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1 OBJECTIVE 
This report was prepared by AEP‐ Geotechnical Engineering Services (GES) section to fulfill requirements 
of  the  new  Promulgated  CCR  Rule  CFR  §  257.63.    Per  the  New  Promulgated  CCR  Rule,  New  CCR 
landfills, existing and new CCR surface impoundments, and all lateral expansions of CCR units must not 
be located in seismic impact zones unless the owner or operator demonstrates by the dates specified in 
paragraph  (c)  of  the  referenced  section  that  all  structural  components  including  liners,  leachate 
collection and removal systems, and surface water control systems, are designed to resist the maximum 
horizontal acceleration in lithified earth material for the site. 

This report will evaluate whether the Bottom Ash Ponds (BAP) Complex at Rockport Plant  is  located  in 
seismic impact zones, and if so, the report will demonstrate that the all structural components including 
liners,  leachate  collection  and  removal  systems,  and  surface water  control  systems,  are  designed  to 
resist the maximum horizontal acceleration in lithified earth material for the site 

2 DESCRIPTION	OF	THE	PLANT	AND	THE	CCR	IMPOUNDMENT	
The  Rockport  Power  Plant  is  located  at  791  N  US  Highway  231,  Rockport,  IN  47635‐8883.  The 
coordinates  of  the  site  are  37º55’32” N  latitude  and  87º02’02” W  longitude. A  Site  Location Map  is 
included as Figure 1. The plant operates two coal fired generating units rated at 1,300 megawatts (MW) 
each. 

Unit  1  and  Unit  2 were  placed  in  service  in  1984,  and  1989,  respectively.  A  Facility  Layout  Plan  is 
included  as  Figure  2.  Coal  Combustion Waste  (CCW)  that  is  produced  during  power  generation  is 
managed on‐site with a CCW impoundment. 
The  facility  utilizes  six  contiguous  and  hydraulically  connected  impoundments  or  cells  (see  Figure  2) 
known as the BAP Complex for CCW management. The cells are separated by internal divider dikes. The 
individual cells of the BAC are identified as follows: 

 East Bottom Ash Pond 
 West Bottom Ash Pond 
 East Wastewater Pond 
 West Wastewater Pond 
 Reclaim Pond 
 Clear Water Pond   

The wastewater pond complex is a combination incised and diked earthen embankment impoundment. 
It is incised below grade along most of its perimeter, and is diked only on the west side of the West BA 
Pond, where the topography decreases in elevation toward a remnant drainage channel. 

The embankments, including the west dike, have a crest elevation of 399 feet, and are approximately 30 
feet wide. The west dike has a maximum height  (from crest  to outboard  toe) of 13  feet. The  inboard 
slope was constructed at a slope of 2 horizontal to 1 vertical (2H:1V), and the outboard slope at 2.5H:1V. 
The outer west dike, and the  internal splitter dikes (constructed between the BA Ponds, and between 
each of the BA Ponds and the wastewater ponds to the south) were constructed of natural clayey soils 
excavated  from  the  interior  of  the  ponds.  The  inboard  slopes  were  armored  with  rock  riprap. 
Reportedly,  no  engineered  liner  systems  are  present  in  the  BA  Ponds  or  the  other  ponds  in  the 
wastewater pond complex. 

Based  on  the  usage  of  the  above mentioned  ponds,  only  the  East  Bottom  Ash  Pond  and  the West 
Bottom Ash Pond are considered CCR units. These two ponds the subjects of this demonstration report. 
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3 SEISMIC	IMPACT	ZONE	DETERMINATION	257.63(a) 
Per	 the	 CCR	 Rules	 Definition,	 a	 seismic	 impact	 zone	means	 an	 area	 having	 a	 two	 (2%)	 or	
greater	 probability	 that	 the	 maximum	 expected	 horizontal	 acceleration,	 expressed	 as	 a	
percentage	of	the	earth’s	gravitational	pull	(g),	will	exceed	0.10	g	in	50	years.	 	

The  first  step  toward  achieving  compliance  with  this  requirement  is  to  identify  whether  the 
impoundment site lies within a seismic impact zone as defined above.   

The determination of whether Rockport Plant area  falls  in a seismic  impact zone and  the  level of  the 
seismic acceleration  is based on  two approaches,  the USGS web  site as well as a  site  specific  seismic 
analysis conducted for the plant area. 

3.1 USGS	MAP/WEB	SITE	DETERMINATION	
The  U.S.  Geological  Survey  (USGS)  National  Seismic  Hazard Mapping  Program  (NSHMP)  Interactive 
Deaggregation  website  was  used  to  provide  the  design  ground  acceleration  relating  to  the  design 
seismic event.    For a 2,475‐year  return period  (2% exceedance probability  in 50  years),  the website 
output  indicates a PGA of 0.14957 g  for  the hard  rock  site  (Based on URS Report  recommendations, 
APPENDIX A). The corresponding earthquake magnitude (M) was 6.46. 

3.2 SITE	SPECIFIC	SEISMIC	ANALYSIS	
URS  Company  (URS),  Currently  AECOM,  performed  a  site‐specific  seismic  hazard  analysis  for  the 
Rockport power plant site in Indiana. The objective of the study was to compute the design earthquake 
response spectrum for the site per the requirements in Chapter 21 of the ASCE 7‐05 standard, which is 
incorporated by reference in the 2006 International Building Code (IBC). 
The  study  also meets  the  requirements  of  the  Indiana  State  Building  Code,  which  amends  certain 
sections of the IBC. 

The site‐specific PGA computed in URS study for a 2,475‐year return period is 0.13 g, very comparable to 
the USGS mapped value. Excerpts of the URS (AECOM) study are included in APPENDIX A. 

