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Technical Justification of Equivalency 
for Surface Impoundment Requirements  

As a part of the overall cleanup of the Weldon Spring quarry and Weldon Spring 
chemical plant, the DOE is planning to construct a lined basin for storage of leachate and 
runoff water at the Temporary Storage Area (TSA), and also a lined equalization basin for 
the site water treatment plant (SWTP). 

The current design of these facilities includes from top to bottom, a 60 mil HDPE 
synthetic liner, a leachate collection system, a secondary 60 rail  HDPE synthetic membrane, 
and a 1/4-inch bentonite liner composite underlain by 6 inches of compacted subgrade. A 
conceptual diagram of this configuration is shown in Figure 1. 

The state of Missouri RCRA requirements (Ref. 5), include a synthetic liner and a 
leachate collection system underlain by 3 feet of 1 x 10 -8  cm/sec clay layer. The 3 feet of 1 
x 10-'3  cm/sec clay can not be met with the existing soils at the TSA or the SWTP, but the 
proposed system exceeds the state requirements due to the extremely low permeability of 
the added premanufactured composite liner. 

The operational life of these facilities is expected to be 10 years. Synthetic composite 
liners are a preferable low permeability barrier to clay for short term durations (i.e. less than 
30 years). The following reasons are in support of the current design for the two 
impoundments. 

1. Clay materials resulting from planned excavations within TSA and site water 
treatment plant areas cannot achieve low enough permeabilities (i.e. 
1 x 10-8  cm/sec), even with extensive compaction (Appendixes A and C). The 
average hydraulic conductivity deducted from laboratory tests performed on 
four remolded samples obtained from the TSA area was only 1.33 x 
cm/sec, compared with an average of less than 3 x 10' 9  cm/sec resulting from 
samples obtained from the same soil unit in the northwest portion of the site 
(Appendixes A and B). 

2. Since the performance period of the proposed units is low, the thickness of 
the low permeability soil liner is not as important as the overall low 
permeability of the system used in the current design. Assuming the primary 
synthetic liner and the leachate collection system fail, then the state 
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LEACHATE COLLECTION SYSTEM 

SYNTHETIC LINER (60 MIL. HDPE) 
PREMANUFACTURED BENONITE LINER (1/4') • 

6" COMPACTED SUBGRADE 

• 

> 20' NATURAL SOILS 

BREAKTHROUGH TIME = 143 YEARS 
PERMITTIVITY = 6.6x1012SEa 1  

2. STATE REQUIREMENT 

SYNTHETIC LINER 

LEACHATE COLLECTION SYSTEM 

BREAKTHROUGH TIME = 8.7 YEARS 
PERMITTIVITY = 1.09x 11)1°SEal  

CONCEPTUAL DIAGRAM 

FIGURE 1 
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Breakthrough time to compacted subgrade: 

t - 

0.03  
6.6 x 10'12  

- 4.52 x 109  sec= 143 years. 

Option 2 (State Requirements) 

Synthetic liner 
Leachate collection 
Compacted clay - 3' (91.5 cm) with K= 1 x 104  cm/sec 

Note: • The upper HDPE synthetic liner is not included in calculations. 

Permittivity: 

	

1 	x 10-8  T = 	- 1.09 x 1040  sec-1  
91.5 

Breakthrough time through the compacted clay liner: 

0. t = 	0.03 	- 2.74 x 108  sec = 8.7 years 
1.09 x 10 -10  

In conclusion, the permittivity of the current design is two orders of magnitude lower than 
that calculated considering state requirements. Also, the estimated breakthrough time is 
increased from approximately nine years to more than one hundred years. 
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APPENDIX A 
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requirement is intended to provide long term protection with 3 ft of low 
permeability clay. The current design is intended to provide a second line of 
defense against any leakage from the basins with the secondary composite 
liner, and mid-long term protection provided by the bentonite composite, the 
6 inches of compacted subgrade and the more than 20 ft of in situ soil 
material. 

3. 	An added practical benefit of the current design is the close contact between 
the lower synthetic liner and the bentonite layer. The bentonite layer adheres . 
to the synthetic liner, so that any compromise in the synthetic liner will be 
sealed with the bentonite material. 

In order to compare the current design with the state requirements, calculations were 
performed to compare the permittivities of the two systems. The permittivity is defined as 
the ratio between the hydraulic conductivity and thickness, and is measured in Sec. -1 . (Ref. 
4) This parameter defines the capability of a system to reduce and retard infiltration. 

Using this parameter and the effective porosity of a layer, the breakthrough time can 
be roughly estimated. The calculated effective porosity for a low permeability clay liner is 
0.07 to 0.08 (Appendix A). For conservative purposes, a value of 0.03 for the effective 
porosity was selected for both systems. The average hydraulic conductivity for each system 
is calculated using the following relation, according to Todd (Ref. 2). 

KAY 

Zi + Z2 + ... + Zn  
Z1 4. Z2 + 	Zft  
Ki  K2 	K. 

where IC;  and Zi  are permeabilities and thicknesses for each layer. 
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The permittivity is 

T - 	RAv  
Zi  + Z2 + + Zn  

and the breakthrough time is 

t 
	 (Zi  + Z2  + + AI) e 

KAv  

where e is the effective porosity. 

Option 1. (Current Design)  
Synthetic Liner 
Leachate Collection 
Synthetic Liner - 60 mil (0.15 cm), K 1  = 1 x 10-12cm/sec (Ref. 3) 
Bentonite Composite - 1J4" (0.63 cm), K2  = 1 x 10-9cm/sec (Ref. 3) 
Compacted Subgrade - 6" 
Natural Soil - 20' 

Note: The upper HDPE synthetic liner is not considered in calculations. 

The average permeability is: 

KAv  0.15 + 0.63  
0.15 	0.63  

1 x 10 -12  1 x 

- 5.17 x 10-12  cm/sec. 

