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Dear Mr. Saric and Mr. Schneider:

TRANSMITTAL OF THE ADDENDUM PREDESIGN INVESTIGATION AND SITE SELECTION
REPORT FOR THE ON-SITE DISPOSAL FACILITY

Enclosed for your review and approval is the Addendum Predesign Investigation and Site
Selection Report for the On-Site Disposal Facility. This addendum is in response to the
additional activities, identified in Section 6, "Predesign Investigation and Site Selection
Report for the On-Site Disposal Facility,” July 1995. These activities focused on the
substantive hydrogeological requirements not addressed by the Predesign Investigation.
All of the activities were completed as identified in Section 6, except the Flow Meter
Readings. Based on the manufacturer’s specifications, the KV Flowmeter™ was
anticipated to be able to measure flow rates as low as 0.1 ml/minute. However,
subsequent efforts to calibrate the KV Flowmeter proved impractical for low flow rates.
This is consistent with U.S. EPA’s Specific Comment #1, February 22, 1996, noting that,
"...in a low-flow environment such as tills at the site, the accuracy of such meters is
questionable.” '

If you have any questions or comments, please call Rod Warner at (513) 648-3156.
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1.0 INTRODUCTION

Volume IV, Addendum to the Predesign Investigation and Site Selection Report, presents the

information collected during the Addendum Activities to the Project Specific Plan for Phase I

and II of the Operable Unit 2 Predesign Field Investigation, and should be included as part of

the Predesign Investigation and Site Selection Report, July 1995 (PDIR). In Volume I,

Section 6 (Path Forward)', additional activities were identified to provide further clarification

of the hydrogeology within the On-Site Disposal Facility (OSDF) footprint. This Addendum

was developed to present the results of the additional activities that focused on further

evaluation of the nature and extent of identified potential contamination found in Wells 11547

and 11548, determination of the location of existing underground drainage tiles within the

OSDF footprint, and confirmation of the protectiveness of the gray till by seasonal sampling

and testing of the wells installed during the Predesign Investigation.

The following is a summary of the Addendum -activities and how they address the substantive

requirements discussed in Section 6 of Volume I:

Slug Tests:

Flow Meter Readings:

Tile Probes:

Groundwater and Soil
Sampling:

Lysimeter Sampling:

Evaluate horizontal conductivity and determine if
engineered flow barriers are required.

Determine the flow direction of the perched
groundwater.

Determine the location and depth of the drain tiles and
address potential flow issues in the OSDFdesign and
construction planning.

Characterize the nature and extent of contamination
found in Wells 11547 and 11548.

Sampling of lysimeters until they reach equilibrium.
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Report Organization
The results of the Addendum to the Predesign Investigation are presented in Section

2.0 and 3.0 of this report.

° Section 2.0 describes the field investigation activities and analytical program,
and presents the data and results.

o Section 3.0 provides an interpretation of the data and conclusions, and relates
the conclusions back to the Predesign Investigation.
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2.0 FIELD COMPONENTS

2.1 Introduction
This section summarizes the field investigation program and results for the Addendum

activities.

2.2  Slug Tests
Rising and falling head tests (slug tests) were completed on the following 23 wells, which are
located within the OSDF footprint (See Figure 2.1):

11067 1064 11491 11492
11493 11494 11496 11497
11498 11499 11500 11501
11502 11503 11504 11505
11546 11547 11548 11681

11685 11687 . 11693

Slug tests were completed from May 1995 to June 1995. Tests could not be completed in
Well 11495 because of insufficient water present in the well casing at the time of testing.
Slug tests were conducted in accordance with the procedures outlined in the Fernald
Environmental Management Project (FEMP) Glacial Till/Vadose Zone Hydraulic
Investigation Work Plan (1993). Water levels were recorded using HERMIT™ data loggers

and pressure transducers.

2.2.1 Slug Test Analysis
Well boring logs and water levels at the time of testing were reviewed to determine where
the potentially highest permeable zone existed within the screened interval (includes sand

pack). The screened intervals were determined during the time of well installation as the
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‘ interval with the greatest potentlal to yield water; i.e, highest sand/gravel content with the

greatest observable moisture content. If a high permeability zone was suspected to exist in
the screened interval and water levels were above that interval, then testing was assumed to
be under confined conditions. This was subsequently verified by barometric responses that
indicated that the wells installed in the till respond as if they are confined. Data were
analyzed by the Ramey et al.(1975) method as well as the Bouwer and Rice (1976) method to
gain confidence in the results. While the Ramey et al. method uses the full data set, the
Bouwer and Rice method requires only early time data. Water levels were always above the
top of the screened interval during the rising and falling head tests; therefore, well casing
radius did not require any corrections. A more detailed discussion of the slug test analysis

procedures are contained in Appendix A.

2.2.2 Slug Test Summary Results

Lithologic information from boring logs and the static water level measurements taken before
the slug tests were used to determine whether the hydraulic conditions were confined or
unconfined in the proximity of each test well. Rising ;cmd falling head tests ‘were analyzed by
the Ramey et al. (1975) and/or the Bouwer and Rice (1976) method as described in Appendix
A. Results of slug test analyses are presented in Table 2.1, Slug Test Results. Values of
hydraulic conductivity from these two methods were in agreement with each other (see

Appendix A for backup and a detailed discussion).
A representative value of hydraulic conductivity for each well is also provided (see Table
2.1). When multiple slug tests were conducted in a well, a geometric mean is considered a

representative value of the hydraulic conductivity.

Wells were divided into two groups for the purpose of data analysis. The first group
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‘ includes wells screened (including sand pack) only in the gray till. The second group

contains wells screened across the gray and brown till interface.

