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February 21, 1997 File No 96-311-01

Department of Natural Resources

1577 Dublin Avenue

Winnipeg, Manitoba

R3E 3J5 ’

ATTENTION Mr Frank Barlishen
Head, Provincial Waterways

RE Floodway Inspection and Assessment Report

Dear Mr Barlishen

Please find enclosed three (3) copies of our final report on the Red River Floodway Inlet Control
Structure Inspection and Assessment The study concludes that, although the Floodway structural
and mechanical systems are generally in good condition, a number of components of the Floodway
Structure required upgrading, mamntenance or rehabilitation to extend the life of the facility' for
another 30 years Pnncipally, the identified items are detenorated sidewalk and roadway elements,
hatches, access ladders and platforms, hydraulic piping, hosts, desilting of the gate recesses,
electncal cpndmts, and gate controls

The estimated cost of to complete the work 1s $2,163,000 (1996 Dollars), and it is anticipated that
the work will be completed over a period of two years The work has been divided into two
categones, namely surface works ($914,000) which can be completed without cofferdams and work
requiring a cofferdam to complete the work ($1 249,000)

As a part of the overall work program, platforms and access ladders within the gate have been
recommended to facilitate inspection and maintenance of the gate It s likely that these new
structures will In part be welded to the existing members The gate 1s complex structure, in the
manner In which forces are distnbuted and the fact that its skin plates are subject to biaxial stresses
As such, the structure can be detnmentally affected if appropnate welding and fastening procedures
are not used to install the platforms and access ladders In this regard, additional stresses incurred
as a result of this work must be carefully assessed in the context of the overall structure integnity

In addition to the components to be rehabilitated noted above, the main gate seals were installed
as a part of the onginal gate system and are still considered an important element to maintain the
overall performance of the gates Due to economic constraints, the replacement or modification of
the seals has not been included in the work program It 1s, however, recommended that
consideration be given to replacing them in the future, as dewatering of the gate for routine
Inspection and/or maintenance will have to be completed with thg assistance of divers

STRUCTURALIGEOTECHNICALIENVIRONMENTALIHYDRAULICSllHYDROGEOLOGYIMUNICIPALIMECHAN|CALIELECTRICAL
3227 ROBLIN BOULEVARD WINNIPEG MANITOBA R3ROC2 PH (204)8961209 FAX (204)8960754
611 SQUIER STREETTHUNDER BAY ONTARIO P7B 4A7 PH (807)345 2233 FAX (B07)345 3433
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Mr Barlishen

Please contact the undersigned if you have any questions or comments

Yours yery truly

-

David B MacMillan, P Eng

Pringipal
RSCB/ks

c - File/EW/AG/RSCB

REPORTS #2\C \KGS\REPORTSANLETCON RPT



EXECUTIVE
SUMMARY



Department of Natural Resources
Red River Floodway - Inlet Control Structure
Inspection and Assessment Report File No 96-311-01

EXECUTIVE SUMMARY

J

The Manitoba Department of Natural Resources operates the Floodway Inlet Structure located on
the Red River mmediately south of St Norbert The Inlet Structure 1s used to divert a portion of the
Red River flow into the Floodway and around the City of Winnipeg during spring flood events
Operation of the Inlet Control Structure and the use of the Floodway allows the river levels and flows
through Winnipeg to be controlled at levels below natural conditions The Inlet Structure was first
available for operation in 1969 and has been operated in approximately 60 percent of the years
since that time In February 1996, KGS Group was retained to conduct a detailed inspection and
assessment of the Floodway Inlet Control Structure As part of this comprehensive review a
program of work to repatr, remediate and modernize the facility for a minimum projected life of thirty
years was developed

In March 1996, the east gate was dewatered and inspected This work was done with the
assistance of divers to seal the gate as the existing seals are no longer functioning The remainder
of the structure was inspected in July 1996 Operational testing of the gates was also conducted
at this ime The results of the inspections are documented in Section 2 0 of the report, Inspection
Results” Section 30 of the report, “Assessment of Required Work ltems”, considers the
assessment of the structure’s condition and operation, and identifies recommended remedial work
Identification of deficiencies and potential upgrades are based on the interpretation of inspection
results safety requirements, conformance to present day codes or standards, and work required
to extend the facility life an additional 30 years In addition to the recommended work, Section 3 0
describes the development of preliminary designs and cost estimates  Section 4 0 develops a work

program for the completion of repairs and upgrades

The investigation, assessment and work program have been organized into three categories,
namely civil and structural components mechanical systems and electrical systems The work

identified in the Study has been priorized into work required over the next two to three years, and
work required in the long term
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In addition to the inspection work, KGS Group had identified a potential concern with extreme
loading conditions for the radial gate at the proposal stage On this basis KGS Group were

authorized to conduct a finite element analysis of the gate to assess the extreme load conditions

The thirty year old Floodway Inlet Control Structure Is in relatively good condition based on the
results of the Study The deficiencies of the Structure are pnmarily associated with the deterioration
and corrosion of components changes in maintenance methods, the need for ongoing maintenance
and inspection as the facility ages and some wear and damage assoctated with the operation of

the Structure
Civil and Structural Components

The proposed civil work principally consists of repairs required to ensure reliable operation,
improvements to prevent further deterioration, routine maintenance, as well as improved or safer
access throughout the Structure for maintenance and inspection The emphasis on maintenance
and inspection access will allow staff to keep abreast of the condition of the Structure and address
Issues before they become detrnmental or costly Consideration has also been given to increasing
the safety of the Structure as a facility accessible by the public 7

The inspection of the Structure found that support structures access hatches ladders and
platforms n several locations had deteriorated significantly due to the infiltration of salt laden water
from the bridgé structure This deterioration was especially significant at the hydraulic cylinder hoist
supports The current capacity of this support structure i1s impacted by the detenoration and repairs
are required to ensure that the anchor bolts can restrain the forces applied to the main gates
through the hoists  This work should be addressed as soon as possible The most significant civil
costs are associated with the replacement of the main gate seals and repainting of the skinplates
and liner plates which requires the installation of a cofferdam upstream and downstream of each
gate Due to high costs, reparrs to the gate seals have been deferred indefinitely  As such

dewaterning of the gates for maintenance will be by divers
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As it 1s necessary to maintain river flow only one gate can be completed at a time and, it will require
a minimum of two seasons of construction to complete this work  In addition, a number of upgrades

and repairs to the main gates and deck areas have been identified

Several areas within the Structure are difficult to access for inspection and maintenance
Consequently their condition 1s either not known or the areas cannot be properly maintained New
access ladders and platforms are proposed for the gate interiors and for desilting and hydraulic
cylinder maintenance within the cylinder pits  Additional work 1s also proposed to address the

deterioration of sidewalk and service duct covers

In addition to the repairs identified routine preventative maintenance, such as the repainting of the
bridge girders and handrails, replacement of the Control Room roof and placement of new niprap
on the dykes adjacent to the Structure 1s recommended

Based upon the results of the finite element analysis of the radial gate it was concluded that

. The finite element model of the radial control gate reasonably predicts the overall behaviour
of the gate structure

. Steel gate stresses for normal and extreme load conditions were found to be within
acceptable hmits for structures of this type -

. For the condition of one hoist cylinder failled, the calculated reaction at the remaining lifting
beam support exceeds the theoretical capacity of the Iifing hoist  The consequence of this
overload was assessed in the mechanical section of the report and it was concluded that a
relief valve could be adjusted manually If and when this unlikely event occurs  This would
remedy the concern by temporarily increasing the lower cylinder pressure

. Maximum trunnion loads exceed the additional post tension force provided after the gate

was installed The mplication of the over-stressed condition should be reviewed again when
the trunnions are inspected



Department of Natural Resources
Red River Floodway - Iniet Control Structure
Inspection and Assessment Report File No 96-311-01

Mechanical Systems

The proposed mechanical work focuses on upgrades repairs and maintenance to the main gate
and bulkhead gate hoisting systems which are considered cntical to the operation of the Structure

Deterioration of these systems has occurred mainly in the form of corrosion on piping and machinery
in areas removed from the centre pler mechanical room The hydraulic piping is corroded In certain
areas and should be replaced immediately A portion of this piping was in fact replaced in 1994 due
to corrosion-related faillure Upgrading to stainless steel piping with a greater wall thickness is
recommended The hydraulic cylinders are in relatively good condition but still require some
preventive maintenance This work can be performed without removing the cylinders from their
positions which would be a relatively large task  The hydraulic power units are in good condition and
require only minor maintenance work The bulkhead gate electric hoists have suffered a significant
amount of corrosion and require complete overhaul or replacement to return them back to a reliable
condition One of the hoists 1s currently inoperable The trashrack hoists should also be repaired

or replaced, as they are both currently inoperable

In addition to the gate hoisting systems, the proposed mechanical work addresses the need to
remove a significant amount of silt which has accumulated in the gate recesses Removal of the
silt 1s necessary for proper maintenance and inspection of these areas An arrangement of
manpower equipped with washdown hoses and pumping equipment is presented as the most
feasible alternative for this task and since desilting will need to be performed repeatedly over time,
upgrades to the Structure are proposed to facilitate the procedure

Additional minor deficiencies in the mec;hanlcal services of the Structure have been addressed in

the proposed mechanical work

Electrical Systems

The proposed electrical work principally consists of repairs to the bulkhead gate guide heating
improved security of the control structure, repair/upgrade of the main gate position indication system
and the development of a new electrical distribution scheme to allow abandonment of the embedded

conduit system to the end piers of the structure
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The main electrical switchgear located in the control room I1s In good condition and can be readily
accessed for repar and maintenance as required  Accordingly no remedial action Is

recommended
Work Program

The terms of reference for the rehabilitation and upgrading of the Structure 1s to extend the
operational life of the facility for at least an additional 30 years To maintain this life span it 1s
recommended that the work be scheduled in such a manner as to minimize current construction
costs To do so, the proposed work has been categorized into work that is required over the next

2 to 3 years and work that can be scheduled for the longer term

The total costs of all work proposed 1s $2 163 000 over the next 2 to 3 years Of this total
$1,249,000 will consider work that requires cofferdamming and/or gate dewatering The remaining
$914,000 will involves surface work that does not require cofferdamming or dewatering A
breakdown of the work s detailed 1n the table below

|

2 - 3 Year Work Program 1

Cofferdam/Gate Surface Work }

Dewatering ;

Required |
Ciwvil and Structural Work $ 1,042,300 $ 595,900
Mechanical Work $ 206,250 $ 216,300
Electrical Work $ 102,300
Totals $ 1,248,550 $ 914,500

A significant portion of the proposed work will be completed concurrently  This has been scheduled
to reduce the mobilization and administration costs associated with the construction, and specifically

to make the best utilization of the cofferdams which are required initially  If funding permits, the
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majority of the work can be completed over the 1997 and 1998 fall and winter with a cofferdam at
the east and west gate respectively The remaining short term work can begin in the spring of 1998
and be completed later that year Less critical work will be completed at intervals over the next ten

to fifteen years to mamntain the condition of the structure

The cost estimates for all of the work are based on 1996 dollars and represent the total value of
the work with no adjustn"\ents for present value associated with work completed in the future The
cost estimates have been based on preliminary designs and the anticipated sequence of work The

estimates include allowances for design, contract administration and contingencies

1

Conclusions and Recommendations

Based upon the results of the Study it is concluded that the Floodway Inlet Control Structure 1s in
relatively good condition for its age of 30 years The principal deficiencies associated with the
Structure are attributed to the corrosion and deterioration of components, changes Iin how the
Structure 1s maintained, the need for ongoing maintenance and inspection, and finally some
damage associated from normal operations The desilting system has been inoperable for a
number of years and it i1s recommended that a manual operation be utilized to remove accumulated

silt

The detailed inspection and assessment of the condition of the Structure indicates that a program
of repairs, upgrades and maintenance to maintan its operation and reliability 1s required Several
deficiencies were found which require iImmediate attention to maintain the performance of the
Structure The reparr of these components 1s recommended as soon as possible while the
remaining deficiencies can be addressed over the subsequent years The systematic work program
of repairs and upgrades will provide reliable and safe operation of the Structure for at least an
additional 30 years

It 1s recommended that the Department of Natural Resources proceed with the work prograﬁn as

outhned In the report

\
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10 INTRODUCTION

The Manitoba Department of Natural Resources operates the Floodway Inlet Structure located on
the Red River Immediately south of St Norbert The inlet structure is used to divert a portion of the
Red River flow into the Floodway and around the City of Winnipeg dunng spring flood events
Operation of the Inlet Structure and use of the Floodway allows nver levels and flows through
Winnipeg to be controlled at levels below natural conditions The Inlet Structure was first available
for operation In 1969 and has been operated in approximately 60 percent of the years since that

time

KGS Group was retained to conduct an inspection and assessment of the Floodway Inlet Structure
As part of this comprehensive review a program of work to repair remediate or modernize the

facility for a mimmum projected life of thirty years is to be developed

The first phase of the inspection program included a review of existing reports (see references) and
an inspection of the existing gate The inspection was performed on the dewatered east gate in
March of 1996 (KGS Group Red River Floodway Inlet Structure Dewatered East Gate Inspection
Report May 1996) This report 1s included in Appendix D The second phase of the program
presents the findings from inspections and operational testing of the Floodway Inlet Structure
conducted during the month of July 1996 The inspections during this period considered portions
of the structure not included in the dewatered gate inspection and are summarized in Section 2 0
of the report  Section 3 0 describes the assessment of the adequacy of existing structures and
operating systems based on the interpretation of inspection resuits safety contormance to present
day codes or standards and works required to achieve a projected life extension of the facility of
thirty years  Preliminary engineering designs and cost estimates are also presented The
recommended work program I1s presented in Section 4 0 Conclusions and recommendations for

implementation are given in Section 5 0

KGS Group 1 February 1997
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20 PARTI-INSPECTION

The Floodway Inlet Control Structure was inspected In two stages Initially in March 1996 the
Interior of the main gates were inspected by dewatering their intenior In additional divers provided
a report on their findings of the main gate seals In July 1996 a detalled inspection of the structure
above water level was conducted This included raising each of the main gates inspecting and

testing all mechanical and electrical systems

21 STRUCTURAL AND CIVIL COMPONENTS

The Red River Floodway Inlet Control Structure consists of two in channel hydraulically operated
gate associated concrete pier and abutments and a steel girder bridge For the purposes of the

Inspection the Structure was broken down Into the following sections

- roadway bridge and its associated components

- central pier including the Control Centre and Machine Room
- abutments including bulkhead gates and trashracks

- main gates including seals

- adjacent earthfill dams

In addition a review of the aspects associaied with the safety and secunty of public users the
secunty of the facility and the dewatering methods used In the past have been discussed Figures

1 and 2 show the location of each of these components

211 Roadway Bridge

The bridge over the Red River consists of two steel girder spans Each span 1s simply supported
with fixed rocker bearnings at the center pier and roller bearings at each abutment There are five
steel girders per span braced with steel diaphragms The girders support a concrete deck with an

Integral sidewalk and service duct The bridge deck I1s two lanes wide with a sidewalk along each

curb

KGS Group 2 February 1997
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The inspection of the bridge consisted of a visual inspection of all accessible components without
the use of a bridge inspection vehicle or suspended platforms All Inspections were conducted from

the bridge deck abutments or the Machine Room

Bearing Seats

The bridge structure and bearings are supported by the two abutments and central pier At each end
of each span a shelf or recess has been cast in the concrete to permit the bearings to rest on the

pier or abutment walls

A visual inspection of the concrete below the bearings adjacent to the Machine Room windows
Indicate some hairline cracking slightly behind and below the bearings A detailed inspection of all

the central pter bearing seats was not possible due to the limited access to the bearing shelf

The concrete forming the central pier bearing seats appeared to be in good condition and without

visible deterioration Some accumulation of pigeon nests and debnis was present

The bearning seats at the abutments were not inspected as there was no readily available access

2111 Bearings

The bridge structure i1s supported on fixed bearings at the central pier while the differential
movement of the abutments and pier 1s accommodated by a rocker bearing capable of horizontal
and rotational displacement The bearing assemblies at the central pier can accommodate rotational

movement of the girder end

The central pier bearings were inspected visually from the Machine Room windows while the rocker
bearings were not accessible The central pier bearing appeared in good condition with only
superficial coating failure and some rusting There was no evidence of movement at the bearing

which 1s expected as the degree of bearing rotation i1s very small
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2112 Girders

The brnidge girders were inspected visually from the Machine Room windows The protective coating
appears 1n good condition with no visible faillures The girders appear to have experienced no

corrosion nor distress
2113 Roadway Deck

The bridge roadway deck Is a layered pavement system with the onginal concrete slab cast integral
to the girders The upper coarse is a high density concrete pavement layer The high density
topping course has a regular network of cracks across it There 1s no staining from rust or pop outs

visible The cracks are typically less than 0 5 milimeters wide

2114 Sidewalk

The sidewalk on the bridge 1s of the original concrete construction At the curb level and at the top
surface numerous pop outs were observed Most coincided with insufficient concrete cover on
reinforcing steel as shown in Photograph No 1 in many cases the concrete cover on the reinforcing
was less than 12 mm Onginal drawings indicate 20 mm of concreted cover was specified The
penetration of salts and moisture to the reinforcing steel causes localized corrosion which leads to
cracking and pop outs as the corrosion products are volumetrically larger than the onginal steel The
exposed steel showed no signs of epoxy coating or galvanizing The exposure of the reinforcing

steel has caused some minor corrosion of reinforcing steel in the curbs and sidewalk

2115 Service Duct

The interior of the service duct was not accessible as the duct covers have been sealed in place
To prevent infiltration of water from the service duct to the Machine Room the service duct cover
slabs have been sealed in place with a urethane sealant In general this sealant appears in good
condition The concrete duct covers have significant surface deterioration caused by pop outs and
corrosion of reinforcing steel as illustrated in Photograph No 2 Again the cause appears to be
insufficient cover on reinforcing steel The exposed steel 1s shghtly rusted and in some locations

the bond to the concrete has been lost completely The covers are not at a stage of significant
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deterioration although visibly rust stained At one cover an earlier attempt to seal the reinforcing
steel with a clear epoxy sealant proved ineffective The corrosion of reinforcing steel continued
below the plastic sealant ultimately lifting the sealant off the concrete The service duct covers have

lifting loops which are filled with sand and grit The Iifting loops are generally in good condition

2116 Handrails & Barrier Rails

Handrails and barrier rails are generally in good condition with approximately 10% of the surface
having some rust The protective coating appears to have functioned well although its present age
1Is unknown The steel components are generally in good to very good conditton with almost no
corrosion losses Several barrier posts have distressed bases The corrosion of post anchors has
resulted In the edge of the sidewalk slab cracking outwards This 1s shown in Photograph No 3

Although the barrier post appears ngid its structural integrity with the sidewalk deck may have been
lost

2117 Lighting

The onginal ight standards on the bridge have been removed In their place two street luminaries
have been Installed at the downstream parking areas At the time of inspection the lens and bulb
from one fixture had been smashed apparently through the use of a gun Consequently only one
light fixture was operational Additiona! ! ght fixtures on the bndge are for local lighting of doorways

and have no influence on lighting of the roadway

2118 Drainage

The bridge deck 1s crowned with a slope towards both curblines and a very slight slope towards
each abutment Drainage from the sidewalks and deck occurs through the original deck drains
which in turn spill directly into the river below At the time of inspection there was no evidence of
ponding although it had just rained
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2119 Expansion Joints

The bridge deck expansion joints were reconstructed when the bridge deck was rehabilitated At
the time of inspection the seals were gnt and sand filled A section of each seal was cleaned and
inspected Generally the self cleaning seal arrangement appeared to be functioning properly and

In good condition

At the downstream end of the east abutment expansion joint a crack extends from the joint to the
adjacent corner This appeared to be caused by binding of the seal applying excessive force to the
concrete Across the roadway the expansion joint at the central pier appeared to be functioning
properly as there was no evidence of leakage or corrosion on the underside of the deck at the

bearing seats At the curb level an attempt to repair the joint using large amounts of caulking was
noted

At the sidewalk and curb levels several of the expansion joints showed signs of distress and
repeated attempts to properly seal the jont using large amounts of caulking At the west side
expansion joint above the central pier a section of concrete has spalled away from the curb at the
joint which has been caulked extensively in an attempt to repair the deteroration as shown in
Photograph No 4

Also at several locations where expansion joints crossed sidewalks at the abutments the cover
plates had been lost and the resulting exposed joint had been sealed with urethane caulking
Attempts to remediate the poor performance of expansion joints at curbs and transitions with large

amounts of caulking have had limited success
21110 Conduit Access

At the time of the inspections the access hatches at each abutment had been sealed by fillet
welding the hatch cover to the frame The oniginal arrangement was to fasten the hatch to the frame
with countersunk screws Weldments were used to prevent unauthorized access to the rocker
bearings In general the hatches and frames were moderately rusted although no pitting was noted
The protective coating had completely falled and the hatch and frame were subject to weathering

The condition of the hatch interiors and intenor frame components was not accessed
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212 Central Pier

The Central Pier of the Floodway Inlet Control Structure consists of a hollow concrete pier which
supports the bridge spans and the Control Centre (shown in Figures 1 and 2) Just below the
bridge deck the central pier contains the Machine Room which houses all the controls and pump
machinery for the Structure At the downstream face of the Central Pier an observation platform
extends from the rear of the Machine Room Below the observation platform and Machine Room
are three vertical shafts Two of the shafts are for the main gate hydraulic cylinders and for access

Into the main gates The other shaft acts as a sump pit and contains pumps and other equipment

2121 Control Centre

The Control Room roof Is constructed using a 4 ply bituminous built up roofing with a protective
aggregate covering The roof did not show evidence of leaks based on the lack of stains or marks
on intenor cellings Inspection of the roof showed 1t to be in good condition with some loss of
aggregate cover due to wind action along the north roof edge The flashings all appeared in good

condition and are securely fixed to the underlying concrete

Roof penetrations consisted of a plumbing stack vent and what appeared to be the vent cover for
the bathroom ventilation fan The penetrations appeared in good condition and only the plumbing

stack vent had a minor amount of corrosion

The intenior finishes in the Control Room appeared in good condition with no noticeable defects The
infill panels used to replace windows were also in good condition All the windows n the Control
Room were Intact and uncracked The operable windows were also In good condition The
expanded metal mesh used to protect the remaining windows had a small amount of rust staining

suggesting the onset of coating failure

The floor also appeared in good condition with all ceramic tile In good condition and firmly bonded
to the concrete floor Above the Control Room door a diagonal crack onginated at the east upper

corner and extended up to the celling The crack had been painted over and did not appear active
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The exterior of the Control Centre facing the river appeared in good condition with no obvious
deterioration or damage The rear exterior wall facing the roadway has been graffitied repeatedly
and subsequently repainted to cover the vandalism This is shown on Photograph No 5 where
graffiti ies overtop the recently repainted wall Operating staff indicate that this 1s an ongoing

problem occurring on all parts which can be reached by arm s length

Despite the vandalism of the building exterior 1t appeared in good condition The concrete walls

were essentially uncracked and showed no deterioration

The exterior door to the Control Centre has been the subject of repeated vandalism and has been
repaired and upgraded several imes At the time of the inspection the deadbolt lock and handset
had been damaged using a rock as a instrument In an attempt to break the locks open The

deadbolt was undamaged however the handset had been bent out of place

The condition and performance of washroom and water supplies are discussed In Section226 3

2122 Machine Room

The interior finishes of the Machine Room appeared in good condition Some cracking in the
concrete walls adjacent to the windows was noticed aithough this does not appear to have been

the result of local deterioration or structural movements

The celling of the machine room was insulated with ngid closed cell foam insulation fastened with
mechanical fasteners Onginally the celling was uninsulated The foam insulation i1s not In
conformance to the current building code requirements which require plastic foam products to be

protected from open flames by a suitable flame spread barner such as drywall

The ceilling adjacent to the Machine Room roof hatch was stained with rust and at the time of the

inspection water was dripping from the ceiling and hatch The condition of the hatch 1s discussed
below in Section21 27
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The lifting loops installed in the roof slab above the machine room consist of 20 mm (0 75 ) diameter
reinforcing steel bend into a loop approximately 150 mm (6 ) in diameter The steel appeared to be
in good condition The condition of the steel and concrete above the foam insulation could not be

assessed as the foam was mechanically fastened to the concrete and was not removed

2123 Cylinder Pits

Both cylinder pits where inspected visually The condition of the ladders and platforms are discussed
below The concrete was inspected visually and appeared in good condition Several construction
joints had opened shghtly with some secondary cracking Some accumulation of calcite at

construction joints at lower levels within the cylinder pit was observed

Some spalling of the concrete adjacent to a vertical construction joint was identified The concrete

walls appeared in good condition with no cracking apparent

2124 Sump Pit

The ladders and platforms are discussed below As with the cylinder pits several horizontal
construction joints were open shightly and had builldup of calcite below the joint No cracking was
noted Photograph No 6 illustrates a construction joint within the sump pit which has significant

buildup of calcite from the leaching of carbonates in solution along the joint

2125 Downstream Observation Platform

The original use of this platform area on the downstream face of the pier was for access to cylinder
pits by operating staff and observation of niver flow behind the Control Structure Presently the
platform gate is left open during operation of the Floodway to allow the public to use the platform

for watching the nver flow over the gates Figure 2 shows the location of this downstream platform

The deck consists of a senes of precast concrete panels equipped with recessed lifting lugs Many
of these recesses are filled with grit and dirt and do not drain freely as intended The floor panels
joints are unsealed which results in runoff from the platform passing through the joint to the pier

interior This appears to be the cause of the corrosion of embedded steel members
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The concrete slabs and deck are in good condition with only some minor cracking at curbs The

handrail and stairs to the platform are discussed in Section 216 2

2126 Roadway

The roadway above the central pier 1s discussed as part of the discussion on the condition of the

bridge deck

2127 Hatches

The hatches on the central pier consist of a frame with a drainage trough embedded into the
concrete A hinged checker plate hatch with welded channel stiffeners on the underside of the plate
makes up the rest of the hatch The hatches are locked with padiock loops mounted on one side
of the hatch The hatches over the cylinder shafts are a two piece design The drainage trough
around the frame drains directly through the stab At the time of inspection the hatch cover plates
were moderately corroded with more senious corrosion on the intertor members The drainage

troughs were partially filled with dirt and gnit and were also seriously corroded

The hatch above the Machine Room appears to have been permanently sealed It presently shows
significant corrosion and leakage At the time of the inspection water was dnipping from the framing
of the hatch and the machine room ceiling adjacent to the hatch as shown in Photograph No 7
inspection of the hatch from the roadway indicates that it 1s not properly sealed and 1s significantly
corroded It was not possible to open the hatch and inspect the condttion of the frame The interor
face of the hatch had been covered over by a sheet of plate suspended in place by a bolted in

frame This interior plate and support frame were in good condition with very little rust staining

2128 Platforms and Ladders

The onginal protective coating on handrails and platforms has failed in most locations and most
metal components are corroded to some extent Photograph No 8 ilustrates the extent of the
corrosion This included embedded components and anchors Al platforms and ladders are shown

on Figures 1 and 2
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The condrition of ladders and nterior platforms In the cylinder and sump pits vary significantly
depending on elevation The platforms and ladders near the top of the pits are generally in good
condition with only moderate corrosion of some components Platforms at lower levels are seriously
corroded and several have reached an unsafe condition as shown on Photograph No 9

Photograph No 10 shows the underside of a bar grating platform which has corroded significantly
and subsequently falled when operating staff stepped down onto it The platform has been

temporarily repaired by placing a sheet of plywood over the platform

The ladders to not extend to the underside of the hatch covers which makes ingress and egress
from the ladders awkward The relative position of the ladders near the center of the hatches also

increases the potential for fall or injury

The arrangement and spacing of ladders cages handraills and platforms appears adequate for fall
protection and for ease of access Several areas within the cylinder pits and sump pit were not
accessible as there are no platforms Access to the hydraulic cylinder piping 1s accomplished by
placing planks from the adjacent platform to the top of the guide slot Maintenance and inspection

must then be done off these planks As a result close and regular inspection i1s not normally done

213 Abutments

Both earthfill embankments on either side of the Structure are retained by the Abutments An
upstream and downstream retaining wall contain the earthfill embankments and protect them from
erosion Each abutment also supports one end of a bridge span At the top of each abutment two
parking spots exist for operating staff and to allow access through hatches to equipment within the
Abutments Within the abutments are the bulkhead gates trashracks and main gate hydraulic
cylinders The interior of the Abutments consist of a series of interconnected chambers for access

and equipment operation
2131 Bulkhead Gates
The bulkhead gates allow the control of water inflow into the main gate interiors During operation

of the main gates upstream water 1s allowed to enter the gate interior to reduce hydraulic forces on

the gate The bulkhead gates are closed and sealed to permit dewatering of the gate interiors
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A temporary plywood seal has been used by Operators for additional sealing of the inlet opening
This may be the consequence of an accumulation of debris or silt on the sill beam or within the gate

guide

At the time of inspection only the west gate could be raised sufficiently to be inspected in detail The
gate was In very good condition overall The coating system had failed in only a few locations with
only light rust on the metal The skinplate did not appear pitted or damaged The seals were In good
condition with only some minor permanent deformation on the seal bulb These deformations
appeared to be less than 1 mm (0 04 ) deep No lower sill seal was visible A review of available

drawings indicate there 1s no lower seal

The gate interior was filled with accumulations of silt It appeared to have been In place for a long

period and has almost completely filled the space between beams

All the gate rollers appeared to be seized in position based on the accumulation of siit on the top
. surface and some indications that flat spots had been worn into the roller (Photograph No 11) It
was not possible to rotate the rollers manually A review of available drawings indicate that the

bearings are a self lubricating bearing

A flat spot had been worn In the bolt heads along the seal bars on the north edge of the gate This
appeared to be ongoing wear from the gate rubbing against the guide as it was raised and lowered
The wear appeared to have removed the stamp marks off the bolt head and worn 1 to 2 mm (0 04
to 0 08 ) of metal off

2132 Bulkhead Gate Guides
Direct inspection of the gate guides was not possible The guides appeared in good condition with

no indication of significant corrosion or wear It may be implied from the wear on the seal bar bolts

that a corresponding amount of wear may have occurred in the gate guides
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2133 Trashracks

A removable trashrack ts upstream of the bulkhead gate to prevent the inflow of large objects into
the gate interior The trashrack consists of a steel frame with vertical bars forming a grating The

trashracks are installed in a slot to allow removal using a chain hoist

During the March 1996 inspection the trashrack was briefly inspected visually from outside the

abutment It appeared in good condtion and undamaged

During the July 1996 inspection the trashracks were not inspected as the chain hoists were not
functioning correctly and 1t was considered unsafe to attempt to raise the trashracks without

properly functioning hoists

2134 Trashrack Guides

Direct inspection of the trashrack guides was not possible The guides appeared in good condition

with no indication of significant corrosion or wear

2135 Cylinder Pits

The cylinder pits are shown in Figure 2 Photograph No 12 iilustrates the general state of corrosion
of the anchors on the abutment cylinder supporting bridges The head frame on the east abutment
cylinder had one anchor clearly failed due to corrosion while the other visible anchor was suspect

due to the extensive corrosion

2136 Hatches

The hatches on both abutments appeared to be very corroded and in poor condition The use of
deicing salts on the roadway and over the parking areas has resulted in more corrosion of
embedded components and hatch components than at the central prer Inspection of the hatch at
the southeast parking area showed that the internal hatch members had been seriously corroded

cleaned and repainted Several members were very thin and had complete penetrations due to

corrosion
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2137 Ladders and Platforms

The upper ladder and platforms in both abutments were moderately corroded This appeared to be
caused by the use of deicing salts on the parking areas and roadway above The runoff then

accumulated around hatches and drained into the abutments

The conditions were similar to other ladders and platforms which vary with elevation Several lower
platforms had loose bearing bars and were in poor condition It was noted that large pieces of rust
were breaking off the platforms as they were being walked on by inspectors For example the
bearing bars on one platform deformed permanently under the weight on one person This was

immediately identified to operating staff as a safety nsk
2138 Upstream Retaining Walls

The upstream retaining walls were inspected visually on those portion that were accessible without
a boat Photograph No 13 illustrates a tension crack at the radius in the upstream retaining wall
The crack has uniform width through the thickness of the wall The crack appears to extend down
for several feet from the top of the wall It was not possible to determine how far the crack extended

down This crack appeared on both upstream retaining walls at the same location

2139 Structural Concrete

The concrete appeared in generally good condition with some cracks and i1solated spalling A
significant area of concrete spalled off the outside face of the east abutment above the bulkhead
gate inlet The spall is estimated at being 75 mm (3 ) deep 400 mm (16 ) wide and 400 mm (16 )

high In addition a smaller area had spalled away below the above area

On the north face of the west abutment a construction joint has opened up to approximately 20 mm
(08) in width This does not appear to be caused by structural movement but rather by the
detenoration of soft or improperly placed concrete

A vertical crack was visible on the downstream portion of the abutment walls where the top surface

of the wall becomes horizontal This crack 1s not uniform but does appear to start at the top of the
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wall and go vertically to the water surface The crack appears at approximately the same location

on both abutments Photograph No 14 shows this crack on the west abutment
21310 Parking Areas

Four parking areas exist over the abutments and are large enough for one vehicle at a time
Generally the southeast parking spots are used by Operating Staff during the operation of the
Control Structure They are also used regularly by the public The condition of the deck and curbs
are similar to the condition of the curbs and deck on the bridge Although drainage pipes have been

installed at the curbline It appears that all drainage enters the abutments through access slabs and

hatches

The corrosion of reinforcing steel along the curbs and sidewalk has resulted in pop outs and

staining of the concrete similar to the sidewalk
2131 Transformer Pad

The transformer pad consists of a monolith concrete slab and surrounding walls directly adjacent
to the west abutment and the roadway The slab 1s partially undermined along the north east edge
Erosion of rockfill appears to have caused the formation of a cavity below the slab (Photograph No
15) The cavity appeared to be at least one meter under the slab and 1 2 meters wide at its widest
The slab appeared to have been onginally cast in place against the rockfill and was now partially

unsupported A review of available drawings did not identify the foundation type or construction

214 Main Gates

The Floodway Inlet Control Structure main gates consist of two hinged steel bottom Iift gates Each
gate segment 1s hinged on a series of trunnions and s raised out of a recess Iin the foundation by
hydraulic cylinders Each gate has a planar upstream skinplate and a downstream curved skinplate
The penimeter of the gate has bulb seals to control inflow and the outflow of water during operations
ordewatering On the face of the Central Pier and the Abutments embedded mild steel plates have

been installed to act as shding surfaces for the seals
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Inspection of the main gates were conducted by divers working over the gate upstream skinplate
and seals in preparation for the March 1996 dewatering and the internal inspection of the gate
interior during the dewatering of the gate in March 1996 The results of these two Inspections are
contained in the interim report prepared by KGS Group and can be found in Appendix D As well
the gate was Inspected during the raising of the gates on July 24 and 25 1996 during an overall
detailed site inspection This inspection allowed observation of the condition of both the upstream
and downstream skinplates protective coatings and to a imited extent the seals The results of

the July 24 and 25 1996 observations are summarized below

2141 Seals

Rubber seals have been used around the perimeter of the main bottom Iift gates to maintain a
watertight seal both to permit dewatering of the gate interiors for repairs and maintenance and to
contain water during operation of the gates Direct inspection of the seals has not been possible

without the complete dewatering of the entire main gate bay

A number of methods were used to assess the condition of the seals In place The first method was
by direct observation by divers working on sealing the gate seals prior to the March 1996
dewatering and inspection During dewatering for inspections it was clear that the seals do not
function as per therr design intent  As a result of previous Inspections and operational practice it
has been concluded that the seals cannot be used to dewater the gate and that divers are required
to seal the gate The results from the divers inspections and dewatering procedures are included
in Appendix D As well the seals were assessed by observation of the air and water leakage and

water flow patterns while the gates were being raised and lowered

The third method was visual during the raising of the gate above water level during the July 1996
inspection During the operation of the gates on July 24 and 25 1996 there was a very obvious
flow of water from the downstream seal while the gates were raised This implies substantial
leakage through the seals erther from damage to the seals themselves or from debris jammed

between the seals and gate preventing a proper seal

KGS Group 16 February 1997



Department of Natural Resources
Red River Floodway Inlet Control Structure

Inspection and Assessment Report File No 96 311 01

2142 West Gate

As the west gate was lowered back into its recess air was observed escaping from the side seals
of both gates as shown in Photograph No 16 The west gate also had air escaping from a series
of holes through the downstream skinplate just below the trailing edge of the upper skinplate The
holes appeared to follow a regular pattern at approximately every 600 milimeters (24 ) The west
gate also had a significant amount of air escaping from the upstream side seal near the axis of gate
rotation There was also a release of air near the downstream seal immediately adjacent to the pier
and abutment seal plates This release of air while the gate was being forced downwards suggest

that the seals have deteriorated significantly or are unable to seal due to debns

2143 East Gate

The east gate had been retrofitted with a rubber flap and clamping plate along the trailling edge of
the upper skinplate The intent of this retrofit was to protect the downstream seal from debns The
protective rubber flap was found to be torn sections missing and generally uneven and nippled

when the gate was raised on July 24 1996

Some lighter coloured gravel or debns was visible in the gap between the upstream skinplate and

the seal plates mounted on the abutment and pier These rocks appeared jammed between the gate

and the abutments and pier The accumulation of gravel and silt within that gap was also confirmed

by the divers dunng their earlier inspection

2144 Seal Heaters

Seal Heaters were not inspected due to lack of access The heaters must be accessed by removal

of the seal assemblies The condition of the elements are discussed separately in Section 2 3

Electrical Systems
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2145 Skin Plates

The upstream and downstream skinplates were inspected visually during the July 24 and 25
operation of the gates Visual examination (via telephoto lens of video camera) of the upstream
skinplate suggests that the plate I1s deformed inward shightly between each internal support This
may be the result of local bending caused by ice and debris impact during spring floor operation
The upstream skinplate also showed some significant loss of protective coating and corrosion
within those areas The corrosion appeared as an extensive pitting especially along the edges of

the gate as shown in Photograph No 16 This appeared clearly on video recordings of the skinplate

The downstream skinplate has varying degrees of corrosion At both the upper and lower edge the
protective coating appears intact while the mid portion of the downstream skinplate i1s fairly
uniformly corroded Also on the downstream skinplate are several abrasion marks which are
caused by debris jammed in the seals rubbing against the gate as it 1s operated Photograph No
17 shows the general state of corrosion of the downstream skinplate and the wear pattern caused
by debris caught in the seal assembly below the water ine This piece of debris was partially visible
when the gate was breaking above the water surface It was also confirmed by the earlier diver s

report which described it as a street sign

The different states of corrosion may be the result of scouring and rapid flow over the upper
skinplate while the downstream skinplate 1s subject to slow possible neglgible flow over it when
the Gate 15 not in operation The downstream skin plate 1s subject to rubbing and wear from
trapped debns This may result in distinct corrosion mechanisms and deterioration of the coating
system

2146 Internal Structure

During the March 1996 inspection the protective coatings and steel members were found to be in
good condition An examination of member thickness confirmed that there was no apparent metal

loss due to corrosion The condition of internal members Is discussed In the Intenm Inspection

Report found in Appendix D
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2147 Trunnions

Due to the location of the trunnions and post tensioned anchors it was not practical to inspect
these components Due to the condition within the gate and the difficulty in dewatering the entire
gate Inspection by divers will not provide a visual condition and may not identify deterioration and
fallure

Dunng the 1986 cofferdamming and dewatering of the main gate the trunnions were inspected and
found to be in good condition however a detailed inspection Is necessary to adequately assess

their condition from inside and below

21438 Pier and Abutment Seal Plates

The seal plates were inspected visually from the water surface to the top of the seal plates
Generally the plates are in good condition Some wear from the movement of the seals against the
plates i1s visible Only the west abutment plates shown any significant loss of protective coating or

wear A bare portion of steel is visible at the top of the gate travel on the west abutment seal plates

On all margins of the pier and abutment seal plates there 1s evidence of concrete spalling away
from the edge of the seal plates This concrete consists of the last pour places behind and around
the plates durning installation The loss of concrete does not appear to affect the operation of the

gates

Photograph No 18 illustrates the wear on one of the seal plates and the loss of secondary concrete
adjacent to the seal plate edges

2149 Maintenance Access

The access Into the gates is presently very difficult and potentially unsafe due to the significant
accumulation of silt within the gates The accumulation of silt and the difficulty in dewatering the
gates has permitted very little or no maintenance within the gates The procedures required to enter
the gate during the March 1996 inspection are described In Appendix D
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During the March 1996 inspection the silt had accumulated to a depth of 1 2to 1 8 meters (40 6
ft) within the gate recess which required the use of inflatable flotation devices to gain access into
the gate recess It Is also not possible to reach the underside of the upper skinplate as there are

no access platforms or ladders Installed on the gate intenor

Also there are no provisions for ventilation of the gate interiors during inspection or maintenance
During past inspections and maintenance oxygen levels were tested and found to be acceptable
however current Workplace Health and Safety requirements may require a fresh air supply into a

confined space such as the gate interior

215 Adjacent Earthfill Dams

The Fioodway Inlet Control Structure 1s bounded on either side by earthfill dams or dykes Each s
constructed from a layered system of impervious clay and granular material layers The outer face
of the dams are protected from erosion by large boulders and rip rap Along the crest of the dam

an asphalt paved road and shoulders have been constructed

The inspection of the dams consisted of a visual inspection by walking along the roadway and toe
of each dam Although outside of this study terms of reference 1t is included for future reference
A detailed discussion of downstream erosion is contained in KGS s 1995 report entitted Red River

Floodway Inlet Control Structure Erosion Study

2151 Roadway

The existing approach roads consist of bituminous asphalt pavement on compacted granular
matenal An inspection of the road surfaces indicates that the pavement i1s in good condition and
Is not suffering from detenoration associated with poor drainage or subgrade material The

pavement does have some cracks which have been sealed with bitumen

2152 Drainage

Runoff from the roadway tends to occur as sheetflow as the road 1s uniformly crowned Once the

water reaches the shoulder the flow begins to transform in rill flow and to a imited extent to
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gullying Gullying is very evident at the abutments where flow from the abutment slab and roadway
spill off the pavement to a steep slope of granular material (Photograph No 19) Runoff elsewhere

on the dykes does not appear to cause gully formation or ponding
2153 Roadway Erosion Protection

