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1.0 INTRODUCTION 

Pathfinder Dam was completed in 1909 with a reservoir storage capacity of 1,070,000 acre-feet. 
It is estimated that the original capacity has been reduced by 53,500 acre-feet due to the 
deposition of sediments. The capacity could be restored by raising the existing uncontrolled 
spillway crest elevation by 2.39 feet to elevation 5852.49. Several alternatives have previously 
been studied to restore capacity, including: 

~ Bascule Gates 
• Overshot Gates 
• Flashboards 
• Inflatable Gate (Rubber Dam) 

This study evaluates alternatives to restore the reservoir capacity. 

2.0 SITE SPECIFIC INFORMATION 

This study is based on the following information: 

• "Report of Findings Comprehensive Facility Review (CFR) for Pathfinder Dam", USBR, 
1128/2000 

• DRAFT of"3 - Brick Proposal (Platte River MOA Initiative)", USBR Wyoming Area 
Office, May 1996 

• "Technical Memorandum No. PF-8130-2003-1: Pathfinder Dam Spillway Modification 
Risk Analysis Report", USBR, 6/30/2003 

• USBR and WWDC review comments and discussions 

• 2 CD's with drawing files scanned from original Mylar's at a resolution of 400 dots per 
inch and saved in uncompressed tagged image file (tif) format. The files provide the . 
1982 aerial survey mapping photos, two-foot contour intervals, both to a 1 inch = 50 feet 
scale, and the survey monument location map used for survey control. 

Comparison of the above information with many photographs taken during a site visit indicated 
several subtle topographic discrepancies between the 1982 survey and current conditions. 
During a subsequent site visit on January 29,2003, ECI personnel obtained necessary 
verification and information to resolve the noted discrepancies. This information has been 
incorporated into the models used for this study. The topography is shown on Figure 1, Existing 
Spillway Area - Plan. 
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3.0 EXISTING SPILLWAY 

3.1 Description 

The main single interval of existing spillway is about 535 feet long, of which about 160 feet of 
the central part is curved, with a radius of curvature of about 250 feet. The entire interval 
consists of a 6-foot wide broad crested concrete weir with a crest elevation of 5850.1. 

The upstream topography is generally flat and typically 4 to 12 inches lower than the weir crest 
for a distance varying between 30 and 70 feet. This generally flat approach is obstructed by a 
150-foot interval at the south end. This interval includes topography that slopes 1 to 2 feet above 
the weir crest, a 35 to 50-foot-Iong rock outcrop with elevations up to 6 feet higher than the weir 
crest and the Fremont Canyon Control Structure with a 47-foot long footprint parallel to the weir. 
Further upstream, the topography generally slopes down at 4H: IV or steeper. 

The topography immediately downstream of the existing spillway drops about 1 foot to 5 feet 
below the crest elevation. The lesser drops are vertical to existing bedrock, while the large drops 
consist of steeply sloped single or double concrete steps with a concrete apron extending a total 
of about 15 feet downstream. The topography then generally slopes down at a slope of 10H: 1 V 
to 20H: 1 V away from the weir. The downstream topography is generally funnel shaped and 
flow tends to converge about 350 feet downstream at a bedrock elevation that is 20 to 25 feet 
lower than the weir crest. 

The 4-foot 7-inch wide wood plank walkway access platform is centered on the concrete weir· 
with a platform elevation of 5855.35

c

• The walkway is supported by a single row of 5-inch 
diameter embedded steel pipe columns spaced on 8-foot centers. Five-inch wide steel bracing 
extends from half way up the column in the upstream and downstream directions to support each 
walkway span. 

There are also two minor spillway intervals between the above interval and the dam. The first is 
about 25 feet long between the Emergency Gate House and the Sluice Gate House. Its discharge 
direction is perpendicular to the main-interval discharge and about 15 feet downstream of it. The 
discharge from this interval is ignored because it is limited and tends to interfere with the main 
spillway discharge at higher reservoir levels. 

