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Executive Summary

SCOPE

Moffatt & Nichol (M&N) was retained by the Washington State Department of Enterprise Services (DES) to
perform a waterfront facility inspection and provide a comprehensive assessment of the Capitol Lake Dam
located in Olympia, Washington. The Capitol Lake Dam was built between 1949 and 1952 and has therefore
been in service for nearly 70 years. The objective of the comprehensive assessment is to document the
current condition of the dam, provide repair recommendations, and develop considerations to extend the
dam’s service life another 50 years. The scope of work included structural, durability, mechanical, electrical,
safety, and geotechnical assessments of the dam. A topographic survey of the dam was also conducted and
monuments were set to provide a baseline for monitoring horizontal or vertical movement of the earth-fill
embankment and the spillway components.

INSPECTION FINDINGS
The following summarizes the dam assessment findings:

1. The structural components of the dam, including the abutments, pier walls, wingwalls, beams, and
deck, are in fair condition. Fair is defined as: all primary structural elements are sound with isolated
minor to moderate deterioration observed, and there is no reduction in structural capacity. The
observed minor to moderate defects include minor surface corrosion of steel components, hairline
concrete cracks, an open corrosion concrete spall on the northeast wingwall, fungal decay of the
timber walkway posts above the northwest wingwall, and undermining of the timber walkway
bulkhead above the northwest wingwall.

2. The durability assessment found that the chloride ion concentration is above the threshold within
the splash zone and corrosion is active at the reinforcing steel; however, the corrosion rate is low.
Cracks initiating from the corroding reinforcing steel are expected to propagate to the surface in
approximately ten years.

3. The mechanical and electrical components are in fair condition. In other words, widespread minor to
moderate deterioration is observed on the mechanical and electrical components, and localized
areas of moderate to advanced deterioration are present, but have not yet affected the dam
operation. Most of the equipment is aging and exhibits deterioration, coating loss, and corrosion.
The dam will continue to function provided a proactive approach is developed for repairing and/or
replacing components.

4. The geotechnical evaluation found that the earthen embankment is stable in the static condition. In a
seismic event, the subsurface soils are susceptible to liquefaction. If the soil liquefies during a seismic
event, infrastructure along 5™ Avenue SW may fail, including public utilities, city streets, or the
spillway. Overtopping of the dam is possible if the embankment fails. However, lives are not at risk if
the reservoir is released. Mitigation measures are available to improve the dam’s stability during a
seismic event.

PERMITTING

In-water projects of any kind, ranging from simple repairs to more complex redevelopment activities, must
comply with a number of federal, state, and local regulatory laws and permits before construction can begin.
At Capitol Lake Dam, permit agencies generally allow work below ordinary high water (OHW) between July 1
through July 31 of any year, unless an extension or exception is granted. This work window can vary
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depending on the type of work and where on the dam the work is being conducted. Permits for overwater
work above OHW are also required; however, the requirements are generally less restrictive.

RECOMMENDATIONS

Given the dam’s age combined with the fact that it has not been adversely affected by environmental factors,
a major failure is unlikely if existing loading conditions and regular maintenance are sustained. The
recommendations, the associated rough order of magnitude opinion of probable cost (ROM OPC), and the
relative urgency of the recommendations are provided below.

Item Item Description Recommended Action Urgency ROM OPC
No.
1 Standby Hydraulic Install chain that allows attachment of the High $37,500
System - Gate standby ropes to the gate without necessity
Attachment of diving. Chain should be installed as to not
interfere with normal operation of the gate.
2 Gate Trunnion — Replace and relocate access of all the existing High $37,500
Lubrication trunnion lubrication ports and tubing.
3 Standby Hydraulic Remove and refurbish or replace the existing High $32,000
System - Cylinders hydraulic cylinders.
4 Electrical Panel and Seal around exterior penetrations, replace all High $1,300

Motor Control Center  outlet box and conduit body covers.
(MCC) - Conduits

5 Electrical Panel and Upgrade to weatherproof cover or eliminate High $1,300
MCC - Receptacle receptacle.
Cover - Shock Hazard

6 Gate Trunnions — Take amp meter readings of gate motors to High $1,700
Friction detect over loading of the motor and drive

system.

7 Capitol Lake Controls  Cover holes in door left by prior components High $4,300
(METASYS) - Enclosure to prevent ingress of moisture into panel.

8 Capitol Lake Controls  Terminate connections at stilling wells within High $2,200
(METASYS) - Level raceway system.
Sensors

9 Fish Gate - Exposed Install OSHA compliant machine guard High $12,600
Coupling Cover around the couplings near the deck.

10  Fish Gate - Drive The operator switch for the device can be High $12,600
Components accessed easily by the public, exposing the

device to vandalism or uncontrolled
operation of the gate. Place padlocked
protective cover to prevent access.
11  Fish Gate - Wire Rope  Replace the wire ropes. High $19,200
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Item Item Description Recommended Action Urgency ROM OPC
No.
12  Coupling Guards The shaft couplings connecting the gate High $6,500
electric motors to the gear reducers should
have removable guards installed to be in
compliance with OSHA 1917.151 for rotating
machinery.
13  West Gate Replace motor/brake unit. Existing High $15,000
Motor/Brake motor/brake continues to function but
appears to be aging.
14  Timber Walkway Replace posts and repair and protect High $20,000
Repairs undermined foundation.
15  Fencing/Guardrails Install and repair fencing/guardrails. High $5,000
16  Steel Grating Repair Provide positive connection to concrete High $2,500
surface.
17 Ladder Repairs Remove damaged ladder on west abutment;  Moderate $5,000
Ladder to catwalk - provide ladder extension
and non-slip coating on rungs.
18  Roof Repairs Replace control room roof and fall protection Moderate $12,000
anchor point
19  Exposed Spur Gears Replace damaged pinions and realign. Moderate $144, 200
and Gear Drive Chain Remove, clean and inspect all gearing. Re-
lubricate before placing back in service.
Replace gear drive chain.
20  Gate Position Sensors  Replace potentiometer and limit switches Moderate $9,800
with updated technology
21  Standby Hydraulic Install pressure gauges before and after the Moderate $12,000
System - Filter filter to allow pressure drop indication of
filter.
22  Gate Trunnion — The gate trunnions should be dismantled, Moderate $64,600
Cleaning and cleaned of marine life and debris and
Inspection assessed for wear and damage.
23  Gear Reducers — Replace old breather caps with new. Moderate $200
Breather Cap
24  Fish Gate - Exposed Remove and inspect. At a minimum replace Moderate $2,000
Coupling the elastomeric element.
25  Repair Radial Gate Remove and install new gate seals. Moderate $115,000

