
SEQUOYAHFUELS CORPORATION

FACILITY ENVIRONMENTAL INVESTIGATION

FINDINGS REPORT

VOLUME III

Prepared by

Roberts/Schornick and Associates, Inc.

Environmental. Consultants

Norman, Oklahoma

(405) 321-3895

July 31, 1991

p."



LIST OF FIGURES

FIGURE

1 Property Boundary

2 Aerial Photograph, October 31, 1990

3 Restricted and Controlled Access Areas

4 Site Location

5 Topographic Map

6 Past and Present Operation Units

7 Aerial Photograph, July 22, 1958

8 Aerial Photograph, April 2, 1972

9 Aerial Photograph, March 18, 1980

10 Aerial Photograph, February 2, 1981

11 Aerial Photograph, July 22, 1984

12 Location of Outfalls

13 Potential Source of Fluoride During Event No. 1

14 Potential Source of Nitrate During Event No. 1 ¾

15 Potential Source of Uranium During Event No. 1

16 Potential Source of Nitrate During Event No. 2 S k f

17 Potential Source of Uranium During Event No. 2

18 Location of Utility Monitors and Utility Trench Recovery
Monitors/Wells

19 Representative Hydrographs of Utility Trench Monitors

20 Average Uranium Concentration, SX Vault Subfloor Monitor

21 Total Uranium Concentration, Denitration Subfloor
Monitor

22 Location of Combination Stream Trench Monitors,
Groundwater Recovery Wells, and Average Analytical Values



LIST OF FIGURES

CONTINUED

FIGURE

23 Combination Stream Drain Investigation, Sampling/Flow
Monitoring Schematic, Event No. 1 - March 22, 1991

24 Combination Stream Drain Investigation, Sampling/Flow
Monitoring Schematic, Event No. 2 - April 16, 1991

25 Total Uranium Concentration in Utility Trench Well, MW-
33T

26 Total Uranium Concentration in Utility Trench Well, MW-
34T

27 Total Uranium Concentration in Utility Trench Well, MW-
44T

28 Total Uranium Concentration in Utility Trench Well, MW-
RW-IT

29 Total Uranium Concentration in Utility Trench Well, MW-
RW-3T

30 Total Uranium Concentration in Utility Trench Monitor
Well, TM-9T

31 Representative Hydrographs of Combination Stream Trench
Backfill

32 Relationship between 001 Discharge and Trench Well MW-33T

33 Real-Time Flow Monitoring Results, Outfall 001, Event No.
2 - April 16, 1991

34 Cooling Water Tower, Plan and Elevation

35 Combination Stream Drain Main Trunk Loading Evaluation,
Event No. 2 - April 16, 1991

36 SFC Facility Layout

37 Location of Lithological Characterization Borings

38 Location of Chemical Characterization Borings

39 Stream Sediment Sampling Sites

40 Location of Shallow Shale/Terrace Deposits Monitor Wells



LIST OF FIGURES

CONTINUED

FIGURE

41 Location of Deep Sandstone/Shale Monitor Wells

42 Map Showing Locations of Area-Wide Water Wells

43 Area Soils Map

44 Geological Map

45 Regional Stratigraphic Column and Explanation for Figure
44

46 Stratigraphic Relationship Between Atoka and Bounding
Units

47 Isopach Thickness of Terrace Deposits and Depth to
Bedrock, Feet

48 West to East, Geological Cross-Section A-A'

49 North to South, Geological Cross-Section B-B'

50 West to East, Geological Cross-Section C-C'

51 North to South, Geological Cross-Section D-D'

52 West to East, Geological Cross-Section E-E'

53 North to South, Geological Cross-Section F-F'

54 Line of Geological Cross-Sections

55 Bedrock Geological Map

56 Isopach of Thickness of Uppermost Unit 1 Shale, Feet

57 Structure Map Showing Elevation of Top of Bedrock
Surface, Feet AMSL

58 Structure Map Showing Elevation of Top of Unit 1 Shale,
Feet AMSL

59 Isopach of Thickness of Uppermost Unit 1 Sandstone, Feet

60 Isopach Map Showing Thickness of Terrace Deposits/Shale
Which Overlie Upper Sandstone



LIST OF FIGURES

CONTINUED

FIGURE

61 Structure Map Showing Elevation of Top of Unit 1
Sandstone, Feet AMSL

62 Site Specific Stratigraphic Column

63 Map Showing Principal Bedrock Aquifers and Recharge Areas

64 Explanation for Figure 63

65 Map Showing Principal Alluvial and Terrace Aquifers

66 Map Showing Availability of Groundwater

67 Explanation for Figure 66

68 Map Showing General Chemical Quality of Groundwater

69 Explanation for Figure 68

70 Saturated Thickness of Terrace Deposits (Above Bedrock
Unit), April 18-19, 1991

71 Depth to Groundwater, Shallow Shale/Terrace Deposits,
April 18-19, 1991

72 Groundwater Potentiometric Surface, Shallow Shale/Terrace
Deposits, April 18-19, 1991

