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5.12 Underground Cable Trench

5.12.1 Summary of Underground Cable Trench

—

Baseline information for the Underground Cable Trench (Trenwa, Inc.) is provided in Section 2.0, Site
History, Description, and Baseline Condition. :

section is modlﬁed for these locations, including a thicker base e
Trenwa bedding at typical road crossings was specified to be comg

Trenwa bedding is compacted subgrade soil.

specified except at certain locations. The design pla

must equal 4000# per square ft or 28# per square #EH’
included a minimum bedding of 3 in. of crushed :"’
88-185-1 and 9364-C-0012, files 47643 apd# ’

bedding and subgrade.

Per the draywiie

ows the fence alignment
along most sides of the facility

Table 5.12-1 - References for Underground Cable Trench

Document Title OPPD Document Date Page
Number Number(s)
(if applicable)
Cable Trench Layout 88-185-1(#47643) 6/30/1988
Cable Trench Layout 88-185-1 (#47644) 6/30/1988
Cable Trench Layout 88-185-3, Rev.1 (#47645) | 7/1/1988
Cable Trench Details 88-185-4 (#47646) 7/1/1988
Cable Trench Layout 89-67-1 (#49669) 3/17/1989
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e Soils along the Tre 05

___ Underground Cable Trench : Rev. 2
Table 5.12-1 - References for Underground Cable Trench -
Document Title OPPD Document Date Page
Number | Number(s)
(if applicable) N f
Cable Trench Layout 89-67-2 (#49670) 3/17/1989
Cable Trench Details 89-67-5 (#49717) 3/17/1989
Cable Trench Layout 89-132-1 (#49750) 5/10/1989
Cable Trench Layout 89-132-2 (#49751) 1541989
Cable Trench Layout -1 89-132-3 (#49752)
Cable Trench Details ' 89-132-4 (#49753)

Cable Trench Details 89-132-5 (#49754)8
Precast Concrete 9364-C-0106, Sht. K
Cable Trench Layout ' Rev. 2 (#47449) X
Security System Duct Bank : 9364-C-00012, Sht. 14
Sections and Cable Trench Details Rev. 0 (#46463) R

Independent Spent Fuel Storage Installation | 59058-EE-6A, Re v
ISFSI Cable Trench and Raceway (#60753). i

Independent Spent Fuel Storage Installation
ISFSI Cable Trench Section & Details

Cable Trench Layout

Naval Facilities Engineering Command,
Design Manual 7.01, Soil Mechanics

Detailed site obséfvatidns—-—ﬁeld reportsl
Cable Trench are provided in Attackimeht:g.

R

Observed per]

JFienwva covers appeare
aqﬁﬁ‘-‘""sfggibf*ﬁgd
i

S urir.lg site inspect1
g ?’H e differential settlement was;

2

=5ilt in some areas and inundation by floodwaters at the northeast
ctions were being made.

ent were normally stable and firm. Isolated locations of soft soil
were encountered. N Losts t soil locations were observed where the soil showed signs of being
saturated or moist and it their lowest strength condition. It is anticipated that the soils will dry and
re-stabilize in the future. . '

5.12.3 Assessment Methods and Procedures

5.12.3.1 Assessment Procedures Accomplished

Assessments were made by walking the Trenwa alignment and observing surface features of
the system (manholes), the precast concrete cover, and the ground surface adjacent to the
Trenwa cover. The surface assessment included using a 4-ft-long, 0.5-in.-diameter, steel-tipped
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/\ fiberglass T-handle soil probe to hand probe the ground surface to judge the relative soil

strength. The assessment focused on identifying conditions mdlcatlve of potential flood-related
impacts or damage to the utility, as follows:

¢ Ground surface conditions immediately adjacent to the utility including scour, subsidence
oor settlement, lateral spreading, piping, and-heave

e Soft ground surface areas (native soil, engmeered fill, and limestone gravel surfacing), as

determined by probing

e Water accumulations and flows in subsurface system cofn

cable encasement pipes) ’

o Damage to at-grade or above-grade system featuress ,

e Variance from normal installation conditions includ : ; aved system

. features and equipment :

e Operation of the system and appurtenant equipment (i

operating as intended?)

Bles and concrete

_ observed. These included the following no
investigations:

round sy 'ems and condltlons was performed because it
is structure.
river that will provide an indication of slope movement.

Identified PFMs Wi @%ﬁ' ially wed as discussed in Section 3. 0 The review considered the
preliminary informa ) bl

camed forward as cred1ble. After the de51gn review for each structure, the structure observations,
and the results of available geotechnical, geophysical, and survey data were analyzed, a number of
CPFMs were ruled out as discussed in Section 5.12.4.1. The CPFMs carried forward for detailed
assessment are discussed in Section 5.12.4.2.
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s 5.12.4.1 Potential Failure Modes Ruled Out Prior to the Completion of the Detailed

Assessment

The ruled-out CPFMs reside in the Not Significant/High Confidence category and for clarity
will not be shown in the Potential for Failure/Confidence matrix.

Triggering Mechamsm 2 — Surface Erosion
CPFM 2a ~ Undermining shallow foundation/slab/surfaces

Reasons for ruling out:

¢ The Trenwa system survey was not completed due
of inspection. Although this PFM is not considered ¥
completed, it has the potential to occur in flooded areasil
However, due to silt deposited between the PA fencing
armoring, this PFM was judged to be unlikely for the
. Some localized and limited surface erosion was |

below the ground surface. Undermining _' ered credible

because it is well below the depths of s

the Trenwa.

TrlogermgﬁMeeh

CPE

: ong the Trenwa, and silt deposits that were observed across
ndlcate flow velocity rates that were too low to initiate

f ws through the northeast site were observed at the time of
cing and other structures observed from a distance appeared to be

e The Trenwa 1s‘ﬂe%slgned for some displacement and ﬂex1b111ty, and cabling inside the
Trenwa is a flexible system. The system will tolerate some movement without loss of
functionality or damage to enclosed utilities.

e According to the drawings, the Trenwa bottom is at least 1.8 ft below the ground surface.
Undermining of the Trenwa base was not considered credible because it is below the depths
of surface erosion observed in the field.
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g — Tnggermg Mechanism 7 — Soil Collapse (first time wetting) R NG
;e{ CPFM 7a — Cracked slab, differential settlement of shallow foundation, loss of structural
support
CPFM 7b — Displaced structure/broken connections -
;. CPFM 7c — General site settlement
Reason for ruling out:
¢ Soil supporting and surrounding a majority of the Trenya previously
rred in 1993

wetted. The peak flood elevation prior to 2011 was

Triggering Mechanism 10 —~ Machine/Vibration-Indy
CPFM 10a — Cracked slab, differential settlement of

_ support
CPFM 10b - Displaced structure/broken connections
CPFM 10c — Additional lateral force on below-grade

Reasons for ruling out:

l "12 Rapid Drawdown
+ bank slope failure and undermining surrounding structures

CPFM 12a -
CPFM 12b - Lateral spreading

Reasons for ruling out:
The structures did not have evident signs of distress identified during the field assessments

[ ]
Slope failure was not observed at the site.
River stage level has receded and stabilized as of October 4, 2011.

—
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As of October 11, 2011, groundwater elevations had already had one week to stabilize to at

least a partial degree.
e The river bank is armored and has historically protected and stabilized the existing river

bank.
Triggering Mechanism 13 — Submergence
CPFM 13a - Corrosion of underground utilities

Reasons for ruling out:

e Groundwater elevations controlled by Missouri Ri
storm precipitation, including winter snowmelt, woy
improvements including constructed steel and concr:
concrete site improvements are assumed to be designed?
environment of groundwater and wetted soil.

pumping)
CPFM 3¢ — Undermin

N
could occur as follows: multlple potentlally connected

@€ xkapen areas outside the Aqua Dam perimeter or
{“??';?": uilding). This network of seepage paths is

’ %e site: the Trenwa beside the Security Building and inside

4 us pumps inside the perimeter of the Aqua Dam and the

? perated for an extended penod mamtammg a head

includes settler . ‘ e Trenwa S_wnlﬁcant settlement mlght cause a loss of electrical
connectivity. g

Below are field observations and data that.support the likelihood of these CPFMs:

e Trenwa trenches beside the Security Building were pumped for the duration of flooding to
remove water coming in from outside Trenwa locations. This created a head differential.

e Site drainage pumps inside the perimeter of the Aqua Dam and HESCO barriers pumped
from numerous sources around the perimeter of the facility. The Aqua Dam was located in
proximity to the Trenwa along the west, south, and east sides of the PA. The HESCO
barriers that were used to protect the Security Building crossed the Trenwa.

\
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< a"'E&é‘?t;,followmg table describes b

' -gv;.x/

A hole in the pavement with a void area beneath the concrete slab was observed just north
of the Security Building and east-southeast of MH-5. The hole and void area could be the
result of piping and subsurface erosion. The hole and void area are located in proximity to
the Trenwa.

Based on a conversation with the OPPD operations employee testing FP-3E on September
13, 2011, fire hydrant FP-3C, located northeast of the Security Building, was tested on
September 13, 2011 and failed. According to the OPPD operations employee, when

l,-“{‘_* 0

closed. The access cabinet was tagged-out for repair a
failed is located in proximity to the Trenwa. .
Concrete areas in the Paved Access Area and pedesth
Building north of where the ductbank crosses the P3
distress including cracking, slab settlement, and unde
sounding pavement areas).

.....

yith hoses placed over
thole based on visual site

eneaig&:he potential for degradstion associated with these CPFMs for the Trenwa.

A pavem:eﬁ@
Security Buﬁ%m
void west of the

) :"w_;grse (Degradat_% il Favorable (Degradation/Direct .
W ' Floodwater Impact Less Likely)
e gnd ,

The observed hole north of the Security
Building could have been developed by
outflow from the surface pumps and might not
%ﬁﬁ be associated with this CPFM. Temporary

: surface pumps were pumping water over the
Aqua Dam. One of the pump discharge points
was near the observed hole. Concentrated
discharge flow could have created the
observed hole.

Failed fire protection cabinet FP-3C north of
the Security Building

Data Gaps:

Geophysical investigation data to address observed concerns
Existence, size, and location of voids '

—
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Conclusion

Significance
Potential for Degradation/Direct Floodwater Impact

Indicators for these CPFMs have been observed. The pavement void area and fire cabinet test
failure north of the Security Building are in the proximity of the Tg wa. It is possnble that

The occurrence of these CPFM:s could cause the collapse ©
is flexible and will tolerate movement without loss of fun

low.

Confidence ' L : :

a.

There are multiple elements to these CPFMisz j‘ e nto MH-5 during the ‘
2011 flood, the hole in the pavement northakd ityBuilg ‘_‘,_c stand the settled pavement |
section in the Paved Access Area be 13 e igEeh ing andathelr
However, even though the confidéiss ] Sl a5 under the corridor
pavement, the extent of these \ n : .

r CPFM s 3a and 3c, as disciissed above, tit€ potential for degradation is high because the
ement void area and fire c%t test fallure north of the Security Bulldmg are m the

zand the 1mphca€tﬂmﬁaof that decradatlon to a structure of this type puts it in the “not

urrently collected are not sufﬁelent to rule out these CPFMs

Triggering Mechanism 3 — Subsurface Erosion/Piping

CPFM 3d — Undermining and settlement of shallow foundation/slab (due to river
drawdown)

CPFM 3f — Undermined buried utilities (due to river drawdown)

These CPFMs are similar to and in addition to CPFM 3a and 3c, but instead of pumpmg, the
gradient is created by rapidly receding river level.
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The Triggering Mechanism and CPFM could then occur as follows: river level drops faster
than pore water pressure in the soil foundation can dissipate. A gradient is created that moves
soil into existing defects and enlarges voids under or along the Trenwa walls or utility lines.
Depending on the extent of the voids created, impacts can include the following: trench
subsidence, unsupported Trenwa sections, Trenwa failures, unsupported pipe sections, pipe
deflections, pipe failure, and possible impacts on adjacent improvements or utilities.

s are as follows:

Field observations and data that support the likelihood of these CEjgly

Field observations and data or site conditions that indicat%es ~
follows:

 The east segment of the Trenwa is nearg
~ well away from the river. Increased di

Favorable (Degradation/Direct
-Floodwater Impact Less Likely)
USACE suspended the river drawdown
between August 27 and September 18, 2011,
This gap in the scheduled reduction of dam
Telease rates was provided to allow
groundwater elevations to equalize with river
flow elevations. '

Riverbank is armored and protects against
creation of a weakened flow path.
Indications of these CPFMs have not been
exhibited or reported for previous floods.

Data Gaps:
e Field observations after river drawdown
Geophysical investigation data to address adjacent pavement slabs

Inclinometer data to address observed concerns
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Potential for Degradation/Direct Floodwater Impact

None of the indicators for the CPFMs has been observed at the Trenwa. However, voids due to
rapid drawdown might not have been evident at the time of the fieft, assessments. Additionally,
the extent of voids created by rapid drawdown could be insigni
degradation due to this CPFM has occurred is low.

Implication

The occurrence of these CPFMs could cause the collapse |
is flexible and will tolerate movement without loss of func

low.

Confidence .

The data at hand are not sufficient to rule oui¥ ‘ Mt e néiusion that
i Foy Yo 1dence in the assessment
Fh:

. dithe mtegrlty or mtended function of
n of the potentlal for degradation and the implications
IVDE puts it in the “not 51gn1ﬁcant” category. The data

The Trlggermo Mééhanism and CPFM could occur as follows: the trigger for frost penetration
to occur is no different than in previous years. However, higher subsurface water leve] and
increased moisture content of near-surface soils could increase the magnitude of frost

movement over the upcoming winter season.

~ Field observations and data that support the likelihood of this CPFM are as follows:

e Wet soil conditions were observed near the Trenwa structure, especially near the northeast
corner of the site.

Underground Cable Trench Rev. 2
Conclusion —
Significant
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Field observations and data or site conditions that indicate this CPFM is unlikely are as

follows:
Conditions required to trigger this CPFM have typically occurred every year since

construction.
The majority of the Trenwa, except the east segment, is well away from the river and

potential subsurface water associated with the river.

Geophyswal investigation data to address observed g
No Condition Reports are available to review to ad

Impact More Likely)
Wet soil conditions currently exist.

Data Gaps:

- Geophysical investigation dat

A

ol ly subjected to frost conditions. Therefore, the implication of the
%r the CPFMs is low.

Confidence

The potential impact on the structure from this CPFM is not known due to unknown
supporting/surrounding soil saturation levels. River and groundwater levels at this time are

such that this CPFM might occur.

The data at hand are not sufficient to rule out this CPFM or to lead to a conclusion that frost

~—

effects would negatively affect the Trenwa. Therefore, the confidence in the assessment is low

which means more data are necessary to draw a conclusion.
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£ Summary ' —

: For CPFM 14a, as discussed above, the potential for degradation is low. The combined

% consideration of the potential for degradation and the implications of that degradation to a
structure of this type puts it in the “not significant™ category. The data currently collected are
not sufficient to rule out these CPFMs. Therefore, the confidence in the above assessment is
“low,” which means more data or continued monitoring and 1nspect10ns might be necessary to

. draw a final conclusion.

5.12.5 Results and Conclusions

The CPFMs evaluated for the Trenwa are presented in the foll
the estimated significance and the level of confidence in the eva

Low Confidence
= ' (Insufficient Data)

£

Potential
for Failure
Significant

G

s 20
L
© =
2u D
= ?
Lo
[=]

4

Further forensic investigatighs and physical modifications are recommended to address CPFMs 3a, 3c,
3d, and 3f for the Trenwa. CPFMs 3a and 3¢ are associated with the distress in and near the Paved
Access Area between the Service Building and the Intake Structure (Key Distress Indicator #2). These
recommendations are described in detail in Section 4.2.5.

Also, monitoring of groundwater well data and a review of the geophysical data, when available,
should be done. The results of this monitoring will be used increase the confidence in the assessment
results. At the time of Revision 0, groundwater levels had not yet stabilized to nominal normal levels.
Therefore, it is possible that new distress indicators could still develop. If new distress indicators are
observed before December 31, 2011, appropriate HDR personnel should be notified immediately to

——e
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 determine whether an immediate inspection or assessment should be conducted. Observation of new
distress indicators might result in a modification of the recommendations for this structure.

5. 12 7 Updates Since Revusmn 0
Revision 0 of this Assessment Repoﬂ was submitted to OPPD on October 14, 2011. Revision 0
presented the results of preliminary assessments for each Priority 1 Structure. These assessments were
incomplete in Revision 0 because the forensic investigation and/or monitg '

Priority 1 Structures was not completed by the submittal date. Th1
includes the results of additional forensic investigation and monjgme

described below.

5.12.7.1 Additional Data Available

The following additional data were available for the Unde

Revisions 1 and 2 of this Assessment Report:
. , ]

Results of KDI #2 forensic mvestlgatlon (see, ;,‘*aﬁ*?’é
Additional groundwater monitoring well gl verss
Field observations of the river bank (see :
Results of geophysical investigation byt A
Results of geotechnical investigation By

‘@W (see Attachment 6).
e prior to Revision 0 of the
a where the system had been

B Iesgnts the previously identikgdy % PFMs and the new interpretation of their 51gmﬁcance and

iddence based upon the ne\% daﬂ:a

No significance dlstress from the 2011 Flood was observed.

Results of geophysical investigation report by Geotechnology, Inc.

_ Seismic Refraction and Seismic ReMi tests performed around the outside perimeter of the
; power block as part of KDI #2 identified deep anomalies that could be gravel, soft clay,

loose sand, or possibly voids.

N
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Results of geotechnical investigation by Thiele Geotech, Inc.

Six test boﬁngs were drilled, with continuous sampling of the soil encountered, to ground
truth the Geotechnology, Inc. seismic investigation results as part of the KDI #2 forensic

investigation. Test bore holes were located to penetrate the deep anomalies identified in the

seismic investigation. The test boring data did not show any piping voids or very soft/very

loose conditions that might be indicative of subsurface erosion/piping or related material
loss or movement. .

All of the SPT and CPT test results conducted for thi
to similar data from numerous other geotechnical ir
on the FCS site in previous years. This compariso
the soil strength and stiffness over that time period.

were compared
been conducted

accuracy range of the surveyings
locations, since the survey bd

{ﬁ@‘bservatlons would increasss
oirly additional sediment dep

aly

ﬁﬁy

uried utilities (due to river dfawdowh')

n measured in the monitoring wells closely followed the river level as
. The data indicate that groundwater elevation was about 2 ft above the
Tiver level near the begmmng of October 2011 and receded to match the river level by about

October 14, 2011. Therefore the differential head created by the river drawdown was
insufficient to facilitate subsurface erosion.

the floodwater rec voﬁ?‘

Triggering Mechanism 14 — Frost Effects
CPFM 14a - Heaving, crushing, or displacement

The foundation for the Trenwa is not below frost depth and is therefore subjected to frost
effects during prolonged periods of cold weather. Areas of the Trenwa that were not inspected

el

el

e
¥

o et e

¢

|



_,,_,#_ o

Priority 1 Structures : Page 5.12-15
Underground Cable Trench - ‘Rev. 2

T SRR

due to inundation for Revision 0 of the report have now been visited. Though there were a few
soft spots, soils in the areas visited were generally firm. In addition, the groundwater elevation
measured in the monitoring wells closely followed the river level as the floodwater receded.

The data indicate that groundwater elevation was about 2 ft above the river level near the

beginning of October 2011 and receded to the river level by about October 14, 2011. Since

current groundwater levels are not different than normal seasonal levels and prolonged cold - i
weather has not yet occurred, the effects of frost heave on the Trenwa are no longer applicable. /

5.12.7.3 Revised Results

‘The CPFMs evaluated for the Underground Cable Treng following matrix,
which shows the rating for the estimated significance af el ‘ ibe in the
evaluation. CPFMs 3d, 3f, and 14a for the Underground¥ ciated with

Key Distress Indicators. Inspections of the Trenwa not vi
inspections of the inside of the Trenwa have been completei gp:
level data were reviewed. The results of the additional forensrc

CPFMs are ruled out. Therefore these CPFMs are m, yed to the quaghntity
FE 16 8, CPFMs 3a and 3c

presents the results of additional forensic ing : :
) these CPFMs could be ruled out. The resulfsiof the adg n'u Vi

Potential
for Failure

S CPFM 3a
=25 CPFM 3¢
05 CPFM 3d
L5® CPFM 3f
= CPFM 14a
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- and 3¢ have been ruled out using the results of the KD

5.12.7.4 Conclusions S

Y

In the assessment of the FCS Structures, the first step was to develop a list of all Triggering
Mechanisms and PFMs that could have occurred due to the prolonged inundation of the FCS
site during the 2011 Missouri River flood and could have negatively impacted these structures.

The next step was to use data from various investigations, including systematic observation of
the structures over time, either to eliminate the Triggering Mechanisms and PFMs from the list /

or to recommend further investigation and/or physical modificati
list for any particular structure. Because all CPFMs for the
than CPFMs 3a, 3¢, 3d, 3f, and 14a had been ruled out
3f, and 14a have been ruled out as a result of the Revisj

{0 remove them from the

H
{

Section 4.2, no Triggering Mechanisms and their associa
Underground Cable Trench. Therefore, HDR has conclud
did not impact the geotechnical and structural integrity o »’n“’? f
because the potential for failure of this structure due to the ood

ul ound Cable
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5.10 Turbine Building South Switchyard
5.10.1 Summary of Turbine Building South Switchyard

Baseline information for the Turbine Building South Switchyard is provided in Section 2.0, Site
History, Description, and Baseline Condition. '

5.10.2 Inputs/References Supporting the Analysis

Table 5.10-1 lists references provided by OPPD and other doc

Table 5.10-1 - References for Turbine Build
Document Title OPPD Docume
Number

(if applicabie}:
11405-S-411, Rev.

Foundation Plan — Transformer Yard

Foundation Details — Transformer T1

Foundation Details — Transformer T1A-1,2,3&4

Foundation Details — 161kV Transmission
Tower And Retaining Walls

Naval Facilities Engineering Command, §#5” - _
Design Manual 7.01, Soil Mechanic%, S
Buiiding So i : checklists—for the Turbine

evation for this foundation is 1005.5 ft.

405-5-412). Top-of-concred
1 and T1-A2 is a 1.5-fi-thick pile cap supported on four

2

aiation for Transformers T
=hpiles (see 11405-S-413),
¢ The foundafiamfor Transforme A -3 and T1-A4 is a 1.5-ft-thick pile cap supported on four

4%%4@@) Top-of-concrete elevation for this foundation is 1005.5 ft.

i

; @rv"T 1C-3B is an approximately 0.7-ft-thick pile cap supported on

g "‘; 3 59
four 8-in.-diamet ricast piles with tip elevation of 997 ft (see 11405-S-412). Top-of-concrete

elevation for this fom%ﬁmn is approximately 1004.8 ft. The piles are reinforced with a single #7
bar centered in the pile,"With the bar having a straight development into the slab.

e The foundation for the small switchgear located on the southwest corner of the west cable trench is
an approximately 0.7-ft-thick slab-on-grade foundation.

e The Dead End/161 Structure is a two-column frame, approximately 27 ft in height, with
interconnecting cross beams. There are separate foundations for each octagonal column. The piers
are 5 ft by 5 ft by 3 fi in height. Top-of-pier elevation is 1004.5 ft. Top-of-concrete elevation for
the pile cap is 1001.5 ft. Each cap is 4 ft thick, 7 ft by 20 ft in plan dimensions, supported by six
12-in.-diameter auger cast piles with tip elevation of 940 ft (see 11405-S-414). The piles are
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reinforced with a singie #11 bar centered in the pile, with the bar having a straight development
into the slab.

e The driving criteria, tip elevation, and capacities of the 10BP42 piles are unknown. However, the
tops of the piles are capped with a plate and anchor rods for a positive shear and uplift connection
(see 11405-S-412).

e The capacities of the 8-in.- and 12-in.-diameter auger cast piles are unknown.

A continuous cable trench is adjacent to each transformer (see 11405-8-411). This conduit trench

&.

isa cast-m place concrete trench with intermittent drain holes in the walls. The trench also has a

B

L tliesperforat otedasheading

2%

APPTOXIr ately Juneg
f‘?ﬁ"g‘; : i _,“- forms (IC_F)

of concrete at about 1008. 3 ft.
¢ Condition report summaries were not availablesfor SHHE 3
e The structures were protected from ﬂqgg}wate 5751 : 1T MilEEtiood by an Aqua Dam;

however, the Aqua Dam failed for a4

floodwater to enter the area insidg

LR, S
. These structures were located vai _“ e Aqua Dam pgg magideyere also protected by the cast-

ral, there were no sxgns*"“ %%‘@,11 movementaround these structures with the exception of a

e
i)

: ;f{ghe west cabie'trench. This soft spot resulted in differential

Assessments of the Turbine Building South Switchyard included the following:

e Visual inspection of the exterior of the structures where accessible. Observations were
made from outside the ICF concrete wall due to “Danger — High Voltage” warning tape and
signs.

e Assessment of collected survey data to date for indications of trends in the movement of the
structure.

e Review of previously referenced documents listed in Table 5.10-1.
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e Identification of relative surface soil densities (native soil, engineered fill, and limestone
gravel pavement) as determined by hand probing.

e Observations and documentation of water accumulations and flows in subsurface system
components (manholes and concrete trenches).

Additional investigations were performed. These included the following non-invasive
geophysical and invasive geotechnical investigations:

e Seismic surveys (seismic refraction and refraction mic
available at the time of Revision 0.)
¢ Geotechnical investigations including test borings v
laboratory tests. Note that OPPD required vacuum

B mpleted include the

und systems and conditions was performed because the
‘Gent th the equlpment in the sthchvard

because the area was lab -

iy

erent Triggering Mechanisms were determmed to be
non-credlble” fo alliR ok prec é%ures as discussed in Section 3.6. The remaining PFMs were

3 After the design review for the structure, the structure observations, and
mical, geophysical, and survey data were analyzed, a number of CPFMs
were ruled out as dxscussedwm Section 5.10.4.1. The CPFMs carried forward for detailed assessment
are discussed in Section 5.10.4.2.

5.10.4.1 Potential Failure Modes Ruled Out Prior to the Completion of the Detailed
Assessment

The ruled-out CPFMs reside in the Not Slgmﬁcant/ngh Confidence category and for clarity
will not be shown in the Potential for Failure/Confidence matrix.
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Triggering Mechanism 2 — Surface Erosion
CPFM 2a — Undermining shallow foundation/slab/surfaces
CPFM 2b — Loss of lateral support for pile foundation
CPFM 2c¢ — Undermined buried utilities

Reasons for ruling out:

drawdown)

Reason for ruling out:

e The Turbine Building South Switchyard$ o

riverbank and was therefore not subje j%‘é?’ subsu

Triggering Mechanism 3 — Subs A%ga
~ CPFM 3e - Loss of lateral supr

. e
A af 1on (due toier

S éhyard is located TStfficient distance away from the
B ted to subsurface erosion due to river drawdown.

.g on/Plplng
&A@ to river drawdown)

CPFM 5a> dimm
CPFM 5b — S “‘”*W
CPFM 5¢ — Wall § fallure in flexure
CPFM 3d — Wall failure in shear
CPFM 5e — Damage by debris
CPFM 5f — Excess deflection

Reasons for ruling out:

e The structure was protected from floodwater by an Aqua Dam except during a short period
of time when the Aqua Dam failed due to being damaged, which allowed floodwater to
enter the area inside the Aqua Dam perimeter.
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e Visual observation did not identify distress to the structure that can be attributed to these
CPFMs.

Triggering Mechanism 6 — Buoyancy, Uplift Forces on Structures
CPFM 6a — Fail tension piles

Reason for ruling out:

¢ The equipment foundations within the Turbine Building
steel or concrete piles have pile caps near the ground
buoyancy uplift forces.

Triggering Mechanism 6 — Buoyancy, Uplift Forces o0
CPFM 6b — Cracked slab, loss of structural support

Reasons for ruling out:

with drain holes within the trench walls and a foundation
draining backfill on the walls and below the slab.

y ‘g Collapse (first time wetting)
1fferential settlement of shallow foundation, loss of structural

CPFM 7b =Drplacs
CPFM 7¢ — Geg eﬁ’l site settlement

CPFM 7d — Piles buckling from down drag

Reason for ruling out:

o The peak flood elevation prior to 2011 was 1003.3 ft, which occurred in 1993. The peak
flood elevation in 2011 was approximately 1006.9 ft. Elevations in the South Turbine
Switchyard are such that the area would not be subjected to first time wetting.
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Triggering Mechanism 10 — Machine/Vibration-Induced Liquefaction
CPFM 10a — Cracked slab, differential settiement of shallow foundation, loss of structural
support

Reasons for ruling out:

e There is no permanent equipment within the Turbine Building South Switchyard that has
the capacity to produce significant dynamic forces due to vibr:

e Temporary pumping equipment located on the ground y
small and therefore deemed to have inconsequential gf

perimeter was

Triggering Mechanism 10 — Machine/Vibration-Indutg
CPFM 10b — Displaced structure/broken connections

Reasons for ruling out:

e Liquefaction was not observedﬁﬁr the T

\!"
e R

Triggering Mechanism 10 ¢ me/Vlbratlon—z ]
CPFM 10d — Pile/pile gr

thimthe Turbine Building South Switchyard that has
v 333%‘. .
_’:.thl'CCS due to vxbratlon

Tng&g‘_mn:g»,l\’[echamsm 11 Aloss of Soil Strength due to Static Liquefaction or Upward
Seepage, *'5‘ y 3

Reason for ruling

e Visual observations and survey measurements indicate no structure movement. Therefore,
differential settlement and loss of structural support did not occur at the observed structures.
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Triggering Mechanism 11 - Loss of Soil Strength due to Static Liquefaction or Upward
Seepage
CPFM 11b - Displaced structure/broken connections

Reasons for ruling out:

e Visual observations and survey measurements indicate no structure movement. Therefore,
degradation that can be attributed to this CPFM did not occur gt ar the Turbine Building
South Switchyard. ' 5

o No instances of broken connections were observed.

Triggering Mechanism 11 — Loss of Soil Strength du
Seepage
CPFM 11d - Pile/pile group instability

Reason for ruling out:

¢ Visual observations and survey measurementst
degradation that can be attributed to this
South Switchyard. ;

&
Vil

Triggering Mechanism 12 — Rapid Dra
CPFM 12a - River bank slope fa

Dam perlmeter

Triggering Mechanism 14 — Frost Effects
CPFM 14a — Heaving, crushing, or displacement

Reasons for ruling out:

e The equipment foundations within the Turbine Building South Switchyard have either steel
or concrete piles with pile caps near the ground surface. The piles have an anchor plate
with anchor rods developed into the pile cap, indicating a positive tension connection. In
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addition, the frost uplift on the pile caps will not be different than the condition prior to the
flood.

o The cable trench was designed with drain holes within the trench walls and a foundation
drain system complete with free-draining backfill on the walls and below the slab.
Therefore, the trench is not subjected to frost effects.

5.10.4.2 Detailed Assessment of Credible Potential Failure odes

pipes in the floor drain system. The sump i
continually pumped, maintaining the hydraulig
- pipes in the system. :

continues unarrested. Erosi _ en ) 11d1ng or from Manhole MH-
i A Voids form under utllltles and

struct

Sw pEHATd Settloment % _ ported structures and utilities occurs and causes distress
Op] ﬁ;e of improventents; i :
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Adverse (Degradation/Direct Floodwater
impact More Likely)

Favorable (Degradation/Direct
Fioodwater impact Less Likely)

Documented void under the foundation slab of
the adjacent Turbine Building.

There have been no observed signs of structural
distress in the CMU screen wall.

Differential settlement has occurred on the
switch foundation located on the southwest
corner of the west cable trench.

Sinkholes and other piping features were not
observed during site inspections in the Turbine
Building Switchyard or adjacent areas, except for

the settlement notefnear the switch foundation,

Pavement failures were observed east of the
Turbine Building.

Data Gaps:

e Survey data to track trends in vertical movement of the C
e Visual mspectlon of the cable trench was not possible becg

» Existence, size, and location of voids.
Seismic refraction data are not yet available. 4

Conclusion

‘Significance

lbodwater Impiaged
’ e
L

5, been observe di

Potential for Degradation/Dired ;'

P o remove water from the
ik 'ugh a system of broken pipes and
y the system for this CPFM. Known voids exist under the

cture Settlement of the switch foundation
sabicitrench has already occurred due to this CPFM.
dation duewgthls CPFM is occurring due to the 2011 flood is

CPFM could af"fe et '1low foundatlon systems. The CMU wall could show signs of
distress, and waﬂ‘iﬁa lire could damage adjacent facilities or equipment. Therefore, the
implication of the p@fentlal degradation for this CPFM is high due to the nature of the adjacent
structure.

Confidence

Observations have shown that settlement has occurred on the switch foundation slab.
Subsurface erosion is believed to have occurred under the adjacent Turbine Building
foundation and at some nearby areas of pavement.



Priority 1 Structures Page 5.10-10
Turbine Building South Switchyard Rev. 2

Therefore, the confidence in the above assessment is high, indicating that repairs and more data
are necessary.

Summary

For CPFM 3a, as discussed above, the combined consideration of the potential for degradation
and the implications of that degradation to a structure of this type puts it in the “significant”
category. There is high conﬁdence that there has been signiﬁcant dhgradation to the soil

needed.

Triggering Mechanism 3 — Subsurface Erosion/Piping
CPFM 3b — Loss of lateral support for pile foundatio L

;S'mh Sw1tchyard oratfjacent to the Turbine Building South
Zsupperted structures and utilities occurs and causes distress

Favorabie (Degradation/Direct
Floodwater Impact Less Likely)
id under the q:}gndation slab of Review of survey data indicates that there have

e Build been no observed signs of movement of the pile
foundations.

 Existence, size, and location of voids.
¢ Seismic refraction data are not yet available.
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Cohclusion
Significance
" Potential for Degradation/Direct Floodwater Impact

Many indicators for the CPFM have been observed. Pumping to remove water from the
Turbine Building sump and from Manhole MH-5 carried through
granular trench backfill. This provides the system for this C.PF
adjacent Turbine Building. Settlement issues have been @ r-.«m' ed
between the Service Building and the Intake Structure. §
degradation due to this CPFM is occurring due to the 2007

stem of broken pipes and
,@_ exist under the

Implication

Loss of lateral support for the pile supported foundations
instability of the foundations for the transformers. Therefore the
degradation for this CPFM is high.

Confidence

: datlon to thrstructure puts it in the “significant” category.
he >has been significant degradation to the soil surrounding the
‘f‘f.éi due to the lack of test data available at this time. More
léinspections are needed.

AT

CPFM 3¢ —"@”’l - med buried utilities (due to pumping)

The nearby Turbine Building has a documented history of a void below the foundation slab
with a potential for increased erosion with greater external water head (see Section 5.8).

The Triggering Mechanism and CPFM could then occur as follows: there is a potential for the
previously documented void to erode larger voids under the Turbine Building and out to the
surrounding structures. Buried utilities within the Turbine Building South Switchyard include
cable trenches, ductbanks, underdrains, and storm drain pipes. Three fire protection pipes are
routed beneath the Turbine Building South Switchyard, just west of Transformer T1. The Aqua
Dam was placed over the fire lines near where they are routed into the Turbine Building. This
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provides a possible flow path directed toward the Turbine Building. Connectivity is possible to
flow paths feeding the broken floor and condensate drain pipes in the basement.

The following table describes observed distress indicators and other data that would increase or
decrease the potential for degradation associated with this CPFM for the Turbine Building
South Switchyard.

Adverse (Degradation/Direct Floodwater
Impact More Likely)
Documented void under the foundation slab of
the adjacent Turbine Building.

Differential settlement has occurred on the
switch foundation located on the southwest
corner of the west cable trench.

Data Gaps:
e Visual mspectlon of the cable trench was not p0331b1e because —a

drawing water from the bottom of the trench, and
¢ Existence, size, and location of voids.
e Seismic refraction data are not yet availab

Conclusion

Significance

could nega
Turbine Bu1l‘ 1S
this CPFM is hig’hl'

Conﬁdence

Subsurface erosion is known to have occurred under the adjacent Turbine Building foundation.
With the increased head pressure due to the 2011 flood, the amount of water moving through
the system has potentially increased, which in turn increases the likelihood of instigating
subsurface erosion in the Turbine Building South Switchyard adjacent to the Turbine Building.
However, there are insufficient data on the existence, size and location of possible voids to
determine whether this CPFM has or will occur.
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Therefore, the confidence in the above assessment is low which means more data are necessary
to draw a conclusion.

Summary

For CPFM 3c, as discussed above, the combined consideration of the potential for degradation
and the implications of that degradation to a structure of this type puts it in the “significant”
category. There is low confidence that there has been significant g adatlon to the soil

: surroundmg the Turbine Bulldmg South Sw1tchyard due to ., n‘bg;_ estdbta available at this

~::v’~ bl 32

Low Confidence
(Insufficient Data)

CPFM 3b
CPFM 3c

Potential
for Failure
ignificant

S

t

s
T2
=2 X
c =
2u o>
= N
D—.Q,‘_,
o
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The following actions are recommended for the Turbine Building South Switchyard.

The settlement of the switch foundation slab located on the southwest corner of the west cable trench
should be corrected as soon as possible.

