BORING LOG WITH WELL RECOVERED ONS LOG.GPJ LAGWGNO01.GDT 7/23/08

S&ME, Inc. 1. BORING AND SAMPLING IS IN ACCORDANCE
9751 Southern Pine Boulevard i asTar D-1586.

Charlotte, North Carolina 28273 pENETRATION (N-VALUE) IS THE NUMBER OF

ENGINEERING « TESTING  1clephone: 704-523-4726 BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO
ENVIRONMENTAL SERVICES Fax: 704-525-3953 DRIVE 1.4IN. LD. SAMPLER [ FT.

Project: Oconee Nuclear Station Boring No. GM-9

Location: Seneca, SC Number: 1264-07-234 Sheet No. 1 of 2

Boring Depth (ft): 43.3 | Elevation (ft): 780.6 | Driller: fﬁys 7L5ittle, SC CertNo. | Date Drilled: 10/8/07

Logged By: Julie Petersen Water Level:  Stabilized Water Level at 33.32 ft bls Drilling Method: Mud Rotary

Well Penetration Resistance (Blows/Foot)
Construction | ¢ 50 100

Elev. Depth | Lith-

(Feel) | (Feet) | ology Material Description
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FILL (F): Tan, Brown, and Reddish-Brown, Micaceous,
Silty, Medium to Fine SAND, With White, Medium
to Fine Sand Lenses and Rock Fragments
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FILL (F): BIOTITE GNEISS Boulders
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FILL (F): Brown and Orange, Micaceous, Silty, Medium
to Fine SAND With Rock Fragments
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FILL (F): BIOTITE GNEISS Boulders
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FILL (F): Brown, Fine Sandy, Silty, CLAY With
Rock Fragments, Roots, and Wood
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BORING LOG WITH WELL RECOVERED_ONS LOG.GPJ LAGWGNO1.GDT 7/23/08

S&ME, Inc. 1. BORING AND SAMPLING IS IN ACCORDANCE
9751 Southern Pine Boulevard  yyrpy asTar D-1586. '

Charlotte, North Carolina 28273 5 pgNETRATION (N-VALUE) IS THE NUMBER OF

ENGINEERING « TESTING  Lelephone: 704-523-4726 BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO
ENVIRONMENTAL SERVICES ~ Fax: 704-525-3953 DRIVE 1.4 IN. LD. SAMPLER 1 FT.
Project: Oconee Nuclear Station . Boring No. GM-9
Location:  Seneca, SC Number: 1264-07-234 Sheet No. 2 of 2
Boring Depth (f1): 43.3 | Elevation (ft): 780.6 | Driller: i'ﬁys ;Jsittle, SCCertNo. | Date Drilled: 10/8/07
Logged By: Julie Petersen Water Level:  Stabilized Water Level at 33.32 ft bls Drilling Method: Mud Rotary
Elev. | Depth | Lith- : - o Well Penetration Resistance (Blows/Foot)
(Feet) | (Feet) | ology Material Description Construction | o 50 100
— 745 7] FILL (F): Brown and Gray, Micaceous, Silty, Medium =
B _| to Fine Sandy, CLAY :
[ FILL (F): Red and Gray, Silty, High Plasticity CLAY
B FILL (F): Orange, Tan, and Red, Coarse to Fine Sandy,
B 40 CLAY
— 740

AN EER NN

Lithologic Description Obtained From GM-9R
Boring Terminated at 43.30 ft bls




MONITORING WELL RECOVERED ONS LOG.GPJ S&ME.GDT 7/23/048

COMPLETION REPORT OF WELL No. GM-9

PROJECT: Oconee Nuclear Station
PROJECT NO: 1264-07-234 WATER LEVEL: Stabilized Water Level at
PROJECT LOCATION: Seneca, SC 33.32 ftbls
LATITUDE: 34°47'40.524"
DRILLING CONTRACTOR: S&ME, Inc. LONGITUDE: 82°53'48.389"
DRILLING METHOD: Mud Rotary TOP OF CASING ELEVATION: 780.36
DATE DRILLED: 10/8/07 DATUM: MSL
LOGGED BY: Julie Petersen
STRATA z
» WELL - g | S
! —_ =~
O | | DETAILS | &2 | & | <&
DESCRIPTION 2 |Eo i e 0 55 WELL CONSTRUCTION DETAILS
> w ~ ) | .
w [a] w
PROTECTIVE CASING
: 0 0.00 | GS |780.60 | Diameter: )
SPHALT i Type:
|GRAVEL ] Interval:
FILL (F): Tan, Brown,
and Reddish-Brown, | :
Micaceous, Silty, RISER CASING
Medium to Fine 1 A . om
SAND, With White, L 5 Diameter:
Medium to Fine Sand Type: Sch. 40 PVC
Lenses and Rock Interval: 0 to 28 ft bls
Fragments '
GROUT
FILL (F): BIOTITE )
GNEISS Boulders 10 Type: Neat Cement
Interval: 0 to 24 ft bis
| SEAL
Type: Bentonite
i * Interval: 24 to 26 ft bls
-15
FILL (F): Brown and
Orange, Micaceous, FILTERPACK
Silty, Medium to Fine ) e
SAND With Rock Type: #1 Silica Sand
Fragments interval: 26 to 43.3 ft bls
- 20 )
SCREEN
FILL(F): BIOTITE Diameter: 2"
GNEISS Boulders Type: 0.010 Slotted PVC
< 24.00 756.60 Interval: 28 to 43 ft bls
25
_ | 26.00 754.60
i LEGEND
i % FILTER PACK TOC TOP OF CASING
FILL(F): Brown, GS  GROUND SURFACE
Fine éand_y, Silty, i BENTONITE BS  BENTONITE SEAL
Y s e Goaamonoor - f LSRG
v&ig?en 5 oo, an (Xl CUTTINGS / BACKFILL BSC BOTTO_M OF SCREEN
¥ STATIC WATER LEVEL E% EEIA'ELN‘%%PJSUT
S&ME COMPLETION REPORT OF
9751 Southern Pine Boulevard WELL No. GM-9
Charlotte, North Carolina 28273
ENGINEERING » TESTING Sheet 1 of 2
ENVIRONMENTAL SERVICES

Sheet 1 of 2




MONITORING WELL RECOVERED ONS LOG.GPJ S&ME.GDT 7/23/08

PROJECT: Oconee Nuclear Station GROUND SURFACE ELEVATION:

PROJECT NO: 1264-07-234 LOGGED BY: 780.6
PROJECT LOCATION: Seneca, SC CHECKED BY: Julie Petersen
STRATA z
-y WELL T % o
| =~
@ |E_| DETAILS |a=| & | £= WELL CONSTRUCTION DETAILS
DESCRIPTION S |las 8 i o \
. > W~ - o]
»n |0 i
(See Page 1)
07¢ 35
FILL(F): Brown i
and Gray, Micaceous,
Silty, Medium to Fine i
Sandy, CLAY
FILL (F): Red and |
Gray, Siity, High
lPlasticity cLAY -40
FILL (F): Orange, I
Tan, and Red, Coarse N
to Fine Sandy, 738.10
CLAY y s 737.60
737.30
LEGEND
FILTER PACK TOC TOP OF CASING
GS  GROUND SURFACE
[l senvoniTe BS  BENTONITE SEAL
CEMENT GROUT FP FILTER PACK
TSC TOP OF SCREEN
CUTTINGS / BACKFILL BSC BOTTOM OF SCREEN
TD TOTAL DEPTH
STATIC WATER LEVEL cG CEMENT GROUT

mE COMPLETION REPORT OF
9751 Southern Pine Boulevard o

s Charlotte, North Carolina 28273 WELL No. GM-9

ENGINEERING « TESTING Sheet 2 of 2

ENVIRONMENTAL SERVICES .




Site Name: ONS-GWPP

Test Date: 10/15/2007
Well Label: GM-9
Aquifer Thickness: 14.68 feet
Screen Length: 15. feet
Casing Radius: 1. Inches
Effective Radius: 2. Inches
Gravel Pack Porosity: 30.00%
Corrected Casing Radius: 1.378 Inches
Static Water Level: 33.32 feet
Water Table to Screen Bottom:  9.68 feet
Anisotropy Ratio: 1

Time Adjustment: 0. Seconds

Test starts with trial 0

There are 86 time and drawdown measurements
Maximum head is 4.362 feet

Minimum head is 0. feet

Calculation by Bouwer and Rice Graphical Method

ONS-GWPP Bouwer and Rice Graph
10/15/2007 GM-9
1 iy
01
2 7
g g
- —
5 -
= 4
¢
7] Bouwer and Rice parameter A = 3.246
Bouwer and Rice parameter B = 0.6723
. In(Re/Rw) = 3.009385e+000
180024 Gravel Pack Porosity: = 30. %
7 Corrected Casing Radius: = 1.378 Inches
- Analysis starts at time 12. Seconds
] Analysis ends at time 12.25 minutes
7 55 Measurements analyzed from 5 to 59
-1 Hydraulic Conductivity = 1.787e-004 cm/sec 1 Points not plotted because head ratio <= 0.0
_| Transmissivity = 0.6909 meters2/day These points are not included in the analysis
i T 1
0 5 10 15
Adjusted Time (minutes)
Analysis by Julie Petersen of S&ME, Inc. Ho 15 4.362 feet at 0. Seconds

1.79 x 10 em/sec




BORING LOG WITH WELL RECOVERED_ONS LOG.GPJ LAGWGNO1.GDT 7/23/08

S&ME, Inc. 1. BORING AND SAMPLING IS IN ACCORDANCE
9751 Southern Pine Boulevard  wyryy astmD-1586.

Charlotte, North Carolina 28273 > pENETRATION (N-VALUE) IS THE NUMBER OF

ENGINEERING - TESTING  Lelephone: 704-523-4726 BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO
ENVIRONMENTAL SERVICES ~ Fax: 704-525-3953 DRIVE 1.4 IN. L.D. SAMPLER | FT.

Project: Oconee Nuclear Station Boring No. GM-9R

Location:  Seneca, SC Number: 1264-07-234 Sheet No. 1 of 3

Boring Depth (f1): 80.3 | Elevation (ft): 780.4 | Diriller: f;;ys 7L5ittle, SCCertNo. | Date Drilled: 10/2/07

Logged By: Courtney Withers/David Klem|11 Water Level: - Stabilized Water Level at 30.43 ft bls Drilling Method: Mud Rotary

Elev. | Depth | Lith- . - Well Penetration Resistance (Blows/Foot)

(Feet) | (Feet) | ology Material Description Construction | ¢ 50 100
L 780 N\ ASPHALT /]
- . \GRAVEL /| % %
- - FILL (F): Tan, Brown, and Reddish-Brown, Micaceous,
B - Silty, Medium to Fine SAND, With White, Medium
N 1 to Fine Sand Lenses and Rock Fragments % %
B ] N 10
— 775 -

™~
- [~

- _ ™~
- ] % §‘ \\
- — FILL (F): BIOTITE GNEISS Boulders % % X > @
» 770 10__ Auger Refusal at 9.80 ft bls % % I
[ ~_ % % 50/ L
o — % % 4! >>1
'R 765 a FILL (F): Brown and Orange, Micaceous, Silty, Medium
- - to Fine SAND With Rock Fragments % %
. ] Roller Cone Refusal at 22.20 ft bls % %
. 20 % %
— 760 - | 5;)/
- - X >> @
— — FILL (F): BIOTITE GNEISS Boulders % % 1
S X
— 755 — % % I
__750 30__ FILL (F): Brown, Fine Sandy, Silty, CLAY With % % YL
— ] Rock Fragments, Roots, and Wood




BORING LOG WITH WELL RECOVERED ONS LOG.GPJ LAGWGNO01.GDT 7/23/08

S&ME, Inc. 1. BORING AND SAMPLING IS IN ACCORDANCE
9751 Southern Pine Boulevard 7y 4s7M D-1586.

Charlotte, North Carolina 28273 > pgNETRATION (N-VALUE) IS THE NUMBER OF

ENGINEERING « TESTING  Lelephone: 704-523-4726 BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO
ENVIRONMENTAL SERVICES Fax: 704-525-3953 DRIVE 1.4IN. LD. SAMPLER | FT.

Project: Oconee Nuclear Station Boring No. GM-9R

Location:  Seneca, SC » Number: 1264-07-234 Sheet No. 2 of 3

Boring Depth (ft): 80.3 | Elevation (fi): 780.4 | Driller: -I];‘l);;asitﬂe, SC Cert No. Date Drilled: 10/2/07

Logged By: Courtney Withers/David chml‘*1 Water Level:  Stabilized Water Level at 30.43 ft bls Drilling Method: Mud Rotary

Well Penetration Resistance (Blows/Foot)
Construction 0 50 100

Elev. Depth | Lith-
(Feet) (Feet) | ology

[— 745

Material Description
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FILL (F): Brown and Gray, Micaceous, Silty, Medium to
Fine Sandy, CLAY
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FILL (F): Red and Gray, Silty, High Plasticity CLAY

FILL (F): Orange, Tan, and Red, Coarse to Fine Sandy,
CLAY
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SOIL/SAPROLITE (M1): Tan and White, Micaceous,
Slightly Clayey, Silty, Coarse to Fine SAND
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.*| SOIL/SAPROLITE (M1): Brown, Very Micaceous, Fine
-I-T\Sandy, SILT

g : SOIL/SAPROLITE (M1): Dark Gray and White, Silty,
»4 Coarse to Fine SAND
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SOIL/SAPROLITE (M1): Dark Gray and Brown,
\Micaceous, Silty, Fine SAND
SOIL/SAPROLITE (M1): Gray, Silty, Fine SAND
WEATHERED ROCK (M2): When Sampled Becomes
Tan, Silty, Fine SAND
Roller Cone Refusal at 60.60 ft bls
PARTIALLY WEATHERED/FRACTURED ROCK
(WF): Medium-Grained GRANITIC GNEISS With
Intermittent Medium-Grained BIOTITE
HORNBLENDE GNEISS Intensely Fractured, Low
ngle Joints With No Staining
SOUND ROCK (D): Medium-Grained GRANITIC
GNEISS With Intermittent BIOTITE
HORNBLENDE GNEISS  Slightly Fractured, Low
Angle and High Angle Joints With Moderate to No
Staining
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BORING LOG WITH WELL RECOVERED ONS LOG.GPJ LAGWGNO01.GDT 7/23/08

ENGINEERING » TESTING

S&ME, Inc.

9751 Southern Pine Boulevard
Charlotte, North Carolina 28273
Telephone: 704-523-4726

1. BORING AND SAMPLING IS IN ACCORDANCE
WITH ASTM D-1586.
2. PENETRATION (N-VALUE) IS THE NUMBER OF

BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO

ENVIRONMENTAL SERVICES ~ Fax: 704-525-3953 DRIVE 1.4 IN. LD. SAMPLER | FT.
Project: Oconee Nuclear Station Boring No. GM-9R
Location:  Seneca, SC Number: 1264-07-234 Sheet No. 3 of 3
Boring Depth (ft): 80.3 [ Elevation (ft): 780.4 | Driller: .ll;;ys _;JSittle, SC Cert No. Date Drilled: 10/2/07

Logged By: Courtney Withers/David Klemm Water Level:

Stabilized Water Level at 30.43 ft bls

Drilling Method: Mud Rotary

IIII|IIII’IIITI—I‘FIT

Horizontal and High Angle Joints With No Staining

SOUND ROCK (D): Medium-Grained GRANITIC
GNEISS; Unfractured

PARTIALLY WEATHERED/FRACTURED ROCK

(WF): Medium-Grained BIOTITE HORNBLENDE

GNEISS; Intensely Fractured Low Angle and High
ngle Joints With No Staining

PARTIALLY WEATHERED/FRACTURED ROCK
(WF): Medium-Grained GRANITIC GNEISS With
Intermittent BIOTITE HORNBLENDE GNEISS
ntensely Fractured, Low Angle Joints With No Staining

T T T T

Boring Terminated at 80.30 ft bls

Elev. Depth | Lith- . C Well Penetration Resistance (Blows/Foot)
(Feet) (Fepet) ology Material Description Construction | o 5 100
— 710 e, H
.ﬂ/ . 4 PARTIALLY WEATHERED/FRACTURED ROCK
—% (WF): Medium-Grained GRANITIC GNEISS With
1,7 /. /] Intermittent BIOTITE HORNBLENDE GNEISS
] / Intensely Fractured, Low Angle and High Angle Joints
—, 4 With No Staining ’
TR SOUND ROCK (D): Medium-Grained BIOTITE'
0 S oy HORNBLENDE GNEISS  Slightly Fractured,
705 — i




FIELD ROCK CORE LOG

Oconee Nuclear Station - Groundwater Protection Project
S&ME Project No: 1264-07-234

Core Location: GM-9R

9 18 —
NQ Coring - Auger Refusal at 9.80 ft bis :
10 Moderately Fractured - Staining and Weathering 19 T
s Core Loss - Soil
End of Run #1, REC - 75%, RQD - 58% _—
11 20
ind of Run #3, REC - 24%, RQD - 0%
cgin Mud Rotary at 20.40 fi bls
12 21 ill Soil Recovered in Core
13 22
—_ Q Core - Roller Cone Refusal at 22.20 fi bls (Start Run #4)
: Core Loss - Soil
: Core Loss - Soil ore Loss - Soil
14 — 23
s
et
p— Core Loss - Soil
—
EXPLANATION
15 24
Core Loss - Soil E
& 5C - 569 43
d of Run #2, REC - 56%, RQD - 43% Core Loss - Soit Concrete
Granitic Gneiss
4 25 i@
e Biotite Hornblende
o - Gneiss
- . End of Run #4, REC - 44%, RQD - 14%
] o [234]
= = &
— e Core Loss
17 - Core Loss - Soil 26 .
: : Core Loss - Soil Fracture
: Quartz Fragment End of Run
] L Tmm Contact
- - Healed Joint
18 — 27

Page 1 of 4



FIELD ROCK CORE LOG

Oconee Nuclear Station - Groundwater Protection Project
S&ME Project No: 1264-07-234

Core Location: GM-9R
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Core Loss - Soil

End of Run #5, REC - 52%, RQD - 38%

3
3
55

AR
RS
LA IAL

Soil

SRR
SRS
SR

3%
25
9583
KSR
$HRLAS

LSS

Ao
4 Soil

Soil

36

37

38

39

40

41

42

43

44

D 0000,
AR AALS
(KA

5
5
&

9. 0. 6,60
KRR
be%e% % %%

50505
05
Pele%

o
55
35
%
prete’

%%
SRR
Po%e%e% %!

e
-
—
et
—
——
—
u—
-
——
—
ned
—
]
—
P
-
—
p—
-
—
—
PR—
-
R
—

Page 2 of 4

Soil

24soil

EXPLANATION

Egl

Concrete

Granitic Gneiss

Biotite Hornblende
Gneiss

]

(<

Core Loss

— Fracture

End of Run

""" Contact

Healed Joint



FIELD ROCK CORE LOG
Oconee Nuclear Station - Groundwater Protection Project
S&ME Project No: 1264-07-234

Core Location: GAM-9R\

45 54

46 Soil 55
47

56

48

%

50585
Fodetets!
255528
batetee% %%

SRR
2055
O

K2
K

‘0
0’0 L
%"

Soil

4!
K>

&5
255
2588

49 58

B
X%
Po%e%

AP
X2
2052

B
IR
%%

LKA
25
22585

%
25
bod%

50 59

Ko

L AAIRASAI
IRARAIRARK
Setetee e e %%

S1 60

HII|IIII|IIlllllllllllllllllllllllllllllllIllIIIlIIIIIIIIIIIIIII

52 61

ntensely Fractured and Weathered

53 62

Contacts Intact
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54 63

Page 3 of 4

EXPLANATION

g2l

Concrete

Granitic Gneiss

Biotite Hornblende
Gneiss

et

e

Core Loss

o— Fracture
End of Run
""" Contact
Healed Joint




FIELD ROCK CORE LOG

Oconee Nuclear Station - Groundwater Protection Project
S&ME Project No: 126,4'07'2,3{,

Core Location: GM-9R

63 72
64 73
Contacts Intact ontact Iniact
65 74
{End of Run #6, REC - 84.3%, RQD - 35.5%
66 75
d of Run #8, REC - 100%, RQD - 41.2%
67 76
68 77
High Angle Fracture, Staining
69 78 Contact Intact
Some Mafic Banding Concrete
Granitic Gneiss
" 7 [
Biotite Homblende
End of Run #7, REC - 94%, RQD - 89% Gneiss
L
|Some Mafic Banding Core Loss
7 80
ind of Run #9, REC - 100%, ROD - 46% Fracture
(Coring Terminated at 80.30 ft bls
oring Terminated af s e Enid of Run
i Contact
Healed Joint
72 81

Page 4 of 4



MONITORING WELL RECOVERED ONS LOG.GPJ S&ME.GDT 7/23/08

COMPLETION REPORT OF WELL No. GM-9R

Sheet 1 of 3

PROJECT: Oconee Nuclear Station '
PROJECT NO: 1264-07-234 WATER LEVEL: Stabilized Water Level at
PROJECT LOCATION: Seneca, SC 30.43 ft bls
LATITUDE: 34°47'40.463"
. o . L1}
DRILLING CONTRACTOR: S&ME, Inc. LONGITUDE: 82°53'48.364
DRILLING METHOD: Mud Rotary TOP OF CASING ELEVATION: 780.19
DATE DRILLED: 10/2/07 DATUM: MSL
LOGGED BY: Courtney Withers/David Klemm
STRATA z
— WELL T % o
=~ =~
Q|| DETAILS | g | & | <= WELL CONSTRUCTION DETAILS
DESCRIPTION S las o v} o
> o~ - -
n o w
PROTECTIVE CASING
0 0.00 | GS | 780.42 | Diameter:
SPHALT = [ Type:
lGRAVEL | Interval:
FILL (F): Tan, Brown,
and Reddish-Brown,
Micaceous, Silty, RISER CASING
Medium to Fine Di .
SAND, With White, - 5 iameter:
Medium to Fine Sand Type: Sch. 40 PVC
Lenses and Rock Interval: 0 to 68.7 ft bls
Fragments
GROUT
C TITE
2",;',‘5.@ B[«:gulders 10 Type: Neat Cement
Interval: 0 to 66 ft bis
Auger Refusal at 9.80 I
ft bls
SEAL
Type: K-packer
I 5 Interval: 67.9 to 68.1 ft bls
-1
FILL (F): Brown and L
Orange, Micaceous, FILTERPACK
Silty, Medium to Fine Tvpe:
SAND With Rock ype:
Fragments Interval:
Roller Cone Refusal at 20
22.20 ft bls L SCREEN
FILC (7 BIOTITE Diameter: 2"
: Type: 0.010 Slotted PVC
GNEISS  Boulders i Interval: 68.7 to 73.7 ft bis
25
LEGEND
[ % FILTER PACK TOC TOP OF CASING
FILL (F): Brown, Fine I~ GS GROUND SURFACE
Sand(y, )Silty, CLAY i BENTONITE BS  BENTONITE SEAL
With Rock Fragments, | CEMENT GROUT FP FILTER PACK
Roots, and Wood e TSC TOP OF SCREEN
F A CUTTINGS / BACKFILL BSC BOTTOM OF SCREEN
3 STATIC WATER LEVEL 'Cl':lé gg&%lhg%jggu-r

9751 Southern Pine Boulevard
Charlotte, North Carolina 28273

ENGINEERING » TESTING
E RVICES

COMPLETION REPORT OF
WELL No. GM-9R

Sheet 1 0of 3




PROJECT: Oconee Nuclear Station GROUND SURFACE ELEVATION:
PROJECT NO: 1264-07-234 LOGGED BY: 780.4
PROJECT LOCATION: Seneca, SC CHECKED BY: Courtney Withers/L

STRATA

WELL

DETAILS WELL CONSTRUCTION DETAILS

DESCRIPTION

DEPTH
(ft)
LEGEND
"ELEVATION
(ft.)

SYMBOL
DEPTH
(ft)

(See Page 1)

g 35

FILL (F): Brown and L
Gray, Micaceous,

Silty, Medium to Fine
Sandy, CLAY J

FILL (F): Red and L
Gray, Siity, High
Plasticity CLAY 40

FILL (F): Orange, 3
Tan, and Red, Coarse N
to Fine Sandy,
CLAY I

SOIL/SAPROLITE 11
(M1): Tan and White, 1.1,
Micaceous, Slightly o A
Clayey, Silty, Coarse
to Fine SAND

SOIL/SAPROLITE J b+
(M1): Brown, Very RN
Micaceous, Fine

andy, SILT

SOIL/SAPROLITE ot
(M1): Dark Gray and :
White, Silty, Coarse to
Fine SAND

SOIL/SAPROLITE
(M1): Dark Gray and
Brown, Micaceous,
iity, Fine SAND
SOIL/SAPROLITE L
(M1): Gray, Silty, "
ine SAND
WEATHERED ROCK
(M2): When Sampled
Becomes Tan, Silty,
ine  SAND
PARTIALLY .
WEATHERED/FRACT{
ROCK (WF):
Medium-Grained
GRANITIC GNEISS
ith Intermittent
Medium-Grained
BIOTITE
HORNBLENDE
NEISS;, Intensely
Fractured, Low Angle
oints With No

S\

B

66.00 714.42

67.90 712.52
68.10 712.32
68.70 711.72

g

LEGEND

73.20 707.22
1 7370 706.72 FILTER PACK TOC TOP OF CASING

L GS  GROUND SURFACE
1 75.00 705.42 | [JJJ] ENTONITE BS  BENTONITE SEAL

] CEMENT GROUT FP FILTER PACK
\‘ TSC TOP OF SCREEN
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MONITORING WELL RECOVERED ONS LOG.GPJ S&ME.GDT 7/23/08

PROJECT: Oconee Nuclear Station
PROJECT NO: 1264-07-234
PROJECT LOCATION: Seneca, SC

GROUND SURFACE ELEVATION:
LOGGED BY: 780.4
CHECKED BY: Courtney Withers/[

STRATA

DESCRIPTION

SYMBOL

WELL
DETAILS

DEPTH
(ft.)
DEPTH
(ft)

LEGEND

ELEVATION
(ft)

WELL CONSTRUCTION DETAILS

GRANITIC GNEISS
ith Intermittent

o

oo [N . o

BIOTITE
HORNBLENDE
GNEISS; Slightly
Fractured, Low Angle
nd High Angle Joints
ith Moderate to No
taining

PARTIALLY

EATHERED/FRACTWRED

ROCK (WF):
Medium-Grained
IGRANITIC GNEISS
ith Intermittent
BIOTITE
HORNBLENDE
IGNEISS; Intensely
Fractured, Low Angle
nd High Angle Joints
ith No Staining

OUND ROCK (D):
Medium-Grained
BIOTITE
HORNBLENDE

NEISS, Slightly
Fractured, Horizontal

nd High Angle Joints

ith No Staining

OUND ROCK (D):
edium-Grained
RANITIC GNEISS
Unfractured

PARTIALLY

ROCK (WF):
Medium-Grained
BIOTITE
ORNBLENDE
NEISS, Intensely
ractured Low Angle
nd High Angle Joints
ith No Staining

EATHERED/FRACT{JRED

ROCK (WF):
Medium-Grained
RANITIC GNEISS
ith Intermittent
IOTITE
ORNBLENDE
NEISS; intensely
ractured, Low Angle
oints With No
taining (continued)

RED

700.12

(See Page 1)

LEGEND

FILTER PACK TOC TOP OF CASING
GS  GROUND SURFACE

. BENTONITE BS  BENTONITE SEAL

&,/4 CEMENT GROUT FP FILTER PACK
":_.‘ TSC TOP OF SCREEN

ZX CUTTINGS / BACKFILL BSC BOTTOM OF SCREEN

o
TD TOTAL DEPTH
¥ STATICWATERLEVEL o4 GEMENT GROUT
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Charlotte, North Carolina 28273
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SPLIT SPOON SAMPLE PICTURES

Oconee Nuclear Station - Groundwater Protection Project ME
S&ME Project Nq:/ 1264—07-234 .

Boring Number: GM-9R

Sample No: 1
Depth (ft-bls): 3.6 -5.1
Blow Count: 4%*5*5

Sample No: 2
Depth (ft-bls): 8.6 - 10.1
Blow Count: 50/5

Sample No: 3
Depth (ft-bls): 13.6 - 15.1

Blow Count: 50/1 \ls to',‘ i

Sample No: 4
Depth (ft-bls): 20.4 - 21.9
Blow Count: 7 * 50/2

Sample No: 5
Depth (ft-bls): 35.4 - 36.9
Blow Count: 2*3%*4

Sample No: 6
Depth (ft-bls): 37.7 - 39.2
Blow Count: 4%6%*9

Page 1 of 2




SPLIT SPOON SAMPLE PICTURES
Oconee Nuclear Station - Groundwater Protection Project ME
S&ME _lf;ojecg No: 1264707-234

Edrihg Number: GM-9R |

Sample No: 7
Depth (ft-bls): 42.7 - 44.2
Blow Count: 7*7%*9

Sample No: 8
Depth (ft-bls): 47.7 - 49.2
Blow Count: 4%4*8

REEERUA SRR R SRR ER RN RRER IR RE EE BRI RR R A R A R

gemsaewnb 6 -7 8. 8

Sample No: 9
Depth (ft-bls): 52.7 - 54.2
Blow Count: 12 *12*18 |

Sample No: 10
Depth (ft-bls): 57.7-59.2
Blow Count: 10 * 23 * 50/3

Page 2 of 2




ROCK CORE PICTURES
Oconee Nuclear Station - Groundwater Protection Project ME

S&ME Project No: 1264-07-234
Core Location: GM-9R

Page 1 of 2



ROCK CORE PICTURES
Oconee Nuclear Station - Groundwater Protection Project ME

S&ME Project No: 1264-07-234 B

Core Location: GM-9R

CLASSIFICATION:
9.80"'to 47.00": FILL - Granitic Gneiss Boulders and Soil
60.60' to 80.30": Medium-Grained Granitic Gneiss With Intermittent Biotite Hornblende Gneiss

Page 2 of 2




PROJECT NAME AND NO.: ONS-GWPP BOREHOLE NO.: _ GM-9R
LOCATION: Seneca, SC TEST INTERVAL: 669 to 719  bgs
TEST DATE: 10/4/2007 TEST INTERVAL: 7135 to 708.5 EL
TESTED BY: Jay Little/David Klemm
GROUND ELEYV (ft MSL): 780.4
TEST METHOD: Double Packer Method using Multiple Pressure Tests
METHOD REFERENCE: Ground Water Manual, US Bureau of Reclamation, 1995, Chapter 10
RESULTS OF PERMEABILITY CALCULATIONS
MULTIPLE STEP TEST
Step Flow (Q) Pressure (psi]  mud Lugeons Permeability Permeability
(g)m) Gauge  |Effective (ft/sec) (cm/sec)
1 0.29 30 45 2 7.84E-07 2.4E-05
2 0.32 40 55 2 7.1E-07 2.2E-05
3 0.86 50 65 5 1.6E-06 4.9E-05
4 0.8 40 55 5 1.8E-06 5.4E-05
5 0.58 30 45 5 1.6E-06 4.8E-05
AVERAGE] 4 1.3E-06 3.9E-05
SELECTED VALUES
Rock Description of Tested Interval:
Moderately Fractured Granitic Gneiss With Intermittent Biotite Hornblende Gneiss
3.77
TEST INTERPRETATION 66.9
33.72
EFFECTIVE PRESSURE(psi) FLOW (gpm)
0 20 40 60 80 0 0.2 0.4 0.6 0.8 1
1 1
y 2 5 2
g 5
= 3 =
) )
Ea =
5 5
| r
i
08 - .
: |
& 0.6 |
; i
204} . s
- 1
02 4
1
o L
0 20 40 60 80
Effective Differential Pressure (psi)

Packer Test GM-9R Test 2 Redo
Permeability Calculations
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PERMEABILITY CALCULATIONS FOR - 7 *
EACH STEP-OF TEST ‘

CALCULATED PERMEABILITY FOR STEP 1

Gauge Pressure, h2. 30 psi 69.3 feet of water
30 029  gpm 0.001 fi*/sec
30 0.0 psi (per tables)
30 0.0 psi 0.0 feet of water
30 337 feet
30 33.7 feet
30 103.0  feet 44.6 psi
) 30 -
Select Zone 1,2, 0r 3 ’ 3 " Zones 1 and 2 are unsaturated, 3 is saturated
Tu=U-D+H . 61.1 feet 0.29
X = (H/Tu)*100 ' 1687 % :
TwA ) 12.2
40 .
40 - Value for Zone 1 analysis
40 - Value for Zone 1 analysis
40 40 Value for Zone 2 and 3 analysis
40 Cu for Zone |
40 : ) 64 Cs for Zones 2 and 3
40 ) - fisec - - cm/sec
Calculate K if Zone 2 and using single packer (Method 1) - ft/sec - cm/sec
Calculate K if Zone 2 and using double packer (Method 2) - ft/sec - 0.32
Calculate K if Zone 3 and using single packer (Method 1) - ft/sec - cm/sec
Calculate K if Zone 3 and using double packer (Method 2) 7.84E-07 ft/sec 2.39E-05 cm/sec
' 50
50
50 Calculate a, the total open area of the test section: 3.9 square feet
50 Is Q/a * (estimated porosity) > 10?7? True, Test Valid
50
50 -
. 50 40 psi 92.4 feet of water
Flow Rate, Q: 032 gpm 0.001 f¥/sec
Head loss per TEN foot section of pipe: 0.0 psi 0.86
Head Loss, L : 0.0 psi 0.0 feet of water
Distance from pressure gauge to bottom of test section, hy: 337 feet
40 33.7 feet
40 126.1  feet 54.6 psi
40 - -
40 3 Zones 1 and 2 are unsaturated, 3 is saturated
Tu=U-D+H 84.1 feet
X = (H/Tu)*100 1499 % 0.8
TwA . 16.8
Determine Conductivity Coefficient
30 ) ‘ - Value for Zone 1 analysis
30 ’ - Value for Zone ] analysis
30 40 Value for Zone 2 and 3 analysis
30 Cu for Zone 1
Cs for Zone 2 and 3 tests: 64 Cs for Zones 2 and 3
Calculate K if Zone 1 and using single or double packer - ft/sec - 0.58
Calculate K if Zone 2 and using single packer (Method 1) - ft/sec - cm/sec
Calculate K if Zone 2 and using double packer (Method 2) - ffsec - cm/sec
Calculate K if Zone 3 and using single packer (Method 1) - ft/sec - cm/sec
Calculate K if Zone 3 and using double packer (Method 2) 7.07E-07 fu/sec 2.15E-05 cm/sec

Is this step valid?