Permittivity 

5.17 x 10'12  T = 	 = 6.6 x 10-12 sec"1  
(0.15 + 0.63) 
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SAMPLE STANDARD 
►ettlAwicm 
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RESULTS 
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SOIL DESCRIPTION 

...1 < 

4.- z 

s
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w
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Name, Gradation or Plasticity Particle Size Distribution,  
Color, Moisture Content, Relative DenSity or Consistency, 
Soil Structure, Mineralogy, USCS Group Symbol 

6'4'4' 
(N) 

0 
0 1 5 

SS 
01 12 12 "  

2-6-7 
13 

e 
'I 	,As 

SILTY CLAY, mod. plasticity, mottled light gray 	_ 
(10YR 7/1) and yellow (10YR 7/6), moist, 	roots, 
organics. 	CL. 	Bottom 6" 	is 	clayey silt, 	dk grayish-i 
brown (10YR 4/2) non-plastic, v. stiff (2.25) ML 
SILTY CLAY, low plasticity, mottled light brownish 
gray (2.5Y 6/2) and brownish yellow (10YR 6/6) 
very stiff (2.25) damp, 	CL. 	FeOx blebs, MnOx 
stringers. 	Silt'-30-40%. 	. 

As above pp=2.0 CL 	FERRELVIEW 

above, pp=2.25 minor fine gravel, CL 

As above, pp=2.0 	2" soft saturated zone at 
10.8', overall 	moist CL. 

-. 
-2:5 

- 
5.0 

ST 
02 18" 

5.0 

- 6.5 

SS 

03 18" 

3-5-8 

13 

- 

-.7.5 

10.0 

ST 
04 28" 

10 
10.0 

-111.5 
SS 
05 18" 

7-9-10 
19  

-12.5 

- 
15.0 

ST 

06 
CLAY, as above, less silty (10%) high plasticity, 
moist, CH pp=2.5 

CLAY as above, pp=2.75, high plasticity,damp, with 
slickensides, CL-CH 

FERRELVIEW 

Shelby tube sampler empty. 	Drove. split barrel sample 
to'pick,up sample. 	At end of split barrel was SILTY 
CLAY as above, dry, increase MnOx streaks, minor 
fine gravel, CL 

CLAY, as 'above, dry, pp=3.25, minor gravel, CL-CH
22.0 

15 	
15.0 

- 16.5 
SS 
07 18" 

2-5-10 
15 

- 
—17.5 

- 
200 . 

20 

ST 

08 " 

Sample' 
fell 	ou 
no 
recover 

20.0 

- 21.5 

SS 

09 18" 
2-4-6 
10 

. . 
CLA Y, as above but with increased (10%) fine gravel/ 

rse sand, dry, low plasticity,-hard (3.75) 	CL 

CLAY TILL 

- 22.5 

25 	25.0 

ST 
10 26" 

See next page for SS11 sample description 
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Project Number. 

5121 
Hole Number 

GTS-2 

WELDON SPRING SITE REMEDIAL. ACTION PROJECT 

BOREHOLE LOG ,  

'project 

T  I  1PoPC rical Investigation - Phase II 
Locator: 

Temporary Storage Area 
SAMPLE 

z 
0 

. > 
a 
cr 

z 

cr 
w 

z 
0 

STAksto ■RD 

TEST 
MUNUM  0 

6 "-6--6" 
0 

a- 0 

SOIL DESCRIPTION 

Name, Gradation or Plasticity, Particle Size Distribution, 
Color, Moisture Content, Relative Density or Consistency, 
Soil Structure, Mineralogy, USCS Group Symbol (N) 

25.0 
26.5 

27.5 
70_0 

31.5 

SS 
11 18 " 

13 

12" 

18" 

4-7-14 

5-7-12 

21 

34.0 

32.5 

SILTY CLAY, gravelly (15%) low plasticity, dry, hard 
(4.25), gravel fraction subround igneous,mafic, 
possible metamorphic rock, sandy (10%), predominantly 
yellowish brown (10YR 5/8) CL 
as above pp=4.5 dry 

CLAY TILL 
as above, less sand and silt, more plastic pp=4.0 --- 
gravel up to 3cm (chert). 

No sample, pushed rock. At end of split barrel is 
white (5Y 8/1) clay with decomposed L.S. CL 

34.2 

30.0 SS 

SB 
12 

3-7-8 
15 

SB 
14 

25 

30 

.1 '35 	 354 SB 
36. 	15 	12" 

,/il 
13-39-3 d 	v 

250 	r-i‹,, 

37.3'  p 
vc 

'cr' 

RESIDUUM? 
CLAYEY GRAVEL, nonplastic, dry,gravel . up to 5cm, whit 
(5Y 8/1), weathered limestone and chert (90%) minor 
clay, white (5Y 8/2) and MnOx and FeOx staining; last 

•■•■•••!1■.0 

40— 

4" is light gray (5Y 7/2) clay, "soapy", dry. 

Auger Refusal at 37.3' at 3:40pm 5/9/89 

Note: Constant head tests at 10.0' and 25.0'. No 
take on both. Attempted test at 36.5' but 
could not seat NW drill rod due to rock. 

Took bulk sample from 0-5' from auger 
cuttings. 

Grouted hole to surface with Voiclay grout. 

Om% 

IMO 



WELDON SPRING SITE REMEDIAL ACTION PROJECT 

BOREHOLE LOG 	 • 

sheet 	1 	2 
Project  

5121 
, HaemoniNK 

GTS-3 

TecOtechnical 	Investigation- Phase II 
Location: 

Temporary Storage Area 

CcwcSimms: 
N.92118.6- W.51076.9 (AEC) 

Dritling Contractor: 
Hannibal Testing Labs 

CMAMWmandMboiet CME-55, 6 7/8" Hollow Stem 
Auoer with 	31/4" I.D. 

DepthIvotRxic 
31.5' 

DepthCasing&Sies: 
none 

Hole Sae: 
6.7/8" 

Eery-atom 
654.97 ft. G.S. 

Angle horn Vert and Bearing 

Vertical 
Depth Bottom of Hole: 

31.5' 
Water Levet 
None 

Fluid & Additives: 

None 
Date Start 

5/5/89 
Date Finish: 

5/8/89 
Lower: f 	P. 	Patchin 

Z 
0 

aa 
IU D

E
PT

H
 

B
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SU

R
FA

CE
 

SAMPLE S
►

TANDARD 
WEIRMXM 
MT 

RESULTS 
!