Based on the results of the two approaches, the design seismic acceleration of the facility is to be taken 
as 0.14957 g. Therefore, the BAP complex	 falls  in a seismic  impact zone and the analysis of this report 
will  attempt  to demonstrate  that  the  Structural  components  including  liners,  leachate  collection  and 
removal  systems, and  surface water  control  systems, are designed  to  resist  the 0.14957 g, maximum 
horizontal acceleration in lithified earth material.   

4 DESCRIPTION	OF	THE	FOUNDATION	AND	EMBANKEMENT	
MATERIALS	275.73(c)(1)(v) 
[A	description	of	the	physical	and	engineering	properties	of	the	foundation	and	abutment	
materials	on	which	the	CCR	unit	is	located.]	 	 	
The description of  the BAP Complex embankment and  foundations soils were based on  the 2016 site 
investigation and laboratory testing conducted by AEP Civil Engineering Laboratory. 

4.1 SITE	INVESTIGATION		
AEP Civil Engineering Drilling crew conducted a soil site  investigation of which  two  (2) soil  test boring 
series  (B‐1605 and B‐1606)  that were drilled  through  the embankment and  the  foundation  soils  (See 
Figure  2),  were  selected  for  this  demonstration.  Representative  but  disturbed  soil  samples  were 
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collected  in  jars/bags and transferred to AEP Civil Engineering Laboratory for classification and testing. 
The Standard Penetration Resistances (N160‐values) varied between a low of 2 to a high of 100 (refusal) 
blows per foot (bpf) with an average N160‐values of 35 bpf.     

The soils within the embankment were lean clay extending below the embankment with a total depth of 
27‐30 ft. The clay layer was underlain by fine to coarse sand deposits.    Figure 4 present the soil profile 
interpreted from the two borings. Bedrock at the plant site is at approximate elevation of 290 ft‐msl and 
comprised of predominantly shale.   

Soil Samples from the borings at various depths were tested at AEP Civil Engineering Laboratory for the 
following tests: 

• Moisture Content (ASTM 2216) 
• Grain Size Analyses (ASTM D 422) 
• Atterberg Limits (ASTM D 4318 

Based on the  lab soil tests results, the  tested soils are non‐plastic silty sand with  fine content ranging 
from 14.5 to 28.6% with minor pockets of sandy  lean clay. Laboratory  test  reports are  included  in 
APPENDIX  B.    Soil  classification,  index  properties,  and  shear  strength  values  obtained  from 
subsurface soil investigation and laboratory tests are summarized in Table 1 below. 

Table 1 Soil Properties Obtained in 2016 Investigation Laboratory Testing 
Soil Boring 

ID 
Sample 
Depth 
(ft) 

USCS 
Classification 

Fine   
Content 
(%) 

Moisture   
Content 
(%) 

Atterberg 
Limits 

LL  PL  PI 

MW‐1605D  115.0‐124.6ft  POORLY GRADED SAND SP  14.5  5.4  NP  NP  NP 
MW‐1605I  68.6‐78.2ft  POORLY GRADED SAND SP  19.7  2.5  NP  NP  NP 
MW‐1605S  37.6‐47.2ft  POORLY GRADED SAND SP  16  2.1  NP  NP  NP 
MW‐1606D  100.0‐109.6ft  POORLY GRADED SAND SP  28.6  7.3  NP  NP  NP 
MW‐1606I  65.7‐75.3ft  POORLY GRADED SAND SP  18.9  5.4  NP  NP  NP 
MW‐1606S  34.7‐44.3ft  POORLY GRADED SAND SP  20.9  1.7  NP  NP  NP 

APPENDIX B  includes the boring  logs for relevant boring 1605 and 1606 as well as the corresponding  lab 
tests. 

5 MODES	OF	FAILURE	AND	STABILITY	DEMONSTRATION 
Based  on  §  257.63  (a)  part  of  the  Rules,  only  East  and West  bottom Ash  Ponds  are  required  to  be 
covered  under  this  demonstration.  Seismic  impact  zones’  Structural  components  including  liners, 
leachate collection and removal systems, and surface water control systems, are designed to resist the 
maximum horizontal acceleration in lithified earth material for the site. 

5.1 FAULTS	
Based on the geological survey of the Pond Complex area, there is no fault exists in the locality under 
the ponds dikes. This mode of failure is considered not applicable for the bottom ash pond complex.   

Based on published data no active  faults are  known  to  traverse  the  site and no  surficial evidence of 
faulting was observed during  various  field  investigation  conducted  at  the  site.  Figure 5  and  Figure 6 
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present  the  nearest mapped  fault  trace  considered  to  be  active  is  one  of  a  group  of  faults  located 
approximately 5 miles west of the site. 

5.2 LIQUEFACTION	POTENTIAL	 	
Liquefaction  is a condition where seismic ground motions cause excessive pore pressures  in soils  that 
result in a loss in shear strength. Liquefaction can cause slope instability and/or settlement. Liquefaction 
is most  likely  to  occur  for  (1)  loose  sands/silts,  (2)  shallow  groundwater  conditions,  and  (3)  strong 
ground motions. 

Liquefaction  potential  analysis  was  performed  using  LiquefyPro  program  developed  by  CivilTech 
Software Company. The program evaluates  liquefaction potential and calculates the settlement of soil 
deposits due to seismic loads. 

LiquefyPro  program  is  based  on  the  most  recent  publications  of  the  NCEER Workshop  and  SP117 
Implementation. The user  can  choose between  several different methods  for  liquefaction evaluation: 
one method  for  SPT and  four methods  for CPT data. Each method has different options  that  can be 
changed by  the user.  The options  include  Fines Correction, Hammer  Type  for  SPT  test,  and Average 
Grain Size (D50) for CPT.   