73 Groundwater Potentiometric Surface, Deep Sandstone/Shale,
April 18-19, 1991

74 Difference in Vertical Hydraulic Head Between Shale and
Sandstone Units, April 18-19, 1991

75 Representative Well Hydrographs

76 Representative Well Hydrographs

77 Isopleth of Total Uranium Concentration in Shale/Terrace
Wells, April 23 - May 17, 1991

78 Isopleth of Total Uranium Concentration in Deep
Sandstone/Shale Groundwater, April 23 - May 17, 1991

79 Isopleth of Nitrate Concentration, Shale/Terrace
Groundwater, April 23 - May 17, 1991



LIST OF FIGURES

CONTINUED

FIGURE

80 Isopleth of Nitrate Concentration, Deep Sandstone/Shale
Groundwater, April 23 - May 17, 1991

81 Isopleth of Fluoride Concentration, Shale/Terrace
Groundwater, April 23 - May 17, 1991

82 Isopleth of Fluoride Concentration, Deep Sandstone/Shale
Groundwater, April 23 - May 17, 1991

83 Isopleth of Carbonate Alkalinity, Sandstone/Shale
Groundwater, April 23 - May 17, 1991

84 Isopleth of Hydroxide Alkalinity, Deep Sandstone/Shale
Groundwater, April 23 - May 17, 1991

85 Isopleth of Bicarbonate Alkalinity, Shale/Terrace
Groundwater, April 23 - May 17, 1991

86 Isopleth of Bicarbonate Alkalinity, Sandstone/Shale
Groundwater, April 23 - May 17, 1991

87 Isopleth of Dissolved Oxygen, Shallow Shale/Terrace
Groundwater, April 23 - May 17, 1991

88 Isopleth of Dissolved Oxygen, Deep Sandstone/Shale
Groundwater, April 23 - May 17, 1991

89 Isopleth of Eh Potential, Shallow Shale/Terrace
Groundwater, April 23 - May 17, 1991

90 Isopleth of Eh Potential, Deep Sandstone/Shale
Groundwater, April 23 - May 17, 1991

91 Plot of Eh, Dissolved Oxygen, and Total Uranium Levels in
Groundwater and Utility Trench Porewater

92 Isopleth of pH Concentration, Shallow Shale/Terrace
Groundwater, April 23 - May 17, 1991

93 Isopleth of pH Concentration, Deep Sandstone/Shale
Groundwater, April 23 - May 17, 1991

94 Isopleth of Specific Conductance, Shallow Shale/Terrace
Deposits, April 23 - May 17, 1991

95 Isopleth of Specific Conductance, Deep Sandstone/Shale
Groundwater, April 23 - May 17, 1991



FIGURE

96

97

98

99

100

101

102

LIST OF FIGURES

CONTINUED

Special Groundwater Sample Sites, March 7-8, 1991

Isopleth of Total Arsenic, Shallow Shale/Terrace
Groundwater, April 23 - May 17, 1991

Isopleth of Total Arsenic, Deep Sandstone/Terrace

Groundwater, April 23 - May 17, 1991

Stiff Diagrams, Groundwater and Utility Trench Porewater

Piper Trilinear Diagram, Shallow Shale/Terrace Deposit
Groundwater System

Piper Trilinear Diagram, Deep Sandstone/Shale Groundwater
System

Piper Trilinear Diagram, Utility Trench Porewater

103

104

105

106

107

108

109

110

i1

112

Groundwater Sampling Sites for
Study, April 17 - May 23, 1991

Isopleth of Total Uranium Levels
Depth

Isopleth of Total Uranium Levels
Depth

Isopleth of Total Uranium Levels
Depth

Isopleth of Total Uranium Levels
Depth

Isopleth of Total Uranium Levels
Depth

Isopleth of Total Uranium Levels
Depth

Isopleth of Total Uranium Levels
Depth

Geochemical Modeling

in

in

in

in

in

in

in

Soil,

Soil,

Soil,

Soil,

Soil,

Soil,

Soil,

0

1

5

10

15

20

25

- 1

- 5

- 10

- 15

- 20

- 25

- 30

Foot

Foot

Foot

Foot

Foot

Foot

Foot

Comparison of Uranium Levels in Soil Versus Uranium Level
in Shallow Shale/Terrace Groundwater and Utility Trenches

Comparison of Uranium Levels in Soils Versus Uranium
Level in Deep Sandstone/Shale Groundwater



LIST OF FIGURES

CONTINUED

FIGURE

113

114

115

116

117

118

119

120

Graph of Uranium
Station #2 (NE)

Graph of Uranium
Station #3 (NW)

Graph of Uranium
Station #4 (SW)

Graph of Uranium
Station #5 (SE)

Graph of Nitrate
Station #2 (NE)

Graph of Nitrate
Station #3 (NW)

Graph of Nitrate
Station #4 (SW)

Graph of Nitrate
Station #5 (SE)

Analytical

Analytical

Analytical

Analytical

Analytical

Analytical

Analytical

Analytical

Data

Data

Data

Data

Data

Data

Data

Data

from

from

from

from

from

from

from

from

Sx

Sx

Sx

Sx

Sx

Sx

Sx

Sx

Sand Well

Sand Well

Sand Well

Sand Well

Sand Well

Sand Well

Sand. Well

Sand Well



FIGURES





SEQUOYAH FUELS CORPORATION
Figure Title:

AERIAL PHOTOGRAPH, 10/31/90
I

Document Title: FEi FINDINGS REPORT Location: GORE, OKLAHOMA

ROBERTS/SCHORNICK ATE: 6/12/91PREPARED BY: D'..

