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EXECUTIVE SUMMARY 

To be added upon receipt of GBRA comments. 
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1.0 INTRODUCTION  

H-5 Dam, also known as Lake Wood Dam, is located in Guadalupe County approximately three miles 

southwest of Gonzales, TX on the Guadalupe River. The dam (NID: TX01913) is classified as an 

intermediate-sized high hazard dam. The dam consists of two 85-foot wide by 13-foot high Huber and Lutz 

roof-weir service spillway gates. Figure 1-1 shows an aerial view of the spillway.  The dam is owned and 

operated by the Guadalupe-Blanco River Authority (GBRA). During the passage of flood event in 2016, the 

north spillway gate at H-5 Dam was heavily damaged with a portion of the gate failed washing 

downstream. GBRA tasked Freese and Nichols, Inc. (FNI) with performing a site visit and preliminary 

evaluation of the gate failure. Subsequent assignments have included development of a conceptual level 

dewatering system, a testing program of the existing gate, interim repairs to similar gates at various dams, 

and a preliminary engineering report for gate replacement alternatives.  This report focuses on the gate 

replacement alternatives for H-5 Dam. 

 

Figure 1-1: Aerial View of H-5 Dam Spillway 

1.1 DAM HISTORY AND PERFORMANCE 

H-5 Dam is one of a series of six dams intended to produce power from the Guadalupe River. The dams 

were designed by Fargo Engineering around 1927. Final construction of the six dams was completed 

around 1933 by the Texas Power Corporation which then assumed ownership of the dams. The dams are 

collectively known as the Guadalupe Valley Hydroelectric System (GVHS) and shown in Figure 1-2.  GBRA 

was formed in 1933 by the Texas legislature with a primary responsibility to manage the water supply and 

water conservation in the Guadalupe River Basin.  Shortly after formation, GBRA assumed ownership and 

operations responsibility for the GVHS and has been successfully operating the dams throughout nine 

Existing bear 

trap gates 
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decades.  GBRA’s Guadalupe Valley Hydroelectric Division operates the six dams and hydroelectric plants 

located in Guadalupe and Gonzales counties that generate electricity for the Guadalupe Valley Electric 

Cooperative (GVEC). 

 

Figure 1-2: Guadalupe Valley Hydroelectric System Dam Location Map 

  

All six GVHS dams utilize Huber-Lutz (bear trap) style gates for passing river flows. Two of the six dams 

have three bear trap gates in their principal spillway, all others have two gates. The bear trap gates are 

situated upon a concrete base structure with features that accommodate the gate structure within 

pockets when it is lowered to pass flood waters. A concrete pier separates gates from one another and 

the gates are bounded by concrete abutments on each end of the spillways. The side seals of the gates 

traverse along a vertical concrete face at each pier and abutment. All gates share a common height of 

approximately 12 feet and spans range from 85 feet to 99 feet per gate depending on the location at the 

various GVHS dam sites. The primary gate structure consists of structural steel framework. The skin across 

the top of all framework consists of wooden planks with splined joints for water-tightness. 

GBRA passes local storm flows and releases from Canyon Dam by first operating the turbines at each 

installation. When the flows exceed 2,500 to 4,000 CFS, GBRA must pass the flood flows over the bear 

trap gates as necessary to maintain the upstream reservoir elevation.  For inflows below the capacity of 

the spillway, GBRA can throttle flows over a partially lowered gate while maintaining the normal 

headwater to the maximum degree possible. For large inflows, there is insufficient spillway capacity to 

maintain normal pool headwater, so the reservoir levels will rise uncontrollably during major floods when 

spillway capacity is exceeded.   

H-5 Dam consists of a concrete spillway with two 85-foot wide bear trap gates; a turbine electrical 

generating plant; and an approximately 1,400-foot-long earth fill embankment. H-4, H-5, and TP-4 dams 
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were generally described in a single set of plans and critical elevations were the primary differentiator on 

the gated spillway sections. Powerhouse and embankment drawings were more specific to each site 

rather than general.  

1.2 PROJECT PURPOSE 

The bear trap gates have been in service for over 80 years at the GBRA facilities. Advances in dam design 

have seen new low-head gates installed at many facilities around the United States. As part of a follow-

up study to the preliminary H-5 gate failure evaluation, GBRA tasked FNI with studying three gate 

replacement options. The three replacement options evaluated for the replacement of the existing bear 

trap gates include: 

1. Obermeyer crest gate system,  

2. Hinged crest gates operated by hydraulic cylinders, 

3. Modernized bear-trap gate system.  

 

A critical aspect in the evaluation of the replacement gate system is to match as closely as possible the 

capacity and discharge characteristics of the existing bear trap gate system to avoid adverse upstream or 

downstream impacts during flood event discharges. Other key considerations for the evaluation include 

structural modifications to the existing dam to accommodate each alternative and operation and 

maintenance procedures. These topics are discussed in subsequent chapters along with preliminary 

opinions of probable construction costs, life cycle costs, and scheduling considerations. Although the 

primary focus of this study is to provide recommendations for the replacement of the damaged gates at 

H-5 Dam, additional narrative is provided to address the long-term upgrade of the gates at all of the GVHS 

facilities.  

1.3 GATE-TYPE REPLACEMENT SELECTION CRITERIA 

Eleven selection criteria were established in collaboration with GBRA to compare the various spillway gate 

options being considered for replacing the existing bear-trap spillway gates at the GVHS facilities:  

1. Hydraulic performance 

2. Ease / Flexibility of gate operations 

3. Reliability of gate operations (raising and lowering) 

4. Handling of debris and sediment  

5. Compatibility with existing structures   

6. Flood risk during construction 

7. Construction / Implementation schedule 

8. Routine maintenance requirements 
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9. Availability of service, parts, and support 

10. Ability to automate dam operations 

11. Cost efficiency (Capital, Life cycle, and O&M) 

The criteria established for comparisons are defined as follows: 

1. Hydraulic performance - Ability of the replacement gate system to maintain the lake elevations 

during flood conditions as compared to the existing gate system.  This criterion includes the 

potential for flow induced vibration of the gate systems that might interfere with proper 

operation of the gates.   

2. Ease / Flexibility of gate operations – Ability of the replacement gate system to be operated by 

minimal on-site staff possessing training and experience available in the local workforce.  This 

criterion is to address the capability of the gates to be set at any position across their full operating 

range as required to maintain lake levels within established ranges/flows.  

3. Reliability of gate operations - Reliability that the replacement gate system can be operated 

through the full range of opening and lowering during both normal/low flow operation conditions 

and during flood operations.  This criterion includes consideration of the vulnerability to 

vandalism and intentional acts that might disrupt the proper operation of the gate system. 

4. Handling of debris and sediment - Ability of the replacement gate system to pass floating and 

submerged debris and to operate properly in the presence of gravel and sediment transported by 

the river flows or deposited near the spillway. 

5. Compatibility with existing structures - Ability to install the replacement gate system without 

requiring substantial modifications to the existing structural elements and/or configuration of the 

dam.  The criterion includes the ability to apply the preferred gate replacement system at Lake H-

5 dam to the long-term upgrade of the gates at the remaining five GVHS dams. 

6. Flood risk during construction – The risk of impeding passage of river flows around the work site 

during flooding conditions that occur during the construction period, resulting in elevated 

upstream reservoir levels, damage to the dam structures, foundation, or surrounding features, or 

increased downstream flooding.  This criterion includes the ability to construct temporary 

dewatering facilities to protect the work in-progress. 

7. Construction / Implementation schedule – The length of time required to complete the detailed 

engineering design, construction, and commissioning related to replacement of the spillway 

gates.    

8. Routine maintenance requirements – The level of routine maintenance activities required to keep 

the replacement gate system fully functional and operational through the service life.  This 

criterion includes the ability of the maintenance to be performed by GBRA’s staff following 

receiving reasonable training in operations and maintenance. 

9. Availability of service, parts, and support – Availability of gate manufacturer’s technical support, 

service labor, spare parts, and replacement equipment as required to provide for the long-term 
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on-going operation and function of the facilities, including consideration for multiple sources of 

support in the event of future changes in business arrangements of individual manufacturers / 

service providers.   

10. Ability to automate dam operations – Ability to operate the replacement gate system without 

manual intervention other than granting permission to operate either locally at the dam site or 

from a remote location away from the dam site.  Lowering or raising of the gate is based on the 

feedback provided by upstream lake level instrumentation and/or downstream flow 

measurement stations to maintain a desired lake levels throughout the dam and river/reservoir 

system. 

11. Cost efficiency (Capital, Life cycle, O&M) – Required financial investment to provide a complete 

replacement gate system.   This criterion considers initial capital costs, life cycle costs including 

scheduled maintenance, repairs and component replacements, and operating costs associated 

with normal operations and operations during flood event conditions.  

The criteria listed was the basis for comparing gate-types for replacement of the existing bear-trap gates, 

including both cost and non-cost factors. Each of the three gate replacement options were evaluated 

individually based on the established criteria and a decision matrix was then used to rank the gate 

replacement options based on the selection criteria.      



H-5 Gate Replacement 

Evaluation Technical Memorandum 

8 

2.0 GATE REPLACEMENT ALTERNATIVES 

The three replacement options were evaluated for the replacement of the existing bear trap gates include: 

1. Obermeyer crest gate system,  

2. Hinged crest gates operated by hydraulic cylinders, and  

3. Modernized bear-trap gate system. 

The evaluation of all three gate replacement options assumed a 50-year service life for the proposed gate 

system improvements. 

2.2 CONSTRUCTION RISK CONSIDERATIONS 

There are numerous considerations associated with managing flood risk while replacing the existing gate 

systems, regardless of the system selected, including:  

1. How to protect the work from reservoir headwater and tailwater fluctuations 

2. How to plan and configure temporary river diversion facilities 

3. How to continue project operations during construction 

4. Accessibility to the work area 

The considerations above are relevant to all replacement gates systems options considered at H-5 Dam 

and the other GVHS dams.  Protection of the construction site from both headwater and tailwater will 

require the development of dewatering systems and cofferdams to manage the risk of inundation during 

the construction activities.  Tailwater can be an issue both from releases through the adjacent gate to 

maintain the upstream reservoir elevation and from generation flows that can result in elevated 

downstream water levels that may impact the temporary construction staging or work in progress.  

Downstream tributaries can also contribute to back water effects in the downstream channel that may 

result in an increased tailwater elevation condition.  The contract documents for construction will need 

to provide requirements for the contractor to protect the work site from headwater, tailwater, and local 

drainage and stormwater run-off.   

Accessibility restrictions pose a challenge to gate replacement construction due to the narrow dam crest, 

which will not accommodate a significant sized crane temporarily supported directly on the existing 

structures.  Access for a work crane will likely therefore be from the area behind the downstream training 

wall and the expected lift reach could easily exceed 100 feet. Maximum gate component weights will need 

to be closely monitored in combination with this long reach. A floating barge should be considered as 

another access alternative but will need to be closely evaluated and carefully monitored due to normal 

river releases being passed through the south gate which can result in potentially swift currents 

immediately downstream of the construction area.  Although the existing bear trap gate at H-5 Dam has 

failed resulting in a lowered condition of the reservoir, it is envisioned that a temporary dewatering 
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system would be installed upstream of the gate to maintain the upstream reservoir near normal pool and 

therefore allow barge access during construction of the gate replacement project. 

2.3 OBERMEYER CREST GATES 

2.3.1 General Description and Overall Configuration 

The Obermeyer crest gate is a proprietary system that is supplied by Obermeyer Hydro, Inc., 

headquartered in Northern Colorado. This proposed replacement gate system option for H-5 Dam consists 

of four bottom-hinged, steel gate panels supported on the downstream side by pneumatically-controlled 

rubber air bladders. Typical cross sections of the Obermeyer replacement gate, in open and closed 

positions, are shown in Figure 2-1 and Figure 2-2.  

The concept involves the use of air pressure and inflatable bladders to raise or lower the overlying gates 

to various positions depending upon the desired release rate of flow.  At Lake H-5 Dam, the replacement 

Obermeyer crest gates would span the same 85-foot width and impound 12-foot height of water similarly 

to the existing bear trap gate system.   

  

Figure 2-1: Obermeyer Gate Cross-Sections (Open) 

 

Figure 2-2: Obermeyer Gate Cross-Sections (Closed) 

 

GRAVEL FILL 

GRAVEL FILL 
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Figure 2-3 presents a picture of the crest gates during installation for a typical Obermeyer gate system. 

 

 

Figure 2-3: Typical Obermeyer Crest Gate Configuration (during installation)  

2.3.2 Criteria Evaluation for Obermeyer Crest Gate System 

The following provides an evaluation of the Obermeyer crest gate option based on the selection criteria 

identified for comparing the gate replacement options: 

Hydraulic Performance:  

The use of an Obermeyer gate is not expected to cause a significant change in the overall spillway capacity 

since it would fit in the same area of the bear trap gate. As discussed in Appendix A, the hydraulic 

performance of the Obermeyer gate was evaluated in a CFD model and found to have minimal impact on 

the spillway hydraulics. The downstream flow profile with the Obermeyer crest gates is similar to the bear 

trap gates, both with the gates throttled partially open and in the fully lowered position.  Therefore, it is 

anticipated that the hydraulic capacity of an Obermeyer crest gate system would be effectively equivalent 

to the bear trap gates.   

Ease / Flexibility of Gate Operations 

The Obermeyer crest gates can easily be oriented at the highest gate position, the lowered position (both 

shown in Figure 2-1 and Figure 2-2, or at any position in-between to provide flexibility in discharge control.  

The overall operation of the Obermeyer system will be similar to the current bear trap gate operation in 

that the gates can be positioned to any elevation within their range of movement. This will allow GBRA to 

the ability to match the current gate operating plan and regulate flows as have occurred for many years. 
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In contrast to the current system of operation, control will be performed pneumatically via valves and 

regulators rather than through physical control of water intakes and releases. One benefit of the 

Obermeyer crest gate system is the ease of operation, which can be fully-automated as described below 

under Ability to Automate Dam Operations.  To lower the gate, the operator opens and closes a system 

of valves to deflate the bladder. The operator can regulate lake elevations to precise levels by partially 

deflating or inflating the bladders. This use of air as an operating medium will eliminate previous 

operational issues including plugged trash racks, leaking seals, and gate leaf separation leakage.  If 

properly configured, the Obermeyer Crest Gate System and associate pneumatic control system could be 

operated by a single employee possessing the typical training and experience available in the local work 

force.    

Reliability of Gate Operations:   

Hinged crest gate systems such as Obermeyer Gates are inherently reliable due to their straightforward 

design consisting of steel plates and ribs and simple raising and lowering motion through the full range of 

travel.   In the proposed configuration, four air bladders would be controlled by an air compressor system 

located at the existing regulating pier with an air pipe running to each of the four bladders.  The pneumatic 

operators include an air tank, compressors, and air lines. The air tank helps to regulate the pressure within 

the bladder by bleeding smaller portions of air into the system without the compressors having to 

continually activate. The current spillway configuration for the bear trap gate structure includes a large 

tunnel that runs along the upstream face that allows water to enter the gate cavity for gate operation. 

The tunnel would provide the conduit route for air supply lines to the bladders, providing protection from 

the environment and against intentional acts to disrupt gate operations such a vandalism.  As such, the 

existing tunnel cavity would need to remain accessible to allow future access to inspect/service/repair the 

pneumatic air lines.   

 

The configuration of the air bladders on the downstream side of the crest gates is vulnerable to vandalism 

and intentional acts that can damage the bladders and disrupt the proper operation of the dam.  An 

optional protective steel shield can be configured to provide protection to the bladders as depicted in 

Figure 2-4.  This optional protective shield is included in the cost opinions.   
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Figure 2-4: Obermeyer Gate with Protective Skin Plate Cross-Section 

 

Handling of Debris and Sediment: 

Since the air bladders will be exposed to overtopping flows during partial releases, a CFD study was 

conducted to evaluate the discharge flow patterns for the proposed Obermeyer crest gate configuration.  

The CFD study showed that the water nappe does not directly impact the bladder. However, the CFD study 

revealed that debris can become trapped in recirculation flows behind the gates. While the conditions 

modeled generally found that debris did not directly impact the bladder, this possibility cannot be ruled 

out.  In discussions with the CFD modeling team from River Restoration, they have had experience at two 

project sites (Vail, CO and Bend, OR) with gravel buildup behind the gate beneath the bladder, causing a 

restriction in airflow in the bladder.  The potential for this to occur at the GBRA facilities exists as It is well 

known that sediment build up occurs inside of the bear trap gates during flood passage. 

As a preventative measure, the protective steel shield, as mentioned previously, should be installed to 

protect the bladder.  The shield will need to be designed to provide for the proper movement as the crest 

gate raises and lowers while considering the presence of sediment and gravel accumulation downstream 

of the gate.   

Compatibility with Existing Structures:    

Although structural modifications will be needed to accommodate the new crest gate configuration, an 

advantage of the Obermeyer crest gate system option is that the new crest gates can be sized to fit within 

the area occupied by the existing bear trap gates.  The Obermeyer crest gate system will require 

GRAVEL FILL 
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modifications to the existing training walls, the existing bear trap gate concrete support structure, and the 

existing powerhouse.   

The existing training walls will require modification to provide a smooth surface for the Obermeyer gate 

side seal to bear on during operations. The smooth surface will be achieved by installing a seal plate on 

the vertical concrete face at each end of the gate. The existing training wall abutting the bear trap concrete 

structure has a vertical concrete face, which the current bear trap gates seal against. The existing concrete 

surface is not suitable for the new Obermeyer crest gate seals. For this application, a stainless-steel plate 

is suitable due to a low friction value and longer service life. There are two ways in which these plates can 

be installed. The first is to cut a slot in the existing concrete to form a “pocket”. The “pocket” would need 

to be deep enough into the wall face to allow for anchors and placement of grout under the plate.  The 

second approach is to mount the plate on the existing training wall face atop a leveling grout pad. This 

approach minimizes the required modifications to the existing training wall, but would require drilling 

anchors into the existing wall and mounting the stainless-steel plate over the grout pad. The gate width 

would be reduced by the thickness of the grout pad and steel plate.  Although this small reduction in gate 

width would likely be insignificant to the overall discharge capacity of the spillway, the configuration 

should be evaluated during final design to avoid any detrimental impact to the hydraulic performance of 

the structure. 

A large cavity exists below the gate when the gate is in a down position. A portion of this cavity will have 

to be infilled with concrete to establish a base for the bladders as show in Figure 2-1 and Figure 2-2 in 

order to install the Obermeyer crest gate system.  This infill can be cast into a shape to help with the 

hydraulics of the structure.  The final design will need to consider the additional loading of the concrete 

in-fill on the existing concrete structure and existing gravel fill within the large structural cavity.  Finally, 

there may be necessary modifications to the powerhouse to house the compressors and associated 

pneumatic equipment.  

Flood Risk During Construction: 

The configuration of the proposed Obermeyer crest gate system allows for construction activities to 

proceed in the existing spillway bay with the damaged bear trap gate behind dewatering system while the 

existing second bear trap gate is used to pass flows during construction.  Once the first Obermeyer crest 

gate is operational, the dewatering system would be removed, installed in front of the second gate, and 

the new crest gate used to pass flows during construction of the second Obermeyer crest gate.    The 

primary risk during construction is directly related to the duration of time that the dewatering system is 

installed limiting the total discharge capacity of the spillway and increasing the risk of elevated upstream 

reservoir levels during flood events.    
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Routine Maintenance Requirements: 

The primary maintenance activity associated with the Obermeyer crest gate system consists of 

maintaining the air system in good working order. This includes all valves, regulators, driers, and tanks. 

According to Obermeyer personnel, the bladders are considered robust and typically do not require 

routine maintenance. However, the bladders should be inspected every six months or after storm events 

for minor leaks or damage and spot repaired as needed.  

As with any gate system, there will be short-term and long-term maintenance items that GBRA should 

consider. Many of the short-term maintenance items including those described above can be performed 

as part of the typical scheduled preventative maintenance program. These include inspecting and 

servicing the gauges, valves, tanks, filters, tightness of the anchor bolts, and the bladders for air leaks.  

Availability of Service, Parts, and Support: 

The Obermeyer crest gate system uses a proprietary rubber bladder system that is manufactured 

specifically to Obermeyer’s specifications.  Although the parts and service for the pneumatic control 

components are readily available from multiple vendors, the bladders and overall system support are 

provided by a single source, Obermeyer.  In the event that Obermeyer unexpectedly ceased business 

operations at some time during the service life of the gate system, there is not an alternate vendor to 

provide replacement bladder and overall technical support for the Obermeyer crest gate system.     

Ability to Automate Dam Operations: 

The Obermeyer crest gate system is operated using a system of pneumatic valves controlled by a 

programmable logic controller (PLC).  The configuration of the gate control system is easily automated to 

provide fully-automatic operation of the gate system with supervisory control either locally at the dam 

site or from a remote location away from the dam site.  It should be noted that even with fully automated 

crest gates, advanced warning and operator attention are recommended prior to beginning spillway 

releases to address the presence of debris, foreign objects, or persons near the gate and spillway.  Video 

surveillance in combination with daily visual checks could be used to monitor the ongoing conditions of 

the dam during flood operations.     

Cost-efficiency (Capital, Life Cycle, O&M): 

The opinion of probable total project cost for replacing the existing two bear trap gates at H-5 with an 

Obermeyer Crest Gate System is $7,349,000.  The detailed cost opinions are provided in Section 5, along 

with the assumptions made for all options as part of the estimating process.  The anticipated repair costs 

during service are included in life cycle costing of this Obermeyer Crest Gate System alternative and 

considerations for the life cycle cost are noted below. 
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Although a 50-year service life was assumed for the gate improvements, there are long-term maintenance 

considerations and replacement parts that GBRA will need to plan for as part of O&M, such as the 

bladders, seals, gate coating, and potential gate leaf repair. For this assessment, a 25-year bladder 

replacement cycle was assumed based on information obtained from Obermeyer as to the expected life 

of the rubber bladders.   

The Obermeyer gate panels at H-5 would be fabricated from steel and coated with an epoxy paint.  The 

protective coating system for the gates and the seals would have a design life of 15 to 20 years and were 

assumed to require replacement two times during the design life of the gate. Other more expensive 

protective coating options for consideration in final design include hot-dip galvanizing or metalizing which 

can provide reduced maintenance throughout the service life of the gates.   

The coating system is intended to protect the steel structure from corrosion, but experience proves that 

no matter how effective the coating, some amount of steel corrosion is expected.  In addition, damage to 

the steel of the leaf gate should be expected over the service life of the gate due to environmental 

conditions and flood operations.  Structural repairs should be planned to address vandalism, debris 

impact, or other miscellaneous occurrences.  

2.4 HYDRAULIC CREST GATE 

2.4.1 General Description and Overall Configuration 

The hydraulic crest gate is a bottom-hinged structural steel gate that uses hydraulic cylinders to control 

its movement. There are two different possible configurations for raising/lowering the crest gate for H-5 

Dam:  

1) Overhead cylinders that lift the gates from each end, and  

2) Hydraulic cylinders positioned underneath the gate on intermittent spacing.  

The hydraulic cylinders provide push/pull forces and can either lower or raise the gate using the force of 

a ram and hydraulic pressure.  Figure 2-5 and Figure 2-7 present pictures of a typical hydraulic crest gate 

system with the configuration of overhead cylinders that lift the gates from each end.  

A typical cross section of the proposed hydraulic crest gate configuration with overhead cylinders to 

replace the existing bear trap gates at H-5 Dam is shown in Figure 2-6. When the overhead cylinders lift 

from each end, they must be protected from flood flows and debris impinging directly on the extended 

hydraulic cylinder arms. This protection can be achieved by extending the spillway walls out approximately 

two feet at both the interior pier and at the abutment pier face. This wall extension would serve to deflect 

flows away from the hydraulic cylinders, however the extension will reduce the gate width below the line 

of the cylinder arm travel.  To avoid a reduction in spillway discharge capacity, additional structural 

modifications are required to address this reduction in gate width as discussed below under Hydraulic 

Performance. 
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      Figure 2-5: Typical Hydraulic Crest Gate Configuration with overhead cylinders 

It should be noted that past flood operations at TP-4 Dam have resulted in severe damage to the existing 

bear trap gates on several occasions.  Due to the longer length of the spillway gates at TP-4 Dam and the 

proposed use of hydraulic cylinders to lift the gates from the ends, the design of replacement gates at TP-

4 Dam must include adequate bracing to accommodate the extreme submergence and vibration forces 

that have resulted in the past damage to the existing gates.  

 

Figure 2-6: Hydraulic Crest Gate Cross Section 

 

GRAVEL FILL 
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Figure 2-7: Typical Cylinder Configuration (Courtesy of Steelfab, Inc.) 

A typical cross section of the proposed hydraulic crest gate with cylinders positioned underneath is shown 

in Figure 2-8. For this configuration, substantial modifications would be required for the existing concrete 

structure of the spillway. Based on gate and support structure geometry, there is limited room available 

for hydraulic cylinders to be mounted under the gate. With the current space configuration, the cylinders 

do not have enough room to operate the gate through its full range if they are mounted to the existing 

slab. To address this situation and provide the full stroke required, a porthole would need to be cut in the 

existing slab at each cylinder location and a new cylinder vault cast into the lower hollow portion of the 

concrete structure. In addition to casting a cylinder vault, it would be necessary to add additional mass 

concrete to fill in the existing cavity below the crest gate and possibly provide additional structural 

capacity to support the cylinders. Steel cover plates on tracks could be provided to protect the cylinder 

vaults from debris as shown in Figure 2-9; however, debris within the tracks could cause operational 

issues. The cylinder vaults would be submerged when the gate is lowered and the cover plates with rubber 

boots would be needed to keep sediment and debris away from the cylinders. 
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Figure 2-8: Conceptual Modification for Hydraulic Cylinders under Crest Gate 

 

 

Figure 2-9: Steel Cover Plate Concept 

Due to the location of the spillway in the river channel and the existence of recirculating flow patterns 

downstream that tend to draw sediment and gravel into the area immediately below the gates, it is likely 

that sediment accumulation would be an issue for locating cylinders downstream of the gates at H-5 Dam 

or other GHVS sites.  Cases of issues related to debris damage to the hydraulic cylinders and associated 

hydraulic piping are documented for hydraulic cylinders located downstream of gates in riverine 

environments.  

Considering the substantial required structural modifications and the likelihood of issues related to debris 

and sediment, the installation of hydraulic cylinders on the downstream side of the crest gates is not 

recommended at H-5 or the other GVHS sites.  Therefore, the evaluations for a hydraulic crest gate option 

for replacement of the existing bear trap gated at H-5 Dam or the other GVHS sites are based on the 

option configured with overhead cylinders that lift the gate from each end. 

GRAVEL FILL 
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2.4.2 Criteria Evaluation for Hydraulic Crest Gate System 

The following provides an evaluation of the Hydraulic Crest Gate System option based on the selection 

criteria identified for comparing the gate replacement options: 

Hydraulic Performance:  

The recommended Hydraulic Crest Gate System option, with overhead cylinders lifting from each end of 

the crest gate, will require modifications to the spillway to avoid impacting hydraulic capacity. Hydraulic 

evaluations were performed to assess the effects of reducing the gate width approximately four feet per 

spillway bay to accommodate the expanded section of the center pier and abutment walls to protect the 

hydraulic cylinder arms. Preliminary calculations indicate that the four feet loss of width can be offset by 

lowering the existing spillway crest approximately one foot. A small amount of concrete would need to 

be removed to accommodate the lower crest elevation and maintain the overall spillway capacity.  The 

downstream flow profile with the hydraulic crest gates is similar to the existing bear trap gates, both with 

the gates throttled partially open and in the fully lowered position.  As such, it is anticipated that the 

hydraulic capacity of a hydraulic crest gate system would be effectively equivalent to the existing bear 

trap gates following modifications the center piers, abutment walls, and crest elevation.   

Ease / Flexibility of Gate Operations 

As with the Obermeyer crest gates, Hydraulic crest gates can easily be oriented at the highest gate 

position, the lowered position, or at any position in-between to provide flexibility in discharge control.  