The  liquefaction  analysis used  the  standard  penetration  (SPT)	 N‐values  recoded  on  the  logs  for  the 
existing  testing boring and monitoring wells MW‐1605 and 1606.    The  liquefaction analysis has been 
performed for N160‐values recorded  in the upper 100 feet although the “RCRA Subtitle D (258) Seismic 
Design Guidance for Municipal Solid Waste Landfill Facilities” (U.S.EPA, 1995) states that liquefaction is 
generally  not  likely  to  occur  more  than  50  feet  below  the  ground  surface.  At  the  BAP  Complex, 
groundwater is at 27 to 30 feet below the ground surface. 

The results of the liquefaction analysis are summarized in Table 2 and Figure 7 and Figure 8. The detail of 
the  analysis  is  included  in  APPENDIX  C.  The  analysis  shows  that  liquefaction  is  unlikely  for  the 
embankment and the foundations soils during the assumed PGA. 

     

Table 2 Summary of Supplemental Liquefaction Potential Results   

Section 
Minimum Factor of 
Safety   

Required Minimum Factor of 
Safety   

Notes 

B‐1605    >1.2  1.20  None 

B‐1606  >1.2  1.20  None 

5.3 SEISMIC	INDUCED	PERMANENT	DISPLACEMENT	
The computer program LiquefyPro developed by developed by CivilTech Software Company was used to 
predict  the  likely  magnitude  of  seismically‐induced  permanent  displacements.  LiquefyPro  performs 
numerical double integration of the HEA values that are in excess of the yield acceleration values.   

LiquefyPro divides the soil deposit into very thin layers and calculates the settlement for each layer. The 
calculations are divided into two parts, dry soil settlement and saturated soil settlement. The soil above 
the groundwater table  is referred to as dry soil and soil below the groundwater table  is referred to as 
saturated soil. The total settlement at a certain depth is the sum of the settlements of the saturated and 
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dry  soil.  The  total  settlement  is  presented  in  the  graphical  report  as  a  cumulative  settlement  curve 
versus depth. LiquefyPro gives settlement in both liquefied and non‐liquefied zones.   

The results of the permanent displacement analyses using LiquefyPro are presented graphically in Figure 
7 and Figure 8. The figures indicate that the seismic induced permanent displacement are very small and 
range from 0 to 0.01 feet (0 to 0.12 inches). 

5.4 SEISMIC	SLOPE	STABILITY	 	
As a part of  the  factor of Structural  integrity criteria assessment part of  the CCR Rule  (CFR §257.7 e), 
Terracon Inc. conducted seismic slope stability analysis in 2016 for the worst section of the bottom ash 
pond which  is the outer dike. Factor of safety of 1.21 and 2.14 were calculated for worst case section 
shown in Figure 9 Figure 10 for the upstream slopes and downstream slopes, respectively.    The figures 
show  the geometry of  the worst case section along with  their material properties  for  the various soil 
layers, the projected slip failure, and the resulting factor of safety.   

5.5 OVER	TOPPING	OF	CREST	
The west bottom ash pond  is comprised of diked embankment to the west and between  its respective 
waste  water  pond  and  adjacent  east  bottom  ash  pond  that  directs  storm  water  away  from  the 
impoundment and limits runoff to that which falls directly onto the water surface. The land area to the 
north  is an open  field area  that  is not graded  toward  the Bottom Ash Complex. The east bottom ash 
pond has a small 13 acre catchment area that will drain  into the pond. Flow  into the west bottom ash 
pond was modeled as the pumped influent from the plant (77 ac‐ft) and from the storm event (48 ac‐ft) 
and discharged through the pond complex to the Ohio River. 

The Bottom Ash Pond Complex has been determined to be a Low Hazard potential CCR impoundment. 
Based on this hazard classification, the design flood as determined by section 257.82(a)(3) to be the 100 
year  storm  event  that would  incur  7.23  inches  of  precipitation  in  a  24  hour  period.  Terracon,  2015 
conducted hydraulic and hydrogeologic study  in which the site was modeled, however, using a greater 
storm (1,000‐year: 10.3 inches of precipitation in 24 hrs) event to provide a more conservative analysis. 

The following table provides the maximum  inflows, outflows and flood elevations for the west bottom 
ash pond.     
 
West Bottom Ash Pond*   
Storm Event  1000 yr. 
Peak Inflow    470 cfs 
Peak Outflow  35 cfs 
Maximum Pool Elevation  395 ft. 
Crest Elevation  399 ft. 
*Reference: Terracon 2015,”Hydrologic and Hydraulic Analysis Report, Rockport Plant Bottom Ash Pond 
Complex, Rockport Indiana”, Terracon Project No. N4155126  

It can be concluded from the above results that the Bottom Ash Pond Complex has adequate hydrologic 
and hydraulic  capacity  to  collect  and  control  the peak discharge  resulting  from  the 1000‐year  inflow 
design flood and therefore the overtopping of the crest is not anticipated. 
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5.6 LINER	 	 	
The  Ponds  are  CCR  surface  impoundments  that  are  not  equipped  with  a  liner;  therefore,  this 
demonstration is not applicable.   

5.7 LEACHATE	COLLECTION	AND	REMOVAL	SYSTEMS	 	 	
The Ponds are CCR surface impoundments that are not equipped with a leachate collection and removal 
systems; therefore, this demonstration is not applicable.   

5.8 SURFACE	WATER	CONTROL	SYSTEMS	
The  surface water  control  structures were  constructed  in  the  late  70s  and  early  80s  for  the  2‐unit 
operating  plant  with  a  total  capacity  of  approximately  2,600 MW.  The  structures  reviewed  in  this 
demonstration are all surface water control units facilitating water flow  into and from the bottom ash 
ponds to the clear water ponds. 

