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1.0 OBJECTIVE

This report was prepared by AEP- Geotechnical Engineering Services (GES) section to fulfill requirements
of the CCR rule section 257.73(c)(1).

2.0 DESCRIPTION OF CCR THE IMPOUNDMENT

The Northeastern 3&4 Power Station is located near the City of Oologah, Rogers County, Oklahoma.
It is owned and operated by Public Service Company of Oklahoma (PSO). The facility operates one
surface impoundment for storing CCR called the Bottom Ash Pond.

The embankment is about 4,200 feet long, encompassing about 72 acres with about 34 acres of surface

water. The dam crest gradually increases in elevation from about 630 feet-msl at the north berm east of
the auxiliary spillway, to about elevation 639 feet-msl at the south berm where it meets the coal storage
area on the east side. The embankment was constructed across a first order tributary to Fourmile Creek
leaving the site to the south where the embankment is at its highest, 38 feet from the crest to the toe of
the dam. A railroad track extends the length of the crest, typically used to remove empty coal cars from

the site.

3.0 SUMMARY OF OWNERSHIP 257.73(c)(1)(1)

[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 Northeastern Power Station is located at 7300 E Hwy 88, Oologah, Oklahoma 74053 in Rogers
County Oklahoma. It is owned and operated by Public Service Company of Oklahoma (PSO). The facility
operates one surface impoundment for storing CCR called the Bottom Ash Pond. The Dam Inventory of
Oklahoma ID is OK30396.

4.0 LOCATION OF THE CCR UNIT 257.73 (c)(1)(n)

[The location of the CCR unit identified on the most recent U.S. Geological Survey (USGS) 7 ¥z
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)(im)
[A statement of the purpose for which the CCR unit is being used.]

The Bottom Ash Pond is a surface impoundment for the purpose of settling and storing CCR. The power
station’s site storm water drainage is also tributary to the pond.

6.0 NAME AND SIZE OF WATERSHED THE CCR UNIT IS LOCATED
257.73 (c)(1)(1v)

[The name and size in acres of the watershed within which the CCR unit is located.]

The Bottom Ash Pond is located with the Lower Verdigris watershed (HUC: 11070105) which has a listed
acreage of approximately 444,742 acres. The Bottom Ash Pond tributary area consists of two drainage
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areas. The total drainage area is approximately 199 acres. One area includes most of the power station
area and the Bottom Ash Pond itself, and the second contributing drainage area consists of the coal pile
and area east of the coal pile which is connected to the Bottom Ash Pond via a small channel.

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 foundation materials of the Bottom Ash Pond consist of a thin layer of native soils overlaying
limestone bedrock. The native soils are generally described as dark brown, gray and tan silty to sandy clay
with trace amounts of gravel noted in some locations. Boring logs describe the bedrock as soft to medium
medium-hard limestone with shale clay lenses. RQD values were between 86 and 100-percent for the
limestone encountered. The abutments and foundation were prepared as described in Site Preparation
Specification D-2 (See Attachment B).

8.0 DESCRIPTION OF EACH CONSTRUCTED ZONE OR STAGE OF THE CCR UNIT
257.73 (c)(1)(v1)

[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.]

The Bottom Ash Pond was originally constructed in 1979. The original design drawings show the
embankment is constructed of earthen fill. The embankment has an inner clay core which is keyed into
the original ground. The embankment has an approximate top width of 30 feet. The embankment is at
elevation 630 feet-msl at the auxiliary spillway, and increases in elevation along the west and south
embankments to elevation 639 feet-msl at the east side of the south embankment. The tallest section of
the north embankment is 19 feet at the auxiliary spillway, and the tallest section at the south
embankment is 38 feet over the pre-existing stream. The inboard and outboard slopes were constructed
with a 2.5 horizontal to 1 vertical slope. On top of the dike there is a railroad bed is located on the
west and south embankments primarily used for moving empty coal cars. The original subsurface
investigation is included in Attachment B and design drawings are included in Attachment C.

The project specifications required construction quality assurance (CQA) testing, however construction
records including as-built plans and CQA records are not available. Several post-construction subsurface
investigations have been completed (Standard Testing, 2010, and Terracon 2016). Results of those
investigations including engineering properties are included in Attachment B. In general the borings
indicate that the embankment soils ranged from sandy lean clays to fat clays.

A modification was made to the embankment since the original construction. Prior to September
2009, the slope along the eastern portion of the southern embankment was steepened in order to
provide an access road along the embankment crest parallel to the railroad track. The slope angle along
the upper 15 feet of the crest in this area (approximately 1,000 feet) is 1:1 instead of the 2.5:1 design
slope (H:V). This area has been covered with a protective layer of riprap.
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9.0 ENGINEERING STRUCTURES AND APPURTENANCES, 257.73 (c)(1)(vn)

[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...]

Detailed dimensional drawings are included in Attachment C. There is no principal spillway within the
ash pond. The water level is controlled by pumping and recirculating water through the power station
for reuse. There is an auxiliary spillway used for conveying water during extreme rainfall. The auxiliary
spillway is a broad-crested weir, with a concrete chute and stilling basin. The overflow crest is 25-feet
wide with a design invert elevation of 625.0 ft msl. The auxiliary spillway is located on the west side of
the north embankment. Overflow from the spillway discharges to a low area on site. The low area is
drained by two culverts under the adjacent railroad track, which discharge off site into a tributary to
Fourmile Creek on the northeast side of the ash pond. Fourmile Creek is located along the south side
of the ash pond, and discharges into the Verdigris River 1.5 miles downstream from the tributary. The
downstream toe of the dam was designed with a toe drain along the west and south embankments. This
drainage system consists of a 1.5-foot thick sand and gravel drainage blanket layer that extends along
the dam subgrade from the toe to a distance of the height + 15ft away from the center of the
embankment. The drainage blanket is connected to a gravel and sand bedding layer, 9-inches in
thickness, at the toe that runs 12 feet up the slope from the toe and is overlain by 1-foot layer of riprap.
The toe drain was designed to drain seepage from the dam at any point along its length: i.e., there are
no seepage collection pipes to discharge seepage at specific locations. As a consequence, seepage will
tend to collect and discharge at the lowest elevation along the toe. This area is near the western end of
the south embankment at the location of the pre-existing natural streambed. Drainage is diverted
around the Bottom Ash Pond by natural drainage channels and grass lined ditches.

Primarily the inboard slopes are protected by riprap with upper portions protected by grass vegetation.
The outboard slopes primarily consist of grass vegetation and a riprap blanket that run 12 foot up the
slope from the toe.

A map with instrumentation locations in provided in Attachment D.

10.0 SUMMARY OF POOL SURFACE ELEVATIONS, AND MAXIMUM DEPTH OF
CCR, 257.73 (c)(1)(vn)

[...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 Bottom Ash Pond has been determined to be a Low Hazard potential CCR impoundment. Based on
this hazard classification the design flood as determined by section 257.82(a)(3) to be the 100-year
storm which corresponds to 8.85 inches in 24 hours for this site. An analysis was performed for the 40%
PMF (Probable Maximum Flood), which looks at 40% of the runoff from PMP storm of 45.87 inches in 72
hours. This produces significantly more runoff than the 100-year storm and therefore exceeds the
requirements of section 257.82(a)(3). The complete analysis is included in Attachment E.
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Bottom Ash
Pond
623.0

Normal Pool Elevation

Maximum  Pool  Elevation | 625.15
following peak discharge from
inflow design flood

Expected Maximum depth of | 12 ft
CCR within impoundment

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 the pumping and recirculating system, the
auxiliary spillway and influent sluicing piping and structures. See design drawings in Attachment C for
location and details of all appurtenances.

12.0 DESCRIPTION OF THE TYPE, PURPOSE AND LOCATION OF EXISTING
INSTRUMENTATION 257.73 (c)(1)(vin)

[A description of the type, purpose, and location of existing instrumentation.]

The Bottom Ash Pond has 2 piezometers located within the structure of the dam. These piezometers are
read a minimum of every 30 days for the purpose of determining the phreatic water level within the
dike. A location map is provided in Attachment D.

13.0 AREA — CAPACITY CURVES FOR THE CCR UNIT 257.73 (c)(1)(ix)
[Area-capacity curves for the CCR unit.]

The area capacity curves for the Bottom Ash Pond are described on Table 3 within the Hydrology and
Hydraulic Analysis Report by Freese and Nichols, May 2011 in Attachment E.

14.0 DESCRIPTION OF EACH SPILLWAY AND DIVERSION 257.73 (c)(1)(x)

[A description of each spillway and diversion design features and capacities and calculations
used in their determination.]

There is no principal spillway at the bottom of the ash pond. The water level is controlled by pumping
and recirculating water through the power station for reuse. The auxiliary spillway is a broad-crested
weir, with a concrete chute and stilling basin. The overflow crest is 25-feet wide with a design invert
elevation of 625.0 ft msl. The auxiliary spillway is located on the west side of the north embankment.
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Overflow from the spillway discharges to a low area on site. The low area is drained by two culverts
under the adjacent railroad track, which discharge off site into a tributary to Fourmile Creek on the
northeast side of the ash pond. Fourmile Creek is located along the south side of the ash pond, and
discharges into the Verdigris River 1.5 miles downstream from the tributary. Drainage is diverted around
the Bottom Ash Pond by natural drainage channels and grass lined ditches. Capacities and Calculations
are included in Attachment E.

15.0 SUMMARY CONSTRUCTION SPECIFICATIONS AND PROVISIONS FOR
SURVEILLANCE, MAINTENANCE AND REPAIR 257.73 (c)(1)(x1)

[The construction specifications and provisions for surveillance, maintenance, and repair of the
CCR unit.]

Construction of the Bottom Ash Pond was completed around 1979. Construction specifications were
developed by Black and Vetch as part of the design of the impoundment are included in Attachment B.

As required by the CCR rules the Bottom Ash 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. Maintenance items are addressed as they are discovered as part of those
inspections.

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

To date there has been no known record or knowledge of structural instability of the CCR unit.
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BORING LOG HOLE NO. s-73
PROJECT Hartheast Power Station - Oclocay, Oklahoma SHEET ' OF !
HOLE LOCATION 60+008, 22+0Q0F, DATE |-i4-75

GR.ELEV. 636, 1 WATER TABLE __tione BORED BY__ Riddle LOGGED BY_ Drywater
(Aftor 24 hayrs)
ELEV oEot | g DESCRIPTION OF MATERIAL CASING INFORMATION
. SCALE 3 {TYPE, COLOR, TEATURE , COMSISTENCY) SIZE FT-RUN |FT-PULLED| FT-LEFT
7 CLAY, Silty, Sancv, Dark Brown w/Smal |
635, 1 Lo ¥4 Gravel
T—] LIMESTONE DRILLING MUD
:% TYPE NO. S5ACKS
E PENETRATION TEST
: FROM T0 BLOWS /FT
-
. SHELBY TUBE SAMPLES
- NO. FROM TG
- CCRING
- NOTE: | Bag Sample (Qt) @ -
- ) 1 FROM TG RECOVERY
- 0'-1.0
= WATER LOSS
] CEMENT {NO. SACKS)
. REMARKS
. CONMSULTING ENGINEERING L] GEOLOGICAL INVESTIGATION L ] ENGINEERING iNSPECTION
i "'k.’
JERPHILES HEMPHILL CORPORATION
o\ CORPORATION . 4834 SOUTH B3RD EAST AVENUE
"#.;\;‘r;gi;,«“" OFFICE-(918) 622-5133 TULSA. OKLAHOMA 74145 AFTER HOURS 387-5822




LCG

HOLE RNO.

BORING A_77
PROJECT Mortheast Power Siation = Oaliogah, Oklahoms SHEET _ | OF _ 1
HOLE LOCATION £4+005, 9+00F DATE |—=14-75
GR.ELEV. £]0,3 WATER TABLE _HMNone BORED BY_Riddle LOGGED BY Drywater
(After Z: hours) '
ELEV DEFIH 12 DESCRIPTION OF MATERIAL CASING INFORMATION
' SCALE ‘3 {TYPE, COLOR, TE)TURE, CONSISTENCY) S1ZE FT-RUN [FT-PULLED| FT=L.EFT
:%’ CLAY, Silty, Sancy, Dark Brown, Moist '
609.3 Lo I sofr
4—— LIMESTONE DRILLING MUD
oy e
::l: TYPE ]:0. SACKS
B PENETRATION TEST
- FROM ™ BLOWS/FT
- SHELBY TUBE SAMPLES
- NC. FROM TO
p CORING
. NOTE: | Bag Sample (Qt) & -
- FROM TO RECOVERY
1 0'-1.0'
-
2 WATER LOSS
: CEMENT {NO. SACKS)
- REMARKS
3
q
CONSULTHG ENGINEERING [ GEOLOGICAL 'MVESTIGATION » EMNGINEERING INSPLCTION

o CORPRBATION /

- IR
b =
i

HEMPHILL CORPORATION

OFFICE-(9218) 622-8133

4834 SOUTH B3RD EAST AVENUE
TULSA. OKLAHOMA 741_45

AFTER HOURS SB7.-5822




BORING LOG HOLE NO. . .-
PROJECT Northeast Power Station - Oologah, Oklahoma : SHEET | oF |
HOLE LOCATION ___54+00S. 9+00E, | DATE ___ 1-14-75
© JGR.ELEV. 635,4 WATER TABLE _ilons 8ORED BY_Riddle LOGGED BY _ Drywater
b. (After 24 hours)
ELEV EPIH | & DESCRIPTION OF MATERIAL CASING INFORMATION
’ SCALE ] (TYPE, COLOR, TEXTURE, CONSISTENCY) Si1ZE FT-RUN |FT-PULLED| FT-LEFT
:/’ CLAY, Silty, Sandy, Dark Brown, Moist
7/ Soft
- / DRILLING MUD
633.7 .73/
¥/, CLAY, Sandy, Tan, Moist, STiff w/SmallfccE Jno._sacxs
6324 3.0 ~// FROM . To BLOWS/FT
— LIMESTONE
'7|
- SHELBY TUBE SAMPLES
. - NO. FROM TD
- NOTE: 2 Bag Samples (Qt) € - CORING
- FROM TO RECOVERY
h o'-1.7', 1.7'-3.0!
3 WATER LOSS
b CEMENT (NO. SACKS)
4 REMARKS
ﬁ&\ COMNSULTING EMGINEERING [ ] SEDLOGICAL INVESTIGATION L ENGINEERING IMSPECTION
Iae,
Eﬁ%PHil'? HEMPHILL CORPORATION
COIPOIIYIM 4834 SOUTH B3RD EAST AVENUE
.,"“ Oy o OFFICE.{§18) §22-51323 TULSA, OKLAHCMA 74145 AFTER HOURS 587-%822




BORiNG LOG_ _ HOLE NO. =

28
PROJECT Northeast Power Station - Oclogah, Ok | ahoma ' ~ gHEET | of |
HOLE LOCATION _ 55+00 S, 3+00W ' DATE | 2-26~74

GR.ELEV. _627.Q  WATER TABLE _ilone  BORED BY_  Summers LOGGED BY__ Drvwater
Dritled with water : :

ELEV DERIH g DESCRIPTION OF MATERIAL CASING INFORMATION
" SCALE ‘-_]D (TYPE, COLOR, TEXTURE, CONSIATENCY) : SI1ZE FT-RUN [FT-PULLED} FT-LEFT
' o PCLAY, Siity, Sandy, Dark Brown, Moist,
- Stiff
¥ a | DRILLING MUD
625,.9 2.0 1 /] Jrvee Rio. SACKS
CLAY Sandy, Reddish, Tan, M0|sT PENETRATION TEST

S'f iff FROM 1o BLOWS/FT

jo]

£23.9 4.

LTMESTONE, Gray

52449 6.0 -
- LIMESTONE, Grayish w/Gray Shale Lenses

LA i 23

and partings w/Calcite Crystails

SHELBY TUBE  SAMPLES

Www_{mﬁ\\\\\

‘ : 4 INOTE: 2.0'" casing above surface bl ik i
; 6.0' casing below surface
E Hole Diameter 6 7/8Y
4 Pcint of Change of Hole
] Diameter 670%, Reference point
4 elevation 630.4.
E Boring=casing annulus grouted
. back to surface. 8,0" of 5"
e PVC plastic pipe with cap set CORING
: I hole. ROM| TO {RECOVERY | =00
4 6.0 10.0 10029 0E%
; 10.0{ 15.0] 100% | 957
3 15.01 20.0] 100%_ | 109%

- |waATER LOSS
j CEMENT (NO. SACKS) -
: _ REMARKS
- |- JNOTE : Hole flushed with
- ] _ clear water.
l607.9 20,0 1"=rottom of Hols
COMSULTING ENGINEERING » GEQLOGICAL INVESTIGATION L ] ENGINEERING INEPEICTION
e 5
e HEMPHILL CORPORATION
!cnnnnolu'u pi 4834 SOUTH B3RD EAST AVENUE
“W. OFFICE-(918) 622.5133 ~ TULSA, OKLAHOMA 74145 AFTER HOURS 587-5822




BORING LOG HOLE NO. B-27

{PROJECT Northeast Power Station - Oologah, Oklahoma : sHeeT __ 1 oF
HOLE LOCATION 55+00 S, 5+00 E DATE _12/23-27/74
GR. ELEV. 628,0 WATER TABLE ' 'N'Qne BORED BY Summer‘S' LOGGED 8Y Dr‘yua+er

{Drilfed with water) o
ELEV DERTH 1 2 DESCRIPTION OF MATERIAL CASING INFORMATION
! SCALE 3 {TYPE, COLOR, TEXTURE, CONSISTENCY ) S12E FT-RUN |FT-PULLED!I FT-LEFT
4/ A4 CLAY, Silty, Sandy, Dark Brown, Molst
N Stiff
626.5 1.5 ] DRILLING MUD
: - LIMESTONE, Gravish TYPE NO. SACKS
- ' PENETRATION TEST
p FROM TO BLOWS/FT
624.5 5.5 !

LIMESTONE, Gravish w/Tan, Clay Lenses

623.5 4,5 IEE; _ :
' ——| LIMESTONE, Grayish w/Gray Shale Lenses
r}and partings and Calcite Cyrstals

= SHELBY TUBE SAMPLES
: NO. FRCM 70
T==|NOTE: 2.0' casing above surface
— 3.5' casing below surface
= ‘Hole Diameter 6 7/8"
:E%% Point of Change of Hole
. Diameter 3¥5Y, Reference
.._% point elevation 630.2.
jg%g Boring-casing annulus grouted
.% back to surface. 5.5' of 5" CORING
= ?xchggzsﬂc pipe with cap set lrpow | vo _ |RECOVERY | 20D
== ) 5.0 | 10.0] . 96% 964,
- "
1+ i0.0 i5.0 82% 929
T
leiz.0 15.0 =
. Bottom of Hole
3 WATER LOSS
. CEMENT (NO. SACKS)
] REMARKS
h NOTE: Hole flushed with
3 clear water.
CONSULTING ENGINEERING [ ] GEDLOGICAL INVESTIGATION » . EMGINEXRING INSPECTION
a—"‘" £
APRILE: HEMPHILL CORPORATION
.Q:E-H-P-!!r!olu/ 46834 SOUTH B3RD EAST AVENUE ]
"OW\" OFFICE. (8181 622-5133 TULSA. OKLAHOMA 74145 AFTER HOURS S87.5822 B




BORING LOG HOLE NO. e-73
PROJECT Northeast Power Station - Oologah, Ok!ahoma SHEET __1 __ oOF 2
HOLE LOCATION ___ 55+00 S, 15+00 W DATE 12-23-74
GR.ELEV. _611.8 _ WATER TABLE __ None _ BORED BY__ Summers LOGGED BY_ ___Drvwater
{(Dritled with water) '
ELEV DE R g DESCRIPTION OF MATERIAL CASING INFORMATION
’ SCALE 3 (TYPE, COLOR, TEXTURE, CONSISTENCY) SI1ZE FT-RUN |FT-PULLED] FT-LEFT
://r CS:L‘?:' Silty, Sandy, Dark Brown, Moist,
' o
610.8 1.0 YA
3 LIMESTONE, Grayish w/Clay Lenses and DRILLING MUD
i Gray Shale Partings TYPE NO. SACKS
= PENETRATION TEST
£08 A 3,0 [t FROM T0 BLOWS/FT
' LIMESTONE, Grayish w/Clay lenses and
1Gray Shale Partings
i
605.5 6.3 :% ,
]  LIMESTONE, Grayish w/Gray Shale Lenses
’ [ partings and Calcite Crystals
=4 SHELBY TUBE SAMPLES
: NO. FROM TO
I—T_
-%
_ CORING
. : [FRoM 10 rECOVERY __2nn
3 NOTE: 2.0' casing above surface 0 ECOVERY, "
_— 3.0 casing below surface 2.0 10.0 86% 267
7] Hole Diameter 6 7/8" 10.0 15.0 100% __ 1007
T Point of change of hole 15.0 20.0 1009 1005
—— diameter 3*0%, Reference 0.0 22.0 909 apd
- point elevation 613.2.
: 5.0' of PVC plastic pipe with
= ‘cap set in hole. Boring-casing
; annulus grouted back to surface{wATER LOSS
CEMENT (NO. SACKS)
; REMARKS
=
20,0 -
. ENGINEERING INSPICTION

EHPHII.

