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1.0 OBJECTIVE 

This report was prepared by AEP‐ Geotechnical Engineering Services (GES) section to fulfill requirements 
of CFR 257.73(c)(1) with an evaluation of the facility.     

	

2.0 DESCRIPTION OF CCR THE IMPOUNDMENT 
The Cardinal Power Plant in Wells Township, Jefferson County, near the town of Brilliant in eastern Ohio. 
It  is  owned  by Buckeye  Power  and	 AEP Generation Resources  (GENCO)  and  is  operated  by  Cardinal 
Operating Company. The facility operates two surface  impoundments for storing CCR; the Bottom Ash 
Complex and	Cardinal Fly Ash Reservoir II (FAR II) Dam. The focus of this report is the FAR II Dam. 
 
The FAR II Dam is a valley filled dam with a unique structure whose current configuration is the result of 
the original earth fill dam and two separate raisings (See figure 1).    The original earth fill dam (Stage 1) 
consisted of a 180  feet high arched earth embankment  incorporating a  zoned cross  section.    At 925 
feet NGVD, the dam  featured a 70‐foot wide by 1,055‐feet  long crest.    The maximum operating pool 
that  could  be  achieved  with  the  original  configuration  was  El.  913.    In  1997,  the  original  dam  was 
raised, referred to as Stage 2.    Following this raising, the dam was 237  feet high with a 30‐foot wide 
crest.  In  2013,  the  dam  was  raised  13  feet  using  back‐to‐back  MSE walls,  bringing  the  dam  into  its 
current, Stage 3 configuration.	The principal features of the typical section are the MSE wall themselves 
and a vinyl sheet pile wall extending  from  the existing clay core  to  the  top of  the PMF  flood  level  for 
seepage cutoff purposes.         
   

 
Figure 1. Cross‐section of FAR II dam also depicting the original zoned earth dam and the two Raisings. 
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3.0 SUMMARY OF OWNERSHIP 257.73(C)(1)(I) 
[The	name	and	address	of	the	person(s)	owning	or	operating	the	CCR	unit:	the	name	associated	
with	the	CCR	unit:	and	the	identification	number	of	the	CCR	unit	if	one	has	been	assigned	by	the	
state.]	 	 	

The Cardinal Power Plant is located at 306 County Road 7 East, Brilliant, OH, 43913 County, near the 
town of Brilliant, Jefferson County, Ohio. It is owned by Buckeye Power and AEP Generation Resources 
(GENCO) and operated by Cardinal Operating Company. The facility operates the FAR II dam, ODNR# 
0205‐010. 

4.0 LOCATION OF THE CCR UNIT 257.73 (C)(1)(II) 
[The	 location	of	 the	CCR	unit	 identified	on	 the	most	recent	U.S.	Geological	Survey	 (USGS)	7	½	
minute	or	15	minute	topographic	quadrangle	map,	or	a	topographic	map	of	equivalent	scale	if	
a	USGS	map	is	not	available.]	

A location map is included in Attachment A.   

5.0 STATEMENT OF PURPOSE 257.73 (C)(1)(III) 
[A	statement	of	the	purpose	for	which	the	CCR	unit	is	being	used.]	

The purpose of Cardinal FAR II surface impoundment is to provide for the continued disposal of fly ash 
coal combustion byproduct produced by the Cardinal Generating Plant. Cardinal has three units rated at 
600, 600 and 630 megawatts (MW) respectively which produce a total of approximately 560,000 cubic 
yards of fly ash per year. In addition, FAR II surface impoundment is the leachate treatment pond for the 
Cardinal Fly Ash Reservoir I (FAR I) Landfill.       

6.0 NAME AND SIZE OF WATERSHED THE CCR UNIT IS LOCATED               

257.73 (C)(1)(IV) 
[The	name	and	size	in	acres	of	the	watershed	within	which	the	CCR	unit	is	located.]	

The Cardinal FAR II Ash Pond is located within the Upper Ohio‐Wheeling Water Shed (HUC 05030106) 
which is approximately 1,517.0 square miles (970,876 acres) (USGS).    The Cardinal FAR II is valley fill 
type of reservoir with a diked embankment at the lowest side of the valley. The Cardinal FAR II is located 
within the Blockhouse Run watershed, which drains directly into the Ohio River. Approximately one mile 
upstream of the Ohio River, Blockhouse Run splits into two branches, designated as the East Branch and 
the West Branch.   

The Blockhouse Run watershed upstream of FAR II shown in the figure below is approximately 1352 acres 
(see figure. 2).   
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Figure 2.    Blockhouse Run Water Shed Upstream of FAR II Dam. 

7.0 DESCRIPTION OF THE FOUNDATION AND ABUTMENT MATERIALS 

257.73(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	 geotechnical	 reports	 in	 Attachment	 B	 provide	 the	 specific	 properties	 of	 the	 foundation	
materials.	 The	 depth	 of	 overburden	 in	 the	 valley	 at	 the	 location	 of	 the	 proposed	 dam	 generally	
ranges	between	ten	and	thirty	feet.	It	was	found	that	some	of	the	valley	material	was	deposited	by	
the	erosion	of	the	rock	strata	above	the	valley	bottom.	

Since	the	overburden	is	saturated	and	appeared	to	be	heterogeneous,	with	some	material	having	a	
softer	 consistency	 than	 that	 of	 the	 sample	 tested,	 it	 was	 determined	 to	 be	 unsuitable	 as	 a	
foundation	material,	 and	was	 removed	 in	 the	 area	below	 the	dam	and	 in	 the	 valley	 slopes	up	 to	
approximately	elevation	800	feet	NGVD.	
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7.1	FOUNDATION	MATERIALS	
Below the overburden, the top 100 feet of rock at the valley bottom downstream of the proposed cut‐off 

trench consists of a green to gray calcareous claystone with limestone nodules, underlain by layers of 

sandstone, carbonaceous shales and coals. 

Upstream of the core the calcareous claystone is missing and the top part of the rock consists of a fissile 

carbonaceous shale. The initial borings indicated the apparent existence of clay lenses in the foundation 

bedrock. In addition, slickenside surfaces, some of which were open and apparently filled with brecciated 

material, were observed in the borings. 

 

Figure 3.    E‐W Geologic Cross section Under the body of the Dam.   
 

7.2	ABUTMENT	MATERIALS	
Figure 3 shows a geologic section at the  location of the dam. At the abutments  location, a cut to rock 

was made at the proposed abutment as shown in Drawing No. 13‐3023. The orientation of the trimmed 

faces has been designed so that the upstream core of the dam intersects the abutments at right angles. 

This  symmetrical  configuration  resulted  in  balanced  seating  of  the  clay  core  against  the  rock  which 

reduces interface seepage and minimize the potential for cracking of the core.   

A grout curtain was provided in the abutments of the dam.    The dam was arched in the upstream 
direction and camber was provided to compensate for settlement.    Slope protection consisted of RCC 
Facing for stage 2 in the upstream and grass and riprap on the downstream for stage 1 and 2 slopes with 
riprap in the groin of the dam. Stage 3 does not require slope protection. 
 

8.0 DESCRIPTION OF EACH CONSTRUCTED ZONE OR STAGE OF THE CCR UNIT 

257.73 (C)(1)(VI) 
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[A	statement	of	the	type,	size,	range,	and	physical	and	engineering	properties	of	the	materials	
used	in	constructing	each	zone	or	stage	of	the	CCR	unit;	and	the	approximate	dates	of	
construction	of	each	successive	stage	of	construction	of	the	CCR	unit.]	 	 	
	
In the following sections, the geotechnical aspects of the key components of the project are discussed. 
Complete details on the design are presented in the design reports and the design drawings 
(Attachments B and C) . 
 

 
Figure 4.    Cross section showing main constructed zones.   

 

8.1	ORIGINAL	EMBANKMENT	
The dam has been designed as an earth embankment with five (5) different zones as shown on 
Drawing No. 13‐3027 (figure 4 above). Zone I serve as an upstream impervious core to reduce seepage 
and  dissipate  total  heads  through  the  dam.  Material  for  this  zone  came  from  Borrow  Area  I.  The 
inorganic clays of  low to medium plasticity  found  in this area are excellent materials  for the core of a 
dam since they are relatively impervious, resistant to piping and have acceptable shear strength. Zone I 
soils were  compacted with  a  sheepsfoot  roller  in  lifts  of  6  in. maximum  loose  thickness,  at  a water 
content  ranging  from  optimum  ‐  1%  to  optimum  +  2%,  to  100%  of  the  maximum  dry  density  as 
determined by the standard Proctor compaction test (ASTM D 698‐78, Method A). 
 
Mine  spoil  from Borrow Area  II used  in  the  transition  zone  (Zone  II) between  the  clay  core  and  the 
chimney drain. This zone serves two purposes. First,  it complements the clay core  in reducing seepage 
and dissipating total head. Secondly, it works as a filter to prevent piping of the clay core. This material 
is  free of boulders or  rock  fragments  larger  than 6  inches. Zone  II was  compacted with a  sheepsfoot 
vibratory roller in lifts of 9 in maximum loose thickness, at a water content ranging from optimum 
     

8.2	1997	RAISING	
The  1997  raising  of  the  dam  has  been  designed  as  an  earth  embankment  with  Roller  Compacted 
concrete (RCC) zone as shown on Drawing No. 13‐30041. The RCC zone having steeper slopes than the 
original dam minimized the amount of fill required for the construction of the downstream shell (Zone 
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IV). All other zones that compose the original dam were be extended in order to meet the geometry of 
the  raised  section  for  the  dam.  These  zones  include  clay  core  (Zone  I),  chimney  drain  (Zone  III  A), 
Drainage blanket (Zone III B), outlet of the blanket drain (Zone III C), and downstream earth fill (Zone IV).   

8.2	2013	RAISING	
The back‐to‐back MSE wall solution was specifically developed to avoid the need for the placement of a 
large amount of downstream fill and the associated large stress increase and corresponding risk of slope 
failure. Additionally, MSE walls are flexible and can accommodate the anticipated differential settlement 
as  the  foundation  for  the walls  transition  from bedrock at  the abutments  to  as much as 216  feet of 
cohesive embankment fill at the dam high point. With this solution, seepage  is controlled by positively 
connecting  the  existing  clay  core with  the  top  of  the  dam  through  the  use  of  a  sheet  pile wall.  To 
minimize seepage further, the joints between the sheet piles was treated with a sealant prior to driving 
and the lower portion of the wall was imbedded within the cement‐bentonite slurry wall. The exposed 
portion of the driven sheet piles was further sealed post‐installation with caulk on the upstream side. 
Compaction of the MSE wall backfill was simplified through the use of free draining granular materials 
which are moisture insensitive. 
	

9.0 ENGINEERING STRUCTURES AND APPURTENANCES, 257.73 (C)(1)(VII) 
[At	a	scale	that	details	engineering	structures	and	appurtenances	relevant	to	the	design,	
construction,	operation,	and	maintenance	of	the	CCR	unit,	detailed	dimensional	drawings	of	
the	CCR	unit,	including	a	plan	view	and	cross	sections	of	the	length	and	width	of	the	CCR	unit,	
showing	all	zones,	foundation	improvements,	drainage	provisions,	spillways,	diversion	ditches,	
outlets,	instrument	locations,	and	slope	protection…]	 	

9.1	SERVICE	SPILLWAY	
The  existing  service  spillway  is  a  vertical  concrete  shaft  structure  with  side  opening  for  effluent 
discharge  connecting  into  a  sloping  concrete  shaft  structure  with  one  side  opening,  four  feet  wide, 
connecting into a 54 inch diameter pre‐stressed concrete cylinder pipe (PCCP), designed for 200 feet of 
internal  hydraulic  pressure  and  200  feet  of  overburden  pressure. During  most  operating  conditions, 
discharge through the service spillway is controlled by the‐weir flow over the side openings in the shaft.   
The bottom of the sloping concrete shaft and the entire 54‐inch concrete pipe were constructed within 
bedrock as part of  the 1997  raising. Stop  logs are utilized  to maintain  settling action and control  the 
operating pool level.   
 
The energy dissipator at the outlet of the spillway conduit, an  impact‐type structure, was designed for 
the probable maximum discharge  that would occur during a PMF, estimated  to be 330 cubic  feet per 
second. Dimensions of the dissipator, Drawing No. 13‐3065, are based on the design criteria of the U.S. 
Bureau of Reclamation's Engineering Monograph No. 25, "Hydraulic Design of Stilling Basins and Energy 
Dissipators". 
Results of  the  reservoir  routings establish a maximum operating  level of 974.0  feet, with  the 50‐year 
design flood reaching a level of 975.5 feet, 1.5 feet above the maximum operating pool. 
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9.2	EMERGENCY	SPILLWAY	
As  of  2013  construction,  the  existing  emergency was  raised  to  El.  975.5  through  the  use  of  a mass 
concrete gravity section  in conjunction with  reinforced concrete  training walls,  in a manner similar  to 
the existing  configuration. The new walls direct  the  flow  into  the existing  spillway outlet  channel, as 
shown on Drawing Nos. 13‐30083‐A and 13‐30089‐A. A profile of the new emergency spillway is shown 
on Drawing No. 13‐30090‐A. In accordance with State of Ohio dam safety requirements for Class 1 dams, 
the new emergency spillway was designed to pass the design probable maximum flood (PMF) without 
overtopping  the  dam.  The  new  spillway  features  a  108  foot  long  by  15  foot  wide  concrete  control 
section positioned at El. 975.5, or 1.5  feet above  the maximum operating pool. The  training walls are 
located  above  elevation  975.5  and will  consequently  not  be  exposed  to  a  continuous  pool  reducing 
corrosion concerns.   
 
Based on the flood routing, the calculated peak discharge from the dam is 5,409 cfs at a maximum pool 
elevation of  981.9  feet NGVD.  The  PMF  routing was  also  checked with  the  service  spillway blocked, 
which resulted in a maximum pool elevation of 982.8 and 0.2 feet of freeboard. 
 
The engineering drawings of the engineering structures and appurtenances are included in Attachment 
C.   

10.0 SUMMARY OF POOL SURFACE ELEVATIONS, AND MAXIMUM DEPTH OF 

CCR, 257.73 (C)(1)(VII) 
[…in	addition	to	the	normal	operating	pool	surface	elevation	and	the	maximum	pool	elevation	
following	peak	discharge	from	the	inflow	design	flood,	the	expected	maximum	depth	of	CCR	
within	the	CCR	surface	impoundment.]	 	
	
The  table  below  describes  the  normal  pool  elevations  and  maximum  pool  elevations  as  well  as 
maximum  depth  of  CCR  within  the  impoundment.    The  maximum  pool  elevation  have  been 
determined based on the 100% PMP storm analysis based on the Ohio State Requirements. Complete 
results  of  the  hydrology  and  hydraulic  analysis  are  included  in  a  report  prepared  for  the  2013  dam 
raising and included in Attachment E.   
 

Maximum Normal Pool Elevation    974 ft above msl 

Current Normal Pool Elevation    963 ft above msl 

Maximum  Pool  Elevation  following 
peak  discharge  from  inflow  design 
flood 

982.8 ft above msl 

Expected  Maximum  depth  of  CCR 
within impoundment 

200 ft 
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11.0 FEATURES THAT COULD ADVERSELY AFFECT OPERATION DUE TO 

MALFUNCTION OR MIS‐OPERATION (257.73 (c)(1)(vii)) 
[…and	any	identifiable	natural	or	manmade	features	that	could	adversely	affect	operations	of	
the	CCR	unit	due	to	malfunction	or	mis‐operation]	
 
In the event of malfunction or mis‐operation of any of the pond’s appurtenances the ponds operations 
could be adversely affected. These structures include service spillway, weir structures and influent 
sluicing piping and structures. See design drawings in Attachment C for location and details of all 
appurtenances.   
During an extreme flood event, natural debris may tend to collect along the service spillway. However, 
the spillway is wide and complete blockage would not be an expected condition. In addition, at the 
current operating level, the pond capacity is sufficient to contain the design storm.   
 

12.0 DESCRIPTION OF THE TYPE, PURPOSE AND LOCATION OF EXISTING 

INSTRUMENTATION 257.73 (C)(1)(VIII) 
[A	description	of	the	type,	purpose,	and	location	of	existing	instrumentation.]	
 
The  instrumentation  program  for  the  Cardinal  FAR  II  dam  consists  of  piezometers,  settlement 
monuments and a weir. The location of the instruments is shown in plan in Drawing No. 13‐3024 and in 
section in Drawing No. 13‐3027, 13‐3028, 13‐30040, 13‐30041, 13‐30042, and 13‐30098 (Attachment D). 
Pneumatic piezometers were  installed before construction and as the embankment  is being placed,  in 
the foundation, abutments and every zone of the dam.   
The piezometers are  read on 30 days basis. This  information  is used  to monitor  the buildup of pore 
pressure during and after construction and to evaluate the embankment stability  in terms of effective 
stresses. 
Settlement monuments are installed approximately every 50 ft along the downstream edge of the dam 
crest. 
A 90° V notch weir was installed 50 ft downstream of the downstream toe of the dam. Seepage from the 
underdrain  system  and  from  seeps  in  the  abutments,  which  are  likely∙  to  develop,  were  directed 
towards the weir. The weir is read on a minimum of every 30 days.       

13.0 AREA – CAPACITY CURVES FOR THE CCR UNIT 257.73 (C)(1)(IX) 
[Area‐capacity	curves	for	the	CCR	unit.]	

Figure 5 shows the area capacity curves for the Cardinal FAR II and is included in the Hydrology and 

Hydraulic Analysis Report by SM&E, September 2012 in Attachment E.   
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Figure 5. Capacity curves the Dam.   

14.0 257.73 (C)(1)(X) DESCRIPTION OF EACH SPILLWAY AND DIVERSION 
[A	description	of	each	spillway	and	diversion	design	features	and	capacities	and	calculations	
used	in	their	determination.]	 	 	

The CCR’s are sluiced into the facility through a series of pipes designed to handle the various required 

capacities. The pipes discharge into the facility at locations shown on design maps. The CCR effluent is 

decanted through a reinforced concrete vertical drop inlet connected to an inclined shaft connected to a 

54 inch diameter pre‐stressed concrete cylinder (PCCP) outlet outflow pipe. The outflow pipe leads to a 

dissipation structure to an outfall at the Ohio River. Complete details of each spillway structure are 

included with the design drawings in Attachment C.    Hydrology and Hydraulic Analysis which include 

calculations for each spillway structure are included in Attachment E.   

The FAR II pond is valley fill pond with no diversions present for this facility.   

15.0 SUMMARY CONSTRUCTION SPECIFICATIONS AND PROVISIONS FOR 

SURVEILLANCE, MAINTENANCE AND REPAIR 257.73 (C)(1)(XI)     
[The	construction	specifications	and	provisions	for	surveillance,	maintenance,	and	repair	of	the	
CCR	unit.]	

Readily available portions of the original and the raising construction specifications are included in 

Appendix B. The full list of the specification is included in the approved permit application.   
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As required by the CCR rules the FAR II pond is inspected at least every 7 days by a qualified person.   

Also as a requirement of the CCR rules the impoundment is also inspected annual by a professional 

engineer. Additionally, as a requirement by the State of Ohio the impoundment is inspected quarterly 

basis.   

An impoundment maintenance plan is provided in Attachment F.    If repairs are found to be necessary 

during any inspection they will be completed as needed.     

16.0 RECORD OR KNOWLEDGE OF STRUCTURAL INSTABILITY 257.73 (C)(1)(XII) 
[Any	record	or	knowledge	of	the	structural	instability	of	the	CCR	unit.]	 	 	

Overall, the existing dam has performed well since it was originally put into service in the mid‐ 1980s. This 
having been said, a few incidents have occurred which were investigated and resolved as discussed in the 
following sections. 

16.1	DURING	CONSTRUCTION	SLIP	(1997)	
During the 1997 dam raising, an apparent undrained slope failure took place  in  late October within the 
downstream mine spoil zone near the toe of the slope as fill was being placed. At the time of the slope 
failure, the downstream mines spoil shell had been constructed up to El. 900. The slope failure exhibited 
a  head  scarp  at  roughly  El.  827.  Construction  was  halted  and  the  failure  was  investigated.  The 
investigation  suggested  that  the  failure  resulted  from pore pressure build up within  the newly placed 
cohesive  mine  spoil  soils  due  to  an  accelerated  placement  rate  in  conjunction  with  above  optimum 
moisture contents. The failure was remediated by removing the majority of the slide mass in conjunction 
with the construction of a large rock fill toe drain/berm. 

The toe berm is shown on the as‐built drawings, dated March 31, 2000, from the 1997 dam raising which 
were submitted to ODNR. 

16.2	CRACKING	IN	RCC	(1997)	
Subsequent to the completion of the 1997 dam raising, a number of cracks were observed within the RCC 
section.  It was believed that these cracks were related to differential settlement along the crest as the 
amount of fill above bedrock varied  in thickness as well as related to shrinkage of the RCC mass during 
curing. The RCC mix design and thermal gradients through the RCC zone were also considered attributing 
factors  to  the  cracking.  These  cracks  are  described  in  a  report  entitled  Cracks  in  RCC  Zone  and 
Post‐Construction Performance of Dam , dated June 1, 1999. 

Subsequent monitoring of the cracks suggested that no further significant movement had taken place and 
the cracks were sealed. 

16.3	RIGHT	ABUTMENHT	SEEPAGE	IN	(2004)	
In February of 2004, significant seepage emanating midway up the right downstream groin was observed. 
This  seepage  carried  ash with  it  leading  to  a  concern  for  a  potential  piping  failure.  The  seepage was 
assessed  and was believed  to have occurred  through  the  jointed  right  abutment bedrock.  Laboratory 
analysis (grain size, mineralogical, and X‐ray diffraction) of the seepage confirmed that it was carrying fly 
ash and not material  from  the dam  itself. The  seepage was  initiated only after  the water  level  in  the 
reservoir reached the level of the more permeable sandstone bedrock layer. This layer was inadvertently 
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exposed within the reservoir due to an surficial soil slumping which had occurred near upstream of the 
right abutment  in 1984, prior to the construction of the Stage 1 dam. Over time this seepage has been 
reduced and no longer carries ash resulting from a self‐healing process. This issue was described in detail 
in  report prepared by AEP submitted  to ODNR  in 2004, as well as  in  the peer  reviewed paper Amaya, 
Massey‐Norton  and  Stark  (2009).  Subsequent  monitoring  of  the  right  abutment  downstream  groin 
seepage has indicated that the seepage from the right abutment is staying relatively constant. 

17.0 REFERENCES	
Amaya,  P.J, Massey‐Norton,  J.T.  and  Stark,  T.D.,  “Evaluation  of  Seepage  from  and  Embankment Dam 
Retaining Fly Ash”, ASCE  Journal of Performance of Constructed Facilities, Vol. 23, No. 6, December 1, 
2009. 



  

 

 

 
 
 
 
 
 
 
 

 
 
 
 
 

ATTACHMENT	A	
	 	 	 	

LOCATION	MAP	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



2



	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

ATTACHMENT	B	
	

DESIGN	REPORTS	
	

	 	 	 	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



I 
I 
I 
I 
I 
I 
1· 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

>-1 
,,_Ji 

Jt 
.s' 
1 
">(. 

• SJ 

-..:o 

) ... .. 
. "" 

l . •. 

~ 

DI L 
FLYASH RETENTION POND II 

port For Proposed Dam 

STJ.\TE OF OHlO 
DEPARTP,'iENT OF Nt\T~JRAL FZESOURCES 

FOR: CARDINAL OPERATING COMPANY 

JAN 2 41985 

BY: AMERICAN ELECTRIC POWER SERVICE CORPORATION 



' 
I 

DESIGN REPORT 

PROPOSED DAM 

FOR 

FLYASH RETENTION POND II 

CONDITIONALLY 
CARDINAL PLANT 

BRILLIANT, OHIO 

MAY l. i385 

PREPARED BY 

AMERICAN ELECTRIC POWER SERVICE CORPORATION 

CIVIL ENGINEERING DIVISION 

COLUMBUS, OHIO 

DECEMBER, 1984 



I 
I. 

I 

j. 
I 

TABLE OF CONTENTS 

LIST OF TABLES 

LIST OF FIGURES 

1.0 INTRODUCTION 
1.1 General Description 
1.2 Classification 
1.3 Scope of Work 

2.0 SITE INVESTIGATION 
2.1 Regional Geology 

~ :; :~~~d;~~~~gy l o J )_/(\/VL ! 

2. 3 .1 Overburden r ~ e__ 

~.~~ ~ ~ ;~-~~dation Ro_~k) 
J~ (Abutment~f 

'·----------·---·--.,._, __ -.-~------__.,,./ 

2.~ Borrow Areas 
4 2~4.1 Borrow Area I 

2.4.2 Borrow Area II 
2.4;3 Bottom Ash 

3.0 HYDROLOGY 
3.1 Introduction 
3.2 Basin Characteristics 
3.3 Characteristics of Proposed Retention Pond 
3.4 Design Requirements and Assumptions 

4.0 

3.4.1 Service Spillway 
3.4.2 Emergency Spillway 

3.5 Analysis 
3.5.1 
3.5.2 

Service Spillway 
Emergency Spillway 

3.6 Results 
3.6.1 
3.6.2 

Principal Spillway 
Emergency Spillway 

3.7 Spillway System of Existing Fly Ash Dam 
3.8 Summary and Conclusions 

GEOTECHNICAL DESIGN 
4 .1 Dam Embankment ,/ '\l c 
4.2 Excavation v 11 

4.3 water Diversion 
4. 4 Grout Curtain -
4.5 Pressure Relief Drains -

' ,, 

c...r-r <J. c 
) I 



r1 

I. 
I. 
I 

r .· 

l 

I . 

i' 

! 

\, 

/. 
l 

l ' 
1· 

4.6 Geotechnical Instrumentation / 

5.0 GEOTECHNICAL ANALYSES 
5.1 Seepage . .,,.. 
5 .2 Stability/ 
5.3 Settlement v 

6.0 COST ESTIMATE AND CONSTRUCTION SCHEDULE 

LIST OF REFERENCES 

The following Appendixes are bound under separate cover. 

APPENDIX A 
B 
B.l 

B.2 

c 
D 
E 
F 

G 
H 
I 

BORING LOGS AND DESCRIPTION OF TEST TRENCHES 
LABORATORY· TESTING.DATA 
AUGUST·21; 1984 OHIO STATE UNIVERSITY REPORT 

.LABORATORY TESTING 
CARDINAL FLY ASH.DAM II 

AUGUST 6, 1984 BENEFICT, BOWMAN, CRAIG & MOOS 
REPORT 

LABORATORY TESTING 
CARDINAL FAD II · · 
BRILLIANT·, OHIO 

FIELD INSTRUMENTATION AND TESTING DATA 
HYDROLOGY FIGURES· AND COMPUTATIONS· 
GEOPHYSICAL SURVEY: . CARDINAL FLYASH DAM NO. 2 
1972 ACRES AMERICAN INC. REPORT 

RAISING OF EXISTING DAM (NO. 1) 
GEOTECHNICAL DATA FOR BIDDERS VOLUME 2 

BID DOCUMENTS 
GEOTECHNICAL COMPUTATIONS 
CLOSURE OF EXISTING FLYASH RESERVOIR 

BOUND SET - DESIGN DRAWINGS 



, , 

i ' 

{··-, 

I 

I 
1 . 

-~ ' 

I-

I 
( 

I· 
I 

LIST OF TABLES 

3.1 BASIN CHARACTERISTICS 

3.2 HYDROLOGIC/HYDRAULIC SUMMARY 

6.1 PRELIMINARY COST ESTIMATES 



1 1 LIST OF FIGURES 

(-, 

I 

) 

f . 

I, 
i: 

' . 
' 

f '. .. 
. I 

I 

2.1 TYPICAL STRATIGRAPHY 

4.1 GRADATION REQUIREMENTS FOR EMBANKMENT MATERIALS 

5.1 PERMEABILITY VALUES FOR THE EMBANKMENT AND 
FOUNDATION 

5.2 SEEPAGE THROUGH THE EMBANKMENT 

5.3 SEEPAGE THROUGH THE FOUNDATION 

5.4 STABILITY AT END OF CONSTRUCTION 

5.5 LONG TERM STABILITY 

6.1 CONSTRUCTION SCHEDULE 



( . 
I I 

I 
I'• 
I . 

I 

\ 1· 
}· 

I .. 
1; 
I 

r . 
// 
\ 

J l 

r ., 
l :. 

i •. 

! 

I 
1 · 

1.0 INTRODUCTION 

c// Cardinal Operating Company, agent for Ohio Power Company 
and Buckeye Power Incorporated, proposes to build a second 
flyash retentio.n dam at Cardinal Plant. The new facility 
will be ~onstructed in two stages. The first stage dam will 
have a crest elevation at 925' NGVD (National Geodetic· 
Vertical Datum) and will provide approximately 11 years of 
storage. For the second stage, the dam crest will be raised 
to an ultimate elevation of 970 ft. NGVD to create an 
additional 17 years of storage. This report presents the 
final design of the first stage dam and appurtenances in 
compliance with the Final Design Report Requirements Rule 
1501:21-5-04 of the Administrative Code of the Ohio 
Department of Natural Resources, Division of water. 

1.1 General Description 

~ The proposed dam site is located in Section 5 of 
Wells Township, Jefferson County near Brilliant in 
eastern Ohio, as shown in the Location Plan on the cover 
sheet of the Design Drawings. Drawing No. 13-3001 
illustrates the project's general arrangement and 
construction sequence~ 

The design of the proposed dam (stage I only) 
consists of a 180 foot high arched earth embankment with 
a zoned cross section. The dam will have a 70 foot wide 
by 1055 foot long crest at an elevation of 925 feet 
NGVD. Drawing No. 13-3029 shows the proposed darn in 
plan. Longitudinal and transverse sections through the 
dam are presented in Drawing Nos. 13-3027, 3028 and 
3030. 

1 
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Approximately 80 acres will be inundated by,damming 
Blockhouse Run downstream of the confluence of the east 
and west branches 1,000 feet downstream of the existing 
flyash dam. Prior to construction of the proposed dam, 
the pipeline which is presently located in the valley in 
the area of the proposed dam and which discharges fly 
ash into the existing retention pond will be rerouted 
along the west bank of Blockhouse Hollow. This work 
will prevent disruption of service during dam 
construction and is scheduled for the second part of 
1984 and the first part of 1985. Dam construction will 
begin in spring 1985 and be completed by late 1987. 

