
Table F-3
CONCENTRATION DATA: SOIL 20-3 pH MANIPULATION

(mg/L, except as noted)

LC20-3 DETECTION LIMIT NOMINAL pH

3,52.0 2.5 3.0 4.0

454 433 420 280Eh (mV) 450
10 .2 2.87 0.71A1 0.03 113 40

0.01As
0.092
0.096

0.09 0.082
0.047

0.06 0.081
0.173

0.02B
0.372 0.0660.002Ba

0.48 0.120.480.04 0.520.05C
17.431 28.2 23.631Ca 0.01

Cd 0.0001
166.35
0.0194

0.0487

88.7 35.69Cl 0.15 804.31 328.04
0.2663 0.0672

1.218 0.7317
0.0005

0.005
Cr

0.0066Cu
0.35 0.33 0.25 0 . 10.05F 0 .1

45.5102 61.6 30.40.005 82Fe
pH units
(ACTUAL) 3.15 3.51 3.93 4.33 5.58

16.3 14.221.9 12.2 10.90.1K
0.063 0.044 0.0280.005 0.173 0.098Li

32.6 7.1 3.7 2.7 1.90 .1Mg
3.21 1.97 0.7920.005 4.21 1.19Mn

0.09 0.070.01Mo
2.53 2.43 2.4 2.370.03 2.28Na

0.02 0.09 0.05 0.03 0.03Ni
0.3 0.170.19 0.12P 0 . 1

56.52 60.25 63.63 67.470.15 74.7S04
11.2 8.680.02 58 20 6.86Si

1.05 0.571
0.197

0.246
0.131

0.002
0.005

0.842
0.205

0.39Sr
0.489 0.122Zn
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Table F-3
CONCENTRATION DATA: SOIL 20-3 pH MANIPULATION

(mg/L, except as noted)

LC20-3
5,0 5.5 6.0 6.5 7.04.5 7.5

Eh (mV) 267 137 106 70 61 55 33
0.05A1 0.15

As
0.077
0.044

0.063
0.036

0.065
0.032

0.055
0.044

0.059
0.042

0.052
0.035

B 0.083
0.053Ba

0.2 0.2 0.44 0.2 0.44 0.72C 0.16
6.73 2.87 1.8810.9 2.44 2.06 1.36Ca

Cd
Cl 10.77 4.4 4.06 4.88 4.15 4.1719.5
Cr
Cu

0.02 0.03 0.01 0.15F 0.04
7.58 1.77 0.86 0.022 0.054 0.00915.5Fe

pH units
(ACTUAL) 4.69 6.37 6.49 6.7 7.28 7.41 7.82

83.1 98.6 125 119 13340.4 61.1K
Li 0.016 0.008

0.75 0.32 0.26 0.17 0.2Mg 1 .2
0.0670.343 0.181 0.157 0.034Mn 0.562

Mo
3.14 3.13 3.112.66 2.83 2.95Na 2.51

Ni
0.15 0.15 0.14 0.12 0.140.11P 0 . 1

92.38 106.97 150.35 122.18 142.74 158.1
0.713

0.042
0.044

82.2S04
1.08 1.224.15 2.52 1.98Si 5.32

0.062
0.082

0.069

0.053
0.199
0.045

0.095

0.067
0.08Sr 0.277

0.116 0.074Zn

F-12



Table F-3
CONCENTRATION DATA: SOIL 20-3 pH MANIPULATION

(mg/L, except as noted)

LC20-3

8.0 8.5 9.0 9.5 10.0 10.5 11.0

Eh (mV) 20 -24 -103-26 -55 -87 -166
A1 0.04 0.091 0.18 1.63 9.730.33 25.5
As
B 0.051

0.034
0.048
0.011

0.049
0.004

0.0970.053
0.005

0.073 0 .1
Ba
C 1.2 1.64 12.282 2.84 5.32 6.64
Ca 0.76 0.43 0.15 0.020.07 0.02 0.04
Cd
Cl 4.63 4.89 4.22 6.195.47 6.17 6 .1
Cr
Cu
F 0.3 0.37 0.5 1.610.68 1.34 1.51
Fe 0.018 0.011 0.016 0.2260.102 0.034 0.026
pH units
(ACTUAL) 7.73 7.71 8.2 8.97 9.77 10.18 10.81

K 145148 153 162 258185 376
Li
Mg
Mn
Mo 0.01 0.02
Na 3.11 2.97 2.91 2.8 2.03 1.47 1.31
Ni
P 0.26 0.37 0.53 0.73 11.5 17.54
S04 172.4

0.542
0.024
0.043

166.5
0.498
0.012
0.007

193.48 181.02174.19
0.485
0.004
0.046

178.92
0.536
0.003
0.012

180.5
0.678Si 1.87 4.84

Sr
Zn 0.01 0.012 0.041
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Table F-3

CONCENTRATION DATA: SOIL 20-3 pH MANIPULATION
(mg/L, except as noted)

LC20-3
12.0 N-1 N-211.5 N-3

Eh (mV) -179 -182 -73 -65 -49
45 82 0.24 0.24A1 0.28

As
0.108 0.11 0.073

0.044
0.082
0.039

0.078B
0.04Ba

8.48 10.48 0.24 0.28 0.36C
11.2 12.7 12.70.03 0.08Ca

Cd
3.97 3.87Cl 6.24 4.38 4.29

Cr
Cu

1.36 0.83 0.07 0.04 0.06F
0.093 18 20.8 19.80.463Fe

pH units
(ACTUAL) 11.56 7.5412.08 7.43 7.47

12.4580 1020 13.3 12.2K
0.017 0.019 0.019Li
1.25 1.4 1.42Mg

0.501 0.563 0.561Mn
0.140.08Mo

2.26 2.22 2.31.36 1.96Na
Ni

26.3 0.1922.8P
74.87 84.14184.26 183.28 84.44S04

9.13 22.8 5.47 6.04 6 .1Si
0.161

0.063
0.164
0.096

0.163

0.088
Sr

0.014 0.013Zn
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Table F-4

CONCENTRATION DATA: SOIL LC12 pH MANIPULATION
(mg/L, except as noted)

LC12 DETECTION LIMIT NOMINAL pH

3.0 3.5 4.02.0 2.5

689 663Eh (mv) 764 732799
0.27A1 78 20.8 6.380.03

0.01As
0.035 0.042

0.416
B 0.02

1.366.260.002 17.7 10.5Ba
0.24 4.680.120.05 0.08 0.08C
1.26 0.576

0.003
32.33

2.163.4 2.25Ca 0.01
0.0021
63.27
0.0007

0.0018 0.0026
283.27 148.91
0.0025 0.0005
0.114 0.0189

Cd 0.0001 0.0022
1042.75
0.023
0.0883

Cl 0.15

Cr 0.0005

0.005 0.071Cu
0.520.3 0.150.13 0.33F 0 . 1

26 0.871 0.11Fe 0.005

pH units
(ACTUAL) 3.02 3.91 4.311.94 2.56

8.9 11.3 4.10.1 17.7 11K
0.010.005 0.122 0.025Li

14.5 7.5924.5 21.30 .1 40.3Mg
0.8762.89 1.726.42 3.38Mn 0.005

Mo 0.01
1.181.07 1.291.240.03 1.18Na

Ni 0.02 0.11
0 . 1P

1.92 2.413.293.18 1.03S04 0.15
9.86 5.38 3.354.8 17.8Si 0.02
0.046
0.269

0.025 0.009
0.117

0.0540.075

0.812
Sr 0.002

0.005 0.190.35Zn
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Table F-4

CONCENTRATION DATA: SOIL LC12 pH MANIPULATION
(mg/L, except as noted)

LC12

5.54.5 5.0 6.0 6.5 7.0 7.5

Eh (mV) 635 622 593 587 574 569 569
A1 0.03
As
B 0.073

0.149
0.068
0.018

0.065

0.051
0.065
0.065

0.06 0.063
0.014

0.054
0.021Ba 0.068

2.92C 4.4 0.68 0.4 0 .8 7.28 6.6
Ca 0.327

0.0011
17.24

0.093 0.071 0.026
0.0008 0.0005 0.0008

0.071 0.019
Cd 0.008
Cl 1.32 2.53 2.55 3 3.52 2.3
Cr 0.0006 0.009

0.0232 0.0249

0.9 0.009 0.0006
0.011

0.0008
0.0085Cu

F 0.12 0.04 0.04 0.17 0.05 0.05 0.09
Fe 0.018 0.0090.013 0.267 0.006 0.007 0.007
pH units
(ACTUAL) 4.65 5.08 5.35 5.45 5.62 5.73 6.05