P
"‘ e

CONSULTING ENGINEERING

- GEOLOGICAL INVESTIGATION

OFFICE-

HEMPHILL CORPORATION

4834 SOUTH B3RD EAST AVENUE

(918) 622-85133 TULSA. OKLAHOMA 74145

AFTER MOURS 387.-5822




BORING LOG | HOLE NO. - o=

PROJECT Northeast Power Station = Oologah, Oklahoma SHEET _ 2 _OF 2
HOLE LOCATIONSS5400 S, 15+00 W DATE | 2-26-74
GR.ELEV. _011.8 WATER TABLE ___ None BORED BY___ Summers LOGGED BY Drywater
{Drilled with water} :
ELEV i g DESCRIPTION OF MATERIAL CASING INFORMATION
’ SCALE 9 - {TYPE, COLOR, TEXTURE, CONSISTEMNCY ) SI1ZE FE-RUN |FT-PULLED FT-LEFT
——3 LIMESTONE, Grayish w/Gray Shale Lenses
) Partings and Calcite Cyrstals
-
- : DRILLING MUD
598.8 22,0 4% _ TYPE ' jno.'sacxs
- Bottom of Hole _ PENETRATION TEST
- ‘ FROM TO BLOWS /FT
3
. SHELBY TUBE SAMPLES
- NO. FROM TO
- CORING
: FROM TO RECOVERY
- WATER LOSS
1 CEMENT {NO. SACKS)
4 REMARKS
L
CONSULTING INGINEERING [ ] GEQLOGICAL INVESTIGATIOMN » ENGINEERING INSPECTION
o ¢
PHILE HEMPHILL CORPORATION
.ﬂun-nnaug 4834 SOUTH B3RD EAST AVENUE 7
"’»}‘,g;‘_,;“é:é"' OFFICE-(978) 622.8133 TULSA. OKLAHOMA 74145 AFTER HOURS 587.58232




BORING LOG HOLE NO. B-29
PROJECT Northeast Power Station = Qologah, Oklahoma SHEET | orF 2
HOLE LOCATION 64400 S, 14+00 W oaTe  12-23-74
GR.ELEV. _G10,3  WATER TABLE ___lone . BORED BY___Summers LOGGED BY___ Drywater
(Drilled with water)
ELEV DEFTH 1 2 DESCRIPTION OF MATERIAL CASING INFORMATION
o SCALE 3 {TYPE, COLOR, TEXTURE, CONSISTENCY) SIZE FT-RUN [FT-PULLED] FT-LEFT }
aﬁZLAY, Silty, Sandy, Dark Brown, Moist
Stiff
A
508.8 - r DRILLING MUD
J—== LIMESTONE, Grayish w/Clay Lenses TYPE {no. sacks
-PENETRATION TEST
n FROM T0 BLOWS /FT
6506.8 3.5 1
4——| LIMESTONE, Grayish w/Clay lenses and
4 Gray Shale partings and Calcite
g Crystals
Z= SHELBY TUBE SAMPLES
— NO. FROM TO
-:;#
=l
598.8 11.5 4=
- LIMESTONE, Gravish w/Gray Shale Lenses
J==|and Partings and Calcite Crystals
- CORING
y ' FROM TO RECOVERY BN
g : 5.0 | 10,0} 927 ap?
15| NOTE: 2.0' casing above surface 10,0 | 12.5 96% 95%
4— 3.5' casing below surface 12.5 | 21.0 999 ag%
. Hole Diameter 6 7/8"
7 Point of change of hole
diameter 6 7/8", Reference
J point elevation 612,3,
’ . ' 5'5" of PVC plastic pipe with [ro o 0SS
- cap set in hole. Boring-casing SACKS
-§§§ annulus grouted back to surface CEMENT(NO';EMARLS
. T
20,0 -%é%
CONBULTING ENGINEERING * GEOLOGICAL INVESTIGATION L] ENGINEERING INEPFPECTION
A L .
S BHILE: HEMPHILL CORPORATION
. 4834 SOUTH BIRD EAST AVENUE

rgtll'llltlﬂl{'
»%n" o

-

OFFICE-(9218) §22-3133

TULSA, OKLAHOMA 74145

AFTER HOURS 587-3822




BORING LOG , ’ HOLE NO. s-29

PROJECT Northeast Power Station - Ooloagah, Oklahoma SHEET 2 oF 2
HOLE LOCATION 64400 S, 14+00 W DATE |2-07-74
GR.ELEV. _610,3 WATER TASBLE MHone BORED BY Summers LOGGED BY Drywater
(Brilled with water)
ELEV DEFTH g DESCRIPTION OF MATERIAL CASING INFORMATION
) SCALF (_i-" (TYPE, COLOR, TEXTURE, CONSISTENCY) S1ZE FT-RUN |FT-PULLED! FT-LEFT
- { LIMESTOME, Grayish w/Gray Shale,
N | Lenses and Partings and Calcite
. Crystals
- . DRILLING MUD
. TYPE [NO, SACKS
- PENETRATION TEST
- FROM TO BLOWS/FT
584,3 26.0 1
= Bottom of Hole
: SHELBY TUBE SAMPLES
L NO. FROM TO
-
p CORING
. FRoM_ 170 RECOVERY | pon_ |
] 21.0 126.0 98% 989
]
-
-
] b
- WATER LOSS
: CEMENT (NO. SACKS)
o REMARKS
3
=4
-
-4
-l
CONSULTING ENGINLERING - GEOLOGICAL INVESTIGATION L] ENGINEERING INSFECTION
wre 0N _
e | HEMPHILL CORPORATION
S camPoaATsON 4834 SOUTH B3RD EAST AVENUE
""r.;,\f':" oy OFFICE-(918) 622.5133 TULSA. OKLAHOMA 74145 AFTER HOURS 587.-%822




BORING LOG ) HOLE NO. & =
PROJECT Mortheast Power Station - Cologah, Oklahoma SHEET ___| oF |
HOLE LOCATION T2+00 S, 3+00 W - DATE 12/723230/74
GR.ELEY. b611.3 WATER TABLE None BORED BY___Summers LOGGED BY Drywater
(Dritled with water)
DEPBH g DESCRIPTION OF MATERIAL CASING INFORMATION
ELEV. ségLE 9 (TYPE, COLOR, TEXTURE, CONSISTENCY)} SiZE Fr-RUN [FT-PULLED| FT-LEFT
i /:§ILT, Clavey, Dark Brown, Very Moist,
I soft
610,3 1.0
- ] LIMESTONE, Grayish : DRILLING MUD
: TYPE NO. SACKS
- PENETRATION TEST
608.3 : 3.0 =t ) FROM TO BLOWS/FT
' - LIMESTONE, Grayish w/Tan, Clay Seams
: and Shale Partings w/Calcite Crystals
] and Solutien Cavities
B - SHELBY TUBE SAMPLES
‘ _ p - ND. FROM TO
. NOTE: Water circulation lost & 13.5',
] Hole cut from 13.5' = 20.0' with
1—|3 7/8"rol ler,
A=
o
EENOTE:  2.0' casing above surface CORING
e — 3.0! casing below sgrface FROM TO RECQVERY RAD
p == Ho!e Diameter 6 7/8 5.0 110.0 Py Py
- Point of Change of hole : S - -
17 diameter 3.0'. Reference 10.0 1 13.5 oZ, 21z
Vi point elevation 613.4.
— 5! of 5" PFC w/cap set. Boring-
1= casing annulus grouted back To
F surface. Hole flushed with
a ! clear water
.% WATER ' LOSS
i CEMENT (NO. SACKS)
. 1 REMARKS
S
20,0 4=—1Rottom of Hole
CONSULTING ENGINEERING [ ] GECLOGICAL INVESTIGATION -» ENGINEERING INSPECTION
) 4
it AN HEMPHILL CORPORATION
.Qeun"nu!o- * 4834 SOUTH BIRD EAST AVENUE
"'-,,;" e OFFICE-(918) 622-5133 TULSA. OKLAHOMA 74145 AFTER HOURS 587.5622




BORING LOG HOLE NO. a3y
PROJECT Northeast Power Station ~ Ooloqgah, Cklahoma SHEET I ofF |
HOLE LOCATION ___72+nn S, 5+00 E. ' DATE _12/23830/74
GR.ELEV. _624,1 WATER TABLE ___None __ BORED BY Summers LOGGED BY Drywater
(Dritled with water)
ELEV DERo e DESCRIPTION OF MATERIAL CASING INFORMATION
' SCALE | 8 {TYPE, COLOR, TEXTURE, CONSISTENCY) SIZE | FT-RUN JFT-PULLED| FT-LEFT
-.:'ji" SILT, Clayey, Sandy, Dark Brown, Very
623, | 1.0 .;f- Moist, Soft
622.6 - .5 4A4ACLAY, Silty, Sandy, Tan, Molst DRILLING MUD
:% LIMESTONE, Grayish. TYPE lwo. sacks
4= PENETRATION TEST
- : FROM ™ BLOWS /FT
620.6 3.5 4=
~—f L TMESTONE, Grayrsh w/lan, Clay Lenses
=
_ -1
18,6 5.5 1T
¥ LIMESTONE, Grayish, w/Gray Shale
3 Lenses and Partings w/Calcite Crystals
- . SHELBY TUBE SAMPLES
: NO. FROM TO
=
oI
g =
T==
=
B o
-:I
+= CORING
r— T .
o+ FROM | 7O |RECOVERY | ROD
:% 5.0 (10,0 96% 949
== 10.0 | 15.0 100% 1 1005
7
609, L 15,0 17—
- Bottom of Hole
3 NOTE: 2.0' casing above surface
. 3.5' casing below surface
_ - Hole Diameter 6 7/8". Polnt
] ;ffchange of-hiietdiafm'e_ai'erégéi.wﬂsa LOSS
: oerence pornt eleverion "“CEMENT (NO. SACKS)
- 5'5" of 5" PVC pipe w/cap set.  EMARKS
3 Boring=casing annulus grouted
. back fTo surface. Hole flushed
- .
- with clear water,
L] GEOLOGICAL INVESTIGATION . ENGINEERING INSPECTION

QBCIP'IATIGH

o
s =

CONSULTING ENGINELRING

OFFICE-(918) £22-%133

HEMPHILL CORPORATION

4834 SOUTH B3RD EAST AVENUE
TULSA, OKLAHOMA 74145

AFTER HOURS 387.5822




BORING LOG

HOLE NO. 535 1

PROJECT Northeast Power Station - Onliogah, OCklahoma

SHEET __ ! ofF _|

HOLE LOCATION __S8+00 S, 8+00 W

DATE | 2-20-74

GR.ELEV. _ 623.1  WATER TABLE _ MNone _ BORED BY___Summers

LOGGED BY Drywater

{(Dritled with water)

ELEV DEFTH | S DESCRIPTION OF MATERIAL CASING INFORMATION
’ SCALE < {TYPE, COLCR, TEXTURE, CONSISTENCY) SIZE FT-RUN IFT-PULLED| FT-LEFT
1-17i< STLT, Clayey, Sandy, Darx brown, MOIST
4
Al Soft
622, | 1.0 M
i,tr CLAY, Sandy, Redd.sh, Tan w/Gray, Moisf DRILLING MUD
3;36 Stiff w/Limestone Fragments TYPE |wo. sacks
17/ PENETRATION TEST -
620_ ! S.O:é _ FROM TO BLOWS/FT
:é%g LIMESTONE, Graylsh w/Tan Clay Lenses |3,0 3.0 50/0
618.6 P
% LIMESTONE, Grayish w/Gray Shale Lenses
ggg and Partings and Caicite Crystals
I

SHELBY TUBE SAMPLES

NO. FROM TO

llllll_l_iLJ_"Il‘llllllll

1 1.0 3.0

(Hand Penstrometer Average-

3. 75+TSH)

CORING

FROM 70  RECOVERY PROD

5,0 10,0 L00% 1004

llllllllllllllll.lllllIlllljlllllllllllll

1 10,0 20,0 98¢% a8%

S A T A

WATER LOSS
CEMENT (NO. SACKS)
REMARKS
5031 20,0 1 Bottem of Hole
COMSULTING ENGINREERING L] GEOLOGICAL INVESTIGATION L ENGINEERING INSPECTION
R
SEapHILE HEMPHILL CORPORATION
.ann'.m&./ 4834 SOUTH B3RD EAST AVENUE
Sl OFFICE.(918) 622.5133 TULSA. OKLAHOMA 74145 AFTER HOURS 587.5822
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Section 2A - CLEARING, GRUBBING, AND RAZING

2A.1 GENERAL. This section covers clearing and grubbing for the plant
site area within the limits indicated on the drawings.

Before clearing work is accepted, any regrowtn of vegetation or tree
shoots which have grown after initdial cutting shall be cut and removed
as specified in Article 2A.2, Tree shoots shall be removed to the level
specified for tree removal in that area, All regrowth of vegetation
shall be mowed, raked and burned. The finished work at the time of
final acceptance shall leave completely cleared and grubbed areas as

specified,

This section also covers razing of existing structures and facilities
within the clearing limits,.

2A.2 CLEARING AND GRUBBING. Clearing shall include clearing and remov-
ing all trees and stumps flush with the original ground surface; the
cutting and removal of all brush, shrubs, debris and all vegetation to
approximately flush with the ground surface; and the disposal of all
cuttings and debris. Mowing will be considered adequate for the cutting

of light vegetation.

Grubbing shall include the removal and disposal of all stumps and roots
larger than 2 inches in diameter, including matted roots regardless of

size. Grubbing shall extend to a minimum depth of 12 inches below the

natural surrounding ground surface or as otherwise required by the

detail specifications.

The Contractor shall not remove or damage trees outside the construction
area limits specified to be cleared or grubbed.

Clearing operations shall be conducted without damage to trees which are
designated to remain. Trees shall be protected and preserved as speci-
fied in Article 2B.9. Equipment utilized in the clearing and grubbing
work shall be kept within the specified construction area limits,

2A.2.1 Limits of Work. The limits of the clearing and grubbing under
this section shall include all areas to be graded within the limits of
construction as indicated on the drawings including, but not limited to,

the following:

Clearing and grubbing of all areas.to be occupied
by buildings as desdignated on the drawings

€learing and grubbing of the entire coal storage area,
the bottom ash storage area, the waste water pond and all
areas designated as borrow areas

{PSO - 6571/6572 ) _
{S5ITE PREPARATION - D-2) : 2A~1
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Clearing and grubbing of all areas to be occupied by
roads and railroad.

Clearing and grubbing of all additional areas as indi-
cated on the drawings

2A.2.2 Disposal of Waste. All logs, trees, stumps, roots, brush, tree
trimmings and other materials resulting from clearing and grubbing oper-
ations shall become the property of the Contractor and shall be entirely
removed from the property of the Company or shall be stacked and burned
at locations acceptable to the Engineer. Disposal shall be such that
upon completion the area shall be entirely void of all loose stumps,
trimmings, brush, vegetation, and other debris.

All materials to be burned shall be piled and when in suitable condition
shall be burned completely. All burning shall be so thorough that the
materials are completely reduced to ashes. Piling for burning shall be
done in such a manner and in such locations as to cause the least fire
risk. Great care shall be taken to prevent the spread of fire. Fire
guards of adequate width shall be provided wherever there is surface
vegetation around any brush pile, by backfiring or other surface removal
or by burying all surface vegetation within fire guard limits. No
burning of trimmings or brush shall be done when the direction or veloc—
ity of the wind is such that there would be any danger of fire being
carried to adjacent areas. Any and all governmental or statutory re-
guirements or regulations relative to fire Prevention in general and
burning trimmings and brush in particular shall be complied with.

All burning of waste materials shall be by controlled burning under
favorable atmospheric conditions and at such a time and manner to
minimize smoke and air pollution to meet the requirements of regulatory

authorities.

The disposal of noncombustible materials shall be the responsibility of
the Contractor. Noncombustible materials shall be hauled off the site
and shall be disposed of by and at the expense of the Contractor in a
manner that will meet the requirements of regulatory authorities.

All vegetation cleared by mowing shall be raked into windrows and burned.

2A.3 EXISTING FENCES. All exigting fences within the limits of con~
struction shall be removed unless designated otherwise by the Engineer.
Removal shall include the complete removal of posts and wire. Metal

and wooden posts and wire shall be disposed of as specified for disposal
of noncombustibles. Post holes shall be backfilled and lightly tamped.

2A.4 EXISTING DAMS. All existing dams so indicated on the drawings
shall be removed. The earth materials of the dams shall be broken up
and graded and compacted to blend in with the adjacent natural contours.

(PSC - 6571/6572 ) '
(SITE PREPARATION ~ D-2) 2A-2
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2A.5 EXISTING ROADS. Designated existing roads which are within the
Company's property limits may be used as construction roads. All other
existing roads within the construction area shall be closed and surface
broken up and disposed of on the site at a location designated by the

Engineer.

2A.6 EXISTING RAILROADS. Existing railroad spurs designated for re-
moval shall be dismantled as specified hereinafter.

2A.6.1 Hardware. Existing track hardware, including rails, joint bars,
and spikes shall be carefully removed and all reusable materials stock-
piled as directed by the Engineer.

2A.6.2 (Crossties. FExisting wood crossties shall be removed and dis-
posed of as specified hereinbefore.

2A.6.3 Roadbed. Ballast shall be removed from the existing roadbed and
disposed of as directed by the Engineer. The rest of the roadbed shall
be left in place or graded as indicated on the drawings or specified

herein.

2A.7 EXISTING OIL AND GAS WELLS. Upon discovery of an existing oil or
gas well, the Contractor shall immediately notify the Engineer of the
loecation and condition of the well. The Engineer will subsequently
assess the situation and will issue the proper instructions for the
Contractor to proceed with his work.

At least one well is known to exist within the limits of construction
and its location is identified on the drawings. This well has already

been plugged by the Company.

2A.8 EXISTING DRAINAGE CULVERTS. The Contractor shall remove and dis—
pose of all existing drainage culverts designated for removal by the

Engineer.

{PSO - 6571/6572 )
(SITE PREPARATION - D-2) 2A-3
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Section 2B - EARTHWORK

2B.1 GENERAL. This section covers general earthwork and shall include
the necessary preparation of the construction areas; removal and dis-
posal of all debris; excavation and trenching as required; the handling,
storage, tramsportation, and disposal of all excavated materigl; all
necessary sheeting, shoring, and protection work; preparation of sub-
grades; pumping and dewatering as necessary or required; protection of
adjacent construction; backfilling; pipe embedment; construction of
fills and embankments; railroad upgrading; surfacing and grading; and
other appurtenant work.

The Contractor shall locate and stake alil existing underground utilities
before any earthwork is started. Earthwork and blasting operations in
the vicinity of these underground utilities shall be performed in a man-
ner that will not damage these facilities.

2B.2 SHEETING AND SHORING, The stability of previously constructed
structures and facilities shall not be impaired or endangered by exca-
vatlon work. Previously constructed structures and facilities include
both structures and facilities existing when this construction began and
structures and facilities already provided under these specifications.

Hazardous and dangerous conditions shall be prevented and the safety of
personnel shall be maintained. Adequate sheeting and shoring shall be
provided as required to protect and maintain the stability of previously
constructed structures and facilities and the sides of excavations and
trenches until they are backfilled. Sheeting, bracing, and shoring
shall be designed and built to withstand all loads that might be caused
by earth movement or pressure, and shall be rigid, maintaining shape and
position under all circumstances.

2B.3 REMOVAL OF WATER. The Contractor shall provide and maintain ade-—
quate dewatering equipment to remove and dispose of all surface and
ground water entering excavations and other parts of the work. Each
excavation shall be kept dry during subgrade preparation and continually
thereafter until the construction to be provided therein under these
specifications is completed to the extent that no damage from hydro-
static pressure, flotation, or other cause will result. Ground water
level shall be maintained at least 12 inches below the bottom of each

excavation.

2B.4 BLASTING. The Contractor shall comply with the provisions of Sec-
tion 2C regaxding the use of explosives.

(PSO - 6571/6572 )] :
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2B.5 CLASSIFICATION OF EXCAVATED MATERIALS. Classification of exca-
vated materials will be made as follows:

a. Rock. Rock is defined as being limestone,.hard shale
or similar material in masses more than 1/2 cubic yvard
in volume; or in ledges 4 inches or more in thickness
which would require blasting for excavation.

b. Earth. All material not classified as rock

The term "excavated materials", as used herein, shall mean either mate~
rial removed by cutting or material deposited as fill.

Soil identification shall be in accordance with Table 1 of the Unified
Soil Classification System which is bound herewith at the end of this
section. Tdentification and classification shall be based upon visual
examination and simple manual tests performed by qualified personnel
furnished by the Contractor. Classification of material shall be sub-
ject to acceptance of the Engineer.

2B.6 FREEZING WEATHER RESTRICTIONS. Backfilling and construction of
fills during freezing weather shall not be done except by permission of
the Engineer. No earth material shall be placed on frozen surfaces, nor
shall frozen materials, snow, or ice be placed in any backfill, £ill or

embankment,

2B.7 MAINTENANCE OF TRAFFIC. The Contractor shall conduct his work so
as to interfere as little as possible with the Company's operations and
the work of other contractors. Whenever it is necessary to cross ob-
struct, or close roads and parking areas, the Contractor shall provide
and maintain suitable and safe bridges, detours, or other temporary ex-—
pedients at his own expense.

2B.8 PROTECTION OF UNDERGROUND CONSTRUCTION. The Contractor shall lo-
cate, protect, shore, brace, support, and maintain all existing under-
ground pipes, conduits, drains, and other underground construction which
may be uncovered or otherwise be affected by the work.

2B.8.1 Protection of Existing Gas Piping. The Contractor will be re-

quired to construct road or railroad roadbeds above existing gas pipe-

lines as indicated on the drawings. A minimum cover of 3 feet shall be
maintained at all times for all grading and compaction operations at

these-locations.

Casing for the gas lines haslbeen installed by the Company where deemed
necessary,

(PSO - 6571/6572 )
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. 2B.9 PRESERVATION OF TREES. Trees shall be preserved and protected ag

much as possible. Unless specifically authorized by the Engineer, trees
shall be removed from only those areas which will be excavated, filled,
or built upon. Consideration will be given to the removal of additional
trees only where essential, in the opinion of the Engineer, for the
gafe, effective execution of the work.

Irees left standing shall be adequately protected from permanent damage
by construction operations, Trimming of standing trees, where required,
shall be as directed by the Engineer.

2B.10 STABILIZATION. Subgrades for structures and the bottom of trenches
shall be firm, dense, and thoroughly compacted and consolidated,

Subgrades for structures and trench bottoms which are otherwise solid
but which become mucky on top due to construction operations, shall be
reinforced with one or more layers of crushed rock or gravel,

The finished elevation of stabilized structure subgrades shall not be

above the subgrade elevations indicated on the drawings. Over excava-
tion shall be replaced by concrete as directed by the Engineer and at

the expense of the Contractor. '

Not more than 1/2 inch depth of mud or muck shall. be allowed to remain
on stabilized trench bottoms when the pipe embedment material is placed
thereon.

All stabilization work shall be performed by and at the expense of the
Contractor.

2B.11 TESTING. All field and laboratory testing required to determine
compliance with the compaction and moisture requirements of this section
will be provided by a testing laboratory retained and paid for by the
Company. The Contractor shall provide the services of one or more em-—
ployees as necessary to assist the Company's field testing representa-—
“tive. .The Contractor will be furnished one copy of the test results.

Maximum density for cohesive compacted materials placed under this sec-
tion will be determined in accordance with ASTM D1557. The terms "maxi-
mum density” and "optimum moisture content" shall be as defined in ASTM

D1557.

Relative density for noncohesive compacted materials placed under this
section will be determined in accordance with ASTM D2049. The term
"relative density" shall be as defined in ASTM D2049.

2B.12 SITE PREPARATION. Major clearing and grubbing work shall be per-
formed as described in Section ZA. In addition, all subgrades for
permanent construction, including subgrades for fills shall be stripped

(PSO ~ 6571/6572 )
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of surface vegetation, sod, debris, and organic topsoil. Surface veg-
etation shall be removed complete with roots to a depth of not less than
4 inches below the ground surface.

All combustible and other waste materials shall be removed from the con-
struction areas and disposed of by and at the expense of the Contractor.
Fire regulations and other safety precautions shall be observed when
waste materials are burned. '

All organic topsoil which is free of trash, vegetation, rocks, and roots
shall be stockpiled at locations selected by the Engineer for later use
under these specifications and under separate specifications. The Con-—
tractor shall stockpile, for use under separate specifications, 10,000 cu-
bic yards of organic topsoil in excess of the amount required under

these specifications. ' '

2B.13 ROADWAY AND RAILROAD ROADBEDS. Roadway and railroad roadbed
construction shall include subgrade preparation, materials, placement
and compaction,_subgrade finighing, slope protection and maintenance of

roadbed fills,

28,13.1 Subgrade Preparation. The roadbed site shall be prepared as
specified in Article 2B.12, Prior to placement of roadbed fill, part of
the subgrade shall be removed, as indicated on the drawings, and back-
‘filled with material suitable for embankment construction. The subgrade
shall then be thoroughly compacted. After compaction, the areas shall
be proof rolled by a single pass of a vibratory roller to test for
uniformity and any loose soils detected shall be recompacted as speci-
fied for roadbed fills. No material shall be placed in the roadbed
until the subgrade has been properly prepared and acceptable to the

Engineer.

