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SECTION 1 - INTRODUCTION 

1.1 Project Location and Objective 

Mount Pisgah Dam impounds Wright’s Reservoir approximately 6 miles northwest of the 
Town of Cripple Creek in Teller County Colorado.  The dam is located in Section 31 of 
Township 14 South, Range 70 West.  The location of the site is shown on Figure 1.1.  

The project objective is to rehabilitate the current functional outlet works and to design 
measures for the proper and safe abandonment of the original outlet works pipelines 
previously abandoned in 1929.  Recent video inspections of the original outlet works 
pipes have shown embankment seepage into the pipelines and boils at the pipeline 
daylight points even at reduced reservoir stages.  These conditions have been determined 
to present a dam safety risk and the State Engineer’s Office has required that remedial 
abandonment measures consisting of full-length grouting of the pipes and construction of 
a diaphragm filter be carried out for the original outlet works.  The currently functional 
outlet works facilities were completed in 1929 and existing manual flow control gate 
valves are only partially functional.  The rehabilitation work consists of replacing these 
valves, installing a new trash rack, adding a guard gate, repairing cracks in the concrete 
outlet works tunnel, lining existing steel outlet works pipes, providing a hydraulic 
actuation system for all gates and valves and constructing a new valve house. 

1.2 Purpose  

The purpose of this report is to provide documentation of engineering analyses and 
design carried out for rehabilitation of the currently functioning outlet works and 
abandonment measures for the original dam outlet works. 

1.3 Background 

Mount Pisgah Dam is a large, significant hazard, earth embankment dam located in Teller 
County, Colorado approximately 6 miles from the Town of Cripple Creek.  The dam is 
located on Fourmile Creek and impounds Wrights Reservoir, with a capacity of 
approximately 2,192 acre-feet (ac-ft) supplied by direct inflow from Fourmile Creek.  
The embankment has an approximate upstream slope of 3H:1V, a crest width of about 10 
feet, and a downstream slope of approximately 2H:1V.   
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The dam and reservoir were originally constructed in 1911 and are currently operated to 
store and release irrigation water.  According to design documents provided by the SEO, 
the upstream slope of the embankment was originally 1.5H:1V with a reinforced concrete 
face when constructed around 1911.  The original outlet works consisted of dual 16-inch 
diameter cast iron pipes and dual 16-inch gate valves located near the downstream toe of 
the embankment.  In 1928, there was an upstream slope failure which plugged the 
entrance to the original outlet works.  In 1929, the upstream slope was reconstructed at a 
reduced slope and a new outlet works was constructed through the right abutment.  The 
original rock-cut spillway is located at the left abutment and was enlarged in 1988.  The 
dam crest elevation provides more than 10 feet of freeboard above the spillway invert 
elevation based on the June 2011 Colorado Office of the State Engineer (SEO) 
Engineer’s Inspection Report. 

Limited drawings available from the SEO office did not include as-built conditions and 
were not in agreement with RJH observations of the existing functional outlet works 
completed in 1929.  An SEO assessment of the condition of the outlet works required 
dewatering and inspection of the outlet works and preparation of as-constructed drawings 
of the outlet geometry.  RJH prepared as-constructed drawings based on site visits and 
surveying performed on August 23 and 31, 2011.  The as-constructed drawings and 
associated inspection memorandum have been previously submitted under separate cover 
to the SEO.   

The current functional outlet works constructed in 1929 extends from Wrights Reservoir 
through Mount Pisgah Dam at the right abutment.  A general plan and profile of the 
existing outlet works is shown on Figure 1.2.  The outlet works consists of a concrete 
intake structure with trash rack connected to a rock-cut tunnel extending approximately 
400 feet through the right abutment of the dam and discharging into Fourmile Creek.  The 
initial 100 feet of the tunnel is concrete lined and the remainder is excavated through 
bedrock.  Approximately 140 feet downstream of the inlet structure within the rockcut 
tunnel is a concrete bulkhead with two parallel 30-inch-diameter steel pipes penetrating 
it.  The pipes are approximately 15 feet in length with 30-inch diameter gate valves fixed 
to the downstream side.  The gate valves discharge to atmosphere in the rock-cut outlet 
tunnel.   The gate valves are manually operated with valve stems extending up a vertical 
rock-cut shaft to a small valve house above. 

The abandoned 1911 outlet works consisting of dual 16-inch pipes and valves was video-
inspected on June 13, 2013.  The inspection revealed broken cast iron pipe, debris and 
seepage.  Subsequently, in a letter to the dam owners dated July 11, 2013, the SEO 
required action to properly and safely abandon the original pipes.   
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1.4 Existing Conditions 

RJH carried out a hydraulic analysis of the existing outlet works to assess the ability of 
existing facilities to meet the SEO requirement for evacuating the top 5 feet of reservoir 
storage in 5 days.  Based on the results of this analysis, the existing outlet works can 
evacuate the top 5 feet of reservoir storage in less than 2 days.  RJH assumed the valves 
will not open more than 50 percent as observed in site visits.  The capacity of the existing 
outlet works at the normal maximum pool elevation (El.) of 7984.35 is estimated to be 
194 cubic feet per second (cfs).   

