INITIAL SAFETY FACTOR ASSESSMENT
PLANT BARRY ASH POND
ALABAMA POWER COMPANY

EPA’s “Disposal of Coal Combustion Residuals from Electric Utilities” Final Rule (40 C.F.R. Part 257 and
Part 261), §257.73(e), requires the owner or operator of an existing CCR surface impoundment to
conduct periodic safety factor assessments. The owner or operator must document that the minimum

safety factors outlined in §257.73(e}{(1){i) through {iv) for the critical embankment section are achieved.

The CCR surface impoundment located at Alabama Power Company’s Plant Barry also referred to as the
Plant Ash Pond is located on Plant Barry property, near Bucks, Alabama. The CCR surface impoundment
is formed by an engineered perimeter embankment. The critical section of this CCR unit has been

determined to be located on the east side of the northern portion of the ash pond embankment.

The analyses used to determine the minimum safety factor for the critical section resulted in the

following minimum safety factors:

Loading Condition Minimum Calculated | Minimum Required
Safety Factor Safety Factor
Long-term Maximum Storage Pool (Static) 1.6 i5
Maximum Surcharge Pool {Static) 1.5 1.4
Seismic 1.5 1.0

The embankments are constructed of clays and clayey sands that are not susceptible to liquefaction.

Therefore, a minimum liquefaction safety factor determination was not required.

I hereby certify that the safety factor assessment was conducted in accordance with 40 C.F.R. Part
257.73 (e)(1).
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Factor of Safety Assessment for CCR Rule TV-BA-APC387586-591-001

Purpose of Calculation

Barry Steam Plant is owned and operated by Alabama Power Company and located 30 miles
north of Mobile, Alabama, off of Hwy 43 near Bucks, Alabama. Plant Barry is a seven unit
generating facility, including two natural gas fired combined cycle units and five coal fired
units. The five coal units produce approximately 220,000 tons of coal combustion products per
year, including bottom ash and fly ash. The ash is sluiced to the on-site ash pond for storage.

In 1992, the east and west dikes were raised three feet to obtain additional storage capacity.
Again, in 1998, the portions of these dikes that are located north of the existing diversion dike
were raised an additional four feet on the inboard side. During this modification, the diversion
dike was also added to the pond. The diversion dike acts as a buffer by creating an additional
stilling basin for the ash before water is discharged. It was constructed on top of the existing fly
ash deposits using bottom ash as the dike fill. In 2004, the South main dike was raised
approximately three feet, again with inboard construction methods, to its current geometry and
elevation.

Stability analyses were previously performed to support the embankment modifications in
1998, and 2004, and in conjunction with the EPA site inspection in 2010. The purpose of this
calculation is to evaluate the stability of Plant Barry’s main ash pond dike at the critical
analysis section using current software.

Methodology

GeoStudio 2012 (Version 8.15, Build 11777), Copyright 1991-2016, GEO-SLOPE
International, Ltd.

Strata (Version alpha, Revision 0.2.0), Geotechnical Engineering Center, Department of Civil,
Architectural, and Environmental Engineering, University of Texas.

Morgenstern-Price analytical method was run and reported.

Criteria and Assumptions
The slope stability models were run using the following assumptions and design criteria:

e Seismic site response was determined using a one-dimensional equivalent linear site
response analysis. The analysis was performed using Strata, utilizing random vibration
theory. The input motion consisted of the USGS published 2008 Uniform Hazard
Response Spectrum (UHRS) for Site Class B/C at a 2% Probability of Exceedance in 50
years. The UHRS was converted to a Fourier Amplitude Spectrum, and propagated
through a representative one dimensional soil column using linear wave propagation
with strain-dependent dynamic soil properties. The input soil properties and layer
thickness were randomized based on defined statistical distributions to perform Monte
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Factor of Safety Assessment for CCR Rule TV-BA-APC387586-591-001
Carlo simulations for 100 realizations, which were used to generate a median estimate
of the surface ground motions.

e The median surface ground motions were then used to calculate a pseudostatic seismic
coefficient for utilization in the stability analysis using the approach suggested by Bray
and Tavasarou (2009). The procedure calculates the seismic coefficient for an
allowable seismic displacement and a probability exceedance of the displacement. For
this analysis, an allowable displacement of 0.5 ft, and a probability of exceedance of
16% were conservatively selected, providing a seismic coefficient of 0.012g for use as a
horizontal acceleration in the stability analysis.

e The current required minimum criteria (factors of safety) were taken from the Structural
Integrity Criteria for existing CCR surface impoundment from 40 CFR 257.73,
published April 17, 2015.