In excavated roadbed areas, overburden shall be removed and the subgrade
shall be shaped to the lines, grades and cross sections indicated on the
drawings. If the subgrade is in overburden it shall be further removed
to a depth of at least 24 inches and compacted to a minimum of 92 per
cent of maximum density with moisture content between 0 to 4 per cent
above optimum. This operation shall include any scarifying, reshaping
and wetting required to obtain the specified moisture and density.

After compaction the subgrade shall be proof rolled as previously speci-
fied. Soft or otherwise unsuitable material shall be removed from the
subgrade and replaced with material specified hereinafter for roadbed

fills.

Removal of the overburden to a depth of 24 inches may be waived by the
Engineer if the insitu material has the specified moisture and density,

(PSO - 6571/6572 )
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2B.13.1.1 Special Subgrade Preparation. Special subgrade preparation
is required when any of the following conditions are encountered:

1. Continuous overburden cover consists only of topsoil.

2. Continuous overburden cover is less than 6 inches
thick after stripping.

3. Overburden is not continucus and rock is exposed at
the ground surface.

The special subgrade preparation shall consist of the following:

1. All overburden shall be removed.

2. Loose rock and overhanging ledges shall be removed.

3. The exposed rock surface shall be brushed clean.

4. Foundation area shall be wetted prior to place-
ment of first 1ift,

5. The first 1ift ghall be placed a minimum of one
foot thick at a moisture content between 4 and
5 per cent above optimum.

Special subgrade preparation shall be limited to a distance of H plus
15 feet on either side of the embankment center line, where K is the
height of the embankment as indicated on the drawings.

2B.13.2 Materials. To the maximum extent available, suitable earth ma-
terials obtained from excavatrions classified "excavated materials" shall
be used for construction of roadbed fills. Additional material, if
required, shall be obtained from borrow areas as designated on the draw-
ings.

Reoadway and railroad roadbeds indicated ags impervious embankments shall
meet the requirements specified in Article 2B.14.2.

2B.13.3

Refer to Item 6 of Addendum 1.
Refer to Item 7 of Addendum 1.
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Each layer of material being compacted shall be uniformly compacted
using equipment and materials which will achieve the specified density
and moisture content. The Contractor shall add water and harrow, disec,
blade, or otherwise work the material in each layer as required to
ensure uniform moisture content and adequate compaction. If the mate-
rial fails to meet the specified density and moisture content require-
ments the 1lift shall be broken up and reprocessed until the specified

requirements are met.

The upper portion of the finished subgrade shall consist of the upper 4
feet for railroad roadbeds and of the upper 2 feet for roadway roadbeds.

All material placed in the upper portion of the finished subgrade shall
be compacted to a density of 95 per cent of maximm density at optimum
moisture content. The final In-place moisture content shall be within a

range of 0 to 4 per cent above optimum.

All material placed in roadbed fills below the upper portion of the fin-
ished subgrade shall be compacted to a density of 92 per cent of maximum
density at optimum moisture content., The final in-place moisture con-
tent shall be within a range of 0 to 4 per cent above optimum.

2B.13.4 Subgrade Finishing. The finished subgrade shall be compacted
to a true surface and no depression shall be left that will hold water
or prevent proper drainage. The finished subgrade shall be within

0.1 foot of the elevation indicated on the drawings. Any deviation of
the subgrade surface in excess of one inch as indicated by a 16 foot
straightedge, or template cut to finished section, shall be corrected by
loosening, adding or removing material, reshaping, and recompacting.

Drains and ditches along the subgrade shall be maintained as required
for effective drainage. Whenever ruts of 2 inches or more in depth are
formed, the subgrade shall be brought to grade, reshaped, and recom-—
pacted, Storage or stock piling of materials on the subgrade will not

be permitted.

2B.13,5 Slope Protection. The slopes of all roadway and railroad road-
bed areas shall be protected by placing 6 inches of topsoil and seeding
as indicated on the drawings. Ditches, where required next to the road-
beds, shall have 3 inches of topsoil and shall be seeded. Seeding, fer-

tilizing and mulching are covered in Section 2K.

All slope protection work shall be performed as soon after completion of
the roadbed as p0551ble.

Refer to Item 7 of Addendum 1.
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2B.13.6 Maintenance. Railroad and roadway finished subgrade shall be
maintained throughout the work under these specifications. Roadway
surfacing shall be as specified in Sections 2D and 2G and as indicated
on the drawings. Raillroad subballast shall be as specified in Sec-
tions 2D and 2F and as indicated on the drawings. Railroad trackwork
will be performed under separate specifications.

2B,14 TIMPERVIOUS EMBANKMENTS. TImpervious embankment construction shall
include subgrade preparation, materials, installation of drainage blan-
ket, placement and compaction, subgrade finishing, slope protection with
riprap or by seeding, and maintenance.

2B.14.1 Subgrade Preparation. The embankment site shall be prepared as
specified in Article 2B.12. Prior to placement of embankment fill, part
of the subgrade shall be removed, as indicated on the drawings, and
backfilled with material suitable for embankment constructiomn. The
subgrade shall then be thoroughly compacted. After compaction, the
areas shall be proof rolled by a single pass of a vibratory roller to
test for uniformity and any loose soils detected shall be recompacted as
specified. No material shall be placed in the embankment until the
subgrade has been properly prepared and is acceptable to the Engineer.

Soft or otherwise unsuitable material shall be removed from the subgrade
to the depth authorized by the Engineer and replaced with material here-
inafter specified for impervious embankment.

If the impervious embankment is also a roadway, a railroad roadbed, or
requires special subgrade preparation, the subgrade shall be further

prepared as specified in Article 2B.13.1.

2B, 14,2 Materials, To the maximum extent available, suitable earth ma-

terials obtained from excavations classified "excavated materials" shall

be used for construction of the impervious embankments. Additional ma-
- terial, if any, shall be obtained from borrow areas as indicated on the

drawings.

All material placed in the embankment f£ill, inmner core and drainage
blanket shall be free from trash, concrete and other foreign material.

Where the impervious embankment is also a roadway er railroad roadbed,
materials shall conform to the requirements of Article 28,13.2.

Refer to Item 8 of Addendum 1,
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2B.14.3 Placement and Compaction. The entire body of the fill, includ-
ing upstream and downstream portions, shall be placed and carried up at
the same rate, with provision being made to bond the layers of adjoining
sections together. Where it is impractical, in the opinion of the Engi-
neer, to carry up each layer of f£ill over the entire area at the same
time, the slope of any existing fill, or the slope of the natural ground,
against which new fill material is placed, shall be cut or plowed into
benches having level beds and vertical sides, and each layer of new fill
shall terminate in such a bench. 1In no case shall the horizontal width
of the bench be less than the depth of the layer of £ill to be bedded
therein nor shall the vertical side of the bench be greater in height

than one foot.

All fill material shall be placed in the embankment parallel to the axis
of the embankment in approximately horizontal layers not to exceed

8 inches in uncompacted thickness over the prepared foundation or fill,
The embankment fill shall be constructed by placing the material as in—
dicated on the drawings., Proper equipment shall be used on each 1ift to
remove mounds and ridges caused by dumping operations and to obtain
uniform thickness prior to compacting, as well as to provide a reasonably.
smooth riding surface for equipment. After each layer has been properly
spread, it shall be sprinkled or wetted if necessary to provide the re—
quired amount of water for proper compaction and worked to ensure uni-—
form moisture content, after which the layer shall be compacted to the
required density before the next layer is placed thereon. Combined
excavation, hauling, and placing operations shall be such that the ma-—

. terials, when compacted in the embankment, will be blended sufficiently
to secure the best practicable degree of compaction, impermeability, and

stability.

The Contractor will be required to break up the earthfill materials,
either at the place of excavation or on the embankment, to such maximum
size as is determined necessary by the Engineer to secure the specified
density of the material in the embankment. Equipment on the embankment
shall spread out and not track each other to such an extent as to make
ruts. The top surface of the fill shall be kept crowned, with grades
not to exceed 2 per cent, to ensure free drainage toward the slopes.
The rolled surface of each 1ift shall be roughened or loosened by scar-~
ifying to the satisfaction of the Engineer, before the succeeding layer
is placed thereon, in order to provide the necessary bond between each

lift.

Prior to and during the compacting operations, the material in each
layer of the embankment shall have the best practicable modisture con-
tent, and the moisture content shall be uniform throughout the layer,

To obtain the best practicable moisture content the Contractor will be
required to perform such operations as are necessary. Supplementary
water, as required, shall be added to the material on the earthfill. If
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the f£i1l material in borrow areas or other excavations contains ap
excess of moisture prior to excavation, the Contractor will be required
to excavate drainage channels or perform such work as may be necessary
to reduce the moisture content of the material, Working of the material
on the embankment may be required to produce the required uniformity of

wdater content.

Water required to bring the material to the moisture content necessary
for maximum compaction shall be evenly applied and it shall be the Con-
tractor's responsibility to secure a uniform moisture content throughout
the layer by such methods as may be necessary. Compaction shall com—
mence immediately after the layer has been brought to the uniform mois-
ture content required, and shall continue, with or without additional
watering, until each layer has been uniformly compacted to not less than
the specified density. Density tests will be made as necessary. If the
material fails to meet the density specified the compaction methods
shall be altered to obtain the specified density,

In restricted areas successive passes of the compaction equipment need
not overlap but uniform compaction is required. Where new material is
placed adjacent to old material, either original ground or embankment
fill, the old material shall be cut or broken by machine or hand methods
until it shows the characteristic color of undried materials. The com~
paction equipment shall then work on both materials, bonding them to-

gether.

The embankment material including the inmer core shall be compacted to a
density of 92 per cent of maximum density at optimum moisture content.
The final in-place moisture content shall be within a range of 0 to

4 per cent above optimum.

Where the impervious embankment is also a roadway or railroad roadbed,
‘the compaction requirements of Article 2B.13.3 shall be met.

The drainage blanket, where required, shall be placed in horizontal
layers not more than 6 inches in thickness, shall be compacted to 70 per
cent relative density as determined by ASTM D2049 and shall have a
compacted depth as indicated on the drawings.

Riprap and riprap bedding shall have minimum in-place depths as indi-
cated on the drawings and shall conform to the requirements of Section 2E

2B.14.4 Subgrade Finishing. Subgrade finishing shall be performed in
accordance with the requirements of Article 2B.13.4.

2B.14.5 Slope Protection. The slopes of all impervious embankments
shall be protected by placing riprap and riprap bedding or 6 inches of
topsoil and seeding as indicated on the drawings. The downstream toes
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of the embankments shall be protected with riprap and riprap bedding
where indicated on the drawings., Seeding, fertilizing and mulching are
covered in Section 2K, - Riprap and riprap bedding are covered in Sec-

tions 2D and Z2E.

All slope protection work shall be performed as soon after completion of
the embankment as possible,

2B.14.6 Maintenance. The finished impervious embankment shall be
maintained throughout the work under these specifications, Where the
impervious embankment alsc serves as a railroad or roadway roadbed, the
requirements of Article 2B.13.6 shall also apply.

2B.15 STACKER-RECLAIMER BERM., Construction of the stacker-reclaimer
berm shall include subgrade preparation, materials, placement and com-
paction, subgrade finishing and soil cement application.

2B.15.1 Subgrade Preparation. The berm site shall be prepared as spec-
ified in Article 2B.12. Preparation of the subgrade shall be as speci-

fied in Article 2B.13.1.

2B.15.2 Materials. To the maximum extent available, suitable earth ma-
terials obtained from excavations classified "excavated materials" shall
be used for construction of the stacker-reclaimer berm. Additional ma-
terial, if any, shall be obtained from borrow areas as designated on the

drawings.

All material placed in the embankment shall be free from trash, concrete,
and other foreign material,

No rocks or stones shall be placed in the upper 24 inches of the embank-

All material within the finished subgrade shall meet the requirements of
Article 2B8.13.2.

2B.15.3 Placement and Compaction. All'embankment fill material shall
be placed and compacted as specified in Article 2B.13.3 for railroad

roadbeds.

2B.15.4 Soll-cement. Soil-cement preparation, placing and compaction
shall be as specified in Section ZH.

2B.16 GENERAL FILLS. Construction of general fills shall include
materials, subgrade preparation, and placement and compaction.

* Deleted in accordance with Ttem 9 of Addendum 1.
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2B.16.1 Materials. To the maximum extent available, suitable earth
materials obtained from excavations classified "excavated materials"
shall be used for construction of general fills, Additional material,
if any, shall be obtained from borrow areas as indicated on the draw-

ings.

All onsite available earth material, except objectionable material
specified above, may be utilized in construction of general fills in-
cluding material classified as Groups CL, ML, SM-5C, ML-CL, CL~CH and
SM.

2B.16.2 Subgrade Preparation. After preparation of the general fill
site, the subgrade shall be leveled and rolled so surface materials of
the subgrade will be as compact and well bonded with the first layer of
the general f£ill as specified for subsequent layers.

2B.16.3 Placement and Compaction.

Each layer of material being compacted shall’ be uniformly compacted
u81ng equipment and methods which will achieve the specified density and
moisture content. The Contractor shall add water and harrow, disc, i
blade, or otherwise work the material in each layer as required to
ensure uniform moisture content and adequate compaction. Each layer
shall be thoroughly compacted by rolling or other acceptable methods to
a density of 85 per cent of maximum density at optimum moisture content.
The final in-place moisture content shall be within the limits of Z per
cent below to 5 per cent above optimum moisture. If the material fails
to meet the moisture density requirements the 1ift shall be broken up
and reprocessed until the specified requirements are met.

2B.17 COAL RETENTION BERM. Construction of the coal retention berm
shall include subgrade preparation, materials, placement and compaction,
subgrade finishing and scoil cement application,

2B.17.1 Subgrade Preparation. The berm site shall be prepared as
specified 1in Article 2B.12. Preparation of the subgrade shall be as
specified in Article 2B.16.2.

Refer to Item 10 of Addendum 1.
Refer to Item 11 of Addendum 1.

(PSO - 6571/6572 )
(SITE PREPARATION - D-2) 2B-11
061375




2B.17.2 Materials. Materials placed in the coal retention berm shall
be as specified in Article 2B.16.1.

2B.17.3 Placement and Compaction. ALl 11l material shall be placed
and compacted as specified in Article 2B.16.3.

2B.17.4 Soil-cement. Soil-cement preparation, placing and compaction
shall be as specified in Sectiom ?H.

2B.18 BORROW AREAS. To the maximum extent available, suitable earth
and crushed rock materials obtained from excavations classified "ex-
cavated materials' shall be used for construction of roadway and rail-
road roadbeds, general fills, impervious embankments, stacker-reclaimer
and coal retention berms, structure backfill and structural compaction.
If additional earth material is necessary to complete earthwork under
these specifications, the material shall be obtained from horrow areas
designated on the drawings. Additional rock material shall be obtained
from the area designated as quarry on the drawings.

The location, size, shape, depth, drainage and surfacing of all borrow
areas shall be acceptable to the Engineer. Borrow areas shall be regu~
lar in-shape, with finish graded surfaces when completed. Side slopes
shall be three horizontal to one vertical, and shall be uniform for the

entire length of any one side.

The quarry shall be extended for depth and size as required, but shall
maintain a regular shape. Suitable clearance shall be provided from
nearby embankments to guarantee their stability. The lowest lip of the
quarry shall be no higher than Elevation 620'-0Q".

2B.19 STRUCTURE EXCAVATION., Excavation for structures shall be done to
lines and elevations indicated on the drawings and to the limits required
to perform the construction work. Machine excavation shall be controlled

Lo prevent undercutting the proper subgrade elevations,

Work shall be done so that the construction areas will be as free as pos-
sible from obstructions and from interference with the transportation,
storage, or handling of materials, Excavated materials free of trash,
rocks, roots, and other foreign materials, and which meet the specified
requirements, may be used as required for the fills, embankments, and
backfills constructed under these specifications.

Vertical faces of excavations shall not be undercut to provide for ex-
tended footings. '

2B.20 STRUCTURE BACKFILL, Backfill around and outside of structures
shall be deposited in lavers not to exceed 6 inches in uncompacted
thickness and mechanically compacted, using platform type tampers, to at

Refer to Item 12 of Addendum 1.
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least 95 per cent of maximum density at optimum moisture content as
determined by ASTM D698 when that test is appropriate, or to 70 per cent
relative density as determined by ASTM D2049 when that test is appropri-
ate. Compaction of structure backfill by rolling will be permitted
provided the desired compaction is obtained and damage to the structure
i1s prevented. Compaction of structure backfill by inundation with water

will not be permitted.

Material for structure backfill shall be composed of earth only and
ghall contain no wood, grass, roots, broken concrete, stones, trash, or

debris of any kind.

No tamped, rolled, or otherwise mechanically compacted backfill shall be
deposited or compacted in water. '

All backfill material shall consist of loose earth having a moisture
content such that the required density of the compacted soil will be
obtained with the compaction method used. Moisture content shall be
distributed uniformly and water for correction of moisture content shall
be added sufficiently in advance so that proper moisture distribution
and compaction will be obtained. Granular material shall be wet, not

just damp, when compacted.

Particular care shall be taken to compact structure backfill which will
be beneath pipes, drives, roads, or other surface construction or struc-—
tures. In addition, wherever a trench will pass through structure back-
fill, the structure backfill shall be placed and compacted to an eleva-
tion at least 12 inches above the top of the pipe before the trench is

-excavated.

2B.21 COMPACTED ROCK FILL., Compacted rock fill materials shall be in
accordance with the requirements of Section 2D. The rock £fill shall be
placed on undisturbed subgrade and compacted to maximum density. Compac-
tion shall be performed with vibrating mechanical compactors unless
otherwise acceptable to the Engineer.

Crushed rock for compacted rock fill shall be handled and placed in a
manner that will prevent segregation of sizes. The fill material shail
‘have the best practicable moistiure content to achieve maximum density
with the compaction methods used. The material shall be placed in
horizontal layers not more than 6 inches in uncompacted thickness.

If concrete is to be placed on the compacted rock fill, the £fill shall

be finished with a thin layer of clean concrete sand to fill all voids

and interstices and to obtain the required subgrade elevation., A poly~
ethylene film moisture barrier shall be placed over the sand as speci-

fied in the cast-in~place concrete section.
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2B.22 PIPE TRENCH EXCAVATION, The Contractor shall not open more
trench in advance of pipe laying than is necessary to expedite the work.

All trench excavation shall be open cut from the surface.

2B.22.1 Alignment and Grade. The alignment and grade or elevation of
each pipeline shall be fixed and determined by means of batter boards
and offset stakes unless otherwise accepted. Vertical and horizontal
alignment of pipes, and the maximum joint deflection used in connection
therewith, shall be in conformity with requirements of the specification
section covering installation of pipe.

2B.22.2 Limiting Trench Widths. Trenches shall be excavated to the
width dndicated on the drawings or, if pot indicated, to a width which
will provide adequate working space and pipe clearance for proper pipe
installation, jointing, and embedment. However, the width of trench
below an elevation 6 inches above the top of the pipe shall not be more
than 18 inches greater than the outside diameter of the pipe unless
otherwise indicated on the drawings.

Where necessary to reduce earth load on trench banks to prevent sliding
and caving, banks may be cut back on slopes which shall not extend lower

than one foot above the top of the pipe.

2B.22.3 DUnauthorized Trench Widths. Where, for any reason, the width
of the lower portion of the excavated trench exceeds the maximum speci-
fied, pipe of adequate strength, special pipe embedment, or arch con-
crete encagement, ag required by loading conditions and as determined by
the Engineer, shall be furnished and installed by and at the expense of

the Contractor.

2B.22.4 Mechanical Excavation. The use of mechanical equipment will
not be permitted in locations where its operation would cause damage to
trees, buildings, culverts, or other existing property, utilities, or
structures above or below ground. In all such locations, hand excavat-

ing methods shall be used.

All mechanical trenching equipment, its operating condition, and the
manmer of its operation, shall be subject to the Engineer's acceptance

at all times.

2B.22.5 Trench Depth. Except where otherwise required for rock clear-
ance or trench bottom stabilization, pipe trenches shall be excavated to
the depth required for the installation of granular embedment pipe
foundation material below the underside of the pipe as indicated on the
sketch bound at the end of this section.

2B.22,6 Bell Holes. Bell holes shall provide adequate clearance for
tools and methods used in installing pipe. No part of any bell or
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coupling shall be in contact with the trench bottom, trench walls, or
granular embedment when the pipe is jointed. '

2B.23 PIPE EMBEDMENT. Embedment materials both below and above the
bottom of the pipe, classes of embedment to be used, and placement and
compaction of embedment materials shall conform to the requirements
indicated on the sketch attached at the end of this section, and to the

following supplementary requirements.

Third-class granular embedment material shall be used for all drainage
pipes and the cast iron water linme. Granular embedment material shall
be on-site crushed rock or gravel which shall have a gradation such that
95 per cent of the material shall pass a 1/2 inch sieve and not more
than 5 per cent shall pass a No. 4 sieve.

2B.23.1 Placement and Compaction. Embedment material shall be spread
on the trench bottom and the surface graded to provide a uniform and
continucus support beneath the pipe at all points between bell holes or
pipe joints. The material shall be compacted with vibrating platform
type compactors. Compactive effort and moisture content shall be ad-
justed to provide a firm but slightly yielding support for the pipe. . It
will be permissible to slightly disturb the finished subgrade surface by
withdrawal of pipe slings or other lifting tackle.

After each pipe has been graded, aligned, and placed in final position
on the bedding material, and shoved home, sufficient pipe embedment
material shall be deposited and compacted under and around each side of
the pipe and back of the bell or end thereof to hold the pipe in proper
position and alignment during subsequent pipe jointing and embedment

operations.

Embedment material shall be deposited and compacted uniformly and simul-
taneously on each side of the pipe to prevent lateral displacement. Em-
bedment material shall be placed in layers of 8 inches or less and each
layver shall be uniformly compacted. Granular embedment shall be com-
pacted to 70 per cent of relative density as determined by ASTM D2049.

All tools used in the placement and compaction of the embedment of
coated pipe shall be selected and used so that the pipe coating will not

be damaged.

Third-class embedment shall extend not less than 1/6 of the outside
diameter above the pipe bottom.

2B.24 'TRENCH BACKFILL. All trench backfill above pipe embedment shail
conform to the following requirements.

Refer to Item 12 of Contractor's letter dated August 16, 1975.
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2B.24.1 Compacted Backfill, Compacted backfill will be required for
the full depth of the trench above the embedment,

Compacted backfill material shall meet the requirements specified here-
inafter. Compacted backfill material shall be suitable job excavategq

material.

Compacted backfill material shall be finely divided and free from de-
bris, organic material, and stones larger than 3 inches in greatest di-
mension. Compacted backfill material shall be placed in uniform layers
not exceeding 8 inches in uncompacted thickness. TIncreased layer thick-
ness may be permitted for noncohesive material if the Contractor demon—
strates to the satisfaction of the Engineer that the specified compacted
density will be obtained. The method of compaction and the equipment
used shall be appropriate for the material to be compacted and shall not
transmit damaging shocks to the pipe. Trench backfill shall be compacted
to not less than 90 per cent of maximum density. Backfill for trenches
traversing subgrades of roads, railroads, parking areas, underground
piping, underground electrical ducts and conduit, and other facilities
subject to damage by settlement shall be compacted to not less than

95 per cent of maximum density., Moisture content of backfill material
shall be adjusted as required to obtain the specified density with the

compactlon equipment used.