SY
M

BO
LI
C

 1  
LO

G
  

SOIL DESCRIPTION 

..6 
•c 
> cc • lu- r 
Z  TY

PE
  
&

 
N

U
M

BE
R

 

R
EC

O
VE

R
Y Name, 

 
ame, Gradation or Plasticity, Particle Size Distribution, 

Color, Moisture Content, Relative Density or Consistency, 
Soil Structure, Mineralogy, USCS Group Symbol 

6'4'4' 
eq 

_ 

Augered to 2.5' 

FERRELVIEW 

SILTY CLAY, low plasticity, dark yllwsh brn(1OVR 3/4) 
mottled with yellowish red(10YR 4/0, moist, soft 	(.75 
CL 	 . 	. 

high plasticity, mottled red 	(2.5YR 4/8) and b 
(10YR 5/3), minor black 	(MnOx) streaks, moist, med. 
stiff 	(1.0) 	CH 

CLAY, as above, light gray 	(10YR 7/1), slightly silty 
no mottling, moist, stiff (1,5),'CH 

;•000CLAY, 

2.5 
4.0 

SS 
01 

,
" ' 

2-1-1 
2 

r 

401°  

.-., 
,11 
50 

• 

o 

- 

- 

5.0 

7.5 

ST 

02 17" 

- 

10 

8.0 9.5  SS 
03  11" 

2-7,-8 
15 

SILTY CLAY, 15% silt, low to med plasticity, mottles 
yellowish brown (10YR 5/6) and light gray (10YR 7/1) 
with abundant FeOx nodules and MnOx streaks, damp, 
very stiff (4.0), CL 	FERRELVIEW 
As above, grading to siltier (--30%) minor fine sand 

- 

-12.5 

10.0 ST 
04 28" 

-12.5 
14.0 

SS 
05 18" 

1-8-9 
17 • - 

and gravel at bottom, v. stiff (3.0) CL 
CLAY TILL 

SILTY CLAY, low plasticity, yellowish brown (10YR 5 
mottled with light gray (5Y 7/2), damp very stiff (4 1 
approx. 15% fine gravel 	(igneous & metamorphic)subrnd 
abundant FeOx blebs & MnOx stringers. CH 
SANDY GRAVEL, nonplastic, white (10YR 8/1) 60% large 

15 

- 

- 

-17.5 

15.0 ST 
06 29" 

17.5 
19.0 

SS 
07 10" 

3-12-1: 
30 

icsit;.z3.,: .  

- 	4 
..!&A • .E. . 

"cf.- .angular chert graVel, (gray 10YR 6/1) up to 2cm, mind 
clay (5%), minor FeOx stain; dry. GM 	BASAL TILL 

20 - 

r ,y  

20.0 

22 5 . 

16" 
ST 
08 

LAY, low to med plasticity, white, (5Y 8/1), damp, 
, 	. 

blocky, stiff, 	(2.0) with FeOx and MnOx stringers, 
"soapy", with approx. 25% decomposed limestone? (high 
reaction'to HCL) Cl. 
As above, increase in FeOx stain, with very angular p. 
blue chert, pp=2.0 	RESIDUUM? 

-22.5 
24 0 

SS 
09 

. 
12" 

9-10-15  
25 

5 

See next page for SB11 Sample description. 

3.5 

8.5 

21.3 



WELDON SPRING SITE REMEDIAL ACTION PROJECT 

BOREHOLE LOG 
Sheet 
Project Number, 

5121 
Hole Number 

GTS-3 
rlrolect 
Geotechnical Investigation - Phase II 

Location: 
Temporary Storage Area 

SAMPLE 

0 
> • Ut NJ DJ 

gp  

z 

Q 

gl  
0 

0 
2 0 N 0 

STANDARD 
PENETRATION 

TEST 
RESULTS 

(N) 

SOIL DESCRIPTION 

Name, Gradation or Plasticity, Particle Size Distribution, 
Color, Moisture Content, Relative Density or . Consistency, 
Soil Structure, Mineralogy, USCS Group Symbol 

25 	25.0 
826.5  

SB 
10 

13-14-15 
29 

'5 
—.27.5 

29.0 
SS 
11 1 'I 

10-22-23 
45 

30 30.0 

_30.5 
u > 
re usa 

CLAY, gravelly, light brownish gray (2.5Y 6/2), mod. 
to high plasticity, with FeOx staining (10YR 6/6) & —
MnOx stringers; stiff (1.23) 25% subangular chert 
gravel to 4cm, no limestone, CL 	RESIDUUM? 	— 
GRAVEL, with minor clay, nonplastic, dry 10% clay, 
gravel is cherty limestone to 3cm, also sand size 

8g, 
As above w/50% clay to 30.2', gravel (cont'd beTow)-- 
decomposed rock, all stained with FeOx, GC. 

AUGER REFUSAL 
@8:50 am 5/8/89 

is predominantly chert gravel. At 30.2 is weathered — 
bedrock with mainly chert and clay (brownish yellow _ 
10YR 5/6), chert pieces to 4cm. Also white clay 
(5Y 8/1) with MnOx stringers. FeOx stain throughout--  
with minorweatheredlimestone and limey clay. 

Grouted hole to surface with Volclay grout. 

Note: Performed constant head test at 7.5', 
17.5', and 22.5'. No take on all tests. 

Q  0" 
RFSIDUUM1 	31.5 —  

em1 



WELDON SPRING SITE REMEDIAL ACTION PROJECT 

BOREHOLE LOG 

1 	of 	2 
ProieG Number. 

5121 
Hole Number 

GTS-4  

Geotechnical 	Investigation - 	Phase 	II 	• 
Location 
- 	Temporary Storage Area 

Coordinates: 
N.98448.6 	W.51237.2 	(AEC) 

priming convector. 
Hannibal 	Testing Labs 

Drill Make and Model: CM E 55, 	6 7/8" 	1Ho 1 low Stern INK:0  Top of Rd= 
Auger: 	3;1" I.D. 	 27.3 

Degvn Casey & Size: 
none 	. 

