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Site Location and Background

Based on documents from King County Assessor Records and aerial photographs dated 1936, the
Thornton Creek culvert is believed to have been constructed in early 1930s. It is located on NE 93rd
Street approximately 150-feet east of SandPoint Way NE and adjacent to Matthews Beach Park,
approximately 1000-feet upstream of the confluence with Lake Washington. Seattle Public Utilities (SPU)
has requested that Osborn Consulting, Inc. (OCl), along with structural engineer, CivilTech Engineering
(CTE), investigate the existing culvert condition and identify structural repair alternatives. Previous
studies looked at comprehensive solutions, whereas this assessment focused strictly on alternatives to
protect public safety and health and potential repair options of the existing culvert structure. This
memorandum summarizes the investigation process and the alternatives that were considered and
developed.

Hydrology

Hydrology and hydraulics information was obtained from Conceptual Design for NE 93" Street Culvert
Replacement” prepared for Seattle Public Utilities by Pace Engineers, Inc. and Icicle Creek Engineers on
December 31, 2010. The culvert is classified as having a Level of Service (LOS) of 25 years. Flows and
return periods identified in the report include:

e 50-year flow in Thornton Creek is 395 cfs ( December 3, 2007 storm)
e 100-year flow in Thornton Creek 420 cfs
e  Existing culvert at or under capacity during December 11, 2010 storm (10 to 25 year flood event)

Assessment Approach and Results
The condition of the culvert was assessed using the Roads and Traffic Authority (RTA) Culvert Risk
Assessment Guideline v3.02 as requested by SPU staff. The RTA guidelines include a four step process:

Identify Hazards (Site Visit Findings)
Estimate likelihood of failure
Estimate consequence of failure
Derive Assessed Risk Level (ARL)

HwnN e

By completing these steps the existing culvert deficiencies were identified and documented as
summarized in the following sections.

Hazard Identification
On May 22, 2012, Tarelle Osborn (OCl), Dustin Ong (CTE), Mike Helminger (CTE) and Wan-Yee Kuo(SPU)
performed a site inspection. The following was completed as part of the assessment:

! Flood Insurance Study for Thornton Creek and its Tributaries; Lake Washington to Interstate 5, Northwest
Hydraulic Consultants, 5" July 2005
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1. Information such as type, location, design data, and details was collected through the Culvert

Inventory Collection process.

A Risk Assessment check list was completed (see Appendix A for Risk Assessment Checklist).

3. Relevant photographs and images were collected (see Appendix B for Photograph Log).

The following are the key observations and hazards identified at each area of the culvert. Please refer to

Appendix C for a copy of the full memo on discussion of findings.

e Concrete Wingwall (running east-west)

O Has a 3-degree outward lean
0 Soil loss at western end (16-inch gap between existing soil and cast-in-place edge)
0 Crack up to 1 inch at transition between wingwall and culvert, extends first horizontally
then vertically. Using photographs taken in 2007, crack location and size remained
unchanged
0 Overall structure of wingwall appears satisfactory, aside from cracks at transition
o Inlet
0 Footing at inlet wall shows signs of undermining
0 Bothinlet walls exhibit a lean to the east up to 15 degrees
e Barrel
O Barrelis a 3-sided box
0 Stream bottom extends below bottom of footings
0 Footings are approximately 2-feet deep
0 Footing at downstream end (last 5-feet) has been lost below east culvert wall
e OQutlet Wall
0 Exhibit lean to east up to 15 degrees
0 Footings at outlet wall show signs of undermining
0 Eastern wall shows signs of buckling and soil backfill loss
0 Eastern wall also shows signs of exposed rebar, minor concrete spalling and general

deterioration

e Bulkhead Walls

(0]

Downstream of the culvert, bulkhead walls include steel pipe struts to support walls at
approximately mid height

Structural damage and shifting of the culvert wall appears to be caused by undermining of footings

along the length of the culvert, and occur predominantly at the outlet and inlet locations on the eastern

side of the culvert. The primary structural concern is undermined footings. Please see Figures 1 and 2

for an illustration of the hydraulic forces and locations of undermining in plan and section view.

Below is a summary of the four hazards (structural collapse, slope instability, piping, and hydraulic flow)

and the associated rating factors for the culvert (likelihood, consequence, and risk).

NE 93" Culvert Condition Assessment
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Assessment Result

A brief introduction of factors and calculation method used in RTA Culvert Risk Assessment Guideline

and the Risk Analysis form (Table 1) on NE 93" Culvert is shown below. Please refer to RTA Culvert Risk

Assessment Guideline v3.02 for details and explanation on calculation methods and variable definitions.
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Table 1: RTA Risk Analysis of NE 93" Culvert
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e Likelihood of Failure SC-1 (Structural Collapse) = Likelihood of collapse of culvert barrel x
Likelihood of void or settlement at road surface

e Likelihood of Failure SI-1 (Slope Instability-Afflux) = Likelihood of storm event exceeding capacity
or Likelihood of culvert blockage or insufficient hydraulics capacity x Likelihood of void or
settlement at road surface

e Likelihood of Failure SI-2 (Slope Instability-leakage out of barrel) = Likelihood of leakage out of
culvert x Likelihood of embankment slope instability

e Likelihood of Failure SI-3 (Slope Instability-headwall collapse) = Likelihood of headwall collapse x
Likelihood of pavement collapse given headwall collapse

o Llikelihood of Failure SI-4 (Slope Instability-undermining at inlet or outlet) = Likelihood of
excessive erosion at outlet or inlet x Likelihood of road or culvert collapse

o likelihood of Failure PI-1 (Piping-into culvert) = Likelihood of erosion into culvert x Likelihood of
void or settlement at road surface

e Likelihood of Failure PI-2 (Piping-outside of culvert due to afflux) = Likelihood of erosion storm
event exceeding capacity or Likelihood of culvert blockage or insufficient hydraulic capacity x
Likelihood of piping failure of road embankment

e Likelihood of Failure PI-3 (Piping-outside of culvert due to leakage out of culvert) = Likelihood of
barrel defects causing piping x Likelihood of road or void collapse

e Likelihood of Failure HF-1 (Hydraulic Flow-erosion by overtopping flows) = Likelihood storm
event exceeding capacity or Likelihood of overtopping of road embankment x Likelihood of
overtopping causing excessive erosion

e Llikelihood of Failure HF-2 (Hydraulic Flow-cross catchment flooding) = Likelihood storm event
exceeding capacity or Likelihood of culvert blockage or insufficient hydraulic capacity x
Likelihood of cross catchment flooding

e Vulnerability (V) estimate = probability of event causing death, assuming person is within zone
of influence of the failure or that a vehicle impacts the debris or is lost into a void caused by the
failure

e Temporal Probability (T) estimate = probability that a given failure mechanism interacts with an
element at risk

e Consequence (C) class for Risk of Life = derivation from temporal probability and vulnerability
rating, using matrix on page 69 of RTA Culvert Risk Assessment Guideline v3.02

e Consequence (C) class for Risk to Property = consequence with respect to property damage and
other consequential effects of failure as assessed in page 70 of RTA Culvert Risk Assessment
Guideline v3.02