If (Q/a)*(estimated porosiiy) > 10 the calculations may not be valid due to turbulent flow

Calculate a, the total open area of the test section:
Is Q/a * (estimated porosity) > 1077

3.9 square feet
True, Test Valid

Packer Test GM-9R Test 2 Redo
Permeability Calculations
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CALCULATED PERMEABILITY FOR STEP 3
Gauge Pressure, h2.

Flow Rate, Q:
Head loss per TEN foot section of pipe:
Head Loss, L:
Distance from pressure gauge to bottom of test section, h:
Value of h;:
Effective Head, H where H =hl+h2-L :
Determine Saturation Zone:

Select Zone 1, 2, 0r 3

Tu=U-D+H

X = (H/Tw*100

TwA
Determine Conductivity Coefficient

H/r

A/H

Alr

Select Cu from Fig 10-7 for Zone 1 tests:

Cs for Zone 2 and 3 tests:
Calculate K if Zone 1 and using single or double packer
Calculate K if Zone 2 and using single packer (Method 1)
Calculate K if Zone 2 and using double packer (Method 2)
Calculate K if Zone 3 and using single packer (Method 1)
Calculate K if Zone 3 and using double packer (Method 2)
Is this step valid?

50
0.86
0.0
0.0
33.7
33.7
149.2

107.2

139.1
214

1.6 1E-06

psi
gpm
psi
psi
feet
feet
feet

feet
%

ft/sec
fi/sec
ft/sec
fi/sec
ft/sec

If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow

Calculate a, the total open area of the test section:
Is Q/a * (estimated porosity) > 1077

115.5 feet of water

0.002 fi'/sec
(per tables)
0.0 feet of water

64.6 psi

Zones 1 and 2 are unsaturated, 3 is saturated

Value for Zone | analysis
Value for Zone | analysis
Value for Zone 2 and 3 analysis
Cu for Zone |
Cs for Zones 2 and 3

- cm/sec

- cm/sec

- cm/sec

- cn/sec

4.89E-05 cm/sec

3.9 square feet
True, Test Valid

CALCULATED PERMEABILITY FOR STEP 4
Gauge Pressure, h2.

Flow Rate, Q:
Head loss per TEN foot section of pipe:
Head Loss, L:
Distance from pressure gauge to bottom of test section, hy:
Value of h;:
Effective Head, H where H = hi1+h2-L :
Determine Saturation Zone:

Select Zone 1, 2, 0r 3

Tu=U-D+H

X = (H/Tuw)*100

TwA
Determine Conductivity Coefficient

H/r

A/H

Alr

Select Cu from Fig 10-7 for Zone 1 tests:

Cs for Zone 2 and 3 tests:
Calculate K if Zone 1 and using single or double packer
Calculate K if Zone 2 and using single packer (Method 1)
Calculate K if Zone 2 and using double packer (Method 2)
Calculate K if Zone 3 and using single packer (Method 1)
Calculate K if Zone 3 and using double packer (Method 2)
Is this step valid?

40

0.80
0.0
0.0

337

33.7

126.1

84.1
149.9
16.8

psi
gpm
psi
psi
feet
feet
feet

feet
%

ft/sec
ft/sec
fi/sec
ft/sec

1.77E-06 ft/sec

If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow

Calcuiate a, the total open area of the test section:
Is Q/a * (estimated porosity) > 10?7

92.4 feet of water

0.002 fi¥/sec
(per tables)
0.0 feet of water

54.6 psi

Zones 1 and 2 are unsaturated, 3 is saturated

Value for Zone | analysis
Value for Zone 1 analysis
Value for Zone 2 and 3 analysis
Cu for Zone 1
Cs for Zones 2 and 3

- cm/sec

- cm/sec

- cm/sec

- cm/sec

5.39E-05 cm/sec

3.9 square feet
True, Test Valid

Packer Test GM-9R Test 2 Redo
Permeability Calculations
Page 3 of 4



CALCULATED PERMEABILITY FOR STEP §

Gauge Pressure, h2, 30 psi
Flow Rate, Q: 0.58  gpm
Head loss per TEN foot section of pipe: 0.0 psi
Head Loss, L: 0.0 psi
Distance from pressure gauge to bottom of test section, hy: ‘ 337 feet
Value of hy: 33.7 feet
Effective Head, # where H = hI+h2-L: 103.0 feet
Determine Saturation Zone: -

Select Zone 1,2, 0r 3 3

Tu=U-D+H 61.1 feet

X = (H/Tu)*100 168.7 %

Tuw/A 12.2
Determine Conductivity Coefficient

H/r -

A/H -

Alr : 40

Select Cu from Fig 10-7 for Zone | tests:

Cs for Zone 2 and 3 tests: 64
Calculate K if Zone 1 and using single or double packer - ft/sec
Calculate K if Zone 2 and using single packer (Method 1) - ft/sec
Calculate K if Zone 2 and using double packer (Method 2) - ft/sec
Calculate K if Zone 3 and using single packer (Method 1) - fi/sec
Calculate X if Zone 3 and using double packer (Method 2) 1.57E-06 fi/sec

Is this step valid?

1f (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow

Calculate a, the total open area of the test section:
Is Q/a * (estimated porosity) > 10??

69.3 feet of water

0.001 fi¥/sec
(per tables)
0.0 feet of water

44.6 psi

Zones 1 and 2 are unsaturated, 3 is saturated

Value for Zone 1 analysis
Value for Zone 1 analysis
Value for Zone 2 and 3 analysis
Cu for Zone 1
Cs for Zones 2 and 3

- cm/sec

- cm/sec

- cm/sec

- cm/sec

4.78E-05 cm/sec

3.9 square feet

True, Test Valid

Packer Test GM-9R Test 2 Redo

Permeability Calculations
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PROJECT NAME AND NO.: ONS - GWPP BOREHOLE NO.: _ GM-9R
LOCATION: Seneca, SC TEST INTERVAL: 71.9 to 76.9  bgs
TEST DATE: 10/4/2007 TEST INTERVAL: 708.5 to 703.5 EL
TESTED BY: Jay Little/David Klemm
GROUND ELEV (ft MSL): 780.4
TEST METHOD: Double Packer Method using Multiple Pressure Tests
METHOD REFERENCE: Ground Water Manual, US Bureau of Reclamation, 1995, Chapter 10
RESULTS OF PERMEABILITY CALCULATIONS
MULTIPLE STEP TEST
Step Flow (Q) Pressure (psi) Lugeons Permeability Permeability
(Epm) Gauge  |Effective (ft/sec) (cm/sec)
1 0.03 40 55 0 6.63E-08 2.0E-06
2 0.04 50 65 0 7.5E-08 2.3E-06
3 0.05 60 75 0 8.1E-08 2.5E-06
4 0 50 65 0 0.0E+00 0.0E+00
5 0.02 40 55 0 4.4E-08 1.3E-06
AVERAGE] 0 5.3E-08 1.6E-06
SELECTED VALUES
Rock Description of Tested Interval:
Moderately Fractured Granitic Gneiss With Intermittent Biotite Hornblende Gneiss
TEST INTERPRETATION
EFFECTIVE PRESSURE(psi) FLOW (gpm)
0 20 40 60 80 0 0.01 0.02 0.03 0.04 0.05 0.06
1 1
. N -
] o}
e —— e
@ 1 1 ] a
z — 4,
I
5 S

20

Effective Differential Pressure (psi)

40 60 80

Packer Test GM-9R Test 1 Redo
Permeability Calculations
Page 1 of 4




PERMEABILITY CALCULATIONS FOR
EACH STEP OF TEST .

CALCULATED PERMEABILITY FOR STEP 1
Gauge Pressure, h2,
Flow Rate, Q:
Head loss per TEN foot section of pipe:
Head Loss, L:
Distance from pressure gauge to bottom of test section, h;:
Value of hy:
Effective Head, H where H = hi1+h2-L ;
Determine Saturation Zone:

Select Zone 1,2, 0r 3

Tu=U-D+H

X = (H/Tu)*100

Tu/A
Determine Conductivity Coefficient

H/r

A/H

Alr

Select Cu from Fig 10-7 for Zone 1 tests:

Cs for Zone 2 and 3 tests:
Calculate K if Zone 1 and using single or double packer
Calculate K if Zone 2 and using single packer (Method 1)
Calculate K if Zone 2 and using double packer (Method 2)
Calculate K if Zone 3 and using single packer (Method 1)
Calculate K if Zone 3 and using double packer (Method 2)
Is this step valid?

If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent

40
0.03

0.0
337
337
126.0

79.1

159.4
15.8

6.63E-08

Calculate a, the total open area of the test section:

Is Q/a * (estimated porosity) > 107?

psi
gpm
psi
psi
feet
feet
feet

feet
%

ft/sec
ft/sec
ft/sec
fi/sec
ft/sec

flow

R M L g ¥ 2

92.4 feet of water
0.000 ft'/sec
(per tables)
0.0 feet of water

54.6 psi

Zones 1 and 2 are unsaturated, 3 is saturated
0.03

Value for Zone 1 analysis
Value for Zone 1 analysis
Value for Zone 2 and 3 analysis
Cu for Zone |
Cs for Zones 2 and 3
- cm/sec
- cm/sec
- 0.04
- cm/sec
2.02E-06 cm/sec

3.9 square feet
True, Test Valid

CALCULATED PERMEABILITY FOR STEP 2
Gauge Pressure, h2.

Flow Rate, Q: .
Head loss per TEN foot section of pipe:
Head Loss, L:
Distance from pressure gauge to bottom of test section, h;:
Value of hy:
Effective Head, H where H = hi+h2-L :
Determine Saturation Zone:

Select Zone 1, 2, or 3

Tu = U-D+H

X = (H/Tu)*100

Tuw/A
Determine Conductivity Coefficient

H/r

AM

Alr

Select Cu from Fig 10-7 for Zone 1 tests:

Cs for Zone 2 and 3 tests:
Calculate K if Zone 1 and using single or double packer
Calculate K if Zone 2 and using single packer (Method 1)
Calculate K if Zone 2 and using double packer (Method 2)
Calculate K if Zone 3 and using single packer (Method 1)
Calculate K if Zone 3 and using double packer (Method 2)
Is this step valid?

50
0.04

0.0
337
337
149.1

1022
1459
20.4

40

64

7.47E-08

psi
gpm
psi
psi
feet
feet
feet

feet
%

ft/sec
ft/sec
ft/sec
fi/sec
ft/sec

If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow
Calculate a, the total open area of the test section:

Is Q/a * (estimated porosity) > 10?7?

115.5 feet of water

0.000 ft'/sec
0.05
0.0 feet of water

64.6 psi
Zones 1 and 2 are unsaturated, 3 is saturated

0

Value for Zone 1 analysis
Value for Zone 1 analysis
Value for Zone 2 and 3 analysis
Cu for Zone 1
Cs for Zones 2 and 3
- 0.02
- cm/sec
- cm/sec
- cm/sec
2.28E-06 cm/sec

3.9 square feet
True, Test Valid

Packer Test GM-9R Test 1 Redo
Permeability Calculations
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CALCULATED PERMEABILITY FOR STEP 3
Gauge Pressure, h2.

Flow Rate, Q:
Head loss per TEN foot section of pipe:
Head Loss, L:
Distance from pressure gauge to bottom of test section, h;:
Value of h;:
Effective Head, H where H = h1+h2-L :
Determine Saturation Zone:

Select Zone 1, 2, 0r 3

Tu=U-D+H

X = (H/Tw*100

TwA
Determine Conductivity Coefficient

H/r

A/H

Alr

Select Cu from Fig 10-7 for Zone 1 tests:

Cs for Zone 2 and 3 tests:
Calculate K if Zone 1 and using single or double packer
Calculate K if Zone 2 and using single packer (Method 1)
Calculate K if Zone 2 and using double packer (Method 2)
Calculate K if Zone 3 and using single packer (Method 1)
Calculate K if Zone 3 and using double packer (Method 2)
Is this step valid?

60
0.05
0.0
0.0
337
337
172.2

1253

137.5
251

40

64

8.08E-08

psi
ngn
psi
psi
feet
feet
feet

feet
%

f/sec
fi/sec
ft/sec
ft/sec
ft/sec

If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow
Calculate a, the total open area of the test section:

Is Q/a * (estimated porosity) > 10??

138.6 feet of water

0.000 ft'/sec
(per tables)
0.0 feet of water

74.6 psi

Zones | and 2 are unsaturated, 3 is saturated

Value for Zone 1 analysis
Value for Zone | analysis
Value for Zone 2 and 3 analysis
Cu for Zone 1
Cs for Zones 2 and 3

- cm/sec

- cm/sec

- cm/sec

- cm/sec

2.46E-06 cm/sec

3.9 square feet
True, Test Valid

CALCULATED PERMEABILITY FOR STEP 4
Gauge Pressure, h2,

Flow Rate, Q:
Head loss per TEN foot section of pipe:
Head Loss, L:
Distance from pressure gauge to bottom of test section, h,:
Value of h;: )
Effective Head, H where H= hI+h2-L :
Determine Saturation Zone:

Select Zone 1, 2,0r3

Tu=U-D+H

X = (H/Tu)*100

TwA
Determine Conductivity Coefficient

H/r

A/H

Alr

Select Cu from Fig 10-7 for Zone | tests:

Cs for Zone 2 and 3 tests:
Calculate K if Zone 1 and using single or double packer
Calculate K if Zone 2 and using single packer (Method 1)
Calculate K if Zone 2 and using double packer (Method 2)
Calculate K if Zone 3 and using single packer (Method 1)
Calculate K if Zone 3 and using double packer (Method 2)
Is this step valid?

50

0.00
0.0
0.0
33.7
33.7
149.1

102.2
145.9
204

psi
gpm
psi
psi
feet
feet
feet

feet
%

ft/sec
ft/sec
ft/sec
ft/sec

0.00E+00 ft/sec

If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow
Calculate a, the total open area of the test section:

Is Q/a * (estimated porosity) > 10?7?

115.5 feet of water

0.000 fi¥/sec
(per tables)
0.0 feet of water

64.6 psi

Zones 1 and 2 are unsaturated, 3 is saturated

Value for Zone | analysis
Value for Zone 1 analysis
Value for Zone 2 and 3 analysis
Cu for Zone 1
Cs for Zones 2 and 3

- cm/sec

- cm/sec

- cm/sec

- cm/sec

0.00E+00 cm/sec

3.9 square feet
True, Test Valid

Packer Test GM-9R Test 1 Redo
Permeability Calculations
Page 3 of 4



CALCULATED PERMEABILITY FOR STEP 5
Gauge Pressure, h2,

Flow Rate, Q:
Head loss per TEN foot section of pipe:
Head Loss, L:
Distance from pressure gauge to bottom of test section, hy:
Value of h;: .
Effective Head, H where H = hI1+h2-L:
Determine Saturation Zone:
Select Zone 1,2, 0r 3
Tu=U-D+H
X = (H/Tuy*100
Tu/A .
Determine Conductivity Coefficient
H/r
A/H
Alr
Select.Cu from Fig 10-7 for Zone 1 tests:
Cs for Zone 2 and 3 tests:
Calculate K if Zone 1 and using single or double packer
Calculate K if Zone 2 and using single packer (Method 1)

Calculate K if Zone 2 and using double packer (Method 2)

Calculate K if Zone 3 and using single packer (Method 1)

Calculate K if Zone 3 and using double packer (Method 2)

Is this step valid?

40

0.02
0.0
0.0

337

337

126.0

79.1
159.4
15.8

psi
gpm
psi
psi
feet
feet
feet

feet
%

ft/sec
ft/sec
ft/sec
ft/sec

4.42E-08 ft/sec

If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow
Calculate a, the total open area of the test section:

Is Q/a * (estimated porosity) > 107?

92.4 feet of water

0.000 f*/sec

(per tables)
0.0 feet of water

54.6 psi

Zones 1 and 2 are unsaturated, 3 is saturated

Value for Zone 1 analysis
Value for Zone | analysis
Value for Zone 2 and 3 analysis
Cu for Zone 1

Cs for Zones 2 and 3

cm/sec
cm/sec
cm/sec
cm/sec
1.35E-06 cm/sec

3.9 square feet

True, Test Valid

Packer Test GM-9R Test 1 Redo
Permeability Calculations
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Site Name: ONS-GWPP

Test Date: 10/15/2007
Well Label: GM-9R
Aquifer Thickness: 48.27 feet
Screen Length: 5. feet
Casing Radius: 1. Inches
Effective Radius: 1.5 Inches
Static Water Level: 30.43 feet
Water Table to Screen Bottom:  43.27 feet
Anisotropy Ratio: 1

Time Adjustment: 0. Seconds

Test starts with trial 0

There are 90 time and drawdown measurements
Maximum head is 2.053 feet

Minimum head is 0. feet

Calculation by Bouwer and Rice Graphical Method
ONS-GWPP

Bouwer and Rice Graph

GM-9R

19/1 5/2007

o]
-

Head Ratio (Ht/Ho)

7| Hydraulic Conductivity = 6.857e-005 cm/sec
- Transmissivity = 0.8717 meters2/day

Bouwer and Rice parameter A = 2.7

Bouwer and Rice parameter B = 0.5
In(Re/Rw) = 3.314058e+000

Analysis starts at time 6. Seconds

Analysis ends at time 24. minutes

51 Measurements analyzed from 3 to 53

1 Points not plotted because head ratio <= 0.0
These points are not included in the analysis

T
15

Analysis by Julie Petersen of S&ME, Inc.

PERMEABILITY

6.86 x 107 cm/sec

T T T T T
20 25 30 as 40
Adjusted Time (minutes)

Ho is 2.053 feet at 0. Seconds



PARTICLE SIZE ANALYSIS OF SOILS
FOR USE IN FETTER AND BEAR DIAGRAMS

Boring No.: Sample No.: Depth:
GM-9R SS-7 42.7 t0 44.2 ft bls

Sample Description:
F: Orange, Tan, and Red, Silty, Clayey, Medium to Fine Sand (SC)

100% *—e-0—2-0 o< {

90%

80%

70% \
60% \
.|

40% 'Oeo-.—g\ox

Percent Passing

30%
20% =9 _
10%

0%

2 p

100 10 1 0.1

Particle Size (mm)

0.01 0.001

0.0625 p
0.004 »

>2 mm 2mm-0.0625mm | 0.0625 mm - 0.004 mm <0.004 mm

From Graph: % Gravel % Sand % Silt % Clay
: 0.8% 56.0% 16.9% 26.3%

Adjusted for

[ ° o o
Calculations 0% 56% 17% 27%

Notes:

Grain size distribution taken from grain size with hydrometer data located in Appendix II.
Gravel, sand, silt and clay sizes based on Wentworth Scale.

S&ME Project:
Oconee Nuclear Station - GWPP

S&ME Project No.:
1264-07-234




FETTER AND BEAR DIAGRAMS

S&ME PROJECT: Oconee Nuclear Station - GWPP
S&ME PROJECT NO.: 1264-07-234

Boring No. GM-9R 2,100
EXPLANATION -
Boring Depth: 42.7 to 44.2 ft bls 3
_— Line ot efual specitic yeid
Interval 1 and 3 peccend

% Sand: 536% Panicle sze o

Sand 2-0anls

Silt (LDH2 500

Clay -"0anH

% Silt: 17%

% Clay: __27%

Estimated Specific S %)
Yield: __ 5% 5 / %,
\ SANDY [ﬁ./\v -
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+ = \ \ \ 20
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5 ’ o < = S

Silt stze (percent)

FIGURE 4.11 Textural classification triangle for unconsolidated materials showing the
relation between particle size and specific yield. Source: A, 1. Johnson, U.5. Geological
Survey Water-Supply Paper 1662-D, 1967. '
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{(alter Bear, 1972)




PARTICLE SIZE ANALYSIS OF SOILS
FOR USE IN FETTER AND BEAR DIAGRAMS

Boring No.:
GM-9R

Sample No.:
S8-6

Depth:
37.7t0 38.2 ft bls

Sample Description:
F: Red and Gray, Silty, Clay, With Medium to Fine Sand (CL)

100%
90%

--0—9-9 -9

80%

70%

60%

50%

40%

30%

Percent Passing

20%

10%

0%

100

2 p

10 1 0

Particle Size (mm)

A

0.01

0.0625 P
0.004 P

0.001

>2 mm 2 mm - 0.0625 mm

0.0625 mm - 0.004 mm

<0.004 mm

From Graph:

% Gravel % Sand
0.1% 27.6%

% Silt
22.6%

% Clay
49.6%

Adjusted for
Calculations

0% 28%

23%

50%

Notes:

Grain size distribution taken from grain size with hydrometer data located in Appendix II.
Gravel, sand, silt and clay sizes based on Wentworth Scale.

S&ME Project:

Oconee Nuclear Statidn -GWPP

1264-07-234

S&ME Project No.:




FETTER AND BEAR DIAGRAMS

S&ME PROJECT: Oconee Nuclear Station - GWPP
S&ME PROJECT NO.: 1264-07-234

Boring No. GM-9R R

EXPLANATION -

0
Line ot eaual specmce sl
Interval 1 oamd 3 jercent

Boring Depth: 37.7to 38.2 ft bls

Pasticle size -mnm
Sand Lethoinls
S 0062 7=0amM
Clay -"0,004

% Sand:  28%
% Silt: 23%
% Clay: _50% __

Estimated Specific
Yield: ___1%*

* Estimated Value

L8]

T~ X
% N CLAY-SYT \.,\\i"‘X
% CLAY-5AND 3
7 \ \ \ a0

N\

Silt size (percent)

FIGURE 4.11 Textural classification triangle for unconsolidated materials showing the
relation between particle size and specific yield. Source: A. I. Johnson, U.5. Geological
Survey Water-Supply Paper 1662-D, 1967.
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Estimated Porosity: __ 49%**
~Based on Table of Selected Values of Porosity, Specific Yield and Specific Retention,
USGS Water Supply Paper 2220.

Varlatlon of Porosily, Specliic Yleld, and Specific Retentlon with Grain Size
(after Bear, 1972)




PARTICLE SIZE ANALYSIS OF SOILS
FOR USE IN FETTER AND BEAR DIAGRAMS

Boring No.:
GM-9R

Sample No.:
SS-10

Depth:
57.7t0 59.2 ft bls

Sample Description:
M2: Tan, Micaceous, Silty, Coarse to Fine Sand (SM)

100%

90%

-

80%

70%

LY

60%

50%

40%

30%

Percent Passing

20%

LN

10%

I

0%

100

10

2

1 0.1
Particle Size {(mm)

0.01

0.0625 P
0.004 p|f

0.001

>2 mm

2 mm - 0.0625 mm

0.0625 mm - 0.004 mm

<0.004 mm

From Graph:

% Gravel
4.6%

% Sand
80.3%

% Silt
13.2% -

% Clay
1.9%

Adjusted for
Calculations

0%

84%

14%

2%

Notes:

Gravel, sand, silt and clay sizes based on Wentworth Scale.

Grain size distribution taken from grain size with hydrometer data located in Appendix IL.

S&ME Project:
Oconee Nuclear Station - GWPP

1264-07-234

S&ME Project No.:




FETTER AND BEAR DIAGRAMS

S&ME PROJECT: Oconee Nuclear Station - GWPP
S&ME PROJECT NO.: 1264-07-234

%)

Boring No. GM-9R

EXPLANATION -

Boring Depth: _57.7t0 59.2 ft bls _—
- Line ab eequal spevinic viedd
Interval 1and S pereent
. 0
% Sand: 84% Particle size -num
—_— Saml 2-00R25

Silt 0,062 30,004
% Silt: 14% Clay - 0.004
S
% Clay: __ 2% & 97
D e 4’4 /.
= L
. . ¥ oz K
Estimated Specific g 30 %
Yield: _ 30% 5 @,
- . . 7,
s/\Nr}{ CLAY SUTY CLAY 2 w0 -
- / 3
@ - \ i
% N CLAYSIT \X‘\
% 7 CLAY-SAND 3 \
+ \ -\ 2

— 7

Silt s1ze (percent)

FIGURE 4.11 Textural classification triangle for unconsolidated materials showing the
relation between particle size and specific yield. Source: A. I. Johnson, U.S. Geological
Survey Water-Supply Paper 1662-D, 1967.
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BORING LOG WITH WELL. RECOVERED ONS LOG.GPJ LAGWGNQ1.GDT 7/23/08

S&ME, Inc. 1. BORING AND SAMPLING IS IN ACCORDANCE
9751 Southern Pine Boulevard WITH ASTM D-1586.

Charlotte, North Carolina 28273 , ppNETRATION (N-VALUE) IS THE NUMBER OF

ENGINEERING « TESTING  1clephone: 704-523-4726 BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO
ENVIRONMENTAL SERVICES Fax: 704-525-3953 DRIVE 1.4 IN. IL.D. SAMPLER | FT.
Project: Oconee Nuclear Station Boring No. GM-10
Location:  Seneca, SC Number: 1264-07-234 Sheet No. 1 of 1
Boring Depth (ft): 30.0 | Elevation (ft): 735.3 | Driller: fﬁys ;Jsittle, SC CertNo. | Date Drilled: 10/25/07
Logged By: Scott Dacus Water Level:  Stabilized Water Level at 6.00 ft bls Drilling Method: 4%" H.S.A.
Elev. Depth | Lith- . . Well Penetration Resistance (Blows/Foot)
(Feet) | (Feet) | ology Material Description Construction | o 5o 100
— 1735 _ PRE-DUG HOLE FOR UTILITY CLEARANCE: N
- - FILL >
: - <
= I .
_ — %
- ] 3
: . >
- \
— 4
B 7 N
o %
— 730 _ g‘
B _| FILL (F): Brown, Micaceous, Clayey, Silty, Medium to ‘\4
B KK Fine  SAND A \x‘
— R .| SOIL/SAPROLITE (M1): Red, Tan, and Brown, “é
B .1 Micaceous, Medium to Fine Sandy, SILT s
B B AR ‘4
- o1 o
— 725 211
[ 15 _: s SOIL/SAPROLITE (M1): Reddish-Orange, Micaceous,
— 720 _ / Clayey, SILT
u n%%%
[ n%%%
- V)
o 295
: 797
- %%
B 20—V
—715 _/
L ] 7
- TAA/
B 1 SOIL/SAPROLITE (M1): Orange, Micaceous, Clayey,
B — (/] SILT With Manganese Nodules
B %%
- B é /1
710 25 __? %
- IV
- *4//
= = J5T.-] SOIL/SAPROLITE (M1): White, Brown, and Gray,
B — / \Micaceous, Silty, Medium to Fine SAND /
B 30 _/,/ ) SOIL/SAPROLITE (M1): Orange, Micaceous, Clayey,
SILT With Manganese Staining and White, Medium to
Fine Sand Seam at 29.90 ft bls
Lithologic Information Obtained From GM-10R
Boring Terminated at 30.00 ft bis




MONITORING WELL RECOVERED ONS LOG.GPJ S&ME.GDT 7/23/08

COMPLETION REPORT OF WELL No. GM-10

PROJECT: Oconee Nuclear Station
PROJECT NO: 1264-07-234 WATER LEVEL: Stabilized Water Level at
PROJECT LOCATION: Seneca, SC 6.00 ft bls
LATITUDE: 34°47'38.220"
. -] ] 1]
DRILLING CONTRACTOR: S&ME, Inc. LONGITUDE: 82°53'40.225
DRILLING METHOD: 4%" H.S.A. TOP OF CASING ELEVATION: 737.89
DATE DRILLED: 10/25/07 DATUM: MSL
LOGGED BY: Scott Dacus
STRATA z
— WELL T =) <|:3 R
Q || DETAILS | o | & | <= WELL CONSTRUCTION DETAILS
DESCRIPTION S |kz u o | o
~ -
» |8 d
PROTECTIVE CASING
0 0.00 | GS | 735.27 | Diameter:
FOR UTILITY 0 N Interval:
CLEARANCE: FILL ! :
! RISER CASING
L 5 Diameter: 2"
v Type: Sch. 40 PVC
FILL (F). Brown, N Interval: 0 to 13.8 ft bils
Micaceous, Clayey, I
Silty, Medium to Fine |-} .[- |
lilsaND 1 GROUT
SOIL/SAPROLITE 9.80 725.47 Type: Neat Cement
(M1): Red, Tan,and | {.]--10 Interval: 0 to 9.8 ft bls
Brown, Micaceous, A RS
Medium to Fine 11 | 11.80 723.47
Sandy, ST i SEAL
1 Type: Bentonite
SOI/SAPROLITE - ,/_ 5 Interval: 9.8 to 11.8 ft bis
(M1):
Reddish-Orange, N I
Micaceous, Clayey, A4 F|LTERVPACK .
SILT Z Type: #1 Silica Sand
; I interval: 11.8 to 28.8 ft bis
; 20
A SCREEN
4% Diameter: 2"
ITE
1y Oty 297 Type: 0.010 Slotted PVC
Micaceous, Clayey, Z Interval: 13.8 to 28.8 ft bls
SILT With ¥
Manganese Nodules | 25
/ |
84 28.30 706.97 | LEGEND
SOIL/SAPROLITE 5N 2880 706 .47
(M;):Gwmﬁn" Brcoevllaﬂ's I 30.00 705.27 FILTER PACK TOC TOP OF CASING
and Gray, Micaceous, GS  GROUND SURFACE
AND ) FP  FILTER PACK
SOIL/SAPROLITE G CEMENT GROUT TSC  TOP OF SCREEN
(M1): Orange, ZH CUTTINGS / BACKFILL BSC BOTTOM OF SCREEN
M|caceou's, Clayey, STATIC WATER LEV ™ TOTAL DEPTH
SILT  With \ 4 LEVEL  cG  CEMENT GROUT

ERING » TESTING
NVIRONMENTAL SERVICES

mm
y4
Q
Z
m

9751 Southern Pine Boulevard
Charlotte, North Carolina 28273

COMPLETION REPORT OF
WELL No. GM-10

Sheet 1 of 2

Sheet 1 of 2




MONITORING WELL RECOVERED ONS LOG.GPJ S&ME.GDT 7/23/08

PROJECT: Oconee Nuclear Station
PROJECT NO: 1264-07-234
PROJECT LOCATION: Seneca, SC

GROUND SURFACE ELEVATION:
LOGGED BY: 735.3
CHECKED BY: Scott Dacus

STRATA z
WELL T o) O

a E~| Z E o~

2 E DETAILS | o & (Lg <=
DESCRIPTION S|k W i BT
T o ~ —
n (O w

WELL CONSTRUCTION DETAILS

Manganese Staining
nd White, Medium to

Fine Sand Seam at
9.90 ft bls

(See Page 1)

LEGEND
FILTER PACK TOC TOP OF CASING
GS  GROUND SURFACE

. BENTONITE BS  BENTONITE SEAL
CEMENT GROUT FP  FILTER PACK

¢ TSC TOP OF SCREEN

P CUTTINGS / BACKFILL BSC BOTTOM OF SCREEN
¥ STATIC WATER LEVEL E% gg{,,ﬁ';ﬁ%”ggw

9751 Southern Pine Boulevard
Charlotte, North Carolina 28273

S&ME

NGINEERING » TESTING
SERVICES

COMPLETION REPORT OF
WELL No. GM-10

Sheet 2 of 2




Site Name: ONS-GWPP

Test Date: 11/8/2007
Well Label: GM-10
Aquifer Thickness: 27.8 feet
Screen Length: 15. feet
Casing Radius: 1. Inches
Effective Radius: 3. Inches
Gravel Pack Porosity: 30.00%
Corrected Casing Radius: 1.844 Inches
Static Water Level: 6. feet
Water Table to Screen Bottom: 22.8 feet
Anisotropy Ratio: 1

Time Adjustment: 0. Seconds
Test starts with trial 0

There are 53 time and drawdown measurements
Maximum head is 3.068 feet
Minimum head is 0. feet

Calculation by Bouwer and Rice Graphical Method

ONS-GWPP
1 ;1/08/2007

Bouwer and Rice Graph
GM-10

llllll

01

lllll[

Head Ratio (Ht/Ho)

1

1e-002

| Hydraulic Conductivity = 1.827e-003 cm/sec
Transmissivity = 13.38 meters2/day

Bouwer and Rice parameter A = 3.3
Bouwer and Rice parameter B = 0.6772
In(Re/Rw) = 3.007095e+000

Gravel Pack Porosity: = 30. %

Corrected Casing Radius: = 1.844 Inches
Analysis starts at time 36. Seconds
Analysis ends at time 1.75 minutes

24 Measurements analyzed from 13 to 36

LIS R |

| B G B FE F PR S R ¢

Analysis by Julie Petersen of S&ME, Inc.

