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SECTION 1

Alternatives Introduction

1.1 Alternatives Overview

The Bureau of Reclamation and the State of Idaho, through the Idaho Water Resource Board, in
collaboration with a stakeholder working group, is conducting a Basin Study on water resources in the
Henrys Fork Basin to develop alternatives to improve water supply conditions in the basin, in the Eastern
Snake Plain Aquifer (ESPA), and in the Upper Snake River basin in accordance with the ESPA Comprehensive
Aquifer Management Plan. An interim report, dated July 2013, describes the Basin Study processes used to
develop alternatives, summarizes the results of reconnaissance-level studies, and documents the selection
of alternatives which will be carried forward for appraisal level analysis.

The interim report summarized results for several different types of water supply and conservation
alternatives, including 8 surface water storage alternatives. A more detailed description of the analyses for
the 5 new surface water storage alternatives (separate reports were developed for a rebuild of Teton Dam
and for two dam raise alternatives) is presented in Technical Series Report No. PN-HFS-002 — New Surface
Storage Alternatives, dated November 2012. This addendum to PN-HFS-002 examines a larger configuration
of Lane Lake and looks at Teton Dam in an approach similar to that used for the other alternatives assessed
in the original PN-HFS-002 (dated November 2012). Additionally, since seepage of water through, under, or
around the dam has been identified as a key issue at these sites, seepage received additional consideration
and discussion.

A brief summary of each surface storage alternative is provided in the sections that follow, with reservoir
locations depicted in Exhibit 1-1. In many cases the alternatives also have sub-alternatives, based primarily
on various combinations of source water supplies and associated conveyance infrastructure. More detailed
descriptions of each alternative and lists of their sub-alternatives are provided in the alternative-specific
sections at the end of the report.

1.2 Lane Lake Dam - Enlarged

The enlarged Lane Lake alternative features a proposed new off-channel 160-foot-tall main dam, smaller
saddle dam, and a 101,000 acre-feet (af) reservoir. The dam site is located in the Teton River watershed on a
generally dry drainage that is situated about one mile north of the Teton River and five miles downstream of
the Bitch Creek confluence. Water for the reservoir could be supplied from several sources, including the
Teton River, Conant Creek, and Falls River. Optional supply from the Teton River would require pumping.
When full, Lane Lake could provide a roughly 145-foot drop to a proposed new hydropower facility at the
base of the dam.

1.3 Teton Dam

The Teton Dam alternative features a proposed new 300-foot-tall dam and a 265,000 af reservoir. The dam
site is located on the Teton River approximately 16 miles upstream of the City of Rexburg (at the site of the
old Teton Dam), and would require no secondary water sources. When full, Teton Reservoir could provide a
roughly 285-foot drop to a proposed new hydropower facility at the base of the dam.
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SECTION 2

Evaluation Approaches, Assumptions, and
Limitations

2.1 Overview

A description of the approaches, assumptions, limitations, and data used in the evaluations can be found in
Section 2 of Technical Series Report No. PN-HFS-002 — New Surface Storage Alternatives, dated November
2012. The methodology described there is applicable to each alternative, except as noted in the alternative-
specific sections in Part Il of this report.

2.2 References

In addition to the data sources referenced in Technical Series Report No. PN-HFS-002 — New Surface Storage
Alternatives, dated November 2012, the following additional sources were referenced in this addendum.

e Chadwick, W.L. (Chairman), Casagrande, A., Coombs, H.A., Dowd, M.W.,, Fucik, E.M., Higginson, R.K.,
Leps, T.M., Peck, R.B., Seed, H.B., Jansen, R.B. (Executive Director). 1976. Failure of Teton Dam. Report
to U.S. Department of the Interior and State of Idaho. Prepared by the Independent Panel to Review
Cause of Teton Dam Failure. Idaho Falls, Idaho.

e Eikenberry, F.W. (Chairman), Arthur, H.G., Bogner, N.F., Lacy, F.P., Schuster, R.L., Willis, H.B. 1977.
Failure of Teton Dam, A Report of Findings. Prepared by the U.S. Department of the Interior Teton Dam
Failure Review Group.