& ASSOCIATES, INC. CALE: CHECKED BY: P.AW
Environmental Consultants NTS DRAFTED BY: S.AR

3700 W,..t 73072 ROJECT NO: FIGURE NO.
orn, Oklahoma 7F072(400) 8'1-3S9.0 /0067 F}21 2 ",,







R 21 E
"" f K

KN

15

479 -

V

T

12

N
20

)LLIN 22

22,,,21

a CrIe
I Cern

r~ 84911

Foremai, Cer

'86

Hanks 7 M T U

AFTER U.S.G.S. 7.5 MIN. TOPO. QUi %D., GORE .OK., REVISED 1974

OKLAHOMA

SCALE

0 1/2 1 MILE LOCATION MAP

Figure Title: Client:TOPOGRAPHIC MAP SEQUOYAH FUELS CORPORATION

Document Title: Location:FEI FINDINGS REPORT GORE, OKLAHOMA

ROBERTS/SCHORNICK DATE: 6/11/91 PREPARED BY: D.B.

& ASSOCIATES, INC. SCALE: CHECKED BY: p.W.

Environmental Consultants AS SHOWN DRAFTED BY: S.A.R.
3700 West Robb2,oD. Suite 200 PROJECT NO: FIGURE NO.:

Norman, Oklahoma 73072 5
(45) 321-38g5 90067 F01





Figure Title:
AERIAL PHOTOGRAPH, 7/22/58 I uiernt: SEQUOYAH FUELS CORPORATION

Document Title: Location:
FEI FINDINGS REPORT GORE, OKLAHOMA

ROBERTS SCHORNICK PATE PREPARED BY: D.B.

& ASSOCIATES. INC. CALE' NS DFED BY;..A
Environmental Consultants NTS DRAFTED BY: SAR_

3700 West Robinwn, SWt, 200 ROJECT NO: FIGURE NO.:
Nom. Oklahoma "072%S) 321_48,. .90067 F02 7



-N--

Figure Title: AERIAL PHOTOGRAPH, 4/2/72
I Client:

SEQUOYAH FUELS CORPORATlOtN
Document Title; ILocation:FEI FINDINGS REPORT GORE, OKLAHOMA

ROBERTS/SCHORNICK ATE:6/12/91 PREPARED BY: D.B.

& ASSOCIATES, INC. CALE: NTS CHECKED BY: P.W.
Environmental Consultants BY: S.A.R.

3700 Mast Robinaon, Su~te 200 N.(o , d a b o m 7 3 0 72 
_ . .:

f405• 321-389o .9 F2



-N-

Figure Title:
AERIAL PHOTOGRAPH, 3/18/80

nt: SEQUOYAH FUELS CORPORATION
I

Document Title: ILocation:FEI FINDINGS REPORT GORE, OKLAHOMA

ROBERTSISCHORNICK DATE: 6/12/9 PREPARED BY: D.B.ROBERT/SCHONICK/ 1/2/9 CHEKED BY: P.W.
& ASSOCIATES, IN4C. SCALE: HCEDB:'W

Environmental Consultants NTS DRAFTED BY: S.A.R.
3700 Wed RobInson, Sit. 200 PROJECT NO: FIGURE NO.:

Norman, Oklahoma 73072(405) WI-38.• 190067 F021 ... 9



-N-

Figure Title:
AERIAL PHOTOGRAPH, 2/2/81 I SEQUOYAH FUELS CORPORA11ON

Document Title: Location:
FEI FINDINGS REPORT GORE, OKLAHOMA

ROBERTS/SCHORNICK ATE:6 /12/91 PCECKED BY: D.B.
& ASSOCIATES, INC. CALE: CHECKED BY: -.-.

Environmental Consultants NTS DRAFTED BY: S.A.R.
3700 West Robinson, Sulot 200 ROJECT NO: FIGURE NO.: I0

391-369.) 307 90067 F0211



-N-

Figure Title:
AERIAL PHOTOGRAPH, 7/22/84

Client:
SEQUOYAH FUELS CORPORATION

Document Ti t l e:: Location:FE1 FINDINGS REPORT I GORE, OKLAHOMA
ROBERTSISCHORNICK ATE: 6/-/1PREPARED BY: D.B.