The outer face of the earthfill dykes are protected with varying sizes of granular material Larger
cobbles and boulders have tended to prevent erosion and retain and control a significant amount
of runoff As noted above some gully formation has occurred adjacent to the abutments In this
case poor placement of large cobbles or boulders may have resulted in the exposure of finer
erodible matenal A significant component of erosion on both the upstream and downstream faces
of the dykes has been due to the action of people walking up and down the slope along certain
pathways Granular matenal has been displaced and the smaller erodible matenals remains
exposed This Is especially evident on the downstream faces where many people use the abutment

retaining walls for fishing locations
216 Public Secunty

A number of areas were identified as potential isks to the Public who use the Structure and Bridge
for various purposes It is common for the Inlet Control Structure to have a large gathering of people
on and around it while the gates are raised and the Floodway 1s In use The surge and rush of water

Is a particuiar attraction and many people gather on abutment walls sidewalks and the central pier

platform to observe the water
2161 Vertical Drop at Abutment Walls

The abutment retaining walls pose a potential safety hazard for people In these areas particularly
dunng operations the surge of flood waters i1s high The drop off the walls to still water 1s as high
as 6 m (20 ft) while at the toe of the dyke slope a 3 m (10 ft) drop off to rocks and water below

exists The rock and gravel covered slope also makes this area dangerous for sight seekers

KGS Group 21 February 1997



Department of Natural Resources
Red River Floodway Inlet Control Structure
Inspection and Assessment Report File No 96 311 O1

2162 Handrails and Stair to Downstream Observation Platform

The stairs from the bridge sidewalk to the Central Pier platform 1s constructed of open smooth
surfaced gratings The handralls have balustrades at approximately 09 m (3 ft) centers The
handrail around the platform also consists of a smooth pipe handrail with balustrades at 1 8 m (4

ft) centers

2163 Sidewalks on Bridge

The sidewalk width on the downstream side of the bridge 1s 0 7 m (2 3 ft) which does not make
accessible for wheel chairs cyclists or for two pedestrians to pass each other without stepping onto
the roadway The width of the upstream sidewalk 1s 1 3 m (4 3 ft) After heavy snowfall the

sidewalks are generally not cleaned to a passable condition
2164 Traffic Barrier Curb

Presently the sidewalks are directly adjacent to the roadway separated only by a difference In
elevation of 270 mm (105 ) There is a potential for injury to pedestrians from projections on a

passing vehicle or from a vehicle losing control and traversing the sidewalk

2165 Lighting

In general lghting on and around the Structure 1s minimal Bridge deck lighting 1s provided by two
street luminaries while secunity ighting 1s provided by three small vandal resistant fixtures mounted

adjacent to doorways

2166 Warning Signs

At the time of inspection the only signage visible were speed control signs above the water which
had been damaged In previous flood events The change In flow speed depth of channel and the
potential nsk dunng the operation of the gates 1s not identified as a danger to the public Also there

1S no warning to the public of the danger of water surge and turbulence downstream of the Structure
near shore
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2167 Warning Lights on Upstream Face

Although the Red River and Floodway are considered dangerous waters during flood events there
is a potential for water craft to operate on either waterways during floods As such there i1s no visible
warning that the main gates are raised and the resulting drop in water level and turbulence present
Floodlights used during operation of the Control Structure may not provide sufficient visible warning

of the danger

217 Facility Secunty

The Floodway Inlet Control Structure 1s a fundamental component of a flood protection system
which has prevented extensive flooding and damage since its construction Being such a wvital
component of the system the protection of the Structure is considered essential As with most public
bulldings especially in its 1solated location 1t has been subject to vandalism and malicious damage
Several systems are essential for its ongoing protection which include locks lighting security

systems and especially staffing of the Structure by Operating Personnel

The inspection of these components was done by visual inspection and through conversations with
Operating Personnel on site during the inspection Operating personnel identified many ongoing
problems with vandalism and damage

2171 Hatch Locks

Through discusstons with operating staff and dunng the inspection of the Structure the vandalism
of locks on hatches i1s very frequent Vandalism ranges from complete destruction and removal of
the lock to gain entry into the Cylinder Pits or the abutment Gate Chambers to spray painting of the

locks Often damaged locks must be cut off the access hatches to permit inspection and
maintenance

Operating staff indicated that locks were replaced at a rate as high as two per week Conversely

long time periods would elapse without vandalism
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2172 Door Locks

At the time of the inspection the Control Centre door dead bolt lock and door knob had been
vandalized The damage consisted o bending the door knob and attempting to break the dead bolt

with a rock

Locks originally installed on the Machine Room doors had been abandoned due to repeated
vandalism and unauthorized entry The locks have since been abandoned and replaced with keeper

bars with anti ifting pins removable only from the interior

2173 Protection of Operators

Presently the operating staff use the Machine Room to operate the Structure and use the Control
Centre to escape from the machinery noise and to perform other duties Operators have limited
visibility of the Structure from the Control Centre windows Many windows have been replaced in

the past by plywood panels to reduce damage by vandalism

Presently wvisitors to the Control Centre enter via the roadway door by knocking to get the attention
of the Operators The Operators have no means of determining who is on the opposite side of the
door and must unlock and open the door to acknowledge visitors The incidence of forced entry into
occupled buildings raises the potential for malicious operation of the Structure regardless of the

presence of operating staff

Operators described several instances in which windows or panels had been pierced with bullets
Although the intent is not likely focused at the Staff the potential for injuries exist Consequently
there 1s potential nsk to the Operating Staff during the long period of time they occupy and operate
the Structure

2174 Protection of Power Supply
Presently the transformers are protected from vandalism and malicious intent by standard padlocks

and the protective casing supplied with the transformers At the time of the inspection the

transformers had been painted with graffiti but not physically damaged
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Operating staff indicated that physical damage and intrusion into the transformer casings had not
occurred In the past This may be due to the perceived danger of electrocution which may result
from intrusion Malicious damage to the transformers may occur regardless of perceived danger if
the intent 1s to disable the transformers This may result in the inability to raise and lower the main

gates until the emergency power supply I1s connected

2175 Prevention of Malicious Operation

The Floodway Inlet Control Structure 1s staffed continuously every Spring and at other times when
river levels may require operation of the Floodway Despite being staffed continuously staff are
required to leave the structure at regular intervals to conduct water level measurements and

inspection other duties

As orniginally designed full control of the Structure 1s possible from within either the Machine Room
or Control Centre Although raising of the gate will result in the raising of upstream water levels and
the reduction of flows downstream significant damage can result if the gates are lowered during a
flood event Presently there are no controls or procedures that may prevent such intentional

lowering of the gates

218 Dewatering Methods

Since the original construction the ability to dewater and maintain the gates fiom the nteror has
continued to deteriorate as equipment and seals deteriorated or were damaged Recently only two
methods have allowed dewatering of the gate intenors and only one method has allowed complete
dewatering The first method required extensive work by divers while the second method occurred
naturally as an extremely low river flow year during which the water levels in the Red River were
low enough to permit the construction of sandbag dykes upstream and downstream of the lowered
gate This occurred in 1986 Both methods are discussed below
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2181 Diver Placed Seals and Caulking

If routine maintenance or emergency work ts required on the gate interiors divers must be used to
form seals between the Structure and the skinplates By working during winter under the 1ce divers
must install and maintain temporary seals using ethafoam gasket rods oakum and lengths of pipe

to seal the gate in place This was required for the March inspection of the east gate interior
2182 Sandbag Dykes During Low Water Levels

In 1986 the rate of flow in the Red River dropped to a significantly low level which was sufficient
to allow a sandbag dyke or cofferdam to be constructed upstream and downstream of the east main
gate This method was dependant on the weather and permits the closure of only one gate at that
time

22 MECHANICAL SYSTEMS

Inspection of the Floodway Inlet Structure mechanical components proceeded on a mechanical

systems basis The systems included the following

main gate hydraulic hoisting system
bulkhead gate and trashrack hoists
dewatenng and desilting system
compressed arr system

cylinder well de icing heaters
building mechanical systems

221 Hydraulic Hoisting System

The east and west flood gates are each equipped with a hydraulic hoisting system Each system
consists of a self contained hydraulic power unit and two hydraulic cylinders with associated piping
and valving The cylinders are located at either end of the gates two in the centre pier and in each
abutment The valving arrangement allows for the east hydraulic power unit to operate the west
gate cylinders and vice versa but under normal conditions the two systems operate independently

Figures 1 and 2 illustrate the general arrangement of the hydraulic hoisting system components
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Inspection of the east and west hydraulic hoisting systems was performed on July 25 and 26 1996
This Included visual inspection of all accessible system components (without disassembly)
operational testing and hydraulic oIl sample analysis Operation of the gates during testing was
performed by MNR personnel Pntchard Machine (Hydra Motion Division) provided services for oll
sample analysis and assistance with inspection items In addition to this inspection operation of

the hydrauiic systems was monitored on April 24 1996 during the spring flood period

The cylinder support guides were considered a part of the hydraulic hoisting system for the
purposes of this inspection The support guides located on either side of each cylinder consist of
| beams fastened and parhally embedded into the shaft walls The crosshead assembly of each

cylinder slides up and down inside the support guides during cylinder motion

2211 Visual Inspection

All accessible components of the east and west hydraulic hoisting systems were visually inspected

for signs of deterioration This did not include disassembly of any system components

Hydraulic Units and Valves

In general the east and west hydraulic power units and valves appeared to be in good condition
with the oniginal paint showing little evidence of deterioration Photos 20 and 21 show general views
of the east and west hydraulic units respectively A slight ol leak occurred at a tubing connection

on the east unit during operational testing (see following section Operational Testing)

Hydraulic Piping

Sections of hydraulic piping accessible for this inspection included piping inside the mechanical
room and inside the cylinder wells  Sections of piping inside the bridge deck were inaccessible and
were not Inspected In addition to testing performed on July 25 and 26 1996 the performance of
the hydraulic hoisting system was monitored on April 24 1996 during the spring flood period
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Hydraulic piping instde the mechanical room Is in good condition similar to the hydraulic units with
oniginal paint intact as shown in Photo 22 The piping in the abutment cylinder wells however
shows evidence of corrosion Photos 23 and 24 show the piping In the east abutment cylinder well
where much of the paint on the horizontal pipes 1s gone and the metal underneath I1s badly
corroded Sections of the west abutment cylinder well piping were replaced in 1994 due to corrosion
related pipe leakage The new piping has begun to show evidence of corrosion as shown in Photo
25 A sheet metal cover has been placed over the pipes in the abutment pier cylinder wells to

protect them from road salt leaking through the bridge deck during the spring
Cyhinders

For the purposes of this inspection the hydraulic cylinders were each divided into two parts the
piston rod and the cylinder barrel Each cylinder barrel was visually inspected down to water level
beyond which the barrel was submerged The submerged sections of the east gate cylinder barrels
were Inspected during the dewatered east gate inspection (Appendix D) and were generally found

to be in good condition

Photos 26 27 28 and 29 the gland areas of the four hydraulic cylinders These pictures were taken
during various stages of the operational tests (see following section) The piston rods have been
coated with a white grease compound as part of a regular maintenance procedure Over time an
appreciable amount of this grease has accumulated at the gland area of each cylinder The grease
was noted to contain flakes of rust which likely has come from corroding structural components in
the cylinder wells (platforms ladders cylinder supporting bridges etc) During raising of the
cylinder barrels this accumulation of grease and rust scale may cause contamination of the gland
wiper and seal and could cause damage to the gland bushing and piston rod surface  The chrome
coating of the piston rods were examined in areas where the grease had been wiped away by the
piston rod wiper In general the surfaces of all four piston rods appeared to be in good condition
with no observable deterioration (see Photo 30) The operators indicated that the procedure of
greasing the cylhinder rods and support guides (see following section) will no longer be performed

under current conditions as access to these components 1s difficult and creates a potential fall

safety hazard

KGS Group 28 February 1997



Department of Natural Resources
Red River Floodway Inlet Control Structure
Inspection and Assessment Report File No 96 311 01

The cylinder barrels were generally observed to be in good condition but there are isolated spots
where the protective paint coating has peeled and the metal underneath has corroded This 1s most
pronounced on the west gate centre pier cylinder (see Photo 31) The cylinders were all inspected
for oil leakage during the operational tests  One slight leak (slow dripping) was observed occurring
at the gland area of the east gate centre pier cylinder (see Photo 32) This leak stopped after about

five minutes

Cyhnder Support Guides

The cylinder support guides have been coated with a white grease compound similar to the cylinder
piston rods During the operational tests (see below) cylinder travel wiped this grease off the guide
beams exposing the metal underneath These metal surfaces appeared to be in good condition
and free from rust (see Photos 30 and 33) As mentioned In the previous section the greasing
procedure will no longer be performed under current conditions because of concern for worker s

safety

2212 System Operation During Spring Flood, 1996

The hydraulic hoisting system performance was monitored on April 24 1996 duning raising of the
east and west gates Reading of pressure and elapsed time were recorded while each gate was
raised from 6 8 m (22 2 ft) to 7 0 m (23 1 ft) Onginal specifications indicate that the gates shouid
raise at a speed of 0 2 m (0 6 ft) per minute Normal and extreme operating pressures are hsted
In the specifications at 7580 kPa (1100 psi) and 10 700 kPa (1550 pst) respectively The following
information was recorded during the operation

The east gate rose at 0 2 m (0 66 ft) per minute taking 1 minute 22 seconds to
complete the raise of 03 m (0 9 ft) The pressure during this time was 8960 kPa
(1300 psi) (The operators later noted that the east gate pressure reached a
maximum of 9650 kPa (1400 psi) at a gate position of approximately 26 ft)

The west gate rose at 0 18 m (0 6 ft) per minute taking 1 minute 30 seconds to

complete the raise of 03 m (0 9 ft) The pressure during the raise was 5860 kPa
(850 psi)

The operators noted that between the intermittent gate raises the east gate tended
to lower slightly about 60 mm (0 2 ft) in a 24 hour period Figure 35 shows the flow
of water over the east gate on Aprll 24 1996 The gate positioni1s 7 0 m (23 1 ft)
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2213 Operational Testing July 24 and 25 1996

Operational tests of the flood gate hydraulic hoisting system were performed on July 24 and 25
1996 by raising and lowering the east and west gates one at a tme Figure 34 shows the east gate
near the fully raised position midway through the testing During the tests the following information

was recorded

gate raising/lowering speeds
system operating pressure
hydraulic unit electric motor current draw

In addition to the above data occurrences of excessive noise or vibration in the machinery were
noted As part of the operational tests the relief bypass setting of each hydraulic unit was checked
by running the unit with the supply shutoff valve closed Calibration gauges were used to check the

accuracy of the hydraulic unit pressure gauges

During the periods of gate testing the waterway around the structure was patrolled by the City of
Winnipeg Harbour Patrol This measure was taken to prevent boat traffic from inadvertently

colliding with one of the partially raised gates

Gate Raising/Lowering Speeds

Raising and lowering speeds for the east and west gates were determined by monitoring gate
positions at time intervals of 2 to 5 minutes The results of the gate posiion monitoring are
iHlustrated in Graph 1 (Appendix B) which shows plots of east and west gate positions versus time
for raising and lowering The oniginal specifications indicate that gate raising and lowering speeds
should be 0 6 ft per minute and 0 4 feet per minute respectively The following items regarding
motion of the gates are noted

the east gate rose at roughly 0 2 m (0 6 ft) per minute At approximately 60 minutes
it reached a maximum height of 11 4 m (37 5 ft) at which point the position imit
switch stopped the hydraulic power unit motor

The west gate rose at the same rate as the east gate 0 6 feet per minute for the first
30 minutes then slowed slightly to a rate of 0 15 m (0 5 ft) per minute At 1 hour 15
minutes the west gate reached a maximum height of 12 4 m (40 8 ft) at which point
the position imit switch stopped the hydraulic power unit
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The east gate lowered at roughly 009 m (03 ft) per minute which was
approximately 40% slower than its raising speed It took just over 2 hours and 16
minutes to lower the east gate from its maximum height of 114 m (37 5 ft) to a
position of 0 2 m (0 6 ft) at which point the hydraulic unit was manually shut off The
bypass valve on the unit was then opened allowing the gate to lower the remaining
0 2 m (0 6 ft) under its own weight

The west gate lowered at a rate of approximately 0 15 m (0 5 ft) per minute nearly
the same rate as its lifting speed It took 1 hour 22 minutes to lower from 124 m
(40 8 ft) to 0 09 m (0 3 ft) at which point the position imit switch shut the power unit
off The gate was then allowed to lower under its own weight for the remaining
distance

System Operating Pressures

System operating pressures were recorded at the same time intervals as gate position readings

The pressures developed during gate raising and lowering are plotted as a function of time in Graph

2 (Appendix B)

Normal and extreme operating pressures stated in the onginal specifications are

7580 kPa (1100 ps1) and 10 700 kPa (1550 psi) respectively The following are notable items

regarding system pressures

The east gate hoisting system ran at approximately 6550 kPa (950 psi) at the
beginning of the raise The pressure increased gradually to a maximum value of
8750 kPa (1270 psi) at a gate position of 80 m (26 5 ft) The pressure reduced
shightly and remained relatively constant at 8540 kPa (1240 psi) for the remainder
of the raise This pressure Is siightly (5%) less the operating pressure observed on
April 24 1996 (see previous section)

The west gate system generally ran at pressures 1030 kPa (150 psi) higher than the
east gate system during gate raising The west system pressure began at 7480 kPa
(1100 pst) and gradually increased to 9650 kPa (1400 psi) at a gate position of 6 2
m (20 4 ft) where it remained relatively constant for the remainder of the raise  This
pressure Is significantly (65%) higher then the west gate pressure observed on April
24 1996 (see previous section)

During gate lowering east gate system pressure ran at a constant 350 kPa (50 psi)
The west gate system ran at a relatively constant pressure of 1380 kPa (200 pst)
The higher pressure In the west system explains why the west gate lowered at a
faster rate The reason for the low pressure In the east gate system during gate
lowering cannot be explained with certainty A possible explanation 1s malfunction
of the east hydraulic system directional valve which controls the direction of
cylinder operation
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Pressure Rehef Bypass Setting

The pressure relief bypass settings for the east and west hydraulic units were checked by operating
each unit with the supply line 1solation valve closed The resulting pressures were 9990 kPa (1450
psi) for both the east and west units  During this test a calibrated pressure gauge was temporarnily
installed on each hydraulic unit to check the accuracy of the unit gages Each gauge read within
350 kPa (50 psi) of the calibration gauge which i1s considered an acceptable level of accuracy for

gauges of this pressure range
Motor Amperages

Motor amperages were recorded at the same time intervals as position and pressure measurements
during the operational tests Graph 3 (Appendix B) illustrates motor amperages as a function of
gate position for gate raising and lowering In general the peak amperages during gate raising were
93 to 97 percent of the motor rating (20 5 A) The motors were therefore operating at nearly 100%

of their capacity dunng the gate lifts During gate lowering amperages ran at approximately 50
percent of the rated value

Machinery Noise/Vibration

Both the east and west hydraulic unit pumps intermittently produced a sharp knocking sound during
raising and lowering of the gates This was presumably caused by air bubbles in the system
passing through the pumps The knocks typically repeated every few seconds at imitial pump
startup then became less frequent occurring once every 1 to 10 minutes throughout the test

2214 01l Cleanliness Analysis

O1l samples were taken from the east and west hydraulic unit reservorrs for cleanliness analysis
The analyses were performed by Prnitchard Machine and the analysis reports are included in
Appendix C In brief the oll samples from both hydraulic units were found to have acceptable
cleanliness ratings for hydraulic oll as determined using the Pall Filtration method In this
procedure the oll sample i1s passed through a filter paper which 1s then examined under

magnification The oil cleanliness 1s determined according to the number of contaminant particles
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observed on the filter paper One notable comment is that the oil taken from the east hydraulic unit
contained a significant amount of silica particulate This may be due to inadvertent contamination
caused by wiping internal components with paper towels or rags The source of the silica

contamination in the east unit should be 1dentified

22 2 Bulkhead Gate and Trashrack Hoists

The east and west bulkhead gates and trashracks are located in the abutments of the Floodway
Inlet Structure as shown in Figures 1 to 3 The function of the bulkhead gates 1s to equalize the
hydrostatic pressure on the flood gates by allowing upstream water to flow into the flood gate
recesses during raising of the gates The trashracks which are located immediately in front of each
bulkhead gate prevent floating debris from entering the bulkhead gate water passage The

trashracks are each lifted by means of a manual block and tackle chain hoist

Each of the bulkhead gates weighs approximately 1360 kg (3000 Ibs) and is lifted by means of a
wire rope hoist with a four part reeving arrangement Each hoist is made up of the following main

components

5 hp electric motor

shafting and couplings

pivoted shoe drum brake

8 37 1 gear reducer (small reducer)

73 1 gear reducer (large reducer)

wire rope drum 400 mm (16 ) pitch diameter (approximate field measure)
wire rope 20 mm (0 75 ) diameter (approximate field measure)
sheave block

equalizer sheave

position indicator

positton hmit switch

slack rope mit switch

Photo 36 and 37 show a general views of the east and west bulkhead gate hoists respectively

Figure 4 schematically illustrates the general arrangement of the bulkhead gate hoist components
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2221 Visual Inspection

Inspection of the east and west bulkhead gate and trashrack hoists was broken down according to
the hoist components In general rust is evident to varying degrees on all the components located
on the host platform Review of the Drawings and Specifications revealed that the hoists were
designed for indoor operation There is evidence however of significant moisture leakage into the
hoist chamber from the bridge parking space above Observations of individual hoist components

are included below
Hoist Motor

The bulkhead gate hoist motors appear to be in generally good condition There 1s some rust
evident on the motor housings (see Photos 36 38)

Shafting and Couplings
Surface rust was evident on the shafting and couplings (see Photos 36 37)
Hoist Brake

The brake drum on both bulkhead gate hoists was found to be extremelv rusted to the point where
pitting has occurred on the brake drum surface The brake shoes were also badly rusted Surface

rust was evident on the other brake components (see Photos 36 38)
Gear Reducers

Surface rust was evident on the gear reducers (see Photos 36 38)
Wire Rope Drum

The wire rope drum had been coated with a white grease compound The drum appeared to be In
good condition Some rust was evident on the ends of the drum where the surfaces were not

coated with grease (see Photos 36 37)
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Position Indicator Limit Switch and Slack Rope Limit Switch

The bulkhead gate hoist position indicator system consists of a shaft mounted dial indicator driven
by a small worm gear reducer coupled to the wire rope drum In general these components were

badly rusted on both the east and west hoists (see Photo 39)

The sprocket and chain driven position limit switches on both hoists were not operable as both have

rusted completely off their mounting bases (see Photo 39)

The slack rope limit switches on both hoists were not operable The switch lever mechanisms have

rusted in place

Wire Rope

The wire rope on both bulkhead gate hoists was observed to be in generally good condition with

some evidence of rusting
Sheave Block

The west bulkhead gate sheave block was inspected by lifting the gate partially out of the gain (see
Photo 40) During lifting and lowering one of the running sheaves (the one on the downstream

side) was observed to be stuck and not rotating resulting in the wire rope shiding through the sheave
groove This increases wear and will reduce the life of the wire rope and the sheave Apart from
this the sheave block appeared to be in good condition but a layer of mud on the components
made a detalled examination difficult The east bulkhead gate sheave block was not closely
inspected because the gate was not ifted from the gain the wire rope had previously slipped off
one of the sheaves and became jammed in the sheave block during the lift (see Photo 41) To
avold damage to the hoisting components the lift was not continued past 4 8 m (16 ft) the height

at which the wire rope had become jammed
Equalizer Sheave

The equalizer sheaves appeared to be in good condition
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Trashrack Hoists

The manual block and tackle hoists used to raise the trashracks were found to be intact but

inoperable the block and tackle device rusted and was not functioning properly
2222 Operational Testing

Operational tests were performed on the bulkhead gate hoists by raising and lowenng the gates
while recording hoist speed motor current draw and noting braking speed As noted in the previous
section the west bulkhead gate was able to be raised all the way to the desired level (nearly
complete removal from the gain) while the east gate was not raised above the gain due to the wire

rope becoming Jammed in the sheave block

Operating speeds of the west bulkhead gate hoist drum was observed to be 2 7 rom  This speed
was assumed to be typical of both hoists  The speed remained approximately constant throughout
. the operational test With the four part reeving arrangement the gate travel speed was calculated
to be approximately 1 5 m (5 ft) per minute or one half of the drum pitch line speed This agrees
with the gate speed listed in the onginal hoist specifications During braking in the downward

motion the west bulkhead gate slowed from it s operating speed to rest in approximately 4 seconds

Motor current draw for the east and west hoist motors dunng gate raising were 30 Aand 25 A
respectively The east gate hoist was likely expeniencing a greater load than the west hoist because
of the wire rope nding outside the sheave as noted In the previous section The rated current of
the hoist motors 1s 5 3 A therefore the motors were running at 47 to 57 percent of their rated load

during the operational tests

As noted In the previous section the position limits on both hoists were not operational The
position indicator for the east gate was functioning while the west gate indicator operated up to a
gate position of 2 7 m (9 ft) and then stopped The operators currently estimate the positions of both

gates according to the number of wraps of wire rope on the hoist drums
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During the operation of both bulkhead gate hoists the general noise level emanating from the
machinery seemed to be excessively high This could be a result of poor lubrication in the gear

reducers

2223 Bulkhead Gate Gear Reducer Oil Analysis

The lubricating oil In the large gear reducers of the bulkhead gate hoists were sampled and
analyzed by Pritchard Machine using the Pall filtration method similar to the analysis of the
floodgate hoisting system hydraulic ol  The analysis reports are included in Appendix C In
summary contamination levels in the gear reducer oll samples are beyond acceptable levels The
contaminants which included metal and rust particles may be an indication of internal component
detenoration These contaminants will cause Increased wear of the internal gears and will shorten

the life of the reducers

223 Dewatering and Desilting System

Inspection of the dewatering and desilting systems during the current inspection phase was imited
primarily to visual inspection The dewatering system underwent an operational test during the
dewatered east gate inspection in March 1996 The system was prone to blockage by silt and
debns during the dewatering particularly as the water level in the gate recess dropped to low levels
Otherwise the dewatering pump functioned well For details of this operational test see the
dewatered east gate inspection report (KGS Report May 1996 Appendix D) Piping in the centre
pier dewatering sump was generally in good condition in the upper portion of the sump well but
showed appreciable pitting corrosion at the lower level near the sump water surface The desilting
system Is currently not in operation and much of the system piping has been removed however the
original piping manifold in the mechanical room Is intact and appears to be in good condition (see
Photo 42) The butterfly isolation valves were each checked for range of motion All were found
to be in working order except for valve no 4 (east) and valve no 6 which were stuck in the closed
position
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224 Compressed Air System

The compressed air system consists of two compressors arr receiver and associated piping  The
compressors are each rated for 1 7 m*/min @ 690 kPa (60 cfm @ 100 psi) Inspection of the
compressed air system included visual inspection of accessible components and an operational test
of one of the compressors

2241 Visual Inspection

All components of the compressed air system in the mechanical room appear to be in good
condition (see Photo 43) All isolation valves on the compressor discharge manifold were able to
be turned freely by hand

2242 Operational Test

An operational test was performed on air compressor no 1 by closing the valve on the air receiver
discharge and allowing the compressor to run up to peak pressure A maximum pressure of 760

kPa (110 pst) was reached in 1 minute 45 sec
225 Cylinder Well De Icing System

The bulkhead cylinder wells are equipped with forced air heating systems to prevent ice from
forming around the cylinder barrels during winter The typical system consists of a 5 kw portable
fan heater The heaters were not in place at the time of the inspection as they had been removed
to prevent them from being submerged dunng elevated floodwater levels The fan motor housings
are corroded (see Photo 44) but otherwise the heaters appear to be in good condition as do the
heater mounting flanges and flexible ducting in the abutment surge chambers (see Photo 45) MNR

personnel reported that the heaters operated properly during their last usage
226 Bullding Mechanical Systems

The following Control Structure Building mechanical systems were wvisually inspected and

operational checks were performed where applicable
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heating system
ventilation system
water and septic systems

2261 Building Heating System

The contral structure bullding heating system consists of four 5 kW electric unit heaters In the
mechanical room and one electric unit heater in the control room Each unit heater i1s controlled by

its own thermostat All the unit heaters appeared to be in good condition and were in working order

2262 Ventilation System

The control structure ventilation system consists of an exhaust fan with backdraft dampers and an
air intake louvre in the mechanical room and a bathroom exhaust fan in the control room The
mechanical room fan and intake louvre are manually operated and were found to be in working

order The bathroom exhaust fan is either not functioning or has been removed

2263 Water and Septic Systems

The control structure water supply system includes a submersible well pump hydro pneumatic tank
electric water heater and associated hot and cold water piping The water well 1s located In the
centre pier The accessible components all appeared to be in good condition and in working order

However a sign has been placed in the bathroom indicating that the water 1s not potable

The control structure septic system Is a gravity system with a holding tank beneath the mechanical
room floor and a drain pipe to the river The drain pipe 1s no longer In use due to past problems with
pipe freezing The holding tank 1s penodically pumped out as required  All septic system plumbing

upstream of the holding tank appeared to be in good condition and in working order
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23 ELECTRICAL SYSTEMS

231 General

Westinghouse Service Division was retained by KGS to undertake varnous electrical tests and
perform a thermal scan on various key electrical components Results of their tests can be found
in Appendix E KGS staff withessed the testing and also performed a visual inspection of the

electrical systems

232 Incoming 600V Power Cables

2321 General

Two 600 V feeders bring power into the structure These originate at the secondaries of the Utility s
transformers and terminate at an automatic transfer switch One source onginates at St Norbert
Substation and the other at the Perimeter South Station The cables are direct buried on the earth

bank portion of the run and run in rigid steel conduit embedded in the concrete structure itself

2322 Visual Inspection
As these are direct buried or in conduit visual inspection was not possible Many of the existing
embedded conduits have deteriorated and/or the insulation on the wirnng inside has congealed

to make removal of the wire impossible |t 1s likely that this Is the case with these cables as well

2323 Test Results

The cable insulation was tested with a 1000 V megger with a satisfactory reading
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233 Main Breaker/ Robonic Transfer Switch

2331 General

Two 400A 600 V 3 pole molded case main breakers which are part of a 400 A 600 V
Westinghouse Robonic Automatic Transfer Switch (ATS) assembly form the main service entrance
isolation and protection function The ATS will transfer to an alternate supply if the normal supply

fails

2332 Visual Inspection

The transfer switch i1s 1n good condition with little evidence of rust or corrosion

2333 Test Results

A thermal scan of the ATS including these breakers was performed while a gate was in operation

and no hot spots were found

The breaker overload and overcurrent trip characteristics were tested and were within acceptable

tolerance

The transfer operation was tested and the ATS operation performea as desired

234 Motor Control Center

2341 General

A six section back to back motor control center houses combination magnetic starters and feeder

breakers for the various motors and loads In the structure The motor controf center 1s shown on
Photograph No 46
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2342 Visual Inspection

The motor control center 1s in good condition with little evidence of rust or corrosion

2343 Test Results

A thermal scan of the starters and breakers was performed while the equipment was in operation

and no hot spots were discovered

The insulation on the power wiring to the motors/loads was tested using a 1000 V megger with
satisfactory results of 600 to 1000 meg ohms

235 Motors

2351 General

There are nine major 600 V induction motors In the structure These are generally associated with

the gate hoisting equipment and related auxilaries

2352 Visual Inspection

Motors located In the mechanical room were generally in good shape showing littie signs of
corrosion or wear Motors located on bulkhead gate hoists showed some indication of corrosion and
generally reflect the conditions reported in the mechanical section The dewatering pump motor 1s

part of the submersible pump and was not accessible

2353 Test Results

The insulation of the motors and the associated power cables were tested Polanzation index tests

were performed on motors with satisfactory results

KGS Group 42 February 1997




Department of Natural Resources
Red River Floodway Inlet Control Structure
Inspection and Assessment Report File No 96 311 01

236 Dry Type Transformers

2361 General

There are two dry type transformers in the structure One with 600 120/208 V windings serves the
general lighting and power distribution The other with 600 133/230 V Is associated with the gate
heaters

2362 Visual Inspection

The transfer switch i1s in good condition with little evidence of rust or corrosion

2363 Test Results

A thermal scan of the transformers was performed while the equipment was in operation and

indicated there were no hot spots

The nsulation of the transformer windings was tested using a 1000 V megger with satisfactory

results

237 Panelboard

2371 General

There 1s one 120/208 V 3ph hghting and power panel In the structure which serves lighting and
small power loads The panel is shown in Photograph No 47

2372 Visual Inspection

The panel i1s In good shape showing little sign of corrosion

KGS Group 43 February 1997



Department of Natural Resources
Red River Floodway Inlet Control Structure

Inspection and Assessment Report File No 96 311 01

2373 Test Results

A thermal scan of the panels was performed while the equipment was n operation and indicated

that there were hot spots Breakers 1 14 18 21 & 23n Panel A were all 1dentified as too hot

The insulation resistance of the branch circuits was meggered with satisfactory results with the

exception of circuits 1 8 16 and 26

238 Gate Heating Equipment

2381 General

There 1s one switchgear assembly housing the electrncal protection and control components for the

gate heating equipment and the structure space heating This equipment operates at 133/240 V
grounded wye

Electric trace heating 1s installed on the following areas

On the gate guides of the bulkhead gates

Along the side downstream and upstream seals of the gate bodies to keep ice from
bonding across the gate to the piers

Electric space heating 1s installed in the following areas

In the wells which house the gate hoist hydraulic cylinders

In the balancing duct (concrete passageway which allows the water pressure to equalize
across a raised gate)

In the wells of the wingwall which house the gate hoist hydraulic cylinders

The individual heater feeders are equipped with ammeters These can be used by operational staff

to determine If the heaters are working
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2382 Visual Inspection

Much of the trace heating i1s no longer functional

2383 Test Resuits

A thermal scan of the switchgear equipment was performed while the equipment was in operation
and indicated there were no hot spots  As many of the heater circuits are not functional and hence
not drawing current this test 1s not as thorough as anticipated

The ammeter circuits (current transformer and meter) were checked and found to be accurate

The heat tracing circuits were checked for continuity and insulation resistance and generally falled

Details are shown in Westinghouse s report

239 UnitHeaters

2391 General

There are six unit heaters for space heating located in the control room and the structure

2392 Visual Inspection

The heaters are generally in good condition with little evidence of rust and corrosion

2393 Test Results

The resistor elements were tested for open circuits or shorted cotls No problems were identified
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2 310 Gate Hoist Controls

23101 General

There is a common gate hoist control panel in the control room (see Photograph No 48) housing
controls for both gates From this location the hydraulic pumps can be started and stopped and the

two gates can be raised and lowered

Control of a pneumatic alarm horn used to warn any individuals in the area of an iImminent gate

movement Is also located here
Lastly a selsyn type gate position indication systems reports both gate positions
23102 Visual Inspection

With the exception of the remote gate positioning equipment all equipment appears in good shape

and functions well The gate position circuit no longer functions

2 311 Building Lighting

23111 General

The intertor ighting generally consists of incandescent fixtures The exterior lighting consists of
flood hghts which illuminate the gate area to facilitate visual inspection of the gate and two pole
mounted fixtures for roadway lighting

No emergency lighting system exists

23112 Visuallnspection

The exterior ighting levels could be improved principly to improve security at the site  Areas of
intenor lighting such as cylinder wells are also poorly lit
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2312 Fire Alarm System

23121 General

A single zone fire alarm system consisting of manual pull stations and smoke/heat detectors 1s
Installed and protects the control room and machine room area only A fire alarm or trouble on the

system reports back to a central reporting station over the telephone system

23122 VisualInspection

The fire alarm system appears in good operating condition and the operation staff indicated there

were no problems with its operation

2313 Security Alarm System

23131 General

A securnty monitoring system consisting of three door switches monitors unauthorized intrusion to
the machine room and control room A security alarm reports back to a central reporting station via

telephone fines

23132 Visual Inspection

The security system appears in good operating condition and the operation staff indicate there were

no problems with its operation

2314 Communication Systems

23141 General

Telephones connected to the Manitoba Telephone System allow communication to and from the

structure Durning cperations in the spring staff also carry two way radios
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23142 Visual Inspection

Site staff indicate the telephones work well

2315 Water Level Recording

23151 General

There 1s one water level monitoring device in the structure It monitors the upstream water levels

near the central pier This 1s manually read and there are no chart recorders or remote monitoring

facilities

There are also two water level monitoring stations outside of the structure These are of the
nitrogen bubbler type and are equipped with a chart recorder and a telephone dial up which allows
remote reading of the level One recorder 1s located on the east earth dam downstream of the
structure The second 1s located a significant distance upstream of the structure on the west bank
23152 Visual Inspection

2316 Embedded Conduit Systems

23161 General

Much of the wiring for the power and distribution systems including the trace heating circuits is via
embedded conduit

23162 Visual Inspection
Many of the existing embedded conduits have deteriorated and/or the insulation on the wiring inside

has congealed to make removal of the wire Impossible If any repair or replacement of systems

which are wired via embedded conduit Is required a new wiring system will need to be installed
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The Floodway Inlet Control Structure was inspected in two stages Inihally in March 1996 the
interior of the main gates were inspected by dewatering their interior In addition divers provided
a report on therr findings of the main gate seals In July 1996 a detailed inspection of the structure
above water level was conducted This included raising each of the main gates inspecting and
testing all mechanical and electrical systems
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30 ASSESSMENT OF REQUIRED WORK ITEMS

Results from inspections of the Floodway Inlet Control Structure have been presented in Section
2 0 of this report The following section identifies deficiencies in the Control Structure based on
interpretation of inspection results and addresses them with alternatives for reparr, replacement or
improvement  Cost estimates including allowances for design contract administration and
contingencies, are listed for each alternative, with detailed breakdowns presented in Appendix F,
where appropriate  The recommended work items are priorized into a proposed work program in
Section 4 0 of this report

31 STRUCTURAL AND CIVIL COMPONENTS

The assessment of the structural and civil components of the Red River Floodway Inlet Control
Structure considers a review of existing documentation associated with the current repairs and
maintenance of components, and an evaluation of their current condition and function The current
condition was reviewed in Section 2 0 Inspection Results Deficiencies in function, and serviceability
have been identified in addition to proposing several reparrs or remediation measures for each The
following sections address the major components of the Inlet Control Structure and thewr

deficiencies The general arrangement of the structure 1s shown on Figure 1 and 2

311 Roadway Bridge

The roadway bridge 1s the joint responsibility of the Department of Highways and the Department
of Natural Resources Based on correspondence concerning the 1985 roadway deck repaurs, the
Department of Highways assumes responsibility for inspection and maintenance of the components
directly associated with the roadway, which are the bearing assemblies girders, deck guardrails,
and paved approaches The remaining components appear to be the responsibility of the
Department of Natural Resources which includes the lighting, service ducts sidewalks and parking
areas and embedded services Ultimately definition of responstbility of work would need to be

determined Figures 1 and 2 lllustrates the extent of the roadway over the structures
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3111 Bearing Seats
Problem/Deficiency

The wvisual inspection of the beanng seats identified small cracks below the fixed bearing
assemblies This may suggest that the beanngs may be frozen, and have since transferred
longitudinal thermal forces from the bnidge girders into the bearing seats as horizontal shear This
may significantly affect the life and load capacity of the bridge

Alternatives for Repair/Replace

A Perform detailed inspection of the bearings and bearing seat to confirm extent of cracks
During the inspection, determine If the assemblies are frozen and not functioning as
designed Also perform a detalled assessment of the bearing seat to assess its ability to
resist this thrust from the bridge

The results of this investigation will determine if either repair of the existing bearings or
additional reinforcing below bearing seat Is required The investigation may also find that no
further work is required, and the cracking 1s not consequential

Estimated cost of Option A $7 000

B Install monitoring pins across the cracks and record any movement if any occurs |f
movement is identified then proceed with further investigation of the distress

Estimated cost of Option B $1 900

C Do nothing and visually monitor the cracking until movement i1s obvious
Estimated cost of Option C  No inthial cost
Preferred Option A,and B
Cracking below the bearing assemblies may reflect frozen bearings This may develop
forces exceeding the design capacity of some components A detalled investigation and
monitoring can determine If this distress 1s a concern

3112 Bearings

Problem/Deficiency

There Is no record of detailed inspection of the bearing assemblies The potential accumulation of
paint on rocker surfaces may be inhibiting movement Detailed inspection of pin and rocker Is

necessary Frozen bearings may result in large forces being transferred into the abutment or central
pler
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Alternatives for Repair/Replace
A Perform a detailed inspection, and recommend action to preserve proper function of pin and
rocker bearings as required Do detalled analysis of rocker and pin bearng Propose
upgrades or repairs as required to maintain function
Estimated cost of Option A $8 250
B Do nothing, and assume bearing are functioning as designed
Estimated cost of Option B No inthal cost
Preferred Option A
The proper operation of the bearings 1s important to ensure the behaviour of the bridge as
designed and to ensure that the brnidge will perform as currently rated Frozen bearings may
also contribute to accelerated fatigue and deterioration of components
3113 Girders
Problem/Deficiency
There are no apparent problems with girders Portions of the girders were repainted in 1985 by the
Department of Highways as required after the original coating remained in service for 20 years At
that ttime no paint on the interior faces of members was required
Alternatives for Repair/Replace
A Do nothing Review paint on brnidge girders every 5 years
Estimated cost of Option A No initial cost
B Plan to repaint all steel work on bridge in approx 20 years This will include sandblasting of
all steel work and the application of a high quality coating system Review of all protective
coatings every five years
Estimated cost of Option B $198 000
Preferred Option B

By scheduling painting of the structure, it allows for maintaining the current rating, and
ensuring the long term performance of the bndge structure
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3114 Roadway Deck
Problem/Deficiency

The high denstty concrete deck overlay constructed in 1985 by Department of Highways 1s 1n good
condition The cracking found during the inspection Is not considered significant, or detnmental at
this tme The condition of the roadway deck will likely continue to remain in good condition for many
years however, it Is anticipated that a traffic wear coarse will be required some time in the future
The method of repair will be determined by the Department of Highways following their internal
guidelines As 1s the current arrangement resurfacing will be handled by the Department of
Highways