e Eikenberry, F.W. (Chairman), Bogner, N.F., Lacy, F.P., Schuster, R.L., Willis, H.B. 1980. Failure of Teton
Dam, Final Report. Prepared by the U.S. Department of the Interior Teton Dam Failure Review Group.

e Embree, G.F. and R.D. Hoggan. 1999. Secondary Deformation within the Huckleberry Ridge Tuff and
Subadjacent Pliocene Units near the Teton Dam.

e Embree, G.F. and W.M. Phillips. 2011. Geologic Map of the Linderman Dam Quadrangle, Fremont,
Madison, and Teton Counties, Idaho.

e Embree, G.F., Phillips, W.M., and J.A. Welhan. 2011. Geologic Map of the Newdale Quadrangle, Fremont
and Madison Counties, Idaho.

e Prostka, H.J. 1977. Joints, Fissures, and Voids in Rhyolite Welded Ash-flow Tuff at Teton Dam Site, Idaho.
U.S. Geological Survey, Open-File Report 77-211.
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SECTION 3

Lane Lake Dam - Enlarged

3.1 Alternative Description
3.1.1 Overview

The enlarged Lane Lake alternative features a proposed new off-channel 160-foot-tall main dam, smaller
saddle dam, and a 101,000 acre-feet (af) reservoir. The dam site is located in the Teton River watershed on a
generally dry drainage that is situated about one mile north of the Teton River and five miles downstream of
the Bitch Creek confluence. Water for the reservoir could be supplied from several sources, including the
Teton River, Conant Creek, and Falls River. Optional supply from the Teton River would require pumping.
When full, Lane Lake could provide a roughly 145-foot drop to a proposed new hydropower facility at the
base of the dam.

3.1.2 Alternative Variations

The following sub-alternatives were identified by varying potential water-supply sources. Conveyance routes
for the sub-alternatives are collectively shown on Exhibits 3-2 and 3-4. Specific conveyance lengths and
features are summarized below in Section 3.3.2 — Conveyance.

e LL-T-2: Enlarged Lane Lake supplied by the Teton River (pumped-storage with no canal)
e LL-CoF-2: Enlarged Lane Lake supplied by Conant Creek and Falls River (both gravity-flow canals)
e LL-F-2: Enlarged Lane Lake supplied by Falls River (gravity-flow canal)

3.1.3 Operational Assumptions

Detailed operations have not been evaluated or distinguished by alternative. Preliminary, generalized, non-
binding operational assumptions were described in Sections 2.2 and 2.3 of Technical Series Report No. PN-
HFS-002 — New Surface Storage Alternatives, dated November 2012, to evaluate potential water availability
and design flow to identify sub-alternatives and develop relative costs.

3.2 Key Findings

Lane Lake would provide additional storage water for the Teton Basin, effectively enhancing water supply by
capturing excess peak flows and redistributing that water during periods of higher demand. The available
storage would enhance the in-basin water budget by diverting up to 101,000 af (if the reservoir was initially
empty) during the annual high flow period and storing that water until more critical, higher demand periods.
This storage water could help satisfy unmet irrigation demands in the Lower Watershed and Egin Bench
irrigated regions. Reservoir releases during low flow periods would increase flow in downstream river
segments, including the North Fork Teton River, South Fork Teton River, and the Lower Henrys Fork of the
Snake River (Lower Henrys Fork), which have all been identified as having additional ecological streamflow
needs. Diversions would typically occur during periods when connectivity is not an issue, but nonetheless
withdrawals may be expected to impact conservation populations of Yellowstone cutthroat trout in Conant
Creek, Falls River, and the Teton River. The out-of-basin water budget would be temporarily reduced by up
to 101,000 af during the annual high flow period when water is diverted to the reservoir, but some or all of
that quantity may be available at a later time for numerous out-of-basin uses, including needs resulting from
climate change; agricultural needs; domestic, municipal, and industrial needs; ecological needs; and for
recharge of the Eastern Snake Plain Aquifer (ESPA). The site may be prone to high seepage rates, and
measures intended to ensure stability and limit seepage led to increased estimated construction costs
compared to the construction cost estimates for other alternatives described in Technical Series Report No.
PN-HFS-002 — New Surface Storage Alternatives, dated November 2012. Exhibit 3-1 provides a tabular
summary of the key findings.
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SECTION 3—LANE LAKE DAM - ENLARGED

