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Department of Energy 
Oak Ridge Operations 

P.O. Box 2001 
Oak Ridge, Tennessee 37831 - 

November 2 ,  1988 
DOE-60-89 

Mr. Tom Winston, Chief 
Ohio Environmental Protection Agency 
Southwest District Office 
40 South Main Street 
Dayton, OH 45402 

Dear Mr. Winston: 

GEOTECHNICAL EXPIORATION OF TBE COAL STORAGE FACILITY 

Enclosed please find a copy of the report for characterization of 
the soils underlying the Coal Storage Facility. This exploration 
was conducted in response to the Proposed Consent Decree 
requirements set forth in Section IV, Control of Wastewater and 
Runoff, Paragraph C. The decree reqdres that this report be 
submitted to the Ohio EPA by November 4, 1988, which is within 
one hundred-fifty (150) days after the approval of the Boring 
Location Plan. 

The results included in this report indicate that the existing 
soil conditions provide groundwater protection that meets or 
'exceeds those specified in the decree. The primary criteria used 
tb determine the need for placing a liner beneath the existing 
coal storage area is equivalent to three (3) feet of clay with a 
permeability coefficient no greater than 1~10'~ cm/sec. The 
characterization of the soils underlying this area classified the 
major soil type as an overconsolidated glacial till which is 
medium stiff to hard in consistency and has an average soil 
permeability of 5.2~10'~ cm/sec. Therefore, no liner should be 
required to be placed beneath the existing Coal Storage Facility. 

If you have any questions or require addition,al information, 
please contact Mary Stone of my staff at (513) 739-6656. t 

Sincerely, 

DP-84:Stone Site Manager 

.,. 
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Enclosure: 
Geotechnical Exploration of the Coal Storage Facility 

cc w/enclosure : 
G. Mitchell, OEPA-Dayton 
R. Bendula, OEPA-Dayton 
C. McCord, USEPA-V 
M. Wilson, ORO, SE-31 

cc w/o enclosure: 
D. J. Brettschneider, WMCO 
R. C. Kispert, WMCO 
C. R. Conner, WMCO 
L. C. Bogar, WMCO 
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Westing house 
Environmental Services 
Environmental Engineering 

September 20, 1988 

The Westinghouse Materials Company of Ohio 
P.O. Box 398704 
Cincinnati, Ohio 45239-8704 

Attention: Elizabeth A. Jursek 

Regarding: Geotechnical Exploration 
Coal Storage Facility 
Feed Materials Processing Center 
Fernald, Ohio 
WMCO Purchase Order No. 401563-00 
Project No. 4144-88-309 

Dear Miss Jursek: 

225 Corporate Court 
Suite K 
Fairtield, Ohio 45014 
(513) 874-4111 
FAX (513) 874-6017 

Submitted herewith are the results of the geotechnical exploration 
performed for the above-referenced project. The tasks were 
performed in general accordance with our Proposal Number CP-1347 
dated June 7, 1988. The work was authorized through WMCO Purchase 
Order 401563-00 dated June 20, 1988. 

The report presents a description of the project, scope of work 
provided, subsurface conditions encountered and all laboratory and 
field test results. Should you have any questions or if we can be 
of further assistance, please contact us.  

Respectfully submitted, 

Westinghouse Env mental Engineering c $ $  A-@ 
Ronald F. Roelker, E.I.T. 
Geotechnical Engineer 

Reviewed by: 

Ronald J: Ebelhar, P.E. 
Engineering Department Manager. 

RFR/ kd 

Attachment 

Environmental Engineering is a division of SBME. Inc.. a Westinghouse Electric Corporation subsidiary. . . .. 
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INTRODUCTION 

This report presents the results of the subsurface exploration 
performed for the existing coal storage facility located in the 
north-central vicinity of the FMPC production area. The main 
purpose of the exploration was to define the subsurface conditions, 
develop pH profiles and determine permeability of the in-situ soil 
strata. The following sections present the field and laboratory 
procedures used and results of the tests performed. 