e The soil properties of unit weight, phi angle, and cohesion were obtained from historical
laboratory and in-situ test results.

e Soil stratigraphy and piezometric data was estimated from the historical boring logs.

e Properties for ash were based on laboratory testing performed on undisturbed and
remolded samples of ash from various plants and on engineering judgment.

e The COE EM 1110-2-1902, October 2003, allows the use of the phreatic surface
established for the maximum storage condition (normal pool) in the analysis for the
maximum surcharge loading condition. This is based on the short term duration of the
surcharge loading relative to the permeability of the embankment and the foundation
materials. This method is used in the analysis for the impoundments at this facility with
surcharge loading.

The Cross-Section and materials used in this survey calculation were generally gathered from
historical Barry ash pond stability reports: Ash pond south dike and diversion dike slope
stability report, September 2004 Plant Barry Report of ash pond dike proposed modifications,
January 1998, and Slope Stability Analysis of Main Ash Pond Dike, July 2010. The critical
section for Barry was identified to be located along the North East Main Dike.

North East Main Dike

e Cross-section 5 was used for the NEMD analysis and obtained from Figure 3 of the
Plant Barry Report of Ash Pond Dike Proposed Modification, January 1998.

e Soil properties were obtained from the Dilatometer test No. BA-19 from the Plant Barry
Report of Ash Pond Dike Proposed Modification, January 1998.
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Factor of Safety Assessment for CCR Rule TV-BA-APC387586-591-001
Listed below are the soil properties used in the analyses:

Input Data

The following soil properties were used in the analyses.

North East Main Dike
y (pcf) ¢ (psf) ¢ (deg)

Bottom Ash 95 0 35
Fly Ash 90 90 2
Dike  Clayey | 1559 0 30
Sand

Dike Clay 102 500 0
Organic Clay 90 444 0
Sand 107 0 35

Hydrologic Considerations

The following hydraulic information is based on the calculation package Inflow Design Control
System Plan: Hydrologic and Hydraulic Calculation Summary for Plant Barry Ash Pond by
Southern Company Services, was used in the analyses. This calculation states that the Ash Pond
is capable of handling the 1000-year 24-hour storm event with a maximum surcharge pool
elevation of 20.26. The stability calculations conservative use a maximum surcharge pool
elevation of 24 to match the top of the dike cross section.

Load Conditions

The impoundment dike at Plant Barry Ash Pond was evaluated for the load conditions indicated
in the following table. When appropriate, cases were run both in the ash and the dike.

Summary of Conclusions

The following table lists the factors of safety for various slope stability failure conditions. All
conditions are steady state except where noted. Construction cases were not considered. Based
on the results of these analyses all structures are stable.

North East Main Dike
Case Computed Factor of Typical Minimum
Safety Factor of Safety
Long-term Maximum Storage Pool (Static) 1.6 15
Maximum Surcharge Pool (Static) 15 1.4
Seismic 15 1.0

The analyses indicate that in all cases the ash pond dike, the factors of safety are above the
required minimums.
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Factor of Safety Assessment for CCR Rule TV-BA-APC387586-591-001

Design Inputs/References

USGS Earthquake Hazards website, http://www.usgs.gov/hazards/earthquakes/.

US Corps of Engineers Manual EM 1110-2-1902, October 2003

Sothern Company Services, Inflow Design Control System Plan: Hydrologic and
Hydraulic Calculation Summary for Plant Barry Ash Pond, October, 2016

Southern Company Services, Slope Stability Analysis of Main Ash Pond Dike, July
2010

Southern Company Services, Ash Pond South Dike and Diversion Dike Slope Stability
Report, September 2004

Southern Company Services, Plant Barry Report of Ash Pond Dike Proposed
Modifications, January 1998.

Bray, J. D. and Travasarou, T., Pseudostatic Coefficient for Use in Simplified Seismic
Slope Stability Evaluation, Journal of Geotechnical and Environmental Engineering,
American Society of Civil Engineers, September 2009

Body of Calculation

Calculation consists of Slope-W modeling attached.
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Factor of Safety Assessment for CCR Rule TV-BA-APC387586-591-001