Seals
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Item Item Description Recommended Action Urgency ROM OPC
No.
26  Standby Hydraulic Replace corroded wire ropes as necessary. Low $10,500
System - Rigging
27  Gate Bearing Blocks/  Remove bearings and examine shafts and Low $67,100
Shafts / Couplings bearings for wear. Replace damaged seals.
Replace bearings as needed. Replace any
damaged or corroded bolts and tighten to
manufacturer’s specifications (if available).
Replace or refurbish worn shafts. Clean and
repaint shaft. Remove and inspect couplings.
28  Gear Reducers — Take existing gear reducers from service Low $32,300
Replace and send to gear rehabilitator for inspection
of gear unit internals. Refurbish as necessary.
Alternatively replace the unit with new.
Replacement with new would reduce the
time a gate would be out of service.
29  Wingwall - Concrete Repair spall per Figure 7. Low $9,000
Spalls
30 Repair Stoplog Remove debris and failed coating and recoat. Low $35,000
Cutouts
31 Fishway Beams - Repair spall per Figure 7. Low $18,000
Concrete Spalls
32  Recoat Radial Gates Remove debris and failed coating and recoat. Low $180,000
33  Replace Stillwell Hatch  Replace with spring-assisted hatch. Low $15,000
34  Concrete Ramp Remove adjacent tree and repair the Low $6,000
concrete ramp.
35  Gate Cushions Replace timber gate cushions. Low $10,000
36  Concrete Spillways Install cathodic protection system to protect Low $800,000
the reinforcing steel within the tidal zone and
splash zone
37 Embankment Deep soil mixing or jet grouting to improve Low $15,000,000
shear strength and containment of liquefiable
soils.
38 Embankment Buttressing berm (downstream side) to Low $1,500,000
improve stability.
39 Embankment Add drainage to improve stability. Low $500,000
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1. Introduction

1.1. Objective

Moffatt & Nichol (M&N) was retained by the Washington State Department of Enterprise Services (DES) to
perform a waterfront facility inspection and provide a comprehensive assessment of the Capitol Lake Dam
located in Olympia, Washington. The objective of the comprehensive assessment is to document the current
condition of the dam, provide repair recommendations, and develop considerations to extend the dam’s
service life another 50 years. The scope of work included structural, durability, mechanical, electrical, safety,
and geotechnical assessments of the dam. A topographic survey of the dam was conducted and monuments
were set to provide a baseline for monitoring horizontal or vertical movement of the earth-fill embankment
and the spillway components. Repair costs based on the observations and laboratory findings are provided
for short-term and long-term repair recommendations. The following independent assessment reports and
topographic survey were prepared as part of this project:

e Appendix A - Structural and Safety: Capitol Lake Dam Preservation Structural Condition Assessment
Report by M&N, dated March 3, 2017

o Appendix B - Durability: Capitol Lake Dam Preservation Durability Assessment by Tourney Consulting
Group (TCG), dated October 13, 2016

e Appendix C - Mechanical and Electrical: Fifth Avenue Dam Capitol Lake Tide Gates Machinery and
Controls Assessment by Fives Lund LLC (Lund), dated January 30, 2017

e Appendix D - Geotechnical: Geotechnical Engineering Report; Capitol Lake Dam Preservation
Assessment by Terracon Consultants, Inc. (Terracon), dated December 7, 2016

e Appendix E - Topographic Survey: Topographic Survey Capitol Lake Dam by Pacific Geomatic
Services (PGS), dated September 28, 2016

This report summarizes the findings and recommendations provided in the assessment reports listed above,
provides permitting considerations, and builds on the observations and findings in the Capitol Lake Dam
Condition Assessment and Life Expectancy report prepared by Moffatt & Nichol, dated October 31, 2008.

The 2008 M&N report recommended providing a complete service life model of the dam’s concrete,
conducting a geotechnical assessment, and comparing elevations of key dam components to record
drawings. Eight years have passed since observations were made; therefore, the findings of this report are
compared to the 2008 M&N report and updated to provide a current summary of findings.

1.2. Dam Description

Capitol Lake Dam is located in Olympia, Washington at the mouth of the Deschutes River where the river
empties into Budd Inlet and is managed by DES. The Dam was constructed between 1949 and 1952 and
serves to control the water level in Capitol Lake. The recorded dam dimensions are 1,290 feet long and 45
feet high (Ecology, 2015), although the dam’s dimensions vary by source. The dam includes a reinforced
concrete spillway and an earth-fill dam. The spillway is approximately 82 feet wide and 167 feet long and the
earth-fill dam is approximately 800-1120 feet long (depending on the source), 80 feet wide across the top,
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and 26.5 feet high. The 5™ Avenue Southwest roadway crosses over the top of the dam. Figure 1 shows an
aerial view of the dam.

Figure 1: Capitol Lake Dam Aerial (Source: Google Earth)

The spillway includes two flood control discharge channels and a fishway channel constructed with concrete
abutments, pier walls, wingwalls, a bottom slab, an ogee crest, and a sill. The west and east flood discharge
channels have a minimum clear width of 36 feet and 24 feet, respectively. The fishway channel located at the
easterly side of the spillway has a 9-foot 6-inch clear width.

The flood control discharge channels are controlled by radial gates on the south end of the structure. The
ogee, located downstream of each radial gate, serves as a bearing pad for the radial gate seals. The ogees
slope from the radial gate and transitions into the bottom slab. Timber baffles form a fish ladder in the
fishway channel.

The abutments and pier walls support a road deck, timber walkway, public utilities, and control house above.
The control house shelters the reduction gears, electric motors, control panel, and miscellaneous
appurtenances. Each gate mechanism is operated by a large gearbox driven by an electric motor. Each
gearbox drives cable drums that raise and lower the respective gate. An independent hydraulic backup
system is incorporated for the west gate.

Upstream and downstream stoplog cutouts are located along the sides of the abutment and pier walls.
Stoplogs can be inserted upstream of the dam to dewater the gates. The original design also included a fixed,
floating log boom in Capitol Lake upstream of the spillway. The log boom was intended to prevent logs and
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other debris flowing from the Deschutes River from blocking the spillway channels, however, the log boom
was not in place at the time of this inspection.

Three cut-off walls are constructed below the bottom slab to mitigate seepage. The upstream and
downstream cut-off walls consist of a single row of steel sheet piling 12 feet and 10 feet in length,
respectively. The central cut-off wall consists of a concrete seal-wall lying beneath the main slab and
extending up the outside of each side wall to an elevation of 0.00 feet Olympia datum. An underdrain
consisting of clean graded sand and gravel extends the length of the spillway just downstream of the central
cut-off wall. Bleeder pipes extend from the gravel core upward through the spillway slab.