The components included in the demonstration can be classified into two groups: 
• Group 1: components subjected to lateral loading due to the quakes used for transferring water from 
bottom ash ponds to waste water ponds including units used to dewater the BA ponds. The components 
are: 

1. Energy Dissipater structure  (EDS  ‐ 2 nos.)  ‐ approximately 8 plant pipes of 8  ‐ 10  inch diameter   
pipes discharging  into this structure and then transported  into the BA pond through the Energy 
Dissipater troughs/Pond Discharge Inlet Chutes. EDSs are of concrete with steel dissipation flaps. 

2. Energy Dissipater troughs/Pond Discharge Inlet Chutes (EDT)‐ These are concrete structures 
partially open at the top and partially covered by yellow steel boxes called Discharge Chute 
Covers. 

3. Skimmers (SKM)‐ Timber structures surrounding the waste water discharge chute. 
4. Waste water Discharge shaft (WWDS)‐ a steel and concrete prismoidal structure for routing waste 

water into the waste water discharge pipe. 

• Group 2: Waste Water Discharge Pipe  (WWDP)‐  Two buried  48  inch  (one  fiberglass  and  the other 
HDPE) pipes that transfer water under the dikes. Because they are buried they are affected by seismic 
waves and ground displacements. 
Details of the analysis and are included in APPENDIX D. Appendix D contains the relevant calculations for 
the  structures  with  the  assumption  that  the  dike  stability  against  any  seismic  failure  including 
liquefaction can be concluded. With this calculation results, the dike has been found stable. Therefore, 
the assumption  is no more a restraint to use this calculation. The conclusion of the presented analysis 
indicated that 

1. Based on a typical configuration, the seismic analyses of the structures are judged to meet local 

seismic requirements. 

6 SUMMARY	AND	CONCLUSIONS 
The Bottom Ash Pond Complex is a surface impoundment for storing CCR. The Bottom Ash Ponds within 
the complex are used for primary settling and storage of bottom ash. The Bottom Ash Pond Complex is 
located  in  an  area  having  a  two  (2%)  or  greater  probability  that  the maximum  expected  horizontal 
acceleration,  expressed  as  a  percentage  of  the  earth’s  gravitational  pull  (g)  of  0.1487  g  in  50  years, 
which is in excess of the 0.10 g maximum horizontal acceleration in lithified earth material. Therefore, a 
demonstration that all structural components including liners, leachate collection and removal systems, 
and  surface  water  control  systems,  are  designed  to  resist  the maximum  horizontal  acceleration  in 
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lithified earth material for the site was conducted per the requirements of CFR§257.63 – Seismic Impact 
Zones.   
Based  on  the  analysis  conducted  in  this  report,  all  structural  components  including  liners,  leachate 
collection and removal systems, and surface water control systems, are designed to resist the maximum 
horizontal acceleration and the Bottom Ash Pond Complex meets the requirements of §257.63 – Seismic 
Impact Zones. 
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Figure 1 Rockport Power Station’s Bottom Ash pond Complex Location Map 
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Figure 2 Rockport Power Station’s BAP Plan View (Includes Borings location) 
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Figure 3 Maximum expected Earthquake Magnitude and horizontal acceleration based on U.S. Geological Survey Web Site 
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Figure 4 Soil Profile Interpreted from the Two Borings. 



SEISMIC IMPACT ZONE DEMONSTRATION   
ROCKPORT PLANT   
ROCKPORT, IN 

Page	13	of18	

 
Figure 5 Regional Faults Location Map   
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Figure 6 Local Faults Location Map 
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Figure 7 Liquefaction Analysis Results for B‐1605Location   
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Figure 8 Liquefaction Analysis Results for B‐1606Location
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Figure 9 Results of Seismic Stability Analysis (Upstream) 
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Figure 10 Results of Seismic Stability Analysis (Downstream) 
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APPENDIx	A	:	Excerpts	from	the	SITE‐SPECIFIC	SEISMIC	HAZARD	ANALYSIS	
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APPENDIx	B	:Soil	boring	logs	along	with	soil	classification	sheets	
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Well graded sand, coarse grained, brownish grey
5YR 4/1, moist to wet, mod. dense, w/fine gravel,
trace coarse gravel

Poorly graded sand, fine grained, pale yellowish
brown 10YR 6/2, wet, dense, trace fine gravel
@ 78' mod. dense
@ 81' v. fine to fine grained
@ 82.5' no fine gravel
@ 84' dense
@ 85' 2" shale fragment
@ 85.2' v. fine grained
@ 85.5' 3.5" shale fragment
@ 87' fine grained, d. yellowish brown 10YR 4/2
@ 88.5' v. fine grained, mod. dense

Clayey silt, med. l. grey N6, moist to wet, mod.
dense

Poorly graded sand, fine grained, d. yellowish
brown 10YR 4/2, moist, dense

Clayey silt, med. l. grey N6, moist to wet, dense

Well graded sand, coarse grained, med. grey N5,
w/fine gravel, some coarse gravel

Clayey silt, med. l. grey N6, moist to wet, dense

Well graded sand, fine grained, med. grey N5,
moist to wet, dense, w/fine gravel

Clayey silt, med. l. grey N6, moist to wet, dense

Well graded sand, coarse grained, med. grey N5,
moist to wet, dense, w/fine gravel
@ 98.7' coal fragments
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SP

SW

SP

100.5

102.0

103.5

105.0

106.5

108.0

109.5

111.0

112.5

114.0

115.5

117.0

118.5

120.0

121.5

123.0

124.5

15-22-28

8-8-9

10-16-18

9-13-18

8-12-16

6-9-13

7-8-12

6-8-10

5-10-12

6-11-27

13-21-13

7-7-9

9-9-8

12-36-22

10-11-19

12-20-29

14-16-19

1.5

1.5

1.5

1.41

1.5

1.5

1.25

1.41

1.25

1.33

1.25

1.33

1.16

1.5

1.41

1.5

1.5

99.0

100.5

102.0

103.5

105.0

106.5

108.0

109.5

111.0

112.5

114.0

115.5

117.0

118.5

120.0

121.5

123.0

SS
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69
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71