The existing concrete intake structure for the outlet works includes a trash rack with 6-
inch bar spacing.   The rack is significantly corroded and the center portion was found to 
be removed.  Currently there is no guard gate, or accommodation for a bulkhead or 
stoplogs at the intake and it is not possible to dewater the downstream outlet works 
between the intake structure and the downstream valves.      

The existing outlet works valves and stems are intact but have more than 50 turns of slack 
in the gear driven operators.  The valves will currently only open approximately 50 
percent.  The limited operating range is most likely due to a lack of fully opening the 
valves on a routine basis, which has resulted in corrosion and gauling of the operators in 
the infrequently used range.  The owner reports that the two 30-inch-diameter valves 
have become increasingly difficult to operate and suffer from icing problems in the 
winter.  Ice builds up on the valve stems and the owner reports having to use a heater to 
thaw them out when winter valve operation is needed.   

The existing 30-inch steel pipes are significantly corroded on both the interior and 
exterior surfaces.  Sounding of the pipes indicates that the wall thickness is significantly 
diminished.  There do not appear to be any pipe joints.  All concrete appeared in good 
condition and rock-cut surfaces appeared sound with cuts being smooth but irregular in 
section and shape.   

Stream channel erosion issues have been noted in Fourmile Creek downstream of the 
dam when significant flows have been released through the outlet works; however, this 
evaluation is limited in scope to the outlet works structures and RJH did not evaluate the 
need for energy dissipation structures or downstream channel improvements.  

The existing valve house is a wood structure with metal siding and is in very poor 
condition.  It is not heated or insulated and is open to the elements and rodents in many 
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places.  The existing concrete foundation and steel access ramp are in reasonable 
condition and will be incorporated into a new valve house.     

1.5 Major Project Components 

Major components of the outlet works rehabilitation are listed below and shown on 
Figure 1.3.   

 Replacement of the existing intake structure trash rack and supports. 

 Construction of a concrete and steel gate attachment structure within the existing 
intake for attachment of a new guard gate. 

 Installation of a new heavy-duty, 30-inch by 30-inch sluice gate, hydraulic 
actuator and associated piping.  New sluice gate will function as a guard gate.  

 Removal of existing dual 30-inch diameter gate valves and associated valve stems 
and supports.  

 Installation of 24-inch-diameter steel pipe liners within the existing dual, 30-inch 
diameter steel pipes. 

 Installation of new, dual 24-inch diameter knife gate valves, hydraulic actuators 
and associated piping. 

 Demolition and removal of the existing valve house structure located near the 
dam crest. 

 Construction of a new valve house on the existing concrete foundation and 
installation of a hydraulic power unit and associated controls to operate the new 
sluice and knife gate valves. 

 Full-length grouting of the dual 16-inch diameter abandoned outlet works pipes 
and installation of a diaphragm filter at the location where the pipes daylight.    

1.6 Scope of Work 

RJH Consultants, Inc. (RJH) performed the following work for design of the project: 

 Performed an inspection of the outlet works including intake structure, concrete-
lined tunnel section, rockcut tunnels, concrete bulkhead and 30-inch diameter 
piping and gate valves. 

 Performed a topographic survey of the dam cross section near the outlet works 
and surveyed key points of the outlet works structures. 

 Obtained copies of the existing design drawings. 
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 Prepared an inspection memorandum and record drawings for existing dam 
facilities: 

o Mt. Pisgah Dam and Reservoir Outlet Inspection (RJH memorandum, 
November 2011) 

o Mount Pisgah Dam Existing Outlet Works Record Drawings (RJH, 11-09-11) 

 Prepared an alternatives evaluation memorandum including preliminary 
engineering analysis and sizing for alternatives, concept-level drawings and 
quantity and cost estimates for the non-similar components of each alternative.  
We did not develop an opinion of total project costs. 

o Alternatives Evaluation Mount Pisgah Dam/Wrights Reservoir Outlet Works 
Rehabilitation (RJH, November 2011). 

 Participated in meetings with the SEO and the dam owner including a 90 percent 
design meeting at which drawings and specifications were presented and 
reviewed.    

 Prepared an inspection memorandum documenting video inspection of the 
abandoned outlet works pipes (Mt. Pisgah Dam and Reservoir Outlet Inspection, 
RJH, November 9, 2011).   

 Performed hydraulic analyses of proposed new outlet works facilities to assure 
compliance with SEO requirements and to select gates, valves and piping.   

 Worked with valve manufacturers to evaluate various types of valves, valve 
options and associated costs. 

 Prepared design drawings and specifications for review and approval by the SEO 
and the Owner and for bidding and constructing the project. 

 Developed an Engineer’s Opinion of Probable Construction Cost for the project.  