In 1987, a siphon system was constructed in the vicinity of the dam. The siphon system was installed to
convey salt water back to Budd Inlet that had collected in a crater in Capitol Lake. It is believed the crater was
formed when there was a regular practice of flooding the lake with marine water to control aquatic plants.
The energy from the turbulent marine water flowing into Capitol Lake scoured the lake bottom just upstream
of the spillway. The marine water from the flooding procedure would settled to the lowest part of the lake
and, in certain conditions the water would become toxic. (Nelson, 1986)

Figure 2 and Figure 3 show a plan view and section view of the dam spillway, respectively.
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Figure 2: Capitol Lake Dam Spillway Plan View
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The earth-fill dam is described in the original design as being constructed with an impervious earth core
material (Kramer, Chin & Mayo (KCM), 1980). Flanking the impervious core, the original design shows a semi-
pervious transition soil. Rock armoring lines both the upstream and downstream sides of the earth
embankment. Rock armoring also lines the spillway bottom on the Capitol Lake side and surrounds the

bottom slab and wing walls on the Budd Inlet side. Figure 4 illustrates the original design of the earth-fill
dam.

Group 1 Soils, Impervious Earth Core

Group 2 Solls, Semipervious Transition Zone

1" Selected Sand & Gravel Filter Blanket

Rip-Rip (-1 Ton ) Slope 2:1@ Spillway Flatten To 3:1
2'-0" Thick Rip—Rap Protection

Rip-Rap ( 1 Ton ) Below Elev. -8.0

= <

Elevations shown based on City of Olympia datum.
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Figure 4: Capitol Lake Dam Earth-Fill Section View, Looking East (Source: KCM, 1980)
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Multiple rehabilitation projects have taken place over the life of the dam. The known rehabilitation projects
are listed in Table 1. This list only represents the reference information provided by DES and may not be a
complete list of dam rehabilitation projects.

Table 1: Completed Rehabilitation Projects

Year Work Completed
1952 e Original construction complete.
1980 e Gate seals replaced.

e Generator installed.
e  Existing hydraulic backup system pump replaced with
motorized pump with valve.
1986 e Crater siphon system installed.
e Hoist enclosed gears inspected and serviced.
e Gate seals replaced.
1994 e Gates removed and cleaned/repaired.
e Gate seals replaced.
e Catwalks added.
2015 e Fish ladder weirs replaced/repaired.
2016 e Plastic coated gate hoist wire ropes replaced with stainless
steel wire rope.

1.3. Scope of Work and Methodology
1.3.1. Structural

The structural assessment included an above-water and underwater investigation of all accessible structural
components of the spillway and included observations of the mudline conditions and utility encasements and
hangers. Testing the functionality of the on-site utilities other than the dam’s gate controls is not included.
The investigation methodology was based on the American Society of Civil Engineers (ASCE) Manuals and
Reports on Engineering Practice Number 130, "Waterfront Facilities Inspection and Assessment", 2015
Edition (ASCE 130).

Three basic levels of inspection are used for inspecting facilities. The type and extent of
damage/deterioration that can be detected depends on the level of inspection performed. The following
general descriptions for Levels | through 11l comply with ASCE 130. This investigation included Level | and
Level Il inspection of the spillway below water and Level | and Level Il inspection above water. A description
of the Level lll inspection is included in Paragraph 1.3.2 Concrete Durability.

Level | - Visual or tactile inspection of above-water and underwater components without the removal
of marine growth. This level of investigation generally serves as a confirmation of as-built conditions
and detects obvious damage or deterioration to the structure.

Level Il - Partial marine growth removal of a statistically representative sample — for walls, this is
typically cleaning a one square foot area of the wall every 100 linear feet. This level of investigation is
intended to detect and identify damage and deterioration that may be hidden by surface biofouling.
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Level Il - Nondestructive testing (NDT) or partially destructive testing (PDT) of a statistically
representative sample. These procedures are conducted to detect any hidden internal damage or
deterioration. In this inspection, concrete sampling was performed above water.

Capitol Lake and Budd Inlet are infested with New Zealand Mudsnails. All diving, boating, and inspection
activities followed the decontamination protocols provided in the Washington Department of Fish and
Wildlife (WDFW) manual titled, WDFW Invasive Species Management Protocols, dated November 2012 and
the DES Standard Operating Procedure (SOP) manual titled Buildings and Ground Division, Olympia Fifth
Avenue Dam Procedure, dated September 1, 2016.

Detailed descriptions of the structural assessment scope, methodology, findings, recommendations, and
photographs of typical conditions are provided in the Capitol Lake Dam Preservation Structural Condition
Assessment Report prepared by Moffatt & Nichol, dated March 3, 2017, included in Appendix A.

1.3.2. Concrete Durability

The concrete durability assessment included visual observations, extracting concrete samples (Level Il
investigation), conducting concrete property tests, and predicting future performance of the concrete
components. The objective of the concrete durability assessment is to evaluate the remaining useful service
life of the dam’s concrete. M&N worked with TCG to complete the visual observations and extract concrete
samples. TCG conducted the laboratory testing and provided the findings and recommendations.

A summary of the testing theory, field investigation, and chloride ion laboratory testing is described below. A
detailed description of the scope, methodology, findings, and recommendations is provided in the Capitol
Lake Dam Preservation Durability Assessment Report prepared by Tourney Consulting Group, dated
November 10, 2016, included in Appendix B. Note that this is just one point in time and conditions can
change to become more or less corrosive dependent on temperature, future chloride contents, oxygen
contents, and degree of saturation.

Testing Theory

Marine concrete structures commonly remain in good condition for 20 or more years before showing signs of
deterioration when constructed properly. The appearance of a structure does not always indicate the true
condition of its concrete; therefore, laboratory testing is used to detect deterioration of the concrete matrix.
Two deterioration mechanisms that can be tested for in the laboratory are chloride ion intrusion and
chemical degradation. It is critical to understand the cause of deterioration when determining repair
recommendations because the repair methods for the different concrete deterioration mechanisms are
significantly different.

Chloride ion intrusion is a problem with any concrete exposed to salt water or salt spray. Unless sealers are
applied, any concrete exposed to chlorides will eventually allow chloride ions to migrate into it. The migration
can be slowed down by reducing the permeability of the concrete with various admixtures and pozzolans, but
eventually the chloride ions will migrate into the concrete and reach the reinforcing steel. The chloride ions
destroy the passive layer that protects reinforcing steel from corrosion and enables the formation of rust. The
expanding rust layer develops internal stresses in the concrete matrix initiating cracks. The cracks eventually
reach the surface of the concrete member which leads to the concrete cover delaminating from the reinforcing
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steel and eventually spalling off. This result can be delayed with thicker cover and less permeable concrete, or
with the addition of chemical corrosion inhibitors. The laboratory results from the 2008 M&N report suggest
corrosion of the reinforcing steel is the most probable mechanism that could compromise the dam’s
concrete components (M&N, 2008); therefore, this assessment focuses on the possible deterioration from
chloride ions.