Hole Size: 
6•7/8" 

Sere-at/pm 	 . 

	

652.20 ft. 	G.S. 
Angie from Vert. and Bearing 

Vertical 
Depth Bottom of Nolo: 

27.5 
Water Level: 

None 
Fluid & Additives: 

None 
Date Start 

5/10/89 
Date Rush: 

5/11/89 
Logger. 
P. 	Patchin 

2 o 
,.: 

w IQ DE
PT

H 
BE

LO
W

 
SU

RF
AC

E 

SAMPLE SmTANDARD 
oirmxncm 

fit' 
"STS  

SY
M

BO
LI

C 
 

LO
G

 

SOIL DESCRIPTION 

Name, Gradation or Plasticity, Particle Size Distribution, 
Color, Moisture Content, Relative Density or Consistency, 
Soil Structure, Mineralogy, USCS Group Symbol 

..,J 5 cc w •- •-
z TY

PE
  

NU
M

BE
R 

RE
CO

VE
RY

 
1 	

 

- -V-6 - 15 
PP 

0 

— 

0.0 

1.5 
SS 
01 " 

3-7-6 
13 

CLAYEY SILT, non-plastic, 	dark brn (10YR 3/3) abund. 
roots & organics, moist. 	Last 3" brn (10Y 5/3) 
w/med. oravel & dry ML. 	TOPSOIL/FILL 	2.0 

SILTY CLAY, slight plasticity, mottled brn (10YR 5/3 
& strong brn (7.5YR 5/6), dry to damp, abund. 	FeOx 
stn, 	25% silt, occasional 	bikorganic? 	blebs, 	v'. 
stiff (2.25) 	CL 	. 
CLAYEY SILT (-30% clay) non-plastic, mottled lt. 
grnsh gray (10YR 6/2) & trnsh yellow (10YR 6/8), 
csij4o ( c217

5) 
 w/bl organic? blebs (prob.Fe0x), v. 

FERRELVIEN 

As above, increased SILT (80-9n) w/FeOx blebs, more 
lt. 	brnsh gray (10YR 6/2), damp, stiff (1.75) 	

0.3 
 

000r  - 5  

5.0 

ST 
02 9 7" 

J1 	5.0 

— 	6.5 
SS 
03 16" 

2-3-6 
9 

I 

• 

10.0 
10 

ST 

04 
30" 

10.0 

i 

SS 
05 

18 . 2-5-7 

12 

. 

- 

CLAY, gravelly, mod. plasticity, mottled yellowish 
brn (10YR 6/8) and lt. gray (minor) 	(10YR 7/1), chert 
gravel 	(subrnd) fine .  to 1cm (10%).minor sand, abund 
FeOx nods & MnOx stringers, v/stiff (2.25). CL-CH 
As above, sandier, less mottling, pp=3.25, w/vert & 
!.cliariLmfrL  fractures w/MnOx staining and leaching, 

As above, pp=3.5, no mottling; slight to mod. 
plasticity. 	CL-CH 	CLAY TILL 

CLAY, mod. 	plasticity, It. yellowish brn (10YR 6/4), 
hard (4.25) abund FeOx blebs 5% rounded gravel, v. 
little sand, dry to damp, no fractures, CL-CH 

As above, pp=1.75, abund angular chert gravel @20.5 
for 4" yellowish brown (10YR 5/7) abund. MnOx 
streaks; damp, no L.S. CL-CH 

22.8 

12.5 

1 5. 0 
15 

ST 

06 
30" 

6 15.0 
16.5 

SS 
07 

1. 

1 6" 

17.5 

20.0 

ST 

08 
26" 

20 
20.0 
21.5 

SS 
09 15 " 

4-8-7 
15 

,- 
22.5 

, 24.0 
SB 
10 " 

8-15-5 
20  

CLAYEY GRAVEL, w/angular chert gravel 	up to 6cm in 
•11 	( 	. 	0 c • 	'rifip 	I 	1 	BASAL TILL? 

A7 

4 • 
25 

GRAVELLY CLAY, slt. plasticity, wh. (5Y 8/2) mottled 
w/brnshylw (10YR 6/8) mottling. 20% chert 	RpsTnnum , 

. v4117 ∎  

See next page for 
sample SB11 

(ang) gravel (pieces) up to 5cm long, vuggy w/wthring 
rinds, clay is moist and talc-like, no L.S., CL-CH 

23.7 



WELDON SPRING SITE REMEDIAL ACTION PROJECT .  

BOREHOLE LOG  
Sheet 	2 	of  2 
PropoottArnber 

5121 
Hde Number 

GTS-4 

Illttechnical Investigation - Phase II 
STANOMIS 

	 PINETIIATIODI 
TEST 

0 	
RESULTS  

P 
6'4'4' 

(N) 

Location: 
Temporary Storage Area 

SAMPLE SOIL DESCRIPTION 

Ui 

0 
0 

Name, Gradation or Plasticity, Particle Size Distribution, 
Color, Moisture Content, Relative Density or Consistency, 
Soil Structure, Mineralogy, USCS Group Symbol 

25 

J 
26.5 
25.0 SB 

11 6" 
17-19-12 CLAYEY GRAVEL, nonplastic 20% clay is"talc like", it 

olive yellow (10YR 6/6), damp, w/ abund. FeOx, also 
decomposed L.S (HU reaction), angular.Fhert gravel 
loose silty matrix , GC 	. `=RESIDUUM? 

30— 

Auger refusal @ 
@ 3:50pm 5/10/89 

Note: GTS-4 Bulk Sample taken from 0-5.0' from 
auger cuttings. 

Grouted hole to surface with Volclay grout. 

Constant head, test at 5.0' and 24A'. 
No take bn both. 



/ / 8 

WELDON SPRING REMEDIAL ACTION PROJECT 

BOREHOLE LOG 

Sheet 	1 
	

of 	2 
Project Number: 5121 
Contract WP127 

Hole Number 

___GTS-5 
Proje= 

Geotechnical 	Investigation Phase II 
Location: 

Temporary Storaae Area 
Coordinates 	• 

N.98607.7 	W.51245.8 	(AEC) 
Drilling Comractor. 

