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RESPONSES TO QUESTIONS AND COMMENTS
Draft Report for Reservoir Structural Seismic Evaluation

March 16, 1999

GENERAL COMMENTS

COMMENT 1

RESPONSE:

COMMENT 2

RESPONSE:

COMMENT 3

RESPONSE:

COMMENT 4

What is expected remaining useful life for these reservoir? This can help us
decide how much rehabilitation to do. For instance, if there is only ten to
fifteen years of use left in a structure, we might design to less than Zone 4
level and save money for reconstruction.

What damage will occur at a reservoir designed for Zone 3, when a Zone 4-
level event occurs? Possibly create a table to aid in decision making (e.g.,
including life of tank without any upgrade, will tank remain functional
without damage, will tank remain functional but have some damage, etc.)

For the sake of comparison, what is cost to reconstruct new reservoirs at each
site?

The expected useful life of the reservoirs will be shown in Table 11-1. The
remaining part of this question has been addressed in "Seismic Event
Evaluation" subsection of Section 2.

The estimated cost to reconstruct new reservoirs at each site has been shown
in Table 11-1.

Does Montgomery Watson have an opinion, as to which seismic zone should

be used for design? What are other jurisdictions using?

The response to this comment has been included in the clarifications for the
"Design Ground Motions" subsection of Section 2.
Is it possible to do a design alternative that allows some damage following the

design-level earthquake, but leaves the reservoir operational?

The response to this comment has been included in the clarifications for the
"Design Ground Motions" subsection of Section 2.

The report leaves the impression that the cathodic protection systems have not
been in use. They actually have been in use, but of course were not energized

.
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RESPONSE:

COMMENT 5

RESPONSE:

COMMENT 6

RESPONSE:

COMMENT 7

RESPONSE:

COMMENT 8

while the tanks were empty. The sections discussing cathodic protection need
to be revised.

Since cathodic protection systems have been in use, does your observation of
"trace blisters" and "pinhole coating failures" indicate that we need to readjust
the cathodic protection levels?

It was not the intention of the report to leave the impression that the cathodic
protection systems have not been in use. This will be clarified in the
"Cathodic Protection Conditions" subsection of Sections 4 through &.

Yes, adjustment of cathodic protection levels will be clarified in the "Cathodic
Protection Condition" subsection of Sections 4 through 8.

In general, the seismic upgrade costs are lower than what we expected. What
is included in the cost estimates? Do they include engineering, permits,
contingencies? The basis for each estimate should be shown in the report.

The basis for each estimate is included with Table 11-1.

Where pipe connections are allowed movement, why are some pipes and not
others provided flexible connections? Does it have to do with distance from
the edge of the tank? If so, what is the threshold point where flexible
connections are required on a pipe?

Pipe connections to the outside of the shell plate of the reservoir or within the
bottom annulus on the inside of the reservoir require flexible connections
when there is an uplift condition. This is described in detail and has been
clarified in the "Seismic Forces" subsection for each steel reservoir. The
width of the annular ring is generally 2 to 3 feet for these reservoirs.

What type of flexible connection is recommended for pipe flexibility?
The "Comparison of Alternatives" subsection of each reservoir has been

clarified with recommendations for piping connections.

On several reservoirs, the exterior paint coatings may have excessive lead
levels and poor adhesion. What further testing is required to confirm these
findings? Is this confirmation worth the extra cost? Is removal of high-lead
coatings recommended, or should they be encapsulated by a new coating?

v
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RESPONSE:

COMMENT 9

RESPONSE:

COMMENT 10

RESPONSE:

COMMENT 11

RESPONSE:

COMMENT12

RESPONSE:

No further testing is required. The lead based coatings may be encapsulated
with a new coating after minor surface preparation which includes chipping
away areas where coating has delaminated. The "Interior and Exterior
Coatings" subsection and has been clarified for each reservoir.

Why is allowable bearing pressure shown in ksi units, shouldn't this be in the
same units as the actual bearing pressure (ksf)? At what level of seismic
loading does AWWA D-100 require the reservoir foundation to be increased to
reduce bearing pressure?

The units for the allowable bearing pressure was changed to ksf. AWWA D-
100 does not require the foundation to be increased to reduce bearing pressure.
This statement was removed where it was shown in the "Seismic Forces"
subsection for each reservoir.

Each reservoir assessment should include general statements that
improvements for water quality, operations, and safety should be addressed
during design for seismic improvements, such as need for sampling devices,
new valves, Or non-seismic repairs.

A general note was added to Table 11-1.

Constructibility should be considered in evaluations of alternatives. For
instance at Lake Hills North and Woodridge the proximity of other buildings
may not allow installation of anchors at desired intervals.

Constructability was considered for the evaluation alternatives and has been
clarified specifically for the Lake Hills North and Woodridge reservoirs in the
"Comparison of Alternatives" subsections of Section 4 and 6.

Table 11-1 is missing from report.

Table 11-1 has been included in the report.
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SPECIFIC COMMENTS

Lake Hills North

COMMENT 1 Note that cupola ponding and corrosion should be corrected.

RESPONSE: This was clarified in Section 11.

COMMENT 2 Is there enough room to install anchors where the building is very close to the
structure?

RESPONSE: See response to General Comment No. 11.

COMMENT 3 We will want to install a new altitude valve along with seismic upgrade.

RESPONSE: This was added to Section 11.

COMMENT 4 Should piping outside of the pump station receive flexible connections?

RESPONSE: The piping for the pump station should be reviewed as part of the final design
for this reservoir. This has been added to Section 11 and the cost added to
Table 11-1.

Lake Hills South

COMMENT 1 Why are upgrade costs at Lake Hills South lower than costs for Lake Hills
North?

RESPONSE: The difference in cost comes from repairing corrosion in the roof plate and
adding drain holes to the cupola at Lake Hill North. This was clarified by
adding a note to Table 4-4 and 5-4.

COMMENT 2 The gouges in the tank picture look significant, but were not addressed in the
text of the report. Are they significant? Were they measured? Should
bollards be installed to prevent future damage?

RESPONSE: These gouges are significant and should be repaired. Bollards should be
installed to prevent future damage. This was clarified in the "General
Reservoir Condition" subsection of Section 8 and noted in Section 11.
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COMMENT 3

RESPONSE:

Woodridge

COMMENT 1

RESPONSE:

COMMENT 2

RESPONSE:

Presentation of roof shell thickness is different in Table 5-2 and 4-2. Are the
roofs constructed differently?

The structure for the Lake Hills North and Lake Hills South reservoirs,

including the roof structure, is slightly different. This was clarified in the
"General Reservoir Conditions"” sections for both reservoirs.

The Woodridge site is fairly confined. Is there enough room to install
anchors?

See response to General Comment No. 11.
A basement area is located under the Woodridge tank (adjacent to the old
altitude valve vault). This should be identified in the report. Does this have

an impact on the seismic resistance?

See response to General Comment No. 11.

Horizon View No. 1

COMMENT 1 The shell thickness is much thinner on this reservoir. It was found to be
sufficient to resist seismic forces but how close was it to the allowable level?

RESPONSE: The allowable static hoop stress is 15,000 psi and the allowable seismic hoop
stress is 17,000. The allowable compression stress varies with each reservoir.
The actual stresses are shown in Table 7-3. These allowable stresses were
added to the "Seismic Forces" subsection of each steel reservoir.

Parksite

COMMENT 1 The photos show ponding around the reservoir. Note that drainage
improvements should be performed to remove this condition.

RESPONSE: Required drainage improvements are noted in the General Reservoir
Conditions in Section 8 and Section 11 of the report.

COMMENT 2 Exterior paint coating appears to be delaminated exterior coating, however the
report indicates that the coating has excellent adhesion strength. The exterior
was coated about four years ago.
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RESPONSE:

Pikes Peak
COMMENT 1

RESPONSE:

Somerset No. 1

COMMENT 1

RESPONSE:

COMMENT 2

RESPONSE:

COMMENT 3

RESPONSE:

There were a couple of minor instances where the exterior coating was
delaminated and some locations on the west side of the reservoir where the
coating system was damaged. This damage appeared to be from vandalism
and not from coating failure. The damage was added to the "Interior and
Exterior Coatings" subsection of Section 8.

Note that cathodic protection should be added during seismic upgrade work.

This was added to Section 11.

If the reservoir is supporting the road and shoulder, what is supporting the
road past the ends of the reservoir (is there a retaining wall or is the road
farther from the edge of the slope)?

The road past the ends of the reservoir is supported by the slope. The
reservoir supports the lateral loads resulting from the road because it is
benched into the slope as noted in the first paragraph of the "Site
Characteristics” subsection of Section 10 of the report.

The concrete in the precast panels was noted to be in poor condition "the fine
aggregate can be hand rubbed away". If this is considered typical wear for a
35-year old reserver, what is the life expectancy for a concrete reservoir?

The life expectancy of the reservoir was addressed by the changes associated

- with General Comment No. 1. The statement that "fine aggregate can be

rubbed away is considered typical wear" for a 35-year old reservoir was
removed.

Based on poor condition of Somerset No. 1, should the Utility be concerned
about Somerset 2 and 3 (they have similar construction, but do not have the
unbalanced lateral loads like No. 1)?

If Somerset No. 2 and No. 3 do not have unbalanced lateral loads similar to
Somerset No. 1, it is unlikely there should be as much concern related to
seismic retrofit of these reservoirs. However, since these reservoirs were not
inspected as part of this report, it is impossible to make that judgement at this
time.
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Section 1
Introduction

The City of Bellevue Reservoir Structural/Seismic Evaluation, Preliminary Engineering Design
Report, presents the structural and seismic assessment of seven of the City’s distribution
reservoirs. The seven reservoirs include six steel tanks and one concrete tank. The steel tanks
evaluated in this study include: Lake Hills North, Lake Hills South, Pikes Peak, Parksite,
Woodridge, and Horizon View No. 1. Somerset No. 1 is the concrete tank evaluated in this
assessment. Section I of the Preliminary Engineering Design Report provides a summary of the
authorization and scope of work, the general report format, and a list of commonly used
abbreviations.

AUTHORIZATION

This Preliminary Engineering Design Report has been prepared in accordance with an agreement
between the City of Bellevue (City) and Montgomery Watson (MW). Montgomery Watson
received authorization from the City on April 9, 1998 to commence work on the Phase I
Evaluation and Preliminary Engineering Design of the City’s seven reservoirs.

OBJECTIVE

The objective of this Preliminary Engineering Design Report is to summarize the work
completed for Phase I - Evaluation and Preliminary Engineering Design of the City’s Lake Hills
North, Lake Hills South, Pikes Peak, Parksite, Woodridge, Horizon View No. 1 and Somerset
No. 1 Reservoirs. The locations of these reservoirs are shown on Figure 1-1. In addition, this
Preliminary Engineering Design Report establishes the seismic design criteria and presents
alternative upgrades for meeting the seismic criteria for each of the seven reservoirs. Cost
estimates are provided for the City’s use for capital budgeting of the structural/seismic upgrade
of the City’s reservoirs. This ‘Preliminary Engineering Design Report will also provide the
foundation for the Phase 2 Supplemental Services for the design and construction of
recommended improvements.

SCOPE OF WORK

The scope of work for the structural/seismic evaluation of the seven City of Bellevue reservoirs
was developed in concert with the City. The following paragraphs provide a summary of the
Tasks that comprise the Scope of Work for Phase 1 - Evaluation and Preliminary Engineering
Design.

Task | - Review Existing Information

Collect and review data relevant to the design and construction of the City of Bellevue’s six steel
reservoirs and one concrete reservoir. Data to be provided by the City includes:

1. Design/construction drawings and specifications.
2. Shop drawings.
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Section 5
Lake Hills South

The Lake Hills South reservoir is a welded steel tank designed in 1962 by Harstad & Associates.
It is located adjacent to and on the same parcel of property as the City’s Lake Hills North
reservoir. This section presents the findings of the site investigation, seismic assessment of the
tank’s current condition, and an evaluation of the piping connections to the tank. In addition,
alternative seismic retrofits, including a cost comparison, have been developed for the Lake Hills
South reservoir. The evaluation of the alternatives and a recommended seismic retrofit
alternative are also presented in this section. Photographs of the Lake Hills South reservoir are
included in Appendix B.

SITE INVESTIGATION

Site investigations for the Lake Hills South reservoir have included on-site inspections when the
reservoir was full and empty. Site inspections have been completed by the structural engineer
(Montgomery Watson), the geotechnical engineer (HWA GeoSciences), and the corrosion
engineer (Corrpro Companies, Inc.). The following paragraphs summarize the findings of these
site investigations. Detailed field notes and reports resulting from these investigations are
included in Volume II of this preliminary design report.

Site Characteristics

The Lake Hills South reservoir site plan is shown on Figure 5-1. The Lake Hills South reservoir
site characteristics are the same as those of the Lake Hills North reservoir due to their proximity
to one another. Based on the data reviewed and the subsurface conditions observed from the
HWA GeoSciences exploratory boring, the Lake Hills South reservoir site appears to be
underlain by glacial till. Glacial till is typically a heterogeneous mixture of clay, silt, sand,
gravel, cobbles and boulders that was deposited beneath an advancing glacier and subsequently
overridden and compacted by the glacial ice. . Till is often relatively dense and is locally referred
to as “hardpan’’. The boring shows that the unweathered glacial till. was overlain by 4 feet of
either fill or weathered till. The upper soil unit consists of very dense, gravelly, silty sand and
extends to a minimum depth of 40.5 feet.

Based on the 1962 plans for the Lake Hills South reservoir, the existing reservoir ring wall
footings appear to be founded on dense glacial till. The ring wall is 3.5-feet wide by 4.5-feet
deep. The interior of the ring wall foundation was backfilled with compacted pit run gravel, with
the exception of the five inches immediately below the bottom of the tank, which consists of
oiled sand.

General Reservoir Condition

General visual inspection of the Lake Hills South reservoir indicates that interior and exterior
ladders, safety cages, and catwalks are in good condition with little apparent deterioration or
corrosion. The interior roofing structure also appears to be in good condition. The interior piping,
floor drain, overflow and support, and the outlet/inlet piping, all appear to be in good condition
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City of Bellevue _
Lake Hills North/South Reservoirs
FIGURE 5-1

AND APPROXIMATE LOCATION, (1962)
Site Plan and Subsurface Exploration Plan

As-built plans provided by the City of Bellevue titled “NE 8" Street Pump Station System Modifications”.

Prepared by Horton Dennis, dated March 1982.
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Section 5 - Lake Hills South

with no apparent corrosion or deterioration. The access manway also appears to be in good
condition.

At the time of the inspection, floor and shell plate thickness were acquired for use in the seismic
analysis structural calculations. The data was primarily collected for characterization of existing
steel thickness but also suggests that no significant general corrosion has occurred in the shell
over the service life of the tank. The tank plate thickness results are presented in Table 5-1. It
should be noted that, although the Lake Hills North and Lake Hills South reservoirs appear
identical from the exterior, their structure (including the roofs) is different. This accounts for the
difference in shell plate and roof plate thicknesses. There is some damage to the first course of
shell plate on the east side that appears to be from truck traffic. This damage should be repaired
and bollards placed adjacent to the repaired areas to prevent further damage.

TABLE 5-1
Lake Hills South Reservoir
Tank Shell Thickness

Shell Course Thickness, in.

Floor 0.490
1.115
1.010
0.900
0.805
0.690
0.590
0.500
0.395
0.290
Dome Base 0.265

Roof 1 0.255

OCONOOTRAWN —

Grout between the exterior floor plate and ring wall foundation is in fair condition, whereas the
exposed concrete on top of the ring wall foundation is weathered. There is no apparent corrosion
at the exterior roof hatch.

There is an existing underdrain system below the tank. No problems have been identified with
the drainage system. Further, no groundwater was encountered during the subsurface
exploration, and standing water was not apparent on the site.

Weld Condition

Based on the visual inspection of the Lake Hills South reservoir, the interior floor plate and shell
plate welds are in good condition. The floor plate is lapped and fillet welded. Exterior shell plate
welds also appear to be in good condition. The roof plate is lapped and fillet welded, and the
welds appear to be in good condition.
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Section 5 — Lake Hills South

Corrosion Inspection

Corrpro Companies, Inc. completed a corrosion investigation of the Lake Hills South reservoir.
Data collected included visual inspection of interior and exterior coatings, steel substrate,
appurtenances and cathodic protection system components. Physical data collected on the tank
included generic classification of coating, Toxicity Characteristic Leaching Procedure lead
content, coating thickness and coating adhesion. The findings of the corrosion investigation are
summarized in the following paragraphs.

Interior and Exterior Coatings

Visual inspection coupled with physical measurements formed the basis of the interior and
exterior coatings investigation of the Lake Hills South reservoir. Visual inspection included
qualitative evaluation of overall coating condition (e.g., blisters, underfilm corrosion, pinhole
failure, cathodic disbondment), characterization of any floor, shell or appurtenance corrosion
failure and close inspection of weld lanes and sharp edges. Physical measurements included
interior and exterior coating thickness measurements on the wall and floor, and generic coating
typing for both the interior and exterior coating systems. In addition, the exterior reservoir
coating was tested for coating adhesion quality.

The coating thickness data collected for the Lake Hills South reservoir are typical for internal
tank linings. In general, the internal visual inspection showed that the tank coating was in good
condition. Small trace blisters were noted on the interior shell approximately 6 feet from the
floor. No corrosion was noted on the substrate beneath the blisters suggesting that the cathodic
protection system is mitigating corrosion, though the presence of these blisters indicates that the
cathodic protection system may require adjustment

Coating thickness on the floor was somewhat lower and varied by about 8 mils. Variation of this
magnitude across the floor is not desirable. Blistering has also occurred on the tank floor,
primarily along weld seams. Stripe coating with a brush prior to spraying a primer coat can
provide extra protection against corrosion along these seams.

The interior coating, in conjunction with an operative cathodic protection system, is sufficient to
protect the interior surfaces from corrosion. The coatings on the tank appurtenances, such as the
access ladder and other structural steel remain in good condition with no signs of accelerated
failure.

The exterior inspection revealed no visible signs of coating failure, with the bottom four shell
courses showing signs of maintenance coating. The coating adhesion tests conducted on the
exterior coating system for the Lake Hills South reservoir showed failure at the primer/topcoat
interface and failure between the primer and substrate. The significance of these test results
would require extensive testing beyond the scope of this work to remove the inherent statistical
variation. Therefore, the coating adhesion tests are considered inconclusive.

Fourier Transform Infrared analysis suggests that the generic type of the interior coating is in the
epoxy category, and that the exterior coating is vinyl based. The data on the coating samples also
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Section 5 — Lake Hills South

show that the interior samples were well below the 5.0 ppm. maximum concentration for
leachable lead and the exterior sample was well above the EPA limit at 12 ppm. However, based
on the findings for the exterior coating System it is recommended that additional testing
confirming the leachable lead content need not be performed prior to any maintenance coating
operations and that the existing coating may be encapsulated with minor surface preparation
which includes removal of areas of delaminated coating.

Cathodic Protection Condition

The condition of cathodic protection was evaluated simultaneously with the interior and exterior
coatings evaluation. Visual inspection of the Lake Hills South reservoir shows that a cathodic
protection system exists at the reservoir site, and that the components of the system (e.g. anodes,
reference electrode) remain in good condition. The cathodic protection system, if properly
adjusted and maintained, should prevent significant corrosion in the areas where trace blisters
have occurred.

It is recommended that the output of the cathodic protection system be adjusted to maintain
protected tank-to-electrolyte potential in accordance with National Association of Corrosion
Engineers criteria. In addition, it is recommended that the City monitors the rectifier output (i.e.,
voltage and current) quarterly, and that the City performs checkout of the cathodic protection
system annually.

RESERVOIR PIPING CONNECTIONS

The piping connections at the Lake Hills South reservoir consist of the following:

e 8-inch overflow piping rigidly attached to the tank base, tank wall, and knuckle. The center
of the overflow line is 1 foot from the tank wall.
e §-inch drain piping that penetrates the tank base 1 foot from the tank wall.
~e- 16-inch inlet piping that penetrates the tank base 4.25 feet from the tank wall.

SEISMIC ASSESSMENT OF CURRENT TANK CONDITIONS

Seismic design parameters for the Lake Hills South reservoir site were determined as described
in Section 2. Table 5-2 summarizes the seismic coefficients to be used for the evaluations
consistent with Seismic Zones 3 and 4.

MONTGOMERY WATSON 5-4 PRELIMINARY DESIGN REPORT
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Section 5 — Lake Hills South

Table 5-2
Lake Hills South Reservoir

Seismic Coefficients

Near Near
Soil Source | Source Seismic Seismic Control | Control
Seismic Profile Factor, | Factor, | Coefficient | Coefficient | Period Period
Zone Type N, N, C. C, To Ts
3 S. n/a n/a 0.33 0.45 0.11 0.55
4 Se 1.2 1.5 0.48 0.84 0.14 0.70

Based on results of the soil investigation performed by HWA GeoSciences, it is recommended
that the existing ring wall foundations be evaluated using an allowable soil bearing pressure of 8
ksf (kips per square foot) for static conditions. This value may be increased by 50 percent for
evaluating transient loading conditions, such as seismic forces. Hoop tensile forces in the ring
wall foundations resulting from the fluid weight may be evaluated using an earth pressure
coefficient of 0.4, assuming the ring walls are relatively rigid.

Frictional resistance along the base of the footings may be evaluated using 0.60 for the
coefficient of base friction. It is estimated that the full base friction force will be mobilized
within about 0.25 inch of lateral movement. Passive resistance against the sides of the footings
may be evaluated using an equivalent fluid density of 800 pcf (pounds per cubic foot). Suitable
factors of safety should be incorporated in evaluating lateral resistance of the ring wall footing.

Soil liquefaction can occur when saturated, loose sands and silty sands lose strength and behave
as a liquid in response to earthquake shaking. Because the soils at the Lake Hills South reservoir
site are neither saturated or loose, the potential for soil liquefaction is low. Further, the
anticipated infrequent recurrence coupled with no previous evidence of surface rupture
associated with the Seattle Fault indicates that the risk of ground rupture at the site is low.

Seismic Forces

Table 5-3 summarizes the seismic forces derived from analyzing the reservoir by the
pseudodynamic method per AWWA D-100 for a seismic event with accelerations of 0.4g and
0.3g.
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Section 5 — Lake Hills South

Table 5-3
Lake Hills South Reservoir
Seismic Forces

Seismic Forces 0.49 0.3g
Overtuming Moment (k-ft) 148,634 111,475
Soil Bearing Pressure (ksf) 14.3 11.1
Static Hoop Stress (psi) 13,991 13,991
Seismic Hoop Stress (psi) 13,438 12,989
Compression Stress (psi) 3,237 2,473
Anchor Force (k) 686 504

The analysis shows that the shell plating is adequate for both seismic overturning compressive
stress and tensile hoop stresses. This assumes that the allowable stresses to be used for the
analysis are from Chapter 3 of AWWA D-100 that assumes that high strength steels have not
been used in the construction of the Lake Hill South Reservoir. The allowable static hoop stress
is 15,000 psi and the allowable seismic hoop stress is 17,000 psi. The allowable compressive
stress is 4,650 psi.

As shown in Table 3-3 of this report, the reservoir is anchored to the ringwall footing by 12
equally spaced anchors. The capacity of each of these anchors, assuming a material strength of
30 ksi, is 36k. The forces in the anchors shown in Table 5-3 due to overturning in a 0.4g and 0.3g
seismic event are 686 and 504k, respectively. Therefore, the existing anchors are inadequate to
resist overturning and additional anchorage should be provided between the reservoir and the
ring footing.

The allowable soil bearing pressure based on the results of the soil investigation for transient
loading conditions such as seismic forces is 12 ksf. The actual bearing pressure for a 0.4g
seismic event is 14.3 ksf and for a 0.3g seismic event is 11.1 ksf.

In accordance with AWWA D-100, resistance to the overturning moment at the bottom of the
shell may be provided by the weight of the tank shell, weight of roof reaction on the shell and by
the weight of a portion of the tank contents adjacent to the shell for unanchored tanks or by
anchorage of the tank shell. For unanchored tanks, the portion of the contents that may be used to
resist overturning is dependent on the width of the bottom annulus. The annulus may be thought
of as a portion of the bottom plate that lifts off the foundation and supports the weight of the tank
contents.

There are three criteria to determine the degree of overturning and consequently the amount of
anchorage required for the reservoir. If the ratio of the overturning moment divided by the
product of the square of the diameter of the reservoir and the weight of the tank shell, roof and
contents is less than or equal to 0.785, then there is no uplift and no anchorage is required. If this
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Section 5 — Lake Hills South

ratio is between 0.785 and 1.54, then there is uplift but no anchorage is required. However, since
there is uplift, anything that is within the annular ring or outside the reservoir and connected to
the reservoir must be allowed to move, either with the reservoir or relative to the reservoir. For
example, piping which is connected to the outside of the shell plate or within the annular ring on
the inside of the reservoir must be flexible enough to withstand the movement. If the ratio is
greater than 1.54 the reservoir must either be anchored or the bottom annulus must be thickened
to support more of the tank contents. For the Lake Hills South reservoir, this ratio is 3.92 and
2.94 respectively for a 0.4g and 0.3g earthquake. Because these ratios are so high the annular
ring cannot be sufficiently thickened to resist overturning and the tank must be anchored to the
ring footing.

ALTERNATIVE SEISMIC RETROFITS

As noted in the “Seismic Forces” subsection, the Lake Hills South Reservoir must be anchored to
the existing ring footing to resist overturning for a 0.4g and a 0.3g earthquake. In addition, the
existing ring footing must be able to resist overturning. Three alternatives have been considered
to seismically retrofit the reservoir to resist the overturning.

Alternative 1 is to first connect the shell plate of the reservoir directly to the ring footing using
closely spaced adhesive anchors. Adding more weight to the footing would then increase the
resistance of the ring footing to overturning. This would be accomplished by adding a new ring
footing on the outside of the existing footing and doweling them together as previously shown in
Figure 4-2.

Alternative 2 is to first connect the shell plate of the reservoir directly to the ring footing using
closely spaced adhesive anchors. A portion of the bottom plate on the inside of the reservoir
would be removed and a new ring footing would be added. The new ring footing would then be
doweled into the existing footing as shown in Figure 4-3. The combination of the two footings
would serve to support a portion of the tank contents sufficient to resist the overturning.

Alternative 3 is to use small diameter high strength earth anchors to resist overturning. The earth
anchors would be drilled through the existing ring footing at equal spaces on the outside of the
reservoir as previously shown in Figure 4-4. The anchors would then be connected to the shell
plate by the use of anchor chairs.

Also noted in the “Seismic Forces” subsection, the size of the ring footing must be increased for
the Lake Hills South Reservoir for a 0.4g earthquake. In Alternatives 1 and 2, increasing the
width of the footing to resist overturning would be adequate to decrease the soil bearing pressure
below the allowable. Finally, in accordance with AWWA D-100 Section 13.6, foundations under
flat-bottom tanks have fared well under seismic loading and the seismic loading does not provide
justification for increased foundations. Therefore, in Alternative 3 the size of the ring footing
does not need to be increased.
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Section 5 — Lake Hills South

COMPARISON OF ALTERNATIVES

For the Lake Hills South Reservoir, Alternative 1 does not appear to be an adequate solution for
a number of reasons. First, since the weight of the footing which resists overturning is relatively
small compared to the weight of the reservoir plus its contents which cause overturning, simply
adding weight to the footing is an inefficient method for increasing the overturning resistance.
The width that would have to be added to the footing is greater than the width of the existing
footing, making this alternative economically impractical.

Second, the existing footing is not adequately reinforced to support the weight of additional
concrete from the new footing during uplift. Finally, the adhesive anchors connecting the tank
shell to the footing are relatively low capacity anchors and the number required would cause
them to be so close together that they would be essentially ineffective.

Alternative 2 does not appear to be an effective solution for two reasons. The first is that the
required number and spacing of adhesive anchors would cause them to be essentially ineffective,
similar to Alternative 1. The second reason is that the existing footing is not adequately
reinforced to support the additional weight of the tank contents, required to resist overturning
and the additional weight of the footing concrete.

Alternative 3 appears to be an adequate seismic retrofit solution. Alternative 3 will meet the
seismic retrofit requirement for both a Seismic Zone 3 and 4 earthquake. There are two different
overturning cases that were considered for this alternative. In the first case, the earth anchors
would be designed to resist the entire overturning moment. In the second case, the earth anchors
would be designed to resist an overturning moment that is slightly reduced. The overturning
moment would be reduced by an amount that is equal to the square of the diameter of the
reservoir multiplied by the sum of the weights of the reservoir shell plate and the roof structure
multiplied by the ratio 1.54. This allows the roof structure and shell plate to resist a portion of the
overturning moment up to a point where the reservoir would require anchorage. In this case
piping connections would require modifications so that they allow movement.

Alternative 3, case one, requires 40-foot long earth anchors and anchor chairs at about a 4-foot
spacing for a 0.4g earthquake and a 40-foot long earth anchor and anchor chairs at about a 5.5-
foot spacing for a 0.3g earthquake. Alternative 3, case two, requires the same earth anchors at
about a 4.5-foot spacing for a 0.4g earthquake and at about a 6.5-foot spacing for a 0.3g
earthquake. In addition, for Alternative 3, case two, flexible couplings would be added to the
pipe connections for the 8 inch overflow pipe and the 8 inch drain pipe. However, it should be
noted that, because these pipes are embedded in the foundation and welded to the bottom plate of
the reservoir, adding sufficient flexibility to their connections would require a significant amount
of additional work and cost.

Estimated costs for both conditions of Alternative 3 are summarized in Table 5-4 for botha 0.4 g
and a 0.3g seismic event. For a description of what is included in estimated costs see Table 11-1.

4
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Section 5 — Lake Hills South

Table 5-4
Lake Hills South Reservoir
Summary of Estimated Costs

0.49 0.3g
Alternative 3 — Case One $435,000 $320,000
Alternative 3 — Case Two $420,000 $305,000

Note: The difference in cost between the Lake Hills North and Lake Hills South reservoirs is due
primarily to the fact that the roof plate adjacent to the roof hatch is badly corroded and is in need
of repair (see Section 11).
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Section 5 — Lake Hills South

Table 5-4
Lake Hills South Reservoir
\ Summary of Estimated Costs
\ 0.4G okaa/
Alternative 3 — Case One $316,000 238,000
Alternative 3% Case Two $311,000 $233,000

Note: The difference in codt between the Lake Hills North apd Lake Hills South reservoirs is due
primarily to the fact that the rooRplate adjacent to the roof hatch i§ badly corroded and is in need of repair
(see Section 11). \
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Section 6
Woodridge

The Woodridge reservoir, designed in 1955 by Harstad & Associates, is the oldest of the seven
reservoirs included in the structural/seismic evaluation. This section presents the findings of the
site investigation, seismic assessment of the tank’s current condition, and an evaluation of the
piping connections to the tank. In addition, alternative seismic retrofits, including a cost
comparison, have been developed for the Woodridge reservoir. The evaluation of the
alternatives and a recommended seismic retrofit alternative are also presented in this section.
Photographs of the Woodridge reservoir are included in Appendix B.

SITE INVESTIGATION

Site investigations for the Woodridge reservoir have included on-site inspections when the
reservoir was fall and empty. Site inspections have been completed by the structural engineer
(Montgomery Watson), the geotechnical engineer (HWA GeoSciences), and the corrosion
engineer (Corrpro Companies, Inc.). The following paragraphs summarize the findings of these
site investigations. Detailed field notes and reports resulting from these investigations are
included in Volume II of this preliminary design report.

Site Characteristics

The Woodridge reservoir site plan is shown on Figure 6-1. Based on the 1955 plans for the
Woodridge reservoir, it appears that original site grades were zero to three feet higher than
current grades adjacent to the tank. Therefore, it is concluded that the reservoir is located in a cut
area. Based on the data reviewed and subsurface investigations, the Woodridge reservoir site
appears to be underlain by glacial till and advance outwash. The fill is approximately 5 feet in
depth, and consists of medium dense sand, with varying silt and gravel contents. A 2.5-foot layer
of glacial till is found beneath the fill. Extending at least to 48.5 feet beneath the fill is a layer of
advance outwash consisting of medium dense to very dense sand with varying amounts of silt.
Based on the 1955 plans, the existing reservoir footings are anticipated to be founded on the
glacially deposited soil. Groundwater was not encountered during the subsurface explorations.

The ring wall foundation is 3.5 feet wide and 4 feet deep. The interior of the ring wall foundation
was backfilled with compacted pit run gravel, with the exception of the four inches immediately
below the bottom of the tank, which consists of oiled sand.

