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1.0 	Introduction 

This memorandum describes the soil sampling activities performed as part of the RI/FS process 
for the Groundwater Operable Unit at the WSSRAP. Field studies were conducted in the 
temporary storage area (TSA) from February 3 rd  through February 19th, 1999. During that 
period, thirty-two boreholes were drilled and sampled. The work was generally performed as 
described in the Sampling Plan for the Remedial Investigation/Feasibility Study for the 
Groundwater Operable Unit at the Chemical Plant and Ordnance Works — Addendum 4: Soil 
Sampling for TCE at the Chemical Plant, (MKF&JEG, 1999). As stated in the plan, the 
objectives of this investigation were to: 

• Identify the source of PCE and TCE contamination to the shallow aquifer beneath the 
chemical plant 

• Delineate the vertical and horizontal extent of PCE and TCE soil contamination if a 
source area is identified. 

Geotechnology Inc. was subcontracted to perform all drilling, sampling, and borehole 
abandonment as part of Work Package 476, Task 15. 
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2.0 	Environmental Safety and Health 

The drilling was performed in accordance with the subcontractor's safe work plan under the 
authority of the PMC site health and safety plan. PMC safety representatives performed an 
initial safety inspection of the subcontractor's drill rig and provided coverage throughout the 
fieldwork. Work was performed in modified Level C personal protective equipment consisting of 
poly-coated Tyveck® coveralls, latex gloves, steel-toed boots, safety glasses, and hard hats. 
Non-drilling personnel wore fluorescent safety vests. No safety-related incidents or accidents 
occurred during this investigation. 

ES&H persbnnel provided constant coverage during the fieldwork. All soil samples retrieved 
during drilling were scanned for beta and gamma activity before leaving the work area. 

3.0 Waste Management 

Soil cuttings generated from the drilling and sampling within the TSA fence were not collected 
because additional excavation of contaminated soil within the area was planned. Other waste 
generated during the drilling inside the TSA such as personal protective equipment was bagged 
and disposed of as radioactive trash. For those boreholes drilled outside the TSA fence, the 
cuttings were collected and contained in lined 55-gallon drums and transported to the Ash Pond 
area and emptied. All other waste generated outside the TSA was disposed of as clean waste. 

	

4.0 	Drilling and Sampling 

A total of 32 boreholes were drilled in six areas of the temporary storage area (TSA). Four 
borings that were originally planned for the south end of raffmate pit 4 were not drilled following 
reevaluation of sampling data which showed PCBs in the area. It was determined that PCB 
decontamination requirements would significantly delay a subsurface investigation here, 
therefore, sampling was not conducted. Collection of samples from this area will likely be 
performed at a later date. 

The investigation boreholes were drilled at locations shown in the Sampling Plan except where 
access to the original location was limited. In this case, the borehole was moved the minimum 
distance (less than 25 feet) from the original location. Figure 1 shows the final locations of the 
TCE soil sampling boreholes in the TSA vicinity. Monitoring wells and previous soil gas 
sampling locations are also shown. Table 4-1 below is a summary of the boreholes drilled during 
this program. 
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Table 4-1 
Borehole Summary Table 

Borehole ID * Northing' Easting l  Ground 
Elevation 

Total Depth 
(ft.) 