PERMEABILITY
1.83 x 10 cm/sec

FrrETTETTE LT L R LT T )
3 4
Adjusted Time (minutes)

Ho is 3.068 feet at 0. Seconds



BORING LOG WITH WELL RECOVERED_ONS LOG.GPJ LAGWGNO1.GDT 7/23/08

S&ME, Inc. 1. BORING AND SAMPLING IS IN ACCORDANCE
9751 Southern Pine Boulevard WITH ASTM D-1586.

Charlotte, North Carolina 28273, ppNETRATION (N-VALUE) IS THE NUMBER OF

ENGINEERING - TESTING  Lelephone: 704-523-4726 BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO
ENVIRONMENTAL SERVICES ~ Fax: 704-525-3953 DRIVE 1.4 IN. 1L.D. SAMPLER 1 FT.
Project: Oconee Nuclear Station C Boring No. GM-10R
Location:  Seneca, SC Number: 1264-07-234 Sheet No. 1 of 3 '
Boring Depth (ft): 88.0 | Elevation (ft): 735.3 | Driller: fﬁys ;Jsittle, SC CertNo. | Date Drilled: 10/22/07
Logged By: Scott Dacus Water Level:  Stabilized Water Level at 7.59 ft bls Drilling Method: 4%" H.S.A.
Elev. Depth | Lith- . .. Well Penetration Resistance (Blows/Foot)
(Fee) | (Feet) | ology Material Description _ Construction | o 50 100
— 735 ] PRE-DUG HOLE FOR UTILITY CLEARANCE:FILL % %
— 730 > % %
- _| FILL (F): Brown, Micaceous, Clayey, Silty, Medium to % %
B > Fine SAND ' . Ya
B T ) 4
— H SOIL/SAPROLITE (M1):" Red, Tan, and Brown, % % -
: | Micaceous, Medium to Fine Sandy, SILT :
= i) N 7?
725 0y % %
B 1 12
= 1 5____ SOIL/SAPROLITE (M1): Reddish-Orange, Micaceous, -
— 720 | % Clayey, SILT '
B V)
B :; V| %’ %
— V)
- gy
| T |
— 715 207
B 4V
B YA -
- 1 SOIL/SAPROLITE (M1): Orange, Micaceous, Clayey,
N 7] // SILT With Manganese Nodules
- g%
LT :
710 2 _?//
- :/ /
- _ / /
B 1V
- =gy
— 1T SOIL/SAPROLITE (M1): White, Brown, and Gray,
B - \Micaceous, Silty, Medium to Fine SAND /] N 7
— 30 B SOIL/SAPROLITE (M1): Orange, Micaceous, Clayey,
— 705 —- SILT With Manganese Staining and White, Medium to
B — Fine Sand Seam at 29.90 ft bls % %
- _F SOIL/SAPROLITE (M1): Tan and White, Micaceous,
[ — Silty, Medium to Fine SAND % % !




BORING LOG WITH WELL RECOVERED ONS LOG.GPJ LAGWGNO01.GDT 7/23/08

S&ME, Inc. 1. BORING AND SAMPLING IS IN ACCORDANCE
9751 Southern Pine Boulevard  yyry asTM D-1586.

Charlotte, North Carolina 28273, ppNETRATION (N-VALUE) IS THE NUMBER OF

ENGINEERING « TESTING  1clephone: 704-523-4726 BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO .
Project: Oconee Nuclear Station Boring No. GM-10R
Location:  Seneca, SC Number: 1264-07-234 Sheet No. 2 of 3
Boring Depth (ft): 88.0 | Elevation (ft): 735.3 | Driller: f;;ys ;Jsittle, SC CertNo. | Date Drilled: 10/22/07
Logged By: Scott Dacus Water Level:  Stabilized Water Level at 7.59 ft bls Drilling Method: 4%" H.S.A.
Elev. Depth | Lith- . .. Well Penetration Resistance (Blows/Foot)
(Feet) | (Feet) | ology Material Description Construction | ¢ 50 100
[— 700 BN % %
B T 18
— -
u T % % N?A &
L 695 40— % %
B —: SOIL/SAPROLITE (M1): Black and Orange, Silty, % % 17
L . Medium to Fine SAND With Manganese Staining
45—,
— 690 _k
B .y SOIL/SAPROLITE (M1)- Tan and White, Micaceous, % % N 47 \7
655 50— Silty, Medium to Fine  SAND % %
- L SOIL/SAPROLITE (M1): Black and Tan, Micaceous, )X‘ 38 l
[~ 55— Siity, Medium to Fine SAND
— 680 _l % %
- = Auger Refusal at 61.20 f¢ bls % %
_—675 60— Resume Auger Drilling at 61.40 ft bls
B - ROCK LENSE: Medium-Grained GRANITIC % % =
[ ] GNEISS j %
[ — WEATHERED ROCK (M2): When Sampled Becomes
= a Black and Tan, Micaceous, Silty, Medium to Fine %
- _ SAND §
— 670 657 % §
B _ % %
_ Auger Refusal at 70.00 ft bls
- N RS




BORING LOG WITH WELL RECOVERED ONS LOG.GPJ LAGWGNO01.GDT 7/23/08

ENGINEERING - TESTING
ENVIRONMENTAL SERVICES

S&ME, Inc.

9751 Southern Pine Boulevard
Charlotte, North Carolina 28273
Telephone: 704-523-4726
Fax: 704-525-3953

1. BORING AND SAMPLING IS IN ACCORDANCE
WITH ASTM D-1586.
2. PENETRATION (N-VALUE) IS THE NUMBER OF

BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO

DRIVE 1.4 IN. I.D. SAMPLER | FT.

Project: Oconee Nuclear Station Boring No. GM-10R
Location:  Seneca, SC Number:  1264-07-234 Sheet No. 3 of 3
Boring Depth (ft): 88.0 | Elevation (ft): 735.3 | Driller: n[l;;ys 7L5ittle, SC CertNo. | Date Drilled: 10/22/07

Logged By: Scott Dacus Water Level:  Stabilized Water Level at 7.59 ft bls Drilling Method: 4%" H.S.A.
Elev. Depth | Lith- . .. Well Penetration Resistance (Blows/Foot)
(Feet) | (Feet) | ology Material Description Construction | o 5 100
— 665 _ WEATHERED ROCK (M2): When Sampled Becomes
B — Black and Tan, Micaceous, Silty, Medium to Fine
- 7] SAND; Mostly Core Loss
L 660 s WEATHERED ROCK (M2): Fow Small Pieces of I
[ — Medium-Grained GRANITIC GNEISS Recovered,
L 7 Mostly Core Loss due to Soil Seams
— 655 80 __/ > 1 PARTIALLY WEATHERED/FRACTURED ROCK 1
B 7. - A (WF): Medium-Grained GRANITIC GNEISS
- 17~ /- | Intensely Fractured, Low Angle, High Angle and
L _/ Horizontal Joints With Slight to No Staining
[ 650 8 ?
o R,

Boring Terminated at 88.00 ft bls




FIELD ROCK CORE LOG
Oconee Nuclear Station - Groundwater Protection Project
S&ME Project No: 1264-07-234
Core Location: GM-10R
70

INQ Core - Auger Refusal at 70.00 fl bls 79

Horizontal Fracture, No Staining

End of Run #2, REC - 13.6%, RQD - 0%

71 Horizontal Fracture, No Staining 80

Horizontal Fracture, No Staining

Horizontal Fractures, No Staining

Horizontal Fractures, No Staining

72 81

Horizontal Fracture, No Staining, Muscovite in Fracture

73 82

Horizontal Fractures, No Staining

74 Core Loss 83

End of Run #3, REC - 94%, RQD - 65%

IlllllIlllllllllllllllllllll

High Angle Fracture, Slight Staining

End of Run #1, REC - 40.2%, RQD - 27.4% 84
Horizontal Fractures, No Staining

Horizontal Fractures, No Staining

2476,
2
Dedele

o
&
0%

Horizontal Fractures, No Staining EXPLANATION

£l

Concrete

el

&35

76 85

TRBRELS
352

55

25
2508

Horizontal Fractures, No Staining

Core Loss

SRS
&

<
2%
Petele

Vertical Fracture Moderately Healed

LT,

5G5S

SREREEIEK
505

3RS
Detetetede

&8

5%
&

&2

Granitic Gneiss

High Angle Fracture, No Staining .

Biotite Hornblende
Gneiss

R
Horizontal Fracture, No Staining L

&0

&
355

228

77 86

TS,
S84
S5
&
Seded

S
)
A
&

Core Loss

IIIIIIlIIlIIIIIHIlllIHI

78 87

Fracture

=== End of Run
Horizontal Fractures, No Staining

Core Loss e ol Contact

End of Run #4, REC - 90.6%, RQD - 34.4% — Healed Joint
“oring Terminated at 88.00 fi bls

79 —— 88

Page 1 of 1



COMPLETION REPORT OF WELL No. GM-10R Sheet 1 of 3

PROJECT: Oconee Nuclear Station

PROJECT NO: 1264-07-234 WATER LEVEL: Stabilized Water Level at
PROJECT LOCATION: Seneca, SC 7.59 ft bls
LATITUDE: 34°47'38.229"
DRILLING CONTRACTOR: S&ME, Inc. LONGITUDE: 82°53'40.175"
DRILLING METHOD: 4%" H.S.A. TOP OF CASING ELEVATION: 737.91
DATE DRILLED: 10/22/07 DATUM: MSL
. . LOGGED BY: Scott Dacus
STRATA z
- WELL - 2|9
. =~ =~
Q |E_| DETAILS | o= | & | L= WELL CONSTRUCTION DETAILS
DESCRIPTION S |kz u Q1
> Wl ~ | -
w [m] 7]
PROTECTIVE CASING
0 0.00 | GS | 735.29 | Diameter:
PRE-DUG HOLE q 4 Type:
FOR UTILITY - D Interval
CLEARANCE: FILL i :
L RISER CASING
L 5 Diameter: 2"
Type: Sch. 40 PVC
FILL (F): Brown, Interval: 0 to 83 ft bls
Micaceous, Clayey, TT 4
Silty, Medium to Fine - {.[- | -
AND 1 GROUT
SOIL/SAPROLITE F Type: Neat Cement
(M1): Red, Tan,and | 1.]--10 interval: 0 to 80 ft bls
Brown, Micaceous,
Medium to Fine 1.1
Sandy, SILT 11T SEAL
R Type: K-packer
SO TSAPROLITE //‘/_ 5 Interval: 82.43 to 82.63
(M1): 1
Reddish-Orange, A
Micaceous, Clayey, ; FILTERPACK
SILT 7 Type:
V] /1 Interval:
gédi
- 20
V]
¢ SCREEN
4 Diameter: 2"
SOIL/SAPROLITE '
1% Orance éf h Type: 0.010 Slotted PVC
Micaceous, Clayey, |44 Interval: 83 to 88 ft bls
glsILT with [
&|Manganese Nodules (125
- %%
: 1
2 SOIL/SAPROLITE g LEGEND
2 RN
-{(M1): White, Brown, [
Bland Gray, Micaceous, L4759 L] FILTER PACK 63" GROUND SURFACE
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MONITORING WELL RECOVERED ONS LOG.GPJ S&ME.GDT 7/23/08

PROJECT: Oconee Nuclear Station
PROJECT NO: 1264-07-234
PROJECT LOCATION: Seneca, SC

GROUND SURFACE ELEVATION:
LOGGED BY: 735.3
CHECKED BY: Scott Dacus

STRATA

WELL

DETAILS
DESCRIPTION

SYMBOL
DEPTH
(ft)
DEPTH
(it
LEGEND
ELEVATION
(ft)

WELL CONSTRUCTION DETAILS

Manganese Staining
nd White, Medium to
Fine Sand Seam at
9.90 ft bis
SOIL/SAPROLTTE
(M1): Tan and White,
Micaceous, Silty,
Medium to Fine
SAND (continued)

SOIL/SAPROLITE
(M1): Black and RN
Orange, Silty, Medium |".}-:
to Fine SAND ¥
With Manganese
Staining

SOIL/SAPROLITE
(M1): Tan and White,
Micaceous, Silty,
Medium to Fine
SAND

SOIL/SAPROLITE RMA
(M1): Black and Tan, ['3-]:755
Micaceous, Silty, L
Medium to Fine -
SAND

ROCK LENSE:
Medium-Grained
IGRANITIC GNEISS 3
WEATHERED ROCK L
(M2): When Sampled
Becomes Black and

Tan, Micaceous, Silty, L
Medium to Fine L
SAND &

WEATHERED ROCK
(M2): When Sampled -
Becomes Black and R
Tan, Micaceous, Silty,
Medium to Fine G
SAND; Mostly Core

Loss

(See Page 1)

LEGEND
FILTER PACK

[l senToniTE

&

N CEMENT GROUT
CUTTINGS / BACKFILL
¥ STATIC WATER LEVEL

TOP OF CASING
GROUND SURFACE
BENTONITE SEAL
FILTER PACK

TOP OF SCREEN
BOTTOM OF SCREEN
TOTAL DEPTH
CEMENT GROUT

9751 Southern Pine Boulevard
Charlotte, North Carolina 28273

COMPLETION REPORT OF
WELL No. GM-10R

Sheet 2 of 3




MONITORING WELL RECOVERED ONS LOG.GPJ S&ME.GDT 7/23/08

PROJECT: Oconee Nuclear Station
PROJECT NO: 1264-07-234
PROJECT LOCATION: Seneca, SC

GROUND SURFACE ELEVATION:
LOGGED BY: 735.3
CHECKED BY: Scott Dacus

STRATA z
- WELL . 2|9 v
=~ =~
- | & |E-| DETAILS |a&| & | £ WELL CONSTRUCTION DETAILS
DESCRIPTION | £ |E 2 w i T
(See Page 1)
WEATHERED ROCK Ws “
(M2): Few Small a0 80.00 655.29
Pieces of L
Medium-Grained -
GRANIT'C GNE'SS ; " , N | 8243 65286
Recovered; Mostly Vel s 82.63 652.66
Core Loss due to Soil |[- /. 83.00 652.29
eams (continued) /
PARTIALLY o4 -
WEATHERED/FRACT\
ROCK (WF): -
Medium-Grained 87.50 647.79
GRANITIC GNEISS 88.00 647.29
Intensely Fractured,
Low Angle, High Angle
and Horizontal Joints
ith Slight to No
taining
LEGEND
FILTER PACK TOC TOP OF CASING
GS GROUND SURFACE
i BENTONITE BS  BENTONITE SEAL
&’l‘ CEMENT GROUT FP FILTER PACK
RA TSC TOP OF SCREEN
£a CUTTINGS/BACKFILL =~ BSC BOTTOM OF SCREEN
™D TOTAL DEPTH
Y STATIC WATER LEVEL CcG CEMENT GROUT

’

9751 Southern Pine Boulevard
Charlotte, North Carolina 28273

COMPLETION REPORT OF
WELL No. GM-10R

Sheet 3 of 3




SPLIT SPOON SAMPLE PICTURES

Oconee Nuclear Station - Groundwater Protection Project

E

S&ME Project No: 1264-07-234

Boring Number:

GM-10R

Sample No: 1
Depth (ft-bls):  8.5-10
Blow Count: 1*3*4
Sample No: 2
Depth (ft-bls):  13.5-15
Blow Count: 1*5*7
Sample No: 3
Depth (ft-bls): 18.5-20
Blow Count: 1*2*2
Sample No: 4
Depth (ft-bls):  23.5-25
Blow Count: 2%2%*2
Sample No: 5
Depth (ft-bls):  28.5 - 30
Blow Count: 2%3*4
Sample No: 6
Depth (ft-bls):  36.5 - 38
Blow Count: 7*8* 10

Page 1 of 2




SPLIT SPOON SAMPLE PICTURES

Oconee Nuclear Station - Groundwater Protection Project ME
S&ME Project No: 1264-07-234 - -
Boring Number: GM-10R

Sample No: 7
Depth (ft-bls):  38.5-40
Blow Count: 9 *11*13

Sample No: 8
Depth (ft-bls): 43.5-45
Blow Count: 5*7*10

- & ’
.fwi;m;i'k !

Sample No: 9
Depth (ft-bls):  48.5 - 50
Blow Count: 9 *14 * 33

Sample No: 10
Depth (ft-bls): 53.5-55
Blow Count: 12 * 16 * 22

Page 2 of 2




ROCK CORE PICTURES

Oconee Nuclear Station - Groundwater Protection Project
S&ME Project No: 1264-07-234

'C‘ore Location: GM-10R

CLASSIFICATION:

70.00' to 75.00": Soil

75.00" to 80.00": Medium-Grained Granitic Gneiss With Soil Seams
80.00" to 88.00": Medium-Grained Granitic Gneiss

Page 1 of 1
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CA LCULATION OF PERMEABILITY BY THE FALLING HEAD ME; 0D
n Hole in Uniform Matcrlal) AT

Site Name: ONS - GWPP
Date: 10/24/2007
Boring 1.D. GM-10R
Test Interval: 70"to 75' (Weathered Rock)
Total Depth of Hole: 75 ft 2286.59 cm
Length of Open Hole: 5ft 152.44 cm
Transformation Ratio m= 1
Performed by: Scott Dacus
Time (sec) Head (cm) Permeability (cm/sec) Calculations
0 984.09
60 975.88 2.45E-05 d?-In 2mL o |mL
120 971.13 1.43E-05 H —b—>4
180 967.59 1.07E-05 y = ‘In
240 964.79 8.50E-06 8-L-(t,-t,) H,
300 962.38 7.32E-06
360 960.30 6.31E-06 Where:
420 958.48 5.58E-06 Ky is the Horizontal Coefficient of Permeability (cm/sec)
480 956.80 5.13E-06 H, is the Piezometric Head for time; t = t; (cm)
540 955.24 4.76E-06 H, is the Piezometric Head for time; t = t, (cm)
600 953.81 4.39E-06 D is the Diameter of the Standpipe (cm)
900 947.50 3.89E-06 d is the diameter of the Open Length (cm),
1200 941.98 3.42E-06 m is the Transformation Ratio, Where
1500 936.89 3.17E-06 . m= \/WKV K, is the Horizontal Permeability|
1800 932.10 3.00E-06 K, is the Vertical Permeability|
2400 923.72 2.65E-06 L is the Open Length of Hole (cm)
3000 916.80 2.20E-06
3600 911.22 1.79E-06 Spreadsheet assumes 3" 1D Pipe; NQ Hole, OD = 3"
MEAN PERMEABILITY (cm/sec)
6.56E-06
Graph of Field Data
Head vs Time
990.00
980.00 %
970.00 &
T 960.00 \
£ 950.00 <
§ 940.00 R
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Time (sec)




Site Name: ONS - GWPP
Date: 10/23/2007
Boring 1.D. GM-10R
Test Interval: 33.5'to0 36.5' - (Soil Saprolite)
Total Depth of Hole: 36.5 ft ' 1112.8 cm
Length of Open Hole: 3 ft 91.46 cm
Transformation Ratio m= 1
Performed by: Scott Dacus
Time (sec) Head (cm) Permeability (cm/sec - Calculations
0 486.40
60 482.87 3.07E-05 d? - In 2mL o |mL
120 480.73 1.86E-05 D H, o
180 478.84 1.66E-05 K, = ‘In
240 477.16 1.47E-05 8-L-(t,-1,) H,
300 475.58 1.40E-05
360 474.18 1.24E-05 Where:
420 472.87 1.16E-05 Ky is the Horizontal Coefficient of Permeability (cm/sec)
480 471.65 1.09E-05 H, is the Piezometric Head for time; t = t; (cm)
540 470.49 1.03E-05 H, is the Piezometric Head for time; t =t (cm)
600 469.42 9.54E-06 D is the Diameter of the Standpipe (cm)
900 464.73 8.45E-06 d is the diameter of the Open Length (cm),
1200 460.79 7.15E-06 m is the Transformation Ratio, Where
1500 457.38 6.25E-06 m= W K, is the Horizontal Permeability
1800 45427 5.74E-06 K, is the Vertical Permeability|
2400 448.81 5.08E-06 L is the Open Length of Hole (cm)
3000 444.02 4.51E-06
3600 439.76 4.06E-06 Spreadsheet assumes 3" ID Pipe; NQ Hole, OD = 3"

MEAN PERMEABILITY (cm/sec)

1.12E-05

Graph of Field Data

Head vs Time
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BLCULATION OF PERMEABILITY BY THE FALLING HEAD METHOD
( ,

Open Hole in Uniform Material)

Site Name: ONS - GWPP
Date: 10/24/2007
Boring L.D. GM-10R
Test Interval: 70" to 80' (Weathered Rock)
Total Depth of Hole: 80 ft 2439.02 cm
Length of Open Hole: 10 ft 304.88 cm
Transformation Ratio m=
Performed by: Scott Dacus
- Time (sec) Head (cm) Permeability (cm/sec) Calculations
0 © 113238
15 1094.97 2.34E-04 d? -1 2mL o - |mL
30 1072.93 1.41E-04 H, , —D—)4
45 1059.42 8.81E-05 n = n
60 1050.18 6.09E-05 8-L- (12 t ) H,
75 1043.48 4.46E-05
90 1038.45 3.36E-05 Where
K is the Horizontal Coefficient of Permeability (cm/sec)
H, is the Piezometric Head for time; t =t; (cm)
H, is the Piezometric Head for time; t =t (cm)
D is the Diameter of the Standpipe (cm)
d is the diameter of the Open Length (cm),
m is the Transformation Ratio, Where
_ K, is the Horizontal Permeability
m K /KV K, is the Vertical Permeability
L is the Open Length of Hole (cm)
Spreadsheet assumes 3" ID Pipe; NQ Hole, OD = 3"

MEAN PERMEABILITY (cm/sec)

1.00E-04

Graph of Field Data
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Site Name: ONS-GWPP

Test Date: 11/8/2007
Well Label: GM-10R
Aquifer Thickness: 85.41 feet
Screen Length: 5. feet
Casing Radius: 1. Inches
Effective Radius: 1.5 Inches
Static Water Level: 7.59 feet
Water Table to Screen Bottom:  80.41 feet
Anisotropy Ratio: 1

Time Adjustment: 0. Seconds

Test starts with trial 0

There are 68 time and drawdown measurements
Maximum head is 1.961 feet

Minimum head is 0. feet

Calculation by Bouwer and Rice Graphical Method

Oconee Nuclear Station Bouwer and Rice Graph
1 11/08/2007 GM-10R

Bouwer and Rice parameter A=2.7

Bouwer and Rice parameter B=0.5
In(Re/Rw) = 3.524647e+000

Analysis starts at time 0. Seconds

Analysis ends at time 1.5 minutes

26 Measurements analyzed from 1 to 26

1 Points not plotted because head ratio <= 0.0
These points are not included in the analysis

Head Ratio (Ht/Ho)

Hydraulic Conductivity = 1.545e-003 cm/sec
Transmissivity = 34.76 meters2/day

I i 1 1 T T T

|ll|l

0 5 10 15 20 25 30 35
Adjusted Time (minutes)
Analysis by Julie Petersen of S&ME, Inc. Ho is 1.961 feet at 0. Seconds
PERMEABILITY

1.55 x 10~ cm/sec



PARTICLE SIZE ANALYSIS OF SOILS
FOR USE IN FETTER AND BEAR DIAGRAMS

Boring No.:
GM-10R

Sample No.:
SS-4

Depth:
23.5to0 25 ft bls

Sample Description

M1: Orange, Clayey, Silt, With Medium to Fine Sand (ML)

90%

100% O—0-3—8- \ 4

(P o
"\\\

80%

70%

60%

50%

40%

30%

Percent Passing

20%

10%

0%

100

10

2 p

1 0.1

Particle Size (mm)

0.01

0.0625 p
0.004 )

0.001

>2mm

2 mm-0.0625 mm

0.0625 mm - 0.004 mm

<0.004 mm

From Graph:

% Gravel
0.0%

% Sand
23.7%

% Silt
62.1%

% Clay
14.2%

Adjusted for
Calculations

0%

24%

62%

14%

Notes:

Gravel, sand, silt and clay sizes based on Wentworth Scale.

Grain size distribution taken from grain size with hydrometer data located in Appendix II.

S&ME Project:

Oconee Nuclear Station - GWPP

S&ME Project No.:
1264-07-234




FETTER AND BEAR DIAGRAMS

S&ME PROJECT: Oconee Nuclear Station - GWPP
S&ME PROJECT NO.: 1264-07-234

GM-10R 2

Boring No.

EXPLANATHON -

3
Line at erual specitic swsid
Inderval 1 d 3 pereont

Boring Depth: _23.5 t0 25 fi bls

Paticle size -mnu
Saml 206t
Silt 0.062 530004
Clay -~thon

% Sand: 24%

% Silt: 62%

% Clay: __ 14%

Estimated Specific
Yield: 9%

X
I
S

17
‘
7
iy
Yy
Ay
7
D)
Sy
%

Silt size (percent)

FIGURE 4.11 Textural classification triangle for unconsolidated materials showing the
relation between particle size and specific yield. Source: A, 1. Johnson, U.S. Geological

Survey Water-Supply Paper 1662-D, 1967.
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Estimated Porosity: __ 45%

Varlatlon of Porosity, Specilic Yield, and Speclfic Retentlon with Grain Size
(after Bear, 1972)




PARTICLE SIZE ANALYSIS OF SOILS
FOR USE IN FETTER AND BEAR DIAGRAMS

Boring No.:
GM-10R

Sample No.:
SS-6

Depth:

36.5to 38 fi bls

Sample Description:
M1: Tan and White, Silty, Medium to Fine Sand (SM)

100%

-

™~

90%

80%

70%

60%

50%

40%

A

Percent Passing

30%
20%

10%

0%

M

100

10

2
-

0.1
Particle Size (mm)

0.01

/7
0.004 b "

0.0625 P

0.001

>2mm

2 mm - 0.0625 mm

0.0625 mm - 0.004 mm

<0.004 mm

From Graph:

% Gravel
0.6%

% Sand
70.0%

% Silt
26.2%

% Clay
3.2%

Adjusted for
Calculations

0%

70%

26%

3%

Notes:

Grain size distribution taken from grain size with hydrometer data located in Appendix I1.

Gravel, sand, silt and clay sizes based on Wentworth Scale.

S&ME Project:
Oconee Nuclear Station - GWPP

S&ME Project No.:

1264-07-234




FETTER AND BEAR DIAGRAMS

S&ME PROJECT: Oconee Nuclear Station - GWPP
S&ME PROJECT NO.: 1264-07-234

Boring No. GM-10R PR

EXPLANATION -

3
Line ot aaual speeiic veeid
inerval Tamd S pereent

Boring Depth: _36.5 t0 38 fi bls

91

Barticle size -mnn
Saned 2-000625
Silt 0,062 30004
Clay - Q4

% Sand: 70%
% Silt: 26%

% Clay: __ 3%

Estimated Specific
Yield: .- 26%

z
\
: %W'-S/\ND
X .

L4

Silt size (percent)

FIGURE 4.11 Textural classification triangle for unconsolidated materials showing the
relation between particle size and specific yield. Source: A. I. Johnson, U.5. Geological
Survey Water-Supply Paper 1662-D, 1967.
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BORING LOG WITH WELL RECOVERED ONS LOG.GPJ LAGWGNO1.GDT 7/23/08

S&ME, Inc. 1. BORING AND SAMPLING IS IN ACCORDANCE
9751 Southern Pine Boulevard WITH ASTM D-1586.

Charlotte, North Carolina 28273 ; pgNETRATION (N-VALUE) IS THE NUMBER OF

ENGINEERING « TESTING 1 elephone: 704-523-4726 BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO
ENVIRONMENTAL SERVICES Fax: 704-525-3953 DRIVE 1.4 IN. LD. SAMPLER | FT.

Project: Oconee Nuclear Station Boring No. GM-11

Location: Seneca, SC Number: 1264-07-234 Sheet No. 1 of 2

Boring Depth (ft): 40.0 | Elevation (f1): 720.4 | Driller: ilﬁys 7L5ittle, SCCertNo. | Date Drilled: 9/25/07

Logged By: Scott Dacus- Water Level:  Stabilized Water Level at 30.19 ft bls Drilling Method: 4" H.S.A.

Well Penetration Resistance (Blows/Foot)
Construction | ¢ 50 100

Elev. Depth | Lith-

(Feet) | (Feet) | ology Material Description

I
-~
[\
(=]

\GRASS and TOPSOIL With GRAVEL Va
FILL (F): Reddish-Brown, Clayey, SILT

K

K

AN

¥4
4

NN
YN,
NN

A

W

D

&8

X

FILL (F): Light Brown, Micaceous, Medium to Fine
Sandy, SILT With Roots

N\
X

L e b e e g

&

715

Y/
N

A

W

N
N

2

N\
QA

KL
A

X

X

&

710

K

X

<

N7
X/

X

7

\Z
N

L
A

X
L

&

FILL (F): Reddish-Brown, Micaceous, Medium to Fine
Sandy, SILT

X4
A

X
W

N

15

&
&

705

R
A

X

AN

N\

N

A

I I O B O
Ll eyl 1
<

7N
K

W

20 FILL (F): Light Brown, Micaceous, Silty, Medium to

Fine SAND

I
~1
=3
=3

77

X
A

2
K

X

%

X/
/

N

7
A

I|I|lll

n 25 .
— 695 FILL (F): Reddish-Brown, Silty, Medium to Fine

SAND With Manganese Staining

rT e

SOIL/SAPROLITE (M1): Light Brown and White, Silty,

30 N
| Medium to Fine SAND

dov by g dgv g gl d




BORING LOG WITH WELL RECOVERED ONS LOG.GPJ LAGWGNO1.GDT 7/23/08

S&ME, Inc. 1. BORING AND SAMPLING IS IN ACCORDANCE
9751 Southern Pine Boulevard 7y 4570 D-1586.