Alternatives for Repair/Replace

A Do nothing Department of Highways will continue to perform regular inspections of the deck
and overlay as required by their maintenance inspection program

Estimated cost of Option A No initial cost

B Monitor condition of cracks and evidence of reinforcing steel corrosion or delamination 1e
Perform a condition survey every 5 years over the entire roadway surface

Estimated cost of Option B No initial cost

C Apply concrete crack sealer to high density wear surface to protect reinforcing steel, and
reduce the likelihood of deck deterioration

Estimated cost of Option C  $6,000
Preferred Option A

The current condition of the roadway deck does not warrant detailed inspection Routine
inspection will identify an increase In deterioration or the requirement for further detailed
inspections

3115 Sidewalks

Problem/Deficiency

The inspection of the sidewalk identified large amounts of popouts and exposed reinforcing steel
In many areas, the concrete was stained with rust due to the corrosion of steel below the concrete
surface Photographs of the sidewalk taken by the Department of Highways in 1985 indicate that
the deterioration of the concrete has approximately doubled in the last 10 years

A review of the oniginal engineering drawings Indicate that the protective concrete cover on the
reinforcing steel was specified as 19 mm (0 75") which 1s not considered sufficient by current
standards Consequently, the sidewalk will continue to deteriorate by this mechanism
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The concrete adjacent to several of the handrail posts have cracked outwards which may suggest
that the corrosion of the post metal or the freezing of water within the post base Is exerting sufficient
force to crack the concrete This results in a loss of support for the post and accelerated
deterioration of the sidewatk

The downstream sidewalk width 0 6 m (2 ft) clear 1s also relatively narrow by current standards
The sidewalks also do not have approach ramps which would allow them to be used for bicycles
wheelchairs, and other users As such the sidewalks are not considered adequate for potential
users

Alternatives for Repair/Replace

A Do nothing Monitor the condition of sidewalk and reassess when the damage Is significant
and at that time reassess the need for work

Estimated cost of Option A No initial cost

B Selective repairs Remove unsound concrete, expose bars, epoxy paint and concrete
patching compound over top Cover sidewalk with sealer and coating to improve traction and
provide protection to the reinforcing steel

Estimated cost of Option B $75,000

C Complete reconstruction Remove surface of entire sidewalk and curb Extend width of
concrete sidewalk to 3' clear width epoxy paint exposed reinforcing, add new surface
concrete coarse over existing and reinstall guardrails with new bases

Estimated cost of Option C  $216,000
Preferred Option B
The Iimited use of the Structure throughout the year does not warrant complete construction

of the sidewalks to meet all the current design criteria for public use The rehabilitation will
preserve the condition with moderate costs

3116 Service Duct
Problem/Deficiency

The inspection found that there was significant deterioration of the concrete and exposure of the
reinforcing steel on the service duct covers due to lack of protective cover on original construction

There 1s also a problem with the formation of frost inside the duct oniginating from the moist air within
the intenor of Machine Room which results in seepage into the Machine Room  As the service duct
cover forms part of the sidewalk, its surface and integnty must be adequate for public use
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Alternatives for Repair/Replace

A Do nothing Monitor the condition and reassess covers when they have deternorated to the
state of complete penetration or present a hazard to pedestrians

Estimated cost of Option A No inhal cost

B Selective repairs Leave duct covers in place, Remove deteriorated concrete and epoxy
paint the exposed bars after sandblasting Patch concrete afterwards and replace caulking
around the covers

Estimated cost of Option B $11,500

C Complete reconstruction Remove existing covers, construct new covers, and install Design
new covers to current standards Install the new covers in place and caulk around opening
As discussed below, the piping within the service duct also requires replacement, which will
require removal of the existing covers

Estimated cost of Option C  $36 000

D Construct insulated bulkhead at each end to reduce frost formation inside cold duct After
replacement of pipes, and condutt Instali foamed-in-place product to seal service duct from
Machine Room
Estimated cost of Option D $1,150
Preferred Option C andD

These two options effectively replace the service duct covers and reduce the likelihood of
future deterioration of the covers piping, and address the inflow of water or the
accumulation of frost

Selective repairs are not as effective as reconstructing the covers due to the lower cost in
completely removing the covers and casting replacements offsite
3117 Handrails & Barrier Rails

Problem/Deficiency

The handrails and posts are shghtly rusted, and the coating applied by the Department of Highways
in 1985 1s beginning to fail To preserve the condition of the handrails and posts, it will be necessary
to repaint the components and to complete minor repairs In the future

The existing handrails are not adequate for the collision forces currently part of design codes
Consequently the handrails would be seriously damaged by a vehicle collision and may fail
completely dunng impact
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The sidewalks are not separated from the roadway by a traffic barrier curb Previous requirements
found that a 150 mm to 200 mm (6" to 8 ) square curb was sufficient to protect pedestrians
however current practice Is to separate the sidewalk from the roadway to protect pedestrians using
a low concrete wall

Stairs to downstream observation deck i1s not adequate for public use due to the use of smooth
surfaced treads and open railings As the public 1s often permitted to use this area, the stairs must
adequately provide protection according to the National Buillding Code

Alternatives for Repair/Replace

A Do nothing now Plan for repainting in future to include sandblasting all steel, and repainting
Repair the post bases as required as soon as possible
Estimated cost of Option A $4 000 for the repair of post bases

$40,400 for sandblasting and repainting

B Do nothing Monttor the condition of handrails and do reparrs when complete failure of
coating or post bases i1s evident This I1s anticipated to be within 10 years
Estimated cost of Option B No initial cost Approximately $100 000 in future

C Reconstruct new upgraded handrail with new posts and handrails This would include an
upgrade of the handrails and posts to current standards
Estimated cost of Option C  $158 400

D Do nothing to upgrade observation deck Close gate at roadway and do not permit the public
to use this area at anytime
Estimated cost of Option D No inthial cost

E Remove the existing stair treads and replace with serrated surface treads and new handrails
with vertical bars at 100 mm (4") on center Also, provide horizontal bars below and between
treads to prevent object larger than 100 mm (4') from going through Replace existing
handrall around the deck with handrall in accordance with National Builiding Code
(Balustrades at 4" on center)
Estimated cost of Option E $7,500
Preferred Option E
The current bridge handrails are adequate for its current use and without the necessity for
a complete rehabilitation of the bridge it 1s not feasible to consider significant upgrades to
the handrails and posts due to the cost of reconstruction
The replacement of the handrails around the observation deck does have ment considering
the volume of public use of the stair and deck when the deck is open
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3118 Roadway Drainage

Problem/Deficiency

Drainage off the deck appears to function properly The gratings were upgraded in 1985 during
construction of new high density overlay on the roadway The inspection indicated that the leader
pipe to the underside of the bridge has some corrosion but Is in good condition

Alternatives for Repair/Replace

A Do nothing Repatr and maintain drains only as required

Estimated cost of Option A No nitial cost ongoing maintenance cost

B Replace drains with new basins, gratings and leaders during any roadway deck repairs
required In the future

Estimated cost of Option B $13,880

Preferred Option A

Since the drainage off the roadway deck Is functioning adequately, 1t 1s not considered
necessary to upgrade or replace it within the service life of the roadway deck
3119 Sidewalk Expansion Joints

Problem/Deficiency

The inspection of the sidewalk expansion joints found concrete cracking and deternioration near the
ends of joints, and over the conduit due to thin concrete cover The details of the expansion joint
ends 1s not considered adequate, and caulking has been used to replace properly installed joint
assemblies The damage and loss of sidewalk expansion joint covers accelerates the deterioration
and damage to the joint assemblies themselves (see Figure 5)

Alternatives for Repair/Replace
A Do nothing Maintain joints with caulking as required during the lifetime of the bridge deck
Estimated cost of Option A No initial cost

B Reparr cracked concrete adjacent to roadway expansion dam, replace the expanston joint
covers and repair the expansion joints with caulking as required

Estimated cost of Option B $13 000
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C Proceed with the complete reconstruction of all expansion joints in distress Use expansion
joints installed by the Department of Highways tn 1985 as they are and extend the seals
around the remainder of the joint Remove and replace concrete and expansion joint covers
as required

Estimated cost of Option C~ $26 050
Preferred Option C

The expansion joints and seals provide protection to the bearing assemblies the electrical
and hydraulic services within the service duct, and to the bridge deck itself Replacement
of the deteniorating assemblies will provide continued protection to those systems through
the lifetime of the Bridge The reconstruction of the remainder of the expansion joint will
likely be the responsibility of the Department of Natural Resources as the Department of
Highways was responsible for the rehabilitation of the roadway joints in 1985

31110 Electrical Conduit Access Hatches

As the conduit are recommended for abandonment, it is not necessary to perform any remedial

work

31111 Bridge Bearing Inspection Access

Problem/Deficiency

The bearings at the central pier are not readily accessible The bearing shelf on neither the central
pier nor abutments I1s wide enough to allow ready access In addition, the electrical conduit access
hatches at the abutments are weided shut and not sunable tor use as an access for inspection of
the bearings This prevents routine inspection and maintenance as required to maintain the proper
operation of the bearing assemblies

Alternatives for Repair/Replace
A Do nothing Assume all bearing assemblies in good condition and operating as Iintended
Use Department of Highways inspection truck to access bearings to allow inspection and

maintenance

Estimated cost of Option A No Initial cost
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B

Strengthen the bridge girders to handle TAC B-Train configuration truck (62 500 kg GVW)
if required by Department of Highways as future upgrade This vehicle represents a tractor
semitrailer pulling two full size tralers It 1s not anticipated that this vehicle will use this
crossing In the near future

Estimated cost of Option B $180 000
Preferred Option A

Posting of ratings 1s normally done automatically by the Department of Highways after
performing ratings of structures, and the structure has the potential for overloading due to
traffic patterns The current use of the bridge is likely adequate for the foreseeable future
It 1s not considered necessary to post load ratings or strengthen the bridge

312 Central Pier

3121

Contro!l Room

Problem/Deficiency

The bullt-up asphalt roof 1s good condition but the loss of aggregate cover along the north edge will
result in accelerated deterioration It 1s anticipated that there I1s at least 10 years life still available
In existing the roof system The position and arrangement of the control room is shown in Figures
1and 5

Alternatives for Repair/Replace

A

Do nothing with existing roof system Plan to replace the roof with similar system in future
(approximately 10 years) as required Including new vent covers and edge flashings

Estimated cost of Option A $3,700

At the end of the useful life of the current built-up roof, replace with fully bonded synthetic
roof membrane and new flashings May require the construction of a parapet or curb, and
scuppers

Estimated cost of Option B $5,850
Preferred Option B
The application of a synthetic roof membrane to the concrete substrate will extend the

Iifetime of the roof system to in excess of 30 years This will produce a cost effective roof
system which can be easilly repaired or maintained
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B In coordination with the proposed abandonment and removal of existing electrical condut
remove the welded access hatch covers Remove the lower conduit cover and properly
inspect rocker bearings to confirm their condition and operation After inspection modify and
reinstall the lower conduit cover and replace the access hatches and reweld Inspect the
central pier bearings by installation of safety lines or scaffolding as required At the time of
this Inspection, the bearing assemblies should all be cleaned and serviced as required

Estimated cost of Option B $12 000

C In coordination with the proposed abandonment of the electrical conduits repair access
hatches on abutment covers and provide adequate locking arrangement to prevent access
Remove the lower conduit cover plate at the abutments Construct guard rails or platforms
along bearing shelf to allow access to the bearings at both the central pier and abutments

Estimated cost of Option C  $42,000
Preferred Option A
The routine maintenance of the bearing assemblies I1s necessary for their proper function,
but this can not be accomplished without access As with other bridge structures inspection
and maintenance can be performed with the use of an inspection vehicle
31112 Load Rating
Problem/Deficiency
The bridge load rating was recently completed by the Department of Highways due to an internal
request The current load rating 1s below maximum potential vehicle (Transportation Association of
Canada defined vehicle called a B-Train, le a double trallered highway tractor witha G V W of 62
500 kg )
In 1994 a load rating was completed by Department of Highways which indicates the bridge I1s
adequately rated for a Semi-Tandem truck configuration (47 500 kg GV W) This represents a
tractor semitrailer with a triple rear axle This does not allow the maximum allowable highway vehicle
to use the bridge but it would appear to be adequate for the current use

Alternatives for Repair/Replace

A As the rating for the Bridge has been upgraded from its design rating 1t 1s not necessary to
take any action on the rating

Estimated cost of Option A No initial cost
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Problem/Deficiency

A potential nsk exists due to the location and significance of the Control Room Wire mesh over
windows protects against stones and other objects from breaking windows Additional protection
is not considered necessary as the nisk from smaller objects 1s not considered significant

Alternatives for Repair/Replace

A Add layer of Lexan (projectile resistant plastic) to interior of windows to add protection for
interior Add layer of steel plate to interior of infilled windows to complete protection Repaint
and replace wire mesh on exterior of windows

Estimated cost of Opton A $5,600

B Do nothing to upgrade control Room for protection from projectiles These must be
considered rare and unlikely event to cause Injury or significant damage

Estimated cost of Option B No initial cost
Preferred Option B

Injury or damage from a projectile entering the Control Room is a very unlikely occurrence
and should not be regarded as a significant concern Regardless of the measures taken,
there will always be some risk to the staff from this sort of situation It 1s not practical to fortify
the Control Room given the risk level

Problem/Deficiency

The wall and exterior door at the north side of the Control Room Is subject to regular vandalism The
spray painting of the wall can not be readily deterred, although options do exist This has required
regular repainting of the wall to cover the graffii Discussions with several organization within the
City indicate that there are numerous solutions, however only a few have proven of any success

Alternatives for Repair/Replace

A Do nothing to prevent graffiti on the Structure This will require routine repainting as currently
1s the practice by the Department of Natural Resources

Estimated cost of Option A No inihial cost ongoing maintenance cost

B Paint a suitably designed mural with the assistance of the local high school on all accessible
walls Upon completion of the mural, application of a coating of antigraffit coating to protect
the mural Experience by the Exchange District Business Improvement Zone, and Take
Pride Winnipeg indicate this option 1s currently the most successful approach to this
problem

Estimated cost of Option B $3 050
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C Select a grey coloured, low cost stucco paint to be used for covering of the graffiti as
required This method 1s the current philosophy of the City of Winnipeg

Estimated cost of Option C  $300 likely twice annually

D Apply antigraffiti coatings to all accessible walls and remove graffiti as it occurs with a
pressure washer This coating 1s typically good for only two washdowns must be recoated

Estimated cost of Option D $800 annually

Preferred Option A

Continue to paint over graffiti as required
Problem/Deficiency

The attempts to break into the Control Center through the exterior door result in regular and costly
reparrs to the door hardware and locks

Alternatives for Repair/Replace

A The existing door and lock arrangement have been upgraded several times In the past to
resist the damage caused by vandals The existing system can be assumed to be adequate
and will require routine maintenance as damage occurs

Estimated cost of Option A No initial cost

B Remove the existing door and frame and replace with a multilayered door and frame, with
an outer layer of steel plate and a reinforced interior frame The locks and hinges should be
integral to the system to allow protection

Estimated cost of Option B $2,000
Preferred Option A

Although being damaged regularly the current door and frame appear to be holding up well
despite damage, and occasional repairs The use of deadbolt locks and concealed hinges
adequate secures the door

3122 Machine Room
Problem/Deficiency

Onginally the Machine Room (Figure 2) was an uninsulated concrete room, with the Roadway
above forming the roof, and all walls being exterior walls Consequently ngid foam insulation was
mechanically attached to the celling to provide some insulation to the room, and perhaps to deal
with the formation of frost on the interior celing Present fire protection requirements state,
however that all exposed foam insulation must be protected by a suitable product to prevent the

KGS Group 62 February, 1997




Department of Natural Resources
Red River Floodway - Inlet Control Structure
Inspection and Assessment Report File No 96-311-01

spread of flames This protection must then be mechanically fastened to the framing or structure
beyond the foam This 1s clearly stated in Clause 31511 (Combustible Insulation and is
Protection) of the 1995 National Bullding Code which states

4) Combustible insulation having a flame-spread rating more than 25 but not more than 500
on any exposed surface or any surface that would be exposed by cutting through the
material in any direction, 1s permitted in the interior walls within ceilings and within roof
assemblies of a bullding required to be of noncombustible construction provided the
insulation 1s protected from adjacent space in the building other than adjacent concealed
spaces within wall assemblies, by a thermal barner as descnbed in Sentence (2) except

Sentence 2 states

2) Foamed plastic insulation having a flame-spread rating not more than 25 on any exposed
surface or any surface that would be exposed by cutting through the material in any
direction 1s permitted in a building required to be of noncombustible construction provided
the insulation 1s protected from adjacent space in the building other than adjacent
concealed spaces within wall assemblies by a thermal barrier consisting of,

a) not less than 12 7 mm thick gypsum board mechanically fastened to a supporting
assembly independent of the insulation,

b) lath and plaster mechanically fastened to a supporting assembly independent of the
mnsulation,

c) masonry

d) concrete or

e) any thermal barner that meets the requirements of classification B when tested in
conformance with CAN4-S124-M

Alternatives for Repair/Replace

A

Place one layer of fire resistance drywall on the ceiling to cover insulation, using mechanical
fasteners

Estimated cost of Option A $1,850

Do nothing at this time which may result in a citation for violation of Fire Code requirements
Estimated cost of Optton B No inihial cost

Remove the foamed plastic insulation from the ceiling of the Machine Room

Estimated cost of Option C  $1,850
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D Remove foamed plastic insulation and replace with acceptable non-combustible insulation
Estimated cost of Opton D $4 150
Preferred Option A

The protection of the insulation permits the insulation to remain in place for the lowest cost
It 1s not acceptable to allow the insulation to remain unprotected

Problem/Deficiency

Cracking of concrete was found in the inspection adjacent to windows and at other joints in the
Machine Room There I1s no evidence of movement of the structure, or of local deterioration of the
concrete which would result in this type of cracking

Alternatives for Repair/Replace

A Use suitable crack injection compound and seal the cracks from the interior

Estimated cost of Option A $5 000

B Install monitoring pins and crack gauges across significant cracks Perform regular
monitoring of any movements to identify persistent movement or static condition

Estimated cost of Option B $1,000
C Do nothing Evaluate visually the cracking at regular intervals in future
Estimated cost of Option C  No initial cost
Preferred Option C
The cracking does not appear to be causing any distress in the Structure or equipment A
visual assessment, and possibly annual photographic records could allow monitoring of the
cracks without measurements being required This I1s the most appropriate method of
addressing this deficiency
3123 Cyhnder Pits
Problem/Deficiency (Cylinder Hoist Supports)
The seepage of runoff into the cylinder pits has resulted in corrosion of the cylinder support bndge
members which support the main gate hydraulic cylinders, as shown in Figures 2 3 and 6 The

condition of several of the anchor bolts i1s poor and a review of installation details suggest that the
bolts may be susceptible to hidden corrosion
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This 1s of particular concern as the cylinder support bridges are required to resist an upward force
when the main gates are pushed down The gates and hydraulic system are configured to
accommodate the loss of one cylinder however, the sudden failure of the support bridge anchors
may result in damage to the cylinders or piping These components must be repaired to maintain
the rehability of the Structure

Alternatives for Repair/Replace

A Remove and replace corroded cylinder support bridge members including new anchor bolts
on all cylinders To replace the support bridge, it will be necessary to support the hydrauiic
cylinders on temporary beams while the support bndge 1s removed and replaced

Estimated cost of Option B $61,400 for four bridges

B Remove all anchor bolts, sandblast and repaint all support bridge members nstall new
corrosion resistant anchors Repair seriously deteriorated bridge members as required To
adequately repair the bridge 1t may be necessary to support the cylinders on temporary
beams while the support bndge 1s removed and repaired

Estimated cost of Option C  $18 400 for four bridges

Preferred Option A

Complete replacement of the cylinder support bridge 1s the most reliable method of

rehabilitating the support bridges It i1s considered necessary to repair the support bridge to

ensure Its structural capacity is available during operation of the main gates
Problem/Deficiency (Access and Maintenance)
The practice of greasing the cylinder support guides I1s being discontinued due to the nisk involved
however the greasing has proven to be beneficial Safer access for maintenance personnel would
be required to maintain this procedure
In addition it has been very difficult to inspect the piping and cylinder end due to its position The
1994 failure of hydraulc piping above the cylinder end suggests that this area should be inspected
and maintained regularly This also suggests that safer access Is also required to allow routine
inspection

Alternatives for Repair/Replace

A Discontinue greasing of cylinder support guides and replace with regular inspections of the
these areas approximately every five years

Estimated cost of Option A No initial cost
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B Provide a safe method of accessing the entire length of the cylinder support guides with a
portable or movable platform The platform would be located at a particular elevation and
allow safe access to grease and inspect the cylinder shaft annually Figure 6 illustrates this
arrangement

Estimated cost of Option B $71 000

C Do nothing to provide access to the cylinder end and associated piping Construct temporary
platforms or scaffolding to reach the work areas Do complete inspections and maintenance
every five years or as required

Estimated cost of Option C  $12,000 for each use

D In conjunction with repairs being made to the cylinder support bridge, provide access
platform to the cylinder head and piping from the existing ladders and platforms This I1s
Hlustrated in Figure 6

Estimated cost of Option D $36 800 for two pier locations
$48 400 for two abutment locations

E In conjunction with the repairs or replacement of platforms and ladders within the cylinder
pits, It I1s possible to access most of the cylinder support guides by installing hinged platforms
onto the new platforms Maintenance staff would be able to drop a platform into place work
on the cylinder guides as required and then pull the platform into its stored position The
cost of this option I1s based on the assumption that new platform and ladders will be
constructed In the pier and abutments The cost 1s based on the assumption that new
platforms and ladders are installed to replace the existing ones

Estimated cost of Option E  $49,300 for central pier (two locations)
$49 300 for fwo abutment locations

Preferred Option D and E

The steel components of the cylinder truck guide and the cylinder support guides require
regular maintenance to provide a protective coating of grease This has proven very
successful for mitigating corrosion Consequently, the procedure of greasing the surfaces
has significant ment Providing access platforms will ensure access Is available for ongoing
maintenance and inspection
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3124 Sump Pit
Problem/Deficiency

Several construction joints show signs of opening or slight movement which in turn have allowed
the seepage of water into the Sump Pit The river water carries sufficient carbonates to allow the
formation of calcite formations on the Sump Pit walls in combination with the concrete constituents
Although this does not impede operations, and Is not a significant concern the presence of the open
Jjoints may lead to eventual deterioration of the concrete adjacent to those joints  Figure 2 shows
the location of the sump pit

Alternatives for Repair/Replace

A Do nothing to prevent the formation of calcite and the presence of open joints Inspect the
joints at regular intervals to assess any deterioration

Estimated cost of Option A No inttial cost

B Perform crack injection with a suitable crack filing agent after cleaning up calcite
accumulations on the walls

Estimated cost of Option B $9,000
Preferred Option A

Many construction joints within the Structure appear have moved slightly or are open As
there appears to be no noticeable deterioration adjacent to the joints and cracks
remediation 1s not essential To preserve the integnty of the Structure for an addition 30
years It may be necessary to address this problem in the future

Problem/Deficiency

As with otner locations the combination of humid environment and wet-dry cycles on coatings and
steel framing has resulted in extensive corrosion of some platforms and portions of some ladders
Several platforms have corroded to the extent that they are unsafe and require iImmediate repairs
The ladders and platforms are illustrated in Figure 2

Alternatives for Repair/Replace

Replace intenor platforms and ladders using galvanized components or aluminum to prevent
corroston Sandblast all embedded plates and assess their condition If their condition 1s
acceptable, then reuse them, otherwise remove and replace

Estimated cost of work $25 000
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B Sandblast alt existing platforms, handrails and ladders and apply a zinc nich paint to protect
existing members Replace all components which are significantly corroded or repair as
required Remove all existing grating and replace with galvanized or aluminum serrated
edge gratings

Estimated cost of Option B $8 000
Preferred Option A

Rehabilitation of the existing steel platforms will not adequately prevent further deterioration
and hidden corrosion from continuing Replacement with hot dipped galvanized components
will ensure a long term corrosion resistant ladder and platform system

3125 Downstream Observation Platform
Problem/Deficiency

The removable floor panels are not sealed and allow runoff from the observation platform into the
cylinder pits below In addition, the lifting lug recesses drain to the interior Consequently, the steel
framing around the deck panels i1s corroded and deternorating (see Figure 5)

The runoff also contributes to the corrosion of hydraulic piping steel framing for platforms, hatches
and ladders As the runoff could be diverted away from the access panels, this could be mitigated

Alternatives for Repair/Replace

A Do nothing with the panels and monitor their condition and replace as deterioration warrants
it Upgrade design of panels as they are replaced Replacement would be necessary within
15 years due to corrosion of the embedded members

Estimated cost of Option A No initial cost

B Remove the existing panels sandblast the steel framing and paint with a zinc rich paint
Sandblast and repaint all embedded framing as well Enlarge the existing drain holes in the
ifting lug recesses and install small lengths of pipe to provide a drip edge Upon

reinstallation of the panels, install waterproof gaskets and caulking matenal around the
panels

Estimated cost of Option B $24 150 for Central Pier Lift-Off Covers
$31 200 for Abutment Lift-Off Covers

C Construct new panels with galvanized components and redesigned lifting lugs Crown the
panels to prevent water accumulations After replacing the panels install waterproof gaskets
and caulking matenal

Estimated cost of Option C  $34 800

Preferred Option B
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The current condition of the hft-off panels allows for their rehabilitation through the
applcation of corrosion nhibiting coatings and revised installation detalls including
waterproof seals Although replacement is an option its cost Is prohibitive in comparison to
rehabilitation

Problem/Deficiency

Graffiti on the downstream wall of the Machine Room 1s also an ongoing problem similar to the
downstream wall of the Control Room Repainting of the wall 1s required regularly and must be
resolved in a manner similar to the Control Room wall

Alternatives For Repair

A

Do nothing to prevent graffit on the Structure This will require routine repainting as currently
Is the practice by the Department of Natural Resources

Estimated cost of Option A No initial cost, ongoing maintenance cost

Paint a suitably designed mural with the assistance of the local high school on all accessible
walls Upon completion of the mural application of a coating of antigraffiti coating to protect
the mural Experience by the Exchange District Business Improvement Zone, and Take
Pride Winnipeg indicate this option 1s currently the most successful approach to this
problem

Estimated cost of Option B $3 050

Select a grey coloured, low cost stucco paint to be used for covering of the graffiti as
required This method Is the current philosophy of the City of Winnipeg

Estimated cost of Option C  $300 per application Likely $600 per year

Apply antigraffiti coatings to all accessibie walls, and remove graffiti as it occurs with a
pressure washer This coating is typically good for only two pressure washings before being
recoated

Estimated cost of Option D $800 annualiy

Preferred Option A

Continue doing ongoing maintenance to deal with vandalism
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3126 Hatches

Problem/Deficiency

The condition of the Machine Room roof hatch indicates that the hatch 1s not in use and does not
provide a weatherproof seal It will be necessary to improve the seal of this hatch and prevent further
deterioration Photograph No 7 illustrates the level of deterioration  The hatch 1s 1dentified on

Figure 5

Alternatives for Repair/Replace

A Disassemble the hatch sandblast all metal components, repair components only as
necessary, paint with a suitable zinc nch paint install gaskets and reassemble hatch and
seal it

Estimated cost of Option A $3,220

B Remove existing hatch, and install new hatch with adequate seals, drainage, and more
robust locking mechanism Install on the interior an insulated door and secondary seal

Estimated cost of Option B $3,800

C Remove existing hatch and infill hatch opening with concrete Replace the capacity to
remove large components (pumps, motors, etc ) from the machine with a monorait beam
which can be extended out the Machine Room doors to the downstream observation deck
where the components could be removed by a truck mounted hoist

Estimated cost of Option C  $3 680
Preferred Option B

The replacement of the roof hatch 1s more economical than the installation of monorall
beams and the closure of the hatch opening permanently The access for equipment
installation or removal 1s easier through the existing hatch than through the Machine Room
doors

Repair or replacement 1s necessary as the condition of the existing hatch will continue to
deteriorate thereby allowing water to seep into the Machine Room The hatch will require
repairs in the near future to prevent further deterioration, and ensure security

In addition, the hatch above the Sump Pit 1s required to allow the potential removal and
replacement of piping and pumps within the Sump Pit

Problem/Deficiency

The access hatches Into the cylinder pits are moderately corroded as they were originally protected
against corrosion by standard paint systems The corrosion of the hatches has reduced their ability
to seal properly and support expected deck loads Improper sealing allows runoff to enter the
cylinder pits below and contribute to corrosion within
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In addition to the detenioration of the hatches the current method of locking the hatches using an
exposed padlock has not been effective due to vandalism of the locks To provide proper security,
the method of locking the hatches should also be upgraded

Alternatives for Repair/Replace

A Sandblast the existing hatches in place and repaint with zinc rich paint with suitable top coat
Repair hatches only as required, and install new lock hasps

Estimated cost of Option A $5,000 for two pier hatches only
$5,000 for two abutment hatches only

B Remove existing hatch, and install new hatch with adequate seals, drainage, and more
robust locking mechanism This option assumes the lift-off panel does not get replaced

Estimated cost of Option B $11,000 for two pier hatches only
$20 000 for four abutment hatches only

Preferred Option B

The condition of the hatches dictate that repaint and repairs will be required within five years
and will not adequately improve the hatches to prevent seepage into the cylinder pits, nor
prevent lllegal entry

3127 Platforms and Ladders
Problem/Deficiency

Egress and ingress from the deck to the ladder 1s awkward because of the placement of hatches
in relationship to the position and orientation of the ladder The depth of the hatch framing also
places the ladder s top rung well below the deck elevation

The combination of humid environment and wet-dry cycles on coatings and steel has resulted In
extensive corrosion of some platforms and portions of some ladders Several platforms have
corroded to the extent that they are unsafe and require iImmediate repairs

Alternatives for Repair/Replace

A Replace Interior platforms and ladders using galvanized components or aluminum to
prevent corrosion Sandblast all embedded plates and assess their condition If their
condition 1s acceptable, then reuse them, otherwise remove and replace Figure 6 show an
arrangement similar to the proposed arrangement

Estimated cost of Option A $49 800 for pier cylinder pits
$50,000 for abutment cylinder pits
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B

Sandblast all existing platforms handrails and ladders and apply a zinc nich paint to protect
existing members Replace all components which are significantly corroded, or repair as
required Remove all existing grating and replace with galvanized or aluminum serrated
edge gratings

Estimated cost of Option B $15 400 for pier cylinder pits
$16,000 for abutment cylinder pits

Preferred Option A

in conjunction with the desire to access the cylinder ram and the cylinder truck guides the
platforms should be replaced to provide a new configuration which will allow access and
will replace the corroded and failing steel members

Rehabilitation of the existing steel platforms will not adequately prevent further deterioration
and hidden corrosion from continuing Replacement with hot dipped galvanized components
will ensure a long term corrosion resistant ladder and platform system

313 Abutments

3131

Bulkhead Gates

Problem/Deficiency

The inspection of the bulkhead gate (Figures 2 and 6) found the rollers frozen in place and evidence
that the rollers had been shiding rather than rolling for some time The downstream face of the frozen
rollers were worn flat This may be caused by the corrosion of the brass washers and the cast iron
rollers, axles and bushings The expansion of the corrosion products may have jammed the roller
in place on the axle Due to the accumulatior of silt 1t was not possible to confirm this

Alternatives for Repair/Replace

A

Do nothing with the gate rollers The excess capacity of the hoist 1s capable of overcoming
the shiding friction of the frozen rollers

Estimated cost of Option A No inttial cost
Disassemble the rollers and axles Clean and adjust rollers as necessary to return the
existing rollers to service The existing rollers will require machining to remove the flat spot

The bumpers will require adjustment

Estimated cost of Option B $22,600
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C

Remove and replace the axles thrust washers, bearings and rollers with new components
The bumpers will require adjustment to suit the new roller position

Estimated cost of Option C ~ $45,500 for both gates
Preferred Option C

The frozen rollers will continue to wear with use Once the hardened outer layer of the rollers
1s lost, the wear rate will increase Ultimately, this may resuit in binding or jamming of the
bulkhead gate in place Rehabilitation of the existing rollers 1s not recommended due to the
relative cost and the original selection of roller and washer maternial Both matenals are very
susceptible to corrosion, and will likely result in freezing of the rollers in place in the future
A long term solution to ensuring roller performance is the complete replacement of the
assemblies with components designed to current standards

Problem/Deficiency

The inspection found the bulkhead gate to be heavily laden with silt This 1s likely the result of having
the gates immersed in the water for extended periods This accumulation of silt adds to the weight
of the gate significantly, although does not exceed the existing capacity of the existing hoist
arrangement

Alternatives for Repair/Replace

A

The silt accumulation can be washed off the bulkhead gates on a regular basis through the
installation of a pressure wash station, which is discussed In detail in the section on desilting
arrangements

Estimated cost of Option A Cost Is associated with desilting system proposed within
Section32 3

A downstream skinplate can be added to the gate which may reduce the accumulation of
silt within the gate The resulting chambers within the gate would require drainage and
regular inspection to ensure that corrosion did not develop

Estimated cost of Option B $9,000 for both gates

The flanges of the main beams of the gate may be drilled through to allow water to flow

freely from the recesses formed by the honizontal beam flanges This may assist in flushing
the silt off the gate

Estimated cost of Option C  $1,000 for both gates
Preferred Option A
The availabiiity of the pressure wash station within the abutment can be easily used to clean

the bulkhead gates This will allow complete inspection, and ease maintenance of the gates
without additional cost, or maintenance effort
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Problem/Deficiency

During past use of the bulkhead gate for dewatenng the main gates it was necessary for a plywood
bulkhead to be installed over the inlet opening to permit dewatering The gate was apparently
ineffective 1n properly sealing the entrance There may be several explanations for this occurrence
The most likely I1s the accumulation of small debris, such as gravel or silt on the sill below the gate
Upon lowering the gates, the lower edge of the gate would rest on the debrnis, thereby preventing
a proper seal

Alternatives for Repair/Replace

A As the flow rates over the sili are not sufficient to ensure the flushing of matenal, it may be
necessary to use divers to clear the sill before using the gate for dewatering This will require
raising of the trash rack to allow the diver to reach the bulkhead gate sill

Estimated cost of Option A $2 000 for both gates on every occasion that dewatering 1s
required, which 1s likely less than once per year

B The seal across the sill may be improved through the installation of a rubber knife-edged
seal This will accommodate smaller object resting on the sill

Estimated cost of Option B $12 700 for both bulkhead gates

C Anr arr burst system may be used to clear the sill prior to lowering the gate into place A burst
of compressed air Is released from nozzles mounted on the gate The resulting boil of water
dislodges and moves debrnis on the sill, allowing proper placement on the sill Currently,
there are no examples of this system in use although it has been discussed theoretically In
relevant literature

Estimated cost of Option C  $20 000

Preferred Option B

The installation of a lower sill seal 1s the most cost effective method for attempting to
improve the sealing of the gate The use of divers or an air burst system may be employed
if the rubber sill seal proves ineffective due to the accumulation of debrns

Problem/Deficiency

The inspection of the gate showed that the protective coating was in very good condition, although
there were large surfaces areas which were not visible due to the accumulation of silt Based on the
recommendation for repairs to the rollers and sill and the age of the existing protective coating (30
years), It Is advisable to also replace the coating system on the gates Due to the small size of the

gates they could be transported to the contractors facilities to allow sandblasting and painting
under controlled conditions

Estimated cost of repainting bulkhead gates while being repaired $4,000
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3132 Bulkhead Gate Guides
Problem/Deficiency

As access to the gate guides could not be safely arranged without dewatering the condition of the
guide can only be interpreted from the visual inspection from the surge chamber, and from the
engineering drawings

An assessment of the contact stresses between the gate rollers and the roller path indicate that they
are below the acceptable stresses for the maternials used

The guides are constructed from mild steel embedded components which are likely worn to some
extent due to the frozen rollers on the buikhead gate The susceptibility of the mild steel to corrosion
Is also a concern as portions of the roller path and seal faces have been immersed for extended
periods since construction It can be assumed that portions of the gate guides are corroded

Alternatives for Repair/Replace

The bulkhead gate guides should be inspected in detail to assess their condition This will require
lowering of the bulkhead gate and partial dewatering of the structure A suspended platform will be
required to access the entire length of the guide The condition of the roller path could then be
assessed To inspect the seal faces a temporary plywood bulkhead would need to be installed in
front of the trash racks This inspection could also take place during cofferdamming of the main
gates

Estimated Cost of Inspection $6 000

Preferred Option

The roller paths will require detalled inspections of some manner This could be done during
cofferdamming of the main gates Given the imited use of the bulkhead gate and the relatively low
hydraulic head 1t 1s not considered necessary to rehabilitate the roller path unless the detenoration
ts significant  An allowance should be budgeted for minor repairs to the roller paths if damage is
found

3133 Trash Racks
Problem/Deficiency

Due to the failure of both chain hoists, it was considered unsafe to raise the trash racks completely
to allow inspection A review of the engineering drawings indicate that the trash racks are very
robustly built, and likely in good condition The corrosion of the members 1s not consequential
because of the large cross-sections used
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Alternatives for Repair/Replace

A Do nothing concerning the trash racks under the assumption that they are in good condition
Estimated cost of Option A No inttial cost

B During replacement of the chain hoist (discussed below) the trash racks could be removed
from the structure transported to a fabricators facility for sandblasting and repainting This
would also permit a detailed inspection and any repair work on a contingency basis

Estimated cost of Option B $6,500 for both trash racks

C During the replacement of the chain hoist, the trash racks will be raised sufficiently to allow
complete inspection and determine if damage or corrosion warrant repairs or to permit the
trash racks to be returned to service as they are

Estimated cost of Option C  $2,000 for both trash racks
Preferred Option B orC

The condttion of the trash racks should be determined by inspection to prevent any potential
for problems with raising or lowering of the trash racks or bulkhead gates The construction
of the trash racks is sufficiently robust as to assume 1t Is in serviceable condition

3134 Trash Rack Guides

As with the bulkhead gate guides the guides for the trash racks were not inspected adequately due
to safety concerns The recommendations and options for addressing the condition of the trash rack
guides are similar to those of the bulkhead gate guides

The estimated cost of the inspection 1s $6,000

3135 Cylinder Pits

The arrangement of the cylinder pits (Figure 6) in the abutments are similar to those in the central
pier with the following exception The cylinder pits are directly below the parking areas on the
roadway above Consequently, the runoff from vehicles and roadway tends to contain salts
Therefore the rate of corrosion of the hydraulic piping support bridge and steel components 1s

much higher The deterioration has progressed significantly in both abutments
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The options for repairs and rehabilitation of components within the cylinder pits are identical to the

central pier cylinder pits

The costs for rehabilitating the cylinder support bridge I1s listed in Section 312 The access

platforms for the maintenance and inspection of the cylinder and ram are also listed in Section 31 2

3136 Hatches, Ladders and Platforms

As noted above the condition of hatches in the abutments is worse than those In the central pier
It 1s recommended that the existing hatches, ladders, and platforms be removed, and replaced
Figure 6 illustrates the proposed arrangement of new access ladders and platforms for within the

abutment

The cost associated with the replacement or rehabilitation of the hatches, ladders, and platforms

are previously discussed in Sections 3 12

3137 Upstream Retaining Walls and Downstream Abutment Wall

Problem/Deficiency

The identification of cracks at the upstream rounded corners of the upstream retaining wall to the
abutment wall suggests some manner of distress within that portion of the Structure These cracks
occur on both sides of the Structure in the identical location The similanty in location implies the
same mechanism caused the cracking Unfortunately no prior record of this cracking has been
made

As the Abutment and retaining walls are founded on bedrock the possibility of settlement 1s unlikely
However, due to geometry there Is a potential for cracking due to shrinkage of the concrete or
temperature stresses within the walls At present, there appears to be no cause for concern, and
it 15 not possible without a detailed investigation to determine the cause or recommend suitable

remediation methods

Alternatives for Repair/Replace

A Do nothing about cracking Assume future inspection of structures will determine If cracks
are enlarging and to what extent

Estimated cost of Option A No initial cost
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B Install monitoring pins across cracks and record measurements on regular basis to
determine If cracks are active or static If movement 1s occurnng, perform structural analysis
on upstream retaining wall and abutment to determine possible mechanisms for initiating
cracking

Estimated cost of Option B $1,900 for monitoring pin installation
$11 000 for assessment of movement (Long term work)

Preferred Option B

The forces responsible for the cracking of the retaining wall must be determined through a
study of the soil and foundation conditions around the wall prior to recommending repairs
The nstallation of monitoring pins will allow measurement of the movement and its
direction It will also indicate the rate of movement and the significance of it

3138 Parking Areas

The distress in the parking areas above the abutments 1s similar to the condition of the sidewalks
and curbs described above The remediation methods proposed are also similar  Figures 1 and 5

llustrate the extent of the parking areas

Estimated cost of Selective Repairs $65,500

3139 Transformer Pad
Problem/Deficiency

The presence of a void below the Transformer Pad is the result of gradual downslope movement
of granular matenal through creep and consolidation in the embankment The void leaves the
Transformer Pad partially unsupported A review of avallable drawings did not provide information
on any foundation system The Transformer Pad appears to be constructed as a concrete slab-on-
grade Continued undermining of the Pad will result in failure of the Pad either by differential
movement or by gradual movement placing stress in the feeder conduits This may also result in the
sudden loss of power to the Structure

Alternatives for Repair/Replace
A Do nothing at this time, however monitor the position of Transformer Pad using elevation
surveys of the four corners If the Transformer Pad i1s undergoing significant movement, the

Pad will require stabilization

Estimated cost of Option A $2,000 annually for four surveys
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B Stabilize the Transformer Pad through the installation of a deep foundation The installation
of cast-in-place piles may be accomplished by the cutting of openings through the
transformer pad and excavating embankment matenial while placing a steel casing to
support the hole The casing can then be removed while the hole 1s being filled with
concrete thus completing the pile This may be accomplished without interrupting service
to the Floodway Structure

Estimated cost of Option B $40,000

C During a normal late summer shutdown, disconnect service remove existing transformers
and remove the existing transformer pad Once removed, excavate to the face of the
abutment and construct new transformer pad supported off brackets attached to the
abutment Replace the conduits transformers and backfill

