OSR 31-688 (Rev 11-20-97)
Stores: 26-8910.00

WESTINGHOUSE SAVANNAH RIVER COMPANY @ @ (
INTEROFFICE MEMORANDUM 2/ AL

SRT-EST-2003-00052

January 7, 2003
To: Dave Dunn UNOLASSlHEo
DOES NOY CONTAN
From: Greg Flach ‘W
i ADC S
Frank Sappington Reviewg || .
Copy: lfy{ary Harris = e
ile '

Borehole Flowmeter Testing at FHB-004C

Electromagnetic Borehole Flowmeter (EBF) testing at FHB-004C indicates that the wetland soil
is highly permeable compared to underlying sediments, even intervals comprised of a fairly
clean and well-sorted sand. The wetland thus constitutes a preferential pathway for groundwater
flow, and may be important to understanding groundwater flow and contaminant migration
through wetlands. The FHB-004C results are consistent with Crisman and others (2001) who
observed high conductivity in the active root zone in a wetland area near the headwaters of
Fourmile Branch. A more detailed discussion of the test method and data analysis are provided
below.

Well location and construction: FHB-004C is located approximately 100 meters south-
southeast of the MWMF collection pond in a wetland area bordering Fourmile Branch (Figure
1). The 4" diameter well is screened from ground surface to a depth of 15 ft in three sections
(Figure 2). The well was installed through vibracoring and has no filter pack. Rather, the
native sediments were allowed to collapse around the screen and casing. The latter is desirable
for borehole flowmeter testing because a filter pack would influence flow measurements. The
field geologic log is reproduced in Figure 3.

Borehole flowmeter instrument: As used in this report “borehole flowmeter” refers to an
instrument that measures the vertical flow inside a well casing. Various types of borehole
flowmeters have been used in field applications, including heat pulse, tracer release and
impeller (spinner) designs. Researchers at the Tennessee Valley Authority (TVA) developed,
patented and commercialized a robust, highly-sensitive, borehole flowmeter based on
electromagnetic principles. The Electromagnetic Borehole Flowmeter operates according to
Faraday’s Law of Induction, which states that the voltage induced by a conductor moving at
right angles through a magnetic field is directly proportional to the velocity of the moving
conductor. Groundwater acts as the moving conductor, an electromagnet generates the magnetic
field, and electrodes measure the induced voltage. Calibration data for the Century Geophysical
Corporation EBF is provided in Table 1. The precision of the instrument is approximately 0.1
L/min.
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Testing procedure: The idea behind borehole flowmeter testing is to relate horizontal
conductivity as a function of elevation, K(z), to borehole discharge as a function of elevation
Q(z). The field procedure is schematically illustrated in Figure 4 (Molz and Young, 1993).
Under quasi-steady pumping conditions, borehole discharge (Q) from the bottom of the screen
up to the current flowmeter position is measured as a function of elevation (z). As shown in
Figure 5, the difference (AQ) in borehole discharge Q(z) between at any two locations is the
flowrate of groundwater entering the well casing over that interval. This differential flowrate,
minus any ambient flow effects, is proportional to the horizontal conductivity of the aquifer
over that interval. Ambient flow refers to horizontal flow through the well screen and vertical
flow in the casing under natural, undisturbed conditions. In order to rigorously account for
potential ambient flow effects, the standard borehole flowmeter test procedure actually involves
two series of measurements:

1) under ambient conditions, measure the vertical flowrate inside the well screen at 1 to 2 ft
intervals,

2) pump (or inject) at a constant rate above the screen zone and borehole flowmeter,
3) pause until the drawdown becomes quasi-steady-state,

4) under these quasi-steady-state pumping conditions, again measure the vertical flowrate
inside the well screen at 1 to 2 ft intervals.

The quasi-steady conditions referred to in step 3) typically occur within 15 to 30 minutes in
confined aquifers, and a couple of hours in unconfined aquifers (Flach and others, 2000a, b).
The ambient flow data is also useful by itself for determining the direction(s) of vertical head
gradients in the surrounding aquifer, which has contaminant monitoring implications discussed
by Flach and others (2000a, b).

Data analysis method: The commonly used data analysis procedure presented by Molz and
Young (1993) is summarized by

K, __ (4Q,-4q, )z, )
K Z(AQi_Aqi)/zAzi

where
K; = horizontal conductivity of the i interval
K = vertically-averaged conductivity
AQ; = difference in EBF flow at the top and bottom of the i interval under pumping
conditions
Ag; = difference in EBF flow at the top and bottom of the i interval under ambient
conditions
Az; = height of the i™ interval.
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In equation (1), (AQ; — Aq;) is the net flowrate induced by pumping and accounts for ambient
flow effects. Note that the relative conductivity distribution is equal to the relative distribution
of net flow entering the well, which is assumed to occur after the initial transient passes and
quasi-steady conditions develop. The basis for this assumption is considered in detail by Flach
and others (2000a).