During construction of the main dam, a 40 foot high 
cofferdam with a crest elevation of 800 feet NGVD will 
serve to impound the discharge from the service spillway 
of the existing dam and the runoff of the east branch of 
Blockhouse Run. The cofferdam will eventually become 
part of the dam's upstream shell. The service spillway 
(also refered to as principal or primary) will run along 
the east abutment at an approximate elevation of 780 
feet NGVD. It will consist of a 42"~ precast concrete 
cylinder pipe placed in a rock trench and completely 
embedded in 4500 psi concrete. A temporary conduit 
which will connect to the principal spillway and be used 
as the spillway for the cofferdam. Drawing Nos. 13-3032 
and 13-3024 show the service spillway and cofferdam in 
plan and Drawing No. 13-3033 presents sections and 
details. A 110 foot wide unlined rock cut along the 
east abutment, as shown in plan in Drawing Nos. 13-3023 
and 13-3024 and in section in Drawing No. 13-3027 and 
3028, will serve as the emergency spillway. 

j 
Once built, the dam will provide 4,780 acre-feet of 

storage volume with the pond at its maximum pool 
elevation (913 feet NGVD) and a total storage volume of 

2 
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5,800 acre-feet with the pool at the level of the dam 
crest. 

1.2 Classification 

The Ohio River, Cardinal Generating Plant, State 

Route 7 and the Tidd-dale subdivision of Brilliant, Ohio 
all lie directly downstream of the proposed dam. 
Therefore, a failure of the dam causing a sudden and 
uncontrolled discharge of water would likely result in 
loss of human life, and damage to homes, high value 
utility installations and both a railroad and a public 
road. Also, the dam height and storage volume exceed 
the corresponding thresholds for class I dams as 
established in Section 1501:21-13-01 of the ODNR 
Administrative Code. For these reasons, the proposed 
facility has been designated as a class I dam. 

1.3 Scope of Work 

This report presents the final design of the 
proposed project. Section 2 briefly describes the 
geology and findings of the site investigation of the 
soil and rock conditions at the proposed dam location 
and borrow areas •. The parameters, assumptions and 
analysis pertaining to the hydrology of the site are 
described in Section 3. The design of the dam and 
geotechnical analyses are discussed in sections 4 and 5, 
respectively. Finally, Section 6 summarizes the cost 
estimates and presents the construction schedule for the 
dam and appurtenances. 

2.0 SITE INYESTIGATION AND POTENTIAL BORROW MATERIALS 

3 
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A total of fifty two (52) borings and fifty eight (58) 
test trenches have been made at the site to investigate the 
foundation and abutments of the proposed dam and potential 
Borrow Areas in Blockhouse Hollow. SPT (Standard Penetration 
Test) blow counts and RQD (Rock Quality Designation) values 
were recorded for the overburden and bedrock samples 
respectively. Both disturbed and undisturbed samples of the 
overburden soils and underlying rocks were collected for 
identification and for laboratory determination of index and 
engineering properties. Tests performed in selected sample 
materials include natural water content, Atterberg limits, 
sieve analyses, hydrometer, consolidation, permeability, 
direct shear and triaxial tests. All tests, except when 
otherwise noted, were conducted at American Electric Power 
Service Corporation (AEPSC) laboratory. Appendix A contains 
copies of the drill logs and descriptions of the test 
trenches, and Drawings No. 13-3002 and 13-3003 show their " 
locations. App~ndixes B, B-1 and B-2 presents the results 
of the laboratory tests performed on representative soil and 
rock samples. 

All the boreholes and trenches in the vicinity of the 
dam were either grouted or backfilled at the completion of 
the work. 

2.1 Regional Geology 

Jefferson County is located in the unglaciated 
Kanawha section of the Appalachian Plateau province. 
Both the Monongahela and Conemaugh Se;ries of the 
Pennsylvanian System of sedimentary rocks comprise the 
rock formations in the region. These rock formations 
consist of arenaceous, carbonaceous and calcareous 
shales, sandstones, limestones and coal seams. The base 
of the Pittsburgh No. 8 Coal separates the base of the 

Monongahela Series and the top of the Conemaugh Series. 

4 
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The Conemaugh Series has an ave.rage thickness of 518 
feet and extends to the top of the Upper Freeport No. 7 
Coal (Lamborn, 1930). A thin overburden mantle ranging) 
from 5 to 25 feet in thickness caps the bedrock. 

The relief of the region is characterized by a 
maturely dissected plateau with deep and precipitous 
valleys separated by gently undulating divides. 

Bedrock in Jefferson County generally strikes 
northeast 58 degrees and dips to the southeast from 7 to 
17 feet per mile (Lamborn, 1930). 

2.2 Site Geology 

Geologic cross sections constructed from the 
borings and test trenches are shown in Drawings Nos. 
13-3004 and 13~3005 and in Figure 2.1. The lower part 
of the Monongahela Series and the top part of the 
Conemaugh Series outcrop at the surface. The rock 
formations of relevance at the proposed dam site vary 
from a gray arenaceous shale overlying the Summerfield 
Limestone to a green to gray calcareous shale underlying 
the Harlem Coal. The marker bed for this interval is 
the Ames Limestone which is located at an approximate 
elevation of 750 feet NGVD. The Morgantown Sandstone is 
the most conspicuous sandstone formation present. 

The overburden mantle in Blockhouse Hollow consist 
of residual soils, mine spoil, landslide debris and 
alluvial deposits. 

There are no known geologic faults at the proposed 
dam site. 

2.3 Foundation 
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The results of the site investigation indicate that 
removal of the overburden soils is required to provide a 
suitable foundation for the proposed dam. Also, the 
calcareous claystone which constitutes the foundation 
rock downstream of the proposed cut off trench is 
slickensided and brecciated. Upstream of the cut off 
trench, the foundation rock is a fissile carbonaceous 
shale. In the next two sections the findings of the 
foundation investigation are discussed in detail. 

· 2.3.1 Overburden 

The depth of overburden in the valley at 
the location of the proposed dam generally ranges 
between ten and thirty feet. The standard split 
spoon sampler blow counts in this material vary 
from less than ten to about fifty blows per 
foot. Test trenches were excavated in the dam 
site overburden in order to obtain a better 
understanding for the large spread in blow count 
values. It was found that some of the valley 
material was deposited by the erosion of the rock 
strata above the valley bottom. The high blow 

.count can be attributed to the sampler coming in 
contact with gravel and cobble size pieces of 
these shale and sandstone strata. The low 
blow-counts were obtained when the sampler was 
driven through zones of inorganic clay free of 
rock fragments. The clay samples that were 
recovered from the borings and test tr~nches had 
a soft to stiff consistency and low to medium 
plasticity. The results of the Atterberg Limits 
and gradation tests on samples of the overburden 
soils in the valley bottom are presented in 
Appendix B, Figures B.l and B.2. 

6 
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The level of the groundwater has been 
measured along the valley bottom in boreholes and 
also, at piezometers located in both the 
overburden and foundation bedrock. The depth to 
the water table in the boreholes is recorded in 
the drill logs and is shown on Drawing No. 
13-3004. In Appendix C, a summary sheet is 
presented for each piezometer describing its 
installation and portraying the measured total 
head. These measurements show that the 
groundwater table in the valley bottom occurs 
approximately parallel to the ground surface 
about 5 feet below grade. Also, there is no 
appreciable difference between the measured total 
head in bedrock and overburden. 

A block sample was taken from test trench 
No. 2 which is located in the valley bottom as 
shown in Drawing No. 13-3002. Consolidation 
tests and unconsolidated undrained triaxial tests 
were performed on soil specimens trimmed from 
this block sample. The test results are 
presented in Appendix B, Figures B.3 through 
B.6. Based on this data, the undrained shear 
strength, Su, of the clay matrix was found to 
equal 1.2 TSF. Since the overburden is saturated 
and appeared to be heterogeneous, with some 
material having a softer consistency than that of 
the sample tested, it was determined to be 
unsuitable as a foundation material, and will be 
removed in the area below the dam and in the 
valley slopes up to approximately elevation 800 
feet NGVD. 

2.3.2 Foundation Rock 
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The top 100 feet of rock at the valley 
bottom downstream of the proposed cut-off trench 
consists of a green to gray calcareous claystone 
with limestone nodules, underlain by layers of 
sandstone, carbonaceous shales and coal~. 
Upstream of the core the calcareous claystone is 
miss~ng and the top pa~t of the rock consists of 
a fissile carboneceous shale. The initial 

. , 
borings indicated the apparent existence of clay 
lenses in the foundation bedrock. In addition, 
slickenside surfaces, some of which were open and 
appa.rently filled with brecciated material, were 
observed in the borings. 

Clay Seams 

There is some question as to whether or 
not the clay found in the borings could have 
resulted from grinding and exposure to water 
while drilling. To check this hypothesis, a core 
section from boring D-37 that had air slaked into 
a cohesionless mass of sand and gravel size 
angular particles, was worked with a mortar and 
pestle through several cycles of wetting. A 
silty clay of low plasticity similar to that 
found in the borings was formed suggesting that a 
cohesive material could be produced from the rock 
during drilling. The Atterberg limits on this 
material are presented in Appendix B, Table B.l. 

In order to determine the existence and 
continuity of "clay seams" in the foundation of 
the proposed dam, 15 additional borings were 
drilled along the valley bottom. Borings D45 
through 052 were drilled using a standard size NX 
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core barrel with an inside discharge bit, same as 
with the initial borings. Borehole D45 was cored 
in 5 foot runs, with the intent that if any 
plugging of the bit occurred, the run would be 
terminated and the core retrieved. Core run 
lengths were restricted to 2.5 feet in holes D46 
through 057 to increase recovery. Fairly high 
rotation and feed pressure were used to maintain 
as rapid core advance as possible using minimum 
amounts of water in order to reduce and limit the 
exposure of clay layers to washing by the drill. 
It was thought that if any clay layers were 
present the bit would be plugged by bei~g forced 
into the clay with low water volume and 
pressure. On borings 053 through 057 a bottom 
discharge bit was used. ·This ~bit would have had 
a greater tendency to plug in soft clay layers 
but would subject the core to less washing. 
Borings 0-62 and D-63 were cored using a triple 
tube core barre1 with a size NQ bottom discharge 
bit which produced the least disturbed cores of 
all the borings. 

Core recovery was generally good, as shown 
on the logs, with only occasional loss, but 
considerable grinding of the core did occur. In 
the soft calcareous shales with limestone nodules 
it appeared that the larger nodules were broken 
away from the soft shale matrix, spun by the core 
bit, and ground into the softer shale below. The 
grinding was also evident in the sandstone units 
which contained soft shale lenses and the 
laminated shales above the lower coal seam which 
split very easily along the laminations. The 
grinding of the core was probably due to the 

fairly high rotation speed and feed pressure. 
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In borings D45 through U52, only in rare 
cases was the ground up material preserved and 
retrieved in the core, showing up as traces of 
clay on the ground joints. Very little clay was 
recovered from these holes, but that which was 
recovered could be attributed in each case to 
grinding of the rock core as evidenced by 
circular spin patterns on the ends of the core 
pieces. The clay recovered was actually a silt 
of low to medium plasticity, with finely ground 
shale fragments and a color generally matching 
the surrounding rocks. 

In Borings U-53 through U-57, U-62 and 
D-63 in which the bottom discharge bit was used, 
the driller reported no indication of plugging of 
the bit. However, as shown on the logs, several 
silty clay lenses 1/8 to 1/2 inch thick and soft, 
broken and brecciated shale intervals were 
recovered. There is evidence indicating that the 
clay lenses were created by the drilling process, 
as in borings D45 through U52 described above, 
but that superior sample recovery was produced 
using the bottom discharge bit. In each 
occurrence, the apparent clay lenses were located 
where the core could be seen to have been ground 
by the drill. The clay had a color matching that 
of the surrounding rock, usually contained finely 
ground shale fragments, and in many instances 
occurred only on the exterior portion of a joint, 
grading to soft shale toward the center of the 
core. 

Along with the clay lenses, there were 
frequent occurrences where the core could be 
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clearly observed to have been ground, but where 
no water had been in contact with the core during 
the grinding. The result was a white rock 
flour. This rock flour could be observed as 
lenses between pieces of ground core and as a 
coating on the outside of the softer rocks. On 
the outside of the core the rock flour was 
covered by clay. When wetted the rock flour 
assumed the texture and color of the silty clay 
lenses and coating. 

The silty clay recovered during the core 
boring could be duplicated by hand. In the soft 
calcareous shales, merely kneading a wetted 
portion of the shale with a spatula produced a 
plastic silty clay similar to that retrieved in 
the cores. 

Two inspection trenches were excavated at 
the proposed dam site to investigate the 
existance of clay seams in the foundation rocks. 
At TP-42 (located in the vicinity of the 
downstream toe) the overburden consisted of 1 to 
2 feet of boiler slag fill and 6 to 7 feet of 
weathered shale and sandstone with a thin layer 
of alluvial sand and gravel deposits just above 
bedrock. Approximately 8 to 9 feet of rock 
consisting of highly fractured and slickensided 
green to gray calcareous claystone was exposed. 
The top 4 to 5 feet of shale showed open joints 
filled with brecciated material. In the 
remaining exposed rock, the slickensides were 
tight. Several sets of joints were encountered 
and their orientation measured (see the trench 
description in Appendix A for strikes and dips). 
Block samples of the rock containing slickensides 
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with and without brecciated material together 
with samples of the intact rock were collected 
for testing. No clay or silt lenses were 
observed in the block samples or the trench 
walls. 

In TP-58, located in the area of the 
cut-off trench, the overburden soil consisted of 
4 to 6 feet of angular cobbles 1/2 to 1 1/2 in. 
in size bound together by a very wet and soft 
clay matrix. Approximately 8 ft. of rock 
consisting of a fissile shale with carbonaceous 
partings and horizontal bedding planes were 
exposed. No evidence of clay seams was found. 
Samples of the overburden soil and clay shale 
were collected for laboratory determinations of 
engineering properties. 

Drawing No. 13-3005A presents in profile 
the incidence of clay material and slickensides 
as observed in the foundation borings. Based on 
this drawing, the observations made during the 
latter set of borings, and the findings of the 
inspection trenches, it was concluded that 
continuous clay seams are not likely to exist in 
the area of the foundation and that what was 
identified as clay seams on the initial set of 
boring was generated by grinding of the rock and 
exposure to water during drilling. 

Strength of Foundation Rocks 

Unconfined compression tests were 
performed on core samples of the valley bottom 

rock by AEPSC personnel at the Polytechnic 

12 



I 

I 

I 
I 

·' 

I. 
I 

I 
I 

. r;, 
"I . 

I 
I· 
r 

;- " •'. 

I 
1· 

I. 

Institute of New York (PINY) soils laboratory. 
The test results together with sample location 
and description are presented in Appendix B, 
Table B.2. Only.two samples had unconfined 
compressive strength of less than 5 TSF; most of 
the test results were considerably higher. The 
lower strength values recorded are believed to 
correspond to core samples containing tightly 
closed slickensides which remained closed during 
drilling and handling, but failed in testing. 
Core samples that failed through the intact rock 
account for the higher unconfined.compressive 
strength values. 

Direct shear tests have been performed on ... 
block samples of the green to gray calcareous 
claystone obtained from TP-42 and the fissile 
shale from TP-58. These tests were conducted at 
Ohio State University (OSU), Columbus, Ohio, 
under the supervision of Dr. w. Wolfe. 

Both intact and brecciated/slickensided 
speciments of the calcareous claystone from TP-42 
were sheared at the as received water content and 
after saturation, and at strain rates varying 
from 0.016 to 0.000288 in./min. The results are 
presented in Appendix B, Figures B.7 through 
B.16). These test results indicate the 
following: 

1 • Excess pore pressure did not appear to 
have developed during shearing, even for 
saturated speciments sheared at a strain 
rate of 0.016 in/min, the fastest rate 
permitted by the equipment. 
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The calcareous claystone exhibits strain 
softening with the post-peak strength of 
the intact specimens approaching the 
strength of the brecciated/slickensided 
samples. 

The strength of the intact claystone is 
dependent on the rate of strain, with 
lower strength at slower strain rates. 

Based on these findings, it was decided 
that the envelope defined by the strength of the 
brecciated/slickensided samples and the post peak 
strength of the intact specimens sheared at 
slowest strain rate possible best represents the 
strength of the calcareous claystone and thus, 
will be used for analysis of both the end of 
construction and long term stability of the 
downstream foundation. This envelope can be 
approximated as follows: 

C' = 0.55 TSF and~· = 22.5° 

The direct shear test results on saturated 
samples of the carbonaceous shale from TP-58 
sheared at strain rates of 0.016 and 0.000288 
in./min. are presented in Appendix B, Figures 
B.17 through B.24. These test results indicate 
that: 

1. 

2. 

The shale exhibits strain softening. 

The strain rate controls the development 
of excess pore pressures during shear. 
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Based on these findings, the following 
strength envelopes of the fissile clay shale were 
selected for the stability analysis of the 
upstream foundation: 

1. Undrained loading or end of construction. 

cu = o.58 TSF and gu = 15° 

2. Steady state flow or long term condition 

C' = 0.30 TSF and g• = 24° 

direct 
Acres American Incorporated conducted 
shear tests on the clay shale as part of 

their foundation investigation for the final 
raising of the existing dam. A copy of their 
1972 report, "Raising of the Existing Dam, 
Geotechnical Data for Bidders, Volume 2" is 
included as Appendix F. Drawing No. SK 
3134-A-280 of the Acres report summarizes their 
test results on the foundation clay shale. 

~2 

_7 
2 .3f) Abutments 

According to available geologic 
literature, the principal regional joint system 
in the.dam site area is generally orientated in 
alignment with the axis of the Appalachian 
folding. The principal joint system is 
perpendicular to the direction of the main 
regional pressure. The minor set of joints is 
nearly parallel to the direction of the main 
regional pressure. The strike of the Appalachian 
folding closest to the dam site, as shown on the 
Mid-Atlantic Region Geological Highway map 
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published by The American Association of 
Petroleum Geologists, gives the strike of the 
principal joint system as N27E, and the strike of 
the secondary joint system as N63W. 

In underground coal mining, the system of 

main entries and sub-mains is usually orientated 
parallel to the cleat (principal joint system) or 
butt cleat (minor joint system). The orie~tation 
of entries in three underground mines in the 
Pittsburgh Coal in Blockhouse Hollow are as 
follows: 

Goucher No. 2, Mine File Map No. 57: N25E, N65W 
Goucher Mine, Mine File Map No. 16: N23E, N67W 
Goucher Mine, Mine File Map No. 23: N24E, N64W 

Two exposures of the rock strata which 
underlie the left abutment in the site area were 
inspected. One is located in a ravine on the 
east abutment just upstream of the proposed dam, 
and the second on Route 7 on the south side of 
Riddles Run. The strikes of the more prominent 
joints in the Morgantown Sandstone as measured in 
the two exposures are listed below: 

Blockhouse Hollow 
N40E 
N35-40E 
NlSE 
N20E 
N30E 
N65W 

Riddles Run 
N30W 
N32E 
N30W 
N40E 
N60W 
N60W 

While the exposure along Riddles Run was 
formed by blasting and that in Blockhouse Hollow is 
subject to stress relief and downslope movement, 
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the joints measured roughly coincide with the 
orientation determined from the regional geology, 
and the orientation of the entries in the 
underground coal mines. 

Using an average strike for the primary joint 
system of N25E and a strike for the secondary joint 
system of N6SW, the primary and secondary joint 
systems are nearly parallel and perpendicular to 
the abutments, respectively. The primary joint 
system is probably beang reinforced by stress 
relief due to erosional unloading which tends to 
open these joints further. It is probable, 
therefore, that seepage from the reservoir, as 
controlled by the joint system, would be greater 
parallel to the abutments than perpendicular to the 
abutments. 

In order to assess the potential for seepage 
through the abutments and--feundation of the 
proposed dam, field permeability tests were 
conducted in-beth vertical and-angled boreholes 
along the longitudinal axis of the dam. The 
standard double packer test was performed on each 
rock strata encountered. Test results are 
tabulated in Appendix c·and summarized in the 
geologic cross sections {Drawings Nos. 13-3004 and 
13-3005). No apparent correlation between 
lithology and permeability at the proposed site can 
be detected from these test results. Bedrock 
permeabilities did tend, however, to decrease with 
depth, ranging from 10-3 to 10-6 cm/sec. This 
trend is believed to result from a decrease in the 
width and number of open joints and fractures with 
increasing depth. 
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The field permeability measured in the 
vertical boreholes indicates that the Morgantown 
Sandstone, which was expected to be highly jointed 
and fractured, appears to be relatively impervious 
except where the formation is exposed or near the 
land surface. This finding contradicts the 
observed performance of the existing dam. Seepage 
around the abutments of the existing dam, although 
not in alarming quantity and free of soil fines, is 

·believed to be occurring primarily through the 
Morgantown Sandstone. This apparent contradiction 
can be explained by the fact that the primary and 
secondary joint systems are likely to have dips 
perpendicular to those of the nearly horizontal 
bedding planes. If as suspected, the joints have 
nearly vertical dips, it is likely that vertical 
boreholes in which the packer tests were run 
intersected only a small percentage of joints and 
thus, gave uncharacteristically low values of 
permeability. The results of packer tests 
conducted on boreholes inclined 30 to 45 degrees 
from vertical support this explanation as the 
measured permeability in the angled boreholes were 
consistantly higher than the values obtained from 
the vertical holes. 

2.4 Borrow Areas 

Based on the findings of the site investigation, 
two Borrow Areas for soils and two quarries for rip-rap 
have been selected. Drawing No. 13-3001 shows the 
location of these areas. In addition, bottom ash from 
Cardinal Plant has been investigated and found to be 
acceptable as granular material for the drain. 

2.4.1 Borrow Area I 
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Overburden along the valley slope and top of 
the ridge on the east side of the proposed 
retention pond consists of 12 to 15 feet of 
weathered to partially weathered soft calcareous 
shales, siltstones and claystones. These soils are 
very similar in color, gradation and plasticity, 
and can be classified as a mixture of gravel and 
cobble size pieces of rock in a matrix of inorganic 
clay of low to medium plasticity. Results of index 
tests on these soils are presented in Appendix B, 
Table B.3 and Figures B.29 through B.190. 

Tests to determine engineering properties have 
been performed on samples which appeared typical of 
the overburden soils in this area. Unconsolidated 
undrained (UU) triaxial tests were conducted at 
various water content on samples TP-9, TP-32B, 
TP-34A and a composite sample obtained by combining 
soils from TP-45 through TP-51. Soil specimens 
were prepared in 1.4 and 2.8 inch diameter molds 
with heights between 3 to 6.5 inches. Results of 
uu tests on TP-9 are shown in Appendix B, Figures 
B.193 through B.200. Results on UU tests on TP-32B 
and TP-34A are·presented in an August 21, 1984 
report by the Ohio State University which is 
included as Appendix B-1. Results of uu tests on 
the composite sample are presented in an August 6, 
1984 report by Benedict, Bowman, Craig and Moos 
(BBCM} Soils Engineering Consultants which is 
included as Appendix B-2. 

Figure B.201A, Appendix B, shows for Borrow 
Area 1 soils, the undrained shear strength at two 
normal stress levels, as a function of the water 
content at which the specimens were compacted. The 
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standard Proctor compaction curves, Atterberg 
limits and natural water contents of the samples 
used in the uu tests are also presented. In 
addition, the statistical averages and range in 
values of the index properties for all samples from 
Borrow Area 1 are shown. Based on this figure, the 
following observations can be made: 

1. 

2. 

The undrained shear strength consistently 
decreased as the water content at which the 
specimen was compacted increased, up to about 
optimum+ 2%, after which the undrained shear 
strength leveled off. 

The plasticity and compaction characteristics 
of TP-34A and the composite sample are 
reasonably close to the averages values of a11· 
the samples. Therefore, the results of the 
strength tests on these samples can be 
expected to approximate average conditions for 
Borrow Area 1 soils. 

3. The similarity in the distributions of natural 
water and optimum water contents suggests -
that, on the average, the soils exist in the 
field at a water content very close to 
optimum. A compaction specification in terms 
of water content for Borrow Area 1 soils of 
OPT-1% to OPT + 2% appears attainable except 
in periods of excessive rain. 

Figure B.201, Appendix B, presents for TP-34A 
and the composite sample, the strength envelopes 
for various compacted water content as determined 
from the UU triaxial tests. Based on these 
results, the undrained shear strength of Borrow 
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Area 1 soils compacted at optimum - 1% to optimum + 

2% to 95% of the maximum dry density, as determined 
by the standard Proctor test, can be reasonably 
approximated as follows: 

Cu = 1.1 TSF and ~u = 6° 

Consolidated drained (CD) triaxial tests were 
performed by Casagrande Consultants, Arlington, 
Massachusetts on 1.4 inch diameter specimens from 
test trench No. 9. The specimens were compacted to 

. . 

an average density equal to 97% of the standard 
Proctor maximum dry density and a water content 
essentially equal to optimum. Test results are 
presneted in Appendix B, Figure B. 202 and B. 203. 

Consolidated undrained (CU) triaxial tests 
with pore pressure measurements .were performed at 
osu on specimens prepared by mixing TP-35C and 
TP-38C samples and compacting them to various water 
contents. Similar tests were conducted on 
specimens of the composite sample at BBCM soils 
laboratory. The results from these tests are 
presented in Appendices B-1 and B-2 respectively. 
For comparison, the strength envelopes from the CD 
and CU triaxial tests on Borrow Area 1 soils are 
summarized in Appendix B, Figure B.204. It appears 
from these results that, in the range of water 
contents of interest, the drained strength of 
Borrow Area 1 soils is more dependent on plasticity 
than on compacted water content. Based on these 
results, the shear strength of Borrow Area 1 soils 
for steady state flow condition can be 
conservatively approximated as follows: 

C' = 0.4 TSF and ~· = 18° 

21 



r: 
1. 
r 

! I~ ; 
'. 

r '. 
I; 
I. 

% ~ 
r . 
I'. 

Figure B.205 presents the results of 
permeability tests performed by Casagrande 
Consultants on a sample from test trench No. 9. A 
1.4 inch diameter, 3 inch high sample was prepared 
from material passing the No. 10 sieve, and tested 
in a triaxial cell at d~fferent confining 
pressures. The soil was compacted to approximately 
96% of the Standard Proctor maximum dry density and 
at a water content essentially equal to optimum. 
Permeabilities in the order of magnitude of 10~ 8 

cm/sec. were obtained. Similar results were 
obtained from triaxial cell permeability tests 
conducted at osu soils laboratory on specimens from 
a mixture of ~P-35C and TP-38B compacted at various 
water contents. The results of these tests are 
presented in Appendix B-1, page 45. Appendix B-2, 
Plate 67 presents the results of permeability tests 
on a consolidometer conducted at BBCM soils 
laboratory on specimens of the composite sample 
compacted at various water contents. Again 
permeabilities in the range of 10-8 cm/sec. were 
measured. 

2.4.2 Borrow Area II 

overburden in the valley slope on the west 
side of the proposed retention pond consists of 30 
to 50 feet of mine spoil, a highly variable mixture 
of inorganic clays of low plasticity with sand, 
gravel and large size rock pieces of unweathered 
shale, siltstone, limestone and sandstone. 

Atterberg limits, gradation and compaction and 
specific gravity tests have been performed on 

disturbed samples obtained from test trenches in 
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this area. The results are presented in Appendix 
B, Table B.4 and Figures B.206 through B.218 

OU, CU and permeability triaxial tests on mine 
spoil from Borrow Area II (TP-40A and TP-41A) have 
been performed at osu. The tests were conducted on 
1.5 in. diameter by 3 in. high specimens prepared 
from the material passing the No. 4 sieve. Test 
results are presented in Appendix B-1. 

Figure B.2194, Appendix B, presents, for 
Borrow Area 2 soils and the mine spoil used for 
construction of dam 1, the undrained shear strength 
at two normal stress levels as a function of the 
water content at which the samples were compacted. 

· Also shown in this figure are the natural water 
content, compaction data and Atterberg limits of 
all the mine spoil samples tested. It can be 
observed that: 

1. Similar to Borrow Area 1 soils, the undrained 
shear strength of the compacted mine spoil 
decreases as the compacted water content 
increases up to about optimum +2 at which 
point the strength starts to level off. 

2. 

3. 

The compaction and plasticity characteristics 
of the mine spoil samples used in the UU tests 
fall reasonably close to the average values. 
The strength tests on these samples can be 
expected to yield reasonable design strength 
values. 

That mine spoil exists in the field at a 
moisture content ranging from very dry of to 
slightly wet of optimum. A compaction 
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specification for mine spoil in terms of water 
content from optimum - 2% to optimum + 2% 
seems attainable. 

Figure B.219, Appendix B, shows the strength 
envelopes for mine spoil compacted at vario~s water 
contents as determined from the uu triaxial 
tests. »ased on these re~ults, the strength 
envelope for undrained loading of the mine spoil 
compacted on the dry side of optimum (from opt - 2% 
to opt + 1%) to 95% of the maximum dry density as 
determined by the standard Proctor compaction test, 
can be approximated as follows: 

Cu = 1.15 TSF and ~u = 15.5° 

Similarly, the strength envelope for undrained 
loading of the mine spoil compacted wet of optimum 
(from opt - 1% to opt + 2%) can be approximated as 
follows: 

Cu= 1.0 TSF and ~u = 11° 

Figure B.220, Appendix B, presents the 
strength envelopes as determined from CU tests on 
mine spoil compacted at various water contents. 
Based on this figure, the following design 
parameters were selected for the stability analysis 
under steady state flow: 

Mine spoil compacted dry of optimum (-2% to + 1%) 

C'= 0.2 TSF ~· = 28° 

Mine spoil compacted wet of optimum (-1% to +2%) 

24 



1: 
j 

I 

I I 

nl: I l 
, l 

; 

I 

· 1; 

r ; 
Ii 
I: 

r· 
r· 

I 

I : 

· 1; 

,. ' 
t ' 

l 
I; 

n 
)i 
i 
I 

IP 
··· 11 

I 

C' = 0.2 TSF 

The results of the permeability triaxial tests 
on mine spoil from TP-55, 56 and 57 are presented 
in Appendix B-1, page 45. These tests were 
conducted at several confining pressures on 1.4 in. 
diameter by 3 in. high specimens compacted at 
various water contents. The laboratory measured 
permeability of the mine spoil falls in the 10-a 
cm/sec. range. 