EXHIBIT 3-1

Key Findings from the Reconnaissance Evaluation

Estimated Cost Impact on In-Basin Water Impact on Out-of-Basin Water Change in Connectivity of Impacted

per af Budget Budget River Segment

$4,600 - $5,300 101,000 af, to be diverted 101,000 af reduction during the Improvement in connectivity of
during the annual high flow  annual high flow period, in downstream river segments, including
period and released during  accordance with priority rights. North Fork Teton River, South Fork Teton
high demand periods. Part or all of this quantity would River, and the Lower Henrys Fork.

be available later for out-of-basin

Potential impacts to supply sources,
including Conant Creek, Falls River, and
the Teton River, which contain
conservation populations of Yellowstone
cutthroat trout.

needs.

3.3 Engineering Results
3.3.1 Hydrology

Three potential water supply sources were identified: Teton River, Conant Creek, and Falls River
(Exhibit 3-2). Exhibit 3-3 presents a summary of potentially available water from each source based on
analyses using StreamStats (USGS, 2011; see Section 2.2.1 — Hydrology).
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Lane Lake Dam Alternative: Hydrology
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SECTION 3—LANE LAKE DAM - ENLARGED

EXHIBIT 3-3
Water Potentially Available for Storage at Lane Lake
Watershed Area Quantity

Source (sg. mi) (af/year)
Hog Hollow (impounded drainage) Negligible 0
Teton River 328,840
Conant Creek 19,210
Falls River 146,920

3.3.2 Conveyance

Water supply routes were established from each source, using a combination of pressurized pipelines,
canals, and siphons, as depicted in Exhibit 3-4. Conveyance routes are conceptual, and are intended only to
provide a basis for relative cost comparison, rather than reflect actual alignments and features for design.
Exhibit 3-5 summarizes the key physical characteristics of each sub-alternative.

EXHIBIT 3-5
Lane Lake Sub-Alternative Characteristics
Maximum Diversion Conveyance Length (mi)
Volume Diverted Flow Rate
Sub-Alternative Source (af/year) (cfs) Canal Pipe!
LL-T-2 Teton River 101,000 1,018 0.0 0.8
LL-CoF-2 Conant Creek 19,210 194 4.5 0.0
Falls River 81,790 825 11.6 0.4
Combined 0? 1,018 12.4 0.1
LL-F-2 Falls River 101,000 1,018 24.0 0.5

1 — Pipe length includes siphons and pressurized pipe from pump stations, if applicable.
2 — No additional diversion at the confluence of canals from Conant Creek and Falls River. Total conveyed quantity of canal

segment is 101,000 af/yr.
Other conveyance features were also assessed during the evaluation including stream diversions, intake and
fish screen structures, pump stations, and siphons. Those features are accounted for in the cost estimate,
and the procedures used to identify and size those features are documented in Section 2.3.4 — Cost Basis of
Technical Series Report No. PN-HFS-002 — New Surface Storage Alternatives, dated November 2012.
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SECTION 3—LANE LAKE DAM - ENLARGED

3.3.3 Dam Site Geology
3.3.3.1 Area Geology

The proposed Lane Lake reservoir site is on the Rexburg bench area north of the Teton River Canyon. The
Teton River flows through a low basin between the Yellowstone Plateau volcanic field and the Big Hole
Mountains. The Rexburg Bench was formed by the Huckleberry Ridge Tuff, which erupted from the Henrys
Fork caldera and swept over previously-deposited Tertiary-age sediments, basalts, and rhyolitic rocks.
Immediately following emplacement, a minimum of 0.6 mile of horizontal movement caused significant
deformation in the partially-fluid tuff sheet. The tuff and underlying water-saturated deposits were
deformed into large-scale antiform load structures, faults, and a tectonically-denuded valley known as Hog
Hollow. Lateral faults produced by this deformation are interpreted to be relatively shallow structures
confined to the tuff and upper portions of the sediments and are thus referred to as “rootless” faults
because they only partially vertically extend into the underlying tertiary sediments. A thick mantle of loess
(windblown silt) was deposited over the area after glaciation of the Yellowstone area, primarily derived from
windblown sediments originating southwest of the area.