 Prepared this Design Summary Report to document the results of our evaluation 
and design for review and approval by the SEO. 

1.8 Authorization 

RJH performed the work described in this report under the terms and conditions of the 
June 27, 2012 Agreement for Professional Consulting Services between RJH and the 
Catlin Canal Company. 

1.9 Project Personnel 

The following RJH personnel are responsible for the work described in this report: 
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Project Manager   Michael L. Graber, P.E. 

Project Hydraulic Engineer  Gustav George Slovensky, P.E. 

Project Structural Engineer  Jennifer D. Forbes, P.E. 

Technical Review   J. Douglas Neighbors, P.E. 
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SECTION 2 - DESIGN REQUIREMENTS 

2.1 General 

The design requirements governing the outlet works rehabilitation of Mt. Pisgah Dam are 
set forth by the SEO in the Rules and Regulations for Dam Safety and Dam Construction 
(Rules) (SEO, 2007) and in the Dam Safety Review Guide (SEO, 2000). 

2.2 Hydraulic Design Requirements 

Hydraulic design criteria for outlet works are described in Section 5.9.6.2 of the Rules.  
Relevant hydraulic design criteria for the outlet works set forth in this section are as 
follows: 

 The outlet works must be capable of releasing the top 5 feet of reservoir capacity 
within 5 days. 

 Minimum outlet size for conduits of 12 inches. 

 Outlet shall be capable of releasing the entire reservoir in a reasonable amount of 
time.   

 Outlet shall be capable of passing inflow to the reservoir with a minimum of ten 
feet of head to meet the demands of downstream senior water rights.   

 Outlet conduits shall have guard gates. 

 Intake structures shall have trash racks. 

Further hydraulic design criteria for outlet works are presented in the Rules and the Dam 
Safety Review Guide (SEO, 2000).  Relevant hydraulic design criteria for outlet works set 
forth in this document are as follows: 

 Maximum velocity through trash racks that are inaccessible for cleaning is to be 
limited to 2 feet per second (fps). 

 Trash racks shall be designed for a loading condition of 25 percent of the 
maximum reservoir head. 

 All outlets shall have energy dissipaters to prevent erosion of surrounding 
structures. 

 Air venting of the outlet should be provided to prevent surging and cavitation. 

 Outlet systems using hydraulic controls shall have multiple lines or backup 
systems to ensure they will be operable. 
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 Hydraulic lines should be installed in buried or encased conduits to prevent 
damage and allow for easy replacement.  

2.3 Structural  

2.3.1 Structural Steel and Concrete 

Section 5.9.6.2 of the Rules presents the structural design criteria for outlet works.  This 
section stipulates that outlet conduits have a gate guard installed at the upstream end of 
the conduit.  It also requires that the intake structures for the outlet works include a trash 
rack. 

Concrete design was performed based on the American Concrete Institute (ACI) Building 
Code Requirements for Structural Concrete (ACI 318-11).  Trash rack and other steel 
design was performed based on the 2011 American Institute of Steel Construction (AISC) 
Steel Construction Manual, 14th Edition. 

2.4 Owner Operations 

The reservoir outlet works will not be operable during a portion of the construction but 
irrigation deliveries must be maintained.  The construction contractor will be required to 
provide a minimum continuous pumping capacity of 1,200 gallons per minute (gpm) at 
any reservoir head.  Pumping will be from the reservoir to the spillway for delivery to 
Fourmile Creek below the dam.   
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SECTION 3 - ANALYSES 

3.1 Key Issues Impacting Design 

Based on RJH’s understanding of project objectives, constraints, and site conditions, RJH 
identified the following key considerations that influenced design:   

 The reservoir water level cannot be lowered for construction because of the loss 
of water to downstream water rights owners that would occur and concern about 
the potential environmental and property impacts of the discharge of sediment-
laden flows. 

 The corroded condition of the existing 30-inch-diameter intake pipes requires that 
they be lined.  Lining will involve inserting a smaller diameter pipe into both of 
the 30-inch-diameter outlet pipes and grouting the resulting annular space.   

 Given the location and elevation of the intake structure in the reservoir bottom, 
the outlet works will be required to pass some amount of sediment and debris.   

 The modified outlet works should maintain as much of the existing outlet works 
capacity as possible. 

 The outlet works will typically be operated at or near 30 to 40 cfs.  Releases 
greater than 40 cfs are not typical and are generally short-term to minimize 
impacts to the downstream channel. 

 Flow control will be provided by new hydraulically-operated valves at the current 
valve location near the mid-section of the dam.   

 Flow measurement within the outlet works will not be required.  The existing 
Parshall flume located downstream of the outlet works will continue to be used 
for this purpose. 

 The existing concrete intake structure will only be modified to the extent 
necessary to install the required new guard gate and a new trash rack. 

 The Colorado Office of the State Engineer has required that the existing 16-inch 
diameter cast iron outlet conduits be properly and safely abandoned. 