& ASSOCIATES, INC. SCALE:CHECKED BY: PýW,

Environmental Consultants NTS DRAFTED BY: S A-R
3700 W..t Robinon., Suite 2 ROJECT NO: FIGURE NO.:

Norman Oklahoma 730724) 321-389o 90067 F021_I_





















0 U

<z0

rY
H-
z

C-)

0(D

Z

0
F-

107

9-

8-

7-

6-

5-

4-

3-

2-

1-

0 I I
DECEMBER

1990
JANUARY FEBRUARY MARCH APRIL

1991
DATE

I
MAY JUNE

Figure Title: TOTAL URANIUM CONCENTRATION Document Title:

<DENI-TRA-TIQN-SUBFLOOR-M ONI-TOR FEI FINDINGS REPORT

Client: DATE: PREPARED BY: D.P.ROBERTS/CHORNICK SEQUOYAH FUELS CORPORATION 6/21/91 PARED BY.

ASSOCIATES, INC. SCALE: CHECKED BY: S.A.R.
Environmental Consultants Location: N/A DRAFTED BY: S.A.R.

3700 West Robinson, Suite 200
Norman, Oklahoma 73072 GORE, OKLAHOMA PROJECT NO: FIGURE NO.: 21

(405) 321-3895 90067 G09









.J

(D

C:)

z

0

C)

F-
z

0

.D

2

F-
0

100,000

90.000

80,000

70,000

60,000

50.000

40,000

30,000

20.000

10.000

0
NOVEMBER

1990
ARY FEBRUARY

DATE 1991

Figure Title: TOTAL URANIUM CONCENTRATION Document Title:

IN UTILITY TRENCH WELL MW-33T FEI FINDINGS REPORT

eTSnSRNI Clent: DATE: PREPARED BY: D.P.ROBERS A S CHOS ICK SEQUOYAH FUELS CORPORATION 6/21/91 CHECKED BY: B.J.S.&ASSOCIATES. INC. ________________SCALE: CHECRAFED BY: B.A.R.
Environmental Consultants Location: N/A DRAFTED BY: S.A.R.

3700 West Robinson, Suite 200 GORE, OKLAHOMA PROJECT NO: FIGURE NO.: 25
Norman, Oklahoma 73072

(405) 321-3895 90067 G01



0 0S

._J

U 3000
:D

z0

Fn-

0

l--

z0
C)

D
z
L-,

..J

I--

2500

2000

1500

1000

500

0
DECEMBER I JANUARY MARCH APRIL MAY ' JUNE

1990 r'-r" 1991
UAMIr

Figure Title: TOTAL URANIUM CONCENTRATION Document Title:

IN UTILITY TRENCH WELL - MW-34T FEI FINDINGS REPORT

Client: DATE: PREPARED BY: D.P.
ROBERTS/SCHORNICK SEQUOYAH FUELS CORPORATION 6/21/91 PRECKED By.
& ASSOCIATES, INC. SCALE* TCHECKED BY: B.J.S.
Environmental Consultants Location: N/A DRAFTED BY: S.A.R.

3700 West Robinson, Suite 200
N ormansOklhoma 7720 GORE, OKLAHOMA PROJECT NO: FIGURE NO.:• 26

(0Norman, Oklahoma 73072(405) 32.1--3895 90067 GO2



_J

0
D

0

<-

0

C:)
z
0

D

:D

F-
0
F_

120

100 -

80 -

60 -

40

20

0

-------------------------------------------

I.DECEMBER

1990
JANUARY FEBRUARY MARCH

DATE 1991. DATE
APRIL MAY JUNE

Figure Title: TOTAL URANIUM CONCENTRATION Document Title:
IN UTILITY TRENCH WELL - MW-44T FEI FINDINGS REPORT

Client: DATE: PREPARED BY: D.P.
ROBER SCHORNCKSEQUOYAH FUELS CORPORATION /2/91CHECKED BY: BJS.
& ASSOCIATES, INC. SCALE:

Environmental Consultants Location: N/A DRAFTED BY: S.A.R.
3700 West Robinson, Suite 200 GORE, OKLAHOMA PROJECT NO: FIGURE NO.: 27

(45Norman, Oklahoma ,73072(405) 321-3895 .90067 G06



0 80,000:D

Z
0
F_

LdI
C)z
0

C)

D

D

F-
0
F-

70.000 -

60.000

50.000

40,000

30,000

20,000 I
NOVEMBER DECEMBER

1990
JANUARY- FEBRUARY MARCH APRIL MAY JUNE

DATE 1991

Figure Title: TOTAL URANIUM CONCENTRATION Document Title:

IN- UTILITY TRENCH WELL - MW-RW-1T

BERTSISCH-]" Client: DATE: PREPARED BY: D.P.RO EORNICK SEOUOYAH FUELS CORPORATION 6/21/91 -CHECKED BY: B.J.S.
& ASSOCIATES, INC. SCALE: N/A TED BY- S.A.R.
Environmental Consultants Location:

3700 West Robinson, Suite 200 GORE, OKLAHOMA PROJECT NO: FIGURE NO.:28
Norman, Oklahoma- 73072

(405) 321-3895 90067 G04



-D

0

H-
z

0

D

F-

0
F-

80,000

75,000

70,000

65,000

60,000

55,000

50,000

45,000

40,000

35,000
MARCH APRIL MAY JUNE

1991
DATE

Figure Title: TOTAL URANIUM CONCENTRATION Document Title:

IN UTILITY TRENCH WELL - MW-RW-3T FEI FINDINGS REPORT

ROBETSISCHORNICK Client: DATE: PREPARED BY: D.P.
Se RTS/SCH R INICK SEQUOYAH FUELS CORPORATION 6/21/91
&: ASSOCIATES . INC. !SCALE: CHECKAFED .BY: B.J.R.