Mine spoil similar to that found in Borrow 
Area II was used to construct the impervious 
central core and downstream shell of the last 
raising of the existing dam. The location of the 

~ 

borrow area used for the existing dam and the 
results of tests conducted on this material are 
presented in the 1972 report by Acres American 
included as Appendix F. Based on their test 
results, Acres American used the following strength 
parameters to analyze the stability of the existing 
dam: 

i. Undrained shear strength of 2 TSF for end of 
construction condition. 

ii. Effective cohesion and friction angle of 0.2 

TSF and 26.5°, respectively, for the steady 
state seepage condition. 

2.4.3 Bottom Ash 

A sampling and testing program spanning 
several months has been conducted to investigate 
the bottom ash produced by Cardinal Plant units 1, 
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2 and 3 and to determine its suitability as drain 
material. 

Drawing No. 13-3070 shows a location plan of 
the Cardinal Plant bottom ash pond~ Bottom ash was 
sampled at the discharge pipes and from stockpiles 
of material recovered for sale purposes. Unit 3 
ash was sampled separately from Units 1 and 2 
material. Results of specific gravity and 
gradation tests on units 1 and 2 ash are presented 
in Figures B.221 through B.261. Similar data and 
curves for Unit 3 bottom ash are shown in Figures 
B.262 through B.299. The following observations 
have been made: 

3. 

4. 

Unit 1 and 2 bottom ash is well graded and the 
variation in particle size distribution and 
specific gravity is relatively small. 

Unit 3 material ranges from poorly to well 
graded with a large variation in particle size 
distribution and specific gravity. Unit 3 ash 
can be as coarse as units 1 and 2 material but 
generally tends to have a finer gradation. 
Also, unit 3 ash has a lower average specific 
gravity than units 1 and 2 ash. 

The DlS size of the samples of units 1, 2 and 
3 bottom ash with the coarser particle size 
distribution is about 0.5 mm, which is 
suitable as a filter for most .ordinary,_ non 
dispersive clays. 

Dry and wet sieving of the bottom ash gave 
essentially identical test results. 
Therefore, dry sieving can reliably be used in 
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the field for quality control during 
construction. 

The results of constant head permeability 
tests performed at varied relative densities on 
units 1, 2 and 3 bottom ash are shown in Figure 
B.300 and Table B. 7. These.tests and some of the 
specific gravity and gradation tests reported were 
conducted at Purdue University under the 
supervision of Dr. G. A. Leonards. The 

-

corresponding gradation curves of the bottom ash 
used in the permeability tests are presented in 
Figure B.301. As can be seen from this figure the 
units 1 and 2 ash with the coarsest particle size 
distribution of all the tested samples and unit 3 
ash with about 9% of fines were used. Therefore, a 
wide range of bottom ash particle size distribution 
was covered. These permeability test results 
indicate the following: 

1. 

2. 

The coefficients of permeability are about as 
expected for relatively clean granular 
materials. The Hazen-Willam formula: 

2 K, cm/sec = 100 co10 ,cm) 

gives a reasonable approximation of the 
permeability of the bottom ash in a loose 
state. 

The permeability appears to vary linearly with 
relative density. Thus, if the in situ 
particle size distribution and relative 
density of the bottom ash are known, the 
combined use of the Hazen-Willam equation and 
the data shown in Figure B.300 permits 
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3. 

reasonable estimation of the field 
permeability. 

It will be impractical to compact bottom ash 
in the field to relative densities much higher 
than 80%. Accordingly, the expected in situ 
permeability will range from 1 to 5 x 10-2 

cm/sec, which is ideal for drain applications. 

In order to determine the effect of fines on 
permeability, constant head permeability tests were 
conducted on bottom ash varying the percent of 
fines passing the No. 200 sieve. The results are 
presented on Figure B.302. This figure indicates 
that bottom ash compacted to relative density of 
about 70 to 80% will have a permeability larger 
than l0-2cm/sec as long as the material passing the 
No. 200 sieve does not exceed 10 to 12%. 

In order to investigate whether or not the 
bottom ash particles would break down during 
compaction and handling resulting in detrimental 
changes in gradation or permeability, tests were 
conducted in the before and after compaction 
condition. The test results are shown in Figures 
B.303 through B.307 and Table B. 8. The 
gradation characteristics and permeability of units 
1, 2 and 3 bottom ash did not change significantly 
as a result of conducting relative density and 
Harvard miniature compaction tests. Thus, bottom 
ash can be expected to withstand compaction by 
light vibratory rollers during construction without 
significant particle breakdown or reduction in 
permeability. 
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Unconsolidated undrained triaxial tests were · 
performed on samples of bottom ash that were 
prepared in a 2.8 inch diameter mold approximately 
6 to 6.5 inches in height. These tests were not 
conducted in a saturated condition, because the 
gradation and permeability of this ash make it 
unlikely that excess pore pressures will develop in 
the field. Based on the test results (as shown in 
Figures B.308 and B.309), a shear strength envelope 
given by a straight line relationship with a 
friction angle of 38°. is reasonable and 
conservative. 

HYDROLOGY 

3.1 Introduction 

The existing hydrologic; __ C:9Jl<!~at the proposed 

dam site are depicted in/Flgure D.l~ Blockhouse Run, 
(. ~--. ·--------·-----

the major drainage featura·1n the project area, drains 
directly into the Ohio River. Approximately one mile 
upstream of the Ohio River, Blockhouse Run splits into 
two branches, designated as the East Branch and the west 
Branch. 

The East Branch drains the easteLn watershed as 
delineated in Figure D.l. Presently, the eastern 
watershed is relatively undisturbed (i.e. no man-made 

. impoundments or developments) and the stream flow is not 
controlled. 

The West Branch has been dammed to form the 
existing fly ash retention pond. Runoff from the 
western watershed is presently regulated by the existing 
principal spillway which discharges into the natural 
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drainage channel just upstream of the confluence of the 
two branches. 

The location of the proposed dam is shown on 
Drawing No. 13-3001. The dam will inundate 
approximately 80 acres or one-tenth of the area in the 
eastern watershed. Since the location of the proposed 
dam is situated downstream of the discharge points of 
the existing dam, runoff from the western watershed will 
also drain into the proposed reservoir. Therefore, the 
spillway system of the proposed dam has been designed to 
meet the ODNR class I design criteria based on the 
runoff from both watersheds 

The emergency spillway of the existing dam is 
presently located on the right abutment (looking· 
downstream) as shown in Drawing No. 13-3001. This _ 
layout poses a threat to the safety of the proposed 
dam. In the event of a major flood, runoff from the 
western watershed would be routed through the emergency 
spillway of the existing dam and would be discharged 
towards the upstream shell of the proposed dam and could 
cause detrimental erosion. In order to ensure the 
safety of the proposed dam, the present emergency 
spillway of the existing dam will be permanently plugged 
and a new spillway constructed on the other abutment as 
shown in Drawing No. 13-3001. This new configuration 
will not affect the hydrologic characteristics of either 
watershed. Further details on the operational impacts 
of this change are discussed in section 3.7. 

The following sections present the hydrologic 
considerations and analyses performed during the design 
phase of this project. 
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3.2 Basin Characteristics 

Figure D.l shows the limits of the watershed 
boundary for the proposed fly ash retention pond. The 
total drainage area above the proposed dam has been 
divided into two watersheds, East and West, for analysis 
of the storm runoff entering the new pond. A review of 
available topographic maps and aerial photos was made to 
determine essential basin characteristics for each 
watershed. such characteristics include the drainage 
boundaries,. areas, slopes, soil types, ground cover, 
land use and the time of concentration. The time of 
concentration is defined as the elapsed time for runoff 
to travel from the hydraulically most distant part of 
the watershed to some reference point downstream. 

The existing fly ash dam is located in the western 
watershed. Present land use within the drainage area is 
limited to reclaimed strip mine areas, some woodlands, 
and the fly ash reservoir. Reclamation of the reservoir 
area is the only projected change in land use in the 
west watershed. 

woodlands and scattered reclaimed strip mines 
constitute the existing land use in the East watershed. 
Construction of the proposed fly ash dam will inundate 
approximately 80 acres at an elevation of 913.0 feet 
NGVD, the maximum pool elevation. 

Soil types in the areas have been identified by the 
Soil Conservation Service (SCS) of the u.s. Department 
of Agriculture and classified into hydrologic soil 
groups. Within the study area, all soils fall under the 
hydrologic soil group B. Table 3.1 lists the basin 
characteristics for the Western and Eastern watersheds. 
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3.3 Characteristics of Proposed Retention Pond 

As previously referenced, Drawing No. 13-3001 shows 
the location of the proposed dam. Based on this layout, 
the pond will have the following surface areas and 
storage capacities. 

ELEVATION, 

Maximum Pool 
Top of Dam 

(Ft. NGVD) . AREA (AC) 

913.0 
925.0 

80 

95 

STORAGE (AC-FT) 

4780 

5800 

Figure D.2 presents the complete 
area-capacity-elevation curve developed for this study. 

3.4 Design Requirements and Assumptions 

No rainfall - runoff data were available for the 
site because the streams flow intermittently. 
Therefore, runoff hydrographs were generated using the . 
U.S. Army Corps of Engineers (1981) HEC-1 computer 
program. The SCS dimensionless unit hydrograph method 
was employed in the calculation of the hyd_rographs. For 
each watershed, separate runoff hydrographs were 
computed and then later combined to form a single inf low 
hydrograph for the proposed reservoir. 

Runoff from the West watershed has been examined 
from two perspectives. First, the area was analyzed for 
the present conditions of runoff draining into th.e 
existing pond and secondly, for projected conditions 
after the existing fly ash pond is reclaimed. The 
results of the analyses indicated that the storage 
capacity of the existing pond attenuates and reduces the 
inflow flood as it is routed through the reservoir. The 
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discharges from the west watershed, as it exists, 
therefore, will be lower than those values estimated for 
the projected conditions since it is assumed that the 
reclaimed watershed will have an insignificant amount of 
valley storage. Accordingly, for the design of the 
emergency_ and service spillways of the proposed dam, 
projected land uses in both watersheds will be the 
controlling conditions. 

3.4.1 Service Spillway 

According to ODNR regulation 1S01:21-13-04, 
design of the (principal) service spillway for 
class I dams must be such that the average 
frequency use of the emergency spillway is 
predicted to be le·ss than once in fifty years. 

·Since no stream-flow records are available to 
establish a flood-frequency curve, it was assumed 
that a SO-year rainfall event would produce the 
SO-year flood. The estimated precipitation, 3.5 
inches, was obtained from the National Weather 
Bureau (1960) report TP-40. A 6 hour storm 
duration and normal soil moisture conditions were 
assumed for developing the inflow hydrograph. 

3.4.2 Emergency Spillway 

l )' The ODNR regulation lSOl: 21-13-02 specifies 

,, 

( ~ 
I 

. 
I· 

that for class I dams, the spillway system shall 
safely pass the design flood equal to the probable 
maximum flood (PMF) without any overtopping of the 
dam. The PMF is the result of the probable maximum 
precipitation (PMP), defined as the greatest depth 
of precipitation for a given duration that is 
meteorologically possible for a given basin at a 
particular time of year. Generalized estimates of 
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the PMP have been published by the 
Hydrometeorological Branch of the National weather 

. -
Service (1978). For the study area, a 6 hour PMP 
of 26.S inches was used as the design rainfall 
event. The antecedent moisture conditions of the 
soil cover were assumed to be normal. 

3.5 Analysis 

All flood routings were conducted using the HEC-1 
computer program. The program routes floods through the 
reservoir by the modified Puls method. In general, 
reservoir-storage data and either spillway dimensions or 
discharge-rating curves are supplied by the user. 

3.5.l Service Spillway 

Analysis of the service spillway system 
consisted of routing the SO-year flood to establish 
the maximum operating level. A preliminary design 
for the service spillway was determined and a stage 
-·discharge curve was computed. Reservoir routings 
were conducted assuming various initial water 
levels in the proposed fly ash pond. The results 
were analyzed with respect to limiting· the rise of 
the pool level to elevation 915.0 feet NGVD, the 
proposed crest elevation of the emergency spillway. 

3.5.2 Emergency Spillway 

Hydrologic reservoir routings were conducted 
to determine the size of the emergency spillway 
necessary to pass the probable maximum flood 
without overtopping the dam. The initial water 
surface elevation in the proposed reservoir was 
assumed to be at the maximum operating level at the 
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beginning of the design storm. Discharges from 
theservice·spillway were neglected during the 
reservoir flood routing. Initially, a rectangular 
section was used and the program internally 
computed the discharge given a weir length. Having 
obtained a rough estimate for the opening, a 
trapezoidal section was designed and rated based on 
calculations of critical depth. The known stage -
discharge curve was then used in the routing 
process to determine the maximum discharge and pool 
elevation. To this point, the analysis neglected 
any approach channels that would be required. 

The topographic conditions at the proposed 
dam location dictate that an approach channel of 
significant length be constructed •. Therefore, an 
initial design of the approach channel was made and 
a backwater analysis was conducted to examine the 
head losses between the control section and the 
pond. This work was completed using the U.S. Army 
Corps of Engineers (1976) HEC-2 computer program, 
Water Surface Profiles. Results of the backwater 
curves were used to revise the stage - discharge 
curve for the flood routing. 

A trial-and-error procedure followed whereby 
the approach channel geometry or the control 
section was altered, a new backwater curve 
developed, and a revised reservoir routing 
completed. Final configurations and dimensions 
were established after successful routings were 
obtained. 

Discharges from the emergency spillway are 
routed away from the dam through an outlet 
channel. Design of the channel size was based on 
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the peak discharge from the reservoir. A water 
surface profile along the length of the channel was 
developed to examine the depth of flow and average 
velocity. 

3.6 Results 

3.6.1 Service Spillway 

The proposed service spillway is a concrete 
shaft structure with side openings for effluent 
discharge connecting into a 42 inch diameter 
conduit buried underneath the earthen dam (see 
Drawing Nos. 13-3024, 13-3032, 13-3033 & 13-3060). 
The conduit is a prestressed concrete cylinder pipe 
(PCCP) designed for 200 feet of internal hydraulic 
pressure and 200 feet of overburden pressure. 
During most operating conditions, discharge through 
the service spillway will be controlled by the-weir 
flow over the side openings in the shaft. 

At the outlet of the spillway conduit an 
energy dissipator will be provided. The 
dissipator, an impact-type structure, was designed· 
for the probable maximum discharge that would occur 
during a PMF, estimated to be 330 cubic feet per 
second. Dimensions of the dissipator, Drawing No. 
13-3065, are based on the design criteria of the 
U.S. Bureau of Reclamation's Engineering Monograph 
No. 25, "Hydraulic Design of Stilling Basins and 
Energy Dissipators". 

Results of the reservoir routings establish 
a maximum operating level of 913.0 feet, with the 
SO-year flood reaching a level of 914.5 feet, 0.5 
feet below the crest of the emergency spillway. 
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Figure 04 presents the inflow and·~outflow 
hydrographs for the 50-year flood. Appendix D 
contains the computer listing of the reservoir 
routings. 

3.6.2 Emergency Spillway 

The development of the PMF hydrograph 
indicates a peak inflow to the proposed reservoir 
equal to 16,803 cubic feet per second. This value 
represents the combined hydrographs from the West 
and East watersheds. Values of the runoff from 
each watershed and the combined runoff are shown in 
Appendix D. The PMF inflow hydrograph is plotted 
in Figure DS. 

The layout of the approach channel, control 
section, and outlet channel for the emergency 
spillway is shown in plan on Drawing Nos. 13-3024 & 

3026. The spillway will be an unlined open channel 
excavated in rock of trapezoidal shape having an 
approach channel approximately 375 feet in total 
length. Entrance to the approach channel will 
approximate a trapezoid with a bottom width of 260 
feet and invert elevation of 913.0 feet NGVD. The 
approach channel width is reduced as it follows an 
uphill slope to a section that will align with the 
upstream edge of the dam crest. From this point to 
the control section, a distance of a 190 feet, the 
channel will have a constant width of 110 feet and 
a horizontal grade of 915.0 feet NGVD with side 
slopes of 1.5 H:lV. 

Based on the reservoir routing, the 
calculated peak discharge from the dam is 8789 

cubic feet per second at a maximum pool elevation 
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of 924.79 feet NGVD. Velocity through the control 
.. 

section is expected to be less than 14 feet per 
second at peak outflow. 

3.7 Spillway System of Existing Fly Ash Dam 

The present emergency spillway of° the existing fly 
ash pond, located on the right abutment, will be 
permanently plugged sometime in the summer of 1984. The 
replacement spillway will be completed in late spring of 
1985. During these construction activities the existing 
fly ash pond will operate without an emergency 
spillway. In the event of a major storm, runoff from 
the West watershed wil~ be stored in the existing pond 
and released only through the service spillway. 

The following table lists the amount of available 
storage to the top of the existing dam (elev. 1,000.0 
feet NGVD) as a function of an arbitrary initial pool 
level. At present, the existing pond level is at 
approximately elevation 980.0 feet NGVD. The level of 
the existing pond is expected to rise one foot to 981.0 
foot NGVD by the summer of 1984 when plugging of the 
emergency spillway is scheduled to take place, and to 
approximately 983.0 feet NGVD by the time the 
replacement emergency spillway is completed in 1985. 

INITIAL POOL LEVEL 
(Feet, NGVD) 

981.0 
982.0 
983.0 

AVAILABLE STORAGE 
(Acre-Feet) 

1531 
1451 
1370 

Based on the present land use, which will not be 
changed during construction, the total runoff volume 
from the west watershed generated during the probable 
maximum flood equals 1250 acre-feet. As can be seen 
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from the table above, the available storage during this 
construction period exceeds the PMF volume. Assuming an 
inital pool level of 983.0 feet NGVD, the PMF would 
result in a maximum pool elevation of 997.2 feet NGVD, 
leaving adequate freeboard. 

Reservoir routings of the PMF were conducted to 
determine the time required to drain the flood waters 
through the service spillway to an acceptable pool 
level. Drawdown .of the reservoir from elevation 997.2 
to 984.0 feet NGVD could be achieved in a period of just 
over four days. 

summarizing, the existing fly ash pond will operate 
without an emergency spillway for a construction period 
of no mo-re than a year. During this condition, the PMF 
can be stored in the existing reservoir without 
overtopping the dam. Also, the existing service 
spillway has the capacity to remove the ~lood waters 
from the reservoir within the allowable ten days as set 
forth in section 1501: 21-13-04 of the ODNR regulations. 

3.8 Summary and Conclusions 

The hydrologic/hydraulic studies for the proposed 
fly ash retention pond included estimating the PMF and 
50-year flood hydrographs and designing the emergency 
and service spillways. The U.S. Army Corps of Engineers 
computer programs HEC-1 and HEC-2 were used in the 
analyses. Table 3.2 gives a complete summary of the 
study. 

The proposed spillway system has enough capacity to 
pass the probable maximum flood without overtopping the 
dam. The water discharged through the emergency 
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spillway is directed away from the dam such that it 
causes no threat to the stability of the structure. 
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TABLE 3.1 - BASIN CHARACTERISTICS 

BASIN 

CHARACTERISTICS 

Drainage area (acres) 
Average land slope (%) 
Hydrologic soil group 
SCS curve number 

present 
projected 

Time of concentration (hours) 
present 
projected 
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WATERSHED 

EAST ~ 

730 
25 
B 

70 

0.57 

677 
30 
B 

72 
70 

0.4 
0.87-



i1 

ii 
I 

' . ! l 

I I; 

f ! . 

i' 

I 
. I 

\ 

I 
I 
I 

\ 

l· 

\ 
I· 
I 

r:i 

(: 

1 

I 
I 

! 
I 
I 

1· 
~- i 

I 
I· 

TABLE 3.2 HYDROLOGIC/BYDRAULIC SUMMARY 
FOR PROPOSED RETENTION POND 

Drainage Area 
Design Floods (Inflow) 

PMF" Peak 
SO'-Yr Peak 

Peak Discharge 
PMF 
SO'-Yr 

Maximum Pool Elevations, NGVD 
PMF 
SO-Yr 

2 .2 Sq. Mi. 

168-03 cfs. 
766 c.fs. 

8789 cfs. 
40 cfs. 

924.79 ft. 
914.SO ft. 

Emergency Spillway -
Crest Elevation, 
Bottom Width 
Side Slopes 

Excavated Open Channel 
NGVD 91S.O ft. 

110.0 ft .. 
l.S H:lV 

Service Spillway Size 
Concrete Shaft and Conduit 
Shaft Opening 2 @ 3.S' x 6.0' 
Conduit - 42 inch prestressed concrete cylinder pipe 
Maximum Pool Level, NGVD 913.0 ft • 
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4.0 GEOTECHNICAL DESIGN 

In the following sections, the geotechnical aspects of 
the key components of the project are discussed. Comp'lete 
details on the proposed design are presented in the 
accompanying specification documents (Appendix G) and set of 
design drawings. 

4.1 Dam Embankment 

The proposed dam has been designed as an earth 
embankment with five (5) different zones as shown on 
Drawing No. 13-3027. Zone I will serve as an upstream 
impervious core to reduce seepage and dissipate total 
heads through the dam. Material for this zone will come 
from Borrow Area I. The inorganic clays of low to 
medium plasticity found in this area are excellent 
materials for the core of a dam since they are 
relatively impervious, resistant to piping and have 
acceptable shear strength. Zone I soils will be 
compacted with a sheepsfoot roller in lifts of 6 in. 
maximum loose thickness, at a water content ranging from 
optimum - 1% to optimum + 2%, to 100% of the maximum dry 
density as determined by the standard Proctor compaction 
test (ASTM D 698-78, Method A). 

Mine spoil from Borrow Area II will be used in the 
transition zone (Zone II) between the clay core and the 
chimney drain. This zone will serve two purposes. 
First, it will complement the clay core in reducing 
seepage and dissipating total head. Secondly, it.will 
work as a filter to prevent piping of the clay core. 
This material will be free of boulders or rock fragments 
larger than 6 inches. Zone II will be compacted with a 
sheepsfoot vibratory roller in lifts of 9 in. maximum 

loose thickness, at a water content ranging from optimum 

43 



\:
ij 

:-: 

I' 

1. 

\. 
j, 

I 
I• 
I 

I 
I 

I 
I 
f 

- 1% to optimum + 2%, to 100% of the maximum dry density 
as determined by the standard Proctor compaction test 
(ASTM D 698-78, Method C). 

Drawing No. 13-3025 shows, in plan, the under drain 
system for the dam. Bottom ash from Cardinal Plant 
units 1, 2 and 3 will be used in the chimney drain and 
lateral drainage blankets along the valley slopes in the 
downstream shell of the dam (Zone III A). Bottom ash 
from units 1 and 2 will be used in the outlet drainage 
blanket in the foundation of the downstrea~ shell (Zone 
III B). A sand and gravel toe drain (Zone III C) will 
be placed at the end of the outlet drainage blanket. 
Bottom ash is expected to perform satisfactorily as a 
drain material as laboratory tests performed indicated 
_that it has excellent mechanical properties such as 
gradation, permeability and shear strength. Bottom ash 
and the sand and gravel toe drain will be compacted in 
lifts of 9 in. maximum loose thickness in a saturated 
condition and with a vibratory roller to a relative 
density of at least 70% as determined by ASTM D 
2049-69. The gradation requirements for the drainage 
zones and for Zones I and II soils are shown in Figure 
4.1. 

Mine spoil from Borrow Area II and material from the 
emergency spillway and abutments excavation will be used 
in the cofferdam and upstream and downstream shells of 
the proposed dam (Zone IV). Material for this zone will 
be free of boulders or rock fragments larger than 12 in. 
in size. Zone IV will be compacted with a sheepsfoot 
vibratory roller in lifts of 12 in. maximum loose 
thickness, to 100% of the maximum dry density, at a 
water content ranging from opt. - 2% to opt + 1%, as 
determined from the standard Proctor compaction 

test(ASTM D 698-78, Method C). Oversize rock will be 

44 



Ii 

,. 
I: 
J. 

I. 

. I 
i 

l 
I 

! . 

used as rip rap (Zone V). Additional rip rap, if 
necessary, will come from the proposed quarries. Rip 
rap will be compacted by at least 4 passes with a D8 
bulldozer or equivalent equipment. 

4.2 Excavation 

The location of the proposed dam was initially 
selected based on storage volume considerations. 
Subsequent investigation of the site revealed certain 
potential deficiencies which have been minimized by 
tailoring the design to meet the site.conditions. On 
the east side, the dam location abuts against an 
existing knoll, which could increase potential 
seepage. In addition, the valley slopes on both 
abutments have an adverse orientation which would 
promote instability and make it difficult to achieve a 
tight connection between the clay core and abutments. 

In order to correct these deficiencies, a cut to 
rock will be made at the proposed abutment as shown in 
Drawing No. 13-3023. The orientation of the trimmed 
faces has been designed so that the upstream core of the 
dam will intersect the abutments at right angles. This 
symmetrical configuration will result in balanced 
seating of the clay core against the rock which will 
reduce interface seepage and minimize the potential for 
cracking of the core. Furthermore, arching the .dam in 
the upstream direction, as shown in Drawing No. 13-3026, 
will increase stability and will promote closure of any 
transverse cracks that may tend to develop • 

The upstream core will extend to competent rock in 
the foundation as shown in Drawing No. 13-3023 to cut 
off potential seepage beneath the dam. The proposed 
excavation is based on the findings of the test pits, 
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-- borings and the results of a geophysical survey. A copy 
of the report, "Geophysical Survey, Cardinal Flyash Dam 
II", is included as Appendix E. The actual depth of the 
cut-off trench and extent of the overburden remQval for 
the foundation and abutments will be adjusted during 
construction to suit field conditions. The exposed rock 
surface in the excavation for the cut off trench will be 
slushed grouted and repaired with dental concrete. 

4.3 Water Diversion 

The cofferdam and the excavation for the cut off 
trench and service spillway are shown in plan in Drawing 
No. 13-3032 and in profile in Drawings No. 13-3028 and 
13-3033. Because Blockhouse Run presently flows through 
the proposed dam site, excavation of the cofferdam 
foundation and the cut off trench and placement of fill 
in these areas will require a water diversion scheme. 
The proposed plan calls for temporarily relocating 
Blockhouse Run excavating and backfilling in sections 
and installing a temporary water diversion pipe (36" ~ 
CMP). The construction sequence is as follows: 

1. Construct a temporary diversion channel as shown in 
the drawings and divert Blockhouse Run through it. 

2. Starting 5 ft. from the east edge of the flowing 
creek and making a 1.5 (H) to 1 (V) cut, excavate 
the east portion of the cofferdam foundation and cut 
off trench down to the required grade (phase I 
excavation). 

3. Partially backfill the excavation by placing the 
appropriate soils on a 1.5 (H) to 1 (V) slope to 
approximately elevation 755 NGVD (phase I backfill). 
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4. Install the diversion pipe, construct the end 
ditches and divert the creek to flow through the 
diversion pipe. 

5. Excavate and backfill the west side of the cofferdam 
foundation and cut off trench (phase II excavation 
and backfill). 

6. Construct the cofferdam and install a temporary 42" 

CMP at approximately elevation 780 ft. NGVD to 
connect to the service spillway. 

The excavation described above will require dewatering 
of the site. The Contractor will be responsible for 
submitting a dewatering scheme for approval of the Owner's 
Engineer. Also, the Contractor will be permitted to submit 
an alternate water diversion scheme for the Owner's 
Engineer's consideration. 

Once the cofferdam and service spillway are completed 
and the 42"~ CMP is installed, the section of the diversion 
pipe which extend beyond the downstream toe of the cofferdam 
will be removed. The portion of the diversion pipe buried 
under the cofferdam will then be plugged with lean concrete. 
At this time, water will start to impound behind the 
cofferdam and the 42" ~ CMP will serve as the spillway. The 
cofferdam's operating pool will be at elevation 780.5 ft. 
NGVD. 

4.4 Grout Curtain 

A grout curtain along the longitudinal section of 
the dam will be provided to reduce potential seepage 
through the dam foundation and abutments. The primary 
and secondary lines of grout holes are shown in plan in 
Drawing No. 13-3029 and in profile in Drawing Nos. 
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13-3027 and 13-3028. The grout mixture will consist of 
a Portland cement, bentonite and water, with admixtures 
added as may be required. The mixture will be designed 
to suit the particular conditions encountered in the 
work. In general, grouting will be done in 10 to 20 ft. 
sections from the bottom of the hole up, at pressures 
not to exceed the overburden pressure. Split spacing 
will be carried out whenever the refusal criterion 
cannot be met. Additional lines of grout holes will be 
installed if required • 

4.5 Pressure Relief Drains 

A line of pressure relief drains will be installed 
in the abutments in areas were the overburden soils will 
not be removed and the lateral drainage blankets will 
not be directly in contact with exposed rock. The 
drains will consist of 6 in. diameter boreholes drilled 
to rock and backf iiled with pea gravel as tentatively 
shown in plan in Drawing No. 13-3029 and in section in 
Drawing No. 13-3028. This system of drains is intended 
to intersect and drain seepage through the grout curtain 
and reduce the uplift pressures in the abutments. The 
exact location, number and spacing of pressure relief 
drains will be adjusted in the field to suit actual 
field cond.itions. 

4.6 Geotechnical Instrumentation 

The instrumentation program for the proposed dam 
will consist of piezometers, settlement monuments. and a 
weir. The proposed location of the instruments is shown 
in plan in Drawing No. 13-3024 and in section in Drawing 
No. 13-3027 and 13-3028. 
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P~eumatic piezometers will be installed before 
construction and as the embankment is be~ng placed, in 
the foundation, abutments and every zone of the dam. 
The piezometers will be read once a week during 
construction. This information will be used to monitor 
the build up Qf pore pressure during construction and to 
evaluate the embankment stability in terms of effective 
stresses. 

Settlement monuments will° be installed every 50 ft. 
along the downstream edge of the dam crest. 