NE 93" Culvert Condition Assessment
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Likelihood of Failure

Likelihood of failure, L, is the probability that a failure mechanism will occur. There are five L ratings,
ranging from L1 through L6. A rating of L1 is equivalent to an event that has a probability occurrence
above 0.5, while L6 has probability of less than 0.0005. Hence, a lower L corresponds to the possibility of
an event happening within a shorter period of time. Table 2 contains a detailed explanation of various
levels of Likelihood Ratings. Please see Appendix A and Table 1 for detailed documentation and
calculation of L-values. For NE 93™ culvert, the ratings assessed by the consultant team are as follows:

e Structural Collapse — likelihood rating of L2
e Slope Instability — likelihood rating of L2

e Piping— likelihood rating of L6

e Hydraulic Flow— likelihood rating of L3

Likelihood to L Rating Conversion

Likelihood L Rating | Description

Above 0.5 L1 The event may, or 1s expected to, oconr within a short penod under
average circumstances, or the mechanism 1s active at present
(depending on cireumstances the “short” penied could be from days to
no more than two to three years).

005 to =05 L2 The event may, or is expected to, oconr within a moderate peniod
(from a few years to no more than about 30 years) or within the
inspection period under slightly advesse circumstances.

0.005 to = 0.05 L3 The event could be expected to ocenr at some time over about a 100
vear period in the normal conrse of events but would only ocenr within
the ne=t inspection period under adverse cirenmstances.

0.0003 to <= 0.005 L4 The event would not be exzpected to ocour within about a 100 year
period under normal conditions and 15 unlikely to ocenr within the next
mspection peniod except under very adverse circumstances.

0.00005 to = 00005 | L5 The event would not be expected to oconr within about a 100 year
period and is unlikely to ocenr within the next inspection peried even
under very adverse cirenmstances.

=2 0.00005 Lo The event is unlikely to ocenr even under extreme circumstances.

Table 2: Likelihood Rating

NE 93" Culvert Condition Assessment
Technical Memorandum Page 7



Consequence of Failure

Consequence ratings for risk of life and property are used in combination with hazard likelihood to

determine risk ratings for each kind of hazard present at a culvert. A summary of Consequence Risk

Rating levels for risk to property is shown in Table 3. C ratings range from C1 to C5. This site has a rating

of consequence class C3 for property damage due to the possibility of moderate infrastructure or

property damage (including the access and possible damages to ten homes in the vicinity), with total

direct and indirect cost between $0.5 million and $2 million. For consequence for risk to life rating, the

site has a consequence class of C2, since it is in an urban setting and is the only access for Matthews

Beach Park and local residences. See Appendix A and Table 1 for detailed documentation and

calculation of C-values.

Consequence Risk for Property

Rating Descrption

Ezample

C1 Total closure of a Sub-Network
Rank 5 or 6 (SN3-6) road for an
extended peniod

Major infrastricture or property damage (other than road)

Very high dismuption cost (other than road users)
Very high repair cost
(Total direct and indirect costs = $10M)

C2 Total closure of one carriageway
of an (SMN5-6) road or total
closure of an (SMN3-4) road for an
extended period

Substantial infrastmicture or property damage
Large disruption costs

High repair cost

(Total direct and indirect costs = $2A[ < $10M0)

C3 Partial or total closure of an
(SIN34) road for a short periad,
longer peried if reasonable
alternatives are avalable

Moderate infrastrmicture or property damage
Moderate dismuption costs

Moderate repair cost

(Total direct and indirect costs - $0.5M < $2M)

C4 Partial or total closure of an
(SIN2) road for a short period

Minor infrastructure or property damage
Minor disruption costs
Low repair cost

(Total direct and indirect costs = $0.1M = $0.5M)

Cs Partial or total closure of an
(SIN1) road for a short period

MNegligible infrastmeture or property damage
Litile or no dismption costs
Very low — no repair cost

(Total direct and indirect costz < S0.1M)

Table 3: Consequence for Risk to Property Rating

NE 93 Culvert Condition Assessment
Technical Memorandum
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Assessed Risk Level

The Assessed Risk Level (ARL) of the culvert is determined by: a combination of consequence risk of life
rating and consequence for risk to property; and their interaction with likelihood rating. Essentially, ARL
is the combination of the various probabilities. Structures are ranked from ARL1 to ARLS5. A higher ARL
implies a higher probability of failure occurrence and greater associated damages and life losses. See
Table 4 for a matrix on how L and C are used to determine ARL. A full checklist with associated ratings
can be found in Appendix A and Table 1. For NE 93" culvert, the ARL is as follows:

e Structural Collapse — ARL1
e Slope Instability — ARL1

e Piping—ARLS5

e Hydraulic Flow — ARL2

Assessed Risk Level Matrix
Consequence Class
Likelihood C1 C2 C3 C4 Cs
L1 ARLI ARLI ARL1 ARL2 ARL3
L2 ARLI ARLI ARL2 ARL3 ARL4
L3 ARLI ARL2 ARL3 ARL4 ARLS
L4 ARL2 ARL3 ARL4 ARL3 ARLS
Ls ARL3 ARL4 ARLS ARL3 ARL5
Lo ARL4 ARL3 ARLS ARL3 ARLS

Table 4: Assessed Risk Level Matrix

Since the worst ARL is ARL1, the culvert is assigned an overall ARL of 1. As a result of the ARL1
assessment rating, repair or replacement of the culvert should be considered; which confirms SPU's
current "High Priority" status of this culvert. Itis also recommended that culvert inspection should be
performed after every storm event greater than or equivalent to a 10-year event. In addition, annual
inspections after rainy season should be performed, unless structural modifications or other repair work
has been performed.

The primary failure risk is associated with the erosion below the footing, caused by high velocities
through the barrel of the culvert. This is an active condition that is worsened during high flows. Since
soil is continuously eroded or lost beneath the footing, it is difficult to determine or predict the exact
rate of loss without continuous monitoring and sediment transportation study. Structural instability
may occur if a significant amount of soil is lost during a large storm event.

NE 93" Culvert Condition Assessment
Technical Memorandum Page 9



Fish Passage & Permitting Considerations

Thornton Creek is a fish bearing stream and it is assumed that the current culvert configuration does not
meet Washington State Department of Fish and Wildlife (WDFW) criteria for culvert flow velocities and
potentially other criteria, such as maximum hydraulic drop height and minimum water depth. The
Washington Administrative Code (WAC) 220-110-070, states that the highest fish passage flow for
meeting applicable flow depth, velocity, and jump height criteria is defined as the flow that is not
exceeded more than 10 percent of the time during the months of adult fish migration.