The overall operation of the Hydraulic Crest Gate System will be similar to the bear trap operation in that 

the gates can be positioned to any elevation within their range of movement. This will allow GBRA to 

generally continue to operate the spillway according to the current gate operating plan and regulate flows 

as have occurred for many years. In contrast to the current system of operation, control will be performed 

via hydraulic pumps, regulators, and valves rather than through physical control of water intakes and 

releases.  A benefit of the hydraulic crest gate system is the ease of operation, which can be fully-

automated as described below under Ability to Automate Dam Operations.  To lower the gate, the 

operator controls the hydraulic cylinder extension to raise and lower the gate. The operator can regulate 

lake elevations to precise levels by extending or compressing the hydraulic cylinders.  This use of hydraulic 

fluid as an operating medium will eliminate previous operational issues including plugged trash racks, 

leaking seals, and gate leaf separation leakage.  If properly configured, the Hydraulic Crest Gate System 

and associated hydraulic control system can be operated by a single employee possessing the typical 

training and experience available in the local work force.    

Reliability of Gate Operations:   

Hinged crest gate systems are inherently reliable due to their straightforward design consisting of steel 

plates and ribs and simple raising and lowering motion through the full range of travel.   In the proposed 

configuration, two hydraulic cylinders attached at the ends of the gates would control each gate with 
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hydraulic piping running to from hydraulic pumps to the cylinders.  The new hydraulic equipment could 

be installed within the existing structures with minor modifications to provide protection from the 

environment and against intentional acts to disrupt gate operations such a vandalism. 

   

Compatibility with Existing Structures:    

The proposed replacement of the existing bear trap gates with a Hydraulic Crest Gate System will require 

significant structural modifications to the existing structures.  The hydraulic crest gate replacement option 

will require modifications to the existing training walls, powerhouse building, the existing middle pier, and 

the existing bear trap gate concrete support structure.  

Hydraulic crest gates would require side seals to prevent leakage at each end of the gate. These new seals 

would need to have a smooth surface to bear on during operation of the gate. The training wall abutting 

the bear trap structure has a vertical concrete face, which the current bear trap gates seal against. This 

existing surface is not suitable for the side seals and a new side seal plate will be required. For this 

application, installation would be similar to that previously discussed for the Obermeyer crest gate 

alternative.  

To accommodate the overhead hydraulic cylinders that lift from the ends of the gate, major modifications 

would be required at the existing left training wall, intermediate (center) pier, and powerhouse building.  

The overhead hydraulic cylinders will each have to pull one half the gate’s dead and live loads. For an 85-

foot-wide gate, this will impart a large bearing load to the center pier and abutment walls. The existing 

infrastructure at H-5 was not designed to handle such large compressive loads as evidence by the small 

training wall thickness and the hollow middle pier.  To handle these increased design loads, the middle 

pier will need to be infilled and reconstructed with concrete corbels to support the bearing loads from the 

cylinders as shown in 

Figure 2-10. This would entail casting new thicker reinforced concrete sections.  In addition, the hydraulic 

cylinders and extension arms will need protection from the flow over the crest gates as previously 

mentioned. As discussed under Hydraulic Performance, a concrete pier extension would protrude 

approximately 2 feet on each side into the existing 85-foot spillway flow width at H-5 Dam.   

The installation of stainless-steel side seal plates for the new seals can be incorporated into the pier 

modifications.  The training walls would require significant modifications to be able to handle the design 

loads of the new hoists as they were not intended to transfer a large compressive hoist load into the 

spillway structure, embankment foundation, and powerhouse. A new concrete support with micro piles 

drilled into the foundation would need to be constructed on the left embankment to provide a structural 

base. This foundation improvement procedure would include excavating the soil behind the wall to 

facilitate construction. The preliminary concepts for the training wall improvements are shown in Figure 

2-11. Additional site investigations are required to better define the extent of necessary structural and 
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foundation improvements to transfer the gate loads through the hydraulic cylinders into the structures 

and foundation.   

Due to the significant nature of the pier modifications consisting of geometric and structural modifications 

required at the center pier, consideration could be given to making the required modifications to both 

gates at once.  However, equal consideration should be given to managing project flood risk including the 

challenges of river diversion and protecting the work in progress if both gates are replaced at once. 

 

Figure 2-10: Middle Pier Modifications 

 

Figure 2-11: Left Training Wall Conceptual Modifications 

Flood Risk During Construction: 
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The configuration of the proposed Hydraulic Crest Gate System will require an additional level of planning 

and coordination to allow construction activities to proceed in the existing gate bay for the replacement 

of the currently damaged bear trap gate behind an installed dewatering system while the existing second 

bear trap gate is used to pass flows during construction of the new gate.  The overall flood risk during 

construction would be greater than either of the other two gate replacement options considered due to 

the extensive structure modifications to the center pier and abutment walls increasing the length of time 

relate to construction activities conducted with temporary diversion facilities and dewatering systems in 

place.  Once the first hydraulic crest gate is operational and associated structural modifications complete, 

the dewatering system would be removed and installed in front of the second gate and the new gate used 

to pass flows during construction of the second hydraulic crest gate.    The primary risk during construction 

is directly related to the duration of time that the dewatering system is installed limiting the total 

discharge capacity of the spillway and increasing the risk of elevated upstream reservoir levels during 

flood events.   The overall duration of the construction period with temporary diversion facilities and 

dewatering systems installed could be reduced by repairing both gates at one time, but additional 

assessments would be required of the risk of having both spillway bays blocked at one time.  

Routine Maintenance Requirements: 

The primary maintenance activity associated with the Hydraulic Crest Gate System consists of maintaining 

the hydraulic control system in good working order. This includes all valves, regulators, compressors 

and/or pumps. Hydraulic cylinders are considered robust and typically do not require routine 

maintenance.  However, the cylinders and entire hydraulic system should be inspected periodically for 

minor leaks or damage and spot repaired as needed.  

As with any gate system, there will be short-term and long-term maintenance items that GBRA should 

consider. Many of the short-term maintenance items including those described above can be performed 

as part of the typical schedule preventative maintenance program. These include inspecting and servicing 

the gauges, valves, pumps, and the hydraulic piping for leaks.  Maintenance would also include filter 

changes, hydraulic stem cleaning, fluid replacement, and seal replacement as needed. Visual inspections 

would be one of the most important maintenance routines.  

Availability of Service, Parts, and Support: 

The Hydraulic Crest Gate System should be specified around a standard hydraulic control system that is 

manufactured by multiple vendors to meet the anticipated specifications.  The parts and service for the 

hydraulic control components are readily available from multiple vendors, and there are numerous 

sources of service for the hydraulic systems and cylinders throughout Texas.  There are many capable 

vendors available to provide replacement system components and overall technical support for the 

Hydraulic Crest Gate System.     

Ability to Automate Dam Operations: 
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A Hydraulic Crest Gate System would operate using a system of hydraulic valves controlled by a 

programmable logic controller (PLC).  The configuration of the crest gate control system is easily 

automated to provide fully-automatic operation of the gate system and supervisory control either locally 

using push button switches at the dam site or from a remote location away from the dam site.  It should 

be noted that even with fully automated crest gates, some operator attention is recommended prior to 

beginning flood event operations to visually examine the gates for the presence of with debris, foreign 

objects, or persons.  Video surveillance in combination with daily visual checks could be used to monitor 

the ongoing conditions of the dam during flood operations.     

Cost-efficiency (Capital, Life Cycle, O&M): 

The opinion of probable total project cost for replacing the existing two bear trap gates with a Hydraulic 

Crest Gate System at H-5 Dam is $7,975,000.  The detailed cost opinions are provided in Section 5, along 

with the assumptions made for all options as part of the estimating process.   

Although a 50-year service life was assumed for the gate improvements, there are long-term maintenance 

considerations and replacement parts that GBRA will need to plan for as part of O&M, such as the 

hydraulic cylinder seals, gate coating, and potential gate leaf repair.  

As with the Obermeyer crest gate option, the Hydraulic crest gate panels at H-5 Dam would be fabricated 

from steel and coated with an epoxy paint.  The protective coating system for the gates and the seals 

would have a design life of 15 to 20 years and were assumed to require replacement two times during the 

design life of the gate. Final design should also consider an option to hot-dip galvanize or metalize the 

replacement gates to provide for reduced maintenance throughout the service life of the gates.  

The coating system is intended to protect the steel structure from corrosion, but experience proves that 

no matter how effective the coating, some amount of steel corrosion is expected. In addition, damage to 

the steel leaf gate should be expected due to environmental conditions or flood operations.   Structural 

repair should be planned to address vandalism, debris impact, or other miscellaneous occurrences.  

 

2.5 MODERNIZED BEAR-TRAP GATE SYSTEM 

2.5.1 General Description and Overall Configuration 

The bear trap gate is known as a Huber-Lutz roof weir gate. The design has been around for at least 100 

years. The existing H-5 bear trap gate is 85-feet wide and approximately 12-feet high. It consists of an “L” 

shaped upstream leaf and a curved downstream leaf as shown in Figure 2-12. Operation of the gate is 

achieved from simple hydraulic principles, i.e. the application of water pressure. No pumps or electronics 

are required to operate the gate. The gate is lowered by filling the gate chamber with water to separate 

the two leaf parts, lifting the locking bars, and then draining the water from the inside of the gate chamber 
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to allow the gate to settle into a lowered position. The operations and hydraulic performance of the 

existing gates at H-5 Dam and the other GVHS dams is well understood by GBRA.   

 

Figure 2-12: Bear Trap Gate Cross-Section 

Despite GBRA’s challenges in operating the existing bear trap gates over the past nine decades of service, 

the existing gates have performed reliably and required little maintenance until recent years. The gate 

failure at H-5 Dam has incited an interest within GBRA for an improved system which includes the option 

of modernized bear trap gates. A Modernized Bear Trap Gate System will consider lessons learned from 

operating bear trap gate systems across North America along with GBRA’s site specific experience. 

2.5.2 Criteria Evaluation for Modernized Bear Trap Gate System 

The following provides an evaluation of the Modernized Bear Trap Gate System option based on the 

selection criteria identified for comparing the gate replacement options: 

Hydraulic Performance:  

The proposed replacement of the existing bear trap gates with a Modernized Bear Trap Gate System 

would not affect the hydraulic performance of the spillways at H-5 Dam or the other GVHS dams.   

Ease / Flexibility of Gate Operations 

The replacement of the existing bear trap gates at H-5 with a Modernized Bear Trap Gates System will 

operate in the similar manner as all other GBRA gates and the system is familiar to GBRA maintenance 

staff.  GBRA has experienced many operational challenges they have dealt with over the years that need 

to be addressed with a modernized bear trap gate installation. The challenges experienced include: 
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1. Excessive side seal leakage with the gates in the raised position, indicating excessive leakage 

at upstream seals along walls 

2. Gate separation at a position about 2 feet down increases leakage and gate drops 

3. Timbers are damaged by impact from debris and weathering.  The available replacement 

timbers are smaller thickness than original timbers, increasing the potential for leakage to 

occur between the members.  The protection for the timbers has varied as the creosoted 

timbers are no longer available and available replacement timbers are protected by 

chromated copper arsenate (CCA). 

4. Throw over part of the locking bars require excessive force to engage due to the existing 

condition and corrosion 

5. Water intake clogs with debris and gate drops during operation 

6. The existing bear trap gates are labor intensive to operate and are not able to be automated 

or configured to provide remote operation during flood conditions.  This is a substantial issue 

related to financial and personnel resources consumed to operate the gates during flood 

operations at the GVHS dams. 

To address the operational concerns experienced with the existing Bear trap gates, specific improvements 

would be addressed in the design of the replacement gates, as follows: 

1. To address the side seal leakage issue, the existing side seals should be upgraded to a 

modern gate seal such as Seals Unlimited mold number 6404.  The recommended L-

shape rubber seal is an inclined bulb seal that would offer additional flexibility while 

maintaining contact with the pier faces.  In addition, a stainless-steel seal plate should be 

installed along the walls similar to that proposed for the two crest gate options to 

improve the performance of the seals.  

2. The occurrence of gate separation is attributed to a lack of connectivity between the 

upstream and downstream gate leafs and is brought about by a sudden loss of hydraulic 

support beneath the downstream leaf when flows are about two feet over the gate. This 

hydraulic support loss likely resulting from a vacuum created in the overtopping flow that 

fundamentally “sucks” the water from the top portion of the downstream gate leaf, 

thereby allowing it to drop. However, the issue may also be attributed to the upstream 

leaf dragging on the side plates while the downstream leaf is dropping freely.  The 

Technical Memorandum dated April 18, 2016 for the Gate H-5 Preliminary Evaluation 

presented a spring-loaded drum seal as a potential solution to address this occurrence.  

The technical detailing would need to be addressed during final design of the 

replacement gates. 

3. The existing wooden timbers should be replaced with a steel plate gate skin to reduce 

the maintenance associated with impact damage to the timbers and degradation.  The 
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downstream section of the bear trap would need to include buoyant chambers to provide 

for proper operation and floating of the gate system.  

4. The force required to operate the locking bars will be reduced through the replacement 

of the bars and provisions of modern protective coating systems.   

5. The remaining operational issues relate to the configuration of the water intake and are 

discussed in the following section under “Reliability of Gate Operations.” 

6. Inherent limitations of bear trap gate systems to provide for automated operations are 

discussed below under “Ability to Automate Dam Operations.” 

 Reliability of Gate Operations:   

Prior to the failure of the left gate at H-5, the existing bear trap gates have functioned reliably over the 

past 90 years with the exceptions of the operational challenges addressed above and the following 

occurrences that are directly related to the reliability of the gate system: 

• Water intake clogs from debris, the gates drop and cannot be raised during flood 

operations. 

• The water intake is not low enough to allow adequate filling of the cavities beneath the 

gates to allow the gates to operate properly during lowered headwater conditions. 

Figure 2-11 is a rendering of the existing structural configuration at H-5, including the left and right bear 

trap gates, the intermediate pier, the regulating pier, and the water intake. 
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Figure 2-10: Bear Trap Gate Cross-Section 

The existing water intake for H-5 is in the regulating pier located at the right side of the spillway (looking 

downstream). The water intake is a 5-foot by 5-foot inlet opening in the side of the upstream pier nose. 

Lake water enters the intake by passing through a steel grate trash rack.  The existing trash screen is a 

simple flat steel grill screen system.  The trash rack is mounted flat against the concrete surrounding the 

intake opening. The flat shape of the existing screen and high flow velocity at the intake draws debris to 

the screen and chokes off the flow.  The trash rack is subject to frequent blockage by river debris and 

various other items transported by the river flows. Typical items that have blocked the intake in the past 

are mattresses, plastic swimming pools, plastic tarps, trash bags, trees, brush and numerous other 

miscellaneous items. When the water intake trash rack clogs with debris, the gates are unable to receive 

adequate volumes of water to keep them floated and as a result drop to the fully down position.  This 

gate drop results in significant water releases and temporarily lowers the reservoir until the intake can be 

cleared of the blockage.  

This single plane opening of the existing trash rack appears to be problematic for providing a dependable 

volume of water into the intake structure.  A new trash rack geometry is proposed that presents more 

surface area in the flow stream and can still function when partially clogged. 

The following improvements are recommended to the water intake configuration to address the 

occurrence of gate drop conditions and improve the overall reliability of the system: 

1. Provide a secondary intake port 

2. Provide larger screen area so that total blockage is less likely to occur 

3. Provide debris protection for the trash screen 

Left Gate 

Right Gate 

Intermediate Pier 
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Providing a secondary water intake port is proposed to add redundancy to the existing water intake and 

allow operation during lowered reservoir conditions.  The second intake port requires cutting an 

additional opening into the existing concrete walls.  In addition to adding a redundant intake port, a cost-

effective approach to improve the reliability of the existing intake port involves substantially increasing 

the screen area protecting the water intake. The proposed intake modifications include development of 

a truncated square pyramid (square frustum) enclosure with the truncated face of the screen configured 

as a 5-foot by 5-foot square so that any one side remaining open would provide for full flow into the 

intake.  A conceptual sketch of the proposed modified intake screen configuration is shown in Figure 2-

11. This improved screen would provide five intake faces, which would all have to be simultaneously 

clogged to render the intake inoperative. The geometry of the enclosure screen configuration provides 

that that the top and bottom are effectively self-cleaning due to their inclination off the concrete wall.   

An optional air bursting system could be incorporated into the design to aid in removing debris from the 

screen.  

Providing additional debris protection in the form of boom lines would involve strong hardened boom 

lines that would require frequent maintenance and cleaning to remove debris that becomes entrapped 

along the boom line.  The existing trash rack is positioned approximately 14 feet below normal reservoir 

and is not expected to be impacted by loads from large trees.  In lieu of adding boom lines to keep debris 

away from the trash racks, steel deflector ribs could be evaluated to be bolted to the concrete wall at 

strategic points just ahead of the trash screen to deflect large logs away from the screen towards the 

spillway gate and serve as a backup level of debris protection. 

 

Figure 2-11: Modified Intake Screen 
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Compatibility with Existing Structures:    

The proposed replacement of the existing bear trap gates with a Modernized Bear Trap Gate System 

would not require major structural modifications other than the installation of stainless steel plates for 

the gate seals, modifications to the water intake ports, and the replacement of the gate hinge anchorage, 

if required. As part of replacing the existing bear trap gates, the adequacy of the existing gate hinge 

anchorages for re-use would need to be evaluated through field testing before deciding upon the potential 

re-use of the existing gate anchorage.    If replacement of the existing gate hinges is determined to be 

required, the effort should be relatively small in scale compared to the structural modifications required 

for the other two gate replacement alternatives.  As such, the preliminary cost estimates for replacing the 

existing bear trap gates with a Modernized Bear Trap Gate System include the cost of testing, evaluation, 

and replacement of the existing gate hinges. 

Flood Risk During Construction: 

The configuration of the proposed Modernized Bear Trap Gate system allows for construction activities 

to proceed in the existing gate bay for the replacement of the currently damaged bear trap gate behind 

an installed dewatering system while the existing second bear trap gate is used to pass flows during 

construction of the new gate.  Once the first new bear trap gate is operational, the dewatering system 

would be removed, installed in front of the second gate, and the new gate used to pass flows during 

construction of the second modernized bear trap gate.    As for the Obermeyer Crest Gate System option, 

the primary risk during construction is directly related to the duration of time that the dewatering system 

is installed, limiting the total discharge capacity of the spillway and increasing the risk of elevated 

upstream reservoir levels during flood events.    

Routine Maintenance Requirements: 

The use of all steel gate members in place of the wood timbers would eliminate the need for continuous 

repair and replacement of the wood members damaged by impact from debris.  All other maintenance 

associated with the gate operation would remain similar in nature to the existing bear trap gates, such as 

maintaining clean trash racks and keeping intake and drain valves in good working order.    

Availability of Service, Parts, and Support: 

The parts and service for the components of the proposed Modernized Bear Trap Gate System are readily 

available from multiple vendors in central and south Texas.  Flood related repairs after major events would 

include repairing damaged structural elements within the gate truss or the metal skin plate.  

Ability to Automate Dam Operations: 

Despite the proposed modernization improvements to the replacement bear trap gates, bear trap gates 

inherently require operator intervention to operate and regulate the gates.  The water delivery system 
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can be enhanced to improve the ease of operating the gates but fully automatic operation is not feasible 

for the proposed gate replacement option consisting of modernized bear trap gates.     

Cost-efficiency (Capital, Life Cycle, O&M): 

The opinion of probable construction cost for replacing the existing two bear trap gates at H-5 with a 

Modernized Bear Trap Gate System is $5,214,000.  The detailed cost opinions are provided in Section 5, 

along with the assumptions made for all options as part of the estimating process.   

Although a 50-year service life was assumed for the gate improvements, there are long-term maintenance 

considerations and replacement parts that GBRA will need to plan for as part of O&M, such as 

maintenance of the diversion valves, cleaning of the intake screens, and potential gate skin and member 

repair.  

The modernized replacement bear trap gates at H-5 would be fabricated from steel and coated with an 

epoxy paint.  The protective coating system for the gates and the seals would have a design life of 15 to 

20 years and were assumed to require replacement two times during the design life of the gate. Final 

design should also consider an option to hot-dip galvanize or metalize the replacement gates to provide 

for reduced maintenance throughout the service life of the gates.  A potential additional cost would be 

the repair or replacement of portions of the steel gate members due to environmental conditions or 

damage that occurs during flood operations.  The coating system is intended to protect the steel structure 

from corrosion, but experience proves that no matter how effective the coating, some amount of steel 

corrosion is expected.  It is recommended that GBRA plan for some level of repair/replacement during the 

service life of the gate.  The need for repairs could be the result of vandalism, debris impact, or other 

miscellaneous occurrences.  The anticipate repair costs during service are included in life cycle costing of 

this Modernized Bear Trap Gate System alternative.  
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3.0 COMPARISON OF SELECTION CRITERIA 

A decision matrix was used to provide a weighted ranking of the selection factors for the three proposed 

gate replacement alternatives.  Weighting factors were assigned to each of the eleven selection criteria 

as a percentage with the total of all criteria summing to 100%.  For each selection criteria, the three 

options were assigned a ranking between one and three, with a “1” ranking assigned to the lowest ranked 

option and a “3” ranking assigned to the highest ranked option.  Although all three gate replacement 

options were determined to be feasible for replacement of the existing bear trap gates at H-5 and the 

other GVHS dams, the decision matrix provides a ranking of the advantages and weaknesses for each 

option.  Table 3.1 presents the Decision Matrix for Gate Replacement Alternatives at H-5 Dam.   

The following provides a discussion of each selection criteria and the background of the assigned ranking 

values: 

Hydraulic Performance:  

The ability of the replacement gate system to maintain the lake elevations during flood conditions as 

compared to the existing gate system was evaluated to be equivalent for all three gate replacement 

alternatives, if each option is properly designed to maintain the upstream reservoir levels, downstream 

flow characteristics, and provide vibration dampening.  Accordingly, all three gate replacement 

alternatives were assigned the maximum ranking value of 3 and a correspondingly low weighting factor 

of 5%.   

Ease / Flexibility of gate operations  

Both the Obermeyer Crest Gate Option and the Hydraulic Crest Gate Option were evaluated to the 

greatest flexibility in regard to the ability of the replacement gate system to be operated by minimal on-

site staff and the capability for the gates to be positioned at any position across their full operating range 

as required to maintain lake levels within established ranges.  Hence both crest gate alternatives were 

assigned the maximum ranking value of 3.  The Modernized Bear Trap option was evaluated to be the 

most difficult to operate and was assigned the lowest ranking value of 1.    

Reliability of gate operations  

 

The reliability that the gates are be able to be operated through the full range of opening and lowing 

during both normal operation conditions and while passing flood event discharges was evaluate for the 

three alternatives. The maximum ranking value of three was assigned to the Hydraulic Crest Gate System 

due to the anticipated high dependability of operations.   The Obermeyer Crest Gate System was assigned 

a ranking value of 2 due to the vulnerability of the air bladders to vandalism and intentional acts that 

might disrupt the proper operation of the gate system.  Despite the improvements to the reliability of the 

Modernized Bear Trap Gate System to prevent clogging of the water intake systems, there is always the 
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potential for debris to interfere with the proper operation of the water delivery systems and was assigned 

the lowest value of 1 due to the possibility of gate outage conditions.  

 

Handling of debris and sediment 

 

The three alternatives were evaluated for the ability of the replacement gate system to pass floating and 

submerged debris and to operate properly in the presence of gravel.  Although no gate system can be 

completely protected from of heavy debris and sediment loads, both crest gate options were evaluated 

to be relatively tolerant of debris and sediment and were assigned a ranking value of 2.  The risk for the 

proposed Hydraulic Crest Gate System is from debris impact to the hydraulic cylinders.  The risk for the 

Obermeyer Crest Gate System is from abrasion damage to the air bladders from gravels and sediments.  

Although the Modernized Bear Trap Gates are proposed to be manufactured of all metal components in 

lieu of the existing timber members, the bear trap configuration was evaluated to be susceptible to debris 

and sediment damage and were assigned the lowest ranking value of 1.   

 

Compatibility with existing structures  

 

Each of the proposed replacement gate alternatives was evaluated for the ability to install the 

replacement gates without requiring substantial modifications to the existing structural elements and/or 

configuration of the dam.  The Modernized Bear Trap Gate System requires only minor modifications to 

the existing structures and was assigned the maximum ranking value of 3.  Although the width and height 

of the proposed Obermeyer Crest Gate System closely matches the existing bear trap gates, significant 

concrete infill of the existing structures is required and resulted in an assigned ranking value of 2.  The 

proposed Hydraulic Crest Gate System requires significant modifications to the existing intermediate pier 

and abutment walls and was assigned the lowest ranking value of 1. 

 

Flood risk during construction 

 

 The risk of not being able to pass river flows around the work site during flooding conditions was 

determined to be primarily influenced by the duration of time the spillway discharge capacity would be 

reduced due to temporary dewatering facilities installed to protect the existing structures and work in 

progress.  The maximum ranking value of 3 was assigned to the Modernized Bear Trap Gate System due 

to the ability to install the temporary dewatering system, remove and replace the existing bear trap gate, 

move the temporary dewatering system and replace the second existing bear trap gate.  Although the 
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installation of the Obermeyer Crest Gate System can be sequenced similar to the modernized bear trap 

gate construction, the duration of construction activities behind the temporary dewatering facilities is 

longer, presents a relatively higher flood risk, and was assigned a ranking value of 2.  The required 

structural modifications to the intermediate pier and abutment walls to accommodate the Hydraulic Crest 

Gate System will require the greatest duration of construction activities behind the temporary dewatering 

facilities and hence was assigned the lowest ranking value of 1 representing the highest risk of financial 

loss due to flood events occurring during construction.   

 

Construction / Implementation schedule 

 

Although the three gate replacement alternatives vary in regard to duration of specific design activities, 

procurement aspects, and construction sequencing, the overall length of time required to implement the 

project including detailed engineering design, construction, and commissioning are relatively similar for 

each of the options evaluated.  The replacement of the existing bear trap gates at H-5 can be completed 

in approximately 24 to 30 months from the notice to proceed with final engineering design services, 

regardless of the selected gate replacement option.   As such, all three alternatives were assigned the 

maximum ranking value of 3 and a correspondingly low weighting factor of 5%. 

 

Routine maintenance requirements 

 

Both of the crest gate options were assigned a ranking value of 2 for the level of routine maintenance 

activities required to keep the replacement gate system fully functional and operational through the 

service life.   Although the Modernized Bear Trap Gate System will address the maintenance challenges 

associated with the existing bear trap gates, bear trap gates are inherently more maintenance intensive 

than hydraulic and pneumatic control systems.  As such, the Modernized Bear Trap Gate System was 

assigned the lowest ranking value of 1. 

 

Availability of service, parts, and support  

 

Availability of gate manufacturer’s technical support, service labor, spare parts, and replacement 

equipment as required to provide for the long-term on-going operation and function of the facilities 

(especially following flooding events) was evaluated for the three gate replacement alternatives.  The 

maximum ranking value was assigned to the Hydraulic Crest Gate System reflecting the many resources 

available in central and south Texas to provide service and support for hydraulic control systems and crest 

gates.  Although the proposed Modernized Bear Trap Gate System leverages standard industrial valves 
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and associated equipment, the available service technicians with experience with the peculiarities of bear 

trap gates will become increasingly limited and hence was assigned a ranking value of 2.  The Obermeyer 

Crest Gate System was assigned the lowest ranking value of 1 to reflect the proprietary nature of the 

Obermeyer system.   

 

Ability to automate dam operations  

 

Both of the crest gate options provide the ability to operate the replacement gate system in a fully 

automated manner to maintain a desired lake levels throughout the dam and river/reservoir system and 

were assigned the maximum ranking value of 3.  The configuration of the bear trap system with the need 

for locking bars and tie bars requires a degree of on-site manual intervention for all gate operations and 

was assigned the lowest ranking value of 1.   

 

Cost efficiency (Capital, Life cycle, O&M)  

The three gate replacement alternatives were compared on the required financial investment to provide 

a complete replacement gate system, considering initial capital costs, life cycle costs including scheduled 

maintenance, repairs and component replacements, and operating costs associated with normal 

operations and operations during flood event conditions.  The maximum ranking value of 3 was assigned 

to the Modernized Bear Trap System. A ranking value of 2 was assigned to the Obermeyer Crest Gate 

System.  The lowest ranking value of 1 was assigned to the Hydraulic Crest Gate System.   The following 

chapter provides more information on the cost estimates and life cycle cost evaluations. 