General Reservoir Condition

The interior of the Woodridge reservoir was completely painted towards the end of 1997, and is
therefore in very good condition. The access manway, piping connections, and steel ladder
located within the tank are all in good condition. Some pitting was observed in the floor plate
beneath the most recent painting layer.

At the time of the inspection, floor and shell plate thickness were acquired for use in the seismic
analysis structural calculations. The data was primarily collected for characterization of existing
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Section 6 - Woodridge

steel thickness but also suggests that no significant general corrosion has occurred in the shell
over the service life of the tank. The tank plate thickness results are presented in Table 6-1.

TABLE 6-1
Woodridge Reservoir
Tank Shell Thickness

Shell Course Thickness, in.

Floor 0.490
1.125
1.035
0.855
0.775
0.650
0.530
0.405
0.295
0.255
Roof 1 0.260

OCoONOOOERWN =

Grout between the exterior floor plate and ring wall foundation is in poor condition. The exposed
concrete on top of the ring wall foundation is weathered with minor spalling. The steel ladder,
safety cage and safety rail located at the tank exterior is all in good condition, as is the electrical
conduit raceway adjacent to the ladder. The exterior of the access manway is also in good
condition.

There is an existing underdrain system below the tank and a perimeter drainage system located
approximately 15 feet beyond the tank. No problems have been identified with the drainage
system.

Weld Condition

Based on the visual inspection of the Woodridge reservoir, the interior floor plate and shell plate
welds are in good condition. The floor plate is lapped and fillet welded. Exterior shell plate
welds also appear to be in good condition. The roof plate is lapped and fillet welded, and the
welds appear to be in good condition.

Corrosion Inspection

Corrpro Companies, Inc. completed a corrosion investigation of the Woodridge reservoir. Data
collected included visual inspection of interior and exterior coatings, steel substrate,
appurtenances and cathodic protection system components. Physical data collected on the tank
included generic classification of coating, Toxicity Characteristic Leaching Procedure lead
content, coating thickness and coating adhesion. The findings of the corrosion investigation are
summarized in the following paragraphs.
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Interior and Exterior Coatings

Visual inspection coupled with physical measurements formed the basis of the interior and
exterior coatings investigation of the Woodridge reservoir. Visual inspection included qualitative
evaluation of overall coating condition (e.g., blisters, underfilm corrosion, pinhole failure,
cathodic disbondment), characterization of any floor, shell or appurtenance corrosion failure and
close inspection of weld lanes and sharp edges. Physical measurements included interior and
exterior coating thickness measurements on the wall and floor, and generic coating typing for
both the interior and exterior coating systems. In addition, the exterior reservoir coating was
tested for coating adhesion quality.

In general, the internal visual inspection showed the tank coating was in good condition. No
blisters were noted in the shell or floor coating. However, some pin hole failures with iron oxide
corrosion product were visible on the floor. Pitting was also observed beneath the most recent
painting coat. These areas would be protected by a properly operating cathodic protection
system. The weld seams and plate material laminations showed some corrosion and iron oxide
staining. Stripe coating with a brush prior to spray applying a primer coat can provide the extra
protection needed for these areas. Coatings on the interior tank appurtenances, ladder and
structural steel, showed signs of accelerated failure. In particular, the ladder suffered a through-
hole corrosion penetration.

Visual inspection of the roof and upper shell courses revealed no significant corrosion or coating
failures. Some small spot rusting at pin hole coating failures was evident as well as minor surface
corrosion of structural members in difficult to coat areas. These failure modes should not effect
the operation or integrity of the tank. However, existence of such failures indicates that the
cathodic protection system may require adjustment.

The lower four courses of the tank exterior have been overcastted with a maintenance coating.
There is no visible sign of coating failure. Adhesion tests completed for the Woodridge reservoir
showed failure at various coating interfaces. The significance of these results would require
extensive testing to remove the inherent statistical variation of the methodology. Based on the
findings for the exterior coating system, it is recommended that the existing coating may be
encapsulated with minor surface preparation which includes removal of areas of delaminated
coating.

Cathodic Protection Condition

The condition of cathodic protection was evaluated simultaneously with the interior and exterior
coatings evaluation. Visual inspection of the Woodridge reservoir shows that a cathodic
protection system exists at the reservoir site, and that the components of the system (e.g. anodes,
reference electrode) remain in good condition. While present at the reservoir site, the cathodic
protection system was not operating at the time of the site investigation. The potential control
circuit card had been removed. This card monitors tank potential and adjusts rectifier current
output as required to maintain the set point. The card should be reinstalled, the system tested and
adjusted to achieve the accepted level of cathodic protection.

I3
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Section 6 - Woodridge

It is recommended that the output of the cathodic protection system be adjusted to maintain
protected tank-to-electrolyte potential in accordance with National Association of Corrosion
Engineers criteria. In addition, it is recommended that the City monitors the rectifier output (i.e.,
voltage and current) quarterly, and that the City performs checkout of the cathodic protection
system annually.

RESERVOIR PIPING CONNECTIONS

The piping connections at the Woodridge reservoir consist of the following:

e 8-inch overflow piping is rigidly attached to the tank wall and base. The overflow pipe
penetration is 1 foot from the tank wall.

e §-inch drain piping penetrates the tank floor plate 1 foot from the tank wall.

e 16-inch inlet/outlet pipe penetrates the tank floor plate 5.25 feet from the tank wall.

SEISMIC ASSESSMENT OF CURRENT TANK CONDITIONS

Seismic design parameters for the Woodridge reservoir site were determined as described in
Section 2. Table 6-2 summarizes the seismic coefficients to be used for the evaluations
consistent with Seismic Zones 3 and 4.

Table 6-2
Woodridge Reservoir
Seismic Coefficients

Near Near
Soil Source | Source Seismic Seismic Control | Control
Seismic Profile Factor, | Factor, | Coefficient | Coefficient | Period Period
Zone Type Ny, N, C. C, T, T,
3 S, n/a n/a 0.33 0.45 0.11 0.55
4 S. 1.3 1.6 0.52 0.90 0.14 0.69

Based on results of the soil investigation performed by HWA GeoSciences, it is recommended
that the existing ring wall foundations be evaluated using an allowable soil bearing pressure of 5
ksf (kips per square foot) for static conditions. This value may be increased by 50 percent for
evaluating transient loading conditions, such as seismic forces. Hoop tensile forces in the ring
wall foundations resulting from the fluid weight may be evaluated using an earth pressure
coefficient of 0.4, assuming the ring walls are relatively rigid.

Frictional resistance along the base of the footings may be evaluated using 0.60 for the
coefficient of base friction. It is estimated that the full base friction force will be mobilized
within about 0.25 inch of lateral movement. Passive resistance against the sides of the footings
may be evaluated using an equivalent fluid density of 600 pcf (pounds per cubic foot). Suitable
factors of safety should be incorporated in evaluating lateral resistance of the ring wall footing.

.
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Soil liquefaction can occur when saturated, loose sands and silty sands lose strength and behave
as a liquid in response to earthquake shaking. Because the soils at the Woodridge reservoir site
are neither saturated or loose, the potential for soil liquefaction is low. Further, the anticipated
infrequent recurrence coupled with no previous evidence of surface rupture associated with the
Seattle Fault indicates that the risk of ground rupture at the site is low.

Seismic Forces

Table 6-3 summarizes the seismic forces derived from analyzing the reservoir by the
pseudodynamic method per AWWA D-100 for a seismic event with accelerations of 0.4g and

0.3g.

Table 6-3
Woodridge Reservoir
Seismic Forces

Seismic Forces 0.4qg 0.3g
Overtuming Moment (k-ft) 138,896 104,172
Soil Bearing Pressure (ksf) 12.4 9.6
Static Hoop Stress (psi) 13,706 13,706
Seismic Hoop Stress (psi) 14,104 13,451
Compression Stress (psi) 2,761 2,111
Anchor Force (k) 611 448

The analysis shows that the shell plating is adequate for both seismic overturning compressive
stress and tensile hoop stresses. This assumes the allowable stresses to be used for the analysis
are from Chapter 3 of AWWA D-100 that assumes that high strength steels were not used in the
construction of the Woodridge Reservoir. The allowable static hoop stress is 15,000 psi and the
allowable static hoop stress in 17,000 psi. The allowable compression stress is 4,167 psi.

As shown in Table 3-3 of this report, the reservoir is anchored to the ringwall footing by 12
equally spaced anchors. The capacity of each of these anchors, assuming a material strength of
30 ksi, is 36k. The forces in the anchors shown in Table 6-3 due to overturning in a 0.4g and 0-
3g seismic event are 611 and 448, respectively. Therefore, the existing anchors are inadequate to
resist overturning and additional anchorage should be provided between the reservoir and the
ring footing.

The allowable soil bearing pressure based on the results of the soil investigation for transient
loading conditions such as seismic forces is 7.5 ksf. The actual bearing pressure for a 0.4g
seismic event is 12.4 ksf and for a 0.3g seismic event is 9.6 ksf.
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In accordance with AWWA D-100, resistance to the overturning moment at the bottom of the
shell may be provided by the weight of the tank shell, weight of roof reaction on the shell and by
the weight of a portion of the tank contents adjacent to the shell for unanchored tanks or by
anchorage of the tank shell. For unanchored tanks, the portion of the contents that may be used to
resist overturning is dependent on the width of the bottom annulus. The annulus may be thought
of as a portion of the bottom plate that lifts off the foundation and supports the weight of the tank
contents.

There are three criteria to determine the degree of overturning and consequently the amount of
anchorage required for the reservoir. If the ratio of the overturning moment divided by the
product of the square of the diameter of the reservoir and the weight of the tank shell, roof and
contents is less than or equal to 0.785, then there is no uplift and no anchorage is required. If this
ratio is between 0.785 and 1.54, then there is uplift but no anchorage is required. However, since
there is uplift, anything that is with the annular ring outside the reservoir and connected to the
reservoir must be allowed to move, relative to the reservoir. For example, piping which is
connected to the outside of the shell plate or within the annular ring on the inside of the reservoir
must be flexible enough to withstand the movement. If the ratio is greater than 1.54 the reservoir
must either be anchored or the bottom annulus must be thickened to support more of the tank
contents. For the Woodridge reservoir, this ratio is 3.46 and 2.60 for a 0.4g and 0.3g earthquake
respectively. Because these ratios are so high the annular ring cannot be sufficiently thickened to
resist overturning and the tank must be anchored to the ring footing.

ALTERNATIVE SEISMIC RETROFITS

As noted in the previous section, the Woodridge Reservoir must be anchored to the existing ring
footing to resist overturning for a 0.4g and a 0.3g earthquake. In addition, the existing ring
footing must be able to resist the same overturning moment. Three alternatives have been
considered to seismically retrofit the reservoir to resist the overturning moment.

Alternative 1 is to first connect the shell plate of the reservoir directly to the ring footing using
closely spaced adhesive anchors. Adding more weight to the footing would then increase the
resistance of the ring footing to overturning. This would be accomplished by adding a new ring
footing on the outside of the existing footing and doweling them together as previously shown in
Figure 4-2.

Alternative 2 is to first connect the shell plate of the reservoir directly to the ring footing using
closely spaced adhesive anchors. A portion of the bottom plate on the inside of the reservoir
would be removed and a new ring footing would be added. The new ring footing would then be
doweled into the existing footing as previously shown in Figure 4-3. The combination of the two
footings would serve to support a portion of the tank contents sufficient to resist the overturning.

Alternative 3 is to use small diameter high strength earth anchors to resist overturning. The earth
anchors would be drilled through the existing ring footing at equal spaces on the outside of the
reservoir as previously shown in Figure 4-4. The anchors would then be connected to the shell
plate by the use of anchor chairs.
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Also noted in the “Seismic Forces” paragraph of this section, the size of the ring footing must be
increased for the Woodridge Reservoir for a 0.4g and a 0.3g earthquake. In Alternatives 1 and 2
increasing the width of the footing to resist overturning would be adequate to decrease the soil
bearing pressure below the allowable. Finally, in accordance with AWWA D-100 Section 13.6,
foundations under flat-bottom tanks have fared well under seismic loading and the seismic
loading does not provide justification for increased foundations. Therefore, in Alternative 3 the
size of the ring footing does not need to be increased.

COMPARISON OF ALTERNATIVES

For the Woodridge Reservoir, Alternative 1 does not appear to be an adequate solution for a
number of reasons. First, since the weight of the footing which resists overturning is relatively
small compared to the weight of the reservoir plus its contents which cause overturning, simply
adding weight to the footing is an inefficient method for increasing the overturning resistance.
The width that would have to be added to the footing is greater than the width of the existing
footing, making this alternative economically impractical.

Second, the existing footing is not adequately reinforced to support the weight of additional
concrete from the new footing during uplift. Finally, the adhesive anchors connecting the tank
shell to the footing are relatively low capacity anchors and the number required would cause
them to be so close together that they would be essentially ineffective.

Alternative 2 does not appear to be an effective solution for two reasons. The first is that the
required number and spacing of adhesive anchors would cause them to be essentially ineffective,
similar to Alternative 1. The second reason is that the existing footing is not adequately
reinforced to support the additional weight of the tank contents, required to resist overturning
and the additional weight of the footing concrete.

Alternative 3 appears to be an adequate seismic retrofit solution. However, there are two
different overturning cases that were considered for this alternative. In the first case, the earth
anchors would be designed to resist the entire overturning moment. In the second case the earth
anchors would be designed to resist an overturning moment which is slightly reduced. The
overturning moment would be reduced by an amount that is equal to the square of the diameter
of the reservoir multiplied by the sum of the weights of the reservoir shell plate and the roof
structure multiplied by the ratio 1.54. This allows the roof structure and shell plate to resist a
portion of the overturning moment up to a point where the reservoir would require anchorage. In
this case piping connections would require modifications such that they allow movement.

Alternative 3, case one, requires 45-foot long earth anchors and anchor chairs at about a 4.25-
foot spacing for a 0.4g earthquake and a 45-foot long earth anchor and anchor chairs at about a
5.75-foot spacing for a 0.3g earthquake. Alternative 3, case two, requires the same earth anchors
at about a 5.25-foot spacing for a 0.4g earthquake and at about a 7.5-foot spacing for a 0.3g
earthquake. In addition, for Alternative 3, condition two, the pipe connections for the 8 inch
overflow pipe and the 8 inch drain pipe would be modified to be flexible connections. However,
it should be noted that, because these pipes are embedded in the foundation and welded to the
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bottom plate of the reservoir, adding sufficient flexibility to their connection would require a

significant amount of additional work and cost.

Finally, it should be noted that for the purposes of the computations in this preliminary design
report, the spacing of soil anchors has been assumed to be uniform and it is understood that there
is not much room on the site for drilling equipment. Respacing of anchors to avoid below-grade
obstruction and above grade structures may be required. However, these items should not
significantly impact the overall seismic capacity of the anchor system or the cost of construction.

Estimated costs for both conditions of Alternative 3 are summarized in Table 6-4 below for both a
0.4 g and a 0.3g seismic event. For a description of what is included in estimated costs see Table

11-1.
Table 6-4
Woodridge Reservoir
Summary of Estimated Costs
0.4g 0.3g

Alternative 3 — Case One $435,000 $320,000

Alternative 3 — Case Two $420,000 $305,000
MONTGOMERY WATSON 6-8 PRELIMINARY DESIGN REPORT
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Section 7
Horizon View No. 1

The Horizon View No. I reservoir is located in a residential area near the intersection of 148"
Avenue Southeast and Southeast 47™ Place. Harstad & Associates designed it in 1963. This
section presents the findings of the site investigation, seismic assessment of the tank’s current
condition, and an evaluation of the piping connections to the tank. In addition, alternative
seismic retrofits, including a cost comparison, have been developed for the Horizon View No. I
reservoir. The evaluation of the alternatives and a recommended seismic retrofit alternative are
also presented in this section. Photographs of the Horizon View No. 1 reservoir are included in
Appendix B.

SITE INVESTIGATION

Site investigations for the Horizon View No. I reservoir have included on-site inspections when
the reservoir was full and empty. Site inspections have been completed by the structural engineer
(Montgomery Watson), the geotechnical engincer (HWA GeoSciences), and the corrosion
engineer (Corrpro Companies, Inc.). The following paragraphs summarize the findings of these
site investigations. Detailed field notes and reports resulting from these investigations are
included in Volume 11 of this preliminary design report.

Site Characteristics

The Horizon View No. I reservoir site plan is shown on Figure 7-1. Based on the 1963 plans for
the Horizon View No. 1 reservoir, it appears that original site grades were zero to six feet higher
than current grades adjacent to the tank. Therefore, it is concluded that the reservoir is located in
a cut area. Based on the data reviewed and subsurface investigations, the Horizon View No. I
reservoir site appears to be underlain by glacial till. Approximately 4.5 feet of till overlay the
glacial till. The fill consists of medium dense gravelly silty, sand extending to the depth of the
subsurface exploration of 28 feet. Based on the 1963 plans, the existing reservoir footings are
anticipated to be founded on the glacially deposited soil. Groundwater was not encountered
during the subsurface explorations.

The ring wall foundation is 10-inches wide and extends from 2 feet to an unknown depth below
the base of the tank. The interior of the ring wall foundation was backfilled with compacted pit
run gravel, with the exception of the four inches immediately below the bottom of the tank,
which consists of oiled sand. A center column bearing on a 3-foot square spread footing provides
support for the roof structure.

General Reservoir Condition

In general the interior and-exterior paint is in good condition. However, some corrosion of the
interior shell plate near the high water level was observed. The access manway, piping
connections, and steel ladder located within the tank are all in good condition. Some pitting was
observed in the floor plate beneath the most recent painting layer.

v
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Section 7 — Horizon View No. 1

At the time of the inspection, floor and shell plate thickness were acquired for use in the seismic
analysis structural calculations. The data was primarily collected for characterization of existing
steel thickness but also suggests that no significant general corrosion has occurred in the shell
over the service life of the tank. The tank plate thickness results are presented in Table 7- 1.

TABLE 7-1
Horizon View No. 1 Reservoir
Tank Shell Thickness

Shell Course Thickness, in.

Floor Plate 0.250

1 0.260

2 0.260

3 0.255

4 0.250

5 0.250

Roof 1 0.195

Grout between the exterior floor plate and ring wall foundation had recently been painted making
it difficult to evaluate its condition. However, it appears be in fair condition. The exposed
concrete on top of the ring wall foundation is weathered. The steel ladder, safety post, overflow
and access manway located at the tank exterior are all in good condition. The roof hatch is also
in good condition. The paint on the exterior of the roof is in fair condition, and could benefit
from maintenance.

There is an existing underdrain system below the tank and a shallow drainage ditch located at the
toe and at the top of the adjacent slope. During the site visit ponding was observed at the toe of
the slope. No problems have been identified with the drainage system.

Weld Condition

Based on the visual inspection of the Horizon View No. 1 reservoir, the interior floor plate and
shell plate welds are in good condition. The floor plate is lapped and fillet welded. Exterior shell
plate welds also appear to be in good condition. The roof plate is lapped and fillet welded, and
the welds appear to be in good condition.

Corrosion Inspection

Corrpro Companies, Inc. completed a corrosion investigation of the Horizon View No. I
reservoir. Data collected included visual inspection of interior and exterior coatings, steel
substrate, appurtenances and cathodic protection system components. Physical data collected on
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the tank included generic classification of coating, Toxicity Characteristic Leaching Procedure
lead content, coating thickness and coating adhesion. The findings of the corrosion investigation
are summarized in the following paragraphs.

Interior and Exterior Coatings

Visual inspection coupled with physical measurements formed the basis of the interior and
exterior coatings investigation of the Horizon View No. 1 reservoir. Visual inspection included
qualitative evaluation of overall coating condition (e.g., blisters, underfilm corrosion, pinhole
failure, cathodic disbondment), characterization of any floor, shell or appurtenance corrosion
failure and close inspection of weld lanes and sharp edges. Physical measurements included
interior and exterior coating thickness measurements on the wall and floor, and generic coating
typing for both the interior and exterior coating systems. In addition, the exterior reservoir
coating was tested for coating adhesion quality.

The thicknesses of the internal shell coating are typical, and are sufficient to provide protection.
Coating thicknesses on the floor were also reasonable. However, variations of thickness across
the floor were observed. Corrosion was heavy on the floor directly beneath the center column
support. Sections of the floor show fairly extensive pitting that occurred prior to the last
maintenance coating application. No coating failures were visible near these pit sites suggesting
that the corrosion occurred prior to the most recent coating. These areas should be monitored
during subsequent inspections.

In general, the internal visual inspection showed the tank coating was in good condition. No
blisters were noted in the shell or floor coating. However, some pin hole failures with iron oxide
corrosion product were visible on the floor. Pitting was also observed beneath the most recent
painting coat. Existence of these types of failures indicates that the cathodic protection system
may require adjustment. The weld seams and plate material laminations showed some corrosion
and iron oxide staining. Stripe coating with a brush prior to spray applying a primer coat can
provide the extra protection needed for these areas. Coatings on the interior tank appurtenances,
ladder and structural steel, remained in good condition.

Visual inspection of the roof and upper shell courses revealed no significant corrosion or coating
failures. Some small spot rusting at pin hole coating failures was evident as well as minor surface
corrosion of structural members in difficult to coat areas. These failure modes should not have an
impact on the operation or integrity of the tank.

The lower four courses of the tank exterior have been overcoated with a maintenance coating.
There is no visible sign of coating failure. Adhesion tests completed for the Horizon View No. 1
reservoir showed mixed failure at various coating interfaces. The significance of these results
would require extensive testing to remove the inherent statistical variation of the methodology.

Fourier Transform Infrared analysis suggest that the generic type of the interior and exterior
coating systems is epoxy based. The data on the coating samples also show that the interior and
exterior coating samples were well below the 5.0 ppm maximum concentration for leachable
lead. Based on findings for the exterior coating system it is recommended that the existing

.
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coating system may be encapsulated with minor surface preparation which includes removal of
areas of delaminated coating.

Cathodic Protection Condition

The condition of cathodic protection was evaluated simultaneously with the interior and exterior
coatings evaluation. Visual inspection of the Horizon View No. 1 reservoir shows that a cathodic
protection system exists at the reservoir site, and that the components of the system (e.g. anodes,
reference electrode) remain in good condition. While present at the reservoir site, the cathodic
protection system was not operating at the time of the site investigation. The set potential for the
tank was well below the National Association of Corrosion Engineers criteria for adequate
cathodic protection. Cathodic protection current at the existing control point setting would not
prevent most steel corrosion. This low set point may account for the presence of red iron oxide
corrosion product noted during the internal inspection.

It is recommended that the output of the cathodic protection system be adjusted to maintain
protected tank-to-electrolyte potential in accordance with National Association of Corrosion
Engineers criteria. In addition, it is reccommended that the City monitors the rectifier output (i.e.,
voltage and current) quarterly, and that the City performs checkout of the cathodic protection
system annually.

RESERVOIR PIPING CONNECTIONS

The piping connections at the Horizon View No. I reservoir consist of the following:

e 6-inch overflow piping is rigidly attached to the outside of the tank wall and penetrates the
tank wall near the top of the tank wall.

e 6-inch drain piping penetrates the tank floor 1.25 feet from the tank wall.

e 12-inch inlet/outlet pipe penetrates the tank floor 1.25 feet from the tank wall.

SEISMIC ASSESSMENT OF CURRENT TANK CONDITIONS

Seismic design parameters for the Horizon View No. I reservoir site were determined as
described in Section 2. Table 7-2 summarizes the seismic coefficients to be used for the
evaluations consistent with Seismic Zones 3 and 4.

Table 7-2
Horizon View Reservoir
Seismic Coefficients

Near Near
Soil Source | Source Seismic Seismic | Control | Control
Seismic Profile Factor, | Factor, | Coefficient Coefficient| Period | Period
ZOne Type i NV Na Ca CV To Ts
3 Se n/a n/a 0.33 0.45 0.11 0.55
4 Se 1.3 1.6 0.52 0.90 0.14 0.69
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Section 7 - Horizon View No. 1

The slope of the site is relatively stable and poses no significant threat to the reservoir during an
earthquake. Some continued raveling of the slope and deposition of sloughing soil at the toe of
the slope should be anticipated. Measures to improve and control the site drainage will increase
the general stability of the slope and will reduce surficial erosion. Grading and regarding the
drainage ditches along the tank perimeter and the top of the slope to prevent watering from
ponding around the tank would be appropriate measures to increase general stability.

Based on results of the soil investigation performed by HWA GeoSciences, it is recommended
that the existing ring wall foundations be evaluated using an allowable soil bearing pressure of 4
ksf (kips per square foot) for static conditions. This value may be increased by 50 percent for
evaluating transient loading conditions, such as seismic forces. Hoop tensile forces in the ring
wall foundations resulting from the fluid weight may be evaluated using an earth pressure
coefficient of 0.4, assuming the ring walls are relatively rigid.

Frictional resistance along the base of the footings may be evaluated using 0.60 for the
coefficient of base friction. It is estimated the full base friction force will be mobilized within
about 0.25 inch of lateral movement. Passive resistance against the sides of the footings may be
evaluated using an equivalent fluid density of 800 pcf (pounds per cubic foot). Suitable factors of
safety should be incorporated in evaluating lateral resistance of the ring wall footing.

Soil liquefaction can occur when saturated, loose sands and silty sands lose strength and behave
as a liquid in response to earthquake shaking. Because the soils at the Horizon View No. I
reservoir site are neither saturated or loose, the potential for soil liquefaction is low. Further, the
anticipated infrequent recurrence coupled with no previous evidence of surface rupture
associated with the Seattle Fault indicates that the risk of ground rupture at the site is low.

Seismic Forces

Table 7-3 summarizes the seismic forces derived from analyzing the reservoir by the
pseudodynamic method per AWWA D-100 for a seismic event with accelerations of 0.4g and
0.3g.

Table 7-3
Horizon View No. 1 Reservoir
Seismic Forces

Seismic Forces 0.49 0.3g
Overtuming Moment (k-ft) 7,390 5,542
Soil Bearing Pressure (ksf) 12.7 9.7
Static Hoop Stress (psi) 12,835 12,385
Seismic Hoop Stress (psi) 12,381 12,013
Compression Stress (psi) 3,294 2,517
Anchor Force (k) 223 163
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Section 7 — Horizon View No. 1

The analysis shows that the shell plating is adequate for both seismic overturning compressive
stress and tensile hoop stresses. This assumes the allowable stresses to be used for the analysis
are from Chapter 3 of AWWA D-100 that assumes that high strength steels were not used in the
construction of the Horizon View No. 1 Reservoir. The allowable static hoop stress is 15,000 psi
and the allowable seismic hoop stress is 17,000 psi. The allowable compression stress is 3,465

psi.

As shown in Table 3-3 of this report, the reservoir is anchored to the ringwall footing by 4
equally spaced anchors. The capacity of each of these anchors, assuming a material strength of
30 ksi, is 18k. The forces in the anchors shown in Table 7-3 due to overturning in a 0.4g and 0.3g
seismic event are 223 and 163k respectively. Therefore, the existing anchors are inadequate to
resist overturning and additional anchorage should be provided between the reservoir and the
ring footing. .

The allowable soil bearing pressure based on the results of the soil investigation for transient
loading conditions such as seismic forces is 6 ksf. The actual bearing pressure for a 0.4¢ seismic
event is 12.7 ksf and for a 0.3g seismic event 1s 9.7 ksf.

In accordance with AWWA D-100, resistance to the overturning moment at the bottom of the
shell may be provided by the weight of the tank shell, weight of roof reaction on the shell and by
the weight of a portion of the tank contents adjacent to the shell for unanchored tanks or by
anchorage of the tank shell. For unanchored tanks, the portion of the contents that may be used to
resist overturning is dependent on the width of the bottom annulus. The annulus may be thought
of as a portion of the bottom plate that lifts off the foundation and supports the weight of the tank
contents.

There are three criteria to determine the degree of overturning and consequently the amount of
anchorage required for the reservoir. If the ratio of the overturning moment divided by the
product of the square of the diameter of the reservoir and the weight of the tank shell, roof and
contents is less than or equal to 0.785, then there is no uplift and no anchorage is required. If this
ratio is between 0.785 and 1.54, then there is uplift but no anchorage is required. However, since
there is uplift, anything that is within the annular ring or outside the reservoir and connected to
the reservoir must be allowed to move, either with the reservoir or relative to the reservoir. For
example, piping which is connected to the outside of the shell plate or within the annular ring on
the inside of the reservoir must be flexible enough to withstand the movement. If the ratio is
greater than 1.54 the reservoir must either be anchored or the bottom annulus must be thickened
to support more of the tank contents. For the Horizon View No. 1 reservoir, this ratio is 3.82 and
2.87, respectively, for a 0.4g and 0.3g earthquake. Because these ratios are so high the annular
ring cannot be sufficiently thickened to resist overturning and the tank must be anchored to the
ring footing.

ALTERNATIVE SEISMIC RETROFITS

As noted in the “Seismic Forces” subsection, the Horizon View No. 1 Reservoir must be
anchored to the existing ring footing to resist overturning for a 0.4g and a 0.3g earthquake. In
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addition, the existing ring footing must be able to resist overturning. Three alternatives have been
considered to seismically retrofit the reservoir to resist the overturning.

Alternative 1 is to first connect the shell plate of the reservoir directly to the ring footing using
closely spaced adhesive anchors. Adding more weight to the footing would then increase the
resistance of the ring footing to overturning. This would be accomplished by adding a new ring
footing on the outside of the existing footing and doweling them together as previously shown in
Figure 4-2.

Alternative 2 is to first connect the shell plate of the reservoir directly to the ring footing using
closely spaced adhesive anchors. A portion of the bottom plate on the inside of the reservoir
would be removed and a new ring footing would be added. The new ring footing would then be
doweled into the existing footing as previously shown in Figure 4-3. The combination of the two
footings would serve to support a portion of the tank contents sufficient to resist the overturning.

Alternative 3 is to connect the shell plate of the reservoir directly to the ring footing with closely
spaced adhesive anchors. Then a new ring footing would be added to the outside of the existing
footing and the two footings would be doweled together. Finally, a series of equally spaced small
diameter, high-strength earth anchors would be drilled through the new footing as shown in
Figure 7-2.

Also noted in the “Seismic Forces” subsection, the size of the ring footing must be increased for
the Horizon View No. 1 Reservoir for a 0.4g and a 0.3g earthquake. In Alternatives 1 and 2
increasing the width of the footing to resist overturning would be adequate to decrease the soil
bearing pressure below the allowable. Finally, in accordance with AWWA D-100 Section 13.6,
foundations under flat-bottom tanks have fared well under seismic loading and the seismic
loading does not provide justification for increased foundations. Therefore, in Alternative 3 the
size of the ring footing does not need to be increased.

COMPARISON OF ALTERNATIVES

For the Horizon View No. 1 Reservoir, Alternative 1 does not appear to be an adequate solution
for two reasons. First, since the weight of the footing which resists overturning is relatively small
compared to the weight of the reservoir plus its contents which cause overturning, simply adding
weight to the footing is an inefficient method for increasing the overturning resistance. The
width that would have to be added to the footing is greater than the width of the existing footing,
making this alternative economically impractical. Second, the existing footing is not adequately
reinforced to support the weight of additional concrete from the new footing during uplift.

Alternative 2 does not appear to be an effective solution because the existing footing is not
adequately reinforced to support the additional weight of the tank contents required to resist
overturning and support the additional weight of the footing concrete.

Alternative 3 appears to be an adequate seismic retrofit solution. However, there are two
different overturning cases that were considered for this alternative. In the first case, the earth
anchors would be designed to resist the entire overturning moment. In the second case the earth
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Section 7 — Horizon View No. 1

anchors would be designed to resist an overturning moment which is slightly reduced. The
overturning moment would be reduced by an amount that is equal to the square of the diameter of
the reservoir multiplied by the sum of the weights of the reservoir shell plate and the roof
structure multiplied by the ratio 1.54. This allows the roof structure and shell plate to resist a
portion of the overturning moment up to a point where the reservoir would require anchorage. In
this case piping connections would require modifications so that they allow movement.

Alternative 3, case one, requires twelve, 30-foot long earth anchors and adhesive anchors with
anchor chairs at about a 2-foot spacing for a 0.4g earthquake and twelve 25-foot long earth
anchor and adhesive anchors with anchor chairs at about a 2.5-foot spacing for a 0.3g earthquake.
Alternative 3, case two requires twelve, 25-foot long earth anchors and adhesive anchors with
anchor chairs at about a 2.25-foot spacing for a 0.4g earthquake and twelve, 20-foot long earth
anchors and adhesive anchors with anchor chairs at about a 3.25-foot spacing for a 0.3g
earthquake. In addition, for Alternative 3, condition two, flexible couplings would be added to the
pipe connections for the 6-inch overflow pipe, 6-inch drain pipe and 12-inch inlet/outlet pipe. It
should be noted that because the pipes are embedded in the foundation and connected to the
bottom plate of the reservoir, adding sufficient flexibility to their connection would require a
significant amount of additional work and cost. Finally, the width of the existing footing for both
conditions should be increased by adding a new 1-foot by 2.5-foot ring to the outside of the
footing.