Testing at FHB-004C: For testing at FHB-004C, injection rather than extraction was chosen
following the example of Crisman and others (2001) in earlier testing in a wetland near the
headwaters of Fourmile Branch. Injection avoids partial de-watering of the screen, permitting
characterization of the entire screen length. The injectate was clean groundwater previously
extracted from FHB-004C and temporarily stored in two 55 gallon plastic drums. Given the
limited supply of injection water, the duration of pre-test injection to achieve quasi-steady flow
conditions and the rate of injection were limited. Initial plans called for injection at about 2
L/min and a 15-20 minute delay before measuring flows. Water was pumped from a drum into
the well using a Redi-Flo2 variable speed sampling pump connected to a 100 ft 1/2" hose.
Previous experience has shown that ambient (no-pumping) flows are usually negligible
compared to dynamic (pumping) flows, and ambient testing was initially bypassed for
FHB-004C.

Dynamic testing was initiated after injecting for 15 minutes. The starting rate was 2.04 L/min.
The water level increased from 3.73 ft below top of casing to 3.31 ft TOC between the start of
injection and the first flow measurement. During "Flow Test 1" (Table 2), borehole flow was
nearly zero until the EBF reached the upper 1-2 ft of screen. Almost no water was leaving the
screen over the bottom 13-14 ft, implying that the hydraulic conductivity of the wetland soil
was much higher than underlying sediment. After a series of ascending and descending
measurements, generally at 2 ft intervals, the injection rate was measured at 1.23 L/min. While
the Redi-Flo2 pump speed was held constant during Flow Test 1, evidently the falling level in
the water supply drum caused a corresponding drop in injection flowrate. The non-constant
pumping rate precluded analysis of the data using equation (1).

Because of the non-constant injection rate, and the inability to detect injection in the bottom 13+
ft of screen, a second test was performed at about 8.6 L/min. "Flow Test 2" measurements were
taken at a faster rate, between 1 and 2 minutes between readings (Table 2). The starting and
ending injection rates were measured at 8.57 and 8.61 L/min, implying a constant rate. Despite
the higher flows, no measurable amount of flow was leaving the bottom 13+ ft of screen.
Regardless, the Flow Test 2 data can be analyzed using equation (1) neglecting ambient flows.
Subsequent ambient flow testing confirmed that the ambient flow correction could be ignored.
The resulting relative conductivity profile is computed in Table 3 and plotted in Figure 5.

Interpretation of results: In comparing Figure 5 to the field geologic log, the degree of
permeability appears to correspond to the extent of rooting and organic matter indicated in
Figure 3. This implies the wetland soil in the area is highly permeable, and constitutes a
preferential pathway for groundwater flow. Figure 5 indicates the hydraulic conductivity of the
wetland soil is more than an order of magnitude larger than that of the underlying sediments.
Recognition of this phenomenon may be important to understanding contaminant migration
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through wetland areas. Crisman and others (2001) also observed high conductivity in the active
root zone of a wetland area along Fourmile Branch.
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Figure 1 Location of FHB-004C.
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Figure 2 Well construction diagrams for FHB-004C.

SRT-EST-2003-00052



SRT-EST-2003-00052

QSR 303

FIELD GEOLOGIC LOG

,PROJECT ; OATE =3
= " SICeT
ﬁ,-Hﬁap’t e 3 fo7/0~ | o |
i [ REreERENcE DATUN ORUING CONTRACTOR
Athene
[waLra SRP COORDINATES i OfLER
'F‘/HB'DOl‘]A A/ 730$L) 557{0 SecrySeton
LOGGED Y COMPANY CRILUNG MCTH0O
Mg-ﬁlh(ﬁ %C, \)\br_& rofre
>
o
§§ DEPTH, Fuuo.l DRILUNG
acZz| FEET LITHOLOGY| a.cc SAMPLE DESCRIPTION COMMENTS
o4& :
L, 5.8 m,{:a;&#._[gntzj’_gﬂ_fg'_‘[rk hew /0Ye 3/Y
s 77
/ ] e Mw&d&?%_,&jﬂk_grha /DY R 3/
2 - 5 §..~ +
a ..
- f._’_ .’:— 100 ‘fﬁ~ bp- v )y 1 )~ 7 Cayy 10
41 -’ .'ﬁ. —
s : , .7 2 i 5604\! -CM-M'CQ uhl&igﬂ&#ﬁa_} uu.“w
. Somd fn=sbty Lrpm 5.9 5.6+
e *.° B 3 y e
T A e 2 A O da.ucg, white, o obly v.eeg, €.
o L [
- $ L
7_.‘,; e
.. Jod .
Z‘ 8._ L N 3 N .
[ =7 - & Ofme, RYE
i U N AP '
roH —