The hydraulic conductivities for Wells 11491 and 11502, which are screened in sand/gravel
lenses within the gray till, were 1.31 x 10”° cm/sec and 1.62 x 10° cm/sec, respectively.
Hydraulic conductivities for the remaining wells screened only in the gray till ranged from
1.03 x 10 cm/sec for Well 11499 to 4.69 x 10 cm/sec for Well 11505. The geometric
mean hydraulic conductivity for these Wells was 1.95 x 107 cm/sec. The calculated
hydraulic conductivity of 4.69 x 10 cm/sec at Well 11505 is the upper limit for gray till.

The range of hydraulic conductivity for wells screened across the brown/gray till interface
range from 1.02 x 10® cm/sec at Well 11547 to 1.89 x 103 cm/sec at Well 11496. The high
hydraulic conductivities measured for Wells 11494, 11496, and 11681 is consistent with what
would be expected for coarse grained soils (i.e., granular) observed in this area. The
geometric mean hydraulic conductivity for wells screened across the brown/gray till interface
was 6.3 x 10%cm/sec, approximately one order of magnitude higher than the hydraulic

conductivity of the underlying gray till.
2.3 Flow Meter Measurements

KV flowmeters were used to determine the direction of groundwater flow in perched
groundwater monitoring wells in the proximity of the OSDF footprint (Figure 2.1). Based
on the manufacturer’s specifications, it was initially anticipated that the KV flowmeter could
possibly be used to accurately measure the flow rates of groundwater in the till. This
subsequently proved not to be practical due to not being able to configure the soil material to
simulate those existing conditions in the till. That is, soils could not be placed and
compacted in the calibration chamber of the flowmeter to adequately simulate the density,

permeability, and effective porosity of the naturally-occurring conditions. The calibration
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and verification process is defined by manufacturer’s manuals and guidance, and is discussed
in detail in Appendix B. The KV flowmeter is a thermal pulse meter and is capable of
measuring groundwater flow direction and rates in low permeability soils. The instrument is
capable of measuring flow rates down to 0.01 ft/day; however, this sensitivity is contingent

upon the accuracy of the calibration curves. This is discussed further in Section 2.3.2.

2.3.1 Field Methods

Flowmeter measurements were taken from 21 wells (Table 2.2, Flowmeter Measurements) at
intervals that were determined from'boring logs to potentially have the higfmst hydraulic
conductivity in the screened interval. Prior to placement of the probes into the wells, an
initial water level measurement was taken. Subsequent water level measurements were taken
to determine when the well would reach hydraulic equilibrium, which is when the water
levels stop falling or rising. After it was determined that the wells reached hydraulic
equilibrium, initial flowmeter readings were recorded to establish a baseline. Subsequent
channel readings were recorded periodically to determine when the wells reached thermal
equilibrium. This was determined when the channel readings were stable. Thereafter a
thermal pulse was induced and final channel readings were taken. Multiple measurements
were taken in selected wells to determine the consistency and accuracy of the measurements.
At the completion of the tests, the probes were rotated 180 degrees and the groundwater in
the well was allowed to reach thermal equilibrium prior to the initiation of the second and
final phase of the test. The second phase was conducted in the same manner as the first
phase. Channel readings were recorded on groundwater flow worksheets, and the flow
vectors were used to determine the flow direction of the perched groundwater for each well

(see Appendix B).
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WELL | METER NUMBER OF DEPTH FROM | FLOW | FLOW | FLOW
NUMBER | NUMBER | MEASUREMENTS | TOP OF WELL | DIR. RATE RATE
FD (FI/DAY) | (FT/YR)
11491 2 2 28.5 NNE 4.3, |146, 109
2 1 27.5 NE 33 120
11492 3 205 SSW | .21, .23, .26 | 76,84,95
2 20 S 16, .19 58,69
11493 2 2 23.5 NNW 28.28 | 102,102
2 1 2.5 NNW 3 109
11494 1 2 15.5 N 09,.1 33.37
1 1 14.5 NW 087 32
11496 1 2 16 s 17,.14 62,51
11497 2 3 335 S 2.2.15 |73,73,55
11498 1 2 30.25 N 12,12 44,44
11499 2 2 18.25 NW 22,28 | 80,102
11500 2 1 24 E 17 62
11501 2 2 36 E 56,44 | 204,161
2 1 35 E 36 131
11502 1 1 21.5 WNW 17 62
1 1 21 NW 1 36
11503 1 1 29.1 E 24 88
11504 2 i 15 N 15 55
11505 1 1 28 N 1 36
11546 1 1 14 NNW 27 99
11547 1 2 14 NONE 21,.09 77,33
2 2 14 NW 07,.07 26,26
11548 2 1 15 E 35 128
11681 1 2 13 NW 4,12 146,44
11685 2 3 17.5 E 17,.16,.25 | 62,58,91
11687 2 1 13.5 NE 25 91
11693 1 1 15 SSW 39 149
9
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2.3.2 Flowmeter Results

The results for the flow directions can be considered reasonably accurate since they could be

duplicated with regularity. The flow rate results, however, are questionable due to the

following factors:

The calibration curves were developed with an accuracy of +.1 ft/day to +.4
ft/day, which gives a potential of a 50% to over 100% error in the value.

This level of error makes the measured horizontal flow rates suspect.