Estimated costs for both conditions of Alternative 3 are summarized in Table 7-4 below for both a
0.4 g and a 0.3g seismic event. For a description of what is included in estimated costs see Table
11-1.

Table 7-4
Horizon View No. 1 Reservoir
Summary of Estimated Costs

0.4g 0.3g
Alternative 3 — Case One $150,000 $130,000
Alternative 3 — Case Two $170,000 $150,000
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anchors would be designed to resist an overturning moment which is slightly’ reduced. The
overturning moment would be reduced by an amount that is equal to the squarg of the diameter
of the (reservoir multiplied by the sum of the weights of the reservoir shell plate and the roof
structute multiplied by the ratio 1.54. This allows the roof structure and siell plate to resist a
portion §f the overturning moment up to a point where the reservoir would/require anchorage. In
this case Riping connections would require modifications so that they allgtv movement.

Alternative \3, case one, requires twelve, 30-foot long earth anchors/and adhesive anchors with
anchor chairy at about a 2-foot spacing for a 0.4g earthquake apd twelve 25-foot long earth
anchor and aghesive anchors with anchor chairs at about a/2.5-foot spacing for a 0.3g
earthquake. Alfernative 3, case two requires twelve, 25-foot lgng earth anchors and adhesive
anchors with anchor chairs at about a 2.25-foot spacing for a 0 4g earthquake and twelve, 20-foot
long earth anchorg and adhesive anchors with anchor chairg’at about a 3.25-foot spacing for a
0.3g earthquake. In\addition, for Alternative 3, condition two, flexible couplings would be added
to the pipe connectidps for the 6-inch overflow pipe, 6-iich drain pipe and 12-inch inlet/outlet
pipe. It should be noteq that because the pipes are embgtded in the foundation and connected to
the bottom plate of the reservoir, adding sufficient flexibility to their connection would require a
significant amount of additional work and cost. Fihally, the width of the existing footing for
both conditions should be ingreased by adding a ngw 1-foot by 2.5-foot ring to the outside of the
footing.

Estimated costs for both conditions of Alternative 3 are summarized in Table 7-4 below for both
a 0.4 g and a 0.3g seismic event. For a degCription of what is included in estimated costs see
Table 11-1.
N/ Table 7-4
Horizon/View No. 1 Reservoir

-/ \Q.4g 0.3g
Alternative 3 — Case Ory $1315000 $113,000
Alternative 3 — Case TWwo $145,00 $125,000
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Section 8
Parksite

Harstad & Associates designed the Parksite reservoir in 1962. The Parksite reservoir is a large
diameter, relatively short, 2.0 million gallon welded steel tank. This section presents the findings
of the site investigation, seismic assessment of the tank’s current condition, and an evaluation of
the piping connections to the tank. In addition, alternative seismic retrofits, including a cost
comparison, have been developed for the Parksite reservoir. The evaluation of the alternatives
and a recommended seismic retrofit alternative are also presented in this section. Photographs of
the Parksite Reservoir are included in Appendix B.

SITE INVESTIGATION

Site investigations for the Parksite reservoir have included on-site inspections when the reservoir
was full and empty. Site inspections have been completed by the structural engineer
(Montgomery Watson), the geotechnical engineer (HWA GeoSciences), and the corrosion
engineer (Corrpro Companies, Inc.). The following paragraphs summarize the findings of these
site investigations. Detailed field notes and reports resulting from these investigations are
included in Volume 11 of this preliminary design report.

Site Characteristics

The Parksite reservoir site plan is shown on Figure 8-1. Based on the 1962 plans for the Parksite
reservoir, it appears that the original site sloped at an angle as much as 2.5-foot horizontal to 1-
foot vertical. When the site was developed, the slope along the south side of the site was cut back
to accommodate the tank. The lower 3 to 6 feet of the slope was cut to near vertical and is
supported by a rockery. The current condition of the rockery appears to be stable. It was also
observed during the site visit that the mature tree trunks along the cut slope have remained
vertical over the years, further confirming the stability of the slope. Although the slope appears
stable, the steepness of the slope will result in some raveling and deposition of sloughing soil at
the toe of the slope. ‘

Based on the data reviewed and the subsurface explorations, the Parksite reservoir site appears to
be underlain by the Blakely Formation, glacial till and fill soils. The Blakely Formation at the
Parksite reservoir is weathered and consists of very stiff to hard sandy silt, interbedded with very
dense silty sand. The Blakely Formation was overlain by glacial till at some locations on the site.
In addition to the Blakely Formation and the glacial till, fill is anticipated to underlie the northern
portion of the site. Based on the 1962 reservoir plans, approximately 25 feet of the northern
portion of the reservoir may be underlain by fill. However, the plans suggest that the existing
ring wall is founded on native soils, likely glacial till or weathered Blakely Formation soils.
Groundwater seepage was observed within the Blakely Formation soils at an approximate depth
of 19 feet.

The ring wall foundation is 1.5-feet wide with a varying depth. In general the ring wall is
shallower along the south side of the tank and deeper along the north side of the tank. The
interior of the ring wall foundation was backfilled with compacted pit run gravel, with the
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Section 8 — Parksite

exception of the five inches immediately below the bottom of the tank, which consists of oiled
sand.

General Reservoir Condition

General visual inspection of the Parksite reservoir indicates that interior and exterior paint is in
good condition. However, there is evidence of minor corrosion at the top of the fourth course and
bottom of the fifth course of the shell plate. The interior roof structure and surface paint appear
to be in good condition.

The Jadder located within the tank is painted steel with a safety cage and an aluminum safety
post. All appear to be in good condition. The interior piping, floor drain, overflow and support,
and the outlet/inlet piping, all appear to be in good condition with no apparent corrosion or
deterioration. The access manway also appears to be in good condition. The exterior
appurtenances, ladder, safety rail, and safety cage are in good condition relative to corrosion and
deterioration.

At the time of the inspection, floor and shell plate thickness were acquired for use in the seismic
analysis structural calculations. The data was primarily collected for characterization of existing
steel thickness but also suggests that no significant general corrosion has occurred in the shell
over the service life of the tank. The tank plate thickness results are presented in Table 8-1.

TABLE 8-1
Parksite Reservoir
Tank Shell Thickness

Shell Course Thickness, in.

Floor Plate 0.500

1 0.820

2 0.630

3 0.455

4 0.260

5 0.255

Roof 1 0.250

Grout between the exterior floor plate and ring wall foundation is in poor condition, and absent
in some places along the interface. The exposed concrete on top of the ring wall foundation is
weathered with minor spalling.

’
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There is an existing underdrain system below the tank and a 5-foot deep drainage system located
around the tank perimeter at the toe of the existing slope. During several site visits water was
observed to have ponded between the tank and the cut slope, indicating the perimeter interceptor
drain is not functioning properly. Ponded water against the side of the steel tank could lead to
corrosion problems. The existing interceptor drainage system along the toe of the slope should be
replaced.

Weld Condition

Based on the visual inspection of the Parksite reservoir, the interior floor plate and shell plate
welds are in good condition. The floor plate is lapped and fillet welded. Exterior shell plate
welds also appear to be in good condition. The roof plate is lapped and fillet welded, and the
welds appear to be in good condition.

Corrosion Inspection

Corrpro Companies, Inc. completed a corrosion investigation of the Parksite reservoir. Data
collected included visual inspection of interior and exterior coatings, steel substrate,
appurtenances and cathodic protection system components. Physical data collected on the tank
included generic classification of coating, Toxicity Characteristic Leaching Procedure lead
content, coating thickness and coating adhesion. The findings of the corrosion investigation are
summarized in the following paragraphs.

Interior and Exterior Coatings

Visual inspection coupled with physical measurements formed the basis of the interior and
exterior coatings investigation of the Parksite reservoir. Visual inspection included qualitative
evaluation of overall coating condition (e.g., blisters, underfilm corrosion, pinhole failure,
cathodic disbondment), characterization of any floor, shell or appurtenance corrosion failure and
close inspection of weld lanes and sharp edges. Physical measurements included interior and
exterior coating thickness measurements on the wall and floor, and generic coating typing for
both the interior and exterior coating systems. In addition, the exterior reservoir coating was
tested for coating adhesion quality.

The coating thickness data collected for the Parksite reservoir for the interior shell are typical for
tank linings and are sufficient to provide protection. Coating thicknesses on the floor were also
reasonable for epoxy systems. Both the shell walls and floor show good consistency of applied
thickness. In general, the internal visual inspection showed the tank coating was in good
condition. No blisters were noted in the shell or floor coating. However, some pin hole failures
with iron oxide corrosion product were visible on the floor. The existence of these types of
failures indicates that the cathodic protection system may require adjustment.

Visual inspection of the roof and upper shell courses revealed no significant corrosion or coating
failures. Some small spot rusting at pin hole coating failures was evident as well as minor surface
corrosion of structural members in difficult to coat areas. These failure modes should not effect
the operation or integrity of the tank.

MONTGOMERY WATSON 8-3 PRELIMINARY DESIGN REPORT
1061023005



Section 8 — Parksite

The lower four courses of the tank exterior have been overcoated with a maintenance coating.
There is no visible sign of coating failure. However, there were a couple of minor locations
where coating was delaminated. Some damage to the coating on the west side of the reservoir
was observed which appeared to be the result of vandalism. Further, results of the coating
adhesion tests indicate excellent adhesion strength.

Fourier Transform Infrared analysis suggest that the generic type of the interior is epoxy based.
The generic type for the exterior coating can be categorized as vinyl. The data on the coating
samples also show that the interior samples were well below the 5.0 ppm maximum
concentration for leachable lead. The exterior coating samples were above the limit at 8.2 ppm.
However, based on the findings of the exterior coating system evaluation, it is recommended that
the existing coating may be encapsulated with minor surface preparation which includes removal
of areas of delaminated coating.

Cathodic Protection Condition

The condition of cathodic protection was evaluated simultaneously with the interior and exterior
coatings evaluation. Visual inspection of the Parksite reservoir shows that a cathodic protection
system exists at the reservoir site, and that the components of the system (e.g. anodes, reference
electrode) remain in good condition. The cathodic protection system, if properly adjusted and
maintained, should prevent significant corrosion in the areas where trace blisters have occurred.

It is recommended that the output of the cathodic protection system be adjusted to maintain
protected tank-to-electrolyte potential in accordance with National Association of Corrosion
Engineers criteria. In addition, it is recommended that the City monitors the rectifier output (i.e.,
voltage and current) quarterly, and that the City performs checkout of the cathodic protection
system annually.

RESERVOIR PIPING CONNECTIONS

The piping connections at the Parksite reservoir consist of the following:

e 8-inch overflow piping is rigidly attached to the tank wall and base. The overflow pipe
penetration is 1.25 feet from the tank wall.
8-inch drain piping penetrates the tank floor plate adjacent to the center column.

e ]6-inch inlet/outlet penetrates the tank floor plate, 4.25 feet from the tank wall.

SEISMIC ASSESSMENT OF CURRENT TANK CONDITIONS

Seismic design parameters for the Parksite reservoir site were determined as described in Section
2. Table 8-2 summarizes the seismic coefficients to be used for the evaluations consistent with
Seismic Zones 3 and 4.

4
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Table 8-2
Parksite Reservoir

Seismic Coefficients

Near Near
Soil Source | Source Seismic Seismic Control | Control
Seismic Profile Factor, | Factor, | Coefficient | Coefficient | Period Period
Zone Type N, Na. C. C, T, T,
3 Se n/a n/a 0.33 0.45 0.11 0.55
4 Se 1.3 1.6 0.52 0.90 0.14 0.69

Based on results of the soil investigation performed by HWA GeoSciences, it is recommended
that the existing ring wall foundations be evaluated using an allowable soil bearing pressure of 5
ksf (kips per square foot) for static conditions. This value may be increased by 50 percent for
evaluating transient loading conditions, such as seismic forces. Hoop tensile forces in the ring
wall foundations resulting from the fluid weight may be evaluated using an earth pressure
coefficient of 0.4, assuming the ring walls are relatively rigid.

Frictional resistance along the base of the footings may be evaluated using 0.60 for the
coefficient of base friction. It is estimated that the full base friction force will be mobilized
within about 0.25 inch of lateral movement. Passive resistance against the sides of the footings
may be evaluated using an equivalent fluid density of 600 pcf (pounds per cubic foot). Suitable
factors of safety should be incorporated in evaluating lateral resistance of the ring wall footing.

Soil liquefaction can occur when saturated, loose sands and silty sands lose strength and behave
as a liquid in response to earthquake shaking. Because the soils at the Parksite reservoir site are
neither saturated or loose, the potential for soil liquefaction is low. Further, the anticipated
infrequent recurrence coupled with no previous evidence of surface rupture associated with the
Seattle Fault indicates that the risk of ground rupture at the site is low.

Seismic Forces

Table 8-3 summarizes the seismic forces derived from analyzing the reservoir by the
pseudodynamic method per AWWA D-100 for a seismic event with accelerations of 0.4g and
0.3g.

’
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Table 8-3
Parksite Reservoir
Seismic Forces

Seismic Forces 0.4g 0.3g
Overtuming Moment (k-ft) 50,484 37,963
Soil Bearing Pressure (ksf) 6.0 4.7
Static Hoop Stress (psi) 14,692 14,692
Seismic Hoop Stress (psi) 17,223 16,039
Compression Stress (psi) 851 662
Anchor Force (k) 158 =~ 118 <=

The analysis shows that the shell plating is adequate for both seismic overturning compressive
stress and tensile hoop stresses. This assumes the allowable stresses to be used for the analysis
are from Chapter 3 of AWWA D-100 that assumes that high strength steels were not used in the
construction of the Parkside Reservoir. The allowable static hoop stress is 15,000 psi and the
allowable seismic hoop stress is 17,000 psi. The allowable compressive stress is 2,256 psi.

As shown in Table 3-3 of this report, the reservoir is anchored to the ringwall footing by 4
equally spaced anchors. The capacity of each of these anchors, assuming a material strength of

seismic event are 158 and 113k respectively. Therefore the existing anchors are[mad uate to

i

e, -

resist overturning and additional anchorage should be provided between the reservoir and the

ring footing.

The allowable soil bearing pressure based on the results of the soil investigation for transient
loading conditions such as seismic forces is 7.5 ksf. The actual bearing pressure for a 0.4g
seismic event is 6.0 ksf and for a 0.3g seismic event is 4.7 ksf.

In accordance with AWWA D-100, resistance to the overturning moment at the bottom of the
shell may be provided by the weight of the tank shell, weight of roof reaction on the shell and by
the weight of a portion of the tank contents adjacent to the shell for unanchored tanks or by
anchorage of the tank shell. For unanchored tanks, the portion of the contents that may be used to
resist overturning is dependent on the width of the bottom annulus. The annulus may be thought
of as a portion of the bottom plate that lifts off the foundation and supports the weight of the tank
contents.

There are three criteria to determine the degree of overturning and consequently the amount of
anchorage required for the reservoir. If the ratio of the overturning moment divided by the
product of the square of the diameter of the reservoir and the weight of the tank shell, roof and
contents is less than or equal to 0.785, then there is no uplift and no anchorage is required. If this
ratio is between 0.785 and 1.54 then there is uplift but no anchorage is required. However, since
there is uplift, anything that is within the annular ring or outside the reservoir that is connected to

v
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the reservoir must be allowed to move, either with the reservoir or relative to the reservoir. For
example, piping which is connected to the outside of the shell plate or within the annular ring on
the outside of the reservoir must be flexible enough to withstand the movement. If the ratio is
greater than 1.54 the reservoir must either be anchored or the bottom annulus must be thickened
to support more of the tank contents. For the Parksite reservoir, this ratio is 1.10 and 0.83,
respectively, for a 0.4g and 0.3g earthquake. These ratios are less than 1.54 so the reservoir is not
required to be anchored to the ring footing or have the annular ring thickened. However, the
flexibility of piping connections to the reservoir must be addressed.

ALTERNATIVE SEISMIC RETROFITS

As noted in the “Seismic Forces™ subsection the Parksite Reservoir does not require anchorage to
resist overturning for a 0.4g or a 0.3g earthquake and the actual soil bearing pressure is less than
the allowable soil bearing pressure. However, according to the psuedodynamic: analysis, there is
uplift for both a 0.4g and a 0.3g earthquake. Therefore, two alternatives were considered to
seismically retrofit the reservoir.

Alternative 1 is to use small diameter high strength earth anchors to prevent uplift. The anchors
would be drilled through the existing ring footing on equal spaces on the outside of the reservoir
as previously shown in Figure 4-4. The anchors would then be connected to the shell plate by
anchor chairs.

Alternative 2 would be to modify the piping connections so they allow movement relative to the
Ieservoir.

COMPARISON OF ALTERNATIVES

Both alternatives appear to be adequate to seismically retrofit the Parksite Reservoir. Alternative
1 requires twelve, 45-foot long earth anchors and anchor chairs for a 0.4g earthquake and twelve,
35-foot long earth anchors and anchor chairs for a 0.3g earthquake. Alternative 2 requires that
flexible couplings be added to the 8-inch overflow pipe. This would require installation of a 10-
inch spool at the base of the overflow inside the reservoir, removal of a section of the overflow,
and installation of a 10-inch transition type sleeve coupling between the remaining overflow and
spool. In addition, the existing 16-inch A.C. inlet pipe between the 16-inch C.I. adapter and the
park booster station should be removed and replaced with ductile iron pipe. The approximate
construction cost for Alternative 1 is $125,000 for a 0.4g earthquake and $110,000 for a 0.3g
carthquake. The cost for Alternative 2 is approximately $60,000. For a description of what is
included in estimated costs see Table 11 - 1.

MONTGOMERY WATSON 8-7 PRELIMINARY DESIGN REPORT
1061023005



Section 8 - P?rksite

the reservoir must be allowed to move, either with the reservoir or relative to the pegservoir. For
exaxple, piping which is connected to the outside of the shell plate or within the #nnular ring on
the oytside of the reservoir must be flexible enough to withstand the movemeft. If the ratio is
greateNthan 1.54 the reservoir must either be anchored or the bottom annulys must be thickened
to suppdt more of the tank contents. For the Parksite reservoir, this pdtio is 1.10 and 0.83,
respectively, for a 0.4g and 0.3g earthquake. These ratios are less than }/54 so the reservoir is not
required to Re anchored to the ring footing or have the annular ripg thickened. However, the
flexibility of piping connections to the reservoir must be addresseds

ALTERNATIVESEISMIC RETROFITS

As noted in the “Seisinic Forces” subsection the Parksite Reservoir does not require anchorage to
resist overturning for a Q. 4g or a 0.3g earthquake and the actual soil bearing pressure is less than
the allowable soil bearing'\pressure. However, accordifig to the psuedodynamic: analysis, there is
uplift for both a 0.4g and »0.3g earthquake. Therefore, two alternatives were considered to
seismically retrofit the reservous

Alternative 1 is to use small diameteg high stpength earth anchors to prevent uplift. The anchors
would be drilled through the existing ring footing on equal spaces on the outside of the reservoir
as previously shown in Figure 4-4. The chors would then be connected to the shell plate by
anchor chairs.

Alternative 2 would be to modify the piping conm CUOIIS so they allow movement relative to the
reservoir. .

COMPARISON OF ALTERNATIVES

Both alternatives appear to be/adequate to seismically retrofit e Parksite Reservoir. Alternative
1 requires twelve, 45-foot logg earth anchors and anchor chairs o 0.4g earthquake and twelve,
35-foot long earth anchors/and anchor chairs for a 0.3g earthquakésAlternative 2 requires that
flexible couplings be added to the §8-inch overflow pipe. This would reguire installation of a 10-
inch spool at the base of/the overflow inside the reservoir, removal of a s t1on of the overflow,
and installation of a 8-jach transition type sleeve coupling between the remafning overflow and
spool. The approximate construction cost for Alternative 1 is $104,000 for a 0.4g earthquake
and $92,000 for a 0.2g earthquake. The cost for Alternative 2 is approxnnately 45 000. For a
description of what 8 included in estimated costs see Table 11 - 1.
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Section 9
Pikes Peak

The Pikes Peak is the newest reservoir of the seven included in the structural/seismic evaluation.
It was designed by Roy L. Gardner & Associates in 1968, and fabricated by General American
Transportation Corporation. This section presents the findings of the site investigation, seismic
assessment of the tank’s current condition, and an evaluation of the piping connections to the
tank. In addition alternative seismic retrofits, including a cost comparison, have been developed
for the Pikes Peak reservoir. The evaluation of the alternatives and a recommended in this
section. Photographs of the Pikes Peak reservoir are included in Appendix B.

SITE INVESTIGATION

Site investigations for the Pikes Peak reservoir have included on-site inspections when the
reservoir was full and empty. Site inspections have been completed by the structural engineer
(Montgomery Watson), the geotechnical engineer (HWA GeoSciences), and the corrosion
engineer (Corrpro Companies, Inc.). The following paragraphs summarize the findings of these
site investigations. Detailed field notes and reports resulting from these investigations are
included in Volume II of this preliminary design report.

Site Characteristics

The Pikes Peak reservoir site plan is shown on Figure 9-1. Based on the 1968 plans for the Pikes
Peak reservoir, it appears that original site grades were O to 5 feet higher than current grades
adjacent to the existing reservoir. Therefore, it is concluded that the reservoir is located in a cut
area. Based on the subsurface conditions observed from the HWA GeoSciences exploratory
boring, the Pikes Peak reservoir site appears to be underlain by advance outwash, which is
typically relatively dense. The data further indicates that the advance outwash consists of dense
sand with varying amount of silt and gravel.

The ring wall foundation is 1-foot wide by 3-feet deep. The interior of the ring wall foundation
was backfilled with compacted pit run gravel, with the exception of the four inches immediately
below the bottom of the tank, which consists of oiled sand.

General Reservoir Condition

General visual inspection of the Pikes Peak reservoir indicates that interior and exterior paint is
in good condition. However, the shell plate just below the roof plate is showing some
deterioration, with concentrations of corrosion directly under the roof support beams. The
interior roof structure has some minor corrosion. The overflow piping shows sign of corrosion,
and is in need of cleaning and painting.

The ladder located within the tank is painted steel with what appears to be stainless steel
connections and climbing device. All appear to be in good condition. The exterior appurtenances,
piping, ladder, safety rail, and access manhole are in good condition relative to corrosion and
deterioration, but should be painted.

’
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Section 9 - Pikes Peak

At the time of the inspection, floor and shell plate thickness were acquired for use in the seismic
analysis structural calculations. The data was primarily collected for characterization of existing
steel thickness but also suggests that no significant general corrosion has occurred in the shell
over the service life of the tank. The tank plate thickness results are presented in Table 9- 1.

TABLE 9-1
Pikes Peak Reservoir
Tank Shell Thickness

Shell Course Thickness, in.
Floor 0.260
1 0.490
2 0.385
3 0.260
Roof 0.250

Grout between the exterior floor plate and ring wall foundation is in poor condition, and absent
in some places along the interface. The exposed concrete on top of the ring wall foundation is
weathered with minor spalling. The roof vent at the center of the roof exterior is in good
condition, as is the paint on the exterior of the roof.

There is an existing underdrain system below the tank, as well as a perimeter drainage system.
No problems have been identified with the drainage system. Further, no groundwater was
encountered during the subsurface exploration, and no standing water was apparent on the site.

Weld Condition

Based on the visual inspection of the Pikes Peak reservoir, the interior floor plate and shell plate
welds are in good condition. The floor plate is lapped and fillet welded. Exterior shell plate
welds also appear to be in good condition. The roof plate is lapped and fillet welded, and the
welds appear to be in good condition.

Corrosion Inspection

Corrpro Companies, Inc. completed a corrosion investigation of the Pikes Peak reservoir. Data
collected included visual inspection of interior and exterior coatings, steel substrate,
appurtenances and cathodic protection system components. Physical data collected on the tank
included generic classification of coating, Toxicity Characteristic Leaching Procedure lead
content, coating thickness and coating adhesion. The findings of the corrosion investigation are
summarized in the following paragraphs.

v
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Section 9 — Pikes Peak

Interior and Exterior Coatings

Visual inspection coupled with physical measurements formed the basis of the interior and
exterior coatings investigation of the Pikes Peak reservoir. Visual inspection included qualitative
evaluation of overall coating condition (e.g., blisters, underfilm corrosion, pinhole failure,
cathodic disbondment), characterization of any floor, shell or appurtenance corrosion failure and
close inspection of weld lanes and sharp edges. Physical measurements included interior and
exterior coating thickness measurements on the wall and floor, and generic coating typing for
both the interior and exterior coating systems. In addition, the exterior reservoir coating was
tested for coating adhesion quality.

The coating thickness data collected for the Pikes Peak reservoir are somewhat lower than is
typically found for internal tank linings, but should be sufficient to provide protection. In
general, the internal visual inspection showed the tank coating was in good condition. Small
trace blisters were visible on the tank shell. Deposits beneath the blisters indicate active
corrosion. Corrosion and iron oxide staining were also apparent in most of the weld lanes and on
the ladder and other appurtenances.

Visual inspection of the roof and upper shell courses revealed no significant corrosion or coating
failures. Some small spot rusting at pin hole coating failures was evident as well as minor surface
corrosion of structural members in difficult to coat areas. These failure modes should not effect
the operation or integrity of the tank.

The tank exterior has been overcoated with a maintenance coating. This system is blistering and
shows very poor intercoat adhesion. The outer most coating can be peeled away easily. The
coating beneath this overcoat remains well adhered to the tank with little evidence of pin hole
failure or blisters.

Fourier Transform Infrared analysis suggest that the generic type of the interior is epoxy based.
The generic type for the exterior coating could not be identified using the Fourier Transform
Infrared analysis. The data on the coating samples also show that the interior and exterior
samples were well below the 5.0 ppm maximum concentration for leachable lead. Based on the
findings for the exterior coating system, it is recommended that the existing coating system may
be encapsulated with minor surface preparation that includes removal or areas of delaminated
coating.

Cathodic Protection Condition

Currently there 18 not a cathodic protection system at the Pikes Peak reservoir. The installation of
a cathodic protection system would mitigate internal corrosion as coating ages.

RESERVOIR PIPING CONNECTIONS

The piping connections at the Pikes Peak reservoir consist of the following:

e 12-inch overflow piping is secured to tank wall in two places and penetrates tank wall near
the base before going underground.

v
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Section 9 — Pikes Peak

e 8-inch drain piping penetrates the tank floor plate.
e 16-inch inlet/outlet piping penetrates the tank floor plate.

SEISMIC ASSESSMENT OF CURRENT TANK CONDITIONS

Seismic design parameters for the Pikes Peak reservoir site were determined as described in
Section 2. Table 9-2 summarizes the seismic coefficients to be used for the evaluations and are
consistent with Seismic Zones 3 and 4.

Table 9-2
Pikes Peak Reservoir
Seismic Coefficients

Near Near
Soil Source | Source Seismic Seismic Control | Control
Seismic Profile Factor, | Factor, | Coefficien | Coefficien Period Period
Zone Type N, Na tC, tC, T, T,
3 S. n/a n/a 0.33 0.45 0.11 0.55
4 S, 1.3 1.6 0.40 0.62 0.12 0.62

Based on results of the soil investigation performed by HWA GeoSciences, it is recommended
that the existing ring wall foundations be evaluated using an allowable soil bearing pressure of 5
ksf (kips per square foot) for static conditions. This value may be increased by 50 percent for
evaluating transient loading conditions, such as seismic forces. Hoop tensile forces in the ring
wall foundations resulting from the fluid weight may be evaluated using an earth pressure
coefficient of 0.4, assuming the ring walls are relatively rigid.

Frictional resistance along the base of the footings may be evaluated using 0.60 for the
coefficient of base friction. It is estimated that the full base friction force will be mobilized
within about 0.25 inch of lateral movement. Passive resistance against the sides of the footings
may be evaluated using an equivalent fluid density of 800 pcf (pounds per cubic foot). Suitable
factors of safety should be incorporated in evaluating lateral resistance of the ring wall footing.

Soil liquefaction can occur when saturated, loose sands and silty sands lose strength and behave
as a liquid in response to earthquake shaking. Because the soils at the Pikes Peak reservoir site
are neither saturated or loose, the potential for soil liquefaction is low. Further, the anticipated
infrequent recurrence coupled with no previous evidence of surface rupture associated with the
Seattle Fault indicates that the risk of ground rupture at the site is low.

Seismic Forces

Table 9-3 summarizes the seismic forces . derived from analyzing the reservoir by the
pseudodynamic method per AWWA D-100 for a seismic event with accelerations of 0.4g and
0.3g.

.
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Section 9 — Pikes Peak

Table 9-3
Pikes Peak Reservoir
Seismic Forces

Seismic Forces 0.4q 0.3g
Overtuming Moment (k-ft) 15,462 11,597
Soil Bearing Pressure (ksf) 5.3 3.9
Static Hoop Stress (psi) 12,735 12,735
Seismic Hoop Stress (psi) 14,903 13,884
Compression Stress (psi) 571 451
Anchor Force (k) 0 (unanchored) 0 (unanchored)

The analysis shows that the shell plating is adequate for both seismic overturning compressive
stress and tensile hoop stresses. This assumes the allowable stresses to be used for the analysis
are from Chapter 3 of AWWA D-100 that assumes that high strength steels were not used in the
construction of the Pikes Peak Reservoir. The allowable static hoop stress is 15,000 psi and the
allowable seismic hoop stress is 17,000 psi. The allowable compressive stress is 1,778 psi.

As shown in Table 3-3 of this report, the reservoir is not anchored to the ringwall footing.
However, some anchorage may be required between the reservoir and the ring footing to resist
overturning.

The allowable soil bearing pressure based on the results of the soil investigation for transient
loading conditions such as seismic forces is 7.5ksf. The actual bearing pressure for a 0.4g
seismic event is 5.3 ksf and for a 0.3g seismic event is 3.9 ksf.

In accordance with AWWA D-100, resistance to the overturning moment at the bottom of the
shell may be provided by the weight of the tank shell, weight of roof reaction on the shell and by
the weight of a portion of the tank contents adjacent to the shell for unanchored tanks or by
anchorage of the tank shell. For unanchored tanks, such as the Pikes Peak Reservoir, the portion
of the contents that may be used to resist overturning is dependent on the width of the bottom
annulus. The annulus may be thought of as a portion of the bottom plate that lifts off the
foundation and supports the weight of the tank contents.

There are three criteria to determine the degree of overturning and consequently the amount of
anchorage required for the reservoir. If the ratio of the overturning moment divided by the
product of the diameter of the reservoir and the weight of the tank shell, roof and contents is less
than or equal to 0.785, then there is no uplift and no anchorage is required. If this ratio is
between 0.785 and 1.54 then there is uplift but no anchorage is required. However, since there is
uplift, anything that is within the annular ring or outside the reservoir and connected to the
reservoir must be allowed to move, either with the reservoir or relative to the reservoir. For
example, piping which is connected to the outside of the shell plate or within the annular ring on
the outside of the reservoir must be flexible enough to withstand the movement. If the ratio is
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greater than of the reservoir must either be anchored or the bottom annulus must be thickened to
support more of the tank contents. For the Pikes Peak reservoir, this ratio is 0.96 and 0.72 for a
0.4g and 0.3g carthquake respectively. These ratios are less than 1.54 so the reservoir is not
required to be anchored to the ring footing or have the annular ring thickened. However, the
tlexibility of piping connections to the reservoir must be addressed for a 0.4g earthquake.

ALTERNATIVE SEISMIC RETROFITS

As noted in the “Seismic Forces” subsection the Pikes Peak Reservoir does not require
anchorage to resist overturning for a 0.4g or a 0.3g carthquake and the actual soil bearing
pressure is less than the allowable soil bearing pressure. However, according to the
psuedodynamic analysis, there is uplift for a 0.4g earthquake. Therefore, two alternatives were
considered to seismically retrofit the reservoir for a 0.4g seismic event.

Alternative 1 is to use of small diameter to high strength earth anchors to prevent uplift. The
anchors would be drilled through the existing ring footing on equal spaces on the curbside of the
reservoir as previously shown in Figure 4-4. The anchors would then be connected to the shell
plate by anchor chairs.

Alternative 2 would be to modify the piping connections so they allow movement relative to the
reservoir. The 12-inch overflow pipe and the §-inch drain pipe appear to have sufficient
flexibility already built in to allow sufficient movement and no modification would be required.
The 16-inch inlet/outlet would require installation of a vertical sleeve coupling in the vertical
section of pipe on the outside of the reservoir just above the ground surface.