72

73

74

75

76

77

78

79

80

81

82

83

Poorly graded sand, v. fine to fine grained, pale
yellowish brown 10YR 6/2, moist to wet, dense,
w/fine gravel
@ 100.5' no fine gravel, mod. dense
@ 102' v. fine, dense
@ 105' mod. dense
@ 106' trace coal fragments
@ 106.3' no coal fragments
@ 109.5' moist
@ 111' v. moist to wet
@ 112.5' moist to wet, dense
@ 113' trace fine gravel, trace coarse gravel
@ 113.5' no fine gravel, no coarse gravel

Well graded sand, med. to coarse grained, med.
grey N5, moist to wet, dense, w/fine gravel, some
coarse gavel
@ 115.5' coarse grained, mod. dense, trace
coarse gravel
@ 118.5' v. dense

Poorly graded sand, v. fine grained, med. l. grey
N6, moist to wet, v. dense
@ 120' med. dense, sl. moist
@ 122' fine grained, w/fine gravel, dense
@ 124.5' trace coarse gravel

FROM

W
E

LL

U
 S

 C
 S

G
R

A
P

H
IC

LO
G

RQD

S
A

M
P

LE
N

U
M

B
E

R SAMPLE
DEPTH
IN FEET

S
A

M
P

LE

T
O

T
A

L
LE

N
G

T
H

R
E

C
O

V
E

R
Y

%

STANDARD
PENETRATION
RESISTANCE

DEPTH

IN

FEET

SOIL / ROCK

IDENTIFICATION

DRILLER'S

NOTES

BLOWS / 6"TO

100

105

110

115

120

2/3/16BORING FINISH

AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 4/27/16 SHEET

Continued Next Page

6

BORING STARTROCKPORT PLANT

5

AEP CIVIL ENGINEERING LABORATORY

PROJECT 2/3/16

42393125-01

INDIANA MICHIGAN POWER COMPANY DATEMW-1605D OF

LOG OF BORING
JOB NUMBER

COMPANY

A
E

P
  R

K
 B

A
P

 C
C

R
 C

O
M

P
LI

A
N

C
E

.G
P

J 
 A

E
P

.G
D

T
  4

/2
7

/1
6



ML

126.0

127.5

129.0

18-12-25

17-28-50/5

27-50/2

1.5

1.5

.66

124.5

126.0

127.5

SS

SS

SS

84

85

86

Clayey silt, l. grey N7, moist, hard, non-durable
shale
@ 126' flaky, dry to moist
Spoon refusal @ 127.4'
Auger refusal @127.5' (shale)
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CL

CL

CL

CL

1.5

3.0

4.5

6.0

7.5

9.0

10.5

12.0

13.5

15.0

16.5

18.0

19.5

21.0

3-5-9

4-7-9

3-4-6

1-2-8

5-9-10

3-6-9

2-4-5

3-4-6

3-5-9

4-5-7

3-5-6

3-4-6

2-5-7

3-3-6

1.5

1.5

1.3

1.3

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

0.0

1.5

3.0

4.5

6.0

7.5

9.0

10.5

12.0

13.5

15.0

16.5

18.0

19.5

SS
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1

2

3

4

5

6

7

8

9

10

11

12

13

14

Crushed stone gravel (limestone)

Lean clay, moderate yellowish brown 10YR 5/4,
moist, trace fine grained sand, stiff
 @ 1.5' as above, trace coarse grain sand and
black decomposed organic staining
 @ 3' trace fine gravel

Lean clay, pale yellow brown 10YR 6/2, moist,
some light brown oxide staining
@ 6.0' yellow brown and brown 10YR 5/4
@ 7.5' pale yellow brown 10YR 6/2, trace fine
roots, trace fine grained sand

Lean clay w/sand, dark yellow brown 10YR 4/2,
moist, little fine grained sand

Lean clay, light bluish gray 5B 7/1, moist, some
brown oxide staining, trace coarse grained sand
@ 12.5' as above, becomes moderate brown in
color 5YR 4/4
@ 13.5' moderate yellow brown 10YR 5/4 and
pale yellow brown 10YR 6/2) mottled
@ 13.5' - 15' trace fine grained sand, trace fine
gravel
@ 19.5' mostly 10YR 6/2 in color

397.8

AMEC FOSTER WHEELER

Continued Next Page
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4"
3"
6"
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NQ-2 ROCK CORE
6" x 3.25 HSA
9" x 6.25 HSA
HW CASING ADVANCER
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State Plane using
NAD27/29 2.91

100.2

COORDINATES PIEZOMETER TYPEN 151,502.1   E 512,881.5

HGT. RISER ABOVE GROUND

DEPTH TO TOP OF WELL SCREEN

WELL DEVELOPMENT

FIELD PARTY ZLR / REB
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Water Level, ft
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CL
ML

SP
SM

CL

SP
SM

SP

SP
SM

SC

SP

22.5

24.0

25.5

27.0

28.5

30.0

31.5

33.0

34.5

36.0

37.5

39.0

40.5

42.0

43.5

45.0

46.5

3-4-5

2-4-6

1-2-5

2-4-6

1-5-9

4-4-5

5-7-8

3-3-4

1-2-5

3-4-8

3-5-7

5-6-7

4-7-20

7-7-8

4-6-10

4-5-7

4-6-10

1.5

1.5

1.2

1.5

1.3

1.3

1.5

1.1

0

.8

1.0

.9

1.2

1.1

1.0

1.0

1.2

21.0

22.5

24.0

25.5

27.0

28.5

30.0

31.5

33.0

34.5

36.0

37.5

39.0

40.5

42.0

43.5

45.0

SS
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15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Silty clay, pale yellow brown 10YR 6/2, moist,
trace to little fine grained sand