3.2 Rehabilitation Concept 

Based on the above considerations, our analyses and experience and design criteria 
established by the SEO, RJH developed the following rehabilitation concept for the outlet 
works:  

 Remove and replace the existing intake structure trash rack and supports. 
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 Install a new 30-inch square sluice gate, hydraulic actuator and associated piping 
in the existing intake to act as a guard gate.  

 Install 24-inch diameter steel pipe liners within the existing 30-inch diameter steel 
pipes and grout in place. 

 Replace the existing dual, 30-inch diameter gate valves and associated manual 
operators with new 24-inch diameter knife gate valves and hydraulic actuators. 

 Remove the existing valve house structure and construct a new valve house on the 
existing concrete foundation.   

 Install a hydraulic power unit and associated controls within the new valve house 
to operate the new sluice gate and knife gate valves. 

 Grout the full length of the existing abandoned 16-inch outlet works pipes. 

 Construct a filter diaphragm at the outlet of the abandoned 16-inch pipes.     

Engineering analysis of individual project components is described in the following 
sections. 

3.3 Trash Rack 

The intake structure will be fitted with a new trash rack.  The new trash rack is 
configured such that flow velocity through the rack is approximately 1.1 feet per second 
(fps) at the maximum typical discharge of 40 cfs.  Obstruction of the trash rack must 
exceed 40 percent before velocities through the rack exceed 2 fps.  Bar spacing for the 
trash rack was selected to be 6 inches matching the existing rack and allowing the 
passage of small debris to limit rack plugging potential while not passing debris large 
enough to damage or plug downstream pipes and valves.  To limit construction costs, the 
existing concrete intake structure, trash rack size and trash rack orientation have not been 
modified from existing.   

The potential for plugging of the new intake structure rack does exist and maintenance 
may be required on occasion to clear it of debris.  A burn event in the watershed resulting 
in heavy debris loads in Fourmile Creek could dramatically increase the potential for 
plugging.  

The reservoir head used in structural design of the trash rack was 25 percent of maximum 
normal water surface in the reservoir minus the lowest point on the trash rack.  The 
resulting design head was 13 feet.  The reservoir head condition and self-weight of the 
rack members were used to develop the moments and shear for design. The trash racks 
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were designed to be removable and to be as light as possible for the underwater 
placement and for future access to the gate within the intake structure.   

The design included analysis of four supporting members, which will be bolted to the 
existing structure and four racks that will be connected to the supporting members.  The 
width of the intake structure opening tapers, therefore the design was performed for two 
large (or wider) trash racks and for two small (more narrow) trash racks.  All members 
were designed to resist shear and bending based on the governing condition to simplify 
fabrication and construction.  The results of the calculations are provided in Appendix 
B.1. 

3.4 Sluice Gate Attachment Structure 

The sluice gate attachment structure will incorporate a 6-inch diameter galvanized steel 
vent pipe to prevent the development of low pressure conditions in the downstream 
tunnel.  The vent pipe will extend from the submerged intake structure to the valve house 
above.  Vent sizing computations are provided in Appendix A.4. 

In order to add the sluice gate at the opening of the intake structure, a steel plate must be 
attached to cover the existing arched opening.  The plate will be anchored to the concrete 
with adhesive bolts and a neoprene seal will be adhered to the downstream face to seal 
the plate against the existing concrete face.  The gate will be attached to the steel plate by 
a thimble bolted connection to the steel plate.  The thimble and steel plate will be encased 
in concrete to support the thimble and to provide a seal for the steel plate connection. The 
results of the calculations are provided in Appendix B.1. 

3.5 Sluice Gate 

A 30-inch by 30-inch square, self-contained, sluice gate will be installed within the 
existing inlet structure using the new gate attachment structure.  The sluice gate will act 
as a guard gate as required by the SEO for all new or rehabilitated outlet works.  It will 
typically either be fully open or fully closed and not used for flow control.  Functioning 
in this manner, a sluice gate is an appropriate choice.  The sluice gate will be a cast iron, 
heavy duty gate designed for a minimum 60 feet of seating head and 10 feet unseating.  
The specified seating head corresponds to the emergency spillway crest elevation plus an 
approximate 5 feet of additional overtopping head.  There is essentially no potential for 
the development of any significant unseating head condition.   
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Several sizes of sluice gate were evaluated to assess their impact on system capacity.  The 
parallel 24-inch-diameter pipe lengths downstream though are the most significant limit 
on system capacity and increasing the sluice gate to greater than the selected size 
provides only a small increase in capacity.      