COMPARISON OF ALTERNATIVES

Alternative 1 does not appear to be an adequate solution to retrofit the reservoir. The width of the
ring footing is only 12 inches and the reservoir shell plate is centered on the footing. Therefore, it
does not appear that there is adequate space to drill even a small-diameter earth anchor through
the footing on the outside of the tank wall. For Alternative 2, add flexible couplings to the
connection of the 12-inch overflow piping where the pipe goes underground on the outside of the
tank. The approximate cost for Alternative 2 is estimated to be $35,000. For a description of
what is included in the estimated costs. See Table 11-1.
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Section 10
Somerset No. 1

The Somerset No. 1 reservoir is a 100,000 gallon reinforced concrete reservoir located in a
residential area near the Somerset Recreation Club. It was designed by Harstad & Associates in
1961, and is in part constructed of precast concrete panels. This section presents the findings of
the site investigation, seismic assessment of the tank’s current condition, and an evaluation of the
piping connections to the tank. In addition, alternative seismic retrofits, including a cost
comparison, have been developed for the Somerset No. 1 reservoir. The evaluation of the
alternatives and a recommended seismic retrofit alternative are also presented in this section.
Photographs of the Somerset No. 1 reservoir are included in Appendix B.

SITE INVESTIGATION

Site investigations for the Somerset No. 1 reservoir have included on-site inspections when the
reservoir was full. and empty. Site inspections have been completed by the structural engineer
(Montgomery Watson), the geotechnical engineer (HWA GeoSciences), and the corrosion
engineer (Corrpro Companies, Inc.). The following paragraphs summarize the findings of these
site investigations. Detailed field notes and the geotechnical report resulting from these
investigations is included in Volume II of this preliminary design report.

Site Characteristics

The Somerset No. 1 reservoir site profile and plan are shown on Figure 10-1. The reservoir’s
interior is approximately 10-feet high by, 16-feet wide and 80-feet long. The structure is founded
on an 8-inch thick, reinforced concrete mat. A pump station occupies the northern-most section
of the concrete vault. Based on the surrounding site topography, the original Somerset No. 1
reservoir site sloped downward from east to west. The existing concrete tank and pump station
were constructed by excavating into the original slope and creating a bench. The east side of the
tank is tucked into the slope, and the west side daylights.

Based on the data reviewed and subsurface investigations, the Somerset No. 1 reservoir site
appears to be underlain by advance outwash, consisting of medium dense to very dense silty sand
that is partially cemented. The advance outwash is overlain by approximately 6 feet of fill
consisting of loose to dense, silty sand with varying gravel content. Based on the 1961 plans, the
existing reservoir is founded on the advance outwash, with fill behind the below-grade walls of
the reservoir.

Groundwater was not encountered during the subsurface explorations. However, groundwater
seepage outcropping from the slope along the east side of the Somerset Recreation Club parking
lot was observed during the site visit. Discussions with the Recreation Club personnel confirm
that seepage is fairly continual at the toe of slope adjacent to the reservoir.

v
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Section 10 — Somerset No. 1

General Reservoir Condition

The investigation of the interior of the reservoir revealed the concrete in the precast wall panels
is in poor condition. In particular, fine aggregate can be hand rubbed away. There is extensive
cracking throughout the floor slab that appears to have been repaired over the life of the
reservoir. It also appears that all the joints between the precast wall panels have recently been
repaired. The perimeter joint between the floor slab and foundation is in fairly good condition.

The reservoir outlet, overflow, and drain piping are all badly corroded, and should, at minimum,
be cleaned and painted. The concrete adjacent to most of the diaphragm connections has spalled.
The galvanized steel ladder located in the reservoirs interior is in poor condition and should be
replaced.

Corrosion Inspection

Corrpro Companies, Inc. completed a corrosion investigation of the Somerset No. 1 concrete
water tank. Data collected included visual inspection of interior and exterior and steel
appurtenances.

Visual inspection formed the basis of this investigation. City of Bellevue personnel drained the
tank to allow access to the floor and walls during the internal inspection. The inspection included
qualitative evaluation of concrete for cracks, spalling and other failures, evaluation of tank
appurtenances and sounding of concrete. Sounding is a technique that involves light tapping of
the concrete in discreet areas. The operator listens for hollow areas or areas of dead sound. These
areas locate possible concrete delamination.

The visual inspection revealed no signs of corrosion of the tank’s steel reinforcing bars. Such
attack, if advanced, would manifest itself as spalled concrete or red iron oxide staining coming
from concrete cracks.

Stress cracks were visible across the floor. Vertical cracks were apparent in the stressed sections
of the prefabricated concrete panels. The cracks were discerned because of a phenomenon known
as effervescence. Effervescence occurs when calcium compounds migrate from, the bulk
concrete material to surface at cracks. A field of stalactites form along the length of the crack.
Observation of effervescence allows identification of microcracking that would be otherwise too
small to see. Effervescence was noted at the roof near station 6E and near the tank entryway.

Cursory sounding testing revealed no delamination. However, the procedure, which requires
light tapping of the concrete with a hammer, did dislodge small concrete chips. This test method
does not typically generate enough force to destructively remove pieces of concrete. The test
results suggest that the concrete has softened somewhat over its service life. This is not
surprising given the age of the tank.

These degradations of the concrete could be slowed through the use of protective coatings. The
tank would need to be drained and cleaned. Surface preparation would include a brush blast to
loosen concrete and the application of two coats of epoxy or epoxy novolac system.

’
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Section 10 — Somerset No. 1

The tank appurtenances were heavily corroded. Steel pipe fittings show thick build up of iron
oxide corrosion product. In addition the stainless steel ladder is accelerating the corrosion of
carbon steel bolts used to attach it. Some crevice type corrosion is also evident on the stainless
steel.

RESERVOIR PIPING CONNECTIONS

The piping connections at the Somerset No. 1 reservoir consist of the following:

e 8-inch overflow piping penetrates the tank wall near the top of the tank wall. The overflow
line is rigidly attached to the reservoir wall and floor below the adjoining pump station.

e 6-inch drain piping penetrates the reservoir floor.

e 10-inch inlet piping penetrates the reservoir wall just above the reservoir floor. The inlet
piping also passes through the reservoir floor of the adjoining pump station.

SEISMIC ASSESSMENT OF CURRENT TANK CONDITIONS

Seismic design parameters for the Somerset No. 1 reservoir site were determined as described in
Section 2. Table 10-1 summarizes the seismic coefficients to be used for the evaluations
consistent with Seismic Zones 3 and 4.

Table 10-1
Somerset No. 1 Reservoir
Seismic Coefficients

Near Near
Soil Source | Source Seismic Seismic Control | Control
Seismic Profile Factor, | Factor, | Coefficien | Coefficien Period Period
Zone Type N, N. tC, tC, T, Ts
3 Sc n/a n/a 0.33 0.45 0.11 0.55
4 S. 1.3 1.6 0.52 0.90 0.14 0.69

Based on results of the soil investigation performed by HWA GeoSciences, it is recommended
that the existing mat foundation be evaluated using an allowable soil bearing pressure of 6 ksf
(kips per square foot) for static conditions. This value may be increased by 50 percent for
evaluating transient loading conditions, such as seismic forces.

The existing reservoir retaining wall may be evaluated using either an at-rest or an active earth
pressure. The at-rest earth pressures generally provide a conservative structural design such that
temporary seismic overloading conditions can readily be accommodated in the structure
considering the factors of safety that are normally used in the structural design for static
conditions. Active earth pressures against below-grade walls can be modeled using an
equivalent, horizontal fluid pressure of 33 pcf (pounds per cubic foot) for static conditions. For
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Section 10 — Somerset No. 1

Zone 3 analysis, the incremental earthquake induced loading should be modeled with a uniform,
rectangularly-distributed, horizontal pressure of 12H pounds per square foot, where H is the
height of the below-grade wall. For Zone 4 analysis, the earthquake component of the active
earth pressure should be increased to 16H pounds per square foot.

If at-rest earth pressures are used for the analyses, an equivalent horizontal fluid pressure of 51
pounds per cubic foot is recommended. It is the opinion of HWA GeoSciences that the increased
lateral earth pressures resulting from an earthquake can be neglected if the below-grade walls are
evaluated using the at-rest earth pressures.

Frictional resistance along the base of the footings may be evaluated using 0.60 for the
coefficient of base friction. It is estimated the full base friction force will be mobilized within
about 0.25 inch of lateral movement. Passive resistance against the sides of the footings may be
evaluated using an equivalent fluid density of 800 pcf (pounds per cubic foot). Suitable factors of
safety should be incorporated in evaluating lateral resistance of the ring wall footing.

Soil liquefaction can occur when saturated, loose sands and silty sands lose strength and behave
as a liquid in response to earthquake shaking. Because the soils at the Somerset No. 1 reservoir
site are neither saturated or loose, the potential for soil liquefaction is low. Further, the
anticipated infrequent recurrence coupled with no previous evidence of surface rupture
associated with the Seattle Fault indicates that the risk of ground rupture at the site is low.

The slope of the site is relatively stable and poses no significant threat to the reservoir during an
earthquake. Some continued raveling of the slope and deposition of sloughing soil at the toe of
the slope should be anticipated. Control of surface water at the top of the slope can limit the
extent of surficial erosion.

SEISMIC FORCES

At the time of this investigation construction drawings were not available for review to
determine the structure of the reservoir. Therefore, little is known about the specifics of the
actual construction or original design criteria for the reservoir and it was determined that seismic
retrofit alternatives should be investigated which would resist most of the anticipated seismic
loads and do not rely on the strength of the existing structure. The basic structure, as determined
by field observation, is a cast-in-place concrete floor slab, precast concrete wall panels, precast
tee roof beams and a cast-in-place concrete roof slab.

As noted in the “Site Characteristics” paragraph of this Section, the reservoir was constructed by
excavating into the original slope of the site creating a bench where the east side of the tank is
tucked into the slope and the west side of the tank daylights. Lateral earth pressures during a
seismic event resulting from having higher soil on the east side of the reservoir consist of the
active earth pressure, surcharge from traffic on the road on the east of the reservoir, and an
incremental earthquake loading. These anticipated HWA GeoSciences, Inc summarizes loads in
the geotechnical reports for Somerset No. 1. Other anticipated lateral forces during a seismic
event come from the weight of the reservoir structure, the weight of its contents and the effect of
sloshing of the tank contents.

’
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Section 10 — Somerset No. 1

During preliminary seismic analysis it was discovered that the lateral forces during a seismic
event resulting from lateral earth pressures are larger than the lateral forces resulting from the
weight of the reservoir, its contents and sloshing. The original design criteria for the reservoir
should have included lateral forces due to lateral earth pressure. Therefore, it is reasonable to
assume that a seismic retrofit alternative that reinforces the existing structure to resist lateral
earth pressures should be adequate and that the reservoir structure can resist the weight of the
structure, its contents and sloshing. Therefore, the retrofit alternatives considered, were assumed
to resist only lateral earth pressure during a seismic event.

ALTERNATIVE SEISMIC RETROFITS

Alternative 1 is to build a reinforced concrete cantilever retaining wall on the east side of the
reservoir. As previously noted, the retaining wall would be designed to resist active earth
pressure, surcharge due to vehicular traffic from the road on the east side of the reservoir and
earthquake induced loading for a both 0.4g and 0.3 earthquake.

Alternative 2 is to use a system of tiebacks to reinforce the precast concrete wall panels on the
east side of the reservoir for a 0.4g and a 0.3g earthquake. The system would be a series of small
diameter, pressure grouted tiebacks designed to resist all of the lateral earth pressures. The
tiebacks would be drilled horizontally through the wall into loose fill and dense advance outwash
soils that are under the road on the east side of the wall. Each tieback would then be anchored to
a block of reinforced concrete that is doweled into the precast wall panel.

Alternative 3 is to empty the reservoir and abandon its use for water storage. In Alternative 3 a
system of tiebacks would still be required, even though the reservoir would be empty, to
reinforce the wall panels on the east side of the reservoir for a 0.4g and a 0.3g. Therefore, the
tiebacks would be designed to resist only the lateral forces due to soil pressure from an
incremental earthquake loading. The reservoir structure would be assumed to resist the weight of
the reservoir and lateral earth pressure due to active pressure and surcharge.

COMPARISON OF ALTERNATIVES

As shown in Table 3-2, the storage capacity of the Somerset No. 1 Reservoir is only about 0.1
million gallons. In addition, since there are no construction drawings or shop drawings available
for the reservoir, very little is known about the actual construction or the capacity of the existing
reservoir to resist forced imposed by a seismic event.

Alternative 1 requires an approximately 16 foot high, 1.5-foot thick retaining wall with a 14-foot
wide, 1.5-foot footing. The retaining wall would be continuous along the length of the reservoir.
Alternative 2 requires approximately 20 tiebacks, 25- to 30-feet long, located vertically at the
quarter points of each panel. In addition, each tieback would be anchored to 3-foot by 3-foot
cast-in-place concrete block that is doweled in to the precast panel. Alternative 3 requires
approximately 10 tiebacks, 25- to 30-feet long, located vertically at the mid-point of the precast
panel and similar concrete anchor blocks.
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Section 10 — Somerset No. 1

The estimated costs for Alternative 1, 2 and 3 are shown in Table 10-4 below. Since the
difference in total lateral earth pressure is small for a 0.4 and a 0.3 earthquake, the estimate cost is
assumed to be approximately the same. Therefore, only one cost is shown for each Alternative.
For the description of what is included in the estimated costs see Table 11 - 1.

Table 10-4
Somerset No.1 Reservoir
Summary of Estimated Costs

Alternative Cost
Alternative 1 $190,000
Alternative 2 $130,000
Alternative 3 $80,000

As can be seen in Table 10-4, Alternatives 1 and 2, which keep the reservoir in service, are very
expensive retrofit alternatives ‘when the small storage capacity of the reservoir is taken into
consideration. Alternative-3, which takes the reservoir out of service, is also rather expensive.
However, the reservoir is located adjacent to a roadway and above the pool at Somerset
Recreation Club. Therefore, if the reservoir is left in place, it should be retrofitted even if taken
out of service. It should also be noted that, even if the reservoir is abandoned and removed, a
retaining wall similar to the one in Alternative 1 will still be required to support the roadway east
of the reservoir.

Therefore, if the storage capacity of this reservoir is not essential to the City, it is recommended
that the reservoir be taken out of service and retrofitted in accordance with Alternative 3.
However, it is also recommended that the City review other distribution improvements, where this
storage could be combined with other planned facilities. Finally, it is recommended that the City
review other possible new sites for this storage.
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Section 10 - Somerset No. 1

Ther estimated costs for Alternative 1, 2 and 3 are shown in Table 10-4 below. Since the
diff¢rence in total lateral earth pressure is small for a 0.4 and a 0.3 earthquake, the egtimate cost
is asyumed to be approximately the same. Theretore, only one cost is shown for each Alternative.
For the description of what is included in the estimated costs see Table 11 - 1.

Table 10-4
Somerset No.1 Reservoir
Summary of Estimated Costs

Alternative Cost /
Alternative 1 $185,000
Alternative 2 $‘I/Yé,000
Alternative 3 /670,000

consideration. Alternative
However, the reservoir is 10g
Recreation Club. Therefore, if the reservoir is feft in place, it should be retrofitted even if taken

retaining wall similar to the one in Ay} ernatiye 1 will still be required to support the roadway east
of the reservoir.

However, it is also recommended thé ¢
this storage could be combined witlf other planned

. kﬂities. Finally, it is recommended that the
City review other possible new sitgs for this storage. ™
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Section 11
Conclusions and Recommendations

This section of the report summarizes the conclusions and recommendations for the
seismic/structural evaluation of seven reservoirs located in the City of Bellevue. The seven
reservoirs include six steel tanks and one concrete tank. The steel tanks evaluated in this study
include: Lake Hills North, Lake Hills South, Pikes Peak, Parksite, Woodridge, and Horizon View
No. 1. Somerset No. 1 is the concrete tank evaluated as part of this study.

CONCLUSIONS

The structures are for the most part founded on glacial till which is referred to as hard pan. In
general, the structure of the reservoirs, including piping and appurtenances, appears to be in good
condition with little corrosion. The interior and exterior coating systems of the reservoirs show
little visual signs of failure although adhesion tests were sometimes inconclusive. In some cases,
the exterior coating systems showed significant levels of leachable leads. Cathodic protection
systems, where they exist remain in good condition and should prevent significant future
corrosion.

Seismic analysis and evaluation revealed that the steel reservoirs in general do not meet current
requirements shown in AWWA D100, particularly as it relates to overturning of the reservoirs.
The reservoirs fell into three basic categories of upgrade requirements to meet AWWA D-100
Standards.

First, because they have small diameter to width ratios, the Lake Hills North, Lake Hills South,
Woodridge, and Horizon View No. I reservoirs have significant overturning problems.
Therefore, they require extensive seismic improvements, which include additional anchorage.

Second, since the Parksite and Pikes Peak reservoirs have relatively large diameter to width
ratios, they have few problems with overturning. Improvements for these reservoirs involve
either minimal anchorage or modification to piping connections to allow them to move relative
to the reservoir during a seismic event.

The third category is the Somerset No. 1 reservoir. This reservoir requires extensive
improvements to reinforce it to withstand a seismic event. Since the storage of this reservoir is
very small, the cost to make such improvements could be nearly equal to the cost to replace the
storage elsewhere in the City’s water distribution system. The City should review other district
system improvements where this storage could be combined with other planned facilities. In
addition, the City should review other possible new sites for this storage.

RECOMMENDATIONS

The following recommendations are organized by reservoir. More detailed information for each
reservoir is presented in the previous sections of this report. The estimated costs for the
recommended improvements are summarized in Table 11 - 1.

v

MONTGOMERY WATSON 11-1 PRELIMINARY DESIGN REPORT
1061023005




Section 11 - Conclusions and Recommendations

Lake Hills North

Repair the exterior roof plate in the cupola adjacent to the roof hatch and add drain holes at
the bottom of the cupola to prevent ponding.

Adjust the output of the cathodic protection system in accordance with the National
Association of Corrosion Engineers criteria.

Use earth anchors (Alternative 3, Case 1) to fully anchor the reservoir as described in
Section 4.

Based upon the estimated costs for structural/seismic improvements, the City should
determine whether to design for Zone 3 or Zone 4.

Install a new altitude valve for the reservoir.

Review and make recommendations for piping modifications at the pump station south of
the reservoir.

Lake Hills South

Adjust the output of the cathodic protection system in accordance with the National
Association of Corrosion Engineers criteria.

Use earth anchors (Alternative 3, Case 1) to fully anchor the reservoir as described in
Section 5.

Based upon the estimated costs for structural/seismic improvements, the City should
determine whether to design for Zone 3 or Zone 4.

Repair the gouged shell plate on the east side of the reservoir and place bollards adjacent
to the repaired area to prevent future damage.

Woodridge

Adjust the output of the cathodic protection system in accordance with the National
Association of Corrosion Engineers criteria.

Use earth anchors (Alternative 3, Case 1) to fully anchor the reservoir as described in
Section 6. :

Based upon the estimated costs for structural/seismic improvements, the City should
determine whether to design for Zone 3 or Zone 4.

Horizon View

Adjust the output of the cathodic protection system in accordance with the National
Association of Corrosion Engineers criteria.

Use earth anchors (Alternative 3, Case 1) to fully anchor the reservoir as described in
Section 7.

Based upon the estimated costs for structural/seismic improvements, the City should
determine whether to design for Zone 3 or Zone 4.

Parksite

Replace the existing interceptor drainage system along the toe of the existing slope.
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e Adjust the output if the cathodic protection system in accordance with the National
Association of Corrosion Engineers criteria.

e Use earth anchors (Alternative 3, Case [ or Case 2) as described in Section 8.

e Based upon the estimated costs for structural/seismic improvements, the City should
determine whether to design for Zone 3 or Zone 4.

e Remove existing 16-inch A.C. inlet pipe between [6-inch C.I. adapter and the park booster
station and replace with ductile iron pipe.

Pikes Peak

e Add flexible piping connections as described in Section 9 to seismically retrofit the reservoir.
e Add cathodic protection to the reservoir.

Somerset

e If the storage capacity is not essential to the overall system it is recommended that the
reservoir be abandoned and that the reservoir be retrofitted as described in Section 10
(Alternative 3) using tiebacks to reinforce the wall panels on the east side of the reservoir.

e The City should review other district system improvements where this storage could be
combined with other planned facilities.

e The City should also review other possible new sites for the storage.

e Based upon the estimated costs for structural/seismic improvements, the City should
determine whether to design for Zone 3 or Zone 4.

e If the reservoir is abandoned, add a pressure reducing valve station at another point in the
system to replace the one at the reservoir.
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e Adjust the output of the cathodic protection system in accordange with the National
Assodjation of Corrosion Engineers criteria.

e Use earth anchors (Alternative 3, Case I or Case 2) as describéd in Section 8.

e Based updq the estimated costs for structural/seismic impro#ements, the City should
determine whether to design for Zone 3 or Zone 4.

Pikes Peak

e Add flexible piping donnections as described in Se€tion 9 to seismically retrofit the

reservoir.
e Add cathodic protection o the reservoir.

Somerset

e If the storage capacity is not essantial to the overall system it is recommended that the
reservoir be abandoned and that the resérvoir be retrofitted as described in Section 10
(Alternative 3) using tiebacks to reinfgrce the wall panels on the east side of the reservoir.

e The City should review other district System improvements where this storage could be
combined with other planned facilifies. |

e The City should also review othef possiblé\new sites for the storage.

e Based upon the estimated costsfor structuray{seismic improvements, the City should
determine whether to design f@r Zone 3 or Zoxe 4.
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Table 11-1 dasangd to - .
Summary of Estimated Costs g to Zone B it have

Structural/Seismic Upgrades N@j@ =) Q&wﬁyﬁc@ﬁ@ flaas) %@&%\
DO went NaNg Soply

Reservoir Alternative Description Estimated Cost
. . . Expected Useful
Zone 3-Retrofit | Zone 4-Retrofit | New Reservoir | | ife w/out Repairs
Lake Hilis North Earth anchors with full overturning $293,000 $370,000
moment \ $750,000 25 years
/éo:oa with reduced 88,000 $365,000
ove ing moment
Lake Hills South Earth anchets with full overturning \ $238,000 $316,000
moment . $750,000 25 years
Earth anchors with reduced $233,000 $311,000
overturning moment
Woodridge Earth anchors with full ov Eyzﬁ $245,000 $324,000
moment $750,000 20 years
Earth anchors withfeduced $240,000 $319,000
overturning momeént
Horizon View No. 1 Earth anchors with fuli overturning $143,000 $131,000
moment $200,000 25 years
Earth anghors with reduced $125,000 $145,000
overturning moment
Parksite Earth \wsosoa $92,000 , $104,000
$750,000 25 years
_,\_OQ\? pipe connections only $45,000 $45,000
Pikes Peak Zoaw? pipe connections only $35,000 $35,000 $500,000 30 years
Somerset No. 1 Add retaining wall $185,000 $185,000
Add tieback system $115,000 $115,000 $150,000 <10 years
Abandon reservoir $70,000 $70,000

(a) Estimated costs include the cost of construction, sales tax at 8.6 percent, contingencies at 25 percent, and engineering and administration at 25 percent.
(b) Estimated costs are presented for design criteria to meet either Zone 3 or Zone 4 of the UBC.
. (c) Estimated costs were developed using the November 1998 ENR for Seattle (No. 8961).

(d) Improvements for non-seismic repairs for items such as water quality, operations and safety should be addressed for each reservoir during the final design for seismic retrofit.
These improvements should recognize that the Washington Department of Heath utilized the 10 State Standards as a basis for review and approval of water works projects.
They should also include any recent changes to the new 1996 AWWA D-100 and the current OSHA standards for such items as access hatches, ladders, safety posts, etc.
Finally, improvements to circulation and the reduction of short circuiting should also be considered. The costs for such improvements have not been included in Table 11-1 but
can be expected to be approximately $50,000 to $75,000 per reservoir.

(e) Estimated construction costs for new reservoirs are taken from median values of past bids for steel reservoirs. They are for the reservoir structure only and do not include such
items as removal of the existing reservoirs, excavation, piping, etc.
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Bottom

PRELIMINARY TANK WALL ANALYSIS (from AWWA D100-96, Sec 3.7 and Sec 14)

t(h)=2.60*hp*D*G/(s*E)

. |CLIENT: City of Bellevue JOB NO: __ 1060123.021602 DATE: _ Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Lake Hills North Tank using a 40%g seismic CHECKER:

TANK DESCRIPTION: Reservoir
CAPACITY (Milliongal)=  2.128
tank diameter, D (ft)= . 69.5 ..
max fluid depth, H (fy=" 75 Therefore, D’H= 0.927
joint efficiency factor, E=  0.85
fluid specific gravity, G= " 1 .

t(h)=thickness (inches) @ height "hp" (feet) from top of HW level
D = diameter in feet
G = specific gravity, 1 for water
s = allowable design unit tensile stress, psi
f = actual shell tensile stress, psi

E = joint efficiency factor,

E = 0.85 ,for AWWA section 3.7
E = 1.00 ,for AWWA section 14

f (actual) = shell plate stress = 2.60*h,*D*G / (t*E)

allowable design unit tensile stress per AWWA, s = - 15000 . . psi

Shell Shell PL. | Shell wall water water Joint Shell PI. } Shell Wt.
Ring Ring | Thickness h, h’ efficiency | Stress=f | per Ring
Number {Height (ft)] (inches) | from top | from base E (psi) (plf)
top of shell wall 0.00 75.00 )
EEREENEE] P 75.00 0.00
: 75.00 0.00
ring #8 850 | 66.50 0.85 6571 95.45
ring#7 | 9. 18.00 5700 | 085 9939 149.35
ring#6 | 9. 27.50 47.50 0.85 11692 193.96
ring#5 |- 9.50 Al 3700 38.00 0.85 12687 | 240.51
ring#4 | 9.50° 46.50 28.50 0.85 13923 | 27542
ring#3 | 9.50 | 0. 1 56.00 19.00 0.85 14343 | 32197
ring#2 | . 9.50 10930 | 6550 9.50 0.85 14973 | 360.76
ring#1 | 950 | 1.065 | 175.00 0.00 0.85 14971 | 413.13
Weight of Wall per Foot= 2050.55 plf of circumference

Center of Gravity of the Wall =

29.41

feet above base

Weighted average wall thickness, ta =
Bottom shell ring thickness, ts =

Bottom Annular Plate Thickness, tb =

Page | of 5

0.670
1.065

- 049

inches
inches

inches

OK
OK
OK
OK
OK
OK
OK
OK

AWWA D100-96 revised.xls: TNKWALLI
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CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: _ Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Lake Hills North Tank using a 40%g seismic CHECKER:

TANK INFORMATION:

CAPACITY (Million gal)=  2.128
tank diameter, D (ft)=  69.50
max fluid depth, H (fty=  75.00
fluid specific gravity, G = 1
shell weight (Ibs/ft)}= 2050.55 (see Previous Page)
C.G. of wall, (ft from base)=  29.41 (see Previous Page)
Bottom shell course thickness, ts (in) = 1.065 (see Previous Page)
ratioof D/H=  0.927

HYDRODYNAMIC LOADING per AWWA STD D100-96. IF RESPONSE SPECTRUM AVAILABLE USE MW SDM

OVERTURNING MOMENT (Section 13.3.3.1)
Refer to AWWA-D100; Figure 8 for determining Kp, and Figures 9 & 10 for W, , W,, X, X,

M = ( 18ZI/Rw )[ 0.14( Ws*Xs + Wr*Ht + W *X ) + S*W,*X,*C, ] ,(Equation 13-8)
where: Z = Seismic Zone Coefficient
I= Importance Factor (use 1.25 UNO)
Rw = Force Reduction Coefficient
Ws = Total Weight of Shell, Lbs
Xs = Height, FT, from bottom of tank to C.G. of shell
Wr = Weight of Tank Roof & Shell above HW level(Incl snow, if req’d, but no LL), Lbs

Ht = Height of Tank Shell, FT , ~ |_D/H=_ o097 |
K, = Coefficient Relating Tank Size to Period . . .. .......oouverennnn.. . (Figure 8) K,= 0577
W, = Weight of Tank Contents that Moves with the Shell, Lbs ............. (Figure9) W,/ W;= 0.829
X, = Height, FT, from bot to centroid of seismic force appliedto W,........ (Figure 10) X,/H= 0413
W, = Weight of Sloshing Contents of Tank,Lbs......................... (Figure 9) W,/ W= 0.213
X, = Height, FT, from bot to centroid of seismic force appliedto W, ........ (Figure 10) X,/ H= 0.758
C, = Coefficient Relating to Period ( Equations 13-5 or 13-6 )
S = Site Amplification Factor '
Tw = First Mode Sloshing Wave Period
W = Total weight of tank contents = n*DY4 *H*G*62.4 = 17754.37 kip
VALUES: Zone=4 '
Z=0.40 ( Table 24)
I=125 ' (Table26)
Rw=450 ' (Table25) unanchored flat bottom tanks = 3.5, anchored flat bottom tanks = 4.5
Ws=  pi*69.5*2050.55/ 1000 = 44772 kip
Xs = 2941 ft
Wr=:50.00 - kip (engineer estimate, incl wt of shell above HW level )
Ht=76.00 .  ft
W, = 0829 *W; = 0.829 * 17754.37 = 14,718.38 kip
X;= 0413* H = 0413 * 75 = 30975 ft
Soil Profile type=C . - (Table 27)
S= 150 (Table 27)

Page 2 of 5 AWW A D100-96 revised.xls: TNKWALLL
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CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: _ Sep-98
i ENGINEER: TPD

PROJECT: Seismic Evaluation of Reservoirs
DESCRIPTION: Lake Hills North Tank using a 40%g seismic CHECKER:

OVERTURNING MOMENT ( cont). . .
W= 0213 *W; = 0213 * 1775437 = 3,781.68 kip
X = 0758* H = 0758 * 75 = 56.850 ft
Tw= K, * Sqrt(D) = 4.810 ,(Eq 13-7)

C,= 00324  (Eq13-5or 13-6), Tw <4.5, C,=1/(6Tw)
' Tw>= 4.5, C, = 0.75/(Tw?)

M = ( 18ZURw )[ 0.14( Ws*Xs + Wr*Ht + W *X,) + S¥W,*X,*C,]  ,(Equation 13-8)

M= 153,209.8 fe-kip

Overturning Checks (Section »13.3.3.3)
ws = Weight of Shell ( Ibs. per ft)

where -
wrs = Weight of Roof acting on the Shell ( Ibs. per ft)
w, = Weight of Contents which Helps to Resist Overturning ,(Eq 13-12)
ws= 2,050.55 Ibs/ft
wrs = = 230.00 ' Ibs/ft
wt=ws+wrs= 2280.55 Ibs/ft [(Eq 13-18)

wy  lbs = 5,806.50  (Eq 13-12): 7.9 th*SQRT(fy HG) ,not to exceed 1.28 HDG
assumed bottom plate yield, Fy (psi) = 30,000 LASTM A283 grade C

tb= thickness of bottom plate, (in) = 0.490
L = Length of Annular Ring = 0.216 tb (sqrt(Fy/(HG))) ,not to exceed 0.035D ,(Eq 13-13)

L{fy= 2117 . L<=0035D, OK
0.035D (fty= 2.433

CHECK UPLIFT:  If M/(D**(wt+w;))<0.785, then no uplift
If M/(D**(wt+w, ))>0.785 and <=1.54, then uplift is OK
If M/(D**(wt+w,))>1.54, then bottom annular ring must be thickened or anchor the tank.