The second minor spillway interval is 20 feet long and located between the Sluice Gate House 
and the dam. Its discharge direction is parallel to the dam at that location (about 45 degrees into 
the main spillway discharge) and its point of discharge is about 65 feet downstream and 10 feet 
below the main spillway discharge. This spillway interval will contribute discharge up to the 
elevation of the dam parapet wall (elevation 5862.1). Potential discharge above this elevation is 
questionable, as reservoir discharge above this elevation will tend to be directed over the dam 
parapet wall. However, for this phase of the study, the discharge capacity of this segment will be 
included. 
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3.2 Existing Spillway Segments 

For the purpose of this study, the spillway was divided into several simplified segments, which 
reflect similar hydraulic approach and discharge conditions (topography) for the existing 
spillway weir as well as for the spillway alternatives. The spillway was divided into seven 
separate segments as follows and as shown on Figure 1. 

3.2.1 Segment 1 - Station 0+00 to 1 +20 

This segment is characterized by significant obstruction of the upstream topography. The 
existing ground upstream of the weir slopes up and away from the weir to a height of 1 to 2 feet 
above the weir at an upstream offset of approximately 70 feet. It includes a 35 to 50-foot long 
detached rock and bedrock outcrop that projects up to 6 feet above the existing weir crest. The 
north end of this segment is obstructed by a portion of the Fremont Canyon Control Structure at 
an upstream offset of 40 feet. Immediately downstream of the weir, bedrock is 1 to 2 feet lower 
than the weir invert and slopes continuously downward. Existing spillway efficiency could be 
enhanced by upstream rock excavation and regrading of fill materials down to the existing weir 
crest elevation or lower. The downstream bedrock is massive and sound, thus, excavation would 
be expensive and should be avoided if possible in this area. 

This segment was assumed to have an upstream approach that is one foot higher than the weir 
invert, which controls discharge capacity for this segment. The downstream side was assumed to 
drop 1.5 feet with a slope of lOR: IV. The discharge through this segment is controlled by the' 
70-foot long upward sloping approach, which acts as a broadcrested weir. The unfavorable 
effect of the Fremont Canyon Control Structure and the projecting rock is ignored. 

3.2.2 Segment 2 - Station 1+20 to 1+90 

The upstream approach, of up to 70 feet, is approximately level and about 1 foot lower than the 
weir invert. Similar to the previous segment, it is obstructed by the Fremont Canyon Control 
Structure at an upstream offset of 40 feet. The downstream bedrock is 2 to 3 feet lower than the 
weir invert, but rises again 30 feet downstream of the weir. The exposed bedrock downstream of 
the weir is still sound, but is more fractured than the first segment. 

This segment was assumed to have a 70-foot-Iong approach 1 foot lower than the weir and a 30-
foot-long discharge length 2 feet lower than the weir, which then slopes downward at lOR: IV. 
It was determined that the downstream slope and drop are sufficient to have supercritical flow 
downstream of the weir. Therefore, the downstream section will not restrict flow by weir 
submergence. After accounting for the friction losses in the approach section, discharge is 
controlled by the weir. The unfavorable effect of the Fremont Canyon Control Structure is 
ignored. 
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3.2.3 Segment 3 - Station 1 +90 to 3+90 

This is the most favorable segment for spillway discharge capacity as the upstream approach 
consists primarily of a 25-foot-wide strip of level fill about 0.5 foot lower than the weir and a 2 
to 5-foot drop downstream of the weir. Two separate and localized bedrock outcrops were noted 
upstream and downslope of the road fill material to maximum elevations of 5849 and 5844. The 
downstream bedrock is weakly cemented and susceptible to erosion, plucking and delamination 
on near horizontal joints or planes of weakness. Within this segment, the weir concrete extends 
15 feet downstream in the form of a sloped apron that contains a single or double steeply sloped 
step that drops 2 feet and is 3 feet wide. Any spillway modifications in this segment would 
require some concrete paving or apron construction to prevent downstream bedrock erosion and 
undermining of the modifications. 

This segment was assumed to have a 25-foot-Iong approach 0.5 foot lower than the weir invert 
and a discharge 4 feet lower than the weir that slopes downward at 20R: 1 V. After accounting 
for the friction losses in the approach section, discharge is controlled by the weir. 

3.2.4 Segment 4 - Station 3+90 to 5+00 

This segment is characterized by a wider road fill and flatter slopes upstream beyond the fill. 
The downstream bedrock is generally flat and extremely rough. At 250 feet downstream of the 
weir, discharge is obstructed by a bedrock ridge. 