Estimated cost of Option C  $17,000

D Use a suitable soll improvement technique such as insitu grouting to improve the stability
of the slope and physical properties of the soll This method will not require significant
excavations or costs, but may not completely address the problem

Estimated cost of Opton D $10 000

Preferred Option C

The nisk of an eventual power disruption can be readily offset by attaching the transformer
pad to the abutment structure thereby providing a new foundation to the pad without
significant excavation Due to the difficulty in constructing a deep foundation Iin layered
riprap, the demolition of the transformer pad and construction of a new pad supported off
the abutment structure 1s considered more easily constructed

Manitoba Hydro confirmed that ownership of the Transformer Pad i1s with the Department

of Natural Resources, and the transformers are the responsibility of the utility Consequently,
the Department of Natural Resources would be responsible for its repair and maintenance

314 Man Gates

3141 Main Gate Seals

Problem/Deficiency

The gate seals are pnimarily required for dewatering the gates With the gates down and sealed
the gate chamber can be effectively dewatered for routine maintenance or inspection To maintain
this original design function the gate seals will have to be restored
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According to statements from various sources the onginal seals installed in the main gates
operated properly for a long period of tme but leakage tended to increase over the years This was
confirmed by an earlier report (Acres, 1988) which stated that dewatering required two days in
1970 but Increased to about one week by 1979 Currently the seals are ineffective in sealing the
gates to allow dewatering

During the raising and lowering of each gate, it was noted that at each of the upstream and
downstream corners of the gates a noticeable amount of leakage was occurring through the seals
In a 1988 inspection report (Acres), the leakage was reported at the upstream corners only it can
be concluded that the condition of the seal corner details has deteriorated more then the body of
the seals since construction This may be due to the use of rectangular block seals which have a
greater tendency to bind than bulb seals

The inspection of the seals by divers in March 1996 indicate that the seals vary in condition from
good and Intact to damaged and In poor condition The divers reported that small gaps exist
between the seals and abutment wall These gaps were reported to range between 3 mm (0 125")
and 5 mm (0 2") Several pieces of debris were reported stuck in the downstream seal

Based on these reports, It appears the original seal configuration worked adequately A review of
the seal design also suggests that the seal arrangement was adequately designed and detailed

Avallable as-built drawings indicate that some modifications of the downstream seal were required
to overcome a “bulge’ in the downstream skinplate A shim plate was installed on the top edge of
the gates to provide a proper seal when the gates were lowered to their proper position This may
allow a gap to exist between the seal and the downstream skin plate when the gates are raised any
amount This may be the cause of the debns (sticks signs) being caught in the East Gate
downstream seal

The protective rubber flap installed along the top downstream edge upstream skinplate of the East
Gate has proven ineffective, and Is serously damaged The intent of the rubber flap was to protect
the downstream seal from debns and silt accumulations while the gate 1s lowered The loss of bolts
securing the flap are contributing significantly to the inflow of water into the gate

Alternatives for Repair/Replace

There are two philosophies for the dewatering of the main gates based on the current condition and
known performance of the present seal configuration

A The first approach for dewatering of the main gates is to completely abandon the existing
seals and to perform the necessary sealing of the main gate by employing divers to place
pipes gaskets, and oakum as required to permit dewatering This would be required each
time the gate were to be inspected or the silt within the gate recess removed

Estimated cost of Option A $37,500 to seal two gates for 4 months
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B The second approach assumes that the existing seals will be removed, and new brass clad
seal assemblies installed on the gates The assemblies would then be readjusted and all
other penetrations through the skinplates repaired as required 1t 1s assumed that replacing
the seals would make it possible to dewater the main gates with minimal diver intervention

It 1s assumed that the new brass clad seals would deteriorate more slowly and require
replacement In approximately 25 years Brass clad seals are recommended for applications
in which the seals are subject to sliding over a rough surface

If the system of seals around the gate is to be maintained there are three options, which are
listed below

Estimated cost of Option B Is the lowest of the following three options  $403 600

a

The seals themselves may be replaced without any change to the configuration of the
seals or gate This will require dewatering to install, reparr, or maintain the seals since
access to the seals must be from above and below the dewatered gate

Estimated cost of Option a $403 600 for both gates

The seal arrangements can be used again but with changes to the installation
arrangements which will allow all the seal assemblies to be removed to the extenor
of the gate without working from the intenior This would significantly ease the repair
or replacement of seals This is illustrated in Figure 8

Estimated cost of Optionb ~ $439,200 for both gates

Completely re-examine the design and installation of the seals It 1s felt that the
bulkhead inlets would permit sufficient water flow into the gate to offset any leakage
through the downstream seals The current configuration and condition of the seals
closely represents this condition The principle need for the gate seals I1s to permit
dewatering of the gate This may be accomplished by the use of actuated seals or
inflatable seals A conceptual arrangement of the inflatable seal 1s illustrated In
Figure 9

When dewatering Is required the seals would be Inflated to provide an adequate seal
against the gate This approach 1s conceptual as there are no examples of this
method to our knowledge Although the option s presented in concept only at this
time, we are confident that the detalls could be refined at the prototype stage A
similar type of inflatable seal has been used to seal STRAFLO turbines in the
stationary position  Significant advantages associated In long term would be
achieved with an actuated seal arrangement as the seal would only be activated
when required and could effectively extend the life indefinitely

Estimated cost of Optionc ~ $624,000 for both gates

Preferred Option B with replacement seal arrangement - Option b
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Option B I1s presented as the preferred option at this time At the final design stage the
inflatable seal alternative would be re-evaluated and utilized if all parties were satisfied as
this alternative has the potential to significantly reduce the long-term maintenance Costs
differentials for the inflatable seal option would also have to be evaluated

Discusstons with Ministry of Natural Resources indicate that they are prepared to accept
using divers to seal the gate when necessary This will imit access to the gate to planned
dewatering events or to a delay of 1 to 2 weeks in an emergency As such, costs associated
with restoring the seals will be postponed indefinitely

3142 Skin Plates

Problem/Deficiency

The visual inspection of the upstream and downstream skinplates indicate that they have been
subject to localized impact loads, and to various forms of corrosion The corrosion Is very evident
along the edges of the upstream skinplate, and appears as pitting and general corrosion The
downstream skinplate 1s also corroded and has abrasion marks from debris caught in the
downstream seal This deterioration i1s unavoidable to some extent due to the location and operating
environment of the gates

Alternatives for Repair/Replace

A The skinplates can be repaired to address more significant pitting and wear The skinplates
can then be sandblasted and repainted with a wear resistant protective coating

Estimated cost of Option A $125 500 for both gates

B The skinplates can be sandblasted and only very serious damage or corrosion repaired
based on the condition of the steel after sandblasting After completing the required repairs
the entire gate surface would be coated with an abrasion resistant protective coating

Estimated cost of Option B $96,500 for both gates

Preferred Option A

Repairing or replacing the entire skin plate 1s not practical due to the large area requinng
work and because of the length of time required to complete the work The most approprnate

alternative would be the inspection performance of only necessary repairs and repainting
of the skinplates
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3143 Internal Main Gate Steel Structure

The structural integrity of the gates and supports have been reviewed separately and the results
are documented in Appendix H of this report  Any necessary structural modifications and overall

performance are discussed separately within Appendix H

Problem/Deficiency

During dewatenng of the gate interiors foam insulation from the underside of the top skinplate
partially plugged the intake screen (installed in 1988) This problem has occurred in past dewatering
operations It can be assumed that this will continue to hamper dewatering operations

Due to the nature of the gate structure, the foam insulation of the gate top skinplate interior 1s of
imited insulation value, and due to its deterioration has developed into an ongoing maintenance
problem

Alternatives for Repair/Replace

A Remove all Insulation mechanically from the interior of the skinplate and remove the debrns
from the gate interior This may be done with a light sandblasting which will remove the
foam and some of the interior protective coating Alternately the foam may be removed by
manually scrapping the foam off, which reduces the damage to the protective coatings

Estimated cost of Option A $30 500 for both gates

B Leave the foam in place and remove it as opportunity permits durning routine inspections and

maintenance This may allow additional foam to break free and congest the sump pit
Intakes

Estimated cost of Option B No inihial cost, ongoing maintenance cost

Preferred Option A

The foam insulation has been an ongoing problem with the dewatering pumps, and should
be removed when possible As other work on the gates, this 1s recommended for the near
future as the incremental cost for removal of the foam 1s relatively small

3144 Trunnions
Problem/Deficiency

The trunnions were last inspected In 1987/1988 and have not been adequately inspected for a
extended period of time Access to the trunnions is very difficult because of the imited space and
current difficulties with dewatering and desilting As noted in the 1988 inspection report (Acres), the
trunnion bearnings should be greased regularly to flush dirt and debns off the bearnng surfaces This
IS not necessarly required as the bearings are of a self-lubricating (Lubnte) type With good access
this need can be assessed
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The trunnions are anchored through two sets of anchors The first set of anchors 1s a series of
embedded anchor bolts instalied dunng the original construction A second set of post-tensioned
anchors was installed immediately after construction of the gates This second set of anchors
employ small transfer beams and an anchor head assembly which I1s exposed to corrosion Due
to the importance of these anchors to the integnty of the gates, 1t 1s necessary to check their
condition regularly

Peak trunnion loads (Finite Element Analysis - Appendix H) were found to exceed the appled post-
tensioning force of the second set of anchors Although the total capacity of both sets of anchors
are adequate, some of the trunnions will be stressed to a higher capacity than the design loads
These should be priorized for inspection and review

Alternatives for Repair/Replace

A The present method of maintaining and inspecting the trunnions consists of erecting a
ladder in the gate recess below the lowered and dewatered gate This method 1s very
difficult, and consequently very unreliable and rarely complete

Estimated cost of Option A No imtial cost

B The only alternative for providing access to the trunnions i1s by providing a small platform
between the trunnions and attached to the gate structure This access platform 1s accessed
through openings in the intermediate skinplate between the upper and lower skinplates

Maintenance staff would need to dewater the gate climb onto the lowered gate via a new
ladder From this ladder a second set of ladders would access a small walkway installed
near the trunnions This walkway would allow access along the full length of the gate and
to each of the trunnion inspection platforms

This arrangement 1s illustrated on Figure 11 It would be constructed in conjunction with the
access platforms required for desilting and inspection of the gate interior

Estimated cost of Option B $92,400 for both gates
Preferred Option B

Maintenance and inspection access are required within the gate to allow desilting,
inspection, and repairs to be made as required The cost of providing access to the
trunnions 1s relatively small once a commitment to construction of the desilting platforms are
made By providing access to the trunnions, the condition can be readily assessed as well
as providing access to conduct any anchor or bearing repairs as may be necessary over the
remaining life of the Structure
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3145 Pier and Abutment Liner Plates

Problem/Defictency

Visual inspection of the pier and abutment embedded mild steel liner plates indicates there 1s some
spalling of the concrete adjacent to the plates This may be caused by differential thermal movement
between the plates and the underlying concrete, or the effect of water freezing in the joints between
the plates and concrete Either effect may result in cracking of the secondary concrete

Spalling of the secondary concrete from around the liner plates may result In eventual deterioration

and distortion of the plates due to the infiltration and freezing of water within the confined space
behind the liner piates and the concrete

A visual inspection of the iner plates indicates that wear and corrosion are relatively imited Some
corrosion Is very apparent on the west abutment The liner plates appear in relatively good condition

The proper functioning of the gate side seals requires that the seal embedded plates are within
acceptable tolerance As a detalled inspection and check for straightness has not been made since
construction it should be considered an option If opportunity permits If the gate side seals are to
be replaced the plates should also be inspected to ensure the seals have the necessary tolerance
to accommodate surface irregularities

A detalled inspection will allow assessment of the visible wear on the embedded plates, determine
the extent of corrosion, and the need for a new protective coating If excess wear or corrosion Is
identified suitable repairs will be recommended

Alternatives for Repair/Replace

A Do nothing to the side embedded liner plates Assume condition 1s adequate for continued
operation of the gate

Estimated cost of Option A No initiai Cost

B Repair spalled concrete by selective demolition and sandblasting Place new concrete with
suitable bonding agent and use dowels as required to ensure bond of larger areas

Estimated cost of Option B $17,750

Cc Inspect side seal plates for condition and tolerance Remove all sharp edges by grinding,
and fill recesses or pitting with weldments Grind the welds to smooth finish as required

Estimated cost of Option C  $12 500

D Sandblast entire side seal embedded plates Coat plates with low friction, wear resistant
protective coating suitable as seal face

Estimated cost of Option D $37,900

Preferred Option A (Short Term) B C & D (Long Term)
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3146

If the gates are to be cofferdammed to effect other repair work, the embedded plates could
be readily inspected and the necessary concrete and steel repairs made using suspended
platforms or scaffolding This would ensure proper performance of the gate side seals and
may extend their ifetime by allowing minor repairs and proper adjustment of seals

If the seals are not replaced then there will be no requirement to sand blast and coat the
plates (le Option A)

Maintenance Access

Problem/Deficiency

Through discussions with operating staff and KGS inspectors during the July 1996 inspection it was
found that maintenance within the gate and of gate components was very difficult because of the
accumulation of silt in the gate recesses, on Internal skinplates, and on internal members The
proposed methods of desilting requires access throughout the gate interior to permit washing down
of the members and of the recess to flush out the siit

Alternatives for Repair/Replace

A

Provide an access ladder onto the lower skinplate within the gate using a ladder at each Iift
beam from the concrete pedestal From the top of the ladder, an open platform would extend
through the gate The new platforms and ladders would be attached to the existing steel,
and would not require any significant structural modifications Figure 11 illustrates the
arrangement for access into the gate interior

Estimated cost of Option A $80 000

Do not provide access into the gate for desilting, washing down the interior or inspection
Desilting must be accomplished from the recess floor below the gate Washing down the
gate interior would be accomplished by climbing the existing steel work

Estimated cost of Option B No initial cost

Preferred Option A

The installation of an access platform into the gate while 1t 1s lowered will permit inspection
and maintenance throughout the gate interior This will assist in preserving the gates’
condition through the remainder of its useful life In conjunction with additional platforms it
will permit access to most of the gate interior and permit full access and utiization of a
manual desilting system

If platforms are being installed within the gates the installation of an access hatch on the
upstream skinplate would assist construction The new hatch would be of a water tight
bulkhead style, with flush fasteners and other hardware This would allow access by crane
or hoist into the gate from the bridge above during any cofferdammed work on the gates
The estimated cost of this hatch 1s $4 000 for both gates, however would like reduce the cost
of construction within the gates
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The access hatch through the upper skinplate would allow construction access directly into
the gates It would allow equipment components and laborers to enter and exit readily
During any future rehabilitation work on the gate, the hatch would also be very beneficial

Problem/Deficiency

Access Into the abutments which are expected to be the predominant entrance into the gate
recesses I1s via two ladders and a platform This makes the movement of tools and equipment
difficult and time consuming

Alternatives for Repair/Replace

A Remove the existing ladder from the access hatch and replace with a new ladder Construct
a new intermediate platform with new ladder to the bulkhead hoist platform and a new starr
to the floor of the Surge Chamber The access hatch to the Surge Chamber should be
replaced with a new hatch with improved accessibility

Estimated cost of Option A $60,260

The installation of a new hatch ladder intermediate platform, and stairs to the Surge
Chamber will improve access into the Abutments This will ease maintenance Inspection
and other operator duties

Problem/Deficiency

Access into the Gate recesses has been difficult due to the depth of silt within the recesses Manual
desilting of the gate recess requires an intermediate platform above the silt to permit washing down
and pumping out of the silt without endangering staff

Alternatives for Repair/Replace

A Do nothing Desilting crews will need to begin desilting from the upper levels of the access
ladder or temporary platforms erected within the recess

B Provide a platform within the gate recess which would allow access to the desilting pump
monorall, hose connections, and provide an area for equipment storage Desilting would
begin by setting up the equipment on the platform and beginning operations from above

Estimated Cost of Option B $42,900 for four platforms (2 per gate recess)

Preferred Option B

Providing an intermediate platform I1s a necessary component in any manual desilting
system It will allow desilting crews to have a mobilization area and a starting point  As well,
it will allow safe access to the gates for inspections
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3147

Downstream Structural Concrete

Problem/Deficiency

The concrete downstream of the main gates was previously inspected in detail in 1986 and 1987
(Acres March 1988), and previously in 1980/81 During the last inspection, the erosion of the
concrete had not progressed significantly since 1980/81 The erosion had extended to a maximum
depth of 125 mm (5") On the west gate the erosion had extended to 25 mm (1") below the
embedded anchor bolts As discussed In the 1988 inspection report the erosion is likely due to
recirculation of rocks and debnis within the submerged roller which forms when the gate 1s raised

This erosion 1s a threat to the integrity of the embedded seal components Failure of the downstream
seal assembly may overload the gate hotsts or interfere with its proper operation Consequently the
erosion must be repaired to prevent further deterioration or failure

Alternatives for Repair/Replace

A

With the gates dewatered completely remove all loose or damaged concrete from the area
downstream of the gates to a minimum depth of 200 mm (8") Install dowels to ensure
mechanical bonding of the repair slab to the Structure Clean all concrete surfaces by
sandblasting and pressure washing Apply a suitable bonding agent and place a high density
granite aggregate concrete in the repair area

Estimated cost of Option A $34,900

With the gates dewatered completely remove all concrete from the area downstream of the
gates to a point 3 m (10 ft) downstream to a muinimum depth of 200 mm (8") Install dowels
to ensure mechanical bonding of the repair slab to the Structure Clean all concrete surfaces
by sandblasting and pressure washing Apply a suitable bonding agent and place a high
density granite aggregate concrete in the repair area with a finished roughened surface
install 12 mm (0 5 ) armour plates over new concrete with anchors Grout void between
armour plates and new concrete This Is illustrated in Figure 7

Estimated cost of Option B $140,900 for both gates

Install 12 mm (0 5") inch armor plates over damaged concrete and fasten with grouted
anchors Grout void below armored plate and existing concrete with grout

Estimated cost of Option C ~ $107,000 for both gates

Preferred Option B

The area iImmediately downstream of the gates must be protected against erosion to prevent
the failure of the embedded fixed seal assembly Failure of this seal may cause a pressure
imbalance which will threaten the gate structure
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315 Adjacent Earthfill Dams

3151 Roadway

At present the agreement between the Department of Natural Resources and Department of
Highways places responsibility for the maintenance and repair of the roadways with the Department
of Highways Consequently their routine inspection of the roadway will permit repaving and
maintenance of the approach roads as required It 1s anticipated that the roadway will require

reconstruction a number of times over the next 30 years

31562 Surface Drainage

Problem/Deficiency

Runoff from the approach slab on each abutment collects and concentrates at several locations
As a result of this concentrated flow the shoulders are eroded and gullied, especially adjacent to
the abutments This erosion does not directly affected the structure but results in premature
deterioration of the asphalt approach slabs

Alternatives for Repair/Replace

A Do nothing to prevent concentration of runoff Repair shoulders and roadway as required

Estimated cost of Option A No initial cost

B Construct swales along either side of the roadway using asphalt Channel runoff to a niprap
lined gully away from the Structure

Estimated cost of Opton B $12 000
C Provide additional niprap to protect the locations where erosion has occurred
Estimated cost of Option C ~ $3 800

Preferred Option A The Swale can be constructed at some time in the future
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3153 Surface Erosion Protection

Problem/Deficiency

The inspection of the Structure also 1dentified some erosion of embankment matenal along several
locations The principal cause of this erosion i1s from people walking up and down the slope along
several defined paths These tend to develop into gullies, which erode more rapidly There 1s no
significant concern over this although it may initiate some undermining of the roadway above
eventually The roadway and embankments are identified on Figure 5

Alternatives for Repair/Replace

A Do nothing and permit erosion to continue Place additional matenal when required to
maintain the slope face

Estimated cost of Option A No initial cost

B Place coarse rip rap over areas of erosion, and provide limestone blocks forming crude
stairs down the embankment slope

Estimated cost of Opton B $12,000

Preferred Option A

3154 Downstream Embankment and Channel Erosion

Problem/Deficiency

Several surveys (1975, 1976 1979, 1994) conducted by divers of the channel bottom immediately
downstream of the Structure indicates significant erosion of niprap during large flood events As
recommended by KGS 1in 1995 (Red River Floodway - Inlet Control Structure Erosion Study), the
reinstallation of a scour protection blanket and protection of the shore 1s necessary

Additional details are contained within the report

Alternatives for Repair/Replace

A Placement of riprap downstream of the Structure to a volume of 6,000 m* (7 800 m°)
Estimated cost of Option A $1,028 000
B Placement of a concrete mat overlay covering an area of 1 500 m* (55 000 ft°)

Estimated cost of Option B $670 000
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Short term remediation of the scour hole through the placement of a small volume of riprap,
or other method immediately adjacent to the Structure

Estimated cost of Opton C  $73 000
The onginal report recommended the installation of the concrete mat overlay to provide the

necessary scour protection A detailed discussion of this system 1s contained within that
report therefore the associated costs have not been addressed herein

316 Public Security

Problem/Deficiency

Along many of the retaining walls at each abutment, the distance from the top of the wall to the
water or rocks below Is relatively high During operations when flows are rapid and turbulent, the
danger I1s greater As discussed In the inspection results, the danger to sight seekers can be
considered significant There are also many occasions in which sportsmen use the retaining walls
to fish from

Alternatives for Repair/Replace

A

The areas which are considered dangerous could be fenced off with an eight foot high chain
link fence The fence would need to be constructed to commercial standards to ensure
strength and longevity

Estimated cost of Option A $13 000

Signs can be posted clearly identifying the danger using a multiingual sign The
responsibility for safe use of the structure would then lie with the public

Estimated cost of Option B $1,500

The entire penmeter of the structure could be fenced off to the public This would entail
fences installed about the maximum flood level to extend from the brdge hand railing to the
waterline some distance away from the structure The public would then be able to use only
the roadway and shoulders in the vicinity of the Structure

Estimated cost of Option C ~ $45,000

Preferred Option A

The nstallation of warning signs can not be considered sufficient to adequately protect the
public Signs are not visible unless illuminated or of all possible languages Also it s not
practical to try to fence such a large area especially with the potential damage to the fences
by flood waters or river ice Therefore the most efficient solution 1s the installation of fences
at the areas considered dangerous, as shown on Figure 5
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It may aiso be prudent to install Iife preserver rings as found on many City of Winnipeg
bridges The preserver rings will provide a suitable lifesaving mechanism in the event of a
person falling off the Structure
Problem/Deficiency
The present navigable waterways license does not require illuminated channel markers As with
current practice navigation ighting 1s important for the safety of boaters who may be operating at
night or in fog
Alternatives for Repair/Replace

A As the present operating license states there is no requirement for navigation lighting being
provided on the Structure

Estimated cost of Option A No mitial cost

B Each navigation channel will be marked with two colour coded lights on the upstream and
downstream faces to clearly identify the navigable channel This will require the instailation
of eight ight fixtures Each light fixture will then be suspended below a removable access
panel In the bridge sidewalk to allow maintenance
Estimated cost of Option B $24 000
Preferred Option A

As stated above, there Is no requirement for the installation of navigation lighting Providing
the lighting 1s purely a prudent measure for the benefit for a small portion of the public

Problem/Deficiency

There 1s no indication on or near the Structure of the danger due to rapid and turbulent water
Consequently there is a potential for liability to the public because of the lack of warning of these
dangers Although signs do not completely remove lability or responsibility, it 1s prudent to provide
some form of warning regardless

Alternatives for Repair/Replace

A Place suitable signs adjacent to the Structure to clearly indicate the danger of fast water
The signs would be required in both official languages and symbolical illustrations

Estimated cost of Option A $4,900

i
|
|
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As there have been no occurances of injury or deaths around the Structure from either
drowning or falling into the water it may be assumed that the dangers are obvious and
apparent to the public

Estimated cost of Option B No inihial cost

Preferred Option B

The relatively low cost of Installing and maintaining warning signs adjacent to the Floodway
inlet Control Structure is reasonable for the degree of protection provided by the public and
Is consistent with current practice with similar situations

317 Facility Security

3171 Hatch Locks
Problem/Deficiency

As noted In the inspection report vandalism of hatches 1s an ongoing problem throughout the
Structure The entry of unauthonzed persons Into the Structure presents nisks to them and to other
users Consequently 1t 1s necessary to prevent access into the surge chambers and cylinder pits
The chief problem with the lock arrangement on the hatches is ease of access The lock can be
easily damaged with rock and other objects because the locks are exposed Onginally the locks
were more traditional deadbolt style locks which were likely unreliable due to corrosion and
contamination These repairs will be required If the hatches are not replaced as described above

Alternatives for Repair/Replace

A Replace existing hasps with new hasps welded in place to the hatch frames and covers Use
new high security locks to replace the existing laminated plate locks

Estimated cost of Option A $1 500

B Replace all lock and hasp arrangements with modified bolts to secure the hatches The bolts
can only be removed with a tool matching the bolt head shape and pattern

Estimated cost of Option B $2 950

C Remove all existing lock hasps Attach new padlock recesses into the hatch covers by
welding Replace existing locks with high security padlocks The recess will be sized to
mitigate vandalism
Estimated cost of Option C ~ $1,800
Preferred Option Do Nothing

Locking mechanism will be replaced when the hatch is rehabilitated
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3172 Door Locks

As noted above in the discussion of the Control Room the use of commercial deadbolt locks is the
only method of protecting door locks against vandalism The present systems used on the Machine

Room doors, and the Control Room door appear effective

Alternately, a digital pass card system could be installed in conjunction with a secunty system Use
of a secunty card could eliminate the need for keys for entry into the Control Room The security

system would then unlock the door latch to allow entry

3173 Protection of Operators

Problem/Deficiency

The operators of the Structure are important to the proper operation of the Structure However they
do not have the resources avallable to ensure the protection of their parked vehicles, the outside
of the Structures or themselves There i1s no specific tems that can be considered requiring repair
or replacement As such only a number of tems are suggested which may assist the operators in
performing their job safely

Alternatives for Repair/Replace

A Provide closed circuit cameras with a view of the Structure from outside This will allow
monitoring of the exterior without the need to go outside periodically

Estimated cost of Option A See Section 3 3 12

B Close off the Structure to the public during operation Using fences and gates, close both
the roadway and any access by foot to the Structure There 1s a precedent for having the
bridge open at all times and especially allowing the public to watch its operation during
floods Although closing the Structure 1s within the powers of the Department, it will be
opposed by the public users

Estimated cost of Opton B $15,000

C As discussed throughout this report, there 1s a need for additional lighting on the Structure
for various reasons They have been addressed in Section 3 3 10 as necessary

D The highting within the Structure on ladders and platform should be supplied to a level of 55
lux by Workplace Health and Safety This will require the installation of additional light
fixtures and wiring as required to provide it The ighting within the main gates and other
closed spaces should be 25 lux as well Since the ighting within the gates would only be
required dunng maintenance and inspection it 1s not necessary to supply permanent
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fixtures however it may be easier for the operators to have power supply cables and
suitable temporary light fixtures supplied on site

Estimated cost of Option D See Section 33 10

All of the options above are recommended however several are relatively costly to install
or supply The decision of the approprnate improvement in secunty must be based on current
policy towards Department personnel and the facility

3174 Prevention of Malicious Operation

Problem/Deficiency

The operation of the Structure 1s controlled from the instrument panel in the Control Room and from
controls tn the Machine Room As discussed in the inspection results, it is possible to have the gates
operated by unauthorized personnel given the nght circumstances

Alternatives for Repair/Replace

A The controls on the hydraulic and electrical systems can be locked using keyed switches
which remain with the operators at all imes A key would be required to allow the gate to be
raised or lowered Once the key were removed the changing of gate position would not be

. possible Changes of this type are considered operational and have not been addressed
in the cost estimate

B A remote control and monitoring system could be employed at the Structure This would
consist of Instrumenting the gate position all motors and valves The system could then be
controlled or simply monitored from a remote location to confirm proper authorized
operation The cost of Instrumenting the entire gate operating system is relatively high, and
would require modifications to many systems while the installation of a high security key
switch would effective allow no unauthorized access or operation (see Section 3 3 15)

318 Upstream And Downstream Cofferdams

As with most water management structures the Floodway Inlet Control Structure will require
significant rehabilitation throughout its Iife to maintain its operation, and to extend its useful life To
effectively complete this work there i1s a need for assessing methods for installing a cofferdam
upstream and downstream of the Structure The position and extent of the cofferdam 1s illustrated

on Figure 10
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The selection of a cofferdam has been considered for economic consideration only Under normal
construction practices, the Contractor responsible for the work shall design, construct and mamntain
a complete cofferdam The review of cofferdam systems does suggest however that some

provisions may be made that will reduce the cost of installing a cofferdam in the future

The Structure consists of two bays separated by a large pier Each gate can then be coffer dammed
for an extended period of time while allowing normal flows to pass through the other side As the
Structure 1s intended for spring flood control, it 1s necessary for the cofferdam to be removed prior

to the spring flood and the structure in operation

The cofferdam must be easily instailed and removable to take advantage of the short construction

period This assumes normal weather conditions through the Fall and Winter

The gate being coffer dammed would be raised to stop flow through the section being dewatered
This would allow divers to work in relative still water and would ease the positioning of cofferdam

elements

Alternatives for Cofferdams

A Since the Structure consists of regular shapes and relatively smooth surfaces, a steel
cofferdam could be constructed to fit the geometry of the Structure This would allow rapid
installation and dewatering of the gates with very little prepatory work The cofferdam would
be constructed in sections which would allow installation by mobile crane from the roadway
bridge Each section would by lowered into place and secured by divers Once assembled,
the dewatering pumps within the Structure would be used to dewater the work area

Estimated cost of Option A $60 800 for initial construction for one gate
$62 000 for installation and removal for one gate

B This method s similar to the fabricated stee! cofferdam discussed above, however the

cofferdam would consist of precast hollow core panel held in place with steel bracing frames
bolted in place

Steel braces would be lowered into the water by mobile crane operating from the roadway
bndge Once the frames are Installed modified precast concrete panels would be lowered
into the water spanning between the steel braces Sealing of each section would be through
seals bonded In place on either the steel braces or on the concrete slabs Dewatering

pumps within the Structure would be used to dewater the cofferdam Removal would be the
reverse operation
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Estimated cost of Option B $72 500 for initial construction for one gate
$70,000 for installation and removal for one gate

C A cofferdam can be constructed using modular steel panels and braces which are rented
from a construction equipment supplier The braces would be preassembled adjacent to the
Structure with a section of panel attached The segment would be placed either from a barge
or from a mobile crane from the roadway bridge The individual components would be
sealed to each other with rubber gaskets

Installation would be accelerated through the installation of mounting bases onto the
concrete foundation and a continuous steel sealing face along the downstream and
upstream edges and faces These sealing faces would be permanently installed using
divers Once Installed, the seal faces would ensure good seals between the Structure and
cofferdam components

Once all components are in place and fastened together, the work area could be dewatered
using the dewatering pumps within the Structure

As the cofferdam components are rented, they can be ordered when required do not require
a storage compound or additional handling prior to installation or removal

Estimated cost of Option C  $40 000 for initial construction for one gate
$60 000 for installation and removal for one gate
$21 000 for rental of components for 4 months

Preferred Option C

Cofferdam costs will be incurred by the contractor and the basis of the above has been
assumed to be approximately $253 000 for cofferdamming both gates and an additional
$37,500 to seal the gates with divers

32 MECHANICAL SYSTEMS

321 Hydraulc Hoisting System

3211 Hydraulic Units

Problems/Deficiencies

The west hydraulic unit showed no apparent deficiencies, while some minor problems were noted
in the east unit These deficiencies included the following

- A compression fiting on the east hydraulic unit tubing has a slow dripping leak  The location
of the fitting was 1dentified to operating staff at the time of the inspections
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- The east unit hydraulic oil sample contained a high amount of silica particies  This should
not pose a problem to the hydraulic system as long as the oll filter 1s changed as required
The silica may have been inadvertently introduced into the system by cleaning internal
components with rags or paper towels

- The east gate lowering speed observed during operational testing was approximately 25%
slower than the design lowering speed The pressure in the east gate system was also very
low at 350 kPa (50 psi) during gate lowering This may be caused by malfunction or
incorrect setting of the lowering relief valve on the east hydraulic umt

Recommendations for Repair/Replacement

Perform routine maintenance on the hydraulic units annually or prior to spring use Replace the
leaking fiting on the east hydraulic unit Change filters on both units when required and try to
identify the source of silica contamination in the east hydraulic unit  Check the setting on the east
unit lowering relief valve and inspect the valve for proper operation

Estimated Cost of Above Work $1,100

3212 Hydraulic Piping

Problems/Deficiencies

- The carbon steel piping is corroded In areas outside the mechanical room This 1s most
apparent in the east abutment cylinder well The sequence valves above the cylinders are
also corroded

- Sections of the oniginal piping in the west abutment cylinder well were replaced in 1994 due
to corrosion-related fallure Examination of the removed piping sections and review of
existing drawings reveal that the oniginai piping ts of standard schedule 40 wall thickness
The rod end and blind end ports on the cylinders, however are schedule 160 and schedule
80 couplings respectively

Alternatives for Repair/Replacement

A Replace the existing hydraulic piping components between the hydraulic units and the
cylinders (including piping inside the mechanical room) as follows

Outside mechanical room replace existing schedule 40 steel piping with schedule 80
stainless steel piping with socket weld connections

Inside mechanical room replace existing schedule 40 steel piping with schedule 80
steel piping
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As part of the hydraulic piping replacement the sequence valves above all four cylinders
should be removed for shop testing and inspection and repaired or replaced as necessary
Stainless steel piping 1s recommended 1n heu of carbon steel with a protective coating
because of the maintenance habllities associated with the carbon steel pipe protective
coating

Estimated Cost of Option A $83,000

B Replace piping only outside the mechanical room with stainless steel piping as listed in
Option A, but leave the existing piping Inside the mechanical room since 1t shows no sign
of corroston This option would leave the piping inside the mechanical room at a lower

pressure rating than the outside piping Repair or replace the sequence valves as noted In
Option A

Estimated Cost of Option B $70,000
Recommended Alternative  Option A

The piping Inside and outside of the mechanical room should be replaced in order to achieve
consistent pipe pressure ratings throughout the system The general arrangement of the
hydraulic piping replacement 1s shown in Figure 12

3213 Cylinders

Problems/Deficiencies

- The gland area of all four cylinders (where the piston rod enters the cylinder barrel) has
accumulated a significant amount of grease and silt  This buildup may damage the piston
rod wiper and prevent it from properly cleaning the rod during cylinder retraction (gate
raising) This can lead to contamination of the gland packing, which can impart damage to
the piston rod and cause oll leakage from the gland

- A slight oil leak was noted at the east centre pier cylinder gland

- The cylinder barrels are carbon steel and rusting In localized areas This 1s most
predominant on the west centre pier cylinder barrel above water level

- During operation In the spring of 1996, operators noted that the east gate tended to drift
down 50 to 70 mm (2" to 3") from set position over a 24 hour period This minor deficiency
may be an indication of slight oll leakage around the piston packing in one or both of the
east gate cylinders It 1s not known whether the gate position restoring device was operable
to restore gate position
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Alternatives for Repair/Replacement

A Perform refurbishment work without removing the cylinders from the cylinder wells  This
includes cleaning each cylinder gland area, unfastening the cylinder head and replacing the
gland packing and piston rod wiper These components are tllustrated in Figure 13 which
shows a typical section of a hydraulic cylinder The cylinder barrels should also be cleaned
and re-painted In rusted areas, which will require the gates to be dewatered to allow for
access to the lower areas of the barrels

Estimated Cost of Option A $25 250

B Remove the cylinders from the wells for refurbishment work  In addition to the work covered
by Option A above this will allow for the piston rods to be removed from the barrels for
internal inspection and replacement of the packing around the pistons

Estimated Cost of Option B $74,000
Recommended Alternative  Option A

There do not appear to be any significant deficiencies that require cylinder removal at this
time

3214 Cylinder Support Guides
Problems/Deficiencies

The current platform arrangement in the cylinder wells does not provide proper access to the
cylinder support guides for detailed inspection and maintenance Viewed from the existing
platforms, the rust-coloured appearance of the grease coating the guides suggests that the grease
1s not very clean Apart from this, the guides themselves appeared to be in good condition when
the grease was wiped off by motion of the cylinder crosshead assembly during operational testing
The grease therefore appears to be adequately protecting the guides from corrosion Access to the
guides will need to be improved so that the cylinder support guides can be properly inspected and
grease application can continue as a regular maintenance procedure

Alternatives for Improvement

Access to the cylinder support guides can be improved with a new platform arrangement in the
cylinder wells, which is discussed In Section 3 1 2
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3215 Hydraulic System Overload

Problems/Deficiencies

The analysis presented in Appendix H of this report reveals a potential for hydraulic system
overload caused by buoyant forces of 1500 kN (336 kips) acting on each flood gate This overload
would occur in the event of a single cylinder failure  The remaining cylinder would be able to provide
only 1015 kN (228 kips) of downward thrust because a relief valve in the system himits the ol
pressure in the bottom ends of the cylinders to 4140 kPa (600 psi) An upward force on the gate
In excess of 1015 kN (228 kips) would cause the relief valve to open thereby allowing the oil to flow
back to the reservoir, and the cylinder and gate to nse uncontrolled

Recommended Action for Remediation

The relief valves in question are currently set at 4140 kPa (600 psi), but have a 1035 kPa (150 psi)
to 6900 kPa (1,000 psi) adjustable spring range Ad)usting each valve to 6200 kPa (900 psi) would
allow each cylinder to provide enough downward thrust to counteract the calculated upward Iifting
force This increased pressure Is within the design limits of the hydraulic system

If the cylinders are refurbished and the hydraulic piping I1s replaced as described in previous sections
of this report the nsk of sudden cylinder failure is assumed to be remote For this reason it1s
recommended that the relief valves not be adjusted at this time  In the event of a cylinder failure
operating staff may adjust the appropriate valve to obtain an increased relief pressure as required

3 22 Bulkhead Gate and Trashrack Hoists

3221 Bulkhead Gate Wire Rope Hotsts

Problems/Deficiencies

- all hoist components on the hoist platform are rusted to some degree The severty of
corrosion damage ranges from surface rust to complete failure of components (see below)
Review of the Drawings indicates that the hoists were designed for indoor service while In
fact the equipment has been exposed to moisture leaking from the bridge deck above

- the following components have falled due to rust corrosion (parts seized in place or
completely rusted off) the position imit and slack rope limit switches on both hoists, and
the position indicator on the west hoist

- the lubncating ol samples taken from the large gear reducers were found to be
contaminated beyond acceptable levels by a varnety of particles, including metal and rust
particles

- the wire rope on the east gate hoist was not riding on one of the lower sheaves during the
operational test of the gate  As a result, wire rope became jammed in the sheave block and
the hoist could no longer operate properly
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- one of the lower sheaves on the west gate hoist was not turning and the wire rope was
sliding on the sheave during gate motion

Alternatives for Repair/Replacement

A Remove and dismantle the hoists for a detailed inspection and If possible, refurbish the
existing hoists to a condition in which they can continue to operate for the next thirty years
This will iInvolve likely overhaul of the existing hoist equipment and replacement of some
components, as listed below

- dismantle all of the gear reducers and bearings for inspection of internal components
perform any necessary repairs and replace lubricating fluids

- dismantle the sheave blocks and repair to working condition

- Replace the wire ropes on both hoists with galvanized wire rope The rope on the
east hoist may have been damaged when it jammed in the lower sheave block during
operational testing

- re-paint all of the hoist components including support frames

- replace the hoist position imit switches and position indicators  The existing devices
are currently not operable

Estimated Cost for Option A $68 000 ($34 000 per hoist)

B Replace the existing 12 ton hoists with new units, complete with galvanized wire ropes and
water resistant sheave blocks Each new unit will be weatherproof (the existing hoists were
designed for indoor operation) and will come equipped with a position indicator, position

limit switch, and slack rope imit switch The hoist support platform will be modified to suit
the new hoists

cstimated Cost for Option B $117,500 ($58 750 per hoist)

Recommended Alternative  Option A

Recommendation of Option A assumes that costs of refurbishment will not exceed the
estimated amount Estimation of these costs 1s difficult without dismantling the hoist
components for inspection Therefore to be conservative, the estimated cost of Option B
will be appled to bulkhead gate hoist remediation

3222 Trashrack Manual Chain Hoists

Problems/Deficiencies

The trashrack manual chain hoists (5 ton capacity) were found to be inoperable The hoist
mechanisms were badly rusted
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Alternatives for Repair/Replacement

A Remove the manual chain hoists for detalled inspection and refurbish them back to working
condition if possible

Estimated Cost for Option A $3 000 (%1 500 per hoist)
B Replace the manual chain hoists with new units
Estimated Cost for Option B $12,600 ($6 300 per hoist)

Recommended Alternative  Option A

Similar to the bulkhead gate hoists, the trashrack hoists will not need to be replaced if they
can be repaired at a reasonable cost This cost 1s however difficult to estimate without
dismantling the hoists for inspection The estimated cost of trashrack hoist remediation is
therefore taken as the replacement cost in order to be conservative

323 Dewatering and Desiiting Systems

3231 Dewatering System
Problems/Deficiencies

During the east gate dewatering in March of 1996, the dewatering pump was observed to operate
well during most of the dewatering procedure As the water level within the gate recess reached
a low level near the end of dewatering the pump was prone to blockage from collection of debris
at the pump nlet, which needed to be removed manually The major source of this debris was
chunks of foam insulation which had torn loose from the upper skinplate inside the gate In addition,
higher amounts of silt entering the centre pier sump near the end of the dewatenng process
appeared to cause blockage in the dewatering system This necessitated frequent backflushing of
the dewatering pump

Alternatives for Repair/Replacement

The dewatering system itself does not appear to be deficient Problems encountered during
dewatering can be largely attributed to other deficiencies Including excessive leakage through the
gate seals, deterioration of the upper skinplate foam insulation, and the lack of a functioning
desilting system (discussed in the following section)
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3232 Desilting System
Problems/Deficiencies

The original desilting system I1s no longer in use and the onginal desilting pumps have been
removed With no desilting system in operation accumulations of silt in the east gate recess and
access chambers ranged from four to eight feet in depth after dewatering in March 1996, making
access Into the recess difficult