The common chemical degradation mechanisms include alkali-silica reaction (ASR), sulfate attack, and delayed
ettringite formation (DEF). These chemical degradation mechanisms involve volumetric expansion of the
concrete matrix caused by chemical reaction byproducts. The expansion creates internal stresses leading to
cracks and eventually spalling of the concrete. This form of degradation is tested for using petrographic analysis
in the laboratory with concrete cores extracted from the facility. The M&N 2008 assessment included
petrographic analysis, and the laboratory results did not indicate chemical degradation of the concrete
matrix is a likely deterioration mechanism. Given the dam’s age, the probability of the dam undergoing these
types of chemical deterioration in the next 50 years is low; therefore, petrographic analysis of the concrete
cores is not included in this scope of work. Refer to M&N’s 2008 assessment report for additional discussion
on chemical degradation.

Site Investigation

The site investigation included resistivity testing, collecting cover depth measurements, conducting half-cell
potential measurements, and extracting concrete samples.

Concrete Electrical Resistivity

Concrete electrical resistivity is a measurement to detect how effective concrete is at inhibiting the
penetration rate of water, oxygen, carbon dioxide, and chlorides to the reinforcing steel. Concrete electrical
resistivity was tested per a modified version of American Society for Testing and Materials (ASTM) Standard
C1202 - Standard Test Method for Electrical Indication of Concrete’s Ability to Resist Chloride lon Penetration.
ASTM C1202 provides a system by which to relate the electrical conductance and resistance of concrete to
the mobility of ions. A lower conductance value (lower current) corresponds to decreased ion mobility
(higher resistance), or reduced chloride ion penetration. Concrete’s resistance to ion mobility can be used to
predict the time until the onset of corrosion in reinforced concrete. In the case of low concrete resistivity, or
increased current, chloride ions will penetrate the concrete faster and accelerate the onset of corrosion in
the reinforcing steel.

Readings were taken within the tidal zone and above because resistivity of concrete can vary depending on
the temperature and degree of saturation. An increase in temperature will decrease the resistivity. In other
words, an increase in temperature increases ion mobility which results in electric current flow.

Cover Depth Measurements

A cover depth survey was conducted to determine the depth of steel reinforcing in the locations of extracted
cores. Ground penetrating radar was used to determine locations and depth of steel reinforcing. Cover depth
is an important measurement for evaluating concrete durability because the cover depth affects the time it
takes for chloride ions to penetrate to the reinforcing steel. As the cover depth increases, the travel time of

chloride ions to the reinforcing steel increases.
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Half-Cell Potential Survey

Corrosion of reinforcing steel is an electro-chemical process. The greater the potential, the higher the risk
that corrosion is active. Electrochemical testing was completed according to ASTM C876 — Standard Test
Method for Corrosion Potentials of Uncoated Reinforcing Steel in Concrete. This test consists of drilling and
connecting to the reinforcing steel in two locations within the desired testing area in order to test for
continuity of the reinforcing steel. Once continuity is confirmed, half-cell measurements can be taken by
connecting to the steel reinforcement and placing a reference electrode in circuit to measure the electrical
potential. From these electrical potential measurements, an equipotential contour map can be developed to
determine locations of active corrosion. The half-cell potential readings are also used to calculate the
estimated corrosion rate

Concrete Samples

A total of six 2-inch-diameter, 6-inch-deep cores and twelve 3-inch-deep powder samples were extracted.
Samples 1 through 6 correspond to cores and samples 7 through 18 correspond to powder samples. The
abutment and pier wall core samples were extracted from near the top of the tidal zone and in the splash
zone. The samples extracted from the Budd Inlet side were taken within the west spillway channel assuming
a harsher environment is present. The west spillway channel is used less frequently, and therefore, it was
assumed the chloride concentrations of the marine water would be higher due to less frequent mixing with
the fresh lake water.

Where powder samples were taken, three individual holes were drilled in close proximity to each other.
Laboratory testing is conducted in one-inch increments; therefore, the powder generated from drilling each
one-inch increment in the same hole were kept separate. The powder generated from each corresponding
increment in the three holes was combined to create a better representative sample of concrete in the area.
Figure 5 shows where each sample was taken.

Chloride Ion Laboratory Testing

The laboratory testing included testing the extracted concrete cores and powder samples for chloride ion
concentration. Acid-soluble chloride concentration profiles of the concrete cores and powders were
determined per ASTM C1152 — Standard Test Method for Acid-Soluble Chloride in Mortar and Concrete.
Testing of concrete cores and powders is conducted in one-inch increments to evaluate the chloride
concentration at increasing depth. The cores were cut into one-inch thick disks and pulverized into powder
for testing the concrete at six depths. The powders collected in the field are tested at three depths per the
collected one-inch increments.
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Figure 5: Locations of concrete samples
1.3.3. Mechanical & Electrical

The mechanical and electrical assessment included the dam’s tide gates machinery and controls and the
siphon system to the extent it was accessible. M&N and Lund met with representatives from DES’s operation
and maintenance staff who are responsible for the dam. M&N and Lund made observations of the dam’s
mechanical and electrical functions while the dam was operated. Both flood control discharge channel radial
gates and the fishway weir were operated.

A detailed description of the mechanical and electrical assessment scope, methodology, findings, and
recommendations is provided in the Fifth Avenue Dam Capitol Lake Tide Gates Machinery and Controls
Assessment report prepared by Fives Lund, dated January 30, 2017, included in Appendix C.

1.3.4. Safety

The safety assessment included visual observations of the safety features installed and potential areas for
improvement to protect DES’s maintenance crew and the public. Existing conditions were compared to the
applicable sections of the Occupational Safety and Health Administration (OSHA) Standards — 29 CFR Part
1910. This assessment was not conducted to ensure full compliance with OSHA standards. The site
observations were conducted by M&N concurrently with the structural investigation.

Detailed descriptions of the safety assessment scope, methodology, findings, recommendations, and
photographs of typical conditions are provided in the Capitol Lake Dam Preservation Structural Condition
Assessment report prepared by Moffatt & Nichol, dated March 3, 2017, included in Appendix A.
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1.3.5. Geotechnical

The geotechnical assessment included the earth-fill portion of the dam. The purpose of the assessment is to
provide an engineering evaluation of the subsurface soil conditions, apparent dam condition, groundwater
conditions, and static and seismic stability of the dam. The assessment included researching existing
subsurface information, a visual reconnaissance to look for surficial evidence of distress to the embankment,
two borings for subsurface exploration, and geotechnical laboratory testing. The visual reconnaissance
generally followed the guidelines presented in the Inspection Guidelines of the Dam Safety Guidelines Part Il
(DSO 1992).

Detailed descriptions of the geotechnical assessment scope, methodology, findings, and recommendations
are provided in the Geotechnical Engineering Report; Capitol Lake Dam Preservation Assessment prepared by
Terracon, dated December 7, 2016, included in Appendix D.

1.3.6. Topographic Survey

The dam was surveyed by PGS including the earth-fill embankment and the spillway components. PGS used
conventional total station data combined with high definition 3D laser scanning to complete the survey and
evaluation. PGS compared their findings to the limited available survey information to evaluate settlement
since the dam was constructed. PGS also set survey monuments to establish a base for future settlement
evaluations of the dam. A plan of the survey and the monument locations is provided in Appendix E.