The instrument calibration was conducted in material with an effective porosity
of .25, which is higher than the expected range of .04 to .16 for the till.
Material with the higher effective porosity was used for ease of compaction
and placement of material in the chamber and allowed for obtaining uniform
conditions in the flow chamber (Appendix B). The manufacturer of the KV
flowmeter suggests calibrating the meter in the same material that the wells are
screened in. However, this could not be practicably accomplished with the
flow chambers used for calibration; consequently, making the calibration

questionable for use in the till to determine flow rates.

The calibration curves were suitable for flow rates of 1.2 ft/day to 10 ft/day,
while the expected flow rates in the till varied from 2.9 x 107 ft/day to 5.3
ft/day. A

The horizontal flow directions are spatially variable (Table 2.2) from well to well indicating

that horizontal flow components are highly localized, and a regional horizontal flow direction

for the perched groundwater should not be inferred. Consequently, the vertical flow

component for the perched groundwater in the footprint of the OSDF should be the only flow
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‘ component used in determining protection of human health and the environment. This is

consistent with the fate and transport modeling ﬁerfoxmed in the Operable Unit 5 Feasability

Study. Therefore, horizontal engineered barriers would not be effective.
2.4 Nature and Extent of Contamination From Wells 11547 and 11548

During the Predesign Investigation, concentrations of 198.61 ug/L and 59.9 ug/L total
uranium were found in Wells 11547 and 11548, respectively. Additional water samples were
collected from these two locations, as well as from 8 locations around Well 11547 and 16
locations around Well 11548 using a Geoprobe™ samplerm (see Figure 2.1). The
Geoprobe™ is vehicle-mounted and uses the static weight of the carrier vehicle and hydraulic
push (dispersed with percussion hammer action) to drive sample tools. Also, surface soil
samples were collected at the eight Geoprobe™ locations around Well 11547 and at the 8
Geoprobe™ locations around Well 11548 to determine whether surface soil contamination

contributed to the perched groundwater contamination.
2.4.1 Perched Groundwater And Surface Soil Results

The unfiltered perched groundwater total uranium Geoprobe™ results from around Well
11548 ranged from 1.1 ug/L to 32 ug/L, and the filtered total uranium results ranged from
0.3 ug/L to 15 ug/L (Table 2.3, Geoprobe Water and Soil Results). The results for the
perched groundwater unfiltered total uranium Geoprobe™ results around Well 11547 ranged
from 6.0 ug/L to 21 ug/L, and the filtered total uranium results ranged from 1.2 ug/L to 5.1
pg/L. The groundwater results from Well 11547 were 54.47 pg/L unfiltered, and 47.9 ug/L
filtered; and the results from Well 11548 were 17.9 ug/L unfiltered and 14.9 pg/L filtered.

The surface soil results ranged from 6 mg/kg to 49 mg/kg around Well 11547, and 8 mg/kg
to 24 mg/Kg around Well 11548 (Table 2.3).
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Table 2.3 Geoprobe Water And Soil Results

12044

12045

12046

SOIL

0-6"

23 PPM

SOIL

0-6"

SOIL

0-6°'

10 PPM

12047 SOIL 0-6" 9 PPM
12048 SOIL 0-6" 15 PPM
12049 SOIL 0-6 13 PPM
12050 Son 0-6" 8 PPM

12051 SOIL 0-6" 13 PPM
e e ————————
12052 SOIL 0-6" 26 PPM

000ULS
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12057
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SO

0-6"

36 PPM

SOIL

0-6"

20 PPM

12058

SOIL

0'6 "

21 PPM

e e

12093 WATER 9.5-13’ (FILT) 15 UG/L

12094 WATER 9.5-12.5° (FILT) 2.7 UG/L

12095 WATER ~ 6.5-10" (FILT) 1.6 UG/L

12096 WATER 6-9.5’ (FILT) 4.7 UG/L
13
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12097 WATER 11.5-15° (FILT) 2.1 UG/L
12098 WATER 13-16.5°(FILT)
12099 WATER 11-14.5° (FILT) 4.8 UG/L
12100 WATER 12.5-16’(FILT) 1.7 UG/L
MW 11347 DI WTF NiA X507 UG/L
RINSATE ' ‘
MW 11547 F DI WTR N/A <.06 UG/L
BLANK
MW 11548 DI WTR N/A <0.1 UG/L
RINSATE
MW 11548 F DI WTR N/A <0.1 UG/L
BLANK

N/A - Not Applicable

000021
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2.5 Drain Tile Network Identification

During the Predesign Investigation multiple drain tile systems were observed within the
OSDF footprint. Hand-held steel probes were used to identify the tiles starting from the tile
surface exposure (i.e. ditch exit points) and moving outward. The probes were pushed from
2 to 3 feet below the surface until contact was made with the tile. The locations were
marked and surveyed, and the resulting identified drain tile network is shown on Figure 2.1.
Field observations and the surveyed results indicate that the tile was installed to allow for the
maximum amount of infiltration while using the least amount of drain tile. This is
demonstrated by the irregular pattern of the network, which generally follows historical -
surface drainage patterns. Within the footprint the drainage flow direction is mainly from

the northeast and east to the southwest and west (see Figure 2.1).

2.6 Perched Groundwater Verification Sampling

During Phase II of the Predesign Investigation 18 wells were installed and sampled for total
uranium only. To verify the perched groundwater total uranium concentrations from these
wells, another round of samples was collected and analyzed for total uranium during the
Addendum activity. In addition to the total uranium analysis for this round, technetium-99
was analyzed for also. After this round, a subsequent round of sampling from these wells
was conducted and only technetium-99 analysis was performed. Therefore, two complete
rounds of sampling were conducted for total uranium and technetium-99 for the Phase II

wells.