Review of the Drawings and the Inlet Control Structure Operation and Maintenance Manual
indicates that the desilting system was designed to agitate collected silt deposits into suspension
by recirculating water from the centre pier sump through a senes of nozzles (24 nozzles per gate)
located along the floor of the gate recess and access chambers With the nozzles providing
agitation, the dewatering pump was to operate with the bulkhead gate open This would remove
silt-laden water while clean water entered the gate recess through the open bulkhead gate The
system reportedly has not functioned well in the past due to pipe blockage from silt accumulation
and freezing Little can be done to correct these problems because the pipes are embedded in the
concrete of the structure In addition, the system was designed to provide agitation only at the floor
level of the gate recesses and access chambers This arrangement would probably not prevent silt
from accumulating in other areas such as the dogging device chambers and along steel members
inside the gates (these areas were noted to contain accumulations of silt during the dewatered east
gate inspection) It appears that even if the desilting system were currently able to operate 1t would
not have sufficient flow capacity to significantly reduce silt accumulations observed during the
dewatered east gate inspection in March 1996 (the nozzles were completely buried under 1 2 m to
24 m (4 to 8 feet) of siit Removal of silt Inside the gate recesses would probably require manual
washdown hosing following dewatering, even If the current desilting system were refurbished back
Into operation

Alternatives for Repair/Improvement

Given the problems experienced with the original desilting system, it does not appear feasible to
refurbish the sysiem back ‘o an operable condition Instead it i1s recommended that the desilting
procedure be performed following gate dewatering using a manual washdown hose and portable
desilting pump to remove accumulated silt The time and expense required for such an operation
will depend on the amount of silt accumulated in the gate recess The equipment required would
Include the following

- submersible desilting pump, lowered down the cylinder well, to pump silt from the
gate recess The pump would be small and light enough to be maneuvered inside
the gate recess

- a source of high pressure water for washdown hoses (alternatives for providing
washdown water are described below)

- washdown water hose with adjustable flow nozzle

- desiiting pump discharge hose

- hoisting equipment

- generator set to provide power to equipment (not required if power supply 1s available
from the Structure which is discussed In Section 3 3)
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The cleanup operation described above could be performed using temporary rented equipment only
without making any modifications or additions to the Control Structure This would require a
submersible pump to provide washdown water from the river Lengths of hose would be required
to run washdown water from the niver into the gate recess, and to transport silt out of the recess
back to the nver Based on silt accumulations observed during the dewatered east gate inspections,
the gate recess contained an estimated 340 m® (12 000 ft*) of silt It 1s estimated that a three person
crew equipped with a desiiting pump and washdown hose would take eight full days (192 hours) to
completely remove the silt from one dewatered gate recess

Estimated Cost of Above Operation $92,500 (includes both gates)
Measures to facilitate and reduce the cost of the gate desilting operation are described below

A Install a piping system to handle washdown water supplied from the submersible pump in
the river This system is lllustrated in Figures 14 and 15 A hose coupling on the outside
wall of the mechanical room would provide for connection of the pump hose on the centre
pier downstream observation deck A valve station inside the mechanical room would allow
the washdown water flow to be directed to any one of the cylinder wells Piping to the
abutments would run below the bridge deck Air connections In the system would allow for
the pipes to be completely drained between periods of use  Washdown hose stations could
be installed inside the abutment surge chambers as part of this system for cleaning the
surge chambers and the raised bulkhead gates and trashracks

Estimated Cost of Option A $80 000

B Install a second groundwater well pump system in the Control Structure centre pier sump
to provide a permanent source of clean washdown water, as shown in Figure 14 This
system would be tied into the piping system described above in Option A and would allow
washdown water to be supplied either from the well pump or a submersible pump in the
river The feasibility of this option depends on whether a second well can provide adequate
water flow for this purpose, approximately 340 L/min (90 gpm)

Estimated Cost of Option B $56,000 (implementation requires option A)

C Install a 1/2 ton monorall beam with a removable manual trolley hoist within each gate
access chamber This would facilitate movement of a sludge pump along the chamber
length and would allow for a larger pump with increased capacity An access platform is
also provided and Is discussed in Section 3146

Estimated Cost of Option A $30,000

D Install a pipe with valving inside each cylinder well to handle silty water discharge from the
desilting pump The bottom end of the pipe would contain a coupling for connection to the
desilting pump discharge hose The top end of the pipe would run through the wall of the
cylinder well above water level and discharge to the nver This arrangement would reduce
the length of the desilting pump discharge hose

Estimated Cost of Option D $60 000
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Recommended Alternatives A (Short Term) B (Long Term)

Option B should be considered as part of the long term work program for the structure
324 Compressed Air System

Problems/Deficiencies

- Although the compressors were verified to be working properly during inspections in July,
1996 the compressed air piping nozzles at the bottom of the gate recesses and access
chambers are reportedly not functioning The nozzles form part of a bubbler system
designed to prevent formation of ice inside the gate recesses and cylinder wells, and
therefore should be maintained in operation The nozzies in the east gate recess were
covered by silt during the dewatered east gate inspection in March 1996, and therefore
could not be Inspected It 1s likely that the nozzles are plugged by silt but they will need to
be inspected with the gates dewatered and desilted to confirm this

Alternatives for Improvement

- During a future gate dewaterings with the gate recesses cleared of silt, inspect the
compressed air nozzles and exposed piping sections and repair, or replace them as
required

Estimated Cost of Above Operation $8 500

325 Cylinder Well/Abutment Surge Chamber Heaters

Problems/Deficiencies

The cylinder well and abutment surge chamber heaters are rusted but otherwise are reported to
be operable

Alternatives for Improvement

Although replacement of the heaters I1s not recommended at this time, 1t will likely need to be
performed at some time within the next ten years At such a time consideration should be given to

a radiant heating system as a replacement, as it may prove to be more efficient than forced air
heating
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326 Building Mechanical Systems

3261 Heating System

The buillding unit heaters were all found to be in working order The only action necessary is to

monitor thetr operation and repair or replace as necessary See Section 3 3 8 as well

3262 Ventilation System
Problems/Deficiencies

The washroom fan is either missing or is not functioning The fan should be replaced or repaired
as necessary

Estimated Cost of New Fan, Installed $200

3263 Domestic Water System

Problems/Deficiencies

The domestic water supply from the centre pier well was not tested as part of this inspection but

it 1s reportedly not potable Since the Control Structure 1s manned on a 24 hour basis dunng parts

of the year, a supply of potable water should be made available

Alternatives for Improvement

A The domestic water from the Control Structure well should be tested for contaminants (if it
has not already) to assess whether or not it I1s potable A potable water treatment system
may be purchased and installed If necessary

Estimated Cost of Option A $3,000

B Purchase a water cooler and have bottled water supplied to the Control Structure as
required

Estimated Cost of Option B $ 400 plus cost of bottled water
Recommended Alternative  Option B

A bottled water dispenser should provide an adequate and inexpensive potable water supply
for operating staff
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3264 Septic System

Problems/Deficiencies

The septic system reportedly does not function as originally designed, as the drain pipe from the
holding tank to the rniver freezes in cold weather The septic tank is periodically pumped out as
required

Alternative For Improvement

It 1s recommended that the onginal septic drain piping to the niver be capped and abandoned to
avoid drainage of sewage into the nver The septic tank should continue to be pumped out
periodically as required

Estimated Cost $200, plus cost of periodic pump-out

33 ELECTRICAL SYSTEMS

331 Incoming 600V Power Cables

These cables had satisfactory insulation test results  While it would be unusual to expect the 600
volt cable to provide 60 years of service ( 30 years to date plus 30 years of future Iife) no remedial
action 1s recommended for this cabling at this tme This recommendation is based on the following

observations

. The cable 1s normally very ightly loaded (compared to its design capacity) for the bulk
of the year and has therefore not been subjected to anywhere near its designed

normai operating temperature for any length of tme Temperature 1s a significant
factor in aging cables

. There 15 an alternate feeder available and a failure of a cable in one feeder will not
adversely effect the ability to operate the control structure

332 Main Breaker/Robonic Transfer Switch

No problems were noted as a result of the inspection and no remedial action 1s recommended As
with the 600 volt power cable the expectation of 60 years of life (le an additiona! 30 years) Is
perhaps optimistic  However, the transfer switch 1s readily accessible and spare parts to replace

Its components are still readily available Therefore it can be repaired or replaced at moderate cost

if and when needed
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333 Motor Control Center

The motor control centre showed no signs of deficiencies requinng remediation at this time  The

equipment can be maintained without difficulty

334 Motors

Motors were found to be in working condition with no apparent deficiencies If the need arises in

the future, they can be repaired or replaced without difficulty

335 Dry Type Transformers

The inspections revealed no problems with the dry type transformers This equipment can be

repaired or replaced at moderate cost if and when needed

336 Panelboard

Only minor problems with six small circurt breakers which are operating at elevated temperatures
were noted as a result of the inspection These may be readily repaired/replaced within the normal
maintenance budget The panel itself 1s in good shape and no major remedial action iIs
recommended As with the 600 volt power cable the expectation of 60 years of Iife (le an
additional 30 years) 1s perhaps optimistic  However, the panel 1s readily accessible and spare parts
to replace its components are still readily avallable Therefore, it can be repaired or replaced at

moderate cost if and when needed

337 Gate Heating Equipment

3371 Main Gates Seal Path Heating

Problems/Deficiencies

Major problems exist on both gates with the present electrical trace heating cables which heat the

upstream downstream, and both side gate seal paths The cables are either short circuited or open

circuited and are not functional This has been the situation for a number of years
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Alternatives For Repair

A

This option assumes that it 1s technically possible to pull out the existing heating cables and
simultaneously draw in a new pull wire  The length of these cables 1s significant and
summarized in the table below It may not be possible to pull out the cable from the large
U-shape embedded conduit in which it is located while also pulling through a new pull wire

DESCRIPTION EMBEDDED 1 COLD HEATED . OVERALL | OVERALL
CONDUIT LEAD LENGTH . LENGTH PULL
SIZE/ LENGTH (FT) OF CABLE | LENGTH
LENGTH (FT) ! (FT) L (FT)
N ? _ o 1.
East Side Gate Heater 2 60 | 45 105 165
West Side Gate Heater 2 60 | 45 105 165
Downstream Gate Heater 2 60 | 12 172 232
Upstream Gate Heater 2 60 ! 112 172 232

Estimated Cost of Option A $30 000

If 1t 15 not possible to pull iIn new cable repair would then necessitate the removal of a
sufficient quantity of concrete in the piers and the spiliway apron to install new embedded
conduit

Estimated cost of Option B $40 000 for both gates (requires Option A)

Do nothing as trace heating I1s not required with the current operation of the gates
Estimated cost of Option C No Cost

Preferred Option C

In reviewing the operating practices for the gates the requirement for this trace heating 1s
difficult to justify Although the water elevation at the structure in the late winter and spring
has been low enough to almost expose the downstream sill 1t 1s not necessary to operate
the gates when the water level 1s this low Whenever the niver level 1s high enough to
warrant operation of the gates, the gate seals are normally submerged a mintmum of seven
feet under the surface The ice on the nver has typically broken up and it is reasonable to
expect the seals to be free of ice at this tme Thus operationally the trace heating does not
appear necessary This has been discussed with operating personnel and they concur

In the unlikely case where a condition does arise where operation of the gate 1s required In
the winter say for maintenance purposes temporary faciliies such as a portable steam
generator could be brought In to help remove any ice on the seal paths Significant
measures would be required to free the gate surface of ice In any case

Based on the above, no remedial work 1s recommended on the main gate seal path heating
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3372 Bulkhead Gates Gate Guide Heating
Problems/Deficiencies

The trace heating for the guides does not work
Alternatives For Repair/Replace

A Replace heaters with new trace heaters in existing conduits Change voltage on heaters to
match new 600 Vac distribution brought to wingwalls discussed later in this report

Estimated Cost of Option A $6,000 for both bulkhead gates

B Do nothing Operate as at present and either wait for i1ce to clear or remove ice with
temporary steam source when required

Estimated Cost of Option B No Initial Cost
Preferred Option A

Operationally the bulkhead gates are normally kept in the open position and are positioned
so the gate body 1s above the river level and 1s not subjected to any ice  Only when the
main gate I1s being dewatered 1s there a requirement to lower the bulkhead gate There I1s
a reasonable operational requirement to dewater a main gate in the late winter early as
spring for inspection purposes and at this time ice Is likely on the submerged guides
Accordingly, it is desirable to have this gate guide heating functional

338 Space heating

Space heating inside the control room and machine room are provided by unit heaters These unit

heaters are in good shape and no remedial action 1s recommended

339 Main Gate Hoist Controls

The principle problem with the gate controls located in the control room is the remote gate position
indication which s not functional This requires that the gate be operated from the Machine Room
the only location where gate position monitoring 1s presently available The Machine Room Is quite
noisy when the hydraulic equipment 1s operating and it 1s therefore not considered desirable to
operate the gates from this location The balance of the control desk equipment and the controls
on the hydraulic power equipment are in good condition and no remedial work 1s recommended for

this equipment
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Alternative For Repair

A Install a new absolute encoder on the existing take-up pulley This encoder will measure the
cylinder truck elevation and display it on a digital display located on the control desk in feet
(eg 748 4 )

Estimated Cost of Option A $20,000 for both gates

B Provide a PLC module capable of accepting the cylinder truck position as an input and
calculating the main gate tip position as an output Provide a digital readout on the control
desk showing the main gate tip position calibrated In feet (eg 752 3 ft)

Estimated Cost of Option B $ 9,000 for two gates

C Provide a dial-up modem to relay the main gate tip position to a remote location
Estimated Cost of Option C  $ 5 000 for two gates
Preferred Option ABC

By maintaining a mechanical readout at the pulley/encoder location, the calibration of the
system can always be readily checked By having the cylinder truck automatically converted
to a main gate tip position the chance for errors are minimized Having the main gate tip
position available remotely on demand will enhance operations

3 310 Building Lighting
33101 Interior

The interior hghting in the Control Room and Machine Room generally consists of incandescent
fixtures and 1s In good condition This form of lighting ts inefficient by today’s standards, however
the imited use of interior ighting over the course of the year does not justify its replacement on an
economic basis Any fallure of individual hight fixtures can be repaired or replaced at moderate cost
if and when needed Therefore no remedial action 1s recommended for this equipment

Replacement should be with more efficient type light sources

The lighting inside the cylinder well areas presently consists of an incandescent fixture located at
the top of the well near the access hatch There I1s also a convenience outlet located here As
portions of the well are submerged under water during the course of a year a permanent lighting
system for the cylinder well I1s not practical Presently Maintenance staff have advised that they
have a cord assembly of lighting fixtures which they power from the receptacle and which provides

adequate lighting for their needs
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Temporary highting inside a dewatered gate I1s also required to facilitate inspection and repair work
An assembly of portable cords and light fixtures 1s recommended to accomplish this The estimated

costs for such an assembly Is included with the costs for a new desilting system

33102 Exterior

Problem/Deficiency

The exterior lighting consists of floodlights on the center pier under the roadway deck to illuminate
the main gates and two lamp standards arranged with their luminaries pointed downstream to light

up the centre pier landing The lamp standards provide some light on the roadway

The floodhights perform adequately and because of their location underneath the bridge structure
are not subject to a great deal of vandalism The lamp standards illuminate the centre prier
adequately but do not adequately ight the roadway The lamp standards because of their exposed
location fixtures are more subject to vandalism (nifle shots) Ongoing maintenance 1s costly and

difficult to arrange for

Alternatives For Repair

A KGS approached Manitoba Hydro to determine if they were willing to own and maintain the
roadway lighting as they do for other highways and roadways Manitoba Hydro indicated they
were wiling  They will install their own equipment lamps luminaries, power supply wiring
etc to facilitate their maintenance Two luminaries will be supplied on each pole one to light
the roadway and one to continue lighting the downstream centre pier

Estimated Cost of Option A $12,600
Estimated Operating Cost of Option A $16/month/luminaire
B Continue to maintain the luminanes as installed and accept the ongoing maintenance cost

Preferred Option A

The primary purpose of the lighting I1s to enhance secunty Addition of iImproved roadway
lighting also enhances safety of motor traffic on the roadway Manitoba Hydro 1s better
equipped with staff and equipment to perform ongoing maintenance and therefore lighting
system will be operable a higher percentage of time
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NOTE KGS Group spoke to Department of Highways to see if they had any
intention of lighting the bridge  They indicated they don t and this would be
a low priority location

3 311 Fire Alarm System

No deficiencies or problems were noted with the fire alarm system and no remedial action Is

recommended

3 312 Security System

No deficiencies or problems were noted with the existing security system which consists of intrusion

alarms into the Control Room or the Machine Room Accordingly, no remedial action is

recommended General vandalism at the control structure is an ongoing problem however

Alternatives For Repair

A A CCTV camera mounted in a weatherproof hardened enclosure on a pole located on the
roof of the Control Structure could help address this concern The camera could be

equipped with pan tilt and zoom features and report to a monitor located in the control room
It would be retractable so it could be stored indoors during the balance of the year

Estimated Cost for Option A $10,000

B The signal could also be relayed over a modem to a central monitoring facility if necessary
Due to Imitations of the telephone system the refresh rate on the remote monitor is
approximately once a second This is considered adequate for security surveillance Such
a system would also incur the added operational costs of staffing the remote monitoring
facility and the cost of a leased telephone line
Estimated Cost For Option B $35,000
Preferred Option A
The cost of remote monitoring 1s significant  Simply having the camera there during the
periods of operation of the structure is likely to act as a deterrent

3 313 Communication Systems

No shortcomings were found and no remedial action I1s recommended
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3 314 Embedded Conduit Systems

Problem/Deficiency

As discussed 1n Section 2 3 the embedded conduit systems can no longer be relied upon as a
raceway to pull in new wire/cable or to replace existing wire/cable  The various conduit systems are
reviewed as follows

33141 Embedded Conduit to the East Pier

The following embedded conduit circuits can be abandoned

. Embedded conduit and cable to the east gate s east side and upstream seal path heating

The following embedded conduits circuits must be maintained

. The circuit to the east gate bulkhead gate hoist

. The circult to the east gate bulkhead gate gain heaters

. The circurt to the lighting and convenience receptacles in the bulkhead gate hoist room and
cylinder

The circuit to the portable cylinder well and balancing duct space heaters

A 120V circurt for the roadway lamp standards may also be required

Power for the following new loads must be brought to the east pier

. Portable Desilting pump

. Temporary lighting and convenience outlets for the cylinder well and gate chamber

33142 Embedded Conduit to the West Pier

The same embedded conduit systems exists to the west pier and the same solution Is

recommended
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Alternatives For Repair

A To allow for ease of replacement of the circuits listed above and to power the new loads a
new raceway system is recommended A new 100 Amp 600 Vac TECK armored cable
would be installed inside the same concrete covered trench which houses the hydraulic
pipes serving the east gate east cylinder The cable would be routed down the cylinder well,
across the balancing duct, and up near the east bulkhead gate hoist It would terminate in
a sphitter box From this splitter, existing loads could be readily re-fed If and when required
and new loads would be added See Figure 16

Estimated Cost of Option A $47,500 for both end piers

Preferred Option A

3315 Automation

Two aspects of the operation of the Control Structure are candidates for automation These are

1 Automate the collection of and processing of the data required to determine the appropriate
setting of the main gates The setting determined by the automation equipment could be
validated by being reviewed by expernienced personnel and the setting could then be relayed
to the operational staff at the structure

Such a system would have the following advantages

. Once the computer program has been suitably “debugged it would act as a check on
manual calculations and mintmize the possibility of errors

. A record of the calculations and input data and gate setting could be accurately achieved
This information together with what actually occurs would be helpful in tuning the
methodology used to determine the gate setting

. It would allow the Department to become less reliant on the experience of long time staff
members for decision making

. More regular (say every half hour) data input and calculation of the appropriate floodway
gate position would allow more precise control of the Red River water levels upstream and
downstream of the floodway inlet structure

2 Operation of the gates from a remote location

While 1t 1s difficult to see any economic or operational benefit at this time modifications could be
made to control gate motions from a remote location

Both aspects of automation are considered to be beyond the scope of this assignment and were not
investigated further
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3316 Power For Desilting Equipment

Power for the desilting equipment discussed in the mechanical section of this report may be

provided by one of the following options

A Provide power from a generator set provided on a rental basis
Estimated Cost of Option A $5,000 per use

B Provide power from the Structure power supply A multiple-outlet portable power board
could be constructed for this purpose to allow for convenient equipment power hookup on
the central pier observation platform

Estimated Cost of Option B $20,000

Recommended Alternative A

34  CONFINED SPACE ENTRY REQUIREMENTS

Confined space entry procedures should be followed whenever the gate recesses are entered for
Inspection maintenance, or construction work Provisions for future work inside the gate recesses

should include the following

- atmosphere monitoring equipment
- forced air ventilation equipment (ir atmosphere monitoring indicates ventilation 1s
required)
- worker safety equipment, including
- supplied-air breathing apparatus (If atmosphere monitoring indicates it is
required)
- fall restraint system with self-recovery features
- worker hoist/retrnieval system
- lIighting equipment

It 1s recommended that temporary equipment be used as required for confined space entry The
addition of platforms and ladders in the gate recesses, as described in Section 31 will ad In
confined space entry by greatly improving access in these areas
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35 SUMMARY OF RECOMMENDED REPAIRS, REMEDIATION, AND UPGRADES

The work described above 1s summanzed in Tables 31 32 and 3 3 below Each discipline 1s listed

separately with the work categorized into repairs remediation and upgrades

Work defined as repairs, 1s that work which 1s required to return a component or system to a safe
or usable conditon Remediation work 1s work associated with preserving the condition of a
component or system prior to it becoming unsafe or unusable Upgrades consider all work which

updates or improves the usefulness or safety of a component or system
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Table 31
Summary of All Civil Work

Section ltem Type of Work Cost Comments

311 Roadway Bnidge - o
3111A |[|Detailled Inspection of Bearing Seats Remediation $7 000 L
3111B |lInstaliation of Monitoring Pins below Bearing Seat Remediation $1 900
3112 Detatled Inspection of Bearning Assemblies Remedation $8 250 o
3113 Repaint Girders within 20 years Remediation $198 000 L
3115 Selective Reparrs on all Sidewalks on Bndge Repairs $75 000
3116C |iComplete Reconstruction of Service Duct Covers Repairs $36 000 _
3116D l|lnstallatlon of Insulated Butkheads in Service Duct Upgrade $1150 L
3117A “Repalr Post Bases and Repaint Handrail Reparr $7 500
3117E ||[Replace stair and handrails to D/S deck Upgrade $7 500
3119 Rehabilitate Remainder of Expansion Joints Remediation $26 050

312 Centre Pier
3121 IApply new synthetic roof membrane Upgrade $5 850

3122 Install fire resistant drywall on Machine Room celling Upgrade $1850 .
3123 Reptace Cylinder Hoist Support Bndges Repair 361 400 .
3123 lAccess platforms to Cylinder Bridge and Piping (Pier) Upgrade $36 800

3123 iAccess platforms to Cylinder Bridge and Piping (Abutment) Upgrade $48 400

3123 Access drop platforms to Cylinder shaft Upgrade $49 300 Assumes new platforins
3124 Sump Pit Ladders and Platforms Repair $25 000

312 ‘3_ Rehabiltate the Iift off covers over Cylinder Pits (Pier) Remedation $24 150

3126 Remove and Replace Machine Room Hatch Repair $3 800

3126 Remove and Replace Cylinder Pit Hatches (Pier) Reparr $11 000
3127 Replace interior ladders and platforms in Pier Repair $49 800 Dewatering necessary

313 Abutments

3131 Replace bulkhead gate rolier assemblies Upgrade $45 500

3131 Pressure wash used to maintain bulkhead Gate Upgrade na See Mechanical
3131 Install sill seal and new seals on bulkhead gate Upgrade $12700
3132 Inspection of bulkhead gate roller paths and guides Remediation 36 000 Dewatenng Necessary
3133 Trash Rack inspection and repainting Remediation 36 500
3134 Detalled inspection of Trash Rack Guides Remediation $6 000 Dewatering Necessary
3136 "Remove and Replace Cylinder Pit Hatches Repair $20 000
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Section ltem Type of Work Cost Comments
3136 Replace interior ladders and platforms in Abutment Reparr $50 000 Dewaterning Necessary
3137 Install monitoring pins on Retaining Walls and Assessment Remediation $1 900
3125 Repair hft off panels Reparr $31 200
3123 |(|Access drop platforms to cylinder shaft Upgrade $49 300 Dewatering Necessary
3123 IAccess platform to top of cylinder and piping Upgrade $48 400
3147 Concrete repairs downstream of Gate Repair $140 900 Cofferdam Required
3138 Selective Repairs to Parking Areas Reparr $65 500
3139 Reconstruct Transformer Pad Repair $17 000

314 "Maln Gates
3141 Replace existing seals and revise installation details Repair $439 200 Cofferdam Required
3142 Selective Repairs and Repainting of skinplates Remediation $125 500 Cofferdam Required
3143 Remove insulation from inside gate Remediation $30 500 Dewatenng Necessary
3144 |[Trunnion Maintenance and Inspection Platforms Upgrade $92 400 Dewatering Necessary
3145 Selective Reparrs and Repainting of Liner Plates Remediation $68 150 Cofferdam Required
3146 Maintenance Platforms within Gates Remediation $75 190 Cofferdam Required
3232 [Access platform at each end of each gate recess Upgrade $42 900 Dewatering Necessdry

316 Public Secunty

316 Construct secunty fence where required Upgrade $13 000

318 Upstream and Downstream Cofferdams

318 "Cofferdam Installation and Mmaintenance for 120 Days Upgrade $253 200 Both Gates

318 "Dlver Installed Caulxing and Seals for Dewatenng Gate NA 37 500 NR i C/D s used

Total Civil

NOTES Costs are based on anticipated cost of matenals labour overhead contingency (10%) and engineenng services (15%) for the
proposed work

KGS Group

120

February 1997




Department of Natural Resources
Red River Floodway - Inlet Control Structure
Inspection and Assessment Report

File No 96-311-01

Table 3 2
Summary of All Mechanical Work

Section ltem Type of Work Cost Comments

321 Hydraulic Hoisting System o
3211 Perform maintenance on east hydraulic unit Remedal $1100 o
3212 Replace hydraulic piping Remedial $83 000 _
3213 Perform maintenance work on cylinders Remedial $25 250 L

322 Bulkhead Gate and Trashrack Hoists
3221 Overhaul bulkhead gate hoists Remedial/Repair $117 500
3222 Overhaul trashrack hoists Repair $12600

323 Dewatering and Desilting Systems
3232 Desllt gate recesses with washdown hoses and Remedal $92 500

pumps

3232 Install piping for washdown water Upgrade $80 000

324 Compressed Air System

324 Repair/Replace compressed airr piping and nozzles Repair $8 500

In gate recesses
326 Building Mechanical Services
326 Mechanical Upgrade/Repatrs Upgrade/Repairs $2 100
Total Mechanical Costs $422 550

NOTES Costs are based on anticipated cost of materials labour overhead contingency (10%) and engineering services (15%) for the
proposed work
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Table 3 3
Summary of All Electrical Work

Section ltem Type of Work Cost Comments
337 Gate Heating Equipment

3372 Replace Bulkhead Gates Guide Heating Reparr $6 500
339 Main Gate Hoist Controls
339 "New Main Gate Hoist Controls Upgrade $37 500

3310 Bulding Lighting

33102 Install roadway lighting on bridge deck Upgrade $12 600

3312 Secunty System

3312 Enhance Security with CCTV (dummy) Upgrade $10 000 Long Term

3314 Embedded Conduit Systems

3314 Replace the Embedded conduits to the Upgrade $47 500
ingwalls with new cabling in hydraulic pipe
trench

3316 "Power For Desilting Equipment

3316 Provide power supply board for desilting Upgrade $20 000 Long Term
equipment

Total Electrical Costs $134 100

NOTES Costs are based on anticipated cost of materals labour overhead contingency (10%) and engineering services (15%) for the
proposed work
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40 PROPOSED WORK PROGRAM

The schedule for completing the scope of work identified in Section 3 0 1s described below It s
assumed that the total scope of work will be completed over a number of years On this basis the
work program 1s presented in Table 4 1 and was developed by priorizing work items into two

categories

work required immediately and in the short term (2 to 3 years)

work that can be completed over the long term (10 to 15 years)

The priority for the work has been assigned on the basis of several critena Those criteria are

Reliabihity of the Structure

Safety duning operations and of the Structure
Safety to operating personnel

Prevention of further deterioration of components
Preventative maintenance

Upgrades to enhance operations

Upgrading necessary for maintenance and inspection

in addition the work has been grouped Into those items that should be done at the same (1e all
work completed within the cofferdam) to minimize costs and to take advantage of the sequence of
work Group numbers have been assigned to each task to indicate which work items should be co
ordinated in order to take advantage of the sequence of work Group 1 work items require full
dewatering of the gates and gate areas within the cofferdams Group 2 items require normal gate
dewatering which does not require cofferdams Group 3 items can be performed without gate

dewatering

Work program items are detailed on Table 4 1 and are summarized below References to the

figures illustrating the work areas are given in the tables as well
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41 SHORT TERM WORK PROGRAM

A number of the deficiencies within the Structure require some form of repair or 2 3 year remediation
as soon as possible to prevent the deterioration to unsafe or unserviceable conditions The work
principally involves repair or replacement of deteriorated components such as the hydraulic piping
the cylinder support bridges the bulkhead gate and trashrack hoists the bulkhead gate guide
heaters some platforms and maintenance on the hydraulic cylinders and power units  Other work
which should be addressed as soon as possible includes safety related items (exposed foam

insulation platforms) and minor problems with building mechanical systems

A significant portion of the work required immediately is dictated by the desire to have similar groups

of work completed together This Is especially important for work to be done within the cofferdam

Proposed work that should be performed in the short term (2 to 3 years) consists of a varnety of
repars and upgrades to the Structure Many represent repairs to detenorated or corroded
components which will eventually become unserviceable such as hatches ladders and platforms
Minor problems with the gate cylinder truck position indication should also be addressed in the near
future A large portion of the work consists of repairs to the gates including painting some
modifications to the existing facility and improved access Other work includes a thorough desilting

of the gate recesses and installation of washdown water piping to facilitate desilting

The scope of this work and the associated costs are shown on Table 4 1 and the total estimated

cost for the proposed items 1s $2 163 000

43 LONG TERM UPGRADES AND REPAIRS

The work recommended for the long term consists principally of replacement of the main gate seals
to a properly functioning arrangement painting components of the bridge painting and repair of liner

plates and installation of upgrades to facilitate de silting Further work to stabilize some slope

erosion I1s also suggested

The scope of this work 1s shown on Table 4 1 as well
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Table 4 1 1
Summary of All Prionized Work ltems ;
Section Work item Type of Work Group (t) 2 3 Year Work Program Long Term Reference t Comments
Figure No !
Cofferdam Surface Works Work Program I
Req d /Gate ¢
Dewatered \
311 Roadway Bridge § -
3111A ||Deta|led Inspection of Beanng Seats N Remediation 3 $7 000 L 5 L
3111B Installation of Monitoring Pins below Bearing Seat Remediation 3 $1900 L
3112 Detailed Inspection of Bearing Assemblies Remediation 3 $8 250 5 ’
3113 Repaint Girders within 20 years Remediation 3 v 5
3115 Selective Repairs on all Sidewalks on Bridge Repairs 3 $75 000 5
31186C Complete Reconstruction of Service Duct Covers Repairs 3 $36 000 5 |
31160 Installation of Insulated Bulkheads in Service Duct Upgrade 3 31150 5 f
3117A "Repalr oost bases and repaint handrail Reparr 3 v 5 o
3117E "RepEace stair and handrails to D/S deck Upgrade 3 $7 500 5 % -
31189 Rehabilitate Sidewalk Expansion Joints Remediation 3 $26 050 5 '
312 Central Pier
3121 Apply new synthetic roof membrane to Control Room Roof Upgrade 3 55850 5 L o B
3122 Install fire resistant drywall on Machine Room ceiling Upgrade 3 $1850 2 L L s i
3123 Replace Cylinder Hoist Support Bridges Reparr 3 $61 400 6 \ o o L
3123D Access platforms to Cylinder Bridge and Piping Upgrade 3 $35 800 5]
3123E Access drop platforms to Cylinder shaft Upgrade 2 $49 300 5] A Assumes ne\iplatforms ]
3124 Sump Pt Ladders and Platforms Repair 3 $25 000 2 L - -
3125 Rehabilitate the Iift off covers over Cylinder Pits Remediation 3 $24 150 5 |
3126 Remove and Replace Machine Room Hatch Repair 3 $3 800 5
3126 Remove and Replace Cylinder Pit Hatches Repair 3 $11 000 5
3127 Replace interior ladders and platforms in Pier Repair 2 $489 800 6 Dewatering necessary
313 Abutments '
3131 Replace Bulkhead Gate rolier assembties Repair 3 l $45 500 6 Assumes Gates are removed from Guides
3131 Pressure wash used to maintain Bulkhead Gate Upgrade 3 . na ! See Mechanical Works
3131 Install sill seals on Bulkhead Gates Upgrade 3 $12700 6
3132 Inspection of Bulkhead Gate roller paths and guides Remediation 1 i $6 000 Dewatering Necessary
3133 Trash Rack inspection and repainting Remediation 3 ‘ I $6 500 Assumes Trash Racks removed from Guides
\
‘
x
1 Costs are based on anticipated cost of materials labour overhead contingency (10%) and engineering services (15%) for the proposed work {
12 Group 1 Work requinng cofferdam dewatering !
Group 2 Work requiring normal dewatering
Group 3 Work not requining dewatering C KGSWREPORTSITABLEAT 711
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Civil and
Structural Works

( Continued )

NOTES

Table 4 1 {
Summary of All Priorized Work Items K
Section Work item Type of Work Group (1) 2 3 Year Work Program Long Term Reference Comments
Figure No i
Cofferdam ; Surface Works Work Program
Req d /Gate i
Dewatered i |
3134 Detailed inspection of Trash Rack Guides Remediation 1 $6 000 b | Dewatering Necessary
3136 Remove and Replace Cylinder Pit Access Hatches Repair 3 $20 000 5
3136 Repair Lift off Panels Repair 3 $31 200 5 \
31386 Replace interior ladders and platforms in Abutment Repair 2 $50 000 Dewatering Necessary
3137 Install momitoring pins on Retaining Walls and Assessment Remediation 3 $1800 ‘
3136 Access Drop Platforms to Cylinder Shaft Upgrade 2 $49 300 8 |
3136 Access Platform to Top of Cylinder & Piping Upgrade 3 $48 400 8 |
3138 Selective Repans to Parking Areas Reparr 3 $65 500 |
3139 Reconstruct Transformer Pad Reparr 3 $17 000 ;
31486 Access Improvements into Surge Chamber Upgrade 2 $25 000 <] ’
314 Main Gates
3141 Replace exsting seals and revise installation details Repair 1 $439 200 89 Cofferdam Required
3142 Selective Repairs and Repainting of skinplates Remediation 1 $125 500 Cofferdam Required
3143 Remove insulation from inside gate Remediation 1 $30 500 Dewatering Necessary
3144 Trunnion Maintenance and Inspection Platforms Upgrade 1 $56 400 11 Dewatering Necessary
3145 Selective Reparrs and Repainting of Liner Plates Remediation 1 v [ Cofferdam Required
3146 "Mamtenance Platforms within Gates Remediation 1 i $80 000 . 11 Cofferdam Required
3146 "Desutmg Platforms at each end of each recess Upgrade 2 L: $42 900 } 6 ‘
3147 Downstream Concrete Repairs Repairs 1 ! $140 900 7 A Both Gates
315  |[Adjacent Earthfill Dams ’ !
3152 Construct swales along roadway to control runoff Remediation 3 | v
316 Public Security
316 Construct security fence where required Upgrade 3 $13 000 5
316 Provide Life Preserver Rings on Bridge Deck Upgrade 3 $1 500
318 Upstream and Downstream Cofferdams
318 Cofferdam Installation and Maintenance for 120 Days Upgrade 1 $253 200 8 $126 600 Per Gate
318 Diver Instailed Caulking and Seals for Dewatering Gate na 2 $37 500 For Both Gates Not req d if C/D use for all work
TOTALS FOR CIVIL/STRUCTURAL WORK $1042 300 $595 900
1
1 Costs are based on anticipated cost of materials labour overhead contingency (10%) and engineering services (15%) for the proposed work Z
12 Group 1 Work requinng cofferdam dewatering !