Attachment A

Figure — Site Plan
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BORINGS

COORDINATES

BORINGS TAKEN IN 1992

BORING LABEL N E
100’ _
TRANSITION T0 BA-1 364999,880 341219.875
POND SIDE T/EL. _
DIKE 24.0 @ BA-2 364031549 342004.128
LEL. DIKE 245 STA. 141475 BA-3 362956.461 342880725
POND SIDE : :
SECTION 6 BA-4 362057.826 343612863
100’ _
TRANSITION TO BA-5 361495,708 347138.361
POND SIDE T/EL. ~
DIKE 23.0 @ BA-6 364639,958 347102.821
STA. 132430 BA-7 365796.094 346427.798
BA-8 364999,880 341219.875
BA-9 360500.824 345152.338
BORINGS TAKEN IN 1998
BORING LABEL N E
BA-11 364345412 341755.029
BA-12 364327.948 341734096
BA-13 363301329 342606.115
BA-14 363282.545 342582.682
BA-15 362111456 343573.883
S BA-16 362092.553 343553482
Q.
S BA-17 365223.403 346902569
BA-18 365240613 346922.842
%5 BA-19 366298.340 3458p28.767
0
0
% BA-20 366319529 345844.607
BA—21 367088.602 344388.258
<
z5
5°O° NOTES:
L|_|‘—
ok 96-+00 1. STATIONS WERE TAPED OFF OF THE 1992 BORING
LOCATIONS BA-1 THRU BA-9. SEE TABLES FOR
COORDINATES OF THE BORINGS.
94+00 2. FOR ELEVATIONS OF NEW DIKE SECTIONS SEE
DWGS. D-521372, D-521373, AND D-521374 DIKE
CREST MODIFICATION SECTIONS.
92+00
3. TEST SECTIONS NO. 1, 2, AND 3 SHALL STAY IN
PLACE. TIE NEW DIKE MODIFICATIONS TO THE TEST
SECTIONS,
904
0,
p
\ 1'% e | \S REFERENCES
D-521370 - MECHANICAL PIPING-REVISIONS
% TO ASH SLUICE LINES
0
o D-521371 — MECHANICAL PIPING-REVISIONS
T0 8o TO UNITS 1-5 BLDG. , DEMIN. SUMP
T’ERWEAREA\ AND LAGOON POND B DISCHARGE PIPES
: S
D-521372 - DIKE CREST MODIFICATIONS
SECTIONS - WEST SIDE
D-521373 - DIKE CREST MODIFICATIONS
SECTIONS - EAST SIDE
X st D-521374—- PLAN AND SECTIONS 1A & 5A
: CTION
O g @ 4 6
- o)
Q 0 Q % 100’ POND sipg T/EL. DIKE 23 > Y > D-521380 - BORROW PIT AREA
TRANSITION To 0
POND SIDE T/F|. 100’
DIKE 24.0 @ TRANSITION To
STA. 34+20 DP&NED SIDE T/EL.
23.0 @
STA. 45+80 _@ D521369
ACAD14 CAS - 14
Southern Company Services, Inc.
for
ALABAMA POWER COMPANY
This oloctl,men't may con'tnlinl 'tlhe proprietary, confidential, or trade Isecr‘e't .
B bt ety by onplayees ot or. sothorhed contractore o ne| s _BARRY ASH POND
oMF _— P Subsidaries of ine Southern Company. Unauthorized possession, use detribution) i DIKE EXTENSION—PHASE 1 (1998)
REV. 1 DATE: 8/16/99 REV. 0 DATE: 7/23/98 DRAWN CAS  checkep _FDB raeneD RCB scaLp _17=300° /M
1A, ADDED SECTION 10 ISSUED FOR CONSTRUCTION FDB
APPROVED BATE SHEET oF SHEETS
RJN FB—98001 APPROVED RMP BATE SUPERSEDES D_ 521 569
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Attachment B

Figure — Cross Section Geometry
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Attachment C

Figure — Boring Location Plan
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4 — Boring location
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Attachment D

Main Dike Borings and Dilatometers
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- IPROJECT NO:
. ATE BEGAN:10-27-97
DRILLER:

SOUTHERN COMPANY SERVICES

SITE NO: BAR BORING NO: BA-13

PAGE L oF L

PROJECT NAME :
OATE FINISHED: 10-27-97

Barry Steam Plont

FIELD GEOLOGIST: Definng Fields

- bag

R HIll NORTH: Na EAST: NA
{GROUND SURFACE ELEV. :NA GWL DATE/TIME: GWL DEPTH: . ~
DRILLING METHOD: Hollow augers ORILL EQUIP: CME-75 GWL ELEV: NA
CONTRACTOR : APCo AREA:  ASH POND/SW Leq of Dike Near Centerline CHECKED BY: W86
:
SAMPLE | SPT
T, pls || P DESCRIPTION a0
‘ 0.5 E
£
§60.0— N\\\edd!sh-brown to Tight=gray, Firm to very Firm, CLAYEY SAND (SCT T o 3T
s-1 N=11 .00
- 50 500+ sz Ne21
L 00 boo _ §-3 N=23 Light-brown, Fine to medtum-qrom_ed, very Firm SILTY SAND (SM) Fill to 10 0"
' T s-a N=8 ~{Reddsh-brown, clayey to s Ity, Fine to mediun~grain, SAND Fil] :
] Jwith small amounts of scattered gravel to 18 §°
-0 B0 ses N-9 '
AW s | nea JReddish-brown SILTY CLAY 111 to 210’
: xxylark brown, soft, SILTY CLAY (CL) F i+ to 27 5
] NRoot at contact 21.0° .
F0.0 1500 4 s N=2
] Ight brown, firm, Fine to mediun-groined quartz SAND (SM-SP)
-0 (0.0 1 s-s N=12 1th wood Frogments to 34.0°
F5.0 1500 { 5o Nel9 | roy to light gray, Fine to medium-grained._ Firm_SAND (SH-SP) to 36 0°
: aay0rey to light gray, soft to very soft SILTY CLAY (CL) (Pen O 23 TSF) to 43.5".
-49.0 1400 ‘ S-10 | N=1 X
- 50 1500 4 ooy, Ne14 ALight brown to Iight gray, medrun-grained, Firm, quartz SAND to 5L 0’
‘500 5000 ] S-12 N=13 | .
] Bottom OF Hoie.
N Stondord Penetrotion Test
" %0 1500 1 S-1 2.5 to 9.0 9-9-7 N=1}1
] S-2 5.0 to 6 5 3-8-13 N=21
: S-3 7.5 to 9.0 6-11-12 N=23
- 60.0 +60.00 - S-4 10.01.1’0 11.5 4-9-9 N=g
1 §-5 14.5 to 16.0 3-3-3 N=g
] S-6 19.5 to 21.0 0-1-3 N4
-65.0 H65.00 §-7 24.5 to 26.0 0-1-1 N=2
] S-8 29.5 to 31.0 6~8-4 N=12
] §-9 34.5 to 36.0 6-11-8 N=19
0 oo A S~10 39.5 to 41.0 0-0-1 N=1
b S-11 49 S to 96.0 6-6-8 N=14
] §~12 43.5 to 51.0 5-6-7 N=13
73.08
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L0 0 s | nea

-850 150 ] s-e | et

SOUTHERN COMPANY SERVICES

- 3.0 +30.00 - §-7 N2
-ﬁﬂ-ﬁmé s-8 N=S
-40.0 r40.00 - s-9 N=3
- 6.0 (9.0 - $-10 | Ne12

- 500 15000 A S-11 N=1l

Gray to dork Qrﬁy CLAYEY SAND to CLAYEY SILT with roots and organic to 20 4

X 0ork gray to dork grayish-brown, highly organic CLAYEY SILT to 24 0

Dork brown, very sof't, plastic, orgonic CLAY 1S TSF to 29 5
Some scattered wood Fragments

=-|6ray1sh-brown, fine to med tum-grained loose SAND to 295 7.

Medium gray, Fine to medium-grained, loase quartz SAND with
scattered thin clay layers
Thin clay layers 35.8 te 36.0.

JMedium gray, soft, plastic SILTY CLAY with wood Fragments 0.5 TSF to 42 0’

ight gray, fine-grained, Firm silty, quartz SAND to 51.0°

PAGE L OF L
~'PROJECT NO: SITE NO: BAR BORING NO: BA-14 PROJECT NAME:  Barry Stean Plant
JATE BEGAN:10-29-97 DATE FINISHED: 10-29-97 FIELD GEOLOGIST: W B Gillign
DRILLER: R Hill NORTH: NA EAST: NA
—|GROUND SURFACE_ELEV._ : NA GWL DATE/TIME: CWL_DEPTH:
DRILLING METHOD: Hol low augers DRILL EQUIP: CME-75 GWL ELEV: NA
CONTRACTOR : APCo AREA: ASH POND/21’ from edqe of dike CHECKED BY: WBG
g
SAMPLE | SPT
ELEY | DEFTH proys (R | 2 DESCRIPTION -
NO. PER T
{0.9") L
£
H 00— T Lo gy shobromn, SILTY SA0 9 108
- 50 (S0 1
] S-1 N=5
- 100 F0.00 4 “=iiBottom of berm  Top of dike Fill
1 ez Nes NX\Reddish yellow to 1ght gray, loose, CLAYEY SAND Fill to 15.5'
- 150 FS.00 ‘ §-3 N=5 \ .
] N\oray, loose, CLAYEY SAND Fill to 18 5’
{ s-4 Ne2

550 (5.0
- 600 [60.0
650 (5.0

20 H000

.00

Bottom OF Hole.

