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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)(I) 

[The name and address of the person(s) owning or operating the CCR unit: the name associated 

with the CCR unit: and the identification number of the CCR unit if one has been assigned by the 

state.]   

The 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)(II) 

[The location of the CCR unit identified on the most recent U.S. Geological Survey (USGS) 7 ½ 

minute or 15 minute topographic quadrangle map, or a topographic map of equivalent scale if 

a USGS map is not available.] 

A location map is included in Attachment A.  

5.0 STATEMENT OF PURPOSE 257.73 (C)(1)(III) 

[A statement of the purpose for which the CCR unit is being used.] 

The 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)(IV) 

[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)(VI) 

[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.        

  



Pages 5 of 7 

 

9.0 ENGINEERING STRUCTURES AND APPURTENANCES, 257.73 (C)(1)(VII) 

[At a scale that details engineering structures and appurtenances relevant to the design, 

construction, operation, and maintenance of the CCR unit, detailed dimensional drawings of 

the CCR unit, including a plan view and cross sections of the length and width of the CCR unit, 

showing all zones, foundation improvements, drainage provisions, spillways, diversion ditches, 

outlets, instrument locations, and slope protection…]  

 

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)(VII) 

[…in addition to the normal operating pool surface elevation and the maximum pool elevation 

following peak discharge from the inflow design flood, the expected maximum depth of CCR 

within the CCR surface impoundment.]  

 

The 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  

Normal Pool Elevation  623.0 

Maximum Pool Elevation 

following peak discharge from 

inflow design flood 

625.15 

Expected Maximum depth of 

CCR within impoundment 

12 ft  

 

 

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)(VIII) 

[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)(XI)   

[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)(XII) 

[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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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 
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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. 

 

4.0 LABORATORY TESTING 
 

Select soil/rock 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. 
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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. 
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Consolidated Undrained triaxial compression tests performed
on Shelby Tube samples collected at 5 to 6.5' and 15 to 16.5'.
See Appendix B for test results.
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SIEVE DIAMETER, PASS,

SIZE mm %

4" 100.0 100

3.5" 90.0 100

3" 75.0 100

2.5" 63.0 100

2" 50.0 100

1.5" 37.5 100

1" 25.0 100

3/4" 19.0 96

1/2" 12.5 92

3/8" 9.50 89

#4 4.75 87

#10 2.00 85

#20 0.850 85

#40 0.425 84

#60 0.250 82

#140 0.106 78

#200 0.075 76.6

SAMPLE USCS NAT

ID DESCRIPTION SYMBOL M% LL PL PI

PROJECT NORTHEASTERN POWER STATION, BOTTOM ASH POND

 JOB NO. DATE
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ASTM D1140 / C117 #200 WASH SIEVE AND C136 SIEVE ANALYSIS

36

ATTERBERG LIMITS

54 18

USCS

04155186 12/28/2015

BORING

ID

DEPTH,

feet

CHB-1 4 5 TO 6.5
FAT CLAY WITH GRAVEL

BROWN & YELLOWISH BROWN
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SIEVE DIAMETER, PASS,

SIZE mm %

4" 100.0 100

3.5" 90.0 100

3" 75.0 100

2.5" 63.0 100

2" 50.0 100

1.5" 37.5 100

1" 25.0 100

3/4" 19.0 100

1/2" 12.5 97

3/8" 9.50 93

#4 4.75 87

#10 2.00 82

#20 0.850 79

#40 0.425 78

#60 0.250 75

#140 0.106 68

#200 0.075 65.4

SAMPLE USCS NAT

ID DESCRIPTION SYMBOL M% LL PL PI

PROJECT NORTHEASTERN POWER STATION, BOTTOM ASH POND

 JOB NO. DATE
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04155186 12/28/2015

BORING

ID

DEPTH,

feet

CHB-1 10 15 TO 16.5
SANDY FAT CLAY

BROWN & DARK BROWN

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

55 17

USCS
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EFFECTIVE STRESS --- ANGLE OF INTERNAL FRICTION, deg

TOTAL STRESS ANGLE OF INTERNAL FRICTION, deg

SPECIMEN ID: A B

WATER CONTENT, % 22.3 21.7

DRY DENSITY, pcf 106.4 106.2

SATURATION, % 104 101

VOID RATIO 0.58 0.58

WATER CONTENT, % 21.4 20.5

DRY DENSITY, pcf 106.6 108.2

SATURATION (B PARAMETER) 0.95 0.96

VOID RATIO 0.58 0.55

FINAL BACK PRESSURE, psi 100.0 100.0

MINOR PRINCIPAL STRESS, psi 4.2 14.4

EFFECTIVE STRESS PEAK AT % STRAIN 2.0 2.0

EFF. DEVIATOR STRESS AT PEAK STRAIN, psi 10.8 17.9

TOTAL STRESS PEAK AT % STRAIN 2.0 2.0

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: TIME TO 50% PRIMARY CONSOLIDATION, min 32.00 73.00

DESCRIPTION OF SPECIMENS: 0.25 0.25

INITIAL DIAMETER, inch 1.365 1.365

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:

BORING #:

SAMPLE #:

DEPTH, feet:
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TERRACON - LENEXALABORATORY:

DATE: 12/29/2015

FAT CLAY WITH GRAVEL, BROWN & YELLOWISH 

BROWN

NORTHEASTERN POWER STATION

STRAIN RATE, % / hour

B
E
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O

R
E

 S
H

E
A

R
21.6

15.0

BOTTOM ASH POND

B-1

4

5.0 - 6.5

IN
IT
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L

PROCEDURE: ASTM D4767, CONSOLIDATED-UNDRAINED TRIAXIAL 

COMPRESSION TEST ON COHESIVE SOILS

PROJECT NO. 04155186

3" SHELBY TUBE

2.2

3.0

COHESION, psi

COHESION, psi
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NORTHEASTERN POWER STATION

04155186 B-1 4

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
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FAILURE SKETCH FAILURE SKETCH FAILURE SKETCH

SPECIMEN A SPECIMEN B SPECIMEN C
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NORTHEASTERN POWER STATION

04155186 B-1 4 5.0 - 6.5
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EFFECTIVE STRESS --- ANGLE OF INTERNAL FRICTION, deg

TOTAL STRESS ANGLE OF INTERNAL FRICTION, deg

SPECIMEN ID: A B

WATER CONTENT, % 19.3 21.1

DRY DENSITY, pcf 104.6 106.1

SATURATION, % 87 98

VOID RATIO 0.60 0.58

WATER CONTENT, % 21.6 19.9

DRY DENSITY, pcf 106.0 109.0

SATURATION (B PARAMETER) 0.95 0.96

VOID RATIO 0.58 0.53

FINAL BACK PRESSURE, psi 100.2 101.3

MINOR PRINCIPAL STRESS, psi 13.9 28.9

EFFECTIVE STRESS PEAK AT % STRAIN 3.0 3.0

EFF. DEVIATOR STRESS AT PEAK STRAIN, psi 20.7 25.0

TOTAL STRESS PEAK AT % STRAIN 3.0 3.0

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: TIME TO 50% PRIMARY CONSOLIDATION, min 6.90 7.90

DESCRIPTION OF SPECIMENS: 2.16 2.16

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:

BORING #:

SAMPLE #:

DEPTH, feet:
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PROCEDURE: ASTM D4767, CONSOLIDATED-UNDRAINED TRIAXIAL 

COMPRESSION TEST ON COHESIVE SOILS

PROJECT NO. 04155186

3" SHELBY TUBE

NORTHEASTERN POWER STATION

STRAIN RATE, % / hour

TERRACON - LENEXALABORATORY:

DATE: 12/28/2015

SANDY FAT CLAY, BROWN & DARK BROWN
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NORTHEASTERN POWER STATION

04155186 B-1 10

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.

TOTAL STRESS MOHR'S CIRCLES DRAWN AT 3 % STRAIN.

DEVIATOR STRESSES CORRECTED FOR MEMBRANE AND FILTER PAPER EFFECTS.

AREA AFTER CONSOLIDATION CALCULATED AS PER SECTION 10.3.2.1 METHOD A
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NORTHEASTERN POWER STATION

04155186 B-1 10 15.0 - 16.5
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Trace
With
Modifier

Water Level After
a Specified Period of Time

GRAIN SIZE TERMINOLOGYRELATIVE PROPORTIONS OF SAND AND GRAVEL

Trace
With
Modifier

Standard Penetration or
N-Value

Blows/Ft.

Descriptive Term
(Consistency)

Loose

Very Stiff

Exhibit C-1

Standard Penetration or
N-Value

Blows/Ft.

Ring Sampler
Blows/Ft.

Ring Sampler
Blows/Ft.

Medium Dense

Dense

Very Dense

0 - 1 < 3

4 - 9 2 - 4 3 - 4

Medium-Stiff 5 - 9

30 - 50

W
A

T
E

R
 L

E
V

E
L

Auger

Shelby Tube

Ring Sampler

Grab Sample

8 - 15

Split Spoon

Macro Core

Rock Core

PLASTICITY DESCRIPTION

Term

< 15
15 - 29
> 30

Descriptive Term(s)
of other constituents

Water Initially
Encountered

Water Level After a
Specified Period of Time

Major Component
of Sample

Percent of
Dry Weight

(More than 50% retained on No. 200 sieve.)
Density determined by Standard Penetration Resistance

Includes gravels, sands and silts.

Hard

Very Loose 0 - 3 0 - 6 Very Soft

7 - 18 Soft

10 - 29 19 - 58

59 - 98 Stiff

less than 500

500 to 1,000

1,000 to 2,000

2,000 to 4,000

4,000 to 8,000> 99

LOCATION AND ELEVATION NOTES

S
A

M
P

L
IN

G

F
IE

L
D

 T
E

S
T

S

(HP)

(T)

(b/f)

(PID)

(OVA)

DESCRIPTION OF SYMBOLS AND ABBREVIATIONS

Descriptive Term
(Density)

Non-plastic
Low
Medium
High

Boulders
Cobbles
Gravel
Sand
Silt or Clay

10 - 18

> 50 15 - 30 19 - 42

> 30 > 42

_

Hand Penetrometer

Torvane

Standard Penetration
Test (blows per foot)

Photo-Ionization Detector

Organic Vapor Analyzer

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.