In addition to the Phase II wells, four wells were installed during Phase III of the Predesign

Investigation. These four additional wells were not sampled before the completion of the
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PDIR, but-were sampled twice during the Addendum activity for total uranium and

technetium-99. This additional sampling brings the total number of wells to 22. The

following is the list of wells sampled during the Addendum activity for total uranium and 3
téchnetium—99: 4
11491 11492 11493 11494 11547 11548 11681 11687 5
11495 11496 11497 11498 11685 11693 11502 11503 6
11499 11546 11500 11501 11504 11505 T
The concentrations for total uranium ranged from 1.6 ug/L to 54 ug/L (Table 2.4, 8
Groundwater Confirmation Results), which is within the range of values for the Predesign 9
Investigation. The concentrations for technetium-99 were below detection limits for all of 10
the samples. | 1
| 12
27 Lysimeter Sampling | 13
Analysis of the results for the lysimeters installed prior to the Predesign InQestigation 14
indicated that the lysimeters reached equilibrium approximately 12 morths after installation.
Therefore, the lysimeters installed during the Predesign Investigation were sampled to '
determine if they had reached equilibrium. Table 2.5, Lysimeter Total Uranium 17
Concentrations, shows the results from this sampling activity. As shown in Table 2.5, the 18
total uranium concentrations generally decreased or stayed approximately the same for all of 19
the lysimeters except lysimeter 11559, which increased significantly over time. Lysimeter 20
11559 is located approximately 2500 feet west of the waste pits. The blank spaces labeled 21
NA (not available) are due to the lysimeter not yielding an adequate sample volume for 2
analysis. Also, according to American Society for Testing and Materials (ASTM) D4696-92 pi]
"results of analyses from suction lysimeter samples are good for qualitative analysis, but they 2
cannot be used for quantitative analysis." 25

26
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TABLE 2.5
LYSIMETER TOTAL URANIUM CONCENTRATIONS
(ng/L)
Wells | 11482 | 11483 | 11484 | 11486 | 11488 | 11557 | 11558 | 11559
Dates
Jan 95 | 4.2 4.4 7.0 4.4 4.8 NA NA NA
Mar95 | NA 0.5 NA 0.3 1.7 NA 1.8 12
Jun95 | NA NA NA 0.4 NA NA 32 NA
Jul95 | NA NA NA 0.2 NA NA 32 NA
PDI 22 0.5 2.9 4.4 1.8 10.8 35 23.6
Jan 96 20 0.3 2.1 2.7 1.7 9.5 31 42
Feb 96 | 21 0.6 2.0 3.0 1.9 9.8 29 70
Mar 96 | 21 0.5 2.1 2.9 2.2 11 29 96

‘ NA - Not Available, recoverable water volumes were inadequate for analysis.

19
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‘ 3.0 CONCLUSIONS

3.1 Overview

The Predesign Investigation demonstrated that the selected location for the OSDF has the
most suitable hydrogeology. The selected location has the highest overall average gray till
thickness, and satisfies the substantive hydrogeological/geotechnical requirements of the Ohio
Solid Waste Disposal Regulations (OAC 3745-27-06). Section 5.0 of the PDIR discusses
these requirements and how they were met. However, certain requirements needed

additional action (Section 6.1, PDIR). The following is a summary of the additional actions:

Slug Tests: Evaluate horizontal conductivity and determine if
engineered flow barriers are required.

Flow Meter Readings: Determine the flow direction of the perched
. groundwater.
Tile Probes: Determine the location and depth of the drain tiles and

address potential flow issues in the disposal facility
design and construction planning.

Groundwater and Soil Characterize the nature and extent of contamination
Sampling: found in Wells 11547 and 11548.
Lysimeter Sampling: Sample lysimeters until they reach equilibrium.

This section presents the conclusions associated with the above activities, how they meet the
Predesing Investigation objectives, and satisfy the substantive hydrogeological/geotechnical

requirements.
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3.2  Slug Tests

The rising and falling head slug tests conducted during the Addendum activities had a wide 3
range of horizontal conductivity results (five orders of magnitude). This wide range 4
demonstrates the heterogeneity of the till and the anisotropic hydrogeological conditions in 5
the till. In essence, the horizontal conductivities determined by the slug tests represent only 6
localized conditions. The heterogeneity and localization of the perched groundwater flow 7
conditions demonstrates that there is not a large-scale horizontal flow component in the till 8
and that the vertical component is the most significant. This conclusion is further supported 9
by the flowmeter readings (Section 3.3). 10

11
The conclusion that a significant horizontal flow component does not exist in the till is 12
different from the conservative interpretation presented in Section 2.6.3 of the PDIR, July 13
1995, which indicates a potential southwesterly horizontal perched groundwater flow 14

direction. This conservative interpretation was due to limited data for evaluation. The

perched groundwater contours on Figure 2.20 of the PDIR were generated using water level

measurements from wells screened across the brown/gray till interface. Since the 17
brown/gray till interface is at the same approximate depth below the ground surface 18
(approximately 11 feet), contouring water level measurements from wells screened across 19
this interval gave an apparent potentiometric surface that approximated the ground surface 20
contours trending to the southwest. This happens to any series of wells installed at a specific 21
depth below the ground surface. For instance, if wells are screened 20 feet below the 2
surface, the wells will have approximately the same hydraulic head which can be connected 23
and will show apparent potentiometric contours approximating the ground surface contours. 2
The interpretation of an extensive horizontal component in the till using these potentiometric 25
surfaces can be grossly misleading since there is a strong vertical hydraulic flow component. 26
This vertical component was demonstrated by the large hydraulic head differences in the 27
nested wells. These head differences in the nested wells support the conclusion that the most 28