K 3.8 1.4 5.9 6.2 10.8 7.3 9.7
Li
Mg 3.88 0.58 0.45 0.23 0.36 0.1 0.11
Mn 0.693 0.084 0.48 0.055 0.038 0.009 0.01
Mo

1.17Na 0.88 1.12 1.18 1.24 0.78 0.89
Ni
P

3.65 5.64 13.38 7.82S04 15.39 6.72 11.78
Si 2.52 1.8 1.54 1.43 1 .1 1.05 0.81

0.005

0.102

Sr
0.055Zn 0.07 0.052 0.064 0.036 0.033
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Table F-4

CONCENTRATION DATA: SOIL LC12 pH MANIPULATION
(mg/L, except as noted)

LC12

10.510.0 11.09.0 9.58.0 8.5

459 448517 476Eh (mV) 556 546 486
10.10.57 4.470.17 0.55A1 0.06

As
0.077
0.005
13.04

0.065
0.008
14.36
0.033

0.074
0.005
32.48

0.065
0.007

0.061
0.061

0.051
0.016

0.046
0.006

B
Ba

6.48 8.64 4.16C 2.64
0.010.36 0.071 0.051

0.0007
Ca 0.028

0.0006 0.0022 0.0007 0.002Cd
3.38 2.453.59Cl 3.55 4.5 2.673.92

0.0085 0.01860.0101
0.008

0.008

0.011
0.0013 0.0035

0.024
0.0068

0.007
Cr
Cu

3.14 2.552.151.25 1.860.11 0.33F
0.026 0.0150.0350.2370.023 0.04Fe 0.01

pH units
(ACTUAL) 6.25 10.38 10.739.538.16 9.056.89

10426.5 51.817.3 18.4K 14 12.2

Li
0.32Mg 0.18

0.007 0.007 0.0060.008 0.0240.014Mn
Mo

0.76 0.870.90.88 0.711.09 0.85Na
Ni
P

19.74 26.6118.4513.48 11.7S04 17.49 12.32
1.17 2.610.410.52 0.41 0.540.76Si

Sr
0.012 0.0180.0920.044 0.022 0.0920.055Zn
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Table F-4

CONCENTRATION DATA: SOIL LC12 pH MANIPULATION
(mg/L, except as noted)

LC12

11.5 12.0

Eh (mV) 429 339
AI 28.8 83
As
B 0.079 0.09
Ba 0.005

141.6
0.067

0.0005

C 39.04
Ca
Cd
Cl 2.54 4.44
Cr 0.0186

0.017
0.0257
0.024Cu

F 2.42 1.96
Fe 0.027
pH units
(ACTUAL) 11.3 11.94

K 295 1090
Li
Mg
Mn
Mo
Na 1.22 3.54
Ni
P
S04 29.11 39.63
Si 10.8 36.7
Sr
Zn 0.022 0.03

F-18



Appendix G

MONITOR WELL LOGS





Well Id: LMW-01 Borehole Id: LC-03 Pagel of 1
Depth
Below Core

Intervals
Well
Construction Geologic DescriptionLithologyLend

Surface (ft)
Top of Casing 668.035 ft

0 Land Surface 666.2 ft

Saprolite/Fill - - yellowish-red
silty clay, abundant mica

5

ns®Xmm
Saprolite/Fill -- orangish-yellow
silty sand, trace amounts of mica

33
Oo w.
0»CB

Saprolite/Fill - - dark brown
pebbly- sandy-silty-clay10

¥
Saprolite/Fill - - light brown silty
clay, abundant mica

15
zs

1m Alluvial Deposits? -- light brown
pebbly-sandy-silt *

tr.

||f11 c~.
inp Alluvial Deposits? -- light brown

silty clay to sandy-silty-clay

Alluvial Deposits? - - light brown
sandy silt, abundant mica with
trace amounts of clay

20

1m
25

30

35

L 1
0 2 4 6 8 10
Diameter (inches) GeoTIrans,me

G-3



Borehole Id: LC-04Well Id: LMW-02 Page1of 2
Depth
ielow
Surface (ft)

Core
Intervals

Well
Construction

Geologic DescriptionLithology

Top of Casing 887.890 ft

Land Surface 696.4 ft0

5

Fill - - dark brownish-red pebbly-
sandy-silty-clay, abundant mica

10

15
3 3
O O
o 05

20 Fill/Soil -- greenish-brown silty
clay, trace amounts of sand and
mica

25
Fill brownish-red pebbly-silty-
cl ay

30

Saprolite/Fill -- dark red silty
clay, extremely micaceous with
trace amounts of mafic minerals

35
j

0 2 4 6 8 1 0 GiST .Diameter Cinches) me

G- 4



Well Id: LMW-02 Borehole Id: LC-04 Paoe2 of 2
Depth Well

Construction
Core
Intervals Geologic DescriptionLithology

and

- 35

sS
1Mmgp
IPSM

h 40

1 brownish-greenish-Saprolite?
black sandy silt, abundant mica;
gravel layer at 43 feet.“Utx.

Auger Refusal- 45

L I I i
0 2 4 6 8 10
Diameter (inches) toe.

G- 5



Well Id: LMW-03 Borehole Id: LC-05 Pagel of 1
Depth
Below
Land , %Surface(ft)

Core
Intervals

Well
Construction Geologic DescriptionLithology

Top of Casing 697.504 ft

0 Land Surface 694.5 ft

5
cs*.-

Saprolite - - reddish-brown clayey-silt, abundant mica

*-=

10
3 3 =O o
o> 03

33...J—

Hart**
15

Saprolite - - reddish-brown sandy-
clayey-silt, abundant mica¥

5
20

j£

Saprolite -- dark brown to
blackish-greenish-brown clayey
silt, abundant micaIill!«*t»

*
25

Saprolite - - grayish-green silty
clay, trace amounts of mica
Auger Refusal

30

35

0 2 4 6 8 1 0
Diameter (inches) GeoFtram,me

G-6



Well Id: LMW-04 Borehole Id: LC-08 Page 1 o f 2
Depth
Below
Land
Surface (ft)

Core
Intervals

Well
Construction Lithology Geologic Description

Top of Casing 695.737 ft

0 Land Surface 694.2 ft
r *

m
5 Fill - - dark brownish-red pebbly -

sandy-silt, abundant mica and
boulders

r j-*r

rsr»

~V >-

10 w-

15 3
O
a

Saprolite/Fill ? - - reddish-brown
clayey silt, abundant mica,
ancestral foliations present

20 X

25

30

Saprolite/Fill? - - reddish-white to
reddish-gray silt with trace
amounts of clay * abundant mica,
ancestral foliations present&35 f&&&&&#

0 2 4 6 8 10
Diameter (inches) GeoTIrartt.inc

G- 7



Well Id: LMW-04 Borehole Id: LC-08 Page2 o f 2

Core
Intervals

Well
Construction Geologic DescriptionLithology

Land
Surface(ft)

r 35

| Partially Weathered Bedrock,
5 Schist/Gneiss
" Auger Refusal

L 40

3

0 2 4 8 8 10
Diameter Cinches) GeoTIr3rts,3nc

G -8



Well Id: LMW-05 Borehole Id: LC-09 Page 1of 1
Depth
Below
Lind
Surface (ft)

Core
Intervals

Well
Construction Geologic DescriptionLithology

Top of Casing 694.916 ft

0 Land Surface 693.2 ft

j§i§§|
5

Saprolite -- reddish-brown to
brownish-red clayey silt, abundant
mica

10
!r=

l£

l3 315 o o
fe-cs ’-C

Saprolite - - brownish-gray sandy-
clayey-silt, abundant mica, a few
weathered quartz- feldspar veinsMS

20 Saprolite - - grayish-brown clayey-
sandy-silt, abundant mica

L.*?"a

Saprolite - - brownish-gray to
whitish-grayish-brown clayey silt,
abundant mica25

ess jr JC

Saprolite - - whitish-grayish-brown
clayey-sandy-silt, abundant mica

30 MUpi
/ 1' / > > ': Partially Weathered Bedrock- -Gneiss,

brownish-black, abundant mica

Auger Refusal

< /

i v < »,

/ '/ i'» / ' /. ' ' ~ ' ~

35
1 iI

0 2 4 e 8 10
Diameter Cinches) GiST08

flram,tnc

G- 9



Well Id: LMW-06 Borehole Id: LC-10 Page 1 o f 1
Depth
Below
Land
Surface (ft)

Core
Intervals

Well
Construction Geologic DescriptionLithology

Top of Casing 695.708 ft

0 Land Surface 693.7 ftwsk

5
Saprolite - - reddish-brown to
brownish- red clayey-silt, abundant
mica

3 3
O o
cs cs

~ —3

10 si

sr-

¥%
is

matn=tg
=

15 mm Saprolite - - brownish-gray sandy-
clayey-silt, abundant micait®i® Zzy.