    

  



Table 3.1 Decision Matrix for Gate Replacement Alternatives at H-5 Dam

Spillway Upgrade Option Criteria

Hydraulic 

Performance Ease / Flexibility Reliability Debris Handling

Structural 

Compatibility

Construction 

Flood Risk

Implementation 

Schedule

Routine 

Maintenance Service & Support Ability to Automate

Cost Efficiency 

Cap & Life Cycle

Total 

Score

Weighting
5% 5% 20% 10% 5% 10% 5% 10% 10% 10% 10% 100%

Scoring 1 - Degraded 1 - Difficult 1 - Outage Possible     1 - Susceptible 1 - Significant Mods        1 - Higher Risk           1 - Longer Duration 1 - Difficult 1 - One Vendor 1 - Manual Intervention 1 - Higher Cost

1-3 3- Equivalent 3- Flexible 3 - Dependable 3 - Tollerant 3 - Minor Mods 3 - Lower Risk 3 - Shorter Duration 3 - Unproblematic 3 - Many Vendors 3 - Fully Automatic 3 - Lower Cost

Score 

Option 1 3 3 2 2 2 2 3 2 1 3 2

Weighted 

Score 0.15 0.15 0.4 0.2 0.1 0.2 0.15 0.2 0.1 0.3 0.2

Score 

Option 2 3 3 3 2 1 1 3 2 3 3 1

Weighted 

Score 0.15 0.15 0.6 0.2 0.05 0.1 0.15 0.2 0.3 0.3 0.1

Score 

Option 3 3 1 1 1 3 3 3 1 2 1 3

Weighted 

Score 0.15 0.05 0.2 0.1 0.15 0.3 0.15 0.1 0.2 0.1 0.3

Score 

Comment

All options 

equivalent if 

properly 

designed

Crest gates 

provide 

maximum 

flexibility

Bear traps gates 

never fully reliable

Considers 

features to 

improve debris 

management

Related to preserving 

or changing geometry 

of gate opening

Duration of time 

with reduced 

discharge capacity

Low weighting due to 

relatively small 

difference between 

options

Ability of owner 

staff to maintain 

system

Obermeyer is 

proprietary system

All options require some 

degree of visual 

monitoring

Life Cycle 

considers total 

O&M over 50-yr 

service life

Higher 

score is 

better

Obermeyer Crest Gate System

Hydraulic Crest Gate System

Modernized Bear Trap Gate

2.15

2.3

1.8

Page 35
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4.0 OPINIONS OF PROBABLE TOTAL PROJECT COST 

This section covers the background, methodology, and limitations associated with the OPCC for this 

project at the present level of development. 

Level of Project Definition 

AACE International (formerly the Association for the Advancement of Cost Engineering) defines five levels 

of cost estimates for a project in their Recommended Practice No. 17R-97 [1]. AACE classifications are a 

widely-accepted guideline within the cost-estimating community for defining level of project maturity and 

expected range of accuracy for associated project cost estimates. AACE classifications range from Level 5 

to Level 1 for the lowest to highest level of project definition. The purpose of the AACE classifications is 

to “improve communication among stakeholders involved with preparing, evaluating, and using project 

cost estimates.” The guidelines are intended to help avoid inappropriate decisions caused by 

misunderstandings of cost estimates and what they are expected to represent. 

The United States Society on Dams (USSD) also provides guidelines for construction cost estimations for 

reservoir projects [2]. USSD recommends classifications for cost estimates which correspond directly to 

the AACE classifications. Per USSD, generally only a bidding contractor would expend the effort necessary 

to develop an AACE Class 1 estimate. 

This memorandum presents AACE Class 4 cost estimates for the gate replacement. Per AACE, a Class 4 

estimate corresponds to a project maturity level of between 1 and 15 percent completeness. A Class 4 

OPCC is suitable to determine a project’s feasibility but should not normally be used for budget control of 

the project. The true project construction cost would be expected to fall within -30 to +50 percent of the 

Class 4 OPCC. Table 4-1 summarizes the AACE cost estimate classifications with the Expected Accuracy 

Ranges recommended by USSD.  The OPCC includes line items of the most significant construction costs 

for the major project components.  

Unit Prices 

Preparation of an OPCC involves the use of data derived from a number of sources, with an overall goal 

of obtaining a reasonable and defensible expectation of costs for a specific level of project maturity. 

Sources of data used in preparation of the OPCC include but are not limited to the following: 

4. Construction data aggregation services 

5. Publicly-available construction data 

6. Similar past projects performed by owner and/or engineer 

7. Professional experience and engineering judgement 

Unit prices shown in the OPCC are assumed to include direct project costs, overhead, and profit for each 

line item. In other words, unit prices reflect the total unit cost of that line item to the owner. Except where 
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explicitly noted, indirect project costs (e.g. bonds, safety program, quality control, surveying, insurance, 

warranties, taxes, etc.) are assumed to be subsidiary to the major construction work items listed in the 

OPCC.  

Table 4-1: AACE Generic Cost Estimate Classification Matrix 

Estimate 

Class 

Level of Project 

Definition 
(as a % of completion) 

End Use 
Expected Accuracy 

Range 

Preparation 

Effort 
(Degree of effort 

relative index of 1) 

Class 5 0% to 2% Screening or feasibility 
L: -20% to -50% 

H: +30% to +100% 
1 

Class 4 1% to 15% Concept study or feasibility 
L: -15% to -30% 

H: +20% to +50% 
2 to 4 

Class 3 10% to 40% 
Budget authorization or 

control 

L: -10% to -20% 

H: +10% to +30% 
3 to 10 

Class 2 30% to 75% Control or bid/tender 
L: -5% to -15% 

H: +5% to +20% 
5 to 20 

Class 1 65% to 100% 
Check estimate or 

bid/tender 

L: -3% to -10% 

H: +3% to +15% 
10 to 100 

 

Risks and Contingency 

An OPCC is an approximation based on available records at a present time to represent a prediction of 

conditions at some point in the future. As such, an OPCC is necessarily an approximation, and thus has an 

inherent level of uncertainty. At a feasibility design level, the OPCC is subject to considerable risk which is 

reflected in the expected accuracy ranges provided in Table 4-1. Major risks to the OPCC identified for the 

gate replacement project include, but are not limited to the following: 

8. Economic conditions: The construction industry has seen major fluctuations in bidding 

climate through the years. Commodity prices fluctuate with market conditions, which can 

affect unit prices on critical construction line items (e.g. cement, aggregates and sand, diesel 

fuel, steel, etc.). Similar construction projects occurring simultaneously can raise bid prices 

due to shortages in specialized contractors. Additionally, major regional events (e.g. Hurricane 

Katrina) can cause sharp increases or decreases in material and labor prices. 

9. Unforeseen Conditions: Rehabilitation projects inherently experience unforeseen conditions 

during construction. For this project, we would consider the condition of the existing gate 

hinge anchorage the biggest unknown. The capacity of the anchorage will require testing in 

the field once the existing gate is removed.  

10. Schedule risks: Many costs in the OPCC are related to the project schedule and duration of 

construction. A number of factors can affect the project schedule including floods, and 

weather delays during construction. 
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USSD recommends a total project contingency of between 25 and 40 percent for a feasibility-level 

estimate (AACE Class 4 equivalent) to address uncertainty and risk factors. An overall contingency of 35 

percent has been included in this OPCC.  

The contingency is the cost assigned to the average of the uncertainties in the definition of the project 

and should be expected for the replacement of an existing hydraulic structure. The contingency is not a 

measure of estimate accuracy, and the range of accuracy provided in Table 4-1 is not affected by inclusion 

of contingency in the OPCC. Many project owners include their own contingency to a budgetary allocation 

to establish the amount of funding necessary to construct the project. This additional contingency is 

intended to provide a ceiling so that costs are more likely to fall below the budget allocation and additional 

funding requests are avoided. This additional contingency (i.e. that in excess of 35 percent) has not been 

included in the OPCC. 

Price Base 

Unless otherwise stated, all dollar values presented in this memorandum can be assumed to be nominal 

values with a price base of December 2017. If values are to be used in a year other than 2017, they should 

be adjusted for factors which affect nominal prices over time as appropriate (e.g. inflation, construction 

cost index, etc.). 

Excluded Costs 

The OPCC presented in this memorandum does not include material sales tax or non-constructions costs, 

including the following: 

• Project financing costs 

• Easement and right-of-way acquisition 

• Legal costs 

• Public outreach 

• Owner administration and project management costs 

• Ongoing costs, including operation and maintenance 

The sections below summarize the feasibility-level OPCC for the H-5 gate replacement project.  
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4.1 OBERMEYER CREST GATE SYSTEM 

Table 4-2 shows the opinion of probable total project cost for the installation of two new Obermeyer gates 

and related appurtenances.  

Table 4-2: Opinion of Probable Construction Cost (Obermeyer) 
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4.2 HYDRAULIC CREST GATE SYSTEM 

Table 4-3 shows the opinion of probable total project cost for the installation of two new hydraulic crest 

gates and related appurtenances. 

Table 4-3: Opinion of Probable Construction Cost (Hydraulic Crest Gate) 
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4.4 MODERNIZED BEAR TRAP GATES  

Table 4-4 shows the opinion of probable total project cost for the installation of two modernized bear 

trap gates including appurtenances. 

Table 4-4: Opinion of Probable Construction Cost (Modernized Bear Trap Gate) 
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5.0 PROJECT SCHEDULE 

5.1 CONVENTIONAL PROJECT DELIVERY 

Design and construction schedules were developed for the three gate system replacement alternatives 

for a design-bid-build project delivery.  Table 5-1 presents a comparison of the project milestones for the 

alternatives.  Figures 5-1 to 5-3 present the detailed schedules for the three alternatives.  In summary, 

the Obermeyer Crest Gate and Modernized Bear Trap Gate Systems can be designed and constructed in 

approximately 21 months.  The Hydraulic Crest Gate System will require an additional four months due to 

the complexity related to the intermediate pier and training walls modifications.     

Table 5-1: Comparison of Schedule Milestone 

Duration Duration Duration

Weeks Weeks Weeks

Notice to Proceed 1/8/18   1/8/18   1/8/18   

Dewatering System Design 1/15/18 8/17/18 31 1/15/18 9/28/18 37 1/15/18 8/14/18 30

Gate Replacement Design 1/22/18 9/28/18 36 1/22/18 11/9/18 42 1/22/18 9/25/18 35

Bid Phase and Project 

Award 10/1/18 11/16/18 7 11/12/18 12/28/18 7 9/26/18 11/13/18 7

Submittal and Fab of 

Dewatering System 12/10/18 2/1/19 8 1/21/19 3/15/19 8 12/12/18 2/5/19 8

Submittal and Fab of Gates 12/10/18 3/29/19 16 1/21/19 6/7/19 20 12/12/18 4/2/19 16

Gate 1 Replacement 2/4/19 6/7/19 18 3/18/19 9/17/19 26 2/6/19 5/30/19 16

Gate 2 Replacement 5/27/19 9/3/19 14 9/2/19 1/10/20 19 5/31/19 8/26/19 12

Total Project 1/8/18 9/17/19 88 1/8/18 1/24/20 107 1/8/18 9/12/19 87

Hydraulic Crest Gate System

Obermeyer Crest Gate 

System

Modernized Bear Trap 

Gates

Task

Start Finish Start Finish Start Finish

 

5.2 DESIGN-BUILD DELIVERY 

Design-Build project delivery is often used on spillway gate replacement projects.  Advantages for this 

delivery method include improved coordination between the detailed design, fabrication, and 

construction activities (resulting in shorter project schedules) and reduced owner risk due to a single point 

of responsibility for project scope, schedule, and budget performance.   A preliminary schedule analysis 

was completed for design-build delivery of the Hydraulic Crest Gate System as presented in Figure 5-4.  

Through this alternate project delivery method, the schedule for the Hydraulic Crest Gate System can 

conservatively be reduced by at least 2 months as compared to conventional project delivery.  It is 

expected that further schedule reduction would be realized though more detailed project planning.     



ID Task Mode Task Name Duration Start Finish

1 H-5 Gate Rehabilitation 442 days Mon 1/8/18 Tue 9/17/19

2 Design Notice to Proceed 0 days Mon 1/8/18 Mon 1/8/18

3 GBRA Secures Funding for Construction 8 mons Mon 1/8/18 Fri 8/17/18

4 Project Setup and Kickoff Meeting 1 wk Mon 1/8/18 Fri 1/12/18

5 Final Design Phase 220 days Mon 1/15/18 Fri 11/16/18

6 Dewatering System 155 days Mon 1/15/18 Fri 8/17/18

7 Obtain and Review GBRA Survey 5 days Mon 1/15/18 Fri 1/19/18

8 60% Design (guides, seat, stoplog) 20 days Mon 1/22/18 Fri 2/16/18

9 60% Design Review (GBRA) 2 wks Mon 2/19/18 Fri 3/2/18

10 Pre-100% Design (detailed guides, 

anchors, stoplogs, concrete 

repairs)

30 days Mon 7/9/18 Fri 8/17/18

11 Gate Replacement 180 days Mon 1/22/18 Fri 9/28/18

12 30% Design (engineer and 

fabricator develop gate layout and 

preliminary structural 

modifications)

1.5 mons Mon 1/22/18 Fri 3/2/18

13 30% Design Review (GBRA) 10 days Mon 3/5/18 Fri 3/16/18

14 60% Design (gate detailed design 

and structural modification design)

3 mons Mon 3/19/18 Fri 6/8/18

15 Design Basis Report-Draft 8 wks Mon 3/19/18 Fri 5/11/18

16 60% Design Review (GBRA) 10 days Mon 6/11/18 Fri 6/22/18

17 Pre-100% Design (detailed 

structural modification design)

2 mons Mon 6/25/18 Fri 8/17/18

18 Design Basis Report-Final 40 days Mon 6/25/18 Fri 8/17/18

19 Pre-100% Design Review (GBRA) 10 days Mon 8/20/18 Fri 8/31/18

20 Pre-100% Design Review (TCEQ) 20 days Mon 8/20/18 Fri 9/14/18

21 IFB Preparation (gates and 

dewatering system)

10 days Mon 9/17/18 Fri 9/28/18

22 IFB Submittal 0 days Fri 9/28/18 Fri 9/28/18

23 Bid Phase 35 days Mon 10/1/18 Fri 11/16/18

24 GBRA Obtain Bids for Fabrication 

and Construction

5 wks Mon 10/1/18 Fri 11/2/18

25 GBRA Issue Fabrication and 

Construction Contract

2 wks Mon 11/5/18 Fri 11/16/18

26 Construction Phase (2 gates) 217 days Fri 11/16/18 Tue 9/17/19

27 Construction Notice to Proceed 0 days Fri 11/16/18 Fri 11/16/18

28 Mobilization 1 mon Mon 11/19/18Fri 12/14/18

29 Site Preparation 10 days Mon 12/17/18Fri 12/28/18

30 Submittals and Fabrication of 

Dewatering System

2 mons Mon 

12/10/18

Fri 2/1/19

31 Submittals and Fabrication of Gates 

(2 gates)

4 mons Mon 

12/10/18

Fri 3/29/19

32 Gate 1 Replacement 90 days Mon 2/4/19 Fri 6/7/19

33 Dewatering System Installation 

(Gate 1)

20 days Mon 2/4/19 Fri 3/1/19

34 Damaged Gate Removal (Gate 1) 10 days Mon 3/18/19 Fri 3/29/19

35 Spillway Structural Modifications 

(Gate 1)

6 wks Mon 3/18/19 Fri 4/26/19

36 Gate Installation (Gate 1) 20 days Mon 4/29/19 Fri 5/24/19

37 Gate Testing and Comissioning 

(Gate 1)

10 days Mon 5/27/19 Fri 6/7/19

38 Gate 2 Replacement 72 days Mon 5/27/19 Tue 9/3/19

39 Dewatering System Removal and 

Installation at Adjacent Gate (Gate 

2)

12 days Mon 5/27/19 Tue 6/11/19

40 Damaged Gate Removal (Gate 2) 10 days Wed 6/12/19 Tue 6/25/19

41 Spillway Structural Modifications 

(Gate 2)

6 wks Wed 6/12/19 Tue 7/23/19

42 Gate Installation (Gate 2) 20 days Wed 7/24/19 Tue 8/20/19

43 Gate Testing and Comissioning 

(Gate 2)

10 days Wed 8/21/19 Tue 9/3/19

44 Site Restoration 10 days Wed 8/21/19 Tue 9/3/19

45 Demobilization 10 days Wed 9/4/19 Tue 9/17/19

46 Project Complete 0 days Tue 9/17/19 Tue 9/17/19

1/8

9/28

11/16

9/17

January February March April May June July August September October November December January February March April May June July August September

Figure 5-1

Obermeyer Crest Gate System 

Design and Construction Schedule
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ID Task Mode Task Name Duration Start Finish Predecessors

1 H-5 Gate Rehabilitation 535 days Mon 1/8/18 Fri 1/24/20

2 Design Notice to Proceed 0 days Mon 1/8/18 Mon 1/8/18

3 GBRA Secures Funding for Construction 8 mons Mon 1/8/18 Fri 8/17/18 2

4 Project Setup and Kickoff Meeting 1 wk Mon 1/8/18 Fri 1/12/18 2

5 Final Design Phase 250 days Mon 1/15/18 Fri 12/28/18

6 Dewatering System 185 days Mon 1/15/18 Fri 9/28/18

7 Obtain and Review GBRA Survey 5 days Mon 1/15/18 Fri 1/19/18 4

8 60% Design (guides, seat, stoplogs) 20 days Mon 1/22/18 Fri 2/16/18 7

9 60% Design Review (GBRA) 2 wks Mon 2/19/18 Fri 3/2/18 8

10 Pre-100% Design (detailed guides, 

anchors, stoplogs, concrete 

repairs)

30 days Mon 8/20/18 Fri 9/28/18 9,17FF,16

11 Gate Replacement 210 days Mon 1/22/18 Fri 11/9/18

12 30% Design (engineer and 

fabricator develop gate layout and 

preliminary structural 

modifications)

2 mons Mon 1/22/18 Fri 3/16/18 4,7

13 30% Design Review (GBRA) 10 days Mon 3/19/18 Fri 3/30/18 12,9FF

14 60% Design (gate detailed design 

and structural modification design)

4 mons Mon 4/2/18 Fri 7/20/18 13

15 Design Basis Report-Draft 10 wks Mon 4/2/18 Fri 6/8/18 14SS

16 60% Design Review (GBRA) 10 days Mon 7/23/18 Fri 8/3/18 14,15

17 Pre-100% Design (detailed 

structural modification design)

2 mons Mon 8/6/18 Fri 9/28/18 16

18 Design Basis Report-Final 40 days Mon 8/6/18 Fri 9/28/18 17FF

19 Pre-100% Design Review (GBRA) 10 days Mon 10/1/18 Fri 10/12/18 17,10

20 Pre-100% Design Review (TCEQ) 20 days Mon 10/1/18 Fri 10/26/18 17

21 IFB Preparation (gates and 

dewatering system)

10 days Mon 

10/29/18

Fri 11/9/18 20,19

22 IFB Submittal 0 days Fri 11/9/18 Fri 11/9/18 21

23 Bid Phase 35 days Mon 11/12/18Fri 12/28/18

24 GBRA Obtain Bids for Fabrication 

and Construction

5 wks Mon 

11/12/18

Fri 12/14/18 22,3

25 GBRA Issue Fabrication and 

Construction Contract

2 wks Mon 

12/17/18

Fri 12/28/18 24

26 Construction Phase (2 gates) 280 days Fri 12/28/18 Fri 1/24/20

27 Construction Notice to Proceed 0 days Fri 12/28/18 Fri 12/28/18 25

28 Mobilization 1 mon Mon 12/31/18Fri 1/25/19 27

29 Site Preparation 15 days Mon 1/28/19 Fri 2/15/19 28

30 Submittals and Fabrication of 

Dewatering System

2 mons Mon 1/21/19 Fri 3/15/19 27FS+15 days

31 Submittals and Fabrication of Gates 

(2 gates)

5 mons Mon 1/21/19 Fri 6/7/19 30SS

32 Gate 1 Replacement 132 days Mon 3/18/19 Tue 9/17/19

33 Dewatering System Installation 

(Gate 1)

20 days Mon 3/18/19 Fri 4/12/19 30,29

34 Damaged Gate Removal (Gate 1) 10 days Mon 5/27/19 Fri 6/7/19 33,31FF

35 Spillway Structural Modifications 

(Gate 1 and Center Pier 

Strengthening/Raise)

2 mons Mon 5/27/19 Fri 7/19/19 34SS

36 Gate Installation (Gate 1) 30 days Mon 7/22/19 Fri 8/30/19 31,34,35

37 Gate Testing and Comissioning 

(Gate 1)

12 days Mon 9/2/19 Tue 9/17/19 36

38 Gate 2 Replacement 95 days Mon 9/2/19 Fri 1/10/20

39 Dewatering System Removal and 

Installation at Adjacent Gate (Gate 

2)

15 days Mon 9/2/19 Fri 9/20/19 36

40 Damaged Gate Removal (Gate 2) 10 days Mon 9/23/19 Fri 10/4/19 39,37

41 Spillway Structural Modifications 

(Gate 2)

2 mons Mon 9/23/19 Fri 11/15/19 40SS

42 Gate Installation (Gate 2) 30 days Mon 11/18/19Fri 12/27/19 40,41

43 Gate Testing and Comissioning 

(Gate 2)

10 days Mon 

12/30/19

Fri 1/10/20 42

44 Site Restoration 10 days Mon 12/30/19Fri 1/10/20 43SS

45 Demobilization 10 days Mon 1/13/20 Fri 1/24/20 44,43

46 Project Complete 0 days Fri 1/24/20 Fri 1/24/20 45

1/8

11/9

12/28

1/24

January February March April May June July August September October November December January February March April May June July August September October November December January February March

Figure 5-2

Hydraulic Crest Gate 

Design and Construction Schedule
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ID Task 

Mode

Task Name Duration Start Finish

1 H-5 Gate Rehabilitation 439 days Mon 1/8/18 Thu 9/12/19

2 Design Notice to Proceed 0 days Mon 1/8/18 Mon 1/8/18

3 GBRA secures funding for construction 8 mons Mon 1/8/18 Fri 8/17/18

4 Project Setup and Kickoff Meeting 1 wk Mon 1/8/18 Fri 1/12/18

5 Final Design Phase 217 days Mon 1/15/18 Tue 11/13/18

6 Dewatering System 152 days Mon 1/15/18 Tue 8/14/18

7 Obtain and review GBRA survey 5 days Mon 1/15/18 Fri 1/19/18

8 60% Design (guides, seat, stoplogs) 20 days Mon 1/22/18 Fri 2/16/18

9 60% Design Review (GBRA) 2 wks Mon 2/19/18 Fri 3/2/18

10 Pre-100% Design (detailed guides, 

anchors, stoplogs, concrete repairs)

30 days Wed 7/4/18 Tue 8/14/18

11 Gate Repair Design 177 days Mon 1/22/18 Tue 9/25/18

12 30% Design (gate and gate anchorage 

criteria and preliminary structural 

modifications)

6 wks Mon 1/22/18 Fri 3/2/18

13 30% Design Review (GBRA) 7 days Mon 3/5/18 Tue 3/13/18

14 60% Design (gate anchorage detailed 

design, overall gate configuration, and 

intake improvements)

3 mons Wed 3/14/18 Tue 6/5/18

15 Design Basis Report-Draft 8 wks Wed 3/14/18 Tue 5/8/18

16 60% Design Review (GBRA) 10 days Wed 6/6/18 Tue 6/19/18

17 Pre-100% Design (detailed gate design 

and intake improvements)

2 mons Wed 6/20/18 Tue 8/14/18

18 Design Basis Report-Final 40 days Wed 6/20/18 Tue 8/14/18

19 Pre-100% Design Review for gate and 

dewatering system (GBRA)

10 days Wed 8/15/18 Tue 8/28/18

20 Pre-100% Design Review (TCEQ) 20 days Wed 8/15/18 Tue 9/11/18

21 IFB Preparation (gates and dewatering 

system)

10 days Wed 9/12/18 Tue 9/25/18

22 IFB Submittal 0 days Tue 9/25/18 Tue 9/25/18

23 Bid Phase 35 days Wed 9/26/18 Tue 11/13/18

24 GBRA Obtain Bids for Fabrication and 

Construction

5 wks Wed 9/26/18 Tue 10/30/18

25 GBRA Issue Fabrication and Construction

Contract

2 wks Wed 

10/31/18

Tue 11/13/18

26 Construction Phase 217 days Tue 11/13/18 Thu 9/12/19

27 Construction Notice to Proceed 0 days Tue 11/13/18 Tue 11/13/18

28 Mobilization 2 wks Wed 11/14/18Tue 11/27/18

29 Site Preparation 10 days Wed 11/28/18Tue 12/11/18

30 Submittals and Fabrication of Dewatering 

System

2 mons Wed 

12/12/18

Tue 2/5/19

31 Submittals and Fabrication of Gates (2 

gates)

4 mons Wed 

12/12/18

Tue 4/2/19

32 Gate 1 Repairs 82 days Wed 2/6/19 Thu 5/30/19

33 Dewatering System Installation (Gate 1) 15 days Wed 2/6/19 Tue 2/26/19

34 Intake Modifications (Gate 1) 1 mon Wed 2/27/19 Tue 3/26/19

35 Damaged Gate Removal (Gate 1) 10 days Wed 3/20/19 Tue 4/2/19

36 New Anchorage Installation (Gate 1) 10 days Wed 4/3/19 Tue 4/16/19

37 Concrete Pier Face Modifications (Gate 

1)

15 days Wed 3/20/19 Tue 4/9/19

38 Gate Installation (Gate 1) 25 days Wed 4/17/19 Tue 5/21/19

39 Gate Testing and Commissioning (Gate 1)7 days Wed 5/22/19 Thu 5/30/19

40 Gate 2 Repairs 62 days Fri 5/31/19 Mon 8/26/19

41 Dewatering System Removal and 

Installation at adjacent gate (Gate 2)

10 days Fri 5/31/19 Thu 6/13/19

42 Intake Modifications (Gate 2) 3 wks Fri 6/14/19 Thu 7/4/19

43 Damaged Gate Removal (Gate 2) 10 days Fri 6/14/19 Thu 6/27/19

44 New Anchorage Installation (Gate 2) 10 days Fri 6/28/19 Thu 7/11/19

45 Concrete Pier Face Modifications (Gate 

2)

15 days Fri 6/14/19 Thu 7/4/19

46 Gate Installation (Gate 2) 25 days Fri 7/12/19 Thu 8/15/19

47 Gate Testing and Commissioning (Gate 2)7 days Fri 8/16/19 Mon 8/26/19

48 Site Restoration 10 days Fri 8/16/19 Thu 8/29/19

49 Demobilization 10 days Fri 8/30/19 Thu 9/12/19

50 Project Complete 0 days Thu 9/12/19 Thu 9/12/19
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ID Task Mode Task Name Duration Start Finish

1 H-5 Gate Rehabilitation 490 days Mon 1/8/18 Fri 11/22/19

2 Notice to Proceed 0 days Mon 1/8/18 Mon 1/8/18

3 GBRA Secures Funding for Construction 6 mons Mon 1/8/18 Fri 6/22/18

4 Project Setup and Kickoff Meeting 1 wk Mon 1/8/18 Fri 1/12/18

5 Design-Build RFQ Package 75 days Mon 1/15/18 Fri 4/27/18

6 Develop Draft DB Qualifications 

Package

15 days Mon 1/15/18 Fri 2/2/18

7 Review Draft Qualifications Package 

(GBRA) 

10 days Mon 2/5/18 Fri 2/16/18

8 Finalize Qualifications Pacakge 10 days Mon 2/19/18 Fri 3/2/18

9 Issue package and solicit RFQ 

response (GBRA)