A 90° V notch weir will be installed 200 ft. 
downstream of the downstream toe of the dam. Seepage 
from the underdrain system and from seeps in the 
abutments, which are likely· to develop, will be directed 
towards the weir. 

An operation manual for the proposed dam, which will 
~ 

explain the use of these instruments and present the 
recommended schedule for reading the instruments during 
normal operation, will be prepared at a later date. 

5.0 GEOTECHNICAL ANALYSES 

Seepage, stability and settlement analyses have been 
conducted to evaluate geotechnical aspects of the proposed 
design. The under drain system was found to have ample 
discharge capacity to handle the anticipated flow through the 
dam embankment and foundation. The minimum safety factors,") 
for stability at end of construction, long term condition and\ 

-·-·--··... ./ 
seismic loading were determined to be acceptable. A camber~~· 
has been provided to accommodate the anticipated long term 
settlement. In the following sections, the assumptions made, 
methods used, and results of the geotechnical analyses are 
discussed in detail. 
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5.1 Seepage 

Figure 5.1 presents the maximum section through the 
dam and shows the range in permeability that is 
anticipated for each of the embankment zones and to~ 75 
feet of bedrock. The permeability values shown are 
based on the results of the packer tests on the 
foundation bedrock and the laboratory permeability tests 
on the embankment materials as discussed in Section 2 of 
this report. 

Flow nets-for two idealized conditions of flow 
through the embankment and foundation were constructed. 
For the first flow net, a perfect see~age cut off 
thrdugh the foundation bedrock was assumed. Also, it 
was assumed that no dissipation of total head would 
occur through the embankment other than at Zones I and 
II and that the permeability of both these zones will be 
homogeneous, isotropic and equal to 10-7 cm/sec. Figure 
5.2 presents the resulting flow net. It is believed to 
approximate the most critical conditions of flow through 
the embankment that can be anticipated. The maximum 
expected flow and hydraulic gradient through the 
embankment equal 3.3 x 10-2 cf/day per linear ft. of dam 
and 1.25, respectively. The discharge capacity of the 
chimney drain (Zone III a) was checked and found to be 
adequate. The top phreatic surface through the 
embankment for use in the stability analysis under 
steady state flow was determined. 

For the second flow net, the effect of the grout 
curtain was neglected and the permeability of the top 75 
ft. of bedrock was assumed homogeneous, isotropic and 
equal to 5 x 10-5 cm/sec. Zones I and II and bedrock 

below the top 75 ft. were considered impervious. Figure 
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5.3 presents the flow net for seepage through the 
foundation. From this figure, a flow of 4.1 cf/day per 
linear ft. of dam~ a maximum gradient across the core of 
0.5 and the foundation uplift pressure shown were 
determined. Also, the outlet drainage blanket (Zone III 
b) was found to have sufficient discharge capacity to 

handle the anticipated flow tprough the embankment and 
foundation, and still provide an ample factor of safety 
of 10. 

5.2 Stability 

Stability analyses for end of construction, steady 
state seepage and seismic loading we-re performed on the 
maximum section of the dam using a computer program 
developed at ~urdue University called STABL. The 
embankment stability wa~ checked using circular slip 
surfaces and the Modified Bishop Method of Slices. 
Wedge type foundation failures were invesfigated using a 
simplified version of Janbu's Method of Slices. A 
pseudo static analysis with a horizontal seismic 
coefficient of 0.1 was conducted to simulate seismic 
loading. The stability of both the upstream and 
downstream shells of the dam were investigated. 

Figures 5.4 and 5.5 summarize the results of the 
stability analyses for end of construction and steady 
state seepage respectively. The soil parameters and 
total heads used in the analyses are also depicted. The 
minimum factor of safety found for gravity loads was 1.4 
and correspond to an upstream foundation slide at the 
end of construction. For the long term condition, the 
minimum factor of safety found was 1.5 and corresponds 
to a downstream foundation slide. For seismic loading, 
deep slip surfaces in the downstream shell were found to 
have a factor of safety of about 1.2. 
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Stability under rapid drawdown conditions was not 
investigated ~ecause this type of loading is not 
anticipated to occur. 

The computer printouts for the stability analysis 
are presented in Appendix H. 

5.3 Settlement 

No long-term foundation settlement is expected to 
occur except in the areas of the abutment slopes where 
the overburden soil will not be removed. The total 
estimated settlement in these areas is less than 1 ft. 
{see Appendix H for Settlement Computations). Most of 
this settlement, as well as settlement of the 
embankment, is expected to occur during construction. 
Typically, the post construction settlement of dams of 
this type and size is about 1% of the dam height. In 
order to accommodate the post construction settlement 
the crest of the dam will be raised to elevation 926 ft. 
at the abutments and gradually to elevation 927 ft. at 
the mid point between abutments. 

6.0 COST ESTIMATE AND CONSTRUCTION SCHEDULE 

The cost of c~nstructing the dam and appurtenances is 
estimated at $12,785,000. Table 6.1 lists the estimated cost 
of labor and materials for each construction item. 

The construction schedule for the project is shown in 
Figure 6.1. Construction of the dam and appurtenances is 
expected to take three construction seasons with mobilization 
scheduled for May of 1984 and completion in October of 1987. 
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TABLE 6.1 

CARDINAL PLANT - FLY ASH DAM II .. _ 
COST ESTIMATE 

Item 

I. Dam 
a. Clearing and Grubbing 
b. Excavation 
c. Foundation Preparation 
d. Drilling and Grouting 
e. Relief Wells 
f. Stream Diversion 
g. Fill 

Zone I - Core 
Zone II- Transition 
Zone III- Drain 
Zone IV - Shell 

h. Cofferdam 
i. Rip-Rap 
j . Instrumentation 
k. Collector Drains 

Dam Sub Total 

II. Service Spillway 
a. Riser 
b. Conduit 
c. Surge Shaft & Energy Dissipater 
d. Outlet Ditch 

Service Spillway Sub Total 

III. Emergency Spillway 

IV. Overflow Skirmner 

V. Clean Up/Seeding 

VI. Mobilization 

VII. Access Roads 
a. Crest of Dam 
b. Energy Dissipater 

Access Roads Sub Total 

Cost Estimate 
Material Labor 

$ 29,000 
$ 25,000 
$ 3,000 

$297,000 

$ 50,000 

$ 30·, 000 
$ 26,000 

$460,000 

$135,000 
$645,000 
$ 71,000 

$851,000 

$140,000 

$ 12,000 
$ 8,000 

$ 20,000 

$ 300,000 
$ 970,000 
$ . 42,000 
$ 407,000 
$ 13,000 
$ 46,000 

$1,202,000 
$1,088,000 
$ 545,000 
$2,928,000 
$ 39,000 
$ 400,000 
$ 30,000 
$ 26,000 

$8,036,000 

$ 268,000 
$ 424,000 
$ 170,000 
$ 10,000 

$ 872,000 

$1,900,000 

$ 

$ 

$ 

$ 
$ 

$ 

15,000 

60,000 

74,000 

2,000 
6,000 

8,000 
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TABLE 6.1 (Continued) 

CARDINAL PLANT - FLY ASH DAM II 
COST ESTIMATE 

Cost Estimate 
Item Material Labor 

VIII. Borrow Area Reclamation $ 41,000 $ 250,000 

IX. Sediment Control $ 30,000 

X. Reservoir Clearing $ 15,000 

XI. Access Stairs $ 8,000 $ 5,000 

Sub Total Labor and Material $1~520,000 $11,265,000 

Total Cost $ 12,785,000 
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1. INTRODUCTION

Cardinal Operating Company, agent for Ohio Power Company and Buckeye Power Company

Incorporated, proposes to increase storage capacity of the Fly Ash Retention Pond II (FAR II) at

the Cardinal Plant by raising the existing dam crest from 970 feet NGVD (National Geodetic

Vertical Datum) to 983 feet NGVD. The storage capacity provided by the existing dam with a

crest at 970 feet NGVD is projected to be exhausted in the year 2013. Increasing the dam crest to

983 feet NGVD will provide storage capacity through 2019 (6 more years). The original dam

(crest El. 925) was approved by the Ohio Department of Natural Resources, Division of Water on

April 30, 1985 (Permit No. 85-147). The dam was subsequently raised beginning in 1997,

bringing the crest to El. 970 (present crest elevation), as approved by the Ohio Department of

Natural Resources, Division of Water on April 30, 1996, (Permit No. 97-264). The purpose of

this report is to summarize the technical design of the dam raising in fulfillment of the

requirements of Section 1501:21-5-04 of the Ohio Administrative Code. Cardinal Operating

Company previously submitted a Preliminary Design Report for the project in October of 2011,

and an earlier version of this Final Design Report in May, 2012, both of which are superseded by

this submittal. In addition to this report, a plan package and construction specifications have been

prepared which are submitted under separate cover. Please note that, separately, Cardinal

Operating Company applied for a wastewater permit from the Ohio Environmental Protection

Agency for the modified facility. This permit was issued on August 20, 2012 (Application No.

877122).

1.1 Location and General Description of the Dam

The proposed dam raising site is located in Section 5 of Wells Township, Jefferson County, near

the town of Brilliant in eastern Ohio, as shown on the Cover Sheet included as Drawing No. 13-

30080-A of the Dam Raising Drawings. The original earth fill dam consisted of a 180 feet high

arched earth embankment incorporating a zoned cross section. At 925 feet NGVD, the dam

featured a 70-foot wide by 1,055-feet long crest. The maximum operating pool that could be

achieved with the original configuration was El. 913. Throughout this document the original dam

is referred to as either the 1986 dam or the Stage 1 dam. The present dam, which reflects the

modifications associated with the 1997 raising, and as shown on the Record Drawings dated

March 31, 2000, is 225 feet high with a 30-foot wide crest. The current dam is referred to as

either the present dam or the Stage 2 dam throughout this document.
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A cross-section through the highest section of the existing dam is included on reference drawing

No. 13-30042-3. As shown on this drawing, the existing dam consists of several zones. These

zones, from upstream to downstream, consist of 1)upstream mine spoil structural fill shell,

2)upstream fine bottom ash filter zone, 3)cohesive clay core, 4)mine spoil transition zone,

5)bottom ash chimney drain/filter which transitions into a blanket drain which exits at the toe, and

6)downstream mine spoil structural fill shell. In addition, although not formally a part of the dam,

the impounded ash rests on top of the upstream mine spoil shell which influences the stability of

the upstream slope and seepage through the dam and abutments. The level of impounded ash is

constantly changing; the approximate topography of the impounded ash as determined by

bathymetric survey on September 7, 2011 is shown on drawing No. 13-30081. Also shown on the

dam cross-section are the features associated with the 1997 raising which incorporated an

upstream RCC (cement stabilized bottom ash) block along with extensions of the upstream

bottom ash filter, clay core, chimney drain and downstream mine spoil shell. At the completion

of the 1997 raising, the upper portion of the entire dam crest (approximately 30 feet wide) consists

of a minimum of 9 feet of RCC to both protect the dam from erosion and serve as a roadway. The

RCC zone will serve as the foundation for the proposed dam raising.

The current maximum design operating pool is El. 960, although the pool is maintained several

feet below this level though the use of a stop log configuration within the service spillway

structure. Drawing No. 13-30083-A of the plan package entitled Site Plan shows the as-built

topographic data for the current dam configuration. It is proposed to raise the dam crest from 970

feet NGVD to 983 feet NGVD utilizing back-to-back mechanically stabilized earth (MSE) walls

constructed on top of the existing crest, as depicted on Drawing No. 13-30087-A. Seepage will be

controlled through the use of a vinyl sheet pile wall which will extend from the top of the MSE

walls through the existing RCC and into the clay core. The existing service spillway will be

raised to bring the maximum design operating pool up to El. 974. Plan section, and details of the

service spillway raising are shown on Drawing No. 13-30091-A. The existing emergency

spillway will be raised using mass concrete in conjunction with new training walls to safely pass

flood events exceeding the 50-year flow. The proposed emergency spillway plan is depicted on

Drawing No. 13-30089-A.
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Table 1.1.1 Existing And Proposed Characteristics Of Reservoir

Location Statistic Existing Proposed

DAM

Classification Class I Class I

Crest Elevation 970.0 983.0

Maximum Height 237 feet 250 feet

Crest Width 30 feet 22 feet

Emergency Spillway El. 961.0 975.5

Emergency Spillway Width 110 feet 108 feet

RESERVOIR

Max. Operating Pool El. 960.0 974.0

Max. Operating Pool Area 138 ac. 161 ac.

Max. Operating Pool Volume 9,800 ac-ft 11,868 ac-ft

Emergency Spillway Area 137 ac. 184 ac.

Emergency Spillway Volume 9,900 ac-ft 12,200 ac-ft

Top of Dam Area 153 ac. 184 ac.

Top of Dam Volume 11,350 ac-ft 13,500 ac-ft

In addition to the dam information, Drawing No. 13-30081-A depicts the outline of the reservoir

at the proposed maximum operating pool level and at the probable maximum flood (PMF) level,

as well as the locations of state, county and township roads; utilities; topography and other

pertinent information.

1.2 Classification

The Ohio River, Cardinal Generating Plant, State Route 7 and the Tidd-dale subdivision of

Brilliant, OH all lie directly downstream of the proposed dam. A sudden failure of the existing

dam at 970 feet NGVD or the proposed dam at 983 feet NGVD will likely result in loss of human

life, and damage to homes, high value utility installations and both a railroad and a public road.

Also, the existing and proposed dam heights and storage volumes exceed the thresholds for class I

dams as established in Section 1502:21-13-01 of the ODNR Administrative Rules. For these

reasons, the proposed Earth Fill-RCC dam is classified as a class I dam.

1.3 Purpose of Dam

The purpose of the proposed raising from elevation 970 feet to 983 feet NVGD is to provide for

the continued disposal of fly ash coal combustion byproduct produced by the Cardinal Generating

Plant. Cardinal Generating Plant has three units rated at 600, 600 and 630 megawatts (MW),
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respectively, which produce a total of 560,000 cubic yards of fly ash per year. The proposed dam

raising will provide for fly ash disposal through the year 2019.

2. PROPOSED DESIGN OF DAM

The proposed dam raising project will involve raising the main dam 13 feet using back-to-back

MSE walls. The principal features of the typical section, as shown on Drawing No. 13-30087-A,

are the MSE wall themselves and a vinyl sheet pile wall extending from the existing clay core to

the top of the PMF flood level for seepage cutoff purposes. Other important features of the dam

raising include a raised service (principal) spillway incorporating stoplogs connected to the

existing service spillway, and a higher emergency spillway constructed at the location of the

existing emergency spillway. These items are discussed further in the following sections.

2.1 Main Dam

The raising of the dam will be accomplished using back-to-back MSE walls to achieve the

proposed crest elevation of 983. With this approach, the need for a large amount of fill on the

downstream side of the dam is obviated. A new vinyl sheet pile wall will be installed within a

slurry stabilized trench to create a continuous seepage barrier extending from the existing clay

core to the top of the proposed dam. It should be understood that the sheet pile wall is principally

a seepage control feature as opposed to a structural feature. The sheet pile wall will be supported

on both sides by the new MSE walls. The MSE walls will generally feature full height precast

concrete panels, high density polyethylene (HDPE) geogrid reinforcement, free-draining granular

backfill, and concrete coping traffic barriers. The geogrid reinforcement will be imbedded into

the precast panels eliminating connection strength issues. The use of geogrid and PVC sheet piles

will eliminate corrosion concerns, while burial within the stone will remove UV light degradation

concerns. The precast concrete panels will be reinforced with epoxied-coated rebar and will be

designed to resist corrosion. As the panels will be manufactured off-site in a controlled setting,

the quality should be higher (in terms of proper placement of reinforcement, consolidation of

concrete and proper curing) than for equivalent cast-in-place concrete.

At the existing emergency spillway, the top of the sheet pile wall will be terminated at El. 963

within the mass concrete section. To the left of the emergency spillway, the top of the sheet pile

wall will terminate within the training wall footing, providing a continuous barrier to seepage. At

the right abutment, the back-to-back MSE wall configuration will be turned up the present access

road until El. 983 is reached to avoid impacting the existing fly ash service lines. The sheet
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pile/slurry trench cutoff wall will be extended into intact rock at both abutments to minimize near

surface seepage through the overburden.

2.2 Emergency Spillway

As part of this project, the existing emergency spillway will be raised to El. 975.5 through the use

of a mass concrete gravity section in conjunction with reinforced concrete training walls, in a

manner similar to the existing configuration. The new walls will direct the flow into the existing

spillway outlet channel, as shown on Drawing Nos. 13-30083-A and 13-30089-A. A profile of

the new emergency spillway is shown on Drawing No. 13-30090-A. In accordance with State of

Ohio dam safety requirements for Class 1 dams, the new emergency spillway has been designed

to pass the design probable maximum flood (PMF) without overtopping the dam. The new

spillway will feature a 108 foot long by 15 foot wide concrete control section positioned at El.

975.5, or 1.5 feet above the maximum operating pool. The training walls will be located above

elevation 975.5 and will consequently not be exposed to a continuous pool reducing corrosion

concerns. Modified Service Spillway

The existing service spillway consists of a sloping concrete shaft structure with one side opening,

four feet wide, connecting into a 54 inch diameter pre-stressed concrete cylinder pipe (PCCP).

The bottom of the sloping concrete shaft and the entire 54-inch concrete pipe were constructed

within bedrock as part of the 1997 raising. Stop logs are utilized to maintain settling action and

control the operating pool level. The existing service spillway will be extended with a new

vertical concrete shaft structure. Other than the extension, all other aspects of the spillway will

remain the same, with the flow discharging at the base of the dam into the same receiving stream.

Stop logs will be incorporated into the new vertical section to continue to allow for the

incremental raising of the operating pool.
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3. SITE INVESTIGATION

3.1 Regional Geology

The regional geology of Jefferson County is discussed in the design report for Stage 1 construction of the

Cardinal Dam II (1). The geological investigation and evaluation conducted for the purposes of

constructing the existing dam are still valid. Additionally, an extensive review of the regional geology

with special focus on permeable bedrock units is presented in the recently completed Hydrogeologic

Study for the project.

3.2 Site Geology and Subsurface Stratigraphy of Natural Ground

Geologic cross sections for the stage 1 dam were constructed from the borings and test trenches at

the time the original dam was designed. These sections are shown in Drawing Nos. 13-3004 and

13-3005 which are included as reference drawings to this report.

3.3 Subsurface Investigation

A large amount of historic subsurface data is available at the location of the dam as presented in the 1986

and 1996 design reports. In recognition of this, as part of the current dam raising effort, a subsurface

exploration program which focused on filling the gaps in the data with respect to the proposed

construction. The Plan of Borings, included as Drawing No. 13-30098-A of the reference drawings,

shows the locations of all known explorations performed at the project site, including recently completed

work.

3.3.1 Field Work

During June of 2011, 16 borings and 10 test pits were performed in support of the present dam raising

focusing on the left and right abutments and potential low spots around the rim of the reservoir. Please

note that at the time of 2011 investigation, a higher raising was envisioned necessitating exploration at

locations which will not be impacted by the reservoir as part of the current plan. Test pits were extended

to depths between 9 and 14 feet, or until the top of the bedrock surface, if encountered first. The borings

were extended to depths between 10.9 and 117 feet below existing grades. The boring locations were

selected and field located by S&ME by referencing existing site features. Subsequently, AEP surveyed in

the exact exploration locations and surface elevations at the boring locations.

In February of 2012, 5 additional borings, 3 of which included cores of the RCC, were performed through

the crest of the existing dam. These borings were extended to between 34.5 and 35.5 feet to develop

information to assess the strength and permeability of the RCC and the strength of the upper portion of
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the underlying clay core which will be subject to increased stress under the weight of the MSE walls. At

Borings B-1202, B-1203 and B-1205, the RCC was first cored using a diamond-tipped core barrel and

conventional concrete coring equipment. At Borings B-1202 and B-1205, a 3-inch core was obtained,

while at Boring B-1203, an 8-inch core was obtained.

Finally, on April 3, 2012, , seven additional test pits were completed to confirm the top of rock elevation

along the left abutment. The test pit locations were surveyed using GPS equipment.

3.3.2 Exploration Methods

The borings were performed with a track or truck-mounted drill rig and were advanced between sampling

attempts using a 3¼-inch I.D. hollow-stem auger. Disturbed, but representative, samples were obtained

by lowering a 2-inch O.D. split-barrel sampler to the bottom of the hole and driving it into the soil by

blows from a 140-pound hammer freely falling 30 inches (Standard Penetration Test, ASTM D1586).

The samples were obtained at continuous intervals until auger refusal was encountered. Split barrel

samples were examined immediately after recovery and representative portions of each sample were

placed in air tight jars and retained for subsequent laboratory testing.

Upon encountering auger refusal, a changeover was made to rock coring techniques to verify the presence

and condition of the bedrock. Bedrock cores were then obtained by using a NQ rock-core barrel with a

diamond bit with water as the circulating fluid. Recovered cores were catalogued in the field and

preserved in compartmented boxes and delivered to our laboratory for inspection, classification, and

testing. The rock coring was performed in accordance with ASTM D 2113.

All borings except B-1101D were backfilled with cement-bentonite grout either at completion or within

the same week that drilling was completed. A standpipe was used to ensure the overburden soils did not

cave before the grouting occurred in B-1106 and B-1108. B-1101D was drilled without sampling and a

standpipe was left in the boring to allow for the use of a downhole camera to view the presence of

possible voids encountered in B-1101A, 1101B and 1101C.

Test pits were completed using a backhoe with a 44-inch bucket to expose the near surface stratigraphy.

The stratigraphy was identified and logged. Samples of the exposed material were obtained from the pit

wall at select locations, excavator bucket or cuttings pile, depending on depth. The samples were

preserved in air-tight containers.
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3.3.3 Water Pressure (Packer) Testing

Water pressure (packer) tests were completed in Borings B-1108, B-1109 and B-1115 following the

completion of rock coring. The packer tests were performed to assess the permeability of the bedrock.

The packer tests were completed using a pneumatic double packer setup to test approximate 10-foot

intervals. The individual packers were inflated using nitrogen. The tests were run by lowering the packer

setup to the desired test interval, inflating the packers, and pumping water into the zone between the

packers. After a steady water pressure reading was obtained, the time and water meter readings were

noted. A constant pressure was maintained during the test by opening or closing a by-pass valve located

between the water pump and the pressure gauge. Tests were generally run for a time period of 3 to 5

minutes at which time a final water meter reading was recorded. Multiple tests were typically run at each

depth interval for varying water pressures to allow for the calculation of the permeability values using

multiple data sets. The results of these tests were incorporated into the Hydrogeology Report which is

presented under separate cover.

3.3.4 Recording of Field Data

In the field, the following procedures and specific duties were performed by personnel from our office:

• examined all samples recovered from the borings;

• cleaned soil samples of cuttings and preserved representative portions in airtight glass jars;

• made seepage observations and measured the water levels in the borings;

• prepared a log of each boring or test pit;

• made hand-penetrometer measurements in soil samples exhibiting cohesion;

• directed the packer testing program after reviewing the rock core samples; and,

• provided liaison between the field personnel and the Project Manager so that the field investigation
could be modified in the event that unexpected subsurface conditions were encountered.

At the completion of drilling, all samples were transported to the BBCM laboratory for further

examination and testing.

3.3.5 Laboratory Testing

In the laboratory, soil samples were visually identified, with natural moisture content (ASTM D 2216),

liquid/plastic limit determinations (S&ME adjustment to ASTM D 4318) and grain-size analyses (ASTM

D 422) performed on selected representative specimens of anticipated subgrade soil. Results of these

tests permit an evaluation of strength and compressibility characteristics of the soil by comparison with

similar soils for which these characteristics have been previously determined. A summary of the
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laboratory results is presented on Plates 1 through 6 of Appendix B, Atterberg Limits results are presented

on Plates 7 through 11, and grain size curves are presented on Plates 12 through 69 of Appendix B.

Unconfined compression test results of the RCC core samples are presented as Plates 70 through 77 of

Appendix B and permeability test results of the RCC are presented as Plates 78 through 81 of Appendix

B. Two consolidated-undrained (CU) triaxial test series, and four unconsolidated-undrained (UU) triaxial

tests were completed on samples of the upper portion of the existing clay core. The results of these tests

are presented graphically in Appendix B on Plates 73 through 84.

Based upon the results of the laboratory testing program, the field logs were modified, if necessary, and

copies of the laboratory-corrected boring logs and test pit logs are submitted as Plates 4 through 34 and 53

through 62 in Appendix A, respectively for the 2011 work and on Plates 71 through 80, and 85 through

91 for the 2012 work. In addition to the logs, rock core photographs and field test pit photographs are

included as Plates 35 through 52 and Plates 62 through 70 of Appendix A, respectively. Photographs of

the RCC cores are included as Plates 81 through 84 of Appendix A, and a table summarizing the

unconfined compression tests is included below. Note unconfined compression tests were only performed

on the vertical cores.

Table 3.3.5 Summary of Unconfined Compressive Strength Tests Performed on RCC Cores

Boring Sample No.
Approximate Specimen

Depth (feet)
Unconfined Compressive

Strength (psi)

B-1202 C-2 0.5 1516

B-1202 C-4 1.3 705

B-1202 C-9 3.4 1211

B-1202 C-14 5.9 1264

B-1205 C-1B 0.5 595

B-1205 C-4 2.4 1411

B-1205 C-8 5.6 1602

B-1205 C-12 7.7 1127

Avg. 1179

Shown on the boring logs are: descriptions of the soil stratigraphy encountered; depths from which

samples were preserved; sampling effort (blow-counts) required to obtain the specimens in the borings;

N60 values; seepage and groundwater observations; and, values of hand-penetrometer measurements made

in soil samples exhibiting cohesion. For your reference, hand-penetrometer values are roughly equivalent

to the unconfined compressive strength of the cohesive fraction of the soil sample. An explanation of the
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symbols and terms used on the boring logs, and definitions of the special adjectives used to denote the

minor soil and rock components are presented as Plates 1 and 2 of Appendix A of this submission.

Additionally, test pit exploration procedures and symbols and terms used on the test pit logs are presented

on Plate 3 of Appendix A.
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4. HYDROLOGIC AND HYDRAULIC ANALYSIS

4.1 Introduction

The existing hydrologic conditions at the proposed dam site are described herein. Blockhouse

Run, the major drainage feature in the project area, drains directly into the Ohio River.

Approximately one mile upstream of the Ohio River, Blockhouse Run splits into two branches,

designated as the East Branch and the West Branch.

The East Branch drains the eastern watershed as delineated in the Watershed Map on Plate 2 of

Appendix C. The active fly ash dam II inundates the East Branch. The West Branch has been

dammed to form the old Fly Ash Reservoir I (FAR I).

The location of the dam is shown on the drawings. Extension of the dam will inundate

approximately 161 acres, or 24 percent of the area in the eastern watershed. Since the location of

the dam is situated downstream of the discharge points of the old dam, runoff from the western

watershed drains into the existing reservoir. Therefore, the spillway system of the proposed dam

raising has been designed to meet ODNR Class I design criteria based on the runoff from both

watersheds. The following sections present the hydrologic considerations and analyses performed

during the design phase of this project.

4.2 Basin Characteristics

Figure 3.1 shows the limits of the watershed boundary for the existing Fly Ash Reservoir II(FAR

II). The total drainage area above the dam has been divided into two watersheds, East and West,

for analysis of the storm runoff entering the reservoir, as shown on Plate 2 of Appendix C.

A review of available topographic maps and aerial photos was made to determine essential basin

characteristics for each watershed. Such characteristics include the drainage boundaries, areas,

slopes, soil types, ground cover, land use and the time of concentration. The time of

concentration is defined as the elapsed time for runoff to travel from the hydraulically most

distant part of the watershed to some reference point downstream.

The old fly ash dam is located in the western watershed. Present land use within the drainage area

is limited to reclaimed strip mine areas, some woodlands, and the inactive FAR I. Reclamation of

the reservoir area is actively in progress in the form of a residual waste landfill above the level of

the ponded fly ash. A built-out landfill condition was also analyzed for the western watershed,

using the 2005 FAR I PTI. The PTI listed a Curve Number (CN) of 74, therefore the composite

CN of the current FAR I condition of 75 was used. See Plates 4 through 6 of Appendix C.
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Woodlands and scattered reclaimed strip mines constitute the existing land use in the East

watershed. Construction of the proposed fly ash dam raising will inundate approximately 161

acres at Elevation 974.0 feet NGVD, the maximum operating pool elevation.

Soil types in the areas have been identified by the Soil Conservation Service (SCS) of the U.S.

Department of Agriculture and classified into hydrologic soil groups. Within the study area, all

soils fall under the hydrologic soil group B. Table 4.2.1, below, lists the basin characteristics for

the Western and Eastern watersheds.

Table 4.2.1 Basin Characteristics

BASIN

CHARACTERISTICS

WATERSHED

WEST EAST

Woods Landfill Woods Reservoir

Drainage area (acres) 519 158 514 161

Average land slope % 30 n/a 25 n/a

Hydrologic soil group C C C n/a

SCS curve number (CN) 70 91 70 100

Composite CN 75 n/a

Time of concentration (hours) 0.87 0.57 0.1

TOTAL AREA (acres) 677 675

4.3 Characteristics of Proposed Reservoir

A previously referenced, Drawing No. 2 shows the location of the existing dam. Based on this

layout, the reservoir will have the following surface areas and storage capacities - as shown below

in Table 4.3.1.

Table 4.3.1 Surface Areas and Storage Capacities

ELEVATION (Ft. NGVD) AREA (AC) STORAGE (AC-FT)

Maximum Pool 974.0 161 11,868

Emerg. Spillway 975.5 165 12,200

Top of Dam 983.0 184 13,500

The area-capacity-elevation curve developed for this dam is shown on Plate 3 of Appendix C.
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4.4 Design and Assumptions

Rainfall - runoff data was not available for the site because the streams flow intermittently.

Therefore, runoff hydrographs were generated using the U.S. Army Corps of Engineers HEC-1

computer program. The SCS dimensionless unit hydrograph method was employed in the

calculation of the hydrographs. For each watershed, separate runoff hydrographs were computed

and then later combined to form a single inflow hydrograph for the proposed reservoir.

Runoff from the West watershed was analyzed based on current landfill construction activity.

