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Dear Mr. Rigano:

This letter is a transmittal of copies of the borehole geophysical data obtained by Roy F, Waeston, Inc.
as part of the Operable Unit 9 hydrogeologic investigations. The borehole geophysical data was
collected by COLOG, Inc. Golden, Colorado, in March 1993. Resiults and interpretations are presented
in the OU 9 Hydrogeological Investigations: Bedrock Report.

Attachments to this letter include 1) copy of transmittal letter from COLOG to WESTON; 2) copies of
data printouts; and 3) electronic files of geophysical data on seven 3.5-inch floppy disks. The disk
formats are explained in the COLOG transmittal letter.

If you have any questions regarding this matter, please call Bill Criswell at (505) 884-5050 or the
Alternate Project Manager, John Price at (513) 825-3440.
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. ACRONYMS

API American Petroleum Institute
BGS below ground surface
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act

CPS counts per second
DOE U.S. Department of Energy
EM electromagnetic
EPA U.S. Environmental Protection Agency
ER Environmental Restoration (Program)
FFA Federal Facility Agreement
FS feasibility study
FWS full waveform sonic
HPF heat pulse flowmeter
MSL mean sea level
NPL National Priority List
OEPA Ohio Environmental Protection Agency
ou operable unit
. RI remedial investigation
VDL variable density log
L
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The final disposition of the boreholes requires considerable thought. The amount and detail of
lithologic, hydraulic, and geophysical data for these bedrock locations are unsurpassed anywhere slse
on the Mound site. It is recommended that the closure plan for these boreholes evaluate options which
allow the installation of specialized instrumentation for obtaining additional hydrogeologic data in lieu
of simply sealing with grout.

Consideration will be given to additional hydraulic testing in the five remaining open bedrock boreholes
at the Mound Facility. Both active and passive testing techniques will be contemplated. An example
of active testing techniques will include straddle packer tests in selected zones to better determine
permeability. Another active test to consider will be a single-well tracer test to determine the effective
porosity of the bedrock unit.

Passive monitoring is suggested to observe recharge rates and possible piezometric surfaces below the
fracture carapace. Once the lower portion of the borehole has been isolated and evacuated of standing
water, long-term water level recovery will be documented. This data will be analyzed in concert with
other meteorological information to quantify ground water movement. Passive monitoring of ground
water temperature in the upper bedrock is suggested to determine zones of greatest groundwater

movement under natural flow conditions.
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Figure 3.3. Photograph of natural fractures in core 0348 at 42-ft depth (elevation 834 ft MSL)
(splice of Mound photographs #932459 and #932460).

ER Program, Mound Plant 0U 9, Hydrogeologic Investigation: Bedrock Report Fracture Studies

Revision O January 1994 Page 3-7
MOUNDSMSHEDRKI WPI  1/5/84































7
6 —
8
-
8 5-
5
]
g 4 -
W
3-
2—

LIMESTONE
First-formed
joints only.

| 1
0.5 :!0 1.5

Layer thickness in feet

MNDOUS/BR-LS 16-84

Figure 3.8. Summary of frequency of fractures versus layer thickness in limestones at railroad cut outcrop.
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Figure 3.9. Summary of frequency of fractures versus
layer thickness in shales at railroad cut outcrop.
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. Table IV.1. Geophysical Logging Suite

caalog o 0350 0352 0355
Borehole Video X X X X X X
Full Waveform X X X X X X
Sonic
Three-Arm X X X X X X
Caliper
Guard Resistivity X X X X X X
EM Conductivity X X X X X X
Neutron NA® X X X X X
Compensated NA® X X X X X
Density
Natural Gamma X X X X X X
Temperature X X X X X X
Fluid Resistivity X X X X X X
Heat Pulse X X X X X X
. Flowmeter

®Logging tool was not run at this City of Miamisburg location.
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Table IV.4. Logging Speed Data (ft/min)

Typeof

Geophysical - e L L
Borehole Video Varied Varied Varied Varied Varied Varied
Full Waveform 10 10 10 10 10 10
Sonic
Three-arm 10 10 15 10 10 10
Caliper
Guard Resistivity 10 15 15 15 156 15
EM Conductivity 10 156 156 156 15 15
Neutron NA 15 15 15 15 15
Compensated NA 15 15 15 15 15
Density
Natural Gamma 10 10 15 15 15 15
Temperature 8 8 8 8 8 8
Fluid Resistivity 8 8 8 8 8 8
Heat Pulse NA® NA® NA® NA® NA® NA®

. Flowmeter
*Heat pulse flowmeter was run at selected intervals.
6
Full length of borehole logged from bottom to top to ensure consistent speed.
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Borehole 0335

Water level was at 18.5 ft: the bottom of the surface casing at 28.6 ft. A fracture is apparent at
38.1 ft and a fracture or lithology change is noted at 50.8 ft. A lithology change is noted at 41 .8 ft.

Borehole 0348

Water level at 59.7 ft; a vertical fracture noted at 24.1 ft; highly fracture zone evident from 69 to
70 ft.