Stondord Penetrotion Test
S-1 9.5 to 11.0 2-2-3 N=5
12.0 to 13 3-3-2 N=5
149.5 to 16 2-3-2 N=S5
17.0 to 18.5 2-1-1 N=2
13.5 to 21 1-2-2 N=1q
249.5 to 26.0 0-0-1 N=1
23.5 to 31 2-1-1 N=2
S-8 34.5 to 36 T-3-2 N=S
§-3 39.5 to 491 0-1-2 N=3
S~10 99.5 ta 96.0 4-6-6 N=12
S-11 99.5 to S1.0 9-5-6 N=i]

OooO0OO0OwWOW
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C 200
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PAGE L oF 1
P PROJECT NO: SITE NO: BAR BORING NO: BA-17 PROJECT NAME: Barry Steam Plant
. JATE BEGAN:10-28-97 DATE FINISHED: 10-28-97 FIELD GEOLOGIST: WB Gilfion
GROUND SURFACE ELEV. : NA GWL DATE/TIME: GWL DEPTH:
DRILLING METHOD: Hol low augers DRILL EQUIP: CHE-T5 GWL ELEV: NA
CONTRACTOR: APCo AREA:  (Centerline of Dike CHECKED BY: g6
"
SAMPLE | SPT
ELEY |DERTH pros |fEG | P DESCRIPTION -
NO. PER I
(0.5") L
£
8000 RV T 0 05
] -1 Ne13 N\ Reddish-yel low, stiff, SANDY CLAY to CLAYEY SAND Fill 1045
RN 11 R B S Vel low-brown, stiff, SILTY CLAY Fill %o 10 0
] 3.3-3.5 ISF
1 s-3 Nel2 S
'lﬂU 'lUm 7 . : ] B
1 s-4 N=10 XX\Reddish=yellow to light-gray, loose, CLAYEY SAND F111 to 180
F150 HS00 § s-s | neis
3 . N aeot?om of Fill
} 56 N3 y0ark-gray, soft, SILTY CLAY to cloy silt with scottered organic debris to 29.7".
0.0 9 s |2
50 1 sor | nes
"A00 00 s-e N=11 Mediun-gray, Firm, clayey, mediun-grained, SAND,
' ] scottered soft zones to S1.0°
'350 '3500 7 s-9 N=10 :,_OAZ‘ Gray soft silty clay layer at 35 0-35 2
-0 M0 s-10 | ness
- 6.0 [1465.00 ‘ s-11 | ne10
F0.0 100 4 sz | nes
j Bottom OF Hole
N Stondord Penetration Test
F90 %500 S-1 25 ta 4 0 9-6-7 N»13
] $-2 5.0 ta 6.5 4-6-9 N=15
. o $-3 7.5 to 3.0 4-6-6 N=12
-60.0 60.00 ] §-49 10.0 to 11.5 2-49-6 N=10
1 $-5 149 5 to 16.0 5-6~7 N=13
] §-6 18.5 to 21.0 0-1-2 N=3
- 6.0 [65.00 S~7 24.5 to 26.0 0-1-2 N=3
] S~8 29.5 to 31.0 5-5-6 N=11
1 $-3 34.5 to 36.0 6-3-7 N=10
000 $-10 39.5 to 41.0 5-7-8 N=1%
. $-11 94 5 +o 96.0 6-3~7 N=1Q
j §-12 49.5 to S1.0 3~49-9 N=8
T5.08-
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. PAGE L oF 1__
~PROJECT NO: SITE NO: BAR BORING NO: BA-18 PROJECT NAME: Barry Steam Plant
JATE BEGAN:10-28-97 OATE FINISHED: FIELD GEOLOGIST: W.B Gillian
DRILLER: R Hill NORTH: NA EAST: NA
GROUND SURFACE ELEV. : NA GWL DATE/TIME: GWL DEPTH:
DRILLING METHOD: Hollow ougers DRILL EQUIP: CME-TS GWL ELEV: NA
CONTRACTOR: APCo AREA:  fAsh Pond/On Bern 25 From Edge of Dike CHECKED BY: WBG
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