2. Observation & Findings

2.1. Structural

The structural investigation included observations of the concrete, steel, and timber components. The
observations did not involve disassembly of components to expose possible non-readily visible deterioration.
The cut-off walls are buried below the bottom slab and were not inspected except for the sheet pile tops on
the downstream cut-off wall.

Concrete Components

Concrete components include the abutments, wingwalls, pier walls, ogee crest, the sill, the bottom slab,
girders, and deck soffit. The ogee crest, sill, and bottom slab were all observed with one-inch-thick marine
growth covering up to 100 percent of the submerged surface areas. Sediment accumulation was observed on
the bottom slab up to six inches in depth adjacent to the abutment and pier walls. The accumulated
sediment prevented visual inspection of the entire bottom slab, however, where visible the concrete surface
exhibited minor to moderate cracking and spalling, primarily along the expansion joint located north of the
pier wall. Additional spalling, obscured by sediment accumulation, may be present.

Minor scaling of less than 1/8-inch depth was observed on the vertical and horizontal concrete faces at
locations of Level Il cleanings. No significant defects were observed on the abutments, pier walls, ogee crest,
sills, and bottom slab. One open corrosion spall was observed on the downstream east wingwall.

Moffatt & Nichol | Observation & Findings Page 14




Capitol Lake Dam Preservation

Comprehensive Assessment Report 2016-931

Hairline cracking and efflorescence was observed on the concrete deck soffit and girders. All four crossbeams
in the fishway were observed with moderate closed corrosion spalls along the full length of the soffit.

Steel Components

The steel components include the radial gate, stoplogs, timber walkway support beams, and visible portions
of the downstream steel sheet pile cut-off wall. The radial gate and gate arms exhibited coating failure and
minor to moderate surface corrosion on the inlet side where the steel is exposed to saltwater. The areas of
moderate corrosion and section loss were observed in the splash zone. Leaks were observed in the radial
gate seals on the west and east radial gates. The leaks were observed on the west edge of the west gate and
at the lower west corner of the east gate.

The easterly steel chain used to connect the standby hydraulic system for the west gate was observed to be
disconnected and laying at the base of the radial gate. The chain was immediately removed with the risk of
the chain being pinned between gate and ogee if the gate is opened and closed.

The stoplog cutouts were observed with minor to moderate corrosion on the steel embedded surfaces.
Section loss of less than 10 percent was noted.

The steel beams supporting the walkway exhibit widespread coating loss and minor corrosion over a majority
of the surface area, although section loss is minor and infrequent.

Timber Components

The timber components include the timber walkway and the radial gate cushion. The timber walkway
exhibited minor weathering; however, no significant deterioration was observed. The timber walkway is
supported in the northeast corner by a concrete retaining wall and timber posts. The timber posts exhibit
moderate to major rot and section loss at the interface between the post and the concrete retaining wall.
The steel connections at the base are corroded and deformed. The concrete retaining wall supporting the
walkway exhibits moderate undermining approximately two inches tall and extending 12 inches under the
wall. The westerly radial gate cushion was observed to be crushed and rotted.

Other Appurtenances

The other appurtenances include the non-structural components, site features, and utilities. The northwest
side of the dam includes an access ramp to a viewpoint that allows pedestrians to get closer to the water.
The lower ramp has a large bump that extends approximately 10 feet horizontally and has a 12-inch vertical
differential. The bump is likely caused by roots from the adjacent tree.

Various utilities cross the spillways on the north (outlet) side of the dam. The exterior of the utilities and
hangers exhibit minor weathering and corrosion of steel hardware. The concrete duct banks that span the
spillways were observed to deflect when loaded; however, no evidence of overstressing was observed. No
significant deterioration was observed on the utility hangers or supports.

The dam stillwells are accessed through a utility hatch on the southeast corner of the dam. The lids do not
have a spring mechanism to assist with lifting the lid and they exhibit minor corrosion.
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Steel grating is used as decking on the elevated platform surrounding the control room. The steel grating
exhibits minor corrosion. The grating does not have a positive connection securing the grating to the
platform. In one location, the grating protrudes above the deck up to one inch.

The roof of the control room building has a modified bitumen membrane coating. The age of the coating is
unknown. The roof exhibits widespread alligator cracking likely caused by extended exposure to ultraviolet
radiation. The depth of the cracking is unknown and no active roof leaks were observed.

Riprap and rock armoring was observed along the upstream and downstream edges of the bottom slab and
wingwalls. The riprap and armoring varied in size between two and four feet in diameter on the upstream
side and up to five feet in diameter on the downstream side. The riprap lining around the channel exhibits
minimal areas of voids and is consistent in size and shape.

2.2. Durability

This section summarizes the observations provided in the Capitol Lake Dam Preservation Durability
Assessment report by Tourney Consulting Group. The durability assessment included extracting concrete
samples and conducting laboratory testing to assess the concrete durability. Reinforcing steel was found in
two of the six core samples (Samples 2 and 6). Visual observation of steel showed mild signs of corrosion in
small isolated areas and no loss in cross-sectional area. The concrete properties assessed include:

e Type of Concrete

e Cover to Reinforcing Steel

e Acid-Soluble Chloride Concentration

e Calculated Reinforcing Steel Corrosion Rate
0 Half-Cell Potential Measurements
O Electrical Resistivity

A summary of the sample locations, elevation per mean lower low water (MLLW), and findings from the field
work and laboratory testing is provided in Table 2. The acid-soluble chloride results are provided in parts per
million (PPM).

Two different concrete mix designs were used to construct the dam and were defined as Class A and Class B
(SCC, 1948). The Class A concrete was used in thin, heavily reinforced members; for example, the parkway
deck, control house deck, and the girders and beams. The Class B concrete was used in all reinforced and
mass sections of the structures other than those covered by Class A; for example, the bottom slab, apron,
footings, wingwalls, cut-off walls, overflow gravity section, and fishway channel walls.

The concrete cover was found to be relatively consistent within the two concrete class types. The Class B
concrete components all had a cover of approximately 4 inches. The Class A concrete components had
reduced cover of approximately 2.5 inches and 1.3 inches for the beam and deck soffit, respectively.