The CMU wall should be observed by OPPD on a regular basis for signs of distress such as cracking or
tipping.
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Given the Low Confidence rating for CPFMs 3b and 3¢, continued monitoring is recommended to
include a continuation of the elevation surveys of the previously identified targets on this structure and
surrounding site. The purpose is to monitor for signs of structure distress and movement or changes in
soil conditions around the structure. The results of this monitoring will be used to increase the
confidence in the assessment results. Elevation surveys should be performed weekly for 4 weeks and
biweekly until December 31, 2011. At the time of Revision 0, groundwater levels had not yet
stabilized to nominal normal levels. Therefore, it is possible that new distress indicators could still
develop. If new distress indicators are observed before December 31 201 ppropnate HDR

personnel should be notified immediately to determine whether anf edmspection or assessment
S
should be conducted. Observation of new distress indicators mj guification of the

recommendations for this structure.

Further forensic investigations and physical modifications are regg
and 3c for the Turbine Building South Switchyard. CPFM 3a, 3b, g are assomate %
flow of groundwater into the Turbine Building basement drain pigimg %@ (Key Dlstre

Rer

#1). These recommendations are described in detail in Section 4. 133, CPHS
distress in and near the Paved Access Area between the Intake,

Dind! ter monitoring well and river stage level data from OPPD.

e Results of falhng wexght deflectometer investigation by American Engineering Testing, Inc.
(see Attachment 6).

» Results of geophysical 1nvest1gat10n by Geotechnology, Inc. (see Attachment 6).
e Results of continued survey by Lamp Rynearson and Associates (see Attachment 6).
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5.10.7.2 Additional Analysis

The following analysis of additional data was conducted for the Turbine Building South
Switchyard: :

¢ Groundwater monitoring well and river stage level data from OPPD.

Data shows that the river and groundwater have returned to ﬁqﬁa\inal normal levels.

¢ Results of falling weight deflectometer investigation 5
-

Falling Weight Deflectometer and associated GPR
Area identified anomalies such as soft clay and broke
truthing of the investigation results were performed asy
investigations.

Six test borings were drllled Wit contmuous
: truth the Geotechnolo a eismic investi ‘g;,

: iing data did not-shev any piping voids or very soft/very
itive of subsurface erosion/piping or related material

locations, since e the survey basehne was shot has not occurred

Follow-up inspections since Revision 0 of the report have noted that the standing water and
sediment has been removed from the cable trenches around the switchyard.. The bottom of the
cable trench was able to be viewed beyond the area labeled “Danger — High Voltage™ but no
additional information regarding the trenches was obtained from this observation. The
observation also noted no visible distress or cracking of the CMU wall.
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Triggering Mechanism 3 — Subsurface Erosion/Piping
CPFM 3a - Undermining and settlement of shallow foundation/slab/surfaces (due to
pumping)

CPFM 3a for the Tui'bine'Building South Switchyard as it relates to the settlement of the switch
foundation slab near the southwest corner of the west cable trench is not associated with Key
Distress Ind1cators Additional mspectmn since Revision 0 mdlcates that the sw1tch foundatlon

Turbine Building Seuth Switchyard (discussed in Section
December 31, 2011), this CPFM is moved to the quadrant Of
Further Action Recommended Related to the 2011 Flood4
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5.10.7.1 Revised Results

The CPFMs evaluated for the Turbine Building South Switchyard are presented in the
following matrix, which shows the rating for the significance and the level of confidence in the
evaluation. Note that the placement of CPFM 3a in the “No Further Action Recommended
Related to the 2011 Flood” is dependant on the remediation of the switch foundation slab
located near the southwest corner of the west cable trench.

- Low Confidence
(Insufficient Data)

Potential
for Failure
Significant

gy Waft could have occurred due to the prolonged inundation of the FCS
site during the 2 ssouri River flood and could have negatively impacted these structures.
The next step wa?‘foiﬁﬁze data from various investigations, including systematic observation of
the structures over time, either to eliminate the Triggering Mechanisms and PFMs from the list
or to recommend further investigation and/or physical modifications to remove them from the
list for any particular structure. Because all CPFMs for the Turbine Building South Switchyard
other than CPFMs 3a, 3b, and 3¢ had been ruled out prior to Revision 1, because CPFM 3a will
be ruled out upon completion of the remediation to the switch foundation slab described above,
and because CPFMs 3b and 3¢ will be ruled out when the physical modifications recommended
for KDI #1 in Section 4.1, no Triggering Mechanisms and their associated PFMs will remain
credible for the Turbine Building South Switchyard. HDR has concluded that the geotechnical
and structural impacts of the 2011 Missouri River flood will be mitigated by the
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implementation of the physical modifications recommended in this Assessment Report.
Therefore, after the implementation of the recommended physical modifications, the potential
_ for failure of this structure due to the flood will not be significant.




Section 5.11
Condensate Storage Tank
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5.11 Condensate Storage Tank
5.11.1 Summary of Condensate Storage Tank

Baseline information for the Condensate Storage Tank is provided in Section 2.0, Site History,
Description, and Baseline Condition.

within a steel sheet pile system that is dnven into the riverbank to B
approximately 10 ft above bedrock. i

5.11.2 Inputs/References Supporting the Analysis |

: Page
J ument i Number(s)
umber i :
A plica e):
B3 ' Unknown
11405-S-418, | Unknown
Rev. 11
(#16588)
11405-S-412 Unknown
(#16583)
| 9/1986 All
Detailed sitee%ﬁ. Chy i . ,SWﬁeld notes, and inspection checklists—for the Condensate
Storage Tank

; ank is a welded steel storage tank designed to the American Water

Works Association (AWWA) D100-65 (see 002391).

e The tank is a flat-bottom storage tank without anchor bolts.

¢ Construction of the foundation is a cylindrical sheet pile wall driven through the riverbank. The
inside of the sheet pile wall was backfilled to the bottom of the slab elevation. Steel piles were
then driven within the contained sheet piles and capped with a structural cast-in-place slab (see
tank foundation drawing 11405-S-418).

¢ The adjacent bank is such that the eastern half of the sheet pile wall is exposed to the river from the

" bottom-of-concrete slab el. 1003.5 ft to bank grade of approximately 994.4 ft, with the normal river

water elevation of 992 ft (see tank foundation drawing 11405-S-418).
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The exposed side of the sheet pile wall was painted with rust-inhibiting paint and constructed with
five 3-in.-diameter weep holes at approximately 7 ft on center. These weeps are located at
approximate el. 997.5 fi.

The steel piles are 10BP42 driven to bedrock and capped with a welded steel plate and anchor rods
providing positive shear and tension connection to the base slab. This pile size and anchor details
are the same as those shown for the transformer foundations in the Turbine Building South
Switchyard.
The driving criteria, tip elevation, and capacities of the 10BP42 plles Arp u . However, the
top of the plles are capped with a plate and anchor rods for a p@siive® d¥énsion connection

In accordance with tank levels provided by OPPD, the Condens: ; asemraintained at
a minimum of 72 percent full for the duration of the flood evengz il ' -' 3
At the time of inspection, the river level had dropped below i ;
were made around the western half of the Condensate Storage Tank.

The Trenwa was covered with river sediment
trench via gaps in the removable covers

he secug dence on the north and

;‘ 3&"?5? scour wasinbserved at the tank

angle. The magnitude of this deviation

tihe "“ om visual observations, and therefore, it is not
; ; QO tolerances for tank construction. It is unknown whether

nitial construction or whether it was directly or indirectly

Because '

B o }‘ eiof the field assessment, it was not possible to get a good view
of the east () o ver) side of the tank. Observations from just north of the
Security Buildi “e out-of-tolerance shape might be limited to all sides of the

Condensate Storaggils "'-’ept the east side.

Survey data points wegezset on the north, south, and west quadrants of the tank. Assessment of
current survey data for these points indicates no vertical movement.
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5113 Assessment Methods and Procedures
5;1 1.3.1 Assessment Procedures Accomplished
Assessments of the Condensate Storage Tank included the following:

Visual inspection of the exterior of the structure, where accessible..
An assessment of collected survey data to date for indications 8ftrends in the movement of
the structure. ;

A review of previously referenced documents listed j
A relative surface soil density test via probing was
crushed rock surface below the sediment, it was no
subgrade.

(Test reports were not available at the ti
e GPR in the protected area. (Test repo
Geotcchnical test borings in the prote

ithe north and south sides of the Condensate Storage Tank
scnrrent river levels. Once the river level drops, the remainder
: gymspected

founda i cgawilizbe 1nspected

Inclinometer have: aot been installed; therefore, readings were not available at the time of
Revision 0. & '

5.11.4 Analysis

Identified PFMs were initially reviewed as discussed in Section 3.0. The review considered the
preliminary information available from OPPD data files and from initial walk-down observations.
Eleven PFMs associated with five different Triggering Mechanisms were determined to be
“non-credible” for all Priority 1 Structures, as discussed in Section 3.6. The remaining PFMs were
carried forward as “credible.” After the design review for each structure, the structure observations,
and the results of available geotechnical, geophysical, and survey data were analyzed, a number of
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CPFMs were ruled out as discussed in Section 5.11.4.1. The CPFMs carried forward for detailed
assessment are discussed in Section 5.11.4.2,

5.11.4.1 Potential Failure Modes Ruled Out Prior to the Completion of the Detailed
Assessment

. The ruled-out CPEMs reside in the Not Significant/High Confidence category and for clarity
will not be shown in the Potential for Failure/Confidence matrix. 2

Triggering Mechanism 2 — Surface Erosion
CPFM 2c — Undermined buried utilities

Reasons for ruling out:

o Observed surface erosion in the Condensate Storage T

tlexternal ,f a r head. For further.

Ito the surrounding structures.
rv Storage Tank are protected by a sheet pile wall to

PFM 4a — Overturning

M 4b — Shdmg

At the 2011 peak flood elevation of approximately 1006.9 ft, the Condensate Storage Tank

shell had a maximum of 1.5 ft of external water head on the tank shell.

e Overturning and sliding stability conditions are not credible because the external water
force is balanced around the circumference of the tank.

e There were no field observations or indications of tank shell deformations due to flexure or
shear.

e OPPD records indicate that the Condensate Storage Tank was maintained at a minimum of
72 percent full during the 2011 flood.
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Triggering Mechanism 5 — Hydrodynamic Loading
CPFM 5a — Overturning
- CPFM 5b - Sliding
CPFM 5c — Wall failure in flexure
CPFM 5d — Wall failure in shear
CPFM 5e — Damage by debris
CPFM 5f — Excess deflection

Reasons for ruling out:

hydrodynamic load. ;
o There were no field observations or indicatig:
shear.
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Triggering Mechanism 7 — Soil Collapse (first time wetting)
CPFM 7a — Cracked slab, differential settiement of shallow foundation, loss of structural
support
CPFM 7b — Displaced structure/broken connections
'CPFM 7c — General site settlement
CPFM 7d - Piles buckling from down drag

Reasons for ruling out:

: 993. The ground
n previously

e The peak flood elevation prior to 2011 was 1003.3 fig
surface outside the tank is about el. 1005 ft. Therefl
saturated

CPFM 10a - Cracked slab dlfferentlal se
support

Reasons for ruling out:

e No permanent equipment in
51gmﬁcant dynamic forcesudtiglfo vibration.

ibration-Induced Liquefaction
jken connections

ificant dynamic forcesidfm’ﬁto vibration. .
gbroken structural conn ns or structural displacement was observed.

achlne/V ibration-Induced Liquefaction

Reasons for rulingieuat:

e No permanent equipment within the Condensate Storage Tank area has the capacity to
produce significant dynamic forces due to vibration.
e Liquefaction was not observed.
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Triggering Mechanism 11 — Loss of Soil Strength due to Static Liquefaction or Upward
Seepage

Reasons for ruling out:

Triggering Mechanism 12 — Rapid Drawdown

CPFM 11a — Cracked slab, differential settlement of shallow foundation, loss of structural
support
CPFM 11b - Displaced structure/broken connections

.CPFM 11c¢ - Additional lateral force on below-grade walls

CPFM 11d - Pile/pile group instability

Liquefaction was not observed at the Condensate St
Visual observations and survey measurements indics
differential settlement and loss of support (CPFM 119
structures.

No broken structural connections or structural displacéih

Te)

t. Therefore,

CPFM 12a — River bank slope failure and u nf.ug
CPFM 12b — Lateral spreading

Reasons for ruling out:

Reason for ruling out:

River stage level has recegiedéand stabilized -;},a :
As of October 11, 2011, 6 i

The Condensate Storage Tank is on a deep pile foundation system that is not frost
susceptible. '

5.11.4.2 Detailed Assessment of Credible Potential Failure Modes

The following CPFMs are the only CPFMs carried forward for detailed assessment for the

Condensate Storage Tank as a result of the 2011 flood. This detailed assessment is provided
below. '
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Triggering Mechanism 2 — Surface Erosion
CPFM 2b - Loss of lateral support for pile foundation

Observable signs of surface erosion were limited to very small localized areas at the security
fence. No large-scale surface erosion was observed around the Condensate Storage Tank or the
tank foundation. However, at the time of the inspection, the site was covered with a thick layer
of river sediment; therefore, an adequate assessment could-not be completed to determine

whether areas had expenenced erosion. Hand probing of the surrm;mdmg soxl at the top of the

Tank.

-Adverse (Degradation/Direct Floodwater
' Impact More Likely)

the Condens%@”

ed to a few localized-

Data Gaps: ¢ _ v
e Observations of the east WiyER)s: LSS : Pank foundation including the

i 'undatlon is protected by a sheet pile skirt wall extending from

yt’] 0 feet above the bedrock. The skirt wall would protect the
tank pile fd elatio; urface erosion. The surface erosion around the skirt wall was not
deep enough t"”{aﬁ- ‘Ekm wall. Therefore, the potential for degradation is low.

" Implication

The occurrence of this CPFM would negatively impact the capacity of the piling supporting the
Condensate Storage Tank. This could lead to excessive foundation movement and negatively
impact the integrity or intended function of the Condensate Storage Tank. Therefore, the
implication of the potential degradation for this CPFM is high.

¢/
,
3
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Confidence

Indicators for this CPFM have not been observed; however, inspection of the east side of the
‘tank and the ground surface around the tank was not possible. Survey data to date have
indicated no trends in structure movement. The available data are not sufficient to rule out this
CPFM or lead to a conclusion that surface erosion has occurred under the Condensate Storage
Tank. Therefore, the confidence in the above assessment is low, whlch means more data are
necessary to draw a conclusion.

Summary

of the Raw Water Piping with v
&

, :
ffeaks in the drain pipes ara.ked) mamtaumbg a head differential on the seepage path
: orks Some gradlents creat__' *by the head differential may have been sufficient to begm

~potential damage includes settlement of pipe or thrust blocks.
% ¥ pe that is corroded, could cause a pipe to break, or could cause
iock, which in turn could cause failure of a pipe operating under

Settlemen
the dlsplﬁ’"‘

pressure.
The followmg tableidescribes observed distress indicators and other data that would increase or
decrease the potential for degradation associated with this CPFM for the Condensate Storage
Tank.
Adverse (Degradation/Direct Floodwater Favorable (Degradation/Direct
impact More Likely) Floodwater Impact Less Likely)
A documented void exists under the foundation | There have been no observed indications of site
slab of the Turbine Building with a known -settlement in the area directly surrounding the
hydraulic connection between groundwater Condensate Storage Tank.
elevation and flows into the building sump. A
more detailed discussion of this Key Distress
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Adverse (Degradation/Direct Floodwater Favorable {Degradation/Direct
impact More Likely) Floodwater Impact Less Likely)

Indicator is presented in Section 4.1.

MH-5 on the dry side of the Aqua Dam was
pumped continually.

Pumping within the Aqua Dam penmeter

Data Gaps:
e Observation of the ground surface around the tank will be perforn
is removed.

o Additional data will be acquired from GPR, seismic s
Paved Access Area.

Conclusion

Significance

Potential for Degradation/Direct Floodwater Impact

The CPFM has not been observed at the struc,

pumping at MH-5 might not have been -&‘
Additionally, the extent of voids due to pu
has not been determined. Indicators for thzsi®! ‘ !
between the Service Building and e ens: ‘w <4 -Ihsel atlons indicate the
Tt PF Wi he potentlal for further

iscale could cause pipe settlement, thrust block

R,

-gm nality of the Condensate Water Tank FW. The
aCHT
by

. /i
tankias ;the ground surface ara_w
mfor‘xﬁg‘tﬂ_@n om the Paved o
no trendE%%éﬁg?;?mre ml?g : :

lead to a co
are necessary to dﬁ?z\wa conclusion.

Summar_y

For CPFM 3c, as discussed above, the combined consideration of the potential for degradation
and the implications of that degradation to a structure of this type puts it in the “not significant”
category. There is Low Confidence that there has been significant degradation to soil beneath
the Condensate Storage Tank FW due to the 2011 flood.
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Triggering Mechanism 3 — Subsurface Erosion/Piping
CPFM 3e — Loss of lateral support for pile foundation (due to river drawdown)

. The sheet pile wall enclosing the pile foundation has weep holes on the east face to allow water
to drain from the inside of the wall back to the river when the river elevation is below el. 997 ft
6 in. As the river level drops, there will be a hydrostatic head pushing water out of the weep

~ holes, which has the potential to erode the soils surrounding the plles from within the wall, if
not properly filtered at the weep holes.

er elevation rises
l As the river

The Triggering Mechanism and CPFM could then occur a
to a level that saturates the soil surrounding the piles wi
level drops below the weep holes, there is a differentia
the water drains, there is a potential for the soil to erode?
system. If the erosion were to continue, the voids could g
lateral support for the piling.

Tank.

Adverse (Degradation/Direct Floodwati Vonatie:
Impact More Likely) : ; dwateriimpact Less Likely)
Open weep holes in the sheet pile wall :

ep holes is to drain the sheet
signed and constructed

¥ Observation of the gro s iz “‘a eitzamk will be performed once the dep051ted sediment
is removed. i

The structure has tmgergone wetting cycles previously. It is reasonable to assume that the
foundation system and weep hole drainage system were designed to account for flooding over

the top of the weep holes. Therefore, the potential that the 2011 flood caused further
degradation for this CPFM is low.
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Implication

The occurrence of this CPFM is not expected to negatively impact the capacity of the piling
supporting the Condensate Storage Tank, since the distance from the weep holes to the bottom
of the tank floor is about 5 feet. A 5 feet void at the top of the piles is not expected to cause the
piles to buckle. Therefore, the implication of the potential degradation for this CPFM is low.

Confidence

tank, the ground surface around the tank, and sheet pileg

Survey data to date have indicated no trends in structure:
sufficient to rule out this CPFM or lead to a conclusion &
under the Condensate Storage Tank support slab. Thereforé
assessment is low, which means more data are necessary 4% ‘

Summary

and the implications of that degradation to 2

category. The data currently collected are fint: »*’- ue to the 2011
flood. - Therefore, the confidence in the aby - : means more data or
continued monitoring and inspectiomsim £ necg ' MeaiconpTusion.

I ,T__,pported pipe sectlons pipe deﬂectlons pipe failure, and
mprovements or utilities.

decrease the p itialif ‘ﬁegradatlon associated with this CPFM for the Condensate Storage
Tank. X : :
Adverse (Degradation/Direct Floodwater Favorable (Degradation/Direct
impact More Likely) Floodwater Impact Less Likely)

Condensate Storage Tank and utilities are located | No signs of distress have been observed.
on the riverbank.

The river stage level has receded and stabilized at
a level corresponding to the nominal normal river
level at 40,000 cfs as of October 4, 2011.
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Data Gaps:

¢ Observations of the east (river) side of the Condensate Storage Tank foundation including the
sheet pile will be performed once the river has receded.

e  Observation of the ground surface around the tank will be performed once the deposited sedxment
is removed.

¢ Additional data will be acquired from GPR, seismic survey, and geotechnical test borings in the
Paved Access Area.

Conclusion
Significance
Potential for Degradation/Direct Floodwater Impact

The potential degradation from this CPFM may not have
have likely not receded to a nominal normal level.

None of the indicatofs for the. CPFM has been ob

Additionally, the extent of voids created by
degradation has occurred due to this CPFM

Implication

)
nk and the ground surface gn

Was not possible and geotechnical and geophysical
atlon from the Paved A\g@é‘éﬁs

Area was not complete. Survey data to date have indicated
e available data are not sufficient to rule out this CPFM or

For CPFM 3f, as discussed above, the combined consideration of the potential for degradation
and the implications of that degradation to a structure of this type puts it in the “not significant”
category. There is Low Confidence that there will be significant degradation to soil beneath the
Condensate Storage Tank piping system due to the 2011 flood.
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5.11.5 Results and Conclusions -

The CPFMs evaluated for the Condensate Storage Tank are presented in the following matrix, which
shows the rating for the estimated significance and the level of confidence in the evaluation.

Low Confidence High Confidence
(Insufficient Data) (Sufficient Data)

Potential
for Failure
Significant

CPFM 2b
CPFM 3c
CPFM 3e
CPFM 3f

Potential
for Failure
Not Significant

Continued monitoring is recommended to include a continuation of the elevation surveys of the
previously identified targets on this structure and surrounding site. In addition, a review of the
ongoing geophysical investigations and monitoring of inclinometer readings is recommended. The
purpose is to monitor for signs of structure distress and movement or changes in soil conditions around
the structure. The results of this monitoring will be used to increase the confidence in the assessment
results. Elevation surveys should be performed weekly for 4 weeks and biweekly until December 31,
2011. At the time of Revision 0, groundwater levels had not yet stabilized to nominal normal levels.
Therefore, it is possible that new distress indicators could still develop. If new distress indicators are
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observed before December 31, 2011, appropriate HDR personnel should be notified immediately to
determine if an immediate inspection orassessment should be conducted. Observation of new distress
indicators might result in a modification of the recommendations for this structure.

5.11.7 Updates Since Revision 0

Revision 0 of this Assessment Report was submitted to OPPD on October 14, 2011. Revision 0
presented the results of preliminary assessments for each Priority 1 Strucﬁre These assessments were
incomplete in Revision 0 because the forensw mvestlgatxon and/or om i itost of the Priority

: fent Report

is structure as

described below.
5.11.7.1 Additional Data Available

The following additional data were available for the Con At
and 2 of this Assessment Report:

Results of KDI #1 forensic investigation
Results of KDI #2 forensic investigatio

e o 0o 0 o
>
o.
ow
=3
]
=
=
o
c
=]
a.
3
a
-
8
Qo
=
=
o
=
=]
[1)=]
b3

(see Attachment 6).
Results of gcophysu:al inye

y Thiele Geo' firte

:.f. on firms that specialize in in-depth tank surveys
1gat10n forp possible shell distortion of the tank. HDR has

. G_roundw'a‘i ammmna well and river stage level data from OPPD.

4
Data shows thatéhe river and groundwater have returned to nominal normal levels.
e Field observations of river bank

No significance distress from the 2011 Flood was observed.
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Field observations of the Condensate Storage Tank, after OPPD removed the deposited

Results of falling weight deflectometer investigation by American Engineering Testing, Inc.

Falling Weight Deflectometer and associated GPR testing performed in the Paved Access
Area identified anomalies such as soft clay and broken pavement. Additional ground
truthing of the investigation results were performed as part of the KDI #2 additional
investigations.

Results of geophysical investigation by Geotechnology, Inc.

i erimeter of the

Seismic Refraction and Seismic ReMi tests performeg; :
; vel, soft clay,

power block as part of KDI #2 identified deep ano
loose sand, or possibly voids.

loose conditions that mlght be indicativek
loss or movement.

All of the SPT and CPT test resudis congne ,v{v, port were compared
to similar data from numeroysigtiier geotechnig that have been conducted
on the FCS site in previous

A

LS mempared to the orlgmal baseline measurements, have not
Vs ';, of thit
‘ L aﬁ@n ofthe emu

sediment, identified that the surrounding grades were predominately surfaced in gravel.
Observations of the grades did not determine that surface erosion had occurred. Observations
of the sheet pile skirt wall identified the visible portions of the wall to be in good condition.
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Significance

Potential for Degradation/Direct Floodwater Impact

The Condensate Storage Tank foundation is protected by a sheet pile skirt wall extending from
the bottom of the tank to about 10 feet above the bedrock. The skirt wall protected the
foundations from surface erosion. Therefore, the potential that the 2011 flood caused further
degradation for this CPFM is low.

Implication

The occurrence of this CPFM would negatively impactsfics
Condensate Storage Tank. This could lead to excessive tatibn'y
impact the integrity or intended function of the Condensa%é‘i‘ c

implication of the potential degradation for this CPFM is

Confidence

P ik ;zshas increased. If
t the assessment for this

"km wall. It'is unlikely this degradation would have
g 4 -.ended function of the structure. The combined
-'r%degradatl m‘gnd the implications of that degradatlon toa
“not significant” category. The data collected since Revision
M assuming the previously recommended monitoring

e confidence in the above assessment is high, which means

are necessary 1o draw a conclusion.

Field observations; ot the Condensate Storage Tank after OPPD removed the deposited -
sediment did not identify distress to the tank foundation. Observations of the sheet pile skirt
wall identified the visible portions of the wall to be in good condition.

Significance
Potential for Degradation/Direct Floodwater Impact

The structure has undergone wetting cycles previously. It is reasonable to assume that the
foundation system and weep hole drainage system were designed to account for flooding over
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the top of the weep holes. Therefore, the potential that the 2011 flood caused further
degradation for this CPFM is low. *

Implication

The occurrence of this CPFM would negatively impact the capacity of the piling supporting the -
Condensate Storage Tank. This could lead to excessive foundation movement and negatively
impact the integrity or intended function of the Condensate Storagail‘ ank Therefore, the
implication of the potential degradation for this CPFM is high.

Confidence

The extent of subsurface erosion and its potential impacts
of Revision 0 due to the river sediment that had been depo
access and visibility and not having inspected the weep h

the assessment of degradation for this CPES
reveals no further issues, the confidence of

Summary

it and weep hole: 5' il

.g'ﬂfhe prev1ously recommended monitoring
resithe confidence in the above assessment is high, which means
eare necessary to draw a conclusion.

rface Erosion/Piping
4 utilities (due to river drawdown)

e

Potentzal for Deg

The groundwater elevation measured in the monitoring wells closely followed the river level as
the floodwater receded. The data indicate that groundwater elevation was about 2 ft above the
river level near the beginning of October 2011 and receded to the river level by about October
14, 2011. Therefore the differential head created by the river drawdown was insufficient to

facilitate subsurface erosion. The potential that degradation has occurred due to this CPFM is
low.
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Implication

The occurrence of this CPFM could negatively impact the operation of the structure. This
could lead to pipe or thrust block settlement and could negatively impact the integrity or
intended functionality of the Condensate Storage Tank piping system. The implication of the
potential degradation for this CPFM is considered high.

Confidence

The extent of subsurface erosion and its potential impact g
at the time of Revision 0 due to the river sediment that
restricting access and visibility. Subsequent field inspe
indicate no structure movement. Since the structure ha
movement have been detected, the confidence in the asses
has increased. If further structure monitoring reveals no i ,. ;
assessment for this CPFM becomes high.

Summary

For CPFM 3f, as discussed above, the poten
head created by the river drawdown was i
unhkely this degradation would have occu z“‘t}‘ to cause

implications of that degradation & hé~not significant”

category. The data collected singeiRevisi ficient to ﬁs’? out this CPFM assuming the
previously recommended * : 'efore the confidence in the
above assessment is hlgh whic climen ition® At inspections are necessary to

draw a eEn el “’ko

Further Actmm 3 'nomﬁmf'_ %d Related to the 2011 Flood.” CPFM 3c for the Condensate
Storage Tank 19@@' 7;ﬁ*zi‘i with Key Distress Indicators #1 and #2. Sections 4.1 and 4.2
present the result§‘€@£ dditional forensic investigation that was conducted to ascertain whether
the CPFM could be ruled out. The results of the additional forensic investigations show that if
the recommendations for physical modifications in KDI #1 are implemented that this CPFM is
ruled out. Therefore, assuming that no further concerns are identified through the monitoring
program for the Condensate Storage Tank (discussed in Section 5.11.6 and continuing until
December 31, 2011), and the physical modifications recommended for KDI #1 are
implemented, the CPFM is moved to the quadrant of the matrix representing “No Further
Action Recommended Related to the 2011 Flood.
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Low Confidence High Confidence
(Insufficient Data) (Sufficient Data)

Potential
for Failure
Significant

Potential
for Failure
Not Significant

coigurred due to the prolonged inundation of the FCS
’%ﬁ_, Lcould have negatively impacted these structures.

"Triggering Mechanisms and PFMs from the list
ion and/or physical modifications to remove them from the
"cause all CPFMs for the Condensate Storage Tank other

of the 2011 Mlsé’@m idver flood will be mitigated by the implementation of the physical
modifications recommended in this Assessment Report. Therefore, after the implementation of
the recommended physical modifications, the potential for failure of this structure due to the
flood will not be significant.
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5.13 Circulating Water System
5.13.1 Summary of Circulating Water System

Baseline information for the Circulating Water System is provided in Section 2.0, Site History,
Description,.and Baseline Condition '

nrhina

prn\nﬂp water from the Intake Structure to the an"\lno Dl"lf‘vr}n b o _u“’ Tu:uuxu

vales 2 LY ¥ § 18 1 QW) N4 Wl VLIV LU

Building to the river. The tunnel structures intersect and stack,
structure and remain stacked under the Service Building. The tins &S
extend under the Turbine Building. The discharge tunnel exten .Shalmn ywest wa
Structure then turns 60° east to the outlet located at the riverbank be.twe ;'ﬁ the Intake
Condensate Storage Tank. The bottom of the tunnel is generally o
at el. 997 ft where the. tunnels are stacked and el. 986 ft where th

tension connection to the foundation mat.

&y

The Intake Structure Service Building, and Turbm"";Bul

bottom floor elevations of 966 ft, 1007.5 ft, and 99®§vﬁ

The raw water discharge pipe and the T
Water Discharge Tunnel.

@:&eferenéef‘s or:Circulating Water System
Tsil;;?é)PPD Document Date Page
A 4 Number - Number(s)
(if applicable)

16506 1/17/1975 | 11405-S-274

16507 1/20/1975 | 11405-8-275

16522 1/22/1975 | 11405-S-299

il 16523 1/22/1975 | 11405-S-300

Intake Structure &&]}@‘mné Q 16531 1/23/1975 | 11405-5-311
Details g .
Intake Structure & Tunnel:Si 16537 : 1/9/1975 11405-S-317
Intake Structure & Tunnel Miscellaneous Details 16540 1/29/1975 | 11405-S-320
Incident Report Summary <. . |'CR2011-5369 6/5/2011 =l Allw s
Incident Report Summary CR 2011-5254 6/1/2011 All
Incident Report Summary CR 2011-5321 6/3/2011 | All
Incident Report Summary CR 2011-5323 6/3/2011 | All
Incident Report Summary CR 2011-5377 6/5/2011 All
Incident Report Summary CR 2011-5384 6/6/2011 All
Incident Report Summary : CR 2011-5473 6/10/2011 | All
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Table 5.13-1 - References for Circulating Water System Co
Document Title OPPD Document Date - Page
' Number Numbefr(s)
: (if applicable)
Incident Report Summary CR 2011-5737 6/22/2011 | All
Incident Report Summary CR 2011-5805 6/26/2011 | All
Incident Report Summary CR 2011-5932 - /172011 All -
Turbine Building 6™ and 10” Floor Drain Pipe (Summary of ! .| All

Breaks CR2009-1365)£§,L
Summary Report of Broken Floor Drain Pipes ' g

Detailed site observatlons—ﬁeld reports, field notes, and mspeg%
Water System are provided in Attachment 8.

So 1c‘éEBmldmg and the Intake
“Cracking 'ab?gasettlement and

gﬁf

: .'"E‘%age and use of the facility.
'y ' i @,‘ Jipe fg each) located adﬁ@"ent to the PA fence at the north end

dit l;l%é;Clrculatmg Water Tunnel.
12 75-in. out51de diameter and 0.25-in. wall thickness, which
sKSI) The piles were driven closed-ended to refusal on
Wdﬂﬁlled with 4000 psic e@_ete (see PLDBD CS 54).

¢ Below 1s"ﬁummary report of brg

1] doriwas brought in to visually inspect the drain lines because
undocumented i 5 observed draining into the sump pit from both lines. They found a
break in the 10-in. irdin at the branch tee from the VD-193 drain valve. They could not inspect
the 6-in. floor drain because the line does not have a cleanout connection in this area and

, accessibility through floor drains is restricted by:the.drain trap at each location. .. =sga.: + .= o

- Review of system files shows that a break in the waterbox drain line has been known for qu1te
some time. In 1997, a repair was attempted by core drilling holes in the vicinity the break and
pressure grouting to seal the pipe. Per the “Water Systems Report Card for Report Period
April 1 Through June 30, 1997” (memo PED/EOS SYE 97-123):

- Repair of the Turbine Building Basement Drain line header was attempted during
this period. The repair procedure consisted of core drilling holes in the vicinity of
the leak and pressure grouting to seal the leak. Approximately 10 holes were

waterbox drat
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drllled and it was estlmated that a void of approximately 10 by 8 by 1 fi existed
under the concrete slab. The void was filled with cement grout but the leak could
not be stopped. Boroscope inspection of the pipe exterior performed through the
core drills showed considerable pipe damage, in more than one location. The
extent of the damage and concern over collapsing the line were determining
factors in terminating the pressure grouting operation. FC ECN 97-213 was
originated to request that a new drain header be-installed. N

e The river bank is armored and has hlstorlcally protected and stablhzedé‘%he exxstmg river bank.

about el. 995 ft.

5.13.3 Assessment Methods and Procedures

structures located at the riverbank and observmg«?"
surface overlvmg the Clrculatmg Water Tunn

that would accommodate the probe:! TFhe assessmen,j%’ocused on.qﬁlentlfymg conditions
indicative of potential ﬂood—ﬁgaféé?lmpacts or dah‘i ¢ 1o the st lcture as follows

'.!‘.;, features and equipment
mc]udmg settled tilted, or heaved pavements

vailable at the time of Revision 0. )
o Seismic surveys’(seismic refraction and refraction micro-tremor) in the protected area.
(Test reports were not available at the time of Revision 0.)

reports were i

- e Geotechnical fest bormgs in the PA. Note that OPPD requ1red vacuum excavation for the
first 10 ft of proposed test holes to avoid utility conflicts. Therefore, test reports will not
show soil conditions in the upper 10 ft of test boring logs. (Test reports were not available
at the time of Revision 0.)
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5.13.3.2 Assessment Procedures Not Completed.

Assessments of the Circulating Water System that were not completed include the following:

e Video inspection of tunnels to determine the current condition. (TV inspections are not
currently planned to be performed).

e Visual inspection of the tunnel outfall structure at the river was not possible due to the -
current river elevation. (Visual inspection of the outfall is notiGurrently planned because

the river level is not expected to drop below the Dlschax:ge Tu
‘3?,.&::_

5.13.4 Analysis

preliminary information available from OPPD data files and from :
Eleven PFMs associated with five different Triggering Mechanism
credible” for all Priority 1 Structures as dlscussed in Section 3.6. ™
forward as “credible.”

preliminary results of available geotechnical, geophysnc%, i
CPFMs were ruled out as dlscussed in Section 5.13. A}‘Z&ﬂ’h

:lg\%gn of the Detailed

- 4

will not be shown in the Pot%

Tnggerm"g‘l}l\d’“hﬁ_
GP 0,

e The tunnels area sufficient depth below the ground surface to be outside the zone of
influence of these CPFMs. . ..

------
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Trlgoermg Mechanism 5 — Hydrodynamic Loadmo
CPFM 5a - Overturning
CPFM 5b - Sliding
CPFM 5c — Wall failure in flexure
CPFM 5d — Wall failure in shear
CPFM 5e — Damage by debris
CPFM 5f — Excess-deflection

Reason for ruling out:

* The portion of this system that is subjected to hydrods 1 v;,«t &sDischarge Tunnel.
The Dlscharge Tunnel is located on the south side (ﬂ w_m:xver o) *En-.th

Triggering Mechanism 7 — Soil Collapse (first time wetrtm

CPFM 7a - Cracked slab, differential settlement of shaﬂow f
support

CPFM 7b — Displaced structure/broken conn‘

CPEM 7c - General 51te sertlemem

CPFM 11d —WP‘@ gb:ifle group instability

Reason for ru__ljing out:

.« This phenomenon was not observed at the site.
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“w
- o The soil surrounding the structure, mc]udmg the subgr’e‘\‘

Triggering Mechanism 12 — Rapid Drawdown
CPFM 12a - River bank slope failure and undermining surrounding structures
CPFM 12b — Lateral spreading

'Reasons for ruling out:

 Slope failure was not observed at the site. s

S

e River stage level has receded and stabilized at a level correspodmg o the nominal normal
river level at 40,000 cfs as of October 4, 2011.

Triggering Mechanism 13 — Submergence
CPFM 13b — Corrosion of structural elements

Reasons for ruling out:

condition.
« (Conditions have not changed due to flood cond@tﬂ? _%

Reasons for ruling out:

* The Circulating Water Syst

éé founded bel
 Conditions have not chafig _‘_' e to flood con .

rface Erosion/Piping
on for pile foundation (due to pumping)

The Triggering mghanlsm and CPFM could then occur as follows: the seepage condition will
remain until the bréaks in the drainage pipes are repaired, which means the potential for further

_ erosion continues unarrested .Erosion could extend out, creatmg v01ds under the Clrculatm g
‘Water Tunnel.

The following table describes observed distress indicators and other data that would increase or
decrease the potential for degradation associated with this CPFM for the Circulating Water
System.



s

-

Priority 1 Structures . - _ Page 5.13-7 .