Charlotte, North Carolina 28273, pENETRATION (N-VALUE) IS THE NUMBER OF

ENGINEERING « TESTING  1elephone: 704-523-4726 BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO
ENVIRONMENTAL SERVICES  Fax: 704-525-3953 DRIVE 1.4 IN. LD. SAMPLER 1 FT.
Project: Oconee Nuclear Station Boring No. GM-11
Location: ~ Seneca, SC ‘_ ' Number:  1264-07-234 Sheet No. 2 of 2
Boring Depth (ft): 40.0 | Elevation (ft): 720.4 | Driller: g;;ys 7L5ittle, SC CertNo. | Date Drilled: 9/25/07
Logged By: Scott Dacus Water Level:  Stabilized Water Level at 30.19 ft bls Drilling Method: 4%" H.S.A.
Elev. Depth | Lith- Well Penetration Resistance (Blows/Foot)

Material Description

(Feet) | (Feet) | ology Construction | ¢ 50 100

SOIL/SAPROLITE (M1): Light Brown and White,

Micaceous, Silty, Medium to Fine SAND. Layers of
+ 11 Brown, Very Micaceous, SILT at40.42 ft and 40.48 ft
‘1251 bls

rrTrriTrp e

Lithologic Description Obtained From GM-11R
Boring Terminated at 40.00 ft bls




MONITORING WELL RECOVERED ONS LOG.GPJ S&8ME.GDT 7/23/08

PROJECT:
PROJECT NO:

COMPLETION REPORT OF WELL No. GM-11

Oconee Nuclear Station
1264-07-234

WATER LEVEL:

Sheet 1 of 2

Stabilized Water Level at

PROJECT LOCATION: Seneca, SC 30.19 ft bis
LATITUDE: 34°47'35.017"
) . ] v ”
DRILLING CONTRACTOR: S&ME, Inc. LONGITUDE: 82°53'30.619
DRILLING METHOD: 4%" H.S.A. TOP OF CASING ELEVATION: 723.31
DATE DRILLED: 9/25/07 DATUM: MSL
‘ LOGGED BY: Scott Dacus
STRATA d
- WELL | g |8
=~ = —
Q |E.| DETAILS | 3= | ¥ | <= WELL CONSTRUCTION DETAILS
DESCRIPTION S \kz o o | o
> w ~ - -
» |0 Ll
PROTECTIVE CASING
0 0.00 | GS | 720.37 | Diameter:
GRASS and 3 Type:
TOPSOIL With L Interval:
lerAVEL :
FILL (F): .
Reddish-Brown,
B o RISER CASING
FILL (F): Light - lameter:
Brown, Micaceous, Type: Sch. 40 PVC
Medium to Fine Interval: 0 to 28.5 ft bls
Sandy, SILT With
Roots GROUT
Type: Neat Cement
L 10 Interval: 0 to 23 ft bls
SEAL
Type: Bentonite
interval: 23 to 26.5 ft bls
FILL (F):
Reddish-Brown, 15
Micaceous, Medium FILTERPACK
to Fine Sandy, SILT ] Type: #1 Silica Sand
Interval: 26.5 to 40 ft bis
- L SCREEN
EILL (F)ML'ght 2 Diameter: 2"
rown, vicaceous, '
Silty, Medium to Fine Type: 0.010 Slotted PVC
SAND 23.00 697 37 Interval: 28.5 to 38.5 ft bls
FILL (F): . (%
Reddish-Brown, Silty, ‘ 26.50 693.87 | LEGEND
Medium to _Fine e
SAND With FILTER PACK TOC TOP OF CASING
Manganese Staining GS GROUND SURFACE
_ : [l senTonE BS  BENTONITE SEAL
QN R
?&'ﬁ?&?g};}'ﬁ 130 g CEMENT GROUT "Fgc '[I:'I(%-IE%QFPSP(‘.‘,CRKEEN
4 Whits. Sit & CUTTINGS / BACKFILL BSC BOTTOM OF SCREEN
Medium to Fing. : ATER LEV TD  TOTAL DEPTH
SAND STATICWATERLEVEL ¢ CEMENT GROUT

- SGME

ENGINEERING « TESTING
ENVIRONMENTAL SERVICES

9751 Southern Pine Boulevard
Charlotte, North Carolina 28273

COMPLETION REPORT OF
WELL No. GM-11

Sheet 1 of 2




MONITORING WELL RECOVERED ONS LOG.GPJ S&ME.GDT 7/23/08 ‘

PROJECT: Oconee Nuclear Station
PROJECT NO: 1264-07-234
PROJECT LOCATION: Seneca, SC

GROUND SURFACE ELEVATION:
LOGGED BY: 720.4
CHECKED BY: Scott Dacus

STRATA

WELL
DETAILS

DEPTH
(ft.)

()

DESCRIPTION

LEGEND

SYMBOL

DEPTH
(ft) -

ELEVATION

WELL CONSTRUCTION DETAILS

(See Page 1)

SOIL/SAPROLITE
(M1): Light Brown
and White,
Micaceous, Silty,
Medium to Fine
SAND. Layers of
Brown, Very N
Micaceous, SILT at 1l
40.42 ft and 40.48 ft
Ibls

682.37
681.87

680.37

LEGEND
FILTER PACK TOC TOP OF CASING
GS  GROUND SURFACE
BENTONITE BS  BENTONITE SEAL
CEMENT GROUT FP FILTER PACK
2 TSC TOP OF SCREEN
CUTTINGS / BACKFILL BSC BOTTOM OF SCREEN
TD  TOTAL DEPTH
STATIC WATERLEVEL oG CEMENT GROUT

9751 Southern Pine Boulevard
Charlotte, North Carolina 28273

COMPLETION REPORT OF
WELL No. GM-11

Sheet 2 of 2




Site Name: ONS-GWPP

Test Date: 11/15/2007
Well Label: GM-11
Aquifer Thickness: 13.31 feet
Screen Length: 10. feet
Casing Radius: 1. Inches
Effective Radius: 3. Inches
Gravel Pack Porosity: 30.00%
Corrected Casing Radius: 1.844 Inches
Static Water Level: 30.19 feet
Water Table to Screen Bottom:  8.31 feet
Anisotropy Ratio: 1

Time Adjustment: 0. Seconds

Test starts with trial 0

There are 41 time and drawdown measurements
Maximum head is 2.402 feet

Minimum head is 0. feet

Calculation by Bouwer and Rice Graphical Method

ONS-GWPP Bouwer and Rice Graph
11/15/2007 GM-11
1. i
. Bouwer and Rice parameter A = 2. 475
3 Bouwer and Rice parameter B = 0.4678
] In(Re/Rw) = 2.433947e+000
4 Gravel Pack Porosity: = 30. %
- Corrected Casing Radius: = 1.844 Inches
Analysis starts at time 21. Seconds
7 Analysis ends at time 1.9 minutes
23 Measurements analyzed from 8 to 30
1 Points not plotted because head ratio <= 0.0
T - These points are not included in the analysis
7 3
3 B
< el
= E
14
= e
T 4
1 ev()()a
7 Hydraulic Conductivity = 3.762e-003 cm/sec
- Transmissivity = 13.19 meters2/day
Illlllillll]lllllll|lIIlllllllllll|]|||ll|||lll
0 1 2 3
Adjusted Time (minutes)
Analysis by Julie Petersen of S&ME, Inc. Ho is 2.402 feet at 0. Seconds

3.76 x 10™ cm/sec




BORING LOG WITH WELL RECOVERED ONS LOG.GPJ LAGWGNO01.GDT 7/23/08

S&ME, Inc. 1. BORING AND SAMPLING IS IN ACCORDANCE
9751 Southern Pine Boulevard WITH ASTM D-1586.

Charlotte, North Carolina 28273, ppNETRATION (N-VALUE) IS THE NUMBER OF

ENGINEERING - TESTING  Lelephone: 704-523-4726 BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO
ENVIRONMENTAL SERVICES Fax: 704-525-3953 DRIVE 1.4IN. LD. SAMPLER 1 FT.
Project: Oconee Nuclear Station Boring No. GM-11R
Location:  Seneca, SC Number: 1264-07-234 Sheet No. 1 of 2
" Boring Depth (ft): 70.2 | Elevation (f): 720.5| Driller: fﬁys ;usittle, SC CertNo. | Date Drilled: 9/20/07
Logged By: Scott Dacus Water Level:  Stabilized Water Level at 28.97 ft bls Drilling Method: 44" H.S.A.
Elev. Depth | Lith- . . Well Penctration Resistance (Blows/Foot)
(Feet) | (Feet) | ology Material Description Construction | o 50 100
[ 250 _ \GRASS and TOPSOIL With GRAVEL B
N 7] FILL (F): Reddish-Brown, Clayey, SILT % %
B - FILL (F): Light Brown, Micaceous, Medium to Fine % % N
— 5— Sandy, SILT With Roots /\
—715 — % §
e %
—710 —
| _ % %
N _ FILL (F): Reddish-Brown, Micaceous, Medium to Fine 14
- 15— Sandy, SILT 1
705 . % %
i i % % N
:700 20 _ FILL (F): Light Brown, Micaceous, Silty, Medium to A
L — Fine SAND % %
B 25 ] % % N 14
— 695 — FILL (F): Reddish-Brown, Silty, Medium to Fine
N 7] SAND With Manganese Staining % %
B _ % % \ 4
- —
N 30— SOIL/SAPROLITE (MI): Light Brown and White, Silty, N 13
— 690 - Medium to Fine SAND % %
— 35—+ T.] SOIL/SAPROLITE (M1): Light Brown and White, % % N 15
— 685 1L 7] Micaceous, Silty, Medium to Fine SAND.  Layers of N R




BORING LOG WITH WELL RECOVERED ONS LOG.GPJ LAGWGNO1.GDT 7/23/08

N

S&ME, Inc. 1. BORING AND SAMPLING IS IN ACCORDANCE
9751 Southern Pine Boulevard WITH ASTM D-1586.

Charlotte, North Carolina 28273 ; ppNETRATION (N-VALUE) IS THE NUMBER OF

ENGINEERING « TESTING  Lelephone: 704-523-4726 BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO
ENVIRONMENTAL SERVICES Fax: 704-525-3953 DRIVE 1.4 IN. LD. SAMPLER | FT.

Project: Oconee Nuclear Station ) Boring No. GM-11R

Location:  Seneca, SC , Number:  1264-07-234 . Sheet No. 2 of 2

Boring Depth (ft): 70.

(]

Elevation (ft): 720.5 | Diriller: f;;ys%ittle, SC CertNo. | Date Drilled: 9/20/07

Logged By: Scott Dacus Water Level:  Stabilized Water Level at 28.97 ft bls Drilling Method: 4%" H.S.A.

Elev. Depth | Lith-

Well Penetration Resistance (Blows/Foot)
(Feet) (Feet) | ology .

Material Description .
Construction | ¢ 50 100,

.| Brown, Very Micaceous, SILT at 40.42 ft and 40.48 fi
] bls ‘
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SOIL/SAPROLITE (M1): White, Yellow, and Brown,
Micaceous, Silty, Medium to Fine SAND
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7 / -\ Fine SAND -
7. 7 | \Auger Refusal at 50.60 ft bls /
SOUND ROCK (D): Medium-Grained GRANITIC
GNEISS With Intermittent Medium-Grained
BIOTITE HORNBLENDE GNEISS = Moderately
Fractured, Low Angle and High Angle Joints With
Moderate to No Staining
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Boring Terminated at 70.20 ft bls




FIELD ROCK CORE LOG

Oconee Nuclear Station - Groundwater Protection Project
S&ME Project No: 1264-07-234

Cdre Location: GM-11R

50 59
NQ Core - Auger Refusal at 50.60 ft bls
Horizontal Fracture, Slight Staining
Core Loss
s1 High Angle Fracture, Staining 60
Horizontal Fracture, No Staining
Horizontal Fractures, Staining End of Run #2, REC - 95.4%, RQD - 85.6%
Quartz seam with large biotite, chlorite grains
52 61
Horizontal Fracture, Less Staining
Core Loss Horizontal Fracture, Slight Staining
53 62
Horizontal Fracture, No Staining
i High Angle and Horizontal Fracture, Iron and Manganese Staining
R
54 £05%e% 63
R
»:0:0‘0: {End of Run #3, REC - 100%, RQD - 70%
:Q:Q:Q:q Core Loss Horizontal Fracture, Slight Staining
5
1305054
2
AT
. L Horizontal Fracture, Staining
Horizontal Fracture, No Stai
5 5 rizon racture, No ning 64
End of Run #1, REC - 77.8%, RQD - 59.0%
’ . XPLANATION
Horizontal Fractures, Staining et
56 65
Concrete
Horizontal Fractures, No Staining, Mafic Lense
Granitic Gneiss
57 66 .
Biotite Hornblende
Horizontal Fracture, No Staining Gneiss
5757
Horizontal Fracture, No Staining ;::::
Core Loss
58 67
Fracture
Horizontal Fractures, No Stainin;
# === End of Run
e Contact
= Healed Joint
59 68

Page 1 of 2



FIELD ROCK CORE LOG

Oconee Nuclear Station - Groundwater Protection Project

S&ME Projecyt_No:h 126§-077234
Core Location: GM-11R

68
nd of Run #4, REC - 95.4%, RQD - 79.2%
] High Angle Fracture, Completely Healed with Quartz & Pyrite
69
70
End of Run #5, REC - 100%, RQD - 100%
Coring Terminated at 70.20 fi bls
i

Page 2 of 2

EXPLANATION

Egl

Concrete

Granitic Gneiss

Biotite Hornblende
Gneiss

[
el
Core Loss

I Fracture
End of Run
“““ Contact

Healed Joint




COMPLETION REPORT OF WELL No. GM-11R

Sheet 1 of 2

MONITORING WELL RECOVERED ONS LOG.GPJ S&ME.GDT 7/23/08

PROJECT: Oconee Nuclear Station
PROJECT NO: 1264-07-234 WATER LEVEL: Stabilized Water Level at
PROJECT LOCATION: Seneca, SC 28.97 ft bls
LATITUDE: 34°47'35.052"
DRILLING CONTRACTOR: S&ME, Inc. LONGITUDE: 82°53'30.574"
DRILLING METHOD: 4V:" H.S.A. TOP OF CASING ELEVATION: 723.48
DATE DRILLED: 9/20/07 DATUM: MSL
LOGGED BY: Scott Dacus
STRATA
— WELL |- | g |8
=~ =~
Q |E| DETAILS | £ | & | ££ WELL CONSTRUCTION DETAILS
DESCRIPTION 2 |kz o o | o
S W= - | 4
[72] 0 w
PROTECTIVE CASING
0 0.00 | GS |720.49| Diameter:
GRASS and < 4 Type:
TOPSOIL With 3 Interval:
|GrRAVEL A :
FILL (F): A
Reddish-Brown,
Ciayey. ST RISER CASING
FILL (F) nght - 5 lameter:
Brown, Micaceous, ! Type: Sch. 40 PVC
Medium to Fine i Interval: 0 to 61.5 ft bls
Sandy, SILT With
Roots 3
X GROUT
L 10 Type: Neat Cement
| Interval: 0 to 58 ft bls
L SEAL
Type: K-packer
FILL (F): :
Reddish-Brown, L 15 Interval: 60.8 to 61 ft bls
Micaceous, Medium |
to Fine Sandy, SILT | FILTERPACK
r Type:
- Interval:
FILL (F): Light 20
Brown, Micaceous, I
Silty, Medium to Fine ! SCREEN
SAND | Diameter: 2"
| Type: 0.010 Slotted PVC
Interval: 61.5 to 66.5 ft bis
-25
FILL (F):
Reddish-Brown, Silty, i
Medium to Fine -
SAND With I
Manganese Staining | L 4 LEGEND
SOIL/SAPROLITE 30 FILTER PACK TOC TOP OF CASING
(M1): h!?htglrfwn y BENTO GS  GROUND SURFACE
e um 1 Fing, N NITE BS  BENTONITE SEAL
\%/ FP FILTER PACK
SAND },\_‘ CEMENT GROUT TSC  TOP OF SCREEN
3 I CUTTINGS / BACKFILL BSC BOTTOM OF SCREEN
N TD  TOTAL DEPTH
T35 STATIC WATER LEV
1 K ¥ EL CG  CEMENT GROUT
S&ME COMPLETION REPORT OF
9751 Southern Pine Boulevard ELL -
y Charlotte, North Carolina 28273 w No. GM-11R
ENGINEERING « TESTING ) Sheet 1 of 2
ENVIRONMENTAL SERVICES




MONITORING WELL RECOVERED ONS LOG.GPJ S&ME.GDT 7/23/08

PROJECT: Oconee Nuclear Station GROUND SURFACE ELEVATION:
PROJECT NO: 1264-07-234 LOGGED BY: 720.5
PROJECT LOCATION: Seneca, SC CHECKED BY: Scott Dacus

STRATA WELL

DETAILS WELL CONSTRUCTION DETAILS

DESCRIPTION

DEPTH
(ft.)
LEGEND
ELEVATION
(ft.)

SYMBOL
DEPTH
(ft)

(See Page 1)

SOIL/SAPROLITE
(M1): Light Brown
and White,
Micaceous, Silty,
Medium to Fine
SAND. Layers of
Brown, Very
Micaceous, SILT ;
at 40.42 ftand 40.48 ft |
bls (continued)

SOIL/SAPROLITE
(M1): White, Yellow,
and Brown,
Micaceous, Silty,
Medium to Fine
SAND

WEATHERED ROCK
(M2): When Sampled
Becomes, White,
Yellow, and Brown,
Micaceous, Silty,
Medium to Fine
SAND

uger Refusal at

0.60 ft bis

50

T

T

/55

SOUND ROCK (D):
Medium-Grained
GRANITIC GNEISS
With Intermittent
Medium-Grained
BIOTITE
HORNBLENDE
GNEISS;
Moderately Fractured,
Low Angle and High
Angle Joints With
Moderate to No
Staining

58.00 662.49

T

/|60 60.80 659.69
61.00 659.49

61.50 658.99

nismnm|

T

/-|-65
66.00 654.49
- | 66.50 653.99

] 68.20 652.29

"L 70 - 70.20 650.29

T

LEGEND

[] FILTER PACK TOC TOP OF CASING
GS  GROUND SURFACE

. BENTONITE BS BENTONITE SEAL

R CEMENT GROUT FP  FILTER PACK
= TSC TOP OF SCREEN

CUTTINGS / BACKFILL BSC BOTTOM OF SCREEN

Y STATCWATERLEVEL (3 comerg aRoUT

S&M COMPLETION REPORT OF
9751 South Pi Boul d -
E oo soutemeine souievare WELL No. GM-11R

ENGINEERING « TESTING Sheet 2 of 2
E SERVICES




SPLIT SPOON SAMPLE PICTURES
Oconee Nuclear Station - Groundwater Protection Project
S&ME Project No: ’1264-07/-2?4

Boring Number:

Sample No: 1
Depth (ft-bls): 4-55
Blow Count: 3*3*3
Sample No: 2
Depth (ft-bls): 9-10.5
Blow Count: 2*2*3
Sample No: 3
Depth (ft-bls): 14 -15.5
Blow Count: 3*6*8
Sample No: 4
Depth (ft-bls): 19 - 20.5
Blow Count: 4*3*3
Sample No: 5
Depth (ft-bls): 24 - 25.5
Blow Count: 5*6*8
Sample No: 6
Depth (ft-bls): 29 -30.5
Blow Count: 4*5*8

Page 1 of 2




SPLIT SPOON SAMPLE PICTURES

Oconee Nuclear Station - Groundwater Protection Project ME
SSME Project No: 126407204
Boring Number:  GM-11R

Sample No: 7
Depth (ft-bls): 34 -35.5
Blow Count: 4*6*9

Sample No: 8
Depth (ft-bls): 39 -40.5
Blow Count: 6*5%*6

Sample No: 9
Depth (ft-bls): 44 - 45.5
Blow Count: 7 *15* 17

Sample No: 10
Depth (ft-bls): 49 - 50.5
Blow Count: 20 * 39 * 50/3

Page 2 of 2




ROCK CORE PICTURES

Oconee Nuclear Station - Groundwater Protection Project ME

S&ME Proj_ect No: 1264-07-234
Core Location: GM-11R

CLASSIFICATION:
50.60' to 70.20": Medium-Grained Granitic Gneiss With Intermittent Biotite Hornblende Gneiss

Page 1 of 1




(Opeli ﬁole in Uhlform Materlal) y

EAD-METHOD

Site Name: ONS - GWPP
Date: 9/21/2007
Boring 1.D. GM-11R
Test Interval: 50.6' to 55.6' (Weathered/Sound Rock)
Total Depth of Hole: 55.6 ft 1695.12 cm
Length of Open Hole: 5 ft 152.44 cm
Transformation Ratio m= 1
Performed by: Scott Dacus
Time (sec) Head (cm) Permeability (cm/sec) Calculations
0 615.03 :
60 588.32 1.30E-04 d?-In 2mL o |mL
120 578.90 4.73E-05 D H, -5
180 571.22 3.91E-05 K,= -In
240 563.84 3.81E-05 - 8-L- (t2 -1, ) H,
300 557.23 3.46E-05
360 551.01 3.29E-05 Where:
420 544.79 3.32E-05 Ky is the Horizontal Coefficient of Permeability (cm/sec)
480 541.19 1.94E-05 H, is the Piezometric Head for time; t =1, (cm)
540 537.04 2.25E-05 H, is the Piezometric Head for time; t = t, (cm)
600 531.92 2.81E-05 D is the Diameter of the Standpipe (cm)
900 503.48 3.22E-05 d is the diameter of the Open Length (cm),
1200 474.30 3.50E-05 m is the Transformation Ratio, Where
1500 451.31 2.91E-05 m= \/m K, is the Horizor.ltal Permeability
K, is the Vertical Permeability|
L is the Open Length of Hole (cm)
Spreadsheet assumes 3" ID Pipe; NQ Hole, OD = 3"

MEAN PERMEABILITY {cm/sec)

4.01E-05

Graph of Field Data

650.00
600.00
550.00
500.00

Head (cm)

450.00
400.00
350.00

Head vs Time

vt

T T T T T T T

200 400 600 800 1000 1200 , 1400

Time (sec)

1600




CALCULATION F PERMEABILITY,BY THE F ALLING HEAD METHOD.

%';lﬂ,/l

5 Y
(Open Hole in "Uniform Materlal)

Site Name: ONS - GWPP
Date: 9/20/2007
Boring 1.D. GM-11R
Test Interval: 35'to 38' (Soil/Saprolite)
Total Depth of Hole: 38 ft 1158.54 cm
Length of Open Hole: 3 ft 91.46 cm
Transformation Ratio m= |
Performed by: Scott Dacus
Time (sec) Head (cm) Permeability (cm/sec) Calculations
0 490.46
60 455.82 3.08E-04 d? -Inl 2mL )
120 42735 2.71E-04 H, -5
180 402.80 2.49E-04 K, = -In
240 381.13 2.33E-04 8-L- (t2 - tl) H,
300 361.74 2.19E-04
360 344.15 2.10E-04 Where:
420 328.14 2.00E-04 K; is the Horizontal Coefficient of Permeability (cm/sec)
480 313.57 1.91E-04 H, is the Piezometric Head for time; t =t (cm)
540 300.00 1.86E-04 H, is the Piezometric Head for time; t =t, (cm)
600 287.41 1.80E-04 D is the Diameter of the Standpipe (cm)
900 236.59 1.64E-04 d is the diameter of the Open Length (cm),
1200 200.15 1.41E-04 m is the Transformation Ratio, Where
1500 173.05 1.22E-04 m= \/WKV K, is the Horizor.lta] Permeability
1800 152.53 1.06E-04 K, is the Vertical Permeability)|
L is the Open Length of Hole (cm)
Spreadsheet assumes 3" ID Pipe; NQ Hole, OD = 3"

MEAN PERMEABILITY (cm/sec)

1.99E-04
Graph of Field Data
Head vs Time

600.00

500.00 \
T 400.00
L
- 300.00
3]
[
T 200.00 v\.\.

100.00

0.00 T { T
0 500 1000 1500 2000
Time (sec)




CALCULATION OF PERMEABILITY BY THE FALLING HEAD METHOD __ E
B e S e S - die N SO NS R AR SRR g LI
(Open Hole'in Uniform Material) = = : . )
Site Name: ONS - GWPP
Date: 9/21/2007
Boring 1.D. GM-11R
Test Interval: 50.6' to 60.6' (Weathered/Sound Rock)
Total Depth of Hole: 60.6 ft 1847.56 cm
Length of Open Hole: 10 ft 304.88 cm
Transformation Ratio m= |
Performed by: Scott Dacus
Time (sec) Head (cm) Permeability (cm/sec) Calculations
0 680.82
60 653.32 7.17E-05 d?-In 2mL o |mL
120 641.83 3.09E-05 D ] -5
180 630.79 3.02E-05 Kh = -In
240 620.18 2.95E-05 8-L-(t,-t,) H,
300 610.03 2.87E-05
360 600.18 2.83E-05 Where:
420 590.73 2.76E-05 K, is the Horizontal Coefficient of Permeability (cm/sec)
480 581.52 2.73E-05 H, is the Piezometric Head for time; t = ; (cm)
540 572.50 2.72E-05 H, is the Piczometric Head for time; t = t, (cm)
600 563.84 2.65E-05 D is the Diameter of the Standpipe (cm)
900 523.90 2.55E-05 d is the diameter of the Open Length (cm),
1200 489.27 2.38E-05 m is the Transformation Ratio, Where
1500 458.99 2.22E-05 m= W K, is the Horizontal Permeability,
1800 43241 2.07E-05 K, is the Vertical Permeability)]
2400 391.31 1.74E-05 L is the Open Length of Hole (cm)
3000 358.05 1.54E-05

Spreadsheet assumes 3" 1D Pipe; NQ Hole, OD = 3"

MEAN PERMEABILITY (cm/sec)

2.83E-05

Graph of Field Data

700.00
650.00
600.00
550.00
500.00
450.00
400.00
350.00
300.00

Head (cm)

Head vs Time

<
0 500 1000 1500 2000 2500 3000 3500

Time (sec)




PROJECT NAME AND NO.: ONS-GWPP BOREHOLE NO.: _GM-11R
LOCATION: Seneca, SC TEST INTERVAL: 61.0 to 67.0  bgs
TEST DATE: 9/24/2007 TEST INTERVAL: 6595 to 653.5 EL
TESTED BY: Adam Jennings/Scott Dacus
GROUND ELEV (ft MSL):  720.5
TEST METHOD: Double Packer Method using Multiple Pressure Tests
METHOD REFERENCE: Ground Water Manual, US Bureau of Reclamation, 1995, Chapter 10
RESULTS OF PERMEABILITY CALCULATIONS
MULTIPLE STEP TEST
Step Flow (Q) Pressure (psi) Lugeons Permeability Permeability
(gpm) Gauge |Effective (ft/sec) (cm/sec)
1 5.46 30 43 38 1.35E-05 4.1E-04
2 5.83 40 53 33 1.2E-05 3.6E-04
3 6.77 50 63 32 1.1E-05 3.5E-04
4 5.65 40 53 32 1.1E-05 3.5E-04
5 4.47 30 43 31 1.1E-05 3.4E-04
AVERAGE; 33 1.2E-05 3.6E-04
SELECTED VALUES
Rock Description of Tested Interval:
Moderately Fractured Granitic Gneiss With Intermittent Biotite Hornblende Gneiss
TEST INTERPRETATION
EFFECTIVE PRESSURE(psi) FLOW (gpm)
0 20 40 60 80 0 2 4
1 1 2
S 2 g =
Z z
3 7
= =
5 5
8 ;
7 1
el
S 4 i
23 i
g |
i 4
1 == A=
0 | L
0 20 40 60 80
Effective Differential Pressure (psi)

Packer Test GM-11R Redo
Permeability Calculations
Page 1 of 4



PERMEABILITY CALCUL
EACH STEP OF TEST L

A TIONS‘FOR%‘ -

CALCULATED PERMEABILITY FOR STEP 1

Gauge Pressure, h2.
Flow Rate, Q:
Head loss per TEN foot section of pipe:
Head Loss, L
Distance from pressure gauge to bottom of test section, h;:
Value of hy:
Effective Head, H where H=hI+h2-L :
Determine Saturation Zone:

Select Zone 1, 2, 0r 3

Tu=U-D+H

X = (H/Tuy*100

TwA
Determine Conductivity Coefficient

H/r

A/H

Alr

Select Cu from Fig 10-7 for Zone 1 tests:

Cs for Zone 2 and 3 tests:
Calculate K if Zone 1 and using single or double packer
Calculate K if Zone 2 and using single packer (Method 1)
Calculate K if Zone 2 and using double packer (Method 2)
Calculate K if Zone 3 and using single packer (Method 1)
Caleulate K if Zone 3 and using double packer (Method 2)
Is this step valid?

30
5.46
0.1
0.7
322
322
99.9

62.2
160.8

103 .

1.35E-05

psi
gpm
psi
psi
feet
feet
feet

feet
%

ft/sec

ft/sec
ft/sec
ft/sec
ft/sec

If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow
Calculate a, the total open area of the test section:

Is Q/a * (estimated porosity) > 107?

69.3 feet of water
0.012 ft'/sec
(per tables)
1.5 feet of water

43.3 psi

Zones 1 and 2 are unsaturated, 3 is saturated

Value for Zone 1 analysis
Value for Zone 1 analysis
Value for Zone 2 and 3 analysis
Cu for Zone 1
Cs for Zones 2 and 3

- cm/sec

- cm/sec

- cm/sec

- cm/sec

4.12E-04 cm/sec

4.7 square feet
True, Test Valid

CALCULATED PERMEABILITY FOR STEP 2
Gauge Pressure, h2.

Flow Rate, Q:
Head loss per TEN foot section of pipe:
Head Loss, L
Distance from pressure gauge to bottom of test section, hy:
Value of h;:
Effective Head, H where H=hI+h2-L :
Determine Saturation Zone:

Select Zone 1,2, 0r 3

Tu=U-D+H

X = (H/Tu)*100

Tuw/A
Determine Conductivity Coefficient

H/r

A/H

Alr .
Select Cu from Fig 10-7 for Zone 1 tests:

Cs for Zone 2 and 3 tests:
Calculate K if Zone 1 and using single or double packer
Calculate K if Zone 2 and using single packer (Method 1)
Calculate K if Zone 2 and using double packer (Method 2)
Calculate K if Zone 3 and using single packer (Method 1)
Calculate K if Zone 3 and using double packer (Method 2)
Is this step valid?

40
5.83

0.7
322
322
123.0

85.3
1443
14.2

1.17E-05

psi
gpm
psi

- psi

feet
feet
feet

feet
Y%

ft/sec
ft/sec
ft/sec
ft/sec
ft/sec

If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow
Calculate a, the total open area of the test section:

Is Q/a * (estimated porosity) > 10?77

92.4 feet of water

0.013 ft'/sec
(per tables)
1.5 feet of water

53.3 psi

Zones 1 and 2 are unsaturated, 3 is saturated

Value for Zone 1 analysis
Value for Zone 1 analysis
Value for Zone 2 and 3 analysis
Cu for Zone 1
Cs for Zones 2 and 3

- cm/sec

- cm/sec

- cm/sec

- cm/sec

3.58E-04 cmy/sec

4.7 square feet
True, Test Valid

Packer Test GM-11R Redo
Permeability Calculations
Page 2 of 4



CALCULATED PERMEABILITY FOR STEP 3
Gauge Pressure, h2.

Flow Rate, Q:
Head loss per TEN foot section of pipe:
Head Loss, L:
Distance from pressure gauge to bottom of test section, hy:
Value of h,;:
Effective Head, H where H = hi+h2-L :
Determine Saturation Zone:

Select Zone 1, 2,0r 3

Tu=U-D+H

X =(H/Tu)*100

TwA
Determine Conductivity Coefficient

H/r

A/H

Alr

Select Cu from Fig 10-7 for Zone 1 tests:

Cs for Zone 2 and 3 tests:
Calculate K if Zone 1 and using single or double packer
Calculate K if Zone 2 and using single packer (Method 1)
Calculate K if Zone 2 and using double packer (Method 2)
Calculate K if Zone 3 and using single packer (Method 1)
Calculate K if Zone 3 and using double packer (Method 2)
Is this step valid?