3.6 Pipe 

The inlet structure discharges to a tunnel, which ends at a head wall and a short reach of 
parallel existing 30-inch diameter pipes.  The length of these pipes is approximately 15 
feet and they are significantly corroded.  Lining of these pipes is required.  A steel liner 
pipe was selected because large, heavy valves will be mounted to the pipe for outlet 
works flow control.  A pipe diameter of 24-inches was selected balancing system 
capacity, pipe and valve cost and flow control.  This pipe and valve sizing allows 
evacuation of the top 5 feet of reservoir storage in less than 2 days and will provide 
improved control of low flow rates over the existing 30-inch valves.  A pipe wall 
thickness of 0.25-inch was selected considering handling, static head, transient pressure 
potential and allowance for corrosion.  The selected thickness significantly exceeds the 
AWWA M-11 handling minimum but access to the valve chamber will be difficult, the 
work area will be tight and the additional thickness may be a benefit.  The selected 
thickness is also greater than required to meet AWWA M-11 maximum induced stresses 
as a percentage of yield strength for both static and likely transient pressure conditions.  
Finally, the additional wall thickness will provide a longer design life with respect to 
corrosion. 

3.7 Knife Gate Valves 

Knife gate valves, 24-inches in diameter, were selected for flow control on the outlet 
works.  Sizing of the valves was discussed in the previous section.  Knife gate valves 
offer the advantages of small size, relatively low weight and cost and the best ability to 
close in the presence of sediment and debris.  The valves will be mounted to flanges on 
the downstream ends of the parallel 24-inch steel liner pipes.  Because of their smaller 
diameter, it is expected the new valves will provide improved flow control over the 
existing 30-inch valves.  The valves have been specified to be cast stainless steel for 
longevity and reduction in maintenance in the wet tunnel environment.  Since the valves 
will be used for throttling, several features to improve their durability and reduce 
maintenance have been included.  UHMW inserts in the metal seal and packing are 
specified to reduce and absorb vibration and a spring-loaded packing gland will extend 
the time between packing adjustments.  
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The knife gate valves will discharge to the existing irregular rockcut tunnel downstream.  
The tunnel extends approximately 225 feet to daylight at Fourmile Creek at a slope of 
approximately 1.5 percent.   Valves will typically discharge above the tunnel floor to a 
combination of air at atmospheric pressure and shallow water depths from backwater 
conditions in the tunnel.  Energy dissipation will be accomplished by jet travel, 
backwater submergence and impact against the rock tunnel floor and walls.  Inspection of 
the outlet works in 2011 did not reveal any concerns over downstream rock integrity or 
identify any existing significant rock erosion.  The combined flow capacity of the two 
knife gates have the capability to lower the top 5 feet of the reservoir in 1.2 days and 
completely drain the reservoir in approximately 4.5 days (see Appendix A.2).   

A steel plate with anchors will be constructed to resist the maximum thrust force acting 
on the knife gates.  The maximum force anticipated to act on the new knife gates is about 
13.0 kips based on a fully closed condition.  The gates will be connected to the 24-inch 
steel liner pipes, which will be set on a new concrete support partial encasement.  The 
plate will be connected to the bottom half of the gate by flange connection, and therefore 
the plate will resist the loading to avoid applying a torsional moment on the gate from the 
loads.   The plate will have three mechanical wedge anchors.  A 28-day compressive 
strength (f’c) of 2,000 psi was used for design.  This value was used because the new 
concrete will be placed, bonded or dowelled onto the existing pipe support concrete, and 
the existing concrete is anticipated to have an f’c of 2000 psi.  The results of the 
calculations are provided in Appendix B.2. 

3.8 Gate and Valve Actuation and Controls 

The new sluice gate and knife gates will be actuated by hydraulic cylinders and a single 
hydraulic power unit (HPU).  Hydraulic actuation was selected for all valves because the 
sluice gate will be submerged in a vertical orientation 160 feet from the valve control 
house.  The HPU will limit valve travel to approximately 12 inches per minute and be 
equipped with a hand pump for backup operation.  Hydraulic piping will consist of 
stainless steel tubing within schedule 80 galvanized steel pipe.  All gate cylinders will 
have position feedback that will be displayed as percent open in the valve house.    

3.9 Valve Control House 

The existing 10-foot by 10-foot wood and metal valve house will be demolished and a 
new valve house constructed on-site utilizing the existing foundation and steel access 
ramp.  This new valve house will be designed to be removable to facilitate future 
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infrequent major maintenance.  The existing power supply and reservoir level 
instrumentation will be temporarily removed and re-established in the new building.  The 
HPU will also be housed in the new building.  A 32-inch square opening will be cut into 
the existing concrete foundation to provide air venting for the outlet works tunnel below.  
Air vent opening computations are provided in Appendix A.4. 

The existing building provides access to the valve chamber 50 feet below through the 
floor and a metal ladder down a vertical rockcut shaft.  The vertical shaft currently has 
horizontal steel members extending across the shaft that either have a gate stem or have a 
gate stem and an access ladder attached.  The size, locations and anchorage of the 
existing horizontal steel supports are unknown.   