Cohesive backfill material shall be compacted to the densities specified
hereinbefore as determined by ASTM D698. If noncohesive material is
used, compaction shall be to 70 per cent relative density as determined

by ASTM D2049.

2B.25 DUCT BANK TRENCHING. Trenches for duct banks shall be carefully
dug to lines indicated on the drawings or at other locations acceptable
to the Engineer, and to the exact depth required for the proper grade of
the ducts with encasement. Wherever possible, the trenches shall be
excavated to permit the duct bank to rest on undisturbed earth or rock.
Where it is necessary to trench through backfill, the earth shall be
well compacted before the duct bank is installed.

All trenches shall be wide enough to provide ample room for workmen en-
gaged in handling and installing ducts. Where it is necessary to reduce
the earth load on trench banks to prevent sliding or caving, such trench
banks may be cut back on slopes which shall not extend lower than one

foot above the top of the duct bank.

A small section of duct bank indicated on the drawings shall be installed
and backfilled under these specifications. Installation of the duct

bank shall be in conformance with the requirements of Section 2P. The
remainder of the duct bank installation and trench backfill will be per-
formed under separate specifications. The Contractor shall be respon—
sible for the condition of all duct bank trenches excavated under this
Contract until final acceptance of the work under these specifications.
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Duct bank backfill shall be compacted backfill. Backfill material for
duct banks shall be suitable job excavated material.

Compacted backfill material shall be finely divided and free from de-
bris, organic material, and stones larger than 3 inches in greatest
dimension. Compacted backfill material shall be placed in uniform
layers not exceeding 8 inches in uncompacted thickness. Increased layer
thickness may be permitted for noncohesive material if the Contractor
demonstrates to the satisfaction of the Engineer that the specified
compacted density will be obtaiped. The method of compaction and the
equipment used shall be appropriate for the material to be compacted and
shall not transmit damaging shocks to the duct bank. Trench backfill
shall be compacted to not less than 95 per cent of maximum density.
Moisture content of backfill material shall be adjusted as required to
obtain the specified density with the compaction equipment used.

2B.26 PAVEMENT REMOVAL AND REPLACEMENT. Cuts in concrete and asphalt
pavement shall be no larger than necessary to provide adequate working
space for proper imstallation of pipe and appurtenances. Cutting shall
be started with a concrete saw in a manner which will provide a clean
groove at least 1-1/2 inches deep along each side of the trench.

Concrete and asphalt pavement over trenches excavated for pipelines
shall be removed so that a shoulder not less than 6 inches in width at
any point is left between the cut edge of the pavement and the top edge
of the trench., Trench width at the bottom shall not be greater than at
the top and no undercutting will be permitted. Pavement cuts shall be
made to and between straight or accurately marked curved lines which,
unless otherwise required, shall be parallel to the center line of the

trench.

2B. 27 MAINTENANCE AND RESTORATION OF FILLS, EMBANKMENTS, AND BACKFILLS.
Fills, embankments and backfills that settle or erode before final ac-
ceptance of the work under these specifications, and structures and
other facilities damaged by such settlement or erosion, shall be re-
paired. The settled or eroded areas shall be refilled, compacted, and
graded to conform to the elevation indicated on the drawings or to the
elevation of the adjacent ground surface. Damaged facilities shall be
repaired in a manner acceptable to the Engineer.

2B.28 FINAL GRADING, After all construction work under these specifi-
cations has been completed, all ground surface areas disturbed by this
construction or construction plant and operations shall be graded. The
grading shall be finished to the contours and elevations indicated on
the drawings or, if not indicated, to the matching contours and eleva-
tions of the original, undisturbed ground surface. In any event, the
final grading shall provide smooth uniform surfacing and effective drain-

age of the ground areas.
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Topsoil shall be furnished in the areas and to the depths indicated on
the drawings for the soil erosion protection work., Topsoil shall be
provided as specified under Article 2B.12.

28,29 DISPOSITION OF MATERTALS. Excavated earth material shall be used
to construct fills, embankments and backfills to the extent required.
Excavated rock shall be crushed as specified in Section 2D. Surplus
earth, if any, and materials which are not suitable for fills, embank-
ments, and backfills shall be spoiled on the site in a manner and loca-
tion as directed by the Engineer.

Materials shall be deposited in the disposal areas and leveled and com~
pacted in 12 inch maximum layers. Compaction shall be by three passes
of a bulldozer.

2B.30 RAILROAD UPGRADING. Raillroad upgrading work on the existing
‘railroad tracks indicated on the drawings shall be performed according

to the following requirements.

2B.30.1 Existing Track Removal. Existing trackage removal shall be
performed as specified in Article 2A.6.

2B.30.2 Roadbed Construction. The existing roadbed shall be regraded
‘and constructed as specified in Article 2B.13.

28.30.3 Trackage. Railroad trackage will be installed under separate

specifications.
(PSO - 6571/6572 )
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Section 2E -~ RIPRAP AND RIPRAP BEDDING

2E.1 GENERAL. This section covers procedures for the installation of
dumped riprap and riprap bedding.

Riprap and riprap bedding shall be required at the locations indicated
on the drawings. Thickness of riprap and riprap bedding shall be as
indicated on the drawings.

2E.2 MATERIALS. Riprap and riprap bedding materials shall be in accor-
dance with the requirements of Sectiom 2D.

2E.3 PLACEMENT. Dumped riprap and riprap bedding materials shall be
placed on slopes designated on the drawings. Earth slopes shall be
compacted as specified in the section covering construction of the

slope.

Where required by the drawings, a riprap bedding blanket shall be placed
on the prepared slope or area to the full specified thickness of each
layer in one operation, using methods which will not cause segregation
of particle sizes within the bedding. The surface of the finished layer
should be reasonably even and free from mounds or windrows. Additional
layers of bedding material, when required, shall be placed in the same
manner, using methods which will not cause mixture of the material in

different lavers.

Stone for riprap shall be placed on the prepared slope or area in a
manner which will produce a reasonably well graded mass of stone with
the minimum practicable percentage of voids. The entire mass of stone
shall be placed in conformance with the lines, grades, and thicknesses
indicated on the drawings. Riprap shall be placed to its full course
thickness in one operation and in such a manner as to avoid displacing
the underlying material. Placing of riprap in layers, or by dumping
into chutes, or by similar methods likely to cause segregation will not

be permitted. :

The larger stones shall be well distributed and the entire mass of stone
shall conform to the gradation specified. All material placed as riprap
protection shall be so placed and distributed that there will be no
large accumulations of either the larger or smaller sizes of stone.

It is the intent of these specifications to produce fairly compact
riprap protection in which all sizes of material are placed in their
proper proportions. Stone fragments in riprap shall be dumped and
graded off in a manner which will insure that the larger rock fragments
are uniformly distributed and that the smaller rock fragments £ill the
spaces between the large rock fragments. . The result shall be a compact,
uniform riprap layer of the specified thickness. Hand placing will be
required only to the extent necessary -to obtain the results specified

above.

(PSO -~ 6571/6572 )
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Section 2F - RAILROAD SUBBALLAST

2F,1 GENEBAL. This section covers procedures for the construction of
railroad subballast.

2F.2 TESTING. All field and laboratery testing required to determine
compliance with the requirements of this section will be provided by the
Company. The Ceontractor shall provide the services of one or more
employees as necegsary to assist the Company's field testing representa-
tive. The Contractor will be furnished one copy of the test results.

Maximum density for compacted materials placed under this section will
be determined in accordance with ASTM D1557, Method A or C. The terms
"maximum density" and "optimum moisture content" will be as defined in

ASTM D1557.

At least one field density determination will be required for each

100 cubic yards of compacted material., Field samples will be taken at
locations selected by the Engineer. If additional field control tests
are necegsary, in the opinion of the Engineer, such tests will be made,

Sampling of the subballast materials will be in accordance with ASTM D75.

2F.3 MATERIALS. SBubballast materials shall be in accordance with the
requirements of Section 2D.

2F.4 GSUBGRADE PREPARATION. Prior to the placement of subballast, the
subgrade shall be brought to the lines, grades, and cross section indi-
cated on the drawings. Subgrade preparation is covered under Article

2B.13.

2F.5 APPLICATION. The material for subballast shall be handled and
spread In a manner that will prevent segregation of sizes. The sub-
ballast shall be carefully and uniformly spread, and shall be compacted
to the depth indicated on the drawings and to 97 per cent of maximum
density. Water shall be added as required for maximum compaction with
the equipment used.

The compacted subballast shall be free of ruts, depressions, and other
surface disturbances and shall be finished to the lines, grades and
cross section indicated on the drawings.

{PSO - 6571/6572 )
(SITE PREPARATION - D-2) 2F-1
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Section 2G - CRUSHED ROCK SURFACING

2G.1 GENERAL, This section covers construction procedures for crushed
rock surfacing.

Major earthwork for rcadways to be surfaced shall be as specified in
Section 2B,

Surfaced areas shall be maintained by the Contractor until final accept-
ance of the work under these specifications.

2G.2 SUBGRADES. The preparation and protection of subgrades is covered
in Article 2B.13. 1In no case shall any surfacing be placed on a muddy
subgrade. Storage or stockpiling of materials on the subgrade will not

be permitted.

2G.3 MATERTALS. Crushed rock surfacing materials shall be in accor-
dance with the requirements of Section 2ZD.

Dust palliative materials shall conform to the following requirements:

Medium curing liquid AASHTO M82, Grade MC-30
asphalt or Grade MC-70

Slow curing liquid .
asphalt AASHTO M141, Grade 5C-70
Emulsified asphalt AASHTO M140, Grade SS5~1

2G.4 APPLICATION. The surfacing shall be applied in two equal courses
. having a total compacted thickness of 8§ inches. The base course shall
be Type B aggregate and the surface course Type A aggregate.

The aggregate for each course shall be handled and spread in a manmner -
that will prevent segregation of sizes. Each layer shall be carefully
and uniformly spread, and when sufficiently deep to form a compacted
layer of the specified thickness, it shall be rolled with at least four
passes of a road type vibratory compactor or pneumatic tired roller
until it is compacted to not less than 95 per cent of maximum density at
optimum moisture content.

The completed road surfacing shall be free of ruts, depressions, and
other surface irregularities and shall be finished to the lines, grades,
and cross gection indicated on the drawings.

(PSO - 6571/6572 ) _
(SITE PREPARATION - D-2) 2G-1
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2G.5 DUST PALLIATIVE. Liquid asphalt material shall be applied to the
roads and areas so designated on the drawings to serve as a dust pallia-
tive. The asphalt material shall be either the slow curing, medium cur-
ing, or emulsified type, and shall be applied as directed by the Engi-
neer at a rate not to exceed 0.5 gallons per square yard. If emulsified
type asphalt is used, it should be diluted with at least five parts of

water by wvolume,

2G.6 MAINTENANCE. Maintenance of gravel surface roads, storage and
parking areas shall consist of daily inspection and periodic maintenance
operations by the Contractor throughout the period utilized to complete
the work under these specifications. Maintenance operations shall in-
clude loosening, adding, and removing material, grading, reshaping,
recompacting, and reapplication of dust palliative as required to keep
the surfaced areas in first-class condition.

(PSO —- 6571/6572 )
(SITE PREPARATION - D-2)
041675
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ince 1957 —— (580) 237-3211 FAX (580) 353-1263 FAX (918) 459-2715 FAX

March 11, 2010

AEP / PSO Region 4 Engineering
3600 South Elwood Avenue
Tulsa, Oklahoma 74107

Atin: Mr. David R. Lee
' Civil / Structural Engineer

Re: Final Geotechnical Investigation and Stability Evaluation of Bottom Ash Pond
AEP Northeast Station Units 3 & 4
Oologah, Oklahoma
Standard Testing Project No. 8309-3150

Dear Mr. Lee:

This letter report provides the results of geotechnical study for the referenced project. This study
includes monitoring well installation, geotechnical drilling, laboratory testing, and slope stability
analysis for the existing ash pond embankment. It is understood that the maximum height of the
existing ash pond embankment is 30 feet. The train surcharge loading from your document review
comment sheet dated March 3, 2010, is 140 fons per car with car length of 53 feet and loading width
of 5 feet.

Narrative descriptions of our findings and recommendations are contained in the body of this report.
A vicinity map, a site and boring location plan, the boring logs, and summary of laboratory test results
are presented in Attachments "A" through "D" of this report.

Field Work

Monitoring Well Installation

Two (2) borings (B-3 & B-4) were dry drilled with a truck-mounted CME-55 rotary drilling unit
equipped with 3.25" 1.D. X 7.25" O.D. hollow stem augers (HSA) to the boring termination depths of
10 and 27 feet.

Two (2) 2-inch Schedule 40 PVC monitoring wells were then installed with 2 feet thick of cement
grout at both B-3 (MW-1) and B-4 (MW-2), 10 feet thick at B-3 (MW-1) and 2 feet thick at B-4 (MW-
2) of bentonite chip seal, 10 feet long at B-3 (MW-1) and 5 feet long at B-4 (MW-2) of Schedule 40
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PVC with the slot size of 0.010 inch surrounded with 15 feet thick at B-3 (MW-1) and 6 feet thick at
B-4 (MW-2) of 10/20 silica sand pack. Concrete was placed over cement grout at surface. J-Plug
caps and locks were also provided for each well. The monitoring well construction diagram is
presented in Attachment "E."

Geotechnical Drilling .

Four (4) borings (B-1, B-2, B-5 & B-6) were dry drilled with a truck-mounted CME-55 rotary drilling
unit equipped with 3.25" 1.D. X 7.25" O.D. hollow stem augers (HSA). Standard penetration tests
(8PT)used a 1.375" ID split spoon sampler driven by an automatic hammer utilizing a 140 Ib. weight
falling 30 inches.

Thirteen (13) standard penetration tests were performed in order to estimate the shear strengths of
the soils in their natural state. The test was conducted as specified by ASTM D1586, "Penetration
Test and Split-Barrel Sampling of Soils." The in-situ bearing strength is related to the N-value from
this test. "N" is the number of blows required to drive a split-spoon sampler twelve inches, after a
6 inch seating, into undisturbed soil. The soil samples recovered in the split-spoon barrel were
removed from the sample tool in the field, visually classified, and labeled according to boring number
and depth. Results of the standard penetration tests are denoted at their respective depths on the
boring logs.

Seven (7) thin-walled tube samples were taken in the sandy clay and clay soils, in accordance with
ASTM D1587.

Laboratory Testing
Subsurface soil samples were visually classified by a geotechnical engineer according to color,
texture, and plasticity.

Moisture content tests were performed on split spoon, thin-walled tube, and bag samples, in
accordance with ASTM D2216, to determine the in-situ moisture conditions.

Density tests were performed on intact split spoon and thin-walled tube samples in accordance with
AASHTO T233. '

Atterberg limits tests were performed on seven (7) soil samples to determine the plasticity
characteristics and swell potential of the soil. The tests were performed in accordance with ASTM
D4318.
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Sieve analyses were performed on eight (8) soil samples, in accordance with ASTM D422, for aid
in soil classification. These soils were classified according to the Unified Soil Classification System
(USCS) and the American Association of State Highway and Transportation Officials (AASHTO) soil
classification system.

An unconsolidated-undrained (UU) multi-stage triaxial shear test.was conducted on one (1)
thin-walled tube sample from Boring B-5 at a depth of 8 to 10 feet, in accordance with ASTM D 2850.
This test was conducted to determine the angle of internal friction and cohesion of soils
representative of those at site. The triaxial test graphical result is presented in Attachment "D" and
the angle of internal friction (phi) and cohesion (c) of soils are denoted on the boring log.

Triaxial Shear Test Results

Boring Soil Description Depth Cohespn, c Internal friction angle, ¢
No. (feet) (psi) ' (deg)
B-5 Clay 8-10 4.8 2.5

Three (3) permeability tests were conducted on three (3) undisturbed thin-walled tube samples from
Boring B-1 and B-5 at depths ranging from 8 to 20 feet. This test was performed in accordance with
ASTM D5084. The permeability value, "k", was calculated based on the constant-head test which
can be expressed as follows:

. OL
k==
Ath

Where:
k = permeability
Q = quantity of flow, taken as the average of inflow and outflow
L = length of specimen along path of flow
A = cross-section area of specimen
t = interval of time over which the flow Q occurs
h = difference in hydraulic head across the specimen

The permeability test reports are included in Attachment "D" and the "k" values of the tested samples
are denoted at their respective depths on the boring logs.
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Permeability Test Results
Boring No. Soil Description Depth (feet) Permeability (cm/sec)
B-1 Sandy Clay _ 8 -10 ; 2.0X10°8
Clay 13-15 ' 1.8X10°®
B-5 :
Clay 18 - 20 1.6X10°%

Slope Stability Analysis

Using the Methods of Slices with the consideration of train surcharge, and based on the typical soil
types of sandy clay and clay with the cohesion of 1075.5 psf and 1296.5 psf, the internal friction
angle of 18 degrees and 13 degrees respectively, an average soil unit weight of 124 pcf, and a
typical slope height of 30 feet, the analysis results in the computed factors of safety of 1.74 to 1.87
for the 2.5:1 slope. For permanent slopes, a minimum acceptable factor of safety is generally
considered to be 1.5. Therefore, these soil conditions can support the designed slope of 2.5:1. The
typical cross-section for the analysis is presented in Attachment "F."

We appreciate the opportunity to provide this service on your project. If you have any questions
concerning the contents of this letter report, or if we can be of further service, please call us at (405)
528-0541.

Respectfully submitted,
STANDARD TESTING AND ENGINEERING COMPANY

7

Jieliang Pan, P.E.
Geotechnical Engineer

y Mms-cmsm"'z 5%

hg-cleng ez

Expiration 6/30/11

Attachments (27 pages)

.
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Site and Boring Location Plan
Final Geotechnical Investigation and Stability Evaluation of Bottom Ash Pond

Oologah, Oklahoma

8309-3150

Project Location:

Project Name:
Project No.:
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Boring No. B-1
Project: Final Geo. Inv. and Stability Evaluation of Bottom Ash PondProject No.: 8309-3150

Project Location: Oologah, Oklahoma Date Drilled.: 1/13/10
Boring Location: East on crest of embankment Project Engineer: Jieliang Pan, P.E.
Drill Method: CME-55 w/ 3.25" I.D. HSA Field Logger: Jieliang Pan, P.E.
Surface Elevation: 635.45 feet Water Depth: Dry @ Completion
Remarks: Boring coordinates: S 7016.566; E 213.839
” iy < Moisture/Plasticity
-— =0
Elev./Depth é § Bﬁ:m—s/ Soil Description Der?;%y %5 PL | | LL
Feet 5 |5 morement {pc) n.§ 10 20 30 40 50 60
< .
* Water Content, % - @
................................................................. 10 _20 30 40 50 860
8" Blk. COAL DUST ] 31.8 P
Dk. Gray SILTY SAND o
4/8" V. Moist, Nonplastic, Loose 8
4/87  1.USCS: SM; AASHTO: A-2-4 . . ... Lo
2% | Lt Br. &Lt Gray SILTY CLAY WITH SAND 15 | 743 | | Fel
4/6" Moist, Low Plasticity, Firm : :
176" USCS: CL-ML; AASHTO: A-4(3) . : :
3/6" WLL=24, Pl=7 ] 108 —&"
4/6" Lt. Brn. & Lt. Gray SANDY CLAY w/ Trace Gravel Lo
4/6" Moist, Med. Plasticity, Firm
w/ Trace Gravel 118 L]
Permeability Test: oo
k =2.0E-8 cm/sec (8 to 10 ft.) oo
3/6" w/ Trace Gravel, Stiff 113 60.7 T
4/6" USCS: CL; AASHTO: A-6(7) : : :
5/6" LL=33, PI=17
w/ Trace Gravel 108 L e
2/6" Lt. Brn. & Lt Gray & Reddish Brn. 105 %
3/6" - L
4/6"
Reddish Br., w/ Gravel 108 e
50/1" | (ROCK) Gray LIMESTONE
Si. Moist, Tr. Plasticity, Medium Hard
— 25
610
~ 30
605 —
Page: 1 of 1 for boring B-1
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Boring No. B-2 .
Project: Final Geo. Inv. and Stability Evaluation of Bottom Ash Pond’roject No.: 8309-3150
Project Location: Oologah, Oklahoma Date Drilled.: 1/13/10
Boring Location: East on downstream toe of embankment Project Engineer: Jieliang Pan, P.E.
Drill Method: CME-55 w/ 3.25" |.D. HSA Field Logger: Jieliang Pan, P.E.
Surface Elevation: 615.30 feet Water Depth: Dry @ Completion
Remarks: Boring coordinates: S 7115.188; E 208.355
" . o 4 Moisture/Plasticity
3 |e SPT Dr @2
Elev.éeDeetpth E gl Blows/ Soil Description DensiY:y L%g PLKI) 20 30 40 50 ;{OLL
& |8 Increment (.pcf) \08 h ;
_ °* | Water Content, % - ®
O ................................................................. 10 20 30 40 50 60
615 Brn. CLAY WITH SAND w/ Trace Gravel 71.7 Do
I Moist, Med. Plasticity, Soft ’ oo
T 4/6"  |-USCS: CL; AASHTO: A-6(13) 100 L e
1 o 50/6.1" [PLL=38,Pl=21 Do
r Dk. Brn. & Grayish Brn. SANDY CLAY
A V. Moist, Fl. Low Plasticity, Soft ... ...
7 (ROCK) Gray LIMESTONE
~5 Sl. Moist, Tr. Plasticity, Soft
610 —
605 - 10
600 - 1°
595 - 20
590 - 25
585 - 30 .
Page: 1 of 1 for boring B-2
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SOIL BORING LOG

Boring No. B-5

Project Location: Oologah, Oklahoma

Boring Location: West on crest of embankment

Drill Method: CME-55 w/ 3.25" |.D. HSA

Surface Elevation:

631.56 feet

Remarks: Boring coordinates: S 6295.809; E -1316.211

Project: Final Geo. Inv. and Stability Evaluation of Bottom Ash Pond:’rojeCf-NO.: 8309-3150

Date Drilled.: 1/14/10

Project Engineer: Jieliang Pan, P.E.
Field Logger: Jieliang Pan, P.E.