Environmental Consultants Location: N/A DRAFTED.BY: S.A.R.
3700 West Robinson, Suite 200

N00estormanshoma 7720 GORE, OKLAHOMA PROJECT NO: FIGURE NO.: 29
Norman. Oklahoma 73072(405) 321-3895 90067 GO5



0

z
0

F-

C~)

0
C)

80,000

70,000

60,000

50,000

40,000

30,000

20,000

10,000

0

1990 1991
DATE

Figure Title: TOTAL URANIUM CONCENTRATION Document Title:
IN UTILITY TRENCH MONITOR WELL - TM-9T FEI FINDINGS REPORT

TS/N Client: DATE: PREPARED BY: D.P.
ROBER, /CHORNICK SEQUOYAH FUELS CORPORATION 6/21/91CHECKED BY: B.J.S.
S ASSOCIATES, INC. SCALE: N/A
Environmental Consultants Location: DRAFTED BY: S.A.R.

3700 West Robinson, Suite 200 GORE, PROJECT NO: FIGURE NO.:3
Norman, Oklahoma 73072 OKLAHOMA P30

(405) 321-3895 90067 G03







urn. ~

5:00P.M.

FLOW RANGE DURING EVENT NO.2
(11:00 a.m. - 3:15 p.m. APRIL 16. 1991)

MAXIMUM - 1540 GPM (11:20 a.m.)
MINIMUM - 1155 GPM ( 2:15 p.m.) 3:ooP~m.ý

2:00P.M.'-

I I

_ _ _ _3aO

d *

1 __ _ __ __ _ ___4

7-7

NOTE:

FLOW DATA PRESENTED ON THIS STRIP-
CHART IS A PERCENTAGE OF THE
MAXIMUM RECORDABLE FLOW (3500 GPM):°OOP.M.

EXAMPLE: AT 11:20 a.m., THE FLOW

RATE IS

12:00P.M.

0.44 x 3500 = 1540 GPM

11:00A.M.

In-fin A M

T 14-25GALx~lo

2 -'OVER
9:00A.M. IL----

6REE~'

I I
IIOJLJ___

F F

8:00A.M.____F___ ___

Figure Title: REAL-TIME FLOW MONITORING RESULTS, Client:

OUT FALL 001, EVENT NO. 2 - APRIL 16,1991 SEQUOYAH FUELS CORPORATION

Document Title: FEI Location:

FINDINGS REPORT GORE, OKLAHOMA

ROBERTSSCHORNICK DATE: 7 1/91 PREPARED BY: E.C.
________________________ 7//91 CHECKED BY: P.W.

& ASSOCIATES, INC. SCALE: CHECKED BY: P.W.
Environmental Consultants N/A DRAFTED BY: S.A.R.

3700 West Robinson, Suite 200 PROJECT NO: FIGURE NO.:
Norman, Oklahoma 73072 33

(405) 321-3895 90067 F04





















P 91i V

T

12

N

PcC2 Pickwick loam, 2-5% slopes, eroded OKLAHOMA
PcC Pickwick loom, 3-5% slopes
LoD3 Linker & Stigier soils, 2-8% slopes, severely eroded
SnC Spiro silt loam, 2-5% slopes
HeF Hector-Linker-Enders complex, 5-40% slopes a--
VaB Vian silt loom, 1-3% slopes
VaC Vion silt loom, 3-5% slopes
Ma Mason silt loomSCALE

SCALE

m i LOCATION MAP
0 112 1 MILEFigure Title: IClient:

AREA SOILS MAP SEQUOYAH FUELS CORPORATION

Document Title: Location:
FEI FINDINGS REPORT GORE, OKLAHOMA

ROBERTS/SCHORNICK DATE: 6/11/91 PREPARED BY: W.E.P.

& ASSOCIATES, INC. SCALE: CHECKED BY: B.J.S.

Environmental Consultants AS SHOWN DRAFTED BY: SIA.R.
3700 West Robinson. Suite 200 PROJECT NO: FIGURE NO.:43

Norman, Oklahoma 73072
(405) 321-3895 .90067 F03



At ý '- M.V. MARCHER, 1969

OKLAHOMA

A-N-
SCALE

0 5 10 MILES LOCATION MAP

Figure Title: GEOLOGICAL MAP ]Client:

SEE FIGURE 45 FOR EXPLANAT1ON OF MAP SEQUOYAH FUELS CORPORATION

Document Title: ILocation:
FEI FINDINGS REPORT I GORE, OKLAHOMA

ROBERTS/SCHORNICK DATE: 6/11/91 PREPARED BY: W.E.P.
Be ASSOCIATES, INC. 6SCALE: CHECKED BY: B.J.S.