The existing ladder and supports in the vertical shaft will have to be removed to allow for 
removal of the existing control valves and installation of new valves.  The existing ladder 
has significant safety concerns and will not be reinstalled.  A new ladder with fall 
protection system will be installed as part of the rehabilitation work.  New members will 
be installed into the rock walls of the shaft to support the gate hydraulic control lines and 
new access ladder.  Based on engineering judgment, the new horizontal steel supports 
will be spaced vertically at a maximum of 5.0-foot intervals, unless more stringent 
spacing is required by either the gate or ladder manufacturers.  The gate hydraulic control 
lines are not anticipated to apply significant loading to the supports, therefore both 
supports were designed for the minimum ladder loading.   

The results of the calculations are provided in Appendix B.2. 

3.10 Filter Diaphragm 

A filter diaphragm is required at the daylight point of the existing abandoned outlet works 
pipes near the downstream toe of the dam embankment.  The filter will intercept seepage 
through the embankment around the outlet works pipes.   

Gradation data for a soil sample taken near the daylight point for the outlet works was 
evaluated for filter compatibility and a filter sand material based on ASTM C 33 fine 
concrete aggregate was selected.  The filter material was also evaluated for compatibility 
with perforated pipe slot size and a standard slot opening width selected.  Drainage pipe 
was sized to accommodate a flow rate of 25 gallons per minute.  Seepage flows at the site 
have not been measured.  Visual estimates from limited site visits carried out for this 
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project at lower reservoir levels are a few gallons per minute.   Flows are expected to 
increase with higher reservoir levels but remain less than the pipe capacity.   

Computations for selection of the filter material and the design of the drainage pipe are 
contained in Appendix C.   
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SECTION 4 - PROJECT COMPONENTS 

4.1 Removal and Abandonment of Existing Facilities 

The existing outlet works intake structure trash rack and supports will be completely 
removed.  Miscellaneous bolt anchors and any sediment in the intake will be removed.  
Existing concrete surfaces will be cleaned and prepared.     

Existing 30-inch diameter gate valves, valve stems and stem supports located in the 
rockcut valve chamber will be removed after upstream guard gate installation and 
dewatering of the outlet works.  Existing 30-inch diameter steel pipes will remain in 
place to be lined with new pipe.     

The existing 10-foot by 10-foot valve control house will be demolished and replaced by a 
new structure constructed on-site utilizing the existing concrete foundation and steel 
access ramp.  Power supply and existing reservoir level instrumentation will be 
temporarily removed and subsequently re-established in the new building. 

The existing dual, 16-inch diameter outlet works pipes will be filled with grout for the 
entire length to the point of upstream blockage.  

4.2 Inlet 

Modifications to the existing inlet structure will consist of a new trash rack and the 
addition of a 30-inch by 30-inch sluice gate, gate attachment structure and associated 
hydraulic control and vent piping.  This work will be performed without lowering the 
reservoir level, and will require divers.   

Following removal of the existing trash rack and trash rack supports, cleaning of the 
intake and surfaces will be carried out and construction of the sluice gate attachment 
structure will begin.  Structural steel components and the cast iron wall thimble for the 
new gate attachment structure will be installed.  Neoprene j-bulb seals will be placed 
between structural steel members and concrete mounting surfaces.  A 6-inch-diameter 
vent pipe will be installed with a merchant coupling to the top of the wall thimble.  The 
sluice gate attachment structure will be completed by forming and pouring a vertical 
concrete wall flush with the face of the wall thimble.   
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Upon curing of the concrete, the new sluice gate will be installed along with the hydraulic 
actuator and associated piping to the valve house.  Once installed and adjusted, the sluice 
gate will be closed, the new trash rack installed and the downstream outlet works 
dewatered.  The remainder of the outlet works rehabilitation work will be carried out in 
the dry.            

4.3 Tunnel Inspection and Repairs 

Once dewatered, the approximate 100-foot length of concrete-lined tunnel immediately 
downstream of the inlet structure will be inspected.  Any leaks or cracks in the tunnel 
lining will be repaired by pressurized injection of hydrophobic, polyurethane grout. 

4.4 Pipe 

The existing, parallel 30-inch diameter steel pipes extending from the headwall to the 
location of the removed 30-inch gate valves will be lined with new 24-inch steel pipes.  
Temporary end plates will be fabricated with vents for grouting and the annulus between 
the new and old pipes will be filled with grout.  The existing partial concrete pipe 
encasement for the 30-inch pipes will be extended to support to new liner pipes.   

4.5 Knife Gate Valves 

Two new 24-inch diameter knife gate valves will be installed on flanges on the new 
parallel 24-inch diameter liner pipes.  A short pipe length on a pipe support will be 
installed on the downstream side of each of the valves and will provide additional support 
for the valves.       

4.6 Controls and Valve Control House 

Flow measurement for the reservoir outlet works is currently provided by a Parshall 
flume and recorder on Fourmile Creek downstream of the dam.  No additional 
flowmeters will be installed.  The reservoir water surface elevation measurement is also 
already provided onsite and no additional water surface elevation gaging will be installed.  