Q2D
[ 1

[

21— .l__‘_;
3 ..-, ' Y, L3 - »
I [ !‘Slé;\:b.bxg&m#)
4———-;04 .0 | s00 7 4
= <. e S ; A £} (8o-£57)
sl—-, .°, _; wi[»_{mﬁﬁ c.’a-}./n-‘}" r\"’dpﬂwa"u:’a'-uuwa
—— “ h— ; s
P T (S ad=soielly acled b e)mu 14,4 £
AT =T . : iy Claysy £ Sa0nd /L. 8~17.010+
- ., 2 T turd 3
sl ’ : ded.
B (R i A D £nan I8 540 190
s . [ [}
L 1 7.0
ol

Figure 3 Field geologic log for FHB-004.
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Table 1 Pre-test calibration data for Century Geophysical Corporation Electromagnetic
Borehole Flowmeter instrument.
EBF CPS
or Difference
Measured| Indicated | (Meas. - |Conversion
Reservoir Flow Flow EBF (ft/min)/ Speed
Point ()] Time (sec) (I/min) (Vmin) | Reading) | (I/min) (ft/min)_ |Comments

1 16.8 49.2 20.49 19.19 1.3 6.4759 - Initial calibration check

2 - - 0 -1.41 1.41 6.4759 - Similar offset as Point 1 recalibrate

3 - - 0 54996 6.4759 0 First calibration point

4 16.8 49.65 20.3 87364 6.4759 131.47 [Second calibration point

5 16.8 49.09 20.53 20.65 -0.12 - - Recheck first calibration point

6 - - 0 -0.03 0.03 - - Recheck second calibration point
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Table 2 Flow rate and water level measurements from FHB-004C.
Flow
EBF/ Water
Instrument/| Instrument § Volume Flow Level (ft
Time__ | Skirt Depth] Reading {L) Time (sec)] (Vmin) | from TOC)|Comments
[PRETEST DATA AND PUMP FLOW MEASUREMENTS
3.73 Pretest water level
13:21 4,22 Set tool position to 4.22' with ref point at TOC
13:25 17.44 At of well with skirt at 17.44’
13:28] 17.44 0.01
13:48 1.80 Adjust pump flow
13:49) -0.0024
13:54] 2.00 58.75 2.04 Set pump flow
[FtowTesT 1
13:56 Start injection
13:58 3.40
14:06) 3.34
14:14] 3.31
14:15]  16.00 -0.020 Start Instrument Data Collection
14:20] 13.99 -0.168
14:26] 12.03 -0.169
14:32]  10.02 0.135
14:35 5.01 -0.027
14:39 4.02 -0.533
14:44]  6.04 0.092
14:48 8.03 0.022
14:56]  13.21 -0.032 3.33
15:01 3.22 0.942
15:05] 17.44 -0.078
15:08] 16.04 0.070
15:10]  14.05 0.039
15:12]  13.04 0.052
15:14]  12.03 0.092
15:16]  10.01 0.259
15:18 7.91 0.204
15:20 6.01 0.250
15:22 5.04 0.207
15:24 4.50 0.124 3.36
15:26 4.00 -2.380 Stop Instrument Data Collection
15:29 3.74 1.0 48.68 1.23
[FLowTesT 2
2 14.0 8.57 Set new pumping rate
15:38] 17.40 0.109 Baseline reading at 0 flow
15:40 Restart Injection
15:41]  13.01 0.039 Start Instrument Data Collection
15:44 7.98 -0.159 2.90
15:45 5.94 -0.047
15:47 4.02 -2.455
15:49 3.52 -4.971 Skirt 9" below TOS
2 13.9 8.61 Verify final injection rate
Stop Instrument Data Collection
[FrowTesT s
Pumping from well
15:68 2 24.0 5.00 Water level and flow measurements
16:04 2 36.0 3.33 4.60 |Water level and flow measurements
16:06 4.75 |Water level and flow measurements
16:07 5.00 |Water level and flow measurements
16:08 5.15 Water level and flow measurements
16:10 5.42  |Water level and tlow measurements
16:14]  13.05 0.747 5.70  {Water level and flow measurements
16:16 2 42.7 2.81 Water level and flow measurements
Pumping from well test stopped
Ambient Test 1 (no pump flow) May be to soon after transient
16:34 3.76 Water level and flow measurements
16:42 3.74 Water leve! and flow measurements
16:43] 17.42 0.122
16:46] 16.07 0.210
16:48| 14.03 -0.061
16:50]  12.02 -0.259
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Table 3
3]
Nominal
Depth Below Elevation
TOC (ft)

5
Relative Hydraulic Conductivity (K/K,,)

0.00
0.04
-0.16
-0.05
-2.46
-4.97
-8.59
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Figure 5