The landfill area was assumed to be in a disturbed (unvegetated) condition. A composite curve

number was used to represent the unvegetated landfill and surrounding wooded areas. This is

shown on Plate 4 of Appendix C.

In the East watershed, the reservoir surface is modeled as a subbasin to convert direct rainfall into

a runoff hydrograph. The ash sluice water of 13.3 mgd (20.6 cfs) is represented as a base flow in

the East watershed.

Once computed, the runoff hydrographs from the three subbasin watersheds are combined and

routed through the reservoir.

4.4.1 Service Spillway

According to OAC 1501:21-13-04, design of the principal (service) spillway for class I dams must

be such that the average frequency use of the emergency spillway is predicted to be less than once

in fifty years. The estimated precipitation for a 50-year storm was obtained from the NOAA Atlas

14. For a 6-hour storm, the precipitation is 3.43 inches, whereas the 24-hour storm amount is 4.51

inches, as shown on Plate 9 of Appendix C.

Both 6-hour and 24-hour storm durations with average soil moisture conditions were checked.

The 24-hour storm resulted in a higher maximum water surface, therefore this storm duration was

used for developing the 50-year storm inflow hydrograph.

4.4.2 Emergency Spillway

OAC 1501:21-13-02 specifies that for class I dams, the spillway system shall safely pass the

design flood equal to the probable maximum flood (PMF) without any overtopping of the dam.

The PMF is the result of the probable maximum precipitation (PMP), defined as the greatest depth

of precipitation for a given duration that is meteorologically possible for a given basin at a

particular time of year. Generalized estimates of the PMP have been published by the
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Hydrometerological branch of the National Weather Service, as shown on Plates 11 and 12 of

Appendix C. For the study area, a 6-hour PMP of 26.5 inches was used as the design rainfall

event. The antecedent moisture conditions of the soil cover were assumed to be average.

The layout of the control section and outlet channel for the emergency spillway is shown on the

Emergency Spillway Plan.

The emergency spillway control section will be a section of mass concrete at Elevation 975.5. It

will have a bottom length of 108 feet and side slopes consisting of access ramps at 2 to 15%

grades. Downstream of the access ramps and control section, vertical concrete retaining walls

wrap into the spillway and guide flow down the channel. The width of the control section along

the flow direction will be 15 feet. The downstream channel of the spillway will be stepped. Steps

will be formed of the mass concrete beginning at the downstream end of the control section and

tying-in to the existing RCC steps. The calculations show that flow downstream of the control

section becomes supercritical. The spillway channel transitions from an approximate 3.5H:2V

slope along the proposed concrete steps to a 5H:2V slope along the existing RCC steps..

4.5 Analysis

All reservoir flood routings were conducted using the HEC-1 computer program. The program

routes floods through the reservoir by the modified Puls method. In general, reservoir storage

data and either spillway dimensions or discharge-rating curves are supplied by the user.

4.5.1 Service Spillway

Analysis of the service spillway system consisted of routing the 50-year storm to establish the

invert of the emergency spillway. A design for the service spillway was determined and a stage-

discharge curve was computed. A maximum operating level of elevation 974 was predetermined

based on the projected life of the dam raising. Reservoir routings of the 50-year storm were

performed using the maximum operating level of the reservoir.

Inflow was calculated as weir flow over the 4-foot stop log. Above Elevation 976, flow will enter

through the top of the vertical service spillway structure. This flow was analyzed as both weir

and orifice flow. Rating calculations for the service spillway are included on Plates 13 through 19

of Appendix C.
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4.5.2 Emergency Spillway

Hydrologic reservoir routings were conducted to analyze the emergency spillway and its ability to

pass the probable maximum flood without overtopping the dam. A flat rectangular control section

was designed with a width of 15 feet and length of 108 feet. Discharge over the spillway was

rated based on calculations of critical depth using the Corps of Engineers HEC-RAS computer

program. Cross sections were taken at changes in geometry, slope or surface roughness.

Manning's n roughness coefficients were input based on the expected channel surface conditions.

Based on literature (see Plates 40 through 42 of Appendix C), a relatively high Manning’s

roughness coefficient of n=0.07 was used to model the stepped spillway surface. As shown on the

drawings, proposed reinforced concrete training walls extend from the crest of the dam to a point

approximately 3 feet beyond the proposed stepped channel transitions into the existing steps.

Downstream from the training walls section, the spillway width becomes 110 feet, consistent with

the current configuration.

The calculated relationship between stage and discharge was then used in the routing process to

determine the maximum discharge and pool elevation. This information was used as the

emergency spillway rating and input into HEC-1.

Discharges from the emergency spillway are routed away from the dam through an existing outlet

channel.

4.6 Results

4.6.1 Service Spillway-Hydraulic Capacity

The proposed new principal spillway is a vertical concrete shaft structure with a 4-foot wide

opening on one side. The spillway shaft will tie into the existing inclined spillway structure. The

existing structure drains into a 54-inch diameter Prestressed Concrete Cylinder Pipe (P.C.C.P.),

which then ties into a 42-inch steel pipe extending down the dam. The existing energy dissipator

at the outlet of the steel pipe will be utilized. During most of the operating conditions, discharge

through the service spillway will be controlled by weir flow over the stop logs in the opening of

the shaft. The maximum operating level is set at elevation 974.0 feet. This corresponds to a

maximum stop log elevation of 972.5 based on the base inflow of 20.6 cfs.

The peak inflow during the 50-year, 24-hour storm is 486 cfs, which results from 4.51 inches of

rainfall according to NOAA Atlas 14. The reservoir level will rise to elevation 975.2 feet based
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on an initial pool level of elevation 974. The peak outflow from the dam will be 58 cfs. The

HEC-1 output for the reservoir routings are contained on Plates 44 through 75 of Appendix C.

4.6.2 Service Spillway-Structural Capacity

The 54-inch P.C.C.P. portion of the service spillway was also analyzed for additional internal and

external pressures due to the 13-foot dam raising. The pipe is installed under the dam

embankment and was trenched into bedrock. Pipe crushing calculations were performed to

analyze the additional loading on the pipe from the raised dam. Previous calculations (see 2000

As-Built Drawing No. 13-30043-5) indicate that the pipe was designed to handle 80 feet of

overburden material at 125 pcf. The proposed top of dam will be 74.6 feet above the pipe,

therefore the existing concrete pipe will be suitable to handle the additional load. Additional

information on as-built drawing 13-30043-5 also indicates that the pipe is capable of handling

internal pressure up to 35 psi. It is possible that at high headwater elevations, the spillway pipe

could become pressurized. Under the maximum pool elevation of 983.0, the maximum static

head on the downstream portion of the pipe would be 80.5 feet, or 34.9 psi. As the water will be

flowing through the pipe, the actual pressure on the pipe will be less than this value; therefore the

pressure should not exceed the pipe rating of 36 psi. See Plates 20 and 21 of Appendix C.

4.6.3 Emergency Spillway

The development of the PMF hydrograph indicates a peak inflow to the reservoir equal to 16,329

cfs. This value represents the combined hydrographs from the West and East watersheds. Values

of the runoff from each watershed and the combined runoff are shown in Appendix C.

Based on the flood routing, the calculated peak discharge from the dam is 5,409 cfs at a maximum

pool elevation of 981.9 feet NGVD. The PMF routing was also checked with the service spillway

blocked, which resulted in a maximum pool elevation of 982.8 and 0.2 feet of freeboard.

Both 6-hour and 24-hour storm durations were checked. The 6-hour storm resulted in a higher

maximum water surface, therefore this storm duration was used for developing the PMF inflow

hydrograph.

Depth of flow in the spillway was determined based on the HEC-RAS analysis. In the proposed

spillway section, the training walls were kept a minimum of 1 foot above the critical water surface

depth of 4.5 feet, as shown on Plates 23 and 32 of Appendix C. The training wall height

downstream of the steps transition was kept to a minimum of 1 foot above the resultant water
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surface depth during the PMF event (2 to 2.5 feet). The existing wall height of 4 feet meets this

requirement. The HEC-RAS output is presented as Plates 25 through 36 of Appendix C. The

structural analysis of the raised emergency spillway is presented elsewhere in this report.

4.7 Summary and Conclusions

The hydrologic/hydraulic studies for the proposed dam raising included estimating the PMF and

50-year flood hydrographs and designing the emergency and service spillways. The U.S. Army

Corps of Engineers computer programs HEC-1 and HEC-RAS were used in the analyses. The

Hydrograph presented on Plate 43 of Appendix C displays the resultant inflow and outflow

hydrographs from HEC-1 based on the PMF event. Table 4.7.1, gives a complete summary of the

study.

The proposed spillway system has enough capacity to pass the probable maximum flood without

overtopping the dam. The water discharged through the emergency spillway is directed away

from the dam such that it causes no threat to the stability of the structure.

Table 4.7.1 Hydrologic/Hydraulic Summary for Proposed Raising Of Dam

HYDROLOGIC AND HYDRAULIC SUMMARY

Drainage Area AREA (AC) 2.2 Sq. Mi.
Design Floods (Inflow)

PMF Peak 16,329 cfs
50-Yr Peak 547 cfs

Peak Discharge
PMF 5,409 cfs
50-Yr 58 cfs

Maximum Pool Elevations, NVGD
PMF 981.9 ft
50-Yr 975.2 ft

Emergency Spillway - Overflow Control Section - Concrete
Crest Elevation, NGVD 975.5 ft
Bottom Width 105.0 ft
Side Slopes Vertical

Service Spillway - Size
Top of Vertical Concrete Structure 976.0 ft
Stop Log Width 4.0 ft
Conduit Size 54" & 42"
Maximum Operating Pool Level, NGVD 974.0 ft
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5. GEOTECHNICAL DESIGN

Performance of the existing dam, geotechnical aspects incorporated in its design, and applicability

of these aspects in the design of a portion of the dam proposed for raising are discussed in the

following sections.

5.1 Performance of the Existing Dam Embankment

Overall, the existing dam has performed well since it was originally put into service in the mid-

1980s. This having been said, a few incidents have occurred which were investigated and

resolved as discussed in the following sections.

5.1.1 Specific Issues Which Have Been Evaluated and Corrected

During the 1997 dam raising, an apparent undrained slope failure took place in late October

within the downstream mine spoil zone near the toe of the slope as fill was being placed. At the

time of the slope failure, the downstream mines spoil shell had been constructed up to El. 900.

The slope failure exhibited a head scarp at roughly El. 827. Construction was halted and the

failure was investigated. The investigation suggested that the failure resulted from pore pressure

build up within the newly placed cohesive mine spoil soils due to an accelerated placement rate in

conjunction with above optimum moisture contents. The failure was remediated by removing the

majority of the slide mass in conjunction with the construction of a large rock fill toe drain/berm.

The toe berm is shown on the as-built drawings, dated March 31, 2000, from the 1997 dam raising

which were submitted to ODNR.

Subsequent to the completion of the 1997 dam raising, a number of cracks were observed within

the RCC section. It was believed that these cracks were related to differential settlement along the

crest as the amount of fill above bedrock varied in thickness as well as related to shrinkage of the

RCC mass during curing. The RCC mix design and thermal gradients through the RCC zone

were also considered attributing factors to the cracking. These cracks are described in a report

entitled Cracks in RCC Zone and Post-Construction Performance of Dam , dated June 1, 1999.

Subsequent monitoring of the cracks suggested that no further significant movement had taken

place and the cracks were sealed.

In February of 2004, significant seepage emanating midway up the right downstream groin was

observed. This seepage carried ash with it leading to a concern for a potential piping failure. The

seepage was assessed and was believed to have occurred through the jointed right abutment

bedrock. Laboratory analysis (grain size, mineralogical, and X-ray diffraction) of the seepage
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confirmed that it was carrying fly ash and not material from the dam itself. The seepage was

initiated only after the water level in the reservoir reached the level of the more permeable

sandstone bedrock layer. This layer was exposed within the reservoir due to an overburden

landslide which had occurred near upstream of the right upstream in 1984, prior to the

construction of the Stage 1 dam. Over time this seepage has been reduced and no longer carries

ash resulting from a hypothesized self-healing process. This issue was described in detail in

report prepared by AEP submitted to ODNR in 2004, as well as in the peer reviewed paper

Amaya, Massey-Norton and Stark (2009). Subsequent monitoring of the right abutment

downstream groin seepage has indicated that the seepage from the right abutment is staying

relatively constant.

5.1.2 Annual Inspection Program

Quarterly inspection of the existing dam and appurtenant structures is conducted by plant

personnel. The personnel of the American Electric Power Service Corporation (AEPSC) perform

yearly inspections to review overall performance of the dam and to ensure that the remedial work

has been completed in accordance with recommendations resulting from previous inspections. An

inspection on a less frequent basis is conducted by an outside independent consultant. The

purpose of this inspection is to re-inspect the dam, to review the results of periodic inspections

conducted by the plant and AEPSC personnel, and to provide an independent assessment of the

current status of the dam. The inspection reports are submitted to ODNR, with the most recent

dated November 8, 2011. The results of a dam safety and performance inspection are summarized

below:

Geotechnical design criteria used in the design of the existing dam, based on its performance

since construction to present, seem to be satisfactory. The long term movement of the dam as

established by deformation survey appears to be within expected range for the earth fill dam and

generally appear to be slowing, implying a secondary compression response.

The seepage emanating from the dam is continuously monitored both in magnitude and for the

presence of eroded materials. Since the significant seepage outbreak which in 2004 (previously

discussed), the quantity of seepage has reduced and has remained constant. As shown in the

November, 2011 inspection report, despite a pool rise of roughly 25 feet since 2004, the discharge

from the right abutment seepage has held steady. This data should be compared to the planned

increase in the operating pool of 14 feet.
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Piezometers were installed in various zones of the dam during its construction. Readings for the

piezometers show a trend which appears to indicate a normal condition reflective of post

construction period and an increase in the reservoir level, as detailed in the annual inspection

reports.

In conclusion, the dam appears to be performing satisfactorily.

5.2 Geologic Assumptions for Raised Dam

Geologic conditions considered in the design of the raised portion of the dam include the site

geologic features and rock types that may adversely affect the stability and performance of the

raised dam. Major geologic assumptions addressed here were evaluated and incorporated in the

design of the existing dam. These assumptions included evaluations of geologic structures at the

site such as rock type, faults, joints, shear zones and bedding planes. Presence of clay seams in

the foundation rock was also investigated as a potential instability condition. It was concluded

that continuous clay seams are not likely to exist in the foundation rock at the site.

5.3 Borrow Areas

The proposed dam raising exclusively involves the use of imported and manufactured materials, and as

such no on-site borrow will be used as part of the project. Backfill between the MSE walls will consist of

crushed limestone imported from off-site. A minimal amount of compacted granular material will be

placed behind the left abutment training wall, which will consist of crushed limestone obtained from the

on-site stockpile.

5.4 Dam Raising Scheme with Respect to Geotechnical Issues

The back-to-back MSE wall solution was specifically developed to avoid the need for the placement of a

large amount of downstream fill and the associated large stress increase and corresponding risk of slope

failure. Additionally, MSE walls are flexible and can accommodate the anticipated differential settlement

as the foundation for the walls transition from bedrock at the abutments to as much as 216 feet of

cohesive embankment fill at the dam high point. With this solution, seepage is controlled by positively

connecting the existing clay core with the top of the dam through the use of a sheet pile wall. To

minimize seepage further, the joints between the sheet piles will be treated with a sealant prior to driving

and the lower portion of the wall will be imbedded within the cement-bentonite slurry wall. The exposed

portion of the driven sheet piles will be further sealed post-installation with caulk on the upstream side.

Compaction of the MSE wall backfill will be simplified through the use of free draining granular

materials which are moisture insensitive.
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Geotechnical instrumentation already in place will be maintained as possible. Destroyed points will be

replaced whenever possible or new ones will be installed in the proximity of a destroyed one. The

existing and proposed deformation monuments are shown on Drawing No. xxxxx. The existing

piezometers are shown in section view on Record Drawing No. 13-30042-4, Section 3-3. Proposed

instrumentation will consist of sets of upstream and downstream tilt meters (single axis) affixed to the top

of the MSE wall panels (not the coping) in conjunction with survey monuments. This instrumentation

will provide an excellent indication of any movement in the dam, whether rotational or translational. This

information, in conjunction with the close monitoring of the seepage from the downstream drains will

provide the operator with sufficient information to understand the performance of the raised dam.

Furthermore, as the pool level will be raised incrementally, the instrumentation will provide an early

warning of any deviations from the expected performance, when the head is low relative to the raised

portion of the dam, mitigating the potential for a catastrophic failure.

5.5 General Discussion of Foundation for Raised Dam

The foundation for the raised portion of the dam will generally consist of the existing RCC crest

with the exception of either abutment where the raised section will be supported on natural

ground. The foundation for the main dam was extensively investigated as part of the Stage 1

design report. During the construction of the original dam, beneath the clay core, all surficial

soils were removed and the core was extended into intact bedrock. As the core transitioned up the

abutments, vertical cuts were made into the hillside to reach intact rock to promote good contact.

The bedrock beneath the abutments was grouted during the original dam construction and again

during the 1997 dam raising. Where the dam raising will extend beyond the present crest at the

abutments, it is planned to remove the majority of the overlying soil (generally less than 8 feet

thick). The seepage cutoff trench will be extended into rock at both abutments. In the following

sections, the foundation requirements related to the raising of the dam are discussed in more

detail.

5.6 Abutment Seepage Under Raised Pool

As part of the design of the dam raising, the potential for increased seepage through the abutments

was considered. As previously indicated, a significant seepage event through the right abutment

bedrock occurred in 2004. However, since this event, the quantity of seepage has stabilized. This

is shown in the November, 2011 inspection report, where despite a pool rise of roughly 25 feet

since 2004, the discharge from the right abutment seepage has held steady. This data should be

compared to the planned increase in pool associated with the dam raising of 14 feet. The reason
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for this apparent discrepancy is likely related to the fact that the ash is generally discharged at the

rear of the reservoir, such that the only the finest particles make their way to the dam and

abutments. For this reason, as the level of impounded ash increases, it tends to reduce the

permeability of the abutment walls from what would be anticipated if the reservoir only contained

water. In addition to this observation, it should be noted that the abutments which will be

impacted by the proposed raising were grouted as part of the 1997 raising, as shown on Reference

Dwg. No. 13-30053-3. For these reasons, it is not planned to perform additional abutment

grouting during construction of the raising.

Although an abutment grouting program is not planned in conjunction with the construction of the

dam raising, future abutment grouting has not been ruled out. In the case of the right abutment,

the flow rate through the existing, monitored, seeps will continue to be measured and recorded. In

contrast to the right abutment, no seeps have been identified at the left abutment, likely due to the

greater width of the ridge at this location. It is also recognized that as the downstream side of the

left abutment (beyond the emergency spillway channel) is covered with trees and brush, it is

difficult to closely observe the slope at present. To this end, as part of the maintenance plan for

the dam raising, the upper portion of the slope will be cleared of brush and small trees (although

larger tress will not be remove), and the surface stabilized with grass. The slope will then be

routinely walked looking for signs of seepage or distinct seeps as part of the regular dam

inspection program. If a seep is found, an attempt will be made to monitor the flow rate and a

summary of the issue will be presented to ODNR for discussion. Depending upon the severity

and the change with time, an abutment grouting program may be developed. The specific

abutment grouting, including number, configuration and depth of the grout holes would be

developed after the seep has been identified.

5.7 Foundation Preparation Considerations

5.7.1 Existing Dam

The majority of the raised dam is supported on the top of the existing dam. With the exception of

the sheet pile cutoff, the new MSE walls and backfill will be placed directly on the existing RCC

surface. Surface preparation will consist of the removal of loose/weathered RCC material. As

previously indicated, 5 borings were performed to investigate the condition of the existing RCC

and the strength of the underlying cohesive clay core. These borings indicate that beneath the

weathered surface layer the RCC is in good condition exhibiting minimal cracking, as evidenced

by the recovered large diameter core sample.
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5.7.2 Abutments

The widened abutments will be founded on bedrock. The surface of the foundation rock will be

cleaned and loose pieces of the rock will be removed prior to the installation of the MSE and cast-

in-place retaining walls (left abutment only). The sheet pile cutoff wall will be extended into

intact bedrock cutting off near surface seepage. As previously indicated, additional bedrock

grouting is planned as part of the dam raising contract, but may be considered in the future based

on the observation of the abutment slopes.
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6. GEOTECHNICAL ANALYSIS

In support of the design, calculations and analyses were performed to assess the suitability of the

proposed configuration, including global stability, MSE wall internal and external stability, steady state

seepage and settlement. The targeted factors of safety (where applicable) used for design for these

various failure modes were based on US Army Corps of Engineers requirements. When evaluating these

analyses and the computed factors of safety, it should also be recognized that the pool level will be raised

incrementally over a period of 6 years through the use of stop logs. Because of this, the performance of

the dam can be observed prior to the most severe loading and unanticipated responses can be addressed

under lower heads than the full design value. The calculations and the results are summarized in the

following sections of this report. The analyses themselves (computer output where applicable), including

parameter selection rational, are presented within Appendix D.

6.1 Discussion of Anticipated Foundation Behavior

As previously indicated, the foundation for the MSE walls will consist of the existing RCC section. As

shown on Reference Drawing No. 13-30042-3 which depicts the typical configuration for the main

portion of the dam, the RCC zone is approximately 50 feet thick on the upstream side and 9 feet thick on

the downstream side. For this reason, the upstream RCC zone effectively functions as a block while the

downstream RCC zone functions more like a thick protective cover. The point between the two zones is

the location of the cutoff wall which will be physically severed as part of the raising.

Based on the above understanding, the upstream and downstream MSE walls were evaluated separately in

terms of global stability, sliding and bearing pressure. It is believed that the underlying 9-foot thick

section will tend to function as a spread footing for the downstream wall with respect to sliding and

bearing capacity. For this reason, external sliding stability was evaluated at both the MSE wall/RCC

interface as well as at the underlying RCC/clay core interface. Likewise, the upstream wall was evaluated

both at the MSE wall/RCC interface and considering the MSE wall and RCC block as a single unit.

A large number of potential global slope stability cases were evaluated in an attempt to assess all possible

failure modes. Owing to the complex geometry of the MSE walls, in some cases the walls were modeled

as a simple surcharge load to reduce the potential for computational difficulties (the software not

analyzing what it appears to be). For this reason, there are some variations in the computed factors of

safety. Finally, the RCC zones were modeled both as monolithic blocks as well as smaller blocks

recognizing the existing cracks. This is discussed in more detail in Section 6.4.
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6.2 Seepage Analysis of Main Dam

A seepage analysis was performed with the aid of the computer program Slide™ (Version 5.0) developed

by Rocscience, Inc. The program utilizes the finite element method to perform steady-state unsaturated

groundwater analysis. The cross section developed for the analysis was provided by AEP and modified to

reflect the proposed raising. The cross section reflects the section through the highest point of the dam.

The seepage analysis was performed in conformance with the US Army Corps of Engineers Manual

1110-2-1901 entitled Seepage Analysis and Control for Dams.

Coefficients of permeability (k) for the various embankment and foundation materials developed by AEP

and their consultants for the Stage 1 and Stage 2 Dam design reports were used for the present analysis.

New material zones include the reinforced zone (No. 57 stone), ODOT Item 304 surface course, the

cement-bentonite slurry wall, and the vinyl sheet pile wall. A summary of the parameters are shown in

the following table.

Table 6.2.1: Summary of Coefficients of Permeability Used in Seepage Analysis

Material
Vertical Coefficient of

Permeability, kv (ft/min)
Kh/kv

Fly Ash 2 x 10-5 9

RCC 2 x 10-5 9

Mine Spoil - Upstream Shell (Zone IV) 4 x 10-7 9

Clay Core (Zone I) 4 x 10-8 9

Transition Zone (Zone II) 4 x 10-8 9

Mine Spoil - Downstream Shell - Stage 1 & 2 (Zone IV) 2 x 10-4 9

Bottom Ash Filter Zone 2 x 10-4 1

Chimney Drain (Zone III A) 1 x 10-1 9

Blanket Drain (Zone III B/C 1 x 10-1 9

Brown Clay 4 x 10-8 9

Rock Toe Buttress 1 x 10-2 9

Overburden 2 x 10-6 1

Claystone 1 x 10-10 1

Shale 1 x 10-10 1

Reinforced Zone - Coarse Aggregate 1 x 10-1 1

Item 304 Aggregate 2 x 10-4 1

Vinyl Sheet Pile Wall 2 x 10-10 1

Cement-Bentonite Cutoff Wall 2 x 10-5 1
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The main purpose of this analysis was to look at the impact of the higher pool on the existing chimney

and toe drain system. In addition to the computer analysis, the phreatic surface was considered as

measured in the field in the many piezometers. The piezometer data suggests that the phreatic surface is

well controlled with the existing chimney drain.

6.2.1 Hydraulic Boundary Conditions

The following boundary conditions were assigned to the finite element based models.

 A 'Constant Head' boundary set at El. 974 was used to represent the level of water in the fly ash

reservoir at the proposed maximum operating pool. The upstream end of the model was truncated

and also assigned a 'Constant Head' boundary at El. 974.

 The model was terminated approximately 20 feet below the top of bedrock. No boundary

conditions were assigned to the bottom boundary indicating a 'No Flow' condition.

 The downstream MSE wall was removed and a A 'No-Flow' boundary was placed on the

downstream side of the sheet pile cut-off wall as the permeability of the wall is sufficiently low to

assume no flow across this boundary.

 'Unknown' boundary conditions were set on the remainder of the model to allow the program

freedom to calculate values at these locations. These locations include the downstream slope face

and the downstream ground surface.

6.2.2 Finite Element Discretization and Mesh

The following steps were performed during the development of the seepage model:

 6 Noded Triangles were used to generate the finite element mesh for the models.

 The density of nodes was manually increased to minimize the number of ‘Poor Quality Elements’

based on the Mesh Quality function available in Slide.

 Poor quality elements were defined as elements with one of the following characteristics:

1. Maximum side length to minimum side length ratio greater than 10.

2. Minimum interior angle less than 20 degrees.

3. Maximum interior angle greater than 120 degrees.

6.2.3 Seepage Analysis Models and Results

Prior to conducting the seepage analysis for the dam raising, an analysis was performed for the existing

geometry of the dam and the results from the most recent piezometer readings have been superimposed on
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the graphical output for comparison to the computer generated results. The results indicate the finite

element based seepage analysis appears to correspond with the actual phreatic surface measured in the

field for the existing conditions. Graphical output from the seepage analyses for the existing and

proposed geometries are presented in Appendix D-1

6.3 Internal and External MSE Wall Analyses (Excluding Global Stability)

It is planned to use MSE walls constructed with Tensar’s ARES panel wall system. This system, which is

approved by ODOT for the support of highways, consists of full height precast concrete panels with the

geogrid reinforcement directly cast into the panel eliminating connection strength issues. Additionally,

this system avoids the use of metallic reinforcement, eliminating corrosion concerns. Consistent with

ODOT practice, the final design of the geogrid strength and spacing, along with the detail design of the

precast panels, will be performed by Tensar working for the contractor, as described in detail in the MSE

wall specification. However, to verify the suitability of the system for this project, S&ME performed

internal and external analyses which are presented in Appendix D-2 of this report. Internal analyses

consisted of examining connection strength and the strength of the geogrid. External analyses consisted

of sliding, eccentricity, bearing capacity, and deep seated stability, the latter of which was examined using

2-D slope stability analysis as discussed in Section 6.3. These analyses are based on the use of free-

draining, angular granular backfill and the presence of a live surcharge loading due to truck traffic.

The internal stability of the MSE walls was assessed using the MSEW v3.0 design software manufactured

by ADAMA Engineering, Inc., in general accordance with AASHTO criteria as presented in the

publication FHWA-NHI-10-043 S&ME examined two different loading conditions. The first is the

typical long term condition with the water level at the maximum pool elevation. The principal question

for this case is the earth pressure acting on the back of the reinforced zone associated with the other wall.

Note that no structural resistance is assumed to be provided by the sheet pile wall such that any pressure

acting on the sheet pile will be transmitted into the opposite MSE wall. For the second case, the stability

of the downstream wall was examined under the weight of the impounded water at the maximum flood

pool. As the sheet pile wall will be nearly water tight, particularly for the short term flood condition, and

that the free-draining granular backfill within the reinforced zone of the upstream wall will not

appreciable cause any head loss, the full hydrostatic pressure was assumed to act on the back of the

downstream wall.

As previously indicated, the external stability of the MSE walls (bearing capacity and sliding type

failures) was assessed in different ways for the two walls in consideration of the differing thicknesses of

the underlying RCC. For the bearing capacity analyses, the downstream RCC section was assumed to act
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as a spread footing reducing the loading intensity on the underlying clay core. Hand calculations were

performed to assess the factor of safety for bearing capacity for the end of construction and long term

loading conditions. Two-dimensional slope stability analyses were performed to examine the bearing

capacity for the upstream wall/RCC section. The results of these analyses are included in Appendix D-2.

Table 6.3.1 summarizes the lowest factors of safety obtained for each loading condition.

Table 6.3.1: Summary of Upstream MSE Wall Analyses (Other than Global Stability)

Analysis Condition
Minimum

Requirement
End of

Construction
Max Operating

Pool
PMF Pool

Direct Sliding on
Reinforcement

FS = 1.5 2.48† 2.11† 1.58†

Direct Sliding at MSE
Wall/RCC Interface

FS = 1.5 3.51† 2.87† 2.17†

Eccentricity E / L < 1/6 0.115 0.139 0.088

Overturning FS = 1.5 4.35 1.63 2.78

Geogrid Strength* FS = 1.5 1.58 1.81 4.16

†
Factor of safety does not reflect reduction in lateral earth pressure due to back-to-back wall geometry

*For design purposes only-final strength by contractor’s engineer

Table 6.3.1: Summary of Downstream MSE Wall Analyses (Other than Global Stability)

Analysis Condition
Minimum

Requirement
End of

Construction
Max Operating

Pool
PMF Pool

Direct Sliding on
Reinforcement

FS = 1.5 2.48† 2.48 1.4

Direct Sliding at MSE
Wall/RCC Interface

FS = 1.5 3.51† 3.51 2.23

Eccentricity E / L < 1/6 0.088 0.115 -

Overturning FS = 1.5 4.35 1.63 2.78

Geogrid Strength* FS = 1.5 1.58 1.58 1.58

Bearing Capacity of MSE/RCC
Mass

FS = 2.0 FS = 4.1 (Drained Analysis)
FS = 5.4 (Undrained Analysis)

†
Factor of safety does not reflect reduction in lateral earth pressure due to back-to-back wall geometry

*For design purposes only-final strength by contractor’s engineer

An additional analysis was performed to determine the factor of safety for direct sliding with the

downstream MSE wall and RCC foundation sliding over the clay core / mine spoil foundation. The factor

of safety for this scenario during the PMF was 1.4, meeting the requirements for the Maximum Surcharge

Loading condition.
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6.4 Global Slope Stability Analysis

Embankment dams should exhibit adequate factors of safety against a slope stability failure for static,

seismic and other loading conditions. As part of this project, S&ME focused on evaluating the cross-

section through the high point of the dam. Additional slope stability runs were performed for the section

through the existing emergency spillway. The following sections of this report discuss the analyses that

were performed, explain the rational supporting parameter selection, and present the results.