The critical criterion for the 93rd culvert is the velocity. The WDFW maximum velocity criteria for a
culvert between 100 and 200 feet long ranges from 3.0 to 4.0 feet-per-second, depending on the
targeted fish species, and is even lower for juvenile passage criteria. Based on OCl's design experience
with other fish passage culverts, achieving velocity, jump height and minimum water depth at this
location would require replacement of the culvert with a bridge structure or installing a high flow bypass
to reduce the amount of flow through the culvert.

The intent of this current assessment and memo is to identify potential repair options not replacement
or bypass options. Therefore, fish passage improvements or accommodations are not included in the
repair options listed below. SPU should consult with permitting specialist to understand current laws
and regulations related to culvert projects on fish bearing streams.

Summary of Repair Options

Based on CTE’s observation, structural repairs may be possible to extend the life of the culvert. Three
structural repair options, intended to extend the life of the culvert, are outlined below. In each option,
the main function is to stabilize the footing from any additional settling and provide support to the
culvert walls to prevent further shifting. For a detailed discussion on each of the structural repair
options, along with the pros and cons of each option, please refer to Appendix D for full memo from
CTE, and Appendix E for sketches on repair options. A Hydraulic Project Application (HPA) from
Washington State Department of Fish and Wildlife (WDFW) is required for all projects that require in-
water work.

Since the undermined footing is the main concern, all three options involve strengthening of footing
support. Repair Option 1 proposes use of steel struts between sidewalls. Repair Option 2 proposes use
of steel H-piles to serve as a footing replacement. In Repair Option 3, a deadman system is proposed. All
three repair options have an expected repair life of ten to twenty years, assuming repairs are performed
as intended.

Immediate Repairs

Understanding that SPU would like to reduce the risk of culvert failure as soon as possible, the first
repair options considered were those that could be implemented quickly (2012 construction season)
and would not require significant permitting. Since loss of the footing support material is the primary
concern, an effective, immediate repair is not possible as in-water work, and consequently permitting, is
required. Effective stopgap measures to prevent additional erosion are not apparent at this time.

NE 93" Culvert Condition Assessment
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Installing steel struts across the culvert only (portion of Repair Option 1 described below) may result in a
more stable structure, but will not remedy the primary concern of erosion.

Repair Option 1: Steel Struts

Description:

With a diversion or bypass of Thornton Creek in place (for in-water work), WDFW approved material
would be added under and adjacent to the existing footing in undermined areas (see Figure 3). Steel
struts would be field cut for snug-tight fit between side walls, welded to steel plates, and bolted to walls.
Since placement of struts is optimized for structural purposes, raising struts to lessen impact on
maintenance and blockage concerns is not feasible. Wingwall stabilization would also be included with
this option using soil nails.

Considerations:

This option is reliable, can be performed fairly quickly, and allows for ease of inspection after
construction, while minimizing the unknowns. However, it is costly to divert the creek, and will require
in-water work to repair the footing. Also, struts may require extensive maitenance and removal of
debris as they will be in the watercourse at medium to high water levels. This option includes placement
of fill below the ordinary high water and would require a permit from Army Corp of Engineers and
Washington Department of Fish and Wildlife (WDFW). However, this should be investigated by the SPU
Environmental process and discussed with permitting experts.

Constructability:

This option, excluding time to establish the bypass system, will take approximately a week for
construction, assuming the materials are on site and a concrete pump truck is available. Roads will be
able to remain open for the duration of construction. Maintenance of traffic will be required, and traffic
across the culvert would likely be limited to local access only. Construction hours are estimated to be
between 7a.m. to 7 p.m. on weekdays and 9 a.m. to 7 p.m. on weekends.

Cost Estimate:

The cost of construction for Option 1 is approximated to be $135,000. This includes a fifteen percent
mobilization cost, and a forty percent contingency fee. An engineer’s conceptual level construction cost
estimate is included below. Please also see Appendix F for a more detailed conceptual cost estimate.

NE 93" Culvert Condition Assessment
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Repair Option 1 Engineer’s Conceptual Construction Cost Estimate
Item Unit Unit Cost Quantity Cost
Mobilization (15%) LS $9,000 1 $9,000
Stream Bypass LS $20,000 1 $20,000
Galvanized Steel Pipe Strut EA $ 2,600 4 $10,400
Concrete/WDFW approved material LS $8,900 1 $8,900
Wingwall Stabilization EA $4,000 4 $16,000
Concrete Crack Sealing LS $2,000 1 $2,000
Total $66,300
Contingency (40%) $26,520
Sub-Total $92,820
Survey, Permitting, Design and Engineering (45%) $41,8769
Total Project Cost (rounded) $135,000

NE 93 Culvert Condition Assessment
Technical Memorandum
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Repair Option 2: Steel H-Piles

Description:

Steel H-pile soldier piles would be installed on the east side of the east culvert wall. Shafts would be
drilled for the upper portion of the pile to allow installation of thru-bolts which would pass through the
concrete side wall of the culvert. The shaft would then be backfilled with concrete and the H-pile would
serve as a footing replacement. The new footing would prevent further settlement and walls from
shifting inwards along the east side of the culvert. Wingwall stabilization would also be included with
this option, using soil nails to prevent further deterioration. See Figure 4 for a detail sketch of this
option.

Considerations:

While it may be possible to avoid in-water work for this option, an in-water work permit may still be
required. This needs to be evaluated via the Environmental process. Also, piles will be driven near fish-
bearing stream, which can require special permitting for noise/vibration disturbance of endangered fish
species. This option will be difficult to inspect after completion. Installing H-piles on both east and west
sides of the culvert was considered. It was determined this would provide little additional benefit at
significant additional costs.

Constructability:

In this option, the construction time will be approximately two weeks, with additional time required to
repair the road. Traffic control will be required with a detour needed during construction hours.
However, the road can be opened to local traffic during non-construction hours. Re-routing of traffic
may be possible. The City of Seattle will need to coordinate with all appropriate agencies to determine
alternative access options (see Figure 5). Construction hours are estimated to be between 7 a.m. to 7
p.m. on weekdays and 9 a.m. to 7 p.m. on weekends. This repair option will be relatively labor intensive
compared to Repair Option 1. The cost of construction for Option 2 is approximated to be $279,000. This
includes a fifteen percent mobilization cost, and a forty percent contingency fee. An engineer’s
conceptual level construction cost estimate is included below. Please also see Appendix F for a more
detailed conceptual cost estimate.