Poorly graded sand w/silt, pale yellow brown 10YR
6/2, moist, fine to medium grained sand
@ 24.9' 3" silt layer

Lean clay, moderate yellowish brown 10YR 5/4,
moist, few sandy layers <1" thick
@ 28.3' SP-SM layer (~3" thick)

Poorly graded sand w/silt, dark yellowish orange
10YR 6/6, wet, fine to medium grained sand, little
coarse grained sand
@ 31.5' trace fine gravel
@ 34.5' trace fine gravel

Poorly graded sand, dark yellowish orange 10YR
6/6, wet, fine to medium grained sand, trace to
little coarse grained sand
@ 37.5' trace gravel

Poorly graded sand w/silt, dark yellowish orange
10YR 6/6, wet, fine to medium grained sand,
trace coarse grained sand

Clayey sand, moderate brown 5YR 3/4, wet, fine
to medium grained sand

Poorly graded sand, dark yellowish orange 10YR
6/6, wet, fine to medium grained sand, trace
coarse grained sand & fine gravel
@ 42.0' - 43.5' increase in coarse grained sand
@ 45.2' - 45.5' color change to moderate brown
5YR 4/4
@ 46.5' increase in coarse grained sand, trace
wood fragments (tree bark)
@ 48' color change to pale yellowish brown 10YR
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SW
SM

SP
SM

SW

SP

SP

48.0

49.5

51.0

52.5

54.0

55.5

57.0

58.5

60.0

61.5

63.0

64.5

66.0

67.5

69.0

70.5

72.0

8-9-11

6-10-13

18-13-13

7-14-16

7-9-15

10-10-14

8-10-13

7-9-9

4-5-9

6-6-9

6-13-21

10-17-31

13-13-17

6-14-18

9-14-17

10-20-20

10-19-26

1.1

1.1

.9

1.1

1.0

1.2

1.2

1.3

1.2

1.5

1.5

1.3

1.4

1.5

1.5

1.1

1.4

46.5

48.0

49.5

51.0

52.5

54.0

55.5

57.0

58.5

60.0

61.5

63.0

64.5

66.0

67.5

69.0

70.5

SS
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32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

6/2, few black decomposed organic layers

Well graded sand w/silt & gravel, wet, pale
yellowish brown 10YR 6/2, fine to coarse grained
sand, little to some fine gravel, trace coarse gravel

Poorly graded sand w/silt, moderate yellowish
brown 10YR 5/4, wet, fine to medium grained
sand, trace coarse grained sand, few layers of
decomposed organics (from 51' - 52.5')
@ 54' trace coarse gravel, fines between 5 - 10%
@ 55.5' trace fine gravel

Well graded sand, med. to coarse grained, dark
yellowish brown 10YR 4/2), wet, med. dense,
trace fine gravel
@ 59' trace coarse gravel

Poorly graded sand, fine grained, dusky yellowish
brown 10YR 2/2, wet, med. dense, w/fine gravel
@ 60.5' 2" shale fragment
@ 61.5' dark yellowish brown 10YR 4/2, dense
@ 61.8' 2" shale fragment
@ 62' some lean clay, pale yellowish brown (prev.
material)
@ 62.5' no clay, trace fine gravel
@ 63' no fine gravel
@ 64.5' med. dense
@ 65.8' 15" coarse sand seam (prev. material)
@ 66' dense
@ 67.2' 3" shale seam, med. l. grey N6
@ 67.7' med. grained

Poorly graded sand, fine gravel, pale yellowish
brown 10YR 6.2, wet, dense
@ 69' moist to v. moist
@ 72' med. dense, fine grained
@ 75' dense, d. yellowish brown 10YR 4.2
@ 76.5' med. dense, trace black silt
@ 80.6 3" shale plug (responsible for increase in
N value (same material))
@ 81.3' 1.5" shale plug, dense
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CH
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SP

SW

SP
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SP

73.5

75.0

76.5

78.0

79.5

81.0

82.5

84.0

85.5

87.0

88.5

90.0

91.5

93.0

94.5

96.0

97.5

99.0

7-10-17

8-9-13

10-16-25

9-10-14

6-9-18

10-17-34

31-19-14

10-16-21

9-19-21

7-15-24

10-13-20

8-14-23

8-13-27

8-7-16

7-9-15

12-12-14

3-5-5

5-5-6

1.3

1.2

1.4

1.4

1.5

1.5

1.3

1.5

1.5

1.3

1.2

1.4

1.3

1.5

1.5

1.5

1.5

1.4

72.0

73.5

75.0

76.5

78.0

79.5

81.0

82.5

84.0

85.5

87.0

88.5

90.0

91.5

93.0

94.5

96.0

97.5
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54

55

56

57

58

59

60

61

62

63

64

65

66

@ 81.5' no recovery, potential cobble blocking
during sampling

Fat clay, med. l. grey N6, moist, firm

Well graded sand, med. grained, dark yellowish
brown 10YR 4/2, wet, dense, w/fine gravel
@ 83' coal fragment (2" diam., 1" thick)
@ 83.6' coal fragment (2" diam, 1" thick)

Poorly graded sand, fine grained, pale yellowish
brown 10YR 6/2, wet, dense
@ 88.5' trace fine gravel
@ 91.5' with fine gravel

Well graded sand, med. to coarse grained, dark
yellowish brown 10YR 4/2, wet, med. dense,
w/fine gravel

Poorly graded sand, coarse grained, greyish red
5R 4/2, wet, med. dense, trace fine gravel

Well graded sand, med. to coarse grained, dark
yellowish brown 10YR 4/2, wet, med. dense,
w/fine gravel
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SP