Water Depth: Dry @ Completion

e . o 2 Moisture/Plasticity
Elev./Depth s | SPT Dry 23 |pL L
ev./oep € g Blows/ Soil Description Density %O I N
Feet 5 |5 merement ool | £8 10 20 30 40 50 60
- o +
i T Water Content, % - @
_O .................................................................. 10 20 30 40 50 60
- Gray CRUSHED STONE (Railway Bed) S S S A
°0] 86" |l Bin. &Lt Gray CLAYEY SAND wj Trace 13| sa7 | ieh—— !
L . Gravel . S
3 3/6 - V. Moist, Fl. High Plasticity, Loose 104 ‘e
L :USCS: 8C; AASHTO: A-2-7(4) : : : :
- LL=46, PI=28 .. Do
—5 3/6" Lt. Brn. & Lt. Gray SANDY CLAY w/ Trace Gravel | 112 | 57.9 —
1 6/6" Moist, Med. Plasticity, Firm oo
625 — 7/6" Stiff A
USCS: CL; AASHTO: A-7-6(10) .
| LL=41, Pi=22 R
] Lt. Brn. & Gray CLAY ) 103 ®
3 Moist, Fl. High Plasticity, Stiff oo
y Triaxial Test: Lo :
—10 2/6" c=4.8 psi, phi=2.5 deg (8 to 10 ft.) 101 | 94.6 "
T 4/6" Lt. Brn. & Gray & Brn. & Reddish Brn. CLAY Lo
620 — 6/6" USCS: CL; AASHTO: A-7-6(28) .
= LL=48, PI=27 : :
T Brn. & Reddish Brn. 105 .
L Permeability Test: Lo
J k=1.8E-8 cm/sec (13 to 15 ft.) S
1 2/6" Lt. Brn. & Lt Gray, Firm 107 ®
L 3/6" o
615 - 5/6 P
i Permeability Test: 102 °
L k=1.6E-8 cm/sec (18 to 20 ft.) P
20 3/6" | stiff 100 e
L 4/6" Co
610 . 5/6 ...................................................................
J (ROCK) Gray LIMESTONE
- \ SI. Moist, Tr. Plasticity, Soft
Fo2s
605 |
30
600 -|
Page: 1 of 1 for boring B-5
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) Boring No. B-6 ‘
Project: Final Geo. Inv. and Stability Evaluation of Bottom Ash PondProject'No.: 8309-3160
Project Location: Oologah, Oklahoma Date Drilled.: 1/13/10
Boring Location: West on downstream toe of embankment Project. Engineer: Jieliang Pan, P.E.
Drill Method: CME-55 w/ 3.25" |.D. HSA Field Logger: Jieliang Pan, P.E.
Surface Elevation: 611.60 feet Water Depth: Dry @ Completion
Remarks: Boring coordinates: S 6325.333; E -1384.301
_ e o9 Moisture/Plasticity
Elev./Depth || & (3] a0 ' Oy | 88 o | | W
ev./Dept E |E]| Blows/ Soil Description Density| & J !
Feet & |&| increment pch) | =8 10 20 30 40 50 60
K PN +
' o Water Content, % - @
_O ................................................................... 10 20 30 40 50 60
4 Brn. CLAY WITH SAND w/ Trace Gravel o &
F V. Moist, Med. Plasticity, Soft I
6107 ; 4/8"  |"Dk. Brn. & Brn. FAT CLAY WITH SAND 93 | 70.6 L
1 L 5?6%65" - V. Moist, Fl. High Plasticity, Soft A
r o : “USCS: CH; AASHTO: A-7-6(18)
1 LL=50, PI=27 ...
i (ROCK) Gray LIMESTONE
—5 Sl. Moist, Tr. Plasticity, Soft
605 —
0
600 —
15
595 —
20
590 —
t25
585
30
580 —
Page: 1 of 1 for boring B-6
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KEY TO SYMBOLS

Symbol Description
STRATA SYMBOLS

Coal Dust

Silty Sand

Silty Clay with Sand

Sandy Clay

Limestone

Lean Clay with Sand

s < Crushed Stone

Clayey Sand with Gravel

Lean Clay

Soil Samplers

N Bulk sample taken

from auger flights, ASTM D1452

Standard Penetration Test, ASTM D1586

D Undisturbed Thin-Walled Tube
(Shelby tube), ASTM D1587
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DEFINITION OF DESCRIPTIVE TERMS

Consistency of Cohesive Soils (at moisture content near plastic limit):
Very Soft - Easily penetrated 4" to 6" by fist; tall core will sag under its own weight.
Soft - Easily molded by fingers.

Firm - Can be penetrated 2" to 3" by thumb with moderate effort, imprinted with fingers.

Stiff - Readily indented by thumb but penetrated only with great effort.

Very Stiff - Readily indented by thumbnail, imprinted very slightly with pressure from fingers.

Hard - Indented with difficulty by thumbnail, cannot be imprinted with fingers.
Density of Cohesionless Soils:

Very Loose - less than 4 SPT "N" value corrected for overburden.

Loose - 5 to 10 SPT "N" value corrected for overburden.

Medium Dense - 11 to 30 SPT "N" value corrected for overburden.

Dense - 31 to 50 SPT "N" value corrected for overburden.

Very Dense - 51 to 50/6" SPT "N" value corrected for overburden.

Hard - less than 6" penetration in 50 SPT "N" blows corrected for overburden (cemented).

Hardness of Rock:
Very Soft - can be scratched readily by fingernail
Soft - can be grooved readily by knife or pick
Medium - can be grooved 0.05" deep by firm pressure of knife
Moderately Hard - can be scratched by knife
Hard - can be scratched by knife or pick only with difficulty
Very Hard - cannot be scratched by knife or sharp pick
Other Terms Descriptive of Consistency:
Brittle - Ruptures with little deformation
Friable - Crumbles or pulverizes easily.
Elastic - Returns to original length after small deformation.
Spongy - Is very porous, loose and elastic.
Sticky - Adheres or sticks to tools or hands.
In Situ Moisture Descriptions:
Dry - powdery
Slightly Moist - water not readily absorbed by paper
Moist - water readily absorbed by paper
Very Moist - water condenses on sample tray
Wet - water drips from sample
Degree of Plasticity When Moist to Very Moist:
Nonplastic - cannot be rolled into a ball
Trace of Plasticity - can be rolled into a ball but not into a 1/8" thread
Low Plasticity - barely holds its shape when rolled into a 1/8" thread
Fairly Low Plasticity - 1/8" thread quickly ruptures when bent
Medium Plasticity - 1/8" thread withstands considerable deformation without rupture.
Fairly High Plasticity - difficult to rupture a 1/8" thread by bending.
High Plasticity - can be kneaded without rupture; greasy texture.
Abbreviations:

V. - Very Dk. - Dark Blk. - Black
Tr. - Trace : Lt. - Light Brn. - Brown
Fl. - Fairly Med. - Medium

Sl. - Slightly
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AASHTO Soil Ciassification System

Unified Soil Classification System




Soil Classification System — American Association of State HighWay and Transportation Officials

50 ~Group index (G 1) = (F35)0.2+0.005(L L 40)}+0.01(F-15)7] T
(P 1-10) where F = % passing no. 200 sieve, L L = Liquid ~
Limit, and P [ = Plasticity Index. 20 &
<
When working with A-2-6 and A-2-7 subgroups the Partial B
Group Index (P G 1) is delermined from the P 1 only. ;
. o
When the combined Parlial Group Indices are negative, the 0 <
40 rGroup Index should be reported as zero. l
The tables and charts given below are from AASHTO Designation: M : 4 -
145-83, The Classification of Soils and Soil-Aggregate Mixtures for Highway
Construction Purposes. More detailed information as to the background and - . 440
application of the system may be obtained from the report.
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Liquid-limit and plasticiiy-index ranges for the
A-4, A-5, A-6 and A-7 subgrade groups. Group index chart
Classification of Soils and Soil-Aggregate Mixiures (with Suggested Subgroups)
G 1 classificati Granular materials . : Silt-clay materials A
eneral ciasciication (35 per cent or less passing No. 200) (More than 35 per cent passing Ne. 200)
A-l A-3 A-2 A-4 A-5 A-6 A7
Group classification -
A-l-a | A-1-b A-2-4 A-2-5 A-2-6 A-2-7 |A-7-5; A-7-6
Sieve analysis: ’
Per cent passing:
No. 10 50 max. —_ —_— — f— -— — — — — —_
No. 40 30 max. | 50 max. | 51 min. —_— —_ —_— —_— — — _— —
No. 200 15 max, | 25 max. | 10 max.|{ 35 max, | 35max. | 35 max. | 35max. { 36 min. | 36 min, | 36 min. 36 min.
Characteristics of fraction .
passing No, 40:
Liquid limit —_— — 40 max, | 41 min, | 40 max. | 41 min. | 4O max. | 41 min, | 40 max. | 41 min,
Plasticity index 6 max. NP 10max. | 10max. { 11 min. { 11 min, | 10Omax. | 10max. | 11 min. 11 min.®
Usual types of significant | Stone fragments, | Fine Silty or clayey Silty Clayey
constituent materials gravel and sand | sand gravel and sand soils soils
General rating as subgrade Excellent to good Fair to poor

*P.1. of A-7-5 subgroup is equal to or less than L.L. minus 30. P.l. of A-7-6 subgroup is greater than L.L. minus 30

CS-1



UNIFIED SOIL CLASSIFICATION

{Including ldentification and Description)

. Group Field ldentification Procedures Information Required for Loboratory Classilication
Moijor Divisions Typicol Nomes (Excluding particles larger than 3 inches L N o
ae Symbals P and basing fractions on estimated weights) Describing Soils Critoria
i 2 3 4 5 6 7
" . - . D
£ g o oW Well-graded gravels, gravel-sand mix- Wide range in grain sizes and SI.JbSWI:\hﬂI - Cu=bﬁ6reulet than 6
= N 5 ° turas, little or no fines. emountsofall intermediate porlicle sizes, & 10
g = X5 For undisturbed soils add informafion on stralifice- “ =
Y K} < . N . ¢ £ 4 (030)2
- s [ tion, doqmc of compaciness, cemantation, mois- ° =2 d3
d £ 3 g hinj P Poorly-gtaded gravels, gravel-sand mix- Predominantly one size or o range of sizes ture conditions and drainage characteristics. @ &g Cc= DYO-"_—Déo Between one on
= ' H = tures, lirtle or no fines. with some intormediate sizes missing. 2 Cnw
o Swd % TR i . ) .
H 89 4 zs .. 83 Nof meating oll grodation requirements for GW
w o3 _E_ : E Manplastic fines or fines with low plosticity * 8 53 95 ; .
§ -‘; i s s - Silty gravels, grovel-sandssilt mixtures. (for idenlification procedures see ML ] %‘g_: e Atterberg fimits below “A” line Abov: A ||‘;\c v:iu; Pl
5% ¥y, o % below) 9. i or P less thon 4 etwaen 4 ond 7 are
. £ o By G H] ' c § S B .
K B el ez d 2 £ T = == g barderline cases ra-
= = M s R ES . . L . g 0w . erfenine
" e 5 g @ P s E‘o- Plostic fines (for identification procedures Give typical name; indicate approximate percanioges & E Attarberg limits abava "A" flne quiting use of dual
=8 -G 8l 6 = GC Clayey gravels, gravel-sand-cloy mix- ostic CT. below) ion p " of sond and gravel, maximum size; angularily, sur- _:Ez c 4 with Pl groater than 7 symbols,
v 5 £ lures. see ' face condition, and hardness of the course grains; = % 2
£ & E . " — local or goologic name and ather pertinent des. H E g2 Dgo
5= ~2 Wide range in grain size ond Subsiontial criptive informafion; ond symbol in parsntheses. s - =8 Cy = g7 Groater than 4
5 o Z . i 4 P g 10
FAR s g £ g 42 SW Well-graded sands, gravelly sonds, litile amounts of oll intermediate particle B &2
£ & 2 x e g ; - or no fines. sizes. Z 3 £z (030)2=
8= o 0% 828 a [ < 2Cw -
(G- ™ 5 v c ; = 2% 8 C, = m~———— Between one and 3
5 % = ¥ o c= £ . = -2 " BinxD,
E 2 8.2 .._E K 5 Poorly-graded sands, gravelly sands Predominantly one size or o range of sizes ] - oo : 10%540
s 8 - A U= sp i gl anes g Y ‘. with some intermediate sizes missing. = H 2 5. K , R
= S w 8 . h: ittle or no fines. . Exemple: H @8« Not meating all gradation requirements for SW
8 2| 0 o v - 2 &% o B%
= E%5ZF —= Silly sand, grovelly; about 20% hard, anqulor gravel 5 8% B ' s
c 2l 8w & g Nonplastic fines o fines with low plosticity _—_—I'l 1/2_-Yl iy guer ¢ g2 n- e Attorberg limits befow "A” line Limits plotting in hatch-
£z Z§ 8 . . o demtifiosti p il particles in. maximum size; rounded and.sub- § 55T 558 -t od zone with P! be-
= £ .: ; - g = SM Silty sonds, sand-silt mixtures. (bolr l) antificotion procedures ses ongular sand groins coarse to fine; about 15% non. =S . o 5 "E =7 or Pl lsss then 4 tween 4 ond 7 aro
|4 H = - elow). . N . . = & v 8 K
ki % £ 2 E; tugz ¥ plastic hn.es :«uh low dry s!renglh, well compac- 3 E .g s‘ @ I o - borderline cases re.
£ o & gsieg= for identil B ; ed ond moist in place; alluviul sand; (SH). v §E b =4 Atterberg limits above *A” line quirmg use of dud!
5 s = o g . Plostic fines {far identificotion procedures K] ) g H
;’ 28 83 ::c: ° sC Clayey sands, sand-clay mixtures. see CL be(]ow) P g 248 with Pl greater thon 7 syrabals,
© =
= o
& Identification Procedures ‘5;
2 on Fraction Smaller than No. 40 Sieve Size . £
;s 5 Dry Strength Dilatancy Toughness =
8 -é 3 (Crushing (Reaction {Consistency _§
: w G" 2 ] characteristics) to shaking) near PL} =
> =€ -
[y o - o \ v -
u X o= Inorganic silts ond very fine sonds >
5 5 35 e . o ' . . g L r 1 1
§ ¢ . _IE-.'_g ML rock flour, .sulty?rcluzfayhne S.mfds None to slight | Quick to slow_ N'qne Give typical nams, indicate dagres and character of o | Compariag Soils ot ‘Equo! Liguid Limit ll
5 3 4 or clayey silts with siight plasticity. i plasticity, omount and moximum size of coorse 5 [— Toughness and Dry Strength incrense ;/"’
z o R X i i " i : L with increasing Plesticily index
< 2 lnorgu_nf: clays of low to medium plas- ) . None fo very " HW‘"S.‘ Cl'_ilﬂf in wet Zan:i:hoﬂ. :_dof :f;ny'.l:?ul .g 50 \;\‘&/,/
2E g cL ticity, gravelly clays, sandy clays, Medium to high Slow Medium or geolagic name, ond other pertinent descripive g o
33 =z silty clays, lean clays. information; and symbol in porentheses. 33 " cH //
— o
o gl L 2z
® 2§ i~
c E Organic silts and organie siity clays of i : . > A
h oL gonic silts ane 019 y clay Sight to Slow Stight o 7
S ow plasticily, medivm - 2 -
b= =z k)
£ d !
] - : e
L g . . . . . N d
< o = Inorganic silts, micocesus or diatome- Slight fo Slight to For ‘undllsl.urb?d soils ?dd m[o.rmufmsl on shuchurs, "u:
£ g = . MH ceous . fine sandy or silly soils, X Slow ta none . stratification, consistency in undisturbed and re- =
- C ES ) medivm medium . . s w 20
° - S elastic silts. molded states, meisture ond droinage conditions. b — OH
= [ = o ) &
o 4 3 0 . "% e
= ov-, ’E- ‘6 . . e 1 4
5 5 ¢ CH Inorganic clays of high plesticity, fat Hllgh to very None High 1 oL __7/ MH
= clays. high g A .
. " = LML .
2 £ |
= 0 ic cloys of medium to high plas- N Sligh = !
OH rganic cloy . gn pl N . None to very ight to X 0
ticily, organic silts. Medivm to high | - | © mediom Example: 0 w2 3 4 s 6 70 L
Clayey silt, brown, slightly plastic, small percentags
P 1 P 9! .
" of fine sand, numerous vertical root holes, firm LIQUID LIMIT
s
. . . Readily idenmtifi tor, ador, and dry in ploce, loess, (ML), S
Highly Organic Sails Py Peat and other highly organic saiis. cadily identified by co o.(. aren spangy PLASTICITY CHART
feel und frequently by fibrous texture. For laboratery classification of fine-grained solls

Dilatancy {Reoction to shaking)

After removing particles lorger than No. 40 sieve size, prepare o pat of mois! soil with o valume of
about one-half cubic inch, Add enough water if necessery to moke the soil soft but nat sticky.
Place the pal in the open palm of ane hand end shioke horizontolly, striking vigourasly egainst
the other hond several limas. A positive reaction consists of the appearsnce of waler o the
surface of the pat which changes to a livery consistency ond becomes glossy. When the sam-
ple is squeezed between the fingers, the water ond gloss disappear from the surface, the pat
stiffens, and finolly it cracks or crumbles. The ropidity of .appesronce of water during shaking
and of its disappecrance during sgqueazing essist in idenlifying the charactar of the tines in o
soil.

Yery fine cleon sonds give the quickest and mast disting! reoction whereas a plastic clay hos no
roaction, Inorganic silts, such as o typicol reck flowr, show o moderately quick reoction.

Adopted by Cores of Engincers end Bureau of Reclemotion, Jenuaty 1952

(1) Boundary classifications: Soils possessing characteristics of two groups are designated by combinctions of group symbols.

FIELD IDENTIFICATION PROCEDURES FOR FINE-GRAINED SOILS OR FRACTIONS
These procedures ore to be parformed on the minus No. 40 sieve'size particles, upproximately 1/64 in. For lield clossification purposes,
screening is not intended, simply remove by hond the coarse particles that interfere with the tests.

Dry Stiangth (Crushing choracteristics)

After removing particles larger than Nu, 40 sieve size, mold ¢ pot of soil 1o the consistency of
putly, ndding water if necessary. Allow the pat to dry completely by oven, sun, or gir dryiag,
and Then test its sirength by breaking and crombling between the fingers.  This strengthis
o measrue of the character and quantity of the cofloidal fraction contained in the sail. The
dry sirength increases with increasing plasticity.

High dry strength is characteristic for cloys of the CH group. A typical inorgenic silt possesses
anly very slight dry strength. Silly fine sunds and silts have chout the same slight dry strength,
but can be distinguished by the feel when powdering the dried specimen. Fine sand fesls
gritly wherecs @ typical silt has the smooth feel of flour.

For example GH-GC, well.graded gravel-sand mixture with clay binder, (2) All sieve sizes on this chort ore U. S. standord,

Toughness {Consistency near plostic limit)

After removing porticles lorger than the Ne. 40 sieve size, 0 specimen of sail about one-holf inch cubs in size,
is molded fo the consistency of putty. Il loo dry, woler must be added and if sticky, the specimen should be
spread cul in o thin layer ond allowed to lose some moisture by evaporation.  Then the specimen is rolled
out by hand on o smeath surface or between the polms inlo o thread obout one-eighth inch in diomater. Tre
threcd iz then folded and rerolled repeatedly, During this manipulstion the moisiure conlent is gradually re-
duced and the specimen siilfens, finally losas its plasticity, ond crumbles when the plustic limil is reached.

Abter the threod crunibles, the piecas should be lumped togerher cnd o slight kneading zction continued wntil the
lump crumbles,

The tougher the threod near the plestic limit and the stiffer the jump when it finally crumbles, the more potent
is the colloidal cloy fraction in 1he soii. Wewkness of the thread ot the plostic limit and quick loss of co-
herence of the lump below the plastic limil indicote cither inarganic clay of low plasticity, or matorials
such as koslicerype clays.ond orgonic clovs which oczur below the A-line.

Highly orgunic clays have o very waak and spangy feel ot the plastic limil.
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Summary of Laboratory Test Results
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Triaxial Compression Test Results

8309-3150, Boring B-5 @ 8-10 ft.
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902 Trails West Loop
202 SE "J" Ave.

Report Date: March 11, 2010 . :
Final Geo. Inv. and Stability Evaluation of Bottom Ash Pond

5358 S. 125th E. Ave., Ste. B

CORPORATE OFFICE and CENTRAL LABORATORY
3400 N. Lincoln Blvd., Oklahoma City, OK 73105 (405) 528-0541

CAT77 Exp. 06/30/07
Area Offices
Tulsa, OK 74134
Enid, OK 73703
Lawton, OK 73501

(918) 459-2700
(580) 237-3130
(580) 353-0872

Date Sampled. Janunary 13, 2010

Project: Sampled By: Johnny Jarman
Location:  Oologah, Oklahoma Quantity
Represented: Lt. Brn. & Lt. Gray SANDY CLAY
REPORT: MEASUREMENT OF HYDRAULIC CONDUCTIVITY LAB NO: 8309-3150
Test Method: ASTM D5084
TEST RESULTS
Sample |.D.: B-1E (8-10")
Sample Preparation:  Undisturbed
Specific Gravity: 2.750 (assumed)
Sample Parameters Initial @ 14.7 psia Final @ 72.0 psia
Diameter, cm 7.247 7.275
Height, cm 4.528 4.545
Moisture, % 23.8 26.1
Dry Unit Weight, pcf 101.0 99.8
Saturation, % 93.6 100.0
Test Parameters
Type of Permeant: Deaired Water
Back Pressure, psig: 55.0
Maximum Effective Consolidation Stress, psig: 5.0
Minimum Effective Consolidation Stress, psig: 3.0
Hydraulic Gradient: 31.0
Average Hydraulic Conductivity (permeability): 2.0x10 " cmisec
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902 Trails West Loop
202 SE "J" Ave.