The average resistivities were found to be 21.5 kiloohm-centimeters (kQ-cm) for concrete in the splash zone
and 53.4 kQ-cm for concrete within the upper tidal zone. The half-cell potential readings and resistivity
measurements are used to calculate the estimated corrosion rate in micrometers per year (um/year).
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Elevation Acid-Soluble Chloride Results (PPM) Corrosion
Sample Dam (feet  Sideof Conc Cover Depth Increments (Inches) Rate
No. Component  MLLW) Dam Class (Inches) 0-1 1-2 2-3 3-4 45 5-6 (um/year)
2 West Pier +9.5 Budd B 4 3945 2044 916 246 163 145 -
Inlet
1 West Pier +13.5 Budd B 4 5258 3800 2607 802 221 95 -
Inlet
6 West Pier +17.5 Budd B 4 476 75 69 71 87 76 4.33
Inlet
3 West +10.2 Budd B 4 4617 2421 1540 924 418 166 -
Abutment Inlet
4 West +12.0 Budd B 4 4815 2813 1947 1753 704 422 1.76
Abutment Inlet
5 West +15.8 Budd B 4 597 103 55 54 59 59 1.76
Abutment Inlet
7,8,9 Beam +22.0 Budd A 2.5 186 49 47 - - - N/A
Inlet
10, 11, Deck +24.0 Budd A 13 70 34 46 - - - N/A
12 Inlet
13, 14, East Wing +23.5 Capitol B - 146 106 111 - - - 0.89
15 Wall Lake
16,17, West Wing +16.5 Capitol B - 861 320 167 - - - 0.44
18 Wall Lake

2.3. Mechanical & Electrical

This section summarizes the observations provided in the Fifth Avenue Dam Capitol Lake Tide Gates
Machinery and Controls Assessment report by Fives Lund LLC. The spillway machinery and electrical
components continue to function in the marine environment; however, areas of advancing corrosion and
wear were observed. No critical areas of concern were noted but the system is showing its age. Both gates
were raised and lowered through a full cycle during the site visit. The system was relatively quiet and
appeared to run smoothly; no unexpected or loud noises were evident. All limits functioned as expected
(normal stop and backup stop). The following summarizes the notable observations of the machinery and
electrical components.

The recently replaced spillway stainless steel ropes appear to be in very good condition. The fishway
plastic-coated wire rope appears compromised at the waterline with evidence of corrosion. The rope drums,
drum shafts, and couplings have surface corrosion where the protective coating has failed. One of the west
gate drums has a broken flange, although this does not appear to significantly affect gate operation.

The gears for both gates appear to be in fair condition with general wear and isolated instances of excessive
wear or damage. The pinion gear has one gear tooth exhibiting a loss of approximately one quarter of the
tooth.
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The dam operators reported that some of the grease ports are bent, all are difficult to access, and appear to
be blocked because it is difficult or not possible to get grease to flow to the trunnion bearings. Dam
operators also noted the gate had opened beyond the limit switch and crushed the timber gate cushion. The
limit switch appeared to be functioning properly during the site investigation.

The distribution panel and motor control center occupy a free-standing multi-compartment two section
enclosure. Overall the enclosure appears to be in acceptable condition. Surface corrosion is persisting and
approaching moderate levels. The enclosed components appear to be in good operating order.

The standby hydraulic cylinders are in poor condition and should be overhauled or replaced soon.

Below the fishway gearbox is a coupling and shaft that extend to an exposed worm gear drive that engages
the drum shaft. The coupling beneath the final gearbox is exposed with features that could snag clothing. The
flexible elastomeric element of this coupling appears degraded and in need of replacement.

The operational status of the siphon system is unknown; there is no way to physically verify whether the
water was siphoning because piping is submerged. DES reported that a recent underwater investigation
found that the intake of the 12-inch-diameter siphon pipe was buried in mud and possibly preventing the
system from functioning. The reverse flow preventer that serves the siphon pump is leaking water onto the
floor and appears to have been doing so for some time as witnessed by the rust stains. This is creating
excessive humidity inside of the structure and accelerating the corrosion in the environment. This will have
an adverse effect on electrical contacts and equipment and should be remedied.

2.4. Safety

Safety features include the components that allow safe access for the DES maintenance crew and protect the
public; only components with notable observations are discussed below.

Two ladders are present on the dam. One ladder provides access from the elevated platform to the catwalk.
The other ladder is accessed through the steel grating panels and provides access to the west radial gate
bearing in the west spillway channel. The catwalk ladder has a few safety deficiencies:

e The elevated platform opening is an 18-inch-square opening which is less than the OSHA-required
24-inch-square opening.

e The rungs are smooth steel and an anti-slip surface is recommended.

e The ladder rails do not extend above the elevated platform’s deck surface.

The ladder extending from the grated decking into the west spillway channel is broken due to impact from
the radial gate and is not safe to use.

The fiberglass catwalk railing exhibits broken or missing rails at three locations. Chain-link fencing is present
along the wingwalls and along the walkway. Damage was observed in three locations in the vicinity of the
concrete ramp.

OSHA and the International Building Code (IBC) state railing shall be provided at all locations where the
vertical difference between surfaces is more than 30 inches. Two locations in the vicinity of the dam are not
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compliant with this standard. The elevated platform of the control house has a vertical drop of 42-1/2 inches
from the platform to the sidewalk and no railing is present. Also, there is a gap in the fence near the
northwest wingwall and there is no railing in that gap.

A broken fall-protection anchor point was observed on the control room roof.
2.5. Geotechnical

This section summarizes the observations and findings provided in the Geotechnical Engineering Report;
Capitol Lake Dam Preservation Assessment report by Terracon Consultants, Inc.

Surface Observations

Most of the top of the dam is paved for 5t Avenue SW, Deschutes Parkway SW, and the sidewalks. Surface
cracking, ruts, and holes were not apparent along the crest of the dam. Vegetation along the top of the dam
consisted primarily of lawn. Minor erosion was observed on the upstream slope near the dam crest,
particularly where paths down to the lake were observed on the west side of the spillway structure. Below
the high-tide line, the rip rap appeared to be in good condition. There were no signs of distress from seepage
or erosion at the downstream area below the dam.

Subsurface Profile

Based on existing subsurface information and the results of the borings, subsurface conditions on the project
site can be generalized as described in

Table 3: Subsurface Profile (Terracon, 2016)

Approximate
Depth to Bottom

Stratum  of Stratum (feet) Material Description Consistency / Density
112 27 to 35 Embankment Fill Medium dense becoming loose
sandy GRAVEL with silt below about 10 feet below ground
surface
23 55 Estuarine Deposits Soft to Medium
SILT, SAND, and SHELLS — Stiff / Loose

embankment fill gravels may have
mixed with silt at contact
34 20 to 400 Vashon recessional sand and minor Stiff to Hard
silt
1. Construction records were not available. Based on construction methods typical to the time of
construction, it is assumed that fill was placed without moisture and density control. This material is
typically variable in composition, consistency, density, moisture, and depth. It was difficult to discern
the depth of the contact between native soil and embankment fill due to poor recovery in the
samplers.
2. Boring B-1 was terminated in this unit due to borehole caving.
Boring B-2 was terminated at this depth in heaving sands.
4. Depth to bottom of stratum is inferred from the geologic map.
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Groundwater

Groundwater was observed in boring B-2 at about 12.5 feet below ground surface. Groundwater levels can
be expected to vary seasonally and from year to year depending on precipitation, site utilization, and other
on- and off-site factors. Groundwater levels will also fluctuate with tide and lake water levels.