FIELD EXPLORATION 

The field exploration program consisted of six soil test borings 
advanced from 10 to 12 ft. below existing grades. The borings were 
located in the area of the existing coal stockpile which is in the 
north-central vicinity of the processing area. The boring 
locations are shown on the S o i l  Boring Plan (Figure 1). 

The boring locations and elevations were established in the field 
by referencing from existing topographic features. All borings 
were advanced by continuous sampling in accordance with the 
Standard Method for Penetration Test and Split-Barrel Sampling of 
Soils (ASTM D1586). In addition to the standard split-spoon 
sampling procedures, undisturbed 3-inch-diameter thin-walled Shelby 
tube samples (ASTM D1587) were also obtained at the locations and 
approximate depths noted on the boring logs. Upon completion of 
the test borings and final water level measurements, the holes were 
backfilled with Volclay cement grout mix. 

After the boreholes were drilled, the locations were surveyed by 
Westinghouse Environmental Engineering personnel. Coordinates were 
referenced from the northeast corner of Building 10 (Boiler Plant) 
and elevations were referenced from Catch Basin B-2 shown on the 
Boring Plan. The FMPC site coordinates and elevations of each 
boring are shown on the boring logs. 

-1- 
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LABORATORY TESTING ,- - 

Subsequent to the field exploration, all recovered soil samples and 
the driller's field logs were returned to our laboratory for 
classification and grouping by the Project Geotechnical Engineer. 
Index testing included gradation and plasticity testing o f  each 
major soil type encountered. The existing coal and surficial sand 
was not tested. One triaxial falling-head permeability test was 
then performed on each undisturbed Shelby tube sample. 
Permeability tests could not be performed on samples ST7 and ST8 
due to extreme sample disturbance which sometimes results from 
extracting undisturbed samples in very stiff  glacial till. All 
classification tests were performed according to the latest ASTM 
standards. Falling-head permeability tests were performed using 
procedures outlined in the U.S. Army Corps of Engineers Engineering 
Manual 1110-2-1906. 

One pH t e s t  was performed on each recovered split-spoon sample. 
The pH test results for each respective sample are shown on the 
boring logs. This testing was performed by Howard Labs, Inc. in 
Dayton, Ohio. 

SURFACE CONDITIONS 

The coal storage area is located just east of Building No. 10 
(Boiler Plant). Borings 1 to 4 are located within the coal 
stockpile limits and Borings 5 and 6 on either side of the existing 
settling basin located just south of the coal stockpile limits. 

Grade at the stock piles is relatively flat except for the 3 -  to 4 -  

ft.-high earth berm which surrounds the stockpile area on the 
north, east and south sides. At the time of exploration, the coal 
stockpile occupied the east half of the coal storage area and was 
about 10 to 12 ft. high. The coal had been removed at the boring 

-2 -  0 0 000 7 



locations to an 
drilling access. 
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elevation near surrounding grades to permit 

SUBSURFACE CONDITIONS 

The borings are shown graphically Strata 
changes, Penetration Resistance values and Shelby tube locations 
are also shown. primarily 
glacial tills. Thin layers of sand or clay exist under the coal at 
three locations. 

Borings 1 through 4 initially encountered coal. The coal varied in 
depth from 0.3 to 1.5 ft. About 0.5 ft. of brown fine sand was 
encountered beneath the coal at Boring 1 while 1.5 to 2.0 ft. of 
brown lean clay (CL) underlies the coal at Borings 2 and 4. 
Borings 5 and 6 initially encountered about 4 inches of gravel. 
The gravel is most likely fill material placed for erosion 
protection of the settling basin. 

in profile on Figure 2. 

Soil conditions under the coal pile are 

The main soil strata underlying the coal storage facility is a 
brown and gray lean clay with sand (glacial till). The till lies 
directly beneath the coal at Boring 3 ,  the gravel at Borings 5 and 
6 and beneath the fine sand and lean clay at the other borings. 
The till is a heterogeneous, unstratified, over-consolidated 
mixture of clay ( 2 0 % ) ,  silt ( 5 0 % ) ,  sand ( 2 0 % ) ,  and gravel (10%) 
which is medium stiff to hard in consistency. Average natural 
moisture content is 15% and average wet density is 134 pcf. The 
fine-graded portion of the glacial till classify as CL in the 
Unified Soil Classification System. 

