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1.0 EXECUTIVE SUMMARY

Due to recommendations provided in a 2016 dam safety inspection report, Schnabel was engaged as a
subconsultant to Garver, LLC to perform a visual inspection and evaluation of the Rockwall-Forney Dam
located in Dallas and Kaufman Counties, Texas. The scope of services generally consisted of a review of
record documents and available data, a visual inspection of the dam and spillway, a structure analysis of
the Tainter gates, a review of the current flood operation procedures, and the preparation of safety
procedures for drainage gallery inspections. In addition, Schnabel facilitated a Potential Failure Mode
Assessment (PFMA) workshop and presented the results in a report under a separate cover. The results
of the visual inspection and evaluation are documented in this report and summarized below. This summary
should not be used in lieu of reading the entire report, to include the appendices.

o Record documents indicate that the soil shear strength parameters utilized for the stability
analysis of the embankment slopes and spillway gravity structures rely on cohesion values higher
than generally acceptable by current standards. Stability analyses of the gravity dam and
embankment should be reviewed and updated based upon current engineering criteria. (See
Section 4.0)

e The embankment is maintained with no visual indications of distress or instability. While no areas
of wetness or seepage were observed on the dam during Schnabel’s visual inspection, DWU
personnel have indicated past wetness near the abutment contacts. In addition, areas of
dampness were noted by representatives of Schnabel and have been documented by DWU in
the floodplain downstream of the dam. These areas should continue to be monitored. (See
Sections 6.1 and 6.2, and Appendix B).

e The asphaltic concrete service road on the crest of the dam was noted to have some
deterioration, such as cracking and potholes. The service road should be repaired and
consideration should be given to replacing/repaving this road in the near future. (See Section 6.1
and Appendix B).

e Three areas of remedial repair, designated as ‘Work Areas’, were constructed to address ongoing
or historic seepage issues associated with the dam, foundation, and downstream areas. The Work
Areas contain pumped relief wells which operate automatically. Pressure relief well operations
should be integrated in the SCADA system so that flow rates and run times can be documented,
and an operational log for the pressure relief wells should be maintained. In addition, two unlined
drainage channels are located downstream from the embankment to collect surface water and
seepage discharges from the relief wells. Water was observed to be elevated in these channels,
resulting the inundation of several relief well outlets. Appropriate measures should be implemented
to promote drainage from these channels. (See Section 6.1 and Appendix B).

e The presence of a significant “void” or eroded area has been documented by DWU beneath the
grouted riprap revetment along the left side slope of the spillway upstream of the left non-overflow
section. Due to the elevation of the water at the time of the site reconnaissance by Schnabel
personnel, the “void” could not be observed. The presence of this “void” or eroded area should
be evaluated with respect to seepage observed on the left side of the stilling basin side wall and
appropriate measures should be designed and implemented to address the void. (See Section
6.3 and Appendix B).
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e The concrete comprising the spillway is exhibiting visual signs of weathering and physical
deterioration. The observed cracks in the spillway concrete appear to be surficial and not
indicative of overstressing of the structures. However, the cracks and spalls should continue to be
monitored. In particular, the large spall observed between spillway monoliths Q and R, and the
longitudinal crack observed in spillway monolith Q should continue to be monitored for future
degradation. (See Section 6.4 and Appendix B).

e Significant vegetative growth and iron ochre were observed in the upper drain outlets located
along the left spillway outlet sidewall, which should be removed. According to the record
documents, drain fill material placed on the outside face of the sidewalls was specified as 34" to 1”
stone, which may be susceptible to piping of backfill material through the drains or clogging. The
utilized drainage material should be evaluated for compatibility with backfill material and
appropriate modifications be incorporated. (See Section 6.4 and Appendix B).

e Visual observations of the Tainter gates indicated the presence of deterioration and corrosion of
the gate members. Fractured welds or welds of poor quality should be repaired. In addition, a
significant fracture was observed on Gate 6. This weld should be repaired and other gates
should be further evaluated for possible similar fractures that may be obscured. (See Section 6.5
and Appendix E).

e The drainage gallery is generally well lit, well ventilated, and does not appear to collect significant
amounts of seepage. The concrete was observed to be in adequate condition with relatively
minor visual signs of deterioration. However, some corrosion of the steel conduits located within
the foundation drain holes was observed and should be routinely cleaned. In addition, Schnabel
recommends providing a means to activate the drainage gallery ventilation fan without having to
enter the adit. (See Section 6.6 and Appendix B).

e Adive inspection was performed by American Underwater Services, Inc. within the stilling basin,
and generally indicated an adequate condition of the concrete with limited evidence of concrete
degradation or spalling noted. Some debris was noted in the stilling basin and should be removed
when the stilling basin is dewatered. The area immediately downstream of the stilling basin has
gradually increased over the life of the structure due to erosion resulting from spillway discharges.
Additional armoring of the outlet channel should be provided to limit the potential for continued
erosion. (See Section 6.7, Appendix B, and Appendix C).

e A significant amount of flowing water was observed discharging from the left side slope
immediately downstream from the riprap at the end of the left stilling basin sidewall. The source of
this flowing water should be evaluated, particularly considering the “void” or eroded area
observed near the spillway entrance channel. (See Section 6.7 and Appendix B).

e Based on a review of instrumentation data provided, widely varying piezometric levels exist within
the structure and foundation. Importantly, piezometric levels near the ground surface were noted
in several of the piezometers. Additional piezometers are recommended for comprehensive
monitoring and evaluation of the structure. (See Section 7.0 and Appendix D).

e Given the length of the dam, a registered land surveyor should be utilized to install station along
the dam in order to provide horizontal control for future observations/inspections. In addition,
monuments should be install across the crest of the dam to measure and document vertical and
horizontal movement. (See Section 7.0).
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e A structural analysis of the Tainter gates was performed. The results of the analysis indicated that
structural members on each gate are deficient based on the current Tainter gate design
guidelines. Continued use, without proper modification, could result in overstressing and failure
of the structurally deficient members. Development of a plan to modify the gates is
recommended. (See Section 8.0 and Appendix E).

e An evaluation of the current flood operation procedures was performed. The procedures are well
presented, but rely on the ability to obtain the necessary flood data in a timely manner. Upgrades
to the procedures and implementation into a SCADA system are recommended. In addition, an
updated hydrologic and hydraulic analysis should be performed to evaluate the Texas statewide
Probable Maximum Precipitation (PMP) study, as well as to account for additional development
within the watershed. (See Section 9.0 and Appendix F).

e |n order to mitigate or limit potential risks, a Site Safety and Health Plan (SSHP) has been
developed for future inspections of the drainage gallery adit. The SSHP was developed in general
conformance with Occupational Safety and Health Administration (OSHA) guidelines. (See
Section 10.0 and Appendix G).
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2.0 BACKGROUND

The Rockwall-Forney Dam (Forney Dam) is a combination earthen embankment and concrete gravity
structure located on the East Fork Trinity River in Dallas and Kaufman Counties, Texas. More specifically,
the dam is located approximately 15 miles east of Dallas, Texas at approximate 32°48'06"N Latitude and
approximate 96°30'24"W Longitude. The dam impounds Lake Ray Hubbard, which serves as a water
supply reservoir for the City of Dallas. Lavon Dam, which is owned and operated by the U.S. Army Corps
of Engineers (USACE), is located within the watershed and immediately upstream of Lake Ray Hubbard.
Site vicinity maps are included in Appendix A.

Based upon historic records, construction of the dam was completed circa 1967, with the reservoir first
reaching the normal operating pool elevation of 435.5 feet in 1969. While the City of Dallas owns the dam,
operation and maintenance of the structure is performed by the Dallas Water Utilities (DWU) department.
The dam is regulated by the Texas Commission on Environmental Quality (TCEQ) as a large, high-hazard
structure. The dam is also listed in the National Inventory of Dams (NID) with an inventory number of
TX00837.

Throughout this report, standardized nomenclature is used in describing the dam that is typical in the dam
engineering profession. Orientations provided in the text are based on one facing in the direction of stream
flow with one’s back to the impoundment. “Right” and “left” are referenced in this manner. The face or side
next to the lake is the “upstream face/side” and the opposite face is the “downstream face/side”. The top of
the dam is the “crest.” The base of the dam where contact with natural ground is made is referred to as the
“toe”. The side of the natural valley against which the dam is constructed are known as the “abutments”.
The structures which discharge water either through, around, under, or over the dam are “spillways” or
“outlet works”.

Elevations referenced in this report are based on the “as-built” plans by Forrest and Cotton, Inc. (1967).
The vertical datum used to establish vertical control for the project was not indicated in the Forrest and
Cotton, Inc. record documents. However, Schnabel is of the opinion that the National Geodetic Vertical
Datum of 1929 (NGVD 29) was likely used. The North American Vertical Datum of 1988 (NAVD 88), which
superseded NGVD 29, is the current vertical datum used to establish vertical control in the United States.
We note that orthometric heights between NGVD 29 and NAVD 88 typically vary. However, based upon
the VERTCON datum conversion tool on the National Oceanic and Atmospheric Administration (NOAA)
website, the orthometric difference between NGVD 29 and NAVD 88 at the subject dam is on the order of
0.06 feet, with NAVD 88 being lower. Given that the datums are similar, no effort was made by Schnabel
to establish the datum upon which the project was designed.

The earthen embankment, comprising about 10,500 feet of the total crest length and a maximum height on
the order of 60 feet, is a rolled or compacted earthen structure spanning from the right abutment to non-
overflow concrete gravity section located near the left abutment. The crest of the earthen embankment,
with a design elevation of 450.0 feet, is approximately 22 feet in width to accommodate a paved, asphaltic-
concrete service roadway. The upstream and downstream slopes vary from a grade of 3 feet horizontal to
1 foot vertical (3H:1V) near the crest to 7H:1V near the toe. Based on provided record documents, the
embankment is “zoned” with more impervious core earthfill materials being located in the upstream areas
and a more pervious earthfill materials being located in the downstream areas. A cutoff trench extending
into the foundation of the embankment at the centerline of the dam and extending not less than 8 feet below
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natural ground line is detailed on the provided construction documents. Schnabel notes that the cutoff
trench was designed to extend to a substantially deeper depth near the spillway. Riprap is present on the
upstream slope from elevation 420.0 feet to the crest of the dam for protection against wave action erosion.

A general layout of Forney Dam and appurtenant structures is presented in Figure 2-1.
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Figure 2-1: General Site Layout

A limited internal drainage system was originally constructed within the embankment to collect seepage.
The internal drainage system consists of a sand and gravel trench drain having cross sectional dimensions
of 2-feet by 4-feet. Lateral drain outlets, designated as “finger drains” on the “as-built” plans, are provided
every 20 feet. The lateral drain outlets have a 2-foot by 2-foot cross section and are sloped at 1 percent to
the downstream toe. The “as-built” plans do not indicate that piping was installed with the internal drainage
system. In addition, no information regarding drain fill material or “as-built” locations were indicated in the
available record documents.

Three areas of remedial repair, designated as ‘Work Areas’, were constructed circa 1995 to address
ongoing or historic seepage issues associated with the dam, foundation, and downstream areas. Work
Areas 1 and 2 generally consist of earthen berms with pumped relief wells, while Work Area 3 consists of
an earthen berm and vertical sand wells.
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The concrete dam consists of a 904-foot wide gravity section that is founded on shale. From right to left
the concrete gravity structure consists of the right non-overflow, 664-foot wide spillway consisting of 14
radial gates seating on ogee crests, and left non-overflow. The crest elevation of the ogee weir is labeled
on the “as-built” documents to be 409.5 feet. The 14 radial gates each have horizontal and vertical
dimensions of 40-feet and 28-feet, respectively. Within this report, radial gate and Tainter gate may be
used interchangeably. The gate bays are separated by thirteen (13) 8-foot wide piers resulting in an
effective spillway width of 560 feet. A reinforced-concrete chute conveys spillway discharges at a grade of
3H:1V to the stilling basin with a top of concrete elevation of 367.0 feet. The stilling basin is 125 feet in
length, and contains staggered baffle blocks and an end sill. Three low-level sluiceways, each 4.5-feet by
6.75-feet, are located in the central spillway piers. A vertical intake tower is located on the upstream end of
each central pier, with sluice gates provided at varying elevations to release water. A general layout of the
spillway is presented in Figure 2-2.

Stilling Basin

. Right Sidewall
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Figure 2-2: Spillway Layout

Each concrete non-overflow structure has a crest length of 120-feet, with crest elevations varying from
450.0 feet to 452.0 feet. The upstream face of the non-overflow structures is vertical from the crest to
elevation 423.3 feet, and 1H:1.5V thereafter to the upstream toe. The downstream face of the non-overflow
structures is vertical from the crest to elevation 423.3 feet, and 1H:3V thereafter to the downstream toe. A
drainage gallery is located within the concrete gravity dam for drainage collection and internal observations
of the structure. Access into the drainage gallery is via a spiral staircase located in the right non-overflow
structure. Discharges from foundation drains are collected in two sumps within the drainage gallery, where
6-inch diameter cast iron pipes (CIPs) convey flows through the spillway training walls on each side of the
chute.
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A saddle embankment, referred to as the “East Dike” in previous inspection reports and other record
documents, spans a low-lying area to the left of the concrete gravity spillway structure. The East Dike is a
rolled or compacted earthen structure on the order of 20 feet in height and 1,000 feet in length. The crest
is approximately 30 feet in width to accommodate a paved, asphaltic-concrete service roadway. The
upstream slope is approximately 3H:1V and the downstream slope is approximately 4H:1V. We note that
the downstream slope of the East Dike was originally constructed at 3H:1V but was flattened to the current
grade in 2011 to address slope stability issues. The available record documents do not indicate whether
the saddle embankment was constructed with “zoned” earthfill or an internal drainage system.

A raw water intake tower is located near the right abutment of the dam. The intake tower is irregularly
shaped; however, the total width from left-to-right is about 77 feet and the total length in the upstream-to-
downstream direction is about 41 feet. A bridge spans from the crest of the dam to the top of the intake
tower for access. Six 8-foot by 8-foot sluice gates are located at varying elevations on the intake tower to
provide a means to withdraw water from the reservoir. Water is conveyed to a pump station located at the
downstream toe via two 8-foot diameter conduits located at the base of the intake tower. According to the
“as-built” plans, the intake conduits are located within a vertical shale excavation and were backfilled with
impervious material. Concrete collars were provide every 20 feet along the conduit for seepage control.

Pertinent data for Lake Ray Hubbard and Forney Dam is presented in Table 2.1 below.
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Table 2-1: Pertinent Data for Lake Ray Hubbard and Forney Dam

General
Dam Type Earthen and Concrete Gravity
Year Constructed 1967
Purpose Water Supply
Owner City of Dallas
Reservoir
Normal Pool Elevation (ft.) 435.5
20,947 (Normal Pool)
Surface Area (ac.) 28,644 (Top of Dam)
439,559 (Normal Pool)
Impoundment Volume (ac.-ft.) 810,247 (Top of Dam)
Dam
Watershed (sq. mi.) 1,074 (Total)
777 (Upstream of Lavon Dam)
297 (Downstream of Lavon Dam)
Top of Dam Elevation (ft.) 450.0
Maximum Height (ft.) 60
Crest Length (ft.) 12,500
Crest Width (ft.) 22
Upstream Slope Varies 3H:1V to 7H:1V
Downstream Slope Varies 3H:1V to 7H:1V
Spillway
Type Concrete Ogee-crested Overflow
Control 14 Tainter Gates (40’ x 28’ Each)
. 409.5 (Ogee Control Section)
Crest Elevation (ft.) 437.5 (Top of Gates)
Crest Length (ft.) 560 (Effective)
Outlet Works
Type 3 Intake Towers & Sluiceways through
Center Spillway Piers
Control 3 Sluice Gates Each Pier (Size Varies)
Control Elevation (ft.) 388.0 (4’ x 6’ Gate)
409.0 (2’ x 3’ Gate)
409.0 (1.5’ x 2’ Gate)
Conduit Size 4.5 x 6.75' Each
Water Supply Intake
Type Concrete Intake Structure & 2 Conduits
Control 6 Sluice Gates (8 x 8 Each)
392.0 (2 Gates)
Control Elevation (ft.) 406.0 (2 Gates)
420.0 (2 Gates)
Conduit Size 8’ Diameter Each
July 30, 2021 Page 8 Schnabel Engineering, LLC
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3.0 TEXAS DAM SAFETY

TCEQ regulates both public and private dams within the state via the Dam Safety Program. Texas
Administrative Code Title 30, Part 1, Chapter 299, titled ‘Dams and Reservoirs’, provides the framework
and requirements for structures regulated by the Dam Safety Program. TCEQ regulates dams that have a
height equal to, or greater than, 25 feet and a maximum storage capacity of not less than 15 acre-feet. In
addition, TCEQ provides for the regulation of smaller dams (6 feet in height or greater) impounding large
storage volumes (50 acre-feet and greater). Figure 3-1 below summarizes the structures that are regulated
by TCEQ based upon height and/or volume.
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Figure 3-1: Texas Dam Safety Regulation

Once a dam has been identified based on a height and/or maximum storage volume large enough to be
regulated by TCEQ, the referenced regulations separate the dams into size categories as shown in Table

3-1.
Table 3-1: Texas Dam Size Classification
Impoundment Maximum .
Category P Height (feet)
Storage (acre-feet)
Small =215 and <1,000 225 and <40
=50 and <1,000 26 and <40
Intermediate 21,000 and <50,000 240 and <100
Large 250,000 =100
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Additionally, TCEQ classifies dams based upon their hazard potential should the structure fail
catastrophically. Summarized below are the three hazard classifications for dams regulated by TCEQ.

e Low hazard potential

o Noloss of human life expected (no permanent habitable structures in the breach inundation
area downstream of the dam)

o Minimal economic loss (located primarily in rural areas where failure may damage
occasional farm buildings, limited agricultural improvements, and minor highways)

e Significant hazard potential

o Loss of human life possible (one to six lives or one or two habitable structures in the breach
inundation area downstream of the dam)

o Appreciable economic loss, located primarily in rural areas where failure may cause
damage to isolated homes, damage to secondary highways, damage to minor railroads; or
interruption of service or use of public utilities

e High hazard potential

o Loss of life expected (seven or more lives or three or more habitable structures in the
breach inundation area downstream of the dam)

o Excessive economic loss, located primarily in or near urban areas where failure would be
expected to cause extensive damage to public facilities, agricultural, industrial, or
commercial facilities, public utilities, including the design purpose of the utility, main
highways or railroads used as a major transportation system

The minimum design flood hydrograph for dams regulated by TCEQ is established based upon the size
and hazard classification of the dam and calculated using the criteria in the most current version of the
agency's Hydrologic and Hydraulic Guidelines for Dams in Texas (Guidelines).

Based upon the height of Forney Dam (60 feet) and the maximum potential storage volume of the
impounded reservoir (810,247 acre-feet), the dam is classified as being a large, high hazard potential
structure and is subject to the requirements set forth in Chapter 299 of the Texas Administrative Code and
the TCEQ Guidelines. Based on the large, high hazard classification, the corresponding design storm is the
full Probable Maximum Flood (PMF). The most recent hydrologic and hydraulic analysis of Forney Dam
was performed in 2014 by Freese and Nichols in support of the development of an Emergency Action Plan
(EAP). The results of that study indicated that Forney Dam is capable of passing the full PMF with freeboard.
Schnabel notes that PMP depths utilized for development of the PMF in the Freese and Nichols report were
computed utilizing Hydrometeorlogical Report 52 (HMR52) developed by the USACE. A statewide PMP
study was completed for Texas in 2017 and updated PMP depths were provided. The TCEQ Guidelines
have recently been updated to specify the use of this study for future analyses. Schnabel recommends that
an updated hydrologic and hydraulic analysis be performed utilizing precipitation depths from the 2017
statewide PMP study.
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4.0 CONSTRUCTION HISTORY

The Forney Dam and reservoir was constructed under authorization of the Texas State Board of Water
Engineers (Permit No. 1923 dated March 6, 1959) to provide municipal water supply for the City of Dallas
and surrounding communities. Design of the dam, spillway, and appurtenant structures was performed by
Forrest and Cotton, Inc. As previously mentioned, construction of the dam was completed circa 1967, with
first full reservoirimpoundment obtained or achieved circa 1969. Construction of the raw water pump station
at the outlet end of the intake conduits was completed circa 1972.

According to record documents, construction of the dam was completed in phases. Phase | consisted of
excavations for the spillway and associated stilling basin, intake structure, and intake conduits, as well as
the construction of portions of the embankment. The spillway was excavated to the approximate concrete
subgrade in this phase. Material from the spillway excavation was utilized to construct the embankment to
approximate elevation of 404.0 feet. The embankment was then raised to elevation 413.0 feet utilizing
additional borrow material. Pore water pressures and settlement of the initial embankment section were
monitored during Phase | construction. A 500-foot section, termed the “closure section”, remained open in
the embankment during this time for normal stream flow and flood diversion. This closure section was
located near the center of the embankment in the original location of the East Fork Trinity River. Phase Il
consisted of the construction of portions of the spillway, intake structure, and conduit during the normal low-
flow months of August through November. The spillway weir was constructed with the low-level sluiceways
for re-routing of the stream diversion. After diversion of stream flows through the sluiceways, the
embankment across the 500-foot closure section was constructed. Phase Il consisted of the completion of
the remaining portions of the embankment and spillway. Diversion of stream flow through the low-level
sluiceways continued until deliberate impoundment of the reservoir commenced.