Borehole 0349
Angular breakout features noted at 65, 68.5, 70, 80.5, and 93.4 ft depths; numerous vertical
fractures, ranging in length from 0.2 to 0.8 ft observed at depths of 71 to 83, 90.2, 101, 110, and

140.1 ft; possible horizontal fractures observed at 82.7, 91.1, 93.4, 117.6, 126, 141.7, 155.8,
166.4, 174.3, 177.3 and 178.9 ft depths.

Borehole 0350
Bottom of the protective casing at 12 ft and the water level at 29.1 ft; fractures observed at 14.1,

26.3, 152.5, 170.3, and 179.4 ft depths; vertical fractures noted at 51.6 and 64.5 ft; bubbles noted
coming from a small fracture at 234.2 ft. The bottom of the borehole was observed at 247.9 ft.

Borehole 0352

Bottom of the protective casing at 22 ft and the water level at 5.2 ft; fractures observed at 23; 25,1,
27, 29.1, 30.3, 37.6, and 50.3 ft.

Borehole 0359

Cloudy water in borehole 0355 prevented the use of the borehole video at this location. -
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Figure 4.7. Correlation of EM conductivity logs in boreholes
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Table IV.6. (page 2 of 2)

Depth Fowhste | o W Dheaction .
Test# | (f) fmi/min) | = (mimin) ~ Comments

30 62 80 down
31 62 77 down
32 62 70 down avg 75.7 down
33 54 74 down
34 50 77 down
35 46 173 down confirmed flow
36 35 164 down not used
37 35 218 down
38 35 2086 down
39 35 219 down avg 214 down
40 28 >1200 down
41 28 >1200 down avg > 1200 down
42 28 0 - packer deflated

. 43 10 >1200 down
44 10 >1200 down avg >1200

o
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Table IV.7. (page 2 of 2)

30 36 186 down avg 179.7 down

31 45 109 down

32 45 112 down

33 45 113 down avg 111.3 down
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. Table IV.8. Flowmeter Data for Well 0350

Test ¥ ) | (mi/min) | Flow Direction
March 31 1993

1 26 0 -
2 26 0 - avg O flow
3 38 0 -
4 38 0 - no test (10min) avg O flow
5 56 0 - no test (10min)
6 56 0 -- no test (5min) avg O flow
7 80 0 -
8 80 38 down not used
o 80 - no test (5min) avg O flow

10 92 -

1 92 0 - no test (5min) avg O flow

12 16 0 - not used

. 13 16 20 down
14 16 12 down
15 16 10 down avg 14 down
il
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Table IV.9. Flowmeter Data for Well 0352

Test#
1
2
3 28 17 down avg 18 down
4 34 0 - no test (5min)
5 34 0 -
6 34 0 - avg O flow
7 40 0 - no test (5min)
8 40 0 - no test (5min) avg O flow
9 45 0 - no test (10min)
10 45 0 - no test (5min) avg O flow
1 62 0 - no test (10min)
12 62 0 -- no test (5min) avg O flow
13 74 0 - no test (Smin)
14 74 0 -- no test (Bmin) avg O flow
15 28 20 down confirmed earlier tests
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Table IV.10. Flowmeter Data for Well 0355

Test # Af) _{mi/min _
1 31 0 - no test (10min)
2 31 0 - no test (5min) avg O flow
3 37 0 - no test (10min)
4 37 0 - no test (5min) avg O flow
5 44 0 - no test (10min)
8 44 0 -- no test (5min) avg O flow
7 54 0 - no test (10min)
8 54 0 - no test (5min) avg O flow
9 126 0 -
10 126 0 -- avg O flow
1" 134 0 - no test (10min)
12 134 0 - no test (5min) avg 0 flow
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Table IV.11. Depth at Which No Groundwater Flow Was Measured in Open Boreholes Across the

Mound Plant
Borehole Depth (ft. bis) " Range of Flow Rates (mi/min)
0335 53 0-94
0348 90 0->1200°
69 0-23°
0349 100 0-186*
82 0-15
0350 26 0-38
0352 34 0-20
0355 31 0

*High flow rates where achieved under stressed conditions of having water introduced into
the hole prior to taking HPF meter readings.
PMeasured under ambient borehole conditions.
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Well Name: 348
STRESSED CONDITIONS

FLUID TEMPERATURE (°C)

FLOWMETER DATA

12 125 13 13.5
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Figure 4.14. Correlation of flowmeter, fluid resistivity, and fluid temperature measurements in borehole 0348
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Well Name: 349 KEY:
STRESSED CONDITIONS Y/ Water Level: 0’
Inner Casing: 40'
— — — Observed Log Anomalies
P[] Measurement Point with Packer Interval
. Flow Amount Indicated
FLOWMETER DATA FLUID RESISTIVITY
FLUID TEMPERATURE (°C) Depth of (ohm-meters)
18 136 14 145 15 _ [esremen 0 5 W e
Ill||ll FRiREN e
— 800
ag' p— o 180 mL/min p=r
45' p— 4 111 mUmin —
— $_ —
__________ 's?'"_ssi-'{i_l__a_ome_n_— —
"7?—*_-_ — &~ TW0mm T Wi
a2 p-g 4 15.5 mU/min o
_91'_1:__?- L eu |l S (L SO TR =
W i
8 =100 0 mUmin g
b 700"
B o
§§~ il
ﬁ -
a i p—
— 650"
gl— - E
&
® T i LUl Ll