M/(D**(wt+wy)) = 3.924 UPLIFT OCCURS  ,(Eq13-15)

THICKEN THE BOTTOM ANNULAR RING or ANCHOR THE TANK 1"
Will the tank be anchored ? (yesorno )= yes

bottom shell ring#1 thickness, ts (in) = 1.063
6. = Shell Compressive Stress, (psi) =

Weighted average wall thickness, ta = 0.670
ta/R= 0.00161

allowable compressive stress, FL (psi) = 3,172.2
Earthquake allowable stress, Fy (psi) = 4,228.5

( wt+1273*M/DA2 )/ (12%ts) = 3339.77 (Eq13-14)
,(From Page 1)

L AWWA D100, Table 10, pg 19)
Does not include the increase in the allowable buckling stress

due to internal liquid pressure. (See section 13.3.3.7.4)

- SHELL COMPRESSION FORCE, OKAY
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CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: _ Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Lake Hills North Tank using a 40%g seismic CHECKER:
(see sections 13.3.3.6 & 13.3.3.2.3)
maximum Hydrostatic hoop stress (psi) =62.4*H*G*(D/2)/ts= 12725
i 3 o * — -
Hydrodynamic Hoop Stress, 6, = ( Ni + Nc )/t ,(Eq 13-20)
Ni = Impulsive Hoop Force (Ib/in) (Eq 13-20, 13-21, or 13-22)
Nc = Convective Hoop Force (Ib/in) J(Eq 13-24)
Nh = Hydrostatic Hoop Force (Ib/in)
u’’v = Vertical Acceleration
D/H 0.927
Vertical Acceleration, (decimal) = 0
Allowable Seismic Hoop Tensile Stress = 1.333*s*E = 1.333*15000*%0.85 = 17000  psi
Hydrodynamic + Static Hoop Stress ( see section 13.3.3.6 )
bottom of “ Forces Stresses
ring: H-dynamic| H-dynamic o, = Sum
Shell height Plate || convective| impulsive | H-static }|H-dynamic| H-static Total
Ring h’ Thickness|| force, N, | force, N; | force, N, || Stress** Stress Stress
Number ] from base (in) (ib/in) (Ib/in) (Ib/in) (psi) (psi) (psi)
ring #8 66.50 0.275 292.0 561.1 1536.0 3102 5585 8687 OK
ring #7 57.00 0.385 176.8 1070.3 3252.6 3239 8448 11688 OK
ring #6 47.50 0.500 1074 1455.0 4969.3 3125 9939 13063 OK
ring #5 38.00 0.620 65.7 1715.4 6685.9 2873 10784 13656 OK
ring # 4 28.50 0.710 40.9 1851.3 8402.6 2665 11835 14500 OK
ring # 3 19.00 0.830 267 1878.4 10119.2 2295 12192 14487 OK
ring #2 9.50 0.930 19.5 1878.4 11835.9 2041 12727 14767 OK
ring # 1 0.00 1.065 17.3 1878.4 13552.5 1780 12725 14505 OK

**note: The sum of the hydrodynamic stresses use eq 13-20 when vertical acceleration is
zero, and eq 13-25 when vertical acceleration is specified.

Fluid slosh height, d:

d=7.53 D*(ZIC,S/R,) =

2.826

ft .

Page 4 of 5

{(Eq 13-26)

AWWA D100-96 revised.xls: TNKWALLL!



@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: _ Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Lake Hills North Tank using a 40%g seismic CHECKER:
Evaluate Tank Anchors:

M= 153,299.8 ft-kip

wt = 2,280.55 lbs/ft

D= 69.5 ft

number of anchors to be used = 1>2>
Ay = anchor area = 1.5 - in’

anchor material yield strength = 30000  psi
SL = anchor spacing =% * D/ (number of anchors) =  18.20 ft
anchor tension, Ty = S * (( 1.273*M/D*)-wt)= 693618 Ibs. (Eq 13-19)
anchor allowable tension (\ﬁ/ith 1/3 stress increase for seismic ) = 4/3*( 0.6*Fy*A, )= 36000 Ibs.

ANCHOR TENSION EXCEEDS THE ALLOWABLE, NO GOOD !
( Note: concrete embedment stresses also need to be check_ed )
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Weigfxted average wall thickness, ta =
Bottom shell ring thickness, ts =

Bottom Annular Plate Thickness, tb =

Page 1 of 5

0.670
1.065

0.49

inches
inches

inches

" {CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: Oct-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Lake Hills North Tank using a 30%g seismic CHECKER:

TANK DESCRIPTION: Reservoir
CAPACITY (Milliongal)= 2.128
tank diameter, D (ft) = 69.5
max fluid depth, H (fty= 75 Therefore, D’/H=  0.927
joint efficiency factor, E = 0.85
fluid specific gravity, G = 1
PRELIMINARY TANK WALL ANALYSIS (from AWWA D100-96, Sec 3.7 and Sec 14)
t(h)=2.60*hp*D*G/(s*E) t(h)=thickness (inches) @ height "hp" (feet) from top of HW level
D = diameter in feet
G = specific gravity, 1 for water
s = allowable design unit tensile stress, psi
f = actual shell tensile stress, psi
E = joint efficiency factor,
E = 0.85 ,for AWWA section 3.7
E = 1.00 ,for AWWA section 14
f (actual) = shell plate stress = 2.60*h,*D*G / (t*E)
allowable design unit tensile stress per AWWA, s= - 15000 " psi
Shell Shell PL. { Shell wall water water Joint Shell P1. | Shell Wt.
Ring Ring | Thickness hy, h’ efficiency { Stress=f | per Ring
Number {Height (ft)] (inches) | from top | from base E (psi) (plf)
top of shell wall 0.00 75.00
ENERE N g 75.00 0.00
SHEREIE T RESD T 75.00 0.00
ring#8 | 850 | 0275 | 850 66.50 0.85 6571 95.45 OK
ring#7 | 9.50 | 0385 18.00 57.00 0.85 9939 149.35 OK
ring#6 | 9.50 .| 0.500 27.50 47.50 0.85 11692 193.96 OK
ring#5 | 9.50 | 0.620 37.00 38.00 0.85 12687 240.51 OK
ring#4 | 950 | 0710 46.50 28.50 0.85 13923 275.42 OK
ring#3 | 950 0.830 . 56.00 19.00 0.85 14343 321.97 OK
ring#2 | 19.50:¢ 0.930 65.50 9.50 0.85 14973 360.76 OK
Bottom| ring#1 | 950 | 1.065 75.00 0.00 0.85 14971 413.13 OK
Weight of Wall per Foot=  2050.55 plf of circumference
Center of Gravity of the Wall =  29.41  feet above base
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CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: Oct-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Lake Hills North Tank using a 30%g seismic CHECKER:

TANK INFORMATION:

CAPACITY (Million gal)=  2.128
tank diameter, D (ft)=  69.50
max fluid depth, H (ft)=  75.00
fluid specific gravity, G = 1
shell weight (Ibs/ft)= 2050.55 (see Previous Page)
C.G. of wall, (ft from base)= 2941 (see Previous Page)
Bottom shell course thickness, ts (in)=  1.065  (see Previous Page)
ratioof D/H=  0.927

HYDRODYNAMIC LOADING per AWWA STD D100-96. IF RESPONSE SPECTRUM AVAILABLE USE MW SDM

OVERTURNING MOMENT (Section 13.3.3.1)
Refer to AWWA-D100; Figure 8 for determining Kp, and Figures 9 & 10 for W, , W,, X, X,

M = ( 18ZI/Rw )[ 0.14( Ws*Xs + Wr*Ht + W *X, ) + S*W,*X,*C, ] ,(Equation 13-8)
where: Z = Seismic Zone Coefficient
I = Importance Factor (use 1.25 UNO)
Rw = Force Reduction Coefficient
Ws = Total Weight of Shell, Lbs
Xs = Height, FT, from bottom of tank to C.G. of shell
Wr = Weight of Tank Roof & Shell above HW level(Incl snow, if req’d, but no LL), Lbs

Ht = Height of Tank Shell, FT [ D/H=

0.927 |

K, = Coefficient Relating Tank Size to Period . .. ................coooht, ( Figure 8)
W, = Weight of Tank Contents that Moves with the Shell, Lbs ............. (Figure 9)
X, = Height, FT, from bot to centroid of seismic force applied to Wy........ (Figure 10)
W, = Weight of Sloshing Contents of Tank,Lbs ................ .. ... ... (Figure 9)
X, = Height, FT, from bot to centroid of seismic force applied oW, ........ ( Figure 10)
C, = Coefficient Relating to Period ( Equations 13-5 or 13-6 )

S = Site Amplification Factor
Tw = First Mode Sloshing Wave Period
W = Total weight of tank contents = t*D%4 *H*G*62.4 = 17754.37 kip

VALUES: Zone=3
Z=10.30 ( Table 24)
1=125  (Table26)

K, = 0.577

W,/ W = 0.829
X,/H= 0413
W,/ Wy = 0213
X,/H= 0758

Rw = 4,50 e (Table 25) ,unanchored flat bottom tanks = 3.5, anchored flat bottom tanks = 4.5

Ws=  pi*69.5 *2050.55/ 1000 = 44772  kip
Xs=2941  ft
Wr = 50.00 kip ( engineer estimate, incl wt of shell above HW level )
Ht=76.00 . ft
W, = 0.829 * W1 0.829 * 17754.37
X, = 0413* H = 0413 * 175
Soil Profile type =:C i (Table 27)
S=1.50 (Table 27)

14,718.38 kip
30975 ft

[}
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CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: Oct-98
|PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Lake Hills North Tank using a 30%g seismic CHECKER:

OVERTURNING MOMENT ( cont). . .

W,= 0213 *W; = 0213 * 1775437 = 3,781.68 kip
X,= 0758* H = 0758 * 75 = 56.850 ft
Tw= K, * Sqr(D) = 4810 (Eq 13-7)

C,=0.0324  (Eq13-5or 13-6), Tw <4.5, C,=1/(6Tw)

Tw>= 4.5, C, = 0.75/(Tw)

M = ( 18ZU/Rw ) 0.14( Ws*Xs + Wr*Ht + W, *X, ) + S*W,*X,*C,;] ,(Equation 13-8)
M = 114,974.8 ft-kip

Overturning Checks (Section 13.3.3.3)
where - ws = Weight of Shell (lbs. per ft)
wrs = Weight of Roof acting on the Shell ( Ibs. per ft )
wy = Weight of Contents which Helps to Resist Overturning ,(Eq 13-12)

ws = 2,050.55 Ibs/ft
wrs = +230.00:: 1bs/ft
wt=ws +wrs= 2,280.55 Ibs/ft ,(Eq 13-18)

w lbs = 5,806.50  (Eq 13-12): 7.9 tb*SQRT(fy HG) ,not to exceed 1.28 HDG

assumed bottom plate yield, Fy (psi) = 30,000 LASTM A283 grade C
tb = thickness of bottom plate, (in) = 0.490
L = Length of Annular Ring = 0.216 tb (sqrt(Fy/(HG))) ,not to exceed 0.035D ,(Eq 13-13)
L{t)= 2117 - ,L<=0.035D, OK
0.035D (fty =  2.433

CHECK UPLIFT: If M/(Dz*(wt+wL))<O.785, then no uplift
If M/(D**(wt+wy))>0.785 and <=1.54, then uplift is OK
If M/(Dz*(wt+wL))>1.54, then bottom annular ring must be thickened or anchor the tank.

M/(D*(wt+w)) = 2943  UPLIFT OCCURS ,(Eq 13-15)
THICKEN THE BOTTOM ANNULAR RING or ANCHOR THE TANK !!
Will the tank be anchored ? ( yes orno ) = yes

bottom shell ring#1 thickness, ts (in) = 1.065

o, = Shell Compressive Stress, (psi) = ( wt+1273*M/D"2 )/ (12%ts) = 254944 (Eq13-14)
Weighted average wall thickness, ta = 0.670 ,(From Page 1)
‘ ta/R = 0.00161

allowable compressive stress, F (psi) = 3,172.2 LCAWWA D100, Table 10, pg 19)
Earthquake allowable stress, F} (psi) = 4,228.5 Does not include the increase in the allowable buckling stress
due to internal liquid pressure. (See section 13.3.3.7.4)

SHELL COMPRESSION FORCE, OKAY

-
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**note: The sum of the hydrodynamic stresses use eq 13-20 when vertical acceleration is
zero, and eq 13-25 when vertical acceleration is specified.

Fluid slosh height, d:
d =7.53 D*(ZIC,S/R,) =

2.120

ft

Page 4 of 5

,(Eq 13-26)

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: Oct-98
/|JPROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Lake Hills North Tank using a 30%g seismic CHECKER:
Hoop Stress Calculations
(see sections 13.3.3.6 & 13.3.3.2.3)
maximum Hydrostatic hoop stress (psi) =62.4*H*G*(D/2)/ts = 12725  psi
i *F = *() 85= .
Hydrodynamic Hoop Stress, o5 = ( Ni + Nc )/t ,(Eq 13-20)
Ni = Impulsive Hoop Force (Ib/in) J(Eq 13-20, 13-21, or 13-22)
Nc = Convective Hoop Force (1b/in) J(Eq 13-24)
Nh = Hydrostatic Hoop Force (Ib/in)
u’’v = Vertical Acceleration
DH= 0927
Vertical Acceleration, (decimal) = 0
Allowable Seismic Hoop Tensile Stress = 1.333*s*E = 1.333*15000%0.85= 17000 psi
Hydrodynamic + Static Hoop Stress ( see section 13.3.3.6)
bottom of Forces Stresses
ring: H-dynamic| H-dynamic O, = Sum
Shell height Plate | convectivej impulsive | H-static |{H-dynamic| H-static Total
Ring h’ Thicknessl force, N, | force, N; | force, Ny [| Stress** Stress Stress
Number | from base (in) (Ib/in) (Ib/in) (Ib/in) (psi) (psi) (psi)
ring #8 66.50 0.275 219.0 420.8 1536.0 2327 5585 7912 OK
ring #7 57.00 0.385 132.6 802.7 3252.6 2429 8448 10878 OK
ring #6 47.50 0.500 80.5 1091.3 4969.3 2344 9939 12282 OK
ring #5 38.00 0.620 49.2 1286.5 6685.9 2154 10784 12938 OK
ring #4 28.50 0.710 30.7 1388.4 8402.6 1999 11835 13833 OK
ring # 3 19.00 0.830 20.1 1408.8 10119.2 1722 12192 13913 OK
ring # 2 9.50 0.930 14.6 1408.8 11835.9 1531 12727 14257 OK
ring # 1 0.00 1.065 12.9 1408.8 13552.5 1335 12725 14060 OK
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“{CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: Oct-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Lake Hills North Tank using a 30%g seismic CHECKER:
Evaluate Tank Anchors:

M= 114,974.8 ft-kip
wt = 2,280.55 1bs/ft
D= 69.5 ft
number of anchors to be used = 12
A, =anchorarea= 15 in’

anchor material yield strength = 30000 " psi
S. = anchor spacing = * D / (number of anchors) = 1820 ft
anchor tension, Ty =Sy * (( 1.273*M /D?) - wt )= 509840 Ibs. J(Eq 13-19)
anchor allowable tension (with 1/3 stress increase for seismic ) = 4/3*( 0.6*Fy*A, )= 36000  lbs.

ANCHOR TENSION EXCEEDS THE ALLOWABLE, NO GOOD !
( Note: concrete embedment stresses also need to be checked )
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-|CLIENT:

City of Bellevue

PROJECT:
DESCRIPTION:

Seismic Evaluation of Reservoirs

JOB NO:

1060123.021602

ENGINEER:

Lake Hills South Tank using a 40%g seismic

CHECKER:

DATE: _ Sep-98
TPD

TANK DESCRIPTION: Reservoir
CAPACITY (Milliongal)= 2.038

tank diameter, D (ft)=

max fluid depth, H (ft) =

joint efficiency factor, E=  0.85

fluid specific gravity, G=

68
i L1

Therefore, D/H =

0.907

PRELIMINARY TANK WALL ANALYSIS (from AWWA D100-96, Sec 3.7 and Sec 14)
t(h)=thickness (inches) @ height "hp" (feet) from top of HW level

1(h)=2.60*hp*D*G/(s*E)

D = diameter in feet
G = specific gravity, 1 for water
s = allowable design unit tensile stress, psi
f = actual shell tensile stress, psi

E = joint efficiency factor,

E = 0.85 ,for AWWA section 3.7
E = 1.00 ,for AWWA section 14

f (actual) = shell plate stress = 2.60*h,*D*G / (t*E)

allowable design unit tensile stress per AWWA, s=. 15000  psi

Shell Shell PL. | Shell wall water water Joint Shell PI. | Shell Wt.
Ring Ring | Thickness h, h’ efficiency | Stress=f | per Ring
Number |Height (ft)] (inches) | from top | from base E (psi) (plf)
~ top of shell wall 0.00 75.00
SR 4 75.00 , 0.00
ring #9 7.00 68.00 0.85 5021 82.89
ring # 8 1550 |- 59.50 0.85 8267 135.36
ring#7 24.00 51.00 0.85 9984 173.54
ring#6 3250 42.50 0.85 11458 204.78
ring#5 | 8. 41.00 34.00 0.85 12359 239.49
ring # 4 . 49.50 25.50 0.85 12790 279.40
ring #3 58.00 | 17.00 0.85 13404 | 31238
ring#2 | 850 | 1 66.50 8.50 0.85 13695 350.55
Bottom| ring# 1 28.50 {15 75.00 0.00 0.85 13991 387.00
Weight of Wall per Foot=  2165.39 plf of circumference
Center of Gravity of the Wall=  29.53  feet above base

Weighted average wall thickness, ta= 0.707  inches
Bottom shell ring thickness, ts= 1.115  inches

Bottom Annular P!ate Thickness, tb= 0.49 ;. inches
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CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: _ Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Lake Hills South Tank using a 40%g seismic CHECKER:

TANK INFORMATION:

CAPACITY (Million gal)=  2.038
tank diameter, D (ft)=  68.00
max fluid depth, H (fty=  75.00
fluid specific gravity, G = 1 -

shell weight (Ibs/ft)= 2165.39 (see Previous Page)

C.G. of wall, (ft from base)=  29.53  (see Previous Page)

Bottom shell course thickness, ts (in)=  1.115  (see Previous Page)
ratioof D/H=  0.907

HX;DRODYNAMIC LOADING per AWWA STD D100-96. IF RESPONSE SPECTRUM AVAILABLE USE MW SDM

OVERTURNING MOMENT (Section 13.3.3.1)
Refer to AWWA-D100; Figure 8 for determining Kp, and Figures 9 & 10 for W, , W,, X, X,

M = ( 18ZURw )[ 0.14( Ws*Xs + Wr*Ht + W *X, ) + S*W,*X,*C, ] ,(Equation 13-8)
where: Z = Seismic Zone Coefficient
I= Importance Factor (use 1.25 UNO)
Rw = Force Reduction Coefficient
Ws = Total Weight of Shell, Lbs
Xs = Height, FT, from bottom of tank to C.G. of shell
Wr = Weight of Tank Roof & Shell above HW level(Incl snow, if req’d, but no LL), Lbs

Ht = Height of Tank Shell, FT | D/H= 0907 |

K,, = Coefficient Relating Tank SizetoPeriod .. ............. ... ... ... ( Figure 8) Kv = 0.577
= Weight of Tank Contents that Moves with the Shell, Lbs.......... e ( Figure9) W,/ Wy=0.835

Xl 'Height, FT, from bot to centroid of seismic force applied to W ........ (Figure 10) X,/H= 0415

W, = Weight of Sloshing Contents of Tank,Lbs.............. ... ... ... (Figure 9) W,/ Wy=0.208

X, = Height, FT, from bot to centroid of seismic force applled toWy........ (Figure 10) X,/H=0.762

C, = Coefficient Relating to Period ( Equations 13-5 or 13-6)
S = Site Amplification Factor
Tw = First Mode Sloshing Wave Period

W= Total welght of tank contents = T*D¥/4 *H*G*62.4 = 16996.27 kip
VALUES: Zone=4'" - i
Z=040  (Table24)
I=125 " (Table26)
Rw = 4.50 i (Table 25) ,unanchored flat bottom tanks = 3.5, anchored flat bottom tanks = 4.5
Ws=.  pi*68*2165.39/1000 = 462.59 . kip Lo
Xs = 29.53. ft
Wr=50.00: . kip ( engineer estimate, incl wt of shell above HW level )
Ht=76.00° i j ft
W, = 0.835 * Wi = 0835 * 16996.27 = 14,191.88 kip
X\ = 0415 *H = 0415 * 75 = 31125 ft
Soil Profile type = Corinh :: (Table 27)
S= 1.50 (Table 27)
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CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: __Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Lake Hills South Tank using a 40%g seismic CHECKER:
OVERTURNING MOMENT ( cont). . .

W, = 0208 *Wy = 0.208 * 16996.27 = 3,535.22 kip

X, = 0762* H = 0762 * 75 = 57.150 ft

Tw= K, * Sqrt(D) = 4758 J(Eq 13-7)

C, = 0.0331 (Eq 13-5 or 13-6), Tw <4.5, C,;= 1/(6Tw)

Tw>= 4.5, C, = 0.75/(Tw?)

M= (18ZI/Rw )[ 0.14( Ws*Xs + Wr*Ht + W *X, ) + S*W,*X,*C, ] ,(Equation 13-8)
M= 148,633.4 ft-kip

Overturning Checks (Section 13.3.3.3)
where - ws = Weight of Shell (lbs. per ft)
wrs = Weight of Roof acting on the Shell ( lbs. per ft )
w, = Weight of Contents which Helps to Resist Overturning ,(Eq 13-12)

ws= 2,165.39 lbs/ft
wrs = :230.00 - lbs/ft
wt=ws +wrs= 239539 lbs/ft J(Eq 13-18)

wy, lbs = 5,806.50 (Eq13-12): 7.9 tb*SQRT(fy HG) ,not to exceed 1.28 HDG

assumed bottom plate yield, Fy (psi) = 30,000 LASTM A283 grade C
tb= thickness of bottom plate, (in) = 0.490
L = Length of Annular Ring = 0.216 tb (sqrt(Fy/(HG))) ,not to exceed 0.035D ,(Eq 13-13)
L(ft)= 2117 ,L<=0.035D, OK
0.035D (fty=  2.380

CHECK UPLIFT: If M/(D**(wt+wy ))<0.785, then no uplift
If M/(D**(wt+w,))>0.785 and <=1.54, then uplift is OK
If MI(DZ*(wt+w,_))>1.S4, then bottom annular ring must be thickened or anchor the tank.

M/(D**(wt+w))= 3.919 UPLIFT OCCURS J(Eq 13-15)
THICKEN THE BOTTOM ANNULAR RING or ANCHOR THE TANK !
Will the tank be anchored ? (yes orno ) = yes

bottom shell ring#1 thickness, ts (in) = 1.115

G, = Shell Compressive Stress, (psi) = ( wt+1.273*M/D"2 )/ (12%ts) = 323726 L(Eq 13414)
Weighted average wall thickness, ta= 0.707 -~ ,(From Page 1)
ta/R= 0.00173

allowable compressive stress, Fy (psi) = 3,488.2 L AWWA D100, Table 10, pg 19)
Earthquake allowable stress, Fy (psi) = 4,649.7 Does not include the increase in the allowable buckling stress
due to internal liquid pressure. (See section 13.3.3.7.4)

SHELL COMPRESSION FORCE, OKAY
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CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: _ Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Lake Hills South Tank using a 40%g seismic CHECKER:
Hoop Stress Calculations
(see sections 13.3.3.6 & 13.3.3.2.3)
maximum Hydrostatic hoop stress (psi) =62.4*H*G*(D/2)/ts= 11892  psi
Hydrodynamic Hoop Stress, 6, = ( Ni + Nc )/t ,(Eq 13-20)
Ni = Impulsive Hoop Force (Ib/in) ,(Eq 13-20, 13-21, or 13-22)
Nc = Convective Hoop Force (1b/in) (Eq 13-24)
Nh = Hydrostatic Hoop Force (Ib/in)
u’’v = Vertical Acceleration .
DH=  0.907
Vertical Acceleration, (decimal) = - 0
Allowable Seismic Hoop Tensile Stress = 1.333*s*E = 1.333*15000*0.85=__ 17000 psi
Hydrodynamic + Static Hoop Stress { see section 13.3.3.6 )
bottom of “ Forces Stresses
ring: H-dynamic{ H-dynamic : G, = Sum
Shell height Plate || convective| impulsive | H-static ||H-dynamic] H-static Total
Ring h’ Thickness}| force, N, | force, N; | force, Ny, || Stress** Stress Stress
Number | from base (in) (Ib/in) (Ib/in) (Ib/in) (psi) {psi) " (psi)
ring #9 68.00 0.290 306.6 458.4 1237.6 2638 4268 6906 OK
ring # 8 59.50 0.390 193.7 9243 2740.4 2867 7027 9893 OK
ring #7 51.00 0.500 122.6 1290.5 424322 2826 8486 11313 OK
ring #6 42.50 0.590 779 1557.1 5746.0 2771 9739 12510 OK
ring # 5 34.00 0.690 499 1724.1 7248.8 2571 10506 13077 OK
ring #4 25.50 0.805 327 1791.5 8751.6 2266 10872 | 13138 OK
ring #3 17.00 0.900 225 1798.2 102544 2023 11394 13417 OK
ring # 2 8.50 1.010 17.1 1798.2 11757.2 1797 11641 13438 OK
ring # 1 0.00 1.115 15.5 1798.2 | 13260.0 1627 11892 13519 OK
**pote: The sum of the hydrodynamic stresses use eq 13-20 when vertical acceleration is
zero, and eq 13-25 when vertical acceleration is specified.
Fluid slosh height, d:

d =753 D*(ZIC,S/R,) =

2.825

ft

Page 4 of 5
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: _Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Lake Hills South Tank using a 40%g seismic CHECKER:
Evaluate Tank Anchors:
M= 148,633.4 ft-kip
wt = 2,395.39 1bs/ft
D= 68 ft
number of anchors to beused =~ 12
A, = anchor area = 15 in’
anchor material yield strength = 30000 psi
S. = anchor spacing = T * D/ (number of anchors) =  17.80  ft
anchor tension, Tg = S * (( 1.273*M / D? )-wt)= 685815 lbs. J(Eq 13-19)

anchor allowable tension (with 1/3 stress increase for seismic ) = 4/3*( 0.6¥Fy*A, )= 36000 Ibs.

ANCHOR TENSION EXCEEDS THE ALLOWABLE, NO GOOD !
( Note: concrete embedment stresses also need to be checked )

Page Sof 5
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@ MONTGOMERY WATSON

PRELIMINARY TANK WALL ANALYSIS (from AWWA D100-96, Sec 3.7 and Sec 14)
t(h)=thickness (inches) @ height "hp" (feet) from top of HW level
D = diameter in feet
G = specific gravity, | for water
s = allowable design unit tensile stress, psi
f = actual shell tensile stress, psi

E = joint efficiency factor,

E = 0.85 ,for AWWA section 3.7
E = 1.00 ,for AWWA section 14

t(h)=2.60*hp*D*G/(s*E)

f (actual) = shell plate stress = 2.60*h,*D*G / (t*E)

allowable design unit tensile stress per AWWA, s= 15000  psi
Shell Shell PI. | Shell wall water water Joint Shell PL. | Shell Wt.
Ring Ring | Thickness h, h efficiency | Stress =f | perRing
Number |Height (ft)] (inches) | from top | from base E (psi) | (plf) |
top of shell wall 0.00 75.00 -
75.00 0.00
ring#9 | 7.00. 7.00 68.00 0.85 5021 82.89
ring#8 | 15.50 59.50 0.85 8267 135.36
ring # 7 24.00 51.00 0.85 . 9984 173.54
ring#6 32350 42.50 0.85 11458 | 204.78
ring#5 | St il 41.00 34.00 0.85 12359 239.49
ring#4 | 850 | 0805 :| 49.50 25.50 0.85 12790 279.40
ring#3 | 850 | 0900 | 58.00 17.00 085 | 13404 312.38
ring # 2 850 | “1.010 | 66.50 8.50 0.85 13695 350.55
Bottom| ring#1 | -850 | "1.115 75.00 0.00 0.85 13991 387.00
Weight of Wall per Foot= 216539 plf of circumference
Center of Gravity of the Wall=  29.53  feet above base
Weighted average wall thickness, ta=  0.707 * inches
Bottom shell ring thickness, ts=  1.115  inches
Bottom Annular Plate Thickness, tb= . :0.49 - inches

Page 1 of 5

CLIENT: City of Bellevue JOB NO: __ 1060123.021602 DATE: _ Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: “~TPD
DESCRIPTION: Lake Hills South Tank using a 30%g seismic CHECKER:
TANK DESCRIPTION: Reservoir
CAPACITY (Million gal)=  2.038
tank diameter, D (ft) = 68
max fluid depth, H (ft) = 75 Therefore, D/H=  0.907
joint efficiency factor, E= - 0.85
fluid specific gravity, G=""" 1

OK
OK
OK
OK
OK
OK
OK
OK
OK
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: _ Sep-98
PROIJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Lake Hills South Tank using a 30%g seismic CHECKER:

TANK INFORMATION:

CAPACITY (Million gal)=  2.038
tank diameter, D (ft)=  68.00
max fluid depth, H (ft)=  75.00
fluid specific gravity, G = 1 .

shell weight (Ibs/ft)= 2165.39 (see Previous Page)

C.G. of wall, (ft from base)=  29.53  (see Previous Page)

Bottom shell course thickness, ts (in)=  1.115  (see Previous Page)
ratioof D/H=  0.907

HYDRODYNAMIC LOADING per AWWA STD D100-96. IF RESPONSE SPECTRUM AVAILABLE USE MW SDM

OVERTURNING MOMENT (Section 13.3.3.1)
Refer to AWW A-D100; Figure 8 for determining Kp, and Figures 9 & 10 for W, W,, X, X,

M = ( 18ZI/Rw )[ 0.14( Ws*Xs + Wr*Ht + W *X) + S*W,*X,*C, ] ,(Equation 13-8)
where: Z = Seismic Zone Coefficient
I= Importance Factor (use 1.25 UNO)
Rw = Force Reduction Coefficient
Ws = Total Weight of Shell, Lbs
Xs = Height, FT, from bottom of tank to C.G. of shell
Wr = Weight of Tank Roof & Shell above HW level(Incl snow, if req*d, but no LL), Lbs

Ht = Height of Tank Shell, FT _ | D/H=

0.907 |

K, = Coefficient Relating Tank SizetoPeriod . .................ooiniin (Figure 8)

K,= 0.577

W, = Weight of Tank Contents that Moves with the Shell, Lbs............. (Figure9) W;/ W= 0.835

X, = Height, FT, from bot to centroid of seismic force appliedto W,........ ( Figure 10)

X,/H= 0415

W, = Weight of Sloshing Contents of Tank, Lbs . .. .oovvvninennennnnnn.. (Figure 9) W,/ Wy=0.208

X, = Height, FT, from bot to centroid of seismic force apphed toW,........ (Figure 10)
C, = Coefficient Relating to Period ( Equations 13-5 or 13-6)
S = Site Amplification Factor
Tw = First Mode Sloshing Wave Period
We= Total welght of tank contents = n',*D2/4 *H*G*62.4 = 16996.27 kip
VALUES: Zone-;3,~ )
h Z=030  (Table24)
[= 125" " (Table 26)

X,/H=0.762

Rw = 4’.'5”0“ .. (Table 25) ,unanchored flat bottom tanks 3.5, anchored flat bottom tanks = 4.5

Ws = p1*68*2165 39/1000 = 462.59 kip-
Xs=29.53  ft
Wr= »:50'.00 < kip ( engineer estimate, incl wt of shell above HW level )
Ht=76.00 - ft
W, = 0.835 * Wi 0.835 * 16996.27 14,191.88 kip
X = 0415* H = 0415 * 75 = 31125 ft
Soil Profile type=C =~ (Table 27) '
S= 150 (Table 27)

[}
]

e
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Lake Hills South Tank using a 30%g seismic CHECKER:

OVERTURNING MOMENT ( cont). . .
3,535.22 kip

W,= 0208 *W; = 0208 * 16996.27 =

X,= 0762* H = 0762 * 75 = 57150 " ft
Tw= K, * Sqrt(D) =  4.758 (Eq 13-7)

C,= 00331 (Eq13-5or 13-6), Tw <4.5, C,= 1/(6Tw)

Tw>= 4.5, C, = 0.75/(Tw?)

M = ( 18ZURw )[ 0.14( Ws*Xs + Wr*Ht + W *X, ) + S*W,*X,*C;]  ,(Equation 13-8)
M= 111,475.1 fe-kip

Overturning Checks (Section 13.3.3.3)
where - ws = Weight of Shell ( Ibs. per ft)
wrs = Weight of Roof acting on the Shell ( Ibs. per ft )
wy = Weight of Contents which Helps to Resist Overturning ,(Eq 13-12)

ws= 2,165.39 Ibs/ft
=.230.00 : Ibs/ft
wt=ws+wrs= 2,39539 Ibs/ft ,(Eq 13-18)

wy lbs = 5,806.50 (Eq 13-12): 7.9 th*SQRT(fy HG) ,not to exceed 1.28 HDG

assumed bottom plate yield, Fy (psi) = 30,000 LASTM A283 grade C
tb= thickness of bottom plate, (in) = 0.490

L = Length of Annular Ring = 0.216 tb (sqrt(Fy/(HG))) .not to exceed 0.035D ,(Eq 13-13)
L{fty= 2.117 . ,L<=0.035D, OK
0.035D(ft)=  2.380

‘CHECK UPLIFT: If M/(D™*(wt+w,))<0.785, then no uplift
If M/(D**(wt+w;))>0.785 and <=1.54, then uplift is OK
If M/(D**(wt+w;))>1.54, then bottom annular ring must be thickened or anchor the tank.