An inspection of the dam was performed by Jones & Boyd, Inc. in 1987. A report titled ‘Inspection of Forney
Dam and Appurtenances at Lake Ray Hubbard’ (1987) was prepared. The report contained several
recommendations to address observed deficiencies. In response, piezometers were installed within the
embankment circa 1989 in general accordance with the proposed instrumentation plan provided in the
inspection report, clearing was performed up to approximately 500 feet downstream of the toe of the
embankment, and downstream drainage channels were regraded. In addition, slurry walls were constructed
in the left and right abutment areas in general accordance with recommendations from the inspection report,
and the riprap located on the upstream slope of the embankment was replaced. No record documents for
the design of aforementioned remedial measures and limited construction records were provided to
Schnabel for the above described work.

Subsequent to the installation of the recommended piezometers, measurements recorded in the years
following indicated the presence of artesian conditions near the downstream toe. In 1993, Jones & Boyd
prepared a report titled ‘Design Report for Abatement of Excessive Hydrostatic Pressures at Forney Dam’
which contained alternatives developed to address excessive hydrostatic pressures, as well as other
deficiencies identified during recent inspections. The other noted deficiencies include slope failures along
the downstream slope of the saddle embankment and behind the spillway sidewalls, as well as undermining
of the revetment mat behind the left side of the spillway entrance channel.

A geotechnical investigation of Forney Dam was performed by TEAM Consultants, Inc. in support of the
design of alternatives. The results of the geotechnical investigation were presented in a report titled
‘Geotechnical Evaluation, Lake Ray Hubbard Dam’ dated January 1993, and contained in the appendix of
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the Jones & Boyd design report. Alternatives to address excessive hydrostatic pressures were developed
in three areas along the downstream slope and toe, designated as Work Areas 1, 2, and 3. Work Areas 1
and 2 consist of pumped relief wells, earthfill buttresses, and sand blankets located at the toe of the
embankment. Discharges from the relief wells and sand blankets are piped to the drainage channels
downstream of the dam. Work Area 3 consists of a trench drain and vertical sand wells, supplemented with
an earthen berm. Construction of the proposed measures to relieve hydrostatic pressures, as well as
remedial repairs to address the other identified deficiencies, was completed circa 1995. No record
documents for the final design or construction of these remedial measures were provided to Schnabel.

In 2011, construction plans were prepared by Freese and Nichols for repairs to Work Areas 1 and 2. The
2011 construction plans also indicate other remedial repairs to include the replacement of the trunnion pins
for Tainter Gate 14 (left most gate), the placement of earthfill to repair a slope failure along the left bank of
the spillway outlet channel, the excavation and reconstruction of the downstream slope of the saddle
embankment, the construction of a subsurface drain and retaining wall behind the stilling basin left training
wall, the placement of grout overlay to repair the existing riprap revetment along the left slope of the spillway
entrance channel, construction of a new reinforced-concrete boat ramp, replacement of the sluice gates
located on the intake towers of the low-flow release piers, and the replacement of miscellaneous electrical
appurtenances.

Record documents were available for the original design of the dam and spillway structures. A review of
the design documents indicated that the soil shear strength parameters utilized for the stability analysis of
the embankment slopes and spillway gravity structures rely on cohesion values higher than generally
acceptable by current standards. In addition, past seepage observations indicate that pore water pressures
within the embankment may be higher than the design assumptions. Therefore, Schnabel recommends
that the gravity dam and embankment stability analyses be reviewed and updated based upon current
engineering criteria.
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5.0 SCOPE OF SERVICES

In 2016, Arcadis performed a dam safety inspection of the Forney Dam. The dam safety inspection included
a visual evaluation of the structure and review of available record documents. A report titled “Rockwell-
Forney Dam Safety Inspection Report” dated December 2016 was prepared to document the findings and
provide recommendations. Schnabel was engaged as a subconsultant to Garver, LLC to address several
of the recommended items in the report, which are summarized below:

e Develop safety procedures for the inspection and drainage gallery that are compliant with OSHA
standards for signage and ventilation. Because the gallery is a non-permitted confined space, at a
minimum, the oxygen levels should be checked prior to entry and during occupation with operation
of the ventilation fan to provide good air exchange.

o Facilitate a Potential Failure Mode Assessment (PFMA) to evaluate the potential mechanisms most
likely to impact the performance of the dam project and lead to failure. The PFMA is used to focus
surveillance and monitoring activities on the failure modes that are of significant risk to the dam.

¢ Review the Flood Release Manual. Site and loading conditions have changed significantly since
the effective update from 1989, and reportedly based on 1981 stream loading for inflow
calculations. The SCADA system used to determine inflow and release rates should be evaluated
and updated to a current data management system.

e Conduct a detailed inspection of the Tainter gates, equipment and structural components. This
should include dewatering the gates and also conducting a climbing inspection of Tainter gates to
evaluate structural members and connections. Operating components of the gate hoist, the spillway
bridge and all other structural or operational features should be evaluated routinely with reports as
defined in O&M Manual. Such inspections should then be made on a 10-year frequency.

e Review a dive inspection of the stilling basin to evaluate concrete damage or deterioration,
sediment accumulation, drain clogging and other factors. The initial inspection may be performed
by divers, with the need for a dewatered inspection evaluated at that time, based on the findings of
the inspection.

In addition, an evaluation of Forney Dam, to include archival research and a visual evaluation, was included
in the scope of services. This work was performed in accordance with the subcontractor agreement
between Garver, LLC and Schnabel dated March 18, 2020.

Schnabel facilitated a PFMA workshop with individuals from Garver and DWU with critical knowledge of the
dam and operations. The findings from this workshop and recommendations are presented in a report
provided under a separate cover titled “Potential Failure Mode Analysis Report, Rockwall-Forney Dam”.
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6.0 VISUAL EVALUATION

As authorized, Schnabel personnel performed visual evaluations of the Forney Dam, spillway outlet works,
and appurtenant structures between March 2020 and July 2020. A detailed physical inspection of the
Tainter gates and the trunnion friction testing were performed between March 30, 2020 and April 14, 2020.
Visual inspections of the dam embankment, concrete gravity sections, chute, stilling basin (above the
tailwater elevation), and saddle embankment were performed on July 8, 2020 and July 9, 2020. No
topographic surveying, subsurface exploration, non-destructive testing, instrumentation measurements, or
engineering analyses were performed during the visual evaluation. Selected photographs from the
inspection are included in Appendix B.

6.1 Embankment

On July 9, 2020, Schnabel personnel visually inspected the embankment, to include the upstream slope
visible above the operating water level, the crest, and the downstream slope. In addition, Schnabel
personnel visually inspected the drainage channel downstream of the toe. Temperatures on the day of the
inspection varied from 76° Fahrenheit (F) to 94° F. In addition, no precipitation occurred on the date of the
visual inspection or for 10 days preceding the inspection. During the inspection of the embankment, stations
were marked on the crest every 500 feet in general accordance with the “as-built” plans (1967) using a
measurement wheel. Approximate stations of observations are indicated accordingly.

Observations of the upstream slope were made from the crest of the embankment, as well as from the lake
utilizing a boat operated by DWU personnel. The upstream slope was observed to be generally uniform in
grade with no visual indications of movement or instability. Although not measured, the upstream slope
visible above the water line appears to be a grade of approximately 3H:1V, which would be in accordance
with the “as-built” plans (1967). Riprap was observed from the crest of the embankment to the waterline.
The riprap slope protection is adequate with no observed areas of sparse riprap coverage, excessive
vegetation, or sloughs noted. We note that two abandoned piezometers from the original construction were
observed on the upstream slope of the dam.

The crest of the dam is generally uniform except in areas of pavement distress. Pavement distress can be
a sign of structure movement or simply a soft subgrade due to poor drainage from the roadway. A paved
asphaltic-concrete roadway traverses the length of the crest. The pavement width is about 20 feet with
grassed shoulders on each side. In general, the pavement is in adequate condition with some deterioration,
such as cracking and potholes noted. This observed deterioration does not appear to be indicative of
instability as recent construction activities appear to have occurred to provide electrical service across the
dam. The grassed shoulders are well maintained with a good stand of grass. No depressions or cracks,
other than surficial pavement cracking, were observed on the crest. Electrical manholes were noted at
multiple locations along the crest. In addition, about 4 feet of pavement on the upstream side of the roadway
has been recently re-paved. This new pavement was reportedly placed following the installation of new
electrical duct banks within the crest, as indicated in the Freese and Nichols construction plans (2011).

The downstream slope was observed to have generally uniform slopes to the ‘designed’ breaks in grade.
Based upon visual observations, the downstream slope and toe appeared to be in general conformance
with the “as-built” plans (1967) except where modified by the above referenced work areas. No evidence
of sloughs or slides were noted. In addition, no depressions, bulges, cracks, or other visual signs of
instability were observed. A good stand of maintained turf grass is generally present with few bare areas
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noted. Schnabel was unable to identify locations of the lateral subsurface drain outlets, or “finger drains”
that reportedly convey collected seepage to the toe of the structure. No wet areas or obvious areas of
seepage were noted on the embankment or immediately downstream of the toe. However, DWU personnel
indicated two areas near the abutment contacts where seepage has been observed in the past. Inaddition,
Schnabel noted and DWU personnel concurred that areas of wetness are present, from time to time, in the
floodplain downstream of the dam. The first area of seepage indicated by DWU personnel is located at the
right downstream abutment contact near approximate station 4+00 and piezometer EP-3. Previous
inspection reports have identified perennial seepage in in this area. No active seepage was noted during
Schnabel’s visual inspection; however, tire ruts and displaced soil are indicative of past wetness. The
second apparent area of seepage is located at the left downstream abutment contact and to the right of the
spillway near approximate station 100+00. Similarly, while no evidence of active seepage was noted during
Schnabel’s visual inspection, indications of past wetness were observed. The areas where embankment
seepage has been observed by DWU personnel are indicated in Figure 6-1.

Past Areas of Seepage Indicated by DWU

ool mm’mms‘")— L

IYakelRaylHubbard

Figure 6-1: Locations of Embankment Seepage Observed by DWU

The three Work Areas constructed to address excessive hydrostatic pressures at the toe of the
embankment were observed during the visual inspection of the downstream slope. Work Areas 1 and 2,
located at approximate stations 78+50 and 29+00, respectively, consist of earthen berms approximately 15
feet in height with pressure relief wells and sand blankets to collect and discharge seepage and alleviate
excess pore pressures. Work Area 2 has an additional earthen berm approximately 5 feet in height with a
sand blanket located downstream of the toe near the drainage channel. The pressure relief wells operate
automatically and discharges are conveyed to the drainage channels downstream from the dam. The
downstream ends of the discharge conduits are situated on concrete outlet supports along the edge of the
channel. Schnabel notes that substantial erosion capable of undermining or destabilizing the concrete
outlets was noted adjacent to several of the outlets. The pressure relief wells did not operate at the time of
the inspection; however, DWU personnel indicated that the pressure relief wells are operational. A general
layout of Work Area 2 is presented in Figure 6-2. Work Area 1 is similar.
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Drainage Channel
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Figure 6-2: Work Area 2 Layout

Work Area 3 is located at approximate station 12+00, and consists of an earthen berm with a sand trench
drain and vertical sand wells. The earthen berm for Work Area 3 is approximately 5 feet in height and does
not contain pressure relief wells. No evidence of seepage was observed near the Work Areas.

Two unlined drainage channels are located approximately 500 feet downstream from the downstream toe
of the embankment. These channels collect surface water and seepage discharges. At the time of the
inspection, water was elevated to the approximate top of bank the both channels, resulting in the inundation
of several of the pressure relief well outlets. The causes of elevated water surfaces were not evaluated
during the visual inspection; however, the elevated water is reportedly caused by poor drainage (mild
slopes) and beaver activity. Schnabel recommends that appropriate measures be implemented to promote
drainage from these channels.

6.2 East Dike

On July 8, 2020, the saddle embankment, or East Dike, was visually inspected by Schnabel personnel.
Temperatures on the day of the inspection varied from 73° F to 92° F. In addition, no precipitation occurred
on the date of the visual inspection or for 9 days preceding the inspection. Observations were made of the
upstream slope visible above the water line, the crest, and the downstream slope.

The upstream slope visible above the water line appears to have a uniform grade of approximately 3H:1V
in general accordance with the “as-built” plans (1967). No visual signs of instability were noted. Similar to
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the dam embankment, riprap was observed from the crest of the embankment to the waterline. The riprap
slope protection is adequate with no observed areas of sparse coverage or sloughs.

The crest of the saddle embankment is generally uniform and flat with a paved asphaltic-concrete roadway
on the crest. The pavement, with a width of about 20 feet, is in adequate condition. The grassed shoulders
are well maintained with a good stand of grass. No depressions or cracks, other than surficial pavement
cracking, were observed on the crest.

The downstream slope is generally uniform in grade with no visual indications of movement or instability.
In addition, no wet areas or flowing seepage were observed. According to the record documents,
modifications were made to the saddle embankment in 2011 to include the widening of the crest,
reconstruction of the downstream portion of the embankment, and flattening of the downstream slope.
Based on observations, the downstream slope has a generally uniform grade of approximately 4H:1V in
general accordance with the Freese and Nichols construction plans (2011). No indications of a subsurface
drainage system were observed. A good stand of well-maintained turf grass was observed on the East Dike
at the time of the site reconnaissance.

6.3 Non-Overflow Sections

On July 8, 2020, Schnabel personnel visually inspected the left and right concrete non-overflow sections
located on each side of the spillway. Observations were made of the exposed upstream and downstream
faces, as well as the crest. The upstream faces were observed from the lake utilizing a boat operated by
DWU personnel. During the inspection, no visual and obvious signs of structural integrity or instability were
observed. Minor deterioration and surficial cracking of the concrete, generally consistent with the age of the
structure, was noted. Clear and defined horizontal construction joint lines are discernable along the
upstream and downstream faces. In addition, clear and defined vertical contraction joints are also
discernable. No visual signs of significant seepage was observed through the joints. DWU personnel
indicated the presence of a significant “void” or eroded area beneath the grouted riprap revetment along
the left side slope near the left non-overflow spillway. Based on conversations, the void is only observable
during periods of low water levels in the reservoir. Due to the water level at the time of the inspection,
Schnabel was unable to visually inspect the indicated void area. However, this void should be evaluated
further and proper mitigation measures should be designed and implemented.

6.4 Spillway Section

On July 8, 2020, the spillway section was visually inspected by Schnabel personnel. Observations of the
concrete were made on the chute sections, ogee sections, and piers. The upstream sides of the piers above
the water level were observed from the lake utilizing a boat operated by DWU personnel. During the
inspection of the downstream side of the spillway, the two left sluiceways were discharging. Due to elevated
water level within the stilling basin, only the two upper chute slab rows were visible during the inspection.
Observation locations are indicated based on the spillway monolith, chute slab, and stilling basin slab
numbering and nomenclature found in the “as-built” plans (1967). Figure 6-3 indicates the numbering and
nomenclature for the right side of the spillway. The left side of the spillway is similar.
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Figure 6-3: Spillway Numbering and Nomenclature

In addition, the Tainter gate numbering system shown in Figure 6-4 is referenced throughout the report.

Gate 1
Gate 2
Gate 3
Gate 4
Gate 5
Gate 6
Gate 7
Gate 8
Gate 9
Gate 10
Gate 11
Gate 12
Gate 13
Gate 14

Figure 6-4: Tainter Gate Numbering
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In general, some deterioration of the concrete, generally consistent with the age of the structure, was
observed throughout the spillway section with some surficial cracking and spalls. Most observed spalls
were located along contraction joints. Small spalls and some degradation were noted along the vertical
joints between spillway monoliths. Water, possibly seepage or water from leaking gates being conveyed in
construction joints, was observed discharging from some of the cracks and joints within the chute, as well
through the left sidewall drain outlets. No visual signs of structural integrity or instability were observed. The
sidewalls are generally straight and uniform, with some weathering and hairline cracks observed. During
the detailed inspection of the spillway concrete, specific items of note include:

e Gate 1 Bay
o Small spalls observed along a vertical lift joint on spillway monolith D.
o Small spalls observed along longitudinal joint between chute slabs A1 and B1, as well as
A2 and B2.
o Gate 2 Bay
o Small spalls observed along longitudinal joint between spillway monoliths D and E. In
addition, small spall observed along a vertical lift joint on spillway monolith E.
o Small spalls observed along longitudinal joint between chute slabs C2 and D2.
o Gate 3 Bay
o Spalls observed along longitudinal joint between spillway monoliths E and F. In addition,
small spalls observed along downstream transverse joint on spillway monolith E.
o Small spalls observed along longitudinal joint between chute slabs E1 and F1, as well as
E2 and F2.
e Gate 4 Bay
o Small spall observed along a vertical lift joint on spillway monolith G. In addition, seepage
observed flowing from a vertical lift joint near the crest.
Small spalls observed along longitudinal joint between chute slabs F1 and G1.
Spall with flowing seepage observed along longitudinal joint between chute slabs F2 and
G2.
e Gate 5 Bay
o Small spalls observed along vertical lift joints on spillway monoliths G and H.
o Small spall observed along longitudinal joint between chute slabs G1 and H1.
o Gate 6 Bay
o Spall observed along longitudinal joint between spillway monoliths H and J. In addition,
small spalls observed along vertical lift joints.
o Gate 7 Bay
o Small spall observed along a vertical lift joints on spillway monolith K.
o Small spalls observed along longitudinal joint between chute slabs L2 and M2.
o Gate 8 Bay
o Small spalls observed along vertical lift joints on spillway monolith K.
o Small spalls observed along longitudinal joint between chute slabs M2 and K2. In addition,
seepage observed flowing from this joint.
e Gate 9 Bay
o Seepage observed flowing from transverse joint between chute slabs P1 and P2, as well
as from longitudinal joint between chute slabs P2 and Q2.
e Gate 10 Bay
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o Spall observed along longitudinal joint between chute slabs Q1 and R1. The observed spall
is likely concrete that was placed as part of past repair efforts.
e Gate 11 Bay
o Small spall observed along longitudinal joint between spillway monoliths N and P.
o Spall observed along longitudinal joint between between chute slabs S1 and T1.
o Aggregate pop-out observed on right pier.
o Gate 12 Bay
o Small spalls observed along transverse joint between chute slab V1 and spillway monolith
Q.
o Gate 13 Bay
o Large spall observed along longitudinal joint between spillway monoliths Q and R.
o Flowing seepage observed along longitudinal joint between spillway monoliths Q and R
near chute.
o Longitudinal crack extending through the bottom two lifts observed in spillway monolith Q.
o Small aggregate pop-outs observed in chute slab W1.
o Gate 14 Bay
o Spall observed along longitudinal joint between spillway monoliths R and S. The observed
spall is likely concrete that was placed as part of past repair efforts.
o Spall observed along vertical lift joint in spillway monolith S. In addition, seepage was
observed flowing from a vertical lift joint near the crest of this monolith.
Small aggregate pop-out observed in chute slab Y1.
Seepage observed flowing from transverse joint between chute slab X1 and X2, as well as
Y1 and Y2. Some areas of joint seepage have vegetative growth.
Small aggregate pop-out observed in chute sidewall Y1.
Seepage observed flowing from vertical joints between chute sidewalls Y1 and Y2, as well
as sidewalls Y3 and Y4.

Significant vegetative growth and iron ochre were observed in the upper drain outlets located along the left
spillway outlet sidewall. According to the record documents, these drains are located above the shale
excavation and serve to relieve hydrostatic pressures from within the backfill material placed behind the
wall. This vegetative growth, which was observed in most, if not all, of upper drain outlets on the left side,
is impeding drain discharges. In addition, the record documents also indicate that the drain fill material was
specified as %” to 1” stone. Based on Schnabel’s experience, an aggregate of this size is likely not an
adequate filter for the backfill material, and piping of backfill material may be occurring through the drains
or clogging of the drainage material may have occurred. Therefore, Schnabel recommends that the utilized
drainage material be evaluated for compatibility with backfill material and appropriate modifications be
incorporated.

The lower drain outlets are provided on the sidewall where shale was excavated to construct the stilling
basin and also serve to relieve hydrostatic pressures behind the wall. No evidence of discharge was noted
from the lower drain outlets at the time of the inspection. In addition, the drain outlets located along the right
stilling basin sidewall were dry at the time of the inspection, and no vegetation was observed.
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6.5 Tainter Gates

A detailed inspection of the Tainter gates was performed between March 30, 2020 and April 3, 2020. A
comprehensive description of the findings from the inspection is presented in the report titled ‘Rockwall-
Forney Dam Visual Gate Inspection, Trunnion Friction Testing and Structural Evaluation Report’ prepared
by Schnabel and dated July 23, 2021. A copy of this report is included in Appendix E. In general, evidence
of deterioration was noted on each of the Tainter gates. The coating on the gates is deteriorated, with areas
of corrosion noted. Inadequately sized, poorly located, or clogged drain holes have also resulted in trapped
water, increasing the potential for corrosion. In addition, section loss at the bottom of the gate leaf was
observed.