2 0

25

30

35

0 2 4 6 8 10
Diameter (inches) GeoT"

Irans,me.

G -10



Well Id: LMW-07 Borehole Id: LC- 12 Page 1 of 2
Depth
Below
Land . .Surface (ft)

Core
Intervals

Well
Construction Geologic DescriptionLithology

Top oi Casing 695.495 ft

0 Land Surface 693.7 ft.4

E5
c:

P~

5

— V. ‘

Saprolite -- brownish-red to brown
clayey silt, abundant mica

10

W2? —
¥ 315 3 oo

CDO

3
O»

o

20
Saprolite - - grayish-white silt,
abundant mica, highly weathered
schist

25
SSSIbfc

Saprolite -- brown clayey silt,
abundant mica

30 Saprolite -- light brown clayey-
sandy-silt, abundant mica
Auger Refusal

Partially Weathered Bedrock- -Gneiss/Schist, Alternating hard and
soft layers

ftp!n
,/ ** * » -.* * -35

II I JI

0 2 4 6 8 10
Diameter (inches) GeoTwarn,tme

G-l l



Well Id: LMW-07 Borehole Id: LG- 12 Pag© 2 o f 2
)©pth
ielow
Surface (ft)

Core
Intervals

Weil
Construction Geologic DescriptionLithology

35 \ \x%t 4
« \\ X 4/ /

, x * t

x4
x x

* '* # '4 4
\x x x

» \
<* v

* % 4 4

X
J 2 + io ©

x %N 44 4BS Unweathered Bedrock--Gne1ss/Sch1stX* 1* * ^ 4 * 4
X

* t 440 X / # *4 4 4 $ 4
XX\ X

\ / ' / / 1/ * ' / 'XXX f4 4

\ X4 44 44 4

3> ^ X X
4 i

xXfm
&0

4

4 4

& I:7

I&

I

X
4

XX 4 4 * 4 4 X4 * 4 Water producing fracturesii_
i

=|

X XX 44

4 * 4 4 4 4 2 . 4 445 X XX X/

77'/,'
X X/ / #/

X 7,',',/ 4 4
» A/

',» X

X X X/ 4

< ' /
'
/ '~''m 4 4 S 4

- 50

i j
0 2 4 8 8 10
Diameter (inches) GeoT

inns,tinc.

G-12



Well Id: LMW-08 Borehole Id: LC- 1 1 Page 1 o f 2
Depth
Below
Land
Surface (ft)

Core
Intervals

Well
Construction

Geologic DescriptionLithology

Top of Casing 695.923 ft

0 Land Surface 696.4 ft
Fill - - grayish-white sandy gravel

Saprolite/Fil1 - - brownish-red
clayey silt, abundant mica, trace
amounts of sand; boulders encoun-
tered at 6 feet

i

5

Saprolite - - dark red silty clay,
abundant mica

10

15 -=r -r-

3 3
O O
CB ca

20

Saprolite - - orangish-red to brown
clayey silt, abundant mica, alter -
nating hard and soft layers

— -

2 5 Z-r

m
—-

30 ¥
sm

ks
c=

s-sebe35

0 2 4 6 8 10
Diameter (inches) rarw.inc

G-13



Well Id: LMW-08 Borehole Id: LC- 1 1 P a g e 2 o f 2
Depth
Below
Land
Surface (ft)

Core
Intervals

Weil
Construction Geologic DescriptionLithology

- 35

IPism
1

*I K-
*|j Saprolite - - brown to black sandy
§j| silt, partially consolidated,p| highly weathered schist
**7 Auger Refusal40

i—i—i i i i
0 2 4 6 8 10
Diameter (inches) GeoTIrans, me.

G-14



Weil id: LMW-09 Borehole Id: LC-13 Page 1 of 2
Depth
Below
Land
Surface (ft)

Core
Intervals

Well
Construction Geologic DescriptionLithology

Top of Casing 689.789 ft

0 Land Surface 685.8 ft.3

5

a Fill - - reddish-brown pebbly-
sandy-clayey-silt, abundant micaS3

i1 0

o¥ (8
«

15
C

3 Fill -- reddish-brown clayey silt,
M abundant mica

3O O
CB 09 3

Fill -- reddish-brown, pebbly-
silty-clay, abundant mica

Fill -- reddish-brown silty clay,
abundant mica

2 0

T3
© Fill - - red clay

25 C
3
O
O
c &©

Fill -- gray silty clay, abundant
H mica

Fill ? -- gray clay, trace amounts
of silt and sand, small pieces of

30 I ^g^-M^vwood present in sample

IjS'SjggS Alluvial/Fill? -- gray clayey silt,
trace amounts of sand

SHI S
ammmm

lit®Lmp
Alluvial Deposits? - - gray pebbly-
sandy-silt, trace amounts of clay
Alluvial Deposits -- gray pebbly
sand, trace amounts of silt

W -J—
;

Q i% .
35

0 2 4 6 8 10
Diameter (inches) G^SLnS.inc

G-15



Boreho le Id: LC-13Wel l Id: LMW-09 Page 2 of 2
Depth
Below
Land , %Surface (ft)

Core
Intervals

Well
Construction Geologic DescriptionLithology

35
sali wmm Alluvial Deposits - - grayish- white

pebbly - sandy-clayey -silt

40

0 2 4 6 8 10
Diameter (Inches! GeoT • _

Irans, me.

G-16



Wei! Id: LMW-09 Borehole Id: LC- 13 Page 2of 2
Depth
3eiow
.and
Surface (ft)

Core
Intervals

Well
Construction Geologic DescriptionLithology

35
Alluvial Deposits -- grayish- white
pebbly-sandy-clayey-silt

- 40

*0 2 4 6 8 10
Diameter (inchea) ^® l̂rans,inc

G- 17



Well Id: LMW- 10 Borehole I d : L C- 1 4 Page 1 o f 1

Depth
3olow.and
Surface (ft)

Core
Intervals

Well
Construction Geologic DescriptionLithology

Top of Casing 676.982 ft

0 Land Surface 673.3 ft6 3̂

=

5 m

Fill - - reddish-brown pebbly -
sandy-clayey-silt10 m

c-:

3 3
O O 9CB ca

15 .M

BH
-v¥20 mm

mr~'»r-.

Alluvial Deposits ? - - brown silty
sand, well sortedS3

553&w£ssr3£
25

£

III
iRil®@t§
siWwm

Bi

Mi

Alluvial Deposits - - greenish-
brown clayey sandi30 Saprolite - - whitish-gray sandy
silt, abundant mica
Gneiss - - whitish-gray, highly

weathered

lllllll?

Auger Refusal

35

0 2 4 6 8 1 0
Diameter (Inches) *̂®°lrans,inc

G-18



Well Id: LMW-11 Borehole Id: LC- 16 Pagelof 2
Depth
Below
Land , .Surface (ft)

Core
Intervals

Well
Construction Geologic DescriptionLithology

Top of Casing 750.832 ft
*

0 Land Surface 746.4 ftillsmm.

mm5 Saprolite — red clayey silt ,
abundant mica

*“34n»

33o &cs
r" J*

‘'S—*
»

-Jss-Sag10

Saprolite - - light brown sandy-
clayey-silt
Auger Refusal%4

% % %94 9
^ 0

X X

xX 4 915 x X
0 #

** » / . * .
% %X \

0 9
X %

0 4 9
XX X »0 i* XI %

%X X ' 0

X4 0 4 04

' /X XX

»* ' 0 0 •* '% % *%

% %- 20
Partially Weathered Bedrock--
Gneiss/Schist?, white to tan,
alternating hard and soft layers;
fractured, abundant feldspar, quartz
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Well Id: LMW-11 Borehole Id: LC-16 Page 2 o f 2
Depth
Below Core

Intervals
Well
Construction

Geologic DescriptionLithology
Land , %Surface (ft)
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. ' X' t •„
* \ ' V * X

'x V x V '
a a

40 o o %

css a •• V /
Unweathered Bedrock- -Gneiss/Schist
white to tan, fractured, abundant
feldspar, quartz and blotite
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}
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Well Id: LMW-12 Borehole Id: LC- 17 Page 1 of 2
Core
Intervals