Circulating Water'System B ) “Rév. 2
Adverse (Degradation/Direct Fioodwater Favorable (Degradationlbirect
Impact More Likely) Floodwater Impact Less Likely)
Previously documented void under the The bottom of the tunnels is more than 5 fi below
foundation in the Turbine Building. the broken pipe locations.

Documented breaks in the drain piping below the
foundation in the Turbine Building.

Documented continual groundwater flow from T
the broken drain piping into the sump in the
Turbine Building.

The soil around the piling was not compacted to
the same requirements as the material under the
Class 1 structures (vibroflotation effort).

Pavement distress was observed between the
Intake Structure and the Service Building. ,
Data Gaps: : e .
» The size and location of voids below the Turbine Building foundations d. whether they |

below the tunnels

Conclusion

Significance

20 bod caused increased groundwater
g potential that the 2011 flood caused further and more
However it is unlikely that these voids extend

intended function of the Circulating Water Tunnels.
¢ potentxal degradation to the Circulating Water Tunnels for this

Confidence

The data at hand are not sufficient to rule out this CPFM or to conclude that physical

-~ .;modification:to ensure that the pilings that support this building have lost.capacity-because ofizoc. o s, .o

this CPFM. Therefore, the confidence in the above assessment is low, which means more data
are needed to draw a conclusion.
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Summary

For CPFM 3b, as discussed above, the potential for degradation is low because it is unlikely the
voids extend downward and below the Circulating Water Tunnel. The combined consideration
of the potential for degradation and the implications of that degradation to a structure of this
type puts it in the “not significant” category. The data currently collected are not sufficient to
rule out this CPFM. Therefore, the confidence in the above assessment is low, which means
more data or continued monitoring and inspections might be necessary to draw a conclusion.

'"g‘-,matrix, which

Low Confidence
(Insufficient Data)

Potential
" for Failure
Significant

'ﬁcant

igni

Potential
for Failure

Not S

513.6 Recommen

The following actions aretgcommended for the Circulating Water System:

Review the geotechnical and geophysical data:and assess the impact.on.the Circulating Water System.
Further forensic investigations and physical modifications are recommended to address CPFM 3b
associated with the Turbine Building basement drain piping system (Key Distress Indicator #1). These
recommendations are described in detail in Section 4.1.3.
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5.13.7 Updates Since Revision 0

Revision 0 of this Assessment Report was submitted to OPPD on October 14, 2011. Revision 0
presented the results of preliminary assessments for each Priority 1 Structure. These assessments were
incomplete in Revision 0 because the forensic investigation and/or monitoring for most of the

Priority 1 Structures was not completed by the submittal date. This revision of this Assessment Report
includes the results of additional forensic investigation and monitoring to date for this structure as
described below. 3

5.13.7.1 Additionai Data Avaiiabie
The following additional data were available for the Ci

and 2 of this Assessment Report:

s Results of KDI #1 forensic investigation (see Section 421
o Resilts of KDI #2 forensic investigation (see Section 432)
e Additional groundwater monitoring well and riv

e Results of falling weight deflectometer iny,
(see Attachment 6). g
Results of geophysical investigation by,

Schment 6).
(see Attachment 6).

Falling Weight:Beflectometer and associated GPR testing performed in the Paved Access
Area identified anomalies such as soft clay and broken pavement. Additional ground

- truthing of the investigatten results were performed.as-part:-of-the KDI. #2 additional
investigations.

o Results of geophysical investigation report by Geotechnology, Inc.

Seismic Refraction and Seismic ReMi tests performed around the outside perimeter of the
power block as part of KDI #2 identified deep anomalies that could be gravel, soft clay,
loose sand, or possibly voids.
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e Results of geotechnical investigation by Thiele Geotech, Inc.

Six test borings were drilled, with continuous sampling of the soil encountered, to ground
truth the Geotechnology, Inc. seismic investigation results as part of the KDI #2 forensic
investigation. Test bore holes were located to penetrate the deep anomalies identified in the
seismic investigation. The test boring data did not show any piping voids or very soft/very
loose conditions that might be indicative of subsurface erosion/piping or related material
loss or movement.

2 present the results of additional forensic
h‘___ether this CPFM could be ruled out. The
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5.13.7.1 Revised Results

The CPFMs evaluated for the Circulating Water System are presented in the following matrix,
which shows the rating for the estimated significance and the level of confidence in the
evaluation.

Low Confidence. High Confidence
(Insufficient Data) _(Sufficie

Potential
for Failure
Significant

Potential
for Failure
ot Significant

list for any paft'i"' ucture. Because all CPFMs for the Clrculatmg Water System other
than CPFM 3b had+been ruled out prior to Revision 1, and because CPFM 3b will be ruled out
when the physical modifications recommended for KDI #1 in Section 4.1 are implemented, no

Water System. HDR has concluded that the geotechnical and structural impacts of the 2011
Missouri River flood will be mitigated by the implementation of the physical modifications
recommended in this Assessment Report. Therefore, after the implementation of the
recommended physical modifications, the potential for failure of this structure due to the flood
will not be significant.

= Triggering Meéchanisms and théif associated PFMs will remain credible:for the'Girculating. =+« = - < o 75



Section 5.14
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5.14 Demineralized Water Tank, Pump House, and RO Unit
5.14.1 Summary of Demineralized Water Tank, Pump House, and RO Unit

Baseline information for the Demineralized Water Tank, Pump House, and RO Unit is provided in
Section 2.0, Site History, Description, and Baseline Condition.

The Demineralized Water Tank isa 33- ﬂ-m51de diameter storage tank tha%xtend gapproximately 31 ft
e Ehc?API Standard
crete ring wall that is

wali

£ e,

The entire tank footprmt including the concrete rmg

pre-engineered metal building supported
footings that extend below frost depth.

OPPD Document Date Page
E”z», Number .| Number(s)
(if applicable)

8/28/2009 1of2
8/28/2009 20f2
4/20/2010 GEO-1 &
GEO-2
9/1986 All

&
Detailed site observation 1d reports, field notes, and inspection checklists—for the Demineralized
Water Tank, Pump House, “4nd RO Unit are provided in Attachment 8.

Observed performance and pertinent background data are as follows:

e The soils below the Demineralized Water Tank and Pump House were improved by installation of
fifty 30-in.-diameter-by-18-ft-minimum-depth rammed aggregate piers (see Geo-1 and Geo-2).

e A total of 41 rammed aggregate piers were installed below the tank footprint, and 9 were installed
under the Pump House slab.
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The tank foundation system, including crushed rock interior, is shown on the site plan and detail
sheets by LRA in table 5.14-1.

Structural drawings for the Old Warehouse are not available, so descriptions of the foundations are
assumed based on normal standard practice for foundation construction for a pre-engineered metal
building.

The Aqua Dam surrounding the Demineralized Water Tank and Pump House failed for an
unknown amount of time, allowing ﬂoodwater to enter the area 1n51degthe Aqua Dam perimeter.

during previous inspections.
Site soils were saturated at the times of inspection.

to a depth of 2 ft.
In an area between the Demmerahz )

following:

e Visual inspection of the interior and exterior of the north side of the Old Warehouse at the
' water treatment facility and also the exterior of the tank and Pump House

e An assessment of collected survey data to date for indications of trends in the movement of
the structures

¢ Probe of surrounding grades to determine stiffness and consistency of soils

¢ A review of previously referenced documents listed in Table 5.14-1
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Additional investigations were performed. These included the following non-invasive
geophysical and invasive geotechnical investigations:

e Geotechnical test borings in the protected area. Note that OPPD required vacuum
excavation for the first 10 ft of proposed test holes to avoid utility conflicts. Therefore, test
reports will not show soil conditions in the upper 10 ft of test boring logs. (Test reports
were not available at the time of Revision 0.)

5.14.3.2 Assessment Procedures Not Completed

Assessments of the Demineralized Water Tank, Pump E
completed include the following: :

: 3

e Review of as-built construction drawings for the Old
treatment area, was not completed because at the timeg
available.

ReviSion 0, the drawingstwerdr

5.14 .4 Analysis

Identified PFMs were initially reviewed as discusse; ection 320! review cons
preliminary information available from OPPD dataifiles and fromis ‘a“ walk-down observations.
Eleven PFMs associated with five different Trigggmgg Mechg%%ms WeTesde ermined to be “non-
credible” for all Priority 1 Structures, as iseﬂssed%fn SectioniBe6. The ining PFMs were carried
forward as “credible.” After the detailedft cach structugeithe structure observations,
and the results of available geotechnicals ]

a e
" CPFMs were ruled out as discusse

ey data@%?e analyzed, a number of

SCarried forward for detailed

¥ Assessme

Rlie ruled-out CPFMs residetinithe Not Sight

£f

; ar 1fic ant/High Confidence category and for clarity
e’g{f‘ﬂl not be shown in the Potentialgfor Failure/Confidence matrix.

SPEN 2a — Undermining Sk
c — Underminedibu

o 2

o The site was'obser ed after floodwaters had begun to recede from the area. No signs of
surface erosion were seen that could contribute to undermining of the foundations or slabs
for these structures. :
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Triggering Mechanism 4 — Hydrostatic Lateral Loading (water loading on structures)
CPFM 4c¢ — Wall failure in flexure
CPFM 4d — Wall failure in shear
CPFM 4e — Excess deflection

Reasons for ruling out:

e In accordance with conversations with OPPD personnel, the D%m_merahzed Water Tank
was kept full during the 2011 flood, resulting in no net di erem o f“ ¢

e The Pump House was inundated at the time of the Ag )%
differential wall pressures.

CPFM 5a — Overturning
CPFM 5b - Sliding
CPFM 5¢ — Wall failure in flexure
CPFM 5d — Wall failure in shear
CPFM 5e — Damage by debris
CPFM 5f — Excess deflectiong

Reasons for ruling out:

e jgarca wésredyced d the vélex 'Eggncreased (i.e., the ng Tut blocks). In general, the
rea had sedlment‘vwdl §1Es\hat woll \% ! w
#PFloodwaters have sinc egun to recedaﬁei the site, and no signs of distress that could be

attributed to hydrodynamic:laading have been observed.

gering Mechanism 6 — Buoyancy, Uplift Forces on Structures
B\ 6b — Cracked slab, r*é“;o:?of structural support
BN : re/broken connections

yeonversations with OPPD personnel, the Demineralized Water Tank
) was kept full diring the 2011 flood, resulting in no net buoyancy effects.
e The Pump House was inundated at the time of the Aqua Dam failure, resulting in no net
differential wall pressures. :
e Although a net uplift force from floodwaters might have occurred on the Old Warehouse
floor slabs, cracking or loss of structural support of the slabs was not observed at the time
of the inspection.
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Triggering Mechanism 7 — Soil Collapse (first time wetting)
CPFM 7a — Cracked slab, differential settlement of shallow foundation, loss of structural
support
CPFM 7b — Displaced structure/broken connections
CPFM 7c — General site settlement

Reason for ruling out:

e Soil collapse due to first tlme wetting occurs 1mmed1ate1 onoe“_

Trlggermg Mechanism 10 — Machine/Vi 1bratlon-lndu. ed:
CPFM 10a — Cracked slab, differential settlement of* h
support

Reasons for ruling out:

e Vibrations from equipment in the Pump S
create minimal localized vibrations tha%}] not cause
¢ No signs of liquefaction were observed uring the i msp

Triggering Mechanism 13 — Submergence
CPFM 13b — Corrosion of structural elements

Reasons for ruling out:

¢ The Demineralized Water Tank and connected piping are stainless steel and have not been
subjected to corrosive circumstances that would be considered beyond the normal
conditions.
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e The Pump House was inundated at the time of the Aqua Dam failure. However, this
inundation duration was short, and no abnormal corrosion on the building was observed.

e The water treatment area of the Old Warehouse was isolated from floodwater by the Aqua
Dam.

5.14.4.2 Detailed Assessment of Credible Potential Failure Modes

The following CPFMs are the only CPFMs carried forward for detaﬂed assessment for the
Demineralized Water Tank, Pump House, and RO Unit as agiesultiofithe 2| A’l. flood. This
detailed assessment is provided below. o

Triggering Mechanism 3 — Subsurface Erosnoanlpmg 6@
CPFM 3a - Undermining and settlement of shallow foml 1A

pumping)

The following table descrlb%b'
decrease the potential for degradatln assoc1ated
Tank, Pum guse, and RO B

Favorable (Degradation/Direct

Floodwater Impact Less Likely)
Erosion observed did not appear to extend deep
=t”enough to reach the foundations of the Old
Warehouse.

Soils where pumping occurred seemed to be a
gravel/structural fill with relatively high density,
Iscept pumping. which is less susceptible to erosion.

o ’5

mJune and ﬁlgly dlcated water

joints.
Data Gaps:

e The presence ofglbsurface erosion under the RO Unit in the Old Warehouse slab due to
pumping is not known to exist.

e Geotechnical borings and CPT soundings in the vicinity of the structures to determine current
soil conditions and capacities have not been conducted.
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Conclusion -

Significance

Potential for Degradation/Direct Floodwater Impact

Indicators for the CPFM have been observed, although they seem to be isolated to one area

below a transformer pad on the northeast corner outside of the Old§Warehouse and in the center
of the Warehouse floor. The void below the transformer padgis knowmiito e; 4'st and the extent of
the void can easily be observed. The void does not appe?ta_ - elo
foundation Because there are observed signs of ﬂow uh _‘

case. The potential is low that this CPFM will occur under
RO Unit.

Implication

Triggering Mechanism 14 — Frost Effects
CPFM 14a — Heaving, crushing, or displacement

The foundations for the Demineralized Water Tank and Pump House are not below frost depths
and are therefore subjected to frost effects.

The Triggering Mechanism and CPFM could then occur as follows: soils may be saturated
when the ground freezes, which would increase the potential for excessive frost heave. Drains
below the tank appear to be clogged, not allowing water under the tank to drain before it
freezes, which would not be the design intent of the tank.
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The Old Warehouse is on footings that extend below frost and is not susceptible to this CPFM.

The following table describes observed distress indicators and other data that would increase or
decrease the potential for degradation associated with this CPFM for the Demineralized Water

Tank, Pump House, and RO Unit.

Adverse (Degradation/Direct Floodwater Favorable (Degradation/Direct
Impact More Likely) Floodwate_falnpact Less Likely)

Soils were saturated at the time of inspection.

Due to the time of year, groundwater could
freeze at any time.

Tank foundation drains were plugged.
Data Gaps:

e  Geotechnical borings and CPT soundings in the vicinity of‘the strj

soil conditions and capacities have not been condgtqd _

Conclusion

Significance

uE:

me3

the saturated smls and the ti

freezex fiaw cycles in

et 1 ipé%althoﬁg?ﬁpé‘zentnally not to this extent and not with the drains
‘%he tank clogged fsﬁ&}

. S %otentlal 1sv7s_=ow that this CPFM will affect the Demmerahzed
e H o

Confidence

At this time, it is not known whether the ground will freeze before soil water levels are able to
lower to a normal condition. In addition, the foundation drains were completely plugged with
sediment, which does not allow the crushed rock bedding to drain and could cause adverse
effects on the bottom of the tank if the ground were to freeze in this condition. Therefore, the
data at hand are not sufficient to rule out this CPFM. As a result, the confidence in the
assessment is low, which means more data are necessary to draw a conclusion.
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Summary

For CPFM 14a, as discussed above, the potential for degradation is low because the effects due
to frost heave are expected to cause minimal effects on the structures. The combined
consideration of the potential for degradation and the implications of that degradation to the
structures of this type puts it in the “not significant” category. The data currently collected are
not sufficient to rule out this CPFM. Therefore, the confidence in the above assessment is low,
which means continued monitoring is necessary to draw a conclus1'

5.14.5 Results and Conclusions

the following matrix, which shows the rating for the estlmated S
in the evaluation.

Low Confidence
(Insufficient Data)

Potential
for Failure
Significant

Potential
for Failure
Not Significant

Continued monitoring is recommended to include a continuation of the elevation surveys of the
previously identified targets on this structures and surrounding site. The purpose is to monitor for
signs of structure distress and movement or changes in soil conditions around the structures. The
results of this monitoring will be used to increase the confidence in the assessment results. Elevation
surveys should be performed weekly for 4 weeks and biweekly until December 31, 2011. At the time
. of Revision 0, groundwater levels had not yet stabilized to nominal normal levels. Therefore, it is
possible that new distress indicators could still develop. If new distress indicators are observed before
December 31, 2011, appropriate HDR personnel should be notified immediately to determine whether
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an immediate inspection or assessment should be conducted. Observation of new distress indicators
might result in a modification of the recommendations for these structures.

5.14.7 Updates Since Revision 0

Revision 0 of this Assessment Report was submitted to OPPD on October 14, 2011. Revision 0
presented the results of preliminary assessments for each Priority 1 Structure. These assessments were

Prlorlty 1 Structures was not completed by the submlttal date. Thxs%vw; o10f thisfA ssessment Report
NG to da Bis structure as
described below. ; 4

5.14.7.1 Additional Data Available

chnical investigation by Thiele Geotech, Inc.

Six test borings were drilled, with continuous sampling of the soil encountered, to ground
truth the Geotechnology, Inc. seismic investigation results as part of the KDI #2 forensic
investigation. Test bore holes were located to penetrate the deep anomalies identified in the
seismic investigation. The test boring data did not show any piping voids or very soft/very
loose conditions that might be indicative of subsurface erosion/piping or related material
loss or movement.
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All of the SPT and CPT test results conducted for this Assessment Report were compared
to similar data from numerous other geotechnical investigations that have been conducted
on the FCS site in previous years. This comparison did not identify substantial changes to
the soil strength and stiffness over that time period. SPT and CPT test results were not
performed in the top 10 feet to protect existing utilities.

e Results of continued survey by Lamp Rynearson and Associates

5
m ug.

Survey data to date compared to the original baseline sugyeysth a excc‘é‘ded the accuracy
range of the surveying equipment. However, the dev ti@ “smal]
concern for structures of this type.

presents each of the previously identified CPFMs and the
significance and confidence based upon the new data.

CPFM 3a — Undermining and settlement
pumping)

Subsurface erosion was observed at the northeast cornéx of ;
pumping of floodwaters occurred, 4fHe apg‘xgggilnnatelygg ft-dlameteya-b% 5-ft-deep void has
caused some undermining of the, 0rmer foungation to the pomt of exposing some buried

conduit. Observations made by HPR in June andifuly showedr‘er coming up through the

and p0551bly\und -mnmes the foundation, although observations do not indicate this to be the
case. The potentlavif 5w that this CPFM will occur under the building in the area housing the
RO Unit. e

Implication

The occurrence of this CPFM could negatively impact the capacity of the Old Warehouse
building foundation. This could lead to gradual foundation movement but should not
negatively impact the integrity or intended function of the building before remedial action can
be implemented. Therefore, the implication of the potential degradation for this CPFM is low.
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Confidence

The extent of subsurface erosion and its potential impact on the building was not known due to
the lack of data gathered on subsurface conditions. Subsequent field inspections and a review
of surveyed data indicate no significant structure movement. Since the structure has been
monitored and no signs of movement have been detected, the confidence for this CPFM is high.

Summary

were not observed It is unlikely thlS degradation woul habv
the mtegrlty or mtended functlon of the structure. The S

are necessary to draw a conclusion. The data prev1ou l%thought to _ei‘ne uired to rule out this

CPFM, which includes a geotechmcal mvestlgatmn” eview of as“b Itgdrawings, are no
longer required.

Triggering Mechanism 14 — Frost Effec
CPFM 14a — Heaving, crushing, or di

The foundations for the DeminerélizeddWater Tanw Pump H@u e are not below frost depths
and are therefore subjected toﬁ@ﬁ.ﬁ-effects Soils WELE thought e‘have a potential of being

er ex.ees’swe frost heave Drains below

; _t the design intent for the tank The Old Warehouse is
Fhcaynot susceptible to this CPFM.

ed in the monitoring wells closely followed the river level as
%@x{ndlcate that groundwater elevatlon was about 2 ft above the

Implication

The occurrence of this CPFM could cause some movement in the tank and Pump House
foundation systems; however, because the foundations have always been subjected to freeze-
thaw cycles, the additional movement under current conditions is not expected to cause an

excessive increase in movement. Therefore, the implication of the potential degradation for
this CPFM is low.
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Confidence

At this time, it is known that the ground will not freeze before soil water levels are able to
lower to a normal condition because water levels have been determined to be at normal
conditions at the time of Revision 1 and the ground has not frozen. Therefore, the data at hand
are sufficient to rule out this CPFM. As a result, the confidence in the assessment is high,
which means no other data are necessary to draw a conclusion.

Summary

For CPFM 14a, as discussed above, the potential for degradatlon is lo
to frost heave are not appllcable due to lowered ground‘?va € leve i

information, are no longer required.
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5.14.7.1 Revised Results and Recommendations

The CPFMs evaluated for the Demineralized Water Tank, Pump House, and RO Unit are
presented in the following matrix, which shows the rating for the estimated significance and the
level of confidence in the evaluation. CPFMs 3a and 14a for the Demineralized Water Tank,
Pump House, and RO Unit are not associated with Key Distress Indicators. Results of survey
data, ground well monitoring data, and field inspections do not 1nd1cate signs of significant
structure movement or other adverse effects that could be attrlbute it

Low Confidence
(Insufficient Data)

Potential
for Failure
Significant

CPFM 3a
CPFM 14a

Potential
for Failure
Not Significant

5.14.7.2 Conclusions

In the assessment of the FCS Structures, the first step was to develop a list of all Triggering
Mechanisms and PFMs that could have occurred due to the prolonged inundation of the FCS
site during the 2011 Missouri River flood and could have negatively impacted these structures.
The next step was to use data from various investigations, including systematic observation of
the structures over time, either to eliminate the Triggering Mechanisms and PFMs from the list
or to recommend further investigation and/or physical modifications to remove them from the
list for any particular structure. Because all CPFMs for the Demineralized Water Tank, Pump
House, and RO Unit other than CPFMs 3a and 14a had been ruled out prior to Revision 1, and
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because CPFMs 3a and 14a have been ruled out as a result of the Revision 1 findings, no
Triggering Mechanisms and their associated PFMs will remain credible for the Demineralized

~ Water Tank, Pump House, and RO Unit. Therefore, HDR has concluded that the 2011
Missouri River flood did not impact the geotechnical and structural integrity of the
Demineralized Water Tank, Pump House, and RO Unit because the potential for failure of this
structure due to the flood is not significant.




Section 5.15
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5.15 Raw Water Piping
5.15.1 Summary of Raw Water Piping

Baseline information for the Raw Water Piping is provnded in Section 2.0, Site Hlstory, Description,
and Baseline Condition. :

The system is composed of four motor-driven pumps, two strainerg:a
instrumentation, and controls.

(o

Srin @Emg ut111t1es The raw w :i%me and adjacent utilities are concrete-encased together and
i Es{;%%uth Once the utilities !éﬁ?e

face of the Service BUild Soutside of the limits of Turbine Building South Sw1tchyard Ata
point 18.5 ft west of the atdtion of where the first raw water line enters the Auxiliary Building, it
makes a 90° bend to the norfh and extends to the Auxiliary Building and penetrates into the building at

el. 996 ft.
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5.15.2 Inputs/References Supporting the Analysis

Table 5.15-1 lists references provided by OPPD and other documents used to support HDR’s analysis.

Table 5.15-1 - References for Raw Water Piping

Document Title OPPD Document
: Number

(if applicable)

Drawing No./
Page
Number(s)

Yard Piping Sheet 1 10752

Yard Piping 10753

Yard Piping Sheet 3 10754

Yard Piping _ 10755 i
Design Basis Document - ' SDBD-AC-RW-101 4 :

Naval Facilities Engineering Command,
Design Manual 7.01, Soil Mechanics

Detailed site observations—field reports, field notes, 2
Piping are provided in Attachment 8.

Observed performance and pertinent background u: ta

o ST “‘?V“ 4 .
¢ Groundwater was observed ﬂowmg iiosthe -basement ";%ﬁﬁn of the .m "Building from floor and

¥ ater Th

%@ndltlon has a recorded
wridor and utilities between the

,_ Fthe Turbine Building, has been
e aintenance Building are west of the corridor and

. falled .
cement Aqua Dam were inundated for an extended period.

Building) havee
most of the ;‘5%&
age and use of the
There is a hole in t eipavement and void area beneath the concrete slab north of the Security
Building and east-south: st of MH-5. The hole and void area are outside the perimeter of the Aqua
Dam that surrounded the facility. The pavement failure occurred at the intersection point of
pavement jointing. The hole in the pavement is irregular-shaped and is more than 1 ft wide both in
the north—south and east-west directions. The void area beneath the hole was approximated as a 4-
ft-diameter-by-0.8-ft-deep void as measured by a tape measure through the hole. The void could be
attributed to subsurface erosion.

ncluding cracking, slab settlement, and undermining. However,-
d the other conditions could be pre-existing conditions due the
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The hole in the pavement is near the observed discharge point of a pump operated prior to the
removal of the Aqua Dam. The void could be attributed to scour created by the discharge of the
pipe operating for an extended period in one place.

Fire Protection Cabinet FP-3C north of the Security Building and east-southeast of MH-5 is located
in proximity to the pavement failure and void area. The fire hydrant was tested September 13,
2011 (reportedly), and failed. According to OPPD operations personnel testing FP-3E during site
inspections, the base of FP-3C cracked when the valve was opened. The fire hydrant was shut

% at the time field

down, and the access cabinet was tagged out. The cause of failure wasi
observations were made. Ty

Pavement slab settling was observed northwest of the Intak
acid tank.

questioned about other fire hydrant tests. The OPPD employee questi ot

were observed for the fire hydrant at FP-3D durlng test] Fhe mforma?

Assessments were made by wal ; ' ergPipi gihpalignment and observing the
: ace assessment included

- ﬁerlymg At i)
gpur, subsidence or settlement, lateral spreading, piping, and

%y

ove-grade system features and equipment

Variance ﬁ'ﬂm 1 installation conditions including settled, tilted, or heaved system
features and eqm gpment

¢ Operation of the system and appurtenant equipment (i.e., is the system operational?)
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Additional investigations were performed to further characterize the subsurface at the facility
including areas where conditions indicative of potential flood-related impacts or damage were
observed. These included the following non-invasive geophysical and invasive geotechnical
investigations.

GPR. (Test reports were not available at the time of Revision 0.)
e Seismic surveys (seismic refraction and refraction mlcro-tremor) (Test reports were not
available at the time of Revision 0.) . )
e Geotechnical investigations including test borings w1thuﬁ§l ssiSiBPESnd CPT) and
laboratory tests. Note that OPPD required vacuum ¢ tion foritheMrst 10 ft of proposed
test holes to avoid utility conflicts. Therefore, test : %J conditions in
the upper 10 ft of test boring logs. (Test reports wertg e at "ag"? e of
Revision 0.) '

. 5.15.3.2 Assessment Procedures Not Completed

Assessments of the Raw Water Piping that were not

iical, geop : m%l and available survey data were analyzed, a
usgussed m‘@ btmn 5.15.4.1. The CPFMs carried forward for

Trlggermg Mé"h' anism~2 — Surface Erosion
CPFM 2a - U%nmmng shallow foundation/slab/surfaces
CPFM 2¢ — Undermined buried utilities

Reason for ruling out:

e No surface erosion was observed along the surface overlying the raw water alignment. In
addition, only localized and limited surface erosion was observed on the ground surface
across the facility. The raw water system is constructed below frost depth, and sufficiently
below potential scour depths indicated by erosion features observed in other areas.
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Triggering Mechanism 7 — Soil Collapse (first time wetting)
CPFM 7a — Cracked slab, differential settlement of shallow foundation, loss of structural
support
CPFM 7b - Displaced structure/broken connections
CPFM 7¢ — General site settlement

Reasons for ruling out:

» Soil supporting and surrounding the raw water lines hagsbeen % ipuslfiwetted. The peak
flood elevation prior to 2011 was 1003.3 ft, which ocgy f‘ in T bund elevations

AW water lines

exception of possible trench backfill above repair ar {
water lines has been saturated or wetted over the courseé fjg“p )
e The climate of the region includes times of snow accufgrfat Ol @
seasonal wet periods (springtime rain events), which can be S ,T_&:
period of days Site soils are subjected to saturatx_

s S¥ticture, or other ;ceaﬁsz equipmg:

"é ﬁese CPFMs are evﬁ%‘t{-
i

Andi hdicative of soil liquefaction and resultant settlement were
No structurf: 1 ,;ae:kmg or lateral movements were observed.

Triggering
Seepage :
CPFM 1la- C‘i‘ “ked slab, differential settlement of shallow foundation, loss of structural
support
CPFM 11b - Displaced structure/broken connections

Reasons for ruling out:

¢ The structures did not have evident signs of distress identified during the field assessments.
e Liquefaction was not observed at the site.
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Triggering Mechanism 12 — Rapid Drawdown

CPFM 12a — River bank slope failure and undermining surrounding structures
CPFM 12b — Lateral spreading

Reasons for ruling out:

o o 0 o

Triggering Mechanism 13 — Submergence

Reasons for ruling out:

The structures did not have evident signs of distress identified during the field assessments.
Slope failure was not observed at the site.
River stage level had receded and stabilized as of Octobek,
As of October 11, 2011, groundwater elevatlons haddy
partial degree. i
The river bank is armored and has historically prot
bank.

CPFM 13a - Corrosion of underground utilities
CPFM 13b — Corrosion of structural elements _

prec1p1tat10n and winter snagyam ' S cted to cct the piping system and
3, ¢ e are norgd#lly designed and installed to

a ,ialled in a%awa»;of structural backfill, and corrosion due to
expected%{"

"gg_rmg Mechanism 14 — E Effects

e

M 14a Heaving, crufﬁn

. Condltlons.ha\;éé ViEno '“.changed due to flood conditions.

i

5.15.4.2 Detailed Assessment of Credible Potential Failuré Modes

The following CPFMs are the only CPFMs carried forward for detailed assessment for the Raw
Water Piping system as a result of the 2011 flood. This detailed assessment is provided below.
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Triggering Mechanism 3 — Subsurface Erosion/Piping
CPFM 3a - Undermining and settlement of shallow foundation/slab/surfaces (due to
pumping)
CPFM 3c — Undermined buried ut111t1es (due to pumping)

" This Triggering Mechanism and CPFM could occur as follows: muitiple potentially connected
seepage paths existed in the soil backfill at the site, including soil backﬂll in utility trenches,
granular trench bedding, building floor drains with open/broken j mg and pre- ex1st1ng

(e.g., a hole in the ground north of the Security Buildin
connected to several pumping sources: the sump pit in §
and a series of surface pumps along the interior perimetgfz8
operated for an extended penod mamtammg a head d1

am was pumped dry, which created a
gg%g;de and outside of the Aqua Dam perimeter.

I8 of the Aqu’?ﬁ’@am was pumped from several locations,

tinderground piping and subsurface flows would tend to flow.

: locatlon were observed beneath the concrete slab just north

h the OPPD operations employee testing FP-3E on September
C located northeast of the Security Bulldmg, was tested that day

. hydrant, the' 'e CT: cked and leaked, and the valve had to be closed. The access cabinet
was tagged out'for repair at that time.

Fire hydrant FP-3D has also been marked with an impairment tag according to October 7,
2011, field observations. The tag states that there was extensive leakage when the isolation
valve was opened.

Concrete areas in the corridor (paved drive and pedestrian areas between the east fence line
and the Service Building) have exhibited pavement distress including cracking, slab
settlement, and undermining (as evidenced by hollow-sounding pavement areas).

The Turbine Building sump pit was pumped continually during the 2011 flood. The five
pipes connected to this sump pit are floor drain and condensate system flush drain pipes.
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Since this is a floor drain system, no infiltration of ground water should occur in the system.
The infiltration of groundwater into the system indicates an open flow path of some sort. A
record of this drainage issue dates back to 1997.

An area of apparent pavement settlement, located in the driveway comdor west-northwest
of the Intake Structure overhead door, is near the northern raw water alignment.

Below are field observations and data that indicate these CPFMs are unllkely

The following table describes observed di‘
decrease the potential for degradation assdg

the time MH-5 was being emptied (on September 14,
with this CPFM. The manhole was uncovered when

the Aqua Dam failure. Thus, MH-5 might not be an\gpe
subsoil piping. g
‘Alternatively, the observed hole in the pavement northg® viﬁav :
been developed by outflow from the surface pumps a&ns no

data that Would increase or
Shor the Raw Water system.

AR
subsequent to the'sEbsId
the site. The fire hy; gants noted are located to the
north and south of the Intake Structure.

14
k R
erice of ﬂoodwaters from

Data Gaps:

The extent of the subsurface erosion is not well known at this time.
Geophysical investigation reports to evaluate data related to the raw water system.
Seismic Survey (refraction/tomography and refraction microtremor).
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Conclusion

Siggiﬁcence

Potential for Degradation/Direct Floodwater Impact

The field observations indicate that the trigger to these CPFMs might have initiated in close

proximity to the Raw Water lines. Multiple indications of subsurface distress are located along
the corridor between the Service Building and the Intake Structur vement slab settlement,

erftar : e $in the pavement
w1th visible undermmmg were observed in the ﬁeld ;%r ater inuz lation and impacts are

hydrants.

The raw water line also runs in close proximi

1

S atndermined the Raw Water Piping system. Additional geophysical data
are needed to help%etermme the possible occurrence of these CPFMs and whether they could
impact the Raw Water Piping system.

Therefore, the confidence in the above assessment is low, which means more data are necessary
to draw a conclusion.

Summary

For CPFMs 3a and 3c, as discussed above, the potential for degradation is high because distress
indicators exist in close proximity to the system. This degradation in the region could have
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caused erosion that impacts the integrity or intended function of the structure. The combined
consideration of the potential for degradation and the implications of that degradation to the
system puts it in the “significant” category. The data currently collected are not sufficient to
rule out these CPFMs. Therefore, the confidence in the above assessment is low, which means
more data or continued monitoring and inspections might be necessary to draw a conclusion.

Triggering Mechanism 3 — Subsurface Erosnon/Plpmg N
CPFM 3d — Undermining and settiement of shallow f &
drawdown) e

" These CPF Ms are similar to CPFMs 3b and 3¢, but instead
by rapidly receding river level.

Below are, ﬁﬁ(}dmbsc. ations afiely

e,

{ vaPFM were not observed during the most recent site inspection
ser 7,2011.

The following table describes observed distress indicators and other data that would increase or
decrease the potential for degradation associated with these CPFMs for the Raw Water Piping
system.
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Adverse (Degradation/Direct Favorable (Degradation/Direct Fioodwater
Floodwater Impact More Likely) Impact Less Likely)
Floodwaters were at a high level for an USACE reduced Missouri River Mainstem System
| extended period, which allowed surrounding | releases to 40,000 cfs on October 2, 2011. River
soils to become saturated. levels corresponding to the 40,000 cfs release rate
' stabilized at FCS on October 4, 2011.
River bank is armored and has been protected in
previous floods. 5.

Data Gaps: 2
e Observations of the riverbank following drawdown to nmver e
e Geophysical investigation data to address observed con‘é

Conclusion

Significance

Potential for Degradation/Direct Floodwater Impact

The potential for degradation exists since rive Al

October 2, 2011 River levels correspond 3 fo the 40 Q {Silease rate 51zed at FCS on
cithi atween the termination of

drawdown and the time of RCVISIOI.\;. Th bentialifc aevelop%‘gm T
: me tue to st""hrhzat]on f'

ikely only affect the utility installations near the river.
isated away from the zone of influence of these
> that connect to the Intake Structure Thus, the

The data at hand are not sufficient to rule out these CPFMs or to lead to a conclusion that
subsurface erosion has undermined the Raw Water Piping system. Therefore, the confidence in
the above assessment is low, which means more data are necessary to draw a conclusion.

Summarv

For CPFMs 3d and 3f, as discussed above, the potential for degradation is considered low. The
combined consideration of the potential for degradation and the implications of that
degradation to the structure puts it in the “not significant” category. The data currently
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collected are not sufficient to rule out these CPFMs. Therefore, the confidence in the above
assessment is low, which means more data or continued monitoring and inspections are
necessary to make a final assessment.

o -

5.15.5 Results and Conclusions

The CPFMs evaluated for the Raw Water Piping are presented in the following matrix, which shows

Low Confidence
(Insufficient Data)

CPFM 3a
CPFM 3c

Potential
for Failure
Significant

CPFM 3d _

3¢, 3d, and 3f %ﬂl ggRaw””Waﬁ:er Piping. CPFMs 3a and 3¢ are associated with unfiltered flow of
groundwater into t} € furbme Building basement drain piping system (Key Distress Indicator #1).
These recommendatlo*mﬁlx re described in detail in Section 4.1.3. CPFMs 3a, 3¢, 3d, and 3f are
associated with the distress in and near the Paved Access Area between the Service Building and
the Intake Structure (Key Distress Indicator #2). These recommendations are described in detail in
Section 4.2.5.