The welded connections of the gate members was observed during the inspection. Welds were generally
observed to be of poor quality, and many fractured welds were noted. During the inspection of Gate 6, a
significant fracture was observed between the web and flange of one of the struts.

6.6 Drainage Gallery

On July 8, 2020, Schnabel personnel visually inspected the interior of the drainage gallery within the
concrete gravity sections. During the inspection, the ventilation system was operational and the drainage
gallery was well lit. However, DWU indicated that personnel must enter the adit in order to access the
control panel utilized to activate the ventilation system. In general, the drainage gallery is in adequate
condition with minor concrete deterioration, consistent with the age of the structure, noted. Concrete spalls
were noted in a few locations. Little seepage through the concrete was observed. Foundation drain outlets
located near the bottom of the upstream side of the drainage gallery were not flowing at the time of the
inspection. Some corrosion of the steel conduits located within the foundation drain holes was observed.
This corrosion does not appear to impact the ability of the foundation drains to discharge water. However,
routine cleaning of the foundation drain holes is recommended. The upstream end of the sump outlet
conduits, which convey flows from foundations drains to the stilling basin, have been retrofitted with gate
valves to prevent potential backwater within the stilling basin from flooding the gallery. Based on
conversations with DWU personnel, the gate valves have been recently operated. Flap valves are located
on the outlet end of the CIP outlet conduits protruding through the stilling basin sidewall. The flap valves
were closed at the time of the inspection and unobstructed.

6.7 Stilling Basin and Outlet Channel

An underwater inspection of the stilling basin was performed by American Underwater Services, Inc. on
July 8, 2020. During the inspection, about 10 feet of water was present in the stilling basin. The results of
the inspection were presented in a report titled ‘Inspection of Forney Dam Stilling Basin and Tawakoni
Balancing Reservoir Pipe Line, Inspections performed on July 8", 9", and 10, 2020’ and dated July 14,
2020. A copy of this report is included in Appendix C. In addition, two video files of the dive inspection were
provided to Schnabel for review. The videos contain the portion of the inspection performed near the right
training wall in the stilling basin. Low visibility, and/or poor video quality, prevented a thorough review of the
inspection videos by Schnabel personnel. However, audio containing dialog between the dive personnel
was provided. We note that video and audio were not provided for the entire stilling basin inspection.

Based upon Schnabel’s review of the provided information, the underwater portions of the Forney Dam
stilling basin are in adequate condition with limited evidence of concrete degradation or spalling noted.
Based upon the audio from the recorded portions of the dive inspection, the presence of organic growth
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was noted on most concrete surfaces. However, one area of spalling, having a depth of 1-% inches and
located near the right sidewall, was identified. In addition to the noted limited spalling, minor concrete
degradation with some exposed aggregate was observed in portions of the inspection video at/above the
water surface. Various debris ranging from soil to rock to metal to wood were also noted in the stilling basin
inspection report.

Subsequent to the underwater inspection of the stilling basin, the outlet channel above the tailwater
elevation located immediately downstream was observed by Schnabel personnel. Observations were made
of the outlet channel, floodplain, and side slopes adjacent to the floodplain. The outlet channel and
floodplain immediately downstream from the stilling basin are generally uniform and free from obstructions.
No excessive surficial erosion was observed; however, based upon a comparison of the design documents
to the current condition, the general overall extent of the stilling basin has gradually increased over the life
of the structure due to erosion resulting from spillway discharges. This expansion suggests that additional
armoring of the outlet channel would be prudent to limit the potential for continued erosion to negatively
impact the stability of the spillway structure. The side slopes adjacent to the floodplain are generally uniform
in grade. No visual and obvious signs of instability were noted. According to the Freese and Nichols
construction plans (2011), repairs were made to a failed portion of the left side slope located about 500 feet
downstream of the end of the left stilling basin sidewall. The slope was reconstructed utilizing earthfill to a
grade of 2.5H:1V, and sand blanket drain was installed at the bottom. No visual signs of instability were
noted with the repaired portion of the left side slope.

A significant amount of flowing water was observed discharging from the left side slope immediately
downstream from the riprap at the end of the left stilling basin sidewall. This area is indicated in Figure 6-
5. The water was observed to be clear, and discharging from between the shale and soil at the bottom of
the left side slope. No water was observed flowing from the slope at higher elevations; however, riprap
coverage in this area hindered observations. A determination could not be made as to whether the origin
of the flowing water is seepage or groundwater. Previous inspection reports have identified perennial
flowing water in in this area. Given the presence of the void upstream of the gravity structure, the potential
for drainage material to not be compatible with soil materials, and the presence of historic seepage,
Schnabel recommends that this seepage be evaluated and, if needed, appropriate remedial measures be
designed and implemented to address the source and impact of the seepage.
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Figure 6-5: Potential Seepage Area near Stilling Basin

In addition, DWU personnel indicated an area at the toe of the left side slope along the floodplain where
wetness has been observed in the past. No evidence of wetness was observed by Schnabel personnel in
this area, which is located approximately 1,000 feet downstream from the end of the left stilling basin
sidewall, during Schnabel’s visual inspection; however, indications of past wetness were observed. Given
the location of this area with respect to the dam, the wetness is likely not the result of seepage flows.
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7.0 INSTRUMENTATION DATA

The instrumentation for Forney Dam consists of forty-two (42) piezometers located within the embankment,
abutments, and downstream area. Twenty-three (23) piezometers were installed circa 1989 based on
recommendations in an inspection report prepared by Jones & Boyd, Inc. (1987). Measurements of these
piezometers during ensuing inspections indicated excess hydrostatic pressures and artesian conditions in
portions of the embankment and downstream toe. During the construction of remedial repairs to address
the excesses hydrostatic pressures, an additional nineteen (19) piezometers were installed. An
instrumentation plan indicating the piezometer locations is included in Appendix D.

Pressure relief wells were installed in the berms at Work Areas 1 and 2 circa 1995 to address hydrostatic
pressures within the embankment. The pressure relief wells operate automatically and discharges are
pumped into conduits to convey flows to the drainage channels downstream from the dam. The downstream
ends of each conduit is situated on a concrete outlet support in the channel. Each Work Area contains six
(6) pressure relief wells. No data regarding the operational frequency of the pressure relief wells located in
the Work Areas was provided.

The record documents indicate that piezometers, pore pressure cells, and settlement plates were installed
within the embankment during Phase | construction. Past inspections indicate that the original piezometers,
which were constructed utilizing galvanized steel pipes, have corroded and are no longer functional. Some
abandoned steel pipe piezometers were observed along the upstream slope. What is likely an abandoned
pore pressure cell recording tower was also observed near the downstream toe of the embankment. No
record documents were available indicating the abandonment of the original piezometers and none of the
original piezometers were observed on the crest and downstream slope during the site reconnaissance. In
addition, no indications of the pore pressure cells, other than the one indicated, and settlement plates were
observed during the site reconnaissance. Schnabel also notes that no survey monuments were observed
to monitor horizontal and vertical movements of the dam.

DWU provided Schnabel with piezometer and tailwater measurements obtained from January 2014 to
August 2020, as well as coordinates of piezometer locations. Graphs were generated by Schnabel to
display the recorded water elevation versus time for each piezometer, and several cross section were
generated to display the measured phreatic surface through the embankment at convenient locations where
piezometers are in a row. In addition, a profile of the piezometers located in the crest of the embankment
was generated. The water level of Lake Ray Hubbard was not provided with the data. Lake water surface
elevations for the same period were obtained from USGS stream gauge 08061550 for use on the graphs.
The piezometer graphs are presented in Appendix D.

During Schnabel’s review of the piezometer data, several items were noted:

e The embankment cross sections taken along piezometers located at Work Areas 1 and 2 indicate
a locally depressed phreatic surface within the embankment, likely due to a well point drawdown
from the pressure relief wells. The embankment cross section at Work Area 1 indicates that the
phreatic surface is also depressed in EP-12, which is located within the crest, and rebounds to a
higher elevation downstream of the embankment.

e The recorded water elevations from piezometers located within the floodplain downstream of the
dam indicate water near the ground surface.
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e Graphs of piezometer water elevations versus tailwater elevations indicate that the piezometers
located within the floodplain downstream of the dam exhibit a rapid response to changes in
tailwater. As such, the water elevations in these piezometers are likely tailwater driven. In addition,
EP-4, EP-8, EP-40, and EP-44 are likely tailwater driven as well, despite being located within the
embankment.

e The recorded water elevations from EP-9, which is located within the embankment immediately left
of Work Area 2, were at or above the ground surface for most measurements taken in the past five
years. High water levels can create destabilizing forces for the embankment.

e The graphs of piezometer measurements from EP-4, EP-14, EP-15, and EP-39 indicate an upward
trend in recorded water elevations over the past 7 years.

e The graph of piezometer measurements from EP-40 indicates erratic swings of 20 or more feet in
the recorded water elevation. Conversely, the graph of measurements from EP-26, which is
adjacent to EP-40, indicates a relatively constant recorded water elevation over the past 7 years.

e There are relatively wide ‘gaps’ of structure that are not monitored by piezometer. Given that
performance of the embankment is not monitored in these areas, Schnabel recommends that
consideration be given to installing additional piezometers to document the phreatic surface within
structure. While there are no hard rules regarding piezometer spacing, consideration should be
given to have a row of piezometers every several hundred feet.
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8.0 TAINTER GATE ANALYSIS

A structural analysis of the Tainter gates at Forney Dam was performed based on the inspection, record
documents, and the results of the trunnion friction testing. The Tainter gates were analyzed based on
several load combinations outlined in the U.S. Army Corps of Engineers (USACE) Engineering Technical
Letters (ETL) 1110-2-584, Design of Hydraulic Steel Structures. The load combinations include self-weight
of the Tainter gate, hydrostatic load, wave load, earthquake load, side seal friction, trunnion friction and
cable hoist load. Trunnion friction factors of 0.3 were utilized in the analysis based on recommendations in
ETL 1110-2-584. Trunnion friction test results indicate that actual average values of trunnion friction
measured at Forney Dam are less than the utilized value.

The results of the gate analysis indicate that some structural members are deficient based on the current
Tainter gate design guidelines. As such, continued exposure of the gates to the load cases could result in
overstressing of the members. Detailed analysis procedures and results are presented in the report titled
‘Rockwall-Forney Dam Visual Gate Inspection, Trunnion Friction Testing and Structural Evaluation Report’
prepared by Schnabel and dated July 23, 2021. A copy of this report is included in Appendix E.
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9.0 FLOOD OPERATION PROCEDURES EVALUATION

Schnabel completed an evaluation of the current flood operation procedures for Lake Ray Hubbard and
Forney Dam. Schnabel’s understanding of current procedures was based on discussions with DWU
personnel and a review of available record documentation. The evaluation considered the current status of
operations, as well as any changes in the watershed, downstream conditions, and availability of data since
the last update to operation procedures. In addition, hydrologic data was reviewed with respect to the
current operation procedures.

Based on the results of the evaluation, the current flood operation procedures are well presented and
provide reasonable responses to varying conditions. However, the procedures are dependent on the ability
of DWU personnel to obtain the necessary data in a timely manner. Currently, a supervisory control and
data acquisition (SCADA) system, referred to as the Flood Alert System, is used to obtain current lake
levels and other data. DWU personnel have identified concerns related to the general age of the Flood Alert
System, stage-storage estimates of the lake above normal pool, accurate estimation of inflow rates from
stream gauges, and inherent error associated with estimating the lake level during storm events with
relatively high winds. In addition, Schnabel notes that development has occurred within the watershed since
the most recent hydrologic and hydraulic analysis was performed in 2014, which can impact timing of runoff
and peak inflows. The comprehensive evaluation of flood operation procedures is presented in the report
titled ‘Review of Flood Operation Procedures, Rockwall-Forney Dam’ prepared by Schnabel and dated July
26, 2021. A copy of this report is included in Appendix F.
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10.0 DRAINAGE GALLERY INSPECTION SAFETY PROCEDURES

Schnabel has developed a Site Safety and Health Plan (SSHP) to mitigate or limit potential risks to
personnel involved with engineering and inspection of the drainage gallery adit. The SSHP was
developed in general conformance with Occupational Safety and Health Administration (OSHA)
guidelines, and is presented under a separate cover titled ‘Site Safety and Health Plan, Rockwall-Forney
Dam Adit Investigation’. A copy of the SSHP is included in Appendix G.
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11.0 CONCLUSIONS AND RECOMMENDATIONS

11.1 Conclusions

Based on the results of the visual evaluation, instrumentation review, Tainter gate evaluation, and flood
operation procedures review, as well as our experience with other dams, the Forney Dam, spillway, and
appurtenant structures are generally well-maintained with the exception of a few significant issues such as
the fractured web noted on one gate. However, given that the structure was design and constructed in the
1960s, improvements or upgrades are recommended.

The embankment is being maintained and no visual indications of distress or instability were noted. While
no areas of wetness or seepage were observed during Schnabel’s visual inspection, DWU personnel have
indicated past wetness near the abutment contacts and within the floodplain downstream of the dam. Given
the time of year that the inspection was performed (i.e., the summer) and lack of recent precipitation,
seepage may have not been readily apparent. These areas should continue to be monitored for indications
of seepage and changes in seepage rates.

A review of the provided piezometer data indicates that widely varying piezometric levels exist within the
structure and foundation. Currently, distances of 2,000 feet or more exist between piezometer locations.
Given the distances between piezometers, the size of the structure, and the hazard potential of the
structure, additional piezometers are recommended for a comprehensive evaluation of differences in
piezometer water levels. In addition, a review of the existing provided data indicated piezometric levels near
the ground surface in several piezometers within the embankment and downstream area. In addition, some
piezometer data indicates an upward trend in recorded water levels.

The condition of the concrete comprising the spillway and non-overflow structures is generally consistent
with other structures having a similar date of construction. Some visual signs of weathering and physical
deterioration were observed. Concrete cracks observed appear to be surficial and do not indicate instability
of the structures. Concrete spalls were observed in the spillway section, with damage likely resulting from
flowing water during spillway discharges. Some spalls were in areas where concrete was likely repaired in
the past, as indicated by neat saw cut lines around the spalled area. The spalls observed were mostly minor
and not a concern to the stability of the structure. However, a large spall was observed between spillway
monoliths Q and R, as well as a longitudinal crack in spillway monolith Q extending through the bottom two
lifts.

The results of the Tainter gate structural analysis and visual inspection did not indicate significant structural
issues with the gates, with the exception of Gate 6, which require immediate attention or removing gates
from service. However, some of the gates members are overstressed for the load cases analyzed. A
fracture was observed on one of the Gate 6 strut arms during the visual evaluation. Due to the severity of
the fracture observed on the Gate 6 member, continued operation could result in the expansion of the
fracture and failure of the primary strut arm. While Gate 6 contained the only observed fracture, other strut
arms may contain fractures that were not observable during the inspection.

A specific area of concern is related to the left side of the spillway section. All of the drain outlets located
along the left stilling basin sidewall and above the shale excavation are blocked with vegetative growth and
iron ochre. This vegetative growth indicates the presence of past seepage in this area, and the blocked
drain outlets could result in excess hydrostatic pressures behind the sidewalls. In addition, flowing water
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was observed discharging from the left side slope immediately downstream from the left stilling basin
sidewall. During the inspection, Schnabel personnel could not determine whether this flowing water was
seepage from the reservoir and through the dam or general groundwater from the adjacent hillside.
Schnabel understands that a slurry wall was constructed behind the left sidewall to address perennial
flowing water observed in this area. However, based on observations made during the site reconnaissance,
the slurry wall does not appear to be effective. Furthermore, DWU personnel indicated the presence of a
large void beneath the grouted riprap near the upstream side of the left non-overflow section, and drain fill
material behind the stilling basin sidewalls is inadequately sized to properly filter the backfill. Given the
location of this void, the erosion of soil beneath the grouted riprap could be the result of wave action.
However, without additional evaluations, the potential that this collective group of observations is indicative
of seepage and soil piping around the left non-overflow section cannot be dismissed.

11.2 Recommendations

DWU should continue proactive maintenance of Forney Dam. Monitoring and inspections, in addition to the
daily on site presence of DWU personnel, should be performed in accordance with TCEQ guidelines. Based
on the visual inspections and evaluations of Forney Dam, Schnabel offers the following recommendations:

o Evaluate the potential seepage area located adjacent to the left side of the spillway.

e Evaluate the void beneath the grouted riprap revetment along the left side slope of the spillway
entrance channel near the left non-overflow spillway.

e Utilizing a registered land surveyor, install monuments across the crest of the dam that can be used
to measure and document vertical and horizontal movement.

e |nstall stationing on the dam crest corresponding to the project stationing on the “as-built” drawings
to provide horizontal control for future observations/inspections. Stationing should be visible and
readable from the upstream and downstream embankment slopes.

e |Install additional piezometers within the embankment crest, downstream slope, and toe such that
the distance between rows of piezometers is limited to several hundred feet. The locations and
depths of additional piezometers should be determined by a professional engineer.

e Evaluate elevated piezometric levels near the ground surface in several piezometers within the
embankment and downstream area. In addition, evaluate the cause of the upward trend in recorded
water levels of some piezometers.

e Evaluate the stability of the earthen embankment dam and concrete gravity dam.

¢ Integrate pressure relief well operations in the SCADA system so that flow rates and run times can
be documented.

e Maintain an operational log for the pressure relief wells, to include runtimes and discharges.

e Evaluate the cause for the elevated water in the drainage channels downstream of the dam. The
channel blockage should be removed such that the pressure relief well outlets are not inundated.
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e Remove vegetation from drain outlets located along the left stilling basin sidewall. In addition,
evaluate the drain fill material for filter compatibility with backfill material and incorporate
appropriate modifications.

e Perform an updated hydrologic and hydraulic analysis to evaluate the Texas statewide PMP study
and account for additional upstream development that has occurred since the last analysis was
performed.

e Repair the asphaltic concrete service roadway on crest of the dam. In addition, develop plans to
replace/repave this roadway in the near future.

e Continue to monitor the large spall observed between spillway monoliths Q and R for future
degradation. In addition, the longitudinal crack observed in spillway monolith Q extending through
the bottom two lifts should be monitored as well. Continued degradation may necessitate repairs
in these locations.

e Perform Tainter gate recommendations provided in the ‘Rockwall-Forney Dam Gate Inspection,
Testing and Analysis Report’.

e Perform flood operation procedures recommendations provided in the report tilted ‘Review of Flood
Operation Procedures, Rockwall-Forney Dam’.

e Provide a means to activate drainage gallery ventilation fans without having to enter the adit.
e Remove various debris accumulated within the stilling basin.

e Provide additional armoring of the stilling basin to limit the potential for continued erosion to
negatively impact the stability of the spillway structure.
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Site Vicinity Map

Overall Site Plan

Spillway Plan
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Lake Ray Hubbard Volumetric Survey
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PHOTOGRAPH No.: 1

Photo Taken: 7/9/2020

LOCATION: Sta 4+00, up-
stream slope of main embank-
ment, looking left

i COMMENTS: Riprap is ade-

quate. No visual indication of
instability.

PHOTOGRAPH No.: 2

Photo Taken: 7/9/2020

LOCATION: Sta 4+00, down-
stream slope of main embank-
ment, looking left

COMMENTS: Slope is uniform
and well-maintained.

ROCKWALL-FORNEY DAM
DALLAS WATER UTILITIES
DALLAS/KAUFMAN COUNTIES, TX

PROJECT NO. 20C22001.00
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PHOTOGRAPH No.: 3

Photo Taken: 7/9/2020

LOCATION: Sta 5+00, crest of
main embankment, looking up-
stream

COMMENTS: Raw water in-
take structure is shown.

PHOTOGRAPH No.: 4

Photo Taken: 7/9/2020

LOCATION: Sta 5+00, crest of
main embankment, looking
downstream

COMMENTS: Pump station is
shown.

ROCKWALL-FORNEY DAM
DALLAS WATER UTILITIES
DALLAS/KAUFMAN COUNTIES, TX

PROJECT NO. 20C22001.00
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PHOTOGRAPH No.: 5

Photo Taken: 7/9/2020

LOCATION: Sta 24+00, up-
stream slope of main embank-
ment, looking left

COMMENTS: Riprap is ade-
quate. No visual indication of
instability.

PHOTOGRAPH No.: 6

Photo Taken: 7/9/2020

LOCATION: Sta 24+00, down-
stream slope of main embank-
ment, looking left

COMMENTS: Slope is uniform
and well-maintained.

ROCKWALL-FORNEY DAM
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PHOTOGRAPH No.: 7

Photo Taken: 7/9/2020

LOCATION: Sta 36+00, up-
stream slope of main embank-
ment, looking downstream

COMMENTS: Abandoned pie-
zometer is shown.