2.6. Topographic Survey

The elevations used in the original design reference the City of Olympia datum. Table 4 shows the datum
conversions relative to MLLW between the City of Olympia, North American Vertical Datum of 1988
(NAVD 88), MLLW, and National Geodetic Vertical Datum of 1929 (NGVD 29) vertical datums.

Table 4: Datum Conversions

City of Olympia? NAVD 882 MLLW NGVD 293
(feet) (feet) (feet) (feet)
17.97 4.03 0.00 8.35

1. Per KCM, 1980

2. Per the National Oceanic and Atmospheric Administration (NOAA)
Tides and Currents website.

3. Per NOAA using Mean Sea Level (MSL) as an approximation for
NGVD 29.

The historical elevation data available for comparing the survey is limited. The only elevations available in the
references provided by DES are the elevations of various spillway components shown on the 1995 record
drawings prepared by ABAM Engineers. Table 5 shows a comparison of the PGS survey to the available
historical elevations. Note that the source and accuracy of the historical elevations is unknown; therefore, a
difference in the component elevations does not necessarily imply dam movement.

Table 5: Survey Elevation Comparison (PGS, 2016)
1995 Elevation
(feet City of 2016 Elevation Difference

Description Olympia) (feet NAVD 88) (feet) A (feet)
Top of Concrete Spillway -27.0 -13.5 13.5 0.4
Centerline of 5" Ave +6.6 +/- +20.4 13.8 0.1
Top of Concrete Pad +11.0 +24.2 13.2 0.7
Top of Control House +21.0 +34.4 13.3 0.6
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3. Engineering Evaluation

3.1. Structural

An overall Condition Assessment Rating (CAR) was assigned to the dam as well as to each of the individual
components including: abutments, wingwalls, pier walls, spillway components, riprap and rock armoring,
girders and deck soffits, radial gates, the walkway, and other appurtenances. The CARs are based on the
findings of the field observations. The condition assessment scale includes the following six categories: Good,
Satisfactory, Fair, Poor, Serious, and Critical. Descriptions of the six CARs per ASCE 130 are provided in

Table 6.

Overall, the dam is rated as “Fair”. All primary structural elements are sound, but minor to moderate defects
and deterioration are observed. Localized areas of moderate deterioration are present but do not
significantly reduce the structural capacity. Repairs are recommended but the priority of the recommended
repairs are low unless noted otherwise.

Table 7 summarizes the CARs for the facility based on component type.

Table 6: Condition Assessment Rating Descriptions (ASCE, 1995)
Description

CAR Rating

No visible defects or only minor defects noted. Structural elements may show very
minor deterioration, but no overstressing observed.

No Repairs are required.

Limited minor to moderate defects or deterioration observed, but no overstressing
observed.

No repairs are required.

All primary structural elements are sound; but minor to moderate defects or
deterioration observed. Localized areas of moderate to advanced deterioration may
be present but do not significantly reduce the load bearing capacity of the structure.

"Fair"

Repairs are recommended, but the priority of the recommended repairs is low.

Advanced deterioration or overstressing observed on widespread portions of the
"Poor" structure, but does not significantly reduce the load bearing capacity of the structure.

Repairs may need to be carried out with moderate urgency.

Advanced deterioration, overstressing or breakage may have significantly affected the
load bearing capacity of primary structural components. Local failures are possible,
and loading restrictions may be necessary.

"Serious"

Repairs may need to be carried out on a high-priority basis with urgency.

Very advanced deterioration, overstressing, or breakage has resulted in localized
failure(s) of primary structural components. More widespread failures are possible or
likely to occur, and load restrictions should be implemented as necessary.

Repairs may need to be carried out on a very high priority basis with strong urgency.
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Table 7: Capitol Lake Dam Facility CAR Summary
Condition Assessment

Component Type Rating (CAR)
Abutments, Wingwalls, and Pier Walls Fair
Spillway Components Fair
Riprap and Rock Armoring Good
Girders and Deck Soffits Fair
Radial Gates
Walkway Poor
Other Appurtenances Fair
OVERALL Fair

The majority of the dam is in fair condition or better. The cracking observed on the abutments, wingwalls,
decking, and girders is minor and can be reasonably expected of a loaded concrete member over 65 years
old. Nearly all concrete structures undergo some cracking due to shrinkage and flexure and typically the
cracks are small and not a cause for concern. Efflorescence is visible in patches along the sides of the
abutment and wingwall elements and nearly all the dam’s exposed soffits. The presence of the efflorescence
is indicative of water seepage through the concrete, which is normal and warrants no concern.

The open corrosion spall on the east downstream wingwall was likely initiated by impact from a boat or other
object. Since corrosion of the exposed steel has initiated, the spall will continue to grow unless repaired.

The corrosion cracks on the fishway cross-beam soffits will eventually lead to open corrosion spalls if not
repaired. These beams are more susceptible to deterioration from corrosion than the other beams and
girders due to being located in the splash zone. Although these beams support fishway gate components that
were abandoned in place and no longer used, they are not structurally obsolete and they should be repaired.

The steel grating on the deck surface does not have a positive connection to the concrete deck. Although the
individual sections of grating are relatively heavy and unlikely to be displaced, this area is accessible to the
public, therefore, we suggest installing a positive connection to prevent tampering or unsafe conditions.

The timber platform above the east downstream wingwall will continue to deteriorate unless measures are
taken to remedy the issue. The timber post bases are rotting and the rate of deterioration will increase now
that the protective treatment is compromised. The undermined foundation was likely caused by wind-waves
coming from the north at high tide. Riprap should be placed on the slope to prevent additional erosion.
Repairing the timber posts and protecting the foundation should be completed with moderate urgency.

The seals on the radial gates are in poor condition. Flow through the damaged seals does not yet significantly
affect the dam’s performance. However, the leaks in the seals compromise the integrity of the surrounding
(and still intact) seals by initiating small currents, or flows of water through the openings. The localized points
of pressure caused by the ongoing currents make the surrounding seals more susceptible to failure by being
torn or becoming separated altogether from the gates near the openings.
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The general conditions observed during the inspection are relatively consistent with the conditions reported
in the M&N 2008 report. The condition of the wingwalls, abutments, pier walls, ogee crest, and bottom slab
have generally remained unchanged. Hairline cracking and efflorescence has remained similar to that
observed during the previous inspection. Some spalls on the bottom slab previously noted may have been
obscured by accumulated sediment and were not observed, but they are not considered to have an adverse
impact on the overall structural condition.

The steel coating loss is more widespread; however, the corrosion of radial gate components has not
significantly increased since the previous inspection. Leaks in the radial arm seals are still present and do not
appear to have increased in size.

Rock armoring appears to have remained in place and in the same general condition as previously noted.