Figure 4.15. Correlation of flowmeter, fluid resistivity, and fluid temperature measurements in borehole 0349,
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Well Name: 350

FLOWMETER DATA FLUID RESISTIVITY
FLUID TEMPERATURE (°C) —— (ohar-melers)
13 135 14 ° =
S O L I ) <
16'p—
.— 7 alh
[ A R
e~ T D
| 3 _ 1
= ml’_
B L i i e
e
a0 | L
: "
— -
= 750

150
|
1

Depth (feet)
2
&

-200
|
I
L]

I I
T (.
I

_l
—t

I

L]

T

— |

o
MNDOUSBR-350 1-6-84

Figure 4.17. Correlation of flowmeter, fluid resistivity, and fluid temperature measurements in borehole 0350.
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Well Name: 355
FLOWMETER DATA
FLUID TEMPERATURE (°C) Depth of
9 10 1 18 "‘_""“"""

LTTTTT T

—

Innnn

Depth (fest)
-100
I

3

gL )
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KEY:

\Y_/ Water Level: 0.4'
s |nner Casing: 27"
— — — Observed Log Anomalies

"l] Measurement Point with Packer Interval
Flow Amount Indicated
FLUID RESISTIVITY
(ohm-meters)
0 5 03 g
HMEERWE =N

Elevation (feat)

— B650'

L— 800’

MND OUWBR-355 1-5-04

Figure 4.18. Correlation of flowmeter, fluid resistivity, and fluid temperature measurements in borehole 0355.
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. Figure 4.19. Correlation of tube wave amplitude, EM conductivity,
and fracture frequency in borehole 0335.
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Well Name: 335

FLOWMETER DATA

Depth of
Measurement

1" 12 13 “—b
R

FLUID TEMPERATURE (°C)

25" p- 0 mUmin

31 g . 79 mU/min

34 p—-a 62 mL/min

s p-¢ | 81 mU/min

—— — 4

| 40’ | ]

| foalle st oI

KEY:

\Y_/ Water Lovel: 14.5'

Flow Amount Indicated

Measurement Point with Packer Interval

— e e — ] —— — — —

(¢

FLUID RESISTIVITY
'ohm-meters,

)

el 0] 4

— 700"

Elevation (feet)
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Figure 4.20. Correlation of flowmeter, fluid resistivity, and fluid temperature measurements in borehole 0335.
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. Figure 4.21 Correlation of tube wave amplitude, EM conductivity,
and fracture frequency in borehole 0352.
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Well Name: 352

KEY:

FLOWMETER DATA
FLUID TEMPERATURE (°C) —
° 12 Measurement
T 7] =
"Y1

34'p—g

= 40’.—:

e — —

45 Pp—g

Depth (feet)

62 p—g

AR

i S’

X/ Water Lovel: 4.4'

P-o  Measurement Point with Packer Interval

Flow Amount Indicated
FLUID RESISTIVITY
(ohm-meters)
0 5 10
0 I i
— 700"

|
Elevation (feet)

TR Y A

MNDOUSBA-I52 1-5-64

Figure 4.22. Correlation of flowmeter, fluid resistivity, and fluid temperature measurements in borehole 0352.
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Figure 5.1. Water level changes in boreholes 0348 and 0350 during falling head test, March and April 1993.
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Table V.1. Summary of Hydraulic Conductivity for
Boreholes 0335, 0348, 0349, 0350, 0352, 0355

. S
0335 0.93
0348 43.6 110 0.23-1.42
0349 49.2 125 0.09-0.12
0350 10.0 100 0.24-0.32
0352 4.6 60 9.62
0355 NA 100 NA

BGS - below ground surface

NA - Not applicable as no measurements were possible
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Figure 5.2. Water levels above and below packer in borehole 0348, April 30 to July 31, 1893.
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Figure 5.3. Correlation between water levels and barometric pressure in borehole 0349.
Water levels shown above and below packer, April 30 to July 31, 1993,







Table V.2 Measured Discharges in the North Trench, August 1993

8/05/93 455

8/12/93 370

8/19/93 420

8/31/93 340

Total for Month 1,585
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in the deeper portions of the boreholes retain much of the signature of the marine salts that were
. trapped during deposition; they have relatively high electrical conductivities. This fresh water carapace
is attributed to the leaching of the original salts from the rocks by meteoric water transmitted through
fractures. The fact that rocks below the fracture carapace retain much of the high conductivities

associated with marine rocks attests to the low primary permeability of the shales present.

In the revised model, the Main Hill is interpreted as a different hydrogeologic environment than the
SM/PP Hill, The Main Hill is viewed as much more intensely fractured than the SM/PP Hill, the fracture
carapace extends to greater depths and measured absolute groundwater flow rates within the fracture
carapace are greater. Likewise, the fresh water carapace is observed to extend to greater depths,
approximately 100 ft, on the Main Hill and about twice that on the SM/PP Hill.
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