PHOTOGRAPH No.: 8

Photo Taken: 7/9/2020

LOCATION: Sta 44+00, up-
stream slope of main embank-
ment, looking left

COMMENTS: Riprap is ade-
quate. No visual indication of
instability.
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PHOTOGRAPH No.: 9

Photo Taken: 7/9/2020

LOCATION: Sta 44+00, down-
stream slope of main embank-
ment, looking left

COMMENTS: Slope is uniform
and well-maintained.

PHOTOGRAPH No.: 10

Photo Taken: 7/9/2020

LOCATION: Sta 64+00, up-
stream slope of main embank-
ment, looking left

COMMENTS: Riprap is ade-
quate. No visual indication of
instability.
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PHOTOGRAPH No.: 11

Photo Taken: 7/9/2020

LOCATION: Sta 64+00, down-

stream slope of main embank-
ment, looking left

COMMENTS: Slope is uniform
and well-maintained.

PHOTOGRAPH No.: 12

Photo Taken: 7/9/2020

LOCATION: Sta 84+00, up-
stream slope of main embank-
ment, looking left

COMMENTS: Riprap is ade-
quate. No visual indication of
instability.
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PROJECT NO. 20C22001.00

INSPECTION PHOTOGRAPHS

© Schnabel Engineering 2020 All Rights Reserved




PHOTOGRAPH No.: 13

Photo Taken: 7/9/2020

LOCATION: Sta 84+00, down-
stream slope of main embank-
ment, looking left

COMMENTS: Slope is uniform
and well-maintained.

PHOTOGRAPH No.: 14

Photo Taken: 7/9/2020

LOCATION: Sta 97+50, up-
stream slope of main embank-
ment, looking left

COMMENTS: Abandoned pie-
zometer is shown.
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Piezometer EP-3

PHOTOGRAPH No.: 15

Photo Taken: 7/9/2020

LOCATION: Sta 4+00, right
abutment of main embank-
ment, looking left

COMMENTS: Piezometer EP-3
is shown.

PHOTOGRAPH No.: 16

Photo Taken: 7/9/2020

LOCATION: Sta 4+00, right
abutment of main embankment

COMMENTS: Historic wet area
indicated by DWU personnel.
No wetness was present at
time of inspection.
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PHOTOGRAPH No.: 17

Photo Taken: 7/9/2020

LOCATION: Sta 10+00, down-
stream toe of main embank-
ment, looking right

COMMENTS: Concrete chan-
nel collecting surface water
was dry at the time of inspec-
tion.

PHOTOGRAPH No.: 18

Photo Taken: 7/9/2020

LOCATION: Sta 78+50, crest
of main embankment, looking
downstream

COMMENTS: Work Area 1 is
shown.
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PHOTOGRAPH No.: 19

Photo Taken: 7/9/2020

LOCATION: Sta 78+50,
drainage channel down-
stream of Work Area 1

COMMENTS: Pressure relief
well outlet is shown.

PHOTOGRAPH No.: 20

Photo Taken: 7/9/2020

LOCATION: Sta 29+00, crest
of main embankment, looking
downstream

COMMENTS: Work Area 2 is
shown.
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PHOTOGRAPH No.: 21

Photo Taken: 7/9/2020

LOCATION: Sta 29+00, down-
stream slope main embank-
ment, looking left

COMMENTS: Relief well for
Work Area 2 is shown.

PHOTOGRAPH No.: 22

Photo Taken: 7/9/2020

LOCATION: Sta 29+00,
drainage channel down-
stream of Work Area 2

COMMENTS: Pressure relief
well outlet is shown. Note ele-
vated water surface has inun-
dated the outlet.
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PHOTOGRAPH No.: 23

Photo Taken: 7/9/2020

LOCATION: Sta 83+00, drain-
age channel downstream of
main embankment

COMMENTS: Note elevated
water surface.

PHOTOGRAPH No.: 24

Photo Taken: 7/9/2020

LOCATION: Sta. 84+00, down-
stream toe of main embank-
ment

COMMENTS: Abandoned pore
pressure cell recording tower is
shown.
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———

W™ " PHOTOGRAPH No.: 25

B—— | Photo Taken: 7/9/2020

LOCATION: Sta. 115+00,
downstream slope of saddle
embankment, looking left

COMMENTS: Slope is uniform
and well-maintained.

PHOTOGRAPH No.: 26

Photo Taken: 7/9/2020

LOCATION: Sta. 126+00, crest
of saddle embankment, looking
right

COMMENTS: Crest is uniform
and flat.
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PHOTOGRAPH No.: 27

Photo Taken: 7/9/2020

LOCATION: Sta. 125+50, up-
stream slope of saddle em-
bankment, looking right

§ COMMENTS: Riprap is ade-
quate. No visual indication of
instability.

PHOTOGRAPH No.: 28

Photo Taken: 7/9/2020

LOCATION: Upstream side of
left non-overflow section

COMMENTS: No visual and
obvious signs of structural in-
stability.
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PHOTOGRAPH No.: 29

Photo Taken: 7/9/2020

LOCATION: Upstream side of
left non-overflow section, look-
ing left

COMMENTS: Area of void be-
low grouted riprap indicated by
DWU personnel.

PHOTOGRAPH No.: 30

Photo Taken: 7/9/2020

LOCATION: Downstream side
of left non-overflow section

COMMENTS: No visual and
obvious signs of structural in-
stability.
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" PHOTOGRAPH No.: 31

Photo Taken: 7/9/2020

LOCATION: Upstream side of
right non-overflow section

COMMENTS: No visual and
obvious signs of structural in-
stability.

PHOTOGRAPH No.: 32

Photo Taken: 7/9/2020

LOCATION: Downstream side
of right non-overflow section

COMMENTS: No visual and
obvious signs of structural in-
stability.
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PHOTOGRAPH No.: 33

Photo Taken: 7/9/2020

i LOCATION: Bridge over spill-
way, viewed from left side

COMMENTS: Bridge is straight
and level.

PHOTOGRAPH No.: 34

Photo Taken: 7/9/2020

LOCATION: Downstream side
of spillway

COMMENTS: Gates 1 through
14 shown from left to right.
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PHOTOGRAPH No.: 35

Photo Taken: 7/9/2020

LOCATION: Upstream side of
spillway

COMMENTS: Gates 1 through
14 shown from right to left.

PHOTOGRAPH No.: 36

Photo Taken: 7/9/2020

LOCATION: Downstream side
of Gate 1

~ COMMENTS: Some surficial
cracking and spalls observed.
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PHOTOGRAPH No.: 37

Photo Taken: 7/9/2020

LOCATION: Downstream side
of Gate 2

COMMENTS: Some surficial
cracking and spalls observed.

PHOTOGRAPH No.: 38

Photo Taken: 7/9/2020

LOCATION: Downstream side
of Gate 3

COMMENTS: Some surficial
cracking and spalls observed.

ROCKWALL-FORNEY DAM
DALLAS WATER UTILITIES
Schnabel DALLAS/KAUFMAN COUNTIES, TX INSPECTION PHOTOGRAPHS

PROJECT NO. 20C22001.00

© Schnabel Engineering 2020 All Rights Reserved



PHOTOGRAPH No.: 39

Photo Taken: 7/9/2020

LOCATION: Downstream side
of Gate 4

COMMENTS: Some surficial
cracking and spalls observed.

PHOTOGRAPH No.: 40

Photo Taken: 7/9/2020

LOCATION: Downstream side
of Gate 5

COMMENTS: Some surficial
cracking and spalls observed.
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PHOTOGRAPH No.: 41

Photo Taken: 7/9/2020

LOCATION: Downstream side
of Gate 6

COMMENTS: Some surficial
cracking and spalls observed.

PHOTOGRAPH No.: 42

Photo Taken: 7/9/2020

LOCATION: Downstream side
of Gate 7

~ | COMMENTS: Some surficial
& cracking and spalls observed.
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PHOTOGRAPH No.: 43

Photo Taken: 7/9/2020

LOCATION: Downstream side
of Gate 8

COMMENTS: Some surficial
cracking and spalls observed.

e — ESSSERS .  PHOTOGRAPH No.: 44

Photo Taken: 7/9/2020

LOCATION: Downstream side
of Gate 9

COMMENTS: Some surficial
cracking and spalls observed.
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PHOTOGRAPH No.: 45

Photo Taken: 7/9/2020

LOCATION: Downstream side
of Gate 10

COMMENTS: Some surficial
cracking and spalls observed.

PHOTOGRAPH No.: 46

Photo Taken: 7/9/2020

LOCATION: Downstream side
of Gate 11

COMMENTS: Some surficial
cracking and spalls observed.
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PHOTOGRAPH No.: 47

Photo Taken: 7/9/2020

LOCATION: Downstream side
of Gate 12

COMMENTS: Some surficial
cracking and spalls observed.

PHOTOGRAPH No.: 48

Photo Taken: 7/9/2020

LOCATION: Downstream side
of Gate 13

COMMENTS: Some surficial
cracking and spalls observed.
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= PHOTOGRAPH No.: 49

Photo Taken: 7/9/2020

LOCATION: Downstream side
of Gate 14

COMMENTS: Some surficial
cracking and spalls observed.

PHOTOGRAPH No.: 50

Photo Taken: 7/9/2020

LOCATION: Left spillway
sidewall

COMMENTS: Significant vege-
tative growth was observed in
the upper wall drain outlets.
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| PHOTOGRAPH No.: 51

Photo Taken: 7/9/2020

LOCATION: Drainage gallery,
looking left

COMMENTS: Gallery is in ade-
quate condition with little seep-
age observed.

PHOTOGRAPH No.: 52

Photo Taken: 7/9/2020

LOCATION: Drainage gallery,
upstream side

COMMENTS: Typical founda-
tion drain is shown. Some cor-
rosion of the steel conduits
within the drain holes was ob-
served.
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PHOTOGRAPH No.: 53

Photo Taken: 7/9/2020

LOCATION: Left drainage gal-
lery sump, upstream side

COMMENTS: Note concrete
spalling at corner.

PHOTOGRAPH No.: 54

Photo Taken: 7/9/2020

LOCATION: Stilling basin,
viewed from left side

COMMENTS: Note extent of
stilling basin has gradually in-
creased over the life of the
structure.
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PHOTOGRAPH No.: 55

Photo Taken: 7/8/2020

LOCATION: Right spillway
sidewall, looking downstream

COMMENTS: Wall is level and
straight. Wall drain outlets were
dry at time of inspection.

PHOTOGRAPH No.: 56

Photo Taken: 7/9/2020

LOCATION: Left side of stilling
basin and outlet channel,
viewed from left side

COMMENTS: Flowing water
can be seen in foreground.
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?‘1 PHOTOGRAPH No.: 57

Photo Taken: 7/9/2020

LOCATION: Left side of stilling
basin, downstream of sidewall

COMMENTS: Flowing water
was observed.

PHOTOGRAPH No.: 58

Photo Taken: 7/9/2020

LOCATION: Right side of outlet
channel, looking upstream

COMMENTS: Historic wet area
indicated by DWU personnel.
No wetness was present at
time of inspection.
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APPENDIX C

STILLING BASIN INSPECTION

Inspection of Forney Dam Stilling Basin and Tawakoni Balancing Reservoir Pipe Line,
Inspections performed on July 8™, 9™, and 10, 2020

July 30, 2021 Schnabel Engineering, LLC
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Inspection of Forney Dam Stilling Basin and
Tawakoni Balancing Reservoir Pipe Line

Inspections performed on July 8th, 9th and 10,2020

Report By Marty Pearce
7/14/2020

Attention: Randy Mclntyre
Garver



July 31, 2020

Randy,
The divers inspected the Forney Dam Stilling Basin on July 8th and 9th 2020, and they inspected the Tawakoni
Balancing Reservoir Cell 2, 84" outlet pipe on July 10, 2020.

The divers entered the water and begin a grid pattern inspection of the dam. They used a grid pattern copy of the
dam to mark their findings. The pictures below are the field notes they copied the information on.
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July 31, 2020
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Overall, the baffle blocks, end sill and the floor are in good condition. There was some minor spalling of the
concrete. The only spalling of concern was located in grid 7-A. It is located in the end sill. It is 3' off bottom and 8' off
of the right training wall. It measures 8" long by 3" wide and is 1.5" deep.

The divers did find some small sediment mounds and debris. Debris included 2 ladders, some angle iron, and a
6" by 2' long piece of H-Beam. The largest debris was a 3' diameter by 30' long log. It was located wedged between
the baffle blocks located in grid 6-U.

| recommend removing the log using an underwater chainsaw.
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July 31, 2020

The divers inspected the 84" outlet pipe at Tawakoni Balancing reservoir cell 2. The divers penetrated the pipe
240'. The divers noted 12" of sediment and muscle shells from the start of the pipe to the 160" mark. They noted 2"
of sediment from 160’ to 240'. There was moderate marine growth throughout the pipe.

The divers noted a leak at the 12 o'clock position at 65'. They used a red dye to detect the leak. It seems to be a
small leak that is exiting through the porous concrete.

The second leak was located at the 1 o'clock position at 103'. It is a quarter sized hole that the divers located
using red dye.

The two pictures below are still shots of the video when they diver discovered the leaks. They are time stamped
so that they can be located in the videos that have been provided.
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Both leaks where marked with a grease pencil inside the pipe. We recommend cleaning the concrete around the
leaks and repairing the leaks with underwater epoxy.

If you have any questions please feel free to call us at (817) 377-8512.
Thank you
Marty Pearce

Sales Manager
American Underwater Services
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APPENDIX D

PIEZOMETER DATA

Instrumentation Plan

Recorded Water Elevations versus Time
Embankment Cross Sections

Profile along the Crest of the Embankment
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Project 20C22001.00 ©2021 All Rights Reserved



G:\2020\0OTHER BRANCH PROJECTS\TEXAS\20C22001_00_DWU_REHAB_OF_RAW_WATER_FACILITIES_SA#1\03-SEPRODUCTS\08-CAD\DRAWINGS\06-WORKING\PIEZOMETERLOCATIONS.DWG

Piezometer Table Piezometer Table Piezometer Table
Piezometer No. | Top Elevation (ft)* | Depth (ft)* | Northing (ft)* | Easting (ft)* Piezometer No. | Top Elevation (ft)* | Depth (ft)* | Northing (ft)* | Easting (ft)* Piezometer No. | Top Elevation (ft)* | Depth (ft)* | Northing (ft)* | Easting (ft)*
EP-9 410.0 63.4 6981213.07 2577319.36 EP-15 395.6 50.9 6979751.37 2581341.02 EP-29 399.9 52.7 6980844.16 2576720.35
EP-1 4473 40.1 6982150.37 2573827.61 EP-16 449.8 54.7 6979749.44 2584951.15 EP-30 395.0 18.2 6980979.81 2577249.55
EP-2 450.4 36.9 6982116.53 2574210.20 EP-17 452.7 61.4 6979688.76 2584950.12 EP-32 409.9 63.0 6980864.70 2578698.88
EP-3 431.6 27.8 6982013.46 2574175.94 EP-18 4523 54.0 6979630.28 2584946.85 EP-33 395.7 47.0 6980688.93 2578650.69
EP-4 449.9 85.8 6981927.24 2575010.20 EP-19 451.4 53.2 6979484.57 2584937.49 EP-34 395.9 18.2 6980682.48 2578675.50
EP-5 408.5 329 6981754.41 2574971.60 EP-20 451.5 55.8 6979632.41 2585177.75 EP-35 408.2 62.1 6980553.57 2580056.56
EP-6 399.0 16.3 6981544.90 2574842.70 EP-21 449.9 52.8 6980061.47 2585626.55 EP-36 395.7 48.7 6980374.76 2580003.93
EP-7 397.7 421 6981319.07 2574795.72 EP-22 431.6 37.9 6979903.60 2585726.40 EP-37 395.7 18.3 6980369.17 2580221.40
EP-8 449.8 103.8 6981370.36 2577352.22 EP-23 451.8 58.2 6980276.09 2585976.66 EP-39 395.7 18.3 6980013.70 2581445.42
EP-10 395.0 48.3 6980980.97 2577268.20 EP-24 428.6 24.8 6981411.17 2573914.60 EP-40 412.2 30.8 ** **
EP-11 393.9 48.2 6980734.98 2577221.93 EP-25 404.1 217 6981502.98 2574652.90 EP-41 409.5 27.7 6981200.86 2577370.21
EP-12 449.8 89.9 6980397.20 2581481.48 EP-26 412.2 64.5 6981378.56 2576586.48 EP-42 409.6 28.0 6980872.62 2578749.01
EP-13 411.9 51.0 6980229.46 2581446.44 EP-27 406.5 28.3 6981229.73 2576560.37 EP-43 407.5 27.7 6980540.15 2580107.86
EP-14 395.8 456 6979935.13 2581381.37 EP-28 407.9 56.2 6981230.50 2576581.21 EP-44 411.9 30.8 6980215.83 2581497.02
*ELEVATIONS, DEPTHS, AND COORDINATES PROVIDED BY DWU.
**COORDINATES PROVIDED FOR EP-40 NOT CORRECT BASED ON RECORD DOCUMENTS AND VISUAL OBSERVATIONS. LOCATION SHOWN IS APPROXIMATE.
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1.0 EXECUTIVE SUMMARY

This report presents the results of the visual gate inspections, trunnion friction testing and preliminary
structural evaluation for the 14 Tainter spillway gates at Forney Dam. The work was performed by
Schnabel Engineering, LLC (Schnabel) and its sub-consultants. The purpose of the work performed
was to determine the current condition of the gates and asses the adequacy of the spillway gates for
continued service.

The report is divided into the following sections:

e Sections 2, 3, and 4 provide background information including the scope of services, a
description of the site and a description of documents reviewed during development of this report.

e Section 5 summarizes the results of the visual gate inspection.

e Section 6 summarizes the approach and result of the gate structural analysis.

e Section 7 summarizes the results of the trunnion friction testing

The appendices include detailed information used to develop the summaries listed above.
1.1 Summary of Conclusions

Structural issues with the gates that require immediate attention or removing gates from service with the
exception of Gate 6 were not observed or documented during the performance of the work describe
herein; however, immediate maintenance of the gates is strongly recommended to address the failing
coatings and to remediate poor quality and fractured welds.

The results of the gate analysis indicate that some of the gate members are overstressed for the load
cases analyzed.

The results of the gate trunnion friction testing indicate that the average values for trunnion friction for the
Tainter gates at Forney Dam are below the 0.3 trunnion friction factor utilized in the analysis.

1.2 Summary of Recommendations

The following recommendations are based on the results of the visual gate inspection and the structural
gate structural analysis:

Dam Safety-related:

Gate 6 fracture observed on member LS-1. Due to the severity of the crack, Schnabel recommends that
the gate remain out of service until the strut is repaired or replaced. Design of the repairs should be
performed by a Professional Engineer with experience in steel defects and fracture mechanics.

Overall recommendation (all gates) due to the LS-1, Gate 6 fracture, other strut arms may have similar
fractures or cracks that were no observed. NDT should be performed on other gate struts to determine if
the problem is widespread. Future inspectors should be aware of this issue and observant for similar
fractures.
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Connections and Welds (All Gates): We recommend repairing fractured welds and repairing or reinforcing
poor quality welds. Selection of welds to be repaired and methods of repair should be coordinated
between an AWS Certified Weld Inspector and a Professional Engineer experienced in the design and
repair of welded connections.

For overstressed members, we recommend that DWU develop a plan to modify the gates, in particular
the lower diagonal strut arm braces (LB-5 and RB-5) to reduce the interaction ratios to 1.0 or less.

Maintenance:

We recommend that DWU search their archives for shop drawings and any other documentation from
gate construction and subsequent modifications/repairs including photos and digitize the documents for
future use.

We recommend that the gate opening indicators be re-indexed to accurately reflect actual gate opening.

We recommend that DWU develop a plan for gate operations testing. Full height opening tests are
typically performed at 5 year intervals under full head to evaluate performance of the gates under these
type of flow conditions; however, if reservoir operations preclude gate operations testing under full head,
then full height testing under dewatered conditions should be performed. Gate amperage draw should be
measured and recorded during gate testing. Additionally, the emergency generator should be used to
operate a gate monthly to test the backup power system.

We recommend a close-up detailed inspection of the gates be performed on a 10-year interval.

Coatings (All Gates): We recommend recoating of the gates within the next 2 to 5 years.

Drain Holes (All Gates): In the short term (less than 2 years), we recommend that the gates be cleaned
and any obstructed drain holes be cleared to allow trapped water to drain and reduce the corrosion
potential associated with water accumulating on the members. In the long term (recommended to be
performed during re-coating of the gates) we recommend installing new drain holes where the location of
the existing drain holes still results in trapped water; and, reaming of poorly cut existing drain holes to
provide smooth hole.

Section Loss (All Gates): The bottom of the gate leafs exhibited section loss. This area should be
repaired/reinforced during re-coating of the gates. Other areas of section loss should be evaluated by a
Professional Engineer during re-coating of the gates and documented and evaluated for repair on a case-

by-case basis.

For Gate 2, we recommend that the hole in the skinplate (Ref. Photo 23, Gate 2) be plugged/repaired.
The hole should be repaired prior to the gate re-coating.