NE 93" Culvert Condition Assessment
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Repair Option 2 Engineer’s Conceptual Construction Cost Estimate

Item Unit Unit Cost Quantity Cost
Mobilization (30%) LS $ 30,000 1 $30,000
Steel H-Pile EA $7,000 5 $35,000
Thru-bolt Anchors EA $8,100 5 $40,500

Excavation for Thru-bolt

Anchors LS $10,000 1 $10,000
Roadway Repair LS $4,000 1 $4,000
Wingwall Stabilization EA $4,000 4 $16,000
Concrete Crack Sealing LS $2,000 1 $2,000
Total $137,500
Contingency (40%) $55,000
Sub-Total $192,500
Survey, Permitting, Design and Engineering (45%) $86,625
Total Project Cost (rounded) $279,000

NE 93 Culvert Condition Assessment

Technical Memorandum

Page 15



r

REPAIR OPTIiON#: 2

TINSTALL U-FILE £ AMCHOR TO CULERT

~ IMETALL ANMCHOES oR WitlG warL

emer H-PILE

tf_l,.'.q,-

4
_*
_'_'H.-r""“l-n,._-_,.,.l o

q1

=
And
IR
T

Figure 4. — Repair Option 2

TR

NE 93" Culvert Condition Assessment
Technical Memorandum

Page 16



3

3N Aep juiod

N @AY WEt

King County |—»<e—

Seattle Parks and Recreation

Technical Memorandum

tamorphec _ ME a5 St
Mas=ange / \
o
E = q"?‘"‘
= e = /
/ ‘
Sewage Matthews
Plant Beach Park
<«
B
e 4820 Lo F
s NE Ejr@ % NE 93rd St
E =
= B4
I:'J é(.' f&*’z- un
4 -4 _u:
S < 1 « w
(v a] ] % =
5 | [* 2 mz-:
= & -0
O =} m
= ?‘,_,;, :
F
?L‘L
™ &
*‘\
Q ¥ i
E _a" ba .u',.
< y .
z ﬁ"_ £
o oo
N . o
o o
P Z
5 R
| i — | Possible Traffic Re-route
:f E] i N,
= L £ S0, o,
Figure 5. — Possible Traffic Re-route for Option 2 and 3
NE 93 Culvert Condition Assessment
Page 17



Repair Option 3: Deadman System

Description:

With a diversion or bypass of Thornton Creek in place (for in-water work), excavation would occur on
the east side of the culvert wall to below the existing footing. The footing would be extended and a
deadman anchor installed at three locations along the culvert. Existing streambed gravel or WDFW
approved material would be used to fill in the excavated area within the channel. Wingwall stabilization
would also be implemented, using soil nails, to stabilize structure (see Figure 6). Preliminary estimate
indicates an approximate minimum setback distance of twenty feet for deadman system.

Considerations:

In-water work is required, and should be evaluated via the Environmental process. Similar to Option 2,
this option is labor intensive and difficult to inspect after completion. Additionally, substantial
excavation into the roadway prism and adjacent right-of-way is needed.

Constructability:

Similar to Option 2, this option will require approximately two weeks for construction. The road will be
able to remain open during non-construction hours. Maintenance of traffic will be required, with access
limited to local access only. Construction hours are estimated to be between 7a.m. to 7 p.m. on
weekdays and 9 a.m. to 7 p.m. on weekends.

Cost Estimate:

The cost of construction for Option 3 is approximated to be $267,000. This includes a fifteen percent
mobilization cost, and a forty percent contingency fee. An engineer’s conceptual level construction cost
estimate is included below. Please also see Appendix F for a more detailed conceptual cost estimate.

NE 93" Culvert Condition Assessment
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Repair Option 3 Engineer’s Conceptual Construction Cost Estimate
Item Unit Unit Cost Quantity Cost
Mobilization (30%) LS $ 26,000 1 $26,000
Stream Bypass LS $20,000 1 $20,000
Excavation LS $25,000 1 $25,000
Concrete/WDFW approv?d LS 48,900 1 48,900
material
Deadman EA $9,200 3 $27,600
Roadway Repair LS $6,000 1 $6,000
Wingwall Stabilization EA $4,000 4 $16,000
Concrete Crack Sealing LS $2,000 1 $2,000
Total $131,500
Contingency (40%) $52,600
Sub-Total $184,100
Survey, Permitting, Design and Engineering (45%) $82,845
Total Project Cost $267,000

NE 93 Culvert Condition Assessment
Technical Memorandum
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Figure 6. — Repair Option 3
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Table 4 provides a summary of the various advantages and disadvantages of each option, along with its associated

cost. Repair Option 1 has the lowest cost, while Repair Option 2 is most expensive.

Table 4: Options Comparison

Pros

Cons

Repair
Option 1
Steel Struts

e Quick and reliable

e Ease of inspection after repair
e Fewer unknown variables

o Takes approximately one week
o Allows road to remain open

Requires in-water work and permit
Struts maybe damaged by debris
Struts will be in the water course at high water levels

Costs

$135,000

Repair e Does not alter flow within culvert Pile driving near fish-bearing stream

Option 2 e Possibility of avoiding in-water work Labor intensive

Steel H-pile | e Allows road to remain open during Difficult to inspect after completion

non-construction hours Remote possible problems with concrete from drill shaft
escaping into creek
Maintenance of Traffic and re-routing required
Costs | $279,000

Repair e Does not alter flow within culvert Labor intensive

Option 3 e Allows road to remain open during Requires in-water work and permit

Deadman non-construction hours Difficult to inspect after completion

System Remote possible problems with concrete from drill shaft

escaping into creek
Substantial excavation, but occur entirely within Right-of-Way
Maintenance of Traffic and re-routing required

Costs

$267,000

NE 93 Culvert Condition Assessment
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Recommendation for Culvert Evaluation Approach and Standardization
The use of RTA Culvert Risk Assessment Guideline V3.02 encourages efficiency and uniformity on culvert
condition assessments. The procedure reflects conditional probabilities that characterize a chain of
events that occur for culvert failure, which can result in a risk to life and economic impact. This system
enables systematic identification and assessment of culvert risks, allowing for appropriate prioritization
of maintenance, repair and replacement. Also, it gives a consistent and accurate way of reporting and
documenting culvert risk. Such information collected will allow SPU to improve its database on existing
culverts, and allow for priority assessment of culvert repair and replacement.

While this is an excellent approach, it requires intensive training and documentation to ensure program
integrity. Personnel involved must understand the RTA culvert management process; learn how to
analyze inventory data, identify asset defects; and how to undertake risk assessments of culverts to
derive the Assessed Risk Level. At the same time, it will require additional time in documentation of
findings, and an increase in manpower. In addition, RTA analysis method is only for assessment. It does
not provide recommendations or action items for the various ARL ratings. Hence, further consideration
and discussion should be made before implementing RTA Culvert Assessment on SPU Level Il culvert
analysis.