This segment was assumed to have a 35-foot-Iong approach 0.6 feet lower than the weir invert 
and a horizontal discharge 2 feet lower than the weir terminating at the bedrock ridge. Discharge. 
flow will diverge to the topographical depression to the south and east. After accounting for the 
friction losses in the approach section, discharge is controlled by the weir. 

3.2.5 Segment 5 - Station 5+00 to 5+29 (Walkway Buttress) 

Within this segment, the access road rises above the weir invert and the downstream bedrock is 
level with or slightly higher than the weir invert until it reaches the bedrock ridge. The bedrock 
surface is very rough and fragmented from the original excavation blasting and contains many 
detached fragments. Part of the weir interval near the walkway abutment is covered by riprap or 
detached rock fragments. 

The discharge potential of this segment was ignored. Effective discharge contribution from this 
interval would require both upstream and downstream excavation. 

3.2.6 Segment 6 - 25 Feet Between the Emergency Gate House and the Sluice Gate House 

Discharge from this segment is ignored, as it would discharge perpendicular to and only 30 feet 
downstream of the segment I·discharge and diminish the efficiency of both segments. 
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3.2.7 Segment 7 - 20 Feet Between the Sluice Gate House and the Dam Parapet Wall 

The weir in this segment proj ects 10 feet or more above the upstream and downstream bedrock 
surface. Discharge is directed parallel to the dam face and training wall extension of the dam. 
Discharge of reservoir levels above the dam parapet wall will be directed to the east and 
diagonally across the dam parapet wall and the weir. 

A 20 feet long discharge interval will be assumed for this segment, which is an efficient 
broadcrested weir. 

4.0 SPILLWAY ALTERNATIVES 

As a result of several conference calls between the Wyoming Water Development Commission 
(WWDC), the Bureau of Reclamation (USBR) and ECI, the following alternative spillway· 
design concepts were developed: 

Alternative A - Raise the entire spillway crest by 2.39 feet with Obermeyer 
pneumatically-operated gates (2.39 feet gate) 

Alternative B - Raise the entire spillway crest by 2.39 feet with a broad crested weir 

Alternative C - Raise the entire spillway crest 2.39 feet with an ogee crested weir 

Alternative D - Raise part of the spillway crest 2.39 feet with a broad crested weir and 
include an Obermeyer gate segment within an excavated channel 

Alternative E - Raise part of the spillway crest 2.39 feet with a broad crested weir and 
include a labyrinth segment within an excavated channel in the 
remainder 

The alternatives follow the same alignment as the existing weir except for the straight 
Obermeyer gate segments of Alternative D and the straight Labyrinth spillway segment of 
Alternative E, which was shifted southeast about 25 feet at the weir's north end. All options 
considered excavation both upstream and down stream to improve the flow characteristics and 
prevent submergence of the weirs at high flows. This was accomplished, in some cases, by 
excavating downstream to accomplish super-critical flow until the canyon abutment drop-off. 

4.1 Obermeyer Gate 

Several of the alternatives use an Obermeyer gate. The patented Obermeyer gate as shown on 
Figure 2 consists of steel gate panels anchored on the upstream side with a reinforced rubber 
hinge. The gates are supported on their downstream side by inflatable air bladders. By 
controlling the pressure in the bladders, the water surface elevation maintained by the gates can 
be infinitely adjusted within the system control range (full inflation to full deflation) and 
accurately maintained at user-selected set points. The gate system hinge/clamp is attached to the 
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foundation structure by stainless steel bolts (typically on 12-inch centers). The air bladders are 
also anchored by the hinge/clamp and connected to air supply lines embedded within the 
concrete foundation pad. The design gate height is assured by downstream restraining straps, 
which limit their vertical travel. The air bladders and restraining straps are shielded from flow 
and debris by the gate panels through the full range of operation. 

The gaps between adj acent gate panels are spanned by a reinforced EPDM rubber web, which is 
clamped to each panel edge. The normal gap between the gate panels allow the Obermeyer 
Gates to be placed on a curved crest alignment such as at Pathfinder without additional 
modifications. 

At each abutment, an EPDM rubber wiper-type seal is affixed to the gate panel edge to form a 
seal between it and an embedded steel abutment wipe plate. Air supply for operation is provided 
by an air compressor, sized to fully raise the gates within 60 minutes. 