For Gate 3, we recommend that the hole in the skinplate (Ref. Photo 7, Gate 3) be plugged/repaired. The
hole should be repaired prior to the gate re-coating.
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For Gate 5, we recommend monitoring the skinplate patch shown (Ref. Photo 17, Gate 5). If the patch
fails prior to the gate re-coating project, it should be plugged/repaired. Otherwise, the patch should be
repaired during the gate re-coating work.

For Gate 14 we recommend that abrupt changes in geometry for the trunnion hub be ground down to
provide a more gradual transition. This should be performed as part of the next recoating project.

For Gate 14, we recommend installing grease fittings in the threaded holes on top of the trunnion hubs to
prevent moisture and debris from entering. This should be performed within the next year.
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2.0 SCOPE OF SERVICES

Schnabel’s contract with Garver dated March 18, 2020 generally defines the scope of services for this
project. The scope of services includes the following:

21 Review of Existing Documentation

The Project team will review available documentation on the gates’ design, construction, operation and
maintenance. Depending on availability, this may include:

¢ Design drawings and specifications
e Previous structural analyses

e Operating procedures

e Operational history

e Operation and Maintenance records
e Previous inspection reports

The Project team will review the structural analysis of record, if available, and comment on the
assumptions (including material properties), methods and results. The results of the review will also aid
the inspection team in identifying critical members and connections.

2.2 Inspection Work Plan

Schnabel will prepare a work plan for the gate inspections. Given the size and configuration of the gates,
rope access techniques were utilized for the visual inspection. The Safety Plan included a hazard
assessment and specific measures to be taken to help ensure personnel safety during the gate
inspections.

Inspection checklists were prepared listing each element of each gate, including skin plates, structural
members, seals, trunnions, trunnion anchorages, lifting attachments and hoisting equipment. The listing
for each structural element covers alignment, welding, mechanical fasteners and corrosion.

23 Visual Gate Inspection

Schnabel provided a team of experienced structural engineers and gate inspection technicians to perform
the detailed gate inspection.

During the inspection, each individual gate component was examined, with focus on:

e Bent, deformed, or missing members or connecting elements

e Weld defects: to identify any instances of cracking, problematic details, or visibly poor weld
quality

e Mechanical fasteners: comparing bolts and rivets to the information shown on the drawings.
Loose fasteners, those visibly cracking or deformed, and those that do not conform to the record
drawings will be identified
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e Corrosion protection: covering the condition of the coating system and any cathodic protection
system

e Corrosion: to clearly identify the type of corrosion (e.g., surface, pitting, etc.), the location and
percent of the member affected

¢ Drainage and debris: to identify the location of any ponding water or accumulation of debris and
excessive animal waste

e Seal condition and serviceability (including side, bottom, and top seals, as applicable)

e Condition of the gate trunnions and their lubrication systems

e Condition of lifting devices and attachments (including cables, chains, eyebolts, clevises,
sheaves, etc.)

e Mechanical and electrical components of the hoist equipment.

o Observations and measurements will be supplemented by photographs of each element
inspected.

24 Trunnion Friction Testing
In addition to the gate inspections, trunnion friction tests, as described below, were performed.

¢ Installation of strain gage sensors on the gate arms to monitor internal strains during the lift test.
Instrumentation generally consists of groups of four strain gages mounted at selected cross
sections of the struts to monitor changes in axial and bending forces during gate lift. In addition to
the strain gages, two displacement measurement sensors will be placed along the skin plate to
monitor gate movement during the lift test.

e Test procedure generally consists of the following steps:

Step 1: Install gate instrumentation.

Step 2: Zero sensors and begin data collection.

Step 3: Lift gate to approximately 1-foot off sill and hold for 10 seconds.

Step 4: Lower gate to approximately 6 inches off sill and hold for 10 seconds.

Step 5: Repeat lifting and lowering cycle two more times without bringing gate back to sill.

Step 6: Lower gate back to sill.

Step 7: Repeat Steps 3 through 6 two more times to obtain three complete sets of data.

e Preparation of trunnion friction test report and recommendations for further action, if required.

0O O O 0 0O O ©O

25 Structural Analysis/Model for One Gate

A structural model for a typical existing tainter gate was developed to aid in the evaluation of the gate for
general compliance with U.S. Army Corps of Engineers guidelines for Tainter gates, dated 2014
(Reference 2). This model can be used for a future fitness-for-service evaluation based on any
observations of damaged connections, member section loss, or higher then assumed trunnion friction
values.
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3.0 SITE DESCRIPTION
3.1 General

Rockwall-Forney Dam (Forney Dam), with a Texas State Dam No. of TX00837 is a water supply project
owned and operated by Dallas Water Utilities (DWU). Construction of the project was completed circa
1969. The dam is located near the east border of the City of Dallas at approximately river-mile 31.8 of the
East Fork Trinity River. The water storage reservoir formed by the dam is known as Lake Ray Hubbard
and contains approximately 452,000 acre-feet at its normal water level (EL 435.5). The project is
categorized as a large, high hazard dam in accordance with Texas Dam Safety criteria.

The dam is composed of the following primary components:

o East Dike — Rolled earthfill embankment approximately 1,200 feet long with maximum height of
30 feet.
o Left Non-overflow Section — Concrete gravity section located adjacent (left) to the spillway.
Approximately 120 feet long with maximum height of 65 feet with an 18-foot-wide top deck.
¢ Principal Spillway - The total length of the spillway is approximately 664 feet, including the piers
that are each 8-feet wide and contains the following flow control elements:
o Fourteen (14) 40-foot x 28-foot Tainter gates with a net length of approximately 560 feet
for the weir crest at approximately EL 409.5; and,
o Three (3) 4.5-foot x 6.75-foot gated low flow outlets.
¢ Right Non-overflow Section — Concrete gravity section located adjacent (right) to the spillway.
Approximately 120 feet long with maximum height of 65 feet with an 18-foot-wide top width.
e Main Embankment — Compacted earthfill embankment approximately 12,500 feet long with a
maximum height of 68 feet and a crest width of 22 feet. The crest elevation is at approximate EL
450.

3.2 Spillway Gates

The spillway contains 14 Tainter gates. Each gate measures approximately 40-ft wide by 28-ft high with
the top of the gate at EL 437.5 providing 2-ft of freeboard with the reservoir at normal pool (EL 435.5).
The gate sill is at EL 408.36. The gates have a 28-foot-radius from the center of the trunnion to the
downstream face of the skinplate. The trunnions are supported by trunnion girders that are anchored into
the piers with post-tensioned bar anchors. Photo 3-1 shows the downstream view of a Forney Dam
Tainter gate.

The steel skin plate thicknesses varies in three sections from 1/4-in at the top to 3/8-in at the bottom in
1/8-in increments. Vertical ST6B9.5 rib members that are curved to the gate radius are welded along the
webs to the skin plate downstream face at 2-ft spacing. The skin plate and the ribs, therefore, act as
composite members. Three horizontal girders are welded to the rib flanges at three levels and are
oriented with the web axes in the radial direction. The member sizes are 27WF84 for the top girder and
30WF116 for the middle, and 30WF124 for bottom girders. The girders are braced by ST6B9.5 members
vertically and diagonally.
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Each girder is supported by two radial struts extending from the downstream flange of the girder to the
built-up trunnion hub on each side of the gate. The three struts on each side form the left, or the right,
strut arm of the gate. The member size of the three struts of each arm are 10WF39 for the top strut,
10WF60 for the middle strut, and 10WF72 for the bottom strut. The struts are welded to the girder
flanges at one end and welded to the built-up hub at the other end. The struts are trussed together
forming a vertical plane by vertical and diagonal 10B15 bracing members. The struts are oriented with
the web laid horizontally, and the strut braces are oriented their flanges in alignment with the flanges of
the struts. The built-up hub is composed of 3/8-in and 1/2-in plates for the web stiffener and 13/16-in
plates for the sides. Photo 3-2 shows the left strut arm of Tainter gate at Forney Dam. Although erection
bolts can be observed, all structural connections of the main structural members are welded connections.
The welded connections are intended to develop the full structural capacity of the members.

The Tainter gates have dedicated electric wire cable hoists that are operated from a switch panel at each
gate. There are no automated or remotely controlled gate operations. The gate hoist equipment are
located on the hoist deck at El. 443, directly above the gates and underneath the spillway bridge. Each
Tainter gate has dedicated wire cable hoists and electric motor that are operated from a switch panel
adjacent to the gate. Per DWU staff, the hoists have limit switches set at 1-foot increments for the first 6
feet of gate operation and one set for has when the gate has reached its maximum open position. The
Tainter gates are not expected to experience extreme hoist loads outside of its normal lifting range.
Gates are operated regularly as part of routine operations.

Figure 3-1: Principal spillway and gate numbering nomenclature. Photo is taken looking upstream.

Gate 2
Gate 3
Gate 4
Gate 5
Gate 6
Gate 7
Gate 8
Gate 9
Gate 10
Gate 11
Gate 12
Gate 13
Gate 14
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Photo 3-2: Left strut arm, Forney Dam (typical).
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3.3 Report Nomenclature

The gate numbering system as shown above in Figure 3-1 is used consistently in this report to identify
individual gates and is consistent with the project gate numbering system. Left and right as used in this
report are referenced to looking in the downstream direction unless otherwise noted.
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4.0 REVIEW OF EXISTING DOCUMENTATION

The original design report and asbuilt drawings were reviewed as part of the gate analysis and gate
inspection. A listing of project documents reviewed and other references utilized in the development of
this report are listed in Section 8.0. It is noted on the project asbuilt drawing set that shop drawings were
required for the gates; however, these drawings, if actually produced, have not yet been found. It is
important to maintain complete records on the project to inform future investigations, modifications and
maintenance of project components. Based on this we make the following recommendation:

We recommend that DWU search their archives for shop drawings and any other documentation from
gate construction and subsequent modifications/repairs including photos and digitize the documents for
future use.
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5.0 SPILLWAY GATE DETAILED INSPECTION
5.1 Inspection Team Qualifications

Visual inspections of the 14 Tainter gates were performed by Schnabel and Extreme Access starting on
March 30, 2020 and ending on April 3, 2020. The lead engineer for the inspection was Robert Indri, PE.

The inspection team consisted of the following personnel:

e Robert Indri, PE (RI) (Lead Engineer, EOR) (Sprat Level )

e Mike Coleman (MC) (Lead Technician) (Sprat Level 1l1)
e Chris Lowry (CL) (Technician) (Sprat Level 1l1)
e Dakota Keller (DK) (Technician) (Sprat Level II)

The Lead Engineer, Robert Indri, PE, is a specialist in dam engineering, with over 15 years of dedicated
dam engineering experience. Mr. Indri’s primary area of expertise is in the design, inspection and
construction of hydraulic structures. Mike Coleman and Chris Lowry each have over 12 years of
experience in the inspection and evaluation of steel structures. Dakota Keller has over 4 years of
experience in the inspection and evaluation of steel structures.

5.2 Statement of Independence

Inspection findings, conclusions, and recommendations were made independently of Dallas Water
Utilities, its subsidiaries, employees, and representatives.

5.3 Inspection Nomenclature

Gate numbering is based on the numbering system as shown in Figure 3-1. The terms left and right as
used in this report are based on looking downstream unless otherwise noted.

Schematics of the gate were developed for the visual inspection and each gate member was given a
unique alphanumeric designation. Field observations are referenced by the member designations shown
on the schematics. The schematics used during the inspection are included in Appendix A.

5.4 Inspection Findings

The gates were visually inspected in one or two person teams under the supervision of the Lead
Engineer. The reservoir elevation during the inspection was at approximately normal pool (EL 435.5). The
maijority of the upstream face of the skin plate was below water and not visible.

The inspection was supported by onsite DWU staff; James (Jimmy) Baxter, Chief Operator; and operators
Greg, Caesar, and Manuel. Schnabel discussed spillway operations with DWU staff to better understand
the history of the gates. Results of the interviews are listed in Section 5.4.1 below.

Representatives from Garver and JQ Engineering were onsite during performance of portions of the
fieldwork.
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Detailed inspection sheets for each gate noting specific deficiencies/observations along with a
substantiating photo are included in Appendix B. A digital copy of the photos taken during the inspection
are included with this report on a portable hard drive. Included on the drive are all photos used in
development of the inspection sheets as well as additional gate documentation photos taken during the
gate inspection and photos of the gates during a subsequent site inspection performed on July 8 and 9,
2020.

Findings for each gate are summarized below. Location, details and photos for each observed deficiency
are included in the detailed inspection sheets in Appendix B. Where specific members are called out, the
reader should reference the gate schematics included in Appendix A for the location of the member in
reference.

A coding system was used to quantify the condition of the following:

e corrosion and coatings;
e cracking and fatigue;

e connections;

e distortion; and,

e damage.

The coding system is based on the Oregon Department of Transportation (ODOT) Bridge Inspection
Coding Guide, date March 2015. A key sheet for the codes is included in Appendix B.

5.4.1 Findings from Interviews with Operations Staff
The following information was gathered during discussions with DWU staff:

o Gate position indicators were removed and re-installed as part of the 2004-2006 painting project
and are no longer accurate. Operators judge gate opening by timing. 60 seconds of operation
approximately equals 1 foot of gate opening.

e There are limit switches are set at 1-foot increments up to 6 feet of gate operation. There is a limit
switch for full open.

o Gates have been recoated twice, with the first being performed in the late 80’s/early 90’s.

e Second re-coating of the gates was performed between 2004 and 2006.

o Re-coating included the gates, operators, and bridge.

o Components were sand blasted to bare metal and re-coated.
o Side rollers were sent off for refurbishment and re-installed.
o Archer Western was the contractor for the re-coating.

¢ Pits in the skinplate were filled with a bondo type filler during the last re-coating project.

o Gate operating cables are believed stainless steel and from original construction.

o Water chemistry; corrosion is not aggressive at the site.

e In 2012, new wiring was installed for the gate operators and new brake pads were installed for
the gate operators.

e In 2006, operators first noted issues with Gate 14. A loud banging was heard coming from the
trunnions during operations. The noise was described as sounding, “like someone was trying to
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beat their way out of the trunnion with a hammer”. A bulkhead was installed and the gate was de-
watered until the repair. The trunnion bearing was replaced and work was completed in 2012.
e Three significant spillway flow events were noted:
o 1989 (~54,000 CFS) Storm of Record
o 1990 (~40,000 CFS)
o 1991 (~26,000 CFS)
o During the Storm of Record, most of the gates were open approximately 4 feet. This was
the highest the gates have been opened under full head, with one exception noted below.
e During the 1990’s, one gate was opened under full head as a test.
o During the second re-coating the gates were opened full height to perform the work. Gates were
de-watered with a bulkhead in place.
o All of the 14 spillway gates are consistently operated, i.e. no favored gates, unless a gate is out of
service for maintenance.
e Operators keep records of gate operations.
o Gates are operated locally (at the gate). There are no connections to the gates for remote
operations.
o Stilling basing was dewatered for inspection approximately 15 years ago (~ 2005).

Based on our interviews with DWU operations staff, we make the following recommendations:

We recommend that the gate opening indicators be re-indexed to accurately reflect actual gate opening.

We recommend that DWU develop a plan for gate operations testing. Full height opening tests are
typically performed at 5 year intervals under full head to evaluate performance of the gates under these
type of flow conditions; however, if reservoir operations preclude gate operations testing under full head,
then full height testing under dewatered conditions should be performed. Gate amperage draw should be
measured and recorded during gate testing. Additionally, the emergency generator should be used to
operate a gate monthly to test the backup power system.

We recommend a close-up detailed inspection of the gates be performed on a 10-year interval.
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5.4.2 General Findings, All Gates
Coatings and Section Loss:

In general, the coatings on the gates are
approaching the end of their lifespan. The
majority of the coatings on the gates are
presently intact; however, there are areas where
the coating has failed and corrosion has initiated.
Corrosion and paint failure is typical for wet
areas where the drain holes are clogged
resulting in trapped water or due to side and
bottom seal leakage. We did not observe
structurally significant section loss or corrosion of
the gate members. We did observe section loss
at the bottom of the gate leaf that is not
structurally significant, but should be reinforced
as part of re-coating. Drain holes were installed
in the members to reduce the potential for
trapped water on the structure; however, in many
places the existing drain holes were clogged with
debris. Some of the drain holes are undersized
and poorly cut, resulting in an increased
susceptibility for clogging.

Photo 5-1: Local coating failure.

Coatings (All Gates): We recommend recoating
of the gates within the next 2 to 5 years.

Drain Holes (All Gates): In the short term (less
than 2 years), we recommend that the gates be
cleaned and any obstructed drain holes be
cleared to allow trapped water to drain and reduce the corrosion potential associated with water
accumulating on the members. In the long term (recommended to be performed during re-coating of the
gates) we recommend installing new drain holes where the location of the existing drain holes still results
in trapped water; and, reaming of poorly cut existing drain holes to provide smooth hole.

Photo 5-2: Water trapped in between the flanges of a primary strut arm
due to clogged drainage hole.

Section Loss (All Gates): The bottom of the gate leafs exhibited section loss. This area should be
repaired/reinforced during re-coating of the gates. Other areas of section loss should be evaluated by a
Professional Engineer during re-coating of the gates and documented and evaluated for repair on a case-

by-case basis.
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Connections:

Based upon field observations, Schnabel is of the
opinion that the gates were largely assembled and
field welded onsite. It is more common, in current
practice, to shop assemble major components
where there is greater control over the QC/QA
process. In general, observed weld quality was
lower than typically observed on gates of similar size
and age. Better quality welds were observed at the
critical connections and lower quality welds were
observed at the secondary connections. Some of the
connection details made field welding difficult. In
particular, the welds between the vertical ribs on the
skin plate and the horizontal girders were difficult Photo 5-3: Fractured weld between the vertical rib and horizontal
access welds. We noted numerous fractured welds  girder.
at that location. These fractures are not considered structurally
significant at this time. Fractured welds are annotated in the
detail inspection sheets for each gate.

The following recommendation applies to all gates:

Connections and Welds (All Gates): We recommend repairing
fractured welds and repairing or reinforcing poor quality welds.
Selection of welds to be repaired and methods of repair should
be coordinated between an AWS Certified Weld Inspector and
a Professional Engineer experienced in the design and repair
of welded connections.

Photo 5-4: Example of a poor quality weld.
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5.4.3 Gate 1 Findings

Coatings conditions, drain hole clogging, and connection observations for Gate 1 are generally consistent
with the summary. Out-of-plane bending was observed on several of the vertical skinplate stiffeners (V-X).
In our opinion, the observed distortion is not structurally significant at this time and may be the result of
damage during installation or during subsequent work on the gates. No repairs are recommended at this
time; however, the distortion should be monitored during future inspections for change.

5.4.4 Gate 2 Findings

Coatings conditions, drain hole clogging, and connection observations for Gate 2 are generally consistent
with the summary. There is a hole in the skinplate between V-19 and V-20 (Ref. Photo 23, Gate 2).
Leakage through the hole is contributing to coating degradation and corrosion. We noted numerous areas
of out-of-plane bending on Gate 2 members. In our opinion, the observed distortion is not structurally
significant at this time and may be the result of damage during installation or during subsequent work on
the gates. No repairs are recommended at this time; however, the distortion should be monitored during
future inspections for change.

For Gate 2, we recommend that the hole in the skinplate (Ref. Photo 23, Gate 2) be plugged/repaired.
The hole should be repaired prior to or during the gate re-coating.

5.4.5 Gate 3 Findings

Coatings conditions, drain hole clogging, and connection observations for Gate 3 are generally consistent
with the summary. Similar to Gate 2, there is a hole in the skinplate between V-19 and V-20 (Ref. Photo
7, Gate 3) that is contributing to coating degradation and corrosion. We noted several areas of out-of-
plane bending on Gate 3 members. In our opinion, the observed distortion is not structurally significant at
this time and may be the result of damage during installation or during subsequent work on the gates. No
repairs are recommended at this time; however, the distortion should be monitored during future
inspections for change. The right side roller of G-2 is seized.

For Gate 3, we recommend that the hole in the skinplate (Ref. Photo 7, Gate 3) be plugged/repaired. The
hole should be repaired prior to or during the gate re-coating.

54.6 Gate 4 Findings

Coatings conditions, drain hole clogging, and connection observations for Gate 4 are generally consistent
with the summary. We noted several areas of out-of-plane bending on Gate 4 members. In our opinion,
the observed distortion is not structurally significant at this time and may be the result of damage during
installation or during subsequent work on the gates. No repairs are recommended at this time; however,
the distortion should be monitored during future inspections for change.

5.4.7 Gate 5 Findings

Coatings conditions, drain hole clogging, and connection observations for Gate 5 are generally consistent
with the summary. We noted one area of out-of-plane bending on Gate 5. In our opinion, the observed
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distortion is not structurally significant at this time and may be the result of damage during installation or
during subsequent work on the gates. No repairs are recommended at this time; however, the distortion
should be monitored during future inspections for change. A patch on the skinplate is failing (Ref. Photo
17, Gate 5).

For Gate 5, we recommend monitoring the skinplate patch shown (Ref. Photo 17, Gate 5). If the patch
fails prior to the gate re-coating project, it should be plugged/repaired. Otherwise, the patch should be
repaired during the gate re-coating work.