Well
Construction Geologic DescriptionLithologyLand

Surface (ft)
fop of Casing 752.032 ft

0 Land Surface 749.5 ftan
«mI8H8H

;2K2^if3*ir$S£

Saprolite - - orangish-red clayey-
sandy-silt, trace amounts of mica

5

10

Saprolite -- reddish-orange sandy-
clayey-silt, abundant micaX

3 3
&O o

c*CB15 ~
IS

Saprolite - - orangish-red clayey
silt, abundant mica20 ¥

—
L*=

!»-J

25 rC Partially Weathered Bedrock- -Gneiss,
brownish-grayish-white, abundant
feldspar

•3

Saprolite -- brownish-grayish-
white silt, abundant mica and mafic
minerals, trace amounts of clay,
feldspar/quartz veins presenta s30

itm
Saprolite - - brownish-grayish-
white clayey-silt, feldspar/quartz
veins present

j=n-f _

SMr* -35

L 1 l 1 1
0 2 4 6 8 10
Diameter (inches) Irara.inc
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Borehole Id: LG- 17Well Id: LMW-12 Page 2o f 2
Depth
Below
Land
Surface (ft)

Well
Construction

Core
Intervals Geologic DescriptionLithology
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m
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0 2 4 8 8 10
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Well Id: LMW-13 Borehole Id: LC- 18 Page 1 of 1
Depth
Below
kan.d IntervalsSurface(ft)

Core Well
Construction Geologic DescriptionLithology

Top of Casing 694.988 ft

0 Land Surface 693.7 ft

IISB
Saprolite/Fill? -- brownish-red
clayey silt, abundant mica- 5

m
a a MMo o

Saprolite/Fill? -- light brown
clayey-sandy-silt, abundant mica

o C8

10

a
Saprolite - - light brown clayey
silt, abundant mica&M

15 m~ 1

rii Saprolite -- light brown sandy
silt, trace amounts of clay

T ¥

1MH
i

piMMM

Saprolite - - gold to reddish-brown
clayey silt, abundant mica, trace
amounts of sand, ancestral foli-
ation and feldspar/quartz veins
present in samples

20

itsmm

I HIiff!hilii

mm
25 I

Partially Weathered Bedrock--6neiss,
feldspar and quartz veins, trace
amounts of mica
Auger Refusal

* •2 * * 1* *

m 0 • * i

0 0

30

35

1 J
0 2 4 6 8 10
Diameter (inches) GeoT*

IraavLinc.
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Well Id: LMW-14 Borehole Id: LC- 19 Page1 o f 1
Dmth

ow
Land e %SurfaceIff)

Cor ©

Intervals
Well
Construction

Geologic DescriptionLithology

Top of Casing 727.789 ft

¥ 725.0 ftLand Surface
Ash - - gray clayey-sandy-si1t

0 5
Ash - - gray pebbly-silty-clay,
abundant pebble size coal rejects
Ash - - gray to greenish-gray
pebbly- sandy-silt, varved layering
present in sample

4
* •

5

Ash - - gray silty clay to clayey
silt, trace amounts of sand33 O0

o;ca

10
Ash - - gray pebbly sand, trace
amounts of clay
Ash - - gray sandy siltmm

mm*x
15I Saprolite - - brownish- red silty

clay to clayey silt, abundant mica

X WM:

SSI!

II
2 0

Partially Weathered Bedrock- -Gneiss,
grayish-white feldspar/quartz veins
Auger Refusal

* /

- 25

30

~ 35

i
0 2 4 8 8 10 GeoTlram,mcDiameter Cinches)
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Well Id: LMW-15 Borehole Id: LC-20 1 of 1
Core
Intervals

Well
Construction Geologic DescriptionLithologyLandSurface(ft)

Top of Casing 727.478 ft

¥0 gsgggsaaas Land Surface 725.0 ft
Ash - - gray clayey-sandy-silt
Ash - - gray pebbly-silty-clay,
abundant .pebble size coal rejects
Ash - - gray to greenish-gray
pebbly- sandy-silt, varved layering
present in sample5

3 3© o
SB

Ash - - gray silty clay to clayey
silt, trace amounts of sand

10
Ash - - gray pebbly sand, trace
amounts of clay
Ash - - gray sandy-silt—MBSmm

1I Jit
mmmm

15

I Saprolite - - brownish-red silty
clay to clayey silt, abundant mica

20

- 25

30

35

j* t
0 2 4 6 8 10
Diameter (inches)

G -25



Well Id: LMW-18 Borehole Id: LC-21 Pag© 1 of 1
Depth Core

Intervals
Well
Construction

Geologic DescriptionLithology
and

fop of Casing 694.617 ft

Land Surface 693.5 ft0

g®8§SS

Saprolite/Fill ? -- red to brownish-
red sandy silt, trace amounts of
mica and claym5

10 33
O O

jgt
CO CO

Saprolite - - light beige to
brownish-red silty clay to clayey
silt, trace amounts of sand

15

Saprolite - - light red silty clay,
sand and pebble size quartz and
feldspar fragments present in
samples20

Mr

I
mmmm m

b

Saprolite - - red clayey silt,
increasing clay content with depth

r .̂

?asa«
SSsftlsees25

Auger Refusal

30

35
I J

0 2 4 6 8 10
Diameter (inches) Irans,inc
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Well Id: LMW-17 Borehole Id: LC-22 Page 1 of 1
Depth
Below
Land
Surface (ft)

Core
Intervals

Well
Construction Geologic Description

top of Casing 694.332 ft

Lithology

0 Land Surface 691.6 ftMN®*«8
Fill - - reddish-brown sandy silt,
contains sand and pebble size
quartz fragments, slight increase
in clay content with depth

5

g»a3te

-

10 pastes

1 .W=ir?5gS-3=̂ S33
OO

3==“taa
f"

15

Saprolite/Fill - - reddish-brown to
golden-brown clayey silt, abundant
mica, trace amounts of sand, wood
fragments present at about 20 feet

• y.

20
.si.—

r LF-J

BHi
25

araari
&
&ZME®

1 m30

d~2gyg
—JE

Auger Refusal

35
i ji i
0 2 4 6 8 10
Diameter (inches) GeoT"

trans,me
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Weil Id: LMW-18 Borehole Id: LC-23 Page 1of 4
Depth
Below

kurfaca(ft)

Core
Intervals

Well
Construction Geologic DescriptionLithology

lop of Casing 824.722 ft

820.5 ft0 Land Surface

Mi
ESJS£-S32&5£8

Saprolite -- red sandy silt,
abundant sand size quartz fragments

5 Auger Refusal

/ *
/ '

Partially Weathered Bedrock- -6ne1ss,
gray to white, abundant feldspar and
quartz, trace amounts of mica10

* / »

WmmMiBi Saprolite - - golden-brown sandy
silt, abundant mica

15

Ia»
3
O

OS ZB
Partially Weathered Bedrock- -Gneiss,
grayish-white, abundant feldspar and
quartz, abundant fractures

0 0

20

s %
is \

IS Ns \ iiiirSi-WEStt

25
£m
I ns

sspspssfe

Saprolite - - golden brown to red
sandy silt, trace amounts of clayyr*2*5s.

£

1I30 mm
3-21—f.«#?-« rr7

5?

5OK

i«?S'

St
*a35
i

0 2 4 6 8 1 0
Diameter (Inches) GSoTarans,ime
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Well Id: IMW-18 Borehole Id: LC-23 Fag© 2of 4
Depth
Below
Land , %Surface(ft)

Core
Intervals

Well
Construction Geologic DescriptionLithology
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Well Id: LMW-18 Borehole Id: LC- 23 Page3of 4
Depth
Below
Land
Surface ( ft)

Core
Intervals

Well
Construction

Geologic DescriptionLithology

70 'SI
X

L
££
£i

Sr

&
rS x

X

2K %

A
&£3 x

in %

1 o

75 5T a
£ > > ' < / ' /»s;
7- N

S- ££ Gneiss - - alternating hard and soft
layersSK as

i f f

I V
inr'W 7* X

80
|
I V

tS?r-cr
M- is

1«.S5 ss
£ V ' X X

-US«>sS-4v-

7M

I
85 1

a
.Vr-

Gneiss - - increasing biotite
content
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Well Id: LMW-18 Borehole Id: LC-23 Page4of 4
Depth
Below
Land
Surface (ft)

Core
Intervals

Well
Construction Geologic DescriptionLithology
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Well Id: LMW-22 Borehole Id: None Page of

Depth
Below
kurface (ft)

Core
Intervals

Well
Construction Geologic DescriptionLithology

Top of Casing 726.89 ft

Land Surface
Ash — gray clayey-sandy-silt
Ash - - gray pebbly-silty-clay,
abundant pebble size coal rejects
Ash - - gray to greenish-gray
pebbly-sandy-silt, varved layering
present in sample

725.0 ft0

-V’-
A

w5

10

15

2 0

25

30

35
j

0 2 4 8 8 t o
Diameter Cinches! GeoTIrara.sinc.
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Borehole Id: NoneWell Id: LMW-23
Core

kan> IntervalsSurfacBtft)

Well
Construction

Geologic Description

Top of Casing ?