3.2. Durability

The durability assessment considers the field observations, laboratory findings, and results from M&N’s 2008
assessment. This evaluation is focused on the corrosion of the reinforcing steel due to chloride ions
penetrating the concrete.

The concrete transport properties tested in 2008 indicate a good quality concrete with low permeability for
both classes of concrete (M&N, 2008); meaning the concrete will have a slow rate of chloride ion infiltration.
This agrees with the limited number of corrosion-related defects observed during the visual investigation
given the age of the structure.

The splash zone is commonly one of the more severe areas of steel corrosion due to the presence of oxygen,
moisture, and chlorides. Corrosion of the reinforcing steel is generally minimal below MLLW where
components are continuously submerged or embedded in subsoil due to the reduced oxygen levels. Figure 6
illustrates the elevation ranges commonly found to exhibit corrosion. The figure shows the elevation range
with the greatest probability of corrosion is in the splash zone above high tide.

Corrosion of reinforcing steel typically occurs when concrete becomes significantly contaminated with
chloride ions. If a chloride concentration of 0.05 percent (500 ppm) by weight of concrete or greater is
measured at the level of the reinforcement, it is reasonable to assume that corrosion of the reinforcing steel
has initiated or will initiate in the near future. The 0.05 percent threshold is a general rule of thumb,
indicating a significant level of chloride contamination in the concrete matrix (ASCE, 2015). When the
threshold is exceeded, a concrete structure typically exhibits corrosion spalls that are induced by corroded
reinforcing steel. Chloride-induced spalling may not be evident for four or ten years from the time the
chloride ion concentration reaches the critical point in the concrete.

Samples 1, 3, and 4 were found to have chloride concentrations greater than 500 ppm at or near the depth of
reinforcing steel. The elevation range of these samples is between +10 and +13.5 feet MLLW. These
elevations are near mean high tide and in the splash zone which correlate to elevations within the highly
corrosive environment.
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Figure 6: Relative Loss in Metal Thickness at Elevation Ranges

The half-cell potential findings also indicate there is high potential for corrosion within the upper tidal zone
and splash zone. There is greater than 90 percent probability there is corrosion activity within these areas.

Areas above the splash zone have less potential for corrosion and the estimated corrosion activity is within
the range that is either less than 10 percent probability or the probability is uncertain.

Higher levels of chloride concentrations at the reinforcement were found in the Class B concrete even though
the concrete cover was consistently greater than the Class A concrete. This is likely because the Class A
concrete components are in the upper reaches of the splash zone or the atmospheric zone where the
chloride exposure is less than that of the Class B components.

The minor rust spots observed on the reinforcing steel extracted with the concrete samples is to be expected
given the chloride content typically found at the reinforcement depth. However, the samples containing the
reinforcing steel, Samples 2 and 6, had relatively low chloride concentrations at the level of the
reinforcement; therefore, the rust spots may have occurred post-extraction during transport to the
laboratory.
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The chloride concentrations found in 2008 were converted from ppm weight of cement to ppm weight of
concrete to compare the two results. The 2008 findings indicated the chloride concentration was above the
threshold at the abutments and pier walls — which agrees with these findings. The comparison also indicates
the chloride content at the reinforcement level has increased since 2008.

Even though corrosion may have initiated, the corrosion rate may be low. Therefore, it may take longer than
the typical four to ten years for crack propagation and spalling to occur due to the low corrosion rates
exhibited in this structure as a result of the use of high-quality, low-permeability concrete, adequate depth of
cover for the reinforcing bars, and the size of the reinforcing bars.

3.3. Mechanical and Electrical

This section summarizes the recommendations provided in the Fifth Avenue Dam Capitol Lake Tide Gates
Machinery and Controls Assessment report by Fives Lund LLC. The tide gate machinery is generally in fair to
poor condition due to the advanced age of the components and potential overloads that have occurred over
the years. The replacement of aging machinery should be expected to maintain operations. Proper
maintenance, testing, and inspections of the gate machinery will prolong the service life of the machinery.

A special assessment by a biologist is recommended for Capitol Lake to determine if the siphon system is still
necessary. Assessing the need for the siphon system will justify whether to repair the siphon system. If it is
determined the siphon system is still needed, a thoroughly inspection of the system is recommended to
determine the required repairs.

Areas where dissimilar metals are in contact should be monitored during maintenance, testing, and
inspections to look for evidence of electrochemical degradation. During electrochemical degradation, the less
noble metal acts as the anode in a galvanic cell and will corrode. Dissimilar metals can unintentionally be in
contact where coatings have failed. For example, the gate lifting ropes were recently replaced with stainless
steel ropes that are wound onto a painted steel drum. The dissimilar metals are in contact where the drum
paint has failed. The steel drum is less noble than stainless steel rope and may lead to corrosion and section
loss of the drum.

The electrical distribution equipment is in fair condition; although it has exceeded its normal life expectancy.
With proper maintenance and continued operation, the electrical equipment may continue to operate for an
undetermined amount of time. The age and level of degradation of all equipment leads to a higher than
normal probability of malfunction.

If the electrical system continues to be exposed to the humidity created from the leaking siphon control
system, it will accelerate the deterioration of the electrical system. In general, equipment should be
protected from high humidity; covers with holes or that enable moisture to enter the control room should be
restored or replaced. Restoring or replacing individual electrical components for equipment of this age may
be difficult due to the minimal availability of parts.

If a full redesign of the electrical equipment is considered at any point, DES should be aware of current
regulatory design codes, such as the National Fire Protection Agency. The existing control room floor plan
may not meet these standards and could require significant improvements to meet current codes.
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3.4. Geotechnical

This section summarizes the recommendations provided in the Geotechnical Engineering Report; Capitol Lake
Dam Preservation Assessment report by Terracon Consultants, Inc. The geotechnical assessment evaluated
the dam for stability in the static condition and during a seismic event. The earthquakes from 1949, 1965,
and 2001 provided valuable comparisons for how the dam would respond to a seismic event. The modeling
results indicate that the dam is stable in the static condition. The calculated factor of safety is approximately
1.3 assuming the water level on the Budd Inlet side of the dam is at MSL. This modeling is consistent with the
dam history and visual observations of the dam condition during the site reconnaissance, which did not
disclose areas of noticeable dam embankment distress. The most critical static case occurs at an extreme low
tide at the downstream toe of the dam. The calculated factor of safety is approximately 1.1 for this case
based on interpreting the borings logged in 1948 which show loose to very loose, saturated, silt with variable
sand content at the contact between the dam fill and former estuary bottom. It should be noted that if the
loose surficial soil at the previous mudline were removed or displaced during original construction of the
dam, better soil than assumed in the analyses could be present near the contact of the dam embankment
and the mudline. However, the lack of construction records related to the dam construction does not allow
alternate interpretations of the ground conditions present at the contact between the dam embankment and
the previous mudline.

The evaluation of a seismic event found that the embankment foundation soils are susceptible to liquefaction
which could have significant impact