Hannibal 	Testing Laboratories 
Dna Make and Model: 

CME-55 	H.S. 	Augers 6-7/8", 	3 1/4" 
I Depth Top of Rock I 37.0 

Depth Casing & Size: 	'Hole Size: I None 	 [6-7/8" 
Elevation: 

G.S,. 	662.64 ft. 
Angle from Vert and Bearing: 
Vertical 	 i 

'Depth Bottom of Hole: 37.0 
Water Level: 	 IFluid&Additives: 	Date Start 	 DateRnmn: 	 er. 

Dry 	None 	 1 12:50 6/5/89 	(11:10 6/6/89 	A. 	Benfer 

Z 
D 

0 W 
-I  ILI D

E
PT

H 
B

EL
O
W

 
SU

R
FA

CE
  

SAMPLE STANDARD 
PENETRATION 
MT 

RESULTS  a  
to 0 
,. S 
4,5_1 

SOIL DESCRIPTION 

..., a 

w .- z TY
PE

  &
 

N
U

M
B

ER
 r. 

>  0 fai 
= 

Name, Gradation or Plasticity, Particle Size Distribution, 
Colo r, cy,  Moisture Content, Relative Density or Consisten, 
Soil Structure, Mineraloay, USCS Group Symbol 

6"-6*-6' 
(N) 

2.5 

A  

(Bulk sample of cuttincs, GTS-5, collected from 
0 to 5.0 feet). 

. — 

CLAY, highly plastic, mottled brownish yellOw (10YR 	_ 
6/6) and dark gray (10YR 4/1), moist, 	minor black, 
stiff to very stiff (2.0), 	CH, conter:s minor rounded- 
limestone gravel 	(1/4"), 	possible fill. 
As above, bottom 2" mottled blue and olive gray (5Y 	.... 

5/2) with decomposed grass. 	
5- FILL 	 7. 

	

11/ SILTY CLAY, low plasticity, mottled yellowish brown 	- 

5.0 

ST 
01 29" 

6.5 
SS 
02 13" 

2.2.2 
4 

7;5 

10.0 

ST 
03 

19" 
2.4.4 
8 

4(10YR/6)_and light gray 	(10YR 7/1), moist very 	- 
udistirf (2.2 5 ), CL, minor FeOx. 

--- 

A.I.ttv20:' 	
-ght pyp el2 lrish_brown (10YR 6/4), MC lky F le pw 

FERRELVIEW 	12.5-  

to
  

1
 1

 1
 1

  1 

10.0 
11.5 

SS 
04 17" 

0 CLAY, highly plastic, mottled yellowish brown (10YR 	- 
5/6) and gray (10YR 6/1), moist, stiff 	(1.5), CH.' 	- 
Contains"/10f; FeOx and .<5% spherical -nodules .(1/8 " ), 
trace limestone sand. 	 --1 

As above, pp=2.2, 	16.0-16.5, 5% sand. - 
—1 

00 Disturbed  

FERRELVIEW 
20.D 11111 

12.5 

15.0 

ST 
05 

20" 
15.0 
16.5 

SS 
06 18" 

2.1.3 
4 

17.5 

20.0 

ST 
07 

23" 
2.2.5 
7 	- 

20.0 
21.5 

SS 
08 18" 

00°  
01;0=klidng 

&SILTY CLAY, medium plasticity, 10% sand,. 10 	fine 

	

rtT lg:rbs roZi: ht,YVe l4wslrfR (3 /6d,w1C:61 h 	— 

 .As abOve, mottled with light gray 	(10YR 7/1), 	less 	— 
sand and gravel, pp=3.0. 	CLAY TILL  

Pushed 
24" 

22.5 
24.5 

ST 

09 32" 



WELDON SPRING REMEDIAL ACTION PROJECT 
Sheet 2 j 2 
ProjeclNumber.5121 
Contract .  WP117 BOREHOLE LOG 
NWeNumber 

GTS-5 
Project 

Geotechnical Investigation Phase II 
Location: 

Temporary Storaae Area 
SOIL DESCRIPTION SAMPLE STANDARD 

PENETRATION 
TEST 

RESULTS 
O 

>cc  . 
cc 6"4"-6" 

(N)  

Name, Gradation or Plasticity, Particle Size Distribution, 
Color, Moisture Content, Relative Density or Consistency, 
Soil Structure, Mineralogy, USCS Group Symbol 

W 
W 

z 

0 

0 

>p 0 

Q 

0 
= 

25 2.6.3 
5/5/89 
6/6/89 1 

26.0-28.0  as above, increase in gravel >50%, 
predominantly chert, up to 2", subrounded, 
pp(clay)=3.5. • 

30 

As above, pp=4.5+, hard, 15% fine:to coarse sand; 
trace gravel (1/4"), MnOx stringers. 

CLAY TILL 
SILTY CLAY, medium plasticity,,15% sand, mottled 
brownish yellow (10YR 6/6) and light gray (10YR 7/1) 
damp,.hard, (>4.5), CL-CH, spherical FeOx, MnOx 
stringers and blebs. 

35 As above, pp=3.0, very stiff, CH. 

3g r. 
GRAVEL fragments, chert, .10 clay, chert-yellowish 
brown (10YR 5/6), also clay with black MnDx, clay /  
moist, hard, GC. 	 RESIDUUM 

Auger refusal at 37.0, T.D. 11:106/6/89 
Apparent bedrock 
Grouted hole with 2 bags of Volciay 

Constant head test at 15.0'. Take = . 25 oz. in 10 
minutes. 



Sheet 	I 	of  
ProoloNumbem 5121 
Contract WP117 
HoleNuntber 
GTS-6 

WELDON SPRING REMEDIAL ACTION PROJECT 

BOREHOLE LOG 

Fan o= 

Geotechnical Investiaation.Phase II Temporary Storage Area 
Coordinates 

N.98933.0 W.51035.7 (AEC) 
DrangComtnectoc 
Hannibal Testing_Laboritories 

Dnli Make and Model: 
CME-55 H.S. Auger 6 7/8", 3 1/4" 

Elevation: 
G.S. 665.28 ft. 