6 wks Mon 3/5/18 Fri 4/13/18

10 Review RFQ responses 10 days Mon 4/16/18 Fri 4/27/18

11 Notify qualified DB Teams for RFP 0 days Fri 4/27/18 Fri 4/27/18

12 Design-Build RFP Package 270 days Mon 1/15/18 Fri 1/25/19

13 Obtain and Review GBRA Survey 5 days Mon 1/15/18 Fri 1/19/18

14 Develop design basis package for 

dewatering system 

15 days Mon 1/22/18 Fri 2/9/18

15 Develop design basis package for gate

replacement

30 days Mon 1/22/18 Fri 3/2/18

16 Design Basis Review (GBRA) 2 wks Mon 3/5/18 Fri 3/16/18

17 Address comments and finalize 

design basis packages

30 days Mon 3/19/18 Fri 4/27/18

18 Issue RFP and solicit responses 30 days Mon 4/30/18 Fri 6/8/18

19 Review RFP responses and interviews 15 days Mon 6/11/18 Fri 6/29/18

20 Issue Design-Build Contract (GBRA) 10 days Mon 7/2/18 Fri 7/13/18

21 Gate Replacement 140 days Mon 7/16/18 Fri 1/25/19

22 Design-Build Proposal Package 140 days Mon 7/16/18 Fri 1/25/19

23 Dewatering System Package 70 days Mon 7/16/18 Fri 10/19/18

24 60% Design 20 days Mon 7/16/18 Fri 8/10/18

25 60% Design Review (GBRA) 10 days Mon 8/13/18 Fri 8/24/18

26 Prepare Draft Issued for 

Construction Package

20 days Mon 8/27/18 Fri 9/21/18

27 Review of Draft Issued for 

Construction (GBRA)

10 days Mon 9/24/18 Fri 10/5/18

28 Prepare Issued for 

Construction Package 

10 days Mon 10/8/18 Fri 10/19/18

29 Gate and Structural 

Modifications Package

140 days Mon 7/16/18 Fri 1/25/19

30 60% Design 3 mons Mon 7/16/18 Fri 10/5/18

31 Final Design Report-Draft 10 wks Mon 7/16/18 Fri 9/21/18

32 60% Design Review (GBRA) 10 days Mon 10/8/18 Fri 10/19/18

33 Prepare Draft Issued for 

Construction Package

2 mons Mon 

10/22/18

Fri 12/14/18

34 Final Design Report 20 days Mon 10/22/18Fri 11/16/18

35 Draft Issued for Construction 

Package Review (TCEQ)

20 days Mon 

12/17/18

Fri 1/11/19

36 Review of Draft Issued for 

Construction - Gate and 

Structural Modifications

15 days Mon 

12/17/18

Fri 1/4/19

37 Prepare Issued for 

Construction Package

10 days Mon 1/14/19 Fri 1/25/19

38 Construction Phase (2 gates) 285 days Mon 10/22/18Fri 11/22/19

39 Mobilization 1 mon Mon 10/22/18Fri 11/16/18

40 Site Preparation 15 days Mon 11/19/18Fri 12/7/18

41 Submittals and Fabrication of 

Dewatering System

1 mon Mon 

10/22/18

Fri 11/16/18

42 Submittals and Fabrication of Gates 

(2 gates)

4 mons Mon 1/28/19 Fri 5/17/19

43 Gate 1 Replacement 157 days Mon 12/10/18Tue 7/16/19

44 Dewatering System Installation 

(Gate 1)

20 days Mon 

12/10/18

Fri 1/4/19

45 Damaged Gate Removal (Gate 1) 10 days Mon 1/28/19 Fri 2/8/19

46 Spillway Structural Modifications 

(Gate 1 and Center Pier 

Strengthening/Raise)

3 mons Mon 1/28/19 Fri 4/19/19

47 Gate Installation (Gate 1) 30 days Mon 5/20/19 Fri 6/28/19

48 Gate Testing and Comissioning 

(Gate 1)

12 days Mon 7/1/19 Tue 7/16/19

49 Gate 2 Replacement 95 days Mon 7/1/19 Fri 11/8/19

50 Dewatering System Removal and 

Installation at Adjacent Gate (Gate 

2)

15 days Mon 7/1/19 Fri 7/19/19

51 Damaged Gate Removal (Gate 2) 10 days Mon 7/22/19 Fri 8/2/19

52 Spillway Structural Modifications 

(Gate 2)

2 mons Mon 7/22/19 Fri 9/13/19

53 Gate Installation (Gate 2) 30 days Mon 9/16/19 Fri 10/25/19

54 Gate Testing and Comissioning 

(Gate 2)

10 days Mon 

10/28/19

Fri 11/8/19

55 Site Restoration 10 days Mon 10/28/19Fri 11/8/19

56 Demobilization 10 days Mon 11/11/19Fri 11/22/19

57 Project Complete 0 days Fri 11/22/19 Fri 11/22/19
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6.0 LIFE CYCLE COST ANALYSES 

The life-cycle cost analysis (LCCA) was used to provide an economic analysis for the different alternatives 

as a present worth and equivalent annual cost comparison of each gate replacement option. In this 

analysis, a 50-year life cycle and a 4% interest rate were used to calculate the costs in 2017 dollars. A 

description of the planned maintenance items for each gate replacement alternative are included below.  

6.1 OBERMEYER CREST GATE SYSTEM 

The primary maintenance items for an Obermeyer gate system are recoating of the gates, installation of 

new side and bottom seals, minor structural steel repairs of the gates and shield, and replacement of the 

bladders and pneumatic control system. For this analysis, the assumed design life of the coating, seals, 

and minor steel repairs was based on a 20-year cycle. The typical maintenance labor is assumed based on 

one full day of preventive maintenance activities by a two-person crew each month. This is based on 

experiences of various dam owners in Texas operating gated spillways.   

The labor required to operate the spillway gates at H-5 Dam is substantially reduced due to gate 

automation, but is not fully eliminated.  Gate operations are required in response to two main conditions: 

local flood events and release from Canyon Lake.  Monitoring of the gate operations may be accomplished 

through remote video surveillance and periodic site visits. However, for safe passage of high flows from 

local flood events, onsite personnel will likely be required. For this analysis, three local flood events are 

assumed to occur in any given year.  The cost of operating the gates during local flood events is assumed 

based on two full days by one person per event.  A yearly average of 21 days with flows above 1,500 cfs 

was estimated by GBRA from Canyon Lake historic releases for the period of 1967 to 2016. The cost of 

operating the gates during flood releases from Canyon Lake is based on seven site visits at four hours per 

visit, including travel time, for one person.  

For the life cycle analysis, it was assumed that the bladders would be replaced once every 25 years due to 

likely abrasion from spillway discharges, sediment movement, debris loading, and general deterioration 

due to environmental conditions. A scheduled upgrade to the pneumatic system and controls is assumed 

after 25 years of service. Miscellaneous structural steel repairs of the gate and shield plate are assumed 

to occur every 20 years. Finally, an allowance for other gate repairs was estimated to occur at 30-year 

interval. See Table 6-1 for life-cycle costs for the Obermeyer gate alternative. These costs were developed 

based on discussions with Obermeyer and other dam owners. 
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Table 6-1: Obermeyer Gate Life-Cycle Cost 

Item Frequency Future    

Value 
Year Factor Present    

Value 

Initial Total Project Cost One Time N/A 0 1 7,349,000 

Operation & Maintenance (O&M) 

Gate Seals and Coating Touch 

Up 
20 years $562,000  20 0.4564 $256,497  

Gate Seals and Coating Touch 

Up 
40 years $562,000  40 0.2083 $117,065  

Gate Operations from local 

flooding 
Annual $2,400  50 21.4822 $51,557  

Gate Operation Labor during 

Canyon Releases 
Annual $1,400  50 21.4822 $30,075  

Typical Maintenance Labor Annual $9,600  50 21.4822 $206,229  

Bladder Replacement 25 years $440,000  20 0.3751 $165,044  

Miscellaneous Structural Steel 20 years $180,000  20 0.4564 $82,152  

Miscellaneous Structural Steel 40 years $180,000  40 0.2083 $37,494  

Pneumatic and Control 

Upgrade 
25 years $250,000  20 0.3751 $93,775  

Other Gate Repairs 30 years $200,000  30 0.3083 $61,660  

O&M SUBTOTAL = $1,101,548 

Total Present Worth   $8,450,548 

Total Equivalent Annual Cost                                                                                           $393,373 

 

6.2 HYDRAULIC CREST GATE SYSTEM 

The primary maintenance items for a Hydraulic Crest Gate System are recoating of the gates, installation 

of new side and bottom seals, minor structural steel repairs of the gates, overhaul of the cylinders, and 

replacement of the hydraulic control system. For this analysis, the assumed design life of the coating, 

seals, and minor steel repairs was based on a 20-year cycle. The typical maintenance labor is assumed 

based on one full day of preventive maintenance activities by a two-person crew each month. This is based 

on experiences of various dam owners in Texas operating gated spillways.   

The labor required to operate the spillway gates at H-5 Dam was assumed to be the same as for 

Obermeyer Crest Gate System as described in the previous section. 

For the life cycle analysis, it was assumed that the cylinders would be overhauled once every 25 years due 

to wear and tear and general deterioration due to environmental conditions. A scheduled upgrade to the 
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hydraulic system and controls is assumed after 25 years of service. Miscellaneous structural steel repairs 

of the gate and shield plate are assumed to occur every 20 years. Finally, an allowance for other gate 

repairs was estimated to occur at 30-year interval. See Table 6-2 for life-cycle costs for the Hydraulic Crest 

Gate System alternative. These costs were developed based on discussions with Steelfab, Inc. and other 

dam owners. 

Table 6-2: Hydraulic Crest Gate Life-Cycle Cost 

Item Frequency Future 

Value 
Year       Factor Present 

Value 

Initial Total Project Cost One Time N/A 0 1 7,975,000 

Operation & Maintenance (O&M) 

Gate Seals and Coating Touch 

Up 
20 years $562,000  20 0.4564 $256,497  

Gate Seals and Coating Touch 

Up 
40 years $562,000  40 0.2083 $117,065  

Gate Operations from local 

flooding 
Annual $2,400  50 21.4822 $51,557  

Gate Operation Labor during 

Canyon Releases 
Annual $1,400  50 21.4822 $30,075  

Typical Maintenance Labor Annual $9,600  50 21.4822 $206,229  

Hydraulic Cylinder Overhaul 25 Years $400,000  20 0.3751 $150,040  

Miscellaneous Structural Steel 20 years $180,000  20 0.4564 $82,152  

Miscellaneous Structural Steel 40 years $180,000  40 0.2083 $37,494  

Hydraulic and Control 

Upgrade 
25 Years $250,000  20 0.3751 $93,775  

Other Gate Repairs 30 years $200,000  30 0.3083 $61,660  

O&M SUBTOTAL = $1,086,544 

Total Present Worth  $9,061,544 

Total Equivalent Annual Cost                                                                                                        $421,815 

6.3 MODERNIZED BEAR TRAP GATES 

The primary maintenance items for a Modernized Bear Trap Gate System are recoating of the skin 

members, galvanized coating repair, installation of new side, and bottom seals, and minor structural steel 

repairs of the gates. For this analysis, the assumed design life of the coating, seals, and minor steel repairs 

was based on a 20-year cycle. The typical maintenance labor is assumed based on two full days of 

preventive maintenance activities by a three-person crew each month. This is based on experiences of 

various dam owners in Texas operating gated spillways.   
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GBRA provided a history of costs to operate the gates during spilling events from the years 2003 to 2016. 

GBRA also provided historical maintenance costs associated with timber replacements, structural steel 

repairs, tunnel repairs and flood damage repairs. The costs were reviewed and per gate costs were 

developed from GBRA’s information.  

A modernized bear trap gate system at H-5 Dam does not change significantly the labor cost for gate 

operations. For safe passage of high flows from local flood events, onsite personnel will likely be required 

for local floods and releases from Canyon Lake. For this analysis, three local flood events are assumed to 

occur in any given year.  The cost of operating the gates during local flood events is assumed based on 

two full days by two people per event.  A yearly average of 21 days with flows above 1,500 cfs was 

estimated by GBRA from Canyon Lake historic releases for the period of 1967 to 2016. The annual average 

cost of operating the gates during flood releases from Canyon Lake was calculated by GBRA based on 

historic records.  

For the life cycle analysis, it was assumed that miscellaneous structural steel repairs of the gate are 

assumed to occur every 10 years. Finally, an allowance for other gate repairs was estimated to occur at 

30-year interval. See Table 6-3.for life-cycle costs for the Modernized Bear Trap Gate System. 

Table 6-3: Bear Trap Gate Life-Cycle Cost 

Item Frequency 
Future 

Value 
Year Factor 

Present 

Value 

Initial Total Project Cost One Time N/A 0 1 5,214,000 

Operation & Maintenance (O&M) 

Gate Seals and Coating Touch Up 20 years $620,000  20 0.4564 $282,968  

Gate Seals and Coating Touch Up 40 years $620,000  40 0.2083 $129,146  

Gate Operations from local 

flooding 
Annual $4,800  50 21.4822 $51,557  

Gate Operation Labor during 

Canyon Releases 
Annual $32,329  50 21.4822 $694,498  

Typical Maintenance Labor Annual $9,600  50 21.4822 $206,229  

Miscellaneous Structural Steel 10 years $90,000  10 0.6756 $60,804  

Miscellaneous Structural Steel 20 years $90,000  20 0.4564 $41,076  

Miscellaneous Structural Steel 30 years $90,000  30 0.3083 $27,747  

Miscellaneous Structural Steel 40 years $90,000  40 0.2083 $18,747  

Other Gate Repairs 30 years $500,000  30 0.3083 $154,150  

O&M SUBTOTAL = $1,666,922 

Total Project Present Cost (2017 Dollars) $6,880,922 

Total Project Equivalent Annual Cost $320,307 
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7.0 CONCLUSIONS AND RECOMMENDATIONS 

7.1 H-5 GATE REPLACEMENT CONSIDERATIONS 

The purpose of this study was to evaluate three alternative gate systems for potential replacement of the 

existing bear trap gates at H-5 Dam.  Eleven selection criteria were established in collaboration with GBRA 

to compare the various spillway gate options being considered for replacing the existing bear-trap spillway 

gates.  

All three gate replacement options were determined to be feasible for replacement of the existing bear 

trap gates at H-5 and the other GVHS dams. A decision matrix was used to rank the advantages and 

weaknesses for each option with the final scores presented in Table 8-1 below, where the higher criteria 

score represents the greatest benefits among the alternatives.  

Table 7-1: Criteria Ranking Summary 

Spillway Upgrade Option Criteria Score 

Obermeyer Crest Gate System 2.15 

Hydraulic Crest Gate System 2.3 

Modernized Bear Trap Gates 1.8 

 

The life-cycle cost analysis (LCCA) was used to provide an economic analysis for the three gate 

replacement alternatives.  Table 7-2 provides a cost comparison on the basis of Total Project Cost and Life 

Cycle Cost. 

Table 7-2: Cost Comparison 

Alternative Initial Project Cost  
Life Cycle Cost  

Present Worth  

Life Cycle Cost  

Equiv. Annual Cost 

Obermeyer  $7.35 million $8.45 million $393,373 

Hydraulic Crest Gate $7.98 million $9.06 million $421,815 

Modernized Bear Trap $5.21 million $6.88 million $320,307 
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10431 Morado Circle, Suite 300  �  Austin, Texas 78759  �  512-617-3100  �  fax  512-617-3101 www.freese.com 

MEMORANDUM 

TO: Charlie Hickman, P.E. 

FROM:  Dustin Mortensen, P.E. 

SUBJECT: H5 Computational Fluid Dynamics Model 

DATE: December 29, 2017 

COMPUTATIONAL FLUID DYNAMIC MODELING 

In an effort to further study the hydraulic performance of the bear trap and Obermeyer gates, they were 

both evaluated using CFD modeling. The primary purpose of the modeling was to compare the 

performance of the bear trap gates to the Obermeyer gates. A secondary purpose of the models was to 

develop rating curves that could be applied to the six Guadalupe Valley dams. FNI developed the geometry 

and scenarios to be modeled while the CFD modeling was performed by River Restoration. This section 

presents a summary of the modeling. Additional details are available in the River Restoration report 

provided as Appendix A. 

1.0 SECTIONAL MODELS 

Sectional models of the spillway profiles for the existing bear trap gates and the proposed Obermeyer 

gates were developed and modeled for a range of gate positions, tailwater levels, and lake levels. The 

sectional models were developed to evaluate the distribution of hydraulics in the upstream to 

downstream direction. The primary goal of these models was to provide a comparison between the two 

gate structures and evaluate their performance. The conditions modeled are shown in Figure 1 and Table 

1. Five gate positions were run with the lake at 1 foot above normal pool. For each of these conditions, a 

high and low tailwater level were modeled to determine the influence of tailwater. Three lake levels above 

normal pool were also modeled with the gates 0% raised. These lake levels also had a high and low 

tailwater scenario, as well as a scenario with no tailwater. 

DRAFT 
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Mortensen, P.E.., Texas No. 100000 on 

12/29/17.  It is not to be used for 
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Figure 1: Sectional Model Geometries (bear trap gate on left and Obermeyer gate on right) 

Table 1: Profile Analysis Model Run Conditions 

Run 

Lake Level 

Above Normal 

(ft) 

Lake El. 

(ft) 

Gate 

Position (Percent 

Raised) 

Gate Crest El. 

(ft) 

Tailwater 

El. (ft) 

Tailwater 

Condition 

1 1 291.5 100% 290.5 269 Low 

2 1 291.5 75% 287.5 272 Low 

3 1 291.5 50% 284.5 277 Low 

4 1 291.5 25% 281.5 281.5 Low 

5 1 291.5 0% 278.5 283 Low 

6 1 291.5 100% 290.5 277 High 

7 1 291.5 75% 287.5 280 High 

8 1 291.5 50% 284.5 288 High 

9 1 291.5 25% 281.5 291 High 

10 1 291.5 0% 278.5 291 High 

11 4 294.5 0% 278.5 286 Low 
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Run 

Lake Level 

Above Normal 

(ft) 

Lake El. 

(ft) 

Gate 

Position (Percent 

Raised) 

Gate Crest El. 

(ft) 

Tailwater 

El. (ft) 

Tailwater 

Condition 

12 8 298.5 0% 278.5 287 Low 

13 13 303.5 0% 278.5 291 Low 

14 4 294.5 0% 278.5 292 High 

15 8 298.5 0% 278.5 294 High 

16 13 303.5 0% 278.5 297 High 

17 4 294.5 0% 278.5 260 Free 

18 8 298.5 0% 278.5 260 Free 

19 13 303.5 0% 278.5 260 Free 

1.1 SECTIONAL MODEL RESULTS 

The sectional models were evaluated based on the behavior of the jet and zones of upstream recirculation 

which may entrap debris. In the low tailwater runs and some of the high tailwater runs, both gate 

alternatives produced a jet which followed the concrete chute and dove to the bottom of the stilling basin 

(Figure 2 and Figure 3). The diving jet tended to create a zone of upstream recirculation that may entrap 

debris.  The high tailwater runs generally produced a jet which remained near the surface with an area of 

lower, stagnant flow beneath the jet (Figure 4 and Figure5). No significant recirculation patterns were 

noted with the surface jet. The scenarios with the gates 25% raised were noted as the most likely to have 

recirculation that may entrap debris at the level of the gates. Figures showing side by side comparison of 

the Obermeyer and Bear Trap results are given in Appendix B. 

 

Figure 2: Bear Trap Run 4 
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Figure 3: Obermeyer Run 4 

 

Figure 4: Bear Trap Run 9 

 

Figure5: Obermeyer Run 9 

1.2 OBERMEYER GATE POSITION 

After performing the sectional models, the influence of the Obermeyer gate upstream to downstream on 

the existing structure was evaluated. The gate was shifted 9.4 and 3.0 feet downstream from the original 
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position (Figure6 through Figure 8). Both positions were tested with the gate 50% raised. Both conditions 

eliminated the recirculation directly behind the gate. The 9.4-foot downstream position would require the 

existing pier to be extended to provide a sealing surface over full travel of the gate. The 3.0-foot 

downstream shift, which does not require a pier extension, was selected for the full-domain models. 

 

Figure6: Obermeyer gate at bear trap gate position. 

 

Figure 7: Obermeyer gate 9.4 feet downstream of bear trap gate position. 

 

Figure 8: Obermeyer gate 3 feet downstream of bear trap gate position. 
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2.0 FULL DOMAIN MODELS 

Based upon the results of the sectional models, full domain models were constructed modeling the entire 

spillway, including the abutments, both gates, and the center pier. Thirty-six runs were performed on the 

full domain, 12 each for spillways with two bear trap gates, two Obermeyer gates, and one bear trap and 

one Obermeyer gate. These full domain models showed horizontal recirculation in plan view, as well as 

the influence of one gate on the other. The conditions modeled are shown in Table 2. 

Table 2: Full Domain Model Run Conditions 

Run 

Lake Level 

Above 

Normal 

(ft) 

Lake El. 

(ft) 

Left Gate 

Position 

(Percent 

Raised) 

Right Gate 

Position 

(Percent 

Raised) 

Left Gate 

Crest El. 

(ft) 

Right Left 

Gate Crest 

El. 

(ft) 

Tailwater 

El 

(ft) 

1 1 291.5 50% 100% 284.5 290.5 282.0 

2 1 291.5 25% 100% 281.5 290.5 284.0 

3 1 291.5 0% 100% 278.5 290.5 286.0 

4 1 291.5 75% 50% 287.5 284.5 283.0 

5 1 291.5 50% 50% 284.5 284.5 277.0 

6 1 291.5 25% 50% 281.5 284.5 288.0 

7 1 291.5 0% 50% 278.5 284.5 282.0 

8 1 291.5 25% 25% 281.5 281.5 281.5 

9 1 291.5 0% 25% 278.5 281.5 283.0 

10 1 291.5 0% 0% 278.5 278.5 283.0 

11 4 294.5 0% 0% 278.5 278.5 286.0 

12 8 298.5 0% 0% 278.5 278.5 287.0 

2.1 FULL DOMAIN MODEL RESULTS 

The full domain models were evaluated based on the behavior of the jets, vertical and planimetric 

recirculation. The vertical recirculation patterns in the full-domain models were very similar to the 

sectional models. Planimetric recirculation zones were noted for many of the full-domain runs. The 

strength of the recirculation was a function of the relative gate positions between the two gates. Equal 

gate openings produced the least recirculation. Representative figures from the full-domain models are 

shown in Figure 9 through Figure 12. Figures for all the runs are provided in the Appendix C. The results 

showed that debris is likely to be caught in recirculation behind the gates. 
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Figure 9: Combined Gates Run 8 Velocity Magnitude Distribution and Profiles 

 

Figure 10: Combined Gates Run 8 Velocity Magnitude and Streamline Perspective 
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Figure 11: Combined Gates Run 8 Velocity Magnitude and Streamline Plan view  

 

 

Figure 12: Combined Gates Run 8 Velocity Magnitude and Vectors Plan view 

 



H5 CFD Technical Memorandum 

December 29, 2017 

Page 9 

 

2.2 DEBRIS MODELS 

Since debris impacting the downstream side of the gates may affect gate reliability, three of the full-

domain models were selected for further debris evaluation. The type and size of debris in the Guadalupe 

River varies from small household trash to large debris the scale of RV trailers and automobiles. To 

determine how debris may behave over the gates, eight pieces of debris were modeled. The modeled 

debris has specific gravity of 0.4, 0.6 and 0.8. The geometries were idealized as cylinders with radii of 4 

feet and a length of 20 feet. Four of the debris objects were placed on the water surface upstream of the 

gates, and the other four were placed beneath the surface in the recirculation zone, if present (Figure 13).  

 

Figure 13: Initial Debris Locations, Bear Trap Run 6 

Nine debris simulations were run, three for each type of gate combination. The tailwater level was high 

in Run 6, which allowed the high velocity flow to remain near the surface. In these runs, the debris washed 

downstream. In Runs 8 and 9, the jet plunged to the bottom of the stilling basin and created a vertical 

recirculation that trapped debris. In these runs, all eight pieces of debris remained trapped in the 

recirculation behind the gates. Figure 14 shows the debris trapped in the combined bear trap Obermeyer 

gate configuration run 8.  



H5 CFD Technical Memorandum 

December 29, 2017 

Page 10 

 

 

Figure 14: Combined Bear Trap and Obermeyer Gates Debris Run 8 

3.0   DISCHARGE RATING CURVES 

Discharge through the gates is controlled by the gate geometry, gate position and lake elevation. The CFD 

models provided data to develop stage-discharge relationships, or rating curves, for the two types of gates 

over a full range of gate positions and varying headwater levels. The development of rating curves for 

each of the Guadalupe Valley dams is described in the following sections. 

3.1 RATING CURVE DEVELOPMENT 

Flow rate (Q) over bear trap and Obermeyer gates follows the following weir equation: 

(1)       � = ����.� 

where: 

Q = volumetric flow rate 

C = discharge coefficient 

w = weir width 

H = Head over weir crest 

Discharge coefficients typically vary based on gate position and head over the weir. Obermeyer 

recommends using a linearly scaled discharge coefficient (�) presented in the following equation: 

(2)     � = �� +	� ������
���������

� (�� − ��)  
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where: 

Co = discharge coefficient in lowered position 

Cc = discharge coefficient in raised position 

hmin = top-of-gate elevation in lowered position 

hmax = top-of-gate elevation in raised position 

h = top-of-gate elevation in desired position 

Discharge coefficients were developed for the H-5 spillway which comprised the sectional, full-domain, 

and combined datasets for each gate. The above equation was rephrased for H-5 based on percentage of 

gate open, as shown in the following equation: 

(3)     � = ���� + �%(���� − ����)  

where: 

C = discharge coefficient at desired gate position 

Cmin = discharge coefficient at fully lowered gate position 

Cmax = discharge coefficient at fully raised gate position 

O% = percent gate raised (0 to 1) 

Table 3 presents the results for all six compiled datasets. The results indicated that tailwater had no 

influence on the discharge in all but two of the model runs. Data from the sectional runs 9 and 10 were 

not in sufficient quantity to develop a reliable submergence correction factor. 

Table 3: Stage-Discharge Model Results 

Dataset N 
Cmin 

(ft0.5/s) 

Cmax 

(ft0.5/s) 

MAPE 

(%) 
R2 Notes 

Bear Trap Sectional 17 3.38 5.15 6.34 0.98 
BT-R9/BT-R10 submerged and 

excluded 

Bear Trap Full 

Domain 
36 3.16 5.16 4.84 0.99  

Bear Trap 

Conglomerate 
53 3.25 5.14 5.08 0.99 

BT-R9/BT-R10 submerged and 

excluded 

        
      

Obermeyer 

Sectional 
17 3.38 5.16 8.62 0.98 

OHI-R9/OHI-R10 submerged and 

excluded 

Obermeyer Full 

Domain 
36 3.03 4.73 4.26 0.99  

Obermeyer 

Conglomerate 
53 3.17 4.89 6.4 0.98 

OHI-R9/OHI-R10 submerged and 

excluded 

 

Four validation simulations were run to determine the predictive ability of the discharge coefficients. In 

three of the validation simulations, the headwater level was increased to Elevation 293.0 feet. This was 
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done using the sectional models run 7 and the full-domain run 5 with one bear trap and one Obermeyer 

gate. The model results were within 9% of the discharge predicted by the discharge coefficient.  

3.2 DISCHARGE RATING CURVES RESULTS 

The discharge coefficients from the sectional bear trap models are very similar to the sectional Obermeyer 

models. The full-domain Obermeyer models are less efficient than the bear trap gates or the sectional 

Obermeyer gates. This may be due to the full-domain Obermeyer gate being shifted downstream from 

the sectional model. Final design of the Obermeyer gates should include refinements to the gate position, 

gate geometry, and spillway concrete geometry to maximize spillway discharge. 

3.3 GUADALUPE VALLEY DAMS RATING CURVES 

The discharge coefficients were applied to each of the six Guadalupe Valley dams to develop rating curves. 

Tables and figures for partial and full gate opening are shown in Appendix D.  Figure 15 through Figure 20 

compare the CFD rating curves to rating curves developed in HEC-RAS during prior studies. The results 

found that the two sets of curves are similar for the gated spillways. The HEC-RAS curves include the 

emergency spillway and dam overtopping while the CFD curves do not; therefore, the curves vary once 

these other structures begin to discharge.  
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Figure 15: H5 Rating Curves 

 

Figure 16: H4 Rating Curves 
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Figure 17: Nolte Rating Curves 

 

Figure 18: TP-4 Rating Curves 
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Figure 19: McQueeney Rating Curves 

 

Figure 20: Dunlap Rating Curves
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EXCECUTIVE SUMMARY 

The Guadalupe Blanco River Authority H5 spillway has recently experienced operational failure which 
initiated an investigation to various infrastructure alternatives. Hydraulic evaluation of gate alternatives at H5 
was performed using numerical computational fluid dynamics modeling. Bear-trap and Obermeyer Hydro, 
Inc. gate alternatives were provided by Freese and Nichols, Inc. The modeling approach used a combination 
of longitudinal profile (sectional) and full-domain simulations. Full-domain debris modeling was also 
performed to quantify debris entrapment and potential risk to infrastructure. A total of 40 sectional models, 
36 full-domain models, and 9 debris models are simulated and reported. Pertinent hydraulic parameters are 
quantified and reported with comprehensive graphical output. 