Land Surface ?0

Alluvial Deposits? -- sandy silt

5
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20
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35
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0 2 4 6 S 10
Diameter (Inch© ®) i,‘me.
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Well Id: L M W-2 5 Borehole Id: L C-2 9 Page 1of 3
Deoth
Below Core

Intervals
Well
Construction Lithology Geologic Description

Land
Surface(ft)

0 L a n d S u r f a c e »6 7 9 f t
U

Saorolite/Fil1?
silty-clayey -sand, sand size quartz
and mica.

reddish-brownrrl

csz

5 H
» —

eT-5WS
Sr:

¥
S5i10 V'—^S35

Sr
Saprolite/Fil l ? - - brown clayey -
silty- sand, abundant sand size mica,
trace shale fragments and orqanic
matter

zsz

iit

15 .rtitr

s&sr
Zh--.

33 oo
'-itiOJCD

20
r*

tr — -

ss

25
Srgffiy

a. • •
• 3

3 \r •
• • o. •

* '.O
^

30 - (7 *
9

3 Alluvium silvery-gray pebbly
sand, poorly ' sorted, angular grains

o ?
} .3 * .’ a -;

o -. 3
• a
, , J •'. . >,..a

>..a..
9 - >

35
! 1 1 If

0 2 4 6 a 10
Diameter (Inchea)l G«oT

lram.rm.
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Welt Id: LMW-25 Borehole Id: L C- 2 9 Page 2of 3
D e p t h
Below
Land
Surface(ft)

Core
Intervals

Weil
Construction Geologic DescriptionLithoiogyl

35 •O *..c:, - ;->
• .»• > .

3

a . "
•.«

3a

;.\o.v.y4, .V
i •

3 -
40

Mpl
Ml

ass?
T-
S£*T-I45
HHHH
£

inm
gfg-sssjlI 3 3

O50 o ite SJS*£3 Saorolite -- white to black to
yellowish-orange silty sand,
foliated, with quartz, feldspar,
biotite, amphibolite and
magnetite( ? )

rMo K325SSSG>

BRK
38®
®s5gps*ss»

55

.:rw~.

60 SSSSSssrsEsr

:3533'—•
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5t
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is&2*£mm70
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0 2 4 6 a 10
Diameter (Inches)
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WQ4I Id: L M W -2 5 8or*fto4e Id: LC-2 9 P«g <n 3of 3
o«otn
3«4ow
L-and^3urfic<(ft)

Cora
Intervals

Wei!
Construction Gooiogic DescriptionUtftoiogy

- 70 mmmm*:•
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§
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Pag« 1 of 1Well Id: Borehole Id: L C-2 4
Depth
B®k>w
kurtaco(ft)

Core
Intervals

Wei l
Constracifon

Geologic DescriptionLithology

Abandoned
Land Surface ~ 647 ± 4 ft

I Alluvium/Fill? -- reddish-brown
! silty-sandy-clay, fine to medium
I grained sand size mica

0

Alluvium -- olive-green sandy-silty-
clay interbedded with reddish-brown
silty sandy;clay, abundant organic
matter

lllilss
5

Alluvium -- black to olive-green
clayey -silty sand, sand is medium to
coarse grained, with quartz,
feldspar, amphibolite, magnetite ( ? )
and trace mica
Soil black to dark brown silty
sand, abundant organic matter

r-̂ r~ .TL

1

10 rrr - rr

-Tr.'•S*.

mM
Mi rHr»—

ST

r:“—•- *-
* Ip

15

SaDrolite -- white to black si l ty
sand, foliated, with biotite,
amohibolite and magnetite (? )it

g*gas20

' Refusal

25

30

35

ii
0 2 4 6 8 1Q
Diameter (inches) SVL

%

G -37



Weil Id: L M W-2 4 Borehole Id: L C- 2 5 Pag® 1 oi 1
Depth
Below
kurface (ft)

Core
Intervals

Weil
Construction Geologic DescriptionLithology

L a n d S u r f a c e ^ 6 5 6 f t0

iiggj
A11 uvium/FilL? -- reddish-brown to
yel lowish-brown s i l ty-clayey-sand ,
abundant medium grained sand size
mica

f.--
n

5 Tzmres*
i s*

Sm*-

a 3o o K> Alluvium -- reddish -yel low to
yel 1 owish -green si1 ty - pebbly- sand ,
poorly sorted , medium to coarse
grained sand size quartz and mica ,
t race organics

CJ ca10
-jrsr^Vs;

-J'L

Soi l ? -- dark- brown clayey-s i l ty-
sand , abundant mica1 5 msm Alluvium -- yel lowish-brown clayey-s i l ty-sand , angular quartz and mica
sand grains , t race mica , quartz and
feldspar pebbles , t race organics

>V

mm
r—r

mm
20 Saprol i te -- white to black s i l ty

sand , fol ia ted , with quartz ,
fe ldspar , biot i te , amphibol i te and
magnet i te ( ? ) , quartz phenocrypts
( 1- 2 cm ) present

W0&mmtm:
iSt
felllm

HiHI
Milmm*2 5

3 0

3 5

!

0 2 4 8 a 10
Diameter (inches) G^TIrara.r>c
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WATER LEVEL ELEVATIONS
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WATER LEVEL ELEVATIONS FOR LMW04, LMW08, AND LMW09
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WATER LEVEL ELEVATIONS FOR LMW01.LMW02. AND LMW10
o
CM
CD
CO

O LMW-02o
CD
CO

LxJ
Li
_

W* Z&
o

z <5o ^~ CD
<
25
bJIE _J O

CO
10co

cr

<
LMW-01

M-
inco LMW-10

o
II ICMm

Jan Feb Mar April May June July Aug Sept Oct Nov ,Dec Jan

1990

co

1989



WATER LEVEL ELEVATIONS FOR LMW17o
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WATER LEVEL ELEVATIONS FOR LMW16, LMW03, AND LMW13
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WATER LEVEL ELEVATIONS FOR LMW11o
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WATER LEVEL ELEVATIONS FOR LMW12o
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WATER LEVEL ELEVATIONS FOR LMW05, LMW06, AND LMW07o
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WATER LEVEL ELEVATIONS FOR LMW20 AND LMW18o
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SLUG-TEST ANALYSES
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SLUG-TEST ANALYSIS FOR LMW-03
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SLUG-TEST ANALYSIS FOR LMW-04
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SLUG-TEST ANALYSIS FOR LMW-08
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SLUG-TEST ANALYSIS FOR LMW-09
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SLUG TEST ANALYSIS FOR LMW-10
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SLUG-TEST ANALYSIS FOR LMW-11
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SLUG-TEST ANALYSIS FOR LMW-12
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SLUG-TEST ANALYSIS FOR LMW- 16
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SLUG-TEST ANALYSIS FOR LMW-17
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Appendix J

SOURCE APPORTIONMENT CALCULATIONS

A method to est imate the relat ive mixing of waters from different sources downgra-
dient of the ash pond is descr ibed in this sect ion . Three sources were considered
in this treatment : groundwater , ash pond water , and ash del ta water. Average com-
posi t ions of the groundwater and ash pond water analyses were used in the
calculat ions .

A source apport ionment approach was used to est imate the relat ive amounts of each of
these three water sources present in the well samples col lected between the ash pond
and the r iver . The chemical species which were included in these calculat ions were
selected on the basis that minimal losses or increases would occur due to inter-
act ions with the soi ls between the ash pond and the sampling points . Eight species
were ini t ia l ly considered , including chlor ide , total organic carbon , calcium, stron-
t ium , sulfate , sodium, potassium, and si l icon . Chloride was dropped from the l is t
s ince the well samples consis tent ly showed higher chlor ide levels than the concen -
t ra t ions in any of the source streams . The remaining seven species were then used
to regress the relat ive amounts of the three sources for each of the well samples.