SAMPLE 

W co 
(N) 

3.6.8 
11 

24" 

3.5.7 
18" 

10 

2.3.5 
12" 

'6/89 
'7/89 

06 
17.5 

17.5 SS 
19.0 -07 	18 

20 

20.0 ST 
08 

22.5 

Depth Top  of  Rect 
47.0 

Depth Sodom of Mote: 
47.0  

Date Finish: 	 Logger. 
1:25 6/7/89 	A. Benfer 

SOIL DESCRIPTION 

Name, Gradation or Plasticity, Particle Size Distribution, 
Color, Moisture Content, Relative Density or Consistency, 
Soil Structure, Mineralogy, USCS Group Symbol 

(Bulk sample of cuttings, GTS-6, collected from 
0 to 5.0 feet). 

SILT, nonplastic, mottled yellowish brown (10YR 5/6) 
and light gray (10YR 7/2), damp, hard (4.5+), ML. 

FERRELVIEW 

As above, 1)1)=4.5+, hard, light yellowish brown 
(10YR 6/4) 

SILTY CLAY,lOw to medium plasticity, mostly light 
yellowish brown (10YR 6/4) with yellowish brown 
(10YR 5/6), moist, very stiff to hard (4.0), CL. Up 
to 1/8" blebs MnOx. 

FERRELVIEW 

As above, pp=4.1, hard, mottled yellowish brown (10YR 
5/6)  and it. gray (10YR 7/1),  abundant FeOx. 	12.  
CLAY, highly plastic, mottled yellowish brown (10YR 
3/6) and light gray (10YR 7/1), moist, very stiff 
(2.5), CH. Slickensided, contains MnOx and FeOx. 

As above, pp=3.1 	FERRELVIEW 

As above, pp=2.5, very stiff, slickensided with 
stringers and blebs of MnOx and spherical FeOx nodules 

As above, pp=3.75, 5% white angular sand 	
22.5 

Watts( Levet 
Dry  

z 
U z>.< o- o w LuLuo 

IAA 	C3 121 

cc 
ti 

FluiclikAadnivew 
Noe  

8 

STANDARD 
PDIETRATION 

TEST 
RESULTS 

GT
S-
6
 Bu

lk
 

2.5 
4.0 

SS 
0 1 

5 

15.0 

5.0 ST 

02 
7.5  
7.5 SS 
9.0 03 

10.0 ST .  
04 

12.5  

12.5 SS 
14.0 05 

ST 

8 

12 

26" 

3.4.6 
10 .  

30" 

Depth Casing & Size: 
None 

MoleS4e: 
6 - 7/8" 

AnpiefroanVWtandSearnT 
Vertical 

Date Start 
3:00. 6/6/89 

22.5 SS 
74 0,09 18" 

4.6.10 
16  

111 

z 

SILTY CLAY, highly plastic, 15% sand, 10% subrounde 
fine gravel, spherical FeOx, reddish yellow (7:5YR 
6/6) with light gray (10YR 7/1), damp, hard (4.5+) 
CL-CH. Minor MnOx. 	 CLAY TILL 



I WELDON SPRING REMEDIAL ACTION PROJECT 

BOREHOLE LOG 

!Prefect  Geotechnical Investigation Phase II 
Lomb= 

Temporary Storage Area 
SOIL DESCRIPTION 

Name, Gradation or Plasticity, Particle Size Distribution, 
m 	Color, Moisture Content, Relative Density or Consistency, 
2 oCi Soil Structure, Mineralogy, USCS Group Symbol 

CLAY TILL 

As above, pp=4.5+, increase in MnOx 

As above, pp=3.0, very stiff, less sand and gravel 

SILTY CLAY, medium plasticity, 10% sand, 10% fine --- 
gravel, brownish yellow (10YR 6/6) with minor light — 
gray (10YR 7/1), damp, very stiff (3.25), CL. FeOx and 
MnOx stringers. 

As above, pp=4.5+, hard, slickensided with MnOx 

As above, pp=4.3 

Hard drilling 

As above, pp=3.75, spherical Fe0x, granitic rock 
fragments, some well rounded fine gravel. 

s above, at 40.5', mottled red (2.5YR 5/8) and light 
gray (10YR 7/1), moist, hard (4.5+). 

GRAVEL, 30% clay, predominantly chert, brownish \: 
yellow (10YR 6/6) and black (MnOx), damp, hard (4.5

S 
_ 

GC, bottom 2" chert, highly fractured. RESIDUUM 

uger refusal 47.', T.D. 1:25 6/7/89 
Probably bedrock 
Grouted hole with 2 bags Volclay 

2  
Prpie.DiNumber5121 
Contract WP117 

Hole Number 
GTS-6 

1■1 

O 

uJ 
U 

b-OLL 
W w z o 	u) 

SAMPLE SIAMDARD nwmaxot 
TEST 

RES403 
sic w 

W co 
1.■ Z 

6•-6' 
(N) 

25 25.0 

27.5 

ST 
10 

28" 
27.5 
29.0 

SS 
11 18" 

4.6.8 
14 

30 
30.0 
31.5 

SB 
12 

3 
12" 

8.10.13 
23 

32.5 
34.0 

S S 
13 15" 

5.7.10 
17 

35 
35.0 
36.5 

SB 
14 12" 

9.18.24 
42 

37.5 
39.0 

SS 
15 18" 

5.7.10 
17 

40 
40.0 
41.5 

SB 
16 12" 

1.22.35 
57 

45 
45.0 
46.5 

SS 
17 18" 

5.15.43 
58 
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PrOPC:t Number- 5121 
Contract WP117 

Hole Number 

GTS-7 
Pmiect 

Geotechnical 	Investigation Phase II 
Lomb= 

Temporary Storage Area 
Coordinates: 	 Drilling Contract= 

N.98771.0 	W.51381.8 	(AEC) 	Hannibal Testing Laboratories 
Drill Make and Model: 

CME-55 	H.S Auger 	6-7/8", 3-1/4" .  
Depth Top of Rock 	'Depth 
144.5 

Casing & Size: 	role Sae: 
None 	6-7/8" 

Elevation: 	 lAngle 
G.S. 	662.07 ft. 

from Vert and Searing: 
Vertical 

Depth Bottom of Hole: 
44.5 

Water Levet 
Dry 

Fluid & Additives: 
None 

Date Start 
8:45 6/8/89 

Date Finish: 

2:00 6/P/39 
Logger: 
AL. Benfer 

D 
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SOIL DESCRIPTION 

Name, Gradation or Plasticity, Particle Size Distribution, 
 Color, Moisture Content, Relative Density or Consistency, 
Soil Structure, Mineralogy, USCS Group Symbol 
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T Y
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  &
 

N
U

M
B

ER
 

R
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O
V
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Y 

r-r4' 
0,4) 

OOSILTY 

(3ulk sample of cuttings GTS-7 Bulk, collected from 
0 to 5.0 feet). 