Values of pH for soil solids averaged 7 . 0  and varied little with 
depth except at Borings 1 and 2.  At Borings 1 and 2, the pH level 
decreased to near 2 between a depth of 2 and 3 ft. below grade, 
raising to near the average value below a depth of about 5 ft. 



.. a -  
Based on the laboratory falling-head type permeability tests 
performed on undisturbed samples of the glacial till, the till 
ranges in permeability from'2.8 x cm/sec to 8.0 x cm/sec. 
The average permeability of the till is 5.2 x cm/sec. 

GROUNDWATER 

Groundwater was not encountered in any of the borings at the time 
of drilling. We would anticipate groundwater to be present during 
the wetter seasons in the form of small, isolated pockets of 
perched groundwater. 

. CLOSIF!G 

We appreciate the opportunity of providing our professional and 
technical services to the Westinghouse Materials Company of Ohio. 
If you have any questions pertaining to the test methods and 
results or need further assistance, please contact us. 
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CORRELATION OF PENETRATION RESISTANCE WITH 
RELATIVE DENSITY AND CONSISTENCY 

1 Sand and/or Gravel 

Penetration 
Resistance (1) 
(blows/ft. 1 

0 to 4 

5 to 10 

11 to 30 

31 to 50 

over 50 

1 Silts and Clays 

d 
i 

0 to 2 

3 to 4 

5 to 8 

9 to 15 

16 to 30 

31 to 50 

Over 50 

Relative 
Density 

Very loose 

Loose 

Medium dense 

Dense 

Very dense 

Consistencv 

Very soft 

Soft 

Medium stiff 

stiff 

Very stiff 

Hard 

Very hard 

(1) ASTM D 1586-74 

A 2 "  outside diameter by 1-3/8" jnside diameter split 
barrel sampler is driven 18" with a 140 pound hammer 
falling 3 0 " .  
of penetration is recorded. 
required for the final 1 2 "  of penetration is the 
Standard Penetration Resistance. 

The number of blows required for each 6" 
The sum of the blows 
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RECORD OF BORING NO. 2 

Client : Westinghouse Materials Company of Ohio Page: 1 of 1 
Project : 
Project No. : 4144-88-309 
Boring Location: SI112 E4484 

Existing Coal Storage Facility 

Sample 
Elev. Depth Sample Depth Sample Blows Recovery 
(ft.) (ft.) Description No. p H  (ft.) Type Der 6 "  (in. 

'587.5 

586 .O 

584.5 

577.5 

0.0 

1.5 

3.0 

10.0  

Coal 1 5.9 0.0-1.0 

Brown and gray lean clay 2 2.3 2.0-3.0 
with coal, moist - medium 
stiff 

Brown sandy lean clay, 3ST 3.0-5.0 
moist - very stiff to 4 5.6 5.0-6.5 
hard (glacial till) 5 8.3 7.0-8.5 

6 6.2 9.0-10.0 

Boring terminated at 10.0 ft. 

ss 
ss 

ST 
ss 
ss 
ss 

19 -19 -8 1 2  

3-4 1 2  

18  
4-6-8 ' 18 
11-12-17 18 
8-10 2 

- - - - -  

Dates Drilled: 7 - 26-88 Driller: J. Jones 

Water Depth: Initial: None 
Days after Completion: 
Days after Completion: 

Drilling Method: 4-1/4" I.D. Hollow-Stem Augers 

Westinghouse Environmental Xngineering 
Cincinnati, Ohio 

000013 
Environmental  Eng ineer ing  i s  a d i v i s i o n  o f  SLME, I n c . ,  a Westinghouse E l e c t r i c  Corpora t ion  s u b s i d i a r y  



RECORD OF BORING NO. 3 

Client : Westinghouse Materials Company of Ohio 

Pro j ect : 
Project No. : 4144-88-309 

Boring Location: SI212 E4522 

Existing Coal Storage Facility 

Page: 1 of 1 

Sample 
Elev. Depth Sample Depth Sample Blows Recovery 
(ft.) (ft.) Descr iD t ion No. DH (ft.) Type Der 6 "  (in.) 