Group 2
Group 3

Work requirnng normal dewatering
Work not requinng dewatering

C WKGS\REPORTS\TABLE41 311



Department of Natural Resources
Red River Floodway - Inlet Control Structure

Inspection and Assessment Report

Mechanical Works

NOTES

Table 4 1
Summary of All Priorized Work Items
{(Continued)

February 21 1997

__File No_96-311-01

Section Work Item Type of Work Group (t) 2 3 Year Work Program Long Term Reference Comments
Figure No
Cofferdam Surface Works Work Program
Req d /Gate
Dewatered
321 Hydraulic Hoisting System
3211 Perform maintenance on east hydraulic unit Remedial 3 $1 100 312
3212 Replace hydraulic piping Remedial 3 $83 000 12
3213 Perform maintenance work on cylinders Remedial 2 $25 250 12 13
322 Bulkhead Gate and Trashrack Hoists
3221 Overhaul bulkhead gate hoists Remedial/Repair 3 $117 500 6
3222 Overhaul trashrack hoists Repair 3 $12 600 5]
323 Dewatering and Desilting Systems
3232 Desilt gate recesses with washdown hoses and pumps Remedial 2 $92 500 15 Shoutd be scheduled prior to any other work inside gate recesses
3232 "Install piping for washdown water Upgrade 2 $80 000 15
3232 Install well in centre pier for washdown water supply Upgrade 3 4 !
3232 Install Electrical power supply board Upgrade 3 na 16 See Electrical Works
324 Compressed Air System
Repairireplace compressed air piping & nozzles in gate recesses Repar 2 $8 500
326 Building Mechanical Services
Mechanical Upgrades/Repairs Upgrade/Repair 3 $2 100
TOTALS FOR MECHANICAL WORKS $206 250 $216 300 l
J
|
!
|
IIJ
: I
1
1
{
|
1‘
1 Costs are based on anticipated cost of materials labour overhead contingency (10%) and engineering services (15%) for the proposed work
12 Group 1 Work requiring cofferdam dewatering [
Group 2 Work requiring normal dewatering [?
Group 3 Work not requinng dewatering : C \KGS REPORTS TABLE42 311
J
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Electrical Works

NOTES

Table 4 1 !
Summary of All Priorized Work Iltems :
{Continued) i
l
Section Work Item Type of Work Groug (1} 2 3 Year Work Program Long Term Reference |
Figure No
|
Cofferdam Surface Works Work Program ', Comments
Req d /Gate I
Dewatered |
337 Gate Heating Equipment ﬁl
3372 Replace Bulkhead Gates Guide Heating Reparr 3 $6 500 [
i
339 IlMam Gate Hoist Controls ;
339 "New Main Gate Hoist Controls Upgrade 3 $35700
3310 "Bundmg Lighting
33102 Install Roadway Lighting on Bridge Deck Upgrade 3 $12 600
3312 Security System
3312 Enhance Secuity with local CCTV (Dummyy) Upgrade 3 v
3314 Embeded Condust Systems
3314 Replace the Embedded conduits to the wingwalls with new cabling Upgrade 3 $47 500 16
in hydraulic pipe trench
3316 lPower for Desitting Equipment
33186 l Provide power supply board for desiiting equipment upgrade Upgrade 3 v 16
TOTALS FOR ELECTRICAL WORKS $102 300
:l
Total Costs || $1,248,550 $914,500
t
)
|
|
1 Costs are based on anticipated cost of materials labour overhead contingency {(10%) and engineering services (15%) for the proposed work
12 Group 1 Work requiring cofferdam dewatering !
Group 2 Work requiring nermal dewatenng |

Group 3

Work not requiring dewatering

C \KGS\REPORTS\TABLEA43 311
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50

CONCLUSIONS AND RECOMMENDATIONS

Based upon the results of the study the following conclusions and recommendations are presented

51

511

512

513

STRUCTURAL AND CIVIL COMPONENTS

Roadway Bridge

The roadway bridge I1s generally in good condition Some concerns have been identified
regarding the condition of the bearings and bearing seats Detailed inspection of these
components 1s recommended at the detailed design stage As well maintenance/repairs
are recommended for the girder (painting) handralls (base repairs and painting) roadway
deck (sidewalk expansion joint replacement) and selective repairs to the sidewalks and
service ducts

The load rating recently completed by the Department of Highways has concluded that the
bridge load rating 1s adequate for its current use

Central Pier

A number of maintenance and code related 1ssues were identified in the Control Room and
Machine Room which should be addressed These include asphalt roof repairs painting
over graffit along the walls of control room and protection of nigid foam insulation in the
Machine Room

Seepage and runoff from the road deck has corroded the cylinder support structures to a
leve! at which therr ability to resist the hoist loads is questionable It 1s recommended that
the anchor bolt supports be replaced as soon as possible

Access hatches platforms and access for inspection have either corroded due to service
conditions in the vicinity of the deck or are substandard for the intended use It is
recommended that these be rehabilitated and upgraded for future use

Abutments

Seepage and runoff from the road deck has corroded the cylinder support structures to a
level at which their ability to resist the hoist loads is questionable It 1s recommended that
the anchor bolt supports be replaced as soon as possible
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Access hatches platforms and access for inspection have either corroded due to service
conditions in the vicinity of the deck or are substandard for the intended use It s
recommended that these be rehabilitated and upgraded for future use

Main Gates

The main gates are functioning well for their intended use and no major deficiencies have
been identified The gates seals have however not been functioning properly for a number
of years and 1t 1s not presently possible to dewater the gate without the use of divers  This
1s not desirable for the long term reliable operation of the gate and it 1s recommended that
the seals be replaced KGS Group have presented two alternatives for the seal
replacement The first option considers conventional replacement of the seals whereas
the second alternative considers a deflatable seal arrangement Following a review of the
work program Manitoba Natural Resources decided that costs for seals would be deferred
indefinitely as the system can function without them Dewatering for maintenance and
inspection will however be effected with the aid of divers

The skin plates have lost their protective coating due to abrasion and corrosion over their
existing life Itis recommended that the gate be repainted to maintain their condition with
no future loss of matenal thickness

The gate structure and trunnion support loads were assessed by a finite element analysis
of the entire structure  Gate stresses and trunnion loads were found to be within acceptable
imits For the extreme load condition the capacity of the hoist was found to be exceeded

Requirements associated with this deficiency are addressed in the mechanical section of
the report As well trunnion loads exceed the post tension force applied at their supports

In this regard 1t 1s recommended that the trunnion loads should be inspected in detaill when
each gate 1s cofferdammed

Liner Plates

The side liner plates are in relatively good condition with some localized wear and
deterioration Some secondary concrete has spalled from around the perimeter of the plates
The main gate seals slide across these plates each time the gate 1s operated Consequently
repairs and painting with a low friction coating have been recommended to improve seal
longevity and reduce seal friction Other repairs and an overall inspection are recommended
to maintain the condition of the liner plates If the seals are not replaced then work to the
liner plates can be postponed

Maintenance Access

Throughout the inspection of the Structure 1t was apparent access to many components
was very difficult or ime consuming As a result many portions of the gates trunnions hoist
cylinders are not routinely inspected or maintained 1t s recommended that a system of new
platforms be installed within the gates and new platforms be Installed adjacent to the
hydraulic hoist cylinders Additional platforms are recommended to allow access to hydraulic
piping and assist with desilting the gate recesses within the Structure
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514

515

52

521

Earthfill Dams

Erosion due to runoff and public traffic along the faces of the earthfill dams has resulted in
some gully formation It 1s recommended that shallow ditches be constructed along the
roadway shoulders to direct the runoff to rock lined swales as necessary The most
significant area of concern for erosion is the river channel immediately downstream of the
Structure As recommended in an earlier report the placement of a concrete filled blanket
over the scour holes was found to be the most efficient solutions

Public Secunity

During operations the Structure attracts the Public During the remainder of the year the
Public 1s a regular user of the Structure Several locations on the Structure are significant
vertical walls without handrails or fences It is recommended that a security fence be placed
along the areas of greatest risk to the public Additional changes to the handrails and stairs
at the downstream observation deck are also recommended to improve the safety for the
Public

MECHANICAL SYSTEMS

Hydraulic Hoisting System

The condition of the existing hydraulic piping has been identified as the most serious
problem within the hydraulic hoisting system The piping should be replaced as soon as
possible

The hydraulic power units and hydraulic cylinders are generally in good condition  Some
necessary maintenance work or these items has been identified

The cylinder support guides are in relatively good condition but should be maintained on a
yearly basis Provisions for new platforms to improve access to the guides are presented
In this report as a civil/structural work 1tem

The situation of hydraulic system overload under the loads presented in Appendix H will
result in the opening of a system relief valve and subsequent loss of gate position control
This situation may be remedied by temporarily increasing the relief pressure of this valve to
regatn control of the gate In doing so the pressure will still be within the system design
imits
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522 Bulkhead Gate and Trashrack Hoists

The bulkhead gate hoists require removal for major overhaul work or replacement to restore
them to a reliable condition The hmit switches and position indicating devices are not
functioning and one of the hoists became inoperable dunng the inspections

The trashrack hoists are not operable and need to be removed and overhauled or replaced
to restore them to a working condition

523 Dewatering and Desilting Systems

The dewatering pump was observed to function properly but accumulations of silt at the
pump Inlet tend to cause blockage These silt accumulations need to be removed from the
gate recesses and utihzation of manpower with washdown hoses and portable desiiting
pumps 1s presented as the most feasible alternative for this task A number of upgrades to
the Structure are proposed In order to facilitate the job of desilting which should be
performed as a regular maintenance procedure

524 Compressed Air System

The air compressors are functioning properly but the compressed air bubbling system inside
the gate recesses i1s reportedly inoperational The air nozzles and exposed piping should
be examined durning future gate dewatering and repaired or replaced as required

525 Cyhnder Well/Abutment Surge Chamber Heaters
The forced air heaters used to heat the cylinder wells and abutment surge chambers are
reportedly functioning properly When these heaters need replacement the implementation

at a radiant heating system should be examined as this may prove to be more efficient than
forced air heating

526 Building Mechanical Systems

A number of deficiencies exist in the Control Structure buillding mechanical systems These
problems and their associated remediation costs are relatively minor
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53 ELECTRICAL SYSTEMS

The electrical systems physically within the Control Room and the Machine Room are generally in
good condition principle due to the dry indoor environment and the fact that the equipment Is only
called on to operate for short periods of time each year While it may not be realistic to expect all
these systems to have another 30 years of life it 1s also not improbable It is not considered to be
reasonable to replace these components on the basis of an anticipated fallure The cost to repair
future faillures of individual components are anticipated to be modest principly due to the
accessibility of these components Repairs can likely be handled within a maintenance budget

Accordingly no work has been recommended for these systems

531 Main Gate Seal Path Heating

The main gate seal path heating no longer functions It 1s recommended that this heating
system be abandoned as it no longer 1s required with the present mode of operation

532 Bulkhead Gate Guide Heating

The guide heating on both gates no longer functions It 1s recommended that they be
replaced

533 Main Gate Posttion Indication System

The main gate cylinder position ndication system [selsyn system] no longer functions Itis
recommended that a new system consisting of an absolute encoder with a digital readout
device located at the control desk be installed It is further recommended that this cylinder
position signal be automatically converted to a main gate tip elevation and also be displayed
at the main control desk and available on a dtal up modem

534 Embedded Conduit System

The one electrical systems requiring extensive repatr/modification I1s the embedded circuit
systems from the Machine Room located In the centre pier to both end piers Due to
corrosion and congealing of conductor insulation these are no longer useable Some
circuits located In these conduits have already failled and it 1s Iikely additional failures will
occur over the next 30 years A new raceway system 1s recommended to bring power to the
end piers

535 CCTV System

The addition of a camera and monitor with pan/tile/zoom features 1s recommended to
enhance operator/structure security during periods when the structure 1s operated
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536 Exterior Lighting

To improve secunty and operator/public safety it 1s recommended that the Department of
Natural Resources make arrangements with Manitoba Hydro to own and operate the lighting
provided by the pole mounted fixtures
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APPENDIX A

SELECTED SITE PHOTOGRAPHS
JULY 1996 INSPECTIONS

KGS Group February 1997



Photograph No. 1: Deterioration at Abutment Curb

Photograph No. 2: Deterioration of Duct Covers at Roadway




Photograph No. 4: Missing Cover Plate and Repair Using Caulking




Photograph No. 5: Graffiti on Control Centre

Photograph No. 6: Calcite Formation on Walls of Sump Pit



Photograph No. 7: Machine Room Hatch in Ceiling Showing Rust Staining




it

F‘ge"‘""

— 8 et

= | e

- e

S T

R . TR

A

-

e s

- et

e ’

el ‘_
Photograph N

0. 9: Partially Failed Grating in Sump Pit

Photograph 10: Corrosion and Failure of Platform Grating (West Abutment)



Photograph No. 11: Flat Spot Worn on Bulkhead Gate Roller

Photograph No. 12: Corrosion of Cylinder Support Bridge



Photograph No. 13: Cracking of Upstream Abutment Wall

Photograph No. 14: Crack in Downstream Abutment Wall
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Photograph No. 15: Undermining of Transformer Pad

Photograph No. 16: West Gate Upstream Skin Plate




Photograph No. 17: Corrosion of Gate Downstream Skinplate

Photograph No. 18: Deterioration and Wear of Side Seal Plates



Photograph No. 19: Erosion Adjacent to Roadway
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Photograph No. 20: East Hydraulic Unit




Photograph No. 21: West Hydraulic Unit

Photograph No. 22: Hydraulic Piping Inside Mechanical Room




Photograph No. 23: Hydraulic Piping Inside in East Abutment Cylinder Well

Photograph No. 24: Hydraulic Piping Inside East Abutment Cylinder Well




Photograph No. 25: Hydraulic Piping Inside in West Abutment Cylinder Well




Photograph No. 27: East Abutment Cylinder

Photograph No. 28: West Centre Pier Cylinder



Photograph No. 29: West Abutment Cylinder

-

Photograph No. 30: East Centre Pier Cylinder and Support Guide
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Photo No. 31: West Centre Pier Cylinder Barrel




Photograph No. 33: East Abutment Cylinder Support Guide

Photograph No. 34: East Gate Midway through Operational Test (July 24, 1996)



Photograph No. 35: Flow Over East Gate (April 24, 1996) Gate Position = 23.1 feet

Photograph No. 36: East Bulkhead Gate Hoist



Photograph No. 37: West Bulkhead Gate Hoist

Photograph No. 38: West Bulkhead Gate Hoist Motor, Brake, and Reducer




Photograph No. 39: East Bulkhead Gate Position Indicator and Limit Switch

Photograph No. 40: West Bulkhead Gate Sheave Block




Photograph No. 41: East Bulkhead Gate - Wire Rope Jammed in Sheave Block
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Photograph No. 44: Cylinder Well Heaters (Not installed)
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Photograph No. 45: Cylinder Well Heater Flange Mount and Flexible Duct

Photograph No. 46: Motor Control Centre in Mechanical Room



Photograph No. 47: Lighting and Power Panel in Mechanical Room

Photograph No. 48: Gate Hoist Control Panel in Control Room
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APPENDIX B

GATE HOISTING SYSTEM
PERFORMANCE GRAPHS

KGS Group February 1997
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‘ Contamination Analysis Summary

Prepared For: KGS Group Sample Date: 7/30/96

Location: St. Norbert Floodway Inlet Structure Contact: Jason Smith

Application Hydraulic Sample ID#: East Hyd

Sampling Point: Reservoir Sampled By: Pritchard Machine

Sample Volume: 25m| Pall Cleanliness Code: 18/ 17/ 15

Observed Contaminants:

Bright Metal + Silica Gels
+"Black Metal Fibers Rust
Fines Precipitate

Other (see comments)

Comments:

There is a large amount of silica
particulates present in the oil sample.
This might be due to external
contamination from rags or paper.

100X Magnification 14 microns/division

Recommendations

Maximum Cleaniiness 16 /156 /13

Filter Media Grade: KN

Identify where the large amount of silica is introduced into the
system. Continue to monitor oil cleanliness and change filters
upon indication

. 100X Magnification 14 microns/division
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! FAX: 204-632-0171

| Contamination Analysis Summary

Prepared For: KGS Group Sample Date: 7/30/96

Location: St. Norbert Floodway Inlet Structure Contact: Jason Smith

Application Hydraulic Sample ID#: West Hyd

Sampling Point: Reservoir Sampled By: Pritchard Machine

Sample Volume: 25m| Pall Cleanliness Code: 16/ 15/ 13

Observed Contaminants:

Bright Metal + Silica Gels
+ Black Metal Fibers Rust
Fines Precipitate

Other (see comments)

Comments:

A few large silica and black metallic
contaminant particles are present in the
ail sample.

W

100X Magnification 14 micronsidivision

Recommendations
Maximum Cleanliness 16 /15 /13
Filter Media Grade: KN

Continue to monitor oil cleanliness and change filters upon
indication

100X Magnification 14 microns/division
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Contamination Analysis Summary

Prepared For: KGS Group Sample Date: 8/02/96

Location: St. Norbert Floodway Inlet Structure Contact: Jason Smith

Application Bulk Head Sample ID#: East Bulk Head

Sampling Point: Reservoir Sampled By: Pritchard Machine

Shnple Violume: 250 Pall Cleanliness Code: 30/ 29/ 27

Observed Contaminants:

+# Bright Metal +# Silica Gels
+#“ Black Metal +#“Fibers + Rust
Fines Precipitate

Other (see comments)

Comments:

The oil sample is extremely
contaminated with all types of
contaminants. These include silica,
metallic particles, rust, and fibers

100X Magnification 14 microns/division

Recommendations

Maximum Cleanliness 19 /17 15

Filter Media Grade: KT

The cleanliness of this oil is beyond acceptable levels
Immediate actions should be taken to improve the oil
cleanliness. Install a 25 micron filter to control contamination
Oil should be changed immediately.

100X Magnification 14 microns/division
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Cleanliness Code 30/ 29/ 27
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: P R ‘ T C H A R D ¥ 111 BANNISTER RD. PRITCHARD ENGINEERING CO, LT,
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Y ' 1 \ Zo o 204-632-0639
: A (ﬁ _ " FAX: 204-632-0171

Contamination Analysis Summary

Prepared For: KGS Group Sample Date: 8/02/96

Location: St. Norbert Floodway Inlet Structure Contact: Jason Smith

Application Bulk Head Sample ID#: West Bulk Head

Sampling Point: Reservoir Sampled By: Pritchard Machine

Banpe VoL 25m Pall Cleanliness Code: 30/ 29/ 27

Observed Contaminants:

+ Bright Metal + Silica Gels
+" Black Metal +# Fibers +# Rust
Fines Precipitate

Other (see comments)

Comments:

The oil sample is extremely
contaminated with all types of
contaminants. These include silica,
metallic particles, rust, and fibers.

100X Magnification 14 microns/division
Recommendations

Maximum Cleanliness 19 117 15

Filter Media Grade: KT

The cleanliness of this oil is beyond acceptable levels
Immediate actions should be taken to improve the ail
cleanliness. Install a 25 micron filter to control contamination
Qil should be changed immediately

100X Magnification 14 microns/division
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May 17, 1996 File No 96-311-01

Manitoba Natural Resources
1577Dublin Avenue
Winnipeg, Manitoba

R3E 3J5

ATTENTION Mr Rick Hay
Regtonal Engineer

RE Red River Floodway Inlet Structure Dewatered inspection Report

Dear Mr Hay

Enclosed are three (3) copies of the draft report on the Floodway Inlet Structure dewatered east gate
inspection for your review and comments This report includes the portion of the inspection program
that was performed during the period in which the gate was dewatered The remainder of the
inspection program will be completed during and after the period of springtime flood operation

If you have any questions or comments on the enclosed report please do not hesitate to call We
will finalize the report following receipt of comments from the Water Resources Branch

Yours v

MacMillan P Eng
Prnincipal

DBM/f
Enclosure
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10 INTRODUCTION

KGS Group was contracted to conduct an Inspection and Assessment of the Floodway Inlet
Structure The first part of this program considered inspection of those components which were
accessible by dewatering the gate without a cofferdam The remaining portion of the inspection
program will be performed on components accessible without dewatering Items covered in the
dewatered inspection include the following

« Underwater inspection of the east gate seals and surrounding concrete
» Observation of the east gate dewatering operation

« Inspection of the east gate and gate chamber including access to the gate chamber, visual
inspection of structural components, and thickness test results

« Inspection of the east gate hydraulic cylinders, including visual inspection and thickness
testing of the cylinder cans Observations of the cylinder piston rods and gland seal regions,
which are accessible without dewatering, are also included

= Visual inspection of the east gate dogging devices

Each of the above items are described in the following sections followed by conclusions and
recommendations Photographs and Figures are included in Appendix A

2 0 UNDERWATER INSPECTION OF GATE SEAL

The existing seals on the gate had detenorated to the point where they are ineffective Based upon
previous experience it was concluded that the gate could only be dewatered with the assistance of
divers The east gate was selected by Manitoba Natural Resources (MNR) as the gate which would
be inspected Dominion Divers Ltd , was contracted to perform the sealing operations and conduct
an inspection of the gate, seals and surrounding concrete The gate inspection took place In
conjunction with the sealing operations where by the divers packed sections of twisted or woven
oakum strands, approximately 1 m (3 3 ft) long, into the open crevices between the gate and the
concrete structure A complete diving inspection report for the work performed between March 4
and March 14, 1996 1s included in Appendix B The following summary i1s presented from the diving
report notes made during the inspection and conversations with the divers

Due to the extremely cold winter season the East Gate channel was completely covered by ice
before diving operations commenced During the diving operations cold temperatures continued
throughout the 2 weeks ranging from -10 to -25°C The ice ranged in thickness from 25 mmto 1 2
m (1 to 48 In), and approximately 90 percent of the ice over the gate was removed to allow the
divers safe access to the gate (see Photos 1 to 4) The ice clearing efforts took approximately 6
days, dunng which the divers operated under adverse conditions River flow was estimated at 71
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cms Although the channel velocity was to high to allow for video inspection of the gate and seals,
the divers presented commentary on therr findings during the diving operations with the following
elements of the gate being inspected

+ Upstream seal (Trunnion seal)
« East and west side seals (J-seals)
+ Downstream seal

« Surrounding concrete

Figure 1 1n Appendix A illustrates the locations of the seals inspected by the divers  The skin plate
was not inspected due to the amount of debris on the surface

2 1 Upstream Seal

The upstream seal appeared to be completely intact and in fair condition, but it showed signs

of weathering and degradation especially on the exposed edge where the flap was splitting and
‘ fraying along the entire edge

2 2 Side Seals

The side seals are attached to the gate structure itself and seemed to be intact along the entire
length of the sides The seals are located approximately 50 mm (2 in) below the edge of the
upstream skin plate, and this space was filled with debns along the entire length Small gaps or
cracks 3 mm (1/8 In) in size were noticed between the seal and the walls These seemed to

extend beyond the protective steel side plates and into the concrete upstream of the gate on
both sides

2 3 Downstream Seal

A protective rubber flap was installed after the completion of the gate, in order to protect the seal
below from damage during operation The flap 1s attached to the gate and extends over the
downstream side of the seal opening The flap 1s In poor condition over the length of the gate
It 1s torn from the attachment bar in places and nppled throughout Gate operations of closing
and opening the gate in the presence of rocks, sticks and debns have torn the rubber in several
places and bent the steel cover plate upwards especially in the vicinity of the centre pier

The seal below the protective flap appeared to be in reasonable condition except where the
following anomalies were reported

+ A 50 mm (2in) stick, approximately 12 m (40 ft) east of the centre pier was caught under the
gate and projected through the seal below
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+ A piece of metal approximately 0 6 m (2 ft) wide s folded and lodged between the gate and
the seal (the metal appears to be the same thickness and appearance as an old sign)
approximately 3 m (10 ft) from the centre piler The metal extends past the seal and causes
the gate to be lifted approximately 20 mm (3/4 in) preventing a proper seal in the vicinity of
this obstruction It 1s at this location that the protective flap i1s torn for about 1 5 m (5 ft) The

free portion has been drawn into the crevice between the gate and the downstream
concrete

There are two joints in the downstream steel support plate each containing eight bolt holes but
no bolts The divers reported that there was significant water flow through these bolt holes

In general, the seals did not seem to exhibit any further deterioration than that which was
reported In the previous inspection performed in 1986/1987 (see the Acres International report

Investigation of Red River Floodway Inlet Gate Seals and Concrete Deterioration” March 1988,
Appendix C)

24 Concrete

in general, the concrete was reportedly in good condition throughout the accessible underwater
portions of the inspection However, some spalling and deterioration was noted as listed below

- Noticeable spalling has taken place on the concrete above the level of the gate just
downstream of the bulkhead gate entrance on the east abutment,

» A 50 mm (2 n) diameter hole was found 0 25 m (10 in) upstream of the south-west corner,
connected to the aforementioned 3 mm (1/8 in) crack at the side seals

» The concrete downstream of the downstream seal was found to be the most detenorated
with noticeable spalling throughout However, the whole area was not accessible because
of debris on the structure This area was extensively surveyed in 1986/1987 during lower
flow periods The report 1Issued by Acres International (March 1988 see Appendix C)
describes the deterioration to be ‘most severe just downstream of the embedded steel
member which holds the J-seal and generally tapers out to an insignificant amount a few
feet downstream of the seal” The divers did not indicate that the severty of the
detenioration had noticeably increased since this inspection
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30 GATE DEWATERING

As the divers began the sealing operation on March 11, 1996 MNR staff began operating the
dewatering pump and isolation valves to dewater the centre pier sump and east gate recess Once
the gate recess began to dewater and throughout the dewatering process, the divers continued to
seal In areas that showed signs of excessive leaking The dewatering pump worked well throughout
the initial dewatering procedure as illustrated in Photo 3 showing the flow of water from the centre
pier sump As the water level inside the gate approached the bottom of the gate recess, however,
operation of the dewatering pump became increasingly difficult as accumulated silt blocked the
pump Intake piping The pump Intake was also blocked by some debris, mostly pieces of
polyurethane nsulation from the upstream skin plate These problems were overcome by
repeatedly backflushing the pump and flushing the centre pier sump with fresh water, as well as
physically removing debns at the pump inlet Following these procedures the sump was completely
dewatered by the morning of March 14, 1996°

4 0 VISUAL INSPECTION OF EAST GATE AND GATE CHAMBER

4 1 _Gate Access

After the gate chamber was completely dewatered, it was possible to gain access to the chamber
via the access way through the centre or end pier where the hydraulic hoisting cylinders were
located Access was best from the centre pier because the sediment at the bottom of the centre
pier cylinder well was 12 to 1 8 m (4 to 6 ft) deep at the bottom of the ladder The east side was
estimated to range from 18 to 24 m (6 to 8 ft) in depth The lower portion of the gate was
submerged within the sediment, and the gate pedestals were not visible The operators had
reported that the gate was taking 2 to 3 days to settle” into its final position, and the primary cause
of tnus was thought to be the amount and depth of the sediment especially at the east end of the
chamber where the connection of the link to the box cross member was not visible (see Photo 5)
This assumption 1s consistent with the findings inside the gate

The access ladders are on the downstream side of the gate approximately 15 m (50 ft) from the
nearest component of the gate (the gate lifting beam) The sediment was very saturated, and it did
not hold the weight of a person This made it impassable by trying to wade through the mud to the
gate structure After futile attempts to wade across the sediment some water was allowed back into
the chamber, and the divers connected a rope from the lifting cylinder to the gate where it connects
to the link (see Photos 6 and 7) The gate was then dewatered again and an inner tube was used
as a floatation device, whereby an individual sat in the inner tube and pulled themselves to the gate
via the connecting rope Once one was at the gate, he/she could climb onto the gate structure, and
complete inspections of any exposed portions could be made

Given the difficulties gaining access considerations should be given to the construction of a false
walkway (above the sediment) upstream of the hoisting cylinder in order to facilitate easier access
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to the gate This would provide better access and safety to any individuals in the gate chamber, and
provide a better method for transporting equipment to the gate for inspection and repair

Visual inspections were hampered by the amount of leakage around the gate and the humidity and
mist in the air Over the two day Inspection period, the leakage around the oakum caulking
Increased considerably Silt and mud covered all horizontal and incline portions of the gate
members, especially within the I-formations of stiffeners and structural members Complicated
further by the absence of good lighting and cold temperatures cameras were often ineffective
because the mist would diffuse the light from the flash and render pictures smoky and obscured

Despite difficulties 1n access to the gate, once one was inside the main portion of the gate, the
majority of structural elements were accessible for visual inspection  The inspection reported herein
was made over a two day perod between March 14 and 15, 1996 The following sections describe
the observations made

4 2 Structural Components

In general, the structure appeared to be in good condition Most visible surfaces were clean and
free from rust, and no major pitting of the steel was evident The following items, with respect to the
structural condition of the gate were noted

« The paint on the members Is in good to very good condition throughout (see Photos 8 and
9)

- Welded connections were all intact and complete with no visible signs of distress (see Photo
10)

- Bolted connections were in good condition and appeared to be clean and generally free from
rust (see Photo 11)

« The lifting ink and box cross member assembly was in good condition at the west end the
gate (see Photos 6 and 12) The box cross member was not visible for inspection on the
east side because it was submerged in the sediment

« The Acres 1988 report had indicated the Silt had accumulated to a depth of about 7 inches
between the stiffeners on the inside of the gate This occurred on the lower 10 to 12 feet of
the downstream skinplate The submerged weight of the silt is about 5 percent of the hoist
capacity The depth of silt has increased considerably In some of the interior bays the silt
had accumulated to several feet deep at the bottom and all stiffeners on the radial
(downstream) skin plate had 150 to 300 mm (6 to 12 1n) of accumulated sediment on them

KGS Group 5 Apnl 1996



Department of Natural Resources
Red River Floodway - Inlet Structure
Inspection / Assessment / Work Program File No 96-311-01

« The trunnions were unaccessible and were not inspected The trunnions were visible from
the base gate and appeared to be in good condition, however, access to the trunnions
directly was only possible by ladder Due to the amount of sediment and the difficutties in
access to the gate, 1t was not practical to set up a ladder for the trunnion inspections  With
easler access to the gate as discussed earlier (via an elevated walkway) inspections of the
trunnions may be possible Otherwise, the trunnions would have to be inspected and
serviced from above the gate when the complete bay 1s dewatered

+ The seals were not accessible and could not be inspected from the interior of the gate
chamber

- All main structural members on nterior and exterior trusses appeared to be in good
condition

+ The radial (downstream) and rear (interior) skin plates were found to be in good condition
showing very little signs of rust and deterioration

» A condition and structural assessment of the upstream skin plate was not possible because
it was insulated with approximately 150 to 200 mm (6 to 8 in) of spray-on styrofoam
insulation Large pieces of the foam were falling from the surface of the skin plate This
created problems with the dewatering pump, as the foam would plug the intake

« All visible concrete composing the gate chamber appeared o be on good condition No
significant cracking was noted and all surfaces appeared to be free from spalling

4 3 Thickness Testing

During the second day of the inspection a weather resistant” ultrasonic thickness tester was used
to determine the thicknesses of the accessible structurai members and skin plates In all, nine
measurements were taken The results of these measurements are shown in Table 1 Note that
values for measurements 1 7, and 9 are considered inaccurate because the readings were
unstable, probably due to an inability to achieve good surface contact with the thickness transducer
The locations of the thickness measurements are iflustrated in Figure 1 in Appendix A
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50 INSPECTION OF EAST GATE HYDRAULIC CYLINDERS

The Floodway Inlet Structure east gate 1s operated by two hydraulic hoisting cylinders located at
either end (east and west) of the gate The cylinders raise the gates by retracting from a fully
extended (down) posttion The cylinders are located in cylinder wells in the centre pier and east wall
respectively To gain access to the normally submerged lower portion of these cylinders, inspections
were performed with the east gate dewatered When the dewatering procedure was completed, the
accumulation of silt in the west cylinder well was approximately 0 3 m (1 ft) below the bottom of the
cylinder, allowing for inspection of the bottom flange plate Silt in the east cylinder well, however,

had accumulated approximately 0 3 m (1 ft) above the bottom of the cylinder, and the bottom flange
plate could not be inspected

Inspection of the cylinders included visual inspection and ultrasonic thickness testing The
inspections were performed by Pritchard Machine Ltd under the direction of KGS Group An
inspection report prepared by Pntchard Machine including the results of thickness measurements
and the east and west cylinder barrels, Is included in Appendix D All of the thickness readings were

over 25 mm (1 00 n), which s the original thickness of the cylinder barrels The following sections
describe observations made durning the inspections

51 Cylinders

in general the cylinders appeared to be in good condition Most of the surfaces showed little sign

of rust and no major pitting of the steel was observed Items regarding noticeable conditions are
listed below

- Welded and bolted connections appeared to be in good condition showing little evidence
of detenoration or rust (see Photos 13 and 14)

«  On both cylinders there was appreciable accumulation of grease and rust scale at the gland
(see Photos 15 and 16), and accumulation of rust scale on the compound coating the
cylinder piston rods (See Photo 17)  As noted in the report by Pritchard Machine, this could

cause contamination of the gland wiper and seal during cylinder retraction and may cause
damage to the gland bushing and ram shaft

5 2 Doqgaing Devices

With the east gate dewatered the gate dogging devices were visually inspected and appeared to
be in generally good condition with some signs of rust (See Photos 18 and 19) The west dogging
device wheel was able to be rotated manually, while the east wheel was stuck and could not be
turned, probably due to a noted accumulation of ice inside the clevis
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6 0 CONCLUSIONS

From the observations made during the inspections and the study of previous reports and drawings
the following conclusions are presented

1

10

The amount of sediment within the east gate chamber I1s excessive, and beginning to
hamper operation of the gate

The amount of sediment within the gate chamber has increased significantly since the last
inspection in 1986/87 Approximately 1 2to 1 8 m (4 to 6 ft) of sediment exists at the west
end of the gate, and 1 8to 2 4 m (6 to 8 ft) exists at the east end of the gate

The amount of sediment is beginning to hamper the operation of the gate which has recently
taken considerably more time to “settle into position

Operation of the dewatering pump was hampered by accumulation of sediment in the centre
pter sump, which tended to plug the pump intake piping This was particularly evident during
the latter stages of dewatering

The vistble structural steel components of the gate appeared to be in good to very good
condition with very few signs of rust and deterioration Structural connections both welded
and bolted were examined and determined to be in good condition

Visual inspection revealed the hydraulic cylinder barrels to be in good condition with little
evidence of rust or deterioration  Ultrasonic thickness testing showed no reduction Iin
onginal thickness of the cylinder barrels Welded and bolted connections also showed little
evidence of corrosion

There was noted accumulation of grease and rust scale at the hydraulic cylinder glands

Due to the difficulty presented by the amount of water leaking into the chamber and the
amount of mud present several inspection tasks could not be completed, particularly the
inspection of the seals and trunnions

To inspect the trunnions and seals, and to perform adequate thickness testing of the skin

plates, the gate chamber will have to be completely sealed dewatered and cleaned free of
sediment

Access to the gate for inspection and maintenance 1s extremely difficult due to the presence
of silt accumulation It 1s recommended that provisions be made to install a walkway through

the "corndor" between the base of the stairs and the gate  This will allow good access and
provide a safer work area

. KGS Group 9 April 1996
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PHOTO 1: DIVERS CUTTING ICE, MARCH 6/96

]

PHOTO 2: OPEN WATER OVER EAST GATE - ICE CUTTING COMPLETE
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PHOTO 3: SEALING EAST GATE MARCH 11/96 - DEWATERING PUMP OPERATING

PHOTO 4: DIVERS SEALING EAST GATE MARCH 12/96



Department of Natural Resources
Red River Floodway - Inlet Structure
Inspection / Assessment / Work Program File No. 96-311-01

PHOTO 6: LINK MEMBER AT WEST END OF GATE, ACCESS ROPE ATTACHED
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PHOTO 7: VIEW FROM WEST END OF GATE TO ACCESS LADDER
(ACCESS ROPE AND FLOTATION INNERTUBE VISIBLE)
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PHOTO 9: CLOSE UP OF RADIAL SKIN PLATE SURFACE
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PHOTO 10:

RADIAL SKIN PLATE CONNECTION TO TRUSS

PHOTO 11: STIFFENER PLATE CONNECTION
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PHOTO 12: LINK MEMBER AT WEST END OF GATE

PHOTO 13: FLANGE CONNECTION ON WEST CYLINDER BARREL
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PHOTO 15: EAST CYLINDER GLAND AREA
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PHOTO 16: WEST CYLINDER GLAND AREA
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PHOTO 17: EAST CYLINDER PISTON ROD
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PHOTO 19: DOGGING DEVICE SCREW, EAST END
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FAX 204 2331258

COMMERCIAL DIVING CONTRACTORS

pavid Macmillan

KGS Group

3227 Roblin Boulevard
Wwinnipceyg Manitoba
R3R 0C2

15-March-1996

Re Floodway Inlet Diving In

1.0 Objectives

pominion Divers Ltd
East Floodway gate at St

Dominionn Dwers Lid.

MN)\ A P';IZ/\‘%‘%

TELEPHONE (204) 237 8839

18 ARCHIBALD ST
WINNIPEG MAN , CANADA
R2J OV7

gpectian

wae ccalracted ks KO Group to geal the
liorbert, foi de.atering by the

pepartment of Natural Resources

2 Q0 Observations

2 1 Upstream seal

The upstream seal appeared complete awd n gnod condition but

showed early signs of dagradation

Tt e exposed edge 15

splitting and fraving along the entire .ength

2 2 Easl J-seal

Complete and apparantly 1in ¢ood condi!ron

1t 18 s1tuated

approximately one Lo two in hes below Lhe level of the gate
This space was filled with rocks, sand, stizks etc

An eighth inch gup 19 present between the outer edge of the

J-seal and the abutment wall

This gap continued as a crack 1in

the concrete for approxamately two feet upstream of the gate

2 3 West J-seal

complete and appare t1y in good cecnotl 10H. 1t 1= also siluated

petween one and t7o 1nches below the gate

The space was also

filled with rocks and other debrais

An eighth to three sixteeunl]
outer edge of the J-geal ar
extended upstream s a crac
one and a half feet

PIPE LINE INSTALLATIONS
* P E PIPE JOINING SERVICE
= SUPPLY CONCRETE PIFE WEIGHTS

inch ¢gap wWas observed between the
the pieL wa 1 This gap also
1n the corccete for approximately

ANSPECTIONS « CUTTING
JAVEYS = WELDING
TuTV + DEMOLITION
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2 4 Downstream seal

The rubber flap varied in condition from good to poor to
missing 1n places Past and recent closing of the gate on
rocks and sticks and other debris tore the rubber 1n several
places and bent the steel cover plate upwvards

A two inch diameter stick was caught under the gate and through
the J-seal, approximately ten feet west of the center of the
gate A one and a half to two foot wide (of unknown length)
piece of sheet metal 1s alsp caught under the gate and extends
through the J-seal, near“the pier This 1s holding the gate up
approximately three quarters of an inch, preventing a proper
g3eal in that corner The rubber flap is torn and about five
feet of 1t i1s pulled into the gate

There are two joints in the downstream steel support plate each
containing eight bolt holes but no bolts Water flow through
the holes was significant

2 5 Concrete

A two inch diameter hole was found ten inches upstream of the
south-west corner, connected to the extending crack

Under the downstream flap, behind the J-seal, the concrete is
worn (eroded) somevhat, and spalled away 1n places

3 0 Procedure

Dominion Divers Ltd arrived on site on March 4, and began by
cutting holes, on the East side near the abutment The 1ce
thickness was found to be between one inch and three feet The
gpace below the 1ce and above the gate ranged between ten
inches and tvo feet, with extremely fast water flowing through
1t The water coursing through the cut hole caused 1t to
accumulate on top of the 1ce and in turn caused the i1ce to
s1ink, further narrowing the working space Because of these
compounding variablea 1t was decided that work could not be
safely be carried out

The next fave days werc spent cutting ice and moving the
1ceflows downstream, to clear the worksite

On March 9, we ran out of room to put the ace and 1t became too
thick to cut near the pier (greater than four feet)

March 11 The dewatering pumps were started and we began
clearing the rocks and debris from in and under the seals, and
placing oakum Two thirds of the downstream seal, the East
J-seal, the entire upstream seal, and half of the West J-seal
were completed The pumps were left on and manned during the
night
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March 12 We returned and completing sea.lng the gate with
oakum and backer rod foam Tae two 17ch hole near the pier and
the sixteen bolt holes were also sealed asg significant flow
vas evident Dewatering continued at an accelerated rate

March 14 Dominion Divers Ltd returned to replace <ome oOakum
which had sucked through, and the gate warc completely
dewatered

Sincerely,

/ (_/J !
Terry :1esq

Dominion Divers Ltd
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INVESTIGATION OF RED RIVER FLOODWAY IMLET GATE SEALS

AND CONCRETE DETERIORATION

10 INTRODUCTION

The Red River Floodway gates are of the submersible sector type
With an upstream hinge  The gates are equipped with seals which
permit dewatering of the gate recess for inspection of the under-
side of the gate, greasing of the trunnions and desilting of the
gate well and access gallery The downstream seals also maintain
headwater pressure beneath the gate to reduce the hoisting force
required during operation

The time reouired to dewater the gates has gradually increased
from about two days 1n 1970 to about a week 1n 1979, the last year
that the gates were dewatered It has subsequently become 1mpos-
sible to dewater the gates by the normal dewatering procedure

In early December 1986, the Department of Natural Resources auth-
orized Acres to carry out an investigation of the gate dewatering
problems and the concrete erosion downstream of the gates in

accordance with the scope outlined 1n Acres proposal dated
September 18, 1986

The nitial field nspection of the east gate commenced
December 10, 1986 and was completed as far as possible January 15,
1987 at which time cold weather prevented further effective use of
the divers  An 1nterim report was 1issued 1n February 1987 The
gates were subsequently raised above water level and inspected 1n
October of 1987 when the water level was about 5 8 feet above the
gate  The west gate was then dewatered Marine Diving Services

Ltd carried out the underwater work and provided assistance to




provided assistance to the Department of Natural Resources for
dewatering the gates and 1n attempting to desi1t the east gate
The results of the underwater 1nspection of the east gate are
outlined 1n a report dated January 29, 1987 (See Appendix A)

In November 1988 the river level was abnormally low and 1t was
possible to almost completely dewater the area just downstream of
each gate by raising 1t about 2 feet The areas downstream of

both gates were dewatered one at a time 1n this way and 1nspect-
ed

The results of Acres investigation and alternative remedial mea-
sures are outlined below

20 FIELD INSPECTION

21 Dewatering Pump Tests

Following an imtial visit to the 1nlet structure on December 10,
1986, operation of the dewatering pump 1n the centre pier was
checked by measuring the change 1n water level 1n the sump over a
fixed time 1nterval The tests 1ndicated that the pump perfor-
mance was reasonably close to the manufacturer's rating curves

Inflow to the sump was also checked by emptying the sump and
opening the 1inlet valve from each of the gates The rate of
1nflow indicated that the 1nlet lines were not blocked

It was therefore confirmed that the dewatering difficulty was due

to excessive leakage 1nto the gate chambers rather than nroblems
with the pumps
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Gate Dewatering Tests and Underwater Inspection

Initial Tests

Attempts were made to dewater both the east and west gates
1n December 1986 During these attempts the river level
was about elevation 731 which 1s three feet over the top of
the gate n the lowered position It was not possible to

lower the water level in the cylinder shafts by more than
about 1 5 feet for either gate

During the period when the pump was operating 1t was ob-
served that some leakage was occurring past the bulkhead
gates which are used to seal the conduits supplying head-
water pressure to the underside of the gates The 1nlets
to the conduits were then sealed with wooden bulkheads
since the gates could not be sealed with cinders etc due
to the 1ce present 1n the 1nlet A subsequent attempt to
dewater the east gate only produced about a six inch drop
1n water level 1n the cylinder shaft It was therefore

confirmed that the leakage was occurring at the main gate
seals

Underwater Inspection of East Gate

Marine Diving Services divers carried out an underwater
inspection of the east gate seals from the top of the gate

1n December 1986 The results of this inspection were as
follows

- The upstream flap seal was 1n good condition with no
si1gns of damage

The side seals did not appear to be damaged and appeared

to be tight against the pier liners However, there was
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a considerable number of stones, pieces of steel and
other debris lodged on top of the seals The gap be-
tween the top skinplate and the pilers was 1 to 1 1/2
inches  This 1s at the upper 1imit of the gap expected
as a result of tolerances on the fabrication and instal-
lation of the gate and pier liner plates

- A flap seal consisting of conveyor belting clamped to
the downstream edge of the top skinplate and projecting
over the downstream embedded parts has been added to the
east gate since 1ts 1nstallation The belting was found
to be damaged in some areas, particularly near the west
s1de where the clamp plate 1s deformed and a length of
seal 1s missing The seal was not 1n contact with the
embedded parts 1n several locations due to the presence
of gravel or buckling of the seal

- The east gate was raised about 1 5 feet to permit 1n-
spection of the stationary downstream J seals which are
mounted on the embedded parts The 1nspection 1ndicated
the presence of gravel above the seal and a section of
seal near the west side was missing A metal post had
apparently been jammed between the gate and embedded
parts 1n this area some time ago The embedded plate
above the downstream seal was bent downwards 1n several
locations Sixteen bolts were missing from the top of

the embedded plate  Apparently about 80 of these bolts
had been replaced previously

Unfortunately the underwater inspection was hampered by the
current, failure of the underwater camera, 1ce which pre-
vented the gate from being raised to better observe the

side seals and downstream seal, and by cold weather As a
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resuit, no 1nformation was obtained for the west gate seals
and the 1nformation on the condition of the east gate seals
was too l1imited to be conclusive

Dewatering of East Gate

Following the underwater inspection in late 1986, the down-
stream seals on the east gate were sealed with oakum while
the dewatering pump was operating Since this did not
reduce leakage sufficiently to dewater the gate, oakum was
then placed 1n the side seals Sigmificant leakage was
observed at the side seals while placing the oakum This
gate was then dewatered successfully although some diffi-
culties were experienced due to blockage of the sump 1inlet
pipe Irreqular pieces of foam insulation which had broken
free from the underside of the top skinplate appeared to be
the main source of blockage

Inspection of the dewatered gate 1ndicated the following

b//f Leakage through the upstream seal was not excessive

é//{ There was sigmificant leakage at the upstream corners of

the gate

- No damage was visible on the bottom element of the side
seals but visibility was very poor /VQZ}?
S
- 511t had accumulated to a depth of about 2 - 4 feet n
the gate well and access callery below the gate At the
time of the inspection, the si11t wa

he level of
the pedestals which support the gate

position and élg//pgt’ ynterfere with
gate <
Port

n the Jlowered

peration of the
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- $11t had accumulated to a depth of about 7 1inches be-
tween the stiffeners on the 1nside of the gate Thas

/E occurred on the lower 10 to 12 feet of the downstream

skinplate The submerged weight of this silt 1s about
5 percent of the hoist capacity

- The 1 1/2 vnch galvanized steel nipples between the
brass rozzle and the iron elbow i1n the desilting nozzle
pipes were very badly corroded These were replaced by
brass nipples

- A very 1imited examination indicated that the paint on
the inside of the gate i1s 1n good condition

- The foam 1nsulation on the under side of the top skin-
plate 1s falling off in some areas The loose pieces of
1insulation resulted 1n blockage of the sump inlet line
A-targe box shaped intet screen—was—subsequently instat=

_led-ever—the—egst sump—Tniet—ine.