ML

100.5

102.0

103.5

105.0

106.5

108.0

109.5

111.0

112.5

114.0

4-5-7

7-7-10

4-4-6

5-6-10

4-6-9

7-11-20

8-13-15

10-18-11

14-50/3

50/4

1.5

1.4

1.5

1.3

1.5

1.4

1.5

1.3

99.0

100.5

102.0

103.5

105.0

106.5

108.0

109.5

111.0

112.5

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

67

68

69

70

71

72

73

74

75

76

Poorly graded sand, coarse grained, greyish red
5R 4/2, wet, med. dense to loose, trace fine gravel

Poorly graded sand, fine grained, pale yellowish
brown 10YR 6/2, wet, loose
@ 97.5' med. dense, fine grained

Poorly graded sand, fine to fine grained, dusky red
5R 3/4, wet, med. dense
@ 102' loose, fine grained, moist
@ 103.5' med. dense
@ 105' fine grained
@ 106.5' dense
@ 108' med. dense, trace fine gravel
@ 109' no fine gravel
@110.6' siltstone fragments to 2.5", moderate
brown 5YR 4/4, shiny, angular

Silt, l. grey N7, moist, med. dense, non-durable
shale
@ 111' clayey silt, hard
Spoon refusal @ 111.7'
Auger refusal @ 112.9
BT @ 112.9'
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AMERICAN ELECTRIC POWER SERVICE CORPORATION

BORING NO. 4/27/16 SHEET 5

BORING STARTROCKPORT PLANT

5

AEP CIVIL ENGINEERING LABORATORY

PROJECT 2/12/16

42393125-01

INDIANA MICHIGAN POWER COMPANY DATEMW-1606D OF
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0.0010.010.1110100

0.262 0.150 12.1 82.5 5.4

HYDROMETER

6 4 3 2 1.5 1

ELEVATION

810 1416 20 30 40

GRAIN SIZE IN MILLIMETERS

U.S. SIEVE NUMBERS
200

COBBLES
GRAVEL SAND

SILT OR CLAY
coarse fine

14.5

MC% LL PL PI Sp.Gr.

D100 D60 D30 D10 %Gravel %Sand %Fines %<.002

GRADATION CURVES

63/4 1/2 3/8 3 4

19.000

coarse

N 151,478.9   E 513,537.1

P
E
R
C
E
N
T

F
I
N
E
R

B
Y

W
E
I
G
H
T

U.S. SIEVE OPENING IN INCHES

medium fine

Specimen Identification

Specimen Identification

Classification

SS-78,79,80,81,82,83 (Composite

Sample)

50 70100140

0.586

400.4

MW-1605D

MW-1605D

115.0-124.6ft

115.0-124.6ft

American Electric Power Service Corp.

PROJECT JOB NO.
DATE

ROCKPORT PLANT - 42393125-01
3/22/16
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0.347 0.179 9.9 87.6 2.5
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6 4 3 2 1.5 1

ELEVATION

810 1416 20 30 40

GRAIN SIZE IN MILLIMETERS

U.S. SIEVE NUMBERS
200

COBBLES
GRAVEL SAND

SILT OR CLAY
coarse fine

19.7

MC% LL PL PI Sp.Gr.

D100 D60 D30 D10 %Gravel %Sand %Fines %<.002

GRADATION CURVES

63/4 1/2 3/8 3 4

19.000

coarse

N 151,478.9   E 513,532.6

POORLY GRADED SAND SP

P
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N
T
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Y
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T

U.S. SIEVE OPENING IN INCHES

medium fine

Specimen Identification

Specimen Identification

Classification

SS-48,49,50,51,52 (Composite Sample)

50 70100140

0.569

400.6

MW-1605I

MW-1605I

68.6-78.2ft

68.6-78.2ft

American Electric Power Service Corp.

PROJECT JOB NO.
DATE

ROCKPORT PLANT - 42393125-01
3/22/16
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0.349 0.195 6.6 91.3 2.1

HYDROMETER

6 4 3 2 1.5 1

ELEVATION

810 1416 20 30 40

GRAIN SIZE IN MILLIMETERS

U.S. SIEVE NUMBERS
200

COBBLES
GRAVEL SAND

SILT OR CLAY
coarse fine

16.0

MC% LL PL PI Sp.Gr.

D100 D60 D30 D10 %Gravel %Sand %Fines %<.002

GRADATION CURVES

63/4 1/2 3/8 3 4

19.000

coarse

N 151,478.8   E 513,528.4

POORLY GRADED SAND SP

P
E
R
C
E
N
T

F
I
N
E
R

B
Y

W
E
I
G
H
T

U.S. SIEVE OPENING IN INCHES

medium fine

Specimen Identification

Specimen Identification

Classification

SS-27,28,29,30,31 (Composite Sample)

50 70100140

0.548

400.3

MW-1605S

MW-1605S

37.6-47.2ft

37.6-47.2ft

American Electric Power Service Corp.

PROJECT JOB NO.
DATE

ROCKPORT PLANT - 42393125-01
3/22/16
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0.0010.010.1110100

0.198 0.109 2.7 90.0 7.3

HYDROMETER

6 4 3 2 1.5 1

ELEVATION

810 1416 20 30 40

GRAIN SIZE IN MILLIMETERS

U.S. SIEVE NUMBERS
200

COBBLES
GRAVEL SAND

SILT OR CLAY
coarse fine

28.6

MC% LL PL PI Sp.Gr.

D100 D60 D30 D10 %Gravel %Sand %Fines %<.002

GRADATION CURVES

63/4 1/2 3/8 3 4

12.700

coarse

N 151,502.1   E 512,881.5

P
E
R
C
E
N
T

F
I
N
E
R

B
Y

W
E
I
G
H
T

U.S. SIEVE OPENING IN INCHES

medium fine

Specimen Identification

Specimen Identification

Classification

SS-68,69,70,71,72,73 (Composite

Sample)

50 70100140

0.321

397.8

MW-1606D

MW-1606D

100.0-109.6ft

100.0-109.6ft

American Electric Power Service Corp.