The compressor and gate control equipment will be housed in an enclosure inside a small control 
structure, which will be located on the site. Efforts will be undertaken to ensure that the new 
enclosure structure remains visually consistent with the surrounding structures and landscape 
(i.e. granite type outer fac;ade and/or paint color). The costs for the control structure are included 
with each of the alternatives which use an Obermeyer Gate) 

4.2 Alternative A - 2.39-foot Obermeyer Gate 

This alternative shown on Figures 3 and 11 consists of raising the existing weir by 2.39 feet, with 
an Obermeyer gate. For the 2.39-foot gate, the steel gate panel and inflatable air bladder 
components would typically be 20 feet long. 

To maintain the current discharge, the top of the existing weir would have to be lowered by the 
thickness of the gate assembly in the open position (4 to 6 inches). For this study, it is assumed 
that the concrete weir would be removed for this and all other alternatives except those that 
include raising all or parts of the broad crested weir. 

4.3 Alternative B - 2.39-foot Broad Crested Weir 

This alternative, shown on Figures 4 and 12, consists of raising the existing weir by 2.39 feet 
with a broad crested weir. This raise can be achieved without removing the existing weir 
concrete by installing dowels to anchor the new and existing concrete to bedrock. 

4.4 Alternative C - 2.39-Foot Ogee Crested Weir 

This alternative, shown on Figures 5 and 13, would remove the broad crested weir and replace it 
with an ogee-crested weir with a crest elevation 2.39 feet above the existing spillway crest. 
From the topography of the existing spillway, it is evident that the middle interval has a higher 
potential for modification than the side intervals. Therefore, a discharge coefficient of 3.8 was 
assumed for the middle 270 feet between the existing weir stations 1 +60 and 4+30. This requires 
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excavating the approach and downstream discharge of this interval to elevation 5844 and then 
sloping the discharge excavation down at 20H: 1 V until it daylights further downstream. 

A discharge coefficient of 3.6 was assumed on either side of the middle interval. This discharge 
coefficient requires excavating the approach and downstream discharge to an elevation of 5846 
and sloping the discharge excavation at 20H: IV to daylight. 

4.5 Alternative D - 5-foot or 9-foot Obermeyer Gate Interval 

This alternative includes a 216 feet wide excavated channel interval with a 5-foot high 
Obermeyer gate (Alternative Dl, shown on Figures 6 and 14) or a 120 feet wide excavated 
channel interval with a 9-foot gate (Alternative D2, shown on Figures 7 and 15). 

Both alternatives include raising the remainder of the existing spillway with a 2.39-foot broad 
crested weir. 

The 5-foot Obermeyer gate interval is located between existing weir stations 1 +60 and 3+76. The 
gate panel and bladder would be about 20 feet long. The bladder would be proportionately larger 
than for the 2.39-foot gate and the anchorage hardware would be the same. The approach 
channel excavation has an invert elevation of5845.0 and the gate pad concrete invert is 5847.0, 
beyond which the excavation will slope down at 20H: 1 V until it daylights further downstream. 

The 9-foot Obermeyer gate interval is located between stations 2+00 and 3+20. The gate would 
be fabricated in 8-foot-wide panels and bolted in the field to form 16-foot-wide gate panels. The 
bladder would be 16 feet long and proportionately larger than for the 5-foot gate. The anchorage 
hardware would be larger than the 2.39 and 5-foot-high gates. The approach channel excavation 
has an invert elevation of 5841.0 and the gate pad concrete invert is 5843.0, beyond which the 
excavation will slope down at 20H: 1 V until it daylights further downstream. 

The remainder of the existing spillway will be raised 2.39 feet with a broadcrested weir as 
previously described. 

4.6 Alternative E - Labyrinth Spillway 

The 270 foot long labyrinth spillway alternative is shown on Figure 8 and is situated between the 
existing weir stations 1 +70 and 4+50. The north end of the labyrinth spillway is about 25 feet 
south of the existing spillway station 4+50. This was necessary for a better discharge channel 
alignment and requires a new 50-foot long raised broad crested weir interval at the north end. 
The remainder of the existing spillway interval will be raised 2.39 feet with a broad crested weir. 