6.4.1 Methodology

Two dimensional slope stability analyses were performed with the aid of the computer program SLIDE™

(Version 6.0) utilizing Spencer's limit equilibrium method (Spencer, 1973) with a deterministic approach.

Graphical output was generated for each model examined displaying the critical slip surface

corresponding to the lowest factor-of-safety with colored contours of the other factors of safety included.

In some cases, an additional failure surface was shown where it was deemed the minimum factor of safety

did not clearly depict the overall embankment stability. The analyses were performed under End of

Construction, Long Term (Static), Rapid Drawdown, and seismic loading conditions in conformance with

the US Army Corps of Engineers Manual 1110-2-1902 entitled Slope Stability. The required minimum

factors of safety for these loading conditions are summarized in Table 6.5.1. The phreatic surface was

modeled based on current piezometer data collected from at the site and the results of the finite element

seepage analysis. However, the phreatic surface was entered manually to minimize the potential for

computation uncertainty as compared to directly using the finite element analysis output pressures.

As the proposed MSE wall raising is limited in extent, it is recognized that a significant change in stress

will only be realized in the upper portion of the embankment. It is believed that the embankment soils in

this zone may initially exhibit an undrained response, while the embankment soils beyond the zone of

significant stress increase will not see an increase in pore pressure and can be appropriately modeled with

drained strengths. To this end, the zone of influence for the end of construction analysis was determined

based on results of a finite element deformation analysis performed by AEP. Where the anticipated

deformation of the dam from the new loading was less than 0.005 feet, long term steady state parameters

were used as influence of the new loading on this zone is expected to be negligible. The zone modeled

with undrained strength parameters is designated by hatched material colors in the slope stability

graphical output in the End of Construction stability runs. Graphical output from the finite element

analysis is included in Appendix D-4.

Rapid Drawdown analyses were completed on the inboard slopes to model drawdown of the reservoir

from the PMF level to the maximum operating pool. Seismic slope stability analyses were performed
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based on a pseudo-static slope stability approach. The rapid drawdown analyses were performed using

the Duncan, Wright, and Wong 3-stage analysis approach (Duncan et al. 1990) in addition to Spencer’s

method to calculate the minimum factor of safety.

Table 6.4.1: Minimum Factors of Safety for Slope Stability

Analysis Condition
Required Minimum

Factor of Safety*
Slope to Be Analyzed

End of Construction 1.3 Upstream and Downstream

Long Term (Steady-State Seepage) 1.5 Upstream and Downstream

Max Surcharge Pool 1.4 Downstream

Rapid Drawdown 1.1 Upstream

Seismic (Pseudo-Static) 1.0 Upstream and Downstream

* Based on the US ACOE EM-110-2-1902 guidelines (Table 3-1) and ODNR historic requirements.

6.4.2 Shear Strength Parameters

Shear strength parameters representing the existing dam zones were developed by AEP and their

consultants for the design of the Stage 1 and Stage 2 dams. These values were used as the starting point

for the present global stability analyses but were modified in some cases to reflect the results of the

current investigation or to investigate particular failure modes. Additionally, the proposed raising will

include several new material zones: the MSE wall reinforced zone (No. 57 stone), ODOT Item 304

surface course, the cement-bentonite slurry wall, and the vinyl sheet pile wall. The shear strength

parameters for these new materials were estimated based on past experience. It should also be noted that

the strength of these materials does not appreciably impact the global stability analyses. A summary of

the shear strength parameters are shown in Tables 6.5.1.1, 6.5.1.2, and 6.5.1.3. The following sections

discuss the shear strength values in more detail for the most critical zones, the strength of which greatly

impacts the computed factors of safety.

6.4.2.1 Existing RCC

The 2D global stability analyses performed in support of the 1997 raising modeled the RCC zone with a

cohesion of 14,400 psf (100psi). As representative of the intact RCC, this value may be considered

conservative when compared to the unconfined compression strengths performed during the present

investigation which ranged from 595 to 1602 psi with an average of 1191 psi. These recent tests also

match well with the results of 128 unconfined compression tests perform on specimens recovered from 13
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core holes during March, 1999, as reported in the June 1, 1999 post-construction report. These tests

recorded strength values which ranged from 288 psi to 2367 psi with an average of 1155 psi. Having said

this, it is recognized that a number of cracks are present within the RCC zone, as discussed in detail in the

June 1, 1999 report entitled “Cracks in RCC Zone and Post- Construction Performance of Dam”. The

cracks discussed in this report are largely transverse and were believed to be associated with the cooling

of the RCC in conjunction with differential settlement between the abutments and the middle of the dam.

Transverse cracks do not affect 2D limit-equilibrium global slope stability analyses which are performed

in the transverse direction. Of more concern is the presence of horizontal cracks within the RCC

presumably occurring between lifts with incomplete bonding. Photographs of the three RCC cores

obtained during this investigation are shown in Appendix A. As can be seen, the two 3-inch diameter

cores exhibit a number of horizontal joints, whereas the one 8-inch diameter core is fully intact. Based on

this, it is clear that at least some horizontal joints exists within the RCC mass however the smaller

diameter cores may tend to exaggerate the number.

To examine of the impact of horizontal joints within the RCC mass, three global slope stability analyses

were performed placing the horizontal joint at difference elevations. As horizontal joints are under

compression due to the weight of the overlying material, it is expected that any such joints should be

tightly closed. The shear strength of the joint was model with a friction angle of 38 degrees (cemented

bottom ash to cemented bottom ash interface) but with no cohesion. The full hydrostatic head (associated

with the pool level of interest) was also assumed to act within the joint, as the models assume that all head

loss occurs within the clay core and sheet pile wall located downstream from the RCC.

6.4.2.2 Compacted Mine Spoil and Clay Core

Both the upstream and downstream RCC zones are supported principally on the compacted mine spoil

and cohesive clay core soils (designated Zone IV and Zone I respectively). The upper portion of these

zones will be subject to stress increase under the weight of the new MSE walls, with the relative increase

in stress decreasing with depth. A review of the construction documents for the Stage 1 and 2 dams

indicates that the clay core was required to be compacted to 100% of standard proctor density at a

moisture content of -1% to +2% of optimum and in 6-inch loose lifts. The mine spoil was to be

compacted in 12-inch loose lifts to 100% of standard proctor density at a moisture content of -2% to +1%

of optimum. The clay core was to consist of cohesive soil and recompacted shale fragments. In contrast,

the mine spoil could consist of mainly granular material to cohesive soils. In consideration of this, it is

believed that the clay core material represents the most critical material in terms of end of construction

(undrained) bearing capacity and global stability. For this reason, additional borings were performed to
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obtained “undisturbed” samples of the clay core to confirm its current condition. In the laboratory, two

CU triaxial test series and 4 UU triaxial tests were performed.

The soil shear strength parameter justification for the upper portion of the clay core and new material

zones used for the dam raising is presented in Appendix D-3. The shear strength parameters for the upper

clay core, including drained, undrained, and seismic conditions, were developed based on the results of

specialty laboratory testing performed during this investigation, field test results (hand penetrometer

readings), and correlations with index test results. As the other mine spoils zones (Zones II & IV) and the

original clay core materials were constructed with similar materials and specifications, the undrained

strength parameters for these materials were reduced from the values previously assumed during the

design of the Stage 1 and Stage 2 dams to be consistent with the undrained parameters developed from the

recent laboratory testing. A summary of the specialty testing is also presented in Appendix D-3.

Table 6.5.1.1: Summary of End of Construction Shear Strength Parameters

Material
Unit Weight

(pcf)

Angle of
Internal

Friction (deg)

Cohesion

(psf)

Fly Ash 95 30 0

RCC 95 0 14,400*

Mine Spoil - Upstream Shell (Zone IV) 125 0 2,000

Clay Core (Zone I) 128 0 2,000

Transition Zone (Zone II) 128 0 2,000

Mine Spoil - Downstream Shell (Zone IV) 125 0 2,000

Bottom Ash Filter Zone 100 38 0

Chimney Drain (Zone III A) 100 38 0

Blanket Drain (Zone III B/C 100 38 0

Brown Clay 125 26 0

Rock Toe Buttress 110 38 0

Overburden 123 15 1,000

Claystone 140 22.5 1100

Shale 140 15 1100

Reinforced Zone - Coarse Aggregate 105 38 0

Item 304 Aggregate 130 38 0

Cement-Bentonite Cutoff Wall 100 0 720*



FAR II Dam Raising Design Report S&ME No. 011-11497-042/1176-11-004A
Cardinal Plant, Brilliant, OH January 2013

33

Table 6.5.1.2: Summary of Long Term Steady State Shear Strength Parameters

Material
Unit Weight

(pcf)

Angle of
Internal

Friction (deg)

Cohesion

(psf)

Fly Ash 95 30 0

RCC 95 0 14,400*

Mine Spoil - Upstream Shell (Zone IV) 125 30 0

Clay Core (Zone I) 128 30 0

Transition Zone (Zone II) 128 30 0

Mine Spoil – Downstream Shell (Zone IV) 125 30 0

Bottom Ash Filter Zone 100 38 0

Chimney Drain (Zone III A) 100 38 0

Blanket Drain (Zone III B/C 100 38 0

Brown Clay 125 26 0

Rock Toe Buttress 110 38 0

Overburden 123 15 1,000

Claystone 140 22.5 1,100

Shale 140 15 1,100

Reinforced Zone – Coarse Aggregate 105 38 0

Item 304 Aggregate 130 38 0

Granular Fill 115 34 0

Cement-Bentonite Cutoff Wall 100 0 720*

*Strength modified to account for existing cracks-see discussion.

Table 6.5.1.3: Summary Seismic Stability Shear Strength Parameters

Material
Unit Weight

(pcf)

Angle of
Internal

Friction (deg)

Cohesion

(psf)

Mine Spoil - Upstream Shell (Zone IV) 125 6.8 2,000

Clay Core (Zone I) 128 6.8 2,000

Clay Core (’97 Raising) 128 14.4 520

Transition Zone (Zone II) 128 11 2000

Mine Spoil - Downstream Shell (Zone IV) 125 11 2,000
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6.4.3 Pseudo-static Coefficient Determination

Seismic analyses were performed using a pseudo-static analysis with a horizontal seismic coefficient of

0.06g. Following recommendations by Youd (2008), the seismic factors were estimated using a

probabilistic procedure based on deaggregation plots developed by the USGS Earthquakes Hazard

Program, as appropriate for regions without a well-defined active fault. The plots were developed for 2%

probability of exceedence in 50 years. Compatible modal pairs of earthquake magnitude, M and peak

acceleration, amax from both a near-source and distant-source earthquake event were considered. The

seismic coefficient chosen is based on the near source event, determined to be the most critical.

Development of the seismic parameters is presented in Appendix D-3. Liquefaction is not considered a

concern for this dam, as the dam is founded directly on bedrock and consists of properly compacted soil

and bottom ash.

6.4.4 Analyses and Results

The graphical computer outputs for the slope stability analysis has been included with this report in

Appendix D-5. The minimum factors of safety computed for all loading conditions and scenarios

examined for this report are in conformance with the USACE requirements. Tables 6.5.3.1 and 6.5.3.2

summarize the lowest factors of safety computed for the various loading conditions.

Table 6.5.3.1 : Slope Stability Analysis Results - End of Construction

Failure Mode
Failure Surface

Type
Slope Calculated Minimum

Factor of Safety

Global – Failure Surface
Below RCC

Circular
Upstream 3.79

Downstream 1.58

Failure Surface Through MSE
Wall

Circular
Downstream

1.71

Non-circular 1.60

Shallow Failure Surface
Through MSE Wall

Circular Downstream 2.22

Failure Along Sheet Pile
Interface

Composite Downstream 1.81
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Table 6.5.3.2 : Slope Stability Analysis Results – Steady State Seepage

Failure Mode
Required Minimum

Factor of Safety
Slope Calculated Minimum

Factor of Safety

Global – Failure Surface
Below RCC

Circular
Upstream 2.96

Downstream 1.76

Failure Surface Through MSE
Wall

Circular
Downstream

1.77

Non-circular 1.79

Shallow Failure Surface
Through MSE Wall

2.14

Failure Along Sheet Pile
Interface

Composite Downstream 1.75

Failure through Horizontal
Crack in RCC

Non-Circular

Downstream 1.59

Upstream 2.0

Surcharge Pool Circular Downstream 1.68

Table 6.5.3.3 : Slope Stability Analysis Results – Surcharge Pool, Rapid Drawdown, & Seismic

Loading Condition Analysis
Slope Calculated Minimum

Factor of Safety

Surcharge Pool Flood Pool EL 982 Downstream 1.68

Rapid Drawdown
Drawdown from Flood

Pool to Max Pool
Downstream 2.74

Seismic Global
Upstream 2.65

Downstream 1.11

6.5 Analysis of Raised Emergency Spillway Section

The existing emergency spillway will be raised using mass concrete. The mass concrete will extend from

the top of the existing spillway at El. 961 up to El. 975.5, a height of 14.5. Of this amount, the lower 13

feet will eventually be exposed to the permanent pool. For this reason, the mass concrete will function as

both a structural and a seepage control element. Seepage through the mass concrete will be controlled by

minimizing the number of cracks through the use of low heat of hydration concrete and thermal control

during placement. Additionally, control and expansion joins will be installed. All joints will be protected

with water stops and sealed with caulk.
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The mass concrete was analyzed as a conventional concrete gravity dam for uplift (flotation), sliding and

overturning along the RCC/concrete interface. Loading due to water pressure at El. 975.5 (just before

spillover) and at max flood pool was examined, along with ice loading (maximum operating pool only).

Additionally, seepage and global slope stability analyses were carried out in a manner similar to that used

for the main dam section. The results of these analyses are shown in Table 6.5.3.2. Finally, the potential

for settlement was considered. The existing emergency spillway section including the upstream RCC is

supported directly on bedrock associated with the Stage 1 spillway cut. As the majority of the weight of

the mass concrete will be applied to the upstream RCC, it is believed that minimal settlement will occur.

There is however the potential for differential settlement to take place between the main mass concrete

and the smaller amount of the concrete covering the top part of the existing spillway steps. To this end,

an expansion joint with a water stop is included at this transition.

Table 6.5.3.2: Slope Stability Analysis Results – Raised Emergency Spillway Section

Analysis Description
Calculated

Minimum Factor of
Safety

Long Term

(Steady-State Seepage) Slope Stability

Composite Failure
Surface

2.17

Seismic (Pseudo-Static) Slope Stability
Composite Failure

Surface
2.22

Uplift
Pool EL 975.5 2.5

Pool EL 982.0 2.0

Slidin
Pool EL 975.5 2.1

Pool EL 982.0 2.2

Overturning Pool EL 975.5 2.1
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6.6 Settlement

The settlement of the existing dam under the weight of the MSE wall raising was evaluated. In

recognition of the complex foundation conditions consisting of various types of compacted fill as well as

RCC, it is believed that the best estimate of settlement may be determined by extrapolation from the

settlement records of the existing dam. Specifically, the settlement of the Stage 1 dam under the weight

of the Stage 2 raising was measured through a combination of monitoring points. This data has

previously been presented to ODNR and is summarized in the Appendix D-6. However the proposed

raising is roughly 30 percent of the load of the Stage 2 raising. For this reason, the observed settlement

for Stage 2 was reduced by this amount. Based on this computation, it is anticipated that primary

compression settlement under the weight of the planned raising will vary from less than one-half inch at

the abutments, to as much as 1.5 to 2 inches near the high point of the dam. Additionally, the overall dam

is experiencing secondary compression, as evidence by the creep type behavior of the existing monitoring

points. This long term settlement will continue and may result in an additional ¼ to ½ inch of settlement

over the next 10 years, by which time the storage will be exhausted. Such settlement is well within the

tolerance of the ARES system, as each panel is essentially an independent system with differential

settlement accommodated between the panels. New survey monuments will placed on the top of dam at

an approximate spacing of 200 feet.

Long-term settlement of the existing service spillway pipe under the influence of the planned raising is

estimated to be less than ½ inch as this pipe is fully supported on a cast-in-place concrete cradle on top of

bedrock.

.
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7. CONSTRUCTION APPROACH

Owing to the limited access to the dam crest, construction of the planned raising will be more difficult

and will require a higher level of planning and coordination than typically required for dam construction

or for similar MSE walls along highways. Recognizing this, AEP and S&ME have discussed several

different construction approaches and believe that the planned raising is constructible. The general

approach is discussed as follows. Please note that the following approach is presented to demonstrate the

feasibility of the dam raising and in the end, the selected contractor will likely employ a somewhat

different approach.

Construction Sequence:

1. The conceptual construction approach developed by S&ME and AEP involves constructing the

RCC trench and slurry wall as a continuous operation at the beginning of the job while access to

the dam is still maintained. It is planned to use a rock trencher to excavate through the existing

RCC. Such equipment is readily available and is presently being used just across the border in

Pennsylvania to construct natural gas pipelines. The use of a rock trencher will minimize

disturbance of the remainder of the RCC. Once the RCC trench is complete, slurry wall methods

will be used to excavate and construct a cement-bentonite slurry wall across the dam. Although

the slurry has been specified with a maximum strength of 15 psi, equivalent to a medium-stiff to

stiff clay, the project specifications require that the slurry wall contractor and the sheet pile

installer coordinate their means and methods prior to the start of slurry wall construction. As

with the RCC trenching, the slurry wall will be constructed in one continuous operation across the

dam. At this time, the sheet pile will most likely not be installed, as once the sheet pile wall is in

place, access across the dam is severely limited

2. To improve access to the dam and to minimize the need for large trucks to cross the dam in the

future, this, the existing haul road on the east side of the reservoir will be improved prior to the

start of the dam raising.

3. Following the completion of the trenching/slurry wall operations, construction of the MSE walls

will commence working from the right to the left abutment. In general, it is planned to place an

approximate 90 to 100 ton crane on the existing dam surface. Concrete panels and the sheet piles

will be delivered to the crane from the left abutment. The crane will set the sheet piles into the

hardened, albeit weak, cement-bentonite wall and will also set the MSE wall panels. To further

minimize seepage, prior to insertion into the slurry wall, the female sheet pile interlocks will be

sealed with a hydrophilic sealant. Post-insertion, the exposed portion of the interlocks will be
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furthered sealed with a bead of caulk on the upstream side. Prior to installing the sheet pile wall,

the Contractor is required to perform borings along the sheet pile wall alignment at 100 foot

intervals to verify existing top of clay core elevations.

4. Consistent with highway construction, the panels will be temporarily braced until backfilled.

Stone and geogrid will be delivered to the left abutment. The stone will be delivered to the point

of placement with a telescoping, movable conveyor belt to eliminate the need for stone trucks to

drive on top of the newly constructed walls. Within the MSE walls, only light equipment will be

used including skid-steers to place the stone and a smaller compactor. As all fill will consist of

open-grade No. 57 stone, only minimal compaction effort will be required.

5. Recognizing that the elevation of the raised emergency spillway is higher than the top of the

existing dam, the project specifications require the contractor to minimize the time between the

construction of the emergency spillway modification and the completion of the rest of the dam

raising. The raised emergency spillway will be constructed using mass concrete. To minimize

the potential for construction joint seepage, the specifications require the first 6 foot high lift to be

poured monolithically, as this section encases the sheet pile and will be subject to the greatest

head. Above this point (El. 967), the contractor may place the concrete in two foot lifts to reduce

thermal issues.

6. While the existing emergency spillway is being constructed, a separate crew will focus on raising

the service spillway. In this way the full width of the existing dam will be available to support

the concrete trucks and form work laydown. The intent is to fully construct the spillway

extension but not close it off until the remainder of the raising is complete. The raised structure

will allow access to the top of the existing concrete channel to allow the last stoplogs to be

inserted and seal off post-completion.

7. Once the sheet piles are fully covered with the MSE wall backfill, access across the entire dam

will again be available. At this point, the precast concrete barriers will be set, incorporating gaps

so that this cannot impound water and to facilitate instrumentation access, and the Item 304

wearing course will be installed.
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8. COST ESTIMATE AND CONSTRUCTION SCHEDULE

It is proposed to construct the raised dam over a period of 8 months beginning in April of 2013.

A complete construction schedule has been developed by AEP and is included following the cost

estimate. Please note that AEP has retained a contractor to perform access road improvements

which is reflected on the construction schedule. This work began in November of 2012 and is

separate from the dam raising construction, which is scheduled to begin in April of 2013.

The cost associated with this work is estimated to be $ 7,453,000 as depicted in detail on the

following page. This cost estimate includes costs associated with Construction Administration

and Materials Testing, as well as updating the Emergency Action Plan and Operation,

Maintenance, and Inspection Manual.
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Table 8.1.1 ENGINEER'S ESTIMATE OF PROBABLE CONSTRUCTION COST

ITEM
NO.

DESCRIPTION UNIT QUANTITY
TOTAL UNIT

PRICE
TOTAL

1 Mobilization L.S. 1 $ 1,000,000 $ 1,000,000

2 Topsoil Stripping and Stockpiling C.Y. 50 $ 15 $ 750

3 RCC Excavation (Rock Trencher) C.Y. 1,334 $ 115 $ 153,410

4 Cement Bentonite Slurry Wall S.F. 31,375 $ 18 $ 564,750

5 RCC Foundation S.Y. 4,850 $ 0.25 $ 1,213

6 Abutment Foundation S.Y. 500 $ 2.25 $ 1,125

7 Granular Fill C.Y. 400 $ 35 $ 14,000

8 Flowable Fill Backfill C.Y. 365 $ 120 $ 43,800

9 Select MSE Wall Backfill - No. 57 Stone C.Y. 11,324 $ 70 $ 792,680

10 Granular Surface Course - Item 304 C.Y. 1,075 $ 55 $ 59,125

11 Bentonite-Aggregate Composite C.Y. 250 $ 450 $ 112,500

12 Lean Concrete Backfill C.Y. 50 $ 250 $ 12,500

13 Erosion Control L.S. 1 $ 35,000 $ 35,000

14 PVC Pipe-Perforated 6" L.F. 1,330 $ 8 $ 10,640

15 PVC Pipe-Solid 6" L.F. 150 $ 20 $ 3,000

16 Demolition L.S. 1 $ 5,000 $ 5,000

17 Fencing & Gates L.S. 1 $ 12,000 $ 12,000

18 Mechanically Stabilized Earth Wall S.F. 31,375 $ 40 $ 1,255,000

19 Service Spillway Modifications L.S. 1 $ 100,000 $ 100,000

20 West Abutment Access Road Improvements L.S. 1 $ 20,000 $ 20,000

21 Portable Concrete Barrier L.F. 2,440 $ 36 $ 87,840

22 8' Railing Section EA 32 $ 1,000 $ 32,000

23 Modular Floating Dock L.S. 1 $ 19,000 $ 19,000

24 Floating Debris Boom LF 300 $ 15 $ 4,500

25 Biaxial Geogrid S.Y. 1,965 $ 6 $ 11,790

26 Non-Reinforced Mass Concrete C.Y. 3,000 $ 250 $ 750,000

27 Emergency Spillway Training Walls C.Y. 225 $ 900 $ 202,500

28 Exploratory Drilling L.F. 375 $ 50 $ 18,750

29 Vinyl Sheet Pile Wall S.F. 52,075 $ 18 $ 937,350

30 Instrumentation L.S. 1 $ 20,000 $ 20,000

31 Updates to EAP and OMI L.S. 1 $ 15,000 $ 15,000

32 Construction Administration and Testing L.S. 1 $ 480,000 $ 480,000

Subtotal $ 6,775,223

Contingency, 10% $ 677,522

Subtotal $ 7,452,945
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91 158.0

70 519.0

677.0

Use CN = 75

Check FAR 1 Landfill Post-Development conditions:

(see attached)

Therefore, use current landfill construction condition of CN = 75.

From 2005 FAR 1 PTI by GeoSyntec, Post-Development
conditions for the final cover system is a CN of 74.

CARDINAL FAD 2

Composite CN 74.9

Totals 50,708

(no vegetation)
C Woods, good 36,330

CALCULATE COMPOSITE CN - WEST WATERSHED

Based off of Worksheet 2 in Appendix D of 210-VI-TR-55, Second Ed., June 1986

C Newly graded areas 14,378

Soil Name/
Hydrologic Group

Cover Description CN
Area
(ac)

Product of CN x
Area
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• Hydrologic Soil Groups:   
Interim Conditions – Interim site conditions will include exposed temporary waste 
slopes.  FGD waste material is assumed to exhibit similar characteristics to soils of 
Hydrologic Soils Group C.   

 
 Post-Development - Soil used to construct the final cover system will consist of low 

permeability material, which will exhibit characteristics of Hydrologic Soils Group C.   
 

• Curve Number (CN):   
 Interim Conditions – For interim slopes, a CN of 91 is selected, the value 

recommended by SCS for hydrologic soil group C for “newly graded areas”. 
 
 Post-Development - For the final cover system, a curve number (CN) of 74 is used, the 

value recommended by SCS for hydrologic soil group C for “open spaces in good 
condition (grass cover > 75%)”.  A summary of runoff CN values provided by SCS 
[SCS, 1986] are provided in Table 2. 

 
• Time of Concentration Tc:  The Tc value represents the total time for stormwater 

runoff to travel from the hydraulically most distant point of a watershed or drainage area 
to a point of interest.  Factors affecting Tc include surface roughness, channel shape and 
flow patterns, and slope.  For this analysis the calculation of Tc evaluates the impact of 
three different types of stormwater runoff flow: 

 
 sheet flow – flow over plane surfaces, which is limited to a maximum length of 

150 ft.; 
 shallow concentrated flow – after about 150 ft., sheet flow will begin to 

concentrate, but not necessarily defined in a specific channel; and 
 channel flow – flow that is confined to a defined channel section. 

 
The Tc value for a drainage area is the sum of the individual various travel time (Tt) 
values of the above flow types.  The equations for calculating the Tt are presented below 

 
 

 Sheet Flow:     Tt = 0.007 (nL)0.8 
           (P2)

0.5 s0.4 
 

 Shallow Concentrated Flow:  Tt  =       L      
           3,600 V 
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Elevation H Q

972.50 0.00 0.0

973.00 0.50 4.7

973.50 1.00 13.3

974.00 1.50 24.5

974.50 2.00 37.7

975.00 2.50 52.7

975.50 3.00 69.2

976.00 3.50 87.2

for H/Hc < 0.3, CSCW becomes 3.33

L= 4.00

g= 32.2

Crest Elevation= 972.5

Cardinal FAD 2 Stop Logs Weir Rating

Weir Flow

Reference:
FHWA-SA-96-078
Urban Drainage Design Manual
Hydraulic Engineering Circular 22
November, 1996

2

3

LHCQ SCW











c

SCW
H

H
C 4.027.3
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for C=0.62 orifice equation becomes:

d= 54.000 INCHES 54" PCCP

Invert Elevation = 910.33

Discharge

(cfs)

Velocity

(ft/s)

972.50 612.9 0.0

973.00 615.4 38.7

973.50 618.0 38.9

974.00 620.5 39.0

974.50 623.0 39.2

975.00 625.6 39.4

975.50 628.1 39.5

976.27 631.9 39.8

976.89 635.0 39.9

977.70 638.9 40.2

978.37 642.2 40.4

978.98 645.2 40.6

980.06 650.4 40.9

981.02 655.0 41.2

981.90 659.2 41.5

982.32 661.2 41.6

982.73 663.2 41.7

983.00 664.4 41.8

Cardinal FAD 2 Existing Spillway Pipe Rating

Headwater

Elevation

(ft.)

Orifice

Pipe Inlet Control

Reference:
FHWA-SA-96-078
Urban Drainage Design Manual
Hydraulic Engineering Circular 22
November, 1996

12ghCAQ 

1
291.3 hDQ 
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(from inlet to outlet)

Manning's n= 0.015

Inlet Invert: 910

Outlet Invert (z2): 736

Entrance Coefficent Ke= 0.9

Outlet Coefficent Ko= 1.0

MH Coefficent KMH= 0.5

Bends Coefficent Kb= 0.8

Pipe Diameter in inches= 42

Pipe Diameter in feet (D)= 3.50

Pipe Eq. Length in feet (L)= 852
Darcy-Weisbach f = 0.027 The Energy Equation is:

Assuming Free Outlet (TW=El. 739.5):

Headwater Outlet Outlet

Elevation (z1) Velocity Flow Rate Where:

(ft) (ft/s) (ft3/s)

972.50 37.1 357.4
973.00 37.2 357.8
973.50 37.2 358.2
974.00 37.3 358.6
974.50 37.3 358.9
975.00 37.3 359.3
975.50 37.4 359.7
976.27 37.4 360.3
976.89 37.5 360.8
977.70 37.6 361.4
978.37 37.6 361.9
978.98 37.7 362.3
980.06 37.7 363.2 Solving for v gives:
981.02 37.8 363.9
981.90 37.9 364.5

982.32 37.9 364.9

982.73 38.0 365.2

983.00 38.0 365.4

Determine flow rate Q by:

Cardinal FAD 2 Existing Spillway Pipe Rating
Pressure Pipe Flow Computed with the Energy Equation

Because p1, v1 and p2 all are equal to 0 the
energy equation becomes:

The Darcy-Weisbach friction factor is
related to Manning's n through the following
equation:
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Elevation H Q

976.00 0.00 0.0

976.27 0.27 12.3

976.89 0.89 73.6

977.70 1.70 194.3

978.37 2.37 319.8

978.98 2.98 450.9

980.06 4.06 717.0

981.02 5.02 985.8

981.90 5.90 1256.1

for H/Hc < 0.3, CSCW becomes 3.33 982.32 6.32 1392.5

982.73 6.73 1530.2

Size= 5'-8" x 7'-6 " inside dimensions 983.00 7.00 1623.2

L= 26.3

g= 32.2

Crest Elevation= 976.0

Cardinal FAD 2 Vertical Box Structure Overflow Rating

Weir Flow

Reference:
FHWA-SA-96-078
Urban Drainage Design Manual
Hydraulic Engineering Circular 22
November, 1996

2

3

LHCQ SCW











c

SCW
H

H
C 4.027.3

PLATE 17



Size= 5'-8" x 7'-6 " inside dimensions

A= 42.5 S.F.