An i terat ive , t r ia l and error rout ine was used to obtain a best f i t of the composi -
A set of equat ions was def ined for each well sample of the fol lowing mathe -t ions .

matical form:

S C . F ( J - l )= C
n i "s

where : = the concentrat ion of species , n , in the source , i

= the fract ion of source , i , in the well sample
= the concentrat ion of species , n , in the well sample , s.

C
n i

F
i

c
"s

A set of simultaneous equat ions was generated from the previous expression for each
well sample . The fract ions of each source , Fp were selected to minimize the abso-
lute value of rela t ive errors between the calculated concentrat ions and the measured
values such that :

J- l



2( c - C' )
n ns s minimum ( J - 2 )S

" ( Cn +Cn's s

= the calculated concentrat ion of species , n ,
in a part icular sample , s .

C ' = the measured concentrat ion of species , n , inns the sample , s .

where : c
",

The fract ions were also subjected to the conservat ion constraint that :

2 F = 1 ( J - 3 )

The resul ts of these calculat ions are summarized in Table J - l . These resul ts indi -
cate that most of the water at each of the sampling points comes from the ground -

water supply . In general , the c loser to the ash pond , the higher the fract ion of
ash pond water predicted for the samples . In the case of wel ls L - 5 , L - 6 , and L - 7 ,
the proport ion of ash pond water increases with the depth at which the sample i s
col lected . The calculated contr ibut ion of solut ion associated with the ash del ta i s
general ly quite low , but in general represents about 5 to 10% of the volume of most
samples .

The comparison of the measured concentrat ions to the calculated values i s also pre -
sented graphical ly . Figure J - l shows measured data versus the calculated values
along with a least square f i t l ine and a l ine represent ing a perfect f i t of the cal -
culated values . The graphs for the remainder of the samples are presented in
Figures J - 2 through J - 13 .

J -2



Table J-l

SUMMARY OF SOURCE APPORTIONMENT CALCULATIONS

Mixing FractionsChemical Species (mg/L )
Ash DeltaAsh PondGround WaterSiWell ID KSr SO. NaTOC Ca

0.020.130.842.7 12.074 45 4.48.3 11L -1 Meas.
Calc. 3.4 15.070 39 5.0138.8

0.100.360.542.0 170.21 145 9.830L -2 13Meas.
Calc. 4.7 130.18 149 6.2379.0

0.37 0.050.58100.14 87 9.2 2.319L -3 11Meas.
Calc. 4.3 130.15 82 6.1227.8

0.070.200.732.7 18114 9.724 0.1417L-4 Meas.
Calc. 154.0105 5.527 0.129.5

0.130.360.513.5 15150.31 17140L -5 15Meas.
Calc. 146.4 5.01910.1910 46

0.030.000.973.1 4.86.9495 0.01CL. L -6 10Meas.
Calc. 173.037 4.60.0410OJ

0.130.16 0.718.7 130.24 142 1272L-7 6.0Meas.
Calc. 9.56.0207 7.70.29487.4

0.080.140.78152.3125 140.14L-8 17 24Meas.
Calc. 165.3 3.90.11 1163010

0.040.390.573.9 6.90.14 77 9.617L-9 14Meas.
Calc. 124.30.15 6.120 727.5

0.050.400.552.7 100.15 9.227 7930L-10 Meas.
Calc 4.4 1285 6.20.167.7* 23

0.090.250.66123.5136 140.18L - 13 18 30Meas.
Calc. 4.3 155.80.14 1403510

0.100.250.653.9 15110.2 12237L -16 18Meas.
Calc. 155.8 4.40.15 15110 37

0.030.280.69128.20.12 58 E1413L-17 Meas.
Calc. 145.60.15 55168.1

E - Analytical Error Suspected
* - Species was not used in regression calculation
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Appendix K

QUALITY CONTROL RESULTS

Laboratory Quality Control

Almost all of the QC tests carried out in the laboratory fell within control limits,
but a few exceptions exist. The exceptions are associated with low concentrations
of a few analytes: ammonia, nitrate/nitrite, total phosphate, chloride and organic
carbon, usually with analyses carried out on samples collected during Event I.

Correlation coefficients fell slightly below the specified limits for Event I for
ammonia, total phosphate and total organic carbon (TOC). Correlation coefficients
also were below the control limit for one batch of the Event II samples analyzed for
ammonia and for nitrate/nitrite.

Chloride quality control check sample recoveries were below the control limit of 95
percent for three batches. Erratic recovery of control samples was experienced for
one batch of Event II nitrate/nitrite analyses.

Poor percentage reproducibility was observed for bromide, chloride, and sulfate pre-
sent at low concentrations. All bromide concentrations were near the analytical
detection limit and all chloride concentrations were low. Relatively high variabi -
lity often occurs at low analyte concentrations. Poor reproducibility for sulfate
was observed only at low concentrations. Sulfate concentrations ranged as high as
2000 mg/L and duplicate agreement was excellent for samples containing 10 mg/L or
higher concentrations. The high percentage differences observed at low sulfate con -

centrations should not present a problem in interpreting sulfate migration data.

A few matrix spikes were outside control limits for Event I analyses. Tests that
exhibited high spike recovery were: ammonia, bromide, chloride, and fluoride.
Matrix spike duplicate agreement was poor for ammonia for Event I.

With the exception of bromide, the analytes for which there were some laboratory
quality control shortfalls were not of major significance to this study,
could come from the boiler chemical cleaning waste, but all bromide concentrations

Bromide

K-l



The results of laboratory quality control tests associated with

analysis of chemical species of major interest to the codisposal study all fell

within pre-established control limits.

were very low.

Field Blanks and Duplicates

Field Blanks. Concentrations of all but three species were negligible in field

blanks. High concentrations of ammonia, nitrate/nitrite, and total phosphorous were

observed in field blanks either from Event I, from Event II or from both. Ammonia

concentrations in field blanks were high relative to measured ammonia concentrations

in other samples from both Event I and Event II. For each event , the highest ammo -

nia concentration measured in a sample was less than 3.5 times the field blank. The

total phosphate concentration in the field blank for Event I was higher than the

total phosphate concentration measured in most of the other samples . Only one Event

I sample had a total phosphate concentration greater than twice the concentration in

the field blank. The Event II field blank had a concentration of nitrate/nitrite

that was comparable to or higher than the nitrate/nitrite concentration in about

half of the samples analyzed.

The grass surrounding the ash pond was fertilized during Event I. It is possible

that a small amount of wind-blown fertilizer contaminated the field blank. The

grass was not fertilized during Event II, but again, some contaminant containing

ammonia and nitrate evidently entered the field blank. These high field blanks

indicate that the corresponding analyses should be considered to be approximate and

that the possibility exists that some of the measured values represent sample

contamination.

As indicated above, field blanks contained negligible amounts of the other chemical

species examined for this project and there is no reason to suspect contamination

Field blank results are given in Appendix C; for Event I the

field blank had the Sample ID L -050, and for Event II the field blank had the Sample

ID L -l l l.

for other substances.

Concentrations of all but four species agreed with each other in *
The four species for which agreement was poor in at least one set

Field Duplicates.
field duplicates.
of field duplicates were: ammonia, nitrate/nitrite, total phosphate, and total

organic carbon ( TOC ) . Nitrate/nitrite, phosphate, and TOC concentrations in field

duplicates agreed well for Event I but not for Event II. Field duplicate agreement

for ammonia was poor for Events I and II. For Event II, in the field duplicates

from downgradient well LMW - 03, significantly higher ammonia, nitrate/nitrite, total

K- 2



phosphate, and total organic carbon (TOC) concentrations were present in Sample ID
L-055 than in the field duplicate L-108. These data again indicate the possibility
of contamination with a material containing these species.
Pooled values for field duplicates and analytical duplicates for anions and ammonia
are listed in Table K -l and pooled values for metals are listed in Table K- 2. The
values in Tables K-l and K- 2 indicate that variability was higher for field repli -
cates than for analytical replicates. This is as expected.

Quality Assurance Results

Audit Sample Recoveries. Analytical results for aqueous audit samples are listed in
Tables K -3 and K -4. Recoveries for total dissolved solids ( filterable residue) were
99 percent for Event I and 49 percent for Event II. Recoveries for ammonia and
anions fell within the range 80 to 110 percent . Recoveries for elements measured by
atomic absorption spectrophotometry fell in the range 99 to 120 percent except for
magnesium with a very low recovery of 4 percent. Recoveries for elemental analysis
by inductively coupled argon plasma spectrometry fell in the range 95 to 110 percent
except for a low recovery for selenium of 30 percent.