¢ Monitoring of groundwater well data and a review of the geophysical data when available should
be done. The results of these reviews will be used to increase the confidence in the assessment
results. At the time of Revision 0, groundwater levels had not yet stabilized to nominal normal
levels. Therefore, it is possible that new distress indicators could still develop. If new distress
indicators are observed before December 31, 2011, appropriate HDR personnel should be notified
immediately to determine whether an immediate inspection or assessment should be conducted.
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Observation of new distress indicators might result in a modification of the recommendations for
this structure.

e Continued monitoring is recommended to include a continuation of the elevation surveys of the
previously identified targets on this utility and surrounding site. The purpose is to monitor for
signs of structure distress and movement or changes in soil conditions around the structure. The
results of this monitoring will be used to increase the confidence in the assessment results.
Elevation surveys should be performed weekly for 4 weeks and biweekly until December 31, 2011.
At the time of the writing of this version of the Report, groundwater %&k had not yet stabilized to

Results of oeophysncal investigation by Geotechnology, Inc. (see Attachment 6).
Results of geotechnical investigation by Thiele Geotech, Inc. (see Attachment 6).
Data obtained from inclinometers by Thiele Geotech, Inc. (see Attachment 6).
Results of continued survey by Lamp Rynearson and Associates (see Attachment 6).

5.15.7.2 Additional Analysis

The following analysis of additional data was conducted for the Raw Water Piping System:
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Groundwater monitoring well and river stage level data from OPPD.

- Data shows that the river and groundwater have returned to nominal normal levels.

Field observations of river bank

No significance distress from the 2011 Flood was observed.

Falling Weight Deflectometer and associated GPR
Area identified anomalies such as soft clay and bro

power block as part of KDI #2 i
loose sand, or possibly voids.

ampling of th o ncountered, to ground

atitn results a§ sart of the KDI #2 forensic
‘ep anomalies identified in the

ﬂazl%'yplpmg voids or very soﬁ/very

'm mclmometers*‘té

Results of continued survey by Lamp Rynearson and Associates.

Survey data to date compared to the original baseline surveys have not exceeded the
accuracy range of the surveying equipment. Therefore, deformation at the monitored
locations, since the survey baseline was shot, has not occurred.

Updates to assessment procedures not completed are outlined in Section 5.15.3.2. Excavation
to inspect underground systems is included with the KDI#2 investigation. Vldeo inspection of
the system was not completed and is not planned due to the expected low value of data
produced with respect to addressing these CPFMs.
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Triggering Mechanism 3 — Subsurface Erosion/Piping
CPFM 3a — Undermining and settlement of shallow foundation/slab/surfaces (due to
pumping)
CPFM 3¢ — Undermined buried utilities (due to pumping)

CPFM:s 3a and 3c for the Raw Water Piping System are associated with Key Distress
Indicator #1. Section 4.1 presents the results of additional- forensxc investigation that was
conducted to ascex’ram whether these CPFMs could be ruled oy m\ The results of the

that no further concerns are identified through the nig
Piping System (discussed in Section 5.15.6 and corr
CPFMs are moved to the quadrant of the matrix repr
Recommended Related to the 2011 Flood.”

Triggering Mechanism 3 — Subsurface Erosion/Piping -
CPFM 3d — Undermining and settlement of shal OMA
' drawdown) s

CPFM 3f - Undermined buried utilities diie

CPFMs 3d and 3f for the Raw Water Pipinfi:
#2. Sectlon 4.2 presents the results c_Jf add Q

investigation show that these C o
concerns are 1dent1ﬁed throu gh th R
W“"%' t1numg until BEcephers B 011) these CPFMs are moved
em%glg “No FurtherAcis ‘*"Recommended Related to the

LY
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5.15.7.1 Revised Results and Recommendations

The CPFMs evaluated for the Raw Water Piping System are presented in the following matrix,
which shows the rating for the estimated significance and the level of confidence in the
evaluation. '

Low Confidence * High Confidence
(Insufficient Data) (Sufﬁcieg_" ata)

n

;;;;;

Potential
for Failure
5.15.8 Significant

Potential
for Failure
ot Significant

Siepawas to use dafaffom various investigations, including systematic observation of
P V;er tlme,f"eaigﬁh_ T to ehmmate the Trlggermg Mechamsms and PFMs from the list

than CPFMs 3a, 305,‘4%%’ and 3f had been ruled out prior to Revision 1, because CPFMs 3d and
3f were ruled out using the results of the KDI #2 investigation presented in Section 4.2, and
because CPFMs 3a and 3¢ will be ruled out when the physical modifications recommended for
KDI # 1 in Section 4.1 are implemented, no Triggering Mechanisms and their associated PFMs
will remain credible for the Raw Water Piping System. HDR has concluded that the
geotechnical and structural impacts of the 2011 Missouri River flood will be mitigated by the
implementation of the physical modifications recommended in this Assessment Report.
Therefore, after the implementation of the recommended physical modifications, the potential
for failure of this structure due to the flood will not be significant.



Section 5.16
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516 Fire Protection System Piping
5.16.1 Summary of Fire Protection System Piping

Baseline information for the Fire Protection System Piping is provided in Section 2.0, Site History,
Description, and Baseline Condition.

heach  gied for 2000 gpm at

The Fire Protection System Piping has two vertical turbine-type fire,pu B b
5 sgtaicymator and the other

125 pounds per square inch gauge (psig). One fire pump is drivepghia
fire pump is driven by a diesel engine. Both pumps deliver scr d'
to the underground water distribution system, which, in turn, s

frequent operation of the main fire pumps. The pressure maintenance pu
and stopped based on system pressure. The water distribtis TR
that delivers water to the following:

Yard hose and hydrant houses
Wet pipe sprinkler systems
Dry pipe sprinkler systems
Preaction sprinkler systems
Deluge/water spray systems

The underground yard.fire
underground sgch Qéma%”"’

i
]

ndigator-type sectionalizing valves and
Ly boxes (curb vaives) to facilitate the isolation of

. L5 LT »';ﬂ 4} i " ; . . . « .
portions o}g %ﬂﬁwfoﬁ%% n patrgwithout interrupting the supply to the remaining
system. JEgck Swater suppressiGhigystem is provadediwith an outside screw and yoke (OS&Y) gate

c'the system connects iﬁfﬁ%\i‘ntemal magingloop. Each 6-in. lateral connecting the hydrant to
ardomain loop has a valve installedito allow isSlation of individual hydrants for maintenance
purpgises:nHydrants are placed at app%ﬁ%nately 300-ft intervals around the yard main loop and
x50 ft from buildings. Frgezing of the fire water distribution system is prevented by
ping below the frost lingiaAd by routing indoor piping through heated areas. The
underground¥; re main loop is cgnistructed of 12-in. and 10-in. transite (asbestos cement) pipe and
cast (ductile irom)pip
<

5.16.2 Inputs/Refe‘R%‘

}%pbrﬁng the Analysis

il
Table 5.16-1 lists referencessprovided by OPPD and other documents used to support HDR’s analysis.

Table 5.16-1 - References for Fire Protection System Piping

Document Title OPPD Document Date Drawing
Number Number/
(if applicable) Page Number(s)
Underground Piping Extension 44740 8/23/1990 FC-UG-1A
Underground Fire Loop 41428 Unknown E-4182
Fire Protection SDBD-FP-115 3/9/2011 CAl
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Tabie 5.16-1 - References for Fire Protection System Piping
Document Title OPPD Document Date Drawing
Number _ Number/
(if applicable) ' Page Number(s)
Naval Facilities Engineering Command, 9/1986 All
Design Manual 7.01, Soil Mechanics '

Detailed site observations—field reports, field notes, and inspection checKlists—for the Fire Protection
System Piping are provided in Attachment 8. 2

e Groundwater was observed flowing into the basement sump ohedit
condensate drain pipes not designed to intercept groundwater, i
history dating back to 1997. The Turbine Building is west o%
between the Intake Structure and the Service Building. -

Settlement of a column i in the Mamtenance Bu11d1n i

it appearshat the Aqua Dam was located over the top of a
line that was routed to FP-3K.

e The Aqua Dam fHlc
the area inside the A% m perimeter. All surfaces above the fire protectlon piping were
inundated when the facg%' ity Aqua Dam failed.

Areas outside the perimeter of the replacement Aqua Dam were inundated for an extended period.

e Concrete areas in the corridor (paved drive and pedestrian areas between the river and Service
Building) have exhibited distress including cracking, slab settlement, and undermining. Some of
these conditions are reported to be new, although pavement spalling and cracking is likely to have
existed prior to the flooding. !

e A hole in the pavement and void area beneath the concrete slab is north of the Security Building
and east-southeast of MH-5. The hole and void area are outside the perimeter of the Aqua Dam
that surrounded the facility. The pavement failure occurred at the intersection point of pavement
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jointing. The hole in the pavement is irregular-shaped and is more than 1 ft wide both in the
north—south and east—west directions. The void area beneath the hole was approximated as a 4-ft-
diameter-by-10-in.-deep void as measured by a tape measure through the hole. The void might be
attributable to subsurface erosion.

e The hole in the pavement is near the observed discharge point of a pump operated prior to the
removal of the Aqua Dam. The void might be attributable to scour created by the discharge of the
pipe operating for an extended period in one place. '

o The fire hydrant located in FP-3E was tested on September 13, 201 1,
No operational problems were observed during the time on sitegth

e Fire Protection Cabinet FP-3C north of the Security Buildi
in proximity to the pavement failure and void area. The fix
2011 (reportedly), and failed. According to OPPD operatiogspersonficl, ; i
inspections, the base of FP-3C cracked when the valve was opg he .‘;w shut
down, and the access cabinet was tagged out. The cause of fa 1y 3&& At
observations were made. <

%ﬂiﬂg sit investigations.

FP-3C, noted previously, was gathered at this t%u

e Fire hydrant FP-3D has also been marked w1th§%an§’1mpalrme1ﬁlv ggacchrding Ctober 7, 2011,
field observations. The tag states that there was ‘Swhenithe isolation valve was
opened. s ; 2 i 2

o Pavement slab settling was observeqftmtl dnita rerand east of the abandoned

acid tank. 5
+ A hollow-sounding pavement

,‘and adjacent area M«t
Jonditions indicd i

backfilled trefic
heave

e Soft ground surface areas (native soil, engineered fill, or limestone gravel pavement) as
determined by probing

e Water accumulations and flows in subsurface system components (manholes and concrete
cable encasement pipes)

e Damage to at-grade or above-grade system features and equipment

e Variance from normal installation conditions including settled, tilted, or heaved system
features and equipment

¢ Operation of the system and appurtenant equipment (i.e., is the system operational?)

i'rieluding scour, subsidence or settlement, lateral spreading, piping, and
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Additional investigations were performed to further characterize the subsurface at the facility,
including areas where conditions indicative of potent1a1 flood-related impacts or damage were
observed. These included the followmg non-invasive geophysical and geotechnical
investigations.

GPR. (Test reports were not available at the time of Revision 0.)
.Seismic surveys (seismic refraction and refraction mxcro-tremor) (Test reports were not
available at the time of Revision 0.) ” B
e Geotechnical investigations including test borings w1t ;
laboratory tests. Note that OPPD required vacuum
test holes to avoid utility conflicts. Test reports wilatl
upper 10 ft of site and locations where shallow utilitig
available at the time of Revision 0.)
e Paved areas were evaluated with GPR and dynamic deflection
deflectometer). (Test reports were not available at thé ‘“‘ 2

i

eatrrst 10 ft of proposed
Sedlconditions in the

5.16.3.2 Assessment Procedures Not Compet

following:

e Assessment of subgrade conditions in

rea %eenﬁ
lg *

atedx;at the time of pavement

v
‘ %¢ p
C ~Iu‘
5

no%-.c"fé“&ible” for all Priority 1§ Us e,

cag orward as “credible.” Aftefe e,{de51gn rev16iW’for each structure the structure observations,
and<ty esults of available Geotechnlcg
J@‘EFMS were ruled out as di

will not be shown . he Potential for Failure/Confidence matrix. -

Triggering Mechanism 2 — Surface Erosion
CPFM 2a — Undermining shallow foundation/slab/surfaces
CPFM 2c¢ - Undermined buried utilities '

Reasons for ruling out:

e Minor surface erosion was observed south of the Auxiliary Building adjacent to and
extending through the inside perimeter fence. This observed surface erosion is attributed to
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multiple pump discharge lines that were pumped over the Aqua Dam. Diséharge lines were
tied to the fence, which held them continually in place over one general area. The location
of the scour is in close proximity to where the yard fire loop is routed. The scour is
~ approximately 0.5 ft deep and did not appear to affect anything beyond the immediate

pomts of pump discharge.

e In addition, only localized and limited surface erosion was observed on the ground surface
across the entire facility. This PFM was discredited due to the depth that fire protection
piping is installed compared to the minor scouring that was obse jed onthe site.

support -
CPFM 7b — Displaced structure/broken connections
CPFM 7c¢ -~ General site settlement

Reasons for ruling out:

Triggering Mechanism 10 — Mé __4
CPFM 10a — Cracked slak Merentlal settlemEén

Pumps used on site durmg%
brations sufficient to initi

Triggering Mechanis)
Seepage
CPFM 11a - Cracked slab, differential settlement of shallow foundation, loss of structural
support
CPFM 11b - Displaced structure/broken connections

11 - Loss of Soil Strength due to Static Liquefaction or Upward

Reasons for ruling out:

e The structures did not have evident signs of distress identified during the field assessments.
e Liquefaction was not observed at the site.
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Triggering Mechanism 13 — Submergence
CPFM 13a - Corrosion of underground utilities

Reason for ruling out:

e Underground utilities and structures are located below the design flood elevation for the
facility. Groundwater elevations controlled by Missouri River water elevations, percolation
of storm prempltatlon and winter snow melt would be expecte%_to contact underground

concrete site improvements are assumed to be desig
environment of groundwater and wetted soil.

Triggering Mechanism 13 — Submergence
CPFM 13b — Corrosion of structural elements

Reason for ruling out:

* The only structural elements of the system ateg
pipe bends and pipe connection points, Tk
normally affect buried concrete thrust blocks

b o
CPFMs c%rried forward for detailed assessment for the Fire
It of the 2011 flood. This detailed assessment is provided

- The Triggering Mechanism and CPFM could occur as follows: multiple potentially connected
seepage paths existed in the soil backfill at the site, including soil backfill in utility trenches,
granular trench bedding, building floor drains with open/broken joints, and pre-existing
defects/voids under pavement. The paths are exposed at some locations to the river floodwaters
(e.g., a hole in the ground north of the Security building). This network of seepage paths is
connected to three pumping sources: the sump pit in the Turbine Building, Manhole MH-5, and
a series of surface pumps along the interior of the Aqua Dam perimeter. The pumps were
operated for an extended period, maintaining a head differential on the seepage path networks.
Gradient was sufficient to begin erosion of surrounding soil. Seepage is unfiltered, and erosion
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continues unarrested. Erosion extends out, intercepting the network of utility trenches,
including the Fire Protection System. Voids are created under the pavement and along the
utility trench walls. The potential damage includes settlement of pipe(s) causing joints to open,
overstressing the pipe, causing the pipe to break, or undermining thrust blocks.

Below are field observations and data that support the likelihood of these CPFMs:

The fire protection loop crosses multiple other utility lines and:acovers the entire penmeter
of the facility. Interconnectivity between crossing pipe trenchgss eatesépossmle piping
routes for subsurface water flow. aé?:‘ '

The ﬂow of water into MH-5 was observed on multiple
to be entering through two conduits on the south wall gfitt
concluswely demonstrated that this was the only route‘af

Beation were Gse

Void areas and potential pip ek G
D putheast of 5’5

of the Security Building {gas

5 ve s 2N Y .‘5
; rgx‘i&palr at that

¢viza.  Fire hydrant FP-3D has als"”bcen markedwwth an unpalrment tag according to October 7

and: he,JSerwce Bulldmgﬁi‘@ "'e area north of where the ﬁre protectlon piping crosses the
corrm cludes obseri%d%'l

g sump pit was pumped continually during the 2011 flood. The five
*‘;‘fhls sump pit are floor drain and condensate system flush drain pipes.
Since this is a ﬂoor drain system, no infiltration of groundwater should occur in the system.
The infiltration of groundwater into the system indicates an open flow path of some sort.

Below are field observations and data that indicate these CPFMs are unlikely:

Sediment and fish were observed in the bottom of MH-5 when it was emptied on
September 14, 2011. Sediment accumulations and small fish at the bottom of MH-5 might
not be associated with these CPFMs. The manhole was uncovered when the Aqua Dam
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failed and the area was inundated. Sediment and fish could have been transported into the
manhole with floodwaters.

e The observed hole in the pavement, north of the Security Building, could have been
developed by outflow from the surface pumps and might not be associated with these
CPFMs. Temporary surface pumps were pumping water back into the river with hoses
placed over the Aqua Dam

e One of the discharge points was near the observed hole (See sﬂ;e photos) Concentrated

dlscharge flow could have eroded pavement and created the o= . ed the

hed 6 g plpC alignmegiszaniin
either side of the pipe alignments. Soils on site were generally firmgandhstable. Site soHsati
were V151bly wet or moist were the only areas ,;.,: g

est, and south
thes observed

1"

Impact More likel / e e Imﬂ‘ac?t Less Likely)
eslingt FESFawas tes eﬁ.%n September 13, 2011 and
; ncident.

Excep%%fwt‘the fire hydrants marked with
impairment tags, the system is operational

o e e

., g&&ﬁxrblne Building su‘ﬁ@

#adeoroundwater inflows. Floo ndit
3 %:reased the hydraulic head gfyvater flowing t6%

as punip wontmually during

€ tmﬁ*e:ﬁﬁnes cross the

electrical duct Baiil

manhole.

Data Gaps: :

» Ground Penetrating Radar data are not available at the time of this draft report to assist in
determining possible void areas at the facility. .

» The extent of the subsurface erosion is not well-known at this time.

¢ Seismic Survey (refraction/tomography and refraction microtremor).

* OPPD CRs related to fire main repairs required as part of ongoing yard system testing.
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Conclusion

Significance

Potential for Degradation/Direct Floodwater Impact

Field observations indicate that this CPFM might have initiated in close proximity to the Fire
Protection yard piping system. Multiple indications of subsurfacedistress are located along the
paved access area between the Serv1ce Building and the Intake S gure. Pavement slab

Structure.
Implication
The occurrence of this CPFM cq._ T Sectionso i ction yard piping system

ctures pipe s;gt‘%'ga loops the entire facility and
it is located in close proxum% nd_stmfch es Since the fire protection
is highly r ressunzed

ﬁx"15.\_looped syst B ind includes isolation valves at lateral pipe

ﬂoop on e;“h%sﬁe of the lateral connection. Thus, the system
ns for repair purposes with continued supply to fire supply
|breaks. An operative fire protection system is required at
ction System has been tested since floodwaters have

m, but has a minimum of two known impairments that have
es. Therefore, the implication of the potential degradation for

adesigned to be shut down in¢

S

eSson both sides of potential i

Confidence

The fire protection ?S/)stem is an extensive system that circles the entire FCS facility. Therefore

~ problems could exist in some areas of the site that are not indicative of problems systemwide.
Indications of possible degradation exist within the paved access area between the Intake
Structure and the Service Building. The lateral and vertical extent of subsurface erosion on the
site is not known and ground penetrating radar report data have not yet been received to address
this issue in detail. Therefore, confidence with the assessment is low.
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Summary

For CPFMs 3a and 3c, as discussed above, the potential for degradation is high because distress.
indicators exist in close proximity to the system and two connected fire hydrants have failed
during testing since floodwaters have subsided. This degradation in the region could have
caused enough erosion to impact the integrity or intended function of the structure. The
combined consideration of the potential for degradation and the implications of that

degradation to the system put it in the “signiﬁcant” category Thesdata currently collected are
. ;'FW B

which means more data or contmued momtonng and in
conclusnon :

Triggering Mechanism 3 — Subsurface Erosion/Piping,
CPFM 3d — Undermining and settlement of shallow fot
drawdown)

These CPF Ms is similar to CPFMs 3a and 3
rapidly receding river level. :

fdient is created that moves
near or g@gyacent to the fire protection
;;(?il" networks Dependent on the

water and soil into existing d;fe ;{»f A o
system and through the 501 A2 »,_the river via p ns
ach §mlght mclude th ~

October 4, ‘2@&’

¢ Indications ofﬁ%ﬂype of CPFM were not observed during the most recent site inspections
on October 4, 7, and October 27 2011.

The Fire Protection System Piping is offset from the river bank which reduces the likelihood
that rapid drawdown and related subsurface piping to the river bank will impact the Fire
Protection System Piping.

Soils in the area of the Fire Protection System Piping and to the east are backfill materials that
were placed and compacted during construction of site improvements and, therefore, would be
expected to be less susceptible to rapid drawdown impacts.
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The following table describes observed distress indicators and other data that would increase or
decrease the potential for degradation associated with these CPFMs for the Fire Protection

System Piping.
Adverse (Degradation/Direct Floodwater | Favorable (Degradation/Direct Floodwater
impact More likely) impact Less Likely)
Floodwaters inundated the site for an extended | The existing river bank is protect and armored.
period of time and totally saturated site soils. No hlstory of river Bank faﬂure has been noted at

Vet Mainstem
Jechsy nOctober , 2011
River le¥els iSO '**'%9 000 cfs -
EStabilizea ¢ October 4,

Data Gaps: r
» Inspection of the riverbank following drawdown to normals
»__Geophysical investigation data to address-any observed concerns. '

- Conclusion

Significance
Potential for Degradation/Direct Flogdwa

Indications that subsurface eros' )
and the Service Building is g
failures nearest the r1ver ;

it 7system Complications msﬁg ed by CPFMs 3d and 3f could compound problems that
: exist.

SDOR mg to the 40,000 cfs release rate stablhzed at the FCS on October 4,

2011. Groundwat\ér‘*}evels have thus started to stabilize between the termination of drawdown

reduction and the time of this report. The potential for development of subsurface erosion due

to river drawdown decreases w1th the time due to stablhzatlon between groundwater elevations
- and river elevations. -

Implication

The occurrence of these CPFMs would likely only affect the utility installations nearest the
river. Most of the fire protection system is located well away from the zone of influence from
these CPFMs with the exception of the supply lines that connect to the Intake Structure. Thus,
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the two most important supply components of the system are located at the point of greatest
potential for degradation from these CPFMs.

As groundwater elevations and river elevations stabilize, the head potential between the two
conditions will decrease and the possibility of subsurface erosion will also decrease
correspondingly. In addition, the stabilized river embankment reduces the likelihood of these
CPFMs. '

Confidence

Data are not available to make a determination on subsug#ag
Time between the termination of the steady reduction of dx
time without indications of subsurface erosion does not in £ facy
damage is not present. Thus, confidence with the assessmeﬁ"f 1

Summary
because the potential for highly elevated

unlikely due to stabilized river levels, stru
nature of the existing bank. The co_mzbme

in the above assessment is
inspections could be necess

Iapld Draevsm wn

!s"lcti”‘ e failure an‘q&;?dennmmg surrounding structures

)FMs could occur as follows: the river level drops faster

I can dissipate. The saturated soil is elevated above the
#sbank of the river provides no lateral pressure support for the
there is insufficient support on the river side to support the
-‘fﬁthe smls experience slope movements or even fa1lure Generally,

however, deeper”faLl €s can occur.

The river stage level has receded and stabilized at a level corresponding to the nominal normal
river level at 40,000 cfs as of October 4, 2011. At the time of the writing of this version of the
Report the groundwater levels had not yet stabilized to nominal normal levels. Therefore, it is
possible that new distress indicators could still develop. Field observation of the river bank
area has not been performed since the river level has dropped.

The following table describes observed distress indicators and other data that would increase or

decrease the potential for degradation associated with these CPFMs for the Fire Protection
System Piping.
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Adverse (Degradation/Direct Floodwater Favorable (Degradation/Direct -
Impact More Likely) Floodwater impact Less Likely)
The Main Fire Protection System Piping is in No distress was observed at the time of site
close proximity to the river. " | inspections.
Elevated saturated soils and elevated flood levels
provided a water source.

Data Gaps: _

| «  Observations of the riverbank following drawdown to nominal nor
e Geophysical investigation data to address any observed co%@ms ;
» Inclinometer readings Wthh that will monitor for possib; 5e MO

i

o al river elevations.

Conclusion
Significance
Potential for Degradation/Direct Floodwater Impact

The river stage level has receded and stabilized gt
river level at 40,000 cfs as of October 4, 201 h Ry

Since it is believed that a potential for de
CPEMs are considered low.

Implication

iteithe river bank has not been inspected for signs
ie confidence for these CPFMs is low.

; smwer bank has not been inspected for signs of degradation and slope
not rule out these CPFMs and the confidence is low which means
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5.16.5 Results and Conclusions

‘The CPFMs evaluated for the Fire Protection System Piping are presented in the following matrix,
which shows the rating for the estimated significance and the level of confidence in the evaluation.

Low Conﬁd_enee : - High Confidence
(Insufficient Data) . (Sufﬂment Data)
CPFM 3a
CPFM 3c
s 2 E
L
u e
252
a7
CPFM 3d
CPFM 3f
CPFM 12a

CPFM 12b

Potential
] for Failure
' Not Significant

rensic investigations and ph}é:
Fihe Fire Protection Syste‘- CPF Ms 3a and 30 are associated w1th unﬁltered flow of

A review of the oeophysma and oeotechmcal reports as they pertain to the Fire Protection System
should be done when available.

OPPD should initiate a procedure to monitor for problems during cable pulling operations. Problems
associated with cable pulling operations to and from MH-5 might be indicative of problems that could
affect the Fire Protection System.

A detailed analysis of the pavement subgrade and trench alignments should be performed if the
pavement in the paved access area between the Intake Structure, around gate one, and the Service
Building is replaced.
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The results of proceeding recommendations will be used to increase the confidence in the assessment
resuits. -

At the time of the writing of this version of the Report, groundwater levels had not yet stabilized to
nominal normal levels. Therefore, it is possible that new distress indicators could still develop. If new
distress indicators are observed before December 31, 2011, appropriate HDR personnel should be
notified immediately to determing whether an immediate inspection or assessment should be
conducted. Observation of new distress indicators might result in a modifi 'anon of the
recommendations for this structure. 2 3 2

5.16.7 Updates Since Revision'O_

described below.
5.16.7.1 Additional Data Available .

The fol]dwing additional data were availat
Revisions 1 and 2 of this AssessmentiRep

a(see Section 5. ’%)
Snicter investigation by American Engineering Testing, Inc.

- ata obtained from mchnmﬁﬁé?ers by Thiele Geotech, Inc (see Attachment 6).

Data shows that the river and groundwater have returned to nominal normal levels.

e Field observations of river bank

No significance distress from the 2011 Flood was observed.

/50
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e Results of falling weight deflectometer investigation by American Engineering Testing, Inc.

Falling Weight Deflectometer and associated GPR testing performed in the Paved Access
Area identified anomalies such as soft clay and broken pavement. Additional ground

truthing of the investigation results were performed as part of the KDI #2 addmonal
investigations.

re l@%}%

-z:-x

it penmeter of the

AssessHi £port were compared
] vestlgatleﬁg that have been conducted

Trlgoermo Mecl i 3 — Subsurface Erosion/Piping

CPFM 3a - Undermmmg and settlement of shallow foundation/slab/surfaces (due to
pumping)

CPFM 3c - Undermined buried utilities (due to pumping)

Significance

Potential for Degradation/Direct Floodwater Impact

Except for Turbine Building sump, conditions which could cause subsurface erosion no longer
exist due to present site and flood conditions. Site pumping sources have been removed and
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high groundwater conditions no longer exist. The potential for this CPFM to occur presently
only exists in conjunction with KDI#1. Recommended actions in conjunction with KDI#2
address a majority of the areas in question as part of the “Paved Access Area.” Therefore, with
known issues being addressed and further mvest1gated by OPPD, the potential dcgradatlon due
to this CPFM is low,

Implication

e entire facility and
he fire protection

and adjacent utilities or structures. The fire protection
it is located in close proximity to many other utilities anid

o
o~

B s
Thus, the system

is designed to be shut down in sections for repa" I 50 ULl pply to fire supply
lines on both sides of potential line breaks. Asftoperatrvesfing rotectlon s required at
all times on the site. The Fire Protection Systen ’Q;smce ﬂoo ‘:‘s have

) . A
receded and it is an operative system, but a1 OF tw, wn 1mpa1rments that have
shut down lateral fire hydrant lines. Therefém ima] ;f"' tntlal degradation for
these CPFMs is high. : ' >

_ Confidence

With mvest {ga’g?ons and repail _
i - 15 “andmg inves

¢ the issuance of the Rev O report have narrowed and defined
FM. Recommended actions associated with the results of
ons will address known problem areas and allow the
“ﬁ nw@f the expansmn of }16 sed investigations and repairs as necessary to address the
condifionsic

degradatien the imp As to that structure or system puts it in the “not-significant”

—

Triggering Mechiaiiism 3 — Subsurface Erosion/Piping
CPFM 3d — Undermining and settlement of shallow foundation/slab (due to river
drawdown)
CPFM 3f - Undermined buried utilities (due to river drawdown)

Significance
Potential for Degradation/Direct Floodwater Impact

Based on groundwater monitoring data taken in conjunction with river drawdown and on a
continuing weekly basis, groundwater levels have been dropping at a rate that follows the river
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drawdown rate. Thus, the differential head necessary to create subsurface erosion due to river
drawdown is no longer present. The area most conducive to create this CPFM is nearest the
river. River bank inspections made since the issuance of the Rev 0 report show no indications
of this CPFM. The “Paved Access Area” between the Intake Structure and the Service Building
is the developed area nearest the river bank and includes most of the utility services that are
critical to the operation of the facility. Recommended actions in association with KDI#2 will
repair and address issues that are identified in the area. This will igclude instances of subsoil
‘erosion that could have been induced by river drawdown. The potential for degradation for
this CPFM to occur is considered low. N '

Implicatioh

The occurrence of these CPFMs would likely only affect¥h
river. Most of the fire protection system is located well a
these CPFMs with the exception of the supply lines that cgane )
the two most important supply components of the system are locate
potential for degradation from these CPFMs.

CPFMs.
The implication of the CPFMs affechir picoti considered low.

Confidence -

e combined consideration of the potential for degradation
e or system puts it in the “not-significant category” in the

Potential for Degradation/Direct Floodwater Impact

The river stage level has been stabilized at a level corresponding to the nominal “normal™ river
level at 40,000 cfs since October 4, 2011. Rapid drawdown was controlled by the release rate
schedule set by the USACE and continued river drawdown is not expected to occur at a rate
that would initiate this CPFM. Groundwater monitoring well measurements have been taken
since floodwaters have receded from the site. Groundwater readings based on the weekly
records show the groundwater levels dropped at a rate that closely followed the river level drop
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rate. With groundwater levels dropping in conjunction with river levels there is little chance of
highly elevated groundwater levels in comparison to river levels. The river bank is armored
and has historically protected and stabilized the existing river bank. In addition, no indications
of this type of failure were noted on the most recent riverbank inspection completed as of
October 27, 2011. Due to updated data and observations, the potential for degradation due to
this CPFM is considered low.

Implication
system. No distress has been observed during our insp 3
the potentxal degradation for this CPFM is low.

Confidence

associated with this CPFM is high.

Summary

Based on these discussion items, the comb,m@ﬁ COI’lSld
and the implications to that structugemr systen%puts
assessment matrix.

4.C ?CPFMS 12a and 12b for th it System Piping are not associated with Key Distress
%dlcators The results of thezadditional forensnc investigation show that these CPFMs are ruled
P..,__,@u%Therefore assuming thatm%& rther concerns are identified through the monitoring

n for the Fire Protectio tem Piping (discussed in Section 5.16.6 and continuing until
are moved to the quadrant of the matrix representing “No

Section 4.1 S@Qr%‘gﬁ . 1 esults of additional forensic investigation that was conducted to
ascertain whethé“riﬂgs.e CPFMs could be ruled out. The results of the additional forensic
investigation show“ﬂiat, assuming the recommendations for physical modifications for KDI #1
are implemented, these CPFMs are ruled out. Therefore, assuming that no further concerns are
identified through the monitoring program for the fire protection system (discussed in Section
5.16.6 and continuing until December 31, 2011), these CPFMs are moved to the quadrant of the
matrix representing “No Further Action Recommended Related to the 2011 Flood.”

CPFMs 3a, 3¢, 3d and 3f for the fire protection system are associated with Key Distress
Indicator #2. Section 4.2 presents the results of additional forensic investigation that was
conducted to ascertain whether these CPFMs could be ruled out. The results of the additional
forensic investigation show that these CPFMs are ruled out. Therefore, assuming that no
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further concerns are identified through the monitoring program for the fire protection system
(discussed in Section 5.16.6 and continuing until December 31, 2011), these CPFMs are moved
to the quadrant of the matrix representing “No Further Action Recommended Related to the
2011 Flood.”

Low Confidence - High Conﬁdence
(Insufficient Data)

Potential
for Failure
Significant

Potential
for Failure
Not Significant

than CPFMs 32
CPFMs 12a andng‘ ave been ruled out as a result of the Revision 1 findings, because CPFMs
3d and 3f were rulsdiout using the results of the KDI #2 investigation presented in Section 4.2
and because CPFMs 3a and 3¢ will be ruled out when the physical modifications recommended
for KDI # 1 in Section 4.1 are implemented, no Triggering Mechanisms and their associated
PFMs will remain credible for the Fire Protection System Piping. HDR has concluded that the
geotechnical and structural impacts of the 2011 Missouri River flood will be mitigated by the
implementation of the physical modifications recommended in this Assessment Report.
Therefore, after the implementation of the recommended physical modifications, the potential
for failure of this structure due to the flood will not be significant.



Section 5.17
Vaste Disposai P
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5.17 Waste Disposal Piping
5.17.1 Summary of Waste Disposal Piping

Baseline information for the Waste Disposal Piping is provided in Section 2.0, Site History,
Description, and Baseline Condition.

o) Building to the
south end of the Intake Structure. The utility bank begins adjagemt#o Tx ] and is routed
south of the Underground Cable Bank and MH-5. From the s 125,
ut111ty bank (mcludmg the Waste Dlsposal Plpmg) is routed to

sanitary sewer lines, storm drain lmes demineralized water lines, ahd t <
(Trenwa) as it is routed across the site.

—————The-Waste Disposat system is used to collect, store; GferBpraiess, and CoTitre : lease of
radioactive waste. The Waste Disposal Piping is ugéitife Ee
to within acceptable levels.

Drawing No/
Page
Number(s)
11%65-M-313 Unknown
(#10753)
11405-M-314 8/3/1973
(#10754)
SDBD-WD-144 7/28/11 All
Naval Facilities En 9/1986 All
Design Manual 7.01,

Detailed site observatlons—ﬁeld reports, field notes, and inspection checkhsts——for the Waste
Disposal Piping are provided in Attachment 8.
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Observed performance and pertinent background data are as follows:

e Groundwater was observed flowing into the basement sump of the Turbine Building from floor and
condensate drain pipes not designed to intercept groundwater. This condition has a recorded
history dating back to 1997. The Turbine Building is west of the corridor and utilities, between the

. Intake Structure and the Service Building.

o Settlement of a column in the Maintenance Building, north of the Turbine Building, has been
documented. The Turbine Building and the Maintenance Bu11d1ng argdwest of the corridor and
associated utility ahgnments within the corridor. ~ v '

the area inside the Aqua Dam perlmeter Surfaces above
inundated when the facility Aqua Dam failed. ‘

e Areas outside the penmeter of the facility Aqua Dam were inu
period of time.
e Concrete areas in the corridor (paved drive and pedestrian areas betw :
Building) have exhibited distress, including cracking,sigBse ining. However,
‘ s due the age and

ay _g ?§. located fEarithe observed disc arge pomt of a pump operated prlor to
' -._' ek, 4 e
! Ngha

'{;ex1m1ty to the pavement fa
ye _,ﬂember 13 2011, and failed.

e Pavement §
acid tank. '

* The fire hydrant loca,, 1 P-3E was tested on September 13, 2011, during site mvestlga‘uons
No operatlonal proble were observed during the time on site.

¢ OPPD operations personnel testing the fire hydrant at FP-3E on September 13, 2011, were
questioned about other fire hydrant tests. An OPPD employee who was questioned noted that no
problems were observed for the fire hydrant at FP-3D during testing. The information on the
problem at FP-3C, noted previously, was gathered at this time.
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5.17.3 Assessment Methods and Procedures
5.17.3.1 Assessment Procedures Accomplished

Assessments were made by walking the Waste Disposal Piping alignment and observing the
ground surface overlying the underground pipe system. The surface assessment included using
-a 4-fi-long, 0.5-in.-diameter, steel-tipped fiberglass T-handle soil probe to hand probe the
ground surface along the utility alignments and adjacent areas to d%trmine relative soil
' strength The assessment focused on ldentlfymg conditions#ndi ;

backfilled trench including scour, subsidence or settle
heave.

o Soft ground surface areas (native soil, engineered fi
‘determined by probmg

cable encasement pip€s). ,
. Damage to at-grade or above grade sys ‘

Additional investigations were 'gf
including areas where condité

o Inclmomet‘é”"’"“’ !s"":.along the river that provide an indication of slope movement.
5.17.3.2 Assessment Procedures Not Completed
Assessments of the Waste Disposal Piping that were not completed include the following:

¢ The interior of underground cable bank manholes and connecting concrete-encased cable
~ pipes in the Protected Area were not inspected except for visual observations that were
possible from above and behind temporary safety railings. Manholes are a confined space
as defined by OSHA regulations. In accordance with these regulations and OPPD FCS
safety procedures, manhole entry is a permit-required confined space entry and can only be
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performed by appropriately trained OPPD personnel. The underground cable bank and the
Waste Disposal Piping system follow a similar route, and surface indicators for the cable
bank can also be indicators for the disposal piping.

e No excavation to inspect underground systems and conditions was performed

e No video inspection of the system was completed.