Grating % Open Area 60 %

Orifice Centroid Elevation = 976.0

Discharge

(cfs)

Velocity

(ft/s)

976.00 0.0

976.27 63.7 1.5

976.89 115.7 2.7

977.70 159.9 3.8

978.37 188.8 4.4

978.98 211.7 5.0

980.06 247.1 5.8

981.02 274.8 6.5

981.90 297.9 7.0

982.32 308.3 7.3

982.73 318.1 7.5

983.00 324.5 7.6

Cardinal FAD 2 Vertical Box Structure Overflow Rating

Headwater

Elevation

(ft.)

Orifice

Orifice Flow

Reference:
FHWA-SA-96-078
Urban Drainage Design Manual
Hydraulic Engineering Circular 22
November, 1996

12ghCAQ 
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The authors are to be complimented for presenting extensiv
perimental data on characteristics of aerated skimming flow
stepped spillways along with hydraulic design aspects of ste
spillways. The authors have focused their attention on va
aspects, including onset of skimming flow, aeration charac
tics, residual energy, and training wall design.

Considering the applicability of the design guidelines, the
cussers would like to know the height of stepped spillway in
experimental setup for all 3 cases. Further, the authors may c
regarding the limiting height of prototype stepped spillways u
which the design guidelines presented in this paper could b

plied.
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The discussers would also like to know the number of s
provided in each case and the location of first step along
spillway profile. Can the authors suggest any readily usabl
plicit guidelines from hydraulic considerations for deciding on
step height, apart from the given RCC lift thickness? Some
investigators, including Rice and Kadavy~1996!, Yildiz and Kas
~1998!, Chamani and Rajaratnam~1999! have indicated that th
step heights affects the energy dissipation over stepped spillw

Eq. ~24! includesK, the roughness height perpendicular to
pseudobottom, which can be considered to be a represen
term for step heights. In the last paragraph on energy dissipat
it is mentioned that Fig. 12 gives an idea of main param
involved in the expression of relative residual energy. Howe
Fig. 12 does not indicate effect of any step height paramet
relative residual energy head ratiofHres/Hmaxg. Fig. ~1! shows a
plot compiled by discussers based on experimental data ob
by Ghare~2003! and Yildiz and Kas~1998!, which show the
effect of step height on Manning’s equivalentn for a steppe
spillway. In this plotH* is considered a ratio of spillway height
step height. Can authors provide any other dimensionless plo
covers all the main parameters including step heights affecting
the performance of the stepped spillway under skimming
regime?

Proposed Eq.~24! is based on the results obtained from E
~20! and ~21!. Hence the use of Eq.~24! appears to be a tedio
process. As indicated by the authors in Fig.~12!, the variation in
relative residual energy head ratio forF=40° and 50° is not ap
preciable; hence a simpler relationship for relative residual en
can be presented eliminatingF as a variable. The resulting re
tionship would be applicable forF greater than 40°. Without
properly designed energy dissipation system on the downs
side, the hydraulic design of a stepped spillway system wou
incomplete. The discussers would like to know the opinion o
authors regarding the applicability of the conventional conju
depth relationship for stilling basin design in case of a ste
spillway where highly aerated flow near the toe of the spillwa
encountered.

References

Chamani, M. R., and Rajaratnam, N.~1999!. “Characteristics of skim

Fig. 1. Variation of Manning’sn for different H! values
ming flows over stepped spillways.”J. Hydr. Engrg.125~4!, 361–367.
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5(hw,e11hw,e2)/250.87 m in the continuity equation yields a te
minal velocity ofvw,e5qd /hw,e520/0.87'23 m/s.

If the chute was long enough for the attainment of unifo
flow, i.e., Hdam5Hdam,u'70 m, the normalized residual hea
would read H res/Hmax50.36 according to Eq.~24b!, with f b

50.067 from Eq.~21!, Dh,w,u'4hw,u54•0.8053.20 m and 0.1
,K/Dh,w,u50.23,1.0. In this case, 64% of the flow energy o
Hmax'75.2 m would be dissipated on the spillway, and the ter
nal velocity would amount tovw,e'20/0.80525 m/s.

Training Wall Design

With h51.2 for concrete dams, the required sidewall height fr
Eq. ~25! is hd52.09 m, withh90,u51.74 m from Eq.~5!. A side-
wall height of 2.1 m is proposed. If the downstream dam fa
were prone to erosion, and if it were essential to avoid overt
ping of the training walls, distinction should be made abo
whether the crest profile above the point of tangency is smoot
stepped. In the latter case, the required wall height should b
least hd51.5h90,u52.61 m, whereas for a smooth crest profi
the wall height should behd5hspray54s5431.254.8 m over
about L525s52531.2530 m from the crest to allow for the
spray resulting from nappe impact on the first steps below
smooth crest~Boes and Minor 2002!.

Conclusions

The following findings of the present experimental study appl
1. The onset of skimming flow is expressed by the ratio

critical depth to step height and follows a linear function
expressed in Eq.~1!.

2. The uniform equivalent clear water depthhw,u on stepped
spillways depends on the chute angle and unit discha
only, as given in Eq.~4!.

3. The characteristic uniform mixture depthh90,u according to
Eq. ~5! is a function of step height, unit discharge and chu
angle.

4. The drawdown length to the approximate location of u
form flow attainment as given in Eq.~13! depends on chute
angle and unit discharge only.

5 The bottom roughness friction factor is approximated fo
wide range of spillway angles and relative roughness by
~20! or ~21!.

6. The significant effect of aeration on the reduction of fr
tion factors is illustrated by the ratiof w / f m as function of
the mean air concentration, Eq.~22!, where f w and f m are
friction factors with and without consideration of flow aer
tion, respectively.

7. A general expression of residual energy head along step
chutes is given in Eq.~24!, with distinction between devel
oping and uniform flow regions.

8. Stepped spillway training walls should be designed acco
ing to Eq.~25!, taking into account the erosion potential
the downstream dam face.

These conclusions in conjunction with the results of Boes
Hager~2003! allow for the hydraulic design of stepped spillway
for a wide range of boundary conditions including typical app
cations both for embankment and gravity dams.
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Notation

The following symbols are used in this paper:
b 5 spillway or river width;
C̄ 5 depth-averaged air concentration;
C̄i 5 depth-averaged air concentration at inception

point;
C̄u 5 uniform depth-averaged air concentration;

C(y) 5 local air concentration;
Dh,w 5 4Rh,w hydraulic diameter;
Dh,eff 5 wDh,w effective hydraulic diameter;

F 5 u/(gh)1/2 local Froude number;
F0 5 qw /(gh0

3)1/2 approach Froude number at jetbox;
F* 5 qw /(g sinfs3)1/2 roughness Froude number;

f 5 Darcy–Weisbach friction factor of unaerated flow;
f b 5 friction factor of bottom roughness;
f m 5 Darcy–Weisbach friction factor in two-phase flow

without consideration of aeration;
f s 5 skin friction factor of sidewall roughness;
f w 5 Darcy–Weisbach friction factor in two-phase flow

with consideration of aeration;
g 5 gravitational acceleration;

Hdam 5 vertical spillway or dam height;
Hdam,u 5 vertical distance from spillway crest to close

uniform equivalent clear water flow;
Hmax 5 maximum reservoir energy head;
H res 5 residual energy head;

h 5 local flow depth;
hc 5 critical depth;
hd 5 training wall design height;
hm 5 mixture depth;

hm,i 5 mixture depth at inception point;
hspray 5 spray height resulting from nappe impact on steps;

hu 5 uniform flow depth;
hw 5 (12C̄)h90 equivalent clear water depth;

hw,e 5 clear water depth at chute end;
hw,i 5 clear water depth at inception point;
hw,u 5 uniform equivalent clear water depth;
h90 5 h(C50.90) characteristic mixture depth with local

air concentration ofC50.90;
h0 5 approach flow depth at jetbox;

h90,u 5 uniform characteristic mixture depth;
K 5 s•cosf roughness height perpendicular to

pseudobottom;
Li 5 black water length from spillway crest to

inception point;
Ls 5 s/sinf5K/(sinf cosf)52K/sin(2f) distance

between step edges, roughness spacing;
Qd 5 design discharge;
Qw 5 water discharge;
qd 5 design discharge per unit width;
qw 5 water discharge per unit width;
R 5 uDh,w /n Reynolds number;

Rh,w 5 hydraulic radius;
Sf 5 friction slope;
s 5 step height;
u 5 flow velocity in x direction;

vm,i 5 mixture velocity at inception point;
vw,e 5 clear water velocity at chute end;
003
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d.
vw,i 5 clear water velocity at inception point;
w 5 shape correction coefficient;
x 5 streamwise coordinate originating at spillway

crest;
xs 5 hc

3/(hw,u
2 sinf) scaling length;

xu 5 drawdown length from spillway crest to close
uniform equivalent clear water flow;

Y 5 h/hu normalized local flow depth;
Yc 5 hc /hu normalized critical depth;

y 5 transverse coordinate originating at pseudobottom;
zi 5 vertical black water length from spillway crest to

inception point;
a 5 energy correction coefficient;
h 5 safety factor;
n 5 kinematic viscosity of water

P1 5 0.520.42 sin~2f! function taking into account
roughness spacing;

P2 5 (K/Dh,w)0.2 function taking into account relative
chute roughness;

s 5 factor originating from
Gauckler–Manning–Strickler formula;

f 5 chute angle from horizontal; and
x 5 x/xs normalized streamwise coordinate.
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1.0 INTRODUCTION 

This Operation, Maintenance, and Inspection (OM&I) Manual was prepared in accordance 
with Section 1501:21-15-06 of the Ohio Laws and Administrative Rules for Issuing 
Construction Permits for and Making Periodic Inspections of Dams, Dikes, and Levees.  It 
is intended to assist the owner in regular operation, maintenance, and inspection activities. 
This manual was prepared for Cardinal Plant’s Fly Ash Dam II (FAD II) and the Bottom 
Ash Ponds (BAP) complex conveying coal ash slurry.  Exhibit 1 shows the location of the 
dams. 

The Cardinal FAD II coal ash dam and the BAP complex dikes have been conservatively 
designed and carefully constructed; however, small problems can develop over time. 
Experience has shown that some of these small problems can become major problems if 
corrective measures are not promptly taken.  The main intent of this manual, therefore, is to 
provide the guidelines for a regular operation, maintenance, and inspection program that 
will detect problems at an early stage so that they can then be corrected.  This manual 
presents the procedures for the operation, maintenance and inspection of the FAD II and 
the BAP complex dikes.     

Much of the information in this manual has been based on the requirements of publications 
issued by the Ohio Department of Natural Resources (ODNR), Division of Water, Dam 
Inspection Section.  The publications are a series of Fact Sheets; copies of pertinent Fact 
Sheets are contained in Appendix D.  In addition to providing basic recommendations for 
operation, maintenance, and inspection procedures, the Fact Sheets give a great deal of 
background information, including causes of dam failures, common problems and 
solutions, and reference to organizations and bureaus which can provide information and 
advice.  The Fact Sheets are valuable publications to have as an adjunct to this manual. 

This OM&I Manual supersedes any and all previous OM&I Manuals that have been used 
at the facility. 
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2.0 PROJECT DESCRIPTION 

2.1 General 

FAD I, FAD II, and the BAP complex are owned by AEP and Buckeye Power and operated 
by Cardinal Operating Company.  They are located near the Cardinal  Power Plant in Wells 
Township, Jefferson County, near Brilliant, Ohio.  The Cardinal FAD I and FAD II are 
located approximately 1 mile northwest of the Cardinal Power Plant.  The BAP complex is 
located at the southern part of the Cardinal power plant. The ponds were constructed for 
the settling/sedimentation and collection/storage of coal combustion byproducts.    Exhibit 
1 shows the FAD II and BAP complex in relation to the Cardinal Plant. 

2.2 Fly Ash Dam I  

Cardinal Fly Ash Dam I (FAD I) is the plant's original fly ash retention dam constructed in 
the early 1970s. The dam is an earth and rockfill dam having a final design crest elevation 
of 1001.5 feet. The dam has upstream (u/s) and downstream (d/s) slopes of approximately 
2.5 Horizontal to 1 Vertical (2.5H:1V). As ash placement behind FAD I reached its 
maximum allowed level, Cardinal FAD II was constructed and began operation in the late 
1980s. Fly Ash Dam I reservoir is closed, no longer receives fly ash slurry, and has no 
permanent pool.  This area has been remitted by the Ohio Environmental Protection 
Agency (EPA) as a solid waste landfill (Permit to Install [PTI] Permit No. 06-07993, dated 
May 11, 2007) for the disposal of synthetic gypsum generated by the air pollution control 
equipment constructed at the Cardinal plant that captures sulfur dioxide emissions.  Flow 
through FAR I is conveyed to FAR II via the FAD I emergency spillway. 

2.3 Fly Ash Dam II 

FAD II is located on Blockhouse Run, which flows directly into the Ohio River. Blockhouse 
Run splits into two branches, designated as the East Branch and the West Branch. The split 
in Blockhouse Run is approximately one mile upstream of the Ohio River. Runoff from 
both the east and west branch watersheds drains into the reservoir.  

Fly Ash Reservoir II (FAR II), created by FAD II, is utilized for the storage of fly ash, which 
is discharged as slurry from six (6) 10” discharge pipes located at the upstream (north) end 
of the reservoir as shown on Exhibit 2. The fly ash settles out within the reservoir as the 
water flows toward the dam where the effluent overflows through the service spillway 
(overflow structure). Stop logs are placed in the discharge shaft of the overflow structure as 



American Electric Power 
Cardinal Power Plant - Operation, Maintenance, and Inspection Manual 
March  2.0 PROJECT DESCRIPTION 

4 

necessary to maintain settling action or to limit discharge.  The reservoir will cover 
approximately 168 acres at Elevation 974, the maximum operating pool elevation.   

The FAD II dam consists of a 250-foot high arched embankment with a 13 ft high MSE Wall 
on top of the roller compacted concrete (RCC) cap on the upper 50 feet of the upstream face 
and an emergency spillway on the left abutment that is an open channel cut through rock. 
The dam has a crest elevation of 983 feet.  The dam crest has a width of 22 feet and a length 
of 1,645 feet.  The dam is designed for a storage capacity of 11,868 acre-feet with stop logs 
at elevation 972.5 feet and with a corresponding maximum operating pond elevation of 974 
feet.  Table 1 summarizes pertinent information for FAD II.  

Table 1   FAD II and BAP Complex Data 
Parameter FAD II BAP Complex 

Embankment Crest Elevation (feet) 983 670 
Emergency Spillway Crest Elevation (feet) 975.5 665.5 
Maximum Operating Pool Level (feet) 974.0 665 
Operating Pool Freeboard (feet) 9 665 
Maximum Stop Log Elevation (feet) 972.5 665.5 
Surface Area (acres) at Pool Level 161 29 

Table 2 includes a list of inlet and outlet structures in addition to an inventory of the works 
and other significant components existing at the FAD II and their location and 
characteristics. In addition, Appendix C includes reference information in form of water 
cycle Diagram, Drawings, and photos of the components. 

Table 2 
Features and appurtenances Description
Embankments  Approximately 1645 ft at crest elevation of 983. 
Inflow pipes Six 10” diameter fly ash sluicing steel pipes, 12.87 MGD (EL. 962) 
Spillways  Sizes 48” wide, Max elevation: 972.5, adjusted with 6” high stop logs 

(concrete).  
Emergency spillway/overflow  Size: 110.5'x 7.5' elevation: 975.5 (Concrete) 
Embankment drainage systems  Exhibit 2 and Appendix C 
Monitoring weirs, flumes Exhibit 2 and Appendix C 
Piezometers and monitoring wells Appendix C 
Inclinometers  Annual monitoring, See Appendix C for location 
Staff gauge & signage Exhibit 2 and Appendix C 
Settlement monuments Annual monitoring, See Appendix C for location 
Abandoned structures Grouted in place, Exhibit 2 
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2.3.1 Fly Ash Dam II Service Spillway (Over Flow Structure) 
The service spillway is extended with a new vertical concrete shaft structure with one side 
opening on top of a sloping concrete shaft structure with one side opening, four feet wide, 
connecting into a 54 inch diameter pre-stressed concrete cylinder pipe (PCCP). 
The bottom of the sloping concrete shaft and the entire 54-inch concrete pipe were 
constructed within bedrock as part of the 1997 FAD II rising. Stop logs are utilized to 
promote settling action and control the operating pool level.  
Stop logs will be incorporated into the new vertical section to continue to allow for the 
incremental raising of the operating pool.  

2.3.2 Fly Ash Dam II Emergency Spillway 
The principle spillway (or overflow structure) is located on the left abutment and is an 
open channel cut through rock.  The flow capacity of the emergency spillway is designed to 
pass the Probable Maximum Flood when the reservoir reaches its maximum pond 
elevation, without overtopping the dam. At intermediate pool levels, floods of lesser 
magnitude will be discharged through the service spillway.  

The fly ash dam is normally unattended and the service spillway structure has no remote 
controlled system to regulate the flow. Because of the nature of the pond and the design of 
the dam and service spillway structure, there exists sufficient freeboard to mitigate 
concerns of overtopping during a rainfall event. 

2.3.3 Downstream Effects 
There are no dams or residences located above the dam or in the east or west watershed 
boundaries. There are no dams located downstream that could be operated during an 
emergency to store flood flows. The Ohio River, Cardinal Plant, State Route 7 and the Tidd-
dale subdivision of Brilliant, Ohio, all lie directly downstream of the proposed dam. 
Therefore, a sudden failure of the dam will likely result in loss of human life and damage 
to homes, high value utility installation and both a railroad and a public road. 

2.4 Bottom Ash Pond Complex 

The BAP Complex at the Cardinal Plant consists of a BAP (approximately 20 acres) and a 
Recirculation Pond (RCP) (approximately 9 acres).  Flow from the BAP is discharged to the 
RCP.  The exterior dike crest elevation varies and an overflow conduit with an inlet 
elevation of approximately 665.5 feet controls the maximum Recirculation Pond water 
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level. In 2008, plastic sheet piling was driven across the recirculation pond to modify its 
flow pattern in preparation of allowing the present overflow structure to discharge from 
the basin. The arrangement of the BAP Complex is shown in Exhibit 3 and Table 1 
summarizes pertinent information for BAP Complex. 

The bottom ash pond complex is located along the west bank of the river just to the south 
of the main plant area. The bottom ash pond complex consists of two components: the 
bottom ash pond and the recirculation pond (RCP). The bottom ash pond complex is 
utilized for the storage and collection of bottom ash, Bottom ash-laden water and other 
storm water is discharged via thirteen (13) pipes into the northwest corner of the bottom 
ash pond, the coarse bottom ash settles out closer to the discharge lines while the finer 
bottom ash settles out at farther locations within the pond.  Near the southeast side of the 
bottom ash pond, Overflow Discharge structure (a drop outlet and a 36”-pipe) controls 
flow from the bottom ash pond into the recirculation pond. The water in the RCP is used to 
sluice the fly ash form the plant to FAD II via the pump station  

Table 3 includes a list of inlet and outlet structures in addition to an inventory of the works 
existing at the BAP complex and other significant components and their location and 
characteristics. In addition, Appendix C includes such information in form of water cycle 
Diagrams, Drawings, and photos of the referenced components. 

Table 3 
Features and appurtenances Description 
Embankments  Approximately 4700 ft at crest elevation of 670. 
Inflow pipes 13 10” diameter fly ash sluicing pipes 
Outflow pipes 36” diameter steel pipe into to 36” diameter PVC pipe 

Exhibit 3 and Appendix C 
Pumphouse intake pipes: Two 21” diameter for ash 
sluicing (El 660). 

Spillways Drop inlet with stoplogs and 36” pipe;  
Monitoring weirs, flumes Exhibit 3 and Appendix C 
Piezometers and monitoring wells Annual monitoring, See Exhibit 3 for location 
Staff gauge & signage Exhibit 3 
Emergency spillway/overflow  Sharp –crested 3 ft wide 10” weir at EL 665.5 
Pump house Intakes elevation 660, capacity:16.9 MGD 

The BAP is located north of the RCP and they are separated by an earthen embankment. 
Perimeter dikes surround the bottom ash pond complex and are referred to as the BAP 
complex dike.  The crest elevation of the embankments varies with a minimum elevation of 
670 feet MSL. An overflow conduit with a variable inlet elevation and a pipe between the 
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BAP and the RCP controls the maximum BAP water level.  The total length of the Interior 
embankment is approximately 2,500 feet and the total length of the exterior embankment 
along the Ohio River is approximately 2,000 feet. For comparison, the normal pool for this 
stretch of the Ohio River is El. 644. Both ponds are isolated from exterior surface water 
inflow. An overflow conduit with an inlet elevation of approximately 665.5 feet controls the 
maximum recirculation pond water level.   In 2008, plastic sheet piling was driven across 
the recirculation pond to modify its flow pattern in preparation of allowing the present 
overflow structure to discharge from the basin.   In 2010, the top of the BAP complex 
exterior dikes were re-graded to insure that the minimum elevation of 670 is applicable all 
over the dike.  The arrangement of bottom ash complex is shown in Exhibit 3. 

2.4.2 Downstream Effects 
FAD II located upstream of the BAP complex dikes. The Ohio River located downstream of 
the BAP complex dikes. Therefore, sudden failures of the dikes will not likely result in loss 
of human life or damage to homes. 
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3.0 OPERATION OF THE RESERVOIRS 

3.1  Mechanical Equipment  

The mechanical equipment associated with the FAD II includes three aerators a pump 
station.  The pump station is use to provide water for Ohio American Energy Inc’s (OAEI) 
coal prep plant and is operated by OAEI.  The aerators operated by AEP (Please see table 4 
below for contact info). The aerators are necessary to mix the pond waters and maintain 
oxygenated conditions to promote algae bloom to consume phosphate carryover from the 
synthetic gypsum pollution control equipment.  Therefore, the aerators should be inspected 
periodically to assure proper operating conditions.   

The mechanical equipment associated with the BAP Complex includes the pumps located 
at the Pumphouse in the RCP area. Plant control room coordinator is responsible for 
monitoring and adjusting the pumping rates for the recirculation water. Typical and 
maximum flow rates are included in the Plant water cycle included in appendix C.    

      Table 4.  Contacts List for Operating,  Maintenance, and Inspecting the dams.   
Name Address Phone Responsibility

Eric (Randy) Sims 306 County Road 7 East 
Brilliant, OH  43913 

(740) 314-9982 Dam safety Officer 

Unit 3 Team 
Leader 

306 County Road 7 East 
Brilliant, OH  43913 

(740) 598-6530 Management of flow rates in 
and from impoundments 

3.2  Outflow Measurements  

Flow measurements from FAD II are measured utilizing a Parshal flume at the outlet of the 
impact basin immediately downstream from the dam as shown on Exhibit 2.   

3.3  Drawdown Plan  

There is no drain for the fly ash reservoir II due to its purpose of sedimentation. The only 
procedure that exists for lowering the pool elevations is the removal of the grouted stop 
logs in the drop inlet structures.  If necessary, use alternate means to drain the pond, such 
as siphons or pumps.  It may be necessary to excavate a hole in accumulated fly ash to 
enhance removal of water.  All drawdown activities are to be coordinated with AEP Civil 
Engineering. 
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3.4  Safe Rate of Reservoir Drawdown 

Deliberate drawdown beyond normal operational requirements shall typically not exceed 
1 foot per week, except for emergency situations.  Faster drawdown rates may be required 
under emergency conditions with the approval of the AEP Geotechnical Engineering.   

3.5 Safe Dredging and temporary Stockpiling 

BAP is the only pond among Cardinal Plant ponds that currently involves dredging and 
temporary stockpiling material above the top of dike elevation.  Dredging and temporary 
stockpiling activities take place on regular bases to allow for the use of the bottom ash 
pond for settling of bottom ash. The dredged material is being beneficially used in the 
construction activities at the plant. Coarse bottom ash excavated closer to the sluicing point 
and stockpiled temporarily to allow for water draining.  The finer bottom ash is usually 
dredged into dredging cell that exists within the BAP complex. The dredging unit is not 
allowed to operate next to the toe of the dam due not only to water depth requirements but 
also for dam safety. Once dewatered, the stockpiles are excavated and materials 
transported off-site for beneficial use in landfill construction. 

3.6  Vandalism 

 “No Trespassing” signs shall be posted where appropriate.  Railings or fences and 
warning signs shall be erected around dangerous areas. 

3.7  Emergency Conditions 

If any of the following conditions occur or appear imminent, the Emergency Action Plan 
(EAP) (separate document) shall be implemented immediately: 

1. Overtopping or nearly overtopping of the embankment.
2. Piping through the embankment, spillway, or foundation.
3. A large slide in the embankment.

3.8  Records 

Accurate records shall be kept of the following items: 
1. Maintenance and major repairs.  Appendix A contains a sample maintenance/repair

log; an alternate log system may be used following plant record keeping procedures.
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2. Specific observations and changes recorded and photographs taken during normal
inspection periods (see Appendix B).

3. Date, hour, and maximum elevation of extreme high-water occurrences and the
associated rainfall.

4. Amount, rate, and reasons for drawdown.
5. Readings made of water levels in piezometers in and near the embankment.
6. Complete and up-to-date set of as-built plans and specifications which show all

changes made since the completion of the dam.
7. Visual observation of the horizontal and vertical alignment on an annual basis.  If

needed, the alignments should be surveyed to verify any changes.
8. Seepage location, quantity and content of flow, and size of wet area for later

comparison.  V-notch weirs can be used to collect and measure flow rates.
9. Erosion location and extent of erosion for later comparison.
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4.0 MAINTENANCE PLAN 

This section describes general maintenance procedures to be implemented at Cardinal 
FAD II and the BAP complex.  In addition to the information provided in the following 
paragraphs, the ODNR has prepared a series of Fact Sheets for guidance on operation and 
maintenance at dams; several pertinent fact sheets are included in Appendix D for quick 
reference by AEP.  Maintenance work to control seepage; repair cracks, slides, sloughing, 
damaged or deteriorated riprap; fill settled or low areas in the embankment; and repair 
concrete appurtenances should be performed based on the recommendations of AEP Civil 
Engineering.  

4.1  Vegetation  

1. Grassed areas shall be mown at least twice per year.

2. Paths created by pedestrian, vehicular, or animal traffic shall be minimized, and any
barren areas which develop should be seeded.

3. Any cracks and/or erosion gullies which develop shall be completely filled with
thoroughly compacted soil.  The area shall be resodded if less than 100 square feet
(sf), and reseeded if larger than 100 sf.

4. Trees and brush shall not be permitted to grow on the embankment.  Tree and brush
growth in the creek channel downstream of the FAD II impact basin shall be
minimized.  Remove any trees or brushes from the embankment and within 25 ft of
the groins before they become established.  The roots of any tree that is cut down
should be pulled out. The resulting hole should be backfilled with tamped topsoil
and reseeded. Replace areas of sparse or displaced riprap on the upstream slopes.
This should be budgeted and performed annually to assure no growth of trees and
brush on the embankment.  ODNR Fact Sheet 94-28, Trees and Brush, in Appendix
D, outlines the importance of properly maintained embankment vegetation.
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4.2  Erosion 

1. Promptly repair any eroded areas on the embankment to prevent more serious
damage to the embankment (see Section 4.1 Vegetation).   Repair erosion gullies to
provide an even slope surface. Minor rills and gullies shall be filled with compacted
cohesive soil, and then top soiled and seeded.

2. Erosion in large gullies can be slowed by stacking and securing bales of hay across
the gully until permanent repairs can be made.

3. Causes of erosion shall be eliminated.  Surface drainage should be spread out in thin
layers as sheet flow.

4.3  Seepage 

1. Any areas of seepage shall be noted and observed for evidence of piping erosion.
Seepage containing soil is a sign of potential serious damage to the dam which may
lead to failure of the dam and should be promptly addressed.  Professional
engineering assistance for control of any seepage problems shall be obtained.

2. Maintain written records of seepage (see Section 3.7 Records).

4.4  Cracks, Slides, Sloughing, and Settlement 

1. Cracks, slides, sloughing, and settlement are signs of embankment distress and
indicate that maintenance or remedial work is necessary.

2. A Professional Engineer shall determine the cause of stress before any repairs are
made.  Maintain written records of problems found and repairs completed (see
Section 3.7 Records).

4.5  Rodent Control 

1. Activities of rodents, such as groundhogs, muskrats, and beavers can endanger the
structural integrity and proper performance of an embankment.  Groundhogs and
muskrats burrow into an embankment, thereby weakening it and creating seepage
paths.  Rodent control is therefore essential for a well-maintained dam.  Refer to
ODNR Fact Sheet 94-27, Rodent Control, in Appendix D, for further information.

2. Repair rodent burrows and implement rodent control procedures as follows:
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i. Rodents may be controlled by fumigants.  More detailed information on
rodent control is contained in ODNR Fact Sheet 94-27, Rodent Control, in
Appendix D.   Fumigate rodent burrows with ignitable gas cartridges. To
fumigate a burrow, light and drop an ignitable gas cartridge as deep into the
burrow as possible. The burrow entrances should then be plugged with
compacted soil. The procedure should be repeated at all burrow holes. The
gas in the cartridge is non-poisonous. However, one should avoid inhaling
the gas. Gas cartridges can be purchased at any local farm supply store.

ii. Backfill burrows by following the mud-packing method.  First, place one to
two lengths of metal stove or vent pipe in a vertical position over the entrance
of the burrow. Mud-packing slurry should be made by adding water to a 90
percent bottom ash and 10 percent cement mixture. The slurry should then be
poured into the burrow through the vertical pipe. Fly ash or bentonite may be
added, as needed, to increase the flowability of slurry. After the burrow is
filled, the pipe should be removed. Dry earth should be tamped into the
burrow entrance and reseeded.  A method for backfilling by mud packing is
described in ODNR Fact Sheet 94-27, Rodent Control, in Appendix D.