Discharge through the outlet works will be controlled by the two new 24-inch diameter 
knife gates installed in the valve chamber.  The upstream 30-inch by 30-inch sluice gate 
will function as a guard gate and typically be fully open or fully closed.   
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All three gates will be hydraulically actuated using a single hydraulic power unit (HPU) 
to be located in the reconstructed valve control house near the dam crest.  The HPU will 
be equipped with a hand pump for backup operation.  Each hydraulic cylinder will be 
equipped with a transducer to provide continuous position feedback and valve percent 
open will be displayed on the control panel for the HPU.  The operator will adjust valve 
position using momentary switches on the control panel.       

The new valve control house will be constructed on the existing 10-foot by 10-foot 
concrete foundation.  The new structure will be built on site with a wood-frame and  
metal siding and roof.  The existing steel access ramp will be integrated into the new 
structure and continue to provide the only access to the building.  An access panel will be 
provided in the floor to provide access to the vertical shaft and piping below for 
maintenance.  Secondary access to the valve chamber will be through the rock cut tunnel 
outlet to Fourmile Creek.       

A 32-inch square opening to act as an air vent will be saw-cut into the existing concrete 
foundation.  The opening will be located about 1.0-ft from the top of the foundation wall 
and is not expected to experience significant loading.  The opening will be protected with 
a welded steel plate frame grouted into the wall, and an outside face steel frame with 
stainless steel screen will be attached on the outside face of the concrete foundation wall 
to keep out wildlife.  The outside steel frame will be anchored into the concrete with 
epoxy anchors to hold the stainless steel wire mesh in place. 

4.7 Grouting Abandoned Outlet Works Conduits 

Two existing 16-inch diameter outlet works pipes that were previously improperly 
abandoned will be filled with concrete grout for their entire length up to the point of 
upstream blockage.  The grouting will prevent future collapse of the pipes and prevent 
seepage flows and possible piping of embankment materials through the pipes.  In 
addition to grouting of the pipes, a filter diaphragm will be installed at the discharge point 
of the pipes and is discussed in the next section.   

4.8 Filter Diaphragm 

A filter diaphragm has been designed for the abandoned outlet works pipes.  The area 
around the outlet works discharge point will be excavated to a minimum depth of 2 feet 
below the pipes and 5 feet on each side.  The area will be backfilled to a minimum depth 
of 2 feet above the pipes with a filter sand.  Slotted drain pipe 6 inches in diameter will be 
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installed in the filter sand and non-perforated pipe used to drain collected flow to 
Fourmile Creek approximately 50 feet away.         
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SECTION 5 - CONSTRUCTION CONSIDERATIONS 

5.1 Construction Sequence 

The construction sequencing of the outlet works for this project is critical because the 
reservoir will not be lowered for construction.  An initial set of tasks will be carried out 
underwater and require divers.  A general sequence of construction activities is provided 
below beginning with underwater construction activities. 

Underwater construction tasks: 

1. Remove the existing intake structure trash rack and supports. 

2. Construct a concrete and structural steel attachment structure within the existing 
intake that will allow attachment of a new sluice gate. 

3. Install a new heavy-duty, 30-inch by 30-inch sluice gate to act as a guard gate.  
Also, install a hydraulic actuator and associated piping. 

4. Close the new guard gate and dewater the downstream outlet works.    

5. Install a new trash rack. 

The following rehabilitation work will be carried out in the dry after closure of the new 
outlet works guard gate: 

6. Remove the existing dual, 30-inch diameter gate valves and associated valve 
stems and supports.  

7. Install 24-inch diameter steel pipe liners within the existing 30-inch diameter 
pipes and grout in place. 

8. Install new, dual 24-inch diameter knife gate valves, hydraulic actuators and 
associated piping. 

9. Demolish and remove the existing valve house structure located near the dam 
crest. 

10. Construct a new valve house structure on the existing concrete foundation and 
install a hydraulic power unit and associated controls to operate the new sluice 
gate and knife gate valves.   

Grouting of the existing abandoned 16-inch diameter outlet works pipes and installation 
of the associated sand filter is not dependent on flow control at the existing outlet works.  
This task is an independent activity and its timing will be determined by the contractor.   
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5.2 Reservoir Operations 

It is expected that construction of the outlet works improvements will require 
approximately 8 weeks.  The reservoir level will not be lowered for construction because 
of concerns over sediment management.  During construction, the reservoir outlet works 
will not be functional.  The contractor will be required to provide a minimum 1,200 
gallon-per-minute pump for the duration of construction in order to meet downstream 
water rights.  Pumped water will be discharged to the rockcut spillway and from there 
flow into Fourmile Creek.   

5.3 Construction Materials 

5.3.1 Trash Rack 

The replacement trash rack components will be fabricated out of carbon steel and 
galvanized.  