’ * @

00008




x 477 S

FEMP-OUQ2-DRAFT

\ October 18, 1996

‘ significant flow component is vertical and that the horizontal flow component is localized for 1

each well and not spatially continuous. 2

| 3

| 3.3 Flow Meter Readings 4
5

KV™ flowmeter readings were taken in wells installed during Phase II and III of the 6
Predesign Investigation. Due to equipment calibration limitations, the only measurements 7
usable are those for the flow directions. These flow directions (Figure 2.1) demonstrafe that 8
the flow directions are spatially variable. This further supports the conclusion that 9
anisotropic hydrogeological conditions exist in the till and that horizontal flow is localized 10

making the vertical flow component the predominant flow component. 11

3.4 Tile Probes 14
‘ 15
The location and depth of the clay agricultural drainage tile network was determined using 16
hand-held probes. The location was mapped and flow directions indicated on Figure 2.1. 17
The entire drain tile network within the OSDF footprint will be removed integral with the 18
installation of the leachate collection and liner system (see OSDF Design Drawings 19
SKG04391.DGN and 90X-6000-G-00073 for requirements). Any pipe that enters or exits the 20
OSDF footprint will be excavated to its end points and backfilled with compacted soil that is 21
below final remediation levels-(FRLs). The removal of the drain tile and the backfilling will 2
eliminate any flow that may have existed and eliminating any future flow problems associated 23
with the drain tile system. ‘ 2
25

3.5 Groundwater and Surface Soil Sampling to Determine the Nature and Extent of 2
the Contamination Found in Perched Groundwater From Wells 11547 and 11548 27

28

@
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Surface soil samples were collected at each Geoprobe™ location prior to drilling and
analyzed for total uranium. In accordance with the approved Project Specific Plan,
Geoprobe™ borings were located approximately 50 feet from Wells 11547 and 11548 (Figure
2-1). After these surface soil samples were collected the Geoprobes™ were advanced to
their planned depths and groundwater samples collected. Some of the groundwater samples
with elevated total uranium concentrations may be correlatable to surface soil sample
concentrations from the same Geoprobe™ locations. This assqciation may be due to
potential cross contamination from surface water transferred downhole with the Geoprobe™.
In all cases, the surface soil contamination was observed to be below the FRLs. The perched
groundwater total uranium concentrations will be included as part of the perched groundwatef
baseline or "haze" that will be considered in the OSDF leak detection trend analysis

(Groundwater Detection Monitoring Program_For The On-Site Disposal Facility, June 1996).
3.6 Perched Groundwater Verification Sampling

The perched groundwater from the wells installed during Phase II and III of the Predesign -
Investigation was resampled for total uranium and the results ranged from 1.6 ug/L to 54
pg/L. This range in within the range of 1.4 ug/L to 200 ug/L for the OSDF footprint area
(Section 2, PDIR, July 1995), and confirms the results from both sampling events. The
concentrations found in the perched groundwater do not constitute a problem for the design,
construction, and operation of the OSDF since these concentrations will be included as part

of the baseline or "haze" to be considered in the OSDF leak detection trend analysis.

3.7 Lysimeter Sampling

The lysimeters installed during the Predesign Investigation were sampled over a period of 12

23
Gog0al

10

11

12

13

14

17

18

19

20

21

24

26

27

28




®

475

FEMP-OUO02-DRAFT
October 18, 1996

months. This time period was chosen due to the fact that previously installed lysimeters at
the FEMP took approximately 12 months to equilibrate. Results prior to this 12 month
period may be considered as false positives. All of the lysimeters installed during the
Predesign Investigation appeared to have reached equilibrium during the 12 month period
except lysimeter 11559, which is a background lysimeter not in the proximity of the OSDF.
The results from the lysimeters in the proximity of the OSDF ranged from 0.2 pg/L to 22
ug/L total uranium. These results are within the range of the perched groundwater results
for the OSDF and do not indicate a problem. Also, according to ASTM D4696, "results of
analyses from suction lysimeter samples are good for qualitativé comparisons, but they
cannot be used for quantitative analysis”. Therefore, lysimeter results should be used with

caution due to the propensity for false positives during the equilibration period.

3.8 Summary Conclusions

The Addendum activities support the following conclusions. |
1. The horizontal flow component is localized and discontinuous.
2. The fate and transport models used in the Operable Unit 2 and Operable Unit 5
Feasibility Studies assumed vertical flow. The results of the Predesign Investigation
and this addendum study support the conclusion that vertical groundwater flow
predominates in the till in the OSDF footprint.
3. Existing perched groundwater total uranium contaminatioﬁ in the area of the
OSDF is not a threat to human health and the environment and engineered flow
barriers are not required for the OSDF.
4. Lysimeters at the FEMP need at least 12 months to equilibrate.
5. The drain tile network is adequately identified for removal during OSDF

construction.
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A.0 HYDRAULIC TESTING

This appendix describes the testing and analysis procedures used to interpret barometric response and
slug tests that were conducted to obtain measurements of hydraulic parameters of the glacial till.
These parameters are important in understanding the fate and transport of contaminants should leaks
occurs in the liner of the On-Site Disposal Facility (OSDF).