4.6  Debris 

Debris shall be removed from the outlet structures and their discharge pipes to allow free 
discharge.  Caution should be used during high pond levels. 

4.7  Concrete Structures 

1. All deteriorated concrete surfaces (i.e., spalling, cracking, pitting, etc.) shall be
repaired.

2. If sealant is observed to be missing from construction/expansion joints on the
concrete outlet structures, monitor the condition and replace the sealant if necessary.

4.8  Toe Drain 

1. The toe drain outlets should be inspected and observations recorded on a
semiannual basis.  Space to record these observations is provided in the Inspection
Record form in Appendix B.
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2. Areas of known seepage should be monitored for evidence of piping erosion.
Seepage containing soil is a sign of potential serious damage to the dam which may
lead to failure of the dam and should be promptly addressed.  Professional
engineering assistance for control of any seepage problems should be obtained.

3. In addition to quarterly monitoring, the toe drain outlet should be monitored during
and after periods of high reservoir levels (greater than 2 foot of water over the
principal spillway).  If flow significantly increases at any time, contact a Professional
Engineer for evaluation of the recorded data.
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5.0 INSPECTION PROGRAM 

5.1  Purpose 

The purpose of this inspection program is to detect and document any changes in condition 
of the dam.  AEP has an established Dam Inspection and Maintenance Program (DIMP) 
applicable throughout the service life of the facility.  When a change in condition is 
detected, AEP-Civil Engineering staff and/or a Professional Engineer shall be contacted to 
identify any necessary remedial repair or maintenance work.  The DIMP also provides a 
mechanism by which to activate the EAP which is made part of this Operations, 
Maintenance and Inspection Manual. The program consists of the following steps:  

1. Conduct scheduled and unscheduled field inspections to check for signs of
malfunction and to read the geotechnical instrumentation.

2. Graphically plot and interpret field measurements.

3. Investigate problems as they develop.

4. Design and implement preventive and remedial measures as required.

5. Perform regularly scheduled and routine maintenance work on the dam and its
appurtenances.

6. Activate the EAP in the event that an unsafe condition is detected.

The description of the field instrumentation and the details of the DIMP are presented in 
the following sections.  

For clear identification, a pictorial representation of potential problems and resolutions has 
been excerpted from Federal Emergency Management Agency (FEMA) 145, Dam Safety: 
An Owner’s Guidance Manual, August 1987, and is contained in Appendix E for reference. 

5.2  Personnel  

Inspections shall be performed by a responsible person familiar with this Operation, 
Maintenance, and Inspection Manual.  The same personnel shall perform all regular dam 
inspections to maintain consistency in reporting as well as familiarity with the structure.  A 
checklist outlining the major inspection items for the dam and appurtenances is provided 
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in Appendix B. Plant personnel should use this checklist to inspect the dam and report the 
findings. Currently, Mr. Randy Sims is the plant personnel responsible for performing Dam 
Inspections. Copies of the inspection findings should be sent to AEP Civil Engineering for 
evaluation.  

5.3  Periodic Inspections  

a. Periodic inspection of the dams is extremely important.  AEP has regularly
inspected the dams on a quarterly basis.  AEP shall continue quarterly inspections.

i. Three of the quarterly inspections can be completed by Cardinal Plant
personnel.

ii. The fourth quarterly inspections shall be completed by an engineer
knowledgeable in dam safety.  This inspector may be either a qualified AEP
engineer or an independent consulting engineer.  This inspection shall be a
comprehensive review of field conditions and instrumentation readings.

b. Inspection instructions and an inspection checklist to be used to record observations
are found in Appendix B.

c. The inspection procedures and findings must be documented in writing.  The
quarterly inspection reports shall be maintained for a minimum of 10 years.

d. If problems are found during an inspection that may affect the integrity of the dam,
the EAP for the dam shall be followed for the appropriate emergency condition (A,
B, or C) and the identified problems shall be placed under increased surveillance
and scheduled for repair as appropriate.  See also Appendix E for additional
guidance.

e. Problems found during an inspection which do not immediately affect the integrity
of the dam shall be noted and scheduled for follow-up monitoring and repair as
appropriate.

5.4  Event Inspections 
A brief inspection shall be made within 24 hours of unusual event such as seismic activity 
or significant precipitation event (e.g., greater than 3 inch of rain in 24 hours or 6 inches of 
rain in seven days) or within 24 to 48 hours after placing three or more stoplogs in the 
drop-inlet structures to ensure that the outlet structures and their discharge pipes are 
unobstructed, no earth slide has occurred, no significant erosion gullies have formed, and 
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no seepage is present.  Concentrate inspections at known problem areas; pool level; debris 
at outlet structure; new or increased seepage. These Inspections shall be recorded on the 
dam inspection checklist.  Instrumentation should be recorded if new or increased seepage 
is detected during this inspection. 

5.5  Informal Inspections 

Informal inspections include both daily and weekly surveillance by Plant personnel 
looking for changes in conditions (slips along dam face, erosion gullies, excessive 
settlement, malfunctioning drains, new seepage areas, etc). 

Informal inspections shall be made after every significant precipitation event (e.g., greater 
than 1/2 inch of rain or 3 inches of snow in 24 hours) to ensure that the outlet structures 
and their discharge pipes are unobstructed, no earth slide has occurred, no significant 
erosion gullies have formed, and no seepage is present. 

These inspections shall be documented either on the checklist form or on an inspection log 
by indicating the date and time of the inspection, the inspector name(s), the weather 
conditions, any observed deficiencies or unusual change in the operating or physical 
conditions, and the overall physical condition of the dam or dike. 

5.6  Instrumentation —Fly Ash Dam II 

The following instrumentation has been installed to monitor key aspects of the dam’s 
performance: 

5.6.1  Seepage Collection/Measurement  

Since the 1997 raising, seepage has been identified at three primary locations, specifically: 

1. Along the right abutment of FAD II from a spring.

2. Along the left channel slope of the emergency spillway channel.

3. Above the discharge channel along the left side emerging from the bedrock

4. Additionally, a new seep was identified in June of 2013 along the right downstream
abutment/dam groin.  In October of 2013, an inverted filter and drain was installed.
The pipe exiting the drain has been monitored at regular intervals since this time



American Electric Power 
Cardinal Power Plant - Operation, Maintenance, and Inspection Manual 
March  5.0 INSPECTION PROGRAM 

20 

and the seepage rate has been found to be approximately 0.25 gallons/minute and 
seepage itself free of fines.  One last reading should be obtained within the week 
prior to stop log placement.  

5. Any additional seeps discovered after the pool level has been raised will be added to
the inspection list and monitored.  If possible, collect seepage and monitor the flow
through the use of a V-notch weir or a pipe.

6. Attention should be given to the area at the right groin downstream of the installed
PVC sheet pile #79 to be able to trigger any seepage occurring in that area.

If seepage increases by more than 25% at any location, AEP Civil Engineering will 
immediately be contacted for evaluation. 

AEP maintains a Drain and Seepage Zone Spreadsheet detailing drain number and 
location.  This worksheet is included in Appendix B, Section 6 – Pipe Drains as part of the 
inspection checklist. 

5.6.2  Piezometers/Observation Wells  

1. Water levels in the piezometers shall be determined and recorded on a quarterly
basis to monitor changes in the pore pressures within the dam.  Water levels shall be
measured to the nearest tenth of a foot.  A form for recording the piezometer
readings is provided in Appendix B.

2. In addition to quarterly monitoring, the piezometers shall be monitored during and
after periods of high pool levels (pool level rise greater than 2 feet from a
precipitation event).  If piezometer water levels within the dam rise more than 2 feet
during a flood event, contact AEP-Civil Engineering staff and/or a Professional
Engineer for evaluation of the recorded data.

3. All piezometer monitoring must be done with regard to the safety of the personnel
performing the monitoring.  Personnel shall cease monitoring activities if weather
conditions become hazardous (i.e., lightning), if failure of the dam is imminent, or if
safe exit from the embankment will be cut off by flood flows.

5.6.3  Surface Monuments  

More than 60 survey monuments have been installed on FAD II to monitor horizontal and 
vertical movements (See Appendix C).  A monitoring plan illustration can be found in 
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Appendix B. Annual surveys are performed by AEP Civil Laboratory. Copies of the 
surveys should be sent to:  
1. Cardinal Plant Manager
2. AEP Civil Engineering.

5.6.4  Slope Inclinometers  

Five slope inclinometers  have been installed on FAD II to monitor horizontal movements 
with depth along the central section of the dam (See Appendix C).     Annual reading of 
the slope inclinometers are performed by AEP Civil Engineering Laboratory. Copies of 
the readings should be sent to:  
1. Cardinal Plant Manager
2. AEP Civil Engineering.
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6.0 EMERGENCY ACTION PLAN 

The EAP for FAD II is made part of this O&M Manual but is provided as a separate 
document. The EAP includes the notification flowcharts of individuals/agencies that will 
be contacted in the event of unsafe conditions detected at any of the three dams.  

6.1  Unsafe — Emergency  

Each of the malfunctions listed under the UNSAFE — EMERGENCY performance 
corresponds to a rapid/instantaneous failure condition. Therefore, in the event that one or 
more of these malfunctions are detected, there may not be enough time for a thorough 
evaluation of the situation. Accordingly, the first action to be taken by field personnel is 
notifying the Team Leader who in turn should activate the EAP.  

6.2  Unsafe — Non Emergency  

Malfunctions under the category of UNSAFE — NON EMERGENCY corresponds to 
potentially hazardous conditions. These types of malfunctions should allow sufficient time 
for an expedient evaluation of the situation and for the implementation of remedial 
measures. Accordingly, the recommended immediate response in the event that one or 
more of these malfunctions is detected is to use an ALERT as dictated by the EAP and to 
upgrade the inspection and monitoring program.  

6.3  Marginal Deficiency  

The malfunctions in the Marginal Deficiency category do not pose a serious threat to the 
safety of the dam: Therefore, the appropriate field response is to alert the AEP Civil 
Engineering of the situation and follow up with the inspection checklist report.  

6.4  Minor Deficiency  

The remaining malfunctions correspond to maintenance rather than immediate safety 
related problems. These conditions, if detected, will not require any special immediate 
response other than the normal reporting required under the Dam Inspection and 
Maintenance Program. If appropriate, an order for maintenance work should be written 
and implemented by plant personnel.  
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INSPECTION RESPONSE TABLE 

Performance 
Level of the Dam 

Malfunctions 
or Undesirable Features 

Actions to be Taken 
By Field Personnel 

(In Order Indicated) 

UNSAFE 
Emergency  

• Overtopping or activation of
emergency spillway

• Breach or slide below the waterline,
which reaches the dam crest and/or
seeps water.

• Springs on abutment or downstream
slope with muddy water and
progressively increasing flow rate.

1. Notify Team Leader who in
turn should issue a
Notification. (See EAP)

2. Continue 24-hr. surveillance
program, if possible.

3. Read all field instrumentation
daily, if possible.

UNSAFE  
Non-emergency  

• Springs on abutments or downstream
face with muddy water but stable flow
rate.

• Pipes, cavities, or holes, which could be
attributed to internal erosion, even
without evidence of seepage.

• Clogged drains.
• Slide with no seepage and that does not

reach the dam crest.
• Noticeable increase in amount of

foundation or abutment seepage or
piezometer level.

1. Notify Team Leader who in
turn should issue an Alert (see
EAP).

2. Initiate a daily surveillance
program.

3. Read all field instrumentation
daily, if possible.

4. Report on Inspection
Checklist.

MARGINAL  
Deficiency  

• Cracks parallel or transverse to the
dam.

• Soft zones in downstream face or toe.
• Previously undetected springs with

clear water and stable flow rate on face
of dam or abutments.

• Excessive settlement of crest.

1. Contact AEP Civil
Engineering.

2. Report on Inspection
Checklist.

MINOR  
Deficiency  

• Damaged instrumentation.
• Sloughing.
• Rodent burrows.
• Surface or riprap erosion.
• Trees and tall vegetation on

embankments or spillway channel.
• Poor vegetal cover.

1. Report on inspection Checklist.
2. Write repair order, if

appropriate.
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7.0 OWNER’S REVIEW 

This Operation, Maintenance, and Inspection Manual was prepared for AEP’s Cardinal 
facility fly ash dam II and bottom ash pond complex and supersedes all previous versions. 
I have read the Manual on behalf of AEP and understand the actions that will be required 
of AEP, and acknowledge that the information contained herein is, to the best of my 
knowledge, accurate as of the date of my signature.   

Charles W George 
Plant Manager 



APPENDIX A 
DAM MAINTENANCE RECORD



CARDINAL FAD II 
DAM MAINTENANCE RECORD 

FOR YEAR _____________ 

Maintenance Date Initials Comments (a) 
1. Cut/mow grass and clear brush

2. Cut/mow grass and clear brush

3. Cut/mow grass and clear brush

4. Cut/mow grass and clear brush

5. Remove debris from outlet
structures

6. Repair eroded areas

7. Concrete repair (describe)

8. Repair rodent damage

9. Piezometers Maintenance (if
required)

10. Other (specify)

11. Other (specify)

(a)Use additional sheets if necessary. 

Signature 



APPENDIX B 
DAM INSPECTION INSTRUCTIONS 

AND 
DAM INSPECTION CHECKLIST 



A. Dam Inspection Instructions 

1. Dike Inspection Checklist

a. Inspectors and others should include names and affiliations.

b. Weather and site conditions should include weather conditions and
the condition of the ground surface (i.e., wet, snow covered, dry, etc.),
at the time of the inspection.  Note, if the inspection is occurring
immediately after a heavy precipitation (e.g., greater than 0.5 inch
rainfall or 3 inches of snow in the preceding 24 hours)

c. Fill in the information requested.  Obvious problems will require
maintenance.  Monitoring will be recommended if there is potential for
a problem to occur in the future.

2. Comments

a. A brief description of any noted irregularities, needed maintenance, or
problems for each item checked should be made.  Abbreviations and
short descriptions are recommended.

3. Sketches and Field Measurements

a. Explanatory sketches, measurements of cracks, settlement, and
additional explanation of observations should be placed on these
pages.  A copy of the Cardinal Plant Dam Inspection Location Plan
should be used to indicate the locations of any concerns identified
during an inspection.

b. Definitions:

CW  Clear Water 
BA  Bottom Ash 
GPM Gallons Per Minute 
MGD Million Gallons per Day 



CARDINAL PLANT 
FLY ASH DAM II 

INSPECTION CHECKLIST 
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CARDINAL PLANT 
FLY ASH DAM II  

INSPECTION CHECKLIST 

1. GENERAL INFORMATION

Date of Inspection  

Inspected by  

Reason for Inspection 

Weather  

Temperature  

Rainfall During Previous 7 Days 

Reservoir Elevation:  

Fly Ash Dam II  

Available Spillway Freeboard 
(974.0 - Reservoir Elevation) 

Available Dam Crest Freeboard 
(983.0 - Reservoir Elevation) 



FAD II Inspection Record 2 Form Rev. 3/  

2. EMBANKMENT CONDITION

Note the conditions of the overflow structures and, to the extent practicable, the
discharge pipes. Signify good conditions with a checkmark, problem areas with an X
in the appropriate spaces below.  The FAD II Inspection Location Page shall be used
to indicate malfunction locations.  Place a number or letter (location code) on the
plan at each problem area.  Place the same letter(s) or number(s) next to appropriate
malfunction.  Place sketches, notes, and comments.

Malfunction 
“ ”or 

“X” 
Location 

Code Descriptive Features 
Bulges Areal extent and elevation 

Cavities or Holes General shape, size, and 
elevation 

Cracks Length, width, depth and 
elevation 

Surficial Erosion, 
Gullies 

Length, width, depth, areal 
extent 

Sloughing/Slides Areal extent, vertical drop 

Soft Soil 
Areal extent and vegetation 

Springs/Seepage/ 
Wetness 

Flow rate, muddy or clear 
water, areal extent, and 
elevation 

Rodent Burrows 
Size, areal extent if clustered 

Poor Vegetal Cover 
Areal extent
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Malfunction 
“ ”or 

“X” 
Location 

Code Descriptive Features 

Trees or Tall 
Vegetation 

Areal extent, height, trunk 
size 

Excessive Crest 
Settlement 

Settlement/affected crest
length 

Defects in Crest Road 
Size, areal extent 

Clogged Drains Color and origin of 
deposit/size of color 

Deteriorated Rip Rap 
Outlet Channel 

Areal extent

Other (Please specify 
and describe) 

Note:  All malfunctions which occur within the same general area should be shown in the 
same descriptive sketch or narrative for that particular problem area. 



FAD II Inspection Record 4 Form Rev. 3/  

3. OVERFLOW  STRUCTURE

Inspect the below listed structures. Place a “ ”in the space if the condition is good;
place an “X” in the space if a problem is found and describe the problem below.  If
necessary, continue description of problem on Page 12, NOTES AND COMMENTS.

Description 
“ ” 

or “X” 
Location 

Code 
Descriptive 

Features 
Does discharge flow appear 
normal? 
Condition of concrete at 
spillway shaft 
Are extra stop logs 
available? 
Have stop logs been added?  

If yes, note number, date, 
and new top elevation 

Obstruction: note location(s) 

Have obstructions been 
removed? 

Are access stairs OK? 

Are the any rusted areas in 
the skimmer? 

Other (please specify) 
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4. OUTLET WORKS

Please note the conditions with regard to the following items.  If a problem is observed,
please describe it.

Does the discharge flow appear normal at the 
energy dissipater? 
Is the condition of concrete at energy dissipater 
and Parshall flume OK? 
Is the condition of the Parshall flume OK? 

Is flow through the Parshall flume without 
turbulence? 
Is there any erosion or riprap problem at the 
outlet channel? 
Is rubble from the hillside obstructing or 
threatening to obstruct the outlet channel? 
Other comments. 

5. EMERGENCY SPILLWAY

Please note the conditions with regard to the following items.  If a problem is observed,
please describe it.

Are there any trees or obstructions in the 
channel? 
Is there evidence of instability on the side 
slopes? 
Are there erosion gullies or problems with the 
vegetal cover in the channel? 
Other comments. 
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6. PIPE DRAINS

Using a stopwatch, determine the time in seconds it takes each of the
drainage blanket pipes to fill a 1- or 5-gallon bucket.
Calculate the pipes discharge in gallons per minute (gpm).

Discharge = 60/time in seconds or 300/time in seconds. 

Record the measurements and describe the turbidity of the discharge in the
table below.
Note:  The 12” diameter spring flow (north of the large weir) can be
calculated from the large weir flow minus the sum of all other incoming
flows.

Pipe 
Time 
(Sec) 

Discharge 
(gpm) Description

12” Dia. Solid E. Underdrain El. 735 
(North of Large Weir) 
12” Dia. Perf. W. Underdrain El. 734 
(North of Large Weir) 
12” Dia. Solid Spring Outlet El. 738 
(North of Large Weir) 

See Note 
Above

4” Dia. Solid Spring Outlet El. 867 
(East Abutment Ditch) 
12” Dia. Solid Spring Outlet El. 893 
(West Abutment Ditch) 
6” Dia. Solid E. Sprg. Outlet El. 739 
(@ Energy Dissipater) 
4” Dia. Solid W. Sprg. Outlet El. 739 
(@ Energy Dissipater) 
6” Dia. Solid E. Groin Drain El. 907 
(In Emerg. Spillway) 
12” Dia. Solid RCC Drain El. 908 (In 
Emerg. Spillway) 
6” Dia. Solid Right Groin Channel. 
Outlet El. 943  
Other 
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7. V-NOTCH WEIRS

7.1 The large 12-inch weir measures the total surface flows, spring flows, and the
underdrain flows from the riprap slide repair area. 

Read the head of water acting on the large weir from the staff gauge
which is attached to a lumber post located approximately 5 feet
upstream of the weir.

With this reading and the rating curve for a 90° V-notch weir shown
Page 14, determine the discharge over the weir in gpm.  Record the
water head and discharge as follows:

Head, inches 

Discharge, gpm 

Has a significant snowmelt 
occurred during the last 2 days? 
Additional comments about 
condition of the _______ 

7.2 The small 6-inch weir (located south of the large weir in a small basin) 
measures all of the dam internal drainage blanket flows. 

Read the head of water acting on the weir from the floor of the weir
and subtract 6 inches to obtain the correct reading.

With this reading and the rating curve for a 90° V-notch weir shown
on Page 14, determine the discharge over the weir in gpm.
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Record the water head and discharge as follows:

Head, inches 

Discharge, gpm 

Has a significant snowmelt occurred 
during the last 2 days? 
Additional comments about condition 
of the __________________________ 
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8. PNEUMATIC PIEZOMETERS

8.1 Obtain water level readings at the piezometers that follow:

Use the portable indicator to read the pressure, in psi, at each
pneumatic piezometer following the procedure outlined in the
Instruction Manual for Pneumatic-Pressure Transducer Model
51421102. 

Determine the pressure head in feet of water by multiplying the
pressure by 2.308.

Determine the water elevation or total head by adding the pressure
head, in feet of water, to the corresponding elevation of the transducer
tip (elevation head).

Record the pressure and total head calculations in the table below.

Note:  The piezometers with an asterisk (*) in front of their identification 
number should be read on the same schedule as the field inspections.  All 
other piezometers should be read every three months. 
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PIEZOMETER RECORD 

Piezometer 
No. 

Pressure 
(psi) 

Pressure 
Head 

(ft) 

Elevation 
Head 

(ft) 

Total 
Head 

(ft) Comments
EXAMPLE 10.5 24.2 730.4 754.5 

P-1A  752.30
P-2A  771.00
P-3A  801.30
P-3B  772.30

*P-1BE 728.00
*P-1BW 735.90
*P-2BE 730.00
*P-2BW 731.10
*P-1C  714.40
*P-2C  711.00
*P-3C  712.30
*P-4A  798.90
P-5A  774.70

P-5BR  725.30
P-8A  802.10
*P-8B  776.00
*P-9  771.20

*P-10  769.10
*P-11  802.60
P-11B  789.10

P-RCC1 923.30
P-RCC2 913.40
P-RCC3 913.30

Additional comments regarding piezometer readings and the condition of the terminal 
panel and housing structure. 
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9. HYDRAULIC (STANDPIPE) PIEZOMETERS

Use a water level indicator to measure the depth to water in each hydraulic
piezometer.  Determine the water elevation (i.e., total head) by subtracting the
depth of water from the elevation of the top of riser for the corresponding
piezometers.
Record the readings and calculations on the table below.
The schedule for reading the hydraulic piezometers should be the same as for
conducting the field inspections.

Piezometer 

Piezometer 
No. 

Elevation of 
Top of Riser 

Depth to 
Water 

Water 
Elevation Comments

MW-1D 968.630
MW-1S 968.630
MW-5 980.205
MW-6 980.555
MW-7 9 .5
Additional comments regarding condition of the piezometer riser, protection 
casing, vented cap, etc.   

Open Bore Hole (RCC Zone) 

Bore Hole 
No. 

Elevation of 
Top of RCC 

Depth to 
Water 

Water 
Elevation Comments

OB-1 970.205
OB-2 970.015
OB-3 969.950
OB-4 696.915
OB-5 969.890
OB-6 696.885
OB-7 969.865
OB-8 969.880
OB-9 969.935
OB-10 970.015
OB-11 970.035
OB-12 961.965
OB-13 961.240
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10. NOTES AND COMMENTS
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11. REPAIR ORDERS WRITTEN AND REPAIRS DONE SINCE PREVIOUS
INSPECTION



*Subtract 0.36 ft
from the reading
for Weir #1



BA/Reclaim Inspection Record Form Rev. 2/2010 

CARDINAL PLANT 
BOTTOM ASH/RECLAIM DIKE 

INSPECTION CHECKLIST 



BA/Reclaim Inspection Record 1 Form Rev. 3/

CARDINAL PLANT 
BOTTOM ASH/RECLAIM POND AREAS 

INSPECTION CHECKLIST 

1. GENERAL INFORMATION

Date of Inspection  

Inspected by  

Weather  

Temperature  

Bottom Ash Pond Elevation 

Recirculation Pond Elevation 
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2. EMBANKMENT CONDITION

Please refer to the Cardinal Ash Storage Areas Inspection Location Plan. Place a
number or letter (Location Code) on the location plan at each problem area and
place the same number(s) or letter(s) next to the appropriate malfunction below. For
each problem area, provide a sketch or narrative describing the pertinent features of
the malfunction(s) under NOTES and COMMENTS section.

Malfunction 
“ ”or 

“X” 
Location 

Code Descriptive Features
Bulges Areal extent and elevation 

Cavities or Holes General shape, size, and 
elevation 

Cracks Length, width, depth and 
elevation 

Excessive Crest 
Settlement 

Settlement/affected crest
length 

Rodent Burrows 
Size, areal extent if clustered 

Slides Length, width, vertical drop & 
elevation  

Sloughing 
Areal extent and elevation 

Springs/Seepage/ 
Wetness 

Flow rate, muddy or clear 
water, areal extent, and 
elevation 

Soft Soil 
Areal extent and vegetation 

Surficial Erosion  
Length, width, depth, areal 
extent 
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Malfunction 
“ ”or 

“X” 
Location 

Code Descriptive Features

Trees or Tall 
Vegetation 

Areal extent, height, trunk size 

Deteriorated Rip 
Rap  

Areal extent

Poor Vegetal Cover 
Areal extent

Other (Please 
specify and 
describe) 

Note:  All malfunctions which occur within the same general area should be shown in the 
same descriptive sketch or narrative for that particular problem area. 

3. OVERFLOW  STRUCTURE

Please mark the appropriate spaces below with a checkmark if condition is good or
briefly note observed problems; if necessary, continue description of problem under
NOTES and COMMENTS.

Description 
“ ” 

or “X” 
Location 

Code 
Descriptive 

Features 
Does bottom ash discharge 
flow appear normal? 
Condition of bottom ash 
spillway tower. 
Condition of bottom ash 
skimmer. 
Are they any rusted areas in 
the skimmer? 

Obstructions:  note location. 
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Description 
“ ” 

or “X” 
Location 

Code 
Descriptive 

Features 
Have obstructions been 
removed? 
Are access stairs and 
walkway OK? 
Condition of recirculation 
structure. 
Does the recirculation 
overflow pipe have flow 
coming from it? 
Condition of concrete 
apron. 

Other (please specify) 

4. OUTLET WORKS

Please note the conditions with regard to the following items.  If a problem is observed,
please describe it.

Does the discharge flow appear normal 
at the recirculation pond? 
Other comments. 

5. EMERGENCY SPILLWAY

Both emergency spillways were removed from service in 1988 by backfilling with
clay and bottom ash.  The elevations are the same as the existing embankment crest.
Please note the conditions with regard to the following items.  If a problem is observed,
please describe it.

Other comments. 
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6. HYDRAULIC (STANDPIPE) PIEZOMETERS

Use a water level indicator to measure the depth to water in each hydraulic
piezometer.  Determine the water elevation (i.e., total head) by subtracting the depth
of water from the elevation of the top of riser for the corresponding piezometer.
Record the readings and calculations on the table below.  The schedule for reading
the hydraulic piezometers should be the same as for conducting the field
inspections.

Piezometer 
No. 

Elevation of  
Top of Riser 

Depth to 
Water 

Water 
Elevation Comments 

1 671.56  Destroyed
2 672.47
3 671.54

B-0902 670.60
B-0904 671.08
B-0905 652.57
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7. NOTES AND COMMENTS



BA/Reclaim Inspection Record 7 Form Rev. 3/

8. REPAIR ORDERS WRITTEN AND REPAIRS DONE SINCE PREVIOUS
INSPECTION



Bottom Ash Complex Exhibit 



APPENDIX C 
REFERENCE  DRAWINGS AND PHOTOS 

 



Notes:
A) All flows mweasured in Million Gallons per Day 

15.33 9.32 9.22 Average Flow = MGD
Maximum Flow = (MGD)

1.48 Evaporation B) Max. Flows and Runoff based on 10-yr/24-hr Storm
C) FGD Landfill Max. Flow basedon 25-yr/24-hr Storm
D) Includes water redirected from Outfalls 016, 017, and

1.83 parts of 011, 012 and 013.
E) Includes water redirected from Outfall 010

0.04 F) Excess water to cooling tower.
0.32 1.84

Outlet
Average Flow 

(MGD)
1.83 008 0.02

Note F 091 1,144.95
1.58 092 1,144.74

1.83 006 0.02
0.32 019 12.58

023 0.00
001 1,143.96

0.02 6.01 3.67 601 0.78

13.38 4.22 1.84 0.02 Note D
(6.34) (1.60)

1.58
1.84 0.055

0.04 Note E 0.02
0.0014 (2.20) (0.99)

0.073
3.72 0.03 (2.24) 0.01

(5.84) 0.04 (0.25)
1,144.95 (1.16) 0.23 0.19

12.15 12.14 (6.44) (4.24) 0.00
(16.19) (22.16) (0.06)

0.12
0.00 0.01 0.16

0.12 8.43 (7.13) 0.00 0.00 0.00 0.00 (0.54) (2.94)
(10.35)   4.32   2.3 (0.50) (0.34) (0.33) (0.61)

1143.96 0.02 0.03
(1.35) (1.89)

0.08
4.32 (1.00)

1152.00 1148.87 4.91
2.30

0.78 0.05
0.06 0.01

0.21 (0.82) (0.05)
6.72

2.28 (8.64)
(2.31)

3.13 0.01
(3.17) 0.57 (0.13)

(0.58) 0.57 0.96
(0.58) 0.11 (2.88)

0.07 0.96 0.09
(2.88) (0.41) 0.05

0.12
5.76 5.76

0.04 0.79
(22.15)

0.87
3.17 (24.36)

3.17
4.23 1.06
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