TSA 1 -1 1042160.70 753592.60 666.56 49.0 
TSA 1 -2 1042132.60 753543.84 664.29 45.0 
TSA1-3 1042120.01 753456.60 665.56 48.5 
TSA1-4 1042078.35 753618.52 663.90 45.5 
TSA1-5 1042019.31 753455.53 659.02 33.0 	, 
TSA1-6 1042043.73 753555.03 662.51 38.0 
TSA1-7 1041970.78 753568.11 661.84 39.5 
TSA1-8 1041899.53 753481.25 653.25 32.5 
TSA2-1 1041778.19 753479.33 654.15 26.5 
TSA2-2 	- 1041732.92 753486.52 656.06 27.5 
TSA2-3 1041667.71 753480.84 656.27 34.0 
TSA2-4 1041619.59 753483.70 658.12 37.5 
TSA3-1 1041461.85 7534.80.41 656.11 30.0 
TSA3-2 1041481.03 753620.27 662.39 32.0 
TSA3-3 1041405.31 753555.52 665.00 42.5 
TSA3-4 1041328.06 753483.40 657.06 37.0 
TSA3-5 1041353.87 753646.26 665.63 31.5 
TSA3-6 1041262.41 753537.09 660.85 28.0 
TSA3-7 1041265.30 753645.58 664.54 37.0 
TSA3-8 1041321.03 753708.15 666.95 31.0 
TSA4-1 1041992.53 753941.03 664.25 45.5 
TSA4-2 1041937.33 753876.70 661.34 39.0 
TSA5- I 1041575.34 753828.02 660.53 28.5 
TSA5-2. 1041471.95 753832.04 662.20 30.0 
TSA5-3 1041339.66 753831.92 666.26 35.0 
TSA5-4 1041255.53 753858.47 671.62 40.0 
TSA6-1 1041500.75 753936.36 665.39 35.5 
TSA6-2 1041449.67 753928.54 664.80 34.5 
TSA6-3 1041409.04 753933.60. 664.25 35.5 .  

TSA6-4 1041399.07 753943.61 664.48 35.5 
TSA6-5 1041322.18 753933.63 666.59 28.04  
TSA6-6 1041316.97 753934.44 	_ 667.15 36.0 

' NAD 1983 survey datum. 
2  In feet above sea level. 
' Total depth at the top of bedrock. 
'Total depth above bedrock because of stuck sampler.  

Two drilling rigs were used to expedite the investigation. A truck-mounted CME-75 was 
initially used to drill and sample the boreholes. It was joined by an all-terrain CME-550 drill rig. 
Hollow stem augers with an inside diameter (ID) of 4-1/4-inches and outside diameter (OD) of 8- 
14-inches were used on both rigs. Soil samples were collected continuously throughout each 
borehole using a CME continuous soil sampler with an ID of 3 inches. 

Soils were retrieved from the sampler and divided into 2-1/2-foot samples. Each section was split 
lengthwise and approximately one-quarter of the sample was immediately placed and sealed in a 
plastic bag and the remaining three-quarters was described by the PMC geologist according to 
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84062 
the Unified Soil Classification System and ES&H procedure 4.4.7. The bagged samples were 
later screened for volatile organic compounds in the headspace as described in Section 4.1. 

All boreholes except one were advanced to the top of bedrock to characterize and sample the 
overburden soil. Borehole TSA6-5 was terminated at 28 ft. because the CME-sampler became 
stuck in the augers. After repeated attempts to remove the sampler, the augers were withdrawn 
from the hole, the sampler retrieved, and the hole was abandoned by grouting. Borehole TSA3-3 
had to be re-drilled a few feet away from the original location after poor sample recoveries were 
caused by a wood piece plugging the auger bit. The re-drilled hole successfully reached bedrock 
with good sample recoverie s . 

	

4.1 	Headspace and Laboratory Sampling 

Headspace screening for volatile organic compounds was conducted on each 2-V2 ft. soil sample 
collected during this investigation. A photoionization detector (PID) with a lamp suitable for 
ionizing the compounds TCE and PCE was used during the headspace screening. Results from 
this screening will be published in an upcoming completion report. 

The Sampling Plan stated that those samples registering at least five times the levels measured in 
the atmosphere during HD screening would be selected for laboratory analysis. No sample 
obtained during the field effort registered this high. Therefore, those samples with any 
noticeably higher reading than background were selected for laboratory analysis. If headspace 
screening showed no samples greater than background, the top 5 feet of soil from the borehole 
was sent for laboratory analysis. Sampled intervals and results from headspace screening and 
laboratory analysis will be published in the completion report. 