The proposed Lane Lake reservoir would be built within Hog Hollow. Exhibit 3-7 shows a geologic map of the
reservoir area adapted from Embree and Phillips, 2011. The following is a description of the geologic units at
the site based on published data (Embree and Hoggan, 1999), data from the nearby Teton Dam site, and site
observations. The geologic unit abbreviations used below are consistent with those shown on Exhibit 3-7.
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Geologic Map of the Lane Lake Area (adapted from Embree and Phillips, 2011)
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3.3.3.2 Stratigraphy

Qyh —The Huckleberry RidgeTuff is the first rhyolitic welded ash-flow tuff of the Yellowstone volcanic group.
This tuff unit was deposited over nearly 6,000 square miles and is approximately 1.9 to 2.0 million years old.
This unit consists of crystal-rich, grayish-pink to light gray, rhyolitic welded ash-flow tuff and ash layers. The
thickness of this unit ranges from 122 to 425 feet. This unit underlies the Rexburg Bench north and south of
Hog Hollow and is exposed along the steep walls on the north and south sides of Hog Hollow. The proposed
Lane Lake dam would be founded on rhyolite at both proposed abutments.

Qba - Basalt flows, described as dark gray, hard, fine-grained vesicular that include clay layers and contact
breccias. This unit overlies the Huckleberry Ridge tuff east and south of the proposed reservoir site.

Ts — This unit consists of alluvial and lacustrine sediments that underlie the Huckleberry Ridge Tuff and are
exposed in limited areas of the valley bottom of Hog Hollow but are generally covered by a thin mantle of
loess at the present day ground surface. These consist of a thick sequence of light gray and yellow, weakly-
cemented, strongly deformed tuffaceous and arkosic sandstone, siltstone, and conglomerate that is locally
interbedded with tuff, diatomite, basalt, and rhyolite. Metamorphic and granitic clasts, arkosic sandstones,
and diatomite beds suggest deposition in fluvial and lacustrine environments. According to drill holes
conducted at the Teton Dam site that penetrated these sediments, the lithology of the sediments is very
diverse and includes soft and friable tuff, hard and dense tuff, soft to hard siltstone, sand and gravel,
boulders and cobbles, dense silt, tuffaceous sandstone and conglomerate, sandy clay, hard and brittle
claystone, crumbly volcanic ash, and well-consolidated volcanic ash. This unit underlies the floor of Hog
Hollow and would underlie the dam foundation and most of the reservoir.

Qel — This unit consists of thick loess on the upland areas that overlies the Huckleberry Ridge Tuff, and in
Hog Hollow overlying the older sediments. Loess includes light gray to light brown to tan, wind-blown silt,
clay, and very fine sand. The thickness of this material ranges from less than 5 to 44 feet thick. Where this
unit overlies other geologic units, their unit names are preceded by “Qel/---“.

Talus/colluvium — This unit consists of locally-derived, unconsolidated angular gravel and soil deposits that
mantle steep canyon walls along Hog Hollow and at the proposed dam site abutments (not shown on the
geologic map in Exhibit 3-6).

Qls: Landslide deposits: Landslides are mapped within and around Hog Hollow. These consist of hummocky
masses of disrupted blocks of Huckleberry Ridge Tuff and tuffaceous sediments that have mostly moved
northward from head scarps on the south flank of the Hog Hollow Valley. These are inferred to have formed
during or soon after emplacement of the Huckleberry Ridge Tuff and the formation of Hog Hollow. These are
poorly exposed due to a thick loess cover. In addition, remnant blocks of tuffaceous rocks appear to have
broken away and slid out into the valley, likely during formation of Hog Hollow.