5.17.4 Analysis

Identified PFMs were initially reviewed as discussed in Section 3
preliminary information available from OPPD data files and frogy w
Eleven PFMs associated with five different Triggering Mecharis
“non-credible” for all Priority 1 Structures, as discussed in Sec T
carried forward as “credible.” After the design review for each
and the results of available geotechnical, geophysical, and survey .
CPFMs were ruled out as discussed in Section 5.17.4.1. The CPEM
assessment are discussed in Section 5.17.4.2.

Triggering Mechamsm 2 - Su
CPFM 2a — Undermmm
CPFM 2c¢ — Undermined

Reason for ruling out;

¢ Soil supporting and surrounding the Waste Disposal Piping system has been previously
wetted. The peak flood elevation prior to 2011 was 1003.3 ft, which occurred in 1993.
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Triggering Mechanism 10 — Machine/Vibration-Induced Liquefaction
CPFM 10a — Cracked slab, differential settlement of shallow foundation, loss of structural
support
CPFM 10b — Displaced structure/broken connections

Reasons for ruling out:

J Machme vibrations from the facility (turbine and various pump' have hxstorlcally occurred
and no 1nd1cat10ns of these CPFMs were. evndent 2

not observed around the areas where the pumps wereioF
liquefaction were reported to HDR.

support
CPFM 11b — Displaced structure/broke

Reasons for ruling out:

one week toSt; € to at least a partial deoree

e The river bank i¢ armored and has historically protected and stabilized the existing river
bank.

Triggering Mechanism 13 — Submergence
CPFM 13a — Corrosion of underground utilities

Reasons for ruling out:

e There are no flood-induced changes to the nature of the buried Waste Disposal Piping
system.
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o The Waste Disposal Piping system is located below the design flood elevation for the
facility. Groundwater elevations controlled by Missouri River water elevations, percolation
of storm precipitation, and winter snow melt would be expected to contact underground
improvements, including constructed steel and concrete facility elements. As such, steel
and concrete site improvements are assumed to be designed to withstand the corrosive
environment of groundwater and wetted soil.

e The Waste Disposal Piping system is stainless-steel pipe that is encased in concrete and
installed in an area of structural backfill. Therefore, corros1o e to ﬂood-mduced site
changes is not expected. D, S5

Triggerihg Mechanism 14 — Frost Effects
CPFM l4a — Heaving, crushing, or displacement

Reasons for ruling out:

e The Waste Disposal Piping system is installed below th g dep
¢ Conditions have not changed due to flood conditien

piﬁh 1S3k :t"ghonnected to several pmmplng sources: the sump pit in the Turbme Building, Manhole
MH""%‘E oumps located along the interior of the Aqua Dam perimeter.

extended per1od of tlme mamtammg a head d1fferent1al on the
seepage pa‘ ;
is unﬁltered nd

pavement and alongu fhe utility trench walls The potentlal damage includes settlement of the
Underoround Cable Bank and manholes causing a loss of electrical connectivity.

Below are field observations and data that support the likelihood of these CPFMs:

* MH-5 was pumped for the duration of flooding to remove water entering into the manhole.
Known water sources included ducts from MH-31 and ducts running to the Auxiliary
Building. This created a head differential.

* The flow of water into MH-5 was observed on multiple field visits. Sources of the water
could not be determined.
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Sediment deposits (and fish) were observed in the bottom of the MH-5 when it was emptied
on September 14, 2011. The sediment could be an indication of piping and subsurface
erosion.

The area inside the Aqua Dam perimeter was pumped dry and created a hydrostatic head
.condition between the area inside and the area outside of the Aqua Dam perimeter. The
inside the Aqua Dam perimeter was pumped from several locations creating pomts where
underground piping and subsurface ﬂows would tend to ﬂow

of the Security Building and east-southeast of MH-5.
Based on a conversation with an OPPD operatlons ¢

opening the valve to test the hydrant, the base crackedtds
closed. The access cabinet was tagged out for repair at, ”

includes observed slab settlement and unde ' i
pavement areas). ‘

Since this is a floor drain system, no m@ﬁ;anon ofdy hnd vate _
The infiltration of groundwatengmo th%ﬁ'&em m%icates som_i iby; :.ﬁ'

1 'E@ﬁhe Security Building, could have been

g3

surface pumps and might not be assocrated w1th these

e

GPR data. (TesPreports were not available at the time of Revision 0.)

Seismic Survey - refraction/tomography and refraction microtremor. (Test reports were not
available at the time of Revision 0.)

The following table describes observed distress indicators and other data that would increase or

decrease the potential for degradation associated with these CPFMs for the Waste Disposal
Piping system.
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Adverse (Degradation/Direct Floodwater
impact More Likely)

Favorable (Degradation/Direct Floodwater |
impact Less Likely)

A hole in the pavement with a void space beneath
‘| was observed north of the Security Building and

Alternatively, the observed hole couid have been
developed by outflow from the surface pumps

and not be associated with this CPFM.
Temporary surface pumps were pumping water
back over the Aqua Dam. One of the pump
discharge points was near the observed hole.
Concentrated dis e flowacould have created

i

east of MH-5. This location was outside the Aqua
Dam perimeter and could be a sinkhole that
developed due to subsurface erosion.

Data Gaps: ;
e Geophysical investigation data to address observed co

e Geotechnical investigation data to address observed colﬂmﬁ'ﬁﬁéL
e Existence, size, and location of voids

Conclusion

Significance

&'@ the Waste Dlsposal
u_ d 'catnons of subsurface

R the Waste Disposal Piping system. Therefore, the
nator ’“‘lﬁpese CPFMs is high.

oo =

¢ ey
ion of the potets

h of the Security Building, and the settled pavement section
jough the confidence is high that there are some voids under
of these voids is not known.

confidence in the ‘e assessment is low, which means more data are necessary to draw a

conclusion.

Summary

- For CPFMs 3a and 3c, as discussed above, the potential for degradation is high because
indicators for these CPFMs have been observed. This degradation could have caused erosion
that impacts the integrity or intended function of the structure. The combined consideration of
the potential for degradation and the implications of that degradation to a structure of this type
puts it in the “significant” category. That data currently collected are not sufficient to rule out
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these CPFMs. Therefore, the confidence in the above assessment is low, which means more
data or continued monitoring and inspections are necessary to draw a conclusion.

Triggering Mechanism 3 — Subsurface Erosion/Piping

CPFM 3d — Undermining and settlement of shallow foundatlon/slab (due to river
drawdown)

CPFM 3f — Undermined buried utilities (due to river dra

' These CPFMs are similar to CPFMs 3a and 3c but inst¢ :
by rapidly receding river level. R

Therefore, field observation
be made

é;}jzrﬁ;er level at 40,000 ¥
CPFMs are unlikely have gm@ been mad

The Waste Dlsposal Plplr‘fg*ast?effset from the river bank. This offset from the rlver bank

e Void spac created:b;
to cause th% L isposal system to fail.

w@v ,
Data Gaps (data has yet to be acquired to assess these CPFMs):

e Observations of the riverbank following drawdown to normal river elevations.
¢ Geophysical investigation data to address observed concerns.
¢ Geotechnical investigation data to address observed concerns.

The following table describes observed distress indicators and other data that would increase or
decrease the potential for decradatlon associated with these CPFMs for the Waste Disposal
Piping system.
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Adverse (Degradation/Direct Favorable (Degradation/Direct
Floodwater Impact More Likely) Floodwater impact Less Likely)
Flood waters were at a high level for an USACE suspended the river drawdown
extended period of time which allowed between August 27, 2011 and September 18,
surrounding soils to become saturated. 2011. This gap period in the scheduled

reduction of dam release rates was provided to
allow groundwater elevations to equalize with
river ﬂow elevanons@

Conclusion

Significance.

tiar
A Wiaste Disposal Piping systemn: herefore the implication of the potential degradation for these
Q*% M is high.

The data at hand*arg m@t sufficient to rule out these CPFMs, or lead to a conclusion that’
subsurface erosion Has undermined the Waste Disposal Piping system. Therefore, the
confidence in the above assessment is low, which means more data are necessary to draw a
conclusion.

Summary

For CPFMs 3d and 3f, as discussed above, the potential for degradation is high because
groundwater levels have not yet reached nominal normal levels. This degradation could cause
erosion that impacts the integrity or intended function of the structure. The combined
consideration of the potential for degradation and the implications of that degradation to a
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structure of this type puts it in the “significant™ category. The data currently collected are not
sufficient to rule out these CPFMs. Therefore, the confidence in the above assessment is low,
which means more data or continued monitoring and inspections is be necessary to draw a

conclusion.

5.17.5 Results and Conclusions

The CPFMs evaluated for the Waste Disposal Piping are presented in the&»:

llowmg matrix, which
shows the rating for the estimated significance and the level of confr : ' i

Low Confidence
(Insufficient Data)

CPFM 3a
CPFM 3c
CPFM 3d
CPFM 3f

Potential
for Failure
Significant

Review Geophysﬁfa ind geotechnical reports to evaluate the data as they pertain to the Waste
Disposal Piping. <l >
¢ Inspect the interior of 5 Inspect walls, floor, cover, joints, and duct bank penetrations.
Obtain a photographic record of conditions. :
e Perform a detailed analysis of the pavement subgrade and trench alignments, if the pavement in the
corridor between the Intake Structure and the Service Building is replaced.

5.17.7 Updates Since Revision 0

Revision 0 of this Assessment Report was submitted to OPPD on October 14, 2011. Revision 0
presented the results of preliminary assessments for each Priority 1 Structure. These assessments were
incomplete in Revision 0 because the forensic investigation and/or monitoring for most of the
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Priority 1 Structures was not completed by the submittal date. This revision of this Assessment Report
includes the results of additional forensic investigation and monitoring to date for this structure as
described below. -

5.17.7.1 Additional Data Available

The following additional data were available for the Waste Dlsposal Piping for Revisions 1
and 2 of this Assessment Report: 523

nd associated GPR testing performed in the Paved Access
h as soft clay and broken pavement. Additional ground

Seismic Refraction and Seismic ReMi tests performed around the outside perimeter of the
power block as part of KDI #2 identified deep anomalies that could be gravel, soft clay,
loose sand, or possibly voids.

e Results of geotechnical investigation by Thiele Geotech, Inc.

Six test borings were drilled, with continuous sampling of the soil encountered, to ground
truth the Geotechnology, Inc. seismic investigation results as part of the KDI #2 forensic
_Investigation. Test bore holes were located to penetrate the deep anomalies identified in the
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seismic investigation. The test boring data did not show any piping voids or very soft/very
loose conditions that might be indicative of subsurface erosion/piping or related material
loss or movement.

All of the SPT and CPT test results conducted for this Assessment Report were compared
to similar data from numerous other geotechnical investigations that have been conducted
on the FCS site in previous years. This comparison did not id%ntify substantial changes to
the soil strength and stiffness over that time period. SPT and €BT test results were not
performed in the top 10 feet to protect existing utilities, 4 i

Data from inclinometers to date, compared to the orj
exceeded the accuracy range of the mclmometers

accuracy range of the surveying equlpment (Hhe & Sthe monitored
locatlons since the survey baseline was s ASTNGLE

deemed necessary

Triggering Mec Mechamsm 3 )
CP'\-. Q' A0l g

éaéte*%’Dlsposal Plp “‘f‘?' "System are associated with Key Distress
dlcator #1. Sectlon 4.1 presenté

-;_-._the results of additional forensic investi gation that was

FMs are ruled out. Therefore, assuming that no further
e monitoring program for the Waste Disposal Piping System

ahd contmumg until December 31, 2011), these CPFMs are moved
to the quadr

2011 Flood.” T

inspection of MH= IS-ﬁO longer needed because CPFMs 3a and 3¢ will be ruled out when the
- physical modifications recommended for KDI # 1 in Section 4.0 are implemented.

Triggering Mechanism 3 — Subsurface Erosion/Piping

CPFM 3d — Undermining and settlement of shallow foundation/slab (due to river
drawdown)

‘CPFM 3f - Undermined buried utilities (due to river drawdown)

CPFMs 3d and 3f for the Waste Disposal Piping System are associated with Key Distress
Indicator #2. Section 4.2 presents the results of additional forensic investigation that was
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matrix, which shows the rating for the estimated signifig:

conducted to ascertain whether these CPFMs could be ruled out. The results of the additional
forensic investigation show that these CPFMs are ruled out. Therefore, assuming that no
further concerns are identified through the monitoring program for the Waste Disposal Piping
System (discussed in Section 5.17.6 and continuing until December 31, 2011), these CPFMs
are moved to the quadrant of the matrix representing “No Further Action Recommended
Related to the 2011 Flood.”

5.17.7.1 Revised Results

The CPFMs evaluated for the Waste Disposal Piping Sy the following

f confidence in the
evaluation. o % ;

Low Confidence
~ (Insufficient Data)

Potential
for Failure
Significant

-%?’v

CPFM 3d
CPFM 3f

Potential Y
for Failure gE#b
Not Significanti:/

In the assessment ofithe FCS Structures, the first step was to develop a list of all Triggering
Mechanisms and PFMs that could have occurred due to the prolonged inundation of the FCS
site during the 2011 Missouri River flood and could have negatively impacted these structures.
The next step was to use data from various investigations, including systematic observation of
the structures over time, either to eliminate the Triggering Mechanisms and PFMs from the list
or to recommend further investigation and/or physical modifications to remove them from the
list for any particular structure. Because all CPFMs for the Waste Disposal Piping other than
CPFMs 3a, 3¢, 3d, and 3f had been ruled out prior to Revision 1, because CPFMs 3d and 3f
were ruled out using the results of the KDI #2 investigation presented in Section 4.2, and
because CPFMs 3a and 3¢ will be ruled out when the physical modifications recommended for
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KDI #1 in Section 4.1 are implemented, no Triggering Mechanisms and their associated PFMs
will remain credible for the Waste Disposal Piping. HDR has concluded that the geotechnical
and structural impacts of the 2011 Missouri-River flood will be mitigated by the .
implementation of the physical modifications recommended in this Assessment Report.
Therefore, after the implementation of the recommended physical modifications, the potential
for failure of this structure due to the flood will not be significant.
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* supported Intake Structure This tank supplies fuel for the diesel-powered W
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518 Fuel Oil Storage Tanks and Piping
5.18.1 Summary of Fuel Oil Storage Tanks and Piping

Baseline information for the Fuel Oil Storage Tanks and Piping is provided in Section 2.0, Site
History, Description, and Baseline Condition.

" The Fuel Oil Storage Tanks and Piping consist of three fuel tanks
inside the protected area. The purpose of these tanks is to provi
generators and diesel water pumps. Fuel tank FO-1 is an 18,008
founded on a pile-supported concrete siab located south of the
an 18,000-gallon steel underground tank founded on a pile-suppX
east wall of the Service Building. Tanks FO-1 and FO-10 supply
generators. Fuel tank FO-27 is a 500-gallon, concrete, abovegro
of the Intake Structure. Fuel tank FO-27 is supported by a concret

el tank FO-10 is
ad outside the

Structure.

5.18.2 Inputs/References Supporting the Anal

Table 5.18-1 lists references provided by OPPD ther dogfiEnents wsEditysupport HDR’s analysis.
Table 5.18-1 - Referengesifor Fi€l Oil Sfdvage TankSand Pipin -
Document Title OPP ument ¥ Date Page -
Ber Number(s)
3 _ S “(if applicat

Yard Piping Shee L, | 11405-M-3T9%GH5%52) | Unknown

Yard Pipingfitics ; L2991 1405-M-313 (#10753) | Unknown

Yard Pigitizish 05-M-314 (#10754) | 8/3/1973

5:S-418 (#16588) Unknown
11 -412 (#16583) 1/29/1973

SDBD-DG-112 1/19/2011 | All
SDBD-STRUCT-503 6/22/2010 | All
9/1986 All

Detailed site obsete

Storage Tanks and Fided in Attachment 8.

Observations and pertine ckground data are as follows:

e Utility lines run in close proximity to tanks FO-1 and FO-10.

o . Tank FO-1 is surrounded by a perimeter security fence and could only be inspected from outside
the fence.

¢ A sand boil/piping feature was observed (originally reported in CR 2011-7265) near the southwest

corner of the Missile Shield Room. This room is on the outside of the south wall of the Auxiliary
Building and has an unfinished, pea-gravel floor surface. Tank FO-1 is south of this Missile Shield
Room and fuel oil piping enters this room below floor elevation very near the observed boil/piping
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feature. The Main Underground Cable Bank (MH-1 to the Auxiliary Building portion) runs
through the subsurface, in proximity to the location of the boil/piping feature.

e A hollow—sounding pavement area was noticed east of the Service Building truck dock; this area is
in proximity to underground fuel tank FO-10.

e Groundwater was observed flowing into the basement sump of the Turbine Building from floor and
condensate drain pipes not designed to intercept groundwater. This condition has a recorded
history dating back to 1997. The Turbine Building is west of the corridor and utilities are located
between the Intake Structure and the Service Building.

o Settlement of a column in the Maintenance Bulldmg, north o
documented.

e Water inflow into MH-5 occurred durmg the ﬂood event
photographed. '

e The Aqua Dam surrounding the facility crossed the alignmen
piping, the underground utility bank, the underground cable by
tunnels.

o has been

fac111ty Aqua Dam failed.
Areas outside the facility Aqua Dam were inu
Concrete areas in the corridor (paved drive angspe ian 3 - ip nd Service

and use of the facility. : ,

e There is a hole in the pavement ; ofiigb north of the Security
Building and east-southeast of ¢ easafemiirtside the perimeter of the Aqua -
Dam that surroyp : i \ t the intersection pomt of

fthe Security Building and east-southeast of MH-5 is located
d void area. It was reported that the fire hydrant was tested

Pavement slab settli ‘-%p:-sn observed northwest of the Intake Structure and east of the abandoned

acid tank.
¢ The fire hydrant located in FP-3E was being tested on September 13, 2011, during site
investigations. No operational problems were observed during the time on site.

e OPPD operation personnel testing the fire hydrant at FP-3E on September 13, 2011, were
questioned about other fire hydrant tests. The OPPD employee questioned noted that no problems
were observed for the fire hydrant at FP-3D during testing. The information on the problem at FP-
3C, noted previously, was gathered at this time.
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e The enclosure for fuel tank FO-27, outside the Intake Structure, is designed to withstand an
external hydrostatic load due to flooding of the Missouri River to el. 1014.5 ft (see SDBD-STRUC-
503

. The)concrete support slabs for fuel tanks FO-1 and FO-10 are 15 ft wide by 25 ft long by 3 ft thick
and are founded on four 10BP42 steel-bearing piles. The top of the support slab for tank FO-1 is at
el. 989 ft and the top of the support slab for tank FO-10 is at el. 990 ft.

e The driving criteria, tip elevation, and capacities of the 10BP42 piles a

e unknown. However, the

(see 11405-S- -412). ;

e The piles are anchored to the support slab through a welde : i in. diameter bent

. rods that protrude into the slab..
e The tank is attached to the slab by two hold-down straps ang

* diameter bent rods. _

e The river bank is armored and has historically protected and s

rna
dentlfymg conditions indicative of

e to the utility as follows:

geotechmcal mvestatlons

e GPR. (Test reports were not available at the time of Revision 0.)

¢ Seismic surveys (seismic refraction and refraction micro-tremor). (Test reports were not
available at the time. of Revision 0.)

* Geotechnical investigations including borings in the vicinity of the utility to determine
current soil conditions and capacities. Note that OPPD required vacuum excavation for the
first 10 ft of proposed test holes to avoid utility conflicts. Test reports will thus not show
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soil conditions in the upper 10 ft of test boring logs. (Test reports were not available at the
time of Revision 0.)

e Paved areas were evaluated with GPR and dynamlc deflection methods (i.e., drop weight
deflectometer). (Test reports were not available at the time of Revision 0.)

5.18.3.2 Assessment Procedures Not Completed

== Assessments of the Fuel Oil Storage Tanks and Pipiiig that were ng
following:

. No excavatlon to inspect underground systems and

5.18.4 AnaIyS|s

forward as “credible.” After the de51gn review for eag
‘results of available geotechnical, geophysical, and g

were ruled out as discussed in Section 5.18.4.1. Tj

are discussed in Section 5.18.4.2.

5.18.4.1 Potential Failure MofEsiRuled" : pletion of the Detailed
Assessment '

ved along the surface overlying the Fuel Oil Storage Tanks
localized and limited surface erosion was observed on the
u,‘; "*6‘» c111ty Therefore surface erosion-induced failure is discounted
vle to this system.

Triggering Mec a2 Hsm 4 — Hydrostatic Lateral Loading (water loadmg on structures)
CPFM 4c — Walt failure in flexure
CPFM 4d — Wall failure in shear
CPFM 4e — Excess deflection

Reasons for ruling out:

J Undefground storage tanks and buried piping are designed to be below the groundwater
surface.
¢ The tanks were nearly full during the 2011 flood.
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Triggering Mechanism 5 — Hydrodynamic Loading
CPFM 5a — Overturning
CPFM 5b — Sliding
CPFM 5¢ — Wall failure in flexure
CPFM 5d — Wall failure in shear
CPFM 5e — Damage by debris
CPFM 5f — Excess deflection

Reason for ruling out:

following the failure of the Aqua Dam and until it w3 i Siructure fuel
storage and pipelines (FO-27) are above ground. Fuel
this loading show no observable 51gns of movement o 55

Reasons for ruling out:

o Underground storage tanks ands
surface.

e The tanks were nearly fu

g the Fuel Oil Storage Tanks and Piping has been previously
ggg%,on prior to 2011 was 1003 3 ft, Wthh occurred in 1993.

I 4 Machme/V ibration-Induced Liquefaction
bed d structure/broken connections

Reasons for ruling out:

* Machine vibrations from the facility (turbine and various pumps) have historically occurred
and no indications of these CPFMs are evident.

* Pumps used on site during the flood event were judged of insufficient size to cause ground
or structure vibrations to initiate soil liquefaction.

* Visible indications of liquefaction were not observed around the areas where the pumps
were operating and no occurrences of liquefaction were reported to HDR.
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e No structure movements indicative of soil liquefaction and resultant settlement were
observed; no structure cracking or lateral movements were observed.

Triggering Mechanism 11 — Loss of Soil Strength due to Static Liquefaction or Upward
Seepage
CPFM 11b - Displaced structure/broken connections
CPFM 11c — Additional lateral force on below-grade walls
CPFM 11d - Pile/pile group instability

Reason for ruling out:
¢ This has not been observed on sitei -

Triggering Mechahism 12 - Rapid Drawdown
CPFM 12a - River bank slope failure and undermini
CPFM 12b - Lateral spreading

Reasons for ruling out:

The structures did not have evident sig;
Slope failure was not observed at the
River stage level has receded and stab
river level at 40,000 cfs as of Qef@ber 4%

o The river bank is armored a
bank.

#ound utilities

ug}. -

» Underground fuel tanks 03%!15- are resistant to corrosion by design, through the use of
rotective coating and co .si-' allowance in design. There are no flood-induced changes

3 . & Reil
corrosive nature of theer

N G
B eground storage:

congrgtesenca:

b
A
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Triggering Mechanism 14 — Frost Effects
CPFM 14a — Heaving, crushing, or displacement

Reasons for ruling out:

e Fuel oil storage tanks FO-1 and FO-10 are pile-supported with the pile caps located well
below frost depth, thus not subject to frost heave.
e Fuel storage tank FO-27 is supported by the Intake Structure which is plle supported and
" not susceptible to frost effects. Piping for thxs tank is flekiblex
some movement. .
e Conditions have not been changed due to the flood

5.18.4.2 Detailed Assessment of Credible Potenti

The following CPFMs are the only CPFMs carried forwa
Oil Storage Tanks and Piping as a result of the 2011 flood.
to tanks FO-1 and FO-10 and associated piping beca

Subsurface structures in the genlialicinity of thefiie pling that were pumped
during the flood due to groundwgter infiltration i [H-5 and the Turbine
~ Building sump pit. ' :

ows: multiple potentially connected
the site including soil backﬁll in utility trenches,

Known water sources included ducts from MH-31 and ducts running to the Auxiliary
Building. Pumping created a head differential.

e The flow of water into MH-5 was observed on multiple field visits. Sediment deposits (and
fish) were observed in the bottom the MH-5 when it was emptied on September 14, 2011.
The sediment could be an indication of piping and subsurface erosion.

e A void area was observed beneath the concrete slab just north of the Security Building and
east-southeast of MH-5.

e Based on a conversation with the OPPD operations employee testing fire hydrant FP-3E on
September 13, 2011, fire hydrant FP-3C, located northeast of the Security Building, was
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tested on September 13, 2011, and failed, According to the OPPD operations employee,
when opening the valve to test the hydrant, the base cracked and leaked and the valve had’

to be closed. The access cabinet was tagged out for repair at that time.

Pavement distress was observed along the driveway corridor between the Intake Structure
and the Service Building. Distress indicators include observed slab settlement and
undermining (as evidenced by hollow-sounding pavement area).

and stable. Soil probing indicated no soft spots at the¥
Sediment and fish were observed in the bottom of MH

failed and the area was inundated with water
transported into the manhole with floodw:
developed by outflow from the surface

hoses placed over the Aqua Dam., isdhie e poi asvear the observed hole

(verify and reference a figure ge flow might have
eroded pavement and creat

- ollowmg table summari

Tease the potential for -r

eiD Jeg radatloq‘@f@ﬁ Floodwater Favorable (Degradation/Direct Floodwater
'ﬁ“w act Mpﬁ@ﬂ?ﬁkely) Impact Less Likely)
Water was p ué i "'u it Ily pumped from the | Soils were firm and stable surrounding tanks FO-1
Turbine BuildinBesmmnipit and MH-5 and FO-10.

Slab settlement was¥ioted northwest of tank FO- | No soil subsidence was noted above or adjacent to
27.

tanks FO-1 and FO-10.

Data Gaps:

Geophysical investigation data to address observed concerns.
Geotechnical investigation data to address observed concerns.
Existence, size, and location of voids
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Conclusion

Significant

Potential for Degradation/Direct Floodwater Impact

None of the indicators for these CPFMs have been observed at the structures. However, voids
due to pumping of MH-5 mlght not have been evident at the tune af.the ﬁeld assessments

occurred due to these CPFMs is low.

Implication

for these CPFMs are high.

Confidence

J‘ 4 adatlon toa structure of this type put it in the “not
"#‘ 5‘-40'

The Trlggermg lechan: sm and CPFM could then occur as follows: the drop in elevation of
‘the river is expecte@;;to occur at a higher rate than the drop in elevation of the groundwater.

This will result in an increased groundwater gradient. This increase could allow for subsurface
erosion to occur. :
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Following are field observations and data that support the likelihood of these CPFMs:

o Flood waters were at a high level for an extended period of time and saturated soils under
and adjacent to facility site improvements.

e The observed void area beneath the concrete slab north of the Security Building and the
pavement distress observed along the driveway corridor between the Intake Structure and
the Service Building, support the likelihood that: subsurface piping features/networks from
within the site to the river exist.

Following are field observations and data o site condm
unlikely:

Storage Tank system to fail.

Data Gaps (data still required to assess thes

' er data that would increase or
s for the Fuel Oil Storage

Favorable (Degradation/Direct

Floodwater Impact Less Likely)
SACE suspended the river drawdown
gisbetween August 27, 2011 and September 18,
2011. This gap period in the scheduled
reduction of dam release rates was provided to
allow groundwater elevations to equalize with
river flow elevations.
Riverbank is armored; bank has been
protected in previous floods.

ander and adjacent to facility
rovements. '

LW i
- Geophysical i¥estigation data to address observed concerns.
® Geotechnical inVestigation data to address observed concerns.

Conclusion
Significance
Potential for Degradation/Direct Floodwater Impact

None of the indicators for theses CPFMs have been observed at the structures. However, voids
due to rapid drawdown might not have been evident at the time of the field assessments.
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Additionally, the extent of voids created by rapld drawdown could be msxgmﬁcant The
potential that degradation due to these CPFMs has occurred is low.

Implication

Depending on the location and extent of the subsurface erosion, these CPFMs could manifest as
pipe movement or tilted foundations which could negatively impact the integrity or intended
function of the Fuel Oil Storage Tanks and Piping. Therefore, theghmplications of the potential
degradation for these CPFMs are high.

"Confidence

The data at hand are not sufficient to rule out these CPF¥
Fuel Oil Storage Tanks and Piping are or could become unt
Therefore, the confidence in the above assessment is low, &
to draw a conclusion.

Summary

For CPFMs 3e and 3f, as discussed above,
degradation and the implications of that d 7
significant” category. The data currently T rule out these CPFMs.
Therefore, the confidence in the aboug isdielimn more data or

continued monitoring and inspe ' : ’
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5.18.5 Results and Conclusions

The CPFMs evaluated for the Fuel Qil Storage Tanks and Piping are presented in the following matrix,
which shows the rating for the estimated significance and the level of confidence in the evaluation.

Low Confidence High Confidence
(Insufficient Data) (Sufficient Data)

Potential
for Failure
Significant

CPFM 3b

CPFM 3c

‘g’ CPFM 3e

< 2 © | CPFM 3f
=2 E
885
£3°
Q
<

g, for the Fite
“ess the 1mpact on the Fuel Oil Storage Tanks and P1pmg

dlcator #2), and Column settlement in the Maintenance Shop

building (Key D1 {3 ese recommendations are described in detail in Sections 4.1,
42 and 4.3. '
' CPFM 3¢ for fuel tank FOI 3 111 be addressed under separate investigation due to the following:

1. The observed sand-boil/piping feature in the Auxiliary Building missile shield room is not
associated with or addressed in the KDI investigations.

2. The distance from fuel tank FO-1 to the access corridor, reduces the likelihood that results from the
KDI investigations could be used to rule out CPFM 3c for fuel tank FO-1.

Also, inventory control and leak detection results should continue to be monitored and compared to the
results of inventory control and leak detection prior to the 2011 flood.
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At the time of Revision 0, groundwater levels had not yet stabilized to nominal normal levels.

" Therefore, it is possible that new distress indicators could still develop. If new distress indicators are
observed before December 31, 2011, appropriate HDR personnel should be notified immediately to
determine whether an immediate inspection or assessment should be conducted. Observation of new
distress indicators might result in a modification of the recommendations for this structure.

5.18.7 Updates Since Revision 0

presented the results of preliminary assessments for each Priori assessments were
incomplete in Revision 0 because the forensic investigation andj i ost of the

Priority 1 Structures was not completed by the submittal date. ;
includes the results of additional forensic investigation and mon;
described below.

5.18.7.1 Additional Data Available

e © o o o o
b
2
e
=
7]
(o]
)-ﬁ
58
e
w
e
o
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7
[¢]
5
34

Resxilts of falling weigh
(Se Alta s

ica mvestlg

e
f‘?“i‘?]& vestxga
i" i

‘%Revxslon 0. Additional analysis related to CPFMs 3b, 3e,
for KDI #1, Section 4.2 for KDI #2, and Section 4. 3 for KDI -

¢ Groundwater m@ntoring well and river stage level data from OPPD.

Data shows that the river and groundwater have returned to nominal normal levels.
¢ Field observations of river bank

No significance distress from the 2011 Flood was observed.



Priority 1 Structures . Page 5.18-14
Fuel Oil Storage Tanks and Piping ' Rev. 2

e Results of falling weight deflectometer investigation by American Engineering Testing, Inc.

Falling Weight Deflectometer and associated GPR testing performed in the Paved Access
Area identified anomalies such as soft clay and broken pavement. Additional ground

truthing of the mvestlgatlon results were performed as part of the KDI #2 additional
1nvest1gat10ns

e Results of geophysical investigation report by Geotechnology

erimeter of the
) vel, soft clay,

- Seismic Refraction and Seismic ReMi tests performe
power block as part of KDI #2 identified deep anong
loose sand, or possibly voids.

Pascline was shot, has not occurred.

- The following preks _the previously identified CPFM 3c for fuel tank FO-1 which is not

R el
associated with a KIPI and the new interpretation of the significance and confidence based on
the new data.

Triggering Mechanism 3 - Subsurface Erosion/Piping
CPFM 3¢ - Undermined buried utilities (due to pumping)

A sand boil/piping feature was observed in the Auxiliary Building, missile shield room. This

feature is an indication of subsurface erosion near fuel tank FO-1, more specifically, the fuel
tank piping into the Auxiliary Building.



Priority 1 Structures ' | Page 5.18-15
Fuel Qil Storage Tanks and Piping Rev. 2

Significance

Potential for Degradation/Direct Floodwater Impact

Indication of this CPFM has been observed. This appears to be isolated to an area inside the
missile shield room. From feature documentation and plant construction plans, the observed
feature coincides with the fuel tank piping route into the Auxiliary Building. The potential is

degradation for this CPFM is considered low.
Confidence

The extent of subsurface erosion and the pg r :
to the lack of data gathered on subsurface SonHiti

review of surveyed data indicate n

backfill the pipe trench as necessary with compacted granular material. Followmg the
implementation of this recommended physical modification, and assuming that no further
concerns are identified through the monitoring program for the Fuel Qil Storage Tanks and
Piping (discussed in Section 5.18.6 and continuing until December 31, 2011), this CPFM is
moved to the quadrant of the matrix representing “No Further Action Recommended Related to
the 2011 Flood.” CPFMs 3b, 3e, and 3f for the Fuel Oil Storage Tanks and Piping are
associated with Key Distress Indicator KDI #1, KDI #2, and KDI #3. Section 4.1, Section 4.2,
and Section 4.3 present the results of additional forensic investigation that was conducted to
ascertain whether these CPFMs could be ruled out. The results of the additional forensic
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investigations show that if the recommendations for physical modifications in KDI #1 and KDI
#3 are implemented that these CPFMs are ruled out. Therefore, assuming that no further
concerns are identified through the monitoring program for the Fuel Oil Storage Tanks and
Piping (discussed in Section 5.18.6 and continuing until December 31, 2011), these CPFMs are
moved to the quadrant of the matrix representing “No Further Action Recommended Related to
the 2011 Flood.” '

Low Confidence
(Insufficient Data)

Potential
for Failure
Significant

Potential

NGt Significant

i m fssessment of the FCS Siictures, the first step was to develop a list of all Triggering
' yld ave occurred due to the prolonged inundation of the FCS
,r ﬂood and could have negatwely unpacted these structures.

ATASER

cture. Because all CPFMs for the Fuel Qil Storage Tanks and Piping

~ other than CPFM%%C 3e, and 3f have been ruled out prior to Revision 1, bécause CPFM 3¢
has been ruled out assuming the implementation of the recommended physical modifications
presented in the paragraph above, and because CPFMs 3b, 3e, and 3f will be ruled out when the
physical modifications recommended for KDIs #1and #3 in Sections 4.1 and 4.3 are
implemented, no Triggering Mechanisms and their associated PFMs will remain credible for
the Fuel Oil Storage Tanks and Piping. HDR has concluded that the geotechnical and structural
impacts of the 2011 Missouri River flood will be mitigated by the implementation of the
physical modifications recommended in this Assessment Report. Therefore, after the

implementation of the recommended physical modifications, the potential for failure of this -
structure due to the flood will not be significant.



Section 5.19
Main Un

Auxiliary Bui
Structure

SRR

[




Priority 1 Structures | - Page 5.19-1
Main Underground Cable Bank, Auxiliary Building to intake Structure : Rev. 2

5.19 Main Underground Cable Bank, Auxiliary Building to Intake Structure
5.19.1 Summary of Main Underground Cable Bank, Auxiliary Building to Intake Structure

Baseline information for the Main Underground Cable Bank from the Auxiliary Building to the Intake
Structure is provided in Section 2.0, Site History, Description, and Baseline Condition.

The portion of the Main Underground Cable Bank system covered uz der : xtends from the
Auxiliary Building to MH-31, which is adjacent to the southwesfs@ 4‘:’”«- N i Structure. There

size of the duct bank entermg MH-31 is 4 ft 9 in wide§ ,;)
The condults ﬁom MH-31 feed into the west 51de ol o

[ to Intake Structure

Document Date Drawing
g‘@&gber No./
(if‘applicable) Page Number(s)
60184 ¥ 12/13/2002 | CE-79-3 -
12582 Unknown 11405-E-319
12583 Unknown
&eMar 12584 Unknown 11405-E-321
Sections & Details SHE
Underground Ducts & Maghoies 12585 Unknown 11405-E-322 SH.3
Sections & Details %’* :
Electrical Underground Duct Bank — Site 16581 : . Unknown 11405-5-410
Plan -
Foundation.Plan Transformer Yard Unknown 11405-S-411
| Naval Facilities Engineering Command, ' 9/1986 All
Design Manual 7.01, Soil Mechanics '

Detailed site observations—field reports, field notes, and inspection checklists—for the Main
Underground Cable Bank from the Auxiliary Building to the Intake Structure are provided in
Attachment 8.
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Observed performance and pertinent background data are as follows:

e OPPD assistance is required for inspection of the electrical duct bank manholes and appurtenant
system components. Access and egress into the manholes will be required by OPPD personnel to
assist in the evaluation of the system.

o . Water levels in the system require that manholes and appurtenant ducts be pumped dry before the
interior of manholes can be inspected.

e MH-5 was opened by OPPD employees and then emptied by Thiele _techmcal employees usmg

a “Jet-Vac” on Wednesday, September 14, 2011. The water leygl priqs ;
' activities measured 8.8 ft from the rim of the manhole. Due ’5’3‘11@“7 size 6

the area inside the Aqua Dam perimeter. All surfa ble Bank were
inundated when the facility Aqua Dam failed. » X >
o Equipment outside the perimeter of the replace
period of time " A hole in the pavement and ra'

the Aqua Dam that surrounded the f _eta-
of pavement _]omtmg The hole in n ;’"

Id is more than 1 ft wide
A hole was approximated as a
4-ft- dlameter-by 10- m-deep vortas;
The hole i in thesnaye i ed discharge DOMMEST 2 pump operated prior to the

2he attributed to scour created by the discharge of the

ber 13, 2011 (reportedly) %m ailed. Accerding to OPPD operatlons personnel testing FP-
ng site inspections, the ba

was tagged out.
tween the Service Building and the Intake Structure

cracking could be p;%.? Xis 1ng conditions due the age and use of the facility.