Figure K -l illustrates measured and NBS certified concentrations for major elements
reported as oxides in NBS Standard Reference Material 1633, fly ash.
major elements certified by NBS were excellent except for sodium,

centration measured by Radian was about a factor of two higher than the NBS certi -
fied value.

Recoveries of
The sodium con-

Analvsis by two Analytical Methods. Figure K-2 indicates the results when silicon
in aqueous samples was analyzed by a spectrophotometric technique and by ICPES. All
but two values agree with each other. The spectrophotometric technique did not give
accurate results when the silicon concentration was very high.
Analysis by Two Laboratories. Table K-5 lists results obtained on four samples
measured in Radian' s laboratories and in Battelle' s laboratories. Large differences
between measurements made in the two laboratories were observed for carbonate, fluo-
ride for LMW-11 Radian sample ID L-048, nitrate/nitrite, and organic carbon. For
carbonate, pH changed between Radian and Battelle for L-040 and L-041. Chloride
concentrations were low and other data indicate a high variability for chloride.
Fluoride agreed fairly well except for sample L-048. Nitrate/nitrite concentrations
were near the detection limit for three of the four samples and the large percent
deviation would be expected for these samples. The nitrate/nitrite concentration

K-3



Table K- l

POOLED COEFFICIENTS OF VARIATION FOR FIELD AND LABORATORY DUPLICATES

Fie ld Dupl ica tes Analyt ica l Dupl ica tes
Coeff ic ient Coeff ic ient

of ofDegrees Degrees
ofVar ia t ion Var ia t ion of

( % ) Freedom mAnalyte Freedom

Not Analyzed70 3A1 kal in i ty 0

3 3 4Bromide 5

7 3 12Chlor ide 4

10 3 3Fluor ide 3

32 3 2Nitra te/Ni t r i te as N

Phosphate

4

337 2 3

39 5Sul fa te 8

2Tota l Inorganic Carbon

Tota l Organic Carbon

1 3 27

16 3 9 47

K -4
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Table K-2

POOLED COEFFICIENTS OF VARIATION FOR DUPLICATES
FOR ELEMENTAL CONCENTRATIONS

Fie ld Dupl ica tes Labora tory Dupl ica tes
Coeff ic ient

of Degrees Coeff ic ient Degrees
Var ia t ion of of of

Analyte Var ia t ion3% Freedom Freedom

Arsenic ( HGAA )
Bar ium ( ICP )

Calc ium ( ICP)
I ron ( ICP )

I ron ( FAA )
Magnes ium ( ICP )
Magnes ium ( FAA )
Manganese
Potass ium ICP

6 3
68 3 1 5

2 3
47 3 2

3
3

2 3
2.5 3
0 3 0

Potass ium ( FAA )

Selenium ( HGAA )
Si l icon ( ICP )
Sodium ( ICP )
Sodium ( FAA )

Selenium ( HGAA )

7 3 1 5

4 3
5 3
4 3
3 3 0 . 6 5

4 3

includes analy t ica l dupl ica te analyses on sol id samples .

K-5



Tab le K -3

AUDIT SAMPLE RECOVERIES FOR WATER ANALYSIS FOR ANIONS AND
FOR ELEMENTS BY ATOMIC ABSORPTION FOR L STATION ,

EVENTS 1 AND 2

Even t 1 Even t 2
Measu red/
True (% )

Measu red/
True ( % )P rope r ty

WATER QUALITY VARIABLES
F i l t e r ab l e Res idue 99 .3 49

ANIONS AND AMMONIA
Ammonia
Ca rbona t e
Ch lo r ide
Ni t r a t e/Ni t r i t e
Organ i c Ca rbon
Phospha t e , t o t a l
Su l f a t e

82
82

118
111

78 .4 100
100

99

ELEMENTS BY AA
Arsen i c , hyd r ide AA
Ca lc ium, f l ame AA
Chromium, g raph i t e AA
Coppe r , g r aph i t e AA
Lead , g r aph i t e AA
Magnes ium , f l ame AA
Po ta s s ium , f l ame AA
Se l en ium, hyd r ide AA
Sod ium , f l ame AA

100 100
100 80
100 99
100 110
110 NC
100 97

NC NC
100 120

NC FP

NC = Not Ca l cu l a t ed
FP = Fa l s e Pos i t i ve
AA = Atomic Abso rp t i on Spec t ropho tome t ry
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Table K -4

AUDIT SAMPLE RECOVERIES FOR WATER ANALYSIS FOR ELEMENTS BY
INDUCTIVELY COUPLED PLASMA SPECTROMETRY FOR L-STATION,

EVENTS 1 AND 2

Event 1 Event 2
Measured/
True ( % )

Measured/
True ( % )Element

A1uminum
Antimony
Arsenic
Barium
Beryl1 iurn
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Molybdenum
Nickel
Potassium
Selenium
Sil icon
Silver
Sodium
Strontium, ICPES
Thall ium
Vanadium
Zinc

NC NC
100 98
100 108

NC NC
96 102
NC NC

100 110
100 110

95 100
96 100
94 100
96 100

9599
NC 110
97 100

100 99
11099

NCNC
NC100
NCNC
NCNC
NCNC
NCNC
NCNC

10097
NCNC

NC = Not Calculated
FP = False Posit ive

K-7
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Table K-5

CONCENTRATIONS MEASURED BY RADIAN AND BY BATTELLE ON SPLIT SAMPLES

LMW-14
L-040

Battelle

LMW-15
L-041

Battelle

LMW-17
L-042

Battelle

LMW-11
L -048

Battelle
LMW-14
L-040
Radian
Value

Relative
Standard
Deviation

LMW-15
L-041
Radian
Value

Relative
Standard
Deviation

LMW-17
L-042
Radian
Value

Relative
Standard
Deviation

LMW-11
L-048
Radian
Value

Relative
Standard
DeviationPNL PNL PNL PNL

Units Value (%) Value (%) Value (%) ValueProperty (%)

WATER QUALITY VARIABLES
pH units 4.4 2.88pH(field) 4.2 2.74NC NC 5.8 6.7 6.1 7.05NC NC

ANIONS AND AMMONIA IN AQUEOUS MEDIA
mg HC03/L
mg Cl/L
mg F/L
mg N/L
mg C/L
mg S04/L

310 95.5Carbonate(TIC)
Chloride
Fluoride(Dir)
Nitrate/Nitrite
Organic Carbon
Sulfate(only)

53 256 22.4 84 119 35.6 54 264 117 39
2.3 3.9 26 2.4 3.8 23 5.7 6.3 5 4.3 7 24
1.7 1.59 3 0.52 0.72 16 0.082

0.07
0.033 0.22 74NM NC7*: 0.23 0.11 35 <0.05 0.15 0.12 25 2.9NC 3.1 3i

i—• 0.5 <0.5NM NC 0.4 1.6 0.4 60NC 4.6 0.6 77o
2060 2020 1 1200 1200 0 60 59 2.01 1.4 18

ELEMENTS IN AQUEOUS MEDIA BY AA
Arsenic 0.002 0.014 75mg/L <0.002 <0.00002 <0.002 <0.002NC NM NC NM NC

ELEMENTS IN AQUEOUS MEDIA BY ICPES
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

Aluminum
Barium
Boron
Calcium
Copper
I ron
Magnesium
Manganese
Potassium
Silicon
Sodium
Strontium
Zinc

9.1 9.9 4 12 12 <0.2 0.120 <0.2NC NM NC
0.02 0.025 11 0.01 0.012 0.829 0.872 3 0.14 0.143 1
<0.6 0.12 <0.6NC 0.33 0.90 0.99 5 <0.6NC 0.03 NC

430 470 4 190 200 3 11 11.4 2 9.1 9.5 2
<0.02 0.015 <0.02 0.013NC <0.02 <0.02

<0.04
NC NM NC NM NC

110 127 7 280 311 5 0.25 0.18 16 0.032 NC
64 70 4 18 20 5 9.2 9.7 3 3.0 3.3 5

120 131 4 10 11.4 0.0427 0.05 9 0.040 0.042 2
10 12 9 10 15 <320 4.0NM NC 4.7 8
38 39 1 14 15 3 11 11 0 14 14 0
10 5 1111 11 0 11 11.3 1 9.0 9.2 1
0.61 0.56 4 0.64 0.61 2 0.094 0.1 3 0.11 0.11 0
0.79 0.8 1 0.1 0.06 25 0.39 0.4 1 0.09 0.09 0

Note that Radian's pH measurements were made in the field and Battel le's were made in the laboratory

NM = Not Measured
NC = Not Calculated



was higher in the fourth sample (L -048) and results agreed well between the two

laboratories. Sulfate concentrations agreed well . Organic carbon concentrations

also were near detection limit and exhibited the expected high relative standard

deviation.