Report Date: March 11, 2010 :

5358 S. 125th E. Ave.

CORPORATE OFFICE and CENTRAL LABORATORY
3400 N. Lincoln Blvd., Oklahoma City, OK 73105 (405) 528-0541

CA77 Exp. 06/30/07

_Area Offices
,Ste. B

Tulsa, OK 74134
Enid, OK 73703
Lawton, OK 73501

(918) 459-2700
(580) 237-3130
(580) 353-0872

Date Sampled: Janunary 14, 2010

Project: Final Geo. Inv. and Stability Evaluation of Bottom Ash Pond Sampled By:  Johnny Jarman
Location: Oologah, Oklahoma Quantity
Represented: Brn. & Reddish Brn. CLAY
REPORT: MEASUREMENT OF HYDRAULIC CONDUCTIVITY LAB NO: 8309-3150
Test Method: ASTM D5084
TEST RESULTS
Sample I.D.: B-5F (13-15")
Sample Preparation:  Undisturbed
Specific Gravity: 2.685 (assumed)
Sample Parameters Initial @ 14.7 psia Final @ 72.0 psia
Diameter, cm 7.255 7.282
Height, cm 5.295 5.315
Moisture, % 17.5 18.8
Dry Unit Weight, pcf 112.5 111.3
Saturation, % 959 100.0
Test Parameters
Type of Permeant: Deaired Water
Back Pressure, psig: 55.0
Maximum Effective Consolidation Stress, psig: 5.0
Minimum Effective Consolidation Stress, psig: 3.0
Hydraulic Gradient: 26.5
Average Hydraulic Conductivity (permeability): 1.8x10 ° cmisec
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CORPORATE OFFICE and CENTRAL LABORATORY
3400 N. Lincoln Blvd., Oklahoma City, OK 73105 (405) 528-0541
CAT77 Exp. 06/30/07

Area Offices
5358 S. 125th E. Ave., Ste. B Tulsa, OK 74134 (918) 459-2700
902 Trails West Loop Enid, OK 73703 (580) 237-3130
202 SE "J" Ave. Lawton, OK 73501  (580) 353-0872
Report Date: March 11, 2010 Date Sampled: Janunary 14, 2010
Project: Final Geo. Inv. and Stability Evaluation of Bottom Ash Pond Sampled By: Johnny Jarman
Location: Oologah, Oklahoma Quantity
Represented: Lt. Brn. & Lt. Gray CLAY
REPORT: MEASUREMENT OF HYDRAULIC CONDUCTIVITY LAB NO: 8309-3150
Test Method: ASTM D5084
TEST RESULTS
Sample {.D.: B-5H (18-20")
Sample Preparation: Undisturbed
Specific Gravity: 2.668 (assumed)
Sample Parameters Initial @ 14.7 psia Final @ 72.0 psia
Diameter, cm 7.280 7.276
Height, cm 5.396 5.393
Moisture, % 17.6 19.1
Dry Unit Weight, pcf 110.1 110.3
Saturation, % 91.7 100.0
Test Parameters
Type of Permeant: Deaired Water
Back Pressure, psig: 55.0
Maximum Effective Consoclidation Stress, psig: 5.0
Minimum Effective Consolidation Stress, psig: 3.0
Hydraulic Gradient: 26.1
Average Hydraulic Conductivity (permeability): 1.6 x10 ° cmisec
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GENERAL BH / TP / WELL 8309-3150WELL.GPJ GINT US.GDT 3/11/10

STANDARD
TESTING

AND ENGINEERING COMPANY

CLIENT AEP/PSO Region 4 Engineering

WELL NUMBER B-3 (MW-1)

PROJECT NUMBER _8309-3150

PAGE 1 OF 1

PROJECT NAME Geo. Inv. and Stability Evaluation of Bottom Ash Pond

PROJECT LOCATION _AEP NE Station Units 3 & 4. Oologah, Oklahoma

DATE STARTED _1/14/10 COMPLETED _1/14/10 GROUND ELEVATION _635.15 ft HOLE SIZE _3.25"
DRILLING CONTRACTOR _Standard Testing Drilling GROUND WATER LEVELS:
DRILLING METHOD _Hollow Stem Auger AT TIME OF DRILLING _-
LOGGED BY _Johnny Jarman CHECKED BY _Jieliang Pan AT END OF DRILLING _-
NOTES Weather: Cloudy; Boring Coordinates: S 7010.566/E -371.054 -hrs AFTER DRILLING _-
o
o
= | Ef To
o g u % REMARKS % - MATERIAL DESCRIPTION WELL DIAGRAM
o
a <§: 2 %
w
Light Brown CLAY Slightly Moist, Medium Plasticity 4
= 4-ft Steel
Casing; 3-ft by
- AU No groundwater was 3-ft with about
.1 | encountered during 6-inch Concrete
1 drilling Pad Poured at
Surface. (0-2'
N Cement Grout)
5 50 _ e B302
Light Brown CLAY Moist, Medium Plasticity
. Bentonite
8 Chips; 10" thick
10 100 6252
1R AU
4Bl S-3
15
Light Brown CLAY Moist, Medium Plasticity
TR| AU
1H| sS4
= Sand Pack; 15'
20 00 _ _ o ___8152 thick
- = 10-ft Screen
iy (Slot Size
| 0.010-inch,
Schedule 40
n PVC)
25
AU Light Brown CLAY Moist to Very Moist, Medium Plasticity
D '
. 2o _ e Bottom of
Borehole @ 27"
AU Total Length of
s7 Casing = 29.5'
30.0 605.2

Bottom of hole at 27.0 feet.




GENERAL BH / TP / WELL 8309-3150WELL.GPJ GINT US.GDT 3/11/10

STANDARD
TESTING

AND ENGINEERING COMPANY

CLIENT _AEP/ PSO Region 4 Engineering
PROJECT NUMBER _8309-3150

WELL NUMBER B-4 (MW-2)

PAGE 1 OF 1

PROJECT NAME _Geo. Inv. and Stability Evaluation of Bottom Ash Pond
PROJECT LOCATION AEPfNE Station Units 3 & 4, Qologah, Oklahoma

DATE STARTED _1/14/10 COMPLETED _1/14/10
DRILLING CONTRACTOR _Standard Testing Drilling

DRILLING METHOD _Hollow Stem Auger

LOGGED BY _Johnny Jarman CHECKED BY _Jieliang Pan
NOTES Weather: Cloudy: Boring Coordinates: S 7122.093/E -458.39

GROUND ELEVATION _603.52 ft HOLE SIZE _3.25'
GROUND WATER LEVELS: ©
AT TIME OF DRILLING -
¥ AT END OF DRILLING 5.0 ft/ Elev 598.5 ft
-hrs AFTER DRILLING _-

DEPTH
(M)

SAMPLE TYPE
NUMBER

GRAPHIC
LOG

MATERIAL DESCRIPTION

WELL DIAGRAM

Dark Brown CLAY Moist to Very Moist , Medium Plasticity

LIMESTONE Moist to Very Moist

i

Bottom of hole at 10.0 feet.

4-ft Steel
Casing; 3-ft by
3-ft with about
6-inch concrete
pad poured at
surface. (0-2'
Cement Grout)

Bentonite
Chips; 2' thick

a 5-ft screen (Slot
Size 0.010-inch,
Schedule 40
PVC)

Bottom of
Borehole @
. 10.0"; Total
Length of
Casing = 12.5'
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January 18, 2016 1rerracon

American Electric Power (AEP)
1 Riverside Plaza
Columbus, Ohio 43215

Attn:  Mr. Mohammed A. Ajlouni, Ph.D., P.E.
Civill Geotechnical Engineering
P: (614) 716-2939
E: maajlouni@aep.com

Re:  Site Characterization Report
Northeastern Power Station, Bottom Ash Pond
Oolagah, Oklahoma
Terracon Project No. 04155186

Dear Mr. Ajlouni:

Terracon Consultants, Inc. (Terracon) has completed the drilling and testing services for the
Northeastern Power Station, Bottom Ash Pond in Oolagah, Oklahoma. Our services were
performed in general accordance with Terracon Proposal No. PN4150555 dated September 23,
2015. This report presents a brief description of our services and includes a site location map,
boring location plan, a boring log, and laboratory test results.

We appreciate the opportunity to be of service to you on this project. If you have any questions
concerning this report, or if we may be of further service, please contact us.

Sincerely,

Terracon Consultants, Inc.
Cert. of Auth. #CA-4531 exp. 6/30/17

Y

Saba M. Gebretsadik
Staff Geotechnical Engineer

Bradley M. Watts, P.E.
Oklahoma No: 16526

SMG:BMW:lo
Enclosures
Addressee (1 via US Mail and 1 via email)

Terracon Consultants, Inc. 9522 E 47 Place Unit D Tulsa, Oklahoma 74145
P [918] 250 0461  F [918] 250 4570  terracon.com

[ Construction Materials [ ] Facilities

Environmental

Geotechnical ®
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SITE CHARACTERIZATION REPORT
NORTHEASTERN POWER STATION, BOTTOM ASH POND
OOLAGAH, OKLAHOMA

Terracon Project No. 04155186
January 18, 2016

1.0 BORING LAYOUT

The boring location was staked in the field by Terracon’s representative in coordination with AEP
personnel. The approximate site location and boring location are shown on Exhibits A-1 and A-2,
respectively.

2.0 DRILLING

As requested, we drilled one (1) boring, designated B-1, for the project. The boring was drilled to
a depth of approximately 25 feet below the existing ground surface. The boring was drilled with an
ATV-mounted rotary drill rig using continuous flight solid-stem augers to advance the borehole. The
log of the boring is presented in Appendix A.

Terracon observed and recorded groundwater levels while drilling and immediately after boring
completion. As shown in the lower left corner of the boring log, groundwater was not encountered
in the boring during our field exploration.

The groundwater level observations made during our exploration provide an indication of the
groundwater conditions at the time the boring was drilled. Our observation occurred over the
short duration of the boring. Due to the relatively low permeability of the clay encountered at
this site, a relatively long period of time may be necessary for a groundwater level to develop
and stabilize in these materials. Therefore, our groundwater observation does not necessarily
mean that the boring terminated above groundwater. Fluctuations in groundwater levels could
occur throughout the year depending upon variations in the amount of rainfall, runoff,
evaporation, and other hydrological factors not apparent at the time the boring was performed.
The possibility of groundwater fluctuations should be considered when developing the design
and construction plans for the project intended at this site.

3.0 SAMPLING

Samples were obtained by the split-barrel and thin-walled tube sampling procedures. The split-
barrel sampling procedure uses a standard 2-inch, O.D. split-barrel sampling spoon that is
driven into the bottom of the boring with a 140-pound drive hammer falling 30 inches. The
number of blows required to advance the sampling spoon the last 12 inches, or less, of an 18-
inch sampling interval or portion thereof, is recorded as the standard penetration resistance

Reliable m Responsive m Convenient m Innovative



Site Characterization Report 1r
Northeastern Power Station, Bottom Ash Pond = Oolagah, Oklahoma erracon
January 18, 2016 = Terracon Project No. 04155186

value, N. The N value is used to estimate the in-situ relative density of cohesionless soils, and
to a lesser degree of accuracy, the consistency of cohesive soils and hardness of weathered
bedrock. The thin-walled sampling procedure uses a standard 3-inch, O.D. tube (Shelby tube)
that is hydraulically pushed into the bottom of the boring to recover a relatively undisturbed
sample of clayey soils.

The sampling depths, penetration distances, and N values are reported on the boring log. The
samples were tagged for identification, sealed to reduce moisture loss and returned to the
laboratory for further examination, classification and testing.

40 LABORATORY TESTING

Select soilfrock samples obtained from the site were tested for the following engineering
properties:

Water content

Atterberg limits

Grain size distribution

Dry density

Consolidated Undrained (CU) triaxial compression tests

Our scope of services included performing 3-point CU triaxial compression tests on two Shelby
tubes. However, the samples extruded from the Shelby tubes had sufficient length of
undisturbed recovery to run only two points. Per direction from AEP, we performed the test on
two points per sample.

The laboratory test results are presented on the boring log next to the respective samples in
Appendix A. Triaxial compression test reports and grain size distribution reports are provided in
Appendix B. Laboratory tests were performed in general accordance with the applicable ASTM,
local or other accepted standards.

5.0 BORING LOG

A field log of the boring was prepared by a Terracon field geologist. The log included visual
classifications of the materials encountered during drilling as well as the field geologist’'s
interpretation of the subsurface conditions between samples. The samples obtained in the field
were reviewed and visually classified in our laboratory by a Terracon engineer. The final boring log
included with this report represents the engineer's interpretation of the field log and include
modifications based on laboratory observation and tests of the samples.

Reliable m Responsive m Convenient m Innovative 2



Site Characterization Report 1r
Northeastern Power Station, Bottom Ash Pond = Oolagah, Oklahoma erracon
January 18, 2016 = Terracon Project No. 04155186

Soil classification was based on the Unified Soil Classification System (USCS) presented in
Appendix C. Bedrock materials were classified according to the General Notes and described
using commonly accepted geotechnical terminology.

Reliable m Responsive m Convenient m Innovative 3
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BORING LOG NO. B-1 Page 1 of 1

PROJECT: Northeastern Power Station, Bottom Ash CLIENT: American Electric Power
Pond

SITE: US-169 and OK-88
Oolagah, Oklahoma

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL 04155186.GPJ

© |LOCATION See Exhibit A-2 Lo lw| cws | = MnEsl @
S Z 55|82 0 o uze & Z
O |Latitude: 36.41852°  Longitude: -95.70573" s |ug| & E Eh ggj z ﬁ; =
x = x O w P
< B|WE g 3 E‘é 82z |SZ| weem | I
g 5 58|38 ¢ 23E | 8 i
DEPTH ol il co o
3" Black gravel and sand
FILL - LEAN CLAY , with gravel and sand, yellowish-brown and _| 2.3.5 1500
brown 16 N=8 (HP) 13
3-4-4 1500
is . 6 N=8 wpy | 1
FILL - FAT CLAY , with gravel, yellowish-brown and gray _ 2.4-4 4000
18 N=8 (HP) 23
5
4500
| I 12 (HP) 54-18-36 | 77
] 1-2-2 2500
oo 18 N=4 (HP) 22
FILL - FAT CLAY , trace gravel and sand, yellowish-brown n 3.6-4 4000
- ¥ N=10 HP) | 18
10 3-2-5 3500
11.0 " N=7 (HP) | %
FILL - SANDY FAT CLAY , reddish-brown with black 2.34 3000
- ° N=7 HP) | 27
] 3-4-6 6500
18 N=10 HP) | 2
15—
| 10 2000 55-17-38 | 65
165 (HP)
FILL - FAT CLAY , thin roots and trace wet soil, light olive-brown _| 2.3.3 5500
and gray 18 N=6 (HP) %
3-4-6 5500 21
] N=10 (HP)
20
6500
21
21.5 I (HP)
FILL - FAT CLAY , trace wet soil, olive and gray with _| 3.4.5 6000
reddish-brown 18 N=9 (HP) 27
23.0 |
FILL - FAT CLAY , tree bark, reddish-brown 4-6-8 5000
_ 18 - 26
45 N=14 (HP)
\ 249 | IMESTONE+ P 4 50/4" 22
Boring Terminated at 24.9 Feet
Stratification lines are approximate. In-situ, the transition may be gradual. Hammer Type: Automatic
+Classification estimated from disturbed samples. Core
samples and petrographic analysis may reveal other rock types.
Ad;ance"/lem Method: See Exhibit A-3 for description of field Notes:
ower Auger procedures. i L Consolidated Undrained triaxial compression tests performed
See Appendix B for description of laboratory on Shelby Tube samples collected at 5 to 6.5' and 15 to 16.5'.
procedures and additional data (if any). See Appendix B for test results.
Abandonment Method: See Appendix C for explanation of symbols and
Boring backfilled with cement-bentonite grout upon abbreviations.
completion.
WATER LEVEL OBSERVATIONS Boring Started: 12/2/2015 Boring Completed: 12/2/2015
Not Encountered While Dirilling erra con — :
Not Encountered After Boring . Drill Rig: ATV 380 Driller: TJ
9522 East 47th Place, Unit D
Tulsa, Oklahoma Project No.: 04155186 Exhibit: A-3
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SIEVE DIAMETER. PASS
SIZE mm % 100 o0—-0-0—0—© Nl
a 1000 100 Se_
3.5" 90.0 100 90 =
" I
3 75.0 100 ——— ¢
2.5 63.0 100 o
2" 50.0 100 80
15" 375 100 \.k\.
1 25.0 100
3/4" 19.0 96
/2" 12.5 92 70
3/8" 9.50 89
#4 4.75 87
#10 2.00 85 60
#20 0.850 85 <
#40 0.425 84 0
#60 0.250 82 Z 50
#140 0.106 78 a
#200 0.075 76.6 <
o
40
30
20
10
0
100 10 1 0.1 0.01
PARTICLE DIAMETER, mm
ASTM D1140/ C117 #200 WASH SIEVE AND C136 SIEVE ANALYSIS
BORING SAMPLE DEPTH, uscs uscs NAT ATTERBERG LIMITS
ID ID feet DESCRIPTION SYMBOL M% LL PL PI

B-1 4 5T0O6.5 FAT CLAY WITH GRAVEL CH 54 18 36

BROWN & YELLOWISH BROWN

PROJECT NORTHEASTERN POWER STATION, BOTTOM ASH POND

JOB NO. 04155186 DATE 12/28/2015

N:\CM\LAB_DATA\0O Projects in Progress\2015 Projects in Progress\04155186 Lab Data\[04155186 200 Wash Plot B1-4-5.0.xIsx)REPORT -IrE rracon




SIEVE DIAMETER, PASS
SIZE mm % 100 900 0—0—© .—.\.\
a 100.0 100 el
3.5" 90.0 100 90
3" 75.0 100 e
25" 63.0 100 \.\
2" 50.0 100 80
15" 375 100 T e
1 25.0 100 B SN
3/4" 19.0 100 20
/2 125 97 el
3/8" 9.50 93 ~e
#4 4.75 87
#10 2.00 82 60
#20 0.850 79 5
#40 0.425 78 )
#60 0.250 75 Z 50
#140 0.106 68 a
#200 0.075 65.4 <
o
40
30
20
10
0
100 10 1 0.1 0.01
PARTICLE DIAMETER, mm

ASTM D1140/ C117 #200 WASH SIEVE AND C136 SIEVE ANALYSIS

BORING SAMPLE DEPTH, USCS UscCs NAT ATTERBERG LIMITS
ID ID feet DESCRIPTION SYMBOL M% LL PL Pl

B-1 10 15TO 16.5 SANDY FAT CLAY CH 55 17 38

BROWN & DARK BROWN

PROJECT NORTHEASTERN POWER STATION, BOTTOM ASH POND

JOB NO. 04155186 DATE 12/28/2015

N:\CM\LAB_DATA\0O Projects in Progress\2015 Projects in Progress\04155186 Lab Data\[04155186 200 Wash Plot B1-4-5.0.xIsx)REPORT -IrE rracon




s 30
H
E
A
R
20
p
S s
T i
R T
] —
E 10 e —1
S P T o
S .—2&:;2//
’ \
! .—/‘/‘/’ I \\/ \
o ) '-.
0 10 20 30 40 50 60 70 80 90 100
NORMAL STRESS, psi
EFFECTIVE STRESS ---|ANGLE OF INTERNAL FRICTION, deg 21.6 COHESION, psi 2.2
TOTAL STRESS —— |ANGLE OF INTERNAL FRICTION, deg 15.0 COHESION, psi
25 SPECIMEN ID: A B
D WATER CONTENT, $% 22.3 21.7
= 77
E N =
. l . 2 |DRY DENSITY, pcf 106.4 106.2
& =
20 E
I /] Z |SATURATION, % 104 101
A /
T VOID RATIO 0.58 0.58
o / //\ BN
RIS A WATER CONTENT, % 21.4 20.5
[ MM
5 | // g |DRY DENSITY, pef 106.6 | 108.2
] ] I
T . Q SATURATION (B PARAMETER) 0.95 0.96
R
10 1 2
E E VOID RATIO 0.58 0.55
s |If
s FINAL BACK PRESSURE, psi 100.0 100.0
! 5 MINOR PRINCIPAL STRESS, psi 4.2 14.4
g EFFECTIVE STRESS PEAK AT % STRAIN 2.0 2.0
I EFF. DEVIATOR STRESS AT PEAK STRAIN, psi 10.8 17.9
0
0 5 10 15 50 ||TOTAL STRESS PEAK AT % STRAIN 2.0 2.0
STRAIN, % TOTAL DEVIATOR STRESS AT PEAK STRAIN, psi 10.8 17.9
CONTROLLED - STRAIN TEST ULTIMATE DEVIATOR STRESS (15% STR), psi 16.3 21.7
SAMPLE TYPE: 3" SHELBY TUBE TIME TO 50% PRIMARY CONSOLIDATION, min 32.00 73.00
DESCRIPTION OF SPECIMENS: STRAIN RATE, % / hour 0.25 0.25
FAT CLAY WITH GRAVEL, BROWN & YELLOWISH INITIAL DIAMETER, inch 1.365 1.365
BROWN
INITIAL HEIGHT, inch 2.811 2.832
LL 54 | PL 18 | PI 36 | Gs 2.69 EST. |AREA AFTER CONSOLIDATION, inch2 1.456 1.438
PROJECT NO. 04155186 PROJECT : NORTHEASTERN POWER STATION
BOTTOM ASH POND
BORING #: B-1
LABORATORY: TERRACON - LENEXA SAMPLE #: 4
DATE : 12/29/2015 DEPTH, feet: 5.0 - 6.5

PROCEDURE: ASTM D4767,
COMPRESSION TEST ON COHESIVE SOILS

CONSOLIDATED-UNDRAINED TRIAXIAL

Merracon

N:\CM\LAB_DATA\0O Projects in Progress\2015 Projects in Progress\04155186 Lab Data\[04155186 Triaxial CU Ver5.5.1 - 2Point B1-4-5.0.xIsx]REPORT




NORTHEASTERN POWER STATION

04155186 B-1 4 50-6.5
5.0 :
1
45 %ﬁ
S 40 "\
P T ] Ny
R 35 —
REe
[ 3.0
s == =
N's 25 ——==
c ' e o — S — ——t
I 2.0 H#
p R T
AR 15
LT
| 1.0
O o5
0.0
0 5 10 15 20
STRAIN, %
FAILURE SKETCH FAILURE SKETCH FAILURE SKETCH
SPECIMEN A SPECIMEN B SPECIMEN C
REMARKS :

SPECIMENS SATURATED BY THE WET METHOD.

EFFECTIVE STRESS FAILURE DATA BASED ON 2 % STRAIN.

EFFECTIVE STRESS MOHR'S CIRCLES DRAWN AT 2 % STRAIN.

TOTAL STRESS FAILURE DATA BASED ON 2 % STRAIN.

TOTAL STRESS MOHR'S CIRCLES DRAWN AT 2 % STRAIN.

DEVIATOR STRESSES CORRECTED FOR MEMBRANE AND FILTER PAPER EFFECTS.

AREA AFTER CONSOLIDATION CALCULATED AS PER SECTION 10.3.2.1 METHOD A

Terracon

N:\CM\LAB_DATA\0O Projects in Progress\2015 Projects in Progress\04155186 Lab Data\[04155186 Triaxial CU Ver5.5.1 - 2Point B1-4-5.0.xIsx]REPORT



NORTHEASTERN POWER STATION
04155186 B-1
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s 30
H
E
A
R
20
p
S s J-1
T i -1
R eIl i | T |
E 1 P v B =y N
<3 < N
S == ,// S AN N
s 1. -1 P “ )( N
k- /) \ > \
4 A}
7 { . \
0 HEN BT VTR
0 10 20 30 40 50 60 70 80 90 100
NORMAL STRESS, psi
EFFECTIVE STRESS ---|ANGLE OF INTERNAL FRICTION, deg 18.1 COHESION, psi 4.6
TOTAL STRESS —— |ANGLE OF INTERNAL FRICTION, deg 7.2 COHESION, psi 7.3
35 SPECIMEN ID: A B
D WATER CONTENT, $% 19.3 21.1
E + =
30 —] _ |DRY DENSITY, pcf 104.6 106.1
v <
/=2 E
I — Z [SATURATION, % 87 98
A5 E4 VA
T / N VOID RATIO 0.60 0.58
, [\ VNS
< T A
R f 7 WATER CONTENT, $% 21.6 19.9
20 M
S 17 E DRY DENSITY, pcf 106.0 | 109.0
[l I
T l'll 4 |SATURATION (B PARAMETER) 0.95 0.96
RS 14 £
E E VOID RATIO 0.58 0.53
s
S10 FINAL BACK PRESSURE, psi 100.2 101.3
! MINOR PRINCIPAL STRESS, psi 13.9 28.9
2 5 EFFECTIVE STRESS PEAK AT % STRAIN 3.0 3.0
I EFF. DEVIATOR STRESS AT PEAK STRAIN, psi 20.7 25.0
0
0 5 10 15 50 ||TOTAL STRESS PEAK AT % STRAIN 3.0 3.0
STRAIN, % TOTAL DEVIATOR STRESS AT PEAK STRAIN, psi 20.7 25.0
CONTROLLED - STRAIN TEST ULTIMATE DEVIATOR STRESS (15% STR), psi 25.1 30.8
SAMPLE TYPE: 3" SHELBY TUBE TIME TO 50% PRIMARY CONSOLIDATION, min 6.90 7.90
DESCRIPTION OF SPECIMENS: STRAIN RATE, % / hour 2.16 2.16
SANDY FAT CLAY, BROWN & DARK BROWN INITIAL DIAMETER, inch 1.374 | 1.363
INITIAL HEIGHT, inch 2.825 2.814
LL 55 | PL 17 | PI 38 | Gs 2.68 EST. |AREA AFTER CONSOLIDATION, inch2 1.469 1.429
PROJECT NO. 04155186 PROJECT : NORTHEASTERN POWER STATION
BOTTOM ASH POND
BORING #: B-1
LABORATORY: TERRACON - LENEXA SAMPLE #: 10
DATE: 12/28/2015 DEPTH, feet: 15.0 - 16.5

PROCEDURE: ASTM D4767, CONSOLIDATED-UNDRAINED TRIAXIAL

COMPRESSION TEST ON COHESIVE SOILS 1rerracon
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NORTHEASTERN POWER STATION

04155186 B-1 10 15.0-16.5
4.0
3.5 /""’\ k\»l.\ AN A
s INCAL ~
Vi A
p 1 30 7 — ——
R / = == =——=
R 1 Pl =
| E 25 r,' -
c .0 17
17
'R 15 I
p 157
A
A T 10
L |
O 05
0.0
0 5 10 15 20
STRAIN, %
FAILURE SKETCH FAILURE SKETCH

FAILURE SKETCH

B

= \F

SPECIMEN B

SPECIMEN A

SPECIMEN C

REMARKS :

SPECIMENS SATURATED BY THE WET METHOD.
EFFECTIVE STRESS FAILURE DATA BASED ON 3

% STRAIN.