Environmental Consultants AS SHOWN DRAFTED BY: S.A.R.
3700 West Robinson, Suite 200 PROJECT NO: FIGURE NO.: 4 4

Norman, Oklahoma 73072 90067 F04
(405) 321-3895



EXPL AN X1 I ()N

zCr

W
IiJ

ALLUVIUM
Gravel, sand, silt, and clay Yields large amounts of water of good
quality along the Arkansas Ri er and probablx will yield moderate
to large amounts along the Canadian River.

FERRACE DEPOSITS
Gravel, sand, silt, and clay. Yield moderate to large amounts of
water of good quality locally along the Arkansas River, smaller
r•mou' ts elsewhere

BOGGY FORMATION
Shale, sandstone, and coal; includes Bluejacket Sandstone Member
at base. Yields limited amounts of water of poor quality.

I1
z

(L

SAVANNA, McALESTER, AND HARTSHORNE
FORMATIONS

IPsv Savanna Formation, shale, sandstone, and coal. Yields limited

amounts of water of poor quality.
IPnih McAlester and Hlarishorne Formations (undifferenuated), shale,

sandstone, and coal. Yield limited amounts of water of poor
quality.

lrsm Savanna and McAlester Formations (undifferentiated; T. 15 N.-
Rs. 18, 19 E.), shale and minor sandstones. Yield limited
amounts of water of poor quality.
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I
R ATOKA, BLOYD, AND HALE FORMATIONS
z
4 IPu Undifferentiated.

IPa Atoka Formation, shale and sandstone. Yields limited amounts
0of water of poor quality.zz lPbh Bloyd Formation, shale and limestone: and Hale formation.W
(L limestone and sandstone. Probably will yield only small

Lamounts of water of fair to poor quality.

MISSISSIPPIAN ROCKS ABOVE CHATTANOOGA SHALE
Mu Undifferentiated.z

Mp Pitkin Formation, limestone; Fayetteville Formation, shale and
limestone; Hindsville Formation, limestone and shale; and

Moorefield Formation, limestone.
c Mkr Keokuk Formation, chert; Reeds Spring Formation, chert and

limestone; and St. Joe "Group," limestone and marlstonc.

Yield small to moderate amounts of water of fair to good quality.

MISSISSIPPIAN, DEVONIAN, SILURIAN,
AND ORDOVICIAN ROCKS, UNDIFFERENTIATED

Mississippian and Devonian. Chattanooga Shale, shale.

AU Devonian. Sallisaw Formation, limestone, sandstone, and chert; and
Z > Frisco Formation, limestone.
>aW a: Silurian. Quarry Mountain Formation, limestone; Tenkiller Forma-
00

I a tion, limestone; and Black gum Formation, limestone arid dolomite.

a. Ordovician. Sylvan Shale, shale; Fernvale Limestone, limestone; Fite

4 • Limestone, limestone; Tyner Formation, shale, sandstone, dolomite,
0) and limestone; Burgen Sandstone, sandstone and minor shales and

.o limestones; and Cotter Dolomite, dolomite.
Limestone, dolomite, and sandstone units may yield small to mod-
erate amounts of water of fair to good quality; shale units probably
will yield only limited amounts of water of poor to fair quality.

AFTER M.V. MARCHER, 1969

Figure Title: REGIONAL STRATIGRAPHIC COLUMN Client:

AND EXPLANATION FOR FIGURE 44 (CONT.)
Document Title: ILocation:FEI FINDINGS REPORT i GORE, OKLAHOMA

ROBERTj/SCttORNICK DATE: 6/11/91 PREPARED BY: W.E.P.
EIVLJ~3/.~UfVJWIUA6/1/91CHECKED BY: B.J.S.

& ASSOCIATES, INC. SCALE:

Environmental Consultants AS SHOWN DRAFTED BY: S.A.R.
3700 West Robinson, Suite 200 PROJECT NO: FIGURE NO.:

Norman, Oklahoma 73072
(4o5) 321-3895 90067 FlO 45 (CONT.)



AFTER ZACHERY & SUTHERLAND, 1984

Figure Title: STRATIGRAPHIC RELATIONSHIP BETWEEN Client:. ATOKA AND BOUNDING UNITSe SEQUOYAH FUELS CORPORATION

Document Title: Location:
FEI FINDINGS REPORT GORE, OKLAHOMA

TSSDATE: PREPARED BY: W.E.P.ROBlER T/CHORNICK6//9

& ASSOCIATES, INC. SCALE: CHECKED BY: B.J.S.