The Department of Natural Resources attempted to desiit the
access gallery with the aia of the divers dowever, 1t was
not practical to complete this operation due to freezing of
the desilting lines and difficulties with alternate pumping
arrangements  An attempt was made to grease the gate trun-
nion bushings but this was not successful due to difficul-

ties 1in locating the grease fittings which are of the
Alemite button head type

Dewatering of West Gate

In October 1987, an attempt was made to dewater the west



gate after 1t had been raised above the water for 1nspec-
tion of the side seals The river level at that time was
about 5 8 feet above the top of the gate

Init1ally, the downstream seal was caulked with ocakum, but
this did not reduce leakage into the gate sufficiently to
dewater the gate The side seals were then caulked, but
leakage was sti111 found to be excessive The seals were

then recaulked and the gate was dewatered without
difficulty

Inspection of the dewatered gate i1ndicated conditions sim -
lar to those observed 1n the east gate except that the si11t
burldup was somewhat higher The s11t was within 1 foot of
the top of the intermediate gate support pedestals and was
over the top of the smaller pedestals at the west end of
the gate  However, this did not appear to have interferred
With proper closure of the gate which had been raised Just
prior to dewatering The s11t was generally quite fluld
and would not support the weight of a person

It was not possible to 1nspect the condition of the desilt-
1ng nozzles which were covered 1n <11t A screen was

installed over the sump 1nlet pipe

Visual Inspection of Gates and Seals

On October 19, 1987 each gate was raised about 5 feet above
the water surface which was about elevation 7338, (1 e
about 5 8 feet over the top of the gate when 1t 1s 1n the
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Towered position) The downstream sealing surface and the

exposed portion of the side seals were 1nspected

In November 1987 the water level at the 1nlet structure had
fallen to a level only about 1 foot over the top of the
gates tEach gate was raised about 2 feet and the area
downstream of the gates, which was almost totally dewater-
ed, was examined (See attached photographs)

The results of the inspections are as follows

- The steel sealing surface on the downstream face of the
gate was coated with 511t and there was gravel adhering
to the surface The surface was cleaned with a wire
brush and found to be in good condition

- The side seals generally appeared to be 1n good condi-
tion except at the downstream corners where there was
some wear  Gravel was wedged between the seals and the
liner plates on the piers This prevented complete con-
tact between the seals and the liner plate

- The steel liner plates on the piers were generally 1n
good condition although there was some spalling of grout
around the edges of the plates

Inspection of Concrete Downstream of Gates

Deterioration of the concrete downstream of the east gate

had been observed previously during low flow conditions




Prior to this 1investigation, the last inspection of the
damage was 1n 1980/81

The following inspections were carried out in conjunction
with the present i1nvestigation

- A survey of the concrete downstream of the gates was
carried out by the divers in the winter of 1986/1987

The results of this inspection are summarized in the
attached report

- An underwater 1nspection of the flip bucket was conduct-
ed 1n October 1987

- The area downstream of the gates was 1nspected while
dewatered 1n November 1987

The results of these inspections indicate that the extent
of damage to the concrete has not progressed seriously
since 1981 The damage 1s in the form of erosion of the
concrete It 1s generally most severe just downstream of
the embedded steel member which holds the downstream J seal

and generally tapers out to an insignificant amount a few
feet downstream of the seal

The depth of erosion and the downstream l1imits of appre-
ciable damage are shown on the attached Figures 1 and 2

The damage 1s generally concentrated i1n a few areas with a
maximum depth of erosion of about 5 inches The top of the

anchor bolts which hold the embedded parts for the seals
are exposed in two locations

The erosion generally did not extend 1nto the second stage

concrete beneath the embedded steel support member for the
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downstream J-seals  However, on the west gate this second
stage concrete was eroded up to 1 inch beneath the embedded
steel 1n a few areas In one area, a gap which was about
1 1nch high by 5 to 6 i1nches long extended several 1inches
underneath the embedded steel It 1s possible that this

void was created during placement of the second stage con-
crete

It 15 believed that erosion of the concrete 1s the result
of recirculation of debris when the gates are raised Thas
1s confirmed by the fact that rocks and other debris were

found 1n many of the areas which were most severely eroded

The 1nspection of the flip bucket and downstream 1ip of the
structure did not indicate any significant damage to the
concrete However, visibility was very 1imted and there
was a considerable buildup of debris in the flip bucket
which prevented 1nspection of some areas The level of
riprap downstream of the structure varied from more than

6 feet to less than 1 foot below the top of the concrete

Inspection of Bulkhead Gates

The east bulkhead gate was raised clear of the guides for
an inspection of the seals The seals are 1n good condi-
tion and show no signs of wear It was not possible to
raise the west bulkhead gate clear of the guides since the
hinges on the gate shaft covers were seized
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30 DISCUSSION

Based on the results of the investigation, the following observa-
tions can be made

(1) The dewatering pump 1s functioning properly Iniet screens
have been 1nstalled over the sump 1nlet Tine from both gates
to prevent blockage of the line by debris

(2) The bulkhead gates appear to be sealing adequately Tne

seals on the east bulkhead gate were inspected and found to
be 1n good condition

(3) The downstream seal on the east gate 1s missing for a dis-
tance of about 20 feet from the centre pier This damage 1s
probably due to debris which has become jammed in the seals

Although no signmificant damage was observed on the side
seals, they were a major source of leakage The leakage may
be partially due to mechanical damage and wear at the
corners, but the main cause for the leakage appears to be

gravel which 1s jammed between the seal and the liner plates
on the piers

It would appear that both the side seals and the downstream
seal would need to be replaced 1f dewatering 1s to be accom-
plished without the aid of divers

Partial replacement of the downstream seal on the east gate
and adjustment of the other seals would be an option How-~
ever the cost savings relative to complete replacement would

not be large and the benefit 15 questionable
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Partial replacement of the side seals 1s not practical since
each seal 1s mounted on a full length member A full up-
stream cofferdam would be required 1f the side seals are
either replaced or readjusted since the gate must be lowered

to remove the upstream corper and to properly align the
seals

The upstream seals on the gates appear to be i1n reasonably
good condition at the present time However, the seal mater-
1al 1s a duck reinforced rubber which can be expected to
deteriorate over time when exposed to water Therefore 1t
would be advisable to replace the upstream seal with synthe-
tic reinforced belting 1f the side seals are to be replaced
since the 1ncremental cost would be relatively small

The present condition of the seals does not represent a
threat to operation of the gates although the increased leak-
age through the damaged downstream seal will result in more

rapid buildup of si7t beneath the east gate when 1t 15
raised

Total loss of the downstream seal would result in an unaccep-
taole reduction i1n pressure beneath the gate during opera-
tion Based on the present information, sudden, total loss
of the downstream seal 1s considered to be highly unlikely
since the damage to date appears to have been caused by
debris jamming between the gate and the embedded parts This
type of damage can be expected to occur infrequently and to
result 1n fairly local damage It should be noted that new

seals may not be significantly more resistant to this type of
mechanical damage than the existing seals

The gates can be successfully dewatered 1n their present

condition 1 f divers are used to caulk the downstream and side
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seals with oakum This method can be used successfully for a
water level up to 6 feet over the top of the gate This 1s

the maximum head for which the gate 1s designed to be de-
watered

In some areas where the seals are missing, caulking with
oakum alone should not be relied upon since there would be a
risk of sudden failure of the caulking These areas should
erther be sealed with sandbags or by using pipe, etc to
reduce the gap and then caulking with oakum

The s11t on the gates and 1n the gate wells and access gal-
lery does not represent an 1mmediate threat to gate operation
but should be removed as soon as practical since signmificant

additional si1t may accumulate 1f the gates are operated for
an extended period of time

Greasing of the trunnion bearings 1s not essential since they
are of the self-lubricating type However, greasing on a
regular basis does flush foreign material from the bearings
and should extend the bearing 11fe  Therefore the trunnions

should be greased as soon as practical since they have not
been greased for about 8 years

The concrete damage downstream of the gate 1s most probably
the result of erosion from recirculated debris when the gates
are operated during floods The erosion has not progressed
to any great extent since 1981 The damage 1s not presently
a threat to operation of the gate, but passage of successive
significant floods could result 1n further erosion which
would threaten support of the embedded steel member 1n some
areas This could result 1n reduction of pressure beneath

the gate ana overloading of the gate and hoist The risk of
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Jamming the gate 1n a partially open position also exists
The continuing loss of bolts in the embedded J-seal support
member due to vibration 1s 1ndicative of the forces occurring

1n this area under some operating conditions

The concrete should be repaired 1n the near future The pro-
posed repair procedure would 1nvolve installing cofferdams to
dewater the affected area Concrete 1n the damaged areas
would then be removed to a depth of about 4 1inches and the
surface would be treated with a bonding agent High strength
concrete would be placed and suitably compacted

The proposed repair should provide considerably more durabii-
1ty than the original construction

(10) Missing bolts i1n the embedded J-seal support member should be
replaced

40 ALTERNATIVE REPAIRS

4 1 General

Costs estimates for alternative repair programs have been devel-
opéd It has been assumed that the Department of Natural Re-
sources would be responsible for dewatering the cofferdammed area,
des11ting the gates, greasing the trunnions and all gate 1nspec-
tion and maintenance other than replacing the seals It has also

been assumed that the existing dewatering pump would be operated
to handle leakage during the work

The cofferdam costs for Alternatives 1 and 2 are based on commenc-
1ng work 1n Auqust This reouires a cofferdam height of about
8 feet 1ncluding freeboard of 1 foot At this stage 1t 1s con-
sidered that the cofferdams would either be of wood anchored 1nto

the concrete or large sand filled bags Either alternative would
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leave about 7 feet of clear space downstream of the gates for the
concrete repairs

4 2 Alternative 1

This alternative 1nvolves repair of the concrete and the seals to
permit future dewatering of the gate without the aid of divers

It requires full upstream and downstream cofferdams and 1ncludes
the following work

- Repair damaged concrete as described above and shown on the
attached drawing

- Replace all seals, replace missing bolts and repair damaged
embedded parts The seals would be aligned to the sealing
faces with the gate 1n the closed position

- Replace nipples on desilting nozzles for west gate

The estimated cost for this work assuming an outside contractor 1s
used and excluding work done by the Department's staff 1s

Mobi111zation and demobilization $ 7,000
Supply and install cofferdams 90,000
Repair concrete 50,000
Supply and 1nstall seals 105,000
Miscellaneous repairs 1,000
Engineering and site 1nspection 25,000
Subtotal $278,000
Contingency - 15 percent 42,000

TOTAL $£320,000
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Site work could commence mid-August barring unusually high flows
and should be completed on both gates by the end of November at
the latest During the period when the cofferdams are in place
in one bay, the upstream water level would be increased by about
4 1nches during periods of relatively high flow (5000 cfs)

Alternatively, the work could commence in late October after river
levels have been lowered However, the possible savings 1n cof-
ferdam costs would be offset by the added cost of winter work

A1l seals require access from both above and below the gate to re-
move the seal mounting members complete with seals  The upstream
and side seal members can be removed with the gate 1n any posi-
tion, but the gate must be raised to provide access to the lower
row of bolts in the downstream seal support member The upstream
and downstream members can be removed 1n sections The side seal
mounting member 1s 1n one length making removal from the gate
recess difficuit A1l the seal members are fastened with stain-

less steel bolts A few seal welds must be broken to remove the
members

The side seals must be realigned with the gate 1n the closed posi-
tion  The gate must also be closed to accurately establish the
required alignment of the downstream seal although the seal would
actually be installed with the gate fully raised

The cost of this alternative would be reduced somewhat 1f the side
seals were only readjusted rather than replaced However, this
would be less effective than replacing the seals

[t should be noted that replacement seals cannot be expected to
provide any longer service than the original seals
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4 3 Alternative 2

This alternative would 1nvolve repair of the concrete, replacement
of missing bolts i1n the embedded downstream seal support and
repair of the desilting nozzles  The gates would be utilized as
an upstream cofferdam and therefore 1t would only be necessary to
1nstall a downstream cofferdam

The estimated costs for this alternative would be as follows

Mobilyvzation $ 5,000
Supply and 1nstall cofferdam and seal agates 50,000
Repair concrete 50,000
Miscellaneous 1,000
Engineering and site 1nspection 17,000
Subtotal $123,000
Contingency 19,000

TOTAL $142,000

If work commenced 1n mid-August, 1t snould be completed by the end

of October During this period, upstream water levels would be
affected as discussed above

Since sealing of the gate would not be improved with this alter-
native, divers would be reauired to dewater the gate for future
maintenance It has been established that this can be done by
caulking the seals with oakum while the dewatering pump 15 opera-
ting The cost of sealing the gates should not exceed $6,000 for
each operation and may well be less Use of this dewatering pro-
cedure would permit deferral of the additional expenditure re-

quired to replace the seals as long as the downstream seals are
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sufficiently intact so as not to adversely affect gate operation

The downstream seals could also be repaired as part of Alterna-
tive 2 However, 1t would be difficult to ensure proper alignment
of the seals since the gate could not be lowered in the dry to
accurately establish the position of the seal bar on the gate In
any case, replacement of only the downstream seal would be of
Tittle benef1t unless damage to this seal 1s so severe that opera-

tion of the gate 1s threatened This 1s not the case at the
present time

The side seals could be totally replaced by 1installing upstream
cofferdams at each upstream corner However these cofferdams
would need to be about 20 feet long 1n Brder to permit the up-
stream seal cover plate to be removed as required to replace the
complete side seal Further, 1t would not be possible to ade-
quately align the side seal since the gate could not be closed

Based on the above considerations, 1t was concluded that a fully
satisfactory job of replacing the seals to preclude the need for

divers 1n future can only be achieved by installing full upstream
and downstream cofferdams

4 4 Alternative 3

A third alternative which could be considered would be to carry
out all necessary design and preparations for repair of the con-
crete and desilting nozzles and for replacement of missing bolts
1n the embedded steel seal support, but defer repairs until such
time as extreme low flow conditions occur in late fall or winter

This would permit use of the gate and a low downstream cofferdam

to dewater the area downstream of the gates Cofferdam costs
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would be reduced relative to the first 2 alternatives However,

these savings would be offset to some degree by the cost of
hoarding and heating

The estimated costs for this alternative would be as follows

Mobili1zation $ 5,000
Supply and install nominal

downstream cofferdam (sandbags),

seal gates and provide heating

and hoarding 20,000
Repair concrete 50,000
Miscellaneous 1,000
Engineering & site inspection 9,000
Subtotal 85,000
Contingency 13,000
TOTAL 98,000

It 1s estimated that the work for each gate would require approxi-
mately 2 to 3 weeks

If this option 1s adopted, the concrete should be inspected each
year following the passage of floods to ensure that damage has not
progressed to a stage where 1mmediate repairs are required

50 RECOMMENDATTONS

Based on 1nvestigation of the gate seals and damage to the con-

Crete downstream of the gates, 1t s recommended that the
following maintenance be done




Eroded areas of concrete downstream of the gates should be
repaired 1n the near future Details of the recommended re-
pairs are shown on Drawing No 6468-A0-0201 These repairs
could be carried out most economically during a period of
Tow water levels 1n the fall or early winter as outlined 1n

Alternative 3 The estimated cost of repairs based on
Alternative 3 1s $98,000

Up untal the repairs are carried out, the concrete should be
1nspected annually

At the present time, dewatering of the gates with the aid of
divers 1s a very cost-effective alternative to replacement of
the seals and 1s therefore the recommended alternative How-
ever, the condition of the downstream seals should be checked
annually since loss of a major portion of this seal would
affect gate operation Inspection of the seals can be done by
the divers 1n conjunction with dewatering of the gates

The s11t 1n the gate wells and access gallery should be re-
moved as soon as practical this year and at regular intervals
thereafter  The trunnion bearings should be greased and the
corroded nipples on the desi1ting nozzles should be replaced
after desilting The trunnmion bearings should be greased on a
regular basis in future to flush the bearings

The missing bolts 1n the embedded steel supports for the down-

stream J-seal should be replaced 1n conjunction with the above
work
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When the gate 1s dewatered, 1t 1s recommended that the following
1tems be 1nspected

- Overall condition of the gates and embedded parts
- The condition of the paint on the gates

- The condition of the supplementary anchors added to the trun-
nions on the west gate
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o Warine Deving Senvices L2d,

UNDERWATER CONTRACTORS /2

arine viving Services Lta, was callea to do an inspection of
cate seals on floodway gates at the St, '.orbert Intaxe Structure.
Tne following oroceaures Jere followed

DZCE 'BER 16 - Set uv
17 - =Zast Gate Inspectaion

- Zast side gate seal nad an average of ¥ to 13 gra-
vel all along seal, and appeared to be 1in gooa shape

~ vownstream seal had gravel same size under rupver
flap anda over plate

~ The cover plate was vent & to 10" lorg, 15' fron
west side

18 - inspection of upstream seal snowed small amount of
fine gravel under flap and dad rot zppear to oce
leakang

- Yest side seal has half the armount of gravel as con-
pared to east seal., Avproxirately tne last 12' orf
the downstream seal 1s missing aitogetner

- Approxanately 16 boits were »issing zlong the cown-
stream cover vplate

~ ~larteqa .n3tali_ "L Saed™ " GOWNELTEZ™ Zeat

W
|

CompLetea 1nstalling Saau~ 1» wounsirear seadt. 0
arop in water elevation in pit was evadent.

22 - A L'y &' oulineaa vas maae and installea over tne 1in-
take gate ovpening (east sice) to stop lea<acge. The
aownstream seal was cnecxea again, as ¥ell &s T e siae
seals. The side seals row snowea aefinite sizns Of
learare, oaxun “as 1+stallea on botr sides T 0 vieces
of steel, one bolt ana spar~< plLug were rerove irom seal

slots. Zy 5 00 n.m. vater level was aown 1n o1t to 720..4.
2% - Zc¢e vas removed for =lacement oi anta.e bul heaz on tre
egt -~zte est zZice _ce ==z _C thic-
- 2 0 .e-vwaterini T D a3 C_€aren .o CEnTra Cher 4
Teavy SJdi_a ud ol uQ Jas fer-Qvec fro— tte sarT ares é?
- Zffort as raae to geaxn entrance O Tate ©vit, cat ~ua
ena ‘rater level Jjas soout &

31 ST MORITZ ROAD WINNIPEG MANITOBA R2G 2V5 TELEPHONE (204) 667 4295 Eﬁ"’?




. ‘ REPORT  Gate Sealing Frocess cee/3
Department of "atural “esources
January 292, 1967
Page 2

JAITUARY 7 - The first desilting nozzie was removed and capped.
The second nozzle was removed and a aulck coubler
and nose installed

8 - One man vas supplied to cneck de-watering valve,
insiace vit (clear). Checked silt in gate pit, (4')

and possibility of capping remaining in downstream
nozzies.

9 - The remaining 12 nozzles on downstream side were
cavpved, o water was available for jJetting due to
freezing condition of pipes. Jater would still
not draw down 1in pit De-watering gate valve has a
flapper valve and tnis was removea water ievel drop-
ped to «nee level., At this particular time an attempt
was 1rade to zet at upnstrear cesilting nozzle, attempt
was unsuccessful.

. 12 - Set pump was set up on 1ce and Jetting insice oit started

13 - vetting 1n pit was discontinued to allow for flooding
procedure

14 & 15 - Ca<um vas renoved form east cate ard measurements

tasen of svalded areas on potn east and vest zates
(see 1ollovairs dages)
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SEPCORT ate Sealing Process
Departrent of 'atural Resources
canuary 29, 1987

Page 3

TAST GATE ‘EASURE' ENTS C¥ SEALZD ARLA

DOWNSTREAM OF GATE

BAST TQC VYEST
A = Water Level = 2.68!

DEPTH
(Ko} 2.7
20! 2.92
S0 2.t
40" 2.7
50! 2.68
60" 2.38
70! 2.88
80! 2.76
20! 2.72

100 2.72

1Y rom east all exwocea reoar 2V
o) 65' from east wall exposed reoar oV

2!
L.
3.

GT

51
Lt

LEN

4
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REPORT Gate Sealing Process
Department of +atural Pesources
Jsnuary 29, 1987.

Page 4

YEST CATE *LASUPEFENTS CF SPALDED 4REAS
DCWNSTREAl OF CATE EAST TO {JEST

YYater Level 2.68!

DEPTY LENGTY

10! 2.74! 2.0!'
20" 2.92! L.5'
20! 2.8" 3.4
40! 2.7" 1.0!
50! 2.638" 0.00!
60" 2.G8" 3.0
70" 2.08" 5.3
80" 2.76" 2.8
70! 2.72" 1.8
100! 2.72" 5.2"

o AT TS -ast to .est

a) 7' rote .2%' ceev L ice 1.-' Lonsg

L
pet ccen L' 1ge 1.3
¢) 31' nole .25%' deev 4" wide 1.5' long

if you rave any furtrer auestions to the aoove
co not resitate to contact e,
ours sincerewLl,,

P

canes <. lgnam
-resigent, ari ¢ .vz T Zem

SVARR

olease
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OPERATION & MAINTENANCE MANUAL RED RIVER FLOODWAY

REFFRENCES (Coptes available in Winmpeg Office)
Royal Commission on Flood Cost - Benefit Report 1958

Review of the Red Ruver Floodway, Portage Diversion and Shellmouth Reservoir The
Mamtoba Water Commission November 1980

Red Ruver Floodway Instructions for Operation of Inlet Control Structure Gates WRB
November 1981

Red Ruver Floodway Inlet Control Works Operation & Maintenance Manual H G Acres
& Co Ltd Apnl 1968

Red River Floodway Program of Operations WRB October 1984 (File report 84/23)

Red River Floodway Inlet Control Works - Maintenance Instructions & Parts List (Control

System, Hydrauhic Cylinders and Hoists) H G Acres & Co 1td and Horton Steel Works Ltd
1965

Red River Floodway Inlet Control Works Interim Report on Fire Damage to West Gate -
August 4, 1966 and 1ts Rehabilitation H G Acres & Co Ltd November 1966

Red Ruiver Floodway Inlet Control Works Report on Fire Damage and Remedial Measures -
® West Gate H G Acres & Co Ltd October 1967

Annual Report of the Dyking Commussioner - Winnipeg Dyking System for year ending
December 31, 1993

Memo Report  Inlet Structure - Corrosion of Bulkhead Hoist Support Beams E&C
Geotechnical Section January 1986

Memo Report  Inlet Structure - Downstream Sifl Concrete Erosion E&C Geotechnical
Section  March 1991

Red Ruver Floodway - Inlet Control Structure - Erosion Study KGS Group November 1995
Tevort votia of Lot Loer Conn L T4 Crove Send
Tofere e -0 LTL

~— a
< (.\;‘_J_.__._.,._\,; D:’\-—t.__fs.:_ft_.)\\ﬁ‘__ﬂ /&‘_L_ .
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Of Interest - Report on Investigations into Measures for the Reduction of the Flood Hazard
tn the Greater Winnipeg Area PFRA March 1953
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Step 5

*x Sgep 6

S QUL R

\

cion

To raisc zace, move (4) to "NOR 'aL"” pos.

i

move overating switeh (3) to "F-IS pocztion and pumnp

2 ER ]

~otors 1.1 start, laros (6) will oecome .llurinatea

o r.3¢ inaicating

ct

ard Selsyn indicator (2) wiil starc

the position in degrees of Lre gate above thre fully

lo.ered position Cate 111 cortinue to rise untll it

reaches its fully raisec oosit.on (i desired) at walch

time the uvoer limit switch will make contact, tne gate

will stop rising, the lamns (6) will go out and the

Selsyn inaicator sbould saow the nosition of the gate,
ac the fully raised position
Tf it is desirea, tahe gate nay ce ctoboea at any time

oy releasing tne overatin atten (3) T4e laaps (6)

02
]

v..i remaln 1lluminated, 11 any position between fully

~z:sed and fully lowerad Ma1s sJiiten 1s spring

cecvered so that 1T autorabtzcally returns, when releaseaq,

To tre "STOP" position

To lower gate, move overeting sw.tca (3) to "LOWER"

position Selsyn 1ndicator (2) shoula start down and

will continue so antil suiteca (3) is released, and

returns to "8STC?" posztiom,

or, %
May contirue aow™ untl. sTosteq by rekirz contact with
5-.050eC oy

T~e lower 1imit sy icch

w1ien LS

gate at & vo0sit.on sligrtly apove ctne sill

T The event ¢rat the

[

1 e 1uv

lcy.™2 O:- TO D&sT




Seep G cont'a

Step 7

Step ©

Step 9

from one to .ne oTaer (Norrz_ly, tr.3 valve 1s closed)
Du-ing such ooerat.ng, the pu~> rerai~.ng in operating
s~2ll run cortinuously Z.tmer pumo s-~2l. e placea 1n
contiiuous Guty by setting the taree-oositlon ooverating
switch (4) in tne "RUN" position  Here, it shoula pe
notea that tbhe "RUN" posztion on (&) would only be used
in case of a fail.re of one c¢f the odumps vherein 1t was
recessary to overate botn gates Irom one pump

Litn the control switch (4) in "OFF" position, botn
solenoids of tvne ailrectional control valve shall be
ce-energised, tane valve srall be centered, and tune check
valves 1n tqe Pydraulic c.recult snail oe closed to

. inimize leakaze a-c¢ drift ol tne Servomoiors

Unoer norral conditions, auring ralsing or lowering of
tre gate, the releasing oI saltcn (3) will stop the gate
ana it will pe xept in tra®t position oy @moving switeh (5)
vo maintain "NOXVAL" posit_on

The restoring device, connectea oy ~eans of a cable
attacred to tae top of each cycraulic cylinder, is
aesigned to function durirg noraal oOr abnormal operating
gonGcicions It w.ll restore Tie gave to 2 pre-selected

osition 1a the case of ~or-zl arift wd or down, &s well

&

az wnen aonhormal conditions Treva.l suwen as mnay occur
cue to an accamulation ¢ ice cr flooc aebris on the
zte T-_5 czv.tce 153 rTully auto-

uwosoream s.ce 0 e

— 4 - — — - - PR Eal
TfatilC amna TTeclEe . LS 1.
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Step 11

Step 12

The solenola 01 valve K (sce W O 89. a-a Vicker-

Soerry drawing A-27-85 L3B-Sheet 1) inicc raises and
lowers the gate, 15 manually ooerasnle al ©ie valve itselfl
by deoressing S~e a»orodriate pash oin ir each solenola
This must be done, of course, with the hydraullc pump
runnirg, in order to rave z source of oll to nmot only
operate tne valve but to raise ana lower tne gate

Lner 1t becomes recessary to nave tne gate in tnqe fgpt
position for repalirs or inspection, a dogging device has

been providea The gate should be raised to 1ts maximum

height, as shown on tne Selsyn inalcator Tne 1lifting

o

beams on each sxce of tne gate snoula then be high

&10LZT TO b2 weil clear of Taz top of tne dogging dev.ce
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t~e Ix1lTuirz sezn Wner Lals nas oeen core, Lne gace oy
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Dosts, ecually T7% that sone Teans oI comunication
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ADDITIZ ', INSTRULCTIONS

*

*%

S5¢e Steos 1, 2 &-¢ 3, Page 1 ana 2

-3

he

rea 1ncicator lamd srouvla nndicace

(a) oot er suoply on {at le=st one a7 1.51ted)

(b) gate fully cowr - "Cate fully lovered",

ingicator lamp on

(c) gate 2t any intersea.ate position - DOTN

lights on

(d) gate fully us - "Gate Z“ully raised"

ircicator lamp on

See Step 6, Page 2

in order to operate both units from one hydraulic unit,

1t 1s necessary to open vaives 2" and "S" (see Vickers-

Sverry aradirz \o 27-565-1!3C) 2t ootn units as well as

the

(1)

(2)

2-1/2"

NOTE -

NOTD -

gate valve "U" a2t tne No 1 unit

V'qer the two .m1tTs are re-isolated, the gates
should be atv the sare lavel in order to ecually
Tiotve L2 cil reszsrve

IT 1s Mot -verded T~oat ©re Automatic Restor.ng

Device e asec 1r Sre event that ootn gates are
operated from one pu~dirg station Tne cond.tlo~
voulec se considerea asnormel ard operatcion of
t~e gates, e1v E&r WO Or Gowa™, dJould De a Manwal
& Co-trol Console, EEE;E:E_EEEE

vaich 18 reconires oo oe vos.uiored To pub tre

hydraalic anc e_scir_cal systewms 1n Lre condit10”

E. oA — N, Moo~ — oot 1 ~ Hen

for oseratic~ &3 220 2, 's~.--p7 " valves 1+,

1 1 1—- v ~ e B

8', 'C ., (i1t -ers-8%e&rT) C.lua.T Gra'.rg 27-97-
- - ~ - -~ = - e - ~ — 1o =1

‘—3\_,/ [PV ey JIENel LITTIs . S i.lteTes o B




(2) NOTZ (cort'ad)

(3) NOTE -

(4) NOTE -~

Fal

The oump control "SW1" for tne
operating wnit will be sositionea .n "RU\"

Tre gates can noa ce operated fro~ the aooropria
co~trol vanel by selection of switch "SW3"
(Vickers-Soerry circurt drawing E27-54-73C)
Tnis cam be achievea either with tre pumnping
unics interconnectea as in the preceding
naragranh, or s:ingularly The pumo control
saiten "SW1" would be in "RUN" position sy
1~ "OF?" posiction

It s~ouia be notea $~at wnen eanual control ac
valve "<" 13 usea, trne uvver and lower masimum
travel limit switcnes will not prevert movement
past tnese extremes, should trhe overator wmalntal
che valve 1r toe erergised oposition past tnls
201MT

'R' (Vicsers-Soerry circult

Te reliref cortrol
drawing 27-565-43C) %s normnally set at 1100 PSI

T1e sectting o7 this valve can pe 1ncreased Lo

1550 28X oy rotati~z tnhe comtrol £ oo 1moa clock-

Ulse Qlrect.on Tae 1550 P31 —ekraem adjustmen.

- z

07 T713 valve is sev DYy 1LMTEr"aL SPLMng

Va_ve (Vlckers—Soerry CLTCA.LT araw.mg
27-25--3C) 1nzercoecrects tte roc eva a2vd read
€73 5. TT@ TJTTEwLLC SJloTIETS 210 d.Thg e
CY__"2E&.S5 TO £.2S.02 &7 £ corirosl_ed race ALl
c_2cTr.Cal ¢omuxols ©uld se .~ Tnae toFr"
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™) RMISZS CATES - NOYAL CONVDITIONS

Erergising the ooposite soleno.d of vaive £ so as Lo comnecst

Fal

port P and B vitn A ocen to T, witin cirect puwrd 1

P4

lod To e rod
end of the cylinders thereoy ra.s.ng the gate Ir tais case

valve M would oe held open to allo tre discharge o1l Irom the
~ead end of the cylinaers to return to Tank The ourpose of valve
v is to limit tne maxicu s Dressure waicn can be exertea on tne
nead ena of tae cylinders to 600 P51

~0 LOZR CGATES - NORVAL CONDITZONS

t/1tn electric motor running the swall cartridge pump delivers oil

<t
l-J’

Tor piiot oressure, for the operation of solenoid valves £ and

52.10t ocerated check valve M ana L Zoe Ju~T 1S 1acluced only

1=

235 a positive means of ipsurinz pLiot nressure at all times curinrg
cre overation of the gate Enerz:si~g solenoid valve £ such taat
o1l 13 cirected from vort P to ovorc A and ports B and T are

connectea, check vaive L will be osen arc o:r1 will flow

qjeaa enas oi 2oth cylinders tencing Lo losver tne gace Tre ozl

s
aiscnarging from the rod end of tre cylingers will return througn

connection 122 ana valve L, waica 1s ~eld ovemn, and tarougn ovort

B to tank across valve J Tone parpose of J is to prevent the
p

cslinaers from ertending too quickliy arg overcunrirg tie flow orf
oLl be.mg deliverec Dy T e ¢ain dumd I~ onber.iio” vealve J wiil

tarottle ©-e aiscnharge o011l in ressorce to a oresswre signal from oo
cressare line ol tre >uo iny tendeqcy of Tne cy.ncer to run
2laj w.Tt & overTuwting loac enc The dressurte 1T Utg Lives ov

ve o



OPERATION - AB'ORMYL COIDITICN\S

With tne zZate 1m a statlic 20s1tlion 2 ourld ud or 1ce o1 debris

on tne gate m.znt cawse eacessive loading to e placec on tre gate
wnen toe buirld u» becare sacn tnazl a pdressore of 1500 PSL was
reguired to maivwtain tne gate in the =teatic dosition then valves

X1 anc X2 would onen waich woula allov tne zZactes ToO suosSige at a
(&)

e
1=
<t
=y
®
P.J

ate Geverminec by the size o wegral or.fice Tne gates

09

woula conoiruwe to suoside uwntil t-e oressure in tne rod end line

ci tre cylincers becase Less tnan 1500 PSI whicn would allow the

<

alves Al ard X2 to close Due to the difference i1n area between

Tre cyi.maer, wier the gate was
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~
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ct
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o~s T-ere “wou.d be a reguilirementc
Tor ox_ vo flow from tTthe reservoic 1nto the ~ead end of the cylinde
For tn.s reason we have incluaea a large cneck valve to allou oifl
.o Fi1ow Tron tne reservo.r into the neza end ol the cylinder

AT s —~

=TST0? . oAV LCE (RElectrical Schematic #27-5L-79C)

RETETTLns To Craw.rg B27-6L-76C w e~ ftre gate 1s in a stat.c
cosit.on a2 soring centered cam 15 engacec Wh.och will operate one
of three 1inlt switcnes waen rotaced iny tevdency of the gate to
drift from i1ts preset position would 2llov LS. to close A drift
of six incaes u Or Qo0 In Woulc Ca&.S:z c.Z ey LS5%Z or LS3 to be
onerated vaxrea would onerzte relz, _IF or relzy ZCR TO energlse |
cte puTd wotor arc tae aondrovriace SO0.&T50iqS SO as TO restore the

Zzate To 1ts original J0sition ToL3 rfE2ClOX1CZ actior woula contlnue

PR - - — o~ — A ~ — —~ Eas -~ —_ ~ - ~ 1 B
SuGT TTE Z,ITiV ToL% 28T .07 s Tuelly ZwwCToT.oo oo ooeration Jouul
- — = R Rl - o~ == —~ - — - —_ - P 4 £ \
T N Y\.JLA e oez LISt 2 el T&E=2 TS ZEz_elT 10T ~orMR L
Y ad L. —~— — ~ Y e = — ~ —_— ~
CTETrL v.O”™ & CO7TULTW0ul T TE T T2 TuTD Tolor A 3Witc” 1S



Re.tor.~g Device (cont'd

included to de-activate the autormatic restor.ng fcature and a
third suitcn is 1mcluded Jor manual operat.on of the gate (raising
a~. lower.nzg) Operation of tris marial serector s/itch voula
autoratically energise tre restor.~g cliten solenoid whicn would
disengage tne restoring cam Ifrom tre systen Releasing the manwal
selector woulda ce-energise the cluten w.ould reconnect tne
rechanical cam with tne restoring mecnanisn Inclucdea also in t¢cre
restoring device are upper and lover 1limit s«itches to indicate
when the gate 1s fully open or fully closed A Selsyn transmitter
is incluced in tne restoring mechanism with a rating receiver
rocated 11 the operators console to ircicate in degrees from fully

c.o0sea, the gate posit:ion



BUL YEAD G"TLS

(Refcrence - illen Bradiey cra .ng CY-70362 a-. J T depourn
drawing 26833-A and to Uiri~g alagran drawirz S49E260 -

Ca~adwian ‘lest.ngrouse)

Tne operation and control of each of the two bulknead gates 13
in.t1ated from trhe olatform at elevation 7830 Controls are

locatea and overation switcres markea for tre roist 1otor,

Rotary Lirit Suiten a~d Slack Rove Limit Swaiteh

— Mo Raise or Lower - start the hoist notor This 1s a

5 horsevower, 18C0 RPM Brooks wmotor with epoxy resin,
enicansulaved windings Tre hoist 1s 12 tor capacity,

5
A

e_ecTricaily povered Zaci nolst has a sirgle dram witn

go.ral grooves for tne caoles

2 Fotery Li-1t Saiten - Controls marked are '‘raise’ ana
iower" in tnis connection ar indicator nas beer orovidea
STO .NZ The DOS.TioM 01 The gacve The zace ray De Sctoppec

2% ary poirt in 1ts udiard or cown.ara travel by a brake
on Ttne mowor snafv UDDer and LlOWYer L1wmlv Sw.tCnes nave
ceen provided wn—cn auvvomatically restricis tae Travel
setween ©Cne orescrooed 1iawts Top of gate fully raised
13 elevations T777'g" Boston of zatve Tuilly Zcwered is

c.evation T723'9’

tn
1
>

S_2c« Rocze “arrt _-cq - JomTrols are mar<ea |lower'

(W

This switvch will awisvmat.cally orevent tae cables fron

WiaL1GLZ, showla v-e 2

(8

co~e ga~ved o~ loweriv

€U
o

——
<
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\ TRAST R2CAS

The ode—-ation and control of eacn of the two trash racks is
initiacted fror erther or two gplates
(1) from elevatzon 765'0"
(2) from the platform below tre noist platliorm at

elevation T7oR'0"
Tne racds are raxsed or lowerad oy wmeans of a Felco chain
operatec 5 ton hoist Servicirs of tre hoist i1s performed from
t-e platlorm below the support for tne 12 ton and tals 5 ton

1018t at elevation 733'0"

SZ2CT2 NOTIS FOR BULKTEAD G725 XND 72234 FACLS

[ €3]

T-¢ pul«read gates can be closea orly wren trere 1s 6' of

. water or lLess over tne m&ip gaves 1a t-e Iully lowered pos.tion
“ae bulineac getes will oe closea for ca2.atering of a main gate,
pO38S10L2 CUring e winter season, ¢o redace tne neat loss fron

ThRe JaTer LT Thg Nal gate wsell

Tne trasa racks will oe normally Lovered and woula be raisea for

cleaning and mairtenance only at low flcw per:ods
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RED_RIVER FLOODWAY

MAINTENANCE DATA FOR CONTROL SYSTEM
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&iﬁﬁiv;pmnv March 22, 1967

General

Power Unit
Reference

RED RIVER FLOQDWAY

MAINTENANCE DATA FOR CONTROL SYSTEM

For best protection of the system and 1n order to Insure the most
efficient operating performance, we do recommend the following
procedure

During start up and while system is in operation, check these
areas two or three fimes a week

1 Level of fluid In reservolr

2. External leakage on plipe-joints and valve mountings
3 Fllter Indicator

4, Unusual noises

5. Variatlon In cycle time

Orawing T; 429-1 Sheets 1 and 2 - At least four main Inspections per year

O0IL BATH air filter, item (8) should be cleaned by removing filter element
and washing it in a suitable commercial solvent Fill sump with new o1l
SAE30 to 50 In hot weather, and SAEIO0 to 30 In cold temperatures

EXAMINE condition of TELL TALE filter, item (D) and be certain the
indicator 1s n the "Clean Filter" position If cleaning 1s required
remove cover with attached filter dement This also facilitates the

cleaning of the magnets which are located inside the cartridge Wash
cartridge and element 1n kerosene, or replace element with new one

No draining of the reservoir 1s required since the submersible filter
1S equipped with 2 burlt 1 CUT-OFF valve

Further inspect filter (E) and replace its cartridge after approximately
400 operating hours f the system is performing in average atmosphere
However, should a comparatively dirty atmosphere prevail, a cartridge
change after every 250 working hours (s strongly recommended

Since Filters (D) and (E) provide good protection strainer (P) may be
cleaned once g year by washing i1t 1n <erosene To remove the strainer
dralning of the tank becomes necessary and thus provides an opportunity
to sample the o1l and to test It for contaminants such as grease, paint,
sludge, sand and condensation Petroleum base fluids become mtlky 1n
appearance when water Is present WEAR 1s indicated by a darkening of
the colour as compared to new 011 and the oll supplier should be
consulted for testing of the fluid and for recommending replacements

2
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Power Unit
ont'd

Electrical
Console

Restoring
Device

Pdge 2 March 22

196

Double pump, i1tem (B) as well as valves F G, H I J K, L M, N,

and 0 are internally lubricated by the fluid and thelr operating
Iife s extensive, provided the oll s kept reasonably clean
However, particular attention should be given to unusual system
performance, such as tncreasing cycle time, above normal flulid
temperature,pressure fluctuations or unwarranted nolse  These
dre signs of Impending trouble and a trained speclalist should

be called to perform the necessary repairs before a breakdown
may actudally occur

A SEMI ANNUAL INSPECTION should prove adequate

Examine relay, and switch contacts and generally safequard the
equipment from contact with condensation

For Information on the SELSYN READ 0UT, consult the malntenance
section of the attached instruction bulletin on SELEYN DEVICES
359 890

Ref Drawing T;431 sheets 1 2 and 3 Inspect this unit at least
quarterly

Check cover Gaskets on top item 58 and on rear item 59 Test
teflon split ring 1tem 37 and replace defective parts, also
keep replacement (tems on hand

Inspect URETHANE RUBBER molding on shaft item 4 and on
FRICTION WHEEL item 7, for excessive wear

Apply a few drops of oxidation resistant mineral orl of gabout
SAE 30 Viscosity to bearings items 10 and 18 If required use
d good quality non-caking bearing grease on 1tems 14, 4 and 29

Test limit switch and electr)cal terminal connections and protect
them from excessive oxidation

For malntenance of SELSYN TRANSMITTER, 1tem 6, refer to attacheqg
INSTRUCTION BULLETIN GEH-2129

Attached Reference Material Power Unit

Drawing Ty 429-1 Sheets 1 and 2

Rest M
D?gw?géngJ SgTéT'Sgheets 1,2 and 3

Ty 43144, -7 ol

Selsyn Device  GEH 2129
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Department of Natural Resources
Red River Floodway - Inlet Structure
Inspection / Assessment / Work Program

File No 96-311-01

APPENDIX D CYLINDER INSPECTION REPORT




204 632 0639
EAX 204 632 0171

A DIVISION OF "%%
111 BANNISTLR RD PRITCHARD ENGINTFRINC CO LTD
WINNIPEG, MANITOBA R3(C 3A1 gﬂ:} %
Paa”
eg

March 22 1996

KGS Group
3227 Roblin Boulevard

Winnipeg, Manitoba
R3R 0C2

Attn Art Gossen, P Eng

Subject Floodway Inlet Structure - St Norbert

Art

Fnclosed 1s a prehminary inspection report of the hydrauhc cylinders for the St Norbert
Floodway Inlet Structure Listed are the inspections which have been completed to date

If you have any additional questions or concerns, please feel free to contact me at your
convenience

