestone beds are intact and continuous, each hydrologic zone can be viewed as if it were a
subaquifer within the Casper Aquifer. The sandstone portions of each of the subaquifers have hydraulic conductivities
ranging from 0.01-3.8 ft/day. However, fractures within the formation increase the hydraulic conductivities to 17-40
ft/day (Lundy, 1978). The fractures often continue throughout the vertical extent of the Casper Aquifer and can
hydraulically connect the five hydrologic zones. Therefore the second range of hydraulic conductivities represents the

variability for the entire Casper Aquifer when fractured.

The five zones in the Casper Aquifer are delineated as alpha, beta, gamma, delta, and epsilon (from bottom to top).
The permeability of the members decreases with depth, giving the delta and epsilon zones the greatest permeability
(CAPP, 2008). Where overlain by the Satanka Shale, the zones are all considered to be confined aquifers. However,

east of the Satanka Shale’s extent, each zone of the Casper Aquifer eventually becomes unconfined.

Structure

The relevant geologic structure in the area is related to two folding and faulting events: compression during the
Laramide uplift and extension during a relaxation of compressional forces. The compression that was experienced
80-35 million years ago created monoclines and reverse faults with a north to northwest strike and dips of 80-90° to the
west (Lundy, 1978; CAPP, 2008). Strike-slip motion has been documented on some reverse faults (\Ver Ploeg, 1995),
suggesting that the past movement of the faults was oblique, not only dip-slip. The extensional forces created normal
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faults that occurred after the compressional forces; only a relative age for the normal faults in the Laramie area has

been determined (Lundy, 1978). The normal faults have a northeast to east strike and a dip of 60-80° to the northwest.

The structure in the study area includes several mapped normal faults that cross the 1-80 corridor. Four mapped normal
faults are shown to cross the interstate and several others exist near the study area (Lundy, 1978; WWC, 1982). The
nearest mapped reverse fault begins approximately one mile south of the interstate. Additional faults may be present in

the study area, but have not been mapped due to Quaternary surface cover and/or minimal displacement.

The Pilot Hill Monocline and an unnamed syncline are present at the eastern end of the study area. The Pilot Hill
Monocline begins at the eastern portion of the study area and has beds dipping 3-6° to the west. Dips are the steepest
directly on the west side of where the monocline begins, and the dip decreases moving to the west (Lundy, 1978). The
syncline is present at the Happy Jack interchange and is associated with the Lincoln Normal Fault, which comes within
0.25 mi of the interstate but does not cross it. The syncline’s axis is northwest-southeast and plunges to the northwest
(Lundy, 1978).
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N

Richard Smith

Wyoming Highway Patrol

5300 Bishop Blvd.

Cheyenne WY 82009-3340

Phone: (307)777-4878, FAX: (307)777-4399

Total number of pages including this page: §  Date transmitted _5/12/10
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5970 1 / 6221 1 / 7726 1 / 9391 1
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APPENDIX E

ENGINEERING CONTROL EXAMPLES

e Trihydro



APPENDIX E. EXAMPLES OF ENGINEERING CONTROLS

Detention pond (background) with forebay (foreground)

Concrete lined detention pond in Austin, TX

104_EngControlEx_APP-E1.doc 1of2
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Hazardous Spill Basin
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Stormceptormax

One system for your large
stormwater capacity needs

The StormceptorMAX responds to the needs of large-scale industrial
and residential areas which may require a single stormwater management
device. It provides stormwater quality treatment for areas 20 to 100+ acres
and industrial spill volume capture of 15,000+ gallons.

One StormceptorMAX can provide protection for an entire neighbourhood, a full-scale
industrial plant or other large developments.

Unique, comprehensive site coverage

- Increased sedimentation chamber extends horizontally rather than vertically
+ Non-turbulent treatment environment allows oil to rise and sediment to settle
- Industrial spill protection in dry and wet conditions

- Patented scour prevention technology contains captured oil and sediment for secure storage
and easy removal

Ideal for industrial or residential sites with established infrastructure

Design flexibility

- Modular and expandable, depending on the site’s size and water quality objective

- Lower chamber can be constructed of different materials, depending on site conditions

- May be used as part of a stormwater treatment train, complimenting BMPs such as ponds or swales

Unit sizing based on PCSWMM for Stormceptor

- Industry-leading continuous simulation modeling software uses site conditions to project the frequency
and intensity of runoff to determine the best system for your site

It’s still a Stormceptor

- Continuous positive treatment of total suspended solids (TSS) in stormwater runoff year-round,
regardless of flow rate

- Industry-leading reputation for efficiency and reliability

With over 25,000 units operating worldwide, Stormceptor performs and protects every day.

www.imbriumsystems.com  USA: (888) 279 8826 CANADA: (800) 565 4801 lmbrlumu



Stormceptormax

Large Capacity System

Durable precast
concrete

Modular sizing to
meet water quality
objective

Free oils are
trapped for

Weir directs water
later removal

into lower chamber

Treated
water exits

Optimized treatment
the unit

flow, detention time
and sediment removal
performance

Lower chamber
creates ideal storage
for free oils to rise and
sediment to settle

Captures and stores
sediment for later
removal

Cast-in-Place
Construction
Flexible and built
to suit various
projects

Pre-Cast Box

Pre-Cast Pipe
Construction

Construction
Reliable and easy
to install

Larger volume-to-length
ratio allows for treatment
in a smaller footprint

Y
CANADA: (800) 565 4801 lmbrlumu

www.imbriumsystems.com  USA: (888) 279 8826