FILL 

CLAY, 	low plasticity, dk yellowish brn (10YR 4/2}  
dry; hard (4.5+), CL, 	localized angular gravel. 	3.' 2.5 

4.0 
S 
01
S  

4" 8 
3.3.5 

. 

AO' Fr • 
A(7.5R56 SILTY CLAY, 	plasticity,     mottle d      strong     brown 	- 

andyel
lowaoyR73no st stiftover  

stiff  (2.0), CL. 	Contains black MnOx. 	FERRELVIEW 
5.0 

7.5 

ST 

02 32" 
CLAY, low plasticity, very silty, yellow (10YR 7/4) 	_ 
ery stiff (3.0), CL. 	MnOx and FeOx blebs. 

- 
9.0 

7.5 
9.0 

SS 
03 14" 

1.3.5 
8 

$101CH. 

0...° 

C-Ylg ghlypl l t C/0) lemoist ,ilzris rc(5 (; /)  nihtgray312 7 ve4 sif r 	.5 

- 
As above, mostly light gray (10YR 7/1) with strong 
brown (7.5 YR 5/6) (Fe0x), pp=2.75. 	- 
As above, minor MnOx, spherical FeOx, pp=3.5. 	_ 

FERRELVIEW  

As aboVe, trace sand and fine gravel, pp=2.75. 	17. 

1
1
1

1
] 

10:0 

12.5 

ST 

04 20" 

12.5 
14.0 

SS 
05 18" 

3.4.5 
9 

15.0 

17.5 

ST .  

06 22" 
17.5 
19.0 

SS 
07 18" 

3.5.10 

1111 1010 
00 

0 

• 

SILTY CLAY, 20% sand, mottled brownish yellow (10YR - 
6/6) and light gray (10YR 7/1), damp, hard (4.5+), 	- 
CL-CH. Slickensided, MnOx blebs.  

. 	
. 	 CLAY TILL 	_ 

_ 
As above,.15% sand, 5% subrounded gravel, pp=3.7, CH. 

As Above, pp=4.5+, MnOx stringers, trace gravel up to- 
2". 	 ___ 

'22.5 

20.0 ST 

08 20" 
22.5 
24.0 

SS 
09 16" 

3.5.6 
11 

1 
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Geotechnical Investigation Phase II 
SAMPLE 

Name, Gradation or Plasticity, Particle Size Distribution, 
Color, Moisture Content, Relative Density or Consistency, 
Soil Structure, Mineralogy, USCS Group Symbol IA/ CD  

e. 
a. 2 

rt 

0 
0 
2 

STANDARD 
PENETRATION 

TEST 
RESULTS. 

(N) 

0 

0 
2 0 
r 
CO 

Temporary Storaoe Area 
SOIL DESCRIPTION 

Protect 

'x25.0 
X26.5  18" 

7.15.27 
A7 

. As above, stiff (1.5), moist, CL, stringers of CaCO3 
and MnOx, some well rounded coarse sand. 

SB 
10 

27.5 SS 
29.0 11 

30.0 SB 
'1.5 12 

32.5 SS 
'=_O 13 

12" 

18" 

18" 

4.7.9 	As above, pp=4.5+, 10% fine gravel, vertical light 
16 

CLAY, silty, 10% sand, 10% gravel up to 1", brownish 
yellow (10YR 6/6) with light gray(10YR 6/6) stringer 
spherical FeOx, damp hard (4:5), CL. 

4.7.11 	As above, reddiwh yellow (7.5YR 6/8) at 33.5, Op=4.5, 
18 	 slickensided some with MnOx 

17.38.2 
66 

gray clay stringers. 
CLAY TILL 

11.15.2 
41 As above, yellowish brown (10YR 6/6) 

35.0 
36.5 

SB 
14 12" 

37.0 

37.5 SS 7.11.8 
3 9 .0 15 18 " 19 

40 

40.0 
4 1 .5 12" 

37 	5-38.0 SAND, fine to coarse, 20% clay, strong brown 
(7.5YR 5/6), damp, medium dense, SC. 
38.0-39.0  CLAY, mediuM plasticity, light gray a0yv714 
oist, medium stiff to stiff (1.0), CL-CH, with white 

lithographic limestone fragments. 
0.0-41.5  CLAY, low plasticity, speckled yellowish 	_ 
rown (P PR 7/1), moist, very stiff (2.5), CL, minor 
nOx, abundant FeOx up. to 1/4" nodules. 

• 

CLAY TILL 

uger refusal 44 .5', 	2:00 6/8/89 
Probable bedrock 
ole grouted with 2 bags Volclay. 

SB 
16 

5.9.2 
11 

ON. 
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• DATE TIME DEPTH (FT.) 
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• - 4 ,,, 

ROUND ELEVATION 
)R1LLING METHOD•
)RILLING CONTR 
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WSSRAP 
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Request 
No. 

Sample 
I.D. 

Sample 
No. 