M/(D*(wt+w)) = 2.939 UPLIFT OCCURS  ,(Eq13-15)
THICKEN THE BOTTOM ANNULAR RING or ANCHOR THE TANK !!
Will the tank be anchored ? (yesorno)= = yes

bottom shell ring#1 thickness, ts (in) = 1.115

= Shell Compressive Stress, (psi) = ' ( wt+1273*M/D™ )/ (12*15) = 247270 (Eql13-14)
Weighted average wall thickness, ta = 0.707 (From Page 1)
ta/R = 0.00173

allowable compressive stress, F, (psi) = 3,488.2 L AWWA D100, Table 10, pg 19)
Earthquake allowable stress, Fy (psi) = 4,649.7 Does not include the increase in the allowable buckling stress

due to internal liquid pressure. (See section 13.3.3.7.4)
SHELL COMPRESSION FORCE, OKAY

v
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: __Sep-98
PROIJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Lake Hills South Tank using a 30%g seismic CHECKER:
Hoop Stress Calculations
(see sections 13.3.3.6 & 13.3.3.2.3)
7 maximum Hydrostatic hoop stress (psi) =62.4*H*G*(D/2)/ts= 11892 psi
. XY — * - -
Hydrodynamic Hoop Stress, ;= ( Ni + Nc )/t ,(Eq 13-20)
Ni = Impulsive Hoop Force (Ib/in) ,(Eq 13-20, 13-21, or 13-22)
Nc¢ = Convective Hoop Force (lb/in) ,(Eq 13-24)
Nh = Hydrostatic Hoop Force (1b/in)
u’’v = Vertical Acceleration
DH= 0907
Vertical Acceleration, (decimal) = -0 "
Allowable Seismic Hoop Tensile Stress = 1.333*s*E = 1.333*15000*0.85= 17000  psi
Hydrodynamic + Static Hoop Stress ( see section 13.3.3.6)
bottom of “ Forces Stresses
ring: H-dynamic| H-dynamic O, = Sum
Shell height Plate }lconvective} impulsive | H-static ||H-dynamic| H-static Total
Ring h’ Thicknessj| force, N, | force, N; | force, Ny || Stress** Stress Stress
Number | from base (in) (Ib/in) (Ib/in) (Ib/in) (psi) | (psi) (psi)
ring #9 68.00 0.290 230.0 343.8 1237.6 1979 4268 6246 OK
ring # 8 59.50 0.390 145.3 693.2 2740.4 2150 7027 9177 OK
ring #7 51.00 0.500 . 920 967.9 42432 2120 8486 10606 OK
ring # 6 42.50 0.590 584 11679 5746.0 2078 9739 11817 " OK
ring #5 34.00 0.690 374 1293.1 7248.8 1928 10506 12434 OK
ring#4 | 2550 0.805 245 1343.7 8751.6 1700 10872 12571 OK
ring #3 17.00 0.900 169 1348.7 10254.4 1517 11394 12911 OK
ring #2 8.50 1.010 12.8 1348.7 11757.2 1348 11641 12989 OK
ring # 1 0.00 1.115 11.6 1348.7 | 13260.0 1220 11892 13112 OK
**note: The sum of the hydrodynamic stresses use eq 13-20 when vertical acceleration is
zero, and eq 13-25 when vertical acceleration is specified.
Fluid slosh height, d:

d =7.53 D*(ZIC,S/R,,) =

2.119

ft

Page 4 of §
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: _ Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Lake Hills South Tank using a 30%g seismic CHECKER:
Evaluate Tank Anchors:

M= 111,475.1 ft-kip

wt= 2,395.39 1bs/ft

D= 68 ft

number of anchors to be used = 12
A,=anchorarea= 1.5 in?

anchor material yield strength = : :30000 - psi

S, = anchor spacing = * D / (number of anchors) =

anchor tension, Tg = S * (( 1.273*M / D*)-wt)=

17.80 ft

503700 Ibs. «(Eq 13-19)

anchor allowable tension (with 1/3 stress increase for seismic ) = 4/3*( 0.6%Fy*A, )= 36000 lbs.

ANCHOR TENSION EXCEEDS THE ALLOWABLE, NO GOOD !
( Note: concrete embedment stresses also need to be checked )

Page 5of 5
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: _ Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER; TPD
DESCRIPTION: Woodridge Tank using a 40%g seismic CHECKER:
TANK DESCRIPTION: Reservoir
CAPACITY Milliongal)= 2.103
tank diameter, D (fty= - 71
max fluid depth, H (ft)y=. .71 Therefore, DFdH=  1.000
joint efficiency factor, E= - 0,85
fluid specific gravity, G = 1

PRELIMINARY TANK WALL ANALYSIS (from AWWA D100-96, Sec 3.7 and Sec 14)

t(h)=2.60*hp*D*G/(s*E)

t(h)=thickness (inches) @ height "hp" (feet) from top of HW level
D = diameter in feet
G = specific gravity, 1 for water
s = allowable design unit tensile stress, psi
f = actual shell tensile stress, psi

E = joint efficiency factor,

E = 0.85 ,for AWWA section 3.7
E = 1.00 ,for AWWA section 14

f (actual) = shell plate stress = 2.60*h,*D*G / (t*E)

allowable design unit tensile stress per AWWA, s = 15000  psi

Shell | Shell Pl | Shell wall water water Joint Shell PI. | Shell Wt.
Ring Ring | Thickness h, h’ efficiency | Stress=f | per Ring
Number |Height (ft)] (inches) | from top | from base E (psi) (plf)
top of shell wall 0.00 71.00 - B
ring #9 7.00 64.00 0.85 5962 72.89 OK
ring # 8 1500 | 56.00 0.85 8353 127.40 OK
ring#7 23.00 48.00 0.85 12333 132.30 OK
ring#6 31.00 40.00 0.85 12703 173.13 OK
ring#5 39.00 32.00 0.85 13031 212.33 OK
ring #4 47.00 24.00 0.85 13520 246.63 OK
ring # 3 55.00 1600 | 0.85 13497 289.10 OK
ring #2 : ] 63.00 8.00 0.85 13219 338.10 OK
Bottom] ring #1 112570 71.00 0.00 0.85 13706 367.50 - OK
Weight of Wall per Foot= 1959.39 plf of circumference
Center of Gravity of the Wall =  27.01  feet above base

Weigﬁted average wall thickness,ta=  0.676
Bottom shell ring thickness, ts=  1.125
Bottom Annular Plate Thickness, tb= ¥ 0.5

Page 1 of 5

inches
inches

inches

AWWA D100-96 temp.xls: TNKWALL1



@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: _ Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Woodridge Tank using a 40%g seismic CHECKER:

TANK INFORMATION:

CAPACITY (Million gal)=

tank diameter, D (ft) =

max fluid depth, H (ft) =

fluid specific gravity, G =

shell weight (lbs/ft)=

C.G. of wall, (ft from base)=

Bottom shell course thickness, ts (in) =
ratio of D/H =

2.103
71.00
71.00
1 .
1959.39 (see Previous Page)

27.01  (see Previous Page)
1.125  (see Previous Page)
1.000

HYDRODYNAMIC LOADING per AWWA STD D100-96. IF RESPONSE SPECTRUM AVAILABLE USE MW SDM

OVERTURNING MOMENT (Section 13.3.3.1)
Refer to AWW A-D100; Figure 8 for determining Kp, and Figures 9 & 10 for W,, W,, X, X,
M = ( 18ZI/Rw ){ 0.14( Ws*Xs + Wr*Ht + W *X, ) + S*W,*X,*C, ] ,(Equation 13-8)
Z = Seismic Zone Coefficient
I= Importance Factor (use 1.25 UNO)
Rw = Force Reduction Coefficient
Ws = Total Weight of Shell, Lbs
Xs = Height, FT, from bottom of tank to C.G. of shell
Wr = Weight of Tank Roof & Shell above HW level(Incl snow, if req’d, but no LL), Lbs

where:

Ht = Height of Tank Shell, FT | D/H= 1000 |

K,= Coefficient Relating Tank SizetoPeriod .. ........ ...t ( Figure 8) K;= 0.578
W, = Weight of Tank Contents that Moves with the Shell, Lbs............. (Figure9) W,/ W= 0.808

X, = Height, FT, from bot to centroid of seismic force appliedto W, ........ (Figure 10)  X;/H = 0.406
‘W, = Weight of Sloshing Contents of Tank,Lbs..............ooiinan, (Figure9) W,/ Wp=0.230

X, = Height, FT, from bot to centroid of seismic force appliedto W,........ (Figure 10) X,/H=0.742

C, = Coefficient Relating to Period ( Equations 13-5 or 13-6 )
S = Site Amplification Factor
Tw = First Mode Sloshing Wave Period
Wi = Total weight of tank contents = n*D%4 *H*G*62.4 =
VALUES: Zone =

17540.80 kip

( Table 24 )
(Table 26)

i (Table 25) ,unanchored flat bottom tanks = 3.5, anchored flat bottom tanks = 4.5
pi * 71 * 1959.39/ 1000 =

Ws = 43705 kip
Xs=2101  fi
Wr=:52.00 . kip ( engineer estimate, incl wt of shell above HW level )
T Ht=7200 - ft
W, = 0808 *W; = 0.808 * 17540.8 = 14,172.97 kip
o Xy = 0406 * H = 0406 * 71 = 28.826 ft
Soil Profile type = C (Table 27)
S=1.50 (Table 27)
Page2of § AWWA D100-96 temp.xls: TNKWALLL1



@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Woodridge Tank using a 40%g seismic CHECKER:
OVERTURNING MOMENT ( cont). . .

W, = 0230 *W; = 0.23 * 17540.8 = 4,034.39 kip

X, = 0742 * H = 0742 * 71 = 52.682 ft

Tw= K, * Sqrt(D) = 4.870 ,(Eq 13-7)

C,=0.0316 (Eq 13-5 or 13-6), Tw <4.5, C,= 1/(6Tw)

Tw>=4.5, C, = 0.75/(Tw")

M = ( 18ZI/Rw ) 0.14( Ws*Xs + Wr*Ht + W *X,) + S*W,*X,*C,]  ,(Equation 13-8)
M= 138,896.2 fe-kip

Overturning Checks (Section 13.3.3.3)
where - ws = Weight of Shell .( Ibs. per ft )
wrs = Weight of Roof acting on the Shell ( 1bs. per ft )
wy, = Weight of Contents which Helps to Resist Overturning ,(Eq 13-12)

ws= 195939 Ilbs/ft
11.233.00 Ibs/ft
wt=ws+wrs= 2,192.39 lbs/ft - (Eq13-18)

wp lbs = 5,764.84 (Eq 13-12): 7.9 t6*SQRT(fy HG) ,notto exceed 1.28 HDG

assumed bottom plate yield, Fy (psi) = 30,000  ,ASTM A283 grade C
tb= thickness of bottom plate, (in) = 0.500

L = Length of Annular Ring = 0.216 tb (sqrt(Fy/(HG))) ,notto exceed 0.035D ,(Eq 13-13)
L{ft)= 2220 L <=0.035D, OK
0.035D (ft) == 2.485

CHECK UPLIFT: If M/(Dz*(wt+w1_))<0 785, then no uphft
If M/(Dz"‘(wt+w1_))>0 785 and <=1.54, then uphft is OK
If M/(Dz*(wt+w1_))>l.54, then bottom annular ring must be thickened or anchor the tank.

M/(D™wt+w))= 3463 UPLIFT OCCURS  ,(Eq 13-15)
THICKEN THE BOTTOM ANNULAR RING or ANCHOR THE TANK 4
' Will the tank be anchored 7 (yesorno)= yes

bottom shell ring#l thickness, ts (in)k= 1.125

= Shell Compressive Stress, (psi) = ( Wt+1273*M/DR2 )/ (12%ts)  =276057 (Eql3-14) ;
Weighted average wall thickness, ta = 0.676 ~~ (From Page 1) ’
@R = 0.00159

allowable compressive stress, Fy (psi) = 3,125.8 L(AWWA D100, Table 10, pg 19) . : :
Earthquake allowable stress, F, (psi) = 4,166.6 - "Does not include the increase in the allowable buckling stress =~ = " "7~

due to internal liquid pressure. (See section 13.3.3.7.4)
SHELL COMPRESSION FORCE, OKAY :
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: Sep-98
PROJECT:  Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Woodridge Tank using a 40%g seismic CHECKER:
Hoop Stress Calculations
(see sections 13.3.3.6 & 13.3.3.2.3)

maximum Hydrostatic hoop stress (psi) =62.4*H*G*(D/2)/ts = 11650 psi

Hydrodynamic Hoop Stress, o, = (Ni + Nc )/t ,(Eq 13-20)
Ni = Impulsive Hoop Force (Ib/in) ,(Eq 13-20, 13-21, or 13-22)
Nc = Convective Hoop Force (Ib/in) J(Eq 13-24)
Nh = Hydrostatic Hoop Force (Ib/in)
u’’v = Vertical Acceleration
D/H=  1.000
Vertical Acceleration, (decimal) = 0
Allowable Seismic Hoop Tensile Stress = 1.333*s*E = 1.333*15000*0.85 = 17000
Hydrodynamic + Static Hoop Stress { see section 13.3.3.6)
bottom of Forces Stresses
ring: H-dynamic| H-dynamic G, = Sum
Shell height Plate || convective| impulsive { H-static {|H-dynamic| H-static Total
Ring h’ Thickness|| force, N, | force, N; | force, Ny || Stress** Stress Stress
Number | from base (in) (Ib/in) (1b/in) (Ib/in) (psi) (psi) (psi)
ring#9 64.00 0.255 3244 480.2 1292.2 3155 5067 8222
ring#8 56.00 0.390 214.6 946.2 2769.0 2976 7100 10076
ring #7 48.00 0.405 142.3 13240 4245.8 3620 10483 14104
ring # 6 40.00 0.530 94.9 16135 5722.6 3223 10797 14021
ring#35 32.00 0.650 63.9 1814.8 7199.4 2890 11076 13966
ring # 4 24.00 0.755 441 19279 | '8676.2 2612 11492 14104
ring #3 16.00 0.885 320 1960.4 10153.0 2251 11472 13724
ring #2 8.00 1.035 25.5 1960.4 11629.8 1919 11237 13155
ring # 1 0.00 1.125 23.5 19604 | 13106.6 1763 11650 13414
**note: The sum of the hydrodynamic stresses use eq 13-20 when vertical acceleration is '
zero, and eq 13-25 when vertical acceleration is specified.
Fluid slosh height, d:

d =7.53 D*ZIC,S/R,) =

2.816

i

Page40f5
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e

psi

OK
OK
OK
OK
OK
OK
OK
OK
OK
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue

PROJECT: Seismic Evaluation of Reservoirs

JOB NO: 1060123.021602

ENGINEER:

DATE: _Sep-98
TPD

DESCRIPTION: Woodridge Tank using a 40%g seismic

CHECKER:

= 138,896.2 fi-kip
2,192.39 Ibs/ft
D= 71 ft

number of anchors to be used = 12
1.5
30000

Ay = anchor area =
anchor material yield strength =

.2 -

psi

S, = anchor spacing = 1t * D/ (number of anchors) = 1859 ft

anchor tension, Tg = Sy * (( 1.273*M / D*)-wt)= 611221 lbs. (Eq 13-19)

anchor allowable tension (with 1/3 stress increase for seismic ) = 4/3*( 0.6*Fy*A, )= 36000

ANCHOR TENSION EXCEEDS THE ALLOWABLE, NO GOOD !
( Note: concrete embedment stresses also need to be checked )
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@ MONTGOMERY WATSON"

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: _Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Woodridge Tank using a 30%g seismic CHECKER:
TANK DESCRIPTION: Reservoir
CAPACITY Milliongal)= 2.103
tank diameter, D (ft)= - 71" .
max fluid depth, H (ft) = 71 ~ Therefore, D/H = 1.000
joint efficiency factor, E= = 0.85
fluid specific gravity, G = 1

PRELIMINARY TANK WALL ANALYSIS (from AWWA D100-96, Sec 3.7 and Sec 14)

t(h)=2.60*hp*D*G/(s*E)

D = diameter in feet

G = specific gravity, 1 for water
s = allowable design unit tensile stress, psi
f = actual shell tensile stress, psi
E = joint efficiency factor,

. E=0.85 ,for AWWA section 3.7
E = 1.00 ,for AWWA section 14

t(h)=thickness (inches) @ height "hp" (feet) from top of HW level

f (actual) = shell plate stress = 2.60*h,*D*G / (t*E)

allowable design unit tensile stress per AWWA, s= 15000 psi

Bottom

Shell Shell Pl. | Shell wall water water Joint Shell Pl. | Shell Wt.
Ring Ring | Thickness h, h’ efficiency | Stress=f | perRing
Number |Height (ft)] (inches) from top | from base E (psi) (plf)
top of shell wall 0.00 71.00
eI ] R 71.00 0.00
ring#9 | 7.00 | 0255 | 7.00 64.00 0.85 5962 72.89 OK
ring#8 | 800 |- 0390 | 1500 | 5600 | -0.85 8353 127.40 OK
ring#7 |- 800 | 0405 23.00 48.00 0.85 12333 132.30 OK
ring#6 | /800 | 0530 | 3100 40.00 0.85 12703 173.13 OK
ring#5 | 800 | 0650 | 39.00 32.00 0.85 13031 212.33 OK
ring#4 | 800 | ©0.755 | 47.00 24.00 0.85 13520 | 246.63 OK
ring#3 | 800 :| 0885 | 5500 16.00 10.85 13497 | 289.10 OK
ring#2 | 8.00° | 1.035 63.00 8.00 0.85 13219 338.10 OK
ring#1 | 800 | 1125 71.00 0.00 0.85 13706 | 367.50 OK
Weight of Wall per Foot =  1959.39 plf of circumference
Center of Gravity of the Wall=. 27.01 feet above base

Weigﬁted average wall thickness, ta=  0.676  inches

Bottom shell ring thickness, {s =

Bottom Annular Plate Thickness, tb= =

Page 1 of §
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: _ Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: PD
DESCRIPTION: Woodridge Tank using a 30%g seismic CHECKER:

TANK INFORMATION:

CAPACITY (Million gal)=  2.103
tank diameter, D (ft)=  71.00
max fluid depth, H (fty=  71.00
fluid specific gravity, G = 1
shell weight (lbs/ft)= 1959.39 (see Previous Page)
C.G. of wall, (ft from base)=  27.01  (see Previous Page)
Bottom shell course thickness, ts (in)=  1.125  (see Previous Page)
ratiocof D/H=  1.000

HYDRODYNAMIC LOADING per AWWA STD D100-96. IF RESPONSE SPECTRUM AVAILABLE USE MW SDM

OVERTURNING MOMENT (Section 13.3.3.1)
Refer to AWWA-D100; Figure 8 for determining Kp, and Figures 9 & 10 for W;, W,, X, X,

M = (18ZI/Rw )[ 0.14( Ws*Xs + Wr*Ht + W *X, ) + S*W,*X,*C, ] .(Equation 13-8)
where: Z = Seismic Zone Coefficient
I = Importance Factor (use 1.25 UNQ)
Rw = Force Reduction Coefficient
Ws = Total Weight of Shell, Lbs
Xs = Height, FT, from bottom of tank to C.G. of shell
Wr = Weight of Tank Roof & Shell above HW level(Incl snow, if req’d, but no LL), Lbs

Ht = Height of Tank Shell, FT | D/H= 1000 |

K, = Coefficient Relating Tank Size to Period . ... ....vvvveuniineeenn... (Figure 8) K,= 0578
W, = Weight of Tank Contents that Moves with the Shell,Lbs............. (Figure9) W,/ W;=0.808
X, = Height, FT, from bot to centroid of seismic force appliedtoW;........ (Figure 10) X,;/H=0.406
W, = Weight of Sloshing Contents of Tank, Lbs......................... (Figure9) W,/ W;=0.230
X, = Height, FT, from bot to centroid of seismic force appliedto W,........ (Figure 10) X,;/H=10.742

C, = Coefficient Relating to Period ( Equations 13-5 or 13-6)
S = Site Amplification Factor
Tw = First Mode Sloshing Wave Period

Wr = Total weight of tank contents = n*D%4 *H*G*62.4 = 17540.80 kip
VALUES: Zone=3 . =i
Z=030 = (Table24)

I=125 . (Table26)

Rw =4.50 '+ (Table 25) ,unanchored flat bottom tanks = 3.5, anchored flat bottom tanks = 4.5

Ws = pt * 71 * 1959.39/ 1000 = 437.05 kip

Xs=2701 ft :

Wr=:52.00 - kip ( engineer estimate, incl wt of shell above HW level )

He=7200  ft

W= 0.808 *W; = 0.808 * 17540.8 = 14,172.97 kip

X, = 0406 * H = 0406 * 71 = 28826 ft

Soil Profile type =C -+ : (Table 27)

S= 150 (Table 27)
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: __ Sep-98
-|PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD

DESCRIPTION: Woodridge Tank using a 30%g seismic CHECKER:
OVERTURNING MOMENT ( cont). . .

W, = 0230 W, = 0.23 * 175408 = 4,034.39 kip

X;= 0742* H = 0742 * 71 = 52682 +ft

Tw= K, * Sqrt(D) = 4.870 J(Eq 13-7)

C,=0.0316 (Eq13-5o0r13-6), Tw <4.5, C;=1/(6Tw)

Tw>= 4.5, C, = 0.75/(Tw?)
M = ( 18ZI/Rw )[ 0.14( Ws*Xs + Wr*Ht + W,*X,) + S*W,*X,*C,]  ,(Equation 13-8)
M= 104,172.2 ft-kip

Overturning Checks (Section 13.3.3.3)
where - ws = Weight of Shell ( Ibs. per ft)
wrs = Weight of Roof acting on the Shell ( lbs. per ft )
w, = Weight of Contents which Helps to Resist Overturning ,(Eq 13-12)

ws= 195939 lbs/ft
= 123300 - lbs/ft
wt=ws+wrs= 2,19239 lbs/ft (Eq 13-18)

wy lbs=5,764.84 (Eq 13-12): 7.9 th*SQRT(fy HG) ,not to exceed 1.28 HDG

assumed bottom plate yield, Fy (psi) = 30,000 ,ASTM A283 grade C
tb= thickness of bottom plate, (in) = 0.500
L = Length of Annular Ring = 0.216 tb (sqrt(Fy/(HG))) ,not to exceed 0.035D (Eq 13-13)

L{ft)= 2220 . ,L<=0.035D, OK
0.035D (ft)=  2.485 :

CHECK UPLIFT: If M/(D**(wt+wq ))<0.785, then no uplift
If M/(D**(wt+w, ))>0.785 and <=1.54, then uplift is OK
If M/(Dz*(wt+wl_))>1.54, then bottom annular ring must be thickened or anchor the tank.

M/(D™*(wt+w)) =  2.597 UPLIFT OCCURS (Eq 13-15)
THICKEN THE BOTTOM ANNULAR RING or ANCHOR THE TANK 1
Will the tank be anchored ? (yesorno )= yes®

-

bottom shell ring#1 thickness, ts (in) = 1.125

G, = Shell Compressive Stress, (psi) = ( wt+1273* M/Dm2 ') /(12%t5) =2111.03 (Eq 13-14)
Weighted average wall thickness, ta = 0.676 (From Page 1)
ta/R = 0.00159

allowable compressive stress, Fy (psi) = 3,125.8 L AWWA D100, Table 10, pg 19)
Earthquake allowable stress, Fy_ (psi) = 4,166.6 Does not include the increase in the allowable buckling stress
due to internal liquid pressure. (See section 13.3.3.7.4)

SHELL COMPRESSION FORCE, OKAY

v
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d =753 DXZIC,SR,) =

2.112

ft

Page 4 of 5

«(Eq 13-26)

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: _ Sep-98
|PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Woodridge Tank using a 30%g seismic CHECKER:
Hoop Stress Calculations
(see sections 13.3.3.6 & 13.3.3.2.3)
maximum Hydrostatic hoop stress (psi) =62.4*H*G*(D/2)/ts= 11650  psi
i 3 . * — .
Hydrodynamic Hoop Stress, 6, = (Ni+ Nc )/t ,(Eq 13-20)
Ni = Impulsive Hoop Force (Ib/in) ,(Eq 13-20, 13-21, or 13-22)
Nc = Convective Hoop Force (Ib/in) J(Eq 13-24)
Nh = Hydrostatic Hoop Force (Ib/in)
u’’v = Vertical Acceleration
DH= 1000
Vertical Acceleration, (decimal) = 0
Allowable Seismic Hoop Tensile Stress = 1.333*s*E = 1.333*15000*0.85 = 17000 psi
Hydrodynamic + Static Hoop Stress ( see section 13.3.3.6)
bottom of | Forces Stresses
ring: H-dynamic{ H-dynamic g, = Sum
Shell height Plate |l convective| impulsive { H-static ||H-dynamic] H-static Total
Ring h’ Thickness|| force, N, | force, N; | force, Ny, || Stress** Stress Stress
Number | from base (in) (Ib/in) (Ib/in) (1b/in) (psi) (psi) (psi)
ring #9 64.00 0.255 2433 360.1 1292.2 2366 5067 7434 OK
ring #8 56.00 0.390 161.0 709.6 2769.0 2232 7100 9332 OK
ring#7 48.00 0.405 106.8 993.0 4245.8 2715 10483 13199 OK -
ring #6 40.00 0.530 71.1 1210.1 5722.6 2417 10797 13215 OK
ring #5 32.00 0.650 479 1361.1 7199.4 2168 11076 13244 OK
ring #4 24.00 0.755 33.1 14459 8676.2 1959 11492 13451 OK
ring #3 16.00 0.885 24.0 1470.3 10153.0 1688 11472 13161 OK
ring #2 8.00 1.035 19.2 14703 | 11629.8 1439 11237 12676 OK
ring # 1 0.00 1.125 17.6 1470.3 | 13106.6 1323 11650 12973 OK
**note: The sum of the hydrodynamic stresses use eq 13-20 when vertical acceleration is
zero, and eq 13-25 when vertical acceleration is specified.
Fluid slosh height, d:

AWWA DI100-96 temp.xls: TNKWALLI
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CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: Sep-98
1PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD

DESCRIPTION: Woodridge Tank using a 30%g seismic CHECKER:
Evaluate Tank Anchors:

M= 104,172.2 ft-kip

wt = 2,192.39 1bs/ft

= 71 ft
number of anchors to beused = 12 -
A, = anchor area = 15 i’

anchor material yield strength = 30000 ° psi
S, = anchor spacing = ©t * D/ (number of anchors) =  18.59 ft
anchor tension, Tg = S * (( 1.273*M / D’)-wt)= 448228 Ibs. ,(Eq 13-19)
anchor allowable tension (with 1/3 stress increase for seismic ) = 4/3*( 0.6*Fy*A, )= 36000 lbs.

ANCHOR TENSION EXCEEDS THE ALLOWABLE, NO GOOD !
( Note: concrete embedment stresses also need to be checked )
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CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: _ Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Horizon View Tank using a 40%g seismic CHECKER:
TANK DESCRIPTION: Reservoir
CAPACITY (Milliongal)= 0.200
tank diameter, D (ft)= "~ 3117
max fluid depth, H (ft) = 35 Therefore, D/ H=  0.891
joint efficiency factor, E= .~ 0.85
fluid specific gravity, G = 1

PRELIMINARY TANK WALL ANALYSIS (from AWWA D100-96, Sec 3.7 and Sec 14)
t(h)=2.60*hp*D*G/(s*E)
D = diameter in feet

G = specific gravity, 1 for water

s = allowable design unit tensile stress, psi
f = actual shell tensile stress, psi

E = joint efficiency factor,

E = 0.85 ,for AWWA section 3.7

t(h)=thickness (inches) @ height "hp" (feet) from top of HW level

E = 1.00 ,for AWWA section 14

f (actual) = shell plate stress = 2.60*h,*D*G / (t*E)

allowable design unit tensile stress per AWWA, s= - 15000 psi

Bottom

Shell Shell PL. | Shell wall water water Joint Shell PI. | Shell Wt.
Ring Ring | Thickness h, h’ efficiency | Stress=f | per Ring
Number |Height (ft)] (inches) | from top | from base E (psi) (plf)
" top of shell wall 0.00 35.00
g ' 35.00 0.00
35.00 0.00
35.00 0.00
G R 35.00 0.00
ring #6 10250 5.00 30.00 0.85 1907 51.04 OK
ring#5 1600 | 025 | 11.00 24.00 0.85 4195 61.25 OK
ring#4 | s1070.250 17.00 18.00 0.85 6483 61.25 OK
ring #3 0. | 0255 23.00 12.00 0.85 8600 62.48 OK
ring#2 | 600 | 0.260 29.00 6.00 0.85 10634 63.70 OK
ring#1 | ~0.260 35.00 0.00 0.85 12835 63.70 OK
Weight of Wall per Foot= 363.42  plf of circumference
Center of Gravity of the Wall=  17.34  feet above base

Weighted average wall thickness,ta=  0.254  inches
Bottom shell ring thickness, ts=  0.260  inches
Bottom Annular Plate Thickness, tb = 0.25 inches
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CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: _ Sep-98
PROJECT: Setsmic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Horizon View Tank using a 40%g seismic CHECKER:

TANK INFORMATION:

CAPACITY (Million gal)=  0.200
tank diameter, D (ft)=  31.17
max fluid depth, H (ft)=  35.00
fluid specific gravity, G= 1 v

shell weight (Ibs/ft)=  363.42  (see Previous Page)

C.G. of wall, (ft from base)= 17.34  (see Previous Page)

Bottom shell course thickness, ts (in)=  0.260  (see Previous Page)
ratioof D’/H=  0.891

HYDRODYNAMIC LOADING per AWWA STD D100-96. IF RESPONSE SPECTRUM AVAILABLE USE MW SDM

OVERTURNING MOMENT (Section 13.3.3.1)
Refer to AWWA-D100; Figure 8 for determining Kp, and Figures 9 & 10 for W, W;, X, X,

M = ( 18ZI/Rw )[ 0.14( Ws*Xs + Wr*Ht + W *X,) + S*W,*X,*C, ] ,(Equation 13-8)
where: Z = Seismic Zone Coefficient
I = Importance Factor (use 1.25 UNO)
Rw = Force Reduction Coefficient
Ws = Total Weight of Shell, Lbs
Xs = Height, FT, from bottom of tank to C.G. of shell
Wr = Weight of Tank Roof & Shell above HW level(Incl snow, if req’d, but no LL), Lbs

Ht = Height of Tank Shell, FT | D/H= 0891 |

K, = Coefficient Relating Tank Size toPeriod ...................ooot. (Figure8) K,=0.577
W, = Weight of Tank Contents that Moves with the Shell, Lbs............. (Figure9) W,/ Wr=0.840
X, = Height, FT, from bot to centroid of seismic force applied oW, ........ (Figure 10) X,;/H= 0417
W, = Weight of Sloshing Contents of Tank,Lbs ............ccovieenn.... (Figure 9) W,/ Wr= 0205
X, = Height, FT, from bot to centroid of seismic force appliedto W,........ (Figure 10) X,/H= 0.766

C, = Coefficient Relating to Period ( Equations 13-5 or 13-6)
S = Site Amplification Factor
Tw = First Mode Sloshing Wave Period

Wr = Total weight of tank contents = n*D%4 *H*G*62.4 = 1666.54 kip
VALUES: Zone=4 ' ' -

Z=040  (Table24)
I=125" . (Table26)

Rw =450 "~ (Table 25) ,unanchored flat bottom tanks = 3.5, anchored flat bottom tanks = 4.5

Ws = pi *31.17 *363.42/ 1000 = 35.59 kip :

Xs= 1734 ft e -

Wr= 7.50 “kip ( engineer estimate, incl wt of shell above HW level )

Ht = 36.00 ft

W, = 0840 *W; = 0.84 * 1666.54 = 1,399.89 kip

X, = 0417* H = 0417 * 35 = 14595 ft

Soil Profile type =C - .~ (Table 27)

S=150 - (Table27)
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Horizon View Tank using a 40%g seismic CHECKER:
OVERTURNING MOMENT (cont). ..

W, = 0205 *W, = 0205 * 166654 = 341.64 kip

X, = 0766 * H = 0766 * 35 = 26810 ft

Tw= K, * Sqrt(D) = 3.221 J(Eq 13-7)

C, = 0.0517 (Eq 13-5 or 13-6), Tw<4.5, C,=1/(6Tw)

Tw>= 4.5, C; = 0.75/(Tw?)