OClI recommends that although the full RTA Culvert Risk Assessment Guideline is too complex, it can be
used as a baseline to develop a similar but simplified approach to be used and adopted by SPU on Level
[l culverts analysis. For example, a simpler yet similar documentation process that includes photographs
and notes can be used on field assessments. The various probabilities and risk levels can be utilized, but
shall be streamlined and tailored for SPU. The streamlined assessment approach shall also include
recommendations or actions for each category/rating. For example an ARL 1 rated culvert must be
inspected after a specified storm event, and annually after every wet season. In addition, all ARL 1
culverts shall receive priority in repairs and modifications.
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Appendix A

RTA Risk Assessment Checklist
(CivilTech Engineering)



A Identification and Location (from RAMS database) -
Culvert Number

Local Number

Culvert Comment

THEE

NTON 0)

Date

-5[?.7Z-IE‘TZ= /

Region
Code

Slope Number

Assessor No

CULVERT LoCATED OM NE QERD op By st 1) SANDBPOIMT WAL &
SW Coprer oOF HIRTIHELDS Berct WESEEN PAL.

_ AT Ave e, NeAR
ARG O, COLNERT Frowns peo

€9 Efg;% MW T ge, AL sS \iA NE QB3RP 87, 0Ve e Guseheall,
[ Latitude Longitude RoadNo | C'way | Link | Offsetalong | SegNo | SegOffset | Speed
(digits only) | Code link (km) (km) limit
Inlet | 47°ay'as,19"| 122 W36 W] QaP?
Outlet 1470 41" 44,44 0 [192° 131 "W | Q%Y
Off-road Latitude Off-road Longitude Left or Right of C'way Marked at roadside
Inlet O Left O Right OYes ONo
Outlet O Left O Right OYes O No
BlCulvertgeomatry- === T et e e : RS Shen Ao
lEdge line
o Inlet batter ’1’5:‘:_::_——\__1 y Outlet ——
slope .~ balter slope
De\fth otf 1 V ; . ﬂ1 Depth of
frﬁefra .+ Slope from cover at
headwall invert to edge line oullet
Embankment
-y
A\ 2
Inlet Culvert barrel Outlet
1 l:z il
Average grade of
barrel (1/Z x 100%)
Culvert Geometry Data (from RAMS database)
Culvert length | Depth of cover | Depth of cover Depih of Cover - Score
overall atinlet at outlet B1 ¢y
> 15m 20
metres mefres metres 10-15m 15
{ 5-10m 10
R AT 35m 5
<3m 0
No. of pipes or | Lengthofcell | Pipe diameter | Box/Cell width Archwidth | Batter Slope Score
boxes metres mm mm mm S 45° 20 B2 &
> 35° 15
| 1K 2134 >05° 10
< 25° 5
Culvert Geometry Data (to be measured in field)
Average grade Inlet Outlet Slope from Culvert flow control | Average Grade of Barrel
of barrel batter slope | batter slope inver]tl to > 95 20 B
% lin x liny edgeline
15-26° 15
] 60 ] Inlet control 105° 10
P " fj:‘ o _ o
2 13 | ©3% -l:] 45° - 80 ,Iﬁ Outlet control 5.10° 5
18,4° 10,47 | <45 <5° 0
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Notes:

1. Describe failure type and scale, mechanism if possible. Include any secondary failure mechanisms. Include any relevant fealures eg seepage, cracks,
blockage, scour, efc.

2. Include lhe location of any struclural fealures already in place, monitoring equipment, etc and the likely location of any proposed instrumentation/remedial
works

3. Include details and distances of nearby features, eg building, services, slopes, bodies of waler, etc. Include any decommissioned culverts or other such
structures

4. Detail where possible the type of geology observed on the road embankment and adjacent geology which may affect the road.
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D. Culvert barrel adverse conditions =

S THORRIEN O

Inspection from ends of culvert (non-entry)
Manned entry inspection

Method of inspection of Culvert Barrel

;

Video inspection

D.7 General condition (deterioration & cracking) General Condition D1
Imminent Failure [ Imminent Failure 20 |0
Critical ] Critical 15

Serious [E AERIELEANT LA AL LI AR SLATIOW Serious 10°

Poor ] Poor 5

D.2 Shape (for flexible culverts only) Shape Condition 02
Imminent Failure [] Imminent Failure 20 8
Critical O N[A Critical 15

Serious O Serious 10

Poor O] Poor 5

D.3 Seams or Joints Seams or Joints Conditions

Imminent Failure (] Imminent Failure 20 D3 0
il L piateaint s buvel wonousey, gor zeco | ClilCa i

Serious . L evoents of ceera pe yowt Fritote Serious 10

Paor ] Poor 5

E. Inlet/Outlet adverse conditions S i e ST
E. T Headwalls Headwall Condition

Imminent Failure ] Imminent Failure 20 E1 1o
Critical | Critical LQ

Serious SEVEVE HOVIZOLIIAL § RINGGRAL C# AL > Gravn Serious 10

Poor [] seveee DIFFEReNTIAL b ROTATIOMAL. SETILEE | Poor 5

E.2 Inlet Channe/ Inlet Channel

\ . g : E2 ~—

Imminent Failure [] Imminent Failure 20 =
Critical U Critical 15

Serious [ Serious 10

Poor Bl wniEfmmns 0F footitne) DERRs 1) coAadied Poor (5)

E.3 Outlet Scour Outlet Scour )
Imminent Failure  [] Imminent Failure 20 &
Critical O Crifical 16

Serious K wAser Scoul HAS Ve s () Foot g To Serlous /10

Poor [:] WWE PO O TUNIRG WAL (18 -f,( e t‘\f\{'( LG Eoaw, Pod 5
. Roadiiay and embankment adverss cordions | T oo e

F.1 Pavement Pavement 2R
imminent Failure [] Imminent Failure 20 5
Critical O Critical 15

Serious L gocrens pavement wiserriemers 3 MISALICH (| Serfous 10

Poor &f ML FLE PATCIES | NEw e Fogeiw Rre s G pews e vAd | Poor (5)

F.2 Embankment Embankment 2
Imminent Failure [ Imminent Failure 20 £
Critical O Critical 15

Serious O GLAZLEAIL SPEeted LiendG o SeTTHEMERT, Lots oF | Sarious 10

Poor B oot @ W ERD O WG bosdt (’a TR e.#\r») Pl @*‘)

SeEA TS = = SR e i
RTA Culvert Risk Assessment Guideline V3.02 Page 93




o nusm Lo wy

G. Potentially affected development or features

General Nature of Adjacent Development:
@ Residential | O Induslrial/ Commercial | 0 Open Space | O National Park /Wildlife Reserve Drainage/ Water Storage Catchment