Arsenic concentration was measured by hydride generation on only two samples. In one
case the two measurements indicated concentrations below respective detection

In the other case, the Radian value was near the detection limit and the1imits.
results did not agree very well .

All but four of the 48 pairs of measurements made by ICPES agreed within 10 percent

There appeared to be no pattern exhibited by the four

measurements that differed by more than 10 percent relative standard deviation,

no case did the measurements made by the two laboratories differ by more than 25

percent relative standard deviation.

relative standard deviation.
In

Data Evaluation

Calculated and measured alkalinities for Event I
There is generally fair agreement between

Calculated vs Measured Alkalinity.
and Event II are plotted in Figure K-3.
the two values.

Charge Balances. Charge balances were calculated for aqueous sample analysis.
Results are summarized in Table K-6. Alkalinity was calculated as the bicarbonate
anion since this was the form most likely to be present at the sample pH' s. Most

charges balanced within 10 percent although a few higher values were observed. In
some cases large charge imbalances are associated with low total ionic concentra -

tions. For one of the duplicates for downstream river water, Event I, ( Sample ID,
L -030) the poor agreement points to an unacceptable alkalinity measurement .

Figure K - 4 illustrates the agreement

between the sum of the constituents and filterable residue ( TDS ) for Events I and

In both cases agreement was good.

Agreement Between Sum of Constituents and TDS.

II.
Major oxide sums are listed in Table K -7.Major Oxide Summations for Solid Samples .

Oxide sums ranged from 88 to 100 percent, indicating generally good recovery for the
major elements.

K-l l
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T a b l e K - 6

C H A R G E B A L A N C E S U M M A R Y F O R L S T A T I O N , E V E N T S 1 A N D 2

E v e n t 1 E v e n t 2
S u m o f S u m o f
C a t i o n s A n i o n s

S u m o f
C a t i o n s

S u m o f
A n i o n s C h a r g e

B a l a n c e
C h a r g e

B a l a n c eS a m p l e ( + ) ( - ) S a m p l e ( + ) ( - )
L o c a t i o n I D ( m e o/ L ( m e q/ L l m I D ( m e q / L ) ( m e q/ L l m
A s h D e l t a W e l l s
L M W - 1 4
L M W - 1 5
L M W - 2 0

L - 0 4 0
L - 0 4 1

3 9 . 3 6
2 4 . 2 0

N o S a m p l e

4 3 . 0 5
2 5 . 0 8

- 4 . 5 L - 0 6 6
L - 0 6 7
L -0 7 2

3 4 . 0 8
2 2 . 7 8

3 4 . 2 1
2 3 . 4 4

-0 . 2
-1.8 - 1 . 4

1 . 1 8 1 . 5 9 - 1 4 . 9

U p g r a d i e n t W e l l s
L M W - 1 1
L M W - 1 1 D U P L - 0 4 9
L M W - 1 2
L M W - 1 8
L M W - 1 9

L - 0 4 8 1 . 2 5 1.01 10.6 L - 0 6 3 1 . 1 8 1 . 4 1 - 8 . 7
1 . 2 4 1.02 9 . 6 N o S a m p l e

L - 0 3 7
L - 0 5 1
L - 0 3 9

0 . 9 7 0.86 6 . 4 L - 0 6 4
L - 0 7 0
L - 0 7 1

0 . 9 7 1 . 2 7 - 1 3 . 2
1 . 1 8 1 . 0 3 7 . 0 0 . 8 9 1.01 - 6 . 4
0 . 7 2 0 . 7 4 -1 . 2 - 5 . 60 . 5 3 0 . 5 9

D o w n g r a d i e n t W e l l s
L M W - 0 1
L M W - 0 2
L M W - 0 3
L M W - 0 3D U P
L M W - 0 4
L M W - 0 5
L M W - 0 6
L M W - 0 7
L M W - 0 8
L M W - 0 9
L M W - 1 0
L M W - 1 3
L M W - 1 6
L M W - 1 7

L - 0 3 2
L -0 4 5
L - 0 2 7

1 . 4 1 1 . 4 3 1 . 6 7-1 . 0 L - 0 5 3
L - 0 5 4
L - 0 5 5
L - 1 0 8
L - 0 5 6
L - 0 5 7
L - 0 5 8
L - 0 5 9
L - 0 6 0
L - 0 6 1
L - 0 6 2
L - 0 6 3
L -0 6 8
L - 0 6 9

1 . 3 6 -10.2
2 . 2 0 3 . 5 6 - 2 3 . 7 3 . 4 8 3 . 7 9 - 4 . 3
3 . 0 9 2 . 8 8 3 . 6 2 . 6 4 -4 . 62 . 4 1

N o S a m p l e 2 . 4 9 2 . 6 0 - 2 . 2
L - 0 4 7
L - 0 2 8
L - 0 3 5
L - 0 4 6
L - 0 4 3
L - 0 3 4
L - 0 3 8
L - 0 4 4
L - 0 3 6
L - 0 4 2

4 . 4 7 4 . 1 5 3 . 6 2 . 8 9 3 . 5 9 -10.8
4 . 2 9 4 . 2 5 0 . 5 4 . 2 4 4 . 5 1 - 3 . 2
1 . 2 8 1 . 3 8 - 3 . 7 1 . 1 5 1 . 5 7 - 1 5 . 4
4 . 6 8 4 . 7 4 -0 . 6 5 . 8 6 4 . 8 4 9 . 5
3 . 1 3 3 . 0 3 1.6 - 3 . 83 . 0 5 3 . 2 9
2 . 7 2 2 . 6 1 2 .1 2 . 4 9 2 . 8 2 -6.1
2 . 1 5 2 . 1 4 0.1 2 . 4 7 2 . 8 1 - 6 . 4

N o t A n a l y z e d 3 . 3 6 3 . 9 8 -8 . 5
3 . 6 8 3 . 7 0 -0 . 2 3 . 4 5 3 . 7 0 - 3 . 4
1.86 1 . 8 4 0 . 6 1 . 9 2 -0 . 91 . 8 9

R i v e r W a t e r
U S ( 5w )
ns f S w i
D S ( 5w ) D U P L - 0 3 1

L - 0 2 9
L - 0 3 0

0 . 3 5 0 . 2 9 9 . 3 L - 0 9 2
L - 0 9 3

0 . 3 3 0 . 3 6 - 4 . 9
0 . 3 9 0 . 1 3 4 9 . 8 0 . 3 4 0 . 3 6 - 2 . 9
0 . 3 9 0 . 3 5 4 . 8

P o n d W a t e r
A P 1/P P A 1 L - 0 3 3 1.11 0 . 9 4 8 . 6 L - 1 0 9 1 . 2 1 1 . 3 2 - 4 . 1

F i e l d B l a n k s
F i e l d B l a n k L -0 5 0 0 . 0 4 0 . 0 50 . 0 2 4 2 . 6 0 . 0 2 - 4 8 . 9L - l l l

C a l c u l a t e d w i t h f l a m e A A d a t a w h e n a v a i l a b l e
C h a r g e B a l a n c e = 1 0 0 x ( C a t i o n s - A n i o n s ) / ( C a t i o n s + A n i o n s )

K - 1 3



Sum of Constituents and Filt. Residue
L - Station, Event 1

7s

Sample ID (L27-L52)
Sun of Constituents Filt. Residue

A

Figure K - 4. Agreement Between Sum of Constituents and TDS



Table K - 7

MAJOR ELEMENT OXIDE SUMS IN SOLIDS FROM L STATION

Oxide
Total
( wt%)

Undetermined
( wt%)Sample IDLocation

97.38 2.62LMW - 12 L-010

101.87 -1.87LMW- 12 L -011

1.90LMW -12 L -012 98.10

1.38LMW - 12 L -013 98.62

100.39 -0.39LMW - 14 L -014

93.61 6.39LMW- 14 L - 015

88.17 11.83LMW - 14 L - 016

96.26 3.74L -017LMW- 14

0.1399.87LMW - 14 L -018

11.40L - 019 88.60LMW - 14

1.65L-019DUP 98.35LMW - 14

9.9990.01L - 020LMW -14

99.51 0.49L -020DUPLMW - 14

2.9297.08LMW - 14 L -021

11.2688.74LMW - 14 L-022

1.7198.29L - 023LMW - 14

1.6298.38LMW - 14 L - 024

99.28B1 ank 0.72Fusion

11.90SRM 1633 88.10NBS

K-15
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