M = ( 18ZI/Rw )[ 0.14( Ws*Xs + Wr*Ht + W *X, ) + S¥W,*X,*C,]  ,(Equation 13-8)
M= 7,389.8 ft-kip

Overturning Checks (Section 13.3.3.3)
where - ws = Weight of Shell ( Ibs. per ft)
wrs = Weight of Roof acting on the Shell ( Ibs. per ft)
wy, = Weight of Contents which Helps to Resist Overturning ,(Eq 13-12)

ws= 36342 Ibs/ft
, wrs= - 230.00° Ibs/ft
wt=ws+wrs= 59342 Ibs/ft A(Eq 13-18)

wy, lbs=1,39642  (Eq 13-12): 7.9 th*SQRT(fy HG) ,not to exceed 1.28 HDG

assumed bottom plate yield, Fy (psi) = 30,000 LASTM A283 grade C

tb = thickness of bottom plate, (in) = 0.250
L = Length of Annular Ring = 0.216 tb (sqrt(Fy/(HG))) ,not to exceed 0.035D ,(Eq 13-13)
L(f)= 1581 ,L>0.035D... TANK MU

0.035D (fy=  1.091

CHECK UPLIFT:  If M/(D™(wt+w,))<0.785, then no uplift
If M/(Dz"‘(wt+wL))>0.785 and <=1.54, then uplift is OK ‘
If M/(Dz*(wt+wL))>1.54, then bottom annular ring must be thickened or anchor the tank.

M/(Dz*(wt+WL)) = 3.822 . UPLIFT OCCURS ,(Eq 13-15)
THICKEN THE BOTTOM ANNULAR RING or ANCHOR THE TANK !!
Will the tank be anchored ? (yesorno )= . “yes

bottom shell ring#1 thickness, ts (in) = 0.260

o, = Shell Compressive Stress, (psi) = ( wt+1.273*M/D"2 )/ (12%¢ts) = 329355 (Eql3-14)
Weighted average wall thickness, ta = 0.254 ,(From Page 1)
ta/R = 0.00136

allowable compressive stress, Fy (psi) = 2,599.4 L AWWA D100, Table 10, pg 19)
Earthquake allowable stress, F, (psi) = 3,465.0 Does not include the increase in the allowable buckling stress
due to internal liquid pressure. (See section 13.3.3.7.4)

SHELL COMPRESSION FORCE, OKAY
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City of Bellevue

DATE: _ Sep-98

CLIENT: JOB NO: 1060123.021602
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Horizon View Tank using a 40%g seismic CHECKER:
Hoop Stress Calculations
(see sections 13.3.3.6 & 13.3.3.2.3)
maximum Hydrostatic hoop stress (psi) =62.4*H*G*(D/2)/ts= 10910 psi
i * = * — .
Hydrodynamic Hoop Stress, o, = (Ni + Nc )t ,(Eq 13-20)
Ni = Impulsive Hoop Force (1b/in) (Eq 13-20, 13-21, or 13-22)
Nc = Convective Hoop Force (Ib/in) {Eq 13-24)
Nh = Hydrostatic Hoop Force (Ib/in)
u’’v = Vertical Acceleration
DH= 0.891
Vertical Acceleration, (decimal) = 0
Allowable Seismic Hoop Tensile Stress = 1.333*s*E = 1.333*15000*0.85= 17000 _ psi
Hydrodynamic + Static Hoop Stress ( see section 13.3.3.6)
bottom of Forces Stresses
ring: H-dynamic| H-dynamic O, = Sum
Shell height Plate {lconvective| impulsive | H-static ||H-dynamic| H-static Total
Ring h’ Thickness|| force, N, | force, N; | force, N, || Stress** Stress Stress
Number | from base (in) (Ib/in) (Ib/in) (Ib/in) (pst) (psi) (psi)
ring # 6 30.00 0.250 81.5 143.9 405.2 902 1621 2522 OK
ring #5 24.00 0.250 40.2 271.1 891.5 1245 3566 4811 OK
ring #4 18.00 0.250 20.0 348.7 1377.7 1475 5511 6986 OK
ring # 3 12.00 0.255 103 376.7 1864.0 1517 7310 8827 OK
ring # 2 6.00 0.260 59 377.8 2350.2 1476 9039 10515 OK
ring # 1 0.00 0.260 47 377.8 2836.5 1471 10910 12381 OK
**note: The sum of the hydrodynamic stresses use eq 13-20 when vertical acceleration is
zero, and eq 13-25 when vertical acceleration is specified.
Fluid slosh height, d:

d=7.53D*ZIC,S/R,)= 2.022 ft J(Eq 13-26)
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CLIENT: City of Bellevue JOB NO: __ 1060123.021602 DATE: _ Sep-98
_ {PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
" |DESCRIPTION: Horizon View Tank using a 40%g seismic CHECKER:
Evaluate Tank Anchors:
= 7,389.8 ft-kip
wt = 593.42 Ibs/ft
D= 31.17 ft
number of anchorstobe used= .= 4
Ay =anchorarea= . - 0.75 in®

anchor material yield strength = - 30000 psi
S. =anchor spacing =t * D/ (number of anchors) = 2448  ft
anchor tension, Tg = S * (( 1.273*M / D? y-wt)= 222508 Ibs. .(Eq 13-19)
anchor allowable tension (with 1/3 stress increase for seismic ) = 4/3*( 0.6*Fy*A, )= 18000 Ibs.

ANCHOR TENSION EXCEEDS THE ALLOWABLE, NO GOOD !
( Note: concrete embedment stresses also need to be checked )
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PRELIMINARY TANK WALL ANALYSIS (from AWWA D100-96, Sec 3.7 and Sec 14)
t(h)=2.60*hp*D*G/(s*E)
D = diameter in feet
G = specific gravity, 1 for water
s = allowable design unit tensile stress, psi
f = actual shell tensile stress, psi
E = joint efficiency factor,

E = 0.85 ,for AWWA section 3.7
E = 1.00 ,for AWWA section 14

t(h)=thickness (inches) @ height "hp" (feet) from top of HW level

f (actual) = shell plate stress = 2.60*h,*D*G / (t*E)

allowable design unit tensile stress per AWWA, s =" 15000 . psi

Shell Shell PL. | Shell wall water water Joint Shell P1. | Shell Wt.
Ring Ring | Thickness h, h’ efficiency | Stress=f | per Ring

Number |Height (ft)] (inches) from top | from base E (psi) (plH)
top of shell wall 0.00 35.00 )

35.00 0.00

©35.00 0.00

o 35.00 0.00

ring#6 |5, "5.00 30.00 0.85 1907 51.04

ring #5 11.00 24.00 0.85 4195 61.25

ring#4 | 17.00 18.00 0.85 6483 61.25

ring#3 | 6. 23.00 12.00 0.85 8600 62.48

ring#2 | 29.00 6.00 0.85 10634 63.70

Bottom| ring # 1 35.00 0.00 0.85 12835 63.70

Weight of Wall per Foot=  363.42 plf of circumference
Center of Gravity of the Wall=  17.34  feet above base

Weigﬁted average wall thickness, ta =
Bottom shell ring thickness, ts =

Bottom Annular Plate Thickness, tb =

Page 1 of 5

0.254
0.260

0280

inches
inches

-inches

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: __Sep-98
.JPROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Horizon View Tank using a 30%g seismic CHECKER:
TANK DESCRIPTION: Reservoir
CAPACITY (Milliongal)= 0.200
tank diameter, D (ft)= - 31.17
max fluid depth, H (ft) = 35 Therefore, D/dH= 0.891
joint efficiency factor, E= . 0.85
fluid specific gravity, G = 1

OK
OK
OK
OK
OK
OK
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CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: _ Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Horizon View Tank using a 30%g seismic CHECKER:

TANK INFORMATION:

CAPACITY (Million gal)=  0.200
tank diameter, D (ft)=  31.17
max fluid depth, H (ft)=  35.00
fluid specific gravity, G = 1
shell weight (Ibs/ft)=  363.42 (see Previous Page)
C.G. of wall, (ft from base)=  17.34  (see Previous Page)
Bottom shell course thickness, ts (in)=  0.260  (see Previous Page)
ratioof D/dH=  0.891

HYDRODYNAMIC LOADING per AWWA STD D100-96. IF RESPONSE SPECTRUM AVAILABLE USE MW SDM

OVERTURNING MOMENT (Section 13.3.3.1)
Refer to AWWA-D100; Figure 8 for determining Kp, and Figures 9 & 10 for W, W,, X, X,

M = ( 18ZI/Rw )[ 0.14( Ws*Xs + Wr*Ht + W *X,) + S*W,*X,*C, ] ,(Equation 13-8)
where: Z = Seismic Zone Coefficient
I = Importance Factor (use 1.25 UNO)
Rw = Force Reduction Coefficient
Ws = Total Weight of Shell, Lbs
Xs = Height, FT, from bottom of tank to C.G. of shell
Wr = Weight of Tank Roof & Shell above HW level(Incl snow, if req’d, but no LL), Lbs

Ht = Height of Tank Shell, FT | D/H= 0891 |

K, = Coefficient Relating Tank SizetoPeriod .. ..........covviitt, ( Figure 8 ) K, = 0577
W, = Weight of Tank Contents that Moves with the Shell, Lbs............. (Figure9) W,/ Wr=0.840
X, = Height, FT, from bot to centroid of seismic force appliedtoW,........ (Figure 10) X,;/H= 0417
W, = Weight of Sloshing Contents of Tank,Lbs.......ccovviiviiinan.. (Figure 9) W,/ W= 0.205
X, = Height, FT, from bot to centroid of seismic force applied to W, ........ (Figure10) X,/H=0.766

C, = Coefficient Relating to Peried ( Equations 13-5 or 13-6)
S = Site Amplification Factor
Tw = First Mode Sloshing Wave Period

Wy = Total weight of tank contents = n*D¥4 *H*G*62.4 = 1666.54 kip
VALUES: Zone=3 ==
Z=030  (Table24)
I=125 : . (Table26) .
- Rw=4.50 " (Table 25) ,unanchored flat bottom tanks = 3.5, anchored flat bottom tanks = 4.5
Ws=  pi*31.17 *363.42/ 1000 = 3559  kip
Xs=17.34 ft
Wr=17.50 ~kip ( engineer estimate, incl wt of shell above HW level )
Ht=36.00  ft ‘
W, = 0.840 * Wy = 0.84 * 1666.54 = 1,399.89 kip
X,;= 0417* H = 0417 * 35 = 14595 ft
Soil Profile type=C~  (Table 27)
S= 150 (Table 27)
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: _ Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Horizon View Tank using a 30%g seismic CHECKER:
OVERTURNING MOMENT ( cont). ..

W, = 0205*W: = 0205 * 1666.54 = 341.64 kip

X;= 0766 * H = 0766 * 35 = 26.810 ft

Tw= K, * Sqrt(D) = 3.221 J(Eq 13-7)

C, = 0.0517 (Eq 13-5 or 13-6), Tw <45, C;=1/(6Tw)

Tw>=45,C,; = 0.75/(Tw?)

M = ( 18ZI/Rw )[ 0.14( Ws*Xs + Wr*Ht + W,*X, ) + S*W,*X,*C,]  ,(Equation 13-8)
M= 5,542.3 ft-kip

Overturning Checks (Section 13.3.3.3)
where - ws = Weight of Shell ( Ibs. per ft)
wrs = Weight of Roof acting on the Shell ( bs. per ft)
wy, = Weight of Contents which Helps to Resist Overturning ,(Eq 13-12)

ws= 36342 lbs/ft
wrs =  230.00 " lbs/ft
wt=ws+wrs= 59342 lbs/ft (Eq 13-18)

w lbs= 1,396.42  (Eq 13-12): 7.9 tb*SQRT(fy HG) ,not to exceed 1.28 HDG

assumed.bottom plate yield, Fy (psi)= 30,000  ,ASTM A283 grade C

tb= thickness of bottom plate, (in) = 0.250
L = Length of Annular Ring = 0.216 tb (sqrt(Fy/(HG))) ,notto exceed 0.035D ,(Eq 13-13)
L(ft)= 1581 . ,L>0.035D... TANK MU

0.035D (ft)=  1.091

CHECK UPLIFT:  If M/(Dz*(wt+w,_))<0 785, then no upllft _
If M/(D**(wt+w))>0.785 and <=1.54, then uplift is oK
If M/(Dz*(wt+w,))>1.54, then bottom annular ring must be thickened or anchor the tank.

M/(D**(wt+wy))=  2.867 UPLIFT OCCURS ,(Eq 13-15)
THICKEN THE BOTTOM ANNULAR RING or ANCHOR THE TANK i
Will the tank be anchored ? (yesorno)= .~ yes '

bottom shell ring#1 thickness, ts (in) = 0.260
o, = Shell Compressive Stress, (psi) =

Weighted average wall thickness, ta = 0.254 J(From Page 1)

“ta/R = 0.00136

allowable compressive stress, Fy, (psi) = 2,599.4

" Earthquake allowable stress, Fy (psi) = 3,465.0

( Wi+ 1.273*M/DA2 )/ ( 12%ts ) =251772  (Eq13-14)

L AWWA D100, Table 10, pg 19)
Does not include the increase in the allowable buckling stress - -
due to internal liquid pressure. (See section 13.3.3.7.4) '

SHELL COMPRESSION FORCE, OKAY

.
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: _ Sep-98
PROIJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Horizon View Tank using a 30%g seismic CHECKER:
Hoop Stress Calculations
(see sections 13.3.3.6 & 13.3.3.2.3)
maximum Hydrostatic hoop stress (psi) =62.4*H*G*(D/2)/ts= 10910 psi
i 3 e * -~ -
Hydrodynamic Hoop Stress, 6, = ( Ni + Nc )/t ,(Eq 13-20)
Ni = Impulsive Hoop Force (Ib/in) .(Eq 13-20, 13-21, or 13-22)
Nc = Convective Hoop Force (1b/in) ,(Eq 13-24)
Nh = Hydrostatic Hoop Force (1b/in)
u’’v = Vertical Acceleration
D/H 0.891
Vertical Acceleration, (decimal) = -0
Allowable Seismic Hoop Tensile Stress = 1.333*s*E = 1.333*15000*0.85= 17000 psi
Hydrodynamic + Static Hoop Stress ( see section 13.3.3.6)
bottom of Forces Stresses
: ring: H-dynamic] H-dynamic G, = Sum
Shell height Plate || convective| impulsive | H-static {fH-dynamic| H-static Total
Ring h’ Thickness|| force, N, | force, N; | force, N, j| Stress** Stress Stress
Number | from base (in) (Ib/in) (Ib/in) (Ib/in) (psi) | (psi) (psi)
ring#6 30.00 0.250 61.1 107.9 405.2 676 1621 2297 OK
ring #5 24.00 0.250 30.2 203.4 891.5 934 3566 4500 OK
ring #4 18.00 0.250 15.0 261.5 1377.7 1106 5511 6617 OK
ring #3 12.00 0.255 77 282.5 1864.0 1138 7310 8448 OK
ring #2 6.00 0.260 4.5 283.4 2350.2 1107 9039 10146 OK
ring # 1 0.00 0.260 3.5 2834 | 28365 1104 10910 12013 OK
**note: The sum of the hydrodynamic stresses use eq 13-20 when vertical acceleration is
zero, and eq 13-25 when vertical acceleration is specified.
Fluid slosh height, d:

d=753D*(ZIC,SR,)= 1517 ft ,(Eq 13-26)
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE:

Sep-98

PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Horizon View Tank using a 30%g seismic CHECKER:
Evaluate Tank Anchors:

M= 5,542.3 ft-kip

wt= 593.42 lbs/ft

D= 31.17 ft

number of anchors to be used = 4
A,=anchorarea=  0.78 in’

anchor material yield strength = - 30000  psi

S. = anchor spacing = % * D/ (number of anchors) =  24.48 ft
anchor tension, Tz = S * (( 1.273*M / D?)-wt)= 163249 - Ibs. (Eq 13-19)
anchor allowable tension (with 1/3 stress increase for seismic ) = 4/3*( 0.6*Fy*Ay )= 18000  lbs.

ANCHOR TENSION EXCEEDS THE ALLOWABLE, NO GOOD !
( Note: concrete embedment stresses also need to be checked )
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: Nov-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Parksite Tank using a 40%g seismic CHECKER:

TANK DESCRIPTION: Reservoir
CAPACITY (Million gal)=  2.058

tank diameter, D (ft) = 93
max fluid depth, H (ft) = 40.5 Therefore, D/H = 2.296
joint efficiency factor, E = 0.85
fluid specific gravity, G = 1

PRELIMINARY TANK WALL ANALYSIS (from AWWA D100-96, Sec 3.7 and Sec 14)
t(h)=2.60*hp*D*G/(s*E) t(h)=thickness (inches) @ height "hp" (feet) from top of HW level

D = diameter in feet

G = specific gravity, 1 for water

s = allowable design unit tensile stress, psi

f = actual shell tensile stress, psi

E = joint efficiency factor,

E =0.85 ,for AWWA section 3.7

E = 1.00 ,for AWWA section 14

f (actual) = shell plate stress = 2.60*h,*D*G / (t*E)

allowable design unit tensile stress per AWWA, s= 15000 psi

Shell | Shell Pl | Shell wall | water water Joint Shell PI. | Shell Wt.
Ring Ring | Thickness h, h’ efficiency | Stress=f | per Ring
Number [Height (ft)] (inches) | from top | from base E (psi) (plf)
top of shell wall 0.00 40.50
A ENEE 0 40.50 0.00
40.50 0.00
40.50 0.00
40.50 0.00
SRS 40.50 0.00
ring #5 | 0255 | 650 34.00 0.85 7251 67.68 OK
ring#4 | 850 | 0355 | 15.00 25.50 0.85 12020 123.21 OK
ring#3 | 850 .| 0.465 23.50 17.00 0.85 14376 161.39 OK
ring#2 | 850 | 0630 | 32.00 8.50 0.85 14449 218.66 OK
Bottom| ring#1 | 850 | 0.820 40.50 0.00 0.85 14050 284.61 OK

Weight of Wall per Foot= 855.56  plf of circumference
Center of Gravity of the Wall= 1591  feet above base

Weighted average wall thickness,ta=  0.517  inches
Bottom shell ring thickness, ts=  0.820  inches
Bottom Annular Plate Thickness, tb = 0.5 " inches
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: Nov-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Parksite Tank using a 40%g seismic CHECKER:

TANK INFORMATION:

CAPACITY (Million gal)=  2.058
tank diameter, D (ft) = 93.00
max fluid depth, H (ft)y=  40.50
fluid specific gravity, G = 1
shell weight (lbs/ft)=  855.56  (see Previous Page)
C.G. of wall, (ft from base)= 1591  (see Previous Page)
Bottom shell course thickness, ts (in) =  0.820  (see Previous Page)
ratioof D/ H= 2.296

HYDRODYNAMIC LOADING per AWWA STD D100-96. IF RESPONSE SPECTRUM AVAILABLE USE MW SDM

OVERTURNING MOMENT (Section 13.3.3.1)
Refer to AWWA-D100; Figure 8 for determining Kp, and Figures 9 & 10 for W, W,, X, X,

M = ( 18ZI/Rw )[ 0.14( Ws*Xs + Wr*Ht + W *X, ) + S*W*X,*C, ] ,(Equation 13-8)
where: Z = Seismic Zone Coefficient
I = Importance Factor (use 1.25 UNO)
Rw = Force Reduction Coefficient
Ws = Total Weight of Shell, Lbs
Xs = Height, FT, from bottom of tank to C.G. of shell
Wr = Weight of Tank Roof & Shell above HW level(Incl snow, if req’d, but no LL), Lbs

Ht = Height of Tank Shell, FT | D/H= 229 |

K, = Coefficient Relating Tank SizetoPeriod ... ............... ... .0, ( Figure 8) K, = 0.601
W, = Weight of Tank Contents that Moves with the Shell, Lbs............. (Figure 9) W,/ Wr= 0484
X, = Height, FT, from bot to centroid of seismic force appliedto Wy ........ (Figure 10) X,;/H=0.375
W, = Weight of Sloshing Contents of Tank,Lbs......................... (Figure 9) W,/ W, = 0487
X, = Height, FT, from bot to centroid of seismic force applied to W,........ (Figure 10) X,/H=0.585

C, = Coefficient Relating to Period ( Equations 13-5 or 13-6)
S = Site Amplification Factor
Tw = First Mode Sloshing Wave Period

W = Total weight of tank contents = T*D*/4 *H*G*62.4 = 17167.04 kip
VALUES: Zone=4 =
Z=040  (Table24)
=125 - . (Table26)
Rw=4.50 - (Table 25) ,unanchored flat bottom tanks = 3.5, anchored flat bottom tanks = 4.5
Ws = pi * 93 * 855.56/ 1000 = 24997 kip
Xs= 1591 ft
Wr= 75.00 “kip ( engineer estimate, incl wt of shell above HW level )
Ht= 4150 ft
W, = 0484 *Wr = 0484 * 17167.04 = 8,308.85 kip
X = 0375* H = 0.375 * 405 = 15.188 ft
Soil Profile type = C ©" (Table 27)
S= 150 (Table 27)
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: Nov-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Parksite Tank using a 40%g seismic CHECKER:

OVERTURNING MOMENT ( cont). ..

W,= 0487 *W; = 0487 * 17167.04 = 836035 kip
X,= 0585* H = 0.585 * 40.5 = 23.693 ft
Tw= K, * Sqri(D) = 5.796 (Eq 13-7)

C,= 00223  (Eq13-5or 13-6), Tw<4.5, C,= 1/(6Tw)

Tw>=4.5, C, = 0.75/(Tw")

M = (18ZU/Rw )[ 0.14( Ws*Xs + Wr*Ht + W *X, ) + S*W,*X,*C, ] ,(Equation 13-8)
M= 50,570.0 ft-kip

Overturning Checks (Section 13.3.3.3)
where - ws = Weight of Shell (Ibs. per ft )
wrs = Weight of Roof acting on the Shell ( 1bs. per ft )
wp = Weight of Contents which Helps to Resist Overturning ,(Eq 13-12)

ws = 85,5“.56 1bs/ft
wrs = 120.00 = lbs/ft
wt=ws+wrs= 975.56 Ibs/ft J(Eq 13-18)

wy  1bs = 4,353.97  (Eq 13-12): 7.9 tb*SQRT(fy HG) ,notto exceed 1.28 HDG

assumed bottom plate yield, Fy (psi) = 30,000 LASTM A283 grade C
tb = thickness of bottom plate, (in) = 0.500
L = Length of Annular Ring = 0.216 tb (sqrt(Fy/(HG))) ,not to exceed 0.035D ,(Eq 13-13)
L{fty= 2939 - ,L<=0.035D, OK
0.035D (ft)=  3.255

CHECK UPLIFT: If M/(Dz*(wt+w1_))<0.785 , then no uplift
If M/(D**(wt+w;))>0.785 and <=1.54, then uplift is OK
If M/(Dz*(wt+w1_))>1.54, then bottom annular ring must be thickened or anchor the tank.

M/(D**(wt+w)) =  1.097 UPLIFT OCCURS .(Eq 13-15)
BOTTOM ANNULAR RING OK (no anchorage required)
Will the tank be anchored ? (yes orno ) = yes -

bottom shell ring#1 thickness, ts (in) = 0.820

o, = Shell Compressive Stress, (psi) = ( Wi+ 1.273*M/DM2 )/ (12%ts) = 855.56 J(Eq13-14)
Weighted average wall thickness, ta = 0.517 ,(From Page 1)
ta/R = 0.00093

allowable compressive stress, F; (psi) = 1,692.2 L(AWWA D100, Table 10, pg 19)
Earthquake allowable stress, F (psi) = 2,255.7 Does not include the increase in the allowable buckling stress
due to internal liquid pressure. (See section 13.3.3.7.4)

SHELL COMPRESSION FORCE, OKAY
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: Nov-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Parksite Tank using a 40%g seismic CHECKER:

Hoop Stress Calculations

(see sections 13.3.3.6 & 13.3.3.2.3)
maximum Hydrostatic hoop stress (psi) =62.4*H*G*(D/2)/ts = 11943  psi

*H = * =12 -
Hydrodynamic Hoop Stress, o, = ( Ni + Nc )/t ,(Eq 13-20)
Ni = Impulsive Hoop Force (Ib/in) (Eq 13-20, 13-21, or 13-22)
Nc = Convective Hoop Force (1b/in) J(Eq 13-24)
Nh = Hydrostatic Hoop Force (1b/in)
u’'v = Vertical Acceleration
D/H=  2.296

Vertical Acceleration, (decimal) = - 0

Allowable Seismic Hoop Tensile Stress = 1.333*s*E = 1.333*15000*0.85= 17000  psi

Hydrodynamic + Static Hoop Stress ( see section 13.3.3.6)
bottom of Forces Stresses
ring: H-dynamic| H-dynamic o, = Sum

Shell height Plate |l convective| impulsive | H-static |jH-dynamic{ H-static Total

Ring h’ Thickness|| force, N, | force, N; | force, N, || Stress** Stress Stress
Number | from base (in) (Ib/in) (Ib/in) (Ib/in) (psi) (psi) (psi)
ring #5 34.00 0.255 447.6 675.4 15717 4404 6164 10568 OK
ring #4 25.50 0.355 339.3 1380.7 3627.0 4845 10217 15062 OK
ring # 3 17.00 0.465 269.7 - 1884.6 5682.3 4633 12220 16853 OK
ring # 2 8.50 0.630 230.8 2186.9 7737.6 3838 12282 16119 OK
ring # 1 0.00 0.820 218.4 22876 | 9792.9 3056 11943 14999 OK

**note: The sum of the hydrodynamic stresses use eq 13-20 when vertical acceleration is
zero, and eq 13-25 when vertical acceleration is specified.

Fluid slosh height, d:
d =753 D*ZIC,S/R,)= 2.603 ft (Eq 13-26)
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@ MONTGOMERY WATSON

CLIENT: ~_City of Bellevue 1060123.021602 DATE: _Nov-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Parksite Tank using a 40%g seismic CHECKER:
Evaluate Tank Anchors:
M= 50,570.0 ft-kip
wt = 975.56 1bs/ft
D= 93 ft
number of anchors to be used = 12
A, = anchor area = 1.5 in’
anchor material yield strength = - 30000 psi
S. = anchor spacing =& * D/ (number of anchors) = 2435 ft
anchor tension, Tg = S * (( 1.273*M / D*)-wt)= 157468 lbs. J(Eq 13-19)
anchor allowable tension (with 1/3 stress increase for seismic ) = 4/3*( 0.6*Fy*A, )= 36000 lbs.

ANCHOR TENSION EXCEEDS THE ALLOWABLE, NO GOOD !
( Note: concrete embedment stresses also need to be checked )
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: Nov-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Parksite Tank using a 30%g seismic CHECKER:
TANK DESCRIPTION: Reservoir
CAPACITY Milliongal)=  2.058
tank diameter, D (ft) = 93
max fluid depth, H (ft) = 40.5 - Therefore, D/H = 2.296
joint efficiency factor, E = 0.85
fluid specific gravity, G =, 1
PRELIMINARY TANK WALL ANALYSIS (from AWWA D100-96, Sec 3.7 and Sec 14)
t(h)=2.60*hp*D*G/(s*E) t(h)=thickness (inches) @ height "hp" (feet) from top of HW level
D = diameter in feet
G = specific gravity, 1 for water
s = allowable design unit tensile stress, psi
f = actual shell tensile stress, psi
E = joint efficiency factor,
E = 0.85 ,for AWWA section 3.7
E = 1.00 ,for AWWA section 14
f (actual) = shell plate stress = 2.60*h,*D*G / (t*E)
allowable design unit tensile stress per AWWA, s= 15000  psi
Shell Shell PL. | Shell wall water water Joint Shell PL. | Shell Wt.
Ring Ring | Thickness h, h’ efficiency | Stress=f | per Ring
Number |Height (ft)] (inches) from top | from base E (psi1) (plH)
top of shell wall 0.00 40.50
oy 40.50 0.00
40.50 0.00
40.50 0.00
40.50 0.00
o 40.50 0.00
6.50. 255 6.50 34.00 0.85 7251 67.68 OK
850 | 0355 ] 15.00 25.50 0.85 12020 123.21 OK
ring#3 | 850 | 0465 | 2350 17.00 0.85 14376 | 161.39 OK
ring # 2 8.50 .630 32.00 8.50 0.85 14449 218.66 OK
Bottom| ring #1 8.50. 0.820 40.50 0.00 0.85 14050 284.61 OK
Weight of Wall per Foot= 85556  plf of circumference

Center of Gravity of the Wall =

1591

feet above base

Weighted average wall thickness, ta =
Bottom shell ring thickness, ts =

Bottom Annular Plate Thickness, tb =

Page 1 of §

0.517
0.820

0.5

inches
inches

.- inches
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: Nov-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Parksite Tank using a 30%g seismic CHECKER:

TANK INFORMATION:

CAPACITY (Million gal)=  2.058
tank diameter, D (ft)=  93.00
max fluid depth, H (ft)=  40.50
fluid specific gravity, G = 1
shell weight (Ibs/ft)=  855.56  (see Previous Page)
C.G. of wall, (ft from base)= 1591  (see Previous Page)
Bottom shell course thickness, ts (in)=  0.820  (see Previous Page)
ratioof D/dH=  2.296

HYDRODYNAMIC LOADING per AWWA STD D100-96. IF RESPONSE SPECTRUM AVAILABLE USE MW SDM

OVERTURNING MOMENT (Section 13.3.3.1)
Refer to AWWA-D100; Figure 8 for determining Kp, and Figures 9 & 10 for W, W,, X, X,

M = ( 18ZL/Rw )[ 0.14( Ws*Xs + Wr*Ht + W *X, ) + S*W,*X,*C, ] ,(Equation 13-8)
where: Z = Seismic Zone Coefficient
I = Importance Factor (use 1.25 UNO)
Rw = Force Reduction Coefficient
Ws = Total Weight of Shell, Lbs
Xs = Height, FT, from bottom of tank to C.G. of shell
Wr = Weight of Tank Roof & Shell above HW level(Incl snow, if req’d, but no LL), Lbs

Ht = Height of Tank Shell, FT | D/H=

2.296 |

K, = Coefficient Relating Tank Size to Period . .. .............. . ... ... ( Figure 8)
W, = Weight of Tank Contents that Moves with the Shell, Lbs............. ( Figure 9)
X, = Height, FT, from bot to centroid of seismic force applied to W, ........ (Figure 10)
W, = Weight of Sloshing Contents of Tank,Lbs.................. e (Figure 9)
X, = Height, FT, from bot to centroid of seismic force appliedto W,........ ( Figure 10)
C, = Coefficient Relating to Period ( Equations 13-5 or 13-6)
S = Site Amplification Factor
Tw = First Mode Sloshing Wave Period
Wit = Total weight of tank contents = r*DY4 *H*G*62.4 = 17167.04 kip
VALUES: Zone=3:: -
Z =030 ( Table 24)
I=125  (Table26)

K, = 0.601

W,/ W= 0484
X,/H= 0375
W,/ Wy = 0.487
X,/ H= 0585

Rw = 4.50 - (Table 25) ,unanchored flat bottom tanks = 3.5, anchored flat bottom tanks = 4.5

Ws = pi * 93 * 855.56 /1000 = 249.97 kip
Xs= 1591 ft
Wr=75.00 " kip ( engineer estimate, incl wt of shell above HW level )
Ht= 4150 """ ft
W= 0484 *Wr = 0484 * 17167.04 8,308.85 kip
X, = 0375* H = 0.375 * 405 = 15.188 ft
Soil Profile type= C ~~ ~ (Table 27)
S=1.50 (Table 27)
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOBNO:  1060123.021602 DATE: Nov-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Parksite Tank using a 30%g seismic CHECKER:

OVERTURNING MOMENT ( cont). ..

W,= 0487 *Wp = 0487 * 17167.04 = 8360.35 kip
X,= 0585* H = 0.585 * 405 = 23.693 ft
Tw= K, * Sqri(D) = 5.796 (Eq 13-7)

C,= 0.0223  (Eq 13-5 or 13-6), Tw <4.5, C,= 1/(6Tw)

Tw>=4.5, C, = 0.75/(Tw?)

M = ( 18ZU/Rw )[ 0.14( Ws*Xs + Wr*Ht + W *X,) + S*W,*X,*C,]  ,(Equation 13-8)
M= 37,927.5 ft-kip

Overturning Checks (Section 13.3.3.3)
where - ws = Weight of Shell (lbs. per ft)
wrs = Weight of Roof acting on the Shell ( Ibs. per ft )
wp, = Weight of Contents which Helps to Resist Overturning ,(Eq 13-12)

ws= 855.56 lbs/ft
wrs = 1 120.00 - lbs/ft
wt=ws+wrs= 97556 Ibs/ft ,(Eq 13-18)

wy Ibs= 435397  (Eq 13-12): 7.9 tb*SQRT(fy HG) ,not to exceed 1.28 HDG

assumed bottom plate yield, Fy (psi) = 30,000 ,ASTM A283 grade C
tb = thickness of bottom plate, (in) = 0.500
L = Length of Annular Ring = 0.216 tb (sqrt(Fy/(HG))) ,not to exceed 0.035D ,(Eq 13-13)
L{f)= 2939 ,L<=0.035D, OK
0.035D (fty=  3.255

CHECK UPLIFT:  If M/(D**(wt+w;))<0.785, then no uplift
If M/(Dz*(wt+wL))>O.785 and <=1.54, then uplift is OK
If M/(Dz*(wt+wL))>1.54, then bottom annular ring must be thickened or anchor the tank.