If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent
Calculate a, the total open area of the test section:
Is Q/a * (estimated porosity) > 1077

50

6.77
0.1
0.7
322
322
146.1

108.3
134.9
18.0

48

72

1.15E-05

psi
gpm
psi
psi
feet
feet
feet

feet
%

ft/sec
ft/sec
ft/sec
f/sec
ft/sec

flow

115.5 feet of water

0.015 fi'/sec
(per tables)
1.5 feet of water

63.3 psi

Zones 1 and 2 are unsaturated, 3 is saturated

Value for Zone | analysis
Value for Zone 1 analysis
Value for Zone 2 and 3 analysis

. Cu for Zone 1

Cs for Zones 2 and 3
- cm/sec
- cm/sec
- cm/sec
- cm/sec
3.50E-04 cm/sec

4.7 square feet
True, Test Valid

CALCULATED PERMEABILITY FOR STEP 4
Gauge Pressure, h2,

Flow Rate, Q:
Head loss per TEN foot section of pipe:
Head Loss, L:
Distance from pressure gauge to bottom of test section, hy:
Value of h;:
Effective Head, H where H = hi+h2-L :
Determine Saturation Zone:

Select Zone 1,2, 0r 3

Tu=1U-D+H

X = (H/Tu)*100

Tw/A
Determine Conductivity Coefficient

H/r

A/H

Alr

Select Cu from Fig 10-7 for Zone 1 tests:

Cs for Zone 2 and 3 tests:
Calculate K if Zone 1 and using single or double packer
Calculate K if Zone 2 and using single packer (Method 1)
Calculate K if Zone 2 and using double packer (Method 2)
Calculate K if Zone 3 and using single packer (Method 1)
Calculate K if Zone 3 and using double packer (Method 2)
Is this step valid?

40

5.65
0.1
0.7
322
322
123.0

85.3
144.3
14.2

48

72

1.14E-05

psi
gpm
psi
psi
feet
feet
feet

feet
%

fi/sec
ft/sec
ft/sec
ft/sec
fi/sec

If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow
Calculate a, the total open area of the test section:

Is Q/a * (estimated porosity) > 10??

92.4 feet of water

0.013 fi'¥/sec
(per tables)
1.5 feet of water

53.3 psi

Zones 1 and 2 are unsaturated, 3 is saturated

Value for Zone 1 analysis
Value for Zone 1 analysis
Value for Zone 2 and 3 analysis
Cu for Zone |
Cs for Zones 2'and 3

- cm/sec

- cm/sec

- cm/sec

- cm/sec

3.47E-04 cm/sec

4.7 square feet
True, Test Valid

Packer Test GM-11R Redo
Permeability Calculations
Page 3 of 4



CALCULATED PERMEABILITY FOR STEP 5§
Gauge Pressure, h2.

Flow Rate, Q:
Head loss per TEN foot section of pipe:
Head Loss, L:
Distance from pressure gauge to bottom of test section, hy:
Value of h;;
Effective Head, H where H=hI+h2-L :
Determine Saturation Zone:

Select Zone 1,2, 0r 3

Tu=U-D+H

X = (H/Tuw)*100

TwA
Determine Conductivity Coefficient

H/r

A/H

Alr

Select Cu from Fig 10-7 for Zone | tests:

Cs for Zone 2 and 3 tests:
Calculate K if Zone 1 and using single or double packer
Calculate K if Zone 2 and using single packer (Method 1)
Calculate K if Zone 2 and using double packer (Method 2)
Calculate K if Zone 3 and using single packer (Method 1)
Calculate K if Zone 3 and using double packer (Method 2)
Is this step valid?

30
447
0.1
0.7
322
322
99.9

62.2

160.8
10.3

psi
gpm
psi
psi
feet
feet
feet

feet
%

fi/sec
f/sec
ft/sec
ft/sec

1.11E-05 ft/sec

If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow

Calculate a, the total open area of the test section:
Is Q/a * (estimated porosity) > 10?7?

69.3 feet of water

0.010 fi¥/sec
(per tables)
1.5 feet of water

43.3 psi

Zones 1 and 2 are unsaturated, 3 is saturated

Value for Zone | analysis
Value for Zone 1 analysis
Value for Zone 2 and 3 analysis
Cu for Zone 1

Cs for Zones 2 and 3

cm/sec
cm/sec
cm/sec
cm/sec
3.37E-04 cm/sec

4.7 square feet

True, Test Valid

Packer Test GM-11R Redo
Permeability Calculations
Page 4 of 4



Site Name: ONS-GWPP

Test Date: 9/27/2007
Well Label: GM-11R
Aquifer Thickness: 42.56 feet
Screen Length: 5. feet
Casing Radius: 1. Inches
Effective Radius: 1.5 Inches
Static Water Level: 28.94 feet
Water Table to Screen Bottom:  37.56 feet
Anisotropy Ratio: 1

Time Adjustment: 0. Seconds
Test starts with trial 0

There are 60 time and drawdown measurements
Maximum head is 4.36 feet
Minimum head is 0. feet

Calculation by Bouwer and Rice Graphical Method

ONS-GWPP Bouwer and Rice Graph
09/27/2007 GM-11R
1
. Bouwer and Rice parameter A= 2.7
a Bouwer and Rice parameter B = 0.5
i In(Re/Rw) = 3.263586e+000
B Analysis starts at time 3. Seconds
= Analysis ends at time 2.1 minutes
31 Measurements analyzed from 2 to 32
- 1 Points not plotted because head ratio <= 0.0
These points are not included in the analysis
0y
° =
L .
£ B
) -
ko
114
T .
@
X
1 e-002,
_| Hydraulic Conductivity = 1.065e-003 cm/sec
Transmissivity = 11.94 meters2/day
Illllllll!lllllllllllllillll lllllllilll!lll|ll|’I!lll!llllllllllll!lll

0

Analysis by Julie Petersen of S&ME, Inc.

1 2

PERMEABILITY

1.07 x 10 cm/sec

4 5
Adjusted Time (minutes)

Ho is 4.36 feet at 0. Seconds



PARTICLE SIZE ANALYSIS OF SOILS
FOR USE IN FETTER AND BEAR DIAGRAMS

Boring No.: Sample No.: Depth:
GM-11R SS-10 49 to 50.5 ft bls

Sample Description:
M2: White, Yellow, and Brown, Micaceous, Silty, Medium to Fine Sand (SM)

o,
100% —5-5—6-8 ﬁ.\ l
90%

80%
70%
60%

50% \

40% \

30% \
N
20% i
el

10%
0% him
100 10 0.1

Particle Size (mm)

—

Percent Passing

2
-

0.001

0.004 P ‘T'

0.0625 p

> 2 mm 2 mm - 0.0625 mm 0.0625 mm - 0.004 mm <0.004 mm

From Graph: % Gravel % Sand % Silt % Clay
0.4% 81.9% 15.4% 2.4%

Adjusted for

. 0% 82% : 15% 2%
Calculations

Notes:
Grain size distribution taken from grain size with hydrometer data located in Appendix II.
Gravel, sand, silt and clay sizes based on Wentworth Scale.

S&ME Project:
Oconee Nuclear Station - GWPP

S&ME Project No.:
1264-07-234




FETTER AND BEAR DIAGRAMS

S&ME PROJECT: Oconee Nuclear Station - GWPP
S&ME PROJECT NO.: 1264-07-234

Boring No. GM-11R o100
EXPLANATIONN -
Boring Depth: 49 to 50.5 ft bls a0 ; I'» |
e — ine at equal spevitic sl

Intercd 1 oand 3 percent

Panticle size -mnw
Sard 2= 25
Silt 0062 0004
Clay =704

% Sand: 82%
% Silt: 15%

% Clay: _ 2%

Estimated Specific
Yield: __30%

Silt s1ze (percent)

FIGURE 4.11 Textural classification triangle for unconsolidated materials showing the
relation between particle size and specific yield. Source: A. |. Johnson, U.S. Geological

Survey Water-Supply Paper 1662-D, 1967.

43
w0
3]
g:m
& 20] AN ?
% lﬂ“: l,/ i 3
& |o§ /’~ ;
& e ! SPECIFIC RETENTICH
1 -~
1
ol ,
=1 " Q (=] L™ | 2] -
(9| 3| 3|3345(43 5|8 |2 22|25 45 2
3 5 g E e : s 5 :5 :5 o us §
w

Estimated Porosity: __ 42%

varlation of Porositly, Speclfic Yleld, and Speclific Retentlon with Graln Slze
: (atter Bear, 1972)




BORING LOG WITH WELL RECOVERED ONS LOG.GPJ LAGWGNO01.GDT 7/23/08

S&ME, Inc. 1. BORING AND SAMPLING IS IN ACCORDANCE
9751 Southern Pine Boulevard  pyryy as7M D-1586.

Charlotte, North Carolina 28273 > pENETRATION (N-VALUE) IS THE NUMBER OF

ENGINEERING » TESTING = Lelephone: 704-523-4726 BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO
ENVIRONMENTAL SERVICES ~ Fax: 704-525-3953 DRIVE 1.4IN. LD. SAMPLER 1 FT.
Project: Oconee Nuclear Station ' Boring No. GM-12
Location:  Seneca, SC Number: 1264-07-234 Sheet No. 1 of 1
Boring Depth (ft): 23.0 | Elevation (ft): 695.1 | Driller: }l;ys ;JSittle, SC CertNo. | Date Drilled: 9/26/07
Logged By: David Klemm Water Level: ~ Stabilized Water Level at 7.91 ft bls Drilling Method: 4" H.S.A.
" Elev. Depth | Lith- . <. Well Penetration Resistance (Blows/Foot)
(Feet) | (Feet) | ology Material Description Construction | ¢ 50 100

FILL (F): Orange and Brown, Silty, Medium to Fine
SAND

W

690

FILL (F): Gray, Silty, Coarse to Fine SAND With
Quartz Gravel

SOIL/SAPROLITE (M1): Brown, Silty, Fine SAND

| With Tan, Silty, Fine SAND From 10.10 ft to 10.40 ft
| bls, and White, Silty, Fine SAND at 13.70 ft bls and
From 19.00 ft to 19.20 ft bls

(=)}

o0

A

=
ol

g los v iy

N

o

(=}
—_
w

SOIL/SAPROLITE (M1): Brown, Micaceous, Silty,
Medium to Fine SAND [
SOIL/SAPROLITE (M1): White, Silty, Medium to Fine
SAND With Quartz Rock Fragments

=)
~J
W
[\
[=2

Illlllllll‘IIIIIII]T[I7TI]IIII|Illl||||l]l|l||

Lithologic Descriptions Obtained From GM-12R
Boring Terminated at 23.00 ft bls




MONITORING WELL RECOVERED ONS LOG.GPJ S&ME.GDT 7/23/08

COMPLETION REPORT OF WELL No. GM-12

Sheet 1 of 1

PROJECT: Oconee Nuclear Station .
PROJECT NO: 1264-07-234 WATER LEVEL: Stabilized Water Level at
PROJECT LOCATION: Seneca, SC 7.91 ft bls
LATITUDE: 34°47'30.943"
DRILLING CONTRACTOR: S&ME, Inc. LONGITUDE: 82°53'33.023"
DATE DRILLED: 9/26/07 DATUM: MSL
LOGGED BY: David Klemm
STRATA
——— WELL | | o |8
O |x EZ| i kZ
DESCRIPTION 2 |- DETAILS i £ o3 £ WELL CONSTRUCTION DETAILS
> W ~ . |
» |O w
PROTECTIVE CASING
0 0.00 | GS |695.09| Diameter:
FILL (F): IOral\r;lgz and % 1 Type:
" | ]
o Fne CSAND T RS 2.00 693.09| Interval
| 4.00 691.09 [ RISER CASING
Diameter: 2"
Type: Sch. 40 PVC
interval: 0 to 5 ft bls
FILL (F): C'S:ray, Silty,
Coarse to Fine
SAND With Quartz GROUT
Gravel Type: Neat Cement
SOIL/SAPROLITE interval: 0 to 2 ft bls
(M1): Brown, Silty,
Fine SAND With
Tan, Silty, Fine ] SEAL
SAND Fr&m 10.(}0 ft |- Type: Bentonite
to 10.40 ft bis, an - .
White, Silty, Fine 1 Interval: 2 to 4 ft bls
SAND at13.70ftbls |- |-{" '
d From 19.00 ftto  [i.[}:
020fbls FILTERPACK
Type: #1 Silica Sand
19,50 675,50 Interval: 4 to 20 ft bls
SOIL/SAPROLITE : .
(M1): Brown, { 20.00 675.09
Micaceous, Silty, \ SCREEN
Medium to Fine ; Diameter: 2"
AND § 23.00 672.09

SOIL/SAPROLITE
(M1): White, Silty,
Medium to Fine
SAND With Quartz
ock Fragments

Interval: 5 to 20 ft bis

LEGEND .
FILTER PACK

[l senToniTE
CEMENT GROUT

d CUTTINGS / BACKFILL
¥ STATIC WATER LEVEL

Type: 0.010 Slotted PVC

TOC TOP OF CASING

GS GROUND SURFACE

BS BENTONITE SEAL

FP FILTER PACK

TSC TOP OF SCREEN

BSC BOTTOM OF SCREEN
"TD TOTAL DEPTH

CG CEMENT GROUT

ENGINEERING - TESTING
ENVIRONMENTAL SERVICES

9751 Southern Pine Boulevard

COMPLETION REPORT OF
“WELL No. GM-12

Charlotte, North Carolina 28273

Sheet 1 of 1




Site Name: ONS-GWPP

Test Date: 9/27/2007
Well Label: GM-12
Aquifer Thickness: 17.09 feet
Screen Length: 15. feet
Casing Radius: 1. Inches
Effective Radius: 3. Inches
Gravel Pack Porosity: 30.00%
Corrected Casing Radius: 1.844 Inches
Static Water Level: 7.91 feet
Water Table to Screen Bottom:  12.09 feet
Anisotropy Ratio: 1

Time Adjustment: 0. Seconds

Test starts with trial 0

There are 43 time and drawdown measurements
Maximum head is 4.041 feet

Minimum head is 0. feet

Calculation by Bouwer and Rice Graphical Method

ONS-GWPP Bouwer and Rice Graph
09/27/2007 GM-12
1y
3 Bouwer and Rice parameter A = 2.955
] Bouwer and Rice parameter B = 0.6276
— in(Re/Rw) = 2.745825e+000
. Gravel Pack Porosity: = 30. %
il Corrected Casing Radius: = 1.844 Inches
Analysis starts at time 3. Seconds
g Analysis ends at time 0.75 minutes
15 Measurements analyzed from 2 to 16
1 Points not plotted because head ratio <= 0.0
0 These points are not included in the analysis
o -
X -
£ ]
54 ]
§ i
o -
3
T
1.6-002f
4 Hydraulic Conductivity = 4.253e-003 cm/sec
Transmissivity = 19.14 meters2/day
llllllllllllllllllllIllllll| Il|l|IIIIIII|||llllllllllTlllI'lllllllllll
0 1 2 3 4 5
Adjusted Time (minutes)
Analysis by Julie Petersen of S&ME, Inc. Ho is 4.041 feet at 0 Seconds

4.25x 10 cm/sec




BORING LOG WITH WELL RECOVERED ONS LOG.GPJ LAGWGNO01.GDT 7/23/08

S&ME, Inc. 1. BORING AND SAMPLING IS IN ACCORDANCE
9751 Southern Pine Boulevard WITH ASTM D-1586.

Charlotte, North Carolina 28273, ppNETRATION (N-VALUE) IS THE NUMBER OF

ENGINEERING « TESTING  Lelephone: 704-523-4726 BLOWS OF [40 LB. HAMMER FALLING 30 IN. REQUIRED TO
ENVIRONMENTAL SERVICES  Fax: 704-525-3953 DRIVE 1.4 IN. LD. SAMPLER 1 FT.
Project: Oconee Nuclear Station ‘ Boring No. GM-12R
Location: Seneca, SC Number: 1264-07-234 Sheet No. 1 of 2
Boring Depth (ft): 54.3| Elevation (ft): 695.2 | Driller: fﬁys ;Jsittle, SCCertNo. | Date Drilled: 9/24/07
Logged By: David Klemm Water Level:  Stabilized Water Level at 7.49 ft bls Drilling Method: 4%" H.S.A.
Elev. Depth | Lith- . .. Well Penetration Resistance (Blows/Foot)
(Feet) | (Feet) | ology Material Description Construction | ¢ 50 100
— 695 _| FILL (F): Orange and Brown, Silty, Medium to Fine
] SAND
2 )X{ 15 ’
690 o

FILL (F): Gray, Silty, Coarse to Fine SAND With
Quartz Gravel

SOIL/SAPROLITE (M1): Brown, Silty, Fine SAND
With Tan, Silty, Fine SAND From 10.10 ft to 10.40 ft
bls, and White, Silty, Fine SAND at 13.70 fi bls and
From 19.00 ft to 19.20 ft bls

(=23

o0

[
[
(=)

I

(=]

o]

o
—
wn

SOIL/SAPROLITE (M1): Brown, Micaceous, Silty,
Medium to Fine SAND /—
SOIL/SAPROLITE (M1): White, Silty, Medium to Fine
SAND With Quartz Rock Fragments

675 20

Nm

(=}

Q3

<
o]
[

Auger Refusal at 27.30 ft bls

PARTIALLY WEATHERED/FRACTURED ROCK
(WF): Medium-Grained GRANITIC GNEISS

Intensely Weathered and Fractured, Low Angle Joints With
No Staining

=)

(=

v
A\
<

SOUND ROCK (D): Medium-Grained GRANITIC
GNEISS; Unfractured

PARTIALLLY WEATHERED/FRACTURED ROCK
(WF): Medium-Grained GRANITIC GNEISS

IlII!IIlIIIIIIIIIIIIIII||IIIIIIIII[IllIlIIIIIIIIIIIIIII3llll!lll|llll

ra i gl b Lo b e oo oo by

YNYSYSYSYSYSYSYSYSYSYSNYNYSYSY SYSY Y SYSY SYSYSUYNYNY SN
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BORING LOG WITH WELL RECOVERED_ONS LOG.GPJ LAGWGNO01.GDT 7/23/08

S&ME, Inc. 1. BORING AND SAMPLING IS IN ACCORDANCE
9751 Southern Pine Boulevard WITH ASTM D-1586.

Charlotte, North Carolina 28273 ; pgNETRATION (N-VALUE) IS THE NUMBER OF

ENGINEERING - TESTING  Lclephone: 704-523-4726 BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO
ENVIRONMENTAL SERVICES ~ Fax: 704-525-3953 DRIVE 1.4IN. LD. SAMPLER | FT.
Project: Oconee Nuclear Station Boring No. GM-12R
Location:  Seneca, SC Number: 1264-07-234 Sheet No. 2 of 2
Boring Depth (ft): 54.3 | Elevation (ft): 695.2 | Driller: fﬁys 7L5ittle, SC CertNo. | Date Drilled: 9/24/07
Logged By: David Klemm Water Level:  Stabilized Water Level at 7.49 ft bls Drilling Method: 4%" H.S.A.
Elev. Depth | Lith- . .. Well Penetration Resistance (Blows/Foot)
(Feet) | (Feet) | ology Material Description Construction | o 50 100
[— 660 B / . N \Intensely Weathered and Fractured, Low Angle Joints Wit H
B —./. . /] \No Staining -
— ¥/ /| SOUND ROCK (D): Medium-Grained GRANITIC
[ —c GNEISS; Unfractured
- : SOUND ROCK (D): Medium-Grained GRANITIC
[ . GNEISS With Intermittent Seams of Medium-Grained
| d BIOTITE HORNBLENDE GNEISS Moderately
— 655 40__ 4 Fractured, Low Angle Joints With No Staining ]
B ] SOUND ROCK (D): Medium-Grained BIOTITE
- ] HORNBLENDE GNEISS With Intermittent
— __ Medium-Grained GRANITIC GNEISS  Moderately
B - Fractured, Low Angle Joints With No Staining
650 45 i
— i SOUND ROCK (D); Medium-Grained GRANITIC
| -, GNEISS; Moderately Fractured, Low Angle Joints
— 1 With No Staining
645 50—y |

Boring Terminated at 54.30 ft bls -




FIELD ROCK CORE LOG

Oconee Nuclear Station - Groundwater Protection Project

S&ME Project No: 1264-07-234

Core Locationﬁ CM—IZR

27

28

29

30

31

32

33

34

36

INQ Core - Auger Refusal at 27.30 fi bls

Weathered Rock Fragments

Low Angle Fractures - Weathered

Low Angle Fractures - Weathered

End of Run #1, REC - 87%, RQD - 36%

Low Angle Fractures, Slight Staining, Moderate Weathering

Low Angle Fractures, Slight Weathering

Low Angle Fractures, Slight Weathering

End of Run #2, REC - 84.8%, RQD - 50.2%

Low Angle Fractures, Moderate to Severe Weathering

36

37

38

39

40

41

42

43

44

45

Page 1 of 2

Gray Mafic Schist, Mica on Fracture Surfaces

Contact Intact

End of Run #3, REC - 96.6%, RQD - 78.2%

EXPLANATION

Bl

Concrete

Granitic Gneiss

Biotite Hornblende
Gneiss

[XX]
1o
Core Loss
Fracture
End of Run
e Contact

— Healed Joint



FIELD ROCK CORE LOG
Oconee Nuclear Station - Groundwater Protection Project
S&ME Project No: 1264-07-234

Core Location: GM-12R

45

End of Run #4, REC - 95.4%, RQD - 84.6%

46

47

48

49

50

End of Run #5, REC - 100%, RQD - 100%

51

52

53

54

End of Run #6, REC - 100%. RQD - 100%
Coring Terminated at 54.30 fi bls

Page 2 of 2

EXPLANATION

B2l

Concrete

Granitic Gneiss

Biotite Homblende
Gneiss

4]

e

Core Loss

Fracture
End of Run
T Contact
— Healed Joint




MONITORING WELL RECOVERED ONS LOG.GPJ S&ME.GDT 7/23/08

COMPLETION REPORT OF WELL No. GM-12R

Sheet 1 of 2

PROJECT: Oconee Nuclear Station
PROJECT NO: 1264-07-234 WATER LEVEL: Stabilized Water Level at
PROJECT LOCATION: Seneca, SC 7.49 ft bls
LATITUDE: 34°47'30.895"
. [-] 1 11}
DRILLING CONTRACTOR: S&ME, Inc. LONGITUDE: 82°53'33.004
DRILLING METHOD: 4%" H.S.A. TOP OF CASING ELEVATION: 698.18
DATE DRILLED: 9/24/07 DATUM: MSL
LOGGED BY: David Klemm
STRATA z
- WELL | : | o |5&
=~ =~
Q iz DETAILS | o W <
DESCRIPTION g |Fo i £ e | s £ WELL CONSTRUCTION DETAILS
S o - |
[72) [m] 1]
PROTECTIVE CASING
0 0.00 | GS [695.22 [ Diameter:
FILL (F). Orange and < 4 Type:
Brown, Silty, Medium I N Interval:
to Fine SAND N :
L RISER CASING
L 5 Diameter: 2"
| Type: Sch. 40 PVC
Interval: 0 to 37 ft bls
FILL (F). Gray, Silty, \ 4
Coarse to Fine I
SAND With Quartz GROUT
llGravel Type: Neat Cement
SOIL/SAPROLITE Interval: 0 to 35 ft bls
(M1): Brown, Silty,
Fine SAND With
Tan, Silty, Fine T1-1: SEAL
Ao o g0t LT Type: K-packer
(o] K ) NSRS R
White, Silty, Fine 1L Interval: 36.2 to 36.5 ft bls
SAND at13.70 ftbls |-[]"
and From 19.00 ftto [} }.
19.20 ft bls 1 FILTERPACK
A Type:
Z', . Interval:
SOIL/SAPROLITE 00
(M1): Brown, 1]
Micaceous, Silty, Akt SCREEN
Medium to Fine ClE Diameter: 2"
Sgrl‘_l/)SAPROLITE R Type: 0.010 Slotted PVC
(M1); White, Silty, 38 A Interval: 37 to 42 ft bis
Medium to Fine o R
SAND With Quartz  |"J-3 -
Rock Fragments T
PARTIALLY / LEGEND
WEATHERED/FRACTU }
ROCK (WF): S FILTER PACK TOC TOP OF CASING
Medium-Grained / -30 GS  GROUND SURFACE
GRANmSV GNEISS)d ﬂ [l senvonE BS  BENTONITE SEAL
Intensely Weathere S R
and Fractured, Low |77} CEMENT GROUT PR TLTERPACK
?gllﬁnvgomts WithNo |- 7 A X CUTTINGS / BACKFILL BSC BOTTOM OF SCREEN
= TD  TOTAL DEPTH
SOUND ROCK (D): I/ 7 K KA 35.00 66022 | X STATIC WATER LEVEL CG  CEMENT GROUT

9751 Southern Pine Boulevard
Charlotte, North Carolina 28273

COMPLETION REPORT OF
WELL No. GM-12R

Sheet 1 of 2




PROJECT: Oconee Nuclear Station GROUND SURFACE ELEVATION:
PROJECT NO: 1264-07-234 LOGGED BY: 695.2
PROJECT LOCATION: Seneca, SC CHECKED BY: David Klemm

STRATA

WELL

DETAILS WELL CONSTRUCTION DETAILS

DESCRIPTION

DEPTH
(i)
LEGEND
ELEVATION
(ft)

SYMBOL
DEPTH
(ft.)

(See Page 1)

35

Medium-Grained

GRANITIC GNEISS 36.20 659.02

36.40 658.82
37.00 658.22

WEATHERED/FRACT
ROCK (WF):
Medium-Grained
GRANITIC GNEISS
Intensely Weathered
nd Fractured, L ow
ngle Joints With No
taining

T

- 40

41.50 6563.72
.- | 42.00 653.22

T

T

650.72

Medium-Grained
RANITIC GNEISS

45

T

Medium-Grained
GRANITIC GNEISS
ith Intermittent
Seams of
Medium-Grained
BIOTITE

50

T

Y

NEISS;
Moderately Fractured,
ow Angle Joints With
o Staining
SOUND ROCK (D):
Medium-Grained
BIOTITE
HORNBLENDE
GNEISS With
Intermittent
Medium-Grained
RANITIC GNEISS
oderately Fractured,
Low Angle Joints With
o Staining
OUND ROCK (D):
Medium-Grained
RANITIC GNEISS
Moderately Fractured,
ow Angle Joints With
o Staining

AR kit NNNANNN

54.30 640.92

LEGEND

FILTER PACK TOC TOP OF CASING

GS  GROUND SURFACE
B sentonTE BS  BENTONITE SEAL

CEMENT GROUT FP FILTER PACK
B TSC TOP OF SCREEN

CUTTINGS / BACKFILL BSC BOTTOM OF SCREEN

TD  TOTAL DEPTH
STATICWATERLEVEL oG CEMENT GROUT

MONITORING WELL RECOVERED ONS LOG.GPJ S&ME.GDT 7/23/08

S&ME COMPLETION REPORT OF
] 9751 Southern Pine Boulevard -
Charlotte, North Carolina 28273 WELL No. GM-12R
ENGINEERING « TESTING Sheet 2 of 2
ENVIRONMENTAL SERVICES




SPLIT SPOON SAMPLE PICTURES

Oconee Nuclear Station - Groundwater Protection Project
S&ME Project No: 1264-07-234

Boring Number: GM-12R

Sample No:
Depth (ft-bls):
Blow Count:

1
13.4-149
2*2%*3

Sample No:
Depth (ft-bls):
Blow Count:

84-99
4%4*3

Sample No:
Depth (ft-bls):
Blow Count:

3
13.4-14.9
2%2*3

Sample No:
Depth (ft-bls):
Blow Count:

s B
184-19.9 B
4%6%6

Sample No:
Depth (ft-bls):
Blow Count:

5
23.4-24.9
16 * 8 * 21

Sample No:
Depth (ft-bls):
Blow Count:

6
273-274 NO Recmry

50/1

Page | of |




ROCK CORE PICTURES
Oconee Nuclear Station - Groundwater Protection Project ME

S&ME Project No: 1264-07-234
Core Location: GM-12R

rmpr Ty s e

o e o SRR
G e R e e S ? U SRS B S %

5 oo aiitisati bt st Nt e

TS S
T

AR Lot E1S AT

CLASSIFICATION:

27.30"to 37.60": Medium-Grained Granitic Gneiss

37.60' to 47.60": Medium-Grained Granitic Gneiss With Intermittent Biotite Hornblende Gneiss
47.60' to 54.30": Medium-Grained Granitic Gneiss With Intermittent Biotite Hornblende Gneiss

Page 1 of 1



CALCEULATION OF PERMEABILITY BY THE FALLING HEAD ‘METHOD""
(Open Hole in Uniform Materlal) ; _

i, . 1'

Site Name: ONS - GWPP
Date: 9/20/2007
Boring 1.D. GM-12R
Test Interval: 27.3'to 30.3' (Partially Weathered/Fractured Rock)
Total Depth of Hole: 303 ft 923.78 cm
Length of Open Hole: 3 ft 91.46 cm
Transformation Ratio m= 1
Performed by: David Klemm
Time (sec) Head (cm) Permeability (cm/sec Calculations
0 366.46
3 349.70 3.94E-03 d?-In 2mL o |mL
6 330.21 4.82E-03 ?>4
9 316.46 3.58E-03 K, = In—
12 306.89 2.58E-03 8-L-(t,-t,) H,
15 300.24 1.84E-03
18 295.64 1.30E-03 Where: )
21 292.53 8.89E-04 K, is the Horizontal Coefficient of Permeability (cm/sec)
24 290.27 6.51E-04 H, is the Piezometric Head for time; t =t (cm)
27 288.63 4.78E-04 H, is the Piezometric Head for time; t =, (cm)
30 287.29 3.92E-04 D is the Diameter of the Standpipe (cm)
d is the diameter of the Open Length (cm),
m is the Transformation Ratio, Where
_ | K, is the Horizontal Permeability|
m=yK./K, K, is the Vertical Permeability|
L is the Open Length of Hole (cm)

Spreadsheet assumes 3" ID Pipe; NQ Hole, OD = 3"

MEAN PERMEABILITY (cm/sec)

2.05E-03

Graph of Field Data

390.00
370.00
350.00
330.00
310.00
290.00
270.00
250.00

Head (cm)

Head vs Time

35
Time (sec)




Open Hole in Uniform Material)

BLCULATION OF PERMEABILITY BY THE FALLING HEAD METHOD "
( o 5 .

Site Name: ONS - GWPP
Date: 9/20/2007
Boring L.D. GM-12R
Test Interval: 15'to 18 (Sml/Saprollte)
Total Depth of Hole: 18 ft 548.78 cm
Length of Open Hole: 3ft 91.46 cm
Transformation Ratio m= 1
Performed by: David Klemm
Time (sec) Head (cm) Permeability (cm/sec) Calculations
0 211.28
60 178.48 7.09E-04 d 2 In 2mL for mlL
120 158.99 4.86E-04 _ H, ?>4
180 145.67 3.68E-04 y = -1In
240 136.19 2.83E-04 8 L . (12 - ) H2
300 129.24 2.20E-04
360 124.05 1.72E-04 Where:
Ky is the Horizontal Coefficient of Permeability (cm/sec)
H, is the Piezometric Head for time; t =t (cm)
H, is the Piezometric Head for time; t = t, (cm)
D is the Diameter of the Standpipe (cm)
d is the diameter of the Open Length (cm),
m is the Transformation Ratio, Where
] K, is the Horizontal Permeability
" K /K" K, is the Vertical Permeability]
L is the Open Length of Hole (cm)

Spreadsheet assumes 3" ID Pipe; NQ Hole, OD =

3"

MEAN PERMEABILITY (cm/sec)

3.73E-04

Graph of Field Data

220.00
200.00
180.00
160.00

Head (cm) .

140.00
120.00
100.00

Head vs Time

1\
0 50 100 200 250 300 350

150

Time (sec)

400




CALCULATION OF PERMEABILITY:BY: THE-FALLING HEAD METHOD# 4
(Open Hole in Uniform Material) S a
Site Name: ONS - GWPP )
Date: 9/21/2007
Boring L.D. GM-12R
Test Interval: 27.3't0 35.3' (Partially Weathered/Fractured and Sound Rock))
Total Depth of Hole: 353 ft 1076.22 cm
Length of Open Hole: 8 ft 2439 cm
Transformation Ratio m= 1
Performed by: David Klemm
Time (sec) Head (cm) Permeability (cm/sec) Calculations
0 396.19
3 391.59 4.82E-04 d2-In 2mL o |mL
6 378.84 1.36E-03 D H, e
9 375.18 4.00E-04 K, = -In
12 371.04 4.58E-04 8-L-(t,-t,) H,
15 367.99 3.40E-04
18 365.49 2.81E-04 Where:
21 -363.38 2.38E-04 Ky is the Horizontal Coefficient of Permeability (cm/sec)
24 361.52 2.12E-04 H, is the Piezometric Head for time; t = t; (cm)
27 359.94 1.81E-04 H, is the Piezometric Head for time; t = t, (cm)
30 358.51 1.65E-04 D is the Diameter of the Standpipe (cm)
45 353.35 1.19E-04 d is the diameter of the Open Length (cm),
m is the Transformation Ratio, Where
_ K,, is the Horizontal Permeability,
m Kh/KV K, is the Vertical Permeability]
L is the Open Length of Hole (cm)
Spreadsheet assumes 3" ID Pipe; NQ Hole, OD = 3"

MEAN PERMEABILITY (cm/sec)
3.86E-04

Graph of Field Data

Head vs Time

400.00
395.00 L\
390.00 \
385.00 \

380.00

375.00 \
370.00

365.00 Iy
360.00 .-

355.00 \ ,,,,,,,,,,,

350.00 . . . .