A.1 BAROMETRIC RESPONSE
Static water level responds to changes in barometric pressure. No response in water level is
observed, however, if an aquifer is unconfined. The barometric efficiency, E,, is the ratio of change

in well head to the change in barometric pressure when the well is open to atmosphere:

where AH is the change in water level in feet and AP, is change in barometric pressure expressed in
feet of water column. The barometric efficiency is related to the matrix compressibility, c,,,, and the
storage coefficient of the aquifer, S, as follows (van der Kamp and Gale, 1983; McKee, Bumb, and
Hormner, 1990): '

1-E
Cm = ¢c _—~b

_1 - 1pec L
s Yb(c,,,,3 + ¢c,) Yb ¢C"'E'b

where b is the aquifer thickness or tested interval in feet, c, is the compressibility of water (3.33 x
10 psi!), v is the unit weight of water (0.433 psi/ft), and ¢ is the porosity. The geotechnical
investigation for gray till under the OSDF indicate that the porosity is approximately 27.5 percent.
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A.1.1 FIELD DATA

As an example, water levels in monitoring wells 11500, 11501, and 11546 were recorded on a 15
minute interval from June 6, 1995 to July 18, 1995. Water levels were recorded using HERMIT™
data loggers and pressure transducers (manufactured by In-Situ Inc.). Figure A-1

shows the water level changes as a function of time in wells 11500, 11501, and 11546.

Barometric pressure and precipitation were continuously measured using Climatronics instruments as
part of the site-wide meteorologic data collection program. This information is summarized in Table
A-1. Barometric pressures were averaged over 15 minute intervals while precipitation data were
added to providé total precipitation for 15 minute intervals. When automatic Climatronics rain/snow
gauge was suspected of malfunction, precipitation data from a National Weather Service approved
manual gauge installed on-site were used. No on-site meteorologic data were available from June 30,
1995 to July 2, 1995 due to instrument/computer malfunction. To fill-in the barometric pressure data
gap for this time period, hourly barometric pressure data from the Northern Kentucky-Cincinnati
Airport were obtained and corrected for elevation difference of two weather stations. Accuracy of
conversion was checked by comparing converted values with available on-site measurements between
June 25, 1995 and July 8, 1995. Figure A-2 show barometric pressure and the recorded precipitation
at the FEMP.

A.1.2 BAROMETRIC EFFICIENCY ANALYSIS

All three monitoring wells show a declining water level trend (Figure A-1). While wells 11500 and
11501 show response to changes in barometric pressure (Figure A-2), well 11546 does not seem to
respond to changes in barometric pressure or precipitation events. Well 11546 is the shallowest well
among the three wells and is screened across the brown/gray till interface. The lack of barometric
influence is indicative of unconfined aquifer conditions at the Well 11546. The declining trend may
be due to seasonal water level changes énd water levels returning to static condition after water level
rise from installation of the transducer in this well. The slow water level recovery to static conditions
is consistent with approximately 10 cm/sec hydraulic conductivity values obtained from analysis of
slug tests conducted at this well (see Section A.2).

0000a5
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Water level decline until June 10, 1995 for §vells 11500 and 11501 is dominated by a response to
installation of transducers and masks response to changes in barometric pressures. Therefore, data
pfior to June 10, 1995 were not analyzed.

Barometric response of wells 11500 and 11501 were corrected for the general decline in water level.
General water level decline rate was calculated by selecting a time period with approximately equal
barometric pressure at the start and end of the period. The two time periods selected for calculating
average declining rate were from June 20 to July 18, 1995 and from July 2 to July 16, 1995. The
least-squares fit.was used to calculate average declining rates. The average declining rate for well
11500 was 0.0251 ft/day from June 20 to July 18, 1995 and was 0.0230 ft/day for the time period
July 2 to July 16, 1995. The average declining rate for well 11501 was 0.0261 ft/day from June 20
to July 18, 1995 and was 0.0217 ft/day for the time period July 2 to July 16, 1995. Figures A-3 and
A-4 show water level changes after correcting for the average water level decline observed from June
20 to July 18, 1995 and from July 2 to July 16, 1995, respectively.

Tables A-2 and A-3 provides a summary of barometric efficiency analysis and calculation of storage
coefficients for wells 11500 and 11501, respectively. Average barometric efficiencies for wells 11500
and 11501 are 36 percent and 49.5 percent, respectively. There is a minor variation between
barometric efficiencies calculated from data during increasing barometric pressure (decreasing water
level) cycles and during declining barometric pressure cycles. However, impact on the calculated

matrix compressibility and the storage coefficient is insignificant.

Barometric response data indicate that the matrix compressibility is about 10 psi™ for the gray till.
The calculated storage coefficient ranges from 3 x 10° to 7 x 10°. This is within the typical range
for clayey and/or silty soils.

A.2 SLUG TESTS

Rising and falling head tests (slug tests) were attempted on 22 wells installed during the Pre-Design
Investigation activities and wells 1064 and 11067 installed during remedial investigation activities at
the FEMP. Slug tests were completed from May to June 1995. Tests could not be completed in
Well No. 11495 because of insufficient water present in the well casing at the time of testing. Slug

tests were conducted in accordance with the procedures outlined in the Fernald Environmental

Bumb\CRU2\APP-H. TXT\August 12, 1996 3:09pm A-1-6
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‘ Management Project (FEMP) Glacial Till/Vadose Zone Hydraulic Investigation Work Plan (1993).
Water levels were recorded using HERMIT™ data loggers and pressure transducers (manufactured by
In-Situ Inc.). A discussion of methodologies used for analysis is included in Section A.2.1. Section
A.2.2 presents the results of the analysis.

A.2.1 SLUG TEST ANALYSIS PROCEDURE .