Stage-discharge relationships for gate alternatives are developed and considered available literature. 
Relationships include calibrated parameters as a function of relative gate-crest elevations. Relationships are 
compared to those from the literature and inferences are drawn. 

Hydraulic comparisons of evaluated design alternatives at H5 are discussed and recommendations for further 
design iterations are provided. It is recommended that site-specific, optimized hydraulic design of the H5 or 
other spillways be performed to minimize adverse risks. Design strategies at H5 are provided that mitigate 
debris risk and provide infrastructure failsafe redundancies. 
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1. INTRODUCTION 

The Lake Wood H5 Dam (H5) is positioned at the downstream extent of the reservoir (Lat: 
29.468393; Lon: -97.491936) on the Guadalupe River approximately 7.75 miles upstream of its 
confluence with the San Marcos River at Gonzales, TX (TCEQ, 2017). Figure 1 illustrates the 
project area and location of the H5. The H5 is a common type of dam employed by the Guadalupe 
Blanco River Authority (GBRA) and comprises two spillways separated by a concrete pier. The 
dam crest consists of two independently operable bear-trap gates that function to control the 
reservoir elevation. GBRA (2017) reported 192 dams of various sizes within the Guadalupe River 
watershed, six of which share the H5 design type. Of these 192, GBRA (2017) indicates 37 as high 
hazard and 20 as significant hazard. The H5 was identified as a structure of significant hazard. 
 

 
Figure 1. Lake Wood H5 Dam location (red circle), TCEQ (2017) 

 
In March, 2016, heavy flood events resulted in the malfunction of the H5, and upon lowering of the 
reservoir level, the H5 was determined as damaged with the river-left bear-trap gate rendered 
inoperable. Figure 2 illustrates the H5 in its current state (FNI, 2017). Potential causes for damage 
include prolonged flooding and subjection to hydraulic forces, structural fatigue and life cycle, and 
debris impact. In light of the H5 failure and the implications for similarly designed structures, 
GBRA initiated an investigation of alternative gate designs. Working in collaboration with Freese 
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and Nicols, Inc. (FNI), RiverRestoration performed an analysis of the hydraulics of the original H5 
design and a modernized design alternative.  
 

 
Figure 2. Damaged H5 bear-trap gates 

 
This report details hydraulic analyses performed on the H5 spillway alternatives. Investigated 
design alternative technologies are reviewed for their function and application. Hydraulic models 
are developed for the simulation of flow distribution through alternatives and pertinent hydraulics 
are quantified. Debris is then introduced to the hydraulic models and monitored over time to 
quantify entrapment and potential impacts to structural integrity. Analysis of the simulated 
hydraulics is performed to develop predictive stage-discharge relationships for the various 
alternatives. Discussion of the modeling and analysis is provided along with a recommended 
alternative for the H5 and similar GBRA dams. 
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2. FLOW-CONTROL ALTERNATIVES 

Bear-trap gates and Obermeyer Hydro, Inc. (Obermeyer) gates are the two alternatives considered 
and analyzed in this study. Both alternatives offer dynamic control of the upstream water-surface 
elevation through manipulation of the gate crest, but through different mechanisms. Both systems 
rely on a controlled downstream volume to produce the necessary force to raise an upstream gate 
crest. However, bear-trap gates primarily rely on controlled instream hydraulic forces while 
Obermeyer gates rely on remote actuation of pneumatics. 
 
Bear-trap gates have been installed in hydraulic systems as a means to automatically control gate 
crest elevation for over a century. Illustrated in the original patent drawings of Figure 3, the bear-
trap comprises two or more gate leaves which operate using hydrostatic pressure and a series of 
controlled chambers to manipulate the crest elevation. Typically, the downstream gate leaf is 
manipulated using the hydrostatic pressure to raise the upstream leaf. Figure 4 illustrates a 
schematic of the bear-trap configuration when raising the crest elevation. The illustrated yellow 
objects are control gates to allow flow to enter or leave the central actuation vaults. These control 
gates may be manipulated automatically or manually to adjust the bear-trap system. 
 

 
Figure 3. Original bear-trap gate patent schematic (US Patent, 1897) 

 
Bear-trap gates are hinged at the interfaces with the dam sill and at each gate. The leaves are sealed 
at enclosing concrete abutments to hold water within the actuation chambers. Lewin (2001) notes 
that the operation of a bear-trap gate is critically reliant upon the sill and abutment seals, that the 
structures are prone to sedimentation issues within the actuation vaults, that new construction is 
rare, and that use of existing systems typically relies on mechanical lifting gear instead of the 
designed hydraulic operation. Lewin (2001) indicates that a primary benefit of bear-trap gates is the 
ability to pass debris, notably from logging operations. 
 
Obermeyer gate systems implement curved steel gates which are manipulated by rubber bladders 
pneumatically controlled through remotely supplied compressed air. Figure 5 illustrates a typical 
Obermeyer gate profile and Figure 6 shows an example of an installed system. The multi-
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functioning steel gate serves the purposes of protecting inflatable bladders from inflowing debris 
and controlling upstream water-surface elevations. Control of the gate may be manual or automatic 
and systems typically have multiple failsafe redundancies. 
 
Various applications of Obermeyer gates have been installed internationally for a wide range of 
hydraulic control purposes including reservoir management, instream recreation, invasive species 
management, fish passage, and urban flood control. As opposed to bear-trap gate systems, 
Obermeyer gates are actively being installed and are considered at the technological forefront of 
dynamic water systems control.  
 

 
Figure 4. H5 bear-trap gate raising schematic (upper – fully lowered; center – partially raised; lower – fully raised). Courtesy FNI. 

 
The upstream conditions behind both alternatives are similarly backwatered, slow-velocity, 
gradually varied flow. Alternatively, hydraulic distributions downstream of the gate options were 
unknown and warranted further investigation.  
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Figure 5. Typical Obermeyer gate system 

 

 
Figure 6. Installed Obermeyer system. Courtesy Obermeyer Hydro, Inc. 
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3. HYDRAULIC MODELING 

The gate alternatives at H5 were evaluated using three-dimensional computational fluid dynamics 
(CFD) simulations which considered the Guadalupe River hydrology and management scenarios of 
Lake Wood. Modeling efforts were grouped into three successively informed tasks. Sectional 
simulations were performed for various gate geometries along a longitudinal profile of unit width 
aligned in the downstream direction. Then full-domain simulations were performed on alternatives 
at the prototype scale of the H5. Results of the first two tasks informed simulations of introduced 
debris to the models. This section details the CFD model used along with sectional, full-domain, 
and debris models initialization and output.  

a. Hydraulic model selection 

Hydraulic modeling is the emulation of an existing or proposed condition using a representation of 
the geometry and physics of the real-world instance. Models may be classified into physical or 
numerical. Physical models typically use scaled geometries and hydraulic conditions to replicate 
much larger systems within a controlled laboratory environment. This type of modeling is 
considered well adapted for specific applications such as near-prototype scale erosion and 
sedimentation processes; however, certain system dynamics such as turbulent structures, aeration, 
and debris entrainment are not well captured within a scaled flume representation. Further, the 
nature of physical model instrumentation is generally point based and therefore limited in 
quantification of the full distribution of generated hydraulics. In most cases, shortcomings of 
physical modeling may be overcome through numerical modeling, and in many others, the purpose 
of the physical modeling process is to generate data for the creation of a numerical model surrogate, 
such as a stage-discharge rating curve. 
 
Numerical modeling relies solely upon our understanding of the behavior of fluid flow. Levels of 
complexity of numerical hydraulic modeling exist, ranging from empirically derived rapidly-varied 
flow equations to fully realized large-eddy CFD simulations which resolve nuanced physics of fluid 
behavior. Both extremes have their place. The more simplistic numerical model quickly allows for 
estimation of limited hydraulic parameters, while the more sophisticated provides detailed 
information of a large range of hydraulic parameters at the expense of time. With the front of 
technology and computational power exponentially advancing, complex CFD analyses are now 
capably executed within tractable time scales. The expediency, quantity, and accuracy of 
information associated with numerical modeling argue a distinct advantage over physical modeling 
capabilities. Therefore, it is now reasonable to utilize CFD modeling to ascertain detailed hydraulic 
information and to inform the development of more simplistic numerical model tools. 
 
A numerical model was selected as the most efficient tool for evaluating a large range of gate 
geometries, boundary conditions, and hydraulic distributions at the H5 spillway. FLOW-3D® v.11.2, 
a commercial software package capable of producing a variety of scales of complexity for 
numerical modeling, was selected as an appropriate CFD solver. FLOW-3D® excels at open-
channel flow applications, has been validated with numerous laboratory and field tests, and capably 
manages coupled debris and fluid interactions.  
 
Simulations were conducted using three-dimensional CFD with a renormalized group κ-ε 
turbulence model (RNG) within a Reynolds-averaged Navier Stokes (RANS) solver. RANS models 
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with coupled RNG turbulence closure models are widely validated and vetted for open-channel flow 
applications at the scales of the H5 and can efficiently and accurately represent targeted hydraulic 
conditions. All models were evaluated with second-order explicit advection and implicit pressure 
schemes. Sectional models were simulated in the x-z plane and full-domain and debris models 
within the x,y,z domain. 

b. Sectional model setups 

Sectional models were conducted to evaluate the distribution of hydraulics along the x-direction 
longitudinal profile (x-z plane), with the definitions of x aligned with the downstream direction of 
flow, y aligned transverse to the flow, and z aligned with gravity. The sectional models were set 
with a unit thickness in the y-direction and assumed that the y-location was removed from boundary 
or contraction effects from abutments; i.e. the section emulated the centerline of a fully-suppressed 
weir.  
 
Model geometries were provided by FNI which represented the areas of the gates and H5 structure 
that has hydraulic influence. Areas below the gate crest, such as the bear-trap actuation vaults, were 
not modeled. Figure 7 illustrates the ten provided sectional geometries composed of five gate 
positions in increments of 25% for each alternative. Bear-trap and Obermeyer gates were simulated 
using fixed water-surface elevation upstream and downstream. Table 1 provides indexed model 
runs, gate geometries, and boundary conditions identified by FNI. 

  
Figure 7. Sectional model geometries 
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Table 1. Sectional model run index 

BT-RUN OHI-RUN US BOUNDARY DS BOUNDARY GATE CFG GATE ELEV. 

- - ft ft % ft 

BT-R1 OHI-R1 291.5 269.0 1.00 290.5 
BT-R2 OHI-R2 291.5 272.0 0.75 287.5 

BT-R3 OHI-R3 291.5 277.0 0.50 284.5 

BT-R4 OHI-R4 291.5 281.5 0.25 281.5 

BT-R5 OHI-R5 291.5 283.0 0.00 278.5 
BT-R6 OHI-R6 291.5 277.0 1.00 290.5 

BT-R7 OHI-R7 291.5 280.0 0.75 287.5 

BT-R8 OHI-R8 291.5 288.0 0.50 284.5 

BT-R9 OHI-R9 291.5 291.0 0.25 281.5 
BT-R10 OHI-R10 291.5 291.0 0.00 278.5 

BT-R11 OHI-R11 294.5 286.0 0.00 278.5 

BT-R12 OHI-R12 298.5 287.0 0.00 278.5 

BT-R13 OHI-R13 303.5 291.0 0.00 278.5 
BT-R14 OHI-R14 294.5 292.0 0.00 278.5 

BT-R15 OHI-R15 298.5 294.0 0.00 278.5 

BT-R16 OHI-R16 303.5 297.0 0.00 278.5 

BT-R17 OHI-R17 294.5 260.0 0.00 278.5 
BT-R18 OHI-R18 298.5 260.0 0.00 278.5 

BT-R19 OHI-R19 303.5 260.0 0.00 278.5 

 
Numerical CFD modeling relies on the establishment of a solution domain wherein the governing 
equations are solved using a finite volume approach. The solution domain is then segmented into a 
grid upon which the discretized RANS equations are solved to quantify the hydraulics of interest. 
The resolution of the grid is an important component of the numerical modeling process; too fine of 
a resolution will result in increased computational resources and simulation time and too coarse of a 
grid may not fully resolve hydraulics to the level of accuracy desired. An appropriate sized mesh 
achieves either grid independence or the tractable limit of computational efficiency. Grid 
independence may be established when a hydraulic parameter of interest does not alter beyond an 
established threshold with further refinement of the resolution. At the tractable limit, simulations 
should be performed at the last grid refinement iteration at which the computer hardware was 
capable and the processing time fit within constraints.  
 
The BT-R8 and OHI-R8 simulations were used as shakedown models to develop the sectional 
solution domain and develop grid independence. The R8 runs set the gate-raised percentage at 50% 
and were unsubmerged. FLOW-3D® uses a volume of fluid (VOF) and fractional area volume 
obstacle representation (FAVOR) to represent the free surface of a fluid and the solid object 
boundary within an orthogonal grid, respectively. Grid cells must be of sufficiently small size that a 
solid object, such as a weir gate, fills the volume. Otherwise, flow passes through the object and 
does not produce realistic results. Of the alternatives evaluated, the Obermeyer gate thickness is the 
limiting factor on the grid size in the vicinity of the crest. OHI-R8 was chosen to be evaluated first 
to develop grid layout and independence before application to BT-R8. 
 
Figure 8 illustrates the grid layout for the sectional models. Seven mesh blocks were placed in the 
simulation. Table 2 provides the grid size dimensions for each block, number of cells, and cell size. 
The resolution of the blocks increased with proximity to the gate. With the exception of the 
interface of Block 3 with Block 2 and Block 5 in the z-direction, all cells vary by factors of two 
which promotes computational efficiency. The total number of cells in the solution domain was 
393,719, including both solid and fluid elements. The downstream boundary of the model was 
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extended approximately 200-ft from the H5 crest (xmax = 270 ft) to allow sufficient area for the 
tailwater and overtopping jet to interact.  
 

Table 2. Sectional model grid specifications 

Block 1 2 3 4 5 6 7 

Start X (ft) 1 50 65 65 85 100 150 

End X (ft) 50 65 85 85 100 150 270 

Cells X 49 30 240 40 30 50 120 

Cell Size X (ft) 1 0.5 0.083 0.5 0.5 1 1 

Start Y (ft) 0 0 0 0 0 0 0 

End Y (ft) 1 1 1 1 1 1 1 

Cells Y 1 1 1 1 1 1 1 

Cell Size Y (ft) 1 1 1 1 1 1 1 

Start Z (ft) 250 250 250 295 250 250 250 

End Z (ft) 305 305 295 305 305 305 305 

Cells Z 110 110 420 20 110 110 55 

Cells Size Z (ft) 0.5 0.5 0.11 0.5 0.5 0.5 1 

 

 
Figure 8. Sectional model grid layout (OHI-R8 illustrated) 

 
The sectional grid layout was coarsened and refined by a factor of two for all blocks except for 
Block 3. Decreasing the resolution of Block 3 was found to allow water to flow through the 
simulated Obermeyer gate and increasing the resolution resulted in numerical instabilities at the 
interface below the Obermeyer bladder and H5 sill. The coarsened and refined simulations were 
compared with proposed sectional model layout visually and through extraction of an upstream 
vertical section. The vertical section was taken at x = 64.33 ft, located at the flat approach section 
before the gate hinge. Figure 9 provides graphical output for the coarsened, medium, and refined 
meshes, respectively. It is noted that the shape of the downstream jet and impingement angle for the 
refined mesh varies compared to the coarsened and medium meshes. Figure 10 illustrates the 
vertical velocity magnitude distributions for the three evaluated grid sizes. All three profiles 
generally follow the same shape, with a convective acceleration resulting from the approach section 
noted in the lower water column, and have average velocities of approximately the same magnitude. 
Table 3 provides the integrated q, depth-averaged velocity, U-avg, and depth-averaged calculated 
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unit-discharge, q-avg. Percent differences were calculated in relation to the more coarsened mesh. 
All differences were on the order of 5% or less and the sectional model grid layout was determined 
sufficient for Obermeyer gate modeling purposes. 

 
 

 

 
Figure 9. Coarse, medium, and fine (top to bottom) grid resolution and velocity magnitude distribution for Obermeyer gates 
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Figure 10. Mesh convergence OHI-R8 velocity magnitude vertical profiles, x = 64.33 ft 

 
Table 3. Mesh convergence OHI-R8 parameter values and percent difference 

 
Run q Diff U-avg Diff q-avg Diff 

- ft²/s % ft/s % ft²/s % 

OHI-R8 Coarse 75.29 N/A 5.65 N/A 74.56 N/A 

OHI-R8 71.15 5.49 5.57 1.54 72.25 3.11 

OHI-R8 Refined 73.48 -3.27 5.88 -5.57 73.79 -2.13 

 
The sectional grid selected for the Obermeyer runs was applied to the bear-trap gates with the 
exception of Block 3. Block 3 was necessary to resolve the Obermeyer steel gate geometry; the 
surface-type geometry of the bear-trap gates was adequately modeled through modification of 
Block 3 to have the same cell size and spacing as surrounding Block 2, Block 4, and Block 5. Total 
cells for the bear-trap simulations were 96,359, including both solid and fluid elements. 
 
Similar to the Obermeyer models, the medium grid was compared to a coarsened and refined mesh. 
The comparison meshes were adjusted globally by a factor of two. Figure 11 illustrates velocity 
magnitude distributions for the three evaluated meshes, Figure 12  provides vertical distributions of 
the velocity magnitude at approach section x = 64.33 ft, and Table 4 provides changes in parameters 
as a function of grid resolution. Visually, flow patterns are maintained across the three grid sizes 
and the vertical velocity profiles follow similar distributions. As with the Obermeyer grid 
investigation, percent change between q, U-avg, and q-avg were on the order of 5% and the BT-R8 
mesh was found sufficient for modeling. 
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Figure 11. Coarse, medium, and fine (top to bottom) grid resolution and velocity magnitude distribution for bear-trap gates 
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Figure 12. Mesh convergence BT-R8 velocity magnitude vertical profiles, x = 64.33 ft 

 
Table 4. Mesh convergence BT-R8 parameter values and percent difference 

Run q Diff U-avg Diff q-avg Diff 

- ft²/s % ft/s % ft²/s % 

BT-R8_Coarse 81.09 N/A 6.12 N/A 80.13 N/A 

BT-R8 76.62 5.51 6.10 0.23 77.52 3.25 

BT-R8_Fine 72.33 5.60 5.85 4.14 73.23 5.54 

 

c. Sectional model simulations 

The 19 simulations for the bear-trap and Obermeyer gates were run until steady state conditions 
were achieved. Steady-state hydraulic models were post-processed to visualize flow distributions, 
quantify hydraulic parameters, and identify recirculation patterns. Electronic Appendix A provides 
complete numerical and graphical sectional model output, including images of the velocity 
magnitude distribution, longitudinal profiles of water-surface elevations and depth-averaged 
velocities, and model output of location, flow depth, depth-averaged velocity, u, v, and w directional 
velocities, and topography elevation. Table 5 and Table 6 provide q, piezometric head loss from the 
upstream to downstream model boundaries, characteristic jet velocity, and peak boundary shear 
stress on the sill for the bear-trap and Obermeyer gates, respectively. Unit discharge is required for 
stage-discharge rating curve development, jet velocity is an indicator to the momentum entrained 
debris may achieve or to the velocities required for upstream passage of fish, and peak shear stress 
is important for the evaluation of long-term structural abrasion. Generally, the jet velocity shared a 
direct relation with the piezometric head loss over the structure, although discrepancies are noted 
for velocity (e.g. OHI/BT-R5). Shear stress was generally a function of the quantity of flow and jet 
impingement angles with the sill.  
 
Figure 13 illustrates bear-trap and Obermeyer gates at configuration R2. Both gate alternatives 
produced an aerated jet over a sharp-crested type weir which impinges upon and affixes to the 
downstream sill. The jet is redirected in the stilling basin and rises to the surface of the flow, 
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resulting in a zone of upstream recirculation which may entrap debris. Figure 14 details the velocity 
magnitude distributions of the R15 configuration for the bear-trap and Obermeyer gate alternatives. 
The accelerated flow over the broad-crested type weir for both alternatives remains in the upper 
water column moving downstream from the weir crest with an area of lower, stagnant flow. No 
significant recirculation patterns were noted for R15 and potential for debris entrapment was noted 
as minimal. 
 

Table 5. Section bear-trap gate hydraulic parameter output 

BT-RUN q 
HEAD 
LOSS 

REPRESENTATIVE 
JET VELOCITY 

STRUCTURE 
τmax 

- ft²/s ft ft/s lbf/ft² 

BT-R1 4.86 22.5 18 6.8 

BT-R2 37.99 19.5 25 17.5 

BT-R3 81.9 14.5 25 11.5 
BT-R4 125.55 10.0 25 9.5 

BT-R5 153.86 8.5 25 9.6 

BT-R6 4.81 14.5 12 5.0 

BT-R7 43.26 11.5 21 10.7 
BT-R8 76.62 3.5 13 9.5 

BT-R9 73.97 0.5 9 9.2 

BT-R10 83.18 0.5 8 2.4 

BT-R11 214.5 8.5 25 9.3 
BT-R12 307.26 11.5 28 12.9 

BT-R13 436.96 12.5 28 8.7 

BT-R14 190.22 2.5 15 5.5 

BT-R15 281.79 4.5 17 8.4 
BT-R16 425.89 6.5 24 15.6 

BT-R17 216.18 34.5 43 13.7 

BT-R18 308.13 38.5 47 16.7 

BT-R19 439.12 43.5 50 16.6 

 
Table 6. Section Obermeyer gate hydraulic parameter output 

OHI-RUN q 
HEAD 
LOSS 

REPRESENTATIVE 
JET VELOCITY 

STRUCTURE 
τmax 

- ft²/s ft ft/s lbf/ft² 

OHI-R1 5.67 22.5 18 13.9 

OHI-R2 33.55 19.5 25 18.4 

OHI-R3 75.72 14.5 25 14.4 

OHI-R4 117.45 10.0 16 8.7 
OHI-R5 162.37 8.5 25 9.7 

OHI-R6 5.37 14.5 4 3.7 

OHI-R7 39.08 11.5 28 17.5 

OHI-R8 78.87 3.5 9 3.4 
OHI-R9 78.07 0.5 7 0.8 

OHI-R10 115.05 0.5 9 0.3 

OHI-R11 225.33 8.5 28 6.1 

OHI-R12 318.10 11.5 28 15.2 
OHI-R13 452.72 12.5 30 12.4 

OHI-R14 208.22 2.5 17 2.5 

OHI-R15 305.87 4.5 23 4.6 

OHI-R16 441.64 6.5 24 5.0 
OHI-R17 225.32 34.5 43 17.5 

OHI-R18 318.95 38.5 46 14.5 

OHI-R19 453.20 43.5 49 20.2 
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Debris entrapment potential for the H5 may be qualitatively identified by relatively slow-moving, 
upstream circulation in the upper water column with a jet of high velocity in the lower water 
column. Entrapped debris in the recirculation zone will generally follow the counter-clockwise 
vortex until encountering the distinct shear layer and high velocity jet. Form and friction forces 
from the high-velocity jet are then transferred to the debris which gains momentum and travels back 
downstream to the recirculation zone. The water-surface elevation of the tailwater and recirculation 
zone and the interface location with the shear layer dictate whether the debris may pose a threat to 
the gate crest or dam sill. In the case of configuration R2, the shear-layer tailwater-elevation 
interface occurs downstream of the crest and where any debris interaction with the structure would 
be confined to the sill only. The results of the R8 configurations presented in Figure 9 and Figure 11 
are examples of where the interface is proximal to the gate crest.  
 
Specific features of the flow profile at many configurations were noted as non-ideal for efficient 
energy dissipation and debris entrapment. First, the jet impinges directly against the sill face the 
redirection of flow produces a constant downstream-directed convective acceleration. The fluid 
forces associated with this acceleration may result in long-term deleterious stresses on the structure 
sill. Secondly, the impinging jet angle on the sill creates high debris impact forces directly 
downstream of the gate as entrained debris overtops. A refined design would incorporate jet 
diffusion within the tailwater away from the sill crest which would distance both the high shear 
stress and the location of recirculation away from infrastructure. Figure 15 provides results of 
consideration of a downstream shift in the Obermeyer gate for OHI-R8 at two alternate distances 
provided by FNI. The first alternative configuration (middle figure) illustrates a jet which fully 
diffuses in the tailwater and has a recirculation interface removed from both the sill and gate 
components. Although entrapment of debris upstream of the impinging jet may be possible, the size 
of material in this region would be anticipated as too small to produce damage or warrant 
mitigation. The first alternative is also problematic given the existing central abutment geometry as 
the gate extends past the structure. The second alternative (bottom figure) fits within the existing H5 
geometry, provides a smooth transition of the impinging jet down the sill face, locates the R8 
configuration recirculation zone away from the gate infrastructure, and is the recommended 
geometry of the three alternatives. This type of site specific locations of spillway gates is a factor of 
selected gate alternative, spillway geometry, and boundary conditions and is recommended for 
optimization at future dam construction or modification. 
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Figure 13. R-2 bear-trap (top) and Obermeyer (bottom) sectional velocity magnitude distributions 

 

 

 
Figure 14. R-15 bear-trap (top) and Obermeyer (bottom) sectional velocity magnitude distributions 
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Figure 15. OHI-R3 alternative crest locations (top – original, middle – downstream-most shift, bottom – 3-ft downstream shift) 

 

d. Full-domain model setup 

The next phase in modeling following the sectional simulations involved full-domain geometries of 
the H5 at three types of configurations: two bear-trap gates, two Obermeyer gates, or a combined 
river-left Obermeyer and river-right bear-trap gate. Figure 16, Figure 17, and Figure 18 depict 
example full-domain geometry files provided by FNI for evaluation for bear-trap, Obermeyer, and 
combined configurations, respectively. Full-domain models were evaluated in the three-dimensional 
x, y, z directions as opposed to the x-z plane of the sectional models. This section details model 
setup, grid independence evaluations, conducted simulations, and results of the full-domain model 
exercise. 



 
18 

 

 
Figure 16. Full-domain model bear-trap gates 

 
Figure 17. Full-domain model Obermeyer gates 

 

 
Figure 18. Full-domain model combined gates 
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Table 7 provides the full-domain run index for the three model geometry runs including run naming 
convention, upstream and downstream water-surface elevation boundaries, gate relative positioning, 
and gate elevation. Model geometries and boundary conditions were provided by FNI and assumed 
typical management and tailwater influence at H5 while drawing information from the sectional 
runs to inform simulations. Boundary conditions were established as Dirichlet fixed water-surface 
elevations. Twelve individual runs were performed for each geometry combination, resulting in a 
cumulative 36 simulations. 
 
Table 7. Full-domain run index 

BT-RUN OHI-RUN CO-RUN 
US 

BOUNDARY 
DS 

BOUNDARY 
GATE L 

CFG 
GATE L 
ELEV. 

GATE R 
CFG 

GATE R 
ELEV. 

- -   ft ft % ft % ft 

BT3D-R1 OHI3D-R1 CO3D-R1 291.5 282.0 0.50 284.5 1.00 290.5 

BT3D-R2 OHI3D-R2 CO3D-R2 291.5 284.0 0.25 281.5 1.00 290.5 
BT3D-R3 OHI3D-R3 CO3D-R3 291.5 286.0 0.00 278.5 1.00 290.5 

BT3D-R4 OHI3D-R4 CO3D-R4 291.5 283.0 0.75 287.5 0.50 284.5 

BT3D-R5 OHI3D-R5 CO3D-R5 291.5 277.0 0.50 284.5 0.50 284.5 

BT3D-R6 OHI3D-R6 CO3D-R6 291.5 288.0 0.25 281.5 0.50 284.5 
BT3D-R7 OHI3D-R7 CO3D-R7 291.5 282.0 0.00 278.5 0.50 284.5 

BT3D-R8 OHI3D-R8 CO3D-R8 291.5 281.5 0.25 281.5 0.25 281.5 

BT3D-R9 OHI3D-R9 CO3D-R9 291.5 283.0 0.00 278.5 0.25 281.5 

BT3D-R10 OHI3D-R10 CO3D-R10 291.5 283.0 0.00 278.5 0.00 278.5 
BT3D-R11 OHI3D-R11 CO3D-R11 294.5 286.0 0.00 278.5 0.00 278.5 

BT3D-R12 OHI3D-R12 CO3D-R12 298.5 287.0 0.00 278.5 0.00 278.5 

 
Similarly to the sectional models, the simulation grid was established to promote accuracy and 
model efficiency. Grid independence simulations were performed initially with the Obermeyer gate 
alternatives due to the limited grid size to resolve modeled gate thickness. Table 8 provides grid 
specifications for the full-domain models and Figure 19 illustrates the grid layout schematic. The 
small-resolution cells at Block 3 necessitated bounding blocks of decreasing resolution to assist in 
model convergence. The total cells in the shakedown OHI3D-R4 model numbered 1,049,386, 
including solid and fluid elements. 
 