	

4.2 	Borehole Abandonment 

Each borehole was abandoned according to the work package specifications and Missouri well 
construction rules. When drilling was completed, a tremie pipe was placed to the bottom of the 
hole and the borehole was grouted to the surface using Grout Well® high solids bentonite grout. 
Each borehole was checked for grout settlement and topped off as necessary. 

	

5.0 	Data Analysis 

	

5.1 	Soils 

Soils sampled during the drilling effort were relatively consistent across the TSA. Recent fill 
material related to the construction of the TSA was encountered in a majority of the boreholes 
ranging up to 13 ft. deep. The thickest areas of recent fill were seen in Area 1. The recent fill 
was characterized primarily as re-worked Ferrelview Formation clay with its distinctive high 
plasticity and mottled colors. Pre-TSA fill material placed during the construction of the 
chemical plant was also encountered in most of the areas, sometimes beneath the recent fill. It 
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ranged in thickness up to 6 ft. and was distinguishable as a dark colored, low plasticity, siltier 
material. 

The native soil stratigraphy in the chemical plant area is described in detail in the GWOU 
Remedial Investigation Report (MKF-JEG, 1997). Native soils encountered beneath the fill were 
consistent with previous drilling in this area of the Chemical Plant. The Ferrelview Formation, a 
high plasticity clay, was commonly found beneath the fill or at the ground surface at thickness' 
from 8 to 21.5 feet. In a few areas, the Roxana Silt, which overlies the Ferrelview, was described 
and where identified, it ranged in thickness from 2 to 9 feet. Below the Ferrelview Formation 
was the clay till unit, which ranged in thickness from 7 to 21.5 feet. A subunit of the clay till, the 
basal till was described in a two of the boreholes. Beneath the clay till and directly above the 
bedrock surface, the residuum unit was usually encountered prior to auger refusal on the bedrock, 
however, some boreholes showed no discernable residuum soil. Overall, this unit was generally 
thin in comparison with other areas on the site, ranging in thickness from 1.5 to 10.5 feet. 

	

5.2 	Bedrock 

The weathered surface of the Burlington-Keokuk Limestone was encountered in the majority of 
the boreholes drilled in the TSA area. Auger and sampler refusal generally indicated that the 
bedrock surface had been intercepted. However, because of the cobble and boulder-sized rock 
fragments commonly found at the base of the clay till unit or within the residuum overlying the 
bedrock, sampler refusal did not always indicate the top of the bedrock. In some cases, an SPT 
sampler was driven to confirm the to of bedrock. 

Figure 2 shows the bedrock topography after incorporating borehole data from the TSA area and 
recent drilling performed within Raffinate Pit #3. The most notable effect when compared to 
previous mapping is the greater definition on the bedrock surface in the TSA area. No 
significant changes to the overall morphology of the bedrock are noted. " 

	

6.0 	References 

MK-Ferguson Company and Jacobs Engineering Group. Sampling Plan for the Remedial 
Investigation/Feasibility Study for the Groundwater Operable Unit at the Chemical Plant 
and Ordnance Works — Addendum 4: Soil Sampling for TCE at the Chemical Plant, 
DOE/OR/21548-445: 4, Prepared for the U.S. Department of Energy, Oak Ridge 
Operations Office. St. Charles, MO. January, 1999. 

MK-Ferguson Company and Jacobs Engineering Group. Remedial Investigation for the 
Groundwater Operable Units at the Chemical Plant Area and the Ordnance Works Area, 
Weldon Spring, Missouri, DOE/OR/21548-571 (Final), Prepared for the U.S. Department 
of Energy, Oak Ridge Operations Office. St. Charles, MO. July, 1997. 

MKES Doc. No. 
13 2techat.cloc6 	 3840-Q:HG-K-05-57 I 2-00 



P 
• - SG-04 r 

1 • 	 /1. \ '-- 	/ 	
l'.: 

SG-12 	 MW 2048 	,-, 
... 