Head (cm)

Time (sec)




PROJECT NAME AND NO.: ONS-GWPP BOREHOLE NO.: _GM-12R

LOCATION: Seneca, SC TEST INTERVAL: 37.0  to 42.0  bgs
TEST DATE: 9/25/2007 TEST INTERVAL: 6582 to 6532 EL
TESTED BY: Jay Little/Julie Petersen

GROUND ELEYV (ft MSL): 695.2

TEST METHOD: Double Packer Method using Multiple Pressure Tests
METHOD REFERENCE: Ground Water Manual, US Bureau of Reclamation, 1995, Chapter 10

RESULTS OF PERMEABILITY CALCULATIONS

MULTIPLE STEP TEST
Step Flow (Q) Pressure (psi) Lugeons Permeability Permeability

(gpm) Gauge |Effective (ft/sec) (cm/sec)

1 2.53 30 36 25 8.41E-06 2.6E-04
2 3.45 40 46 27 9.0E-06 2.7E-04
3 4.34 50 56 28 9.4E-06 2.9E-04
4 3.45 40 46 27 9.0E-06 2.7E-04
5 2.78 30 36 28 9.2E-06 2.8E-04
AVERAGE] 27 9.0E-06 2.7E-04

SELECTED VALUES

Rock Description of Tested Interval:
Moderately Fractured Granitic Gneiss With Intermittent Biotite Hornblende Gneiss

TEST INTERPRETATION

EFFECTIVE PRESSURE(psi) FLOW (gpm)
0 10 20 30 40 50 60 0 1 2 3 4 5

4 5 " 4 : 5

TEST NO.
TEST NO.

LT I

Intake (gpm)

0 10 20 30 40 50 60
Effective Differential Pressure (psi)

Packer Test GM-12R Test 2 Redo
Permeability Calculations
Page 1 of 4



PERMEABILITY CALCULATIONS FO

CALCULATED PERMEABILITY FOR STEP 1
Gauge Pressure, h2,
Flow Rate, Q:
Head loss per TEN foot section of pipe:
Head Loss, L:
Distance from pressure gauge to bottom of test section, hy:
Value of hy:
Effective Head, H where H = hi+h2-L :
Determine Saturation Zone:

Select Zone 1,2, 0r 3

Tu=U-D+H

X = (H/Tu)*100

Tuw/A
Determine Conductivity Coefficient

H/r

A/H

Alr

Select Cu from Fig 10-7 for Zone 1 tests:

Cs for Zone 2 and 3 tests:
Calculate K if Zone 1 and using single or double packer
Calculate K if Zone 2 and using single packer (Method 1)
Calculate K if Zone 2 and using double packer (Method 2)
Calculate K if Zone 3 and using single packer (Method 1)
Calculate K if Zone 3 and using double packer (Method 2)
Is this step valid?

R

30 psi
2.53 gpm
0.0 psi
0.0 psi
14.5 feet
14.5 feet
83.8 feet
3
52.8 feet
1587 %
10.6
40
64
- ft/sec
- ft/sec
- ft/sec
- ft/sec
8.41E-06 ft/sec

If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow

Calculate a, the total open area of the test section:

Is Q/a * (estimated porosity) > 10?7

69.3 feet of water
0.006 ft'/sec
(per tables)
0.0 feet of water

36.3 psi

Zones | and 2 are unsaturated, 3 is saturated

Value for Zone 1 analysis
Value for Zone 1 analysis
Value for Zone 2 and 3 analysis
Cu for Zone 1
Cs for Zones 2 and 3

- cm/sec

- cm/sec

- cm/sec

- cm/sec

2.56E-04 cm/sec

3.9 square feet
True, Test Valid

' CALCULATED PERMEABILITY FOR STEP 2
Gauge Pressure, h2.

Flow Rate, Q:
Head loss per TEN foot section of pipe:
Head Loss, L:
Distance from pressure gauge to bottom of test section, h;:
Value of h;:
Effective Head, H where H = h1+h2-L :
Determine Saturation Zone;

Select Zone 1,2, 0r 3

Tu = U-D+H

X = (H/Tu)*100

TwA
Determine Conductivity Coefficient

H/r

A/H

Alr

Select Cu from Fig 10-7 for Zone 1 tests:

Cs for Zone 2 and 3 tests:
Calculate K if Zone 1 and using single or double packer
Calculate K if Zone 2 and using siligle packer (Method 1)
Calculate K if Zone 2 and using double packer (Method 2)
Calculate K if Zone 3 and using single packer (Method 1)
Calculate K if Zone 3 and using double packer (Method 2)
Is this step valid?

40
345
0.0
0.0
14.5
14.5
106.9

75.9

140.8
15.2

psi
gpm
psi
psi
feet
feet
feet

feet
%

ft/sec
ft/sec
fi/sec
ft/sec

8.99E-06 ft/sec

If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow

Calculate a, the total open area of the test section:

Is Q/a * (estimated porosity) > 10??

92.4 feet of water

0.008 fi*/sec
(per tables)
0.0 feet of water

46.3 psi

Zones 1 and 2 are unsaturated, 3 is saturated

Value for Zone 1 analysis
Value for Zone 1 analysis
Value for Zone 2 and 3 analysis
Cu for Zone 1
Cs for Zones 2 and 3

- cm/sec

- cm/sec

- cm/sec

- cm/sec

2.74E-04 cm/sec

3.9 square feet
True, Test Valid

Packer Test GM-12R Test 2 Redo
Permeability Calculations
Page 2 of 4



CALCULATED PERMEABILITY FOR STEP 3
Gauge Pressure, h2,

Flow Rate, Q:
Head loss per TEN foot section of pipe:
Head Loss, L: -
Distance from pressure gauge to bottom of test section, hy:
Value of h;:
Effective Head, H where H = hI+h2-L :
Determine Saturation Zone:

Select Zone |, 2,0r3

Tu=U-D+H

X = (H/Tu)*100

TwA
Determine Conductivity Coefficient

H/r

A/H

Alr

Select Cu from Fig 10-7 for Zonc | tests:

Cs for Zone 2 and 3 tests:
Calculate K if Zone 1 and using single or double packer
Calculate K if Zone 2 and using single packer (Method 1)
Calculate K if Zone 2 and using double packer (Method 2)
Calculate K if Zone 3 and using single packer (Method 1)
Calculate K if Zone 3 and using double packer (Method 2)
Is this step valid?

If (Q/a)*(estimated porosity)' > 10 the calculations may not be valid due to turbuient
Calculate a, the tota! open area of the test section:
Is Q/a * (estimated porosity) > 10??

50

434
0.1
0.4
145
14.5

129.0

98.0
131.6
15.6

40

64

9.37E-06

psi
gpm
psi
psi
feet
feet
feet

feet
%

ft/sec
ft/sec
fi/sec
ft/sec
fi/sec

flow

115.5 feet of water

0.010 fi¥sce
(per tables)
1.0 feet of water

55.9 psi

Zones | and 2 are unsaturated, 3 is saturated

Value for Zone | analysis
Value for Zone | analysis
Value for Zone 2 and 3 analysis
Cu for Zone 1
Cs for Zones 2 and 3

- cm/sec

- cm/sec

- cm/sec

- cm/sec

2.86E-04 cm/sec

3.9 square feet
True, Test Valid

CALCULATED PERMEABILITY FOR STEP 4
Gauge Pressure, h2,

Flow Rate, Q:
Head loss per TEN foot section of pipe:
Head Loss, L :
Distance from pressure gauge to bottom of test section, h;:
Value of hy:
Effective Head, H where H = h1+h2-L :
Determine Saturation Zone:

Select Zone 1, 2, 0r 3

Tu=U-D+H

X =(H/Tu)*100

TwA
Determine Conductivity Coefficient

H/r

A/H

Alr

Select Cu from Fig 10-7 for Zone 1 tests:

Cs for Zone 2 and 3 tests:
Calculate K if Zone 1 and using single or double packer
Calculate K if Zone 2 and using single packer (Method 1)
Calculate K if Zone 2 and using double packer (Method 2)
Calculate K if Zone 3 and using single packer (Method 1)
Calculate K if Zone 3 and using double packer (Method 2)
Is this step valid?

40

3.45
0.0
0.0
14.5
14.5

106.9

75.9
140.8
15.2

8.99E-06

psi
gpm
psi
psi
feet
feet
feet

feet
%

ft/sec
ft/sec
ft/sec
ft/sec
ft/sec

If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow
Calculate a, the total open area of the test section:

Is Q/a * (estimated porosity) > 107?

92.4 feet of water

0.008 ft*/sec
(per tables)
0.0 feet of water

46.3 psi

Zones | and 2 are unsaturated, 3 is saturated

Value for Zone 1 analysis
Value for Zone | analysis
Value for Zone 2 and 3 analysis
Cu for Zone 1
Cs for Zones 2 and 3

- cm/sec

- cm/sec

- cm/sec

- cm/sec

2.74E-04 cm/sec

3.9 square feet
True, Test Valid

Packer Test GM-12R Test 2 Redo
Permeability Calculations
Page 3 of 4



CALCULATED PERMEABILITY FOR STEP 5
Gauge Pressure, h2,

Flow Rate, Q:
Head loss per TEN foot section of pipe:
Head Loss, L :
Distance from pressure gauge to bottom of test section, hy:
Value of h;:
Effective Head, H where H = hi+h2-L :
Determine Saturation Zone:

Select Zone 1,2, 0r3

Tu=U-D+H

X = (H/Tw)*100

Tuw/A
Determine Conductivity Coefficient

H/r

A/H

Alr

Select Cu from Fig 10-7 for Zone 1 tests:

Cs for Zone 2 and 3 tests:
Calculate K if Zone 1 and using single or double packer
Calculate K if Zone 2 and using single packer (Method 1)
Calculate K if Zone 2 and using double packer (Method 2)
Calculate K if Zone 3 and using single packer (Method 1)
Calculate K if Zone 3 and using double packer (Method 2)
Is this step valid?

30
2.78
0.0
0.0
14.5
14.5
83.8

52.8

158.7
10.6

psi
gpm
psi
psi
feet
feet
feet

feet
%

ft/sec
f/sec
fi/sec
ft/sec

9.24E-06 ft/sec

If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow

' Calculate a, the total open area of the test section:
Is Q/a * (estimated porosity) > 10??

69.3 feet of water

0.006 f¥/sec

(per tables)
0.0 feet of water

36.3 psi

Zones | and 2 are unsaturated, 3 is saturated

Value for Zone 1 analysis
Value for Zone 1 analysis
Value for Zone 2 and 3 analysis
Cu for Zone 1

Cs for Zones 2 and 3

cm/sec
cm/sec
cm/sec
cm/sec
2,.82E-04 cnu/sec

3.9 square feet

True, Test Valid

Packer Test GM-12R Test 2 Redo
Permeability Calculations
Page 4 of 4



Site Name: ONS-GWPP

Test Date: 9/27/2007
Well Label: GM-12R
Aquifer Thickness: 39.51 feet
Screen Length: 5. feet
Casing Radius: 1. Inches
Effective Radius: 1.5 Inches
Static Water Level: 7.49 feet
Water Table to Screen Bottom:  34.51 feet
Anisotropy Ratio: 1

Time Adjustment: 0. Seconds

Test starts with trial 0

There are 69 time and drawdown measurements
Maximum head is 5.95 feet

Minimum head is -1.6e-002 feet

Calculation by Bouwer and Rice Graphical Method

ONS-GWPP
0?/27/2007

Bouwer and Rice Graph
GM-12R

lllll

01

llllll

Head Ratio (Ht/Ho)

1

1

1 e-002

] Hydraulic Conductivity = 8.298e-004 cm/sec
Transmissivity = 8.634 meters2/day

1

Bouwer and Rice parameter A= 2.7

Bouwer and Rice parameter B = 0.5
In(Re/Rw) = 3.232935e+000

Analysis starts at time 0. Seconds

Analysis ends at time 2.5 minutes

36 Measurements analyzed from 1 to 36

1 Points not plotted because head ratio <= 0.0
These points are not included in the analysis

0 1

Analysis by Julie Petersen of S&ME, Inc.

PERMEABILITY
8.30 x 10™ cm/sec

Illllllllll]lllll!lllll]lll!llllll |I!lllllllllillllll||llIll|Illl||lll‘lllllllll!l'll
2 3 4 5 7

5

Adjusted Time (minutes)

Ho is 5.95 feet al 0 Seconds



BORING LOG WITH WELL RECOVERED ONS LOG.GPJ LAGWGNO01.GDT 7/23/08

S&ME, Inc.
9751 Southern Pine Boulevard
Charlotte, North Carolina 28273

ENGINEERING - TESTING Telephone: 704-523-4726

ENVIRONMENTAL SERVICES ~ Fax: 704-525-3953

1. BORING AND SAMPLING IS IN ACCORDANCE
WITH ASTM D-1586.
2. PENETRATION (N-VALUE) IS THE NUMBER OF

BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO

DRIVE 1.4 IN. I.D. SAMPLER 1 FT.

Project:

Oconee Nuclear Station

Boring No. GM-13

Location:

Seneca, SC

Number: 1264-07-234

Sheet No. 1 of 2

Boring Depth (ft):

46.2 | Elevation (ft): - 736.3 | Driller:  Jay Little, SC Cert No.

B1575

Date Drilled: 11/5/07

Logged By: Scott Dacus

Water Level:  Stabilized Water Level at 37.16 ft bls

Drilling Method: 4" H.S.A.

Elev.
(Feet)

Depth
(Feet)

Lith-
ology

Material Description

Well
Construction

Penetration Resistance (Blows/Foot)
0 50 100

~1
78]
w

~
L)
(=]

~3
[ ]
wn

~
3ol
(=]

715

~1
(=

~
f=3
A\

|IIII|IIII|lII|||!II|I]lllllll||IIITIIII|IIrf[lllI|IIII|III‘[|III7]1I

PRE-DUG HOLE FOR UTILITY CLEARANCE: FILL

n

—
<

Cloa g berg g

FILL (F): Red and Brown, Micaceous, Silty, CLAY

ce b b bl

FILL (F): Brown, Micaceous, Clayey, SILT With
Rock Fragments

25

FILL (F): Gray and Brown, Micaceous, Silty, CLAY
With Roots

(o
<

Ll

SOIL/SAPROLITE (M1): Orange, White, and Brown,
Micaceous, Silty, SAND

]

SOIL/SAPROLITE (M1): White, Tan, and Brown,

Micaceous, Silty, SAND

K

X

</

LXK

X




BORING LOG WITH WELL RECOVERED ONS LOG.GPJ LAGWGNO01.GDT 7/23/08

S&ME, Inc.

9751 Southern Pine Boulevard
Charlotte, North Carolina 28273
ENGINEERING - TESTING Telephone: 704-523—4726

ENVIRONMENTAL SERVICES ~ Fax: 704-525-3953

1. BORING AND SAMPLING IS IN ACCORDANCE

WITH ASTM D-1586.
2. PENETRATION (N-VALUE) IS THE NUMBER OF
BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO

DRIVE 1.4 IN. I1.D. SAMPLER I FT.

Project: Oconee Nuclear Station Boring No. GM-13
Location:  Seneca, SC Number: 1264-07-234 Sheet No. 2 of 2
Boring Depth (ft): 46.2 | Elevation (ft): 736.3 | Driller: lJ;xly5 7L5ittle, SCCertNo. | Date Drilled: 11/5/07

Logged By: Scott Dacus

Water Level:  Stabilized Water Level at 37.16 ft bls

Drilling Method: 4%" H.S.A.

Elev. Depth | Lith- . .. Well Penetration Resistance (Blows/Foot)
(Feet) | (Feet) | ology Material Description Construction | g 50 100

700 b X

N at SR 4

B 40—

— 695 7

- I

[ 45—

Lithologic Description Obtained From GM-13R
Roller Cone Refusal at 46.20 ft bls




MONITORING WELL RECOVERED ONS LOG.GPJ S&ME.GDT 7/23/08

COMPLETION REPORT OF WELL No. GM-13

Sheet 1 of 2

PROJECT: Oconee Nuclear Station
PROJECT NO: 1264-07-234 WATER LEVEL: Stabilized Water Level at
PROJECT LOCATION: Seneca, SC 37.16 ft bis
LATITUDE: 34°47'32.366"
DRILLING CONTRACTOR: S&ME, Inc. LONGITUDE: 82°53'36.494"
DRILLING METHOD: 41/4“ H.S-A_ TOP OF CASING ELEVATION: 739.10
DATE DRILLED: 11/5/07 DATUM: MSL
. LOGGED BY: Scott Dacus
STRATA
— WELL |z | o |8
0|z AlLs | RS | & | g2
OESCRIPTION 2 |E- DETAILS ”oJE e | s< WELL CONSTRUCTION DETAILS
> 1w ~ ) -
w [m} w
PROTECTIVE CASING
0 0.00 { GS |736.25 | Diameter:
PRE-DUG ?\({)LE s Type:
FOR UTILI .
CLEARANGE: FILL Interval:
FILL (F): Red and RISER CASING
Brown, Micaceous, | 5 Diameter: 2%
Silty, CLAY Type: Sch. 40 PVC
interval; 0 to 30.8 ft bls
i GROUT
Type: Neat Cement
-10 Interval: 0 to 26.8 ft bls
FILL (F): Brgwn,
Micaceous, Clayey,
SILT  With Rock i SEAL ]
Fragments Type: Bentonite
5 Interval: 26.8 to 28.8 ft bls
i FILTERPACK
! Type: #1 Silica Sand
| Interval: 28.8 to 45.8 ft bls
L 20 .
) SCREEN
FILL (F): Gray and Diameter: 2"
Brown, Micaceous, Type: 0.010 Slotted PVC
Silty, CLAY With Interval:  30.8 to 45.8 ft bls
Roots
L 25
I 26.80 709.45
SOIUSAPROLITE  [-]-}1
(M1): Orange, White, 28,80 207,45 LEGEND
and Brown, . : g
Micaceous, Silty, FILTER PACK ggc 'CI';ORIS OF Césgl& e
SAND UND SU
BENTONITE BS  BENTONITE SEAL
R FP  FILTER PACK
N CEMENT GROUT TSC TOP OF SCREEN
X CUTTINGS / BACKFILL BSC BOTTOM OF SCREEN
STATIC WATER LEVEL E% EEIA’I\ELN?EGPRTSUT

S&ME

9751 Southern Pine Boulevard
Charlotte, North Carolina 28273

COMPLETION REPORT OF
WELL No. GM-13

Sheet 1 of 2




MONITORING WELL RECOVERED ONS LOG.GPJ S&ME.GDT 7/23/08

PROJECT: Oconee Nuclear Station
PROJECT NO: 1264-07-234
PROJECT LOCATION: Seneca, SC

GROUND SURFACE ELEVATION:

LOGGED BY: 736.3

CHECKED BY: Scott Dacus

STRATA

z
— WELL | ¢ o | o :
B~ E o~
8 || DETAILS | g | & | ££ WELL CONSTRUCTION DETAILS
DESCRIPTION s a2 8 ] o
> |lw= pa 3
n |0 m
(See Page 1)
SOIL/SAPROLITE
(M1): White, Tan,
and Brown,
Micaceous, Silty,
SAND (continued)
| 45.30 690.95
J 45.80 690.45
46.20 690.05

LEGEND
FILTER PACK

[l senvoniTE

N& CEMENT GROUT
CUTTINGS / BACKFILL
¥ STATIC WATER LEVEL

TOC

BS
FP

TSC
BSC

CG

TOP OF CASING
GROUND SURFACE
BENTONITE SEAL
FILTER PACK

TOP OF SCREEN
BOTTOM OF SCREEN
TOTAL DEPTH
CEMENT GROUT

S&ME

ENGINEERING « TESTING
ENVIRONMENTAL SERVICES

9751 Southern Pine Boulevard
Charlotte, North Carolina 28273

COMPLETION REPORT OF
WELL No. GM-13

Sheet 2 of 2




Site Name: ONS-GWPP

Test Date: 11/15/2007
Well Label: GM-13
Aquifer Thickness: 13.64 feet
Screen Length: 15. feet
Casing Radius: 1. Inches
Effective Radius: 3. Inches
Gravel Pack Porosity: 30.00%
Corrected Casing Radius: 1.844 Inches
Static Water Level: 37.16 feet
Water Table to Screen Bottom:  8.64 feet
Anisotropy Ratio: 1

Time Adjustment: 0. Seconds

Test starts with trial 0

There are 46 time and drawdown measurements
Maximum head is 1.768 feet

Minimum head is 0. feet

Calculation by Bouwer and Rice Graphical Method

ONS-GWPP
1?/1 5/2007

Bouwer and Rice Graph
GM-13

ll(lll

01

I'I|I|]

1

Head Ratio (Ht/Ho)

1 e-002

IIIIII

1

7| Hydraulic Conductivity = 5.048e-003 cm/sec
Transmissivity = 18.13 meters2/day

Bouwer and Rice parameter A = 2.522
Bouwer and Rice parameter B = 0.4746
In(Re/Rw) = 2.657951e+000

Gravel Pack Porosity: = 30. %

Corrected Casing Radius: = 1.844 Inches
Analysis starts at time 15. Seconds

Analysis ends at time 1.3 minutes

22 Measurements analyzed from 6 to 27

2 Points not plotted because head ratio <= 0.0
These points are not included in the analysis

0 1

Analysis by Julie Petersen of S&ME, Inc.

PERMEABILITY
5.05 x 10™ cm/sec

1 1 1 T T ] ¥ 1] L 1 1 l 1 1 T

T 1 | T T T T T T i 1 1 T T

Adjusted Time (minutes)

Ho1s 1 768 feet at 0. Seconds



S&ME, Inc. 1. BORING AND SAMPLING IS IN ACCORDANCE
9751 Southern Pine Boulevard w1y 457 D-1586.

Charlotte, North Carolina 28273 ; pgNETRATION (N-VALUE) IS THE NUMBER OF

ENGINEERING - TESTING ) elephone: 704-523-4726 BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO
ENVIRONMENTAL SERVICES ~ Fax: 704-525-3953 DRIVE 1.4 IN. LD. SAMPLER | FT.

Project: Oconee Nuclear Station Boring No. GM-13R
Location: Seneca, SC Number: 1264-07-234 . Sheet No. 1 of 2
Boring Depth (ft): 68.2 | Elevation (ft); 736.3 | Driller: f;lly5 ;Jsittle, SCCertNe. | Date Drilled: 10/30/07
Logged By: Scett Dacus Water Level:* Stabilized Water Level at 33.56 ft bls Drilling Method: 4%" H.S.A.
Elev. Depth | Lith- . .. Well Penetration Resistance (Blows/Foot)
(Feet) | (Feet) | ology Material Description Construction | ¢ 50 100

- - PRE-DUG HOLE FOR UTILITY CLEARANCE: FILL '

— 735 ] % %

[ ] FILL (F): Red and Brown, Micaceous, Silty, CLAY % %

—730 _ % %

[ - \ 10

L, 7] A%

[ 10— % §

;725 _| FILL (F): Brown, Micaceous, Clayey, SILT With Q

B — Rock Fragments '

— 3 % % \

L B A 10

[~ 15—

—720 _ % %

N 7] : % % N 16

- 2] % %’

—715 _ % %

— ] FILL (F): Gray and Brown, Micaceous, Silty, CLAY

B — With Roots

- : At

- 25— % %

—710 _

- _ 1 SOIL/SAPROLITE (M1): Orange, White, and Brown,

B — Micaceous, Silty, SAND % %

" T \/

= e A 20

n 30— S

—705 I % Q

- 1 SOIL/SAPROLITE (M1): White, Tan, and Brown, %

B — Micaceous, Silty, SAND

- | Y ) 4

- T W s

n ] /\

B 35— % %

- . NN \

- BORING LOG WITH WELL RECOVERED_ONS LOG.GPJ LAGWGNO1.GDT 7/23/08




BORING LOG WITH WELL RECOVERED ONS LOG.GPJ LAGWGNO1.GDT 7/23/08

S&ME, Inc.
9751 Southern Pine Boulevard
Charlotte, North Carolina 28273

ENGINEERING - TESTING Telephone: 704-523-4726

ENVIRONMENTAL SERVICES ~ Fax: 704-525-3953

1. BORING AND SAMPLING IS IN ACCORDANCE
WITH ASTM D-1586.
2. PENETRATION (N-VALUE) IS THE NUMBER OF

BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO

DRIVE 1.4 IN. I.D. SAMPLER | FT.

Project: Oconee Nuclear Station

Location:  Seneca, SC

Number: 1264-07-234

Sheet No. 2 of 2

Boring No. GM-13R

Boring Depth (ft):

68.2| Elevation (ft):

B1575

736.3 | Driller: Jay Little, SC Cert No.

Date Drilled: 10/30/07

Logged By: Scott Dacus

Water Level:  Stabilized Water Level at 33.56 ft bls

Drilling Method: 4%" H.S.A.

Lith-
ology

Material Description

Well
Construction

Penetration Resistance (Blows/Foot)

0 50

100

SOUND ROCK (D): Medium-Grained GRANITIC
GNEISS; Slightly Fractured Low Angle Joints With No
Staining '

Roller Cone Refusal at 46.10 ft bls

Elev. Depth
(Feet) | (Feet)
700 I
- 40—,
— 695 =
~ 45—
— 690 i
B 50—
L 685 B
- ¥
- 55—
— 680 3
- 60—,
675 i
N 65—
- 670 i

SOUND ROCK (D): Medium-Grained GRANITIC
GNEISS With Intermittent Medium-Grained
BIOTITE HORNBLENDE GNEISS Moderately
Fractured, High Angle and Low Angle Joints With
Moderate to No Staining

N4

W

LR

2

NN

X’

\Y/

7N

<

NN

G\

YN

W

le

Xzz

Boring Terminated at 68.15 ft bls




FIELD ROCK CORE LOG

Oconee Nuclear Station - Groundwater Protection Project
S&ME Project No: 1264-07-234 ‘

Core Location: GM-13R

46 55
. NQ Core - Auger Refusal at 46.10 t bls Quartz Seam
47 56
End of Run #2, Rl 96.8%., RQD - 96.8%
Horizontal Fractures, Weathering, Mafics in Fractures
48 57
49 58
Horizontal Fractures, No Staining, Slight Weathering End of Run #3, REC - 100%., RQD - 98.54%
50 59
Horizontal Fractures, No Staining, Slight Weathering Quartz Rick
51 60
" End of Run #1, REC - 95%, RQD - 95%
High Angle Fracture, Mineralization
Horizontal Fractures, Slight Staining
EXPLANATION
52 61
Concrete
Horizontal Fractures, No Staining Granitic Gneiss
53 62 .
Biotite Hornblende
Horizontal Fracture, No Staining Gneiss
Quartz Scam
High Angle Fracture, No Staining ’z";‘
(]
Contact Intact Core Loss
54 63
End of Run #4, REC - 89%, RQD - 68%
D Fracture
uartz S
@ shm m====_End of Run
i Contact
— Healed Joint
55 64

Page 1 of 2




FIELD ROCK CORE LOG

Oconee Nuclear Station - Groundwater Protection Project
S&ME Project No: 1264-07-234

Core Location: GM-13R

64
Intenscly Fractured Mafic Zone
65 orizontal Fracture, No Staining
orizontal Fracture, Mafics in Fracture
66
67
Intensely Fractured Mafic Zone
68
End of Run #5, REC - 100%, RQD - 86.2%
Coring Terminated at 68.15 ft bls
69

Page 2 of 2

EXPLANATION

B2l

Concrete

Granitic Gneiss

Biotite Homblende
Gneiss

A

(<

Core Loss

— Fracture
End of Run
”””” Contact
Healed Joint




MONITORING WELL RECOVERED ONS LOG.GPJ S&ME.GDT 7/23/08

COMPLETION REPORT OF WELL No. GM-13R

Sheet 1 of 2

PROJECT: Oconee Nuclear Station
PROJECT NO: 1264-07-234 WATER LEVEL: Stabilized Water Level at
PROJECT LOCATION: Seneca, SC 33.56 ft bis
LATITUDE: 34°47'32.417"
DRILLING CONTRACTOR: S&ME, Inc. LONGITUDE: 82°53'36.511"
DRILLING METHOD: 4%" H.S.A. TOP OF CASING ELEVATION: 739.18
DATE DRILLED: 10/30/07 DATUM: MSL
LOGGED BY: Scott Dacus
STRATA
— WELL |z | o |8
=~ =~
Q |E_| DETAILS | o= | & <e WELL CONSTRUCTION DETAILS
DESCRIPTION S Bz o o | @
> W~ ] -
[75] ] Ll
PROTECTIVE CASING
0 0.00 | GS | 736.33 | Diameter:
PRE-DUG HOLE _ % » Type:
FOR UTILITY N interval:
CLEARANCE: FILL :
FILL (F): Red and RISER CASING
Brown, Micaceous, L 5 Diameter: 2"
Sity, CLAY Type: Sch. 40 PVC
interval: 0 to 58.15 ft bis
| GROUT
L 10 Type: Neat Cement
interval: 0 to 55 ft bis
FILL (F): Brown, :
Micaceous, Clayey,
SILT With Rock SEAL
Fragments X Type: K-packer
15 interval: 57.58 to 57.78 ft bls
FILTERPACK
Type:
- Interval;
-20
i SCREEN
EILL (F)|§,I Gray and Diameter: 2"
rown, Micaceous, I X
Silty, CLAY With ! Type: 0.010 Slotted PVC
Roots Lo Interval: 58.15 tO 68-15 ﬂ b's
SOIL/SAPROLITE
(M1): Orange, White,
and Brown, S L LEGEND .
Micaceous, Silty, J
SAND T30 FILTER PACK TOC  TOP OF CASING
GS  GROUND SURFACE
SISPROITE—F [l senvoniTe BS  BENTONITE SEAL
) 1 R T FP FILTER PACK
(M1): White, Tan, 130 A 4 CEMENT GROU TSC TOP OF SCREEN
and Brown, sit Ay 8 N 0 CUTTINGS / BACKFILL BSC BOTTOM OF SCREEN
Micaceous, Silty, xRN TD TOTAL DEPTH
SAND T3 STATICWATERLEVEL  cg  CEMENT GROUT

-S&ME

ENGINEERING « TESTING
ENVIRONMENTAL SERVICES

9751 Southern Pine Boulevard
Charlotte, North Carolina 28273 .

COMPLETION REPORT OF
WELL No. GM-13R

Sheet 1 of 2




MONITORING WELL RECOVERED ONS LOG.GPJ S&ME.GDT 7/23/08

PROJECT: ‘Oconee Nuclear Station
PROJECT NO: 1264-07-234
PROJECT LOCATION: Seneca, SC

GROUND SURFACE ELEVATION:

LOGGED BY: 736.3
CHECKED BY: Scott Dacus

STRATA

DESCRIPTION

SYMBOL
DEPTH
(ft.)

WELL
DETAILS

DEPTH
(tt)

LEGEND

ELEVATION
()

WELL CONSTRUCTION DETAILS

SOIL/SAPROLITE
(M1): White, Tan,
and Brown,
Micaceous, Silty,
SAND (continued)

SOUND ROCK (B}):
Medium-Grained
GRANITIC GNEISS
Slightly Fractured Low
Angle Joints With No
Staining

T

T

-50

55

SOUND ROCK (D):
Medium-Grained
GRANITIC GNEISS
With Intermittent
Medium-Grained
BIOTITE
HORNBLENDE
GNEISS;
Moderately Fractured,
High Angle and Low
Angle Joints With
Moderate to No
Staining

- 60

T

¥

65

T T

T

55.00

57.58
57.78
58.15

67.65
68.15

681.33

678.75
678.55
678.18

668.68
668.18

LEGEND
FILTER PACK

[l senToniTE
CEMENT GROUT

4 CUTTINGS / BACKFILL
STATIC WATER LEVEL

(See Page 1)

TOC TOP OF CASING
GS GROUND SURFACE
BS BENTONITE SEAL
FP FILTER PACK
TSC TOP OF SCREEN
BSC BOTTOM OF SCREEN
™ TOTAL DEPTH

" CG CEMENT GROUT

ENGINEERING .