Environmental Consultants AS SHOWN DRAFTED BY: S.A.R.
3700 West Robinson. Suite 200 PROJECT NO: FIGURE NO.: 46

Norman, Oklahoma 73072
(405) 321-3895 190067 FIO

































DEPTH
AGE FORMATION INTERVAL THICKNESS LITHOLOGIC DESCRIPTION

(FEET) (FEET)

0 - 17' 0 - 17' Recent fill consisting of sand,
silty sand, overlain by asphalt
and concrete cover.

H Utility line trenches can be from
Z E- 2-17 feet deep and consist of fine
U . silty sand, overlain by silty

clays. The sands typically surround the
utility lines.

0 - 16.4! 0 - 15.5' Laterally discontinous deposits of
H (Ave. 7.7) gravelly silty clays, silty clays,

0 sandy silty clays,.clays and silt, over
P :by. gravelly sandy clays, clayey sandy

silt, and clayey silt. Gravelly silty
< clay deposits range in thickness from

approximately 3.4 feet to 15 feet thick.
Silty clay deposits range from 0.6 feet

: to 9.4 feet thick.

H 1.0 - 24.0 0 - 20.10' Shale, dark grayish brown to dark gray,
(Ave. 9.2' laterally continuous, fissile, silty.

I) . 0.4 - 12.5 Sandstone, Pale brown to dark gray,
Z q.4 7' - 27.5' (Ave 3.2) quartzose, very fine to medium grain, v..

) W n )well cemented, laterally continuous.

8 - 32.5 2.6 - 9.8 Sandy Shale -
(Ave. 5.2) Shale, Dark gray to light brownish gray,

z •fissile, silty, contains minor laterally

a -q N discontinuous silty sandstone beds,Z •CU) U D laterally continuous across site.
>

i • 12-.5 - 38.C 3 - 10.3 Sandstone, dark gray to very dark gray,
U) 2Z 0 (Ave. 5.0) quartzose, very fine grain, wellZ E- " P

W . cemented, laterally continuous across
4 r Xs i t e .

17.0 -)40. 1i'- 78.0' Sandy Shale-
0 0o P (Ave. 2.5) Shale, very dark gray, sandy to silty,

very fine grain quartz, organic.
) n En Laterally continuous across site.

Z 4  30.0 - 37.0 1.5' - 3.0' Sandstone, Dark Gray, quartzose, veryS0 *-4 m
M C: (Ave. 2.5) fine grain, very well cemented.

27.5'- 35.5' >4' Shale- sandy shale, dark gray to very
* IV dark gray, very fine grain quartz,
• = fissile to highly fractured.
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I

EXPLANATION

RECHARGE AREAS
Patterns of red lines on the map show known or potential recharge areas for the various bedrock
aquifers.

-T Recharge Areas. This pattern shows areas that are known to be part of the recharge area for a

bedrock aquifer: includes outcrops of the aquifer and of overlying porous and permeable rocks

hydraulically connected with the aquifer.Z -

/ <1
A

Potential Recharge Areas. This pattern shows areas that may be part of the recharge area for a
bedrock aquifer: includes areas where confining strata may contain pathways for downward

movement of water to the aquifer, and safety zones (generally extending 4 miles beyond the
known limits of the aquifer) that may overlie unknown extensions of the aquifer or rocks hydrau-

lically connected with the aquifer.

BEDROCK AQUIFERS

Colored areas on the map show distribution of bedrock aquifers, which are the rock units generally
considered favorable or moderately favorable for development of ground-water resources. Bedrock
aquifers are listed below by geologic age from oldest to youngest. References, listed at the end of each
aquifer description, include Hydrologic Atlases (HA) and Other Reports that provide more detailed
information. All references are given in the 4-page pamphlet that accompanies this map.

KR
Keokuk and Reeds Spring Formations (Mississippian in age). This northeastern Oklahoma unit,
also referred to as thl e "Boone Formation" or "Boone Chert," consists of limestone and cherix
limestone beds thate locally are fractured or cavernous. Thickness ranges from 250 ft. in south to
about 400 ft. in north. Wells consistently yield more than 3 gpm, and some yield as much as 50
gpm. Water is of good quality (generally less than 500 mg/L dissolved solids) although typicallv
it is hard. Recharge areas include outcrops of aquifer and of overlying Mississippian limestones
and shales above aquifer. Potential recharge areas include areas in northwest where aquifer under-
lies younger Pennsylvanian rocks; also areas that extend 4 miles west and south of aquifer limits.
References: HA-l, HA-2; also Other Reports 33, 38, 44, 49, 51, 61.
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EXPLANATION

Alluvium and Terrace Deposits (Quaternary in age). Unconsolidated deposits of
sand, silt, clay, and gravel that occur along or adjacent to modern and ancient
rivers and streams. Thickness generally ranges from 10 to 50 ft. (locally as much
as 100 ft.). Wells generally yield 10 to 500 gpm of water (locally several thou-
sand gpm), and most water is of good quality (less than 1,000 mg/L). Recharge
areas are essentially the same as distribution of the alluvium and terrace deposits.
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EXPLANATION

Most favorable for ground-water supplies

This area includes alluvium along the Arkansas and Canadian
Rivers and some terrace deposits along the Arkansas River. Wells
mn alluvium along the Arkansas River are reported to yield up to
'00 gpm (gallons per minute); larger yields might be obtained
!cally. Alluvium along the Canadian River is untested, but
yields comparable to those from alluvium of the Arkansas River
probably could be obtained. Area A, shown by diagonal lines in
Tulsa and Wagoner Counties, is underlain by terrace deposits,
up to 60 feet thick, that are reported to yield as much as 125 gpm
locally. Area B, shown by diagonal lines near Braggs, is also
underlain by terrace deposits, up to 90 feet thick, that may yield
LIp to 100 gpm.