/  
I 

1 
• SG 08'  ' 

	

. 	• 

+ 

	

+ • 	SG-07 

	

MW 4079 	 • - 

-PAW-3099 I 
 4 -, 	').  , 

- 	MW-4028 -- - i , 

SG-08 - .-1. . 	. 	-, 
1,042000 N 

• \ ,' SG 7°:----: 	WM1-4°27  .-....,-,.,-.1 

..- 

-01 

A1-3 

\ 

Ir \ 

14- 
	

MW 3028 

• - SG.02 

„--, __ .. 	, 	MW-2038 	- 
„---- 

---- 	i , 

'■ ,,,,. 

-..... 
ID—TSAI-1 	

',. 	
-....,._ 

• — TSA 1-2 	 - 

• • TSA 1-4 
• 
A1-6 

• -- TS),I 1-7 

' 

, 

/ 
• Raffinate 	 , 

Pit No. 1 ,, j  
- 

- 	, , 	_ 	_ _ _ 	. . 	 . 

0— A4-2 

A1-8 	 ‘ 

Raffinate' 
SG-18 

■ 	-21 
A 	.- . -TO 

• -- 

1 

i■ 
Pit No. 2  

. 
• S .19 

• 

.--TSA2-1 
/7 ,,,,,,. 

- 
./ 	

-- 
-- 

__,, 

O  	x ,. • 

— TS , -2 

TS A2 

IP--  TSA5- 1 
4 

• TSA3-2 	:75-2 	411----  . 

.„.7SA3-3 

TSA3-5 	75-3 	4IF—  

• 15A3-8  • 
_e 

' 

. 

31 	

• — ' 

. 
/ /a 

/// 
r  6-1 / / 

// / 
6-2 

6-3 

LEGEND 
• TSJI Borehole Location 

A Monitorino Wen Location 

• Soil Gas Sampling Location 

- 

, 	■ 

-:-------7.--...--._____.,_ 

• 
/ 	 -., 

mw- , 18 
, _S 	 - _ 

, 	: 

x 

// 

7 	MW 

CO 
TSA BOREHOLE LOCATIONS 	P- 

C=P 
elz 

.. 

) hil( 

TSA3-6 	MW-T5 	 F. . 
/ 	• ' 	11111 • i 	 T  TSA6-6 

- - x -- x — T4A3-1 x 	x 	75,454 x 

s (No' 

FIGURE 1 ' 0 	loo 	200 
FEET 

■ 	 , 
Mg" 	852 NEB DOCUMENTATION MO. 	3840nA-5031..00  

100 	 200 
METERS 	 ' 041000 N OMIMATOR 	PCP ... 

"I'm!'" WRM I.AR June 1999 - ‘ 	- 	-- 	 __. . 	_ 



MW 2006 

A MW S003 

1.043.onn N 
MW-2013 

1 7, 
MW-S004 I4W  6̀  
utter _ 1411W7480T"'. 

MW-4007 W-2011 

100 
METERS 

MW-2003 

ciiffirrate 
Pa No.1 

—MW-3013 

MW-3827 
-MW-3828 

MW-203 

MW-201 

1,(142.0fid N 

// 

MW-2013 \ 

LEGEND 
• Monitoring Well Location 

— Top of Bedrock Contour 
(Elevation in lest above 
mean sea level) 

x — Chemical Rant Boundary 

BEDROCK TOPOGRAPHY 

TASK MO 852 
ORIGINATOR PCP  

FIGURE 2 

immaminAlifiN 11°.  3840TM-5031-00 
°R"'""sY WRM 	rat June 1999 

• 

• 200 . 0  

0 100 700 
FEET 



R 4 (14,, 

ATTACHMENTS - BOREHOLE LOGS 

MKES Doc. No. 
9 	 3840-Q:HG-K-05-5712-00 



0 M 0 R R I S 0 N KNUDSEN CORPORATION 
ENVIRONMENTAL SERVICES GROUP 

BOREHOLE LOG 

Sheet 	of 	Z- 
Protect Number. 