* Flow into the basement sump of the Turbine Building from the building floor drain system is
occurring and has a recorded history dating back to 1997.

 Settlement of a column in the Maintenance Building, north of the Turbine Building, has been
documented. The Turbine Building and the Maintenance Building are west of the corridor and
associated utility alignments within the corridor.

 The fire hydrant located in FP-3E was being tested on September 13, 2011, during site
investigations. No operational problems were observed during the time on site.
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« OPPD operation personnel, testing the fire hydrant at FP-3E, were questioned about other fire
hydrant tests. The OPPD employee questioned noted that no problems were observed for the fire
hydrant at FP-3D during testing. The information on the problem at FP-3C, noted previously, was
gathered at this time.

5.19.3 Assessment Methods and Procedures

5.19.3.1 Assessment Procedures Accomplished

soil probe to hand probe the ground surface along the utilg
determine relative soil strength. The assessment focused o
potential flood-related impacts or damage to the utility asf

determined by probing.
e Water accumulations and flows i in subsx
cable encasement pipes).

e Damage to at-grade or abov =
"o Variance from normal ms%,l ?’u* conditions &

. (Test reports were natiavs 1lable at the tlme of Rev151on 0.
SHLC SUrveys (seismic edna;

B 41

b

te.thyat OPPD required vacuum excavation for the first 10 ft of proposed

in the upper T  site and locatlons where shallow utilities ex1st (Test reports were not
available at the ¥me of Revision 0. )

5.19.3.2 Assessment Procedures Not Completed

Assessments of the Underground Cable Bank, Auxiliary Building to Intake Structure, that were
not completed include the following:

e The interior of underground cable bank manholes and connecting concrete-encased cable
pipes in the Protected Area were not inspected except for visual observations that were
possible from above and behind temporary safety railings. Manholes are a confined space
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as defined by OSHA regulations. In accordance with these regulations and OPPD FCS
safety procedures, manhole entry is a permit-required confined space entry and can only be
performed by appropriately trained OPPD personnel.

e No excavation to inspect-underground systems and conditions was performed

e No camera inspection of the system was completed.

5.19.4 Analysis

Identified PFMs were initially reviewed as discussed in Section 3.0, A }
preliminary information available from OPPD data files and fro nm%?ﬁ fal wall: Pobservations. .
Eleven PFMs associated with five different Triggering f‘gn{‘f”ﬁff "were de . to be

“non-credible” for all Priority 1 Structures, as discussed in Se %@% . The '
carried forward as “credible.” After the design review for each Stpugh
and the results of available geotechnical, geophysical, and survey
CPFMs were ruled out as discussed in Section 5.19.4.1. The CP S
assessment are discussed in Section 5.19.4.2. o

5.19.4.1 Potential Failure Modes Ruled O
Assessment ;

All of the ruled-out CPFMs reside in the
clarity will not be shown in the Potential fi

p fw

‘g%j‘ ifferential settiement of shallow foundation, loss of structural
CPFM 7b SE¥splae { structure/broken connections

CPFM 7¢ -

Reason for ruling out:

¢ Soil supporting and surrounding the Main Underground Cable Bank system has been
previously wetted. The peak flood elevation prior to 2011 was 1003.3 ft, which occurred in
1993.
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Triggering Mechanism 10 — Machine/Vibration-Induced Liquefaction

CPFM 10a — Cracked slab, differential settlement of shallow foundation, loss of structural
support

CPFM 10b — Displaced structure/broken connections

CPFM 10c — Additional lateral force on below-grade walls

Reasons for ruling out:

Seepage

S veMistorically occurred

Machine vibrations from the facility (turbine and varioussppump: .
N S

and no indications of these CPFMs are evident

not observed around the areas where the pumps were¥
liquefaction were reported to HDR.

No structure movements mdicative of soil llquefactlo

CPEM 11a — Cracked slab, differential getife BB R ion, Y88 of structural

‘support g
CPFM 11b - Displaced structure/brok ven
CPFM 11c¢ — Additional later $be

Triggering Mechanism 14 - Frost Effects
CPFM 14a — Heaving, crushing, or displacement

Reasons for ruling out:

Utility not adversely affected due to frost heave as long as joints remain tight.
Manholes are founded below frost level and shouid not heave.
Conditions have not been changed due to flood conditions.
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5.19.4.2 Detailed Assessment of Credible Potential Failure Modes

The following CPFM:s are the only CPFMs carried forward for detailed assessment for the
Underground Cable Bank Inside the PA as a result of the 2011 flood. This detailed assessment
is provided below.

Triggering Mechanism 3 — Subsurface Erosion/Piping
CPFM 3a — Undermining and settlement of shallow foundationls ab/surfaces (due to

pumping)

connected to several pumping sources: the sump p1t in the Turbme Q )

i he pumps were
operated for an extended period of time, ma it «““‘*“ eiseepage path
networks. Gradient was sufficient to begin ¢ e s
and erosion continues unarrested. Erosion 5

trenches, mcludmg the Underground Cabl

Sediment dep031ts (and 1_ o

sm. between the afeass
per1 néfer

of the Securl ‘Birilding and east-southeast of MH-5.

e Basedona conversatlon with the OPPD operations employee testing FP-3E on September
13, 2011, fire hydrant FP-3C, located northeast of the Security Building, was tested that day
and failed. According to the OPPD operations employee, when opening the valve to test
the hydrant, the base cracked and leaked and the valve had to be closed. The access cabinet
was tagged out for repair at that time.

e Pavement distress was observed along the driveway corridor between the Intake Structure
and the Service Building. The area north of where the duct bank crosses the corridor

includes observed slab settlement and undermining (as evidenced by hollow-sounding
pavement areas).
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e The Turbine Building sump pit was pumped continually during the flood event. The five
pipes connected to this sump pit are floor drain and condensate system flush drain pipes.
Since this is a floor drain system, no infiltration of groundwater should occur in the system.
The infiltration of groundwater into the system indicates an open flow path of some sort.

Below are field observations and data that indicate these CPFMs are unlikely:

e Sediment and fish were observed in the bottom of MH-5 whe t was emptied on

e,

manhole with floodwaters. 3
e The observed hole in the pavement, north of the Secx
developed by outflow from the surface pumps and migh
CPFMs. Temporary surface pumps were pumping watg '. :

o Subsurface erosion paths are limited betwee ng

The top of the Circulation Tunnel extendsdg

Structure and Service Bu1ldmg, the onl 'f'f"
the pavement slab. ;

e Any void spaces created by subSface ‘efosion yally significant to create

arrd refraction microtremo.

gbeerved distress indicators and factors that would increase the
grand factors that would make these CPFMs less likely.

Favorable (Degradation/Direct Fioodwater
Impact Less Likely)

A hole in the(pa’,gh t

g Alternatively, the observed hole could have been
underneath was ¢ vf? potth of the developed by outflow from the surface pumps and might
Security Building ar hraast of MH-5. This not be associated with these CPFMs. Temporary
location was outside the Aqua Dam surface pumps were pumping water back over the Aqua
perimeter and might be a void developed Dam. One of the pump discharge points was near the
due to subsurface erosion. observed hole (see photo). Concentrated discharge flow

could have created the observed hole.

MH-5 was pumped continually during the
time the site was flooded.
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Adverse (Degradation/Direct Favorable (Degradation/Direct Floodwater
Floodwater Impact More Likely) Impact Less Likely)

Monitoring well data seems to indicate a
cone of influence around the facility that
might be attributable to the subsurface

drainage flowing to the Turbine Building

sump

Data Gaps: N

¢ Ground Penetrating Radar data are not available at the time of.Rev1m ) to ass;_s in determining
possible void areas at the facility. B % A

Conclusion

Significance

Potential for Degradation/Direct Floodwater Impact

B head differential
®e erosion. In

MH-5 was continually pumped durmo the flood evg
that created a potential direct path along the ele [FIC
addition, areas of pavement distress were obggs o
and the Service Building that might be tieds : ] _
for subsurface erosion is linked to the systems airalindigatdrs of subsurface erosion are
located in the region of the duct ban e i Y

rp* =

subsurface erosion path thagc@u faffect the elec -f bank wiliery it is located closest to the
remiawell readings seetmORBUIETIE

rawdown from a d u»é%?ég"d' such as the Turbine Building

stans, high head conditions created the potential for

oro pressure (i.e., pumped locations) during the 2011

ik ipmg of the cables would likely only be possible iti"the case of a very
large void. Larg: ‘;{;74

ound voids usually present surface indications of underground
distress. Thereforelhe implication of degradation for these CPFMs is low.

Confidence

Information on the duct bank is limited to inspection information gathered from observations
made along the duct bank alignment and visual observations made through the top of MH-5
and MH-31. Detailed information was not available from an inside inspection of the manholes
or from information provided by OPPD employees. Therefore, the confidence in the above
assessment is low. “Low Confidence” indicates that additional information and studies are
required to increase the confidence in the above findings.
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Summary

For CPFMs 3a and 3c, as discussed above, the combined consideration of the potential for
degradation and the implications of that degradation to the system puts it in the “significant”
category. As discussed, the potential for degradation is composed of two parts. The potential
for subsurface erosion appears to be high based on flood-induced conditions and data regarding
the Turbine Building sump and MH-5. However, the potential for subsurface erosion
impacting the underground duct bank to a point of failure without Visible 51gns of distress prior
to failure of the system appear to be low. The data current Jiab

out this CPFM. Therefore, the confidence in the above agsess 4l vhich means more
data or inspections might be necessary to draw a cor_xcl TV, ' :

Triggering Mechanism 3 — Subsurface Erosion/Piping
CPFM 3d — Undermining and settlement of shallow fotz
drawdown)

This CPFM is similar to CPFMs 3a and 3¢,
rapidly receding river level.

¢ The Main Undégground Cable Bank is offset from the river bank. This offset reduces the
likelihood that rapid drawdown and related subsurface piping to the river bank will impact
the Main Underground Cable Bank.

¢ Soils in the area of the Main Underground Cable Bank and to the east are backfill materials
that were placed and compacted during construction of site improvements and, therefore,
would be expected to be less susceptible to rapid drawdown impacts.

¢ Void spaces created by subsurface erosion would have to be significant to create conditions
to cause the duct bank to fail.
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Data Gaps (data have yet to be acquired to assess these CPFMs):

e Inspection of the riverbank following drawdown to normal river elevations.

e Geophysical surveys (GPR, seismic refraction and refraction micro-tremor) in the protected
area. (Test reports were not available at the time of Revision 0.)

e Geotechnical test borings in the protected area. Note that OPPD required vacuum
excavation for the first 10 ft of proposed test holes to avoid utility conflicts. Therefore, test
reports will not show soil COHdIthl‘lS in the upper 10 ft of test Boring logs. (Test reports

Adverse (Degradation/Direct Floodwater Favorableif :
impact More Likely) ¢

Floodwaters inundated the site for an extended

period of time and totally saturated site soils.

o
ystem re e ,%

" River le e

Data Gaps:
* Inspection of the riverba

Conclusions

historically protected and stabilized the existing river bank.
(s reduced due to these improvements.

2011. Groundwater levels had thus started to stabilize between the termination of drawdown
reduction and the time of Revision 0. The potential for development of subsurface erosion due
to river drawdown decreases with the time due to stabilization between groundwater elevations
and river elevations. The potential for this CPFM thus decreases with time as long as

subsurface erosion has not instigated and created a flow path that will be subJect to future
impacts.
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As groundwater elevations and river elevations stabilize, the head potential between the two
conditions will decrease and the possibility of subsurface erosion will also decrease
correspondingly. In addition, the stabilized river embankment reduces the likelihood of these

CPFMs.

Overall, the potential for degradation is considered low for these CPFMs.

Implication

The underground cable bank is a structural entity. The

gt

some minor deflection can be tolerated. Small signs ofédistress due t FM might be

T 3
& E’(

e fem put it in the “not 51gn1ﬁcant”

e, and the protected nature of the existing bank.
; ‘,tg rule out this CPFM. Therefore, the confidence

Hydrostatic Lateral Loading (water loading on structures)
exure

The Triggering Medhanism and CPFMs could occur as follows: water level rises and imposes
additional unbalanced lateral pressure on manhole walls exceeding shear or flexure capacity of
the wall and/or causing excessive deflection or failure. Alternatively, the wall transfers load to
supporting elements, overloading them. The supporting elements fail allowing below-grade
walls to fail. These CPFMs are credible only for possible degradation to manhole MH-5, The
remainder of the system is non-structural (a poured concrete encasement with no walls, floors,
or roof structures) or was not exposed to hydrostatic loading beyond design standards (MH-31
was flooded and therefore balanced as regards hydrostatic loading).
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Following are field observations and data that support the likelihood of these CPFMs:

e MH-5 was pumped for the duration of flooding to remove water coming in from duct banks
extending between the Auxiliary Building and MH-31. Floodwaters outside the Aqua Dam
perimeter were above grade and possibly created a hydraulic head condition greater than
the design standard for underground structures (i.e., hydraulic loading to the ground
surface).

Following are field observations and data that indicate these CPF ¢ -unlikely:

e No movement or distress of MH-5 concrete cover was
o After pumpmg MH 5 dry on September 14, 2011, ng

rs that wod increase the
3 tﬁ.ﬁ{' less likely.

Adverse (Degradation/Di
Floodwater Impact More. Lik

No leakage was noted after observing MH-5 get pumped
dry with high groundwater conditions still existing.

D CPFMs 4c, 4d, and 4e on only the MH-5 element of the Main

ank have been observed. These include continual pumping from
manhole MH-5 and floodwater elevations above the ground surface outside the Aqua Dam
perimeter, resulting in hydraulic head conditions greater than the design standard for MH-5.
However, MH-5 is designed for high groundwater conditions and forces. The possible
additional forces related to about 3 ft of additional head from floodwaters outside the Aqua
Dam perimeter are not believed to be sufficient to cause degradation of MH-5 due to these
CPFMs. In addition, following pumping MH-5 dry on September 14, 2011, no visible water
inflow was noted over a 1 hour and 10 minute time period. Therefore, the potential for
degradation to the Main Underground Cable Bank system due to CPFMs 4c, 4d, and 4e is low.
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Implication

As stated, a couple of CPFM 4c, 4d, and 4e indicators have been observed supporting low (or
unlikely) potential for degradation to the MH-5 element of the Main Underground Cable Bank
system. The occurrence of CPFMs 4c, 4d, and 4e on a large scale could result in degradation .
of MH-5 including wall failure in flexure, shear, or deflection. For degradation from these
CPFMs to impact service (i.e., damage that renders electrical cables carried by the system
inoperable), degradation would need to result in complete failure ¢ & ppomng elements of
MH-5 and this is not deemed likely. Therefore, the 1mpl1c ign ofi ation

CPFMs i is low.

Confidence

above findings.

Summary

pancy, Upll Forces on Structures
f structural support
’,; tge/broken connections

f" abs to crack and buckle. Additional damage could include
broken utility connections.

Following are field ‘6bservations and data that support the likelihood of these CPFMs:

¢ MH-5 was pumped for the duration of flooding to remove water coming in from duct banks
extending between the Auxiliary Building and MH-31 and possible other sources. This
created a head differential.

e Water levels outside the Aqua Dam perimeter created hydrostatic uplift forces on MH-5

while it was being pumped that were potentially greater than the hydrostatic forces that the
manhole was designed to resist.
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Following are field observations and data that indicate these CPFMs are unlikely:

¢ No movement or distress of MH-5 concrete cover was observed.

e After MH-5 was emptied, observations were made to determine if inflow of water could be
observed. No drainage into the manhole was observed during the initial 15 minutes after
the manhole was emptied. Approximately 1 hour later, no additional water accumulation
was observed.

Adverse (Degradation/Direct
Floodwater Impact More Likely)

prevented the waterdf equallzmg on the inside of the Aqua Dam. The confined water
potentially transmit : d\ uplift forces to structures in the area inside of the Aqua Dam perimeter
including MH-5 which was pumped during the same time as the high hydrostatic forces. The
potential for degradation due to flood conditions was increased above design norms. The
potential for buoyancy forces and chances of degradation was offset by the weight of sandbags
and other materials on top of the manhole. Overall, the potential for degradation is considered
low for these CPFMs.
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Implication

Underground structures are normally designed for groundwater conditions and will experience
buoyancy forces. In addition, sandbag installation on top of MH-5and a pipe extension
connected to the manhole opening that extended above the hydrostatic head conditions helped
weigh down the structure and offset buoyancy induced by flood conditions. No indications of
movement or distress were noted from surface observations. Since groundwater. levels have
dropped with river drawdown, the implication of degradatlon rel o these CPFMs occurring
is considered low. ; % >

Qme_rm

results is high.

Summary

potential for buoyancy impacts fro h‘xﬁék T itionSme t .0' r confidence in the

Jqgmg river level. The sloﬁg
ited sonl At some pomt i3

levels had not yet stdbilized to nominal normal levels. Therefore, it is possible that new

distress indicators could still develop. Field observation of the river bank area has not been
performed since the river level has dropped.

The following table describes observed distress indicators and other data that would increase or

decrease the potential for degradation associated with this CPFM for the Underground Cable
Bank, Auxiliary Building to Intake Structure.
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Adverse (Degradation/Direct Floodwater Favorable (Degradation/Direct
impact More Likely) Floodwater Impact Less Likely)
The Main Underground Cable Bank is in close No distress was observed at the time of HDR’s
proximity to the river. site inspection.
Elevated saturated soils and elevated flood levels
provided a water source.

Data Gaps:

e Observations of the nverbank following drawdown to nominal no nu"?».
* Geophysical investigation data to address any observed con
o Inclinometer readings which that will provide an indicati@

river elevations.

Conclusion

Significance

river level at 40,000 cfs as of October 4, 2011
continued river drawdown is not expected t
potential for degradation for this CPFM is -__

Implication

e gh no distress ha 5
de egradation and slope
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5.19.5 Results and Conclusions

The CPFMs evaluated for the Main Underground Cable Bank, Auxiliary Building to Intake Structure
are presented in the following matrix, which shows the rating for the estimated significance and the
level of confidence in the evaluation.

Low Confidence High Confidence
(Insufficient Data) (Sufﬁmen@@&ta N
CPFM 3a : &
CPFM 3c
’ bl
T2 &
-
Lu g
52
Al 77}
CPFM 3d
CPFM 3f
E | CPFM 4c
-0 3
S5
SE5
£5%
o

5\ W7 ‘
Main Underground Cable Bank, Auxiliary Building to
,4d, 4e, 6a, and 6b. These actions are discussed, separately

e Further foren51

and 3¢ for the Ma ~'~:., j_ ,.
of groundwater into th& 5“ rbine Building basement drain piping system (Key Distress Indicator
#1). These recommendations are described in detail in Section 4.1.

e CPFM 3a, 3c, 3d, and 3f are associated with the distress in and near the Paved Access Area
between the Service Building and the Intake Structure (Key Distress Indicator #2). These
recommendations are described in detail in Section 4.2.

Actions to address CPFMs listed;

 Continued monitoring is recommended to include a continuation of the elevation surveys of the
previously identified targets on this structure and surrounding the site. The purpose is to monitor
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for signs of structure distress and movement or changes in soil conditions around the structure.
The results of this monitoring will be used to increase the confidence in the assessment results.
Elevation surveys should be performed weekly for 4 weeks and biweekly until December 31, 2011.
At the time of Revision 0, groundwater levels had not yet stabilized to nominal normal levels.
Therefore, it is possible that new distress indicators could still develop. If new distress indicators
are observed before December 31, 2011, appropriate HDR personnel should be notified
immediately to determine whether an immediate inspection or assessment should be conducted.
Observation of new distress indicators might result in a modification gfithe recommendations for
this structure. : \
o Inspect the interior of MH-5, including walls, floor, cover, ]
Obtain photographic record of conditions.
o Inspect the interior of MH-31 as practical. :
o Have OPPD initiate a procedure to monitor for problems durt;
Unusual/non-typical conditions encountered or noted during c;.'?)t
documented, reported, and evaluated for additional investigatipn: 48
resistance is encountered during cable pulling, then consider video can
problem and adjacent ducts.) _ . Y
e Perform a detailed analysis of the pavement subgradg ach alignmen he pavement in the
corridor between the Intake Structure and the Serice ieplaced. -
o Perform detailed geophysical analysis (GPR agdjdf seismic g
trench alignments if failure is suspected or if agjat
due to subsurface erosion or piping.
e Review geophysical and geotechnicaj
Underground Cable Bank.
e Observe the river bank for signs@:

ks

priate (i.e., Mgt
nspection of 1

‘mprevements indicate failure

5.19.7 Update

ioresults of preliminry, Sai@eRach Priority 1 Structure. These assessments were
in Revision 0 becausethgifor VeStoas

ttal date. This revision of this Assessment Report
vestigation and monitoring to date for this structure as

The followid
Revisions 1 1
Results of KD%Y forensic investigation (see Section 4.1)

Results of KDI #2 forensic investigation (see Section 4.2)

Additional groundwater monitoring well and river stage level data from OPPD.

Field observations of the river bank (see Section 5.25).

Results of falling weight deflectometer investigation by American Engineering Testing, Inc.
(see Attachment 6).

Results of geophysical investigation by Geotechnology, Inc. (see Attachment 6).

Results of geotechnical investigation by Thiele Geotech, Inc. (see Attachment 6).

¢ Data obtained from inclinometers by Thiele Geotech, Inc. (see Attachment 6).
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Results of continued survey by Lamp Rynearson and Associates.(see Attachment 6).
Inspection reports for MH-5 and MH-31.

5.19.7.2 Additional Analysis

The following analysis of additional data was conducted for the Main Underground Cable
Bank:

identified deep aﬂ 7ot

ic 1nvest1gat10n The: ,
conditions that might

F. ?}. Srevious years. This comparison did not identify substantial changes to
the soil strengtﬁ‘gand stiffness over that time period. SPT and CPT test results were not
performed in the top 10 feet to protect existing utilities.

Data from inclinometers to date, compared to the original baseline measurements, have not
exceeded the accuracy range of the inclinometers. Therefore, deformation at the monitored
locations since the installation of the instrumentation has not occurred.

Results of continued survey by Lamp Rynearson and Associates.
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Survey data to date compared to the original baseline surveys have not exceeded the
accuracy range of the surveying equipment. Therefore, deformation at the monitored
locations, since the survey baseline was shot, has not occurred.

 Results of Inspection report by OPPD for MH-5:

The results of the inspection indicate no apparent damages caused by 2011 flooding.
. -'tp

damage to the concrete walls and floor. Steel condt
extremely corroded. The corrosion damage was genegg
the 2011 flood.

Triggering Mechanism 3 — Subsurface Erosion/Piping “% ‘
CPFM 3a — Undermining and settlement of shallow foundatio
pumping)

CPFM 3¢ — Undermined buried utilities (dgie

Significance

ondmons .fa’r“' e to subsififa
1, SOUTC ;r- ve been removed and high
IS)€PFM to occur only exists in
psebsurface erosion might still exist

1 "ed by forensic investigations with indications of

large void. Large hnderground voids usually present surface indications of underground
distress. Therefore, the implication is low.

Confidence

With investigations and repairs associated with KDI #1 and #2 handling known issues, and
contingencies for expanding investigations and repairs as needed and directed by geotechnical
inspectors, confidence in addressing issues associated with this CPFM is high.
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Summary

Forensic test results received since the issuance of the Rev 0 report have narrowed and defined
probable areas impacted by this CPFM. Recommended actions associated with the results of
the forensic reports and site inspections will address known problem areas and allow the
direction and expansion of proposed investigations or repairs as necessary. The combined
consideration of the potential for degradation and the implications to that structure or system
puts it in the “not-significant” category. . i

Significance

Potential for Degradation/Direct Floodwater Impact

itclgsely follows
,fate subsurface erosion due
eate this CPFM is nearest.
the river. River bank inspections sreport show no
indications of this CPFM. The “Eayed# . mtake Structure and the
Service Building” 1s the develo .} S aindyincludes most of the utility
e jended actions in association
ThlS will include instances of

With groundwater data indicating the absence of a high head condition and the instigation of
recommendations associated with KDI#2, confidence in the assessment associated with this
CPFM is high.

Summary
Based on the above discussion items, the combined consideration of the potential for

degradation and the implications to that structure or system puts it in the “not-significant
category” in the assessment matrix.
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Triggering Mechanism 4 — Hydrostatic Lateral Loadmg (water loading on structures)
CPFM 4c — Wall failure in flexure .
CPFM 4d — Wall failure in shear
CPFM 4e¢ — Excess deflection

Significance

Potential for Degradation/Direct Floodwater Impact

continuing weekly basis, groundwater levels have been;
the river drawdown rate. Thus, hydrostatic loading co
and the structures are designed for normal groundwater &g
susceptible to this CPFM would have been MH-5. From v
manbhole, no indications of this CPFM were apparent. 50
CPFM of having occurred is low since hydrostatic loads ab
condltlons were hmlted The manholc is mtact appears structurally:

reveal significant degradation due to the 201 14
this CPFM is considered low.

Implication

‘observed supporting low (or

M Underground Cable Bank

wgesieale could result in degradation
For degradation from these

As stated, a couple of CPFM 4c 44
unlikely) potential for degradati A i
system The occurrence of sB»l v

onﬁdence is high that no additional impacts due to flooding
oundwater elevations and on inspections of MH-5 that

Summary

For CPFMs 4c throgh 4e, based on these discussion items, the combined consideration of the
potential for degradation and the implications to that structure or system puts it in the “not-
significant category” in the assessment matrix.

Triggering Mechanism 12 — Rapid Drawdown
CPFM 12a — River bank slope failure and undermining surrounding structures
CPFM 12b - Lateral spreading

The groundwater monitoring well data and river level data indicate that excess pore pressures
due to river drawdown had generally dissipated by about October 14, 2011. Field observations
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of the River Bank on October 20, 2011, did not identify deformation of the River Bank that
could be attributed to slope failure or lateral spreading. Therefore, neither slope failure nor
lateral spreading occurred due to the 2011 flood.

5.19.7.3 Revised Results and Recommendations

The CPFMs evaluated for the Main Underground Cable Bank from the Auxiliary Building to
the Intake Structure are presented in the following matrix, which shaws the rating for the
estimated significance and the level of confidence in the evatuati :

R

recommendatlons for physical modifications in KDI #1 arg
ruled out. Therefore, assuming that no further concerns are ik
program for the Main Underground Cable Bank from thc Auxiliary¥ Syl ey
Structure (discussed in Section 5.19.6 and contingn gt 1) 1) these CPFMs
are moved to the quadrant of the matrix repre ‘wﬁ% : : RIES

Related to the 2011 Flood.” i

PN

ruled out. Therefore, assumiing
g
program fo Main Undergra
. T,

O Sy

( e 9und Cable Bank from the Auxiliary Building to
% 1he Intake Structure are not assg «fﬁs ted w1th Key Dlstress Indlcators Groundwater monitoring

ddditional forensic investigation show that these CPFMs are ruled
ditions. Therefore these CPFMs move to the quadrant of the

CPFMs 12a and 12b for the Main Underground Cable Bank from the Auxiliary Building to the
Intake Structure are not associated with Key Distress Indicators. River bank inspections have
been made and groundwater monitoring data have been gathered since the Revision 0 report.
The results of the additional forensic investigation show that these CPFMs are ruled out.
Therefore, assuming that no further concerns are identified through the monitoring program for
the Main Underground Cable Bank from the Auxiliary Building to the Intake Structure
(discussed in Section 5.19.6 and continuing until December 31, 2011), these CPFMs will be
moved to the quadrant of the matrix representing “No Further Action Recommended Related to
the 2011 Flood.”
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" Low Confidence - High Confidence

(Insufficient Data) (Sufficient Data)

t

-— @O !
g2 E
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Potential
- for Failure
Not Significant

t step was to develop a list of all Triggering
due to the prolonged inundation of the FCS
ould have negatively impacted these structures.
\ various investigations, including systematic observation of
iminate the Triggering Mechanisms and PFMs from the list
on and/or physical modifications to remove them from the
cause all CPFMs for the Main Underground Cable Bank

3f were ruled ou Tesults of the KDI #2 investigations, and because CPFM:s 3a and 3c
will be ruled out wign the physical modifications recommended for KDI #1 in Section 4.1 are
implemented, no Triggering Mechanisms and their associated PFMs will remain credible for
the Main Underground Cable Bank from the Auxiliary Building to the Intake Structure. HDR
has concluded that the geotechnical and structural impacts of the 2011 Missouri River flood
will be mitigated by the implementation of the physical modifications recommended in this
Assessment Report. Therefore, after the implementation of the recommended physical
modifications, the potential for failure of this structure due to the flood will not be significant.
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5.20 Meteoroiogical Tower and Miscellaneous Structures
5.20.1 Summary of Meteorological Tower and Miscellaneous Structures

Baseline information for the Meteorological Tower and Miscellaneous Structures is provided in
Section 2.0, Site History, Description, and Baseline Condition.

grade. Guy wires are used to support the tower against lateral |
multlple wires in three dlrectlons at 120° intervals. The tower

larger deadman is 8 ft by 6 ft by 4 ft deep and is located 4 ft belo :
by 4 ft by 3-ft-deep and is located 4 ft below grade.

'&‘«e.;}'}‘ v;“ ."lr“
y 7-ft mas

Date Page
Document Number(s)
Number
(if
applicable) :
16957 Unknown F-4000
16958 Unknown F-4001
22775 8/9/1971 C-036-020-
012
22774 8/24/1973 C-036-020-
014
22776 3/26/1976 C-100-145-
760326
22784 2/26/1976 D-100-036-
760218-1
3601t T-36 Tower 22785 2/18/1976 D-100-036-
760218
Plan & Details of Weather Tower Instrumentation Shelter | 41304 Unknown D-4685
Naval Facilities Engineering Command, Design Manual 9/1986 All
7.01, Soil Mechanics

Detailed site observations—field reports, field notes, and inspection checklists—for the Meteorological

Tower and Miscellaneous Structures are provided in Attachment 8.
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Observed perfirmance and pertinent background data are as follows:

& Soils arownd the Meteorological Tower were found to be soft when probed with a fiberglass

o T-probe. It was possible to plunge the probe into the ground up to handle depth with little force.

e There is 1 large area north and west of the Meteorological Tower that is lower in elevation than the
surrounding area and it still had standing water during observation.

e Several of the guy wire anchors are covered by a significant number of vines gfowing up the wires,

' peared to have been present

e trees that are

e There is a seveal-inch-thick layer of sediment covering th eorological
Tower and Insrumentation Shelter; however, there was no\

e The maximun surveyed flood elevation for the Meteorologi
observation iidicates the maximum depth was approximately 4
Meteorologial Tower. The maximum flood elevation at the
approximatly 2.5 ft above finish floor.

e - Observatia inside the Instrumentation Shelter was

" growing iiside, visible through a window in the
noted. _

e Design dawings show the tops of the deadm
inspectin, the grade was probed at the locati
was foind to be only 2 ft under the so
were ¢bserved nearby have several i

» Thereis fencing around the Met: : the guy anchor locations,

_ ng the visual
d one of the anchors
e area. Areas that

or signs of distress.

o Are gind geotechnical reports to determine possible weak points in the
construci : e affected by the flood.

e Probeof's grade to determine softness and consistency of soils near the
structures.

5.2-0.3.2 Assessment Procedures Not Completed

Assessments of the Meteorological Tower and Miscellaneous Structures that were not
completed include the following: :

* A review of survey data to-date for indications of trends in the movement of structures.
Requested survey information for the Meteorological Tower is not yet available.
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5.20.4 Analysis

Identified PFMs were initially reviewed as discussed in Section 3.0. The review con51dered the
preliminary information available from OPPD data files and from initial walk-down observations.
Eleven PFMs associated with five different Triggering Mechanisms were determined to be
“non-credible” for all Priority 1 Structures, as discussed in Section 3.6. The remaining PFMs were
carried forward as “credible.” After the design review for each structure, the structure observations,
and the results of available geotechnical, geophysical, and survey data w nalyzed, a number of
CPFMs were ruled out as discussed in Section 5.20.4.1. The CPFMj or detailed
assessment is discussed in Section 5.20.4.2.

5.20.4.1 Potential Failure Modes Ruled Out Prior e Detailed

Assessment

The ruled-out CPFMs are in the Not Significant/High Co

Triggering Mechanism 2- Surface Erosion
CPFM 2a Undermmmg shallow founda i

Reason for ruling out:

* No surface erosion was visible g

bf deposited sediment
were observed in surroundin .

Triggering Mechanism 3 ; :
1on/slab/surfaces (due to

Reasons for ruling

* Flows and velocities in the area observed were small, which is supported by the lack of
~scouring. Sediment deposits several inches thick were observed on top of the pavement
surrounding the Meteorological Tower and the Instrumentation Shelter. No damage from
debris was observed. The Meteorological Tower, excluding the guy anchor locations, and
the Instrumentation Shelter are surrounded by fencing that protected them from moving
objects. A minimal amount of debris was observed around the fencing.
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e The Meteorological Tower and Instrumentatlon Shelter are no longer inundated and no
signs of distress have been observed.

Triggering Mechanism 10 — Machine/Vibration-Induced Liquefaction _
CPFM 10a — Cracked slab, differential settlement of shallow foundation, loss of structural
‘support

Reason for ruling out:

e Permanent equipment or temporary equipment that
dynamic forces due to vibration was not operated n
Instrumentation Shelter during a saturated conditio
used was not observed to cause liquefaction.

goduce significant
Tower or

Triggering Mechanism 10 — Machine/Vibration-Inducef
-CPFM 10b - Displaced structure/broken connections

Reason for ruling out:

t:a sufficient distance away from the river to not be influenced by this

Triggering Mechanism 12 — Rapid Drawdown
CPFM 12b — Lateral spreading

Reason for ruling out:

¢ Power and signal cables used by the structures are at a sufficient distance away from the
river to not be influenced by this CPFM.
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Triggering Mechanism 13 - Submergence
CPFM 13b — Corrosien of structural elements

Reason for ruling out:

e The structures have not been subjected to a corrosive environment that would be considered
beyond normal conditions. The structure has been in operation for more than 30 years and
has been exposed to environmental conditions over this time.

Triggering Mechanism 14 — Frost Effects
CPFM 14a — Heaving, crushing, or displacement

Reasons for ruling out:

The followmg CPFMs are the only CPF l;,xw i + assessment for the
the 208 : : Sginent is provided

_:;e probe into the ground up to handle depth with little force.
et ining the capacity of the deadman anchors against the

CF SE passive soil pressures in conjunction with the self weight of
»and soil overb ?pressures The soft soils found around the site could reduce

ure res%r_@shmgof the soils due to loss of shear strength, resulting in a reduction

':' m

The following table describes observed distress indicators and other data that would increase or

decrease the potential for degradation associated with this CPFM for the Meteorological
Tower. '
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Adverse (Degradation/Direct Floodwater Favorable (Degradation/Direct
Impact More Likely) Floodwater Impact Less Likely)

Soft soils around the deadman anchors.

The Meteorological Tower design is a failure-

critical structure.

Data Gaps: .

e Design assumptions used for the passive pressure resistance for th ‘
unknown due to detailed design information not being readit$. avas

e Information on the soils from past geotechnical reports
discussed in.the baseline information.

adman anchors are

Conclusion

Significance

Potential for Degradation/Direct Floodwater Impact
"r'@

pressure resistance of the soils and, in turn, z
" the soils around the deadman anchors were

CPFM is high.

Implication

and the 1mp11ca hat degradatlon to the structure puts it in the “significant” category.
The data currently Bliected are not sufficient to rule out this CPFM. Therefore, the confidence
in the above assessment is low, which means more data or continued monitoring and
inspections could be necessary to draw a conclusion.
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5.20.5 Results and C'onclusibns

The CPFMs evaluated for the Meteorological Tower and Miscellaneous Structures are presented in the
following matrix, which shows the rating for the estimated significance and the level of confidence in
the evaluation. '

Low Confidence High Confidence
(insufficient Data)

CPFM 7c

Potential
for Failure
Significant

Potential
for Failure
Not Significant

e

Urge; §g@§ this structure.

movement or ﬂs-nw 28 @ns around the bulldmg The results of this monitoring will be

'%ssessment results. Elevation surveys should be performed

Y ntil December 31,2011. At the time of Revision 0, groundwater

: minal levels. Therefore, it is possible that new distress indicators
could still develop. If newid ”'tress indicators are observed before December 31, 2011, appropriate
HDR personnel should be notified immediately to determine whether.an immediate inspection or
assessment should be conducted. Observation of new distress indicators could result in a modification
of the recommendations for this structure.