Depth 
(ft) 

Confining 
Pressure 

(ksf) 

Reported Value Corrected Value 
Total Head 	Permeability 

(ft) 	(cm/sec) 
Total Head 

(ft) 
Permeability 

(cm/sec) 

4 

5 

GT-60P 
GT-60P 
GT-60P 
GT-60P 
GT-62 
GT-62 
GT-62S 
GT-62S 
GT-63P 
GT-63P 
GT-65S 
GT-65S 
GT-67P 

GTS-1 
GTS-3 

GTS-2 
GTS-4 

GI'S-4 
GTS-4 

GTS-5 

GTS-7 

SB-15 
SI3-15 
SB-17 
SB-17 
ST-07 
ST-07 
5B-13 
SB-13 
ST-01 
ST-09 
SB-16 
5B-1G 
ST-08 

STO3 
STO2 

STO2 
sT04 

STO2 
STO4 

40.5 - 41.0 
41.0 - 41.5 
48.5 - 49.0 
48.5 - 49.0 
17.5 - 20.0 
17.5 - 20.0 
32.8 - 33.3 
32.8 - 33.3 
2.5 - 5.0 

22.5 - 25.0 
41.0 - 41.5 
41.0 - 41.5 
20.0 - 22.5 

5.0 - 7.5 
5.0 - 	7.5 

2.5 - 5.0 
7.5 - 10.0 

2.5 - 	5.0 
7.5 - 1,0.0 

0.0 - 5.0 
0.0 - 	5.0 
0.0 - 	5.0 

4 
7 
4 
7 
2 
4 
3 
5 

1 
2 
4 
7 
2 

I 

1 

1 
1 

64.3 
112.5 
64.3 

112,5 
32.1 
32.1 
48.2 
80.3 
16.1 
32.2 
64.2 

112.4 
32.2 

16.1 

16.1 

16.1 

16.1 
16.1 
16.1 

9x10'9  
2x10-8  
6x10-1  
2x10'6  

No Plow 
6x10-6 
7x10-9  
5x104  
3x 104  
2x10-7 

43110° 

1x101  

6x10-9  

2x10' 

2x104  
9x101  
3x109  

11.6 
11.6 
11.6 
11.611.6 
11.6 
11.6 
11.6 
11.6 
11.6 
11.6 
11.6 
11.6 
11.6 

11.6 

11.6 

11.6 

11.6 
11.6 
11.6 

10 72xx10l: 
3x104 
2x104  
5x <1x1100-.19 

3x10*9   
6 xx 1  10 . 8  7.9 0 

9x10-9  
8x10-1 
4x107  
1x104  

2x10*7  

8x104  

2x101  

2x10-e  
1x101  
5x10' 
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SPECIFICATIONS 
STANDARD PROCTOR 
AASHO T 99-70, IASTH 0 898-70 

	(Method A) 
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WATER CONTENT % 
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SPECIFICATIONS 
STANDARD PROCTOR 
AASHO T 99-70, ASTM D 698-70 

MAX DRY 
DENSITY (PCF) 

WATER CONTENT % 

OPTIMUM NATURAL 

102.7 19.2 23:8 

DESCRIPTION 

Brom Clay 

ATTERBERG LIMITS  

LL-59 	PL-24 	PI-35 

CLASSIFICATION SYSTEM 

UNIFIED : (11 

AASHTO : 

SAMPLE INFORMATION  

CTS-7 
0.0-5.0 

WSSRAP 



102.8 	I 17.5  

DESCRIPTION  

Compositm Brownish gray mottled. silty CLAY and 

gray, brownish yollow and brown CLAY 
ATTERBERG LIMITS 

LL— 	PL— 	PI— 

CLASSIFICATION SYSTEM 

UNIFIED : CL and CH 

AASHTO : 

SAMPLE INFORMATION  

GTS-1, ST03, 3-7.5 FT - LL-AD. PL-2B. P1-211 (CL) 
CTS-3, ST02, 5-7.5 FT - 	PL-19, P1 -34 (CH) 

WSSRAP 

COMPACTION TEST 
!-WOLOGY  

WATER CONTENT (PERCENT) 

DR
Y

 U
NI

T
 W

EI
G

HT
 (

PO
U

N
D

S P
ER

 

905  
15 30 1 0 20 • 25 

........ 	• 

. 	........ 

1 0 

10 

• • • 

• • ...... 

95 

che,r,„? 



110 

P
E

R
 C

U
B

IC
 FO

O
T)

  

105 

100 
co 
ca 

00.. 
9 

D
R

Y
 UN

IT
 W

EI
GH

T  

SPECIFICATIONS 
STANDARD PROCTOR 
MVO T 99-70. AM 0 699-70 

	
Otothod A) 

MAX DRY 
DENSITY (PCF) 

WATER CONTENT % 

 OPTIMUM NATURAL .  

103.0 18.3 

DESCRIPTION  

Cospositol Brownish gray. *IMLAY and brownish 

gray to-grayish brown. clayoy Sli.T to silty CLAY 

ATTERBERO LIMITS 

LL- 44  PL- 20  PI- 24  

CLASSIFICATION SYSTEM 

UNIFIED CL 

AASHTO : 

SAMPLE INFORMATION  
CTS-2. ST02. 2.5- 5.0 FT 

4E9 ST04. 7.5-10.0 FT 
rs z 2rc
°  ozverie../ m•fte WSSRAP 

• 9, At F sa 11/1#0 

Job # 1 1 295 

Date: ii-n-og 

8 1 0 

. 	 . 	 .... 

... 	. .. . . . ......... 

.."' 	  /2/ ....... 
G
CS 

' ........... 

... . 	.. 	 . 

..... 

. 	 . 	 . 	 .6 	. 6 .  

... 	: ... 

... 

. 	 • 	 • 

." 	 . 

. • - .. 

.7. 

a 	 . 

. ........... 

• . 	 . 	 ta 	... 	. 	 ... 	 _ 

. ....... 	... 	. 

......... 

. 	 ' . 

. 	 - 

... 

• 

. 	 • ..... 

...... 

e .- 	. . 	 t 

$ 

6 - . • • 4 	 . • 

. 	 . ... 

.. 	- 	 , 	... 

. 	 t 	 .. 	..... 

0.1  

...— 

1 
	

0 

WATER CONTENT (PERCENT) 
	

COMPACTION TEST 

Ch wct4:-.1 b,l 	'VI 
O 



Job IP 11295 

Date:11-11-89 
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WATER CONTENT % 
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