 SME

TESTING

NVIRONMENTAL SERVICES

9751 Southern Pine Boulevard
Charlotte, North Carolina 28273

COMPLETION REPORT OF
WELL No. GM-13R

Sheet 2 of 2




SPLIT SPOON SAMPLE PICTURES

Oconee Nuclear Station - Groundwater Protection Project ME
S&ME lfryoj’gc‘t No: 1264—07-234

/Bo'ringA Number:  GM-13R

Sample No: 1
Depth (ft-bls): 85-10
Blow Count: 3*4%*6

oy
* STEHTR|

Sample No: 2
Depth (ft-bls):  13.5-15
Blow Count: 4*4%*6

Sample No: 3
Depth (ft-bls):  18.5-20
Blow Count: 4*7%*9

Sample No: 4
Depth (ft-bls):  23.5-2§
Blow Count: 4*6*8

Sample No: 5
Depth (ft-bls):  28.5-30
Blow Count: 5*8*12

Sample No: 6
Depth (ft-bls):  33.5-35
Blow Count: 7%*9%*6

Page 1 of 2




SPLIT SPOON SAMPLE PICTURES

Oconee Nuclear Station - Groundwater Protection Project ME
S&ME Pro_ject No: 1264f07-,234' A

Boring Number: GM-13R

Sample No: 7
Depth (ft-bls):  38.5-40
Blow Count: 2%*6*12

Sample No: 8
Depth (ft-bls): 43.5-45
Blow Count: 10*14* 8

Page 2 of 2



ROCK CORE PICTURES

Oconee Nuclear Station - Groundwater Protection Project ME
S&ME Project No: 1264-07-234
Core Location: GM-13R

e b B cedr el e s | e hg iy W vy wg

CLASSIFICATION:
46.10' to 56.60": Medium-Grained Granitic Gneiss
56.60' to 68.15": Medium-Grained Granitic Gneiss With Intermittent Biotite Hornblende Gneiss

Page 1 of 1



CALCULATION OF PERMEABILITXNBY’THE FALLIN G HEAD, METHQD
(Open Hole ln Umform Materlal) _?”g o : ) oo

Site Name: ONS - GWPP

Date: 10/31/2007
Boring L.D. GM-13R
Test Interval: 46.1'to S1.1" (Sound Rock)
Total Depth of Hole: SL1ft 1557.93 cm
Length of Open Hole: S ft 152.44 cm
Transformation Ratio m= |
Performed by: Scott Dacus
Time (sec) Head (cm) Permeability (cm/sec Calculations
0 685.46
60 627.26 2.60E-04 d?-In 2mL o ML
120 609.97 8.18E-05 D H, FM
180 603.23 3.25E-05 K, = “In
240 597.13 2.97E-05 8-L-(t,-1,) H,
300 591.55 2.75E-05
360 586.16 2.68E-05 Where:
420 581.07 2.55E-05 K, is the Horizontal Coefficient of Permeability (cm/sec)
480 576.25 2.44E-05 H, is the Piezometric Head for time; t = t; (cm)
540 571.68 2.33E-05 H, is the Piezometric Head for time; t =1, (cm)
600 567.41 2.19E-05 D is the Diameter of the Standpipe (cm)
900 549.42 1.89E-05 _ d is the diameter of the Open Length (cm),
1200 532.74 1.80E-05 m is the Transformation Ratio, Where
1500 515.00 1.98E-05 m= m K,, is the Horizontal Permeability
1800 500.34 1.69E-05 K, is the Vertical Permeability)]
2400 477.80 1.35E-05 L is the Open Length of Hole (cm)
3000 454.05 1.49E-05 '
3600 431.62 1.48E-05 Spreadsheet assumes 3" ID Pipe; NQ Hole, OD = 3"

MEAN PERMEABILITY (cm/sec)
3.94E-05

Graph of Field Data

Head vs Time

700.00 p
650.00

600.00 {-3
550.00

500.00 \

450.00 \

—
400.00 ; T T ; K T .
0 500 1000 1500 2000 2500 3000 3500 4000

Time (sec)

Head (cm)




C ALCULATION OF" PERMEABILITY BY THE FALLING HEAD METHOD"
(Open Hole in Uniform Materlal) L

v Ltk SR RN

Site Name: ONS - GWPP
Date: 11/5/2007
- Boring I.D. GM-13R
Test Interval: 43.5't046.2' (Soil/Saprolite)
Total Depth of Hole: 46.2 ft 1408.54 cm
Length of Open Hole: 2.7 ft 82.32 cm
Transformation Ratio m= 1
Performed by: Scott Dacus
Time (sec Head (cm) Permeability (cm/sec Calculations
0 632.07
60 623.45 6.21E-05 d?-In 2mL o |mL
120 617.96 3.99E-05 H, FM
180 613.57 3.22E-05 K, = -In
240 610.00 2.63E-05 8-L-(t,-1,) H,
300 606.52 2.58E-05
360 603.08 2.57E-05 Where:
420 599.70 2.54E-05 Ky is the Horizontal Coefficient of Permeability (cm/sec)
480 596.43 2.46E-05 H, is the Piezometric Head for time; t = t; (cm)
540 593.26 2.41E-05 H, is the Piczometric Head for time; t = ¢, (cm)
600 590.12 2.40E-05 D is the Diameter of the Standpipe (cm)
900 576.07 2.18E-05 d is the diameter of the Open Length (cm),
1200 563.54 1.99E-05 m is the Transformation Ratio, Where
1500 552.04 1.86E-05 m= \/T/K: K, is the Horizontal Permeability|
1800 541.34 1.77E-05 K, is the Vertical Permeability
2400 521.34 1.70E-05 L is the Open Length of Hole (em)
3000 503.84 1.54E-05
3600 491.46 1.12E-05 Spreadsheet assumes 3" ID Pipe; NQ Hole, OD = 3"

MEAN PERMEABILITY (cm/sec)
2.54E-05

Graph of Field Data

Head vs Time

640.00 p
620.00
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580.00

560.00 \
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0 500 1000 1500 2000 2500 3000 3500 4000
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CALCULATION OF'PERMEABILITY BY THE FALLING HEAD“METHODW',
(Open Hole in Uniform Material)

2

w5

Site Name: ONS - GWPP
Date: 10/31/2007
Boring L.D. GM-13R
Test Interval: 46.1'to 56.1' (Sound Rock)
Total Depth of Hole: 56.1 ft 171037 cm
Length of Open Hole: 10 ft 304.88 cm
Transformation Ratio m= 1
Performed by: Scott Dacus
Time (sec) Head (cm) Permeability (cm/sec) Calculations
0 732.47
60 679.33 1.31E-04 d?-In mL o |mL
120 668.05 2.91E-05 H —)4
180 660.43 2.00E-05 K, = In—
240 652.77 2.03E-05 8-L-(t,-t,) H,
300 645.79 1.87E-05
360 640.40 1.46E-05 Where: .
420 636.31 1.11E-05 K, is the Horizontal Coefficient of Permeability (cm/sec)
480 632.77 9.69E-06 H, is the Piezometric Head for time; t = t; (cm)
540 629.15 1.00E-05 H, is the Piezometric Head for time; t = t, (cm)
600 625.82 9.21E-06 D is the Diameter of the Standpipe (cm)
900 607.29 1.05E-05 d is the diameter of the Open Length (cm),
1200 586.49 1.21E-05 is the Transformation Ratio, Where
1500 569.09 1.05E-05 m= m K, is the Horizontal Permeability|
1800 556.83 7.57E-06 _ K, is the Vertical Permeability|
2400 530.79 8.33E-06 L is the Open Length of Hole (cm)
3000 501.49 9.87E-06
3600 475.61 9.21E-06 Spreadsheet assumes 3" ID Pipe; NQ Hole, OD = 3"

MEAN PERMEABILITY (em/sec)

2.01E-05

Graph of Field Data
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PROJECT NAME AND NO.: ONS-GWPP BOREHOLE NO.: _GM-13R

LOCATION: Seneca, SC TEST INTERVAL: 519 to 57.9  bgs
TEST DATE: 11/1/2007 TEST INTERVAL: 6844 to 6784 EL
TESTED BY: Adam Jennings/Scott Dacus

GROUND ELEYV (ft MSL): 736.3

TEST METHOD: Double Packer Method using Multiple Pressure Tests
METHOD REFERENCE: Ground Water Manual, US Bureau of Reclamation, 1995, Chapter 10

RESULTS OF PERMEABILITY CALCULATIONS

MULTIPLE STEP TEST
Step Flow (Q) Pressure (psi) Lugeons Permeability Permeability

(gpm) Gauge |Effective (ft/sec) (cm/sec)

1 6.33 30 45 42 1.50E-05 4.6E-04
2 6.43 40 55 35 1.2E-05 3.8E-04
3 7.97 50 65 37 1.3E-05 4.0E-04
4 7.25 40 55 39 1.4E-05 4.3E-04
5 6.38 30 45 42 1.5E-05 4.6E-04
AVERAGE 39 1.4E-05 4.3E-04

SELECTED VALUES

Rock Description of Tested Interval:
Moderately Fractured Granitic Gneiss With Intermittent Biotite Hornblende Gneiss

TEST INTERPRETATION

EFFECTIVE PRESSURE(psi) FLOW (gpm)
0 20 40 60 80 0 2 4 6 8 10
1 : 1
R ———
o 2 S 2
-~ TR e £
7 ° T e, E ’
=31 Eaq
I
5 b
9 T
8
—~ 7 5
£ 6%
&5
o
4
£ |
2 s g i # i =
IE A e e e e e
0 I
0 20 40 60 80
Effective Differential Pressure (psi)

Packer Test GM-13R Test 2 Redo
Permeability Calculations
Page 1 of 4



PERMEABILITY CALCULATIONS FOR ~ . *

EACH:SSTEP.OF TEST. .- .o

CALCULATED PERMEABILITY FOR STEP 1

Gauge Pressure, h2. 30 psi
Flow Rate, Q: 6.33 gpm
Head loss per TEN foot section of pipe: ‘ 0.1 psi
Head Loss, L: 0.6 psi
Distance from pressure gauge to bottom of test section, h;: 36.5 feet
Value of hy: 36.5 feet
Effective Head, H where H = h1+h2-L . 104.4 feet
Determine Saturation Zone: -

Select Zone 1, 2, 0r 3 3

Tu=U-D+H 80.4 feet

X = (H/Tu)*100 1300 %

Tuw/A : 13.3
Determine Conductivity Coefficient

H/r -

A/H -

Alr 48

Select Cu from Fig 10-7 for Zone 1 tests:

Cs for Zone 2 and 3 tests: ’ 72
Calculate K if Zone 1 and using single or double packer - ft/sec
Calculate K if Zone 2 and using single packer (Method 1) - filsec
Calculate K if Zone 2 and using double packer (Method 2) - ft/sec
Calculate K if Zone 3 and using single packer (Method 1) - fi/sec
Calculate K if Zone 3 and using double packer (Method 2) 1.50E-05 fi/sec

Is this step valid?
If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow
Calculate a, the total open area of the test section:
Is Q/a * (estimated porosity) > 1077

69.3 feet of water
0.014 ft'/sec
(per tables)
1.3 feet of water

45.2 psi

Zones 1 and 2 are unsaturated, 3 is saturated

Value for Zone 1 analysis
Value for Zone 1 analysis
Value for Zone 2 and 3 analysis
Cu for Zone 1
Cs for Zones 2 and 3

- cm/sec

- cm/sec

- cm/sec

- cm/sec

4.57E-04 cm/sec

4.7 square feet
True, Test Valid

CALCULATED PERMEABILITY FOR STEP 2

Gauge Pressure, h2. 40 psi
Flow Rate, Q: 6.43 gpm
Head loss per TEN foot section of pipe: 0.1 psi
Head Loss, L: 0.6 psi
Distance from pressure gauge to bottom of test section, hy: 36.5 feet
Value of h;: 36.5 feet
Effective Head, H where H = hi+h2-L : 1275 feet
Determine Saturation Zone: -

Select Zone 1,2, or 3 3

Tu=U-D+H 103.5  feet

X =(H/Tu)*100 1233 %

Tu/A 17.2
Determine Conductivity Coefficient

H/r -

A/H -

Alr 48

Select Cu from Fig 10-7 for Zone 1 tests:

Cs for Zone 2 and 3 tests: 72
Calculate K if Zone 1 and using single or double packer - fi/sec
Calculate K if Zone 2 and using single packer (Method 1) - ft/sec
Calculate K if Zone 2 and using double packer (Method 2) - fusec
Calculate K if Zone 3 and using single packer (Methed 1) - filsec
Calculate K if Zone 3 and using double packer (Methed 2) 1.25E-05 ft/sec

Is this step valid?
If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow
Calculate a, the total open area of the test section:
Is Q/a * (estimated porosity) > 1077

92.4 feet of water

0.014 fi’/sec
(per tables)
1.3 feet of water

55.2 psi

Zones 1 and 2 are unsaturated, 3 is saturated

Value for Zone 1 analysis
Value for Zone 1 analysis
Value for Zone 2 and 3 analysis
Cu for Zone |
Cs for Zones 2 and 3

B cm/sec

- cm/sec

- cm/sec

- cm/sec

3.80E-04 cmy/sec

4.7 square feet
True, Test Valid

Packer Test GM-13R Test 2 Redo
Permeability Calculations
Page 2 of 4



CALCULATED PERMEABILITY FOR STEP 3
Gauge Pressure, h2.

Flow Rate, Q:
Head loss per TEN foot section of pipe:
Head Loss, L:
Distance from pressure gauge to bottom of test section, hy:
Value of hy: -
Effective Head, H where H = h1+h2-L :
Determine Saturation Zone:

Sclect Zone 1,2, 0r 3

Tu=U-D+H

X = (H/Tu)*100

TwA
Determine Conductivity Coefficient

H/r

AM

Alr

Select Cu from Fig 10-7 for Zone | tests:

Cs for Zone 2 and 3 tests:
Calculate K if Zone 1 and using single or double packer
Calculate K if Zone 2 and using single packer (Method 1)
Calcnlate K if Zone 2 and using double packer (Method 2)
Calculate K if Zone 3 and using single packer (Method 1)
Calculate K if Zone 3 and using double packer (Method 2)
Is this step valid?

50

7.97
0.1
0.6
36.5
36.5
150.6

126.6

119.0
21.0 -

1.31E-05

psi
gpm
psi
psi
feet
feet
feet

feet
%

ft/sec

ft/sec
ft/sec
ft/sec
fi/sec

If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow
Calculate a, the total open area of the test section:

1s Q/a * (estimated porosity) > 107?

115.5 feet of water

0.018 ft'/sec
(per tables)
1.3 feet of water

65.2 psi

Zones 1 and 2 are unsaturated, 3 is saturated

Value for Zone | analysis
Value for Zone 1 analysis
Value for Zone 2 and 3 analysis
Cu for Zone | '
Cs for Zones 2 and 3

- cm/sec

- cm/sec

- cm/sec

- cm/sec

3.99E-04 cm/sec

4.7 square feet
True, Test Valid

CALCULATED PERMEABILITY FOR STEP 4
Gauge Pressure, h2,

Flow Rate, Q:
Head loss per TEN foot section of pipe:
Head Loss, L:
Distance from pressure gauge to bottom of test section, hy:
Value of hy:
Effective Head, H where H = h1+h2-L :
Determine Saturation Zone:

Select Zone 1, 2, 0r 3

Tu=U-D+H

X =(H/Tu)*100

TwWA
Determine Conductivity Coefficient

H/r

A/H

Alr

Select Cu from Fig 10-7 for Zone 1 tests:

Cs for Zone 2 and 3 tests:
Calculate K if Zone 1 and using single or double packer
Calcnlate K if Zone 2 and using single packer (Method 1)
Calculate K if Zone 2 and using double packer (Method 2)
Calculate K if Zone 3 and using single packer (Method 1)
Calculate K if Zone 3 and using double packer (Method 2)
Is this step valid?

40
7.25
0.1
0.6
36.5
36.5
127.5

103.5

123.3
17.2

48

72

1.41E-05

psi
gpm
psi
psi
feet
feet
feet

feet
%

fi/sec
fi/sec
ft/sec
ft/sec
fi/sec

If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow
Calculate a, the total open area of the test section:

1s Q/a * (estimated porosity) > 107?

92.4 feet of water

0.016 fi'/sec
(per tables)
1.3 feet of water

55.2 psi

Zones 1 and 2 are unsaturated, 3 is saturated

Value for Zone 1 analysis
Value for Zone 1 analysis
Value for Zone 2 and 3 analysis
Cu for Zone 1
Cs for Zones 2 and 3

- cm/sec

- cm/sec

- cm/sec

- cm/sec

4.29E-04 cm/sec

4.7 square feet
True, Test Valid

Packer Test GM-13R Test 2 Redo
Permeability Calculations
Page 3 of 4



CALCULATED PERMEABILITY FOR STEP 5

Gauge Pressure, h2, 30 psi
Flow Rate, Q: 638  gpm
Head loss per TEN foot section of pipe: 0.1 psi
Head Loss, L : 0.6 psi
Distance from pressure gauge to bottom of test section, hy: 36.5 feet
Value of hy: 36.5 feet
Effective Head, H where H=hl+h2-L : 1044  feet
Determine Saturation Zone: -

Select Zone 1,2, 0r 3 3

Tu=U-D+H 80.4 feet

X = (H/Tuy*100 1300 %

Tw/A 13.3
Determine Conductivity Coefficient

H/r -

A/H -

Alr 48

Select Cu from Fig 10-7 for Zone | tests:

Cs for Zone 2 and 3 tests: 72
Calculate K if Zone 1 and using single or double packer - fi/sec
Calculate K if Zone 2 and using single packer (Method 1) - ft/sec
Calculate K if Zone 2 and using double packer (Method 2) - fifsec
Calculate K if Zone 3 and using single packer (Method 1) - fi/sec
Calculate K if Zone 3 and using double packer (Method 2) 1.51E-05 fi/sec

Is this step valid?
If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow
Calculate a, the total open area of the test section:
Is Q/a * (estimated porosity) > 1077

69.3 feet of water

0.014 fi¥/sec
(per tables)
1.3 feet of water

45.2 psi

Zones 1 and 2 are unsaturated, 3 is saturated

Value for Zone 1 analysis
Value for Zone | analysis
Value for Zone 2 and 3 analysis
Cu for Zone 1
Cs for Zones 2 and 3

- cm/sec

- cm/sec

- cm/sec

- cm/sec

4.61E-04 cm/sec

4.7 square feet

True, Test Valid

Packer Test GM-13R Test 2 Redo

Permeability Calculations
Page 4 of 4



PROJECT NAME AND NO.: ONS-GWPP BOREHOLE NO.: _GM-13R

LOCATION: Seneca, SC TEST INTERVAL: 589 . to 64.9  bgs
TEST DATE: 11/1/2007 TEST INTERVAL: 6774 to 6714 EL
TESTED BY: Adam Jennings/Scott Dacus

GROUND ELEYV (ft MSL): 736.3

TEST METHOD: Double Packer Method using Multiple Pressure Tests
METHOD REFERENCE: Ground Water Manual, US Bureau of Reclamation, 1995, Chapter 10

RESULTS OF PERMEABILITY CALCULATIONS

MULTIPLE STEP TEST
Step Flow (Q) Pressure (psi) Lugeons Permeability Permeability

(g)m) Gauge |Effective (ft/sec) (cm/sec)

1 12.23 30 45 82 2.95E-05 9.0E-04
2 11.47 40 55 62 2.2E-05 6.8E-04
3 12,69 50 65 59 2.1E-05 6.4E-04
4 11.19 40 55 61 2.2E-05 6.6E-04
5 10.15 30 45 67 2.4E-05 7.3E-04
AVERAGE] 66 2.4E-05 7.2E-04

SELECTED VALUES

Rock Description of Tested Interval:

Moderately Fractured Granitic Gneiss With Intermittent Biotite Hornblende Gneiss

TEST INTERPRETATION
EFFECTIVE PRESSURE(psi) FLOW (gpm)
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Packer Test GM-13R Test 1 Redo
Permeability Calculations
Page 1 of 4




PERMEABIEITY -CAECUEATIONS FOR %< R
EACHSTEPOFTEST, = .. oo oo o i
CALCULATED PERMEABILITY FOR STEP 1
Gauge Pressure, h2, 30 psi 69.3 feet of water
Flow Rate, Q: 1223 gpm 0.027 fi'/sec
Head loss per TEN foot section of pipe: 0.2 psi (per tables)
Head Loss, L: 1.3 psi 3.0 feet of water
Distance from pressure gauge to bottom of test section, h;: 36.5 feet
Value of h;: 36.5 feet
Effective Head, H where H = h1+h2-L : 102.8  feet 44.5 psi
Determine Saturation Zone: -
Select Zone 1,2, 0r 3 3 Zones 1 and 2 are unsaturated, 3 is saturated
Tu=U-D+H 71.7 feet
X = (H/Tu)*100 1433 %
Tw/A 11.9
Determine Conductivity Coefficient
H/r - Value for Zone 1 analysis
A/H - Value for Zone 1 analysis
Alr 48 Value for Zone 2 and 3 analysis
Select Cu from Fig 10-7 for Zone 1 tests: Cu for Zone 1
Cs for Zone 2 and 3 tests: 72 Cs for Zones 2 and 3
Calculate K if Zone 1 and using single or double packer - fi/sec - cm/sec
Calculate K if Zone 2 and using single packer (Method 1) - ft/sec - cm/sec
Calculate K if Zone 2 and using double packer (Method 2) - fi/sec - cm/sec
Calculate K if Zone 3 and using single packer (Method 1) - fi/sec - cm/sec

Calculate K if Zone 3 and using double packer (Method 2)
Is this step valid?
If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow
Calculate a, the total open area of the test section:
" Is Q/a * (estimated porosity) > 1077

2.95E-05 ft/sec 8.98E-04 cm/sec

4.7 square feet
True, Test Valid

CALCULATED PERMEABILITY FOR STEP 2

92.4 feet of water

Gauge Pressure, h2, 40 psi
Flow Rate, Q: 1147  gpm 0.026 ft'/sec
Head loss per TEN foot section of pipe: 0.1 psi (per tables)
Head Loss, L: 0.6 psi 1.5 feet of water
Distance from pressure gauge to bottom of test section, hy: 36.5 feet
Value of hy: 36.5 feet
Effective Head, H where H = hI+h2-L : 1274 feet 55.2 psi
Determine Saturation Zone: -

Select Zone 1, 2,01 3 3 Zones | and 2 are unsaturated, 3 is saturated

Tu = U-D+H 96.3 feet

X = (H/Tu)*100 1323 %

Tw/A 16.0
Determine Conductivity Coefficient

H/r - Value for Zone 1 analysis

AH - Value for Zone 1 analysis

Alr 48 Value for Zone 2 and 3 analysis

Select Cu from Fig 10-7 for Zone 1 tests: Cu for Zone 1

Cs for Zone 2 and 3 tests: 72 Cs for Zones 2 and 3
Calculate K if Zone 1 and using single or double packer - ft/sec - cm/sec
Calculate K if Zone 2 and using single packer (Method 1) - fi/sec - cm/sec
Calculate K if Zone 2 and using double packer (Method 2) - fi/sec - cm/sec
Calculate K if Zone 3 and using single packer (Method 1) ft/sec - cm/sec

Calculate K if Zone 3 and using double packer (Method 2) 2.23E-05 ft/sec 6.80E-04 cm/sec
Is this step valid?
If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow
Calculate a, the total open area of the test section:

Is Q/a * (estimated porosity) > 107?

4.7 square feet
True, Test Valid

Packer Test GM-13R Test 1 Redo
Permeability Calculations
Page 2 of 4



CALCULATED PERMEABILITY FOR STEP 3
Gauge Pressure, h2,

Flow Rate, Q: .
Head loss per TEN foot section of pipe:
Head Loss, L:
Distance from pressure gauge to bottom of test section, hy:
Value'of hy: .
Effective Head, H where H = hi+h2-L :
Determine Saturation Zone:

Select Zone 1,2, or 3

Tu = U-D+H

X = (H/Tu)*100

TwA
Determine Conductivity Coefficient

H/r

A/H

Alr

Select Cu from Fig 10-7 for Zone 1 tests:

Cs for Zone 2 and 3 tests:
Calculate K if Zone 1 and using single or double packer
Calculate K if Zone 2 and using single packer (Method 1)
Calculate K if Zone 2 and using double packer (Method 2)
Calculate K if Zone 3 and using single packer (Method 1)
Calculate K if Zone 3 and using double packer (Method 2)
Is this step valid? :

50

12.69
0.2
1.3

36.5

36.5

149.0

117.9

126.4
19.6

2.11E-05

psi
gpm
psi
psi
feet
feet
feet

feet
%

fi/sec
ft/sec
ft/sec
ft/sec
ft/sec

If (Q/2)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow
“Calculate a, the total open area of the test section:

Is Q/a * (estimated porosity) > 107?

115.5 feet of water

0.028 fi'¥/sec
(per tables)
3.0 feet of water

64.5 psi

Zones 1 and 2 are unsaturated, 3 is saturated

Value for Zone | analysis
Value for Zone 1 analysis
Value for Zone 2 and 3 analysis
Cu for Zone 1
Cs for Zones 2 and 3

- . cm/sec

- cm/sec

- cm/sec

- cm/sec

6.43E-04 cm/sec

4.7 square feet
True, Test Valid

CALCULATED PERMEABILITY FOR STEP 4
Gauge Pressure, h2,

Flow Rate, Q:
Head loss per TEN foot section of pipe:
Head Loss, L:
Distance from pressure gauge to bottom of test section, hy:
Value of h:
Effective Head, H where H = h1+h2-L :
Determine Saturation Zone:

Select-Zone 1,2, 0r 3

Tu=U-D+H

X = (H/Tu)*100

TwA
Determine Conductivity Coefficient

H/r -

A/H

Alr

Select Cu from Fig 10-7 for Zone 1 tests:

Cs for Zone 2 and 3 tests:
Calculate K if Zone 1 and using single or double packer
Calculate K if Zone 2 and using single packer (Method 1)
Calculate K if Zone 2 and using double packer (Method 2)
Calculate K if Zone 3 and using single packer (Method 1)
Calculate K if Zone 3 and using double packer (Method 2)
Is this step valid?

40
11.19
0.1
0.6
36.5
36.5
127.4

96.3
1323
16.0

2.17E-05

psi
gpm
psi
psi
feet
feet
feet

feet
%

ft/sec
ft/sec
ft/sec
fi/sec
ft/sec

If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow
Calculate a, the total open area of the test section:

Is'Q/a * (estimated porosity) > 10??

92.4 feet of water

0.025 f¥/sec
(per tables)
1.5 feet of water

55.2 psi

Zones | and 2 are unsaturated, 3 is saturated

Value for Zone 1 analysis
Value for Zone 1 analysis
Value for Zone 2 and 3 analysis
Cu for Zone |
Cs for Zones 2 and 3

- cm/sec

- cm/sec

- . cm/sec

- cm/sec

6.63E-04 cm/sec

4.7 square feet
True, Test Valid

Packer Test GM-13R Test 1 Redo
Permeability Calculations
Page 3 of 4



CALCULATED PERMEABILITY FOR STEP §
Gauge Pressure, h2,

Flow Rate, Q:
Head loss per TEN foot section of pipe:
Head Loss, L:
Distance from pressure gauge to bottom of test section, hy:
Value of h;:
Effective Head, H where H = hl+h2-L :
Determine Saturation Zone:

Select Zone 1,2, 0r 3

Tu=U-D+H

X = (H/Tu)*100

TwA
Determine Conductivity Coefficient

H/r

A/H

Alr

Select Cu from Fig 10-7 for Zone | tests:

Cs for Zone 2 and 3 tests:
Calculate K if Zone 1 and using single or double packer
Calculate K if Zone 2 and using single packer (Method 1)
Calculate K if Zone 2 and using double packer (Method 2)
Calculate K if Zone 3 and using single packer (Method 1)
Calculate K if Zone 3 and using double packer (Method 2)
Is this step valid?

30

10.15
0.1

36.5

36.5
104.3

2.41E-05

psi
gpm
psi
psi
feet
feet
feet

feet

%

ft/sec

ft/sec
ft/sec
ft/sec
ft/sec

If (Q/a)*(estimated porosity) > 10 the calculations may not be valid due to turbulent flow
Calculate a, the total open area of the test section:

Is Q/a * (estimated porosity) > 10?7

69.3 feet of water

0.023

45.2

ft’/sec

(per tables)
1.5 feet of water

psi

Zones | and 2 are unsaturated, 3 is saturated

Value for Zone 1 analysis
Value for Zone 1 analysis
Value for Zone 2 and 3 analysis
Cu for Zone 1

Cs for Zones 2 and 3

7.34E-04

cm/sec
cm/sec
cm/sec
cm/sec
cm/sec

4.7 square feet

True, Test Valid

Packer Test GM-13R Test 1 Redo
Permeability Calculations
Page 4 of 4



Site Name: ONS-GWPP
Test Date: 11/15/2007
Well Label: GM-13R
Aquifer Thickness: 39.59 feet
Screen Length: 10. feet
Casing Radius: 1. Inches
Effective Radius: 1.5 Inches
Static Water Level: 33.56 feet
Water Table to Screen Bottom:  34.59 feet
Anisotropy Ratio: 1

Time Adjustment: 0. Seconds

Test starts with trial 0

There are 72 time and drawdown measurements

Maximum head is 1.738 feet
Minimum head is 0. feet

Calculation by Bouwer and Rice Graphical Method

ONS-GWPP
1;1/1 5/2007

Bouwer and Rice Graph
GM-13R

Illl!

1

01

Lol

Head Ratio (Ht/Ho)

1e-002

] Hydraulic Conductivity = 1.643e-004 cm/sec

Transmissivity = 1.713 meters2/day

Bouwer and Rice parameter A = 3.8
Bouwer and Rice parameter B = 0.72
In(Re/Rw) = 3.618929e+000

Analysis starts at time 12. Seconds
Analysis ends at time 2.8 minutes

14 Measurements analyzed from 2 to 15

1 1 1 i 1 i 1 1 1 L ¥

T T T T T T T T I T T T T T T T T

00 05 10 15 20 25:30:35 40 45 50 55 60 B5 70 75 80 85 90 95 100105110 115120125130 135140

Analysis by Julie Petersen of S&ME, Inc.

PERMEABILITY

1.64 x 10 cm/sec

Adjusted Time (minutes)
Ho is 1 738 feet at 0 Seconds



PARTICLE SIZE ANALYSIS OF SOILS
FOR USE IN FETTER AND BEAR DIAGRAMS

Boring No.:
GM-13R

Sample No.:
SS-1

Depth:
8.5to0 10 fi bls

Sample Description

F: Red and Brown, Micaceous, Clayey, Silty, Coarse to Fine Sand (SM)

100% >—0-0—0-&

90%

80%

™

70%

p 4

60%

\

50%

40%

30%

Percent Passing

20%

10%

0%

100

10

2

1 0.1

Particle Size {(mm)

0.01

0.0625 p
0.004 P

0.001

>2 mm

2 mm - 0.0625 mm

0.0625 mm - 0.004 mm

<0.004 mm

From Graph‘:

% Gravel
1.7%

% Sand
63.6%

% Silt
19.1%

% Clay
15.6%

Adjusted for
Calculations

0%

65%

19%

16%

Notes:

Grain size distribution taken from grain size with hydrometer data located in Appendix II.
Gravel, sand, silt and clay sizes based on Wentworth Scale.

S&ME Project:

Oconee Nuclear Station -

GWPP

S&ME Project No.:
1264-07-234




FETTER AND BEAR BDIAGRAMS

S&ME PROJECT: Oconee Nuclear Station - GWPP
S&ME PROJECT NO.: 1264-07-234

GM-13R o 100

Boring No.