5.4.8 Gate 6 Findings

Coatings conditions, drain hole clogging, and connection observations for Gate 6 are generally consistent
with the summary. At the time of inspection, Gate 6 was out of service due to operational concerns/issues
that occurred when the gate was last opened in May 2019. This incident and the subsequent evaluation
are summarized below. Additionally, a structurally significant fracture was observed on member LS-1,
which is discussed in detail below. Following the May 2019 incident, a bulkhead was installed in front of
the gate. The bulkhead is currently still in place due to the fracture on member LS-1.

Gate 6 Operational Issues:

Original Issue:

In May of 2019, the operator closing the gate noted several loud noises on closing. Additionally, the gate
racked on closing with the right side of the gate being approximately 2+ inches above the sill plate and
the left side in contact with the sill plate. DWU placed bulkheads upstream of the gate to allow dewatering
and inspection of the upstream and downstream sides of the gate for debris or other issues that may
explain the mis-operation. No issues were noted by DWU staff during the inspection. DWU staff left the
bulkheads in front of the gate and took the gate out of service until the root cause of the issues could be
determined. Over time, the racked gate closed on the sill.

Evaluation and Results:

An evaluation team consisting of engineers from Schnabel, Garver and JQ supported by DWU
Operations, BDI and Extreme Access developed and executed a test operation plan to evaluate the root
cause of the operational issue associated with Gate 6.

Prior to test operation, the gate was visually inspected by the gate inspection team. No structural
deficiencies or anomalies that would explain the operational issues were observed. A significant fracture
between the web and flange of member LS-1 was observed. Based on our engineering judgement, the
fracture was not a contributing factor in the operational issues; however, the torsion of the racked gate
may have been a contributing factor in development or expansion of the fracture. The gate was cleared
by the inspection team and DWU management for test operation under de-watered conditions.

With the bulkheads in place, DWU staff mobilized two submersible pumps to dewater the space in front of
the gate. There was significant leakage through the bulkhead. Additionally, high winds resulted in wave
overtopping of the bulkhead. Two inspectors from the gate inspection team rappelled down the upstream
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face of the gate to inspect the condition of the operating cables

and their connection to the gate and to look for any debris in front :
of the gate. The cables and connection were noted to be in good |
condition, with no anomalies noted; however due to the leakage I

and wave overtopping of the cofferdam, close visual inspection of —

the upstream side was difficult. No debris was noted. \ —

Prior to test operation, the gate was instrumented by BDI in the
same manner as the other gates with the goal of measuring stress
changes in the primary strut arms during test operation. The
results of the measurements are included in Appendix D. Since
the gate was de-watered during the operation, the results of the
measurements are not sufficient to determine trunnion friction for
the gate.

With the bulkheads in place, DWU staff mobilized two submersible

pumps to dewater the space in front of the gate. This was Photo 5-5: DWU Crews placing submersible
pumps to de-water in front of Gate 6.

performed, though there was significant leakage
through the bulkhead. Additionally, high winds resulted
in wave overtopping of the bulkhead. Two inspectors
from the gate inspection team rappelled down the
upstream face of the gate to inspect the condition of
the operating cables and their connection to the gate
and to look for any debris in front of the gate. The
cables and connection were noted to be in good
condition, with no anomalies noted; however due to
the leakage and wave overtopping of the cofferdam,
close inspection was difficult. No debris was noted.

The test operation plan included incrementally opening g | X %‘
and closing the gate starting with cracking the gate Photo 5-7: Gate inspector checking operating cables and
. . . cable connection to gate.

open and then opening and closing the gate in

increasing increments. A gate opening of 1 foot was .‘ g A m:
set as the upper limit for test operations. 2x4’s were Ay B 5
attached to the top of gate on each side to measure

differential in opening between the left and right side.
Measurements were recorded for both sides and are
included in Table 5-1. The measurements indicate an
even (little to no racking) opening and closing of the
gate. Observers were placed at strategic locations
during test operation with instructions to call a stop to
operations if any anomalous behavior was observed.
Observers were stationed at each trunnion, at the top

of the piers on each side, at the cables for each side . . .
and at the 2x4’s to measure gate opening. Robert Photo 5-6: Inspector rappelling down to retrieve debris.
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Indri, Jimmy Baxter, Chris Story and Randy Mcintyre
conferred with the observation team and each other
during each step of the test operation. During the 7.5-
inch gate opening, one of the downstream observers
noted a piece of debris below the gate on the right
side. One of the gate inspectors rappelled down on the
downstream side of the gate and the piece of debris
was recovered. The debris was a short log,
approximately 2-feet long and 12+ inches in diameter.

The evaluation team unanimously agreed that this
piece of debris was the source of the operational
issues observed in May of 2019. The piece of debris
appeared to be the correct diameter to get one end of
the log partially wedged between the gate and sill. On
closing the weight of the gate crushed the end of the
log resulting in the crimped end visible in the photos
and resulting in the gate racking on closure. Since it
was at the very end, the piece of debris would not be
visible from the downstream side, and similarly due to
the short length of the log, not visible on the upstream
side. Over time the weight of the gate and the angle of
the crimp allowed the log to displace upstream and for
the gate to close back on the sill.

& " T "'-f(i\(\\ AT,
Photo 5-8: Side view of log recovered from below the gate.

Table 5-1: Gate opening measurements taken during the Gate 6 test operation.**

Operation Time (Seconds) | Right Side Measurement (Inches)** | Left Side Measurement (Inches)**
Not recorded 1/16 1/8

5 3/4 15/16

Gate Closed -- --

10 1-5/16 1-7/16

10 2-7/8 2-7/8

10 4-1/2 4-3/8

10 5-3/4 5-7/8

Gate Closed -- --

No time, first limit switch 7-1/2 7-1/2

** The measurements taken are not a reflection of actual gate opening because of how the 2x4’s were connected to
the gate and the movement of the gate in an arc. Measurements were taken to measure relative differences (potential
racking) between the opposing sides of the gate.
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Gate 6 Strut Arm Fracture:

An anomalous fracture was observed on the left, upper strut
arm for Gate 6 (member designation LS-1) (Ref. Photo 17
and18, Gate 6). An approximately 18” long fracture was
noted on the flange to web connection on member LS-1 (left
side, top gate arm member) for Gate #6 between the
trunnion gusset plate and connection with bracing member
LB-1. The fracture extended from approximately 18”
upstream of connection between trunnion gusset plate and
LS-1. The fracture was clearly visible on the bottom of the
member, but was less visible on the top of the member.
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LS-1 is a primary structural member. Therefore, we
recommended to DWU that Gate 6 remain out of service and
that the bulkheads remain in place in front of the gate until
appropriate repairs can be completed.

Detailed Discussion on the fracture:

Strut LS-1 is a W10x39 I-beam that connects the Tainter
gate to the trunnion on the left side of Gate 6. LS-1 exhibits
longitudinal cracking between LB-1 and the gusset plate that
extends through the width of the web. The crack is approximately 18 inches long and occurs in the web-
to-flange connection (K-area) of the member.

Photo 5-10: Bottom of member LS-1 (Gate 6)
showing fracture between flange and web.

The crack does not appear to be a bending, shear, or axial failure. Bending failure would result in
distortion of the flanges. Shear failure would result in cracking in the web perpendicular, not longitudinally,
to the beam direction. Axial failure would also cause distortion in the web and flanges from buckling.
Other than the cracks along the web-flange joints, the beam does not appear to have any signs of
distress or distortion. It is possible that torsion on the member due to the gate racking that occurred in
May 2019 led to development and propagation of the crack; however, the rust staining on the tight crack
indicates it formed prior to that incident.

Given the age of the beam and the direction of the crack, it is possible that the cracking was caused by
defects that developed in the manufacturing process and was exacerbated by low-cycle fatigue under
high loads. A combination of impurities in the steel, a high sulfur content, improper casting speed, uneven
cooling, and high heat flux often contributes to defects such as hot tear segregations, cold shuts, and
laminations in the steel blank during the casting process. Defects may not be apparent upon visual
inspection of the beam blanks but can surface or intensify internally during subsequent hot rolling. In
particular, concentrations of hot tear segregations formed during casting can be compressed by hot
rolling into internal longitudinal cracks. During hot rolling, improperly heated, cooled, or rolled steel
members can also develop longitudinal facial cracks. The K-area of hot rolled sections, along which the
LS-1 crack stretches, is especially susceptible to cracking due to metallurgical changes experienced
during the cold work to straighten the member and the high stress concentrations that develop in the fillet
between the flange and web. Defects could take up to 48 hours after hot rolling to become apparent to
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inspection. Undetected internal cracks can go on to propagate to the surface due to fatigue under cyclic
loading. As modern quality control practices had not yet been adopted when LS-1 was manufactured, it is
possible that fine surficial cracking went unnoticed or that internal defects did not surface before its
installation.

Gate 6 Recommendations:

Gate 6 fracture observed on member LS-1. Due to the severity of the crack, Schnabel recommends that
the gate remain out of service until the strut is repaired or replaced. Design of the repairs should be
performed by a Professional Engineer with experience in steel defects and fracture mechanics.

Overall recommendation (all gates) due to the LS-1, Gate 6 fracture, other strut arms may have similar
fractures or cracks that were no observed. NDT should be performed on other gate struts to determine if
the problem is widespread. Future inspectors should be aware of this issue and observant for similar
fractures.

5.4.9 Gate 7 Findings

Coatings conditions, drain hole clogging, and connection observations for Gate 7 are generally consistent
with the summary. We noted several areas of out-of-plane bending on Gate 7 members. In our opinion,
the observed distortion is not structurally significant at this time and may be the result of damage during
installation or during subsequent work on the gates. No repairs are recommended at this time; however,
the distortion should be monitored during future inspections for change.

5.4.10 Gate 8 Findings

Coatings conditions, drain hole clogging, and connection observations for Gate 8 are generally consistent
with the summary. We noted several areas of out-of-plane bending on Gate 8 members. In our opinion,
the observed distortion is not structurally significant at this time and may be the result of damage during
installation or during subsequent work on the gates. No repairs are recommended at this time; however,
the distortion should be monitored during future inspections for change. Several welds between the
vertical ribs (V-X) and the horizontal girders (G-X) were missing or incomplete, these welds should be
performed/fixed during the next re-coating of the gate.

5.4.11 Gate 9 Findings

Coatings conditions, drain hole clogging, and connection observations for Gate 9 are generally consistent
with the summary. We noted one area of out-of-plane bending on Gate 9. In our opinion, the observed
distortion is not structurally significant at this time and may be the result of damage during installation or
during subsequent work on the gates. No repairs are recommended at this time; however, the distortion
should be monitored during future inspections for change.

5.4.12 Gate 10 Findings

Coatings conditions, drain hole clogging, and connection observations for Gate 10 are generally
consistent with the summary. We noted several areas of out-of-plane bending on Gate 10 members. In

July 23, 2021 Page 21 Schnabel Engineering, LLC
Project 20C22001.00 ©2021 All Rights Reserved



Dallas Water Utilities (DWU)
2021 Rockwall-Forney Dam Visual Gate Inspection, Trunnion Friction Testing and Structural Evaluation
Report

our opinion, the observed distortion is not structurally significant at this time and may be the result of
damage during installation or during subsequent work on the gates. No repairs are recommended at this
time; however, the distortion should be monitored during future inspections for change.

5.4.13 Gate 11 Findings

Coatings conditions, drain hole clogging, and connection observations for Gate 11 are generally
consistent with the summary. We noted several areas of out-of-plane bending on Gate 11 members. In
our opinion, the observed distortion is not structurally significant at this time and may be the result of
damage during installation or during subsequent work on the gates. No repairs are recommended at this
time; however, the distortion should be monitored during future inspections for change.

5.4.14 Gate 12 Findings

Coatings conditions, drain hole clogging, and connection observations for Gate 12 are generally
consistent with the summary. We noted several areas of out-of-plane bending on Gate 12 member. In our
opinion, the observed distortion is not structurally significant at this time and may be the result of damage
during installation or during subsequent work on the gates. No repairs are recommended at this time;
however, the distortion should be monitored during future inspections for change.

5.4.15 Gate 13 Findings

Coatings conditions, drain hole clogging, and connection observations for Gate 13 are generally
consistent with the summary with the exception of section loss at the bottom sill near the right side of the
gate which was more advanced than observed at other gates (Ref. Photo 20, Gate 13). We noted several
areas of out-of-plane bending on Gate 13 members. In our opinion, the observed distortion is not
structurally significant at this time and may be the result of damage during installation or during
subsequent work on the gates. No repairs are recommended at this time; however, the distortion should
be monitored during future inspections for change. We noted that brace LB-5 was installed initially in the
wrong direction then cut out and installed in the correct direction.

5.4.16 Gate 14 Findings

Coatings conditions, drain hole clogging, and connection observations for Gate 14 are generally
consistent with the summary. We noted several areas of out-of-plane bending on Gate 14 members. In
our opinion, the observed distortion is not structurally significant at this time and may be the result of
damage during installation or during subsequent work on the gates. No repairs are recommended at this
time; however, the distortion should be monitored during future inspections for change. We noted areas
on the trunnion hubs that were ground down, likely as part of the work for the trunnion hub replacement
performed on Gate 14, these abrupt changes in geometry may act as stress risers. We also observed a
small tapped hole on top of the trunnion hubs; presumably, for installation of a grease fitting that was
never installed.

For Gate 14 we recommend that abrupt changes in geometry for the trunnion hub be ground down to
provide a more gradual transition. This should be performed as part of the next recoating project.
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For Gate 14, we recommend installing grease fittings in the threaded holes on top of the trunnion hubs to
prevent moisture and debris from entering. This should be performed within the next year.

5.5 Gate Operations Testing

The gates were operated as part of the trunnion friction testing. Height of operation during trunnion friction
testing was limited to what was required for the test (generally less than 2 feet). No anomalies were noted
during operation. It is our understanding that all of the gates are operated regularly with the operator
observing the operation. Other than the operational issues with Gate 6 observed in May of 2019, no
recent gate operation issues were noted by DWU staff.

5.6 Conclusions — Gate Inspection

The gates are maintained and, in generally in good shape with minimal section loss observed. Observed
areas of out-of-plane bending, where in our opinion, not structurally significant. The coating system is at
the end of its service life and re-coating is required to reduce the corrosion potential and extend the
service life of the gates. The numerous poor quality welds and weld fractures should be addressed as
part of the re-coating project. The fracture in the Gate 6 arm requires attention prior to operation. This
defect may be present in other strut arm members assuming they came from the same batch as LS-1.
Investigation and repair of the defect should be performed as recommended below prior to returning Gate
6 to service.

5.7 Recommendations — Gate Inspection
Recommendations included in the text above are summarized in this section.
5.7.1 Dam Safety-related

Gate 6 fracture observed on member LS-1. Due to the severity of the crack, Schnabel recommends that
the gate remain out of service until the strut is repaired or replaced. Design of the repairs should be
performed by a Professional Engineer with experience in steel defects and fracture mechanics.

Overall recommendation (all gates) due to the LS-1, Gate 6 fracture, other strut arms may have similar
fractures or cracks that were not observed. NDT should be performed on other gate struts to determine if
the problem is widespread. Future inspectors should be aware of this issue and observant for similar
fractures.

Connections and Welds (All Gates): We recommend repairing fractured welds and repairing or reinforcing
poor quality welds. Selection of welds to be repaired and methods of repair should be coordinated
between an AWS Certified Weld Inspector and a Professional Engineer experienced in the design and
repair of welded connections.
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5.7.2 Maintenance

We recommend that DWU search there archives for shop drawings and any other documentation from
gate construction and subsequent modifications/repairs including photos and digitize the documents for
future use.

We recommend that the gate opening indicators be re-indexed to accurately reflect actual gate opening.

We recommend that DWU develop a plan for gate operations testing. Full height opening tests are
typically performed at 5 year intervals under full head to evaluate performance of the gates under these
type of flow conditions; however, if reservoir operations preclude gate operations testing under full head,
then full height testing under dewatered conditions should be performed. Gate amperage draw should be
measured and recorded during gate testing. Additionally, the emergency generator should be used to
operate a gate monthly to test the backup power system.

We recommend a close-up detailed inspection of the gates be performed on a 10-year interval.

Coatings (All Gates): We recommend recoating of the gates within the next 2 to 5 years.

Drain Holes (All Gates): In the short term (less than 2 years), we recommend that the gates be cleaned
and any obstructed drain holes be cleared to allow trapped water to drain and reduce the corrosion
potential associated with water accumulating on the members. In the long term (recommended to be
performed during re-coating of the gates) we recommend installing new drain holes where the location of
the existing drain holes still results in trapped water; and, reaming of poorly cut existing drain holes to
provide smooth hole.

Section Loss (All Gates): The bottom of the gate leafs exhibited section loss. This area should be
repaired/reinforced during re-coating of the gates. Other areas of section loss should be evaluated by a
Professional Engineer during re-coating of the gates and documented and evaluated for repair on a case-

by-case basis.

For Gate 2, we recommend that the hole in the skinplate (Ref. Photo 23, Gate 2) be plugged/repaired.
The hole should be repaired prior to the gate re-coating.

For Gate 3, we recommend that the hole in the skinplate (Ref. Photo 7, Gate 3) be plugged/repaired. The
hole should be repaired prior to the gate re-coating

For Gate 5, we recommend monitoring the skinplate patch shown (Ref. Photo 17, Gate 5). If the patch
fails prior to the gate re-coating project, it should be plugged/repaired. Otherwise, the patch should be
repaired during the gate re-coating work.

For Gate 14 we recommend that abrupt changes in geometry for the trunnion hub be ground down to
provide a more gradual transition. This should be performed as part of the next recoating project.

For Gate 14, we recommend installing grease fittings in the threaded holes on top of the trunnion hubs to
prevent moisture and debris from entering. This should be performed within the next year.
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6.0 SPILLWAY GATE ANALYSIS
6.1 Background and Approach

In 2015, Arcadis, Inc. was retained by DWU to perform the engineering inspection of Forney Dam, as well
as for the remaining inventory of Dallas City dams. The 2015 Forney Dam Inspection report presented a
summary of background information and detailed the inspection findings. A list of recommendations were
also provided in the 2015 Forney Dam engineering inspection report. Section 6 of the Arcadis report
specifically pointed out the need of have the analyses-of-record “for those having responsibility for the
Forney Dam to have a good understanding of the design and performance of the dam.” The analyses of
the spillway Tainter gates was specifically included on the list.

The original design analysis of the Tainter gates was concisely included in the 1961 Design Memorandum
No. 2 (Reference 4) in three drawing plates. Since the Tainter gate failure at Folsom Dam in 1995, it has
become standard practice to perform new structural analysis based on changes in design and safety
criteria. More specifically, the analysis should include trunnion friction load combinations that were not
considered in the older designs. The trunnion friction load was identified as one of the primary factors in
the Folsom Tainter gate failure. For the completeness of the analysis, the wave and earthquake load
combinations are also included per recent guidelines.

The work provided herein partially addresses the need for an up-to-date structural analysis of the spillway
Tainter gates. The analysis is based on the design and analysis guidelines provided by the US Army
Corps of Engineers (USACE) and Federal Energy Regulatory commission (FERC). Since the Tainter
gates do not appear to have been structurally modified since its original design, the structural analysis is
based on the Tainter gate design drawings signed and dated on August 18, 1967. The drawings are
included in Appendix A of this report. The analyses assume all of the Tainter gates were fabricated and
installed in general accordance with the 1969 design drawings.

The Tainter gate analysis described herein was performed based on the engineering guidelines
presented in the U.S. Army Corps of Engineers (USACE) Engineering Technical Letters, ETL 1110-2-
584, Design of Hydraulic Steel Structures (Reference 2). Loads and load combination were applied in
general accordance with the guidelines. Load and resistance factor design (LRFD) is the recommended
method of analysis by ETL 1110-2-584. American Institute of Steel Construction (AISC) Specification
360-10 included in the 14" Edition of the Steel Construction Manual (Reference 1) was used to perform
the structural evaluation of members. Member adequacy is expressed as an interaction value (utilization
ratio) of the required strength from the applied forces and moments on the member divided by the design
strength capacity of the member. An interaction value (utilization ratio) less than 1.0 indicates the
member meets strength requirements in accordance with AISC Specification 360-10. An interaction
value (utilization ratio) greater than 1.0 indicates the member is overstressed per the specified criteria.
However, it does not necessarily indicate a physical failure of the member due the inherent safety factors
included in the load factors and the strength factors.

An additional safety factor is applied per ETL 1110-2-584, which mandates multiplication of the AISC
strength resistance factors by an additional reliability (performance) factor equal to 0.9. For the Tainter
gate evaluation, the 0.9 reliability factor is multiplied the strengths of the steel. Therefore, interaction
value (utilization ratio) of 1.0 remains as the criteria for code compliance.
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The Tainter gate evaluation involved developing a three dimensional (3D) space frame model of the
structure. STAAD Pro, a commercial 3D structural analysis software by Bentley, was used for the
development of the structural model as well as checking member adequacy.

6.2 Loads and Load Combinations

The loads and load combinations used for the Forney Dam Tainter gate evaluation are selected from the
load combinations recommended by ETL 1110-2-584. Each load in the load combinations has its
prescribed load factor.