5.3.2 Sluice Gate Attachment Structure 

The sluice gate attachment structure will be constructed out of structural steel, a cast-iron 
wall thimble provided by the gate manufacturer and concrete poured in place.  Structural 
steel elements will be fabricated out of carbon steel and then galvanized.  A neoprene, 
hollow j-bulb seal will be used between steel members and existing concrete to minimize 
leakage.  Concrete will be appropriate for underwater placement by tremie methods.  It 
will have a maximum aggregate size of ¾-inch and a minimum 28-day compressive 
strength of 4,000 pounds-per-square inch (psi).   

5.3.3 Tunnel Grouting Repairs 

Cracks and leaks in the existing concrete tunnel wall downstream of the inlet structure 
will be repaired using a flexible, hydrophobic, polyurethane grout.   

5.3.4 Pipe, Conduit and Tubing 

The existing parallel 30-inch steel outlet conduits are to be lined with 24-inch diameter 
steel pipes having a wall thickness of 0.25 inches.  The annulus between the existing and 
new pipes will be filled with pumpable cement grout. 
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Stainless steel tubing will be used to convey hydraulic fluid for control of the gates.  
Tubing and transducer cable for gate operation will be carried in 3-inch nominal 
diameter, schedule 80 galvanized steel conduit.   

Vent pipe for the outlet works will be 6-inch nominal diameter schedule 80 galvanized 
steel pipe.    

5.3.5 Gates 

The new 30-inch by 30-inch sluice gate will be the heavy-duty type constructed of cast 
iron.  The hydraulic actuation cylinder for the gate, including all fasteners and fittings 
will be constructed of stainless steel and will be heavy duty and appropriate for 
submerged duty.   

The two new 24-inch diameter knife gate valves will be constructed of cast stainless 
steel.  Actuators including all fasteners and fittings will be constructed of stainless steel. 

5.3.6 Valve House 

The new valve house will be an insulated, wood-frame structure with painted galvanized 
metal siding and roof.  The valve house will be designed to allow for lifting and removal 
by crane if necessary for valve maintenance and otherwise designed in accordance with 
Teller County building code. 

5.3.7 Grout for Abandoned Outlet Works Pipes 

The abandoned 16-inch outlet works pipes will be filled with a flowable concrete grout.  
The grout mix will include additives for set retarding, anti-washout and minimization of 
shrinkage.  

5.3.8 Diaphragm Filter 

Construction of the diaphragm filter for the abandoned outlet works will utilize a select 
sand material for the filter, perforated and non-perforated PVC drain pipe and a concrete 
outlet structure to Fourmile Creek.  
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SECTION 6 - OPERATIONS AND MAINTENANCE 

6.1 Operations 

Primary control of releases through the rehabilitated outlet works will be accomplished 
using the 24-inch diameter knife gate valves.   The upstream 30-inch square sluice gate 
will be used as a guard gate and typically positioned fully open or fully closed.  The 
hydraulic power unit, controls and position indication for all gates will be located in the 
reconstructed valve control house located near the dam crest.   Training and operating 
instructions for all equipment will be provided by equipment manufacturers through the 
construction contractor. 

6.2 Routine Maintenance 

6.2.1 Gates Actuators and Control Equipment 

Water control gates, actuators, and control equipment will require regular maintenance.  
Some general recommendations for maintenance and inspections are provided below: 

 All of the water control gates should be tested over their full range of operation at 
least once every 6 months.  Any problems should be addressed immediately. 

 Inspect the submerged sluice gate, gate attachment structure, gate actuator, 
submerged piping and connections at 5-year intervals.   

 Inspect the knife gates, actuators and associated piping at least annually and after 
any significant flood releases or events resulting in significant inflows of debris to 
the reservoir. 

 The packing of the knife gates will require adjustment over time to minimize 
leakage.  Follow the gate manufacturer’s instructions for tightening of the packing 
bolts.   

Detailed maintenance requirements and instructions for all new equipment will be 
provided by equipment manufacturers through the construction contractor.  All 
manufacturer’s instructions should be followed and their specific instructions should 
govern if more stringent than any of the general recommendations given above. 
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6.2.1 Outlet Works Structures 

Outlet works structures should also be carefully inspected on a regular basis.  The 
frequency of inspections will depend on whether a particular facility is located above or 
below the water surface and if any significant flow events have occurred: 

 Facilities located above the water surface should be inspected at least annually 
and additionally after any large discharge event.   

 Facilities located below the water surface should be inspected at 5-year intervals.   

In general, minimum inspection items are as follows: 

 Any cracking or movement observed in concrete structures should be documented 
and monitored.   

 Any cracks or leaks within the concrete outlet works tunnel should be 
documented and monitored.   

 Corrosion of steel pipe, pipe appurtenances, steel structures, attachments and 
fasteners should be monitored. 

Any identified maintenance or repair needs should be addressed as soon as possible.  

The preceding recommendations apply only to the rehabilitated outlet works.  Additional 
inspections related to seepage, the abandoned outlet works and other elements of the dam 
may be required by the SEO.    
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