EXPLANATION -

Boring Depth: 8.5to 10 fi bls 3
— Line of eqqual specitic vieid
terval 1and 3 percent
Particte size -mnu
Sand 2-Ln 2
Silt (L2 5100
Clay --inond

% Sand: . 65%
% Silt: 19%

% Clay: __16%

Estimated Specific
Yield: __ 13%

> /
g4 \‘ /
\
/  CLAY-SAND
\‘ r2

et

Sih size (percent)

Textural classification triangle for unconsolidated materials showing the

FIGURE 4.11
Geological

relation between particle size and specific yield. Source: A. 1. Johnson, U.5.
Survey Water-Supply Paper 1662-D, 1967.
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Estimated Porosity: __ 44.5%

varlatlon of Porosity, Specliic Yield, and Specific Retention with Graln Size
(atter Bear, 1972)




PARTICLE SIZE ANALYSIS OF SOILS
FOR USE IN FETTER AND BEAR DIAGRAMS

Boring No.:
GM-13R

Sample No.:
SS-8

Depth:

43.5 to 45 ft bls

Sample Description:

M1: White, Tan, and Brown, Micaceous, Silty, Medium to Fine Sand (SM)

100% -—0-@

90%

80%

70%

60%

50%

40%

30%

Percent Passing

20%

10%

0%

e

100

10

2

1 0.1

Particle Size (mm)

0.0625 p

T

0.01

0.004 P T’ -

0.001

>2mm

2 mm - 0.0625 mm

0.0625 mm - 0.004 mm

<0.004 mm

From Graph:

% Gravel
1.1%

% Sand
78.9%

% Silt
17.1%

% Clay
3.0%

Adjusted for
Calculations

0%

80%

17%

3%

Notes:

Grain size distribution taken from grain size with hydrometer data located in Appendix II.
Gravel, sand, silt and clay sizes based on Wentworth Scale.

S&ME Project:

Oconee Nuclear Station - GWPP

S&ME Project No.:
1264-07-234




FETTER AND BEAR DIAGRAMS

S&ME PROJECT: Oconee Nuclear‘Station -GWPP
S&ME PROJECT NO.: 1264-07-234

Boring No.

GM-13R PRLL

EXPLANATION -

Boring Depth: _43.5 to 45 ft bls

I
Line ot equal specatic swedd
Interval 1 3 percent

Panicle size -nuwm
Sl 200025
Silt 0.06230.004

Clay - 0064

% Sand:  80%
% Silt: 17%

% Clay: _ 3%

Estimated Specific
Yield: _ 29%

Silt size (percent)

FIGURE 4.11 Textural classification triangle for unconsoiidated materials showing the
relation between particle size and specific yield. Source: A. 1. Johnson, U.S. Geological

Survey Water-Supply Paper 1662-D, 1967.
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Estimated Porosity: 42.5%

Vatlation of Porosity, Specliiic Yleld, and Speclific Retentlon with Grain Slize
(after Bear, 1972)




BORING LOG WITH WELL RECOVERED ONS LOG.GPJ LAGWGNO01.GDT 7/23/08

ENGINEERING » TESTING
ENVIRONMENTAL SERVICES

S&ME, Inc.

9751 Southern Pine Boulevard
Charlotte, North Carolina 28273
Telephone: 704-523-4726
Fax: 704-525-3953

1. BORING AND SAMPLING IS IN ACCORDANCE
WITH ASTM D-1586.
2. PENETRATION (N-VALUE) IS THE NUMBER OF

BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO

DRIVE 1.4 IN. LD. SAMPLER | FT.

Project: Oconee Nuclear Station Boring No. GM-14
Location:  Seneca, SC Number: 1264-07-234 Sheet No. 1 of 1
Boring Depth (f1): 29.0 | Elevation (ft): 719.6 | Driller: i'ﬂ)g 7L5ittle, SCCertNo. | pate Drilled: 11/13/07

Logged By: Scott Dacus

Water Level:

Stabilized Water Level at 18.50 ft bls

Drilling Method: 4%" H.S.A.

Elev. Depth | Lith- . .. Well Penetration Resistance (Blows/Foot)
(Feel) | (Feel) | ology Material Description Construction | ¢ 50 100
" _sooce\GRAVEL A1 NK
— 7 FILL (F): Reddish-Brown, Silty, CLAY ‘\é ‘\é
i ] (K
- - >
B ] k1 K
L - ~\/ N
N , I
N N

— 715 N ~\\ §
| 3%
- ] N N
- - > ¥
- . % «
N R%
: : 4 K
. - Y
710 . N
— 10—
— 705 . - -
= 15— FILL (F): Brown, Micaceous, Silty, SAND
_— 700 — FILL (F): Orange and Brown, Clayey, SILT
- 20—
B | SOIL/SAPROLITE (M1): Tan, White, and Brown,
= — Micaceous, Silty, Medium to Fine SAND
— 695 I
- 25—,
R ¥ SOIL/SAPROLITE (M1): Black, White, and Gray,

Micaceous, Silty, Medium to Fine SAND With Rock

Fragments /

Lithologic Description Obtained From GM-14R

Boring Terminated at 29.00 ft bls




MONITORING WELL RECOVERED ONS LOG.GPJ S&ME.GDT 7/23/08

COMPLETION REPORT OF WELL No. GM-14

Sheet 1 of 1

PROJECT: Oconee Nuclear Station
PROJECT NO: 1264-07-234 WATER LEVEL: Stabilized Water Level at
PROJECT LOCATION: Seneca, SC 18.50 ft bis
LATITUDE: 34°47'41.305"
DRILLING CONTRACTOR: S&ME, Inc. LONGITUDE: 82°53'30.305"
DRILLING METHOD: 4%" H.S.A. TOP OF CASING ELEVATION: 722.62
DATE DRILLED: 11/13/07 DATUM: MSL .
LOGGED BY: Scott Dacus
STRATA
— WELL |z | g §
o |z | DETAILS |28 | & | =2
DESCRIPTION g |Eo i £ o3 £ WELL CONSTRUCTION DETAILS
. > W~ - —
w [a] uJ
PROTECTIVE CASING
0 ) 0.00 | GS [719.56 | Diameter:
GRAVEL [ 4 N Type:
FILL (F): ) & Interval:
Reddish-Brown, Silty,
CLAY
RISER CASING
L 5 Diameter: 2"
| Type: Sch. 40 PVC
Interval: 0 to 13.43 ft bis
I GROUT
943 71013 Type: Neat Cement
10 Interval: 0 to 9.43 ft bls
- L M 1143 708.13
: ‘ SEAL
Type: Bentonite
Interval: 9.43 to 11.43 ft bls
FILL (F): Brown,
Micaceous, Silty,
SAND FILTERPACK
Type: #1 Silica Sand
Interval: 11.43 to 28.43 ft bis
FILL (F): Orange and
Brown, Clayey,
SILT SCREEN
Diameter: 2"
Type: 0.010 Slotted PVC
SOIL/SAPROLITE T :
(M1): Tan, White, 13 Interval: 13.43 to 28.43 ft bls
and Brown, 2%
Micaceous, Silty,
Medium to Fine
SAND
127.93 691.63 | LEGEND
SOIL/SAPROLITE | 28.43 691.13
(M1): Black, White, 29.00 690.56
and Gray, Micaceols, FILTER PACK G3. GROUND SURFACE
Silty, Medium to Fine [l senvoniTE BS  BENTONITE SEAL
SAND \:Vlth Rock X CEMENT GROUT FP FILTER PACK
ragments o TSC TOP OF SCREEN
K CUTTINGS / BACKFILL BSC BOTTOM OF SCREEN
STATICWATERLEVEL (2 ComEnT OROUT

NVIRONMENTAL SERYIC

NGINEERING « TESTING

9751 Southern Pine Boulevard
Charlotte, North Carolina 28273

ES

COMPLETION REPORT OF
WELL No. GM-14

Sheet 1 of 1




Site Name: ONS-GWPP

Test Date: 11/14/2007
Well Label: GM-14
Aquifer Thickness: 14.93 feet
Screen Length: 15. feet
Casing Radius: 1. Inches
Effective Radius: 3. Inches
Gravel Pack Porosity: 30.00%
Corrected Casing Radius: 1.844 Inches
Static Water Level: 18.5 feet
Water Table to Screen Bottom:  9.93 feet
Anisotropy Ratio: 1

Time Adjustment: 0. Seconds

Test starts with trial 0

There are 74 time and drawdown measurements
Maximum head is 2.223 feet

Minimum head is 0. feet

Calculation by Bouwer and Rice Graphical Method

ONS-GWPP Bouwer and Rice Graph
11/14/2007 GM-14
1 g
E Bouwer and Rice parameter A = 2.691
4 Bouwer and Rice parameter B = 0.4988
] In(Re/Rw) = 2.713531e+000
- Gravel Pack Porosity: = 30. %
r Corrected Casing Radius: = 1.844 Inches
Analysis starts at time 30. Seconds
~ Analysis ends at time 2.5 minutes
26 Measurements analyzed from 11 to 36
1 Points not plotted because head ratio <= 0.0
S ] These points are not included in the analysis
5 7
‘; e
® o
o
o -
b
I ]
1e 002_
-1 Hydraulic Conductivity = 1.485e-003 cm/sec
_| Transmissivity = 5.839 meters2/day
1 1 1 1 i 1 1 ¥ 1 T T T 1 1 T
0o 05§ 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Adjusted Time (minutes)
Analysis by Julie Petersen of S&ME, Inc. Ho is2.223 feet at 0. Seconds

1.49 x 107 em/sec




BORING LOG WITH WELL RECOVERED ONS LOG.GPJ LAGWGNO01.GDT 7/23/08

S&ME, Inc. 1. BORING AND SAMPLING IS IN ACCORDANCE
9751 Southern Pine Boulevard WITH ASTM D-1586.

Charlotte, North Carolina 28273 pENETRATION (N-VALUE) IS THE NUMBER OF

ENGINEERING « TESTING  Lelephone: 704-523-4726 BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO
ENVIRONMENTAL SERVICES ~ Fax: 704-525-3953 DRIVE 1.4 IN. LD. SAMPLER 1 FT.
Project: Oconee Nuclear Station Boring No. GM-14R
Location:  Seneca, SC Number: 1264-07-234 Sheet No. 1 of 2
Boring Depth (ft): 68.0 | Elevation (ft): 719.6 | Diriller: 1J331y5 ;Jsittle, SC CertNo. | Date Drilled: 11/7/07
Logged By: Scott Dacus Water Level:  Stabilized Water Level at 4.80 ft bls Drilling Method: 4%" H.S.A.
Elev. Depth | Lith- . L. Well Penetration Resistance (Blows/Foot)
(Feet) | (Feet) | ology Material Description Construction | o 50 100
[ _brerset\GRAVEL _ A :
— -] FILL (F): Reddish-Brown, Silty, CLAY % %
715 ] % % \ 4
- 5] % N
- ] 10 &
—710 ] % % N
N 10 % %
— 705 15— FILL (F): Brown, Micaceous, Silty, SAND % %
- N % % \/
L 700 - FILL (F): Orange and Brown, Clayey, SILT M
L 20— % %
- -y SOIL/SAPROLITE (M1): Tan, White, and Brown,
= —. Micaceous, Silty, Medium to Fine SAND N 13
— 695 T
B ] SOIL/SAPROLITE (M1): Black, White, and Gray, % %
= — Micaceous, Silty, Medium to Fine SAND With Rock N 40
— 690 Tt Fragments
N 30—+ gmens % %
B - SOIL/SAPROLITE (M1): Tan, White, and Brown, % %
| — Micaceous, Silty, Medium to Fine SAND % %
: 1 ny
— 685 T % % N




BORING LOG WITH WELL RECOVERED ONS LOG.GPJ LAGWGNQ01.GDT 7/23/08

S&ME, Inc. 1. BORING AND SAMPLING IS IN ACCORDANCE
9751 Southern Pine Boulevard  yyriy 45701 D-1586.

Charlotte, North Carolina 28273 ; pENETRATION (N-VALUE) IS THE NUMBER OF

ENGINEERING « TESTING  Lelephone: 704-523-4726 BLOWS OF 140 LB. HAMMER FALLING 30 IN. REQUIRED TO
ENVIRONMENTAL SERVICES Fax: 704-525-3953 ] DRIVE 1.4IN. IL.D. SAMPLER 1 FT.
Project: Oconce Nuclear Station Boring No. GM-14R
Location: Seneca, SC Number: 1264-07-234 Sheet No. 2 of 2
Boring Depth (ft): 68.0 | Elevation (fi): 719.6 | Driller: g)g ;JSittle, SC Cert No. | Date Drilled: 11/7/07
Logged By: Scott Dacus Water Level:  Stabilized Water Level at 4.80 ft bls Drilling Method: 4%" H.S.A.
Elev. Depth | Lith- . . “Well Penetration Resistance (Blows/Foot)
(Feet) | (Feet) | ology Material Description Construction | o 50 1
- T N
- -1 N
- -1 ™~
| — i \\
B . " WEATHERED ROCK (M2): When Sampled Becomes’ E 1 > @
L 630 — Tan, White, and Brown, Micaceous, Silty, Medium to ~
- 4077 A\ Fine SAND
B s /; Roller Cone Refusal at 39.80 ft bls
- —7.:4-"{:7{ 1 SOUND ROCK (D): Medium-Grained BIOTITE
— ] -1 |HORNBLENDE GNEISS  Slightly Weathered,
B _J,.' 474 |Moderately Fractured, Low Angle Joints With Moderate
= =154+ |Staining
P 77\ WEATHERED ROCK (M2): When Sampled Becomes
| 45—/ 4 | White and Brown, Micaceous, Silty, Medium to Fine 1
- 07 SAND; (Core Loss)
B -7 57 SOUND ROCK (D): Medium-Grained GRANITIC
— =1/ /- /| GNEISS With Intermittent Seams of BIOTITE
— 17/ HORNBLENDE GNEISS Moderately Fractured,
[ /" /- A Horizontal, Low Angle, and High Angle Joints With No
= —/ Staining
—670 - % ‘ i
[ —% an
660 60%
— 655 _/
Foss | g /
Boring Terminated at 68.00 ft bls




FIELD ROCK CORE LOG
Oconee Nuclear Station - Groundwater Protection Project
S&ME Project No: 1264-07-234

Core Location: GM-14R

39

40

41

42

43

44

45

46

47

48

NQ Core - Auger Refusal at 39.80 fi bls

Horizontal Fractures, No Staining

(Core Loss

Core Loss

IlIIlIIIIIIIIIIIIIIIIIHIIIIIII

Horizontal Fractures, No Staining

End of Run #1, REC - 40%, RQD - 19.60%

Horizontal Fracture, No Staining

High Angle Fracture, No Staining

Horizontal Fractures, No Staining

48

49

50

51

52

53

54

55

56

Horizontal Fracture, Mafics in Fracture

End of Run #2, REC - 100%, RQD - 58%

orizontal Fracture, Mafics in Fracture

{orizontal Fractures, No Staining

HEnd of Run #3, REC - 98.75%, RQD - 98.75%

{orizontal Fractures, No Staining

orizontal Fracture, No Staining

orizontal Fractures, Mafics in Fractures

orizontal Fracture, No Staining

Page 1 of 2

EXPLANATION

Esl

Concrete

Granitic Gneiss

Biotite Hornblende
Gneiss

[OX]
(<]

Core Loss

_— Fracture

End of Run

""" Contact

Healed Joint



FIELD ROCK CORE LOG

Oconee Nuclear Station - Groundwater Protection Project
S&ME Project No: 1264-07-234
Core Location: GM-14R

57 66 . :
Horizontal Fracture, No Staining
Horizontal Fractures, Mafics in Fractures Horizontal Fracture, No Staining
58 End of Run #4, REC - 95.4%. RQD - 84% 67
Horizontal Fracture, No Staining
Horizontal Fractures, No Staining Horizontal Fracture, No Staining
50 68 End of Run #6, REC - 100%, RQD - 96%
Coring Terminated at 68.00 fi bls
60
Horizontal Fractures, No Staining
High Angle Fractures, Some Weathering, No Staining
61
Horizontal Fracture, No Staining
62 Horizontal Fracture, No Staining
Horizontal Fracture, No Staining
EXPLANATION
63 nd of Run #5, REC - 100%, RQD - 77% EE]
Concrete
Granitic Gneiss
Contact Intact
64 Horizontal Fracture. No Staining .
Contact Intact Biotite Horblende
Gneiss
NN
2
. s . L
Horizontal Fracture, No Staining, Mafics in Fracture
Core Loss
65
— Fracture
End of Run
;e Contact
Horizontal Fracture, No Staining :
ortontal Fracture " — Healed Joint
66

Page 2 of 2




MONITORING WELL RECOVERED ONS LOG.GPJ S&ME.GDT 7/23/08

COMPLETION REPORT OF WELL No. GM-14R Sheet 1 of 2

PROJECT: Oconee Nuclear Station
PROJECT NO: 1264-07-234
PROJECT LOCATION: Seneca, SC

DRILLING CONTRACTOR: S&ME, Inc.
DRILLING METHOD: 4%." H.S.A.
DATE DRILLED: 11/7/07

WATER LEVEL: Stabilized Water Level at
4.80 ft bls
LATITUDE: 34°47'41.293"
LONGITUDE: 82°53'30.362"
TOP OF CASING ELEVATION: 722.59
DATUM: MSL
LOGGED BY: Scott Dacus

STRATA z
— WELL T g |8
o~ [
g |z_| bETALs | B2 | & | &2 WELL CONSTRUCTION DETAILS
DESCRIPTION | £ |E 2 L 213
> Wl ~ -l -
»n |o w
PROTECTIVE CASING
0 0.00 | GS {719.63 | Diameter:
GRAVEL % 7 Type:
FILL (F): X
Reddish-Brown, Silty, Interval
CLAY
RISER CASING
L 5 y Diameter: 2"
Type: Sch. 40 PVC
Interval: 0 to 57.5 ft bls
GROUT
Type: Neat Cement
10 Interval: 0 to 54 ft bls
SEAL
Type: K-packer
) Interval: 56.93 to 57.13 ft bls
FILL (F): Brown, - 15
Micaceous, Silty,
SAND I FILTERPACK
Type:
. Interval:
FILL (F): Orange and
Brown, Clayey, -20
SILT - SCREEN
Diameter: 2" :
Type: 0.010 Slotted PVC
SOIL/SAPROLITE )
(M1): Tan, White, Interval: 57.5 to 67.5 ft bls
and Brown,
Micaceous, Silty,
Medium to Fine
SAND
LEGEND
SOIL/SAPROLIT_E
(M1): Black, White, "3} 1 FILTER PACK TOC TOP OF CASING
and Gray, Micaceous, |11\ 30 GS  GROUND SURFACE
Siity, Medium to Fine  }." . BENTONITE BS  BENTONITE SEAL
&\ﬁggg oryath Rock I R, CEMENT GROUT FP_ FILTER PACK
NSE ‘g,_, TSC TOP OF SCREEN
el X CUTTINGS / BACKFILL BSC BOTTOM OF SCREEN
B R TD TOTAL DEPTH

] S&ME 9751 Southern Pine Boulevard
Charlotte, North Carolina 28273

ESTING
RVICES

4
19)
Zz
m
™
=
Z
o
.

V1=

COMPLETION REPORT OF
WELL No. GM-14R

Sheet 1 of 2




PROJECT: Oconee Nuclear Station
PROJECT NO: 1264-07-234
PROJECT LOCATION: Seneca, SC

GROUND SURFACE ELEVATION:
LOGGED BY: 719.6
CHECKED BY: Scott Dacus

STRATA WELL f

DETAILS

DEPTH
(ft)

DESCRIPTION

SYMBOL
DEPTH
(f.)
LEGEND
ELEVATION
(ft.)

WELL CONSTRUCTION DETAILS

MONITORING WELL RECOVERED ONS LOG.GPJ S&ME.GDT 7/23/08

SOIL/SAPROLITE
(M1): Tan, White,
and Brown,
Micaceous, Silty,
Medium to Fine
[iSAND (continued)
WEATHERED ROCK
(M2): When Sampled
Becomes Tan, White,
and Brown,
Micaceous, Silty,
Medium to Fine

AND
Roller Cone Refusal

t 39.80 ft bis
SOUND ROCK (D):
Medium-Grained

7

45

T

Slightly
eathered,
Moderately Fractured,
LLow Angle Joints With
oderate Staining
EATHERED ROCK
(M2): When Sampled
Becomes White and
Brown, Micaceous,
ilty, Medium to Fine
AND; (Core Loss)
SOUND ROCK (D):
Medium-Grained
GRANITIC GNEISS
With Intermittent
Seams of BIOTITE
HORNBLENDE
GNEISS;

Moderately Fractured,
Horizontal, Low Angle,
and High Angle Joints
With No Staining

-50

Y

54.00

-55

56.93
57.13
57.50

T

60

65

67.00
67.50
168.00

665.63

662.70
662.50
662.13

652.63
652.13
651.63

(See Page 1)

LEGEND

FILTER PACK

[l senTonTE

Fey

TOC
GS
BS

TOP OF CASING
GROUND SURFACE
BENTONITE SEAL
FILTER PACK

TOP OF SCREEN
BOTTOM OF SCREEN
TOTAL DEPTH
CEMENT GROUT

CEMENT GROUT
CUTTINGS / BACKFILL
Y STATIC WATER LEVEL

T8C
BSC

CG

9751 Southern Pine Boulevard
Charlotte, North Carolina 28273

S&ME

ENGINEERING « TESTING
ENVIRONMENTAL SERVICES

COMPLETION REPORT OF
WELL No. GM-14R

Sheet 2 of 2




SPLIT SPOON SAMPLE PICTURES

Oconee Nuclear Station - Groundwater Protection Project M
S&ME Project No: 1264-07-234 .

'Bdrimlvlg Number: - GM-14R

Sample No: 1
Depth (ft-bls): 85-10
Blow Count: 4%4%6

Sample No: 2
Depth (ft-bls): 13.5-15
Blow Count: 6%*6*8

Sample No: 3
Depth (ft-bls):  18.5-20
Blow Count: 3%*2*1]

Sample No: 4
Depth (ft-bls):  23.5-25
Blow Count: 8*7%6

Sample No: 5
Depth (ft-bls):  28.5-30
Blow Count: 10 * 26 * 14

Sample No: 6
Depth (ft-bls):  33.5-35
Blow Count: 8*7*8§

Page 1 of 2



SPLIT SPOON SAMPLE PICTURES

Oconee Nuclear Station - Groundwater Protection Project
S&ME Project No: 1264-07-234

Bormg Number: GM-14R
Sample No:
Depth (ft-bls):  38.5-40 INO Recovery
Blow Count: 50/1

Page 2 of 2



ROCK CORE PICTURES

Oconee Nuclear Station - Groundwater Protection Project

S&ME Project No: 1264-07-234
Core Location: GM-14R

CLASSIFICATION:

39.80'to 41.10": Medium-Grained Biotite Hornblende Gneiss

41.10'to 44.10": Soil

44.10' to 68.00": Medium-Grained Granitic Gneiss With Intermittent Biotite Hornblende Gneiss

Page 1 of 1




Open Hole in Uniform Material) _

t—C\ALCULATION OF PERMEABILITY BY THE FALLING HEAD METHOD
( ‘ , :

Site Name: ONS - GWPP
Date: 11/8/2007
Boring L.D. GM-14R
Test Interval: 39.8'to 44.8' (Weathered/Sound Rock)
Total Depth of Hole: 448 fi 1365.85 cm
Length of Open Hole: 51t 152.44 ¢m
Transformation Ratio m= 1
Performed by: Scott Dacus
Time (sec) Head (cm) Permeability (cm/sec Calculations
0 579.02

60 523.66 2.94E-04 d? In 2mL o |mL

120 515.09 4.83E-05 H, 3)4

180 506.52 491E-05 K, =— -In

240 498.60 4.62E-05 8-L-(t,-1,) H,

300 493.11 3.24E-05

360 488.75 2.60E-05 Where:

420 484.09 2.81E-05 Ky is the Horizontal Coefficient of Permeability (cm/sec)

480 480.18 2.37E-05 H, is the Piezometric Head for time; t = t; (cm)

540 477.04 1.92E-05 H, is the Piezometric Head for time; t =t, (cm)

600 473.38 2.25E-05 D is the Diameter of the Standpipe (cm)

900 458.05 1.93E-05 d is the diameter of the Open Length (cm),

1200 448.02 1.30E-05 m 1s the Transformation Ratio, Where

1500 442.04 7.86E-06 m= m K, is t.he Horizor.xtal Permeabi'l?ty

1800 436.13 7.89E-06 K, is the Vertical Permeability|

2400 419.70 1.12E-05 L is the Open Length of Hole (cm)

3000 406.65 9.25E-06

3600 395.85 7.87E-06 Spreadsheet assumes 3" ID Pipe; NQ Hole, OD = 3"

MEAN PERMEABILITY (cm/sec)
3.92E-05

Graph of Field Data

625.00

575.00

525.00

475.00

Head (cm)

425.00

375.00

Head vs Time

T T

0 500 1000

T T T T T

1500 2000 2500 3000 3500 4000
Time (sec)




CALCULATION OF PERMEABILITY BY THE FALLING HEAD METHOD g %s 8 nIE A
(Open Hole in Uniform Material) . .

Site Name:

Date:

Boring L.D.

Test Interval:

Total Depth of Hole:
Length of Open Hole:
Transformation Ratio m=
Performed by:

ONS - GWPP

11/7/2007

GM-14R

28.5"to 31.5' (Soil/Saprolite)

3151t 960.37 cm
3 ft 91.46 cm
1

Scott Dacus

Time (sec) Head (cm)

0 416.86
60 404.15
120 394.09
180 385.95
240 378.96
300 37293
360 367.47
420 361.01
480 356.25
540 352.62
600 348.08
900 326.86
1200 313.57
1500 303.48
1800 292.68

2400 277.62
3000 268.35
3600 255.09

Permeability (cm/sec) Calculations
2mL
1.30E-04 d 2 In for m_L>4
1.06E-04 v H D
8.77E-05 K, = -In—
7.67E-05 8-L-(t, -1, ) H,
6.75E-05
6.20E-05 Where:
7.46E-05 Ky is the Horizontal Coefficient of Permeability (cm/sec)
5.57E-05 H, is the Piezometric Head for time; t =t (cm)
4.30E-05 H, is the Piezometric Head for time; t = t, (cm)
5.45E-05 D is the Diameter of the Standpipe (cm)
5.29E-05 d is the diameter of the Open Length (cm),
3.49E-05 m is the Transformation Ratio, Where
2.75E-05 m= m K, is t.he Horizor-\tal Permeabﬂity
3.04E-05 ‘ K, is the Vertical Permeability|
2.22E-05 L is the Open Length of Hole (cm)
1.43E-05
2.13E-05 Spreadsheet assumes 3" ID Pipe; NQ Hole, OD = 3"

MEAN PERMEABILITY (cm/sec)

5.66E-05
Graph of Field Data
Head vs Time
430.00
410.00 X
390.00 -
E 370.00
S 350.00
§ 330.00 \\
L 310.00 \
290.00 \
270.00
250.00 : x : : R
0 500 1000 1500 2000 2500 3000 3500 4000
Time (sec)




{iALCULATION OF PERMEABILITY BY THE FALLING HEAD METHOD -

(Open Hole in Uniform Matérial)

Site Name: ONS - GWPP
Date: 11/8/2007
Boring L.D. GM-14R
Test Interval: 39.8't0 49.8' (Weathered/Sound Rock)
Total Depth of Hole: 49.8 ft 1518.29 cm
Length of Open Hole: 10 ft 304.88 ¢cm
Transformation Ratio m= 1
Performed by: Scott Dacus
Time (sec) Head (cm) Permeability (cm/sec) Calculations
0 634.39 "
60 577.96 1.62E-04 d?1n 2mL o |mL
120 573.23 1.43E-05 H, 7)4
180 569.24 1.22E-05 K, = -In
240 565.73 1.07E-05 8-L-(t,-t,) H,
300 562.90 8.74E-06
360 560.55 7.27E-06 Where:
420 558.48 6.44E-06 Ky is the Horizontal Coefficient of Permeability (cm/sec)
480 556.40 6.47E-06 H, is the Piezometric Head for time; t =t (cm)
540 554.70 5.34E-06 H, is the Piezometric Head for time; t=t, (cm)
600 552.84 5.84E-06 D is the Diameter of the Standpipe (cm)
900 542.38 6.64E-06 d is the diameter of the Open Length (cm),
1200 532.26 6.55E-06 m is the Transformation Ratio, Where
1500 523.81 5.56E-06 m= m K, is the Horizontal Permeability
1800 515.98 5.24E-06 K, is the Vertical Permeability|
2400 506.13 3.35E-06 L is the Open Length of Hole (¢cm)
3000 497.01 3.16E-06
3600 483.60 4.76E-06 Spreadsheet assumes 3" ID Pipe; NQ Hole, OD = 3"

MEAN PERMEABILITY (em/sec)

1.61E-05

Graph of Field Data

655.00
635.00
615.00
595.00
575.00
555.00
535.00
515.00
495.00
475.00

Head (cm)

Head vs Time

N

‘\

! ~

—

—,

0 500 1000 1500 2000 2500 3000 3500 4000

T T

Time (sec)




Site Name: ONS-GWPP

Test Date: 11/14/2007
Well Label: GM-14R
Aquifer Thickness: 67.7 feet
Screen Length: 10. feet
Casing Radius: 1. Inches
Effective Radius: 1.5 Inches
Static Water Level: 4.8 feet
Water Table to Screen Bottom:  62.7 feet
Anisotropy Ratio: 1

Time Adjustment: 12. Seconds

Test starts with trial 2

There are 148 time and drawdown measurements
Maximum head is 0.334 feet

Minimum head is 0. feet

Calculation by Bouwer and Rice Graphical Method

ONS-GWPP
1;1/14/2007

Bouwer and Rice Graph
GM-14R

o

L

]llll

1

1

01

llllll

Head Ratio (Ht/Ho)

1

1.e-002

Hydraulic Conductivity = 1.888e-005 cm/sec
Transmissivity = 0.3367 meters2/day

} e e |

Bouwer and Rice parameter A= 3.8
Bouwer and Rice parameter B = 0.72
In(Re/Rw) = 3.881818e+000

Analysis starts at time 108. Seconds
Analysis ends at time 35. minutes

99 Measurements analyzed from 19 to 117

T

Analysis by Julie Petersen of S&ME, Inc.

PERMEABILITY
1.89 x 10”° cm/sec

! I
1
Adjusted Time (Hours)

Ho i1s 0.334 feet at 12 Seconds



PARTICLE SIZE ANALYSIS OF SOILS
FOR USE IN FETTER AND BEAR DIAGRAMS

Boring No.:
GM-14R

Sample No.: Depth:
SS-1 8.5t0 10 fi bls

Sample Description:
F: Reddish-Brown, Silty, Clayey, Coarse to Fine Sand (SC)

100% 9—9-9—0-9

90%

80%

70%

%\

60%

50%

40%

Percent Passing

30%

20%

10%

0%
100

0.1

Particle Size (mm)

10 0.01

2
—_

0.0625 p

0.004 P

0.001

>2 mm 2 mm - 0.0625 mm 0.0625 mm - 0.004 mm

<0.004 mm

From Graph:

% Gravel % Sand % Silt
1.1% 50.9% 11.5%

% Clay
36.6%

Adjusted for
Calculations

0% 51% 12%

37%

Notes:

Grain size distribution taken from grain size with hydrometer data located in Appendix IL
Gravel, sand, silt and clay sizes based on Wentworth Scale.

S&ME Project:

Oconee Nuclear Station - GWPP

1264-07-234

S&ME Project No.:




FETTER AND BEAR DIAGRAMS

S&ME PROJECT: Oconee Nuclear Station - GWPP
S&ME PROJECT NO.: 1264-07-234

GM"14R .2 0

Boring No.

EXPLANATION -

1
Line oF equal specinic vieid
Interval 1t 3 percent

Boring Depth: 8.5t0 10 ft bls

Particle size mm
Saned f=0.0025
Silt 0.062 370,004
Clay - 0004

% Sand: _ 51%
% Silt: 12%

% Clay: _ 37% 2,

"

Estimated Specific
Yield: _ 3.5%*

2
X
z

\ /
S

ﬁg{wcmv
- =G = - —

\
30

—;/ y 2 A ] \
% N
% CLAXSAND 5 \
7 ? \\ \ \ 20

* Estimated Value 30

.................. ! T vs
I X X
LY 3

Silt size (percent)

FIGURE 4.11 Textural classification triangle for unconsolidated materials showing Alhc :
relation between particle size and specific 'yield. Source: A. L. Johnson, U.S. Geological

Survey Water-Supply Paper 1662-D, 1967.

43
i-
w0~ z
33 ]
i 307 F
§ 231 [
> ] 3
201 F
g :
:: 10] /'- ‘ E
& el ___ SPECIFIC RETENTICH 3
5 -~ ' ——
st=Ts+ NE P T I K W ERTE P —
A e B R EHE
% § E ‘é" 3 : & 3|58|93|S5 oo §
glal“|*" .

Estimated Porosity: _ 48%**
~Based on Table of Selected Values of Porosity, Specific Yield and Specific Retention,
USGS Water Supply Paper 2220.

Varlation of Porosity, Specliic Yleld, and Speclfic Retention with Graln Size
(after Bear, 1972)