Lc‘ﬂ

In addition, OPPD should provide information on how the deadmen for the Meteorological Tower
were designed (i.e., was passive pressure used or just the dead load of the anchor?). If the tower was
designed using just the dead load of the anchor, then the potential for degradation does not remain
significant indicating that the recommended survey schedule can be ceased.
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'5.20.7 Updates Since Revision 0

Revision 0 of this Assessment Report was submitted to OPPD on October 14, 2011. Revision 0
presented the results of preliminary assessments for each Priority 1 Structure. These assessments were
incomplete in Revision 0 because the forensic investigation and/or monitoring for most of the

Priority 1 Structures was not completed by the submittal date. This revision of this Assessment Report
includes the results of additional forensic investigation and momtonng to date for this structure as
described below. '

'5.20.7.1 Additional Data Available

document current conditions in that area.
'5.20.7.2 Additional Analysis
Ahalysis of the additional data listed aboviiia:
assessment. The following analysisg

Tanks and Piping:

¢  Groundwater monitori

B)'

evision 1 of this Assessment Report indicated that the soils

were soft i .,. in., but there were stiffer soils below this layer that required a

substantial ef]

saturated than wher "'fhey were inspected for Revision 0 of the report.

The data available for the survey points that have been established are outside of the accepted
range; however, there is no constant trend that has formed. Visual inspection of the survey
points on the guy wires noted that the points were located on the turnbuckles of the wires. The
wires are easily affected by wind movement. It was also noted that standing on a vine next to
the south guy wires pulled on the wire lowering the survey point. Either of these observations
could account for the movement outside the accepted tolerance. Three of the four locations
being surveyed do not show movement outside of the accepted tolerance when reviewing the
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first and last measurement taken; indicating any additional movement outside the tolerance
should not be expected. The groundwater elevation measured in monitoring wells closely
followed the river level as the floodwater receded. The data indicate that groundwater
elevation was about 2 ft above the river level near the beginning of October 2011 and receded
to the river level by about October 14, 2011. Therefore the differential head created by the
river drawdown was insufficient to facilitate subsurface erosion.

Significance

degradation due to this CPFM is low.

Implication

The occurrence of this CPFM could negati @g’@
This could lead to movement of the anch opsE ach
function of the Meteorological Toye:

for this CPFM are high.
Confidence

"Report indicates that soils are
ey data available for thxs revision are outsxde of the

W€, the combined consideration of the potential for degradation
: adatlon to the structure put it m the “not 51gn1ﬁcant” category.

: eorological Tower is not associated with Key Distress Indicators. The
follow-up assessment for Revision 1 of the Assessment Report indicates that the soils at the
Meteorological Tower are less saturated and firmer. Passive pressure capacity of the deadmen
is no longer reduced as much as it would have been when the soils were more saturated. The
results of the additional forensic investigation as of this revision show that this CPFM is ruled
out. However, the monitoring program discussed in Section 5.20.6 should continue.
Therefore, assuming that no further concerns are identified through the monitoring program for
the Meteorological Tower (discussed in Section 5.20.6 and continuing until December 31,
2011), this CPFM is moved to the quadrant of the matrix representing “No Further Action
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Recommended Related to the 2011 Flood.” In addition, the information requested in Section
5.20.6 regarding the design capacity of the deadman anchors and a review of any geotechnical
data will no longer be needed.

5.20.7.1 Revised Results

The CPFM evaluated for the Meteorological Tower is presented i the following matrix, which
shows the rating for the estimated significance and the level of co ifidence in the evaluation.

Low Confidence
(Insufficient Data)

Potential
for Failure
Significant

yuld have occurred due to the prolonged inundation of the FCS
A fsm—:m River flood and could have negatively impacted these structures.
The next step w yisedata from various investigations, including systematic observation of
the structures over%ﬁxe either to eliminate the Triggering Mechanisms and PFMs from the list
or to recommend further investigation and/or physical modifications to remove them from the
list for any particular structure. Because all CPFMs for the Meteorological Tower other than
CPFM 7c had been ruled out prior to Revision 1, and because CPFM 7¢ has been ruled out as a
result of the Revision 1 findings, no Triggering Mechanisms and their associated PFMs remain
credible for the Meteorological Tower. Therefore, HDR has concluded that the 2011 Missouri
River flood did not impact the geotechnical and structural integrity of the Meteorological
Tower because the potential for failure of this structure due to the flood is not significant.
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5.21 Original Steam Generator Storage Building
5.21.1 Summary of Original Steam Generator Storage Building

Baseline information for the Original Steam Generator Storage Building (OSGS) is provided in
Section 2.0, Site History, Description, and Baseline Condition._

- 5.21.2 Inputs/References Supporting the Analysis

ts used tQ

Table 5.21-1 lists references provided by OPPD and other doc I HDR’s analysis.
Table 5.21-1 - References for Original Steam Généator.Sio iy _
Document Title OPPD aFndte mber(s)
|, Document g _
|+ - Number € el
, -(if applicable) =] _ &
Original Steam Generator Storage Facility Finish 60579 2/9/205%¢ 2025036-C-022
Grade N Loy
. o
Original Steam Generator Storage Facility Sheet 4 91x3/2005 WC-OSZ”
Original ‘Steam Generator Storage Facility Rough nkabwn 25036-C-021
Grade -
Naval Facilities Engineering Command, o/ HEEEY | All
| Design Manual 7.01, Soil Mechanics i

Detailed site observatlons———ﬁeld & scklists—for the OSGS are

provided in Attac]

%.ests on a concrete mat foundation. No

tmcture ‘~ efore all avallable information about its

5.21.3.1 Assessment Procedures Accomplished

Assessments of the OSGS include the following:

e Visual inspection of the exterior of the structure.

e Assessment of collected survey data to-date for indications of trends in the movement of the
structure.
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5.21.3.2 Assessment Procedures Not Completed

Assessments of the OSGS that were not completed include the following:

e Visual inspection of the interior of the structure was not completed because access to the
structure is not possible. However, inspection of the interior of the structure is not
necessary to reach a confident final conclusion.

..5.21.4 Analysis

“non-credible” for all Priority 1 Structures, as discussed in Sectlo
determined to be “not applicable” to the OSGS; therefore, none
assessment.

5.21.5 Results and Conclusions

OSGS.

5.21.6 Recommended Actions

during the 2011,
step was to usks
over fimey

‘01 impact thegeotechmcal and structural integrity of the OSGS .
= cture due to the flood is not significant.
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5.22 Switchyard
5.22.1 Summary of Switchyard

Baseline information for the Switchyard is provided in Section 2.0, Site History, Description, and
Baseline Condition.

The Switchyard is located west of the Old Warehouse Building between o dramageways to its east
iningg k. Ground
surface elevations within the Switchyard vary from approximatel i rainage swales to

), ft was constructed

around most of the Switchyard to protect it from the floodwatef
four categories: the 161-kilovolt (kV) Switchyard, the 345-kV S
general site surfacing/security fencing.

s "
Agransformer structure (Tl) is located in the

”__""_ainment berm comprised of rock surrounds the transformer.
area inside the containment berm were plugged due to

lig storm intake were observed at the southwest containment

%) is located in the southeast corner. An oil containment berm
srmer. Storm drain pipes carrying flow from the area inside the
esto inundation of the outlet pipes. An erosion channel in the west
Bathicie "was observed as possibly the outlet for the storm outlet pipe. Parts
ohse Ved at the northeast containment area. The South Switchyard area has
overhead Switch Towers aﬁﬁ"Transmlsswn Towers that were subjected to saturated subgrades.
Underground utilities between the structures were subjected to percolating floodwaters. A manhole
structure southwest of T2 had the lid removed and was being pumped at the time of the inspection. A
precast trench heads west from the manhole to another vault in the southwest corner of the Switchyard.
The lids from the precast trench have been removed and are adjacent to the trench. The precast trench
opening into the manhole is open. The trench is nearly full of sediment the farther the distance from
the manhole, with water up to the top surface at the west end. The visual appearance of the sediment
in the trench suggests that the manhole pump pulled in the sediment from around the trench until the
pump was turned off and the water drained out, leaving the sediment. Low areas inside the levee on
the south and east end have ponded water up to a few inches deep.

111

: 0 es carrying flow from
oneL ag outlet pipes. Parts




10/13/2011

2rojects\OPPDV164565 FCS 2011 Flood Services\Map Docs\Fi ures\Figure 5 22 01 Swilch Yard Devtail.mxd

® Power Pole

* Light Pole

R Sandbag

s Temporary Levee

»—— Fence

Utilities Power Transformer
345 Ckt Brkr

1161 Ckt Brkr

[} Area Boundaries
Structures

L] No Priority Assigned

; Priori . - DATE
o Rk i Switch Yard Detail dh
— Fort Calhoun Station
ilities o 4
e pﬁoﬁff?w i omaa Pl Pove Dt | Plant and Facility Geotechnical e Seis
mmmme Priority 2 and Structural Assessment m e




Priority 1 Structures Page 5.22-3
Switchyard ' Rev. 2

The 345-kV area of the Switchyard is the largest area. All facilities in the 345-kV Switchyard are
inside the temporary levee. In the southwest section of the Switchyard is the 345-kV West Building.
To the east of this building is the 345-kV East Building. The 345-kV West Building has a finished
floor elevation of 1005.75 ft. The 345kV East Building has a finished floor elevation of 1007.5 ft.
Sandbag berms were constructed around the 345-kV East Building and the 345-kV West Building even
though they are inside the levee. A 161-kV transformer and towers are situated slightly east of 345-kV
East Bu11d1ng An oil containment berm compnsed of rock surrounds the transformer Parts of a

Transmission Towers that were subJected to saturated subgrades.
structures were subjected to percolating floodwaters. Because théiess

drainage, low areas inside the levee on the east end have ponded water u
inside the levee on the western edge had shallow ponded

fabric. The Sw1tchyards (161-kV, 345-kV, a
fencing had been reworked due to flood

Switchyard was removed to construct porary leves

after the construction of the temporaf; e. Security el )

of the Switchyard startmg near the 1@ it corner of the i v

levee was construet DO batabinic was constructe ide the levee from the 161-kV
permanent femitro thth neiar ast corner of the Switchyard. The temporary fence
accumulatedd ; ches, wooden pallets, and trash from floodwaters
comingahitto: ite. st : d by sump pump piping strung over the top of the

Table 5.2 %@PPD and other documents used to support HDR’s analysis.
22-1 - References for Switchyard
: OPPD Document Date Page
Number Number(s)
‘ . (if applicable)
Site Plan Topography €49 45711 | Unknown 11405-8-251,
Sheets 2,3

Switchyard Area Grading Plan 8/23/1968 11405-8-279
Plan General Site Grading ' 8/23/1968 11405-58-283
Naval Facilities Engineering Command, 9/1986 All
Design Manual 7.01, Soil Mechanics ' ' :

Detailed site observations—field reports, field notes, and inspection checklists—for the Switchyard are
provided in Attachment 8.
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Observed performance and pertinent background data are as follows:

e For the duration of the 2011 flood event, the 161-kV Switchyard area was inundated by
floodwaters. The temporary levee construction access blocked water from flowing across the
Switchyard. The 161-kV Building and transformer structure had sandbag berms constructed to
protect these structures from inundation. Sump pumps continually pumped seepage water back
over the berms. ' '

site.
e The Shunt Reactor, T1 through T4 Transformers, and the spa
_ augered cast-in-place piles supporting a mat foundation.
e The other Switchyard structures are supported by 2- to 5-ft-dfs

e The buildings are supported by shallow continuous spread footmgs ext
grade-supported slab.

e A visual inspection of
e A visual inspection of t
° g ok n of the
®

i ten feet of proposed test holes to avoid utility conflicts. Test reports
3 @ soil conditions in the upper ten feet of site and locations where
shallow utilities’xist. (Test reports were not available at the time of Revision 0.)
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5.22.3.2 Assessment Procedures Not Completed

Assessments of the Switchyard that were not completed include the following:

e Pump water out of underground utilities for further investigation. Floodwater elevations
are not sufficiently below grade to allow pumping utilities dry without continued
infiltration. Priority of staff is pumping Protected Area utilities.

o Geophysical testing such as GPR or seismic refraction was no -
Switchyard. i

sidered necessary for the

M g R0,

5.22.4 Analysis

carried forward as “credible.” After the detailed design revie:
inspections, and the results of available geotechnical, gegfil

5.22.4.1 Potential Failure Modes
Assessment

Gk

Ny I . ey
: ;ekmajonty of the Sw1tch ard was protected by the temporary levee or sandbag berms.

1 . Do west corner of f’“ 61-kV Switchyard was inundated, but there was no flow over .

Triggering . hin 8 — Subsurface Erosion/Piping
CPFM 3e —- L6

ﬁé"ﬁateral support for pile foundation (due to river drawdown)
Reason for ruling out:

¢ The Switchyard is a sufficient distance from the river to be outside the zone of influence of
the CPFM.
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Triggering Mechanism 3 — Subsurface Erosion/Piping
CPFM 3f — Undermined buried utilities (due to river drawdown)

Reason for ruling out:

e The Switchyard is a sufficient distance from the river to be outside the zone of influence of
the CPFM. ' '

Triggering Mechanism 5 — Hydrodynamic Loading
CPFM 5a - Overturning '
CPFM 5b - Sliding
CPFM 5¢ - Wall failure in flexure
CPFM 5d — Wall failure in shear
CPFM 5e — Damage by debris
CPFM 5f - Excess deflection

Reason for ruling out:

¢ The majority of the Switchyard was proteg
The northwest corner of the 161-kV Sv
the site.

_Triggering Mechanism 7 — Soil Caltapseiins
CPFM 7a - Cracked slab, dij : A ation, loss of structural
_ support ; '
CPFM 7b - Displaced s
CPFM 7c¢ = General site
CPk ckling fi

Reason for ruling

o The Switchyard has not been subjected to machine vibrations, and no liquefaction was
observed on site. Therefore, machine/vibration-induced liquefaction failures are not
credible.
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Triggering Mechanism 11 — Loss of Soil Strength due to Static Liquefaction or Upward
Seepage

CPFM 11a - Cracked slab, differential settlement of shallow foundation, loss of structural

support
CPFM 11b - Displaced structure/broken connections
'~ CPFM 11d - Pile/pile group instability

Reason for ruling out:

e Liquefaction was not observed at the site.

Triggering Mechanism 12 — Rapid Drawdown :
CPFM 12a — River bank slope failure and undermin
CPFM 12b - Lateral spreading

Reason for ruling out:

The following CPFNIs are the only CPFMs carried forward for detailed assessment for the
Switchyard as a result of the 2011 flood. This detailed assessment is provided below.
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Triggering Mechanism 3 — Subsurface Erosion/Piping
CPFM 3a — Undermining and settlement of shallow foundation/slab/surfaces (due to
' pumping)
- CPFM 3b — Loss of lateral support for pile foundation (due to pumping)
CPFM 3¢ — Undermined buried utilities (due to pumping)

The Triggering Mechanism and CPFMs could occur as follows: the site soils are erodible, and

some of the gradlents may be sufﬁc1ent to facilitate erosion. If segpag e 1s unfiltered and

Adverse (Degradation/Direct Fioodwater
impact More Likely)

A substantial amount of sand was observed
inside electrical trenches that were connected to a |
manhole that was being pumped. '
Voids at conduit locations around the 161-kV 4
Building were observed in the general vicini rﬁfi
pump locations. :

; Eggnot identify measurable

transformer pad.
Data Gaps:

f the indicators for these ¢l

The_ occurrence Of; i s& CPFMs on a large enough scale could negatively impact the trench
structure. This could lead to excessive trench unit movement and negatively impact the

integrity of the utility. Therefore, the implication of the potential degradation for these CPFMs
is high

Confidence

The extent of subsurface erosion and its potential impact to the utilities in the Switchyard is not
known due to the lack of data gathered on subsurface conditions. Since there is not enough
information on the subsurface conditions at this time and the pumping on site could have
caused undermining and/or settlement, the confidence for these CPFMs is low.



Priority + Structures ' Page 5.22-9
Switchyard . _ Rev. 2

Summary

For CPFMs 3a through 3c, as discussed above, the combined consideration of the potential for
degradation and the implications of that degradation to a structure of this type puts it in the
“significant” category. There is low confidence that there has been significant degradation to
the soil surrounding the Switchyard due to the lack of test data available at this time. More
data or continued monitoring and inspections are needed. '

5.22.5 Results and Conclusions

Low Confidence
(Insufficient Data)

CPFM 3a
CPFM 3b
CPFM 3c

Potential
for Failure
Significant

Potential
for Failure
Not Signific

) it
The following actions'3 ‘fnended for the Switchyard:
Given the Low Confidence Rating for these CPFMs, continued monitoring is recommended to
continue elevation surveys on this structure. The purpose is to monitor for signs of structure distress
and movement or changes in soil conditions around the building. The results of this monitoring will be
used to increase the confidence in the assessment results. Elevation surveys should be performed
weekly for four weeks and biweekly until December 31, 2011. At the time of Revision 0, groundwater
levels had not yet stabilized to nominal levels. Therefore, it is possible that new distress indicators
could still develop. If new distress indicators are observed before December 31, 2011, appropriate
HDR personnel should be notified immediately to determine whether an immediate inspection and/or
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assessment should be conducted. Observation of new distress indicators may result in a modification
of the recommendations for this structure.

5.22.7 Updates Since Revision 0

Revision 0 of this Assessment Report was submitted to OPPD on October 14, 2011. Revision 0
presented the resu]ts of prehmmary assessments for each Priority 1 Structure These assessments were

described below.
5.22.7.1 Additional Data Available

The following additional data were available for the Switc
Assessment Report:
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Results of geotechnical investigation by T, “:‘
Results of continued survey by Lamp Rxf

-

5.22.7.2 Additional Analysis

« s. This comparison did not identify substantial changes to
awer that time period. SPT and CPT test results were not

Three CPFMs were identified in Revision 0. Since Revision 0, additional data have become
available which has clarified the significance and confidence for these CPFMs. The following
presents the previously identified CPFMs and the new interpretation of its significance and
confidence based upon the new data.
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Triggering Mechanism 3 — Subsurface Erosion/Piping
CPFM 3a - Undermining and settlement of shallow foundation/slab/surfaces (due to
pumping)
CPFM 3b — Loss of lateral support for pile foundation (due to pumping)
CPFM 3c - Undermined buried utilities (due to pumping)

The data available for survey pomts have shown no movement outside the accepted tolerance
levels except the following point: TW 29. TW 29 is a 161-kV pofin the southeastem corner
of the Switchyard. The data for TW29 show that there wa :
first and second survey. Data have held steady since. Th
taken when the area around the pole was flooded. Based
point elevations in non-flooded conditions, we believe
not correlate with later data and is an error.

ey data point was .
of follow-on data

CPFMs are g ,,.ﬂ;‘g“:, There 0
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5.22.7.1 Revised Results

The CPFMs evaluated for the Switchyard are presented in the following matrix, which shows
the rating for the estimated significance and the level of confidence in the evaluation.

Low Confidence High Confidence
(Insufficient Datay (SufﬁcienﬁgData)

Potential
for Failure
Significant

t

ignifican

Potential
for Failure

Not S

‘ﬂ:é ave occurrcd due to the prolonged inundation of the FCS
er flood and could have negatively impacted these structures.
)N various investigations, including systematic observation of
»"a eliminate the Triggering Mechanisms and PFMs from the list
erfi jes igation and/or physical modifications to remove them from the
: ‘Eure Because all CPFMs for the Switchyard other than CPFMs 3a,
3b, and 3¢ had “- d out prior to Revision 1, and because CPFMs 3a, 3b, and 3¢ have been
ruled out as a resuTo¥ t the Revision 1 findings, no Triggering Mechanisms and their associated
PFMs remain credible for the Switchyard. Therefore, HDR has concluded that the 2011
Missouri River flood did not impact the geotechnical and structural integrity of the Switchyard
because the potential for failure of this structure due to the flood is not significant.

list for any path
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523 Transmission Towers

5.23.1 Summary of Transmission Towers -

Baseline information for the Transmission Towers is provided in Section 2.0, Site History,
Description, and Baseline Condition.

The following three types of transmission towers reside on the propg

345kV Lattice Transmission Towers

There are four 345 kV lattice transmission towers labeled
superstructure is constructed of a tapered steel truss frame th
to the lack of available drawings. The trusses are supported o
The piers are founded on pile caps below grade which are supper
arrangements. Piles are 12 in. in diameter and the pile matenal/type i
P11e depths below the pile cap range from 20 to 69 ft. Jama ,-‘ os for the 16§

TS
W o

161kV Single Pier Transmission Towers

There are numerous single column tr
single-tapered galvanized steel colupim
drawings. The columns of the 164 ie Turbine Building South

'that is advanced to depths

{ on the property. No drawings are available for
ion the standard installation of these towers, they are

Ta”‘Hj/”e 5.23-1 - References for Transmission Towers

Document Title OPPD Document Date Page
Number | Number(s)
(if applicable)
161kV Transmission Line Anchor Bolt C-8140-1 5/26/2004
Foundations '
Transmission Plan & Profile Lines 70 & 76 2/3/2011 . N/A
Circuit
345kV Foundations for Lattice Towers E-4600 6/17/1968
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Table 5.23-1 - References for Transmission Towers
Document Title . OPPD Document Date Page
Number Number(s)
_ {if applicable)
345kV Foundations for Lattice Towers Pile E-4602 6/17/1968
Foundation Table
Naval Facilities Engineering Comma.nd 9/1986 - All
Design Manual 7.01, Soil Mechanics '
Figure 5.23-1 ]
Detailed'site observations—field reports, field notes, and insp ‘ ' r the Transmission

Towers are provided in Attachment 8.
Observed performance and pertinent background follows below.*

e The towers were inundated with water for the duration of the$
Figure 5.23-1, Sheets 1 through 3): -
- Tower #70, which is located on the south embankme#E
- Tower #45, which is located on a hill south of J
- Tower STS #18-5, which had water inundatj

water marks on the tower or pier angg 1 . e
« Some towers were still inundated wigliisgate ' ¢ii-for'observation during the

e The towers and surrounding grades were visually mspected in August and September of
201 1for signs of distress.

e An assessment was made of collected survey data to-date for indications of trends in the
movement of the structures.
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5.24 Main Underground Cable Bank, MH-1 to Auxiliary Building

5.24.1 Summary of Main Underground Cable Bank, MH-1 to Auxiliary Building

Baseline information for the Main Underground Cable Bank from MH-1 to the Auxiliary Buxldmg is

provided in Section 2.0, Site Hlstory, Description, and Baseline Condition.
B

3, which is located inside the Rad Waste Building. Between MH-2*
beneath the old warehouse addition, the site perimeter and security;
trench. From MH-3 the duct bank is routed to the south and out of: i
MH-4. At MH-4, the cabling turns east 90° and extends eastto the pomt e"'re
termmates outside of the Aux111ary Building. Outsxde ) X3 Tout

pull box adjacent to the Auxiliary Building are set ;
The duct bank between MH-4 and the Auxiliary Bu
Building. A “Missile Shield Room™ addition to th

construction of the duct bank and is locat 3

ing to drawm :
* e face of the Aux111ary

s

1ound Cable Bank, MH-1 to Auxiliary Building
OPPD Date Page
Document Number(s)
»  Number
(if applicable)
und Duct System 60184 12/13/2002 | CE-79-3
‘%"i‘é‘?ator Enclosure Plan & Details{SH-1 24002 Unknown | 13007.18-EC-
"» 18A-1
12582 Unknown 11405-E-319
Li ghtmg-FenceJG roundi
Underground DuctS$& 12583 Unknown
1
Underground Ducts & Manhole Sections & Details, SH | 12584 Unknown 11405-E-321,
2 ¥ SH. 2
Underground Ducts & Manhole Sections & Details 12585 Unknown 11405-E-322,
SH. 3
Naval Facilities Engineering Command, Design Manual 9/1986 All
7.01, Soil Mechanics

Detailed site observations—field reports, field notes, and inspection checklists—for the Main
Underground Cable Bank from MH-1 to the Auxiliary Building, are provided in Attachment 8.
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Observed performance and pertinent background data are as follows:

e Groundwater was observed flowing into the basement sump of the Turbine Building from floor and
condensate drain pipes not designed to intercept groundwater. This condition has a recorded
history dating back to 1997. For further information see Section 5.8. A more detailed discussion
of this Key Distress Indicator is presented in Section 4.1.

e Settlement of a column in the Maintenance Building, north of the Turbine Building, was
documented by OPPD and HDR personnel. A CR describing the event} ondltlon and related
issues was created by OPPD and is on record. The Turbine Buﬂdzmg %‘ ; M?':m enance Building
are located east of the Auxiliary Building. A more detailed d
Indicator is presented in Section 4.3

corner of the Auxiliary Building, in the Missile Shlel%&@‘é
wall of the Aux111ary Bulldmg and has an unﬁms{l} o _Wf)”e"i gra ""e wfloor surf‘%%\ “' 'el oil storage

al&ewmg ﬂoodwater to enter
erground Cable Bank were

the area inside the Aqua Dam perlme
mundated with water when the Aqu

djacent to the cable duct openings were a pre-existing condition
] eo"d event.
E&?ﬂ

i ‘ted to a large swale located along the east side of the switchyard.

that existed 5r15§§‘ ogthe 20

e MH-1 pump dlschaggw {9
The water level was 1céntly lower than the rim and cover of the manhole at the time of initial
pumping. Water levels:n the swale had dropped an additional 1 ft or 2 ft lower at the time of the
second pumping.

e Pumping operations to empty the manhole required emptying the connecting duct banks and
adjoining manholes to the level of the connecting ducts.

e OPPD employees pumping MH-1 the first day stated that MH-2 had been pumped dry the day
prior.

e Manhole pumping operations were performed after flood waters had receded to the point where the
manholes were accessible.

The employe ,*nzf)?ted that cra%ks i
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e A swale crosses the duct bank east of MH-2. Minor localized surface erosion was observed along
the banks of the swale north of the Maintenance Garage and where it crosses the duct bank.

e On September 13, 2011, Thiele Geotechnical Services was hydro-excavating for soil borings south
of the new, six-bay, Maintenance Garage. At the time of field observations, vacuum excavations
had proceeded to a 2-ft depth and exposed a reinforced gravel road section composed of Geo-grid
installed in 6-in. layers. Four layers of Geo-grid were visible at the time of field observations. The

lateral extents of the Geo-grid reinforcement in the gravel surfaced areas are not known at this
time.

5.24 .3 Assessment Methods and Procedures

5.24.3.1 Assessment Procedures Accomplished |

0 centito the ut111ty and its
backfilled trench including scour, subsﬂeﬁce or sgt lemen “lateralispreading, piping, and
heave. e ; '
Soft ground surface areas (n
determined by probing. g

Paved argaswere sualy téd with GPR and dynamic deflection methods (i.e., drop weight
deﬂectometer). "est‘reports were not available at the time of Revision 0.)

5.24.3.2 Assessment Procedures Not Completed

Assessments of the Main Underground Cable Bank from MH-1 to the Auxiliary Building that
were not completed include the following:

The interior of underground cable bank manholes and connecting concrete-encased cable
ducts were not inspected except for visual observations that were possible from above and
behind temporary safety railings. Manholes are a confined space as defined by
Occupational Safety and Health Administration (OSHA) regulations. In accordance with
these regulations and OPPD Fort Calhoun Station (FCS) safety procedures, manhole entry
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is requires a confined space entry permit and can only be performed by appropriately
trained OPPD personnel.

e No excavation to inspect underground systems and conditions was performed. Unless field
conditions are observed that might indicate problems, this assessment is not warranted.

5;24.4 Analysis

Identified PFMs were initially reviewed as discussed in Section 3.0. Thereview considered the
preliminary mformatlon avallable from OPPD data ﬁles and from mrmal alkedow ~bservat10ns

data i S analyze -'a,,in_ ber of
%ﬂed -

CPFMs were ruled out as dlscussed in Sectlon 5.24. 4 1. The CPFMSI‘_ rried forward oL

Triggering Mechanism 2 — Surface’*Erosmn& y :
CPFM 2a— Undermmmg sha‘lgl v“v%ﬁ“bundy tlon/s‘l /Surfaces 4

e,
0, o B 4 t}l
.’; i, kﬁ& .

und surface ovenly;m the allgnm

facility. The Main Undergrehﬂd Cable Bank system is constructed at depths sufﬁcrently
; elow potentral scour depth idicated by surface erosion features observed in other areas.

Reasons for ruling:e

¢ This segment of the Main Underground Cable Bank system was not pumped while the site
was inundated with water. Manholes in this segment (MH-1, MH-2, and MH-4) were not
pumped until flood waters had receded to below ground surface elevations and the
manholes were vehicle accessible. Prior to pumping, the system was flooded and not
susceptible to hydrostatic loads.

e Underground structures are designed for hydrostatic pressures as a standard practice.

e According to OPPD staff, this system was pumped on numerous occasions in the past due
to high groundwater conditions.
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Triggering Mechanism 6 — Buoyancy, Uplift Forces on Structures
CPFM 6b — Cracked slab, loss of structural support
CPFM 6c — Displaced structure/broken connections

Reason for ruling out:

e This segment of the cable bank was not pumped while the site was inundated by flood
water. Manholes in this segment (MH-1, MH-2, and MH-4) w; Bre not pumped until the
water level had receded. Prior to pumping, the system was flogd ’éd andftherefore it was not
susceptible to uplift forces. -

Triggering Mechanism 7 — Soil Collapse (first time wett
CPFM 7a - Cracked slab, differential settlement of t L5
support Sl
CPFM 7b — Displaced structure/broken connections
CPFM 7c — General site settlement

Reason for ruling out:

e Soil supporting and surrounding the Ma_mgg Ad
previously wetted The peak flood ele
1993. §

,mé and various pumps) have historically occurred
Ms are evident.

5 dlcatlve of soil liquefaction and resultant settlement were
2 ackmg or lateral movements were observed.
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Triggering Mechanism 11 — Loss of Soil Strength due to Static Liquefaction or Upward
Seepage
CPFM 11a — Cracked slab, differential settlement of shallow foundation, loss of structural
support '
CPFM 11b — Displaced structure/broken connections
CPFM 11c¢ — Additional lateral force on below-grade walls

Reason for ruling out:

e Static liquefaction results from a relatively small dlsgnb: ew
condmon that allows a llquefactlon failure to occur@ndjproduce

Triggering Mechanism 12 — Rapid Drawdown
CPFM 12a — River bank slope failure and undermmmg
CPFM 12b - Lateral spreading E

Reason for ruling out:

e Utility cablin’
displacement.
e Manholes and the bottom of the duct banks are founded below frost level.

e Saturated soil conditions have occurred in the past. Conditions have not been changed due
to flood conditions.

rigid and not subject to major damage due to frost-induced

4
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5.24 4.2 Detailed Assessment of Credible Potential Failure Modes

The following CPFMs are the only CPFMs carried forward for detailed assessment for the
Main Underground Cable Bank from MH-1 to the Auxiliary Building as a result of the 2011
flood. This detailed assessment is provided below.

Triggering Mechanism 3 — Subsurface Erosion/Piping
CPFM 3a — Undermining and settlement of shallow foundatlorpﬂslab/surfaces (due to

pumping)

defects/voids under pavement, etc. The paths may be exp s_e a_,
flood waters (e g., open ground along areas out51de the Aqua Da

Manhole MH-5, and a series of surface pumps 1 ¢ e a;l@ 1g the interi fithe Aqua Dam
perimeter. The pumps were operated for an tem Perivdaaf time, mam” ¥ing a head

differential on the seepage path networks. Gradient was smfﬁ_omnt to beglm n of
surrounding soil. The potential damage mcmes settlememﬁo he
Bank and manholes causing a loss of elecmca connegfi iy, <

drawdown effects The temperagy i
path networks already created?l}fhdgr higher head & I

ﬁ‘*a\rea inside the Aqua Eam, 'was pumped dry and created a hydrostatic head between the
d out51de the Aq Pam perlmeter The inside the Aqua Dam perimeter was

e Asand boﬂaé;é ng;condltlon was observed within the exposed floor of the aux111ary

building.

e Manholes were pumped to remove water that accumulated due to the flood event. This
created a head differential.

Below are field observations and data that indicate these CPFMs are unlikely:

¢ Trench settlement along the alignment of the duct banks was not observed.
e Soil probing along the duct bank alignments indicated soils were generally firm and stable.
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Data Gaps (data yet required to assess these CPFMs):
* GPR data and reports have not been delivered for assessment of subsurface conditions.

The following table describes observed distress indicators and other data that would increase or
decrease the potential for degradation associated with these CPFMs for the Main Underground
Cable Bank from MH-1 to the Auxiliary Building.

N
Adverse (Degradation/Direct Floodwater Favorable (B“é@ﬁgaﬂonlblrect
Impact More likely) FloodWa! er Impac l‘i’é’ss Likely)

The southwest corner of the Turbine Building is
located adjacent to the termination point of the
duct bank.

Water was pumped from several manholes.

The area inside the Aqua Dam perimeter was

pumped from several locations.

Sand boil/piping feature observed in Auxilia

Building Missile Shield Room.

Data Gaps:

* GPR data were not available at e+t
areas or paths at the facility.

Conclusion .

¢ /ediin’the Turbine Building and Auxiliary Building
V ,ain Underﬂ?ound Cable Bank. The voids below the base

-" lown to exist with heavy flows of water being pumped from
th&e*sum% Since the 2011 ﬂoocgkcwagsed increased flow through the broken drain pipes, the
potentl that the 2011 flood caused further and more rapid degradation due to these CPFMs is

The occurrence ¢ cse CPFMs could potentially cause the collapse of the Main Underground
Cable Bank. HoweVer, the integrity of system of cables in the trench may not be impacted due
to the flexibility of the cables. Therefore, the implication of the potential degradation for this
CPFM is low.

Confidence

The extent of subsurface erosion and its potential impact to the Main Underground Cable Bank
is not known due to the lack of data gathered on subsurface conditions. Since there is not
enough information on the subsurface conditions at this time and the pumping in the Turbine
Building could have caused subsurface erosion, the confidence for these CPFMs is low.
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Summary

For CPFMs 3a and 3c, as discussed above, the potential for degradation is high because the
pumping in the Turbine Building and the sand boil/piping feature in the Auxiliary Building.
This degradation could have caused enough erosion to impact the integrity or intended function
of the structure. The combined consideration of the potential for degradation and the
implications of that degradation to a structure of this type puts it in the “not significant”
category. The data currently collected are not sufﬁ01ent to rule out these CPFMs Therefore

level of confidence in the evaluatlon

Low Confidence

":'g@\Conf denc
(insufficient Data

ufficient Data}

Potential
for Failure
Significant

%ﬁﬁotential
# for Failure

Not Significant

5.24.6 Recommended Actions

Further forensic investigations and physical modifications are recommended to address CPFM 3a and
3c for the Main Underground Cable Bank. CPFM 3a and 3¢ are associated with unfiltered flow of
groundwater into the Turbine Building basement drain piping system (Key Distress Indicator #1).
These recommendations are described in detail in Section 4.1.

Also, a review of the geophysical data when available should be done. The results of this review will
be used increase the confidence in the assessment results. At the time of Revision 0, groundwater
levels had not yet stabilized to nominal normal levels. Therefore, it is possible that new distress
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indicators could still develop. If new distress indicators are observed before December 31, 2011,
appropriate HDR personnel should be notified immediately to determine whether an immediate
inspection and/or assessment should be conducted. Observation of new distress indicators may result in
a modification of the recommendations for this structure.

5.24.1 Updates Since Revision 0

Revision 0 of this Assessment Report was submitted to OPPD on Octobe%ZOl 1. Revision 0
presented the results of preliminary assessments for each Priority 1,(Strucfure ;-Il' hgngssessments were
incomplete in Revision 0 because the forensic investigation and/gi g;r oy

Priority 1 Structures was not completed by the submittal date. g s'rev151o&@-_ hiS:Assessment Report
includes the results of additional forensic investigation and monitering toj‘d- e i
described below. d

5.24. 1.1 Additional Data Available

Six test boringsWere drilled, with continuous sampling of the soil encountered, to ground
truth the Geotechnology, Inc. seismic investigation results as part of the KDI #2 forensic
investigation. Test bore holes were located to penetrate the deep anomalies identified in the
seismic investigation. The test boring data did not show any piping voids or very soft/very
loose conditions that might be indicative of subsurface erosion/piping or related materlal
loss or movement.

All of the SPT and CPT test results conducted for this Assessment Report were compared
to similar data from numerous other geotechnical investigations that have been conducted
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on the FCS site in previous years. This comparison did not identify substantial changes to
the soil strength and stiffness over that time period. SPT and CPT test results were not
performed in the top 10 feet to protect existing utilities.

Triggering Mechanism 3 — Subsurface Erosion/Piping

CPFM 3a - Undermining and settlement of shallow foundation/slab/surfaces (due to
pumping)

CPFM 3c — Undermined buried utilities (due to pumping)

Significance

Potential for Degradation/Direct Floodwater Impact

X ‘w: S
€ldiroom, the potential for

How@ & n'e—mftegnty f‘system .o cal les in the trench might not be impacted due to the
ﬂ : “bl }W of the cables#Ehérefore, t“”'{ lication of the potential degradation for this CPFM

As discussed, the potential for degradation is low because the pumping in the Turbine Building
and the sand boil/piping feature in the Auxiliary Building are being.addressed based on the
recommendations for each. The combined consideration of the potential for degradation and
the implications of that degradation to a structure of this type put it in the “not significant”
category. The data currently collected are sufficient to rule out this CPFM. Therefore, the
confidence in the above assessment is high.
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5.24 1.1 Revised Results and Recommendations

The CPFMs evaluated for the Main Underground Cable Bank from MH-1 to the Auxiliary
Building are presented in the following matrix, which shows the rating for the estimated
significance and the level of confidence in the evaluation. CPFMs 3a and 3¢ for the Main
Underground Cable Bank from MH-1 to the Auxiliary Building are associated with Key
Distress Indicator #1. Section 4.1 presents the results of addltlonal forensic investigation that
was conducted to ascertain whether these CPFMs could be ruled ofit,, The results of the
additional forensic investigations show that if the recommendatlons:-b' hysrcal modifications
in KDI #1 are implemented that this CPFM is ruled out. Jiie
concerns are identified through the monitoring program _5
from MH-1 to the Auxiliary Building (discussed in Se
December 31, 2011), these CPFMs are moved to the qua
Further Action Recommended Related to the 2011 Flood.’