For comparison purposes, two additional load combinations under gate operating conditions were also
evaluated with the load factors removed. The unfactored load combinations provide indicators of gate
performance without the conservatism introduced by the load factors. Therefore, they provide insight into
the stress conditions the gates are likely exposed to during operation. Besides allowing comparison
between factored and unfactored load combinations, the unfactored load combinations also provide
comparison with the results from the recent trunnion friction tests performed.

Seven load combinations were analyzed. The load combinations can be separated into to two groups:
gate closed and gate operating.

Gate closed load combinations:

Load Combination LC1a — Gate closed:
1.2D +1.4 H2

Load Combination LC1b — Gate closed with wave load:
1.2D + 1.4 H2 + 1.2Wa

Load Combination LC4b — Gate closed with earthquake:
1.2D + 1.4 H1 + 1.0E

Gate operating with two hoists load combinations:

Load Combination LC2a — Gate operating:
12D+ 14 H3+14Fs+1.0Ft+ Qn

Load Combination LC2aU — Gate operating (unfactored):
D+Hs+Fs+Ft+Qn

Load Combination LC2b — Gate operating with wave load:
12D+14H2+14Fs+1.0Ft+1.4Wa+Qn

Load Combination LC2bU — Gate operating with wave load (unfactored):
D+Hz+Fs+Ft+Wa+Qn

Where
H1 Hydrostatic load from the usual (normal) pool level
Hz Hydrostatic load from the unusual pool level
Hs Hydrostatic load from the extreme pool level
D Gate dead load
Fs Side seal friction load
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Ft Trunnion friction load
E Earthquake load

Wa Wave load

Qn Wire cable hoist load

The gate opening load combinations also include the corresponding cable lifting forces applied at the
cable connection with the gate and the radial cable wrap forces applied at the cable-skin plate contact
areas to simulate the operating condition as described in ETL 1110-2-584. For this study, both gate
opening and gate closing conditions are modeled although gate opening condition usually provides the
more critical load condition for most of the gate members. Gate full open load combinations are not
considered in this study.

When possible, loads are determined based the documents made available by DWU. Following
assumptions and estimates were made in determining the loads for the Tainter gate analysis:

o Weight of the gate was not found from the documents provided by DWU. Based on the STAAD
model, each Tainter gate weighs approximately 52.3 kips which includes a gate weight factor of
1.03 used to account for the weights not modeled, such as the weights of stiffeners, side seals
fixtures, welds, part of trunnion hub beyond center of pin, paint and etc. The model indicates that
the center of gravity of the gate in closed position is located at 23.0 ft upstream of the trunnion
and 2.4 ft above the trunnion. In the original design calculation, the corresponding center of
gravity location was reported to be at 22.0 ft and 2.5 ft, respectively.

e The usual pool elevation for determining hydrostatic load H1 is defined in the ETL 1110-2-584 as
having a mean return period between 1 and 10 years. For Forney Dam, this is interpreted as the
normal pool at elevation 435.5 ft.

e The unusual pool elevation for determining hydrostatic load H: is defined in the ETL 1110-2-584
as having a mean return period between 10 and 300 years. For Forney Dam, this is interpreted
as an unusual pool at elevation 436.5 ft. The interpretation is based on the “Flood Operation of
Lake Ray Hubbard by Dallas Water Utilities Personnel” (Reference 5) prepared in 2005. The
flood operation stated that the freeboard should not be allowed to become less than one foot on
any of the gates. Therefore, all of the gates must be raised by the time the lake rises to 436.50 ft.

e The extreme pool elevation for determining hydrostatic load Hs is defined in the ETL 1110-2-584
as having a mean return period greater than 300 years. For Forney Dam, this is interpreted as an
extreme pool at elevation 437.5 ft matching the elevation at the top of the gate. This is the pool
elevation reportedly used in the original design calculation.

¢ Side seal friction load Fs is determined based on the method described in ETL 1110-2-584 with a
recommended side seal friction s coefficient of 0.5. Based on project Drawing No. 37, there is
no preset d of the side seals.

e Trunnion friction load Ft is a function of the trunnion reactions from the STAAD model and the
coefficient of friction of the trunnion pin and the trunnion end bearing (thrust washer). A default
coefficient of friction pt of 0.3 is recommended by ETL 1110-2-584 for any bushing material that
may be slightly worn or improperly maintained although the trunnion bushings and end bearing
rings are self-lubricating. The trunnion friction force is determined based on the reactions at the
trunnion support. The resultant radial reaction force about the pin and the trunnion pin friction
coefficient are used to determine the trunnion pin friction force. The axial force along the pin and
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the end bearing friction coefficient are used to determine the trunnion end bearing friction force.
Trunnion friction load Ft is the combination of these two friction forces.

The wave pressure load Wa on the gate is assumed to have a linear distribution that decreases
with depth from a static head of 4 ft (equivalent of 249.6 psf in pressure) at the top of the gate to a
static head of 2 ft (equivalent of 124.8 psf in pressure) at the bottom of the gate. The 4 ft of head
at the top of the gate is based on the total water rise of 5.0 ft above the unusual pool level that is
at 1.0 ft below the top of the gate. The total water rise of 5.0 ft is the sum of the computed wave
height of 4.5 ft and the wind tide of 0.5 ft described in Design Memorandum No. 1 (Reference 3).
The wave pressure at the bottom of the gate is approximated as half of the pressure at the top of
the gate, or a static head of 2 ft.

The earthquake load E is assumed to have a peak ground acceleration apca of 0.05g as was
used in the original stability analysis of the spillway concrete structure described in Design
Memorandum No. 2 (Reference 4). No additional amplification of the seismic acceleration due to
dam motion is assumed. When seismic acceleration is applied in one principle direction, the
orthogonal seismic acceleration is approximated as 1/3 of the principle acceleration.

On each gate, there are two sets of wire cables connected to the cable hitch on each side of the
gate as shown on project Drawing No. 39. Wire cable hoist force Qn is needed to lift the gate.
The greatest cable hoist force required is when the gate is operated near the closed position
where the gate is experiencing full pool hydrostatic pressure, wave pressure, gate weight, side
seal friction, and trunnion friction loads. The cable hoist force Qnis determined when the cable
lifting force balances all other loads on the gate and the gate is about to move. The cable hoist
force will be different for opening and closing as friction force directions will change with the gate
rotation direction. Where the wire cable bears on the skin plate, the tensioned cable exerts a
contact pressure (line load) on the skin plate and normal to the skin plate. The contact pressure
(wrap) force is equal to the cable tension force divided by the gate radius. The magnitude of this
cable wrap force is dependent of the cable hoist force. In the STAAD model, it is applied to the
gate as a part of wire cable hoist load.

Other loads such as mud weight, atmospheric ice weight, and ice impact load included in ETL 1110-2-584
are not expected to occur for the Tainter gates at Forney Dam. The load values used for the structural
analysis of the Tainter gate are summarized in Table 6-1.
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Table 6-1: Forney Dam Tainter Gate Load Data Summary

Load Description Symbol Load Value Definition/Source/Notes

Gravity Loads
Gate weight D 52.3 kip Per STAAD Model
Hydrostatic Loads H

ETL 1110-2-584,

Usual (normal) pool elevation H1 435.5 ft
normal pool
; ETL 1110-2-584,
Unusual pool elevation H2 436.5 ft Flood Operation (Reference 5)
Extreme pool elevation Hs 437.5 ft ETL 1110-2-584,

original design calculation

Side-seal Friction Load Fs

Coefficient of friction Us 0.5 ETL 1110-2-584
Preset deflection ) Oin Project Drawing No. 37
Trunnion Pin Friction F:
Coefficient of friction Lt 0.3 ETL 1110-2-584

Earthquake design load E

Design Memorandum No 2

Seismic acceleration aPGA 0.059 (Reference 4)
Wave Load
249.6 psf, top Design Memorandum No 1
W
Wave load A 124.8 psf, bot (Reference 3)

Wire cable hoist Load
Magnitude as

Wire cable hoist load Qn required for gate
operation

Based on STAAD Model for each
specific gate operating condition.

6.3 Gate Analysis and Modelling Considerations
6.3.1 Material and Section Properties

Per project Drawing No. 36 included in Appendix A, the Tainter gates are primarily comprised of ASTM A-
36 steel with a yield strength of 36 ksi with the exception of the skin plates and ribs which are made of
ASTM A-441 steel. It is worth noting that the vertical and horizontal girder braces are made of the same
steel shapes as the rib members, and therefore, they are likely to be made of A-411 steel as well.
However, a strict interpretation of the project drawings is used, and the girder braces are modeled as A36
steel. A-441 steel is a high-strength low-alloy steel that is lighter and has greater durability than typical A-
36 steel. For plate and bars up to 3/4 inch thick, A-441 has a yield strength of 50 ksi. All structural steel
used to construct the Tainter gates are welding grade steel. The modulus of elasticity of steel is modeled
as 29,000 ksi, and the Poisson'’s ratio is taken as 0.3.
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The Tainter gates were fabricated circa 1969. Some of the old steel shapes used to construct the gates
are no longer used today. To address the common need of analyzing older structures, STAAD has
incorporated a database of these old steel shapes. When modeling the Tainter gate with discontinued
steel shapes, the STAAD built-in database is utilized.

6.3.2 Structural Model

The gate structure geometry is developed to accurately represent the ribs, girders, struts, and main
bracing based on the project drawings. Coordinates at some secondary bracing members and skin plate
thickness transitions were adjusted to limit model complexity while maintaining a suitable representation
of the gate structure for accurate load application and structural analysis. In order to model the structural
integrity of the gate, the following modeling techniques are used:

o The webs of ST6B9.5 ribs are continuously welded to the skin plate. As such, the ribs and the
skin plate behave interactively as skin-rib composite members. The effective width of the skin
plate attributed to each skin-rib composite member is taken to the mid span on either side of the
rib. These dimensions are entered into STAAD as built-up members. The section properties of
the skin-rib composite members are calculated using the Section Wizard tool included in STAAD.
The calculations are included in Attachment A of Appendix C. The skin plate is also modeled
using plate elements to allow accurate application of hydrostatic, hydrodynamic and wave
pressure loads and to retain the structural integrity of the entire skin plate. However, since the
skin plate is already included in the construction of the skin-rib composites, the skin plate
elements are modeled with zero density steel to not double count its weight. The plate elements
are also modeled with reduced (one tenth) modulus to not double count its structural capacity.

e The built-up hub is composed of web plates and side plates. The hub tappers down towards the
trunnion as shown on project Drawing No. 38. A detailed model of the trunnion is beyond the
scope and level of this study. However, to take advantage of the STAAD model and the code
check capability of STAAD, an approximation of the built-up hub is made by separating the hub
into three generalized segments. Each segment is modeled with section properties representing
the actual steel sections geometry at the middle of the segment. The most critical section with
the smallest section properties is the shortest (weakest) section closest to the trunnion hub. This
modeling approach allows an approximate check of the structural capacity of the built-up hub.
The section properties of each segments are calculated using the Section Wizard. The
calculated section properties of the built-up hub representative segments are include in
Attachment A of Appendix C. STAAD master-slave node control is used to connect the ends of
the three struts to the built-up hub.

e To limit the potential loss of geometrical accuracy, the horizontal girders and the skin-rib
composite are modeled at their respective design locations. Weightless fictitious steel plates
with thickness matching the webs of the girders are used to connect the girders to the ribs.
These fictitious members span the gap between the centroid node of the girder and the centroid
node of the girder members.

e For gate closed load combinations, weightless fictitious compression-only members are used to
simulate compression only supports along the bottom sill. This is done to prevent the bottom
support from falsely pulling the gate down when the skin plate and rib system starts to deform
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under loads. These compression-only support members are oriented in the same angle as the
sill plate.

A schematic stick-frame view of the STAAD structural model of the Forney Dam Tainter gate is shown in

Figure 6-1. Figure 6-2 shows the model with full sections of the members. The built-up hub can be seen
modeled as representative segments.

Figure 6-1: Forney Dam Tainter Gate STAAD Model in Stick Frame View
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The X, Y, and Z global coordinates of the STAAD model correspond to the instream (upstream-
downstream), vertical, and cross-stream (left-right) directions, respectively. The STAAD member local
coordinates x, y, and z correspond to member axial, member section major axis, and member section
minor axis, respectively. It is important to note that the member local axis convention used in STAAD is
different from the convention used in the AISC Steel Construction Manual. The member z-axis in STAAD
is the x-axis in the AISC. Therefore, all sectional and structural properties about the member z-axis
reported in STAAD are equivalent to the same properties about the x-axis in the AISC manual while
structural properties about the member y-axis are the same for both conventions. In this Tainter gate
evaluation, the STAAD global and member local coordinate convention is used unless otherwise noted.
The unbraced length of each modeled member was determined based on the structural geometry and
connection configuration of the member with reference to the member local coordinate system. The
effective length factors for member buckling behavior check were selected based on AISC
recommendations. Model members are adjusted as needed by a rotation angle about it local member x-
axis to match the as designed orientation.

The Tainter gate members, steel shape, location description, and STAAD model member numbers are
summarized in Table 6-2 for reference. Diagrams of STAAD model node numbers and member numbers
are provided in Attachment B of Appendix C.

Table 6-2: Forney Dam Tainter Gate Member Structural Properties

Gate Member Steel Location/ STAAD Model
Description Shape Description Member ID #
Skin Plate (Weightless) 1/4" plate Skin Plate 801 to 1328
5/16" plate
3/8" plate
Skin-Rib Composites ST6B9.5 Ribs 201 to 752
Skin Plate
Horizontal Girders 27WF84 Top Girder 37 to 64
30WF116 Middle Girder 65 to 92
30WF124 Bottom Girder 93 to 120
Girder ST6B9.5 DS Girder Flange 121 to 138
Lateral Bracing Instream Diagonal 143 to 152
Bottom Girder to 139 to 142
Gate bottom
Strut Arms 10WF39 Top Strut 2t04
(20 to 22)
10WF60 Middle Strut 6t08
(24 to 26)
10WF72 Bottom Strut 10to0 12
(28 to 30)
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Gate Member Steel Location/ STAAD Model
Description Shape Description Member ID #

Strut Bracing 10B15 Vertical Brace 13t0 16

(31 to 34)

Diagonal Brace 17 t0 18

(35 to 36)
Hub Built-up Trunnion Hub 1332 to 1334
(1336 to 1338)

6.3.3 Analyses and Results

Analyses and Results of Gate Closed Load Combinations

Load combination LC1a — Gate closed — is the normal case for the Tainter Gate in the closed position
resisting the hydrostatic pressure from an unusual pool level at elevation 436.5ft. Figure 6-3 shows the
STAAD model structural diagram for this load case. The trunnion supports are modeled as fixed except
its rotation about the trunnion pins in global Z-axis. A row of compression only fictitious members
connecting to the bottom of the gate were used to simulate the sill support of the spillway dam. The
compression only feature is to ensure the supporting concrete does not “pull” the gate down when the
Tainter gate deflects under loads. The angles of these members are normal to the concrete surface to
ensure the reaction forces are normal to the concrete surface. Load diagrams of the loads applicable to

the load combinations are included in Attachment C of Appendix C.

Figure 6-3: Forney Dam Tainter Gate STAAD Model for Gate Closed Load Combinations
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Load combination LC1b — Gate closed with wave load — has the same loads and load factors as load
combination LC1a with an additional wave load. Therefore, structural members develop higher stresses
in LC1b than LC1a. Load combination LC4b — Gate closed with earthquake — has the same loads and
load factors as load combination LC1a except the hydrostatic pressure load is from a normal pool level at
elevation 435.5ft, and there is an additional earthquake load. By judgment, the orthogonal seismic loads
are more critical if the seismic acceleration are applied in the directions that is additive to the hydrostatic
and gravity loads. Thus, two different earthquake load combinations are modeled. In one load
combination, the seismic acceleration is applied horizontally in the downstream direction and 1/3 of the
seismic acceleration applied vertically in the direction of gravity. In the other load combination, the
seismic load is applied vertically in the direction of gravity and 1/3 of the seismic load applied horizontally
in the downstream direction. The corresponding hydrodynamic loads are applied and scaled accordingly.

The resultant interaction values (utilization ratios) of the structural members from the STAAD model
analysis are included in Attachment D of Appendix C and summarized in Table 6-3. The analysis results
of the gate closed load combinations show some members are overstressed for load combinations LC1a
and LC1b. The table is color coded such that the blue color shaded cells indicate one or more members
of the location group are overstressed with interaction values between 1.00 and 1.30. The red color
shaded cells indicate one or more members of the location group are overstressed with interaction values
greater than 1.30.
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Table 6-3: Forney Dam Tainter Gate Critical Member Interaction Values (Utilization Ratio) for Gate
Closed Load Combinations

Gate Closed Load Combinations

Member Location LC4b
Description LC1a LC1b (Earthquake)
P (Base) | (Wave)
Horizontal | Vertical
Skin-Ribs Top of Gate to 0.37 1.00 0.28 0.26
Composites Top Girder
Top Girder to 0.55 0.99 0.55 0.53
Middle Girder
Middle Girderto| 0.65 0.70 0.65 0.64
Bottom Girder
Bottom Girderto| 0.65 0.70 0.65 0.64
Bottom of Gate
Horizontal Top 0.38 0.67 0.39 0.37
Girders
Middle 0.54 0.57 0.53 0.52
Bottom 0.66 0.70 0.66 0.64
Girder Between Top 0.13 0.18 0.13 0.13
Bracing and Middle
Girder
Between Middle | 0.17 0.16 0.18 0.19
and Bottom
Girder
Strut Arms Top 0.50 0.86 0.46 0.44
Middle 0.74 0.84 0.73 0.71
Bottom 0.65 0.71 0.65 0.64
Strut Bracing Vertical 0.09 0.13 0.1 0.1
Diagonal _ 0.99 0.97
Built-up Hub Hub 0.71 0.73 ‘ 0.71 0.69

The overstressed members are also indicated by the diagrams of Figure 6-4 and Figure 6-5 in blue and
red with the skin plate members removed for clarity. The diagrams are color coded with blue and red
indicating the different levels of overstress as the way was done with the interaction value summary table.
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Results of LC1a analyses indicate the strut diagonal brace is slightly overstressed with an interaction
value of 1.08. This is mainly due to the configuration of the strut member allows the diagonal brace to
pick more hydrostatic load from the bottom portion of the gate and transfer it to the middle strut before
transferring the load to the trunnion hub. The strut diagonal brace is, therefore, undersized for this load
path. This strut diagonal brace overstress is further stressed with the addition of the wave load in load
combination LC1b to have an interaction value of 1.59. The skin-rib composite members are found to be
overstressed in different regions, but mostly at locations close to the horizontal girder connections where
the members experiences the highest bending moments. Overall, the wave load of LC1b adds additional
stresses to the members leading higher interaction values for the majority of the members.

For the two seismic load combinations of LC4b, no member is found to be overstressed. The member
stresses are generally slightly lower than those of LC1a. The main reason for the decrease is the
reduced hydrostatic load of H1 at reservoir elevation 435.5 ft as compared to the Hz reservoir elevation of
346.5 ft. Although an earthquake load is included in LC4b, the seismic coefficient of 0.05g is a relatively
low.

Analyses and Results of Gate Operating Load Combinations

Load Case LC2a — Gate operating — is for evaluating gate stresses during operation while resisting the
hydrostatic pressure from an extreme pool level at elevation 437.5ft. When the gate is in operation, it will
experience additional loads including side seal friction, trunnion friction, wire cable hoisting load, and
cable wrap force. These loads are present in both opening and closing operations. The reactive friction
loads, side seal friction and trunnion friction, exert forces on the gate in opposite direction between
opening and closing.

Load combination LC2b — Gate operating with wave load — has the same loads and load factors as load
combination LC2a with an additional wave load. Therefore, structural members develop higher stresses
in LC2b than LC2a. As discussed previous, load combinations LC2a and LC2b were also analyzed with
all the load factors removed. The unfactored load combinations provide results for the structure without
the load factors. Therefore, they simulate the stress states the gates are likely to see during gate
operations. Besides allowing comparison between factored and unfactored load combinations, the
unfactored load combinations also provide comparison with the results from the recent trunnion friction
tests performed.