Well boring logs and water levels at the time of testing were reviewed to determine if a high
permeability zone was encountered within the screened interval. If a high perrheability zone was
suspected and water levels were above that zone, then testing may have been under confining 10
conditions. Furthermore, barometric response indicates that wells installed in the gray till respond as 11

if they are confined. Data were analyzed by the Ramey et al. method as well as the Bouwer and Rice 12

method to gain confidence in the results. While the Ramey et al. method uses the full data set, the 13

Bouwer and Rice method requires only early time data. Water levels were always above the top of 14
screen/sand pack during the rising and falling head tests in all wells. Therefore, well casing radius 15

‘ did not require any corrections. | 16
17

A2.1.1 Slug Test Analysis Using Ramey et al. Method 18

Ramey et al. (1975) method, which is an extension of the Cooper et al. (1967) method, assumes that 19

aquifer is confined. The following assumptions were used in the analysis of data using this method: 20

o The saturated thickness is defined as the distance between the lower and upper aquitard or 21

lower hydraulic conductivity layers. 22

o The effective screen length is defined as the portion of the sand pack which lies between gi

the lower and upper aquitard. 25

e Clay is considered an aquitard when it lies above or bélow a more permeable material gg

(e.g., sand or silt). 28

29

Test starting time was selected from the raw data to coincide with the time when the slug was 30
completely in or out of the water. Initial head (H,), and static water levels were determined by 31

plotting the data on a semi-log scale. Initial oscillations in the data were not considered for selecting | 32

H,. Slug test data were then analyzed using STEP-MATCH™ software, which uses the Ramey et al. 33

’ method for the analysis (Bumb and Ramesh 1992). 34

Bumb\CRU2\APP-H. TXT\August 12, 1996 3:09pm A-1-11 GO 0{:@4



- 49785

FEMP-OU02-DRAFT
August 12, 1996

The Ramey et al. (1975) method also calculates skin factor based on the input value of the storage
coefficient. Skin factor is a measure of permeability in the immediate vicinity of the wellbore as
compared to permeability of the aquifer. High positive skin factors indicate significant wellbore
damage from the drilling activity, while negative skin factors indicate increased permeability near the

wellbqre.

A.2.1.2 Slug Test Analysis Using Bouwer and Rice Method
The following definitions were used in the analysis of data from tests of unconfined conditions (see
Figure H-5):
e The effective aquifer thickness (H) is defined as the distance between the bottom of the
aquifer and the static water level. ‘

o The effective saturated thickness in the well (L,) is defined as the distance between the
- bottom of the sand pack or the bottom of the aquifer (whichever is higher) and the static
water level.

¢ The effective screen length (L,) is defined as the distance between the bottom of the aquifer
or the bottom of the sand pack (whichever is higher) and the top of the sand pack or the
static water level (whichever is lower).

After determining static water level and starting time for the test, water level data were plotted on
semi-log paper, with elapsed time on the linear scale and height of the water column on the log scale.
The effects of the water level rising in the sand pack in the well is depicted by the "double straight
line" observed when plotting the data with the Bouwer and Rice method. The first straight line has a
greater slope and represents flow of water through the highly permeable sand pack. The second
curve is less steep and more accurately represents the flow of water through the less permeable
aquifer. In all cases, the slope of the second straight line was used in calculating the hydraulic

conductivity of the aquifer.

A.2.2 SLUG TEST RESULTS

Information pertaining to slug tests from well construction and boring logs is summarized in

Table A-4. Lithologic information from boring logs and static water level measurements taken before
the slug tests was used to determine whether the confined or unconfined conditions best represents the

aquifer in the neighborhood of each test well. Table A-4 also presents the effective aquifer thickness.
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Rising and falling head tests were analyzed by the Ramey et al. (1975) and/or the Bouwer and Rice
(1976) method as described in Section A.2.1. Sufficient data were not available to perform Ramey et
al analysis for falling head tests conducted at wells 11493, 11498, and 11546 and for rising head tests
conducted at wells 11497, 11498, 11503, and 11546. No data were available for the rising head tests
at wells 11067, 11548, and 11685. Furthermore, data from slug tests at well 11548 were
unavailable. However, due to the low hydraulic conductivity at this well, recovery of water levels to
static condition after the transducer was placed in the well provided an opportunity to calculate
hydraulic conductivity. Results of slug tesf analysis are presented in Table A-5, and
calculations/graphs are attached. Values of hydraulic conductivity from these two methods were in

agreement with each other.

A representative value of hydraulic conductivity for each well is also provided. When multiple slug
tests are conducted in a well, a geometric average is considered a representative value of the
hydraulic conductivity. The representative values are, therefore, geometric average of all valid
results. The falling head test plot for the well 11067 shows an unexpected and uncharacteristic
decline in water level recovery rate to static water level at about 30 minutes into test. It makes
analysis by the Bouwer and Rice Method difficult. Therefore, results of the Bouwer and Rice method
were not considered valid for the well 11067.

Due to low recovery from the falling head test at well 11497 before the rising head test was
conducted, the rising head test was not considered valid and was ignored while calculating a
representative value for this well. The rising head test data from the well 11502 shows unusual
characteristics that water level remains steady for 10 minutes, then drops slightly, and then start
rising. Therefore, results of the rising head test at well 11502 were not used in calculating

representative value of hydraulic conductivity.
Wells were dividéd into two groups. The first group includes wells screened (and sand packed) only

in the gray till. The second group contains wells with their sand pack installed across the gray and

brown till interface.
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The hydraulic conductivities for wells 11491 and 11502, screened in sand/gravel lenses within the
gray till, were 1.31 x 10® cm/sec and 1.62 x 10° cm/sec, respectively. Hydraulic conductivities for
the remaining wells screened only in the gray till ranged from 1.03 x 10® cm/sec for well 11499 to
4.69 x 10 for well 11505. The average hydraulic conductivity for these wells was 1.95 x 107
cm{sec, and for all wells screened in the gray till was 4.01 x 107 cm/sec. Falling and rising head
tests at the well 11505 show a break in recovery curves at approximately 70 percent recovery and 5
to 9 minutes into tests. This may be reflective of a small isolated vertical cavity near the wellbore, as
indicated in the wellbore log. The calculated hydraulic conductivity of 4.69 x 10 cm/sec at this

well, therefore, is the upper limit for gray till at this location.