Grid-independence shakedown models were established with water-surface elevation boundary 
conditions from FNI. The full-domain mesh was evaluated for grid independence by comparing 
visual flow trends and upstream water-surface elevations of a factor of two coarser and refined 
mesh. Figure 20, Figure 21, and Figure 22 provide sectional output over the two gates of OHI3D-R4 
for the coarsened, medium, and refined mesh respectively, along with upstream water-surface 
elevation transects along an upstream location x = 93 ft (illustrated in figures). Visually, there is 
little difference between the three mesh sizes with the shape of the impinging jets and recirculation 
zones remaining similar. Figure 23 provides a conglomerate of the water-surface transects for 
comparison. The relative percent difference between the upstream water-surface elevation to flow 
depth (h = 29.5 ft) was 0.21% and 0.09% between the coarsened and medium, and medium and 
refined meshes, respectively. 
 
Table 9 provides the total flow rate calculated for the steady-state OHI3D-R4 shakedown runs. 
While the difference between the coarse and medium meshes was 4%, the difference between the 
medium and fine meshes was 10%. The refined mesh exceeded the tractable limits of modeling time 
to complete the 24 runs with Obermeyer gates and the medium mesh was selected for application to 
the OHI3D and CO3D simulations. 
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Table 8. Full-domain OHI/CO model grid specifications 

Block 1 2 3 4 5 6 7 

Start X (ft) 50 140 155 155 180 240 300 

End X (ft) 140 155 180 180 240 300 650 

Cells X 13 15 100 25 60 15 44 

Cell Size X (ft) 7 1 0.25 1 1 4 8 

Start Y (ft) 60 60 60 60 60 60 60 

End Y (ft) 350 350 350 350 350 350 350 

Cells Y 36 36 72 36 36 36 18 

Cell Size Y (ft) 8 8 4 8 8 8 16 

Start Z (ft) 228 228 260 296 228 228 228 

End Z (ft) 332 332 296 332 332 332 332 

Cells Z 52 104 72 36 104 52 13 

Cells Size Z (ft) 2 1 0.50 1 1 2 8 

 

 
 
Figure 19. Full-domain grid layout schematic 

 
 
Table 9. Full-domain model grid convergence 

Run Q Diff 

- ft³/s % 

OHI3D-R4_Coarse 8264.12 N/A 

OHI3D-R4 8592.46 3.97 

OHI3D-R4_Fine 9451.29 10.00 
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Figure 20. OHI3D-R4 coarse grid velocity magnitude distribution 

 
 

 
 
Figure 21. OHI3D-R4 medium grid size velocity magnitude distribution 
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Figure 22. OHI3D-R4 fine grid size velocity magnitude distribution 

 

 
Figure 23. Upstream water-surface elevations output for OHI/CO full-domain grid independence 

 
Full-domain bear-trap gates did not require the fine-resolution grid of the OHI3D and CO3D Block 
3 which eliminated the need for transitional blocks. The bear-trap gate mesh included three blocks, 
comprising an approach section, high-velocity gradient section in the vicinity of the crest, and a 
tailwater section. Bear-trap gate grid independence assumed a von Neumann volumetric flow rate 
upstream boundary condition as opposed to the water-surface elevation boundary of the sectional or 
other full-domain shakedown evaluations. The boundary condition was set at 9,250 ft3/s, as 
estimated by FNI, with a dynamically calculated natural-inlet water-surface elevation. This decision 
was made to provide a check on the other model setups and to provide additional validation data for 
stage-discharge relationships proposed for development from the model output. Table 10 provides 
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the dimensions of the three blocks used for the BT3D simulations and Figure 24 illustrates the grid 
schematic. The total cells in the proposed BT3D grid numbered 5,615,465. 
 
 

Table 10. Full-domain BT model grid specifications 

Block 1 2 3 

Start X (ft) 50 150 300 

End X (ft) 150 300 650 

Cells X 50 150 87 

Cell Size X (ft) 2 1 4 

Start Y (ft) 60 60 60 

End Y (ft) 350 350 350 

Cells Y 145 290 73 

Cell Size Y (ft) 2 1 4 

Start Z (ft) 228 228 228 

End Z (ft) 332 332 332 

Cells Z 52 104 52 

Cells Size Z (ft) 2 1 2 

 

 
Figure 24. Full-domain grid layout schematic 

 
Bear-trap shakedown runs were performed on the proposed medium mesh and a factor-of-two 
coarsened and refined mesh. Flow trends were evaluated based on the visual distribution of velocity 
magnitudes and jet impingement and the monitoring of upstream water-surface elevations. Figure 
25, Figure 26, and Figure 27 present velocity magnitude distributions for the coarse, medium, and 
fine meshes, respectively. Comparison of flow distributions indicates that the coarse mesh did not 
replicate the trends observed in the medium and fine mesh. Figure 28 provides compiled water-
surface elevations across an upstream transect at x = 93 ft. As shown in Table 11, relative to the 
observed upstream flow depth at the medium grid (approx. 29.5 ft), the difference in the average 
upstream water-surface elevation between the coarse and medium grid, and between the medium 
and fine grid, was 1.84% and 0.11 %, respectively. The low error between the medium and fine grid 
size, combined with the visual match of the two runs, indicates that the medium mesh was sufficient 
for bear-trap grid independence. 
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Figure 25. BT3D-R4 coarse grid velocity magnitude distribution 

 
 

 
Figure 26. BT3D-R4 medium grid velocity magnitude distribution 
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Figure 27. BT3D-R4 fine grid velocity magnitude distribution 

 

 
Figure 28. Upstream water-surface elevations output for BT full-domain grid independence 

 
 
Table 11. BT3D model grid convergence 

Run US WSEL Diff 

- ft³/s % 

BT3D-R4_Coarse 294.90 N/A 

BT3D-R4 295.44 1.84 

BT3D-R4_Fine 295.47 0.11 
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e. Full-domain model simulations 

The twelve configurations for the bear-trap, Obermeyer, and combined gate alternatives were run 
until steady-state conditions were achieved. All runs were established with water-surface elevation 
boundary conditions upstream and downstream from FNI. Electronic Appendix B provides the 
graphical model output including perspective and plan views of streamlines, velocity magnitude 
distributions, planimetric vectors, and sectional views of velocity magnitude and vectors at profiles 
y =170 ft and y =260 ft, which roughly correspond to the centerline of each gate opening. Included 
numerical model output includes three-dimensional u, v, and w velocities, depth-average velocities, 
water-surface elevations, and topography elevation for the extracted y profiles. 
 
Table 12, Table 13, and Table 14 provide full-domain bear-trap, Obermeyer, and combined 
hydraulic parameter output. Jet velocities and peak shear-stress values were on the order of those 
observed from the sectional models. 
 

Table 12. Full-domain bear-trap model hydraulic parameter output 

BT-RUN RL Q RR Q TOTAL Q HEAD LOSS JET VELOCITY STRUCTURE τmax 
- ft³/s ft³/s ft³/s ft ft/s lbf/ft² 

BT3D-R1 6484 511 6995 9.5 y170=17.8,  y260=26.0 3.8 
BT3D-R2 9949 451 10400 7.5 y170=17.8,  y260=27.0 7.5 

BT3D-R3 11612 502 12114 5.5 y170=18.1,  y260=18.1 4.1 

BT3D-R4 3271 6534 9805 8.5 y170=22.4,  y260=22.0 7.5 

BT3D-R5 6561 6602 13163 14.5 y170=26.6,  y260=25.7 8.3 
BT3D-R6 9624 5798 15422 3.5 y170=12.8,  y260=16.0 5.4 

BT3D-R7 12701 6506 19207 9.5 y170=24.9,  y260=28.1 8.2 

BT3D-R8 10386 10483 20869 10 y170=24.0,  y260=25.6 9.8 

BT3D-R9 12799 10443 23242 8.5 y170=20.5,  y260=20.6 8.6 
BT3D-R10 12838 12984 25822 8.5 y170=26.1,  y260=26.1 6.0 

BT3D-R11 17859 18134 35993 8.5 y170=25.2,  y260=24.2 7.5 

BT3D-R12 24973 26201 51174 11.5 y170=30.6,  y260=29.9 9.1 

 
 

Table 13. Full-domain Obermeyer model hydraulic parameter output 

OHI-RUN RL Q RR Q TOTAL Q HEAD LOSS JET VELOCITY STRUCTURE τmax 
- ft³/s ft³/s ft³/s ft ft/s lbf/ft² 

OHI3D-R1 5809 446 6255 9.5 y170=9.0,  y260=10.9 3.5 

OHI3D-R2 8972 442 9414 7.5 y170=7.3,  y260=14.5 4.4 

OHI3D-R3 11834 427 12261 5.5 y170=3.7,  y260=24.1 7.0 
OHI3D-R4 2740 5867 8607 8.5 y170=10.1,  y260=11.2 5.2 

OHI3D-R5 5900 5886 11786 14.5 y170=14.4,  y260=22.7 6.3 

OHI3D-R6 8542 5597 14139 3.5 y170=8.3,  y260=11.2 2.7 

OHI3D-R7 12273 5842 18115 9.5 y170=18.0,  y260=27.0 9.0 
OHI3D-R8 9335 9193 18528 10 y170=22.2,  y260=22.2 8.1 

OHI3D-R9 12421 9155 21576 8.5 y170=21.1,  y260=26.4 9.0 

OHI3D-R10 12536 12333 24869 8.5 y170=27.7,  y260=26.8 9.7 

OHI3D-R11 17196 17253 34449 8.5 y170=27.7,  y260=26.2 9.5 
OHI3D-R12 24459 24375 48834 11.5 y170=15.1,  y260=14.0 13.2 

 
 

Table 14. Full-domain combined model hydraulic parameter output 

CO-RUN RL Q RR Q TOTAL Q HEAD LOSS JET VELOCITY STRUCTURE τmax 
- ft³/s ft³/s ft³/s ft ft/s lbf/ft² 

CO3D-R1 6060 406 6466 9.5 y170=18.7,   y260= 15.2 9.7 
CO3D-R2 9076 440 9516 7.5 y170= 8.0,   y260= 16.2 4.8 
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CO-RUN RL Q RR Q TOTAL Q HEAD LOSS JET VELOCITY STRUCTURE τmax 
- ft³/s ft³/s ft³/s ft ft/s lbf/ft² 

CO3D-R3 11723 381 12104 5.5 y170=14.9,   y260= 19.6 4.8 

CO3D-R4 2738 6235 8973 8.5 y170=15.6,   y260= 9.7 5.6 

CO3D-R5 5919 6267 12186 14.5 y170=26.4,   y260= 21.5 7.7 

CO3D-R6 8538 5544 14082 3.5 y170=12.4 ,   y260=12.3 2.4 
CO3D-R7 12324 6207 18531 9.5 y170=17.3,   y260= 25.9 8.8 

CO3D-R8 9312 9449 18761 10 y170=23.0,   y260= 22.6 6.7 

CO3D-R9 12431 9451 21882 8.5 y170=18.0,   y260= 26.5 8.7 

CO3D-R10 12515 12230 24745 8.5 y170=25.5,   y260= 26.5 9.0 
CO3D-R11 17121 17218 34339 8.5 y170= 25.6,   y260= 27.0 9.8 

CO3D-R12 24579 24208 48787 11.5 y170= 28.8,   y260= 29.9 12.5 

 
Simulation CO3D-R4 was selected as an example to visualize and quantify flow trends as both gate 
alternatives were modeled, both gates were in a partially raised configuration, and recirculation was 
present. Figure 29 provides velocity magnitude distributions along six longitudinal profiles set at 
lateral stationing y = {150; 170; 190; 240; 260; 280} ft. Figure 30 and Figure 31 provide detail of 
the two central longitudinal velocity magnitude distributions, y = 170 ft and y = 260 ft, respectively. 
Figure 32 provides a perspective view of the flow distribution with streamlines and Figure 33 
provides a planview. Illustrated streamlines connect the velocity vectors, shown in planview in 
Figure 34, such that a continuous line that satisfies the condition of dx/u = dy/v = dz/w is formed to 
visualize flow patterns. 
 
Longitudinal recirculation patterns in the full-domain models were very similar to the sectional 
models. When present, the shear-layer tailwater-elevation interface occurred downstream of the gate 
and in the vicinity of the H5 sill. Debris interacting with this interface would likely be transferred 
into the downstream recirculation zone where it may entrap or escape the noted vertical 
recirculation zone. As with the sectional models, factors which influenced recirculation areas 
appeared to be the jet impingement angle and the relative elevations of the tailwater and gate crest. 
 
Planimetric recirculation zones in the x, y plane were noted for many of the full-domain runs. The 
strength of the recirculation vortex was a function of the variance in flow distribution through the 
two gates; increased variance drives a planimetric shear layer and drives an upstream recirculation. 
For instance, the 3D-R3 configuration (0% raised river left, 100% raised river right) produced 
notable recirculation areas for all evaluated gate alternatives. In some cases, it may be possible to 
reintroduce debris which has passed downstream of the vertical recirculation zone through the 
planimetric zone. 
 
It is noted that interpretation of the streamlines in provided figures should not be construed with 
vortex strength or with definitive debris pathlines. Streamlines are seeded from a generating plane 
and only follow the velocity orientation until the streamline distance is terminated in the post-
processing algorithm. Quantification of debris entrapment and recirculation patterns is therefore 
addressed below through introduction of moving objects to selected simulations and tracking 
motion over time through the computational domain. 
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Figure 29. CO3D-R4 velocity magnitude distributions and profiles  

 

 
Figure 30. CO3D-R4 velocity magnitude profile y = 170 ft 

 

 
Figure 31. CO3D-R4 velocity magnitude profile y = 260 ft 
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Figure 32. CO3D-R4 velocity magnitude and streamline perspective 

 
 

 
Figure 33. CO3D-R4 velocity magnitude and streamline planview 
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Figure 34. CO3D-R4 velocity magnitude and vectors planview 

 

f. Debris model setup 

Entrainment of debris downstream of the H5 was identified as a concern for potential damage to the 
dam sill and gate components. Recirculation patterns were observed in certain sectional and full-
domain models; however, the degree of debris entrapment was difficult to speculate without 
performing coupled fluid-object motion simulations. Three-dimensional fluid-motion coupled 
objects were introduced to three simulations from the full-domain models as selected by FNI. A 
total of nine debris simulations were conducted to visualize entrapment, monitor debris motion and 
location, and assess potential risk associated with the evaluated gate alternatives. Selected runs were 
identified as R6, R8, and R9 and are given the prefix designations of BTD, OHID, and COD for the 
bear-trap, Obermeyer, and combined runs, respectively. For example, BTD-R6 refers to the full-
domain debris simulation of the bear-trap gate alternative initialized from the BT3D-R6 steady-state 
condition. Debris runs were initialized at the same grid resolution and layout as the restart run as 
previously described. 
 
A simulation module of FLOW-3D® allows for the introduction of coupled-motion objects into the 
computational domain. These objects may be of varying geometry and mass-density properties, 
have prescribed relative or absolute velocities, have prescribed or calculated inertial responses, and 
may travel freely or interact with other modeled objects. Buoyancy, fluid drag forces, fluid lift 
forces, and fluid impact forces shape how the object moves through the domain as well as the 
localized hydraulic response. This module was selected as an appropriate tool to track debris motion 
given the size and scale of the application. 
 
Lake Wood has been described as producing debris ranging from small household trash items to 
large debris on the scale of RV trailers and automobiles, all of which may be entrapped downstream 
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of the gates for durations on the order of days (FNI, personal communication, 2017). The typical 
debris load for the system comprises woody debris transported from the upper Guadalupe River 
watershed. The Guadalupe River basin produces a variety of native and non-native tree species 
which may be introduced to the river environment and overtop the H5. Woody debris was selected 
for this analysis as it was considered representative of typical debris loading to the system. 
 
Three types of woody debris were modeled, which varied based upon the specific gravity of the 
material, SG. Values of SG selected were {0.4, 0.6, 0.8} and spread the range of typical central Texas 
tree species. For example, Texan sycamore and oak species have SG values that encompass the full 
range of evaluated debris. Debris geometry was kept constant amongst all introduced objects and 
was representative of larger trees. Geometries were idealized as cylinders with exaggerated radii of 
4 ft and length of 20 ft. The increased cylinder radius allowed for more efficient tracking of the 
object through the established grid resolution. 
 
The low, medium, and high-SG density objects were placed within the models in eight locations per 
simulation. Two objects (high and low) were located rotated at ±45° angles upstream of each gate 
crest and two objects (medium) were located at 0° and 90° angles downstream of each gate in the 
recirculation zone. The resulting debris distribution was two high-density objects at ±45° angles 
upstream of the gates, two low-density objects at ±45° upstream of the gates, and two medium 
density objects at 0° and at 90° downstream of the gates. The location of the object placement 
upstream was at the water surface (z = 291.5 ft for all simulations). Downstream placement was set 
to maximize recirculation potential; debris was placed in the recirculation zone if present and below 
the surface velocity jet if not (z = 275 ft or z = 268.9 ft, respectively). Debris was placed at 
approximately one-third of the gate opening from the abutments. Figure 35 illustrates an example of 
the debris initialization for the BTD-R6 configuration. Upstream objects were given an initial 
instantaneous velocity of 5 ft/s in the positive x-direction. Downstream objects were initialized 
statically. 

 
Figure 35. Debris initialization example, BTD-R6 

 



 
32 

 

g. Debris model simulations 

Nine debris simulations were run from steady-state restart files for a duration, t, of 50 s. The 50-s 
duration was noted as sufficient to either entrap or pass all debris in the simulation. Electronic 
Appendix C provides video output of the results of the debris simulations in two formats. One 
perspective illustrates streamlines and the fluid volume as debris interacts with the H5. The other 
provides a series of longitudinal sections with vectors and a more localized view of the crest 
location. 
 
For all gate alternatives (BT, OHI, CO), the R6 configuration passed debris with no entrapment, and 
the R8 and R9 configurations entrapped all debris for the duration of the simulation. Figure 36, 
Figure 37, Figure 38, Figure 39, and Figure 40 provide example results of the debris simulation 
output at t = {5, 10, 15, 25, 50} s for the COD-R8 configuration, respectively. Figure 41 provides 
longitudinal sections for COD-R8 at t = 50s. Noted in the figures are the graphs of debris x-
coordinate positioning and the kinetic energy, K, (i.e. ½ of the product of the object mass and 
squared velocity magnitude) over t. Graph nomenclature is based off the density of the debris {L, 
M, H}, the location {RR, RL}, and the orientation {parallel, perpendicular}. All debris objects are 
color-coded with the chronological graphs. At t = 5 s, the 45° debris had oriented with the direction 
of flow and was traveling towards the gate crests while the downstream debris had become 
entrapped and was recirculating towards the gate crest. Time t = 10 s through t = 50 s illustrates that 
all debris was captured by the vertically recirculating eddy. The x-coordinate positioning graph 
illustrates the upstream debris traveling to approximately x = 200 ft and remaining in the 
recirculation zone for the remainder of the simulation. The graph further illustrates that the 
downstream debris never leaves this recirculation zone. The kinetic energy graph depicts the 
acceleration of the upstream-positioned debris over the gate crests at approximately t = 10 s and 
recurring increases in K for the recirculating debris, notably for the medium density particles. The 
recirculation period where the medium-density objects interact with the shear-layer tailwater-
elevation zone was noted at approximately 15 s which is roughly comparable to the turbulent time 
scale of the vortex.  
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Figure 36. COD-R8 simulation, t = 5 s 

 
Figure 37. COD-R8 simulation, t = 10 s 
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Figure 38. COD-R8 simulation, t = 15 s 

 
Figure 39. COD-R8 simulation, t = 25 s 
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Figure 40. COD-R8 simulation, t = 50 s 

 

 
Figure 41. COD-R8 simulation sectional view, t = 50 s 
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4. STAGE-DISCHARGE RELATIONSHIPS 

Relationships exist between geometric parameters of a hydraulic control and the resulting upstream 
water-surface elevation for a given flow rate. These functions are typically referred to as rating 
curves or stage-discharge relationships and vary based on hydraulic structure type. For example, 
sluice gates, broad-crested, and sharp-crested weirs all have unique stage-discharge relationships. 
Bear-trap and Obermeyer gates represent a hybrid structure type with dynamic capabilities to 
operate as either a sharp-crest or broad-crested weir. A generalized weir stage-discharge 
relationship is presented as Equation 1. 
 
 𝑄 = 𝐶𝑤(𝐻 − ℎ) .  ( 1 ) 

where: 
Q = volumetric flow rate; 
C = discharge coefficient; 
w = spillway gate width; 
H = upstream flow depth; and 
h = distance from gate crest to bed. 
 

Obermeyer (2016) recommends using a linearly scaled discharge coefficient as presented in 
Equation 2.  

 𝐶 = 𝐶 +  (𝐶 − 𝐶 ) ( 2 ) 

where: 
Co = discharge coefficient in lowered position; 
Cc = discharge coefficient in raised position; 
hmin = top-of gate elevation in lowered position; and 
hmax = top of gate elevation in raised position. 

 
Recommended values of Cc and Co are 3.6 ft1/2/s at the fully raised position and 3.3 ft1/2/s at the fully 
closed position, respectively. Obermeyer (2016) calibrated these values based on scaled physical 
model testing; however no information on the layout of the facility or the geometry of the gates is 
provided. RiverRestoration (2016) performed a stage-discharge analysis on a numerically simulated 
Obermeyer gate installation using the format of Equation 1 and Equation 2 and found that the range 
of values for C was [3.30, 4.26] ft1/2/s. The altered C values fit the numerically simulated dataset of 
RiverRestoration (2016) to a better degree of accuracy than the Obermeyer (2016) values, with a 
coefficient of determination R2 value of 0.94 compared to 0.74 and a mean-average-percent error 
(MAPE) relative to flow depth of 6.37% compared to 14%. Results of the analysis indicate that site-
specific installations of Obermeyer gate systems may have varying stage-discharge curves, likely as 
a factor of the maximum gate angle and gate length. 
 
Six stage-discharge relationships were developed for the H5 spillway which comprised sectional, 
full-domain, and combined datasets for the bear trap and OHI gate alternatives. For the purposes of 
this study, the form of Equation 2 may be rephrased in the provided parameter definitions from the 
test matrix as Equation 3.  
 𝐶 = 𝐶 + 𝑂%(𝐶 −  𝐶 )         ( 3 ) 

where: 
Cmin = minimum fitted C coefficient for a given dataset; 
Cmax = maximum fitted C coefficient for a given dataset; and 
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O% = percentage of gate open [0,1]. 
 

Given the models were simulated with Dirichlet fixed-elevation boundary conditions, the gates were 
set at incremental values of O%, and the elevation of the gate crests were known, all parameters of 
Equation 1 were available before the simulation was conducted with the exception of Q and C. 
Values of Q were obtained as the steady-state average volumetric flux through approach sections. 
Values of Cmin and Cmax were found by fitting a linear regression of the form of Equation 3 to ideal 
C values which produced the modeled Q using Equation 1. Predicted values were then computed 
with Cmin as the linear regression intercept and (Cmax – Cmin) as the linear regression slope; e.g. when 
O% = 1.0 (100%), C = Cmax.  
 
Table 15 provides the results of the stage-discharge analysis for all six compiled datasets. Presented 
are the number of simulations used for analysis n, Cmin and Cmax, MAPE, and R2 values. Sectional 
models excluded the R9 and R10 runs as the difference between the tailwater and headwater was 
0.5 ft, representing conditions which could not be classified as unsubmerged. All other runs were 
unsubmerged, i.e. the overtopping jet was noted as fully developed. Data from the R9 and R10 runs 
are not sufficient in quantity to develop a reliable submergence correction factor. 
 

Table 15. Stage-discharge model results 

Dataset n Cmin Cmax MAPE R2 Note 

 -  - ft0.5/s ft0.5/s % -  - 

Bear Trap Sectional 17 3.38 5.15 6.34 0.98 BT-R9/BT-R10 submerged and excluded 

Bear Trap Full Domain 36 3.16 5.16 4.84 0.99  

Bear Trap Conglomerate 53 3.25 5.14 5.08 0.99 BT-R9/BT-R10 submerged and excluded 

       

Obermeyer Sectional 17 3.38 5.16 8.62 0.98 OHI-R9/OHI-R10 submerged and excluded 

Obermeyer Full Domain 36 3.03 4.73 4.26 0.99  

Obermeyer Conglomerate 53 3.17 4.89 6.40 0.98 OHI-R9/OHI-R10 submerged and excluded 

 
Figure 42, Figure 43, and Figure 44 provide the stage-discharge calibration curve and results for the 
sectional, full-domain, and combined bear trap datasets, respectively. Figure 45, Figure 46, and 
Figure 47 detail respective results for the Obermeyer gate stage-discharge analyses. 
 
Results of the stage-discharge analyses produced relationships with a high level of predictive 
accuracy. MAPE values were on the order of 5% for the bear trap gates and on the order of 6% for 
the Obermeyer gates, which is approximately the expected accuracy of the numerical simulations 
based on observations from the grid independence shakedown evaluations. The relationships predict 
the simulated water-surface elevations upstream of the gates with R2 values of nearly unity, 
indicating that there is likely not another factor which captures variability to a statistically 
significant level. There was a slight increase in accuracy in the full-domain relationships over the 
sectional relationships, noted by both reduced MAPE when the full domain is isolated and a 
decrease in MAPE for the conglomerate datasets. For both bear trap and Obermeyer gates, the full-
domain models were slightly less efficient (up to 10% relatively) than the sectional models. This is 
likely attributed to the fully suppressed assumption in the sectional models and lateral contraction 
losses at the wings of the H5 in the full-domain models.  
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Figure 42. Bear trap sectional stage-discharge calibration and results 

 
Figure 43. Bear trap full-domain stage-discharge calibration and results 

 
Figure 44. Bear trap conglomerate stage-discharge calibration and results 

 
Figure 45. OHI sectional stage-discharge calibration and results 
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Figure 46. OHI full-domain stage-discharge calibration and results 

 
Figure 47. OHI conglomerate stage-discharge calibration and results 

 
Four additional simulations were performed at a fixed water-surface boundary condition and two 
additional runs at a volumetric flow rate boundary condition were used as a validation of the 
developed stage-discharge relationships. The two simulations used with the volumetric flow 
boundary were taken from the BT3D-R4 shakedown evaluations previously presented. Bear trap 
and Obermeyer gates at 50% raised were evaluated at a headwater of 293 ft using the full-domain 
CO-R5 simulation geometry and downstream boundary. Further, 75% raised bear trap and 
Obermeyer gates were evaluated using sectional model geometries and downstream boundaries of 
BT-R7 and OHI-R7 at a headwater of 293 ft. The non-conglomerate relationships were used for 
validation; i.e. the full-domain relationships were used for the CO-R5 validation and the sectional 
relationships were used for the BT-R7 and OHI-R7 validations. Table 16 details the validation 
simulations, the model calculated Q, the predicted Q, and the relative error. Figure 50 illustrates the 
predicted and observed Q. Relative error was less than 9% for the validation and aligns with the 
order of error for equation development. The Obermeyer gate simulations (CO-R5 Left, OHI-R7) 
validated the stage-discharge relationships to within 4%.  