Specific Developments/Features Distance from road (m) | Typical Scoring G
Regularly occupied buildings Development Type 5‘?”—%9 L0
A Domestic/residential ’ OC“‘“P’E‘T‘-"”’”’,”QS W
Commerciallresidential - Unoccupied buidings 5
Educational - Oll?er roads 10
Offices - Raifways jq
Industrial - Qpen spaces ("@)
Other: - Services A
; - - None 0
Normally unoccupied buildings
Roads 0
Railways -—
Power distribution 70
Water Supply (ruiar sini a—j} 45
Gas supply
Telecommunications R
Openspace ¢ o0 u v m.[‘?\ 30
Other '

'H.Culvertaltribute score {B1 |B2 |B3 |D1 |D2 |D3 |E1 |E2 |E3 |F1 |F2 |G | TotalScore
ol s |o |lo 0|0 ; E| £ |20 ]| 70

=
ﬁ
(<]
-

.
Loy
3

(Einspection Noles e e = o ke e o cem e LT Tl e aaeE
Weather Conditions on
day of inspection

LienT @AM (,m”) y 5O7 MG (e, 4% Lo IE e puer CAST W PH 3 IIMb

Wealhr COndHNS |, ons (1651), 627 MIOW TEME, 502 Lo et owenccs , 4 1P & oD
Ground Conditions | ¢ .,y compiTions wor ARALEZED
(eg acid sulphate, saline Soll AFFERTS TOD Tr SILTY Sab 1o OARDY Sl
soil, high pH, etc)
Decommissioned or
culverts in vicinity | "W E

Age of culvert 0 (0

(vears) )
J. Recommended preventative maintenance measures . - - .
[] Debris removal [] Scour hole repair Strategic Estimate Est. Cost of Full Repair
[] Vegetation removal [] Stabilise channel (] <$50,000 $ 000,000
(] Flush sediment X Stabilise [] <$100,000 = e
[?_1 Joint seaTingIn‘apair embankment < $200,000 %0":‘15\"1‘?‘31 ,lt_‘fl'.;bﬁi L\L‘C?: “ (_»_;;E;\k 9!.":; ;_:—\u.
[ Concrete repair [ <$500,000 DISPLALED BARFEL WALLS

(patch cracks, spalls) (1 >$500,000
[KEPasSibiE remedialmasiresss = . o bR U e T et e A e
Infet/Ouillet Barrel Strategic Estimale for remedial | Comment 7
[ Add wing wall [ Invert repair (pave, armour, coal) | meastres IMCLSUES \WEBFE AE
[[] Addenergy dissipater | [] Replace a section/cell b4 <$100,000 b iFE s
[J Add debris protection | (] Culvert barrel lining [] <$200,000 % BOAERS BN e ik
|:| Rep!ace I:l < $500,000 N A L-\ PR
AEEL WALLYS
[J <$1,000,000 :

[J >8$1,000,000
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L. FNOLO @na imageties — =~~~

Capiion 7

File Name
S (01) Geneg AL SVTE cambmons (VPaee r‘“?"!\
RoAD (Ol) Gerasl AL Ropb CormbttVionss (ool nic Q‘:'fa':;'j")
roap [ 07,) RoAD PAMERERT Paiede § 4 cmecns {Lanigpat ‘“:r:f-i'r'f.k)

RoAD () GUARLR AL LeAMe INWARD (Loemie

T el {-{{'\

7

WineWALL (61)

WINGWALL IUHING Ut £ Loss O <.alu (_ LoD L t:.z«\f:-e"\')

{ Loct 1h16 EAST }

WiHGWALL {67 WINGWALL LT IRG ot

WhnGWALL ((63) Sall Loss AT vandewae { Loov G u..;e:z;r\

r !‘ , f: ” o a .
WG AL | ;‘_V‘\\ WIRGWALL 2, T a0l 1 (Lookitde Sospie

ST

INLET (ot

SEUTLEME PT € Rl N6 (L:a l")@_ 1AL '(’[W(M(-.LL)A( L (_l. oK | EAG S F\)

{ Lo NG Sow r:g)

ML (07) IMLE ]

et (n2) IET (LoovinG & A5 )

autLet (o)) QUTLLT (Leev G bkt

ouTLET ((J?J ROLKHEAD Sivof plbf owttet { Lo IR S

LAY

putLeT (03) CRALRING f BUC LR

o EAYELL WALL@ com\e T (yaeeweond

OUTLET (04)

LATER AL DETLALY HENT of BARPEL WAL @ ountr 1§ Lon¥ING EAST)

ouTLET (05)

SOIL [0SS BEHIMD BAZPEL wiAll @ auile | ((Looist k me_m\

‘Notes fordata entry Some fields can be filled in at the office before taking the forminto thefield. -~~~ =~ -

A. ldentification

e Enter the date of assessment and your assessor number
o If any location data already entered is wrong, please correct it. Add any missing data.
o Please write the culvert number at the top of all pages, in case they get separaled.

B. Geometry

o |f any location data already entered is wrong, please correct it. Add any missing data.

C. Site features
sketch

o Complete the sketch on site. If required, draw separate additional sketches of specific features.
o Indicate the points where photographs were taken.

D. Culvert Barrel

o Tick the appropriate items and write the scores.

Features

E. Inlet Outlet o Tick the appropriate items and write the scores.
Features

F. Roadway and o Tick the appropriate items and write the scores.
Embankment

G Potentially
affected devel,

o Tick the appropriate items and write the scores. Write distances from the culvert.

H Culvert Attribute
Score

o Transcribe the previous scores and calculate the fotal score

| Inspection notes

o Enter brief notes as appropriate
e Enter actual or estimated age of culvert structure

J Preventative

= Tick appropriate measures

maintenance o Enter comment if other measures are suitable
K Remedial o Tick appropriate measures

measures o Enter comment if other measures are suitable
!.. Photos and o List filenames and descritive captions.
images

M. Risk analysis

o Determine which hazards are present. For those that apply:
o Calculate likelihoods (see Guideline)
Calculate temporal probability, vulnerability and consequence for life(see Guigeling)
o Calculate economic consequence(see Guideling)
o Determine Assessed Risk Level rating(see Guideline)

o]
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MeRiSkANAlySIs = St e e s e S R s e e s e,
Hazard/Failure SC1 SI-1 SI-2 SI-3 Sl-4 PI-1 Pl-2 PI-3 HF-1 HF-2
Mechanism

Structural | Slope Slope Slope Slope Piping  |Piping Piping Hydraulic | Hydraulic