The labyrinth spillway interval consists of: 
• Eight cycles 33.75 feet wide 
• A wall height of 16 feet 
• A total crest length of 540 feet 
• An approach and discharge channel invert elevation of 5836.5 or less 
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4.7 Walkway Alternatives 

The existing walkway must be removed for all of the spillway modification alternatives and is 
assumed to have no residual salvage value. All the walkway replacement alternative are 
pennanent and allow access up to flood flow elevations equal to the top of the dam (EL. 5858.1) 

Three alternative walkway types were evaluated, including: 
• Similar type as existing walkway for all or part"s of its original alignment 
• Precast pre-stressed double tee concrete 
• Warren truss weathering steel panel 

Two alignments were evaluated-a re-alignment downstream of the spillway modifications and 
following all or most of the original alignment. The alternative walkway types and alignments 
are shown on Figure 9. The existing walkway type was evaluated for Alternative B (not shown)' 
and for Alternatives D 1 and D2 except for the gated spillway channel spans, consisting of either 
the concrete double tee or the weathering steel truss. 

5.0 SPILLWAY DISCHARGE CAPACITY 

Discharge capacities were detennined for each spillway modification alternative. Except for 
Alternative B - 2.39-foot broad crested weir, the alternatives were designed to approximate the 
discharge capacity of the existing spillway in the higher discharge range. This approach was 
taken to nonnalize the cost comparison basis for the various alternatives. The discharge versus 
elevation curves for the existing and proposed spillway modifications using the assumptions as 
described above for each alternative are shown in tabular form in the following table and on 
Figure 10. 
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5.1 Summary of Results 

Alternative B - 2.39-Foot Broad Crested Weir 

This alternative has less capacity than the existing broad crested weir as a result of reducing the 
head on the depth of flow over the weir. It was developed to quantify this reduction for 
comparative purposes and because intervals of this alternative are also used in combination with 
Alternatives Dl, D2 and E. 

Alternatives A, D1 and D2 - Obermeyer Gates 

Alternative A (2.39-Foot Gate) has the same discharge characteristics as the existing broad 
crested weir. 

Alternatives Dl and D2 (5 and 9-Foot Gates, respectively) initially exceed existing discharge, as 
they can be opened to a lower elevation than the existing weir and incrementally larger gates can 
be installed, if greater discharge capacity is desired. Both of these options provide an increased 
operational flexibility, by allowing controlled discharge when the reservoir elevation is below 
the current or proposed spillway crest elevation. 

All gate alternatives are immediately adaptable for future modifications by installing slightly 
higher gates and operating them at a lower level. 

Alternatives C and E - Ogee and Labyrinth Respectively 

These alternatives have no discharge capacity within the 2.39-foot reservoir raise. As currently 
designed, the Ogee alternative has a reduced discharge capacity through the entire range of 
reservoir elevations, while the Labyrinth catches up to the existing spillway's discharge capacity 
at reservoir elevation 5858.0 (top of dam) and then surpasses it by about 8,000 cfs at the top of 
dike elevation 5868. 

Both alternatives are at or may be exceeding their point of optimization. The ogee would require 
more intrusive excavation to provide equivalent discharge, which is already problematic adjacent 
to the dam and structures and the Labyrinth will require modeling to verify approach and 
discharge issues, as well as for the Labyrinth design. 
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6.0 COMPARATIVE COST ESTIMATE 

Comparative costs were determined and evaluated separately for the spillway and walkway 
alternatives. 

6.1 Spillway Modification Alternatives 

A comparative cost estimate was developed for each alternative. The following assumptions 
were made which apply to alternatives as noted: 

• The upstream bedrock and grade projection above the existing weir elevation 5850.1 
between weir stations 0+00 and 0+90 is removed in all alternatives 

• The existing weir concrete is removed in Alternatives A and C 
• None of the existing weir is removed in Alternative B 
• A portion of the existing weir is removed in Alternatives D 1, D2 and E 
• Where the existing weir is raised 2.39 feet, it includes the cost of dowel anchorage of the 

new and existing concrete to bedrock 
• All alternatives include new concrete anchorage to rock as applicable, such as gate 

anchorage and the downstream apron to protect against progressive rock plucking, 
particularly in the fractured rock intervals 

• All excavation was classified as rock including weir concrete removal, where applicable 
• Different concrete unit prices were used for slab, ogee and wall concrete 
• Life Cycle Costs for alternatives requiring mechanical equipment assumed complete 

replacement of the mechanical components in 25 years. 
• On options requiring significant blasting effort, our analyses include effects of blast

induced vibration, air overpressure, dynamic water pressure and impulse, structure 
response, rock or ground rupturing, slope failures, and the potential for liquefaction for 
the various blasting technique to be used. ECl employs blasting specialists such as 
REVEY Associates to review blast designs and supervise blasting activities with special 
attention to sensitive blasting techniques next to existing structures including dams 
actually in operation. 