586.3  

585.3 

577.3 

576 .3  

0 . 0  

1 . 0  

9 . 0  

10.0 

Coal 1 6 . 6  0.0-1.5 SS 4 - 4 - 8  18  

Brown sandy lean clay, 2 6 . 8  2 . 0 - 3 . 0  SS 6 - 7  12 
18 moist - very stiff to 3ST 

hard (glacial till) 4 8 . 9  5 . 0 - 6 . 5  SS 7-8-9  18  
3 . 0 - 5 . 0  ST - - - - -  

5 6 . 8  7 . 0 - 8 . 5  SS 6-11-15  18  

Gray lean clay with sand, 6 7 . 0  9 . 0 - 1 0 . 0  ss 6 -10  12 
moist - very stiff 
(glacial till) 

Boring terminated at 10.0 ft. 

Dates Drilled: 7 -26-88 Driller: J . Jones 
Water Depth: Initial: None 

Days after Completion: 

Days after Completion: 
Drilling Method: 4-1/4" I.D. Hollow-Stem Augers 

Westinghouse Environmental Engineering 
Cincinnati, Ohio 

Environmental Engineering is a division of SLME, Inc., a Westinghouse Electric Corporation subsidiary 
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RECORD OF BORING NO. 4 

Client : 
Project : 

Westinghouse Materials Company of Ohio 
Existing Coal Storage Facility 

Project No. : 4 1 4 4 - 8 8 - 3 0 9  

Boring Location: S 1 3 5 6  E4522 

L 
1 
1 
1 
1 
d 
d 
rl 
rl 

Page: 1 o f  1 

Sample 
Sample Depth Sample Blows Recovery Elev. Depth 

(ft.) (ft.) Description No. pH i f t . )  T m e  per 6 "  (in.) 

5 8 6 . 2  0 .0  

5 8 5 . 7  0 . 5  
Coal 1 6 . 4  0.0-1.0 ss 1 3  - 1 3  -10 1 2  

Dark gray sandy lean 2 6 . 4  2 . 0 - 3 . 0  ss 2 - 3  2 
clay with coal chips, 
moist - medium stiff 

5 8 3 . 7  2 . 5  
2 4  

sand, moist - very stiff 4 7 . 1  5 . 0 - 6 . 5  ss 5 - 8 - 1 0  18  
(glacial till) 5 7 . 2  7 . 0 - 8 . 5  ss 5 - 8 - 1 2  2 4  

6 7 . 1  9 .0 -10 .0  ss 6 - 1 2  1 2  
6 7ST  10.0-10 .5  ST - - - - -  
0 8ST 1 1 . 0 - 1 1 . 5  ST - - - - -  

Brown lean clay with 3ST 3 . 0 - 5 . 0  ST - - - - -  

5 7 4 . 7  11.5 
Auger refusal at 11.5 ft. 

Boring terminated at 11.5 ft. 

Dates Drilled: 7 - 2 7 - 8 8  

. Water Depth: Initial: None 

Driller: J. Jones 

Days after Completion: 
Days after Completion: 

Drilling Method: 4-1/4" I.D. Hollow-Stem Augers 

Westinghouse Environmental Engineering 
Cincinnati, Ohio 1 

Environmental Engineering is a division o f  SLME, Inc., a Westinghouse Electric Corporation subsidiary 

O O O U % ~  



RECORD OF BORING NO. 5 

Client : 
Project: . Existing Coal Storage Facility 
Project No. : 4144-88-309 

Boring Location: S1481 E4518 

Westinghouse Materials Company of Ohio Page: 1 of 1 

Sample 
Elev. Depth Sample Depth Sample Blows Recovery 
(ft.) (ft.) Descrir, tion No. R H  (ft. 1 TvD e per 6" (in.) 