Although not explicitly described in EM 1110-2-2702 (Reference 2), gate operating load case include both
gate opening and gate closing conditions. Opening and closing yield different load conditions as the
frictions load act in opposition direction of gate movement. Thus, in all there are eight different load
combinations modeled as listed below:

Load Combination LC2a — Gate operating:
1.2D+ 1.4 Hs+ 1.4 Fs+ 1.0 Ft + Qn (opening)
1.2D + 1.4 Hs + 1.4 Fs + 1.0 Ft + Qn (closing)
Load Combination LC2aU — Gate operating (unfactored):
D + Hs + Fs + Ft + Qn (opening)
D + Hs + Fs + Ft + Qn (closing)
Load Combination LC2b — Gate operating with wave load:

July 23, 2021 Page 37 Schnabel Engineering, LLC
Project 20C22001.00 ©2021 All Rights Reserved



Dallas Water Utilities (DWU)
2021 Rockwall-Forney Dam Visual Gate Inspection, Trunnion Friction Testing and Structural Evaluation
Report

12D+ 14 H2+14Fs+ 1.0 Ft+ 1.4 Wa + Qn (opening)
12D+ 14 H2+1.4Fs+ 1.0 Ft+ 1.4 Wa + Qn (closing)
Load Combination LC2bU — Gate operating with wave load (unfactored):
D + Hz2 + Fs + Ft + Wa + Qn (opening)
D + H2 + Fs + Ft + Wa + Qn (closing)

Trunnion friction load can be a significant load depending on the friction coefficient at the trunnion pin and
the trunnion end bearing plate. A trunnion friction coefficient of 0.3, as recommended by ETL 1110-2-
584, is used for all gate operating load combinations analyzed, although the trunnion bushings and end
bearing rings are self-lubricating. The trunnion friction coefficient of 0.3 is generally higher than the
trunnion friction coefficient found in the field test results range from 0.08 to 0.33. Trunnion friction adds
stress to the already highly stressed strut arm members. The most critical loading conditions for gate
lifting and closing occurs when the gate is operated near the closed position, just lifted off from the sill.

At this instant, the full hydrostatic head is acting on the gate and generates the highest support reactions
at the trunnions and thus the highest trunnion friction moments.

To determent the trunnion friction moments, the two trunnion supports are modeled as fixed supports.
The gate is modeled in the near closed position without any support at the bottom of the gate. Figure 6-6
shows the STAAD model structural diagram for this load case. The cable lifting forces are applied at the
modeled lifting pins of the cable hitches. The radial wrap forces are applied at the skin plate to simulate
the tensioned ropes pressing against the gate.

Figure 6-6: Forney Dam Tainter Gate STAAD Model for Gate Operating Load Combinations

The cable
wrap forces
are applied
radially
towards the

Trunnion supports are trunnions.

modeled as fixed.

Cable lifting forces
applied at the
cable hitches.
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As the hoist-lifting load is increased, the resisting moments at the fixed trunnion supports will increase,
simulating the trunnion friction moments. At the same time, the trunnion friction moments can also be
calculated from the axial reactions from the pin supports as discussion previously. The amount of cable
lifting force for operation is determined when the fixed support moments are equal to the calculated
trunnion friction moments. An iterative process with a series of STAAD model trial runs is used to reach
this balance for each gate operating load combination. Table 6-4 summarizes the resultant cable hoist
forces and trunnion friction moments for the eight gate operating load combinations.

The total cable hoist force ranges from 17.2 kips for an unfactored load combination to 33.7 kips for a
factored load combination as compared to the hoist system’s design capacity of 64.4 kips stated in
Design Memorandum No 2. For each gate operating load combination, there is a difference in cable hoist
force between opening and closing simulation. The difference is mainly caused by friction forces
including trunnion friction and side seal friction that always act to resist the direction of movement
between opening and closing. This differences ranged from 4.4 kips to 7.0 kips on each side.

Table 6-4: Wire Cable Hoist Forces and Trunnion Friction Moments for Gate Operating Load
Combinations

Cable Hoist
Trunnion Friction Moment
Force (kip-Ft)
Load Gate (kip)
Combination | Operation Each Side
P Each Trunnion End .
. Total . . (Pin + Total
Side Pin Bearing .
Bearing)
i 16.8 33.7 86.3 34.5 120.8 241.6
LC2a Opening
Gate operating | ) cing 9.9 19.8 86.2 34.4 120.7 2413
LC2aU Opening 13.6 27.1 61.7 24.7 86.4 172.7
Gate operating
(Unfactored) Closing 8.6 17.2 61.6 24.6 86.3 172.5
LC2b Opening 16.4 328 95.8 38.2 134.0 268.0
Gate operating
with Wave Closing 104 20.8 95.7 38.2 133.9 267.7
LC2bU Opening 13.3 26.6 70.3 28.1 98.4 196.7
Gate operating
with Wave .
(Unfactored) Closing 8.9 17.8 70.2 28.0 98.2 196.5

The resultant interaction values (utilization ratios) of the structural members from the STAAD model
analysis are included in Attachment D of Appendix C and summarized in Table 6-5 for gate operating
load combinations. The table is again color coded with blue and red color shaded cells indicating when
the interaction values are between 1.00 and 1.30 and greater than 1.30, respectively. The analysis
results of the gate operating load combinations show some members are overstressed for factored load
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combinations LC2a and LC2b. The interaction values are much lower for the unfactored load
combinations.

When comparing the results of the gate operating load combinations in Table 6-5 with the results of the
gate closed load combinations of Table 6-3, it can be concluded that gate operation condition shifts
stresses from the lower part of the strut arms to upper part of the strut arms. This matches the
understanding that the moment created by the cable hoist force about the trunnion supports would induce
more compression in the upper part of the strut arms. Thus, with the combination of wave load and the
trunnion moments all three strut arms are overstressed for LC2b.

As with the gate closed load combinations, results of LC2a show the strut diagonal brace is overstressed
with an interaction value of 1.62. This is mainly due to the configuration of the strut arm that allows the
diagonal brace to pick more hydrostatic load from the bottom portion of the gate and transfer it to the
middle strut before transferring to the trunnion hub. The strut diagonal brace is, therefore, undersized for
its role in the load path. This strut diagonal brace overstress is further stressed with the addition wave
load in LC2b to have an interaction value of 2.09. The strut diagonal brace was found to be overstressed
in most of the load combinations.

The skin-rib composite members are found to have interaction value of 1.0 for the load combinations that
include wave load. The higher stress part is in the region near the top horizontal girder where the skin-rib
composite members experience the cantilever bending moments from the wave load above the top
girder.

Overall, with the wave load acting on top of the hydrostatic load, LC2b adds additional stresses that leads
to higher interaction values for nearly all of the members. Figure 6-7 and Figure 6-8 show the
overstressed members for opening and closing of the gate operating base load combination LC2a.

Figure 6-9 and Figure 6-10 show the overstressed members for opening and closing of the gate operating
with wave load combination LC2b.
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Table 6-5: Forney Dam Tainter Gate Critical Member Interaction Values (Utilization Ratio) for Gate

Operating Load Combinations

Gate Operating Load Combinations

LC2aU LC2bU
Member Location (;222) (Base) (5\’(;52) (Wave)
Description (unfactored) (unfactored)
Opening | Closing | Opening | Closing | Opening | Closing | Opening | Closing
Skin-Ribs Top of Gate to | 0.55 0.54 0.39 0.39 1.00 1.00 0.79 0.79
Composites | Top Girder
Top Girderto | 0.59 0.59 042 0.42 0.99 0.99 0.78 0.78
Middle Girder
Middle Girder to| 0.58 0.58 0.44 042 0.61 0.59 0.41 0.42
Bottom Girder
Bottom Girder | 0.56 0.56 0.42 0.42 0.58 0.59 0.44 0.44
to Bottom of
Gate
Horizontal Top 0.52 0.46 0.33 0.33 0.66 0.67 0.51 0.51
Girders
Middle 0.60 0.59 0.42 0.42 0.61 0.60 0.44 0.44
Bottom 0.64 0.70 0.46 0.46 0.67 0.72 0.48 0.48
Girder Between Top | 0.17 0.15 0.12 0.1 0.18 0.18 0.14 0.14
Bracing and Middle
Girder
Between Middle| 0.12 0.11 0.09 0.08 0.17 0.16 0.13 0.12
and Bottom
Girder
Strut Arms Top
Middle
Bottom
Strut Vertical
Bracing
Diagonal
Built-up Hub Hub 0.89 0.96 ‘ 0.64 0.68 1.00 0.76 0.73
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Figure 6-7: Overstressed Members of Gate Operating Base Load Combination (LC2a), Opening

Middle struts
are slightly

Figure 6-8: Overstressed Members of Gate Operating Base Load Combination (LC2a), Closing

Middle and bottom
Q struts are slightly
overstressed.
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Figure 6-9: Overstressed Members of Gate Operating Wave Load Combination (LC2b), Opening

Top and middle
struts are slightly
overstressed.

braces are
overstressed.

Figure 6-10: Overstressed Members of Gate Operating Wave Load Combination (LC2b), Closing

Upper and lower
strut diagonal
braces are

All struts are
slightly
overstressed.
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6.3.4 Gate Analysis Conclusions and Recommendations

Forney Dam Tainter gates have been evaluated with gate closed and gate operating load combinations
described in ETL 1110-2-584. The loads included in the load combinations include self-weight of the
Tainter gate, hydrostatic load, wave load, earthquake load, side seal friction, trunnion friction and cable
hoist load. ETL 1110-2-584 and project documents were used as the basis for developing the loads.
Unfactored load combinations simulating the stress states of the gates during gate operation were also
analyzed. The unfactored gate operating load combinations allow comparison with the results from the
recent trunnion friction field tests performed. The resultant cable hoist forces and trunnion friction
moments were also presented.

STAAD Pro structural analysis program was used for the Tainter Gate evaluation. Project drawings were
used as the basis for the geometry of the model. The steps used to construct the analysis model are
discussed in the report and the results of the analysis are summarized in the report. Some structural
members of the Forney Dam Tainter gates are found to be deficient in meeting the current Tainter gate
design guidelines. This is mainly due the fact that the original design did not include wave and trunnion
friction loads and did not consider the more stringent load combinations of the current guidelines. Thus,
there is some level of risk inherent in continued exposure of the gates to the load combinations resulting
in the member overstresses.

Structural deficiencies are found in the struts and strut diagonal braces. The strut diagonal braces were
found to be overstressed in the largest number of load combinations and had the highest interaction
values (utilization ratios). The diagonal braces appear to be undersized during original design for the load
path. The top, middle, and bottom struts were found to be slightly overstressed when subjected to the
gate operation load combination with trunnion friction and with wave load. The skin-rib composite
members at region near the top girder were found to have interaction values at 1.0 for the load
combinations with waves. Wave pressure acting on the upper cantilever portion of the gate creates high
moments about the top girder which acts as a fulcrum.

It is noted that an interaction value (utilization ratio) greater than 1.0 only indicates the member is
overstressed per the specified criteria. It does not necessarily indicate a physical failure of the member.
With built-in conservatism in material properties, load factors, and strength reduction factors, structural
members in general are capable of taking on higher loads than what is allowed by the 1.0 interaction
value criterion before seeing signs of failure. There is also some inherent, but limited ability for the
structure to redistribute loads should a structure member yield. However, the importance of meeting the
industry guidelines is to retain the conservatism in reducing risk.

For overstressed members, we recommend that DWU develop a plan to modify the gates, in particular
the lower diagonal strut arm braces (LB-5 and RB-5) to reduce the interaction ratios to 1.0 or less.
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7.0 SPILLWAY GATE TRUNNION FRICTION TESTING
71 General - Gate Trunnion Friction Testing

Schnabel Engineering contracted Bridge Diagnostics, Inc. (BDI) to provide instrumentation and testing
services on spillway Gates 1-14. The goal of these tests was to measure trunnion friction, hoist force,
and total gage friction for 13 of the 14 gates. Gate 6 was instrumented and responses were collected
during gate operation; however, trunnion friction calculations were not performed since all testing was
performed in a dewatered condition. For Gates 1-5 and 7-14, the summary tables below list the values
for:

e maximum trunnion friction coefficient;

e maximum pin moment due to trunnion friction;
e maximum hoist force; and,

e maximum hoist force due to total gate friction.

Detailed results of the based on the data collected as part of the trunnion friction testing is included in
Appendix D.

Instrumentation and testing were performed March 31st to April 15th, 2020. The gate arms were
instrumented with strain and rotation sensors and the hoist motors’ pinion shafts were instrumented with
torque sensors. The hoist motor control panel was instrumented with amperage sensors. Following
installation of the instrumentation, a series of spill tests (lift/lower) were performed on Gates 1-5 and 7-14
to measure the structural responses resulting from trunnion pin friction. Data was also record on Gate 6
while it was dewatered and during operation in the dewatered condition. All instrumentation installation
and removal was performed using BDI’s rope access team.

Following demobilization from the field, the test data was examined for quality and then further processed
to evaluate the gate’s performance. Strain measurements were converted into axial and bending forces
which were then applied to pin-strut free-body diagrams. By summing forces at each pin, friction induced
moments can be computed, allowing accurate friction coefficients to be determined.

Due to restrictions caused by the hoist limit switches on closing, the hoist cables could not always be fully
slacked at the beginning and end of the performed tests. Throughout testing of the Rockwell Forney
gates, it was found that this limit switch restriction varied gate to gate and arm to arm. Therefore, it is not
recommended to use the collected hoist force data to quantify overall hoist forces during gate operation.
Rather, this hoist data can be better utilized to evaluate total friction behavior.

Amperage responses were not used to compute friction results and were collected as verification that the
motor performance was not causing unexpected gate responses. These responses indicated the motor
was functioning in a stable manner and should be reviewed by a licensed electrician to further evaluate
the motor’s performance.
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7.2 Summary of Results - Gate Trunnion Friction Testing

The results of the trunnion friction testing are summarized in the tables below:

Table 7-1 — Trunnion Friction Testing: Gate 1 test performance summary

Pin Maximum Maximum Pin Maximum Maximum Hoist
Desianation Friction Moment due to Pin Hoist Force Force due to Total
g Coefficient Friction (kip-in) (kips) Gate Friction (kips)
Right Pin 0.28 748.8 29.71 5.32
Left Pin 0.29 766.4 28.16 5.33

Table 7-2 — Trunnion Friction Testing: Gate 2 test performance summary

Pin Maximum Maximum Pin Maximum Maximum Hoist
Desianation Friction Moment due to Pin Hoist Force Force due to Total
g Coefficient Friction (kip-in) (kips) Gate Friction (kips)
Right Pin 0.14 372.0 19.73 4.50
Left Pin 0.21 557.7 24.95 4.04

Table 7-3 — Trunnion Friction Testing: Gate 3 test performance summary

Pin Maximum Maximum Pin Maximum Maximum Hoist
Desianation Friction Moment due to Pin Hoist Force Force due to Total
g Coefficient Friction (kip-in) (kips) Gate Friction (kips)
Right Pin 0.18 471.3 31.03 4.22
Left Pin 0.21 555.7 9.46 3.68

Table 7-4 — Trunnion Friction Testing: Gate 4 test performance summary

Pin Maximum Maximum Pin Maximum Maximum Hoist
Desianation Friction Moment due to Pin Hoist Force Force due to Total
g Coefficient Friction (kip-in) (kips) Gate Friction (kips)
Right Pin 0.17 462.0 29.46 3.47
Left Pin 0.18 487.5 26.06 3.60
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Table 7-5 — Trunnion Friction Testing: Gate 5 test performance summary
Pin Maximum Maximum Pin Maximum Maximum Hoist
Desianation Friction Moment due to Pin Hoist Force Force due to Total
g Coefficient Friction (kip-in) (kips) Gate Friction (kips)
Right Pin 0.21 554.4 27.26 4.38
Left Pin 0.24 648.6 28.49 4.47
Table 7-6 — Trunnion Friction Testing: Gate 7 test performance summary
Pin Maximum Maximum Pin Maximum Maximum Hoist
Desianation Friction Moment due to Pin Hoist Force Force due to Total
g Coefficient Friction (kip-in) (kips) Gate Friction (kips)
Right Pin 0.23 606.4 24.89 4.55
Left Pin 0.33 869.3 24.91 4.49
Table 7-7 — Trunnion Friction Testing: Gate 8 test performance summary
Pin Maximum Maximum Pin Maximum Maximum Hoist
Desianation Friction Moment due to Pin Hoist Force Force due to Total
g Coefficient Friction (kip-in) (kips) Gate Friction (kips)
Right Pin 0.18 486.3 32.96 4.57
Left Pin 0.28 749.9 28.07 3.89
Table 7-8 — Trunnion Friction Testing: Gate 9 test performance summary
Pin Maximum Maximum Pin Maximum Maximum Hoist
Desianation Friction Moment due to Pin Hoist Force Force due to Total
g Coefficient Friction (kip-in) (kips) Gate Friction (kips)
Right Pin 0.17 443.0 31.09 419
Left Pin 0.20 522.7 23.34 3.05
Table 7-9 — Trunnion Friction Testing: Gate 10 test performance summary
Pin Maximum Maximum Pin Maximum Maximum Hoist
Desianation Friction Moment due to Pin Hoist Force Force due to Total
g Coefficient Friction (kip-in) (kips) Gate Friction (kips)
Right Pin 0.15 3974 29.08 3.71
Left Pin 0.20 512.3 27.57 3.60
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Table 7-10 — Trunnion Friction Testing: Gate 11 test performance summary

Pin Maximum Maximum Pin Maximum Maximum Hoist
Desianation Friction Moment due to Pin Hoist Force Force due to Total
g Coefficient Friction (kip-in) (kips) Gate Friction (kips)
Right Pin 0.23 604.9 35.18 4.63
Left Pin 0.20 513.7 21.35 3.11

Table 7-11 — Trunnion Friction Testing: Gate 12 test performance summary

Pin Maximum Maximum Pin Maximum Maximum Hoist
Desianation Friction Moment due to Pin Hoist Force Force due to Total
g Coefficient Friction (kip-in) (kips) Gate Friction (kips)
Right Pin 0.13 335.0 28.51 4.02
Left Pin 0.20 530.7 28.45 3.77

Table 7-12 — Trunnion Friction Testing: Gate 13 test performance summary

Pin Maximum Maximum Pin Maximum Maximum Hoist
Desianation Friction Moment due to Pin Hoist Force Force due to Total
g Coefficient Friction (kip-in) (kips) Gate Friction (kips)
Right Pin 0.16 427.0 29.07 4.16
Left Pin 0.16 432.6 28.63 3.96

Table 7-13 — Trunnion Friction Testing: Gate 14 test performance summary

Pin Maximum Maximum Pin Maximum Maximum Hoist
Desianation Friction Moment due to Pin Hoist Force Force due to Total
g Coefficient Friction (kip-in) (kips) Gate Friction (kips)
Right Pin 0.09 238.3 20.05 3.61
Left Pin 0.08 219.5 32.06 4.90

7.3 Conclusions - Gate Trunnion Friction Testing

Average values for trunnion friction for the Tainter gates at Forney Dam are below the 0.3 trunnion friction
factor used in the analysis.
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{o N . _NOTES PERTAINING TO STRUCTURAL STEEL

| I. These notes apply to structural stee! for Tainter Gates, Tainter
Gate Anchorages, Machinery Rlatform and other items where
structural steel is involved.

2. These drawings shall not be traced or reproduced by any method
for use as or in lieu of detail shop drawings. Do not scale these
drawings ; use dimensions shown.

3. Al structural steel shall be welding grade steel unless otherwise
noted.

4. Welding, unless otherwise specified,shall conform to the applicable
provisions of the current “Specifications for Welded Highway and
Railway Bridges ', published by the American Welding Society ,{(AW.S))
(latest issue).

5. All welding of mild steel shail be performed with electrodes
conforming to the AW.S. Type EG0IO or E6O!1, unless other electrodes
are approved by the Engineer,

6. The contractor shall adopt o Welding Sequence and Procedure which
will avoid neediess distortion, and minimize shrinkage stresses.

The contractor. shaifl submit with the detail shop drawings a complete

Axis of Dam

statement of his proposed welding procedure and sequence, as
required by the specifications, for the approval of the engineer

prior to commencement of fabrication. Weld symbols shali be shown
Mobile Crane on detail shop drawings and field erection drawings and shail be
(Furnished by Others) correlated with the welding procedure and sequence.
7. Welding symbols shown on these drawings are typical for similar
joints unless otherwise shown or noted.
Lo 8. Temporary clip angles and erection bolts may be used for shop and
. Service Bridge __ ——— 2 field erection. !f clips are of new materia!,(conforming to
F I HL l ” Atuminum — N specifications cited above),and are cut and welded in a neat
Handrail workman-like manner, they need not be removed  ofter the field
welding is complete. Erection bolts need not be removed after
. erection, but must be seal welded to prevent enirance of moisture
—] All gouges, scars, etc, regardiess of how produced, shall be
filled with weld metal and ground smooth.
9. One Tainter Gate shall be completely assembled in the shop. After
approval of the assembly the individual pieces shall be match
e T marked prior to disassembly for shipment.
10. To prevent corrosion by moisture between surfaces in contact
Top of p,a'fo,m and Gratin all such contacts shall be sealed watertight by running. a
Wﬂ continuous 178" fillet along all edges of the contact.
1. One-inch drain holes shall be provided to drain ali pockets with
the gate in either the opened or closed position.
~€ Trunnion 12. Field splices shown in the Tainter Gate skin plate, arms, side
. seal plates , and sill beam are suggesfed only; additional field
splices will be permitted subject to the approval of the engineer.
13. The finish of machined surfaces is indicated by standard
symbols established by the American Standards Association.
Surface roughness, waviness and lay shall be in accordance
Lol with American Standards Association publication ASA.B46.1-1955,
Ll 1roz Machined surfaces shall be treated with an approved - rust
preventative compound prior to shipment.
14. Painting of structural steel shall conform to applicable
provisions of the specifications.
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