The table below tabulates the work items, equipment, quantities, unit prices and comparative cost 
estimate for each of the six alternatives. 
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PATHFINDER SPILLWAY MODIFICATION 
arative Cost Estimate 

520' x 2.39' Obermeyer 520' x 2.39' HCW Gate 120' x 9' Obermeyer Gate 270' labyrinth Spillway Description 
Gate with 400' H CW with 250' HCW 

300 $15,000 300 $15,000 300 $15,000 300 $15,000 300 $15,000 300 $15,000 

$15 10,000 $150,000 27,100 $406,500 

$20 570 $11,400 50 $1,000 3,150 $63,000 4,000 $80,000 

$30 1,200 $36,000 1,870 $56,100 2,700 $81,000 2,100 $63,000 1,900 $57,000 1,870 $56,100 

$200 660 $132,000 355 $71,000 680 $136,000 650 $130,000 1146 $229,200 

$300 3,000 $900,000 

$500 35 $17,500 75 $37,500 480 $240,000 

Cost (110% of 
110% $371,400 $408,540 $284,000 $312,400 $389,000 $427,900 

Install (50% of Gate 50% $204,270 $156,200 $213,950 

Subtotal $807,210 $143,100 $1,146,000 $763,100 $961,350 $946,800 

"" Present Value, 50 year Ecconomic Life, One - Gate Bladder and Hinge Replacement During Ecconomic Life 
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6.2 Walkway Alternatives 

The following table summarizes the cost estimate for the three-walkway types and two 
alignments evaluated for the indicated spillway modification alternative. The walkways 
considered are permanent for all flood events that do not overtop the dam. 

REPLACEMENTWL ........... J .. _~ •.• SPILLWAY MODIFI ~_._..,.. ... .,...:-.,..~ 
TYPE ~t~·~.~~~TI~ 

..... , ......... ,., .. ,." ..... , .. ", .. 

ALTERNATIVE 

Downstream Ali ent 
Warren Truss Weathering Steel at $205,000 $205,000 

Downstream Ali~~ ..... a .. .,,, 

Same Type and Alignment as Original with $108,000 $111,000 
Precast Pre-stressed Double Tee Concrete 
Sans Across the Gate Channel Interval 

Same Type and Alignment as Original with $132,000 $125,000 
Warren Truss Weathering Steel Spans Across 

the Gated Channel Interval 
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7.0 COMPARATIVE ANALYSIS OF ALTERNATIVES 

The relevant advantages and disadvantages of each spillway modification alternative are 
provided in the table below: 

ADV ANT AGES AND DISADV ANT AGES 
Alternative Advantages Disadvantages 

A • Maintains existing discharge capacity • Requires maintenance: bladder and seal 

• Excavation limited to removal of replacement at 25 years 
520' x 2.39' existing BCW and apron concrete • Requires operation 

Obermeyer Gate • Maintains the "look" of a single • Mechanical failure and operational error possible 
uniform spillway, particularly with 
gates in open or down position 

• Adaptable now for future modifications 
by installing slightly higher gates and 
operating at lower level 

• Operational Flexibility 

B • Lowest cost alternative • Reduces existing discharge capacity for all 

• Maintains similar "look" of existing reservoir flood levels 
520' x 2.39' structure 

BCW • Minimal maintenance 

• No operational requirements 

• Economically adaptable to future 
modifications 

C • Minimal maintenance • Higher initial construction cost alternative 

• No operational requirements • Difficult, but possible, excavation required near 
520' x 2.39' • No gate replacement cost dam abutment and existing control structures 
Ogee Weir • No mechanical failure possible 

• No operational error possible 

• No operation, testing, or inspection of 
gate and compressor facilities required 
by WY AO staff 

• Spillway discharge capacity 
approximately same as existing 
spillway at top of dike 

• Lower annual probability of failure 
(2.70 E-06) compared to existing 
spillway/Alt A (2.97 E-06) - Below 
Reclaimation guidline of 1.0 E-04 

• Lower annual cost of life (1.12 E-03) 
compared to existing spillway/ Alt A 
(1.26 E-03) - Exceeds Reclamation 
guidline of 1.0 E-03 (see text below) 