Note that the inverse modeling predicted average vertical hydraulic of gray till to be approximately 4
x 107 cm/sec (Section 3.1, PDI REPORT, 1995). Similar values of vertical and horizontal
hydraulic conductivities implies lack of layering, stratification, or preferential orientation of particles

in the gray till; therefore, indicates heterogeneity of the till.

The range of hydraulic conductivity for wells screened across the brown/gray till interface range from
1.02 x 10® cm/sec at well 11547 to 1.89 x 10° cm/sec at well 11496. The high hydraulic
conductivities measured for wells 11494, 11496, and 11681 is consistent with coarse grained soils
observed in this area during field investigation and predicted by the inverse modeling (Section 3.1,
PDI REPORT, 1995). The five orders of magnitude variation in the hydraulic conductivity is
consistent with the heterogeneity of the til and anisotropy of the hydrogeology in the till. The
average hydraulic conductivity for wells screened across the brown/gray till interface was 6.3 x 10¢
cm/sec, approximately one order of magnitude higher than the underlying gray till.

- All slug tests, except falling head test at the well 11693, resulted in negative skin factors indicating
that the hydraulic conductivity is higher in the immediate vicinity of the wellbore than in the
surrounding till. A positive skin factor for the falling head test at well 11693 indicates a potential for,
wellbore damage or that well was underdeveloped. However, the value of the positive skin factor
was small and a small negative skin factor (-0.2) calculated from the rising head test indicate that

wellbore damage or underdevelopment was negligible.
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A.4 Slug Test Graphical Data
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Well 11491 Falling Head Test

STEP (Slug!) Test Automated Type-Curve Match (V1 2)
1‘00 ¢t T v 1 3T1F T r T TT1T7TT T i T11TTTI 1 T T 1T
C N A J
o 00 -
i . = 5. QE-86 :
98 [ = 1.86 in. h
- = 3.13 in. )
[ = 1 QE+Q4 ]
.80 °
i S = 1.750 ft -
! o :
76 [°° 0o h
To .60
~ o -
T - i
o L ]
=~ .50 L ]
—
< B -
a — -
2 X ]
L .40 K
I " -
.30 [ ]
20 L i
3 T = 2.59E-03 sq.cm/s .
10 [ Cpe®So= 5.01E+01 -
C skin B -2.66 .
66 L 1 L I Lllli 1 1.1 1 1 i Lt 1 1 L1 1.1t 1 1 1 i
1.€-02 1.E-01 1.E£+00 1.E+01 1.E+02

- gooosl
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Well 11491 Rising Head Test

STEP (Slug! Test Automated Type-Curve Mateh (V1. 2)

1'60 ‘_ LR L] ¥ ISR T 1 T IITI1] 1 T LR B ERAI
u 35 i
5 = 5.0E-06 ]
98 [ Fo = 1.00 in. b
i r = 3.13 in. ]
i \\kbco - 1. GE+04 ]

.80
: 0 = 1. 990 ft :
- .
78 L ]
N i

o .60
~ - -
E - —
2 se [ b

’_ -
<< -
c = -
(e : .
N .40 ‘
T [ % ]
30 L ]
28 [ 3
- 'T = 2.62E-83 sq.cm/s ]
18 [ Cpe?s = 2.48£+03 b
: skin = -.71 ]
_GG l’-‘ 1 1 llllll; 1 1 {1 3 1811 1 1 L i 113111 I 1 1.1 111t 1 1 lllLll—
1.E-0 1.E-01 1.E+00 1.€+01 1.£+@2 1.E+03
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STEP (Slug) Test Automated Type-Curve Match (V1 2}
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- ° io. ¢
B o $ = 5.QE-86
Qa - o o ! T ° 1.68 in.
R ¢ = 3.13 in.
5 w
- b = PE+Q4
. Cn = 1.BE+0
i = 1.730 ft
.78 L
- .68 |
§° i %
- — o]
- %
2 se [
fu—
= -
o -
= i
S .40
I =
30 L
-
.20 L
- T = 4.44E-04 sq|l.cm/s
4o [ Cpe?s = 7.72€-01
- skin = -4.74
.GG l— 1 1 llllll; 1 L 1 t1ttel L 1 L 11tf L 1 1 1111t 1 11 111t 1 1 1 lllll-l
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Well 11492 Rising Head Test

STEP (Slug) Test Automated Type-Curve Match (V1. 2)

™ T T ¥ < -M T T vV I 11T1T1] T T |11Hu
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L ° o ]

L r -

L _

L CD i

- H@ = 1.708 ft i

- oT = 4 37E-04 sq.cm/q :

- Cpe®S = 7.08E+00 .

i skin = -3.64 N
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E-03 1.£-82 1.E-01 1.£+00 1.E+@1 1.£+02
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! 11493 Rising Head Test

STEP (Slug) Test Automated Type-Curve Match (V1. 2)

1'0@ R o Tt 1 | R EREA i K] Illlllll 1 IERLEL B R
. o o :
A $ = SW™Y06 ]
92 L . = 1.00\. ]
i ¢ = 3.13 in i
w
21 : = 1. 4 