PROJECT JOB NO.
DATE

ROCKPORT PLANT - 42393125-01
3/22/16
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0.0010.010.1110100

0.189 0.098 1.2 93.4 5.4

HYDROMETER

6 4 3 2 1.5 1

ELEVATION

810 1416 20 30 40

GRAIN SIZE IN MILLIMETERS

U.S. SIEVE NUMBERS
200

COBBLES
GRAVEL SAND

SILT OR CLAY
coarse fine

18.9

MC% LL PL PI Sp.Gr.

D100 D60 D30 D10 %Gravel %Sand %Fines %<.002

GRADATION CURVES

63/4 1/2 3/8 3 4

9.500

coarse

N 151,500.4   E 512,885.5

P
E
R
C
E
N
T

F
I
N
E
R

B
Y

W
E
I
G
H
T

U.S. SIEVE OPENING IN INCHES

medium fine

Specimen Identification

Specimen Identification

Classification

SS-45,46,47,48,49,50 (Composite

Sample)

50 70100140

0.330

397.8

MW-1606I

MW-1606I

65.7-75.3ft

65.7-75.3ft

American Electric Power Service Corp.

PROJECT JOB NO.
DATE

ROCKPORT PLANT - 42393125-01
3/22/16
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0.315 0.183 0.8 97.6 1.7

HYDROMETER

6 4 3 2 1.5 1

ELEVATION

810 1416 20 30 40

GRAIN SIZE IN MILLIMETERS

U.S. SIEVE NUMBERS
200

COBBLES
GRAVEL SAND

SILT OR CLAY
coarse fine

20.9

MC% LL PL PI Sp.Gr.

D100 D60 D30 D10 %Gravel %Sand %Fines %<.002

GRADATION CURVES

63/4 1/2 3/8 3 4

9.500

coarse

N 151,498.9   E 512,889.4

POORLY GRADED SAND SP

P
E
R
C
E
N
T

F
I
N
E
R

B
Y

W
E
I
G
H
T

U.S. SIEVE OPENING IN INCHES

medium fine

Specimen Identification

Specimen Identification

Classification

SS-25,26,27,28,29 (Composite Sample)

50 70100140

0.466

397.6

MW-1606S

MW-1606S

34.7-44.3ft

34.7-44.3ft

American Electric Power Service Corp.

PROJECT JOB NO.
DATE

ROCKPORT PLANT - 42393125-01
3/22/16
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APPENDIx	C	:LiquefyPro	Analysis	Input	and	Output	 	
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American Electric Power Service Corporation

SEISMIC IMPACT ZONES DEMONSTRATION
Bottom Ash Complex -Rockport Plant

Plate A-1

Hole No.=1605    Water Depth=30 ft    Surface Elev.=399 Magnitude=6.46
Acceleration=0.14957g
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SPT or BPT test

0 100

Unit Weight -pcf

0 200

Fines   %

0 50
Lean Clay

Silt

Lean Clay

Poorly Graded Sand

Well Graded Sand

Poorly Graded Sand

Well Graded Sand

Poorly Graded Sand

Silt

Well Graded Sand
Poorly Graded Sand

Well Graded Sand

Poorly Graded Sand
Silt

Soil Description
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American Electric Power Service Corporation

SEISMIC IMPACT ZONES DEMONSTRATION
Bottom Ash Complex -Rockport Plant

Plate A-1

Hole No.=1605    Water Depth=30 ft    Surface Elev.=399 Magnitude=6.46
Acceleration=0.14957g
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Lean Clay

Silt

Lean Clay

Poorly Graded Sand

Well Graded Sand

Poorly Graded Sand

Well Graded Sand

Poorly Graded Sand

Silt

Well Graded Sand
Poorly Graded Sand

Well Graded Sand

Poorly Graded Sand
Silt

Shear Stress Ratio

CRR              CSR  fs1
Shaded Zone has Liquefaction Potential

0 0.5
Soil DescriptionFactor of Safety

0 51
Settlement

Saturated
Unsaturat.

S = 0.07 in.

0 (in.) 1

fs1=1
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American Electric Power Service Corporation

SEISMIC IMPACT ZONES DEMONSTRATION
Bottom Ash Complex -Rockport Plant

Plate A-1

Hole No.=1606    Water Depth=27 ft    Surface Elev.=397.8 Magnitude=6.46
Acceleration=0.14957g

(ft)
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SPT or BPT test

0 100

Unit Weight -pcf

0 200

Fines   %

0 50
Lean Clay

Poorly Graded Sand

Lean Clay

Poorly Graded Sand

Silt

Soil Description
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American Electric Power Service Corporation

SEISMIC IMPACT ZONES DEMONSTRATION
Bottom Ash Complex -Rockport Plant

Plate A-1

Hole No.=1606    Water Depth=27 ft    Surface Elev.=397.8 Magnitude=6.46
Acceleration=0.14957g
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Lean Clay
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Silt

Shear Stress Ratio

CRR              CSR  fs1
Shaded Zone has Liquefaction Potential

0 0.5
Soil DescriptionFactor of Safety

0 51
Settlement

Saturated
Unsaturat.

S = 0.12 in.

0 (in.) 1

fs1=1



SEISMIC IMPACT ZONE DEMONSTRATION   
ROCKPORT PLANT   
ROCKPORT, IN 

	

	

	

	

	

	

	

	

	

	

APPENDIx	D	:	Structural	Calculation	SES‐CALC‐02391	

	

	

	

	

	

	

	

	

	

	

	


































































































































