• Compatible with surroundings 
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Dl • Low cost • Requires maintenance: bladder and seal 

• Exceeds existing discharge capacity at replacement at 25 years 
216' x 5' low elevations • 'Requires operation 

Obermeyer gate • High operational flexibility • Gate failure in open position would release 
with 2.39' x 304' • Adaptable now for future modifications 2,700cfs with reservoir at existing spillway crest 

BCW by installing slightly higher gates and elevation 
operating at lower level • Mechanical failure and operational error possible 

D2 • Exceeds existing discharge capacity • Requires maintenance: bladder and seal 
120' x 9' • High operational flexibility replacement at 25 years 

Obermeyer gate • Adaptable now for future modifications • Requires operation 
with 2.39' x 400' by installing slightly higher gates and • Gate failure in open position would release 6,100 

BCW operating at lower level cfs with reservoir at existing spillway crest 
elevation 

• Mechanical failure and operational error possible 

E • Minimal maintenance • Highest excavation quantity with high visual 
270' x 16' • No operational requirements impact 
Labyrinth • Discharge capacity exceeds existing • Difficult to adapt to future modifications 

Spillway with spillway above elevation 5858 • Potential tailwater effect on discharge 
2.39' x 250' (Top of Dam) 

BCW 
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Alternatives Analysis Report 

A Good Moderate Moderate Moderate Good Poor 
Marginal 

520' x 2.39' Requires operation Flood Analyses 
Obem1eyer Gate $890 $1,180 Bladder and Hinge Same as existing Required 

Replacement @ 25 

B Excellent Low Low Low Poor Excellent 
Not 

520' x 2.39' BCW No operations Significantly less Determined 
$160 $160 Least maintenance than existing through 

entire range 

C Difficult High High Low Fair 
Good 

Marginal 
520' x 2.39' Ogee Rock excavation near No operations Less than existing Flood Analyses 
Weir structures $1,260 $1,260 Low maintenance through majority of Required 

Shaped concrete range 

Poor 
Dl Good Moderate Moderate Moderate Excellent 

Marginal 
216' x 5' Obermeyer Requires operation Exceeds existing Flood Analyses 
gate with 2.39' x 304' $840 $970 Bladder Hinge through entire range Required 
BeW Replacement @ 25 yrs 

Poor 
D2 Good High High Moderate Excellent 

Not 
120' x 9' Obelmeyer Requires operation Exceeds existing Determined 
gate with 2.39' x 400' $1060 $1,210 Bladder Hinge through entire range 
BCW Replacement @ 25 yrs 

Poor 
E Difficult High High Low Fair 

Not 
270' x 16' Labyrinth Complex concrete Rock No operations Less than existing Determined 
Spillway with 2.39' x excavation $1,040 $1,040 Low maintenance initially, then 

250' BCW Somewhat intrusive exceeds existing 
above top of dam 
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Alternatives Analysis Report 

The hydrologic risk assessment was completed by the USBR and is included in Technical 
Memorandum No. PF-8130-2003-1: Pathfinder Dam Spillway Modification Risk Analysis 
Report. The summarized results were used to complete the hydrologic risk column of the table. 

Alternative B, D2 and E were not specifically analyzed by the USBR. The flow characteristics 
of a raised broad crested weir made it less attractive in terms of risk than the Ogee crested weir. 
The Ogee alternative is on the margin of the risk reduction action requirement level but further 
flood frequency and routing analyses (recommended and to be completed by USBR) are 
anticipated to demonstrate that it is below the critical value. 

It is noted that all the alternatives studies by USBR resulted in less overall hydrologic risk when 
compared to the existing condition. 

8.0 RECOMMENDED ALTERNATIVE 

Based on the advantages and disadvantages presented in the table above and supporting review 
documents and comments by the USBR and the WWDC, the Ogee Weir (Alternative C) is 
preferable over the other alternatives even though the initial cost of construction makes it the 
highest cost alternative. The Ogee Weir alternative's minimal maintenance costs and associated 
staff time justifies the higher initial costs of the alternative. Further, the Ogee Weir alternative is 
preferable because of no potential mechanical or operator failure and it improves risks associated 
with the Reclamation Public Protection Guidelines over the existing spillway and Obermeyer 
Gate (Alternative A) conditions. While both the Ogee Weir alternative and existing spillway 
condition exceed Reclamation's Public Protection Guideline for annualized loss of life, it is 
believed that additional flood frequency/flood routing studies being conducted by Reclamation 
will result in the risk reduction below the guideline due to significant attenuation and temporary 
storage that would occur at higher reservoir levels. Therefore, it is recommended that the Ogee 
Weir alternative be selected for further consideration for preliminary/conceptual design analysis. 