Regards,

PRITCHARD MACHINE
A Division of Pritchard Fngineering Co Ltd

LawrenBate, Supervisor - Technical Services

cc Jason Smith, P Eng

Encl



204 632 0639

ADIVISION OF “
111 BANNISTER RD PRIICHARD ENGINEERING CO 1 TD o, %
WINNIPEG MANITOBA R3C A1 E :
FAX 204 632 0171 E

INSPECTION REPORT

ST NORBERT FLOODWAY INLET STRUCTURF

Prepared For Art Gossen P Eng - Sentor Mechanical Engineer
KGS Group

Prepared By Lawren Bate, Supervisor Iechnical Services
Pritchard Machine

1) A visual inspection ot the Floodway Inlet Control Structure was completed on March 14th
and 15th, 1996 The following assessments of this structure were made

- Cylinders appear in good condition

- Some corrosion was evident on piping above cylinders
( Pritchard Machine replaced piping on the west cyhinder back n January/February

1995%)

- Duning our mspection 1t was noted that there was an excessive amount or grease and
rust scale on the gland areas of all four cylinders See attached photo This could result
in contamination of the gland wiper and seal, and could cause damage to the gland
bushing and ram shaft

2) Random U/T (Ultrasomc 1esting) readings were completed on both the west and east end
cyhinders of the Floodway Inlet Control Structure on Match 14th, and 15th, 1996 The
readings varied from a low to a high as indicated in the following chart

Continued



. Page 2

KGS Group
WEST C YLINDER BARREL FAST CYLINDFR BARREL
LOW 10351n 1 045
HIGH 1 060 in 1095 1n
Regards,

m%-@n& REIS

Lawren Bate, Supervisor - Technical Services
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ELECTRICAL
TESTING



Department of Natural Resources
Red River Floodway Inlet Control Structure
Inspection and Assessment Report File No 96 311 01

APPENDIX E

ELECTRICAL TESTING REPORT

KGS Group February 1897
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FACSIMILE COVER SHEET
From WESTINGHOUSE CANADA INC DATE /2 e, L2726
ENERGY SERVICES DIVISION
1460 ELLICE AVENUE 10 foph Gapy
WINNIPEG, MANITOBA
R3G 3K3 AT AL S
Phil Mester No of pages /[

(Including Cover Sheet)
If there 15 any difficulty with receiving this
transmuission please contact

Heather Patterson (204) 783 7378
Our fax number 15 (204) 772 1540
Job No., 8§72
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Regards,
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Phil Meister



JUN 0%

i o 1460 Ellice Avenue
Westinghouse Canada Inc Winnipeg Manitoba

R3G 3K3
Energy Services Division Telaphone (204) 783 SERV
MAILING ADDRESS PO Bo 340 St to L (204) 783 7378
W peg Mb R3H0Z6 Fax {204) 772 1540

June 13, 1996

KGS Group

3227 Roblin Blvd
Winnipeg MB
R3R 0C2

Attention Ralph Guppy

Reference Thermographic Survey
Our File S72 8208

Enclosed 1s the report of the Thermographic Survey done on June 7 Included arc the
photographs of the hot spots along with our recommendations

FEEE R EETEERSB

In order to maintain safe and trouble free operation, we recommend that these
deficiencies be corrected at your earliest convenience

If we can be of further service please contact us at 783-SCRV (783 7378)

Sincerely

T —

Trevor Saler

Ficld Service Repiesentative
Winnipeg Region

Services Division
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THERMOGRAPHIC SURVEY

F |

SUBSTATION

FLOODWAY LIFT STATION

FEEDER CIRCUIT PANEL A

EQUIPMENT DESCRIPTION

LOCATION PANEL A
BREAKERS 1,21,23

LOAD

AMBIENT TEMPERATURE C

REFERENCE TEMPERATURE 39 7 C

TEMPERATURE RISE

ABOVE REFERENCE Cc

PROBLEM LOCATION
LOAD SIDE CONNECTIONS OF

BREAKERS 1,21,23

RECOMMENDATIONS
CLEAN AND TIGHTEN CONNECTIONS
CHECK LOAD ON BREAKERS

TIME

DATE 06/07/96

TESTED BY T SALER

JOB NUMBER 5728208

R ERE R EBE B B & B &




THERMOGRAPHIC SURVEY

FLOODWAY LIFT STATION FEEDER CIRCUIT PANEL A

EQUIPMENT DESCRIPTION

LOCATION PANEL A
BREAKERS 14,18

LOAD

AMBIENT TEMPERATURE

REFERENCE TEMPERATURE 37 9

TEMPERATURE RISE
ABOVE REFERENCE

PROBLEM LOCATION
LOAD SIDE CONNECTIONS OF
BREAKERS 14,18

RECOMMENDATIONS
CLEAN AND TIGHTEN CONNECTIONS
CHECK LOAD ON BREAKERS

TIME

DATE 06/07/96

TESTED BY T SALER

JOB NUMBER S728208
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LA R 1460 Elhice Avenue
WEStIﬂghOUSG Canada Inc Winnipeg Mdanitoba

R3( 3K3
Energy Services Division Telephone  (204) 783 SERV
MAILING ADDRESS PO B 340 Stt L (204) 783 7378

W ;g Mb R3HO0Z6 Fax (204) 772 1540

I Apnil 1996

AGS Giroup
Y227 Roblin Boulcvard
Waonupe, Manmitoba

R3kOC?
Attention Lmmanucl
Refcrence Llcctnicl Testing at the Winmipeg 1 loodway Inlet Stiuctuie

You PO 96 »11 01
O Tide 8725129

Ple s find enclosed the test results for clectiieal testing performed 1t the 1bove locition

In wddition to the enclosed test sheets the following tests weie done

e Themaim feeder Cables were tested and found to have jood msulation resistance values

o The 42 cicurt ichtig pandd cireuits were checked and found to have good msulition
resistance v alues aaeept for cneurts T8 16 and 26 which weic groundcd

All cveept one scecssible haat tce cieunt wis found to be arounded

Any othar ibnormalitics tound e shown in the comments Af the bottom of the »pprop 1o te
sheet

[f we c1n be of furthar service pleise contact us at 783 SFRV (763 737%)

Re_nd

Phd Marster € 17T
Freld Savices Represontitive
Wmnipeg, Region

Scrviees Diviston

el Test Reporit




MOLDED CASE CIRCUIT BREAKER
TEST REPORT

CUSTOMER KGS Grouv
LOCATION Perimeter Floodway Lift Station

SUBSTATION _Rpobonic Transfer Switch

BREAKER TYPE MANUFACTURER _ Westinghouse
STYLE NO  yraAd400F POLES 3 INST SETTING FI
FRAME SIZE 400 TRIP AMPERAGE 400

INTERRUPTING CAPACITY

TEST RESULTS LIMITS PHASE
MIN MAX A B C
LONG DELAY TIME 38 190 117 107 84

(seconds @ 300 % current)

INSTANTANEQUS PICK-UP
(tested at setting HI ) 4420 3360 3300

CONTACT RESISTANCE (micro-ohms) 116 131 148

COMMENTS Instantaneous triv limits 3600-4400

Instantaneous trip tests are slightly out of I1imits

for all phases

JOB NUMBER S72-8129 TESTED BY P Meister DATE 04 Aor, 1996




MOLDED CASE CIRCUIT BREAKER
TEST REPORT

CUS1OMER KGS Crouv

LOCATION Perimeter Floodway Lift Station
SUBSTATION Robonic Transfer Switch
FEEDER IDENTIFICATION Normal Breaker

BREAKER TYPE MANUFACTURER _ Westinghouse
STYLE NO HLA3400F POLES 3 INST SETTING HI
FRAME SIZE 400 TRIP AMPERAGE 400

INTERRUPTING CAPACITY

TEST RESULTS LIMITS PHASE
MIN MAX A B C
LONG DELAY TIME 38 190 104 98 109

O,

(seconds € 300 % current)

INSTANTANEOUS PICK-UP
(tested at setting HI ) 4120 3400 3400

CONTACT RESISTANCE (micro-ohms) 129 135 146

COMMENTS Instantaneocus traim limits 3600-4400 Phase B ana C

instantaneous trip tests are slightly below Iimits

JOB NUMBER ©72-8129 TESTED BY P Meister pDATE 04 Anr, 1996




MCC Starter Insulation Resistance Tests

Insulation Resistance (Meg Ohms)

Designation A B C AB BC | C-A
Servo o1l pump #1 Sw #3 1000 | 1000| 1000 | 1000| 1000 | 1000
Servo o1l pump #2  Sw #4 6001 600| 1000| 1000 | 1000 | 1000
Water heater 1000 | 1000 | 1000 | 1000 | 1000 | 1000
Desilting pump #1 1000 | 1000} 1000| 1000} 1000 1000
Desilting pump #2 1000 | 1000 1000 | 1000} 1000 | 1000
Air compressor #1 1000 | 1000] 1000 | 1000 | 1000 | 1000
A1r compressor #2 1000 | 1000| 1000} 1000] 1000 | 1000
Dewatering pump 1000 | 1000 | 1000 | 1000 | 1000 | 1000
West bulkhcad gate hoist Sw #1 1000 [ 1000 | 1000 | 1000 | 1000 | 1000
East bulkhead gate hoist Sw #2 1000 | 1000 | 1000 | 1000 | 1000 | 1000

Comments

Job No 572 8129

Tested By P Mcister

Dite 03 Apul, 1996




Heit Traice Cireurt C 1

ind Ammeter Tests

Circunt Pri Amps = # Turns Meter Reading (Amps)
kst Gate Upstream 45 3 46
East G ate Downstream 45 3 47
East Gate Side 45 3 46
West Gate Upstieim 45 3 45
West Gate Downstream 45 3 46
West Gate Side 45 3 46
LCast Bulkhead 9 12 913
West Bulkhead 9 12 90
* Indicates the number of primary tuins used for injection test 1s per C T nameplate
Heat Trace Circuit Continuity and Insulation Resistance Tests
ForH Location Bkrin 240V Resistance Ins Res

= Panel (Ohms) (Meg Ohms)

F 1L note 1 n/a 0

H 1E note 1 46 0

F 1w note 1 n/a 0

H IAY note 1 87 0

F 2N #3 n/a 50

H 2N #3 note 2 notc 2

r 25 #5 n/a 3

1 28 #5 53 05

F 3N #4 or #6 n/a 50

H 3N #4 or #6 note 2 note 2

I 35 #4 or #6 n/a 50

H 3S #4 or #6 note 2 note 2

F 4E note 1 n/a 0

H 4E note 1 85 0

F 4W note 1 n/a 0

H 4W note 1 5 0

* "= Heal tace feeder cable H = Heat trace

Note 1

Note 2 Heat t11¢ce leads were inaceessible duc to severe corrosion

Job No

572 8129

Tested By PM/TS

Bieaket could not be identified duc to grounded cables being impossible to trice

Date 09 April, 1996




Unit Heater Resistince Tests

Heter Resis ince (Ohms)
M ichine Rm 5 KW East 436
Machine Rm 5 KW West 1016
Machine Rm 10 KW South 428

Main Panelbo

ird Meter Tests

Mecter Test Value Expected Reading Actual Reading
Ammeter 2 5 amps 200 amps 200 amps
Voltmeter 615 volts 615 volts 615 volts

Indoor Distribution Transformer Insulation Resist ince Tests
Insul 1tion Resistance in Meg Ohms
Size (KVA) Serial No Hi-Lo+Gnd Lo-Hi+Gnd Hi+Lo-Gnd
150 600688 100 40 30
30 486003 100 100 100
Job No S72 8129 Tested By PM/TS Datc 04 April, 1996




ICt stome FIKCS ¢ roup h Locaton Fermetor Lift taton
Moto ID I }QL vo ol Fun_wp No 2 owtch No 4 Setal No
Valtage 1600 HP RPM'
ITe t Voltage | {1000 voc
!?mre (mln_) - [eg':;a_ge_(_furrent (n:cro amps)
[ 1 ' 083
b2 o 07/
3 0/
] 4 0 69
| 5 0 69
| 6 067
‘ 7 05!
8 0 361
l 9 033
10 0 31

Folanz stion Index = 1 muin/10 min
= 083 /031

= 268

Leakage Current {(micro amps)

097

0815\‘

07

06 N

05

04

02

01

Job No 728129 Tested by T Saler Date 03 Apnil

1996




Motor Polarization Index Test Sheet

IC stomer 1 [hGgGrBLip Location ]Ferl—muer Lift Station
WotoT o | vau ol Fump No 1 Switch No 3 Senal No i— !
Voltage | [600 HP B RPM]
fyolege_
[Test Voltage | 1000 Flvio
Time (min} |l eakaqe_C_urr'e:_xt (mxc-ro amps)
1 10
IR Y
3 il
4 09 >}
5 . __ 095
6 0 C)Sl
LA S 09
8 _ _ 0 931
9 091
10 0971
Polarization Index = 1 muin/10 min
= 105 /091
= 115
Leakage Current (micro amps)
105
T~
1]
{
085
09
0385
08
1 2 3 4 5 6 7 8 9 10 |
f
Job No S72 8129 Tested by T Saler Date 03 April 1996



Index Test Sheet

Custonet | KGS Group ! ll:oc'z;t:)n (Permete 11t Station
Motor 1D Dewatciing Pump— T ! Scnal No : 1‘
Voltage | 600 | lowe | o [ RPM
——— { e — - 1 —
Test Voltage | [1000 tvnc]
Tlme_(mln) jLe.ﬂ:gL—éu_rrent (mTCE 3’";;5) ___
’ 1 | 747
R _ 89
| 3 667
| 6 67

- 687
R 645
| 7 | 6 45

8 { 6 25

9 620

10 | 6 25|

Polarizattion Index = 1 mun/10 mun

7 a1 / 625

® S

I

Leakage Current (micro amps)

. Job No 5728123 Tested by T Saler Date 03 Apnl 199¢




Customer

[N

Motor Polanzation Index Test Sheet

G oup Location

Per nete Lt 13 n
1
'Moto 1D Iar Comyp ¢ ¢ #1 Senal No
Voltage 1600 k HP , RPM
Test Voltage 1000 | VD
ITaTne {mun) Leakage Current (micro amps)
T 014
2 B . 012
3 | (O]
-l e —y - - I
i 4 01
| 5 0091
| 9 0 091
N o oo
| 8 | 0 091
9 0091
10 | 07031
Polanization Index T nun/ 10 min
014 / 009
1 04
Leakage Current (micro amps)
014
012
01
008
006
004
002
0
1 2 3 4 5 6 7 8 9 10
Job No 5728129 Tested by 1 Saler Date 03 Ap . 1996




Motor Polarization Index Test Sheet

Custa ner II\Gb aoup Location Feruncter Lt Ttition
Motor 1D [/ilr_(\:m; res or k7 Sernial N
Voltage | ls00 ! H REM
Test Voltage | 11000 VDC
TlmeA(r;m;) Leaka;c Cu rent {rrucro amps)
1 067
2 - R _ 0 64
: 3 063
‘ 4 063
| 5 059
6 0 54
!}__ 7 009
| w8 L 009
- 0 03
10 | 059
Polyization Index = 1 muin/10 min
= 067 / 059
= 114
Leakage Current (micro amps)
068
L]
066 1 ;
064
062
06 \
058
056
054
1 2 3 4 5 6 7 8 9 10
Job No 5728129 Testedby T Silor Date 03 Apnt 199€




L [[HH Motor Polarization Index Test Sheet

;—(_Justomer | ke Croup Locaton | IPur meter Lift St'—ltl()a )
Motor iD l !r\'V( tBulkhe 310 1t Ho t ~t 1 /2 S nal No ~

Voltage | 1600 M RPM] | B
ITest Voltage | 11000 "voc

Tiune {min) Leakage Cuirent {mcro a nips)

1 117
o -MZ_ R - B 3 85
| 3 - 35
I a o 37
s [ - 357
G T 357
7 357
) - 337
I~ 9 34,
oL 345
Polanzation Index = 1 min/10 nun

- 417 34,

= 121

Leakage Current (micro amps)

—— — — e
I
i
|
I

. Job No 72812) Tested by 1 ale Dnate 03 April 1396




Motor Polanzation Index Test Sheet

jCustom r o KC Croup Location Ferimeter Lift  tition
Motor 10 Fa t Bulkhead Cit Hor t Switch 41 Seaal No

Voltage 600 HP 7 rpMm| |

T st Voltage ' 1000 vDC

Time {min)  Leakage Cu ent (micro a nps)

| 1 59
IR I h " 50

3 a0
( 4 43
e T o T T T4s
.6 40
I 7 38
! 8 37

9 36!

10 36

Folanizavon tndex = 1 min/10 nun

- 5300 /s 3600

- 104
. . _— . _
! Leakage Current (micro amps)
|
i
I 60 } ,
|
50
w0 ;“‘\0—-—%«.__\_
| *
30
20
10
Lo
\ 1 2 3 4 5 6 7 8 9 10
t
Job No %72 8129 Tested by T “Siler Date 03 Apil 1996
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KGS GROUP

RED RIVER FLOODWAY INLET STRUCTURE INSPECTION

KGS FILE NO 96 311 01
NAMEPLATE DATA
DATE JULY 24 1996
COMPLETEDBY J S

HYDRAULIC HOISTING SYSTEM

MOTOR DATA

Manufacturer TAMPER Type BGK 5424D
Model 326U FBS Enclosure TE

Senal no 7365702(E) 7365701(W) °C 55
Horsepower 20 Time Duty CONSTANT
RPM 1179 Frame 326U

Amps 205 CEMA design B

Voltage 550 Bearing Shaft End 6311
Frequency 60 Bearing Front End 6309

Phase 3 Amb °C 40

HOLDING BRAKE

PERIGRIP BRAKE

14065 TYPE ACP 6
MAKERS NO (G527345/29
60 FT LB TORQUE
RATING CONT 90°C
550V 60 Hz

INPUT WATTS 100
SPRING LENGTH =2 32
CLAPPER GAP 10 MAX

MOTOR DATA

Manufacturer
Type

Code
Frame
Horsepower
RPM
Voltage
Amps
Phase
Frequency
Rating

BULKHEAD GATE HOISTS
SMALL SPEED REDUCER

HELICON
ORDERNO 11125A
SIZE 30 HD

974 HP RATING

8 37/1 RATIO

O/P 209 RPM

BROOK ELECTRIC MOTOR OF CANADA
DP

G

215

5

1650

550

5 3/TERM
3

60

CONT




KGS GROUP

RED RIVER FLOODWAY INLET STRUCTURE INSPECTION
KGS FILE NO 96 311 01

NAMEPLATE DATA

DATE JULY 24, 1996

COMPLETED BY J S

COMPRESSED AIR SYSTEM

COMPRESSOR

Manufacturer HYDROVANE
Model B5CK

Senal no #1 17HV383708

#2 17HV383706

COMPRESSORS MOTOR DATA

Manufacturer BROOK ELECTRIC MOTORS OF CANADA
Horsepower 15
RPM 1730
Amps 15
Voltage 550
Frequency 60
Phase 3
Type DP
Code G
Rating CONT
Service Factor 15
Shaft Ext Bearing 310
Shaft Front Bearning 308
AIR RECEIVER

FABWELD

CPN C3340 1234567890

MAX WP 200# TEMP 650 °F

SH 1946 HD 1962

SFW 65-4449

SCC A212 B FLGE
TS 70000




KGS GROUP

RED RIVER FLOODWAY INLET STRUCTURE INSPECTION
KGS FILE NO 96 311 01

NAMEPLATE DATA

DATE JULY 24, 1996

COMPLETEDBY JS

UNIT HEATERS

Manufacturer CHROMALOX
Model BUU 5101
Motor 240 v 1 PHASE 60 Hz 1/20 Hp

Control Voltage 240 v 60 Hz

CYLINDER WELL HEATERS

Manufacturer WOODS
230V 1 PHASE

12 IMP

TYPE AF1042 1 1 AMPS
1750 RPM 0 15 Hp

WATER HEATER

CHROMALOX

VOLTS 575

WATTS 24 kW

3 PHASE

CAT NO NWH 6244

RELIEF VALVE TOP OF FLANGE
SERIAL NO 8526 CALORITECH INC
MODEL NO M12 ANS 7221 22 CAT NO CXi624F5M
TEMP RATING 210°F SO NO T914078 B92
500 000 BTU/HR RATING 3 PHASE 600V 24 kW

HYDRO PNEUMATIC TANK

A O SMITH

AQUA AIR

MODEL V260

SER NO GG 8709 D37




KGS GROUP

RED RIVER FLOODWAY INLET STRUCTURE INSPECTION
KGS FILE NO 96 311 01

NAMEPLATE DATA

DATE JULY 24, 1996

COMPLETEDBY JS

WELL PUMP (SUBMERSIBLE)

PLEUGER OF CANADA LTD
AS 31 11

NO 18 730

GPM 20

FT 154

STAGES 11

VOLTS 220

1Hp

3450 RPM

1 PHASE 60 Hz 220V
9 AMPS 064 kW
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APPENDIX G
COST ESTIMATES
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10 INTRODUCTION

The Manitoba Department of Natural Resources operates the Floodway Inlet Structure located on
the Red River immediately south of St Norbert Although the structure has performed well to date
the structure gate seals mechanical and electrical/control systems are all of onginal construction
(1967) The Department in consideration of the advancing age of some of these systems and the
importance of the Inlet structure has retained KGS Group to assess the floodway inlet structure
and components As a part of this study a separate analytical assessment of the radial It control

gate was conducted

The radial control gate was fabricated in 1967 and was to be designed for the condition of operation
with one hoist cylinder falled The gate structure 1s however highly indeterminate and computer
analyses were not readily available at the time the gate was designed On this basis KGS
recommended that trunnions gate structure and lifing beams be checked to ensure stress levels
are within acceptable Imits for these extreme load conditions A finite element model of the gate
shell and supporting frames was developed to assess these load conditions This model

considered the skin plate the frames and the lifting beams

The gate was assessed for normal and extreme load conditions The results are summarized

below



20 FINITE ELEMENT ANALYSIS

A finite element analysis was conducted by considering the inlet radial gate as an assembly of shell
elements on three sides reinforced by frames at 11 3 spacing The gate 1s pin supported at the
trunnions and at the two lifting points  This structure 1s subjected to differential pressure loads at
various operating and support conditions  Given the complex geometry of the gate the imposed
load conditions and the interaction of the shell surfaces with the structural system finite element
analyses was considered the only method which could provide a representative assessment of the
overall gate behavior The results of the finite element analysis were supplemented with hand

calculations at specific locations on the structure

21 MODEL DESCRIPTION

The geometry of the model was taken from drawings supplied by the Department of Natural

Resources

Diawings 940 D-4000 Province of Manitoba
Departmen. of Agriculture and Conservation
Water Control and Conservation Branch
Red River Floodway - inlet Control Works
Gates and Hoists General Arrangement

940 D 4001  Province of Manitoba
Department of Agriculture and Conservation
Water Control and Conservation Branch
Red River Floodway Inlet Control Works
Gates and Hoists Gate Downstream Elevation and Lifting
Beam

940 D 4002 Province of Manitoba
Department of Agriculture and Conservation
Water Control and Conservation Branch
Red River Floodway Inlet Control Works
Gates and Hoists Gate Sections Line 3 to Line 9



940 D 4003 Province of Manitoba

Department of Agriculture and Conservation

Water Control and Conservation Branch

Red River Floodway Inlet Control Works

Gates and Hoists Gate Sections Line 2 and Line 10
940 D 4004 Province of Manitoba

Department of Agriculture and Conservation

Water Control and Conservation Branch

Red River Floodway Inlet Control Works
Gates and Hoists Gate Sections Line 1 and Line 11

As shown on the figure below the inlet radial gates consist of a 3/8 thick upstream skin plate a
5/8 thick curved downstream skin plate and a 3/8 thick bottom skin plate These skin plates are
supported by eleven frames at 11' 3' intervals Angle stiffeners support the skin plate between
the frames The structure has an overall length of 112 feet and a radius of 42 feet The structure
Is supported by the trunrions at the upstream end of each frame Each trunnion pin rotates on
self lubricated lubrite bearings through which load 1s transferred to the support anchors At each
of the two lifting points a box beam spanning the two end frames 1s attached to the hydraulic lifting

arm used to raise and lower the gate

——DOWNSTREAM SKINPLATE
PL 5/8

\ ———————=5UPPORT FRAME

>\ TRUSS MEMBERS

UPSTREAM SKINPLATE
PL 3/8

BOTIOM SKINPLATE ————
PL 3/8

TRUNNION  — ——SKINPLATE STIFF NERS
\

—HOI T LIFTING BEAM




The gate structure was modeled using the finite element program Ansys (Figure 2 and 3) Three

dimensional shell elements were used to model the curved and flat skin plate shells the frame
sections and the lifting beams  All sections of the gate were considered to be continuously attached
to adjacent members The skin plate tee stiffeners between frames were not considered in the finte
element model to simplify the modeling of the gate  For this reason gate loads were applied directly
to the frames and the skin plate bending stresses between the frames were calculated by hand

The hand calculations were performed for the skin plate at critical locations and combined with the

stresses found from the finite element analysis for an overall stress analysis

The gate was modeled with pin connections at the trunnions and with the lifting connection support

at the same angle that the lifting beam acts on the for the different gate positions

22 MATERIAL PROPERTIES

Gate and trunnion member properties are based upon structural steel conforming to ASTM A 36 and
CSA G40 21 Allowable stresses are based upon materals shown on the drawings are summa izea
in Table 1 below and are based upon CSA S16 Although current steel structure design (CSA
S16 1 1995) Is based upon limit states gates are normally designed to allowable stress codes with
some modified stresses for welds and bolts Allowable shear stresses for the curved downstream
skin plate was based on assessment of buckling strength of a curved shell as calculated by
Timoshenko' On this basis buckling of the stiffened curved skin plate did not govern and shear

stresses to CSA S16 were used to calculate the allowable stress

! Theory of Elastic Stabiity Buckling of Shells Timoshenko

4



Table 1 Summary of matenial properties and allowable stresses

Matenal Allowable Comments
Specification Stress (kst)
Gate and Trunnions
Steel Plate and ASTM A36 | Tension 06Fy=216 Fy = 36 ksl
Structural Steel CSA G40 21 | Bending 06Fy =216 Allowable stresses from S16

Shear 04Fy=144

Hoists and
Embedded Parts

Steel Plate and ASTM A36 | Tension 06Fy =216 Fy = 36 ksi

Structural Steel CSA G4021 | Bending 06Fy =216 Allowable stresses from 516
Shear 04Fy=144

Gate Trunnion ASTM A354 | Tension Fu/3=417 Fu=125ksI

Anchor Bolts

Lubrite Bushings ASTM B22 | Bearing Fp=40 Bearing manufacturer s

and Washers Class E recommended average design stress

High Strength ASTM A325 | Shear Fv=15 Friction fastener

Bolts Allowable stresses from S16

23 LOAD CASES

The differential water pressure values used for the finite element analysis were taken from the
results of hydraulic model tests of the submersible gates and the inlet control structure conducted

by H G Acres & Company?

Under operating conditions the radial control gates are fully submersed with the gate intertor
flooded In the fully raised position the intake bulkhead gates are lifted and the gate interior I1s
pressurized to the upstream head water level above the top elevation of the gate Under these

conditions flow over the top of the gate occurs as shown on Figure 4 As a result of the reduced

Report on Hydraulic Model Tests of the Submersible Gates and Inlet Control Structure HG
Acres March 1963




pressure flow over the top of the gate and the static head pressure on the inside of the gate the net
buoyant force acting on the gate 1s upward and outwards as shown on Figure 4 This net upwards
force is resisted by the hydraulic hoists at the downstream ends of the gate and by the trunnion

supports at the upstream end of the gate

When the gate s In the fully lowered position the upstream skin plate 1s flush with the floodway and
a head of at least 6 feet 1s maintained during the summer months to allow the passage of small
craft This head is balanced by pressure inside the gate except when the gate 1s dewatered Under

this condition the upstream skin plate Is subject to differential loads of 6 feet of head

The scale model test results showed that the maximum pressure differentials acting on the gate
occur with the gate in the fully raised position with a flow of 55 800 cubic feet per second over the
top of the gate At this flow condition the top of the gate is at Elevation 762 8 feet the headwater
level 1s at Elevation 778 05 feet and the tallwater level is at Elevation 765 0 feet  This load condition
results In a maximum net local uplift pressure acting on the skin plate of 24 1 feet of head with a
pressure profile acting on the skin plate as shown in Figure 4 Loads derved from this pressure

distribution were used for the finite element model analysis of the radial gate

When the gates are in the down position the water level I1s to be maintained at 6 feet of draft for the
passage of small water craft The gate in this position is supported at each frame By inspection

this load case was considered to be non critical and was not investigated




It is not clear from the model study report whether or not the pressure differentials take into account
the submerged weight of the skin plates Therefore the gate models used in this study assume
submerged weight for all components of the gate (conservative) Three separate load cases were

considered

1 Operating Conditions The radial gate in the raised position (gate tip at El 762 8 ft)
differential water pressure acting on the upstream and downstream skin plates  Both lifting
hoists are engaged The net buoyant force on the gate 1s upward and exceeds the
submerged weight of the gate

2 Failure of One Lifting Hoist Same loading conditions as Load Case 1 with the radial gate
in the raised position differential water pressure acting on the upstream and downstream
skin plates Only one lifting hoist engaged

3 Gate Jammed Since maximum force exerted on the lifting beams are n the liting direction

the worst jJammed condition 1s with the gate empty and being lifted on one end with the other
end jammed The maximum cylinder force under this condition is 448 kips upward

24 RESULTS OF THE ANALYSIS

The results of the analyses are summarized on Tables 2 3 and 4 The forces and stresses
summarized on these tables were calcuiated from the results of the finne element analyses and

supplemented by hand calculations as described below

Skin Plate Stresses

The skin plate stiffeners were not included i the finite element model of the gate 0 simplify the
model Plots of the downstream skin plate stresses only are shown n the attached figures as these
stresses are higher than the other two skin plates  For the assessment of maximum stresses each

of these plates were evaluated individually



Upstream and downstream skin plate longitudinal stresses were calculated using the finite element
skin plate stresses from the overall behavior of the gate These were then combined with hand
calculations of skin plate stresses at the stiffeners  Combined longitudinal stresses are taken as the
sum of the stiffener top skin plate stress and the longitudinal stress from the finite element analysis
These longitudinal stresses are then combined with the skinplate bending stresses between
stiffeners (transverse stress at 90° to longitudinal stress) and evaluated in accordance with von
Mises Biaxial stress critena®  Maximum skin plate stifener bottom flange bending stresses were
found by hand taking the maximum pressure differential acting on the skin plate and applying this

load to a stiffener section spanning between two frames

The shear stresses on the skin plates due to the overall reaction of the gate were found directly from

the finite element analysis

Trunnion Loads

The finite element model of the radial gates calculates the resultant support loads at each trunnion
directly With the maximum trunnion support load lubrite bearing stresses and axial tension
stresses through the trunnion supports were calculated The trunnion anchor stress was calculated
assuming that at any given direction of the resuitant trunnion force there are at least 4 of the 8

passive anchor bolts acting In direct tension to resist the force

Theores of Fallure J Marin von Mises stress cntena for two dimensional stress states that at
falure the yield strength o,=(5, +o o0 ) where n this case o, 1s the longitudinal stress

and ¢ 1s the skin plate bending stress The allowable combined stress in this case has a safety
factor of 1 33 (1le Fy/1 33)




Following the final construction of the gate supplementary trunnion anchors were added These

anchors consisted of two post tensioned cables per trunnion with a total capacity of 370 kips

The location of the lifting beams and trunnions are shown below

— LIFTING BEAM

4‘ 0 ?!— ‘%A

Sl

|
|
Mt 1 T4 T T 77 T8 19 Mo

Radial Gate Trunnion and Lifting Beam Reactions (Upstream View)




Lifting Beam

For each load case the finite element model calculates the resultant force acting on each lifting
beam This hoist force Is then used to calculate the bending and shear stresses in the lifting beams
the lifting pin bearing stress and the bolt stresses through the support connections at Points A &

B The Iifting arrangement and critical stress locations are shown below

RADIAL GATE —~ — _ N
»

FRAME -
N .
SKIN PLATE
STIFFENER Z
A .
LIFTING BEAM
4 - RS
HOIST —~
SEARNG PN 14 [ ‘\‘ i
— N \ 1
\LLL vl
‘\ —= POINT A
AN

N

— " POINTB
Lifting Beam Arrangement

As described above the trunnion and lifting beam support loads lifting beam splice forces and
critical stresses for the remaining gate components are summarized on Tables 2 3 and 4 below

Allowable stresses are based upon those given in Table 1 above
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Table 2 Summary of trunnion and hoist loads

Load Load Load
Support Case 1 Case 2 Case 3 Comments
Location (Normal) | (Extreme) | (Extreme)
(kips) (kips) (kips)
Trunnion 1 2725 349 9 2038
Trunnion 2 3309 3847 145 3
Trunnion 3 3959 4233 950
Trunnion 4 4331 4452 635
Trunnion 5 4527 456 2 476
Trunnion 6 458 9 458 9 379
Trunnion 7 452 6 448 9 261
Trunnion 8 433 1 4220 66
Trunnion 9 3958 3700 413
Trunnion 10 3308 2836 1139
Trunnion 11 2725 2213 184 8
Hotst 1 166 7 Hoist failed Case 2 gate jammed Case 3
Hoist 2 166 7 3328 400 Maximum hoist uplift force 400 kips Case 3
Table 3 Lifting Beam Splice Capacity
Load Load Load Connection
Support Case 1 Case 2 Case 3 Capacity Comments
Location (Normal) | (Extreme) | (Extreme) (kips)
Support Bolted ¢ Total shear force capacity
Connection of splice connection bolts
¢ Shear Force 220 438 532 566 » Allowable shear capacity
at pt A (kips) based upon allowable force of
« Shear Force 385 767 932 1132 11 8 kips per bolt/shear plane
at pt B (kips) (1 diam A325 bolts shear
frichon)
11



Table 4 Summary of radial control gate stresses

Stress Allowable Stress Stress
Load Stress Load .oad Comments
Case 1 F, = 36 ks Case 2 Case 3
(Normal) (Normal) (Extreme) | (Extreme)
(kst) (ks1) {ksI) (kst)
Downstream Finite element results
Skin Plate combined with hand calculations
Combined 469 216 472 237 for biaxial and longitudinal
longitudinal stresses Allowable biaxial
stress = Fy/1 33
Blaxial 11 93 270/1216 11 86 528 Shear stresses from finite
Shear 222 14 4 433 516 element results
Stiffeners 16 67 216 16 70 Hand calculations for stiffener
bottom flange bending stresses
stress Biaxial stresses in tension
tension
Upstream Skin Finite element results
Plate combined with hand calculations
Combined 772 216 853 1138 for biaxial and longitudinal
longitudinal stresses Allowable biaxial
* * stress = Fy/1 33
glaXIal 960 27 0/1216 1017 736 Shear stresses from finite
hear 121 14 4 219 249 element results
Suffeners 780 216 875 Hand calculations for stiffener
bottom flange bending stresses
stress Biaxial stresses in tension
tension
Trunnion Hand calculations based on
Axial Tenston 170 216 17 0 75 finite element trunnion load
Pin Bearing 253 40 253 11 results
Anchor Bolts 36 62 417 3662 16 2
Liftirg Beam Hand calculations based on
Bending 10 09 216 2013 24 14 finite element hoist load results
Shear 265 144 598 6 24 Extreme allowable bending
stress for load cases 2and 3 =
125 (216) =27 0 ks
Lifting Pin 12 4 24 29 Hand calculations based on
Bearing finite element hoist load results
12



Load Case 1 - Operating Conditions

The results for the normal operating condition of the radial control gates with both hfting
hoists engaged are shown on Tables 2 3and 4 As shown on Table 4 the gate stresses

are all within allowable stresses for normal load conditions

The shear stresses for the downstream skin plate are shown in Figure 5 with a maximum
of 222 kst The maximum skin plate stiffener lower flange bending stress was found to be

16 67 ksi on the downstream skin plate

The upstream and downstream skin plate combined longitudinal stresses were calculated
using the finite element overall skin plate stresses of the gate (Figure 6 for the downstream
skin plate) These were combined with hand calculations of skin plate bending stresses
between the skin plate stiffeners to assess the biaxial conditions  On the basis maximum

biaxial stresses of 11 93 kst on the downstream skin plate were calculated

The average trunnion load for this load condition 1s approximately equal to the additional
post tension force applied to the trunnions  The intent of the applied post tension force
would be to ensure that the trunnion support does not go into tension At the maximum
trunnion load of 458 9 kips the trunnion post tension force would be exceeded Although
the trunnion support still has adequate capacity (original passive anchors) the centre

trunnions should be inspected thoroughly for fatigue related distress at the trunnions

13



The resultant force acting on each lifting beam was calculated by the finte element analysis
for each load case This hoist force was then used to calculate a maximum bending stress
of 10 09 ks and a maximum shear stress of 2 65 kst In the box shaped lifting beams  As
shown on Table 4 these are all within allowable stresses for normal load conditions The

calculated lifing pin bearing stress 1s 1 2 kst

The lifting beam s connected to the gate via two bolted straps at points A and B
respectively (see sketch above) The forces through the support connections are 220 kips
at Point A and 385 kips at Point B At Point A forces are resisted by 48 1 A325 bolts
(single shear) The maximum capacity of this connection (assuming 11 8 kips/shear plane

$16 0) 1s 566 kips  Similarly at Point B forces are resisted by 70 1 A325 bolts (44 1n single
shear and 26 in double shear) The maximum capacity of this connection (assuming 118

kips/shear plane S$16 0) 1s 1132 kips  In both bases the capacity exceeds the support

forces

Load Case 2 Failure of One Lifting Hoist

The results for this extreme condition with one lifting hoist falled are shown in Tables 2 3

and 4 As shown on Table 4 the gate stresses are all within allowable stresses for normal

load conditions

The shear stresses for the downstream skin plate are shown in Figure 7 with a maximum
of 4 33 kst The maximum skin plate stiffener lower flange bending stress was found to be

16 70 kst on the downstream skin plate

14




The upstream and downstream skin plate combined longitudinal stresses were calculated
using the finite element overall membrane skin plate stresses (Figure 8 for the downstream
skin plate) In combination with hand calculations of skin plate bending stresses between the

skin plate stiffeners  with a maximum biaxial stress of 11 86 ksi for the downstream skin plate

The maximum calculated trunnion load was 458 9 kips at the center trunnion  Under these
conditions the maximum bearing stress is 2 53 ksi with an average tension stress of 36 6 ksi
in the anchor bolts With the exception of the concern regarding the post tension anchor

capacity above these are both acceptable

With the one hoist failed the resultant force acting on the active lifting beam was 332 kips
double that for the normal load condition Under these conditions a maximum bending
stresses of 20 13 kst and a maximum shear stresses of 5 28 ksi in the Ifting beam were
calculated As shown on Table 4 these are all within allowable stresses The lifting pin bearing

stress 1s 2 4 ksi which 1s also within allowable imits

As shown on Table 3 lifing beam connection forces of 438 kips and 767 kips at Points A and

B respectively are within allowable limits

With one lifting hoist failed the capacity of the single cylinder to resist the overall gate buoyant
forces 1s exceeded The maximum cylinder force capacity with the head end pressure at 600
psi1s 228 kips  This 1s insufficient to hold the gate in position against the uplift forces which
requires a restraining force of 336 kips with a single cylinder active This condition has never
been previously experienced and the implications associated with the hoist overload are

discussed in the mechanical section of the main report

15




Load Case 3 Gate Jammed

The results for this extreme condition with the gate Jammed on one end and the hoist on the

other end lifting the gate with the maximum uplft hoist capacity are shown In Tables 2 3and 4

The upstream and downstream skin plate combined longitudinal stresses were calculated using
the finite element overall skin plate stresses of the gate (Figure 10 for the downstream skin
plate) This load case assumes no skin plate loading Therefore no skin plate bending stresses
between the skin plate stiffeners are present  As shown on Table 4 maximum calculated biaxial
stress of 5 28 ksi on the downstream skin plate are within allowable imits  The shear stresses

for the downstream skin plate are shown in Figure 9 with a maximum of 5 16 ksl

The maximum calculated trunnion load was 203 8 kips at the end trunnion where the gate jJams
For this condition the maximum tension stress in the trunnion supports is 7 5 kst The maximum
bearing stress 1s 1 1 ksi with an average tension stress of 16 2 ksi in the anchor bolts These

are within acceptable limits

With the lifting force of 400 kips applied to one lifting beam with the other end of the gate
Jammed a maximum bending stress of 24 14 ksi and a maximum shear stress of 6 42 ksi in the
lifing beams was calculated As shown on Table 4 these are within allowable stresses for the
extreme load conditions The allowable stresses were considered have to be increased by 25%

for this extreme condition The hifting pin bearing stress 1s 2 9 ksi

The Iifting beam connection forces of 532 kips and 932 kips respectively are within the capacity

of the bolted connections at these locations

16



30 ASSESSMENT OF THE RESULTS

The maximum stresses for each load case are shown in Table 4 For all three load conditions
maximum skin plate stresses were found on the downstream skin plate All critical stresses were within
the acceptable stress Iimits for normal and extreme conditions The downstream skin plate stresses
are the highest since this skin plate effectively carrnies the unbalanced load perpendicular to the gate

as a beam to the lifing beams

As shown on Figure 4 the net hydraulic force i1s outward and upward during operating conditions  The
majority of the unbalanced force acts radially outwards and 1s effectively resisted by the radial frames
and trunnion support  The trunnion Iifting loads for each load case are shown on Table 2 In all cases
the maximum trunnion loads were within allowable imits for the anchors and the trunnion bearings
Maximum trunnion loads do however exceed the post tensioning forces added after the gate was
constructed as the total post tension force appears to have been sized for the average loads The

highest loaded trunnions should be assessed when the gate 1s dewatered

17



40 CONCLUSIONS

Based upon the results of the finite element analysis of the intake it was concluded that

. The radial control gate was modeled as an assemblage of shell elements and reasonably

predicts the overall behavior of this indeterminate structure

. Steel gate stresses for normal and extreme load conditions were found to be within acceptable

hmits for structures of this type

. For the condition of one hoist cylinder falled the calculated reaction at the remaining lifting beam
support exceeds the theoretical capacity of the lifting hoist  The impact of this load resuit was

assessed In the mechanical section of the report

. Maximum trunnion loads exceed the additional post tension force provided after the gate had

been installed This implicatior of the over stiessed condition should be reviewed again when

the trunnions are inspected

18
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