586.8 

586.5 

581.8 

574.3 

0 . 0  

0 . 3  

5.0 

12 .5  

Gravel 1 

Brown sandy lean clay, 2 
slightly moist - very 
stiff 

Brown sandy lean clay, 3ST 
moist - very stiff to 4 

till) 6 
7 ST 
8 

very hard (glacial 5 

Boring terminated at 12 .5  ft. 

6 . 6  0 . 0 - 1 . 0  ss 8-8-12  1 2  

6 . 6  2 . 0 - 3 . 0  ss 7-12 12 

. 1 2  
6 . 9  5.0-6.5 ss 5 - 8 - 1 1  18 
7 . 2  7 . 0 - 8 . 5  ss 10-9-13  18 
7 . 0  9 . 0 - 1 0 . 0  ss 1 1 - 1 2  1 2  

0 1 0 . 0 - 1 1 . 5 .  ST - - - - _  
1 1 . 5 - 1 2 . 5  SS 25-27 1 2  

- - - - -  3 .O-5.0 ST 

Dates Drilled: 7-26 -88 Driller: J. Jones 

Water Depth: Initial: None 
Days after Completion: 
Days after Completion: 

Drilling Method: 4-1/4" I.D. Hollow-Stem Augers 

Westinghouse Environmental Engineering 
Cincinnati, Ohio 

oooo1e; 
Environmental  Eng ineer ing  i s  a d i v i s i o n  o f  SLME, I n c . ,  a Westinghouse E l e c t r i c  C o r p o r a t i o n  s u b s i d i a r y  



RECORD OF BORING NO. 6 

Client : 
Pro j ec t : 
Project No. : 4144-88-309- 
Boring Location: S1481 E4442 . 

Westinghouse Materials Company of Ohio 
Existing Coal Storage Facility 

Page: 1 of 1 

~ 

Sample 
Elev. Depth Sample Depth Sample Blows Recovery 
(ft.) (ft. 1 Description No. pn (ft.1 Tvpe per 6" (in.) 

586.6 

586.3 

584.6 

576.6 

574.6 

0 . 0  

0 . 3  

2.0 

10 .0  

12.0 

Gravel 

Brown lean clay with 1 
sand and coal, moist - 
very stiff 

Brown sandy lean clay, 2 
moist - very stiff 3ST 
(glacial till) 4 

5 
6 

Gray sandy ' lean clay , 
moist - very stiff 
(glacial till) 

7ST 

8.2 0 . 0 - 1 . 0  ss 6-6-12 12 

6.4 2.0-3.0 ss 5-11 12 
12 

7.0 5.0-6.5 ss 10-  10- 9 18 
7 . 1  7.0-8.5 SS 4-5-5 18 
7.0 9.0-10.0 ss 4-7 12 

- - - - -  3 .O-5.0 ST 

24 - - - - -  10.0-12.0 ST 

Boring terminated at 12.0 ft. 

Dates Drilled: 7-26- 88 Driller: J. Jones 
Water Depth: Initial: None 

Days after Completion: 
Days after Completion: 

Drilling Method: 4-1/4" I.D. Hollow-Stem Augers 

Westinghouse Environmental Engineering 
Cincinnati, Ohio 

Environmental Engineering is a division of S&ME, Inc., a Westinghouse Electric Corporation subsidiary 

000Uf7 



9 
d 
II 
1 
II 
1 

CLASSIFICATION OF SOILS FOR ENGINEERING PURPOSES 

(Based ASTM on Unified Designation: Soil Classification 0 2487  - 85 System) I SOIL ENGINEERING 
Soil Ctarcilication 

Grouo  
Svmbol Group Same '  

Coane-Grained Soils 
More than 50 % r c t~ ined  On NO. 