EFFECTIVE STRESS MOHR'S CIRCLES DRAWN AT 3 % STRAIN.
TOTAL STRESS FAILURE DATA BASED ON 3 % STRAIN.
% STRAIN.

TOTAL STRESS MOHR'S CIRCLES DRAWN AT 3
DEVIATOR STRESSES CORRECTED FOR MEMBRANE AND FILTER PAPER EFFECTS

AREA AFTER CONSOLIDATION CALCULATED AS PER SECTION 10.3.2.1 METHOD A

Terracon
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DESCRIPTION OF SYMBOLS AND ABBREVIATIONS

GENERAL NOTES

SAMPLING

i

Auger

Shelby Tube

1

Ring Sampler

&

Grab Sample

i

Split Spoon

I

Macro Core

|

Rock Core

/

No Recovery

WATER LEVEL

N
Y
v

Water Initially
Encountered

Water Level After a
Specified Period of Time

Water Level After
a Specified Period of Time

Water levels indicated on the soil boring
logs are the levels measured in the
borehole at the times indicated.
Groundwater level variations will occur
over time. In low permeability soils,
accurate determination of groundwater
levels is not possible with short term
water level observations.

FIELD TESTS

(HP)
(T) Torvane
(bif)

(PID)

(OVA)

Hand Penetrometer

Standard Penetration
Test (blows per foot)

Photo-lonization Detector

Organic Vapor Analyzer

DESCRIPTIVE SOIL CLASSIFICATION

Soil classification is based on the Unified Soil Classification System. Coarse Grained Soils have more than 50% of their dry
weight retained on a #200 sieve; their principal descriptors are: boulders, cobbles, gravel or sand. Fine Grained Soils have
less than 50% of their dry weight retained on a #200 sieve; they are principally described as clays if they are plastic, and
silts if they are slightly plastic or non-plastic. Major constituents may be added as modifiers and minor constituents may be
added according to the relative proportions based on grain size. In addition to gradation, coarse-grained soils are defined
on the basis of their in-place relative density and fine-grained soils on the basis of their consistency.

LOCATION AND ELEVATION NOTES
Unless otherwise noted, Latitude and Longitude are approximately determined using a hand-held GPS device. The accuracy
of such devices is variable. Surface elevation data annotated with +/- indicates that no actual topographical survey was
conducted to confirm the surface elevation. Instead, the surface elevation was approximately determined from topographic

maps of the area.

RELATIVE DENSITY OF COARSE-GRAINED SOILS CONSISTENCY OF FINE-GRAINED SOILS
(More than 50% retained on No. 200 sieve.) (50% or more passing the No. 200 sieve.)
Density determined by Standard Penetration Resistance Consistency determined by laboratory shear strength testing, field
Includes gravels, sands and silts. visual-manual procedures or standard penetration resistance
g Descriptive Term Standarc']‘l!:\'leal:sgation or Ring Sampler | Descriptive Term |Unconfined Compressive Standarcrhilearllsteration or Ring Sampler
5 (Density) Blows/Ft. Blows/Ft. (Consistency) Strength, Qu, psf Blows/Ft. Blows/Ft.
= Very Loose 0-3 0-6 Very Soft less than 500 0-1 <3
I
5 Loose 4-9 7-18 Soft 500 to 1,000 2-4 3-4
4
E Medium Dense 10-29 19-58 Medium-Stiff 1,000 to 2,000 4-8 5-9
»
Dense 30-50 59 -98 Stiff 2,000 to 4,000 8-15 10-18
Very Dense > 50 >99 Very Stiff 4,000 to 8,000 15-30 19-42
Hard > 8,000 >30 >42
RELATIVE PROPORTIONS OF SAND AND GRAVEL GRAIN SIZE TERMINOLOGY
Descriptive Term(s) Percent of Major Component Particle Size
of other constituents Dry Weight of Sample e
Trace <15 Boulders Over 12 in. (300 mm)
With 15-29 Cobbles 12in. to 3 in. (300mm to 75mm)
Modifier > 30 Gravel 3 in. to #4 sieve (75mm to 4.75 mm)
Sand #4 to #200 sieve (4.75mm to 0.075mm
Silt or Clay Passing #200 sieve (0.075mm)
RELATIVE PROPORTIONS OF FINES PLASTICITY DESCRIPTION
Descriptive Term(s) Percent of Term Plasticity Index
of other constituents Dry Weight Non-plastic 0
Trace <5 Low 1-10
With 5-12 Medium 11-30
Modifier >12 High >30
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UNIFIED SOIL CLASSIFICATION SYSTEM

Soil Classification
Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests * Group .
Group Name
Symbol
Gravels: Clean Gravels: Cuz4andl<Cc<3F GW | Well-graded gravel "
More than 50% of Less than 5% fines® | Cu < 4 and/or 1> Cc > 3F GP | Poorly graded gravel "
coarse ) Gravels with Fines: | Fines classify as ML or MH GM | Silty gravel 7"
Coarse Grained Soils: | fraction retained on 7 - - a—
.~ | No. 4 sieve More than 12% fines - | Fines classify as CL or CH GC | Clayey gravel ™®
More than 50% retained : = I-araded sand’
on No. 200 sieve Sands: Clean Sands: . . Cu>6and1<Cc<3 SW Well-graded san
50% or more of coarse | Less than 5% fines Cu<6and/or1>Cc>3F SP | Poorly graded sand'
fraction passes Sands with Fines: Fines classify as ML or MH SM Silty sand ®*'
No. 4 sieve More than 12% fines® | Fines Classify as CL or CH SC |Clayey sand ®*™"'
. PI > 7 and plots on or above “A” line’ CL |Leanclay®™™
) Inorganic: PYCT i KLM
Silts and Clays: Pl < 4 or plots below “A” line ML Silt™~
Liquid limit less than 50 Organic Liquid limit - oven dried 0.75 oL | Organic clay LM
ine-Grai ils: : <0.
Fine-Grained Soils: g Liquid limit - not dried Organic silt “-™°
50% or more passes the Pl plot b Al CH Fat clay <"
No. 200 sieve Inorganic: plots on or above ine at clay
Silts and Clays: Pl plots below “A” line MH | Elastic Silt“*"
Liquid limit 50 or more . Liquid limit - oven dried Organic clay “-""
Organic: —— - <0.75 OH P WY Xo)
Liquid limit - not dried Organic silt ™™
Highly organic soils: Primarily organic matter, dark in color, and organic odor PT Peat

Based on the material passing the 3-in. (75-mm) sieve

If field sample contained cobbles or boulders, or both, add “with cobbles
or boulders, or both” to group name.

Gravels with 5 to 12% fines require dual symbols: GW-GM well-graded
gravel with silt, GW-GC well-graded gravel with clay, GP-GM poorly
graded gravel with silt, GP-GC poorly graded gravel with clay.

Sands with 5 to 12% fines require dual symbols: SW-SM well-graded
sand with silt, SW-SC well-graded sand with clay, SP-SM poorly graded
sand with silt, SP-SC poorly graded sand with clay

(e} @ >

O

2
(Dyy)
E Cu= DGO/DID Cc= — 07

DlO X D60

If soil contains > 15% sand, add “with sand” to group name.
© If fines classify as CL-ML, use dual symbol GC-GM, or SC-SM.

hul

X « - T

gravel,” whichever is predominant.

If fines are organic, add “with organic fines” to group name.

If soil contains > 15% gravel, add “with gravel” to group name.
If Atterberg limits plot in shaded area, soil is a CL-ML, silty clay.
If soil contains 15 to 29% plus No. 200, add “with sand” or “with

" If soil contains > 30% plus No. 200 predominantly sand, add “sandy”

to group name.

" If soil contains > 30% plus No. 200, predominantly gravel, add

“gravelly” to group name.
N

© Pl < 4 or plots below “A” line.

P PI plots on or above “A” line.
2 Pl plots below “A” line.

Pl > 4 and plots on or above “A” line.

60 I I I ’
For classification of fine-grained -
soils and fine-grained fraction I
paine - le .
5o — Of coarse-grained soils “\/\(:/ - \;\(\e
= Equation of “A” - line EN I B
a Horizontal at Pl=4 to LL=25.5. s
> 40— then PI=0.73 (LL-20) ‘ o‘e‘
w ) N
[ Equation of “U” - line e & °
=z Vertical at LL=16 to PI=7, L ¥
> 30 — then PI=0.9 (LL-8) “
= e
o S oV
|: e é
2 20 o o\f
= MH or OH
o -
10 ] /
7
a- CL-.M’_/L ML or OL
o | |
0 10 16 20 30 40 50 60 70 80 920 100 110

LIQUID LIMIT (LL)
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GENERAL NOTES
Sedimentary Rock Classification

DESCRIPTIVE ROCK CLASSIFICATION:

Sedimentary rocks are composed of cemented clay, silt and sand sized particles. The most
common minerals are clay, quartz and calcite. Rock composed primarily of calcite is called
limestone; rock of sand size grains is called sandstone, and rock of clay and silt size grains
is called mudstone or claystone, siltstone, or shale. Modifiers such as shaly, sandy, dolomitic,
calcareous, carbonaceous, etc. are used to describe various constituents. Examples: sandy
shale; calcareous sandstone.

LIMESTONE Light to dark colored, crystalline to fine-grained texture, composed of CaCos, reacts readily
with HCI.

DOLOMITE Light to dark colored, crystalline to fine-grained texture, composed of CaMg(COs)., harder
than limestone, reacts with HCI when powdered.

CHERT Light to dark colored, very fine-grained texture, composed of micro-crystalline quartz (Si0z),
brittle, breaks into angular fragments, will scratch glass.

SHALE Very fine-grained texture, composed of consolidated silt or clay, bedded in thin layers. The
unlaminated equivalent is frequently referred to as siltstone, claystone or mudstone.

SANDSTONE Usually light colored, coarse to fine texture, composed of cemented sand size grains of quartz,
feldspar, etc. Cement usually is silica but may be such minerals as calcite, iron-oxide, or some
other carbonate.

CONGLOMERATE Rounded rock fragments of variable mineralogy varying in size from near sand to boulder size

but usually pebble to cobble size (V2 inch to 6 inches). Cemented together with various cemen-
ting agents. Breccia is similar but composed of angular, fractured rock particles cemented
together.

PHYSICAL PROPERTIES:

DEGREE OF WEATHERING BEDDING AND JOINT CHARACTERISTICS

Slight Slight decomposition of parent Bed Thickness Joint Spacing Dimensions
material on joints. May be color Very Thick Very Wide >10’
change. Thick Wide 3 - 10
Moderate Some decomposition and color M?g:ﬁm Moderca;\;tglsyecwse ;”: 3,
change throughout. Very Thin Very Close 47 . or
High Rock highly decomposed, may be ex- Laminated — A7 4
tremely broken. . R .
Bedding Plane A plane dividing sedimentary rocks of
the same or different lithology.
HARDNESS AND DEGREE OF CEMENTATION Joint Fracture in rock, generally more or
Limestone and Dolomite: less vertical or transverse to bedding,
o ) ) along which no appreciable move-
Hard Difficult to scratch with knife. ment has occurred.
Moderately Can be scratched easily with knife, Seam Generally applies to bedding plane
Hard cannot be scratched with fingernail. with an unspecified degree of
Soft Can be scratched with fingernail. weathering.

Shale, Siltstone and Claystone

Hard Can be scratched easily with knife,
cannot be scratched with fingernail.

Moderately
Hard Can be scratched with fingernail.
Soft Can be easily dented but not molded

with fingers.

Sandstone and Conglomerate

Well Capable of scratching a knife blade.
Cemented

Cemented Can be scratched with knife.
Poorly Can be broken apart easily with
Cemented fingers.

SOLUTION AND VOID CONDITIONS
Solid Contains no voids.

Vuggy (Pitted) Rock having small solution pits or
cavities up to ¥2 inch diameter, fre-
quently with a mineral lining.

Porous Containing numerous voids, pores, or
other openings, which may or may
not interconnect.

Cavernous Containing cavities or caverns, some-

times quite large.

1lerracon___
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1.0 INTRODUCTION

In April of 2011, Freese and Nichols, Inc., (FNI) was retained by American Electric Power
(AEP) to perform various hydrologic and hydraulic calculations to determine the hydraulic
adequacy of the Bottom Ash Pond for the Northeastern 3 & 4 Power Station located near
Oologah, Oklahoma. This report summarizes the results of the analysis for the 10-year, 100-

year, and 40% PMF events.

The Ash Pond is situated immediately southwest of the Power Plant and west of
Oologah Dam. The general location of the power plant and associated reservoirs is shown in

Figure 1.
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2.0 HYDROLOGIC MODEL DEVELOPMENT

2.1 BASIN DELINEATION & CONNECTIVITY
The hydrologic model for the Northeastern 3 & 4 Power Station Bottom Ash Pond was

created in HEC-HMS' and consisted of two total drainage basins, as shown in Figure 2. The total
drainage area modeled is approximately 0.31 square miles, or 199 acres. One basin represents
the area that includes most of the power plant facilities and the Bottom Ash Pond itself, while
the other represents the area that includes the coal pile and the area east of the coal pile,
which is connected to the Bottom Ash Pond via a small channel. The basins were delineated
from one-foot contours generated from a March 2010 survey® of the area and supplemented

with the National Elevation Dataset (NED) 10-meter resolution Digital Elevation Model (DEM).

The Northeastern 3 & 4 Power Station Bottom Ash Pond is connected to multiple
segments of the overall plant system and has several inflows and outflows that are assumed to
be constant. Stormwater from a retention basin at the fly ash landfill, known as Basin C, is
pumped to the bottom ash pond at a maximum rate of 4,000 gpm or 8.91 cfs. Inflow from
pumping operations at Basin C, as well as from drains at Units 1, 2, 3, and 4, contribute a
combined 6.3 MGD, or 9.75 cfs. The on-site wastewater treatment facility has capacity to pump
approximately 1000 gpm, or 2.23 cfs. This capacity is used to regulate the normal pool
elevation. Additionally, during emergency or high flood situations, flow may be diverted to the

plant’s cooling towers at a rate of 2.0 MGD, or 3.09 cfs.

May 2011 3
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2.2 HYDROLOGIC PARAMETERS
The HEC-HMS model incorporates the NRCS Curve Number and Unit Hydrograph

methods for each basin. In this model, the curve numbers were based on hydrologic soil
classifications and land cover. The instantaneous runoff effect of open water surfaces was
accounted for in the development of the curve numbers. The soils dataset was obtained from
the NRCS Soil Survey Geographic Database® (SSURGO), and land use classification was
determined from National Agriculture Imagery Program” (NAIP) 2010 aerial imagery of the site.
Spatial information about soil types and land use classifications is presented in Figures 3 and 4,
respectively. Table 1 provides the matrix used in determining the curve number for each basin.
All soils in the basin are in Hydrologic Soil Group D. The curve numbers shown in Table 1
represent only these soils and are for Antecedent Moisture Condition (AMC) Il. These values
were incorporated in the model for the frequency storm events, such as the 10-year storm
event. For the PMP events, a higher curve number with AMC Ill was used to simulate a worst-

case scenario with the ground fully saturated.

Table 1 - Curve Number Calculation Matrix

Land Use Curve Number
Classification (AMC II)
Water 100
Open Space 89
Industrial 93
Coal Pile 94

The only input into HEC-HMS for the NRCS Dimensionless Unit Hydrograph is a lag time,
which is calculated based on basin conditions, such as hydraulic length and average slope,
according to the NRCS TR-55 Method. Table 2 provides a summary of the hydrologic

parameters for each basin.

Table 2 - Basin Parameters

. Area Lag Time EaE i
Basin (m#) (min) Number Number
(AMCII) | (AMCIIT)

West 0.246 14.75 94.1 97.4

East 0.078 11.99 92.7 96.7
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2.3 ELEVATION-STORAGE DATA

Elevation-storage data for the reservoir was approximated with the NED 10-meter DEM

to calculate the available storage up to the nominal top of dam elevation of 630.0 ft-msl. This
data is considered an approximation based on the best available information because the
general topography of the reservoir has changed, and continues to change, with both
sedimentation and excavation and grading of the bottom ash material. The elevation-storage
relationship was used in the hydrologic model for routing both the frequency storm events and

the PMF and is shown in Table 3 below.

Table 3 - Elevation-Storage Data

Elevation | Storage
(ft-msl) | (acre-ft)
600.0 0
620.0 72
621.0 93
622.0 117
623.0 147
624.0 183
625.0 223
626.0 266
627.0 311
628.0 360
629.0 412
630.0 469

2.4 DISCHARGE RATING CURVES

The dam has a single spillway structure located on the northwest corner of the
embankment. Information regarding the dimensions and elevations of the spillway was taken
from a combination of original construction drawings and detailed descriptions from AEP
personnel. The principal spillway for the Bottom Ash Pond consists of a broad-crested weir with
a total length of 24 feet and crest elevation of 625.0 ft-msl. There is also a 1-foot square notch
with crest elevation of 624.0 ft-msl; however, this notch has been filled with concrete and no
longer contributes to the discharge capacity of the spillway. A 10-foot section of the spillway is
covered by a concrete lid. The spillway discharges down a chute with a slope of 2.5:1 and into a

stilling basin with chute blocks. Immediately downstream of the stilling basin is a small

May 2011 8
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depressed area contained by the railroad embankment. Two 48-inch HDPE culverts run under

the railroad embankment. The original culverts were 60-inch corrugated metal pipe (CMP)
culverts, but HDPE slip-liners were recently installed. The overall spillway system, including
these downstream culverts, was modeled with a steady-state HEC-RAS® model. The HEC-RAS
model accounts for submergence of the tailwater from the downstream culverts, which will
significantly restrict flow through the spillway. The discharge rating curve for the spillway is
shown in Table 4. A photograph of the spillway is shown in Figure 5, along with a photograph of
the downstream stilling basin and culverts in Figure 6. Detailed calculations for the discharge
rating curve are included in Appendix B.

Table 4 - Discharge Rating Curve

Elevation _Total
(Ft-ms) Discharge
(cfs)
625.0 0
625.5 25
626.0 71
626.5 131
627.0 199
627.5 279
628.0 367
628.5 462
629.0 507
629.5 518
630.0 529

May 2011 9
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2.5 FREQUENCY MODEL RESULTS

The 10-year frequency — or 10% annual chance — storm event was analyzed for the
Northeastern 3 & 4 Power Station Ash Pond. The hydrologic model described in the preceding
sections was implemented in analyzing this event. Curve numbers were set to Antecedent
Mogisture Condition I, and initial abstractions were calculated automatically by HEC-HMS. These
assumptions represent normal conditions, as would be expected prior to a storm event of this
nature. The precipitation data was obtained from the National Oceanic and Atmospheric
Administration’s Technical Memorandum NWS HYDRO-35° and Technical Paper 40.” These

values are presented in Table 5. Each storm event was assumed to have a duration of 24 hours.

Table 5 - Frequency Precipitation Depths

Frequency Precipitation (in)

(yrs) S5min | 15min | 60min | 2hr 3 hr 6 hr 12 hr 24hr
0.39 0.81 1.50 1.77 1.96 2.27 2.76 3.22

0.56 1.19 2.34 2.88 3.17 3.76 4.52 5.17

10 0.62 1.32 2.72 3.26 3.67 4.39 5.22 6.09

25 0.71 1.52 3.17 3.81 4.25 5.12 6.10 7.08

50 0.79 1.68 3.56 4.20 4.77 5.71 6.84 7.92
100 0.86 1.84 4.04 4.71 5.35 6.41 7.63 8.85

These precipitation depths serve as input data into the hydrologic model, and were
routed through the model as described previously. Normal engineering assumptions would
assume that flood routings were started at the lowest spillway crest elevation. However, the
power plant operation policy calls for the normal pool of the reserveir to be maintained at
elevation 623.0 ft-msl. This water level is regulated with pumping to the on-site wastewater
treatment facility, and, in emergency situations, flow may be diverted to the plant’s cooling
towers. For comparison, the 10-year storm event was computed with initial elevations at both

the normal pool and spillway crest. The results of the 10-year storm are shown in Tahle 6.

Table 6 - 10-Year Frequency Model Results

May 2011

Initial Peak Peak Peak
Elevation | Elevation Inflow Outflow
(ft-msl) (ft-msl) (cfs) (cfs)
623.0 625.28 798 14
625.0 626.28 798 104
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2.6 PMF MODEL RESULTS
The Probable Maximum Flood (PMF) is defined as the greatest flood to be expected, and

the Probable Maximum Precipitation (PMP) is theoretically the greatest depth of rainfall for a
given duration that is physically possible over a given size storm area at a particular geographic
location. Generally, the rainfall depth is calculated for the ten square miles of the watershed

which receive the highest intensity rainfall.

Hydrometeorological Report No. 52 (HMR-52),% developed by the U.S. Army Corps of
Engineers, was used to determine the rainfall for each basin. PMP estimates were taken from
Hydrometeorological Report No. 51° and distributed according to HMR-52 to obtain average

rainfall depths over the various drainage areas.

HMR-52 calculates rainfall depths for storm durations ranging from five minutes to
seventy-two hours. Table 7 lists the point rainfall depths calculated by HMR-52 for storm
durations from one hour to 72 hours. Because the total drainage area is less than ten square
miles, the same rainfall depths were applied to both basins.HMR-52 also produces a 72-hour,
critically stacked temporal distribution by arranging the incremental rainfall depths to produce

the rainfall hyetograph shown in Figure 7.