FIGURES 

1 EXISTING SPILLWAY AREA - PLAN 

2 TYPICAL SECTION OBERMEYER GATE 

3 ALTERNATIVE A - 2.39-FOOT OBERMEYER GATE 

4 ALTERNATIVE B - 2.39-FOOT BROAD CRESTED WEIR 

5 ALTERNATIVE C - 2.39-FOOT OGEE CRESTED WEIR 

6 ALTERNATIVE D1 - 216 FEET OF 5-FOOT OBERMEYER GATE 

7 ALTERNATIVE D2 -120 FEET OF 9-FOOT OBERMEYER GATE 

8 ALTERNATIVE E - 270 FEET OF LABYRINTH SPILLWAY 
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Alternatives Analysis Report 

9 WALKWAY ACCESS ALTERNATIVES 

10 SPILLWAY ALTERNATIVES-DISCHARGE VERSUS ELEVATION 
CURVES 

11 ALTERNATIVE A - TYPICAL SECTION 2.39 FEET OBERMEYER 
GATE 

12 ALTERNATIVE B - TYPICAL SECTION 2.39-FOOT BROAD CRESTED 
WEIR 

13 ALTERNATIVE C - TYPICAL SECTION 2.39-FOOT OGEE CRESTED 
WEIR 

14 ALTERNATIVE Dl- TYPICAL SECTION 216 FEET OF 5-FOOT 
OBERMEYER GATE 

15 ALTERNATI~E D2 - TYPICAL SECTION 120 FEET OF 9-FOOT 
OBERMEYER GATE 

16 ALTERNATIVE E - TYPICAL SECTION 270 FEET OF LABYRINTH 
SPILLWAY 
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136101RIVOO1.CDR 

An AECOM Company 

Looking Downstream. 

Looking Upstream. 

Looking North Towards Abutment. 

Looking South Towards Dam. 

Pathfinder Modification Project 
Alternative A - 2.39 Foot Obermeyer Gate 
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136101RIVOOl.CDR 

An AEeOM Company 

Looking Downstream. 

Looking Upstream. 

Looking North Towards Abutment. 

Looking South Towards Dam. 

Pathfinder Modification Project 
Alternative B - 2.39 Foot Broad Crested Weir 
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136101RIVOO1.CDR 

An AECOM Company 

Looking Downstream. 

Looking Upstream. 

Looking North Towards Abutment. 

Looking South Towards Dam. 

Pathfinder Modification Proj ect 
Alternative C - 2.39 Foot Ogee Crested Weir 
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13610 lRl VOOl.CDR 

An AEeOM Company 

Looking Downstream. 

Looking Upstream. 

Looking North Towards Abutment. 

Looking South Towards Dam. 

Pathfinder Modification Project 
Alternative D1 - 216 Feet of5-Foot Obermeyer Gate 
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13610 lRl VOO I.CDR 

An AECOM Company 

Looking Downstream. 

Looking Upstream. 

Looking North Towards Abutment. 

Looking South Towards Dam. 

Pathfinder Modification Proj ect 
Alternative D2 - 120 Feet of9-Foot Obermeyer Gate 
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13610 1R1 VOOl.CDR 

An AEeOM Company 

Looking Downstream. 

Looking Upstream. 

Looking North Towards Abutment. 

Looking South Towards Dam. 

Pathfinder Modification Proj ect 
Alternative E - 270 Feet of Labyrinth Spillway 
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An AEeOM Company 

Precast Prestressed Double Tee Concrete Walkway Alignment, Works With All Alternatives. 

Warren Truss Weathering Steel Panel Walkway Alignment, Works With All Alternatives. 

Concrete Walkway And Alignment For Alternative Dl, Similar For Alternative D2. 

Steel Walkway And Alignment For Alternative Dl, Similar For Alternative D2. 

Pathfinder Modification Proj ect 
Walkway Access Alternatives 

Figure 9 
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