CONSISTENCY OF FINE-GRAINED SOILS

(50% or more passing the No. 200 sieve.)
Consistency determined by laboratory shear strength testing, field

visual-manual procedures or standard penetration resistance

DESCRIPTIVE SOIL CLASSIFICATION

> 8,000

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.

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.

Plasticity Index

0
1 - 10
11 - 30

> 30

RELATIVE PROPORTIONS OF FINES

Descriptive Term(s)
of other constituents

Percent of
Dry Weight

< 5
5 - 12
> 12

No Recovery

RELATIVE DENSITY OF COARSE-GRAINED SOILS

Particle Size

Over 12 in. (300 mm)
12 in. to 3 in. (300mm to 75mm)
3 in. to #4 sieve (75mm to 4.75 mm)
#4 to #200 sieve (4.75mm to 0.075mm
Passing #200 sieve (0.075mm)

S
T

R
E

N
G

T
H

 T
E

R
M

S Unconfined Compressive
Strength, Qu, psf

4 - 8

GENERAL NOTES
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Text Box
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Exhibit C-2 

UNIFIED SOIL CLASSIFICATION SYSTEM 

Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests
 A

 

Soil Classification 

Group 

Symbol 
Group Name

 B
 

Coarse Grained Soils: 

More than 50% retained 

on No. 200 sieve 

Gravels: 

More than 50% of 

coarse 

fraction retained on 

No. 4 sieve 

Clean Gravels: 

Less than 5% fines
 C

 

Cu  4 and 1  Cc  3
 E

 GW Well-graded gravel
 F
 

Cu  4 and/or 1  Cc  3
 E

 GP Poorly graded gravel
 F
 

Gravels with Fines: 

More than 12% fines
 C

 

Fines classify as ML or MH GM Silty gravel
 F,G, H

 

Fines classify as CL or CH GC Clayey gravel
 F,G,H

 

Sands: 

50% or more of coarse 

fraction passes 

No. 4 sieve 

Clean Sands: 

Less than 5% fines
 D

 

Cu  6 and 1  Cc  3
 E

 SW Well-graded sand
 I
 

Cu  6 and/or 1  Cc  3
 E

 SP Poorly graded sand
 I
 

Sands with Fines: 

More than 12% fines
 D

 

Fines classify as ML or MH SM Silty sand
 G,H,I

 

Fines Classify as CL or CH SC Clayey sand
 G,H,I

 

Fine-Grained Soils: 

50% or more passes the 

No. 200 sieve 

Silts and Clays: 

Liquid limit less than 50 

Inorganic: 
PI  7 and plots on or above “A” line

 J
 CL Lean clay

 K,L,M
 

PI  4 or plots below “A” line
 J
 ML Silt

 K,L,M
 

Organic: 
Liquid limit - oven dried 

 0.75 OL 
Organic clay

 K,L,M,N
 

Liquid limit - not dried Organic silt
 K,L,M,O

 

Silts and Clays: 

Liquid limit 50 or more 

Inorganic: 
PI plots on or above “A” line CH Fat clay

 K,L,M
 

PI plots below “A” line MH Elastic Silt
 K,L,M

 

Organic: 
Liquid limit - oven dried 

 0.75 OH 
Organic clay

 K,L,M,P
 

Liquid limit - not dried Organic silt
 K,L,M,Q

 

Highly organic soils: Primarily organic matter, dark in color, and organic odor PT Peat 
 

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

B 
If field sample contained cobbles or boulders, or both, add “with cobbles 

or boulders, or both” to group name. 
C 

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. 
D 

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 
Cu = D60/D10     Cc = 

6010

2

30

DxD

)(D
 

F 
If soil contains  15% sand, add “with sand” to group name. 

G 
If fines classify as CL-ML, use dual symbol GC-GM, or SC-SM. 

 

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

I 
If soil contains  15% gravel, add “with gravel” to group name. 

J 
If Atterberg limits plot in shaded area, soil is a CL-ML, silty clay. 

K 
If soil contains 15 to 29% plus No. 200, add “with sand” or “with 

gravel,” whichever is predominant. 
L 

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

to group name. 
M 

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

“gravelly” to group name. 
N 

PI  4 and plots on or above “A” line. 
O 

PI  4 or plots below “A” line. 
P 

PI plots on or above “A” line. 
Q 

PI plots below “A” line. 
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ATTACHMENT C 

    

DESIGN DRAWINGS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

















 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ATTACHMENT D 

    

INSTRUMENTATION LOCATION MAP 
 

 
 
 
 
 
 
 
 
 
 
 

 

 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ATTACHMENT E 

    

HYDROLOGY AND HYDROLOGIC REPORT 
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