2 0 0  sieve 

F i n e C n i n e d  Soils 
50 5 o r  more passes the YO. 200 

. ._ 

G n v c l s  Clean G n v e l s  Cu 2 J and I 5 Cc 5 Jc GW Well-graded gnsycl' 
~ o r c  than 50 % o f c o a n  irac- 

tion retained on NO. 4 sieve 
LUS than 5 % f i n d  

Gravels with F i n n  F i n a c l a s i f y a s  MLor .WH GM .Silty gravc~'.~' 
More than I? ?G f i n d  

GP Poorly gfaded g m e f  Cu e A and lo r  I > Cc > Jc 

Finn c l u i f y  as C L  or  CH GC Clayey gnvei'.G" 

Sands Clean Sands Cu 2 6 and  I -C Cc 5 3' sw well-gfaded u n d '  
50 % o r  more o i c o a r v  fraction Leu than 5 X fines' 

Sands with Finer 
More than 12 % finesJ 

passes No. 1 sieve Cu e 6 andlor  I > Cc > 3' SP PWdy g n d e d  sand' 

Finerclauify as ML or  M H  SM silty sandGnJ 

Finer clauify as C L  or  CH SC Clayey sand"'" 

Silts and Clays inorganic PI > 7 and plou on or above -A -  lid C L  Lean clafiu 
Liquid limit Icy than 50 

organic 

Silts and Clays inorganic PI plots on or above -A-  line C H  Fat clafLu 
Liquid limit 50 or more 

Liquid limit - oven dned  Organic C I & ~ " - '  

Liauid limit - not dned  01. Oreanic si11-0 
< 0.75 

M H  Elastic siltLiy PI plou below -.A- line 

organic i i au id  limit - oven dried OH' O q a n i c   la>^" 
O r p n i c  sitt'l-*Q 

0.75 
Liquid limit - not dned  

Hiuhly organic Y)ik Primanlv o q a n i c  matter. dark in color. and organic odor PT Peat 

If roil contains I S  to 29 % plus No. 200. 3dd - r i t h  und" 

' Ifroil contains L 30 % plus yo. 200. predominantl> sand. 

."If mil contains 2 j O  % plus NO. 200. predominantly 

'"PI L J and plou on or above -A -  line. 
0 pi < 4 or 

Q pi klow -A- line. 

' 3awd  on the matcnal pauing the J-in. (7S-mml sieve. (DXd 
CC a - 

Qia x Do or -with gravel.- whichever is predominant. ' If field samole contained cobbles or  bouldeK. or both. 'cu = QmtDua 
add -with cobbles or bouldcn. or both- to group name. 

Gravels with 5 to I? IC fines require dual symbols: 
GW-CCM well-graded gravel with rill 
G W C C  well-graded gravel with clay 
GP-CM poorly graded gravel with sill 
GP-CC poorly graded gnvel  with clay 
Sands with 5 to I 2  ?G fin- require dual symbols: 
SW-SM well-graded u n d  with silt 
SW-SC well-graded sand with clay 
SP.SM poorly graded sand with sill 
SP-SC poorly graded sand with clay 

'If wil  c o n u i n s  L I5 % sand. add -with sand- (0 W U P  add -nndy- group 
name. 

SC-SM. 

name. 

name. 

silty clay. 

I f  fines classify as  CL-ML. uw dual symbol GC-(;M. Or 

" If finer arc crganic. add 'with orgJnic fins- 10 @UP 

I If  soil contains E: IS B gravel. add 'with gravel- 10 group 

' I f  Alterberg limits plot in hatched area. soil is a CL-ML. 

gravel. add -mvcllv- to group 

&low -,,- line. 
PI plots on or above -A- line. 

S I E V E  A N A L Y S I S  

I S C R E E N - I N  I SIEVE NO. I 

I . . ,  i . . . .  I . , ,  I . _ . .  I . .  . I 

50 IO 5 1.0 0.5 0.10 

PARTICLE S I Z E  I N  ht lLLIMETRES 
LlOUlO L I M I T  (LL) 

000018 
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