Collapse | Instability |Instability | Instability | Instability Flow Flow
Into Outside | Outside
Hazard Type Afflux  |Leakage |Headwall |Under- |Culvert |of Culvert |of Culvert | Erosion |Cross
Out of Callapse | mining due fo dueto by Over- | Catch-
Barrel Afflux Leaks out |topping [ ment

of Culvert | Flows Floading

Likelihood Ratings | : j
Likelihood 1 T S S M i e e S
Factor 1 0.2 |0.04] 0 0 0.9 0 0 0 o [0.04 )
Likelihood

ﬂ L}
Factor 2 O,Ci 0.0 0_ _ 0,5 | O | 0 0 |o.0| o\
Factor 3 — R e [l [ e e 0 10,0l 0.05
Final Likelihood K O 0 ] A0 Io) 0

(L1-L6)

Likelihood Raling | | o L2 | L6 | Lt | L2 [ L | Lk

Consequence B 2
Class Ratings * e <% S o Sty
de | PR Re s tan TIMES e FRESLIT AS paeT OF 1PE B
;I:;mp.?;ﬂ F’robablhty EF LNGE . T 1 RS oha ,;—,.{};'2\_!‘{ UR AN ALY Il £ omGs “
= RUB AL MRV EAN W ehls
" MO6T FLOPlE ARLE To EVADE EBRIS  (Peavtt it evety)
Vulnerabii MAST FEopLe # . > & : .
‘:1 V5 ty Cﬁ.c.ﬂkg—pnq(c VEMETEATED, Mo foreArsr (reeb w ‘:‘.UNAT)IF.\_(,‘-;) VZ_
(V1-V5) LOSE e o A DEE, siaREoad g {NEWOLES cBesS G M:.U\)
Consequence Class | 106 SDIVHIAME WS TO CoRsuLial ¢ EeNne 1S htdessiey,
for Loss of Life (C1- |- .7
C5)
- e TP Ter —
Consequence Class |MOPEEATE INFRASTZoCTURE OR PROPERAY DAMAGLE
HMoODER ATE DISPVFE TR oSS -
for property damage |0« v st EE VAR CosTs, ; %
(C1-C5) TOTAL DIPE & 1Mt coats H.5M = M

*In general T, V and C ratings will be the same for all hazards, except for HF-2 which will have a different zone of influence (ie across

other catchments) and different glements at risk.

Risk Analysis e SRR e R

Ratings S R e e e ST e R e e =y
Assessed Risk ~ - L .

Level ARL | [ ARL 7. |ARLS | ARLS [ ARL | [ ARLS | ARLS | ARLS [ARL O [ ARL3
(ARL1-ARLS) | . : |

Need for further investigation? (Y/N) % Yes O No

Comments: Reccomrtemd CULLULERT MasPeetlon @ | Yol ot udis Srieess

EOENLTOEAL e nig leaflond of 6YWop REpae Weny FYearie b,
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Appendix B

Photograph Log
(CivilTech Engineering)
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T

400 112™ Ave NE
Suite 120
Bellevue, WA 98004

T: 425.453.6488
F:425.453.5848

Road (01) — General road conditions (looking east)

Road (02) — Road pavement patches& cracks
(looking south)

Road (03) — Guardrail leaning inward (looking
southwest)

Wingwall (01) — Wingwall tilting out and loss of soil
(looking east)

Wingwall (02) — Wingwal tiltig out (looking east)




T WT—;..

Wingwall (04) — Wingwall & footing iodkir-lg
southwest)

Inlet (01) — Settlement cracking (~1”) @ inlet / )
wingwall (looking south)




Outlet (02) — Bulkhead strut near outlet (looking
south)

Outlet (0)— Cracking & buckling of barrel wall @
outlet (looking east)

<4 ! [
Outlet (04) — Lateral displacement of barrel wall @
outlet (looking east)

(looking north)




Appendix C

Discussion of Findings Memo
(CivilTech Engineering)
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Memo

To: Tarelle Osborn, PE
Cc: Dustin Ong, SE
From: Mike Helminger, PE

Date: May 31, 2012
RE: NE 93™ St Culvert Assessment

Technical Review Summary Memo

BACKGROUND

The objective of the project is to evaluate the condition of the box culvert on NE 93rd Street off of
Sandpoint Way in Seattle and determine if the box culvert can be repaired or needs to be replaced due
to its current structural integrity. The methodology used will generally follow the RTA Culvert Risk
Assessment Guideline (version 3.02) as provided by the City of Seattle (City).

During City’s risk screening process, this culvert was one of the top 10 culverts of concern. The culvert
has visible signs of structural failure. The potential consequences have been estimated, but the
likelihood of failure and need for repair vs. replacement has not been analyzed. The assumption is that
the culvert can pass the 20 to 25-year flood event.

SITE INSPECTION

CivilTech Engineering (CTE), along with Tarelle Osborn (Osborn Consulting) and Wan-Yee (City),
performed a site inspection on May 22, 2012. The weather at the time of inspection was overcast with
light rain. The day prior to inspection experienced seasonally heavy rains, setting a record for that date
of 0.55” precipitation. The flow in the culvert was approximately level with the top of the footing.

Site photographs were taken and the condition of the culvert was assessed using guidelines presented in
the RTA Culvert Risk Assessment Guideline V3.02.

400112™ AVENE, SUITE120 o BELLEVUE, WA 98004 e (425)453-6488 e FaXx(425)453-5848



FINDINGS

Refer to the Site Features Sketch found in the RTA Culvert Risk Assessment form for the approximate
configuration of the culvert, wingwall, and other site features.

Wingwall
A concrete wingwall runs in the east-west direction, leading to the inlet of the concrete culvert. The

wingwall was observed to have a 3-degree outward lean. Evidence of soil loss at the western end of the
wingwall was also noted as there was approximately a 16-inch gap between the existing soil and the
cast-in-place edge of the wingwall. At the transition between wingwall and culvert, a crack, up to 1-inch,
extends first horizontally and then vertically. Comparison between photos taken during the site
inspection of May 22, 2012, and those previously taken in 2007 by others, indicate little change in the
size or location of this crack. The overall structural condition of the wingwall, aside from the large crack
at the transition, appears to be in satisfactory condition for a structure of this age.

Inlet

At the northern corner of the channel, where the culvert inlet begins, riprap lines the bank as it
transitions into an extension wall from the culvert. Several dead trees, surrounded by a leafy, vine plant,
are located within the stream at this corner. Both inlet walls exhibit a lean to the east up to 15 degrees.
The footings at the inlet wall show signs of undermining.

Barrel

The overall structural condition of the barrel appears to be in satisfactory condition for a structure of
this age. Footings along the length of the barrel show signs of undermining to various degrees. The base
of the barrel is an open rock and gravel surface.