kJP-47(0, 	/ es 	/ 
Hole Number 
i. _a:4 - /-7 	• 

Protect: Location:  

A/K) . (eva&-e or 77501 -TZE 	5Oveu= 	,1-0JUb-1  la7rn 0^) 
Coordinates: 

/' 410/ 60 . 7 Al 	75-3 ,5-72 . 4 £ 
Drilling Contractor 

6retr- 	H Al oi_o6A-7 
Drill Make and Model: 

rimes- SS 	R71/ P✓ oc/N -r-  
Dep h Top of Rock: 

— 4-1 
Depth Casing & Size: 

nIAL 
Hole Size: 

0. 5- ' 
Elevation: 

o GG 1-6 
Angle from Vert. and Bearing: 

I/Ex-non 	(o ") 
Depth Bottom of Hole: 

49' 
Water Levet: 

NA 
Fluid & Additives: 

NA 
Oate Start: j  

2-1 1119 9  
Date Finish: 	. i  

zln /4m 
Logger: 

N. 3055 

E
LE

VA
T

IO
N 

D
E

PT
H

 
B

EL
O

W
 

SU
R

FA
C

E 

SAMPLE sTANDAno 
mamma*  

TUT 
RESULTS 

SOIL. DESCRIPTION 

'S
Y

M
B

O
LI

C 
L

O
G

 

0
0
w
  

w
o

w 
2  

„K
 

7
.
 
 

c  c  
CD  0.

  
CD

  
I

D  

°
 

CD
  3

  
ia

  2
  -0

  

CD
  

6.
  

c
  cn  
-
  

o
  (I)  

co
  i

v-13
  

0
 0

  a 
a  

(9,- 
C  

(4?  
o

  
0

 
0

  y.
  tr
i  

7
 7  _, 4 

11 LL, 
z_  TY

P
E

 & 
N

U
M

B
E

R 

R
EC

O
VE

R
Y 

6' -6' -6' 
1N) (N) 

) 

..:., 
4 4 

N4- 

10-2.c) .5- ■ //,/ an Y; owl. (a/ bee f I l ie/ 5  A .,t4 fia.r)  /, /tic Pi!)  sori 9 /4-11 '4- 
.' /Li/ .5.-,--.;" ✓  s io4(..; -I-, 	s..b...,i(4.4.4, Is  jr  ,,,...4j 	a....i.r_5 It., yew  

CL 	vivo Deit"'j init)0/ s-44---)F-,  CI  V 11  4") 
fz.s-- s: 0.) S. 14ii  Clan/ j ` ik.)5,1_„.."1 "Lao ; filitt-5/650•4 d- e..4) 

	

0 L. -4. 5✓  b4.4-"d- Is ,) ,...,J e es-r-If 60. . 	C )o.vje..-4:4—erz(es-v)ers-ly; 

	

(4.kverelL4-4 ( cove-f(444.4d ) j .4/ 	02..m.4...i refs....1(F ...4. 

F 
c3 

51-C )44 

(S-7S) 	5.-c.c..- 0 - Z.S' 

el. 

0 L. 	(7 5-- 9s) 5; Ai  Ct-4-4f 5 bli).)sl- 0,44.1 plao)it 61.4-..si /7 I  j 5m7 4 ( 44173-4'1  
fitt.c."-t-).  

MI- 	VW Ituje,,,,k...„. i ; (..,(.._ 	c 	AL-1-ve 7177,26,4_j 
ID — 

' 

51s 
". 