Moderately favorable for ground-water supplies

This area is underlain by the Keokuk and Reeds Spring For-
mations and, in T. 13 N., R. 23 E., by rocks of pre-Mississippian
age. Wells in the Keokuk and Reeds Spring Formations are re-
ported to yield as much as 20 gpm and, locally, more. A few
springs yield several hundred gallons per minute. Some of the
limestones and sandstones, particularly the Burgen Sandstone
in T. 13 N., R. 23 E., and in the vicinity of Quails, are reported
to yield up to 20 gpm.

Least favorable for ground-water supplies

The area is underlain by shale, siltstone, and sandstone of
Pennsylvanian age and by terrace deposits mainly along the
shores of Eufaula Reservoir. Most wells in the shale, siltstone,
and sandstone yield only a fraction of a gallon per minute to a
few gallons per minute. A few wells are reported to yield as much
as 20 gpm. In local areas, terrace deposits along Eufaula Reservoir
may yield 10 gpm or possibly more.

Spring

Number beside spring symbol is yield in gallons per minute.
- estimated yield. Yield data obtained in 1966. 0-

Well
Upper number is depth of the well in feet; middle number

is depth to water in feet below land surface in 1966 and 1967;
lower number is yield of the well in gallons per minute. e =
estimated value, , = reported value, f = flowing well. + =

AFTER M.V. MARCHER, 1969 height of water level above ground level, U = unknown.
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EXPLANATION

Chemical quality of water generally good to emcellent

This area includes alluvium along the Arkansas and Cana-
dian Rivers and some terrace deposits in Tulsa, Wagoner, and
Muskogee Counties. Hardness is the most troublesome chemical
characteristic; 90 percent of the water samples tested were hard
or very hard. The total dissolved solids was low to moderate; less
than 5 percent of the samples exceeded 500 ppm. Except at a few
places, sulfate, chloride, and nitrate concentrations were low.
Because of the low to moderate sodium and dissolved-solids con-
tents, most of the water from these deposits is suitable for irriga-
tion.

Summary of Available Chemical Data

CONCENTRATION
(PPM)

Hardness
Sulfate
Chloride
Nitrate
Total dissolved solids

MAXIMUM

640
198
62
65

702

MEDIAN

255
32
15
0.7

335

MINIMUM

26
0.0
0.8
0.0

86

NUMBER
OF

ANALYSES

44
44
44

38
44

Chemical quality of water generally fair to good

This area is underlain by the Keokuk and Reeds Spring
Formations and older rocks. Hardness is the most troublesome
chemical characteristic; 70 percent of the water samples tested
were hard or very hard. Thirty-eight percent of the samples had
a total dissolved solids content greater than 500 ppm. The sulfate,
chloride, and nitrate contents are generally low, except locally.

Summary of Available Chemical Data
CONCENTRATION

(PPM)

Hardness
Sulfate
Chloride
Nitrate
Total dissolved solids

MAXIMUM

1,172
840
840
62

2,300

MEDIAN

162
14
16
2.2

320

MINIMUM

20
0.0
0.2
0.0

50

NUMBER
OF

ANALYSES

47
47
47
47
47
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Chemical quality of water generally poor to fair

This area is underlain by shale, siltstone, and sandstone and
some terrace deposits. Of the water samples tested, 57 percent
contained more than 250 ppm sulfate, 10 percent contained more
than 250 ppm chloride, and 53 percent contained more than 500
ppm total dissolved solids. Four samples contained more than 45
ppm nitrate; two of these were taken from wells that are ap-
parently polluted. Water from sandstone is least highly mineraliz-
ed, whereas that from shale, particularly shale that contains coal
beds, is most highly mineralized. 7 1 Hardness

5 000

Summary of Available Chemical Data
CONCENTRATION NUMBER

(PPM) OF Sulfate
MAXIMUM MEDIAN MINIMUM ANALYSE3

Hardness 3,020 144 4.0 83
Sulfate 3,150 36 4.2 84
Chloride 715 44 2.0 84 Chloride
Nitrate 82 1.6 0.0 82
Total dissolved solids 5,160 581 63 84 i '

1,000

0 t Nitrate

* Total dissolved solids,
* measured

Well from which water sample was taken

Total dissolved solids,
calculated

nd Not determined
Spring from which water sample was taken

100

10

Concentration of selected dissolved solids in water from wells and springs. Con
centrations of 10 ppm or less are shown by numbers in the appropriate column
of the graph.
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