Outlet

Both outlet walls exhibit a lean to the east up to 15 degrees. The footings at the outlet wall show signs
of undermining. One section of footing appears to have fractured off. The eastern wall exhibits signs of
buckling as well as soil backfill loss. It also shows signs of exposed rebar, minor concrete spalling, and
general deterioration. The outlet is surrounded by leafy vine plants that extend from the top of the
culvert, down into the water and along the side walls. A large tree is located approximately 15-feet to
the east.

Bulkhead Walls

Downstream of the culvert are bulkhead walls of similar character and age as the culvert. The width of
the channel is slightly wider than that of the culvert. Steel pipe struts periodically support the walls at
approximately mid-height.

CONCLUSIONS

Undermining of the footings along the length of the culvert, and predominantly at the outlet and inlet
locations, and predominantly on the eastern side of the culvert, appears to be the root cause of the
structural damage and shifting of the culvert walls. Structural repairs may be possible to extend the life
of the culvert. Refer to the attached PDF for sketches of proposed structural repairs. Refer to the RTA
Culvert Risk Assessment form for Assessed Risk Levels for the various Hazard/Failure Mechanisms.
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Memo

To: Tarelle Osborn, PE
Cc: Dustin Ong, SE
From: Mike Helminger, PE

Date: May 31, 2012
RE: NE 93™ St Culvert Assessment

Structural Repair Options Memo

BACKGROUND

Several structural repair options are available to possibly extend the life of the culvert. This memo will
discuss the options and examine pros and cons of each option. The basic premise of the repairs is to
stabilize the footings from settling any further and provide support to the culvert walls to prevent them
from kicking inward. Quantity and locations of structural repair members are not discussed in this memo
as repairs are presently at concept level.

REPAIR OPTION 1

This option would require the diversion of Thornton Creek to perform in-water work.

After the creek is diverted, cast-in-place concrete would be added underneath the existing footings in all
undermined areas. Steel pipe struts would be field cut for a snug-tight fit between the side walls,
welded to steel plates, and bolted to the walls.

Pros: Reliable; quick; easy to inspect following completion of repair work; less unknown variables

Cons: Costly to divert creek; requires in-water work; struts may be damaged by debris and will be in the

watercourse at medium-to-high water levels

Rough cost estimate: $116,000
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REPAIR OPTION 2

This option would not require the diversion of Thornton Creek to perform in-water work.

Steel H-pile soldier piles would be installed on the east side of the east culvert wall. Shafts would be
drilled for the upper portion of the pile to allow installation of thru-bolts which will pass through the
concrete side wall of the culvert. The shaft will then be backfilled with concrete and the H-pile will serve
as a footing replacement and prevent further settlement and walls from kicking in along the east side of
the culvert.

Pros: No in-water work required; does not alter flow within culvert
Cons: Pile driving near fish-bearing stream; labor intensive; difficult to inspect after completion; possible

problems with concrete escaping drilled shaft into creek

Rough cost estimate: $240,000

REPAIR OPTION 3

This option would not require the diversion of Thornton Creek to perform in-water work.

Plastic sheathing would be installed along the edge of footings and covered with sandbags. Excavation
from the outside of the culvert to just beneath the existing footing until reaching near the plastic
sheathing would occur. Next, cast-in-place concrete would be poured into the excavated areas.
Deadmen would be installed at a length sufficient to provide restraint to the culvert walls.

Pros: No in-water work required; does not alter flow within culvert
Cons: Labor intensive; difficult to inspect after completion; possible problems with concrete escaping

into creek; substantial excavation into nearby property/roadway

Rough cost estimate: $229,000
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Repair Options Sketches
(CivilTech Engineering)
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Appendix F

Conceptual Cost Estimates
(CivilTech Engineering)



Option 1 - Steel Struts

Option 2 - H-Pile

Item Quantity Unit Unit Cost Cost Item Quantity Unit Unit Cost Cost
1. Mobilization (15%) 1 LS 15% $ 9,000 1. Mobilization (30%) 1 LS 30% $ 30,000
2. Stream Bypass 1 LS $ 20,000 $ 20,000 2. Steel H-Pile - Furnish 5 EA'$ 2,000 $ 10,000
3. Galvanized Steel Pipe Strut - Furnish 4 EA $ 600 S 2,400 3. Steel H-Pile - Install 5 EA $ 5,000 $ 25,000
4. Galvanized Steel Pipe Strut - Install 4 EA S 2,000 $ 8,000 4. Thru-bolt Anchors - Furnish 5 EA $ 100 $ 500
5. Concrete - Furnish 1 s $ 1,400 S 1,400 5. Thru-bolt Anchors - Install 5 EA'S 8000 S 40,000
6. Concrete - Install 1 LSS 7,500 $ 7,500 6. Excavation for Thru-bolt Anchors - Install 1 LS $ 10,000 $ 10,000
7. Wingwall Soilnail Tieback - Furnish 4 EA S 500 $ 2,000 7. Roadway Repair 1 LS $ 4000 $ 4,000
8. Wingwall Soilnail Tieback - Install 4 EA $ 3,500 $ 14,000 8. Wingwall Soilnail Tieback - Furnish 4 EA $ 500 S 2,000
9. Concrete Crack Sealing 1 LS $ 2,000 $ 2,000 9. Wingwall Soilnail Tieback - Install 4 EA S 3,500 $ 14,000
10. Concrete Crack Sealing 1 LS $ 2000 $ 2,000
Total $ 66,300
Contingency (40%) $26,520 Total $ 137,500
Sub-Total $92,820 Contingency (40%) $55,000
Survey, Permitting, Design and Engineering (45%) $41,769 Sub-Total  $192,500
Total Project Cost  $134,589 Survey, Permitting, Design and Engineering (45%) $86,625
Total Project Cost ~ $279,125
Option 3 - Deadman System
Item Quantity Unit Unit Cost Cost
1. Mobilization (30%) 1 LS 30% $ 26,000
2. Stream Bypass 1 LS $ 20,000 $ 20,000
3. Excavation for Concrete 1 LS $ 25000 $ 25,000
4. Concrete - Furnish 1 [ 1,400 $ 1,400
5. Concrete - Install 1 LS $ 7,500 $ 7,500
6. Deadman - Furnish 3 EA'S 3200 $ 9,600
7. Deadman - Install 3 EA'$ 6000 $ 18,000
8. Roadway Repair 1 LS $ 6,000 $ 6,000
9. Wingwall Soilnail Tieback - Furnish 4 EA $ 500 $ 2,000
10. Wingwall Soilnail Tieback - Install 4 EA S 3,500 $ 14,000
11. Concrete Crack Sealing 1 LS $ 2000 $ 2,000
Total $ 131,500
Contingency (40%) $52,600
Sub-Total ~ $184,100
Survey, Permitting, Design and Engineering (45%) $82,845
Total Project Cost ~ $266,945
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