M/(Dz*(wt+wL)) = 0.823 UPLIFT OCCURS J(Eq 13-15)
BOTTOM ANNULAR RING OK (no anchorage required)
Will the tank be anchored 7 ( yes or no ) = yes -

bottom shell ring#1 thickness, ts (in) = 0.820

o, = Shell Compressive Stress, (psi) = ( Wt+1273*M/D"2 )/ ( 12*ts5 ) = 666.45 J(Eq13-14)
Weighted average wall thickness, ta= 0.517 ,(From Page 1)
-ta/R = 0.00093

allowable compressive stress, FL‘ (psi) = 1,692.2 ,(AWWA D100, Table 10, pg 19)
Earthquake allowable stress, F; (psi) = 2,255.7 Does not include the increase in the allowable buckling stress
due to internal liquid pressure. (See section 13.3.3.7.4)

SHELL COMPRESSION FORCE, OKAY
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: Nov-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Parksite Tank using a 30%g seismic CHECKER:
Hoop Stress Calculations
(see sections 13.3.3.6 & 13.3.3.2.3)
maximum Hydrostatic hoop stress (psi) =62.4*H*G*(D/2)/ts = 11943  psi
1 *E = *(),85=12750 -
Hydrodynamic Hoop Stress, o, = ( Ni + Nc )/t ,(Eq 13-20)
Ni = Impulsive Hoop Force (Ib/in) ,(Eq 13-20, 13-21, or 13-22)
Nc = Convective Hoop Force (1b/in) ,(Eq 13-24)
Nh = Hydrostatic Hoop Force (1b/in)
u’’v = Vertical Acceleration
D/H= 2296
Vertical Acceleration, (decimal) = 0
Allowable Seismic Hoop Tensile Stress = 1.333*s*E = 1.333*15000*0.85= 17000  psi
Hydrodynamic + Static Hoop Stress ( see section 13.3.3.6)
bottom of Forces Stresses
ring: H-dynamic| H-dynamic o, = Sum
Shell height Plate || convective| impulsive | H-static ||H-dynamic| H-static Total
Ring i’ Thickness|| force, N, | force, N; | force, Ny || Stress** Stress Stress
Number | from base (in) (Ib/in) (1b/in) (Ib/in) (psi) (psi) (psi)
ring #5 34.00 0.255 335.7 506.5 1571.7 3303 6164 9467 OK
ring #4 25.50 0.355 254.5 1035.5 3627.0 3634 10217 13851 OK
ring # 3 17.00 0.465 202.2 - 1413.4 5682.3 3475 12220 15695 OK
ring #2 8.50 0.630 173.1 1640.1 7737.6 2878 12282 15160 OK
ring # 1 0.00 0.820 163.8 17157 |. 9792.9 2292 11943 14235 OK

**note; The sum of the hydrodynamic stresses use eq 13-20 when vertical acceleration is
zero, and eq 13-25 when vertical acceleration is specified.

Fluid slosh height, d:
d =7.53 D*(ZIC,S/R,,) =

1.952

ft
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(Eq 13-26)
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: Nov-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Parksite Tank using a 30%g seismic CHECKER:
Evaluate Tank Anchors:

M= 37,927.5 ft-kip

wt= 975.56 lbs/ft

D= 93 ft

number of anchors to be used = - ‘12
Ap=anchorarea= .. 1.5 in®

anchor material yield strength = -~ 30000 - psi

S, = anchor spacing = © * D/ (number of anchors) = 24.35 ft
anchor tension, Tg = Si_ * (( 1.273*M / D? y-wt)= 112163 Ibs. ,(Eq 13-19)
anchor allowable tension (with 1/3 stress increase for seismic ) = 4/3*( 0.6*Fy*A, )= 36000 lbs.

ANCHOR TENSION EXCEEDS THE ALLOWABLE, NO GOOD'!
( Note: concrete embedment stresses also need to be checked )
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOBNO:  1060123.021602 DATE: __Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Pikes Peak Tank using a 40%g seismic CHECKER:
TANK DESCRIPTION: Reservoir
CAPACITY (Million gal)= 1.019
tank diameter, D (ft)= . 85
max fluid depth, H (ft)= .24 Therefore, D/H=  3.542
joint efficiency factor, E= " 0.85
fluid specific gravity, G= 1=~

PRELIMINARY TANK WALL ANALYSIS (from AWWA D100-96, Sec 3.7 and Sec 14)

t(h)=2.60*hp*D*G/(s*E)

t(h)=thickness (inches) @ height "hp" (feet) from top of HW level
D = diameter in feet
G = specific gravity, 1 for water
s = allowable design unit tensile stress, psi
f = actual shell tensile stress, psi

E = joint efficiency factor,

E =0.85 ,for AWWA section 3.7
E = 1.00 ,for AWWA section 14

f (actual) = shell plate stress = 2.60*h,*D*G / (t*E)

allowable design unit tensile stress per AWWA, s=" 15000 - psi

Bottom

Center of Gravity of the Wall =

10.38

feet above base

Shell | Shell PL. | Shell wall |  water water Joint Shell Pl. | Shell Wt
Ring Ring | Thickness h, h’ efficiency | Stress=f | per Ring

Number |Height (ft)] (inches) | fromtop | from base E (psi) (plf)

| top of shell wall 0.00 24.00

I Bk A 24.00 0.00

24.00 0.00

© 24.00 0.00

24.00 - 0.00

24.00 0.00

24.00 0.00

24.00 0.00

ring#3 | - 8.0( 0260 | 8.00 16.00 0.85 8000 84.93
ring#2 | 8.0 10385 | 16.00 8.00 0.85 10805 125.77
| ring#1 | 800 | 0490 | 24.00 0.00 0.85 12735 | 160.07

Weight of Wall per Foot=  370.77  plf of circumference

Weighted average wall thickness, ta =
Bottom shell ring thickness, ts =

Bottom Annular Plate Thickness, tb =

Page 1 of 5

0.378
0.490

0,26

inches
inches

inches

OK
OK
OK
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: Sep-98
JPROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD

DESCRIPTION: Pikes Peak Tank using a 40%g seismic CHECKER:

TANK INFORMATION:

CAPACITY (Million gal)=  1.019
tank diameter, D (ft) = 85.00
max fluid depth, H (ft)=  24.00
fluid specific gravity, G = 1
shell weight (Ibs/ft)=  370.77  (see Previous Page)
C.G. of wall, (ft from base)= 10.38  (see Previous Page)
Bottom shell course thickness, ts (in) =  0.490  (see Previous Page)
ratioof D/FH=  3.542

HYDRODYNAMIC LOADING per AWWA STD D100-96. IF RESPONSE SPECTRUM AVAILABLE USE MW SDM

OVERTURNING MOMENT (Section 13.3.3.1)
Refer to AWWA-D100; Figure 8 for determining Kp, and Figures 9 & 10 for W, W,, X, X,

M = ( 18ZI/Rw )[ 0.14( Ws*Xs + Wr*Ht + W *X, ) + S*W,*X,*C, ] ,(Equation 13-8)
where: Z = Seismic Zone Coefficient
I = Importance Factor (use 1.25 UNQ)
Rw = Force Reduction Coefficient
Ws = Total Weight of Shell, Lbs
Xs = Height, FT, from bottom of tank to C.G. of shell
Wr = Weight of Tank Roof & Shell above HW level(Incl snow, if req’d, but no LL), Lbs

Ht = Height of Tank Shell, FT | D/H= 3542 |

K, = Coefficient Relating Tank SizetoPeriod .......................... (Figure 8) K, = 0.655
W, = Weight of Tank Contents that Moves with the Shell,Lbs............. (Figure9) W,/ W= 0325
X, = Height, FT, from bot to centroid of seismic force applied to W, ........ (Figure 10) X;/H=0.375
W, = Weight of Sloshing Contents of Tank, Lbs......................... (Figure 9) W,/ Wr= 0.633
X, = Height, FT, from bot to centroid of seismic force appliedto W, ........ (Figure 10) X,/H= 0541

C; = Coefficient Relating to Period ( Equations 13-5 or 13-6)
S = Site Amplification Factor
Tw = First Mode Sloshing Wave Period

W = Total weight of tank contents = t*D%4 *H*G*62.4 = 8498.13 kip
VALUES: Zone=4 i
Z=040  (Table24)
I=125" . (Table26) |
Rw =350 " . (Table 25) ,unanchored flat bottom tanks = 3.5, anchored flat bottom tanks = 4.5
Ws = pi * 85*370.77/1000 = 99.01 kip
Xs=1038  ft
Wr=66.00  : kip ( engineer estimate, incl wt of shell above HW level )
Ht= 2500 . ft
W= 0325 *Wy = 0.325 * 8498.13 = 2,761.89 kip
X, = 0375* H = 0375 * 24 = 9000 1t
Soil Profile type=C - i (Table 27)
S= 150 (Table 27)
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: _Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Pikes Peak Tank using a 40%g seismic CHECKER:
OVERTURNING MOMENT ( cont). . .

W, = 0633 *Wy = 0.633 * 8498.13 = 5,379.32 kip

X, = 0541* H = 0.541 * 24 = 12984 ft

Tw= K, * Sqrt(D ) = 6.039 J(Eq 13-7)

C, = 0.0206 (Eq 13-5 or 13-6), Tw <4.5, C,=1/(6Tw)

Tw>=4.5, C; = 0.75/(Tw?)

M = ( 18ZI/Rw )[ 0.14( Ws*Xs + Wr*Ht + W, *X, ) + S*W,*X,*C,]  ,(Equation 13-8)
M = 15,462.2 ft-kip

Overturning Checks (Section 13.3.3.3)
where - ws = Weight of Shell (1bs. per ft)
 wrs = Weight of Roof acting on the Shell ( Ibs. per ft )
wy = Weight of Contents which Helps to Resist Overturning  (Eq 13-12)

ws= 370.77 Ilbs/ft

wrs =" 120.00° " Ibs/ft
wt=ws+wrs= 490.77 Ilbs/ft J(Eq 13-18)

wy, lbs= 1,742.88  (Eq 13-12): 7.9 tb*SQRT(fy HG) ,not to exceed 1.28 HDG

assumed bottom plate yield, Fy (psi) = 30,000 LASTM A283 grade C
tb= thickness of bottom plate, (in) = 0.260
L = Length of Annular Ring = 0.216 tb (sqrt(Fy/(HG))) ,not to exceed 0.035D ,(Eq 13-13)
L@)= 1986 . ,L<=0.035D, OK
0.035D (ft)=  2.975

CHECK UPLIFT:  If M/(D™*(wt+w,))<0.785, then no uplift -
If M/(Dz*(wt-i-wL))>0.785 and <=1.54, then uplift is OK
IfM/(Dz*(wt+wL))>1.54, then bottom annular ring must be thickened or anchor the tank.

M/(D**(wt+w)) = . 0958 UPLIFT OCCURS ,(Eq 13-15)

BOTTOM ANNULAR RING OK (no anchorage required)
Will the tank be anchored 7 (yesorno)= " mo

bottom shell ring#1 thickness, ts (in) = 0.490 | "
G, = Shell Compressive Stress, (psi) =vL)/ (0.607 - 0.18667*(M/(D*2*(wt+wL)))*2.3) - wL)/ (12%s) =571.23  (Eq13-16)
Weighted average wall thickness, ta = 0,378 ,(From Page 1)
.ta/R = 0.00074
allowable compressive stress, Fy (psi) = 1,333.9 J( AWWA D100, Table 10, pg 19)
Earthquake allowable stress, Fy (psi) = 1,778.1 - Does not include the increase in the allowable buckling stress
due to internal liquid pressure. (See section 13.3.3.7.4)

SHELL COMPRESSION FORCE, OKAY
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: __Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Pikes Peak Tank using a 40%g seismic CHECKER:
Hoop Stress Calculations
(see sections 13.3.3.6 & 13.3.3.2.3)

maximum Hydrostatic hoop stress (psi) =62.4*H*G*(D/2)/ts= 10824 psi

i

#* -

d =7.53 D*ZIC,SRR,)) =

2825 ft

Page 4 of 5

(Eq 13-26)

Hydrodynamic Hoop Stress, 6, = ( Ni + Nc )/t (Eq 13-20)
Ni = Impulsive Hoop Force (Ib/in) (Eq 13-20, 13-21, or 13-22)
Nc = Convective Hoop Force (1b/in) ,(Eq 13-24)
Nh = Hydrostatic Hoop Force (Ib/in)
u’’v = Vertical Acceleration
DH=  3.542
Vertical Acceleration, (decimal) = 0
Allowable Seismic Hoop Tensile Stress = 1.333*s*E = 1.333*15000%0.85= 17000
Hydrodynamic + Static Hoop Stress ( see section 13.3.3.6)
bottom of Forces Stresses
ring: H-dynamic} H-dynamic G, = Sum
Sheli height Plate |l convective| impulsive | H-static }|H-dynamic{ H-static Total
Ring h’ Thicknessj] force, N, | force, N; | force, Ny || Stress** Stress Stress
k Number { from base (in) (ib/in) (Ib/in) (1b/in) (psi) (psi) (psi)
ring # 3 16.00 0.260 439.9 914.8 1768.0 5210 6800 12010
ring # 2 8.00 0.385 373.3 1463.7 3536.0 4772 9184 13956
ring # 1 0.00 0.490 352.0 1646.7 | 5304.0 4079 10824 14903
*#note: The sum of the hydrodynamic stresses use eq 13-20 when vertical acceleration is
zero, and eq 13-25 when vertical acceleration is specified.
Fluid slosh height, d:

psi

OK
OK
OK
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Pikes Peak Tank using a 40%g seismic CHECKER:

Evaluate Tank Anchors: DISREGARD CALCULATION - ANCHORS ARE NOT SPECIFIED !

= 15,462.2 ft-kip
wt= 490.77 Ibs/ft
D= 85 ft

number of anchors to be used =
L . 2
Ap=anchorarea= - ©oin

anchor material yield strength= = - psi

Sy = anchor spacing = ® * D/ (number of anchors) = #DIV/0! ft

anchor tension, Tg = Sy * ((1.273*M/D?)-wt )= #DIV/O! Ibs. ,(Eq 13-19)
anchor allowable tension (with 1/3 stress increase for seismic ) = 4/3*( 0.6*Fy*A, ) = 0 1bs.
#DIV/0!

3
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: __Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Pikes Peak Tank using a 30%g seismic CHECKER:
TANK DESCRIPTION: Reservoir
CAPACITY Milliongal)= 1.019
tank diameter, D (ft)= . 85
max fluid depth, H (f)= = 24 Therefore, D/H = 3.542
joint efficiency factor, E= . 70.85 - -
fluid specific gravity, G=_ .1 5

PRELIMINARY TANK WALL ANALYSIS (from AWWA D100-96, Sec 3.7 and Sec 14)
t(h)=2.60*hp*D*G/(s*E)
D = diameter in feet
G = specific gravity, 1 for water
s = allowable design unit tensile stress, psi
f = actual shell tensile stress, psi

E = joint efficiency factor,

E = 0.85 ,for AWWA section 3.7
E = 1.00 ,for AWWA section 14

t(h)=thickness (inches) @ height "hp" (feet) from top of HW level

f (actual) = shell plate stress = 2.60*h,*D*G / (t*E)

allowable design unit tensile stress per AWWA, s = 15000 :psi

Shell | Shell Pl. | Shell wall |  water water Joint Shell PI. | Shell Wt.
Ring | Ring | Thickness h, h efficiency | Stress=f | perRing
Number |Height (ft)] (inches) | from top | from base E (psi) (plf)
toE of shell wall 0.00 24.00 )
i ' ’ 24.00 0.00
24.00 0.00
©24.00 0.00
24.00 0.00
24.00 0.00
24.00 0.00
24.00 0.00
ring #3 8.00 16.00 0.85 8000 8493
ring #2 38571 16.00 8.00 0.85 10805 125.77
"~ Bottom| ring#1 | 1800 0490 ]  24.00 0.00 0.85 12735 160.07
Weight of Wall per Foot= 370.77 plf of circumference
Center of Gravity of the Wall=  10.38  feet above base

Weighted average wall thickness, ta=  0.378
Bottom shell ring thickness, ts=  0.490
Bottom Annular Plate Thickness, tb = : 026

Page 1 of

inches
inches

inches

OK
OK
OK
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: _ Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Pikes Peak Tank using a 30%g seismic CHECKER:

TANK INFORMATION:"

CAPACITY (Million gal)=  1.019
tank diameter, D (ft)=  85.00
max fluid depth, H (ft)=  24.00
fluid specific gravity, G = 1
shell weight (Ibs/ft)=  370.77  (see Previous Page)
C.G. of wall, (ft from base)=  10.38  (see Previous Page)
Bottom shell course thickness, ts (in) =  0.490  (see Previous Page)
ratioof D/dH=  3.542

HYDRODYNAMIC LOADING per AWWA STD D100-96. IF RESPONSE SPECTRUM AVAILABLE USE MW SDM

OVERTURNING MOMENT (Section 13.3.3.1)
Refer to AWWA-D100; Figure 8 for determining Kp, and Figures 9 & 10 for W, W, X, X;

M = ( 18ZI/Rw )[ 0.14( Ws*Xs + Wr*Ht + W,*X, ) + S*W,*X,*C, ] ,(Equation 13-8)
where: Z = Seismic Zone Coefficient
I= Importance Factor (use 1.25 UNO)
Rw = Force Reduction Coefficient
Ws = Total Weight of Shell, Lbs
Xs = Height, FT, from bottom of tank to C.G. of shell
Wr = Weight of Tank Roof & Shell above HW level(Incl snow, if req’d, but no LL), Lbs

Ht = Height of Tank Shell, FT | D/H= 3542 |

K, = Coefficient Relating Tank SizetoPeriod ..............ccooiiinn. ( Figure 8) K, = 0.655
W, = Weight of Tank Contents that Moves with the Shell, Lbs............. (Figure9) W,/ Wy= 0.325
X, = Height, FT, from bot to centroid of seismic force appliedto W ........ (Figure 10) X,;/H=0.375
W, = Weight of Sloshing Contents of Tank, LbS . .o v vvvvnevneninennnnnnn. (Figure9) W,/ Wrp= 0.633
X, = Height, FT, from bot to centroid of seismic force appliedto W, ........ (Figure 10) X,/H= 0.541

C, = Coefficient Relating to Period ( Equations 13-5 or 13-6)
S = Site Amplification Factor
Tw = First Mode Sloshing Wave Period
W = Total weight of tank contents = n*DY4 *H*G*62.4 = 8498.13 kip
VALUES: Zone=3

~ (Table24)
(Table 26)
i (Table 25) ,unanchored flat bottom tanks = 3.5, anchored flat bottom tanks = 4.5

Ws=  pi*85*370.77/1000 = 99.01  kip
Xs= 1038 ft
Wr= 6600 i kip ( engineer estimate, incl wt of shell above HW level )

Ht=25.00" ' ft
W,= 0325*W; = 0325 * 8498.13 = 2761.89 kip
X,= 0375*H = 0375 * 24 = 9000 fi
Soil Profile type = C. (Table 27)
S=150 (Table 27)
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_ @ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Pikes Peak Tank using a 30%g seismic CHECKER:
OVERTURNING MOMENT ( cont). . .

W, = 0633 *Wr = 0.633 * 8498.13 = 5,379.32 kip

X, = 0541 H = 0.541 * 24 = 12984 ft

Tw= K, * Sqrt(D) = 6.039 (Eq 13-7)

C, = 0.0206 (Eq 13-5 or 13-6), Tw <4.5, C, = 1/(6Tw)

Tw>=4.5, C, = 0.75/(Tw?)

M = ( 18ZURw )[ 0.14( Ws*Xs + Wr*Ht + W,*X, ) + S*W,*X,*C,]  ,(Equation 13-8)
M= 11,596.6 ft-kip

Overturning Checks (Section 13.3.3.3)
where - ws = Weight of Shell (Ibs. perft)
wrs = Weight of Roof acting on the Shell ( 1bs. per ft)
wi = Weight of Contents which Helps to Resist Overturning ,(Eq 13-12)

ws= 37077 Ibs/ft
wrs =1 1120.00 ' Ibs/ft
wt=ws+wis= 49077  Ibs/ft {Eq 13-18)

wp, lbs=1,742.88  (Eq 13-12): 7.9 tb*SQRT(fy HG) ,not to exceed 1.28 HDG

assumed bottom plate yield, Fy (psi) = 30,000 LASTM A283 grade C
I~ tb= thickness of bottom plate, (in) = 0.260

L = Length of Annular Ring = 0.216 tb (sqrt(Fy/(HG))) ,not to exceed 0.035D ,(Eq 13-13)
L{ft)= 1986 . ,L<=0.035D, OK ‘
0.035D (ft)= 2.975

CHECK UPLIFT: If M/(Dz*(wt+wl_))<0.785, then no uplift
If M/(D**(wt+w))>0.785 and <=1.54, then uplift is OK
If M/(Dz*(wt+wl_))>1.54, then bottom annular ring must be thickened or anchor the tank.

M/(DZ*(WG-WL)) = 0719 NOUPLIFT . S(Eq 13-15)
BOTTOM ANNULAR RING OK (no anchorage required) _
Will the tank be anchored ? (yesorno )= ~mo '

bottom shell ring#1 thickness, ts (in) = 0.490

o, = Shell Compressive Stress, (psi) = ( Wt+1.273*M/D*2 Y/ (12%ts ) = 430.96 (Eq 13-14)
Weighted average wall thickness, ta = 0.378 . ,(From Page 1)
{a/R= 0.00074

“ allowable compressive stress, F_ (psi) = 1,333.9 L AWWA D100, Table 10, pg 19)
Earthquake allowable stress, Fy (psi) = 1,778.1 Does not-include the increase in the allowable buckling stress
due to internal liquid pressure. (See section 13.3.3.7.4)
SHELL COMPRESSION FORCE, OKAY

L4
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: _ Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Pikes Peak Tank using a 30%g seismic CHECKER:

Hoop Stress Calcnlations
(see sections 13.3.3.6 & 13.3.3.2.3)
maximum Hydrostatic hoop stress (psi) =62.4*H*G*(D/2)/ts = 10824  psi

AR = * - .
Hydrodynamic Hoop Stress, o, = (Ni + Nc Wt ,(Eq 13-20)
Ni = Impulsive Hoop Force (Ib/in) ,(Eq 13-20, 13-21, or 13-22)
Nc = Convective Hoop Force (Ib/in) J(Eq 13-24)
Nh = Hydrostatic Hoop Force (Ib/in)
u’’v = Vertical Acceleration
DH=  3.542

Vertical Acceleration, (decimal)=" -0 S

Allowable Seismic Hoop Tensile Stress = 1.333*s*E = 1.333*15000*0.85 = 17000 psi
Hydrodynamic + Static Hoop Stress ( see section 13.3.3.6)

bottom of Forces Stresses
ring: H-dynamic| H-dynamic O, = Sum
Shell height Plate | convective| impulsive | H-static || H-dynamic H-static Total
Ring h’ Thickness|| force, N, | force, N; | force, Ny || Stress** Stress Stress

Number | from base (in) (Ib/in) (Ib/in) (Ib/in) (psi) (psi) (psi)

ring # 3 16.00 0.260 329.9 686.1 1768.0 3508 6800 10708 OK
ring # 2 8.00 0.385 280.0 1097.8 | 3536.0 3579 9184 12763 OK
ring # 1 0.00 0.450 264.0 12350 | 53040 3039 10824 13884 OK

#*note: The sum of the hydrodynamic stresses use eq 13-20 when vertical acceleration is
zero, and eq 13-25 when vertical acceleration is specified.

Fluid slosh height, d: -
d=753D*ZIC,SR,)= 2119 fi ,(Eq 13-26)
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@ MONTGOMERY WATSON

CLIENT: City of Bellevue JOB NO: 1060123.021602 DATE: Sep-98
PROJECT: Seismic Evaluation of Reservoirs ENGINEER: TPD
DESCRIPTION: Pikes Peak Tank using a 30%g seismic CHECKER:
Evaluate Tank Anchors: DISREGARD CALCULATION - ANCHORS ARE NOT SPECIFIED !
M= 11,596.6 ft-kip
wt = 490.77 1bs/ft
= 85 ft

number of anchors to be used =: S
Ap = anchorarea= jin2
anchor material yield strength =" . - psi

S = anchor spacing = & * D/ (number of anchors) = #DIV/0! ft

anchor tension, Tg = S * (( 1.273*M / D? )-wt)= #DIV/0! lbs. ,(Eq 13-19)
anchor allowable tension (with 1/3 stress increase for seismic ) = 4/3*( 0.6*Fy*A, ) = 0 lbs.
#DIV/0!

Page S of § AWWA D100-96 revised.xls: TNKWALLI
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g Anchor Bolt Chairs seesmessssssmemumemme

r W

hen anchor boits are required at supports
for a shell, chairs are necessary to
distribute the load to the shell. Small
tubular columns (less than 4 ft in diameter) may be
an exception if the base plate is adequate to resist
bending. Otherwise, chairs are always needed to
1inimize secondary bending in the shell.

For flat-bottom tanks, choose a boit circle to just
barely clear the bottom without notching it. For other
structures, follow the minimum clearances shown in
Fig. 7-1a. The designer must evaluate anchor bolt
location for interference with base or bottom plate.

Notation

a = top-plate width, in., along shell

& = top-plate length, in., in radial direction

¢ = top-plate thickness, in.

d = anchor-bolt diameter, in.

e = anchor-bolt eccentricity, in.

emin = 0.886d + 0.572, based on a heavy hex nut
clearing shell by 1/2 in. See Table 7-1

f = distance, in., from outside of top plate to
edge of hole

fin = di2 + 1/8

g = distance, in., between vertical plates
(preferred g=d + 1) [Additional distance may
be required for maintenance.]

h = chair height, in.

j = vertical-plate thickness, in.

vertical-plate width, in. (average width for
tapered plates)

= column length, in.
= bottom or base plate thickness, in.

= design load, kips; or maximum allowable
anchor-bolt load or 1.5 times actual bolt load,
whichever is less

= least radius of gyration, in.

nominal shell radius, in., either to inside or
centerline of plate (radius normal to cone at
bottom end for conical shells)

= stress at point, ksi
= shell or column thickness, in.

w = weld size (leg dimension), in.

W = total load on weld, kips per lin. in. of weld

W, = horizontal load, kips per lin. in. of weld

W, = vertical load, kips per lin. in. of weld

8 = cone angle, degrees, measured from axis of
cone

Z = reduction factor

Top Plate

Critical stress in the top plate occurs between the
hole and the free edge of the plate. For convenience
we can consider this portion of the top plate as a
beam with partially fixed ends, with a portion of the
total anchor bolt load distributed along part of the
span. See Fig. 7-2.

s = P (0.3759 - 0.220) (7-1)
fe?

or

=-[ £ - 172 .
c [ < (0.375g 0.220) ] (7-2)

Top plate may project radially beyond vertical plates

© as in Fig. 7-1d, but no more than 1/2".
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Chair Height

Chair must be high enough to distribute anchor bolt
load to shell or column without overstressing it. If the
anchor bolt were in line with the shell the problem
would be simple — the difficulty lies in the bending
caused by eccentricity of the anchor boit with respect
to the shell. Except for the case where a continuous
ring is used at the top of chairs, maximum stress
occurs in the vertical direction and is a combination
of bending plus direct stress. Formulas which follow
are approximations, based on the work of Bjilaard.

_Pe[ 1322 , 031
t2 .1-_4%53_’13 + (4ah?).333 VRt

R
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g

Where: Z =" >
177 am m ) + 1.0

v Rt t

Maximum recommended stress is 25 ksi. This is a
local stress occurring just above the top of the chair.
Since it diminishes rapidly away from the chair, a
higher than normal stress is justified but an increase
for temporary loads, such as earthquake of wind is
not recommended. The following general guidelines
are recommended.

Minimum chair height h=6", except use h=12"
when base plate or bottom plate is 3/8” or thinner

1.0 (7-4)
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Table 7-1. Top-Plate Dimensions
Based on anchor-bolt stresses up to 12 ksi for 1%2-in.-dia,
bolts and 15 ksi for bolts 134 in. in diameter or larger;
higher anchor bolt stresses may be used subject to
designer’s decision.

Top Plate Dimensions, in. Bolt Load, kips‘-—
d f g=d+1] a |empic P :_
1% | 74| 2% | 4%z [1.871]0.734 19.4
1% (1 2% | 4% |2.0910.919 327
2 1% 1 3 5 [2.301.025 43.1
2Vs { 1% | 3% | 5% {252 ]1.145 56.6

and where earthquake or winds over 100 mph
must be considered.
Maximum recommended chair height h=3a.

If chair height calculated is excessive, reduce
eccentricity e, if possible, or use more anchor bolts
of a smaller diameter. Another solution is to use a
continuous ring at top of chairs.

If continuous ring is used, check for maximum
stress in circumferential direction, considering the
ring as though it were loaded with equally spaced
concentrated loads equal to Pe/h. Portion of shell
within 16t either side of the attachment may be
counted -as part of the ring. (Refer to Fig. 7-3)

Note that the base plate or bottom is also
subjected to this same horizontal force, except
inward instead of outward. This is true even if a
continuous ring is not used around the top of the
chairs — but it should never cause any very high
stresses in the base, so we do not normally check .
However, it is a good thing to keep in mind in case
you have a very light base ring.

Vertical Side Plates

Be sure top plate does not overhang side plate (as in
Fig. 7-1d) by more than 1/2” radially.
Vertical-plate thickness should be at least
jmin = 112" or 0.04 (h-c), whichever is greater.
Another requirement is jk> P/25, where k is the
average width if plate is tapered.
These limits assure a maximum L/r of 86.6 and a
maximum average stress in the side plates of 12.5

P ; 2
e H -
h < g AN\
a 3
2
3 e ————
Pe .
= A

Figure 7-3. Chair with Continuous Ring at Top



ksi, even assuming no load was transmitted into the
shell through the welds.

R PR

Assembly of Chair

For field erected structures, ship either the top plate
or the entire chair loose for instailation after the
structure is sitting over the anchor bolts.

Where base plate is welded to skirt or column in
shop, attach side plates in the shop and ship top
plate loose for field assembly. See Fig. 7-4.

Where base or bottom plate is not welded to shell
in the shop, as for flat-bottom tanks and single
pedestal tanks, shop attach side plates to top plates
and then ship the assembly for field instaliation.
When you do this, weld both sides at top of side
plates so shrinkage will not pull side plate out of
square. See Fig. 7-5.

Welds between chair and shell must be strong
enough to transmit load to shell. ¥4” minimum fillet
welds as shown in Figs. 7-4 and 7-5 are nearly
always adequate, but you should check them if you
have a large anchor bolt with a low chair height.
Seal welding may be desired for application in
corrosive environments.

Assume a stress distribution as shown in Fig. 7-6
as though there were a hinge at bottom of chair. For
the purpose of figuring weld size, the base or bottom
plate is assumed to take horizontal thrust only, not
moment.

Note that loads are in terms of kips per inch of
weld length, not in terms of kips per square inch
stress. Critical stress occurs across the top of the
§ chair. The total load per inch on the weld is the
¥ resultant of the vertical and horizontal loads.

s

A P Ao g P B 77 L 0 D N SO S T s 2 e

af

1
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| WE————

Figure 7-4. Typical Welding,
Base Plate Shop Attached.

N

1V
4

| E————————.

Figure 7-5. Typical Welding,
Base or Bottom Field Attached.
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Figure 7-6. Loads on Welds.

Formulas may also be used for cones, although
this underrates the vertical welds some.
W, = —F
a+ 2h
P
ah + 0.667h2

W= VI T W &)

For an allowable stress of 13.6 ksi on a fillet weld,
the allowable load per lin. in. is 13.6 x 0.707 = 9.6
kips per in. of weld size. For weld size w, in., the
allowable load therefore is

(7-5)

Wy

(7-6)

9.6w > W (7-8)

Design References

H. Bednar, “Pressure Vessel Design Handbook”’,
1981, pp. 72-93.

M.S. Troitsky, “*Tubular Steel Structures”, 1982, pp.
5-10 — 5-16.

P.P. Bjilaard, ‘‘Stresses From Local Loadings In
Cylindrical Pressure Vessels,” ASME
Transactions, Vol. 77, No. 6, 1955.

P. Buthod, “Pressure Vessel Handbook,”” 7th
Edition, pp. 75-82.
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