 

Table 17 details the model calculated water-surface elevation H, the predicted H, and absolute error 
relative to the upstream flow depth (29.5 ft). Relative errors were on the order of 5% of the flow 
depth or less. Figure 49 illustrates the predicted and observed H, where the full-domain bear-trap 
relationships under-predict observed water-surface elevations from the numerical model. 
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Table 16. Stage-discharge validation results with water-surface boundary condition 

Simulation US Boundary DS Boundary Gate Position Gate Raised Calc. Q Pred. Q Abs. Rel. Error 

- ft ft - % ft³/s ft³/s % 

CO-R5 293 277 LEFT 0.50 7885.82 8178.18 3.71 

CO-R5 293 277 RIGHT 0.50 8276.41 8767.33 5.93 

BT-R7 293 280 SECTIONAL 0.75 5659.30 5156.04 8.89 

OHI-R7 293 280 SECTIONAL 0.75 5015.00 5169.24 3.08 

 
 
Table 17. Stage-discharge validation results with volumetric flow boundary condition 

Simulation US Boundary DS Boundary Gate Position Gate Raised Calc. H Pred. H Abs. Rel. Error  

- ft³/s ft - % ft ft % 

BT3D-R4 9250 283 LEFT 0.75 295.4 294.26 3.86 

BT3D-R4 9250 283 RIGHT 0.5 295.4 293.97 4.86 

 

 
Figure 48. Stage-discharge relationship validation runs with fixed water-surface boundary conditions 
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Figure 49. Stage-discharge relationship validation runs with fixed volumetric flow rate conditions 

 
Empirical coefficients from Obermeyer (2016) and RiverRestoration (2016) were compared to the 
current study conglomerate Obermeyer relationships as illustrated in Table 18. Figure 50 provides 
the variability in C, and linearly with Q, with percentage gate opening for the three studies. Table 
19 quantifies the differences between the current study and the others. As noted, the Obermeyer 
(2016) stage-discharge relationship has a flatter response and lower Cmax than the RiverRestoration 
(2016) or current study relationship. Maximum relative percent differences between the current 
study and Obermeyer (2016) were on the order of 25% and 7% compared to RiverRestoration 
(2016). Differences could have resulted from gate height, length, and angle, or modeling technique. 
 

Table 18. Current OHI stage-discharge results compared with others 

Study Slope Intercept 

Obermeyer (2016) 0.30 3.30 

RiverRestoration (2016) 1.26 3.30 

Current Study 1.72 3.17 
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Figure 50. C coefficient variance with percent gate raised 

 
Table 19. Percent difference in stage-discharge response compared to current study 

% Raised Obermeyer (2016) RiverRestoration (2016) 

0 -4.07 -4.07 

0.1 0.38 -2.49 

0.2 4.39 -1.07 

0.3 8.03 0.22 

0.4 11.35 1.39 

0.5 14.38 2.47 

0.6 17.16 3.45 

0.7 19.73 4.36 

0.8 22.10 5.20 

0.9 24.30 5.98 

1 26.35 6.70 

 
Obermeyer (2016) reported that data used to develop the stage-discharge relationship were obtained 
from a physical model, the details of which are unknown. It is assumed that the tests were limited in 
some way by the backwater overtopping the flume sill and there is a possibility that the gate was 
never raised to a full position. This may explain as to why Cmax is lower than the current study or 
RiverRestoration (2016); however, it is noted that the coefficient is more closely aligned with 
traditional sharp-crested weir coefficients. As indicated earlier, the transition of the bear-traps and 
Obermeyer gates to a raised position generally changes the weir function from broad crested to 
sharp crested and the structure becomes more efficient. Other factors accounting for the 
discrepancies between Obermeyer (2016) and the simulation results are the differences in modeling 
types, physical and numerical. FLOW-3D® has been verified with countless physical modeling and 
field studies and this discrepancy is likely negligible. 
 
The gate length, height, and orientation angle all are factors into how efficient an Obermeyer gate 
performs and the shape of the overtopping jet. Gates evaluated in the current study were 
approximately 14.25-ft long and were raised to a maximum height of 12 ft from the sill to create a 
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maximum orientation angle of 57.4°. RiverRestoration (2016) gates were 12.3-ft long and were 
raised to a maximum height of 8 ft with an orientation angle of 43.7°. It is possible that the gate 
geometries are similar enough to provide rationale for the approximate 5% difference between the 
current study and RiverRestoration (2016). A larger dataset would be necessary to statistically 
indicate gate geometry and operation influence on C. Application of the developed relationships to 
markedly different gate geometries than the H5 spillway may produce erroneous results. 

5. DISCUSSION 

This section provides discussion pertaining to general remarks, the results of the complete-crest 
bear-trap and Obermeyer modeling, gate alternative discussion for a complete-crest system, and a 
proposed hypothetical Obermeyer partial-crest operation at the H5. Complete-crest operations are 
defined as uniform crest elevation of the gate separated by an abutment. Partial-crest operations are 
defined as non-uniform crest elevations across the sill. Modeling and stage-discharge analysis 
reported in this memorandum assumed complete-crest operations of all evaluated gate alternatives. 

a. General discussion 

Numerical modeling of identified H5 gate alternatives produced a robust dataset that allowed for 
visualization of hydraulic distributions, debris entrapment, and flow interaction with the H5. 
Simulation results are provided for independent evaluation by FNI and GBRA for design 
considerations for H5 or other spillway infrastructure. Model boundary conditions were dictated by 
FNI. While provided model output is of the best quality reasonable, RiverRestoration does not 
guarantee numerical model results beyond reported accuracy thresholds and holds no liability for 
final design of H5 or any other hydraulic structure based on the interpretation of findings reported 
in this memorandum. Multiple strategies to further reduce risk incorporate failsafe redundancies and 
are recommended for consideration in the design process. 
 
Simulations were established under fixed water-surface elevation boundary conditions provided by 
FNI. This type of simulation setup relies on the piezometric head differential to drive flow through 
the computational domain and assumes that the downstream structure is the primary control on the 
flow. Upstream boundary velocities are simulated based on the local downstream control and may 
vary across the section. For example, the river-left portion of CO3D-R8 had inflowing velocity of 
5.3 ft/s while the river-right had 3.1 ft/s, which corresponds to the local downstream lower and 
higher gate elevations, respectively. This type of modeling assumption may not replicate a field 
installation if the flow distribution is not fully controlled by the downstream features, such as a 
channel bend or a feature concentrating flow to one portion of the channel at the approach. 
 

b. Complete-crest modeling results discussion 

Modeling results of the complete-crest configurations did not indicate a significant hydraulic 
difference between the bear-trap and Obermeyer gate alternatives. Both produced a sharp-crested 
weir hydraulic when raised with typically free-flowing aerated nappes that transition to a 
submerged, broad-crested weir hydraulic when fully lowered. Compared with the Obermeyer gates, 
the relatively higher CMAX and CMIN values for the bear-trap empirically derived stage-discharge 



 
44 

 

relationships values may indicate that the bear-trap gates are more efficient and create sharp-crested 
weir hydraulics across a greater operational range. The abrupt gate lip of the bear-trap gate 
compared to the rounded Obermeyer gate reinforces this concept. Hydraulic efficiency translates to 
a higher crest elevation for a given flow rate to maintain the upstream water-surface elevation and is 
not indicative that one gate alternative is necessarily preferable. Elevation range of the gate crest or 
sill elevation may be increased or decreased in design as a strategy to cover any discrepancies in 
hydraulic efficiency.  
 
The CMAX coefficients were nearly identical between the sectional bear-trap, full-domain bear-trap, 
and sectional Obermeyer alternatives; however the full-domain Obermeyer simulations produced a 
coefficient approximately 8% lower. Full-domain Obermeyer simulations utilized a downstream-
shifted gate location compared to the sectional models. It is possible that the shift may have 
introduced additional flow separation and turbulent losses in the flow and reduced the gate 
efficiency. Another possibility for the reduction was the inclusion of simulated nappe breaker 
geometries affixed to the gate crests which were not present in the sectional models. 
 
Primary hydraulic differences between the alternatives were noted in the jet impingement angle 
onto the sill; however, hydraulic optimization of the sill geometry to efficiently convey the 
impinging jet into the tailwater may be performed for both gate alternatives. Gate location and sill 
geometry optimization is recommended during the design process. 
 
Debris simulations indicated that impacts to the gate crest under both alternatives were unlikely for 
most management scenarios. The recirculation zone was located downstream of the gate crest and 
the region of debris propulsion through interaction with the impinging jet was sufficiently 
distanced. This region occurred at the interface of the shear layer and tailwater elevation. Higher 
tailwater and steeper impingement angles shifted the recirculation zone proximal to the gate crest. 
For simulations conducted, the forces from the overtopping fluid jet were sufficient to deflect 
recirculating debris from interacting with the bear-trap crest, Obermeyer crest, or H5 sill. Inflowing 
debris from the upstream was noted to interact with the gate crests as it overtopped. No inflowing 
debris was entrapped upstream of the modeled gate alternatives. Additional strategies to mitigate 
debris risk may be investigated during design. 
 
When considering vertical recirculation patterns, sectional models provided similar amounts of 
information for design as the full-domain models. Models were limited by Obermeyer gate 
thickness and the full-domain models were computationally intensive due to resolution of this gate 
thickness across the full width of the H5. For increased efficiency in future debris evaluations, it is 
suggested that sectional models be examined initially to provide more information and to optimize 
the sill geometry and debris interactions with the local hydrology. Once optimized, planimetric 
recirculation patterns should be modeled using full-domain simulations to identify potential 
complications and iterative solutions. 
 

c. Complete-crest gate alternative discussion 

Given the similarities of the hydraulics and debris patterns between the modeled bear-trap and 
Obermeyer gates, the selection of a preferred alternative becomes more technologically related if 
the structure is operated with complete-crest bays. While bear-trap gates are noted in the literature 
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as antiquated, Obermeyer systems are readily adaptable to new technological advances in remote 
telemetry, system automation, and material improvements. Obermeyer systems have the advantage 
over bear-trap gates of crest manipulation operation independent of the instream flow. 
 
Obermeyer systems are constructed with materials optimized for durability and the steel gate 
provides protection of the downstream components from debris impacts. Downstream bladder and 
debris influence, such as an entrapped log, may be accounted for during design with strategies such 
as a separately mounted shield system which would transform downstream hydraulics as more 
similar to bear-trap gates, but with the advantage of natural dampening to inflowing debris impacts. 
Based on these merits, the Obermeyer gate alternative may be preferable for complete-crest 
operations at the H5. 
 
RiverRestoration has noted interaction of gravel with the connecting pneumatics at the bladder-sill 
interface at select designed and installed projects. Gravel accumulation in this region results in 
reduced efficiency in inflation and deflation of the bladders and becomes a maintenance issue. 
Accumulation of gravel in this region was not evaluated in the modeling reported in this 
memorandum, although slow-moving recirculation was noted upstream of the impinging jet in the 
vicinity of the bladders for some simulations. Further design may consider strategies to further 
protect pneumatic connectors including sill geometries which flush gravel sediments. 

d. Hypothetical H5 Obermeyer design 

The primary benefit of an Obermeyer gate system over a bear-trap is the ability to have a series of 
independently operated gates aligned on the crest without reliance on the central abutment; i.e. the 
ability to have partial-crest operations across the full sill width. Obermeyer systems effectively 
place the central abutment hydraulic separation at the boundary of each installed gate. For example, 
the two 85-ft spillways of the H5 may be segmented into multiple gates. Independently operating 
gates transforms the uniform 85-ft bear-trap gate into a system with failure redundancies and a wide 
range of management options. 
 
A hypothetical design scenario for the H5 is proposed with a partial-crest Obermeyer system. The 
design could consider a minimum gate width that provides a desired upstream water-surface 
elevation when the gate is fully lowered. All other gates would be raised in this scenario and the 
flow would pass through a contracted broad-crested weir type hydraulic. If a failure of any gate 
across the full width of the H5 occurs, the structure operation can default to the failed gate in the 
lowered position and maintain desired upstream conditions at low flows. As the flow rates in the 
Guadalupe River rise, other gates could be successively lowered to maintain the lake elevation of 
291.5 ft or another desired level. If the calculated minimum width is separated across the width of 
multiple gates, then that number of gates may fail and the structure will maintain desired function. 
The likelihood of failure of two or more independent gate systems provided proper maintenance is 
exceedingly low. Rating curves for the hypothetical partial-crest Obermeyer system would consider 
both L (or the total width of gates active) as well as gate and water-surface elevations and could 
dictate operational sequencing. 
 
Downstream vertical recirculation was noted from model results to be mitigated when the gates 
were lowered and the impingement angle was reduced. Partial-crest operations allow for mitigated 
debris entrapment potential by creating these flushing hydraulics at lower flow rates while 
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maintaining upstream water-surface elevations. Further, the hypothetical H5 may be temporarily 
adjusted to concentrate hydraulics to areas where entrapment and recirculation are problematic. This 
type of adaptive management may be performed in the field with or without further hydraulic 
scenario evaluation. 
 
Given the range of adjustability, investigation of partial-crest operation adaptive management 
strategies and failsafe redundancies are recommended to be developed in the design phase. Further 
evaluation of partial-crest operations using numerical simulations would provide confidence in 
system design and elucidate site-specific structure management. 

6. SUMMARY 

Two gate alternatives were hydraulically investigated for the GBRA H5 spillway at Lake Wood in 
the vicinity of Gonzalez, TX as a replacement option for damaged infrastructure. Obermeyer gates 
were considered as an alternate to the bear-trap gates currently installed. A numerical modeling 
investigation was conducted to quantify hydraulic conditions of both alternatives as they related to 
the spillway interaction and debris entrapment.  
 
The following tasks were performed during this investigation: 
 

 Thirty-eight downstream-aligned sectional models (x,z plane) were simulated for 19 bear-
trap and 19 Obermeyer gate scenarios. FNI provided the geometries and boundary 
conditions for all simulations; 

 Water-surface elevations, mean-flow velocities, depth-averaged velocities, flow rates, 
structural shear stresses, and impinging jet velocities were quantified for the sectional 
simulations and graphical output was generated (Electronic Appendix A); 

 Two alternative Obermeyer gate mounting positions were evaluated using sectional models 
for jet impingement optimization; 

 Thirty-six full-domain models (x, y, z – directions) were evaluated comprising 12 bear-trap, 
Obermeyer, and combined gate simulations each. FNI provided the geometries and 
boundary conditions for all simulations; 

 Water-surface elevations, mean-flow velocities, depth-averaged velocities, flow rates, 
structural shear stresses, and impinging jet velocities were quantified for the full-domain 
models and graphical output was generated (Electronic Appendix B); 

 Nine debris simulations were performed comprising three bear-trap, Obermeyer, and 
combined gate models each. FNI provided which models should be evaluated; 

 Debris location tracking, kinetic energy, video animation, and entrapment potential was 
quantified or produced (Electronic Appendix C); and 

 Six stage discharge relationships were generated for complete-crest H5 operations for the 
gate alternatives. 

 
The following results were noted during this investigation: 
 

 Vertical recirculation downstream of the gate crest was noted when the impinging jet 
adhering to the spillway face is redirected vertically creating an upstream moving slow-
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velocity zone. The interface of the shear-layer between the jet and slow moving tailwater is 
the location where debris may repeatedly lodge and interact with the structure; 

 The shear-layer tailwater-elevation interface was not noted as proximal to the gate crest for 
any evaluated simulation; 

 Simulated entrapped debris did not interact with the gate crest during recirculation; 
 Recirculation in the vicinity of the gates (i.e. behind the impinging jet) was noted but was 

not deemed significant as to energize debris to result in structural damage; 
 Both alternatives produced overtopping jets which impinged onto the concrete sill at 

undesired angles which may result in long-term structural wear; 
 Stage-discharge relationships were developed for the bear-trap and Obermeyer alternatives 

with prediction error on the order of 5%; and 
 Under complete-crest operations of the H5 hydraulic differences between the modeled bear-

trap and Obermeyer systems were not significant. 
 
The following recommendations were provided following this investigation: 
 

 Gate dimensions and mount placement have influence on the impinging jet interaction with 
the tailwater and debris recirculation trends. Site-specific optimizations of gate design and 
sill geometry are recommended for installations; 

 Vertical recirculation trends were captured well with the sectional models and were 
performed more efficiently than the full-domain models. It is recommended that site-specific 
sectional modeling be performed first to identify vertical debris entrapment and then 
followed by full-domain modeling to mitigate undesired planimetric recirculation; 

 Operations at the H5 should consider both complete-crest and partial-crest configurations in 
design; 

 For complete-crest operations, the Obermeyer gate alternative was identified as preferential 
due to actuation independent from instream flow, system resilience to inflowing debris 
impacts, reliability, and ease of automation. The bear-trap gate was not identified due to 
antiquated technology, reliance upon abutment seals and instream flow for actuation, and 
proven failure at the site under consideration; 

 Partial-crest operations of Obermeyer gates are recommended for consideration at the H5. 
Partial-crest configurations allow for failsafe redundancies and may be adaptively managed 
to provide hydraulics which flush debris at a wider range of flows. Design of partial-crest 
Obermeyer systems should be optimized to site-specific constraints. 
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APPENDIX B 

SECTION CFD MODEL FIGURES  



GBRA H5

Sectional Model  CFD Analysis Results

Obermeyer Hydro, Inc. Gate Evaluations

RUN HEADWATER TAILWATER
TAILWATER 

CONDITION

GATE % 

RAISED

CALC UNIT 

Q
CALC TOTAL Q HGL DROP

REPRESENTATIVE JET 

VELOCITY

PEAK STRUCTURE 

SHEAR

- ft ft percent ft²/s ft³/s ft ft/s lb/ft²

OHI-R1 291.5 269 Low 100 5.67 482 22.5 18 13.85

OHI-R2 291.5 272 Low 75 33.55 2,852 19.5 25 18.41

OHI-R3 291.5 277 Low 50 75.72 6,436 14.5 25 14.35

OHI-R4 291.5 281.5 Low 25 117.45 9,983 10 16 8.66

OHI-R5 291.5 283 Low 0 162.37 13,801 8.5 25 9.73

OHI-R11 294.5 286 Low 0 225.33 19,153 8.5 27.5 6.05

OHI-R12 298.5 287 Low 0 318.10 27,039 11.5 27.5 15.24

OHI-R13 303.5 291 Low 0 452.72 38,481 12.5 30 12.36

OHI-R6 291.5 277 High 100 5.37 456 14.5 3.75 3.65

OHI-R7 291.5 280 High 75 39.08 3,322 11.5 27.5 17.49

OHI-R8 291.5 288 High 50 78.87 6,704 3.5 9 3.41

OHI-R9 291.5 291 High 25 78.07 6,636 0.5 7 0.75

OHI-R10 291.5 291 High 0 115.05 9,779 0.5 9 0.25

OHI-R14 294.5 292 High 0 208.22 17,699 2.5 17 2.45

OHI-R15 298.5 294 High 0 305.87 25,999 4.5 22.5 4.64

OHI-R16 303.5 297 High 0 441.64 37,539 6.5 24 5.02

OHI-R17 294.5 260 Free 0 225.32 19,152 34.5 43 17.46

OHI-R18 298.5 260 Free 0 318.95 27,111 38.5 46 14.52

OHI-R19 303.5 260 Free 0 453.20 38,522 43.5 49.3 20.15



GBRA H5

Sectional Model  CFD Analysis Results

Bear Trap Gate Evaluations

RUN HEADWATER TAILWATER

TAILWATER 

CONDITION

GATE % 

RAISED

CALC UNIT 

Q CALC TOTAL Q HGL DROP

REPRESENTATIVE JET 

VELOCITY

PEAK STRUCTURE 

SHEAR

- ft ft percent ft²/s ft³/s ft ft/s lb/ft²

BT-R1 291.5 269 Low 100 4.86 413 22.5 18 6.83

BT-R2 291.5 272 Low 75 37.99 3,229 19.5 25 17.51

BT-R3 291.5 277 Low 50 81.90 6,962 14.5 25 11.5

BT-R4 291.5 281.5 Low 25 125.55 10,672 10 25 9.5

BT-R5 291.5 283 Low 0 153.86 13,078 8.5 25 9.6

BT-R11 294.5 286 Low 0 214.50 18,233 8.5 25 9.26

BT-R12 298.5 287 Low 0 307.26 26,117 11.5 27.5 12.86

BT-R13 303.5 291 Low 0 436.96 37,142 12.5 27.5 8.67

BT-R6 291.5 277 High 100 4.81 409 14.5 12 5.01

BT-R7 291.5 280 High 75 43.26 3,677 11.5 21 10.7

BT-R8 291.5 288 High 50 76.62 6,513 3.5 13 9.52

BT-R9 291.5 291 High 25 73.97 6,287 0.5 8.5 9.23

BT-R10 291.5 291 High 0 83.18 7,070 0.5 7.5 2.37

BT-R14 294.5 292 High 0 190.22 16,169 2.5 15 5.45

BT-R15 298.5 294 High 0 281.79 23,952 4.5 17 8.4

BT-R16 303.5 297 High 0 425.89 36,201 6.5 24 15.6

BT-R17 294.5 260 Free 0 216.18 18,375 34.5 43.4 13.65

BT-R18 298.5 260 Free 0 308.13 26,191 38.5 46.82 16.68

BT-R19 303.5 260 Free 0 439.12 37,325 43.5 50 16.59



100% Raised Gate – Low Tailwater  

RUN Headwater (ft) Tailwater (ft)
Discharge per 

gate (cfs)

BT-R1 291.5 269.0 413

OHI-R1 291.5 269.0 482



75% Raised Gate – Low Tailwater 

RUN Headwater (ft) Tailwater (ft)
Discharge per 

gate (cfs)

BT-R2 291.5 272.0 3,229

OHI-R2 291.5 272.0 2,852



50% Raised Gate – Low Tailwater

RUN Headwater (ft) Tailwater (ft)
Discharge per 

gate (cfs)

BT-R3 291.5 277.0 6,962

OHI-R3 291.5 277.0 6,436



25% Raised Gate – Low Tailwater

RUN Headwater (ft) Tailwater (ft)
Discharge per 

gate (cfs)

BT-R4 291.5 281.5 10,672

OHI-R4 291.5 281.5 9,983



0% Raised Gate – Low Tailwater – Headwater 291.5 

RUN Headwater (ft) Tailwater (ft)
Discharge per 

gate (cfs)

BT-R5 291.5 283 13,078

OHI-R5 291.5 283 13,801



0% Raised Gate – Low Tailwater

RUN Headwater (ft) Tailwater (ft)
Discharge per 

gate (cfs)

BT-R11 294.5 286 18,233

OHI-R11 294.5 286 19,153



0% Raised Gate – Low Tailwater

RUN Headwater (ft) Tailwater (ft)
Discharge per 

gate (cfs)

BT-R12 298.5 287 26,177

OHI-R12 298.5 287 27,039



0% Raised Gate – Low Tailwater

RUN Headwater (ft) Tailwater (ft)
Discharge per 

gate (cfs)

BT-R13 303.5 291 37.142

OHI-R13 303.5 291 38,481



100% Raised Gate – High Tailwater

RUN Headwater (ft) Tailwater (ft)
Discharge per 

gate (cfs)

BT-R6 291.5 277 409

OHI-R6 291.5 277 456



75% Raised Gate – High Tailwater

RUN Headwater (ft) Tailwater (ft)
Discharge per 

gate (cfs)

BT-R7 291.5 280 3,677

OHI-R10 291.5 280 3,322



50% Raised Gate – High Tailwater

RUN Headwater (ft) Tailwater (ft)
Discharge per 

gate (cfs)

BT-R8 291.5 288 6,513

OHI-R8 291.5 288 6,704



25% Raised Gate – High Tailwater

RUN Headwater (ft) Tailwater (ft)
Discharge per 

gate (cfs)

BT-R9 291.5 291 6,287

OHI-R9 291.5 291 6,636



0% Raised Gate – High Tailwater 

RUN Headwater (ft) Tailwater (ft)
Discharge per 

gate (cfs)

BT-R10 291.5 291 7,070

OHI-R10 291.5 291 9,770



0% Raised Gate – High Tailwater

RUN Headwater (ft) Tailwater (ft)
Discharge per 

gate (cfs)

BT-R14 294.5 292 16,169

OHI-R14 294.5 292 17,699



0% Raised Gate – High Tailwater

RUN Headwater (ft) Tailwater (ft)
Discharge per 

gate (cfs)

BT-R15 298.5 294 23,952

OHI-R15 298.5 294 25,999



0% Raised Gate – High Tailwater

RUN Headwater (ft) Tailwater (ft)
Discharge per 

gate (cfs)

BT-R16 303.5 297 36,201

OHI-R16 303.5 297 37,539



0% Raised Gate – No Tailwater

RUN Headwater (ft) Tailwater (ft)
Discharge per 

gate (cfs)

BT-R17 294.5 260 18,375

OHI-R17 294.5 260 19,152



0% Raised Gate – No Tailwater

RUN Headwater (ft) Tailwater (ft)
Discharge per 

gate (cfs)

BT-R18 298.5 260 26,191

OHI-R18 298.5 260 27,111



0% Raised Gate – No Tailwater

RUN Headwater (ft) Tailwater (ft)
Discharge per 

gate (cfs)

BT-R19 303.5 260 37,325

OHI-R19 303.5 260 38,522



 

 

 

 

 

 

 

 

APPENDIX C 

FULL DOMAIN CFD MODEL FIGURES  



H5 Three Dimensional CFD Results

Two Bear Trap Gates

SIMULATION 

RUN

UPSTREAM 

BOUNDARY   

EL. (FT)

DOWNSTREAM 

BOUNDARY   EL. 

(FT)

LEFT GATE 

POSITION                  

(% RAISED)

RIGHT GATE 

POSITION                  

(% RAISED)

TOTAL 

MODELED 

DISCHARGE 

(CFS)

DISCHARGE 

LEFT       

(CFS)

DISCHARGE 

RIGHT (CFS)

MAX. JET VELOCITY            

RIGHT, Y = 170 FT.                     

LEFT, Y = 260 FT.          

(FT/SEC)

PEAK 

STRUCTURE 

SHEAR STRESS 

(LB/FT
3
)

BT-R1_HW 291.5 282 50% 100% 6,995 6,484 511 y170=17.8,  y260=26.0 3.8

BT-R2_HW 291.5 284 25% 100% 10,400 9,949 451 y170=17.8,  y260=27.0 7.5

BT-R3_HW 291.5 286 0% 100% 12,114 11,612 502 y170=18.1,  y260=18.1 4.1

BT-R4_HW 291.5 283 75% 50% 9,805 3,271 6,534 y170=22.4,  y260=22.0 7.5

BT-R5_HW 291.5 277 50% 50% 13,163 6,561 6,602 y170=26.6,  y260=25.7 8.3

BT-R6_HW 291.5 288 25% 50% 15,233 9,466 5,767 y170=9.25,  y260=10.6 1.9

BT-R7_HW 291.5 282 0% 50% 19,207 12,701 6,506 y170=24.9,  y260=28.1 8.2

BT-R8_HW 291.5 281.5 25% 25% 20,869 10,386 10,483 y170=24.0,  y260=25.6 9.8

BT-R9_HW 291.5 283 0% 25% 23,242 12,799 10,443 y170=20.5,  y260=20.6 8.6

BT-R10_HW 291.5 283 0% 0% 25,822 12,838 12,984 y170=26.1,  y260=26.1 6

BT-R11_HW 294.5 286 0% 0% 35,993 17,859 18,134 y170=25.2,  y260=24.2 7.5

BT-R12_HW 298.5 287 0% 0% 51,174 24,973 26,201 y170=30.6,  y260=29.9 9.1



H5 Three Dimensional CFD Results

Left Gate - Obermeyer, Right Gate - Bear Trap

SIMULATION 

RUN

UPSTREAM 

BOUNDARY   

EL. (FT)

DOWNSTREAM 

BOUNDARY   EL. 

(FT)

LEFT GATE 

POSITION                  

(% RAISED)

RIGHT GATE 

POSITION                  

(% RAISED)

TOTAL 

MODELED 

DISCHARGE 

(CFS)

DISCHARGE 

LEFT       

(CFS)

DISCHARGE 

RIGHT (CFS)

MAX. JET VELOCITY            

RIGHT, Y = 170 FT.                     

LEFT, Y = 260 FT.          