' 	(as-10Z ) 	all...4a. 	1114 	rd brA 	.2, HI:tt..C 1,--/ 	1040/-41 	H 	4, 

	

.) 	) ,,4 ela., 	j 	sr 	; 	el 
\..5,---r) ') di,,,...) - !... -/ j il dey'r,- 	rc_0(/ ;, la...L. j 	IcQ214 	? j 	-,4,/...-, re e r.---... 5,117 

	

10,3- Z 2) 	cut- y , 	„,0 Hcf,4i te15/ri !// 	' 	kit.- 	Lt4.6 ' 

	

) 	 ' 	)1/ ) 	e 	i ,, 5, /7L)  
47 	I, 	, 

	

 / ) 	*' 	so h 
	t4e : ( a 41 	- t )) l) 5-4./1

)
,/Lur  • 

	

110 orb-I ) Mn/ 01 	flu.. 	
) 

S 	j 	*-- OA r trick.&2, 

CH 

, 	— 
----- 	 • — - 

19  

• 	-4 

- 

- 

14- 

51r tjt, 

ZC 

- 

2_c 

l e) 

24-  

N A  , 	. 
i , 	, 	, ' 	- 	•• 	(-,-',i. 	1% 'IL'', 

1 
ti, 

- 7 - u._[,i 	. 2. , r 	- 	^ 1; 



Shee •  2 	of  Z  
Propect Numper. 
tae-474. , 74-st /3 
Hob Number 

77.1/9 — 

MORRISON KNUDSEN CORPORATION 
ENVIRONMENTAL SERVICES GROUP 

BOREHOLE LOG 

Protect: 
14--  So UILE .11,/c..5-7 I eret-rronl 

Location: 
N aJ etrIC4.V.12- F r511 

STANDARD 
PENETRATION 

TEST 
RESULTS 

11"4"-6" 
(N) 

SOIL DESCRIPTION 

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

SAMPLE 

z 
O su 	—1 

• > 4 

▪ 

xOu- 
3 4 EL > 0— 	4u J a w  ... la  1 i— _I =  tu o co in 

CC ea 41 
100  a. 2 a.= z 

CC 

0 

CC 

0 
2 0 0 

-J 

(zz--is) 	CurV rd b,,i Aped plan; saKes ,-1-1_3 _ 
fie. thy ) fite- 	 11,  1-t-61) soba- 54.""efi 47.' A  ttir.44) - 11/4-4144(.41  9,uu1LJ (  45  541-r)  daufi oh-V) 0100r - 

■.1 
52.5 JA 

30 

MMI 

Zy  
2 e1 

CL 
34 

CO 5/5- 
F44  

31 

39 

44 

c LAY r  u., C1 44. 
(4.5'49) Clay 

5cikt. A3  ")) 
Q. 41 1 J

3 

 5ob 
- 	o y 

644.11E C; 	- tra y  eAke-1 s leivevei 	_ 
f 	) ((Ai ntaivy:(dbirr)  

- 3u Seeu.sci irAt<i eitoz.41,  'tied itud-42.,/tel _ N4 Gc 
41 

t-4 	44-;1' b 	dot 4 	; Sao-141/(4-144d- 
t-ed, 

	

,4,70(4-ce-e13414-d.,1, 	qzt.r, 

	ee-i)ef -4-4 	Piz) 	, 
Nohow 



0 MORRISON KNUDSEN CORPORATION 
ENVIRONMENTAL SERVICES GROUP 

BOREHOLE LOG 
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©MORRISON KNUDSEN CORPORATION 
ENVIRONMENTAL SERVICES GROUP • 

BOREHOLE LOG 
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BOREHOLE LOG 
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MORRISON KNUDSEN CORPORATION 
ENVIRONMENTAL SERVICES GROUP 

BOREHOLE LOG 

Sheet S.1 	of ?./  
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Name, Gradation or Plasticity, Particle Size Distribution, 
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Soil Structure, Mineralogy, USCS Group Symbol 
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MORRISON KNUDSEN CORPORATION 
ENVIRONMENTAL SERVICES GROUP 

BOREHOLE LOG . 
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BOREHOLE LOG 
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