Exhibits 3-7, 3-8, and 3-9 show geologic profiles, or cross-sections, of the interpreted subsurface conditions
beneath the proposed dam, reservoir area, and saddle dam. The locations of the geologic profiles are shown
on Exhibit 3-6. The geologic profiles were developed based on available geologic mapping (Embree and
Phillips, 2011), geologic data from the nearby Teton Dam site, available water well logs in the area, and
geologic site observations.
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Geologic Profile B-B’ (Main Dam) from South to North
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EXHIBIT 3-9

Geologic Profile C-C’ (Saddle Dam) from Northwest to Southeast

3.3.3.3 Area Structural Geology

An extensive network of joints has rendered the volcanic rock of the Rexburg Bench into a highly permeable
aquifer. Very long, through-going extensional fractures and strike-slip faults have been mapped in the area
(Embree and Phillips, 2011; Prostka, 1977). The Snake River Plain has been undergoing regional tectonic
stress from late Miocene time (approximately 5 million years ago) to present. However, tectonic extension
in the Rexburg-Teton bench has been most active since the deposition of the Huckleberry Ridge Tuff. The
northwest trend of extensional fissures at the Teton Dam site is consistent with the predominant northwest
trend of Quaternary fissure zones in the Snake River Plain, such as the Great Rift, and active normal faults in
the area.

3.3.4 Dam Configuration and Design Considerations

An earth core rock fill dam would be constructed to impound Lane Lake. The bottom of the valley at the
proposed dam location is at an approximate elevation of 5,460 feet and the top of the dam would be at an
approximate elevation of 5,620 feet for a maximum height of about 160 feet. The length of the dam at this
elevation would be about 6,040 feet, which includes a low dike extending for 1,500 feet at the left
abutment. A saddle dam would also be constructed at the east end of the valley to maximize reservoir
capacity. The resulting reservoir would have about 101,000 acre-feet of storage with a maximum surface
area of 1,380 acres. Exhibit 3-10 shows the general locations for the dam, appurtenant structures, and
emergency spillway. The dam features a wide central core with filter blanket drains and rock fill shells, and a
continuous concrete cutoff wall in the foundation would also be incorporated to limit seepage through the
dam foundation.
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SECTION 3—LANE LAKE DAM - ENLARGED

At this preliminary stage of evaluation, dams with earth fill and dams with zoned rock fill with a low
permeability core (i.e., earth core rock fill dam [ECRD]) were considered. An ECRD was selected for
advancement because of the geologic and geotechnical challenges at the site. There appears to be adequate
guantity of available materials to construct this type of dam. However, foundation conditions at the Lane
Reservoir site can be expected to vary greatly between the deeper valley segment and the abutment areas
and careful evaluation is necessary to assure that proper zoning, filters, cutoffs, and drainage relief can be
achieved. Additionally, particular attention needs to be paid to controlling settlement and stress within the
foundation and embankment to prevent transverse cracking in the embankments because of differential
movement. At this stage of the evaluation process it is our judgment that an ECRD can be safely constructed
at this site; however, further geotechnical evaluations are needed for confirmation.

Exhibit 3-11 shows a longitudinal section along the main dam axis and illustrates the changes in geologic
conditions. Due to the variability in foundation conditions, the geometry and cross-section of the proposed
dam is expected to vary. Exhibits 3-12 through 3-14 illustrate potential dam configurations at several
locations along its axis and correspond with dam sections A through C called out in Exhibit 3-11. In the
deeper valley segment, the dam is expected to be underlain by very thick deposits of Tertiary-age sediments
consisting of unconsolidated tuffaceous gravel, sand, silt, and lacustrine clay, with possible local interbedded
basalt flows. Based on a preliminary understanding of the regional geology of the site, it is postulated that
these underlying sediments historically experienced widespread movement, detachment, and uplift as a
result of overloading by rapid deposition of the Huckleberry Ridge Tuff. This movement may have resulted in
cracking, faulting, folding, and other disturbances to these sediments. As observed in exposures near the
proposed dam site, it is likely that sediment cracks that may have existed have since filled in or partially
filled in from subsequent (secondary) erosion and effects of gravitational forces. Field observations indicate
that several similar near-surface cracks have subsequently filled in with finer-grained sediments. It has been
estimated that disturbance to these sediments may have typically extended to a depth of 100 feet or more
below the base of the rhyolite tuff (Embree and Hoggan, 1999).
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EXHIBIT 3-11
Longitudinal Section along Main Dam Axis
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