(FT/SEC)

PEAK 

STRUCTURE 

SHEAR STRESS 

(LB/FT
2
)

CO-R1 291.5 282 50% 100% 6,466 6,060 406 y170=18.7,   y260= 15.2 9.7

CO-R2 291.5 284 25% 100% 9,516 9,076 440 y170= 8.0,   y260= 16.2 4.8

CO-R3 291.5 286 0% 100% 12,104 11,723 381 y170=14.9,   y260= 19.6 4.8

CO-R4 291.5 283 75% 50% 8,973 2,738 6,235 y170=15.6,   y260= 9.7 5.6

CO-R5 291.5 277 50% 50% 12,186 5,919 6,267 y170= 26.4,   y260= 21.5 7.7

CO-R6 291.5 288 25% 50% 14,082 8,538 5,544 y170= 12.4 ,   y260= 12.3 2.4

CO-R7 291.5 282 0% 50% 18,531 12,324 6,207 y170=17.3,   y260= 25.9 8.8

CO-R8 291.5 281.5 25% 25% 18,761 9,312 9,449 y170=23.0,   y260= 22.6 6.7

CO-R9 291.5 283 0% 25% 21,882 12,431 9,451 y170=18.0,   y260= 26.5 8.7

CO-R10 291.5 283 0% 0% 24,745 12,515 12,230 y170=25.5,   y260= 26.5 9

CO-R11 294.5 286 0% 0% 34,339 17,121 17,218 y170= 25.6,   y260= 27.0 9.8

CO-R12 298.5 287 0% 0% 48,787 24,579 24,208 y170= 28.8,   y260= 29.9 12.5



H5 Three Dimensional CFD Results

2 Obermeyer Gates

SIMULATION 

RUN

UPSTREAM 

BOUNDARY   

EL. (FT)

DOWNSTREAM 

BOUNDARY   EL. 

(FT)

LEFT GATE 

POSITION                  

(% RAISED)

RIGHT GATE 

POSITION                  

(% RAISED)

TOTAL 

MODELED 

DISCHARGE 

(CFS)

DISCHARGE 

LEFT       

(CFS)

DISCHARGE 

RIGHT (CFS)

MAX. JET VELOCITY            

RIGHT, Y = 170 FT.                     

LEFT, Y = 260 FT.          

(FT/SEC)

PEAK 

STRUCTURE 

SHEAR STRESS 

(LB/FT
2
)

OHI-R1 291.5 282 50% 100% 6,255 5,809 446 y170=9.0,  y260=10.9 3.5

OHI-R2 291.5 284 25% 100% 9,414 8,972 442 y170=7.3,  y260=14.5 4.4

OHI-R3 291.5 286 0% 100% 12,261 11,834 427 y170=3.7,  y260=24.1 7

OHI-R4 291.5 283 75% 50% 8,607 2,740 5,867 y170=10.1,  y260=11.2 5.2

OHI-R5 291.5 277 50% 50% 11,786 5,900 5,886 y170=14.4,  y260=22.7 6.3

OHI-R6 291.5 288 25% 50% 14,139 8,542 5,597 y170=8.3,  y260=11.2 2.7

OHI-R7 291.5 282 0% 50% 18,115 12,273 5,842 y170=18.0,  y260=27.0 9

OHI-R8 291.5 281.5 25% 25% 18,528 9,335 9,193 y170=22.2,  y260=22.2 8.1

OHI-R9 291.5 283 0% 25% 21,576 12,421 9,155 y170=21.1,  y260=26.4 9

OHI-R10 291.5 283 0% 0% 24,869 12,536 12,333 y170=27.7,  y260=26.8 9.7

OHI-R11 294.5 286 0% 0% 34,449 17,196 17,253 y170=27.7,  y260=26.2 9.5

OHI-R12 298.5 287 0% 0% 48,834 24,459 24,375 y170=  15.1,  y260= 14.0 13.2



Run 1

Left Gate 50% Raised

Right Gate 100% Raised

Approx. Total Discharge 7,000 cfs

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

6,484 cfs

511 cfs 406 cfs

6,060 cfs

446 cfs

5,809 cfs



Run 1

Left Gate 50% Raised

Right Gate 100% Raised

Approx. Total Discharge 7,000 cfs

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

6,484 cfs

511 cfs 406 cfs

6,060 cfs

446 cfs

5,809 cfs



Bear Trap (L)

Obermeyer (L)

Bear Trap (R)

Bear Trap (R)

Obermeyer (L) Obermeyer (R)

Run 1

Left Gate 50% Raised

Right Gate 100% Raised

Approx. Total Discharge 7,000 cfs

446 cfs

406 cfs

511 cfs

5,809 cfs

6,060 cfs

6,484 cfs



Run 2

Left Gate 25% Raised

Right Gate 100% Raised

Approx. Total Discharge 10,000 cfs

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

440 cfs

9,076 cfs

442 cfs

8,972 cfs

451 cfs

9,949 cfs



Run 2

Left Gate 25% Raised

Right Gate 100% Raised

Approx. Total Discharge 10,000 cfs

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

9,949 cfs

451 cfs

442 cfs

8,972 cfs

440 cfs

9,076 cfs



Bear Trap (L)

Obermeyer (L)

Bear Trap (R)

Bear Trap (R)

Obermeyer (L) Obermeyer (R)

Run 2

Left Gate 25% Raised

Right Gate 100% Raised

Approx. Total Discharge 10,000 cfs

9,949 cfs 451 cfs

8,972 cfs

9,076 cfs

442 cfs

440 cfs



Run 3

Left Gate 0% Raised

Right Gate 100% Raised

Approx. Total Discharge 12,000 cfs

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

381 cfs

11,723 cfs

11,834 cfs

427 cfs

11,612 cfs

502 cfs



Run 3

Left Gate 0% Raised

Right Gate 100% Raised

Approx. Total Discharge 12,000 cfs

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

11,612 cfs 11,723 cfs

502 cfs

427 cfs

11,834 cfs

381 cfs



Bear Trap (L)

Obermeyer (L)

Bear Trap (R)

Bear Trap (R)

Obermeyer (L) Obermeyer (R)

Run 3

Left Gate 0% Raised

Right Gate 100% Raised

Approx. Total Discharge 12,000 cfs

11,834 cfs

11,723 cfs

11,612 cfs

427 cfs

381 cfs

502 cfs



Run 4

Left Gate 75% Raised

Right Gate 50% Raised

Approx. Total Discharge 10,000 cfs

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

6,235 cfs

2,738 cfs

2,740 cfs

5,867 cfs

6,534 cfs

3,271 cfs



Run 4

Left Gate 75% Raised

Right Gate 50% Raised

Approx. Total Discharge 10,000 cfs

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

3,271 cfs

6,534 cfs

2,740 cfs

5,867 cfs

6,235 cfs

2,738 cfs



Bear Trap (L)

Obermeyer (L)

Bear Trap (R)

Bear Trap (R)

Obermeyer (L) Obermeyer (R)

Run 4

Left Gate 75% Raised

Right Gate 50% Raised

Approx. Total Discharge 10,000 cfs

5,867 cfs

6,235 cfs

2,740 cfs

2,738 cfs

3,271 cfs 6,534 cfs



Run 5

Left Gate 50% Raised

Right Gate 50% Raised

Approx. Total Discharge 13,000 cfs

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

6,267 cfs

5,919 cfs

5,900 cfs

5,886 cfs

6,602 cfs

6,561 cfs



Run 5

Left Gate 50% Raised

Right Gate 50% Raised

Approx. Total Discharge 13,000 cfs

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

5,886 cfs

5,900 cfs

6,561 cfs

6,602 cfs 6,267 cfs

5,919 cfs



Bear Trap (L)

Obermeyer (L)

Bear Trap (R)

Bear Trap (R)

Obermeyer (L) Obermeyer (R)

Run 5

Left Gate 50% Raised

Right Gate 50% Raised

Approx. Total Discharge 13,000 cfs

6,561 cfs

5,886 cfs5,900 cfs

5,919 cfs 6,267 cfs

6,602 cfs



Run 6

Left Gate 25% Raised

Right Gate 50% Raised

Approx. Total Discharge 15,000 cfs

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

9,466 cfs

8,542 cfs

5,597 cfs

5,544 cfs

8,538 cfs

5,767 cfs



Run 6

Left Gate 25% Raised

Right Gate 50% Raised

Approx. Total Discharge 15,000 cfs

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

5,597 cfs

8,542 cfs

5,767 cfs

9,466 cfs

5,544 cfs

8,538 cfs



Bear Trap (L)

Obermeyer (L)

Bear Trap (R)

Bear Trap (R)

Obermeyer (L) Obermeyer (R)

Run 6

Left Gate 25% Raised

Right Gate 50% Raised

Approx. Total Discharge 15,000 cfs

9,466 cfs 5,767 cfs

5,597 cfs8,542 cfs

5,544 cfs8,538 cfs



Run 7

Left Gate 0% Raised

Right Gate 50% Raised

Approx. Total Discharge 20,000 cfs

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

6,207 cfs

12,324 cfs

12,273 cfs

5,842 cfs

12,701 cfs

6,506 cfs



Run 7

Left Gate 0% Raised

Right Gate 50% Raised

Approx. Total Discharge 20,000 cfs

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

8,842 cfs

12,273 cfs

6,506 cfs

12,701 cfs

6,207 cfs

12,324 cfs



Bear Trap (L)

Obermeyer (L)

Bear Trap (R)

Bear Trap (R)

Obermeyer (L) Obermeyer (R)

Run 7

Left Gate 0% Raised

Right Gate 50% Raised

Approx. Total Discharge 20,000 cfs

12,701 cfs

5,842 cfs12,273 cfs

12,324 cfs 6,207 cfs

6,506 cfs



Run 8

Left Gate 25% Raised

Right Gate 25% Raised

Approx. Total Discharge 21,000 cfs

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

9,449 cfs

9,312 cfs

9,335 cfs

9,193 cfs

10,386 cfs

10,483 cfs



Run 8

Left Gate 25% Raised

Right Gate 25% Raised

Approx. Total Discharge 21,000 cfs

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

9,193 cfs

10,386 cfs

9,335 cfs

10,483 cfs 9,449 cfs

9,312 cfs



Bear Trap (L)

Obermeyer (L)

Bear Trap (R)

Bear Trap (R)

Obermeyer (L) Obermeyer (R)

Run 8

Left Gate 25% Raised

Right Gate 25% Raised

Approx. Total Discharge 21,000 cfs

10,386 cfs

9,449 cfs

9,193 cfs9,335 cfs

9,312 cfs

10,483 cfs



Run 9

Left Gate 0% Raised

Right Gate 25% Raised

Approx. Total Discharge 23,000 cfs

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

12,421 cfs

9,155 cfs

9,451 cfs

12,431 cfs12,799 cfs

10,443 cfs



Run 9

Left Gate 0% Raised

Right Gate 25% Raised

Approx. Total Discharge 23,000 cfs

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

9,155 cfs

12,421 cfs

12,799 cfs

10,443 cfs 9,451 cfs

12,431 cfs



Bear Trap (L)

Obermeyer (L)

Bear Trap (R)

Bear Trap (R)

Obermeyer (L) Obermeyer (R)

Run 9

Left Gate 0% Raised

Right Gate 25% Raised

Approx. Total Discharge 23,000 cfs

12,799 cfs

9,155 cfs12,421 cfs

12,431 cfs 9,451 cfs

10,443 cfs



Run 10

Left Gate 0% Raised

Right Gate 0% Raised

Approx. Total Discharge 26,000 cfs

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

12,536 cfs

12,333 cfs

12,230 cfs

12,515 cfs12,838 cfs

12,984 cfs



Run 10

Left Gate 0% Raised

Right Gate 0% Raised

Approx. Total Discharge 26,000 cfs

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

12,333 cfs

12,536 cfs

12,984 cfs

12,838 cfs

12,230 cfs

12,515 cfs



Bear Trap (L)

Obermeyer (L)

Bear Trap (R)

Bear Trap (R)

Obermeyer (L) Obermeyer (R)

Run 10

Left Gate 0% Raised

Right Gate 0% Raised

Approx. Total Discharge 26,000 cfs

12,838 cfs

12,333 cfs12,536 cfs

12,515 cfs 12,230 cfs

12,984 cfs



Run 11

Left Gate 0% Raised

Right Gate 0% Raised

Approx. Total Discharge 36,000 cfs

Lake Level 294.5

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

17,218 cfs

17,121 cfs

17,196 cfs

17,253 cfs

17,859 cfs

18,134 cfs



Run 11

Left Gate 0% Raised

Right Gate 0% Raised

Approx. Total Discharge 36,000 cfs

Lake Level 294.5

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

17,253 cfs

17,196 cfs

17,859 cfs

18,134 cfs 17,218 cfs

17,121 cfs



Bear Trap (L)

Obermeyer (L)

Bear Trap (R)

Bear Trap (R)

Obermeyer (L) Obermeyer (R)

Run 11

Left Gate 0% Raised

Right Gate 0% Raised

Approx. Total Discharge 36,000 cfs Lake Level 294.5

17,859 cfs

17,253 cfs17,196 cfs

17,121 cfs 17,218 cfs

18,134 cfs



Run 12

Left Gate 0% Raised

Right Gate 0% Raised

Approx. Total Discharge 52,000 cfs

Lake Level 298.5

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

24,579 cfs

24,208 cfs

24,459 cfs

24,375 cfs

24,973 cfs

26,201 cfs



Run 12

Left Gate 0% Raised

Right Gate 0% Raised

Approx. Total Discharge 52,000 cfs

Lake Level 298.5

Bear Trap Bear Trap (R) and Obermeyer (L)

Obermeyer

24,375 cfs

24,459 cfs

24,973 cfs

26,201 cfs 24,208 cfs

24,579 cfs



Bear Trap (L)

Obermeyer (L)

Bear Trap (R)

Bear Trap (R)

Obermeyer (L) Obermeyer (R)

Run 12

Left Gate 0% Raised

Right Gate 0% Raised

Approx. Total Discharge 52,000 cfs Lake Level 298.5

24,973 cfs

24,375 cfs24,459 cfs

24,579 cfs 24,208 cfs

26,201 cfs



 

 

 

 

 

 

 

 

APPENDIX D 

RATING CURVES 

 



Guadlupe-Blanco River Authority

H-5 Spillway Beartrap Gates Rating Curve

Based on 2017 Computation Fluid Dynamics Modeling

Dam Information

Number of Gates 2

Gate Width 85 ft

Gate Height 12 ft

Fully Raised Gate Crest Elevation 290.5 ft

Emergency Spillway Elevation n/a ft

Top of Dam 300.9 ft

Discharge Equation

where:

Q= volumetric flow rate, cfs

C=discharge coefficient

w=spillway gate width, ft

H=Head over gate

Discharge Coefficients

C=Cmin + 0%(Cmax-Cmin)

where: 

O%=percent gate raised (0 to 1)

Cmin Cmax

3.16 5.16

Gate Elevations

Gate

Position 

(Percent 

Raised)

Gate 

Crest El. 

(ft)

Discharge 

Coefficient

0% 278.5 3.16

25% 281.5 3.66

50% 284.5 4.16

75% 287.5 4.66

100% 290.5 5.16

� � ����.�



Guadlupe-Blanco River Authority

H-5 Spillway Beartrap Gates Rating Curve

Based on 2017 Computation Fluid Dynamics Modeling

Fully Lowered Gate Discharge

Lake Level

Gate

Position 

(Percent 

Raised)

Gate Crest 

Elevation (ft) C

Single Gate 

Discharge 

(cfs)

All Gate 

Discharge

278.5 0% 278.5 3.16 0 0

281.5 0% 278.5 3.16 1,396 2,791

284.5 0% 278.5 3.16 3,948 7,895

287.5 0% 278.5 3.16 7,252 14,504

290.5 0% 278.5 3.16 11,165 22,331

293.5 0% 278.5 3.16 15,604 31,208

296.5 0% 278.5 3.16 20,512 41,025

299.5 0% 278.5 3.16 25,848 51,697

302.5 0% 278.5 3.16 31,581 63,162
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Guadlupe-Blanco River Authority

H-5 Spillway Beartrap Gates Rating Curve

Based on 2017 Computation Fluid Dynamics Modeling

Partially Raised Gate Discharge at Lake Level 291.5

Lake Level

Gate

Position 

(Percent 

Raised)

Gate Crest 

Elevation (ft) C

Single Gate 

Discharge 

(cfs)

All Gate 

Discharge

291.5 0% 278.5 3.16 12,590 25,180

291.5 25% 281.5 3.66 9,838 19,676

291.5 50% 284.5 4.16 6,549 13,098

291.5 70% 286.9 4.56 3,824 7,648

291.5 100% 290.5 5.16 439 877
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Guadlupe-Blanco River Authority

H-4 Spillway Beartrap Gates Rating Curve

Based on 2017 Computation Fluid Dynamics Modeling

Dam Information

Number of Gates 2

Gate Width 85 ft

Gate Height 12 ft

Fully Raised Gate Crest Elevation 332.5 ft

Emergency Spillway Elevation 334.27 ft

Top of Dam 343 ft

Discharge Equation

where:

Q= volumetric flow rate, cfs

C=discharge coefficient

w=spillway gate width, ft

H=Head over gate

Discharge Coefficients

C=Cmin + 0%(Cmax-Cmin)

where: 

O%=percent gate raised (0 to 1)

Cmin Cmax

3.16 5.16

Gate Elevations

Gate

Position 

(Percent 

Raised)

Gate 

Crest El. 

(ft)

Discharge 

Coefficient

0% 320.5 3.16

25% 323.5 3.66

50% 326.5 4.16

75% 329.5 4.66

100% 332.5 5.16
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Guadlupe-Blanco River Authority

H-4 Spillway Beartrap Gates Rating Curve

Based on 2017 Computation Fluid Dynamics Modeling

Fully Lowered Gate Discharge

Lake Level

Gate

Position 

(Percent 

Raised)

Gate Crest 

Elevation (ft) C

Single Gate 

Discharge 

(cfs)

All Gate 

Discharge

320.5 0% 320.5 3.16 0 0

323.5 0% 320.5 3.16 1,396 2,791

326.5 0% 320.5 3.16 3,948 7,895

329.5 0% 320.5 3.16 7,252 14,504

332.5 0% 320.5 3.16 11,165 22,331

335.5 0% 320.5 3.16 15,604 31,208

338.5 0% 320.5 3.16 20,512 41,025

341.5 0% 320.5 3.16 25,848 51,697

344.5 0% 320.5 3.16 31,581 63,162
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Guadlupe-Blanco River Authority

H-4 Spillway Beartrap Gates Rating Curve

Based on 2017 Computation Fluid Dynamics Modeling

Partially Raised Gate Discharge at Lake Level 333.5 ft

Lake Level

Gate

Position 

(Percent 

Raised)

Gate Crest 

Elevation (ft) C

Single Gate 

Discharge 

(cfs)

All Gate 

Discharge

333.5 0% 320.5 3.16 12,590 25,180

333.5 25% 323.5 3.66 9,838 19,676

333.5 50% 326.5 4.16 6,549 13,098

333.5 70% 328.9 4.56 3,824 7,648

333.5 100% 332.5 5.16 439 877
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Guadlupe-Blanco River Authority

Nolte Spillway Beartrap Gates Rating Curve

Based on 2017 Computation Fluid Dynamics Modeling

Dam Information

Number of Gates 3

Gate Width 85 ft

Gate Height 12 ft

Fully Raised Gate Crest Elevation 457.9 ft

Emergency Spillway Elevation 472.61 ft

Top of Dam 473.3 ft

Discharge Equation

where:

Q= volumetric flow rate, cfs

C=discharge coefficient

w=spillway gate width, ft

H=Head over gate

Discharge Coefficients

C=Cmin + 0%(Cmax-Cmin)

where: 

O%=percent gate raised (0 to 1)

Cmin Cmax

3.16 5.16

Gate Elevations

Gate

Position 

(Percent 

Raised)

Gate 

Crest El. 

(ft)

Discharge 

Coefficient

0% 445.9 3.16

25% 448.9 3.66

50% 451.9 4.16

75% 454.9 4.66

100% 457.9 5.16
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Guadlupe-Blanco River Authority

Nolte Spillway Beartrap Gates Rating Curve

Based on 2017 Computation Fluid Dynamics Modeling

Fully Lowered Gate Discharge

Lake Level

Gate

Position 

(Percent 

Raised)

Gate Crest 

Elevation (ft) C

Single Gate 

Discharge 

(cfs)

All Gate 

Discharge

445.9 0% 445.9 3.16 0 0

448.9 0% 445.9 3.16 1,396 4,187

451.9 0% 445.9 3.16 3,948 11,843

454.9 0% 445.9 3.16 7,252 21,757

457.9 0% 445.9 3.16 11,165 33,496

460.9 0% 445.9 3.16 15,604 46,813

463.9 0% 445.9 3.16 20,512 61,537

466.9 0% 445.9 3.16 25,848 77,545

469.9 0% 445.9 3.16 31,581 94,742
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Guadlupe-Blanco River Authority

Nolte Spillway Beartrap Gates Rating Curve

Based on 2017 Computation Fluid Dynamics Modeling

Partially Raised Gate Discharge at Lake Level 458.9 ft

Lake Level

Gate

Position 

(Percent 

Raised)

Gate Crest 

Elevation (ft) C

Single Gate 

Discharge 

(cfs)

All Gate 

Discharge

458.9 0% 445.9 3.16 12,590 37,770

458.9 25% 448.9 3.66 9,838 29,514

458.9 50% 451.9 4.16 6,549 19,646

458.9 70% 454.3 4.56 3,824 11,472

458.9 100% 457.9 5.16 439 1,316
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Guadlupe-Blanco River Authority

TP-4 Spillway Beartrap Gates Rating Curve

Based on 2017 Computation Fluid Dynamics Modeling

Dam Information

Number of Gates 2

Gate Width 95 ft

Gate Height 12 ft

Fully Raised Gate Crest Elevation 498.1 ft

Emergency Spillway Elevation 511.93 ft

Top of Dam 512.5 ft

Discharge Equation

where:

Q= volumetric flow rate, cfs

C=discharge coefficient

w=spillway gate width, ft

H=Head over gate

Discharge Coefficients

C=Cmin + 0%(Cmax-Cmin)

where: 

O%=percent gate raised (0 to 1)

Cmin Cmax

3.16 5.16

Gate Elevations

Gate

Position 

(Percent 

Raised)

Gate 

Crest El. 

(ft)

Discharge 

Coefficient

0% 486.1 3.16

25% 489.1 3.66

50% 492.1 4.16

75% 495.1 4.66

100% 498.1 5.16
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Guadlupe-Blanco River Authority

TP-4 Spillway Beartrap Gates Rating Curve

Based on 2017 Computation Fluid Dynamics Modeling

Fully Lowered Gate Discharge

Lake Level

Gate

Position 

(Percent 

Raised)

Gate Crest 

Elevation (ft) C

Single Gate 

Discharge 

(cfs)

All Gate 

Discharge

486.1 0% 486.1 3.16 0 0

489.1 0% 486.1 3.16 1,560 3,120

492.1 0% 486.1 3.16 4,412 8,824

495.1 0% 486.1 3.16 8,105 16,211

498.1 0% 486.1 3.16 12,479 24,958

501.1 0% 486.1 3.16 17,440 34,880

504.1 0% 486.1 3.16 22,926 45,851

507.1 0% 486.1 3.16 28,889 57,779

510.1 0% 486.1 3.16 35,296 70,592
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Guadlupe-Blanco River Authority

TP-4 Spillway Beartrap Gates Rating Curve

Based on 2017 Computation Fluid Dynamics Modeling

Partially Raised Gate Discharge at Lake Level 499.1 ft

Lake Level

Gate

Position 

(Percent 

Raised)

Gate Crest 

Elevation (ft) C

Single Gate 

Discharge 

(cfs)

All Gate 

Discharge

499.1 0% 486.1 3.16 14,071 28,142

499.1 25% 489.1 3.66 9,838 19,676

499.1 50% 492.1 4.16 6,549 13,098

499.1 70% 494.5 4.56 3,824 7,648

499.1 100% 498.1 5.16 439 877
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Guadlupe-Blanco River Authority

McQueeney Spillway Beartrap Gates Rating Curve

Based on 2017 Computation Fluid Dynamics Modeling

Dam Information

Number of Gates 3

Gate Width 85 ft

Gate Height 12 ft

Fully Raised Gate Crest Elevation 529 ft

Emergency Spillway Elevation 541.88 ft

Top of Dam 542.4 ft

Discharge Equation

where:

Q= volumetric flow rate, cfs

C=discharge coefficient

w=spillway gate width, ft

H=Head over gate

Discharge Coefficients

C=Cmin + 0%(Cmax-Cmin)

where: 

O%=percent gate raised (0 to 1)

Cmin Cmax

3.16 5.16

Gate Elevations

Gate

Position 

(Percent 

Raised)

Gate 

Crest El. 

(ft)

Discharge 

Coefficient

0% 517 3.16

25% 520 3.66

50% 523 4.16

75% 526 4.66

100% 529 5.16
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Guadlupe-Blanco River Authority

McQueeney Spillway Beartrap Gates Rating Curve

Based on 2017 Computation Fluid Dynamics Modeling

Fully Lowered Gate Discharge

Lake Level

Gate

Position 

(Percent 

Raised)

Gate Crest 

Elevation (ft) C

Single Gate 

Discharge 

(cfs)

All Gate 

Discharge

517 0% 517 3.16 0 0

520 0% 517 3.16 1,396 4,187

523 0% 517 3.16 3,948 11,843

526 0% 517 3.16 7,252 21,757

529 0% 517 3.16 11,165 33,496

532 0% 517 3.16 15,604 46,813

535 0% 517 3.16 20,512 61,537

538 0% 517 3.16 25,848 77,545

541 0% 517 3.16 31,581 94,742
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Guadlupe-Blanco River Authority

McQueeney Spillway Beartrap Gates Rating Curve

Based on 2017 Computation Fluid Dynamics Modeling

Partially Raised Gate Discharge at Lake Level 530 ft

Lake Level

Gate

Position 

(Percent 

Raised)

Gate Crest 

Elevation (ft) C

Single Gate 

Discharge 

(cfs)

All Gate 

Discharge

530 0% 517 3.16 12,590 37,770

530 25% 520 3.66 9,838 29,514

530 50% 523 4.16 6,549 19,646

530 70% 525.4 4.56 3,824 11,472

530 100% 529 5.16 439 1,316
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Guadlupe-Blanco River Authority

Dunlap Spillway Beartrap Gates Rating Curve

Based on 2017 Computation Fluid Dynamics Modeling

Dam Information

Number of Gates 3

Gate Width 85 ft

Gate Height 12 ft

Fully Raised Gate Crest Elevation 575.4 ft

Emergency Spillway Elevation 585.35 ft

Top of Dam 588.6 ft

Discharge Equation

where:

Q= volumetric flow rate, cfs

C=discharge coefficient

w=spillway gate width, ft

H=Head over gate

Discharge Coefficients

C=Cmin + 0%(Cmax-Cmin)

where: 

O%=percent gate raised (0 to 1)

Cmin Cmax

3.16 5.16

Gate Elevations

Gate

Position 

(Percent 

Raised)

Gate 

Crest El. 

(ft)

Discharge 

Coefficient

0% 563.4 3.16

25% 566.4 3.66

50% 569.4 4.16

75% 572.4 4.66

100% 575.4 5.16
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Guadlupe-Blanco River Authority

Dunlap Spillway Beartrap Gates Rating Curve

Based on 2017 Computation Fluid Dynamics Modeling

Fully Lowered Gate Discharge

Lake Level

Gate

Position 

(Percent 

Raised)

Gate Crest 

Elevation (ft) C

Single Gate 

Discharge 

(cfs)

All Gate 

Discharge

563.4 0% 563.4 3.16 0 0

566.4 0% 563.4 3.16 1,396 4,187

569.4 0% 563.4 3.16 3,948 11,843

572.4 0% 563.4 3.16 7,252 21,757

575.4 0% 563.4 3.16 11,165 33,496

578.4 0% 563.4 3.16 15,604 46,813

581.4 0% 563.4 3.16 20,512 61,537

584.4 0% 563.4 3.16 25,848 77,545

587.4 0% 563.4 3.16 31,581 94,742
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Guadlupe-Blanco River Authority

Dunlap Spillway Beartrap Gates Rating Curve

Based on 2017 Computation Fluid Dynamics Modeling

Partially Raised Gate Discharge at Lake Level 576.4 ft

Lake Level

Gate

Position 

(Percent 

Raised)

Gate Crest 

Elevation (ft) C

Single Gate 

Discharge 

(cfs)

All Gate 

Discharge

576.4 0% 563.4 3.16 12,590 37,770

576.4 25% 566.4 3.66 9,838 29,514

576.4 50% 569.4 4.16 6,549 19,646

576.4 70% 571.8 4.56 3,824 11,472

576.4 100% 575.4 5.16 439 1,316
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