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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.
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Fig. 1. Variation of Manning’sn for different H! values
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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

3.129:671-679.

PLATE 41



f

f

ls,

ed
ed

f

tal-

.

’’

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

W
ill

ia
m

 B
ar

ry
 o

n 
08

/2
1/

12
. F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r 
us

es
 w

ith
ou

t p
er

m
is

si
on

. C
op

yr
ig

ht
 (

c)
 2

01
2.

 A
m

er
ic

an
 S

oc
ie

ty
 o

f 
C

iv
il 

E
ng

in
ee

rs
. A

ll 
ri

gh
ts

 r
es

er
ve

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 
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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
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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 
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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) 
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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. 
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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 



FAD II Inspection Record 7 Form Rev. 3/  

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
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CARDINAL PLANT 
BOTTOM ASH/RECLAIM DIKE 

INSPECTION CHECKLIST 
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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
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8. REPAIR ORDERS WRITTEN AND REPAIRS DONE SINCE PREVIOUS
INSPECTION



Bottom Ash Complex Exhibit 
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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
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0.04 Note E 0.02
0.0014 (2.20) (0.99)
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1,144.95 (1.16) 0.23 0.19
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0.12
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(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
(6.34) (3.17)

1.06
0.02 (3.17)

12.58
(61.78)
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