Low Confidence
(Insufficient Data)

Potential
for Failure
Significant

CPFM 3a
CPEM 3c

Potential
for Failure :
Not Significant 4

5.24.1.2 Conclusions

In the assessment of the FCS Structures, the first step was to develop a list of all Triggering
Mechanisms and PFMs that could have occurred due to the prolonged inundation of the FCS
site during the 2011 Missouri River flood and could have negatively impacted these structures.
The next step was to use data from various investigations, including systematic observation of
the structures over time, either to eliminate the Triggering Mechanisms and PFMs from the list
or to recommend further investigation and/or physical modifications to remove them from the
list for any particular structure. Because all CPFMs for the Main Underground Cable Bank
from MH-1 to the Auxiliary Building other than CPFMs 3a and 3¢ have been ruled out, and
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because CPFMs 3a and 3¢ will be ruled out when the physical modifications recommended for
KDI #1 in Section 4.1 are implemented, no Triggering Mechanisms and their associated PFMs
will remain credible for the Main Underground Cable Bank from MH-1 to the Auxiliary
Building. HDR has concluded that the geotechnical and structural impacts of the 2011
Missouri River flood will be mitigated by the implementation of the physical modifications
recommended in this Assessment Report. Therefore, after the implementation of the
recommended physical modifications, the potential for failure of this structure due to the flood
will not be significant. )
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7.0 SUMMARY AND CONCLUSIONS

7.1  Scope and Purpose

The FCS Plant and Facility Geotechnical and Structural Assessment has been completed to identify
and describe the effects of the 2011 flood on Structures at the site. Specifically, the objective of this
Assessment Report is to present HDR’s assessment of changes to the soil i O, _rock that supports the
structures at FCS that may have negatively impacted those structur%s% o

12 é RG
Assessment Report was submitted to OPPD on November 28, 2@‘1[“’1%@%%%@\71ded i al’

related to Priority 1 Structures. These assessments were incompleéteimeRevision 0 ar?atf
because the forensic investigations and/or monitoring for most of. ]

Prlorlty 1 Structures to include addmonal momtormo data and the results itic
investigations for the Key Distress Indicators. Revision2¢z Sinte ents the re%‘% f the assessments
for each of the Priority 2 structures. '- :

o
This section of the report provides a brief summa _“{ o- the proce§§

assessments. Conclusions and recommendations aze
conditions at the FCS site, the Key DlStTﬁSS"‘]ﬁﬂd]C

7.2  Summary of the Assessmeﬁgtf

_____

across the site %ggeré’iﬂ Javier
enerally lessfilian: -
generally w%i,ap

da’c"%_f e geology, geomorpholog%g‘gemtechmcal gﬁd design conditions prlor to the 2011 ﬂood were
also Ci c.p d. A list of flood-induced: ifipgering mechanisms (Triggering Mechanisms) was

identifi etL dggering Mechanisms cqli dthave caused degradation to the soil and/or rock that supports
ctures. and/or caused dlrg',;,;.*ﬁ%-‘“f pacts to structures due to the force of the floodwaters
(Tnogermg Mecl%ms) Exam 'esﬁg}’

i
Eﬁ;gst actiofises @smg the list of potential Triggering Mechanisms, a list of PFMs

‘Triggering Mechanisms include settlement, erosion, stability,
I g

¢ ”'s"*in which a structure might fa1] Fallures are any errors or defects,

foundation/siab, undermm g \Burled utilities, and loss of lateral support for pile foundations. A
detailed list of Triggering Mechanisms and PFMs is presented in Table 7-1.
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Table 7-1 - Triggering Mechanisms and Potential Failure Modes
Triggerin . .
Mecghganisg\ J;‘?ﬁ:;::g} ':JFG“_" Potential Failure Mode
No.
la Undermining shailow foundation/slab
River Bank 1b Loss of lateral support for pile foundation
! Erosion/Scour 1c -+ [*Undermined buried utilities pipes/cables
1d Additional lateral force on piles
2a Undermining shallow foundatjon/sia
2 Surface Erosion 2b Loss of lateral support forspilgdoundations
2¢ Undermined buried utilifi€s5s
3a Undermining and settlem
3b Loss of lateral support for
3c Undermined buried utilities §
3 Subs_urfacs: . 34 Undermining and senlementﬁ*@f'shali&ﬁ '
Erosion/Piping .| drawdown)
' 3e Loss of lateral sup
3f i
3g
- 4a
Hydrostatic Lateral 4h
|
structures) 4d

A Structures

Buoyancy, Uplift
Forces on

(Cracked slab, loss of structural support

isplaced structure/broken connections

¥ Cracked slab, differential settiement of shallow foundation, loss of

structural support

7 Displaced structure/broken connections
General site settlement
Piles buckling from down drag
8 Soil Solutionings 8a | Not applicable
) 92 Cracked slab, differential heave of shallow foundation, loss of structural
_ i . support . .
9 Swe“‘"_g of . 9 Displaced structure/broken connections
Expansive Soils
9¢ Fail tension piles
9d Additional lateral force on below-grade walls
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Table 7-1 — Triggering Mechanisms and Potential Failure Modes
Triggering . .
. Triggering PFM . .
Mechanism Mechanism No. | Potential Failure Mode .
No. -
10a Cracked slab, differential settlement of shaliow foundation, loss of
Machine/Vibration- structural support
10 -... - { Induced 10b | Displaced structure/broken connections
Liquefaction 10c | Additional lateral force on below-vragfe,}walls
10d | Pile/pile group mstab:hty ﬂﬁ,
Loss of Soil 11a
1 Stre.ngth due to ' 11b
Static Liquefaction
or Upward Seepage | 11¢
11d
> .
12 Rapid Drawdown 12a | River bank sloipe failure andﬁ?
12b | Lateral spreading
13a | Corrosion ofunder -ound
13 Submergence
13b
14 Frost Effects 14a
15 Karst Foundation 152
Collapse

~ structure. These RFEN

pamcular PE "%‘m;ljﬁﬂaf é‘;%%w

t, éome PFMs were determ ne ot f'-‘ ible. For example, PFMs arising from river

sion were ellmmated because’fﬁ%*ewdence (;? bank erosmn was observed. A detailed list of

During de‘fﬁ o
visual observ “

the additional avallable H’a S determine if they should be added back to the list of CPFMs. The
remaining CPFMs were eva’]uated to determine first the potential for degradation to the soil or rock
_that supports the structure and/or the direct floodwater impacts due to the 201] flood-and.then the .
“implications of that degradation t6 a structuré of that particular design type. The combination of the
potential for degradation/direct floodwater impact and the implications of that degradation/impact is
termed the “potential for failure” and is then categorized as “significant” or “not significant.” The final
step in the analysis was to evaluate the “confidence” in the potential-for-failure 51gn1f1cance
determination as either “low” or “high.”
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7.3 Principal Findings of the Comparatlve Geotechnical Analysis

Comparison of geotechnical data for pre-flood and current investigations indicates that there was no
observable difference in the overall geotechnical conditions at the site and that the foundation materials
have not been disturbed or significantly weakened by the prolonged inundation caused by the 2011
flood. Comparison of seismic refraction data from the pre-flood and current investigations reveals
similar magnitude of seismic wave velocities over the full depth of the overburden soils;-and. no
observable differences between pre- and post-flood conditions were ident&f&' ed from this work.

with the relatively wide range of strength and stlffness and cortf’gsg;‘endmg&b ‘gﬁ 'mtyplcally

encountered in the alluvial soils within the stsoun River valleﬁﬁ’ﬂglﬁ‘ m‘al test b@mn

s_ﬁf"’
During the site visual assessments, three problemfare%s were @Qséfved% gu_entlally indicated that
the 2011 flood had changed the site’s geotec&mcal&anﬁ physmgf characté; ‘ “ese observed problem
Rk Is) are thectol

] "rrbme Buxldmg,s 0D, e
yed access are;*%i% weenithe Intake Structure and Service

_ach of the observed KDIs was evaluated using
Mechanism, to identify the CPFMS to identify

significant voxds?“ J fEispots as well as zones of competent soil. Table 4-2 provides the drill-hole

number (see F]gure'4 3 for drill-hole locations), depth to void and thickness of soft zone (per

. s DCP). The lateral extent and, mterconnectedness of identified voids can only be inferred from.

o ‘the available data. ‘However, some zones such as the voids encounteréd in DCP 2-6, DCP'1-4,

DCP 1-5 and DCP 2-8 are both significant enough and close enough in lateral distance that we
conclude that these voids are part of a connected void system. All of these voids are close to
where both the 10-inch and 6-inch drain lines run adjacent to each other and have multiple
bends where joints may be more susceptible to cracking or separation in the pipe.- In this
scenario, significant groundwater inflow into the drainage system is likely. There also are,
however, zones where there is little to no evidence of voids or subgrade deterioration such as in
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* testing locations 2-10, 2-11, 2-12, 1-8, 2-14, and 2-18. Overall the data support the following
conclusions:

o The Triggering Mechanism of subsurface piping of soil material due to the sump operation
and seepage/flow into the drainage system pipes is occurring.

e Voids are significant and interconnected.

e The foundation subgrade is not affected uniformly by this Triggering Mechanism.

'bottom of the pile cap at elevatlon 983.5 to the lowest v01dotto 3
7 feet. There are a total of 10 locations were zero bl&)x ount zones

elevation 984). Of these 10 zero blow counEﬁv
1 foot. The remainder of the drill-hole locai
inch material to within 3 feet of the botto 00 a
cap elevation (el. 984). :

e greater mezt;, ':é'kness than
thor greater th an‘gi blow per two

: 51s we find that the loss of

=]

] [}ﬁe Building, over the limited

Contammem  Building, Auxﬂdﬁé}’%ﬁ’*ulldmg, Service Bulldmg, Circulating Water System

pumpm_g)
e CPFM 3c - Undermined buried utilities (due to pumping)

Structures potentially affected include: Technical Support Center, Fire Protection System, Raw
Water Line, Security BBRE’s, Maintenance Shop, Underground Cable Trench (Trenwa), Waste
Disposal Piping, Main Underground Cable Bank, Blair Water System, Demineralized Water
System, Turbine Building South Switchyard, Fuel Oil Tanks and Piping, PA

NS
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Paving/Sidewalks/Outdoor Drives, Sanitary Sewer System, and Condensate Storage Tank
-(buried utilities portion of system). For this Triggering Mechanism to affect these structures, a
void would have had to progress beyond the Turbine Building Basement foundation and extend
under the Structures listed above. The fact that the flow into the broken pipes has been-
occurring for many years makes the hypothesis that the voids could have extended beyond the
Turbine Building foundation and under the Structures listed above more plausible. The
collected data showing that voids were found“at the perimeter of the Turbine Building basement
between the plle caps at 11 locations also suggests that piping of matenal from beyond the

The Triggering Mechanism of subsurface erosmn/pxpmggo_‘;
Building basement and perhaps beyond continues as lon rﬁs
unrepaired. Voids, soft zones, and associated" groundwafer
to enlarge and extend out from the drainage and sump syste]
water into the sump system is stopped. Therefore CPFMzs* 2

7.4.1.2 Recommendations

OPPD should perform remedial work to sﬁ%@
the broken Turbine Building basement draify
basement floor slab. The first prlggéf«y"

o

system as quickly as possible to g’t" e Trlggerm:
to stop the flow of groundwater i0tH the sump is 1§
termination points into the: Sl

to abandor&theé& 1

‘echanism ilgi‘he qu1ckest and easiest way
ck the dmmage system plpes at their

{!AW

tematlve would be to construct a new system that is

ent‘ly caused by groundwater flow through the broken

dra?rimgp ystem pipes. Becaus
of the Tibine.B g5t
measured TORPIo

mde a éﬁgﬂ@%\;ﬁ T the extent of the voids.

The repalr/replaeemm 6T the drainage system and filling of the voids to return the foundation
" soils and subgrad‘eg*’"’ﬁté‘ca*wp‘re -pipe break condition will allow us to rule out CPFMs 3a, 3b, and 3¢
for the Structures listed in Section 4.1.3. To fill the voids and determme the volume of the
voids a-grouting program should be fmplemented.

The grouting program design should include:

e Specifications for a grout mix that has the proper rheologic and chemical properties to
ensure a balanced, stable mix that will maximize penetration and long-term performance.

e Specifications for a grout mix that can displace very soft disturbed zones and that can
provide long term support for the piles, footing, and slabs.
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e Identification of the grout pressure(s) necessary to provide for maximum grout penetration
into voids, and soft zones within the subgrade soil material.

= Identification of the maximum grouting pressure allowable to avoid damage to any
structures and utilities. Particular attention should be given to the under-slab drain pipes in
the event that they are repaired and re-used.

e A plan for real-time, full-time, monitoring and recording of:
- Grout voluities and pressures under the direction of a qualified engineer at the time of

the grouting.

grouting operation.

* A sequence/logic tree for grout program progression;

e A plan for the drilling of verification holes to include
of the grouting program on the subgrade soils.

e A grouting acceptance protocol by the Engineer. :

e A system to report all of the grouting and monitoring data on #basis to the Engineer.

e A final report 1nc1ud1ng all data, results andﬁﬁqm Mé:ns“develop:a"bé g

after the existing drainage pl%es
and complicate the grouting/proeess to the detrimeéy

Both to properly treat the subsurface

"-;ﬁ_ﬁcatlon and documentatlon that the program was a

port, it-was not certain that a grouting contractor could be
am that would yield the data necessary to rule out the

e Discussions with specialty grouting contractors will be
,ﬁfhe future to ascertain if they have the capability to provide the

7.4.2

ﬁ.
7.4.2.1 Summary of Analysis

Forensic observed pavement distress was most
prominent, at locations coincident with shallow underground structures and utilities, and where
recent seismic surveys identified low velocity features (locations where potential for
degradation related to the Triggering Mechanisms and CPFMs associated with KDI #2 was
identified). '
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Excavation and subgrade testing identified no evidence of piping erosion, voids, or subsidence
of site fills. Field SCP testing of the exposed subgrade indicated that stiff to very stiff soils
were generally encountered in the upper 3 feet below the ground surface or pavement. Based
on the observations made and tests results obtained, the fill soils in the locations exposed and
tested are compact, cohesive soils that are not susceptible to piping erosion. SPT borings did
not identify voids or very soft/very loose conditions that might indicate piping or related
material loss nor did they identify changes in soil relative density following the 2011 flood:*
Inclinometer and survey monitoring indicates that movement of op:kite subsurface soils or
structures has not occurred. Sinh

#2 are not attributed to the possible Tnggermg Mgch’.‘; STiS |
@‘-&M tnin

Erosion and Piping (due to pumping); and, S}g@g

drawdown). E

Our investigation for KDI #2 also mdlcategh \at the Txig €rmgM' amsm of Subsurface
Erosion and Piping (due to rapid ¢ ‘g; smdrav?%&vn) Wwassh byith
the CPFMSs related to this Trlgg I 3 echamsm

credxble

: i
sin, of Subsurface™Exp; 1o and Piping (due to pumping) and
e echamsm mclucﬁng CPFM 3 3a, 3b and 3c cannot. be

& '
*w«ﬁ%

Priority 1%

e Security BBRE:
s Turbine Bu11d1ng--South Switchyard

. Condensate Storage Tank

« Uhderground (TRENWA) Cable Trench -~
e Circulation Water System

¢ Demineralized Water System (line)

e Raw Water Piping

e Fire Protection System Piping

e Waste Disposal Piping

e Fuel Oil Storage Tanks and Piping
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¢ Main Underground Cable Bank, Auxiliary Building to Intake Structure
e Blair Water System
¢ River Bank

Priority 2 Structures in this category include:

¢ Service Building
e Sanitary Sewer System

The potential for impact to the above Priority 1 and Priog
Mechanism of Subsurface Erosion and Piping (due to ph:

AL 13‘18 CPFMs related
to this Triggering Mechamsm remain credibie until the* e

1o KDI #1 as

evaluate if the recommended actions were effective and th&@
deemed credible.

" e Security Building
e Intake Structure
River Bank

2 iorensmm“ igation have ruled out potential Triggering
{@PFMs tha%&mld have been the cause of the observed distress.

ever it could not be% . entirely m‘f' ot CPFMs associated with KDI #1, which is

§socxated w1th the uncontro ,‘,e‘d{’%’ﬁramage of'“*fxﬂe' groundwater into the broken Turbme Building
:: These CPFM s will only be ruled out when the physical

, as presented in Section 4.1 of this Assessment Report, are

7.4.3 Main{e'n

7.4.3.1

Forensic mvesUg consisting of concrete floor slab drilling and field and laboratory
subgrade testing was completed in the Maintenance Shop to evaluate subsurface conditions

- .near Key:Distress Indicator (KDI) #3. This Key Distréss Indicator consists of:differential~
settlement of Building Column MG-15, presumed differential settlement of the nearby ﬂoor
slab, and cracked nearby masonry partition walls. These building distresses were observed at
the southwest corner of the building immediately adjacent to the north side of the Turbine
Building during facility assessments.
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Possible Triggering Mechanisms identified for KDI #3 include:

 Subsurface Erosion and Piping (due to pumping); and
¢ Soil Collapse (due to first time wetting).

Observations of the conditions underlying the floor slab in the vicinity of Column MG-15

confirm that the subgrade has subsided and a void space has. developed The void space ranges
from about none to 8.5 inches in depth below the bottom of the ﬂoor,ﬁxslab and extends about 15
feet to the north, east and west-northwest of Column MG-15: T’ ‘ige al -;fijent of void

identify the presence of voids or soft soils below the top o
observations and laboratory testing from this 1nvest1gation G
investigation are in general agreement and indicate that the ﬁne
vicinity of Column MG-15 consists of medium stif

-amed, loess derived‘é’a‘ﬁmf__;,_;f
ﬁsﬁ%%f}“@sxlt thathas

r.field obsg?i%ai ] is_nor field and

J;;;%“-_‘ubmdence and resultant

Pt

pg'i'\"gntly related settlement

WTE;»’G;E%
Mainten e,

docu -.q:"ugport Bmld"fn‘i%%n areas located south, southwest, and west of
‘he Maintenance Shop distresS"“""»’ a (area of!mb%grade void, settled column and wall crackmg)

nsic mvestigation show that the Triggering Mechanism of

the Technical Supﬁo enter. Voids, material Joss, and material movements have been
identified by mvesili?gl tions in the Turbine Building Basement (KDI #1) including along the
north wall of the Turbine Building which is a shared/adjoining wall with the Maintenance

- Shop. “The voids/subgrade settlement and distress observed-in the.Maintenance-Shop:are-.: . - cs o

believed to be directly related to deep subsurface piping erosion and soil losses occurring at and
radiating out from damaged subfloor drain pipes in the Turbine Building subgrade.

Based on the KDI #1 investigation, it appears that material has been removed below the
Turbine Building north wall through piping as a result of the hydraulic gradient created by the
breaks in the subfloor drain pipes. Piping has been evidenced by depressed groundwater levels,
measured voids below the Turbine Building basement floor slab, and sediment accumulated in
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the Turbine Building sump pit. The depressed groundwater levels and void conditions are
more prominent near the northwest portion of the Turbine Building adjacent to the observed
KDI #3 structural distresses. We presume that the piping and void conditions extend north
beyond the extents of the Turbine Building basement floor slab and below portions of the
Maintenance Shop (and Technical Support Center). The soil column above the presumed
piping and void condition is thought to be subsiding as a block unit, or column and translating
to the ground surface resulting in‘the void space observed below the floor slab. It should be
noted that our investigation was not exhaustive. Subgrade vord spage was not delineated to the
south, southeast, or southwest (see Figure 4-11), which are
observed/measured groundwater flow, groundwater low
Building basement. It should also be noted that wall cr
Shop masonry walls of the Men's restroom appears to be
larger than previously noted during structure observation

7.4.3.2 Recommendations

the Maintenance Shop (failed column) and the
associated with the Triggering Mechanism 7
. Therefore the CPFMS associated with this T

Techmca] Support Center are connected td"‘K PI #1,

e

However, this does nothing to mitigate the
nance Shop distresses, Subsurface Erosion and Piping. Nor

ns are recommended for the purposes of this Assessment Report.
However, further investigations could be undertaken by the owner as part of the design for the

" remedial work to repatithe Maintenancé Shop-and Technical ‘Support Centet distress. This
could include investigation of the subgrade below the floor slab in the Maintenance Shop to the
south, southeast, and southwest of Column MG-15 to include drilling, coring, SCP and DCP
tests, soil sampling, and laboratory testing as appropriate to delineate the area of subsiding
subgrade and identify other structural building elements at risk. It is further recommended that
the physical modifications outlined in the KDI #1 forensic investigations be competed before
the physical modifications to remediate the distress in the Maintenance Shop and Technical
Support Center are implemented. This is to ensure that the subsurface erosion/piping
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associated with the broken pipes under the Turbine Building basement slab is halted.
Continued subsurface erosion/piping would most likely reduce the efficacy of any physical
modifications designed to remedxate the distress in the Maintenance Shop and the Technical
Support Center.

7.5  Status of Priority 1 Structural Assessments

In the assessment of the FCS Structures, the first step was to develop a list:
Mechanisms and PFMs that could have occurred due to the prolonoed in
during the 2011 Missouri River fiood and couid have negativeiy.ii
step was to use data from various investigations, including sys
over time, either to eliminate the Triggering Mechanisms and PE
further investigation and/or physical modifications to remove the
structure. The results of the Assessment are detailed for each of t
paragraphs below.

f all Triggering

Won ofithe FCS site
uctures. The next
if the structures

7.5.1 Intake Structure

Because all CPFMs for the Intake Structure other tha PEMS 1232 b led out prior to
Revision 1, and because CPFMs 12a and 12b have . : Rewasion | findings,
no Trigoering Mechanisms and their associated P_ ' in cr ructure

flood is not significant.

7.5.2 Auxiliary Bunding

"had been ruled out prior to
i ut when the physical modifications recommended for
T ggL g Mechanisms and their associated PFMs will
oncluded that the geotechnical and structural
ifigated by the implementation of the physical
ment Report Therefore after the 1mplementatxon of the

i0ns recommende'd in this A’
ed physical modifications

7.5.3 Contai

Because all CPFM ment other than CPFM 3b had been ruled out prior to Revision 1,
and because CPFM 3 led out when the physical modifications recommended for KDI #1 in
Section 4.1 are impleme o Triggering Mechanisms and their associated PFMs will remain
credible for the Containment. HDR has concluded that the geotechnical and structural impacts of the
2011 Missouri River flood will be mitigated by the implementation of the physical modifications

recommended in this Assessment Report. Therefore, after the implementation of the recommended

'ph_vsnca] modifications, the potential for failure of this structure due to the flood will not be significant.

7.5.4 Rad Waste Building

Because all CPFMs for the Rad Waste Building other than CPFMs 7b and 7d had been ruled out prior
to Revision 1, and because CPFMs 7b and 7d have been ruled out as a result of the Revision 1
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findings, no Triggering Mechanisms and their associated PFMs remain credibie for the Rad Waste
Building. Therefore, HDR has concluded that the 2011 Missouri River flood did not impact the
geotechnical and structural integrity of the Rad Waste Building because the potential for failure of this

- structure due to the flood is not significant.

7. 5 5 Technlcal Support Center

Because a]] CPFMS for the Techmca] Support Center other than CPFMs 33, 6b, 6¢, 7a, 7b, and 7c had
modifications
recommended for KDls #1 and #3 in Section 4.1 and 4.3 are i ing Mechanisms

and their associated PFMs remain credible for the Technical Sug ;

implementation of the physical modifications recommended in thi
after the implementation of the recommended physical modificati
structure due to the flood will not be significant.

7.5.6 Independent Spent Fuel Storage Installatio

flood did not impact the geotechmcal and structur ; ofithi cause the potential for
failure of this structure due to the flood isa :

t

!
§
H

Turbine Building.
Missouri River flood

A_ gated by the implementation of the physical modifications
recommended in this As

Tent Report. Therefore, after the implementation of the recommended

physical modifications, the potential for failure of this structure due to the flood will not be significant.

- 75 9 Security Barricaded Ballistic Résistant Enclosures

Because all CPFMs for the Security BBREs other than CPFMs 3a and 3d had been ruled out prior to
Revision 1, and because CPFMs 3a and 3d will be ruled out when the physical modifications

" recommended for KDI #1 in Section 4.1 are implemented, no Triggering Mechanisms and their

associated PFMs will remain credible for the Security BBREs. HDR has concluded that the
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implementation of the physical modifications recommended in this Assessment Report. Therefore,
after the implementation of the recommended physical modifications, the potential for failure of this
structure due to the flood will not be significant. L

7.5.10 Turbine Building South Switchyard

Because all CPFMs for the Turbine Building South Switchyard other than CPFMs.3a, 3b, and 3¢ had
been ruled out prior to Revision 1, because CPFM 3a will be ruled out upgn.completion of the
remediation to the switch foundation slab described in Section 5 10»--=‘and se CPFMs 3b and 3¢

Triggering Mechanisms and their associated PFMs will remai
Switchyard. HDR has concluded that the geotechnical and st

Assessment Report. Therefore, after the implementation of the re
the potential for failure of this structure due to the flood will not b

ruled out prior to Revision 1, because CPFMs 2b, 3
Revision 1 findings, and because CPFM 3c will be:

i
(i :

a"-}
B

__—:FMS 3d, 3f, and 14a have been ruled out as a
luse CPFMs 3a and 3¢ have been ruled out using the results
ction 4.2, no Triggering Mechanisms and their associated
Cable Trench. Therefore, HDR has concluded that the
the geotechnical and structural integrity of the Underground
lure of this structure due to the flood is not significant.

en ruled out prior to Re
e Revision 1 findings, an

" remain Credlble for the Clrculatmg Water System HDR has concluded that Ihe oeotechmca] and
structural impacts of the 2011 Missouri River flood will be mitigated by the implementation of the
physical modifications recommended in this Assessment Report. Therefore, after the implementation
of the recommended physical modrﬂcatlons the potential for failure of this structure due to the flood
will not be significant.
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7.5.14 Demineralized Water Tank, Pump House, and RO Unit

Because all CPFMs for the Demineralized Water Tank, Pump House, and RO Unit other than CPFMs
3a and 14a had been ruled out prior to Revision 1, and because CPFMs 3a and 14a have been ruled out
as a result of the Revision 1 findings, no Triggering Mechanisms and their associated PFMs will
remain credible for the Demineralized Water Tank, Pump House, and RO Unit. Therefore, HDR has

~ concluded that the 2011 Missouri River flood-did-not impact the geotechnical and structural integrity
of the Demineralized Water Tank, Pump House, and RO Unit because the:potential for failure of this
structure due to the flood is not significant. -

7.5.15 Raw Water Piping

ruled out prior to Revision 1, because CPFMs 3d and 3f were rule
1nvest1gat10n presented in Section 4.2, and because CPFMs 3a and

mitigated by the implementation of the physical modx-
Report Therefore after the 1mplementatlon of the fec

.rcredlble for the Fire Protectxon System Piping.
“aL impacts of the 2011 Missouri River flood will
é’dlﬁcatlons recommended in this Assessment

n of the recommended physical modifications, the potential
will not be significant.

Mechanisms and their associated PFMs will remain credible for the Waste Dlsposal Piping. HDR has
-concluded that the geotechnical and structural impacts of the 2011 Missouri-River-flood will be .
mltlgated by the implementation of the physwa] modifications recommended in this Assessment

) Report. Therefore, after the implementation of the recommended physical modifications, the potential

' for failure of this structure due to the flood will not be significant.
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7.5.18 Fuel Oil Storage Tanks and Piping

Because all CPFMs for the Fuel Oil Storage Tanks and Piping other than CPFMs 3b, 3¢, 3e, and 3f
have been ruled out prior to Revision 1, because CPFM 3c has been ruled out assuming the

implementation of the recommended physical modifications presented in Section 5.18, and because
CPFMs 3b, 3e, and 3f will be ruled out when the physical modifications recommended for KDIs #1and
#3 in Sections 4.1 and 4.3 are implemented, no Triggering Mechanisms and their associated PFMs will
remain credlble for the Fuel Oil Storage Tanks and Plpmg HDR has concluded that the ceotechmcal

of the recommended phy51cal modxﬁcatlons__ the potentxal for
will not be significant.

Revision 1 findings, because CPFMs 3d and 3f wer
investigations, and because CPFMs 3a and 3¢ will
recommended for KDI #] in Section 4.1 are impl
associated PFMs will remain credible for the Mai
Building to the Intake Structure. HDR hasio
the 2011 Missouri River flood will be
recommended in this Assessment Repor

dentified for the OSGS. Therefore, HDR has concluded that the
ot impact the geotechnical and structural integrity of the OSGS
re of this structure due to the flood is not significant.

There were no ap;;hc%
2011 Missouri River
because the potential for fa)

_ 7 5.22 Swﬁchyard
Because all CPFMs for the Switchyard other than CPFMs 3a, 3b, and 3¢ had been ruled out prior to
Revision 1. and because CPFMs 3a, 3b, and 3¢ have been ruled out as a result of the Revision 1
findings, no Triggering Mechanisms and their associated PFMs remain credible for the Switchyard.
Therefore, HDR ‘has concluded that the 2011 Missouri River flood did not impact the geotechnical and
structural integrity. of the Switchyard because the potential for failure of this structure due to the flood
is not significant.
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7.5.23 Transmission Towers

Because all CPFMs for the Transmission Towers other than CPFM 7¢ had been ruled out prior to
Revision 1, and because CPFM 7c has been ruled out as a result of the Revision 1 findings, no

_ Triggering Mechanisms and their associated PFMs remain credible for the Transmission Towers.
" Therefore, HDR has concluded that the 2011 Missouri River flood did not impact the geotechnical and

structural integrity of the Transmission Towers because the potential for failure of this structure due to
the flood is not significant. . 2,

Building other

. than CPFMs 3a and 3¢ have been ruled out, and because CPFM: %*a ndi3eiwill be iout when the

Mechanisms and their associated PFMs will remain credible for
from MH-1 to the Auxiliary Building. HDR has concluded that t , )
of the 2011 Missouri River flood will be mitigated by the i . ysical modifications
recommended in this Assessment Report. Therefore, aft i} le: i f'e recommended

to Revision 1 and because CPFMs 3a, 3
1 findings, no Triggering Mechamsms

,@ﬁﬁn CPFMs 3a, 3¢, 7a, 7b, and 7¢ have been
ill be ruled out as a result of the Revision 1 findings and the
fions-recommended in Section 5.26, and because CPFMs 3a
‘modifications recommended for KDIs #1 and #3 in Section

ecause CPFMs 7a, 7b, an
ition of the physical modi
tuled out when the phy

g R has concluded that the geotechnical and structural impacts
e mitigated by the 1mplementat10n ofthe physical modifications

- Wl

Because al] CPFMS for the Demmerallzed Water System other than CPFM 3c had been ruled out prior
to Revision 1, and because CPFM 3¢ will be ruled out when the physical modifications recommended
for KDIs #1 and #3 in Section 4.1 and 4.3 are implemented, no Triggering Mechanisms and their
associated PFMs will remain credible for the Demineralized Water System. HDR has concluded that
the geotechnical and structural impacts of the 2011 Missouri River flood will be mitigated by the
implementation of the physical modifications recommended in this Assessment Report. Therefore, -
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after the implementation of the recommended physical modifications, the potential for failure of this
structure due to the flood will not be significant.

7.5.28 Camera Towers and High Mast Lighting

Because all CPFMs for the Camera Towers and High Mast Lighting other than CPFMs 3a, 3d, 12a,
and 12b had been ruled out prior to Revision 1, and because CPFMs 3a, 3d, 12a, and 12b have.been..
ruled outasa result of the Revision 1 fmdmgs no Tnggermg Mechamsms‘ d their associated. PFMs
has concluded that
ty of the Camera
to the flood is not

significant.

7.6  Status of Priority 2 Structure Assessments

further mvestlgatmn and/or physical modlﬁcatlon ¥
structure. The results of the Assessment are deta
paragraphs below.

7.6.1 New Warehouse

‘mitigated by the implementation of the physical modifications
ort. Therefore, after the implementation of the recommended
tial for failure of this structure due to the flood will not be significant.

physical modificationsiz
7.6.3 Chemistry/Radiaﬁon Protection Building

Because all CPFMs for'the CARP Building have béen ruled out, no Triggering Mechanisms and their
associated PFMs remain credible for the CARP Building. Therefore, HDR has concluded that the
2011 Missouri River flood did not impact the geotechnical and structural integrity of the CARP
Building because the potential for failure of this structure due to the flood is not significant.
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7.6.4 Maintenance Shop : . e

Because all CPFMs for the Maintenance Shop other than CPFM 3a have been ruled out, and because
CPFM 3a will be ruled out when the physical modifications recommended for KDIs #1 and #3 in
‘Section 4.1 and 4.3 are implemented, no Triggering Mechanisms and their associated PFMs will
remain credible for the Maintenance Shop. HDR has concluded that the geotechnical and structural
impacts of the 2011 Missouri River flood will be mitigated by the implementation of the physical
modifications recommended in thls Assessment Repon Therefore after the 1mp]ementat10n of the

i he flood wrll not

be significant.
7.6.5 Maintenance Fabrication Shop

Because all CPFMs for the Maintenance Fabrication Shop have t;é
Mechanisms and their associated PFMs remain credible for the Mz
Therefore HDR has concluded that the '7011 MISSOUI‘] River flood®

structure due to the flood is not significant.
7.6.6 PA Paving, PA Sidewalks, and Outdoo

Because all CPFMs for the PA Paving, PA Srdewaw ,
7a, 7b, and 7¢ have been ruled out, and becaiise C )

modifications recommended for KDI # C
7b, and 7c will be ruled out when OPP

f hie recommended physical modifications the potential
il ”ﬁ% be significant.

tion 6.7), no Tng ermg Mechamsms and therr associated
e Water Prpmg Therefore HDR has concluded that the 2011

_ Because a]l CPEMs for the Sanitary Sewer System other than CPFMs 3a and 3¢ have been ruled out,
"and because CPFMS 3a and 3¢ will be ruled out when the physical madifications recommended’ for
KDI #1 in Section 4.1, and the physical modifications to MH-1(detailed in Section 6.8)are
implemented, no Triggering Mechanisms and their associated PFMs will remain credible for the
Sanitary Sewer System. HDR has concluded that the geotechnical and structural impacts of the 2011
Missouri River flood will be mitigated by the implementation of the physical modifications
recommended in this Assessment Report. Therefore, after the implementation of the recommended
physical modifications, the potential for failure of this structure due to the flood will not be significant.
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7.6.9 Maintenance Storage Building

Because all CPFMs for the Maintenance Storage Building have been ruled out, no Triggering
Mechanisms and their associated PFMs remain credible for the Maintenance Storage Building.
Therefore, HDR has concluded that the 2011 Missouri River flood did not impact the geotechnical and
structural integrity of the Maintenance Storage Bu1ld1ng because the potential for failure of this
structure due to the flood is not significant. e

7.6.10 Old Warehouse

7.6.11 Training Center

Because all CPFMs for the Training Center have been rule

structural T
structure due ti

of the Hazardous ]
ood is not si

ial Storage Building because the potential for failure of this

7.6.14 Maintenane

Because all CPFMs for thé:Mamtenance Garage have been ruled out, no Triggering Mechanisms and
their associated PFMs remain credible for the Maintenance Garage. Therefore, HDR has concluded
that the 2011 Missouri River flood did not impact the geotechnical and structural mtegrltv ofthe
 Maintefiance Garage becatise the potential for failure of this structure due to-the floods not
significant.

7.6.15 Tertiary Building

Because all CPFMs for the Tertiary Building (Boat Storage) have been ruled out, no Triggering
Mechanisms and their associated PFMs remain credible for the Tertiary Building (Boat Storage).
Therefore. HDR has concluded that the 2011 Missouri River flood did not impact the geotechnical and
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structural integrity of the Tertiary Building (Boat Storage) because the potential for failure of this
structure due to the flood is not significant.

7.6.16 Sparé Transformer Pads

Because all CPFMs for the Spare Transformer Pads have been ruled out, no Triggering Mechanisms
and.their-associated PFMs remain credible for the Spare Transformer Pads. Therefore, HDR has
concluded that the 2011 Missouri River flood did not impact the geotechmcal and structural integrity
of the Spare Transformer Pads because the potential for failure of this stmmﬁ te dugito the flood is not
significant.

7.6.17 Shooting Range

Because all CPFMs for the Shooting Range other than CPFM 2a ]
CPFM 2a will be ruled out when the physical modifications recor
implemented, no Triggering Mechanisms and theirassociated PFNEE wﬂ
Shootmo Range HDR has concluded that the geotechmcal and structural

Ee it oLy Sl
S SR
ailed out, no; *,lggermo Mechanisms and
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