Table 7 - HMR-52 Point Rainfall Depths

Storm

Duration Dr-_jpth

(hr) (in)
1 15.58

2 19.55

3 22.66

6 28.56
12 34.52
24 39.21
48 43.47
72 45.87

May 2011 12
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Figure 7 - PMP Rainfall Hyetograph

The PMF was modeled, as described previously, with flood routing started at both

elevation 623.0 ft-msl and elevation 625.0 ft-msl. According to the Oklahoma Water Resources

Board (OWRB) 10 regulations, the Bottom Ash Pond dam is classified as a small-size dam. The

hazard classification may be either low or significant depending on the effects of a dam breach

on a railroad bridge downstream. For this analysis, the hazard classification was assumed to be

significant. This assumption will be evaluated upon completion of the breach analysis. A dam

with a hazard classification of significant is required to pass 40% of the PMF to be in compliance

with the OWRB regulations. Table 8 contains the results of these PMF model runs.

Table 8 - 0.4 PMF Model Results

Initial Peak Peak Peak
Elevation Elevation Inflow Outflow
(ft-msl) (ft-msl) (cfs) (cfs)
623.0 627.87 1,490 344
625.0 628.15 1,490 396

May 2011
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3.0 SUMMARY AND CONCLUSIONS

Based on the results of the hydrologic analysis, the Bottom Ash Pond Dam is
hydraulically adequate for the 40% PMF event. Table 9 lists the pertinent elevation data for the
dam, including the top of dam elevation and spillway crest elevation. Comparing these
elevations to the maximum water surface elevations shown in Table 10 indicates that the dam
would safely contain all flood events up to, and including, the 40% PMF. Additionally, while the
normal pool elevation is maintained at elevation 623.0 ft-msl by pumping operations, the

spillway is engaged during the 10-year storm event.

Table 9 - Pertinent Dam Information

Top of Spillway Operating
Dam Crest Level

(ft-msl) (ft-msl) (fe-msl)
630.0 625.0 623.0

Table 10 -~ Summary of Results

Initial
Elevation | 10-year POI\.;IIF
(ft-msl)
623.0 625.28 627.87
625.0 626.28 628.15

It should be noted that these results reflect the best understanding of existing

conditions and could be significantly affected by major changes to the reservoir. The
assumptions in this analysis represent average reservoir conditions. In its current condition, the
Bottom Ash Pond associated with the Northeastern 3 & 4 Power Station is deemed to he

hydraulically adequate for any storm event up to, and including, the 40% PMF. Pertinent

drawings for existing conditions are included in Appendix C.
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Appendix B
Discharge Rating Curve Calculations and Hydrologic Parameters
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HEC-RAS Plan: SPRC_BL River: Northeastern Reach: Spwy

Reach River Sta Profile QTolal | MinChEl W.S. Elev critws. | EG. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl |
s | m ) i W | (i's) (sa ) Q)
Spwy 600 PF 1 1,00 61986 62507 625.07 0000000 0.00 123166 484.24 0.00
Spwy 600 PF 2 10.00 619.85 62528 62528  0.000000 0.01 1336.14 498 46 0.00
Spwy 600 PF 3 20.00 619.86 625.44 625.44 0.000000 0.02 1416.77 508.75 0.00
Spwy 600 PF 4 5000  619.86 62581 625.81 0000000  004] 160645  53203)  0.00|
Spwy 600 PF 5 100.00 619.86 626.27 626.27 0.000001 0.07 1859.02 560.46 001|
Spwy 600 PF 6 19.86 627.01 | e 0000001 0.11 2290.88| 603,90 0.01
Spwy 600 PF 7 - 619.86 627.63 | 627.63 0,000002 0.14 2674.13 63724 0.01
Spwy 500 PFB 619.86 628.18 628.19 0.000002| 0.17 3035.76 666.36 0.01
Spwy 00 PF O 51985 62870 628.70 0.000003 0.19 3386.70 89548 oot
Spwy 500 PF 10 619.86 833.15 63315  0.000000 0.11 6765.67 770,65 0.01
Spwy 600 PF 11 519.86 540.02 ~ 640.02]  0.000000 007  12057.71 770.65 0.00
| |
Spwy 185 PF1 1.00 621.00 625.07| 625.07 0.000000 001 171.72 52.36| 000
Spwy 185 PF 2 10.00 621.00 625.28 - - 625.28 0.000001 0.06 182.96 53.42 _Uil
Spwy 185 PF 3 2000 621.00 625.44 625.44 0.000002] 0.12 191,57 54,22 0.01
Spwy 185 [PF4 50.00 621.00 625.81 625.81 0.000010 027 21160  56.04 0.02
Spwy 185 | PF 5 100.00 621,00 _625.27 62627 0.000028 0.48 237.88 58.33 - 0.04
Spwy 185 [PF e 200.00 621,00 627.00 627.01 0.000069 0.81 282.07 62.01 0.08
Spwy 185 |PE7 300,00 621.00 627,61 62763 0.000107 1.08 320.80 65.05 0.07
Spwy 185 |PF8 40000 62100 628,16 628.18 0000140 1.31 357,11 67.79 0.09
Spwy 185 PFQ 500.00 621.00 628.67 628.60]  0.000169 1.50 392.17 70.33 0.10|
Spwy 185 PF 10 600.00 621.00 633.13 633.15 0.000039 098 731.89 77.00 0.05
Spwy 185 PF 11 700.00 621.00 640.01) [ 640.01 0.000011 069  1261.22 77.00 0.03
Spwy 175 PF 1 1.00 625.00 625.07 62507 0.000792 0.46 27| 32.00 0.31
Spwy 175 PF 2 10,00 62500  625.26) 62528 0.000917 121 28] 3200 042
Spwy 175 FF3 20.00 625.00 625.40 525.44 0.000852 155 12.89 32.00 043
Spwy 175 PF 4 50,00 625.00 625.73 62680,  0.000755 214 2335 32.00 044
Spwy 175 PF & 10000 62500 626.14 62626, 0000694 274 3658 3271 045
Spwy 175 PF 6 200.00 625.00 62681 62600,  0.000597 345 5945 36.03| 045
Spwy 175 PFT 300.00 625.00 627.36 __ §g7.60 0.000544 | 3.94: 80.27 38.82 0.45
Spwy 175 PF8 40000  625.00| 627.87 628.15 0.000502 430  10048] 4134 045
Spwy 175 PF o 500.00 625.00 628.34 628.66 0.000466 4,59 120,62 43.71 044
Spwy 175 PF 10 600.00 625.00 633.07 633,14 0.000032 217 359.78 52.00 013
Spwy 175 BF 11 700.00 625,00 639,99 640.01 0000005 1.25 719.30 52.00 006
Spwy 170 PF 1 1.00 625.00 625.03 62503 625.06 0020524] 135 0.74 25.00 139
Spwy 170 PF2 10.00 62500 62522 62527 0.002461 1.79 559 25.00 067
Spwy 170 PF 3 20.00 625.00] 625.35 625.43 0002331 231 8.64 25.00 069
Spwy 170 PF 4 50.00 626.00 625.63 62579 0002041 3.18 15.73 25.00 0.71
Spwy 170 PF 5 100.00 525.00 625.98 626.24 0.001952 4.10 24 41| 25,00 073
Spwy 170 FF 6 200.00 625.00 626.54 626.95 0001790 5.18 38.60 25.00 073
Spwy 170 PF 7 300.00 625.00 627 02 627.57 0.001730] 595 50.41) 25.00 0.74
Spwy 170 PF 8 400.00 625.00 627 .44 ] 626.11 0.001686 655 61.06 25.00 0.74
Spwy 170 |PFa 50000 625.00 627.85 62861 0.001636 7.02 71.21 25,00 073
Spwy 170 PF 10 600.00 625.00 533.00 633.13 0.000080 295 220.04 3000 018
Spwy 170 [PF 11 700.00 625.00 63g.96) | 400 0000018] 1.83 42879 3000 0.08
i i
| | |

Spwy 166 PF1 - 1.00 624.00 624 62 624,32 624.66 0.001489] 162] 062 1.00 0.36
Spwy 166 |PF2 10.00 624.00 625.22| 62513 625.26 0.001714 158 835  24.00 054
Spwy 166 PF 3 2000 62400 625.34 625.24 625.42 0.001992 216 9.25 24.00| 061
Spwy 166 PF4 50.00 624.00 625.62 625.47 625,78 0.002088 313 16.00 24.00| 067
Spwy 168 [PF5 100.00 624.00 625.95 625.77 626.23 0.002305 419 2387 24.00 074
Spwy 166 [PF 6 20000 624,00 626.48 626.25 626 95 0.002386 547 3657 24.00 078
Spwy 166 lPE7 300.00 624.00 626.92 626.65| 62755 0.002464 639 45.98 24.00 0.80
Spwy 188 PF 8 400.00 624.00 627.31 627.01 628.09 0.002509 7.10 56,34 24.00 0.82
Spwy 166 PF 9 500.00 624.00 627.67 627.34 628,59 0.002546 770 64.95 2400 082
Spwy 166 PF 10 600.00 624.00 632.99 627.64| 63313  0.000235 3.08 209.47 30.00 0.18
Spwy 166 PF 11 70000 624,00 639.96 62794 64001 0.000041 1,86 418.55 30.00 0.08
Spwy 154 PF 1 1.00 624.00 624.60 624.32 624.64 0.001636 168 0.60 100 o038
Spwy 154 PF2 1000 624.00 625.17 625.13 62523  0.003413 1.94 515 2400 0.74
Spwy 154 'PF3 20,00 624.00 625.27 62524 625.38 0.003801 263 7.59 24,00 082
Spwy 154 PF 4 50.00 624,00 625.48 625 47 625.73 0.004764 4.03 12.41 24,00 0.99
Spwy 154 PF 5 100,00 624.00 625.77 625,77 626.18 0.004351 5.11 19.58 24,00 1.00
Spwy 154 PF& 200,00 624,00 626.25 626.25 626.90 0.004034 6.46 30.95 24,00 1.00
Spwy 154 PF 7 30000 624.00 62665 626.65 627.50  0.003873 739 4061 24.00) 1.00|
Spwy 154 PF 8 400,00 624.00 627.01 627,01 628.03 0003766 811 49,34 24,00 1.00]
Spwy 154 PF 9 50000 62400 627.34 627.34 628 53 0003732 8.73) 57.26 24.00 1.00
Spwy 154 PF 10 600.00 624.00 632 93 82764 633,12 0.000236 2.08 209,38 30.00] 0.18
Spwy 154 PF 11 700,00 624.00 639.96 627.94 640.01 0.000041 1.86 418,53 30.00 0.08
Spwy 152 PF 1 1.00 24.00 624.59 62464 0001663 1.69 059 1000 03
Spwy 152 [PF2 1000 524.00 625.15 62512 62522 0004504 210 476 25.00 0.85
Spwy 152 [PF3 20.00 624.00 625 24 625.23 625.37)  0.004957 2.82 708 2500 0.94
Spwy 152 PF 4 50,00 624.00 625.47 625.46 62571 D0.004456 3.92 12.75 25.00 097
Spwy 152 [PFs 100.00 624.00 625.78| 625,74 626.15 0.003840 4.90 20.39 2500 096
Spwy 152 [PF e 200,00 524,00 52623 626,22 626,85 0003684 6.31 31.68| 25.00 0.99

1




HEC-RAS Plan: SPRC_BL River: Northeastern Reach: Spwy (Continued)

Reach River Sta Profile QTotal | MinChEl W.S. Elev Crit WS, E.G. Elev E.G. Slope VelChnl | FlowArea T;pﬁdlh{ | Froude# Chl |
(cfs) | (ft) (ft) (ft) (ft) (ft/ft) (ftfs) (sq ft) (ft)
Spwy 152 PF 7 300.00 624,00 626.63 626,60 627.43]  0.003411 7.18 41.81 25.00 098
Spwy 152 PF8 400,00 624.00 626,98 626,94 627.95] 0003332 7.82 5049 25.00 098
Spwy 152 [PFo 500.00 624.00 627,29  627.26 62843 0003299 8.57 58,36 25,00, 099
Spwy 152 |PF 10 600.00 624,00 632.99 633.13|  0.000095 2.94 220,82 30.00] 0.8
Spwy 152 [PF 11 700,00 624,00 639.96 ~ 640.01]  0.000020 1.82 429.76 30.00 0.08
|
Spwy 151 'PF 1 100 624.00 624.59 624.63 0.001680 170 o053 1080 039
Spwy 151 PF 2 10.00 624.00 625.12 625.12 62522|  0.007571 2.44 410 25.00 1.06
Spwy 151 PF 3 2000 624.00) 62523 625.23 625.37| 0006126  3.01 664 2500 1.03
Spwy 151 PF4 5000 624.00 625.46 625.46 625.71 0.004890)| 4.03 1240 2500 1.01
Spwy 151 PF 5 10000 624.00 62574 62574 62615]  0.004453 5.13 19.48 25.00 102
Spwy 151 PF 6 200.00 524.00 626.22 626.22| 626.85 0.003789 6.37 31.41 2500 100
Spwy 151 PF7 300.00 524.00 626.59 626.59 627.43 0.003686| 735 40.80 25.00 1.01
Spwy 151 PF8 ~ 400.00 624.00 626.94 626.94 627.95|  0.003540 5.08 4953 2500 1.01
Spwy 151 PF 9 500,00 624,00 627.26 627.26 628.43]  0.00344g 869 57.54] 2500 1.01]
Spwy 151 PF 10 600,00 62400 83299 | s3312] 0.000117)] 299 200.65 25,00 0.19]
Spwy 151 PF 11 700.00 624.00 639.95| 640.01|  0.000028) 187 37486 2500 0.08
| | | |
Spwy 14 PF 1 1.00 61000  s10.08] 610.08]  0.000854] 052 1.92 2500 033
Spwy 114 [PF2 10.00 610,00 610.22 610.27|  0.002417 178 5.62 25.00 0.66
Spwy 114 [PF3 20,00 610,00 610.34  610.43]  0.002505 236 8.46 25,00 0.72
Spwy 114 PF 4 5000 610.00 610.59]  610.49 61077 0.002574 341 14.65 25,00 079
Spwy 114 PF 5 100.00 610.00]  611.22 61139 0.000952 328 30.49 25.00 0.52
Spwy 114 PF 6 200.00 610.00 613.17 ~ 613.27 0000188 252 79.22 25.00 0.25
Spwy 114 PF 7 30000 610.00 616.21 61627 0.000057 193 155,31 25.00 014
Spwy 114 PF & 400.00 610.00 620,63 62067 0.000022 151 265.76 25.00| 0.08
Spwy 114 PF O 500.00 610.00| 625.30 626.33 0000011 123 407,61 25.00] 0.05
Spwy 114 |PF 10 ~ 600.00 610.00 633.07 633.08]  0.000007 104 5765|2500 004
Spwy 114 [PF 11 700.00 610.00] 639.98 64000  0.000005 093 749.56 25.00 0.03
Spwy 108 PF 1 100 61000 610.07 610.03) 61008 0001103 056 178 2500 037
Spwy 109 PF 2 10.00 610.00 610.17 610.17 610.26|  0,005799 2.32 4.32 25.00 0.98
Spwy 109 PF3 20.00 610.00 610.27 61027, 61041 0005192 295 6.78 25.00 1.00
Spwy 109 PF 4 5000  610.00 61049  610.49 610.75]  0.004480 404 1237 2500 1.0
Spwy 109 PF5 100.00 610.00] 61121, 511.38 0,000967 3.29 3035 25.00 0.53
Spwy 109 PFG 200.00 610.00 613.17 61327, 0000189 253 79.19| 25.00 025
Spwy 109 PF7 000 6 616.21 61627 0,000057] 1.93] 155.31 25,00 0.14
Spwy 109 PF 8 400.00 62063 620.67 0.000022 1.51] 265.76 25.00 0.08
Spwy 109 PF o 500,00 610.00 626,30 626.33)  0.000011 1.23 407.60 25.00 0.0s|
Spwy 109 PF 10 60000 61000 63307 633.00]  0.000007 .04 576.75 25.00 0.04
Spwy 109 PF 11 700.00 610,00 639,98 640.00]  0.000005] 093 749.56 25.00 003
Spwy 100 PF 1 100 61000 61003 610,08 610.04] 0014233 1.08 097  38mo| 143
Spwy 100 PF 2 10.00 510.00, 61013 51013 610.19 0.008803 2,06 4,85 38.00 1.02
Spwy 100 PF 3 20,00 610.00 610.21 610.21 610.31 0.005602 2.56 7.80 38.00] 1.00
Spwy 100 PF 4 50,00 510.00] 610.35] 61038 610.57|  0.0046% 349 1431 38.00] 1.00
Spwy 100 PF 5 100.00 81000, 61128 610.60 611.35 0.000330| 2.05 4889 3941 0.32
Spwy 100 PF 6 200.00 610.00 613.21 610.95 613.25 0.000060 ) 1.62 134.10 49.04 0.16
Spwy 100 PF 7 300.00 510.00 616.24 511.24 616.26|  0.000014 121 20308 5300 0,09
Spwy 100 PF 8 400.00 610.00] 62065 611.51| 62066  0.000004 0.94 526.73 53.00 005
Spwy 100 PF8 500.00 610.00 626.31 611.75 626.32]  0000002] 077 827.16 53.00 003
Spwy 100 PF 10 600.00 610.00]  533.08 611.98| 633.0B]  0.000001 0.66] 118560 53.00] 002
Spwy 100 [PF 11 700.00 610.00 639.99 612.19] 639.99 0.000000; 0.5 1551.88 53.00 0.02
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USING NRCS TR55 METHOD TO COMPUTE TIME OF CONCENTRATION

Existing Conditions

Project Data:

PROJECT
LOCATION

BASIN COND.
BY:
WSHED NAME

Comments:

SHEET FLOW: (100' MAX)
Land Use
Undeveloped n value|% Land use
Conc, gravel.asphalt,bare soil 0.015
Grass Short Prairie
Maintained Grass
Woods Light Underbrush
Woods Dense underbrush
based on information for imperviousness from Corps of Engineers
Land Use % Conce Yo Grass n value|% Land Use Incn
Low D. Residential (1+ Acres) 25 75 0.21375 0
Med. D. Residential (1/3 Acres) 41 59 0.17135 0
High D. Residential (1/4 Acres) 47 53 0.15545 0
Multifamily 70 30 0.0945 0
Mobile Home Parks 20 80 0.227 0
C.B.D. 95 5 0.02825 0
Strip Commercial 90 10 0.0415 0
Shopping Center 95 5 0.02825 0
Instutional-Schools 40 60 0.174 0
Industrial 90 10 0.0415 0.0415
Highway ROW 35 65 0.18725 0
Public Utilities 60 40 0.121 0
Vacant urban land and 6 84 0.2361 0
Parks 0 0 0
Other 0 0 0 0
100 0.0415
LENGTH MAX 100" (n = L)"
2 YR. 24 HOUR PRECIP 7 =0.007x———
SLOPE ki
SHALLOW CONCENTRATED FLOW
1=PAVED 2=UNPAVED)| I
LENGTH FT 7' = ———
SLOPE FT/FT N 60 = I’
COMPUTED VELOCITY FROM FIGURE 3.1= 1.131
CHANNEL FLOW
| TOPWIDTH R
XSECT AREA= 125.000|SQ FT BOTTOM 1149><[f7 J 82
] DEPTH [ P
WETTED PERIMETER 41.623|FT n
SLOPE FT/FT 0
MANNINGS N =
COMPUTED VELOCITY 6.159(FT/S e 60 x V
LENGTH FT
| | Conditions Adjusted  [NRCS Method |[Selected
WATERSHED NUMBER West Te (Min)  |Te (Min) Te (Min)
SHEET FLOW/|Max 30 Min 30.0 4.13 4.13
SHALLOW CONCENTRATED FLOW 14.88 14.88
CHANNEL FLOW 5.58 5.58
TOTAL 24.59 24597, =T +T,+T;;+T,+T5+T,
| | Lag (Hrs) = 0.25
Lag (min) 14.75




USING NRCS TR55 METHOD TO COMPUTE TIME OF CONCENTRATION

Existing Conditions

Project Data:

PROJECT
LOCATION

BASIN COND.
BY:
WSHED NAME

Comments:

SHEET FLOW: (100" MAX)
Land Use
Undeveloped n value|% Land use
Conc. gravel.asphalt,bare soil —
Grass Short Prairie
Maintained Grass
Woods Light Underbrush
Woods Dense underbrush
based on information for imperviousness from Corps of Engineers
Land Use % Conce %o Grass n value|% Land Use Incn
Low D. Residential (1+ Acres) 25 75 0.21375 0
Med. D. Residential (1/3 Acres) 41 59 0.17135 0
High D. Residential (1/4 Acres) 47 53 0.15545 0
Multifamily 70 30 0.0945 0
Mobile Home Parks 20 80 0.227 0
C.B.D. 95 5 0.02825 0
Strip Commercial 90 10 0.0415 0]
Shopping Center 95 5 0.02825 0
Instutional-Schools 40 60 0.174 0
Industrial 90 10 0.0415 0
Highway ROW 35 65 0.18725 0
Public Utilities 60 40 0.121 0
Vacant urban land and 6 84 0.2361 0
Parks 0 0 0
Other 0 0 0 0]
TOTAL 100 0.15
LENGTH FT. MAX 100" (n = L)"
2 YR. 24 HOUR PRECIP IN. 7, =0.007x—=———
SLOPE FI/ET xS
CHANNEL FLOW -- 1
| TOPWIDTH 2
XSECT AREA= 50.000[SO FT__|BOTTOM — [LJ‘ -
| _ DEPTH - P
WETTED PERIMETER 30.881(FT = 4
SLOPE FT/FT ‘ 17
MANNINGS N T =6 ) I l-‘
COMPUTED VELOCITY 2.478|FT/8 o 60 x I
LENGTH FT
CHANNEL FLOW -- 2
| TOPWIDTH 2
XSECT AREA= 137.500|SQ FT BOTTOM 1.49 {ij x 2
| DEPTH P Py
WETTED PERIMETER 41.926|F T n
SLOPE Q0052 FT/FT L
MANNINGS N| 7 -
COMPUTED VELOCITY FT/5 N 60 x I
LENGTH] FT
- Conditions Adjusted  INRCS Method [Selected
WATERSHED NUMBER East Tc (Min) _ |Te (Min) Te (Min) |
SHEET FLOW/|Max 30 Min 30.0 3.48] 3.48]
CHANNEL FLOW -- 1 11.05 11.05
CHANNEL FLOW --2 5.45 5.45
TOTAL 19.98 1998} 7. =T, +T,+T7;+T ,+T;+7T,
| Lag (Hrs) = 0.20)
Lag (min) = 11.99




Curve Number

Basin Land Use CN Area (ac) | Inc.CN
West Water 100 46.86 31.40
West Open Space - Poor 89 46.38 27.66
West Industrial 93 32.50 20.25
West Coal Pile 94 23.51 14.80
AMC I
Total | 149.25 | 94.11 97.35
Basin Land Use CN Area (ac)| Inc.CN
East Open Space - Poor 89 12.68 22.63
East Coal Pile 94 37.19 70.10
AMC Il
Total | 49.87 92.73 96.70

* All soils are Hydrologic Soil Group D




Hydrologic Analysis of Northeastern 3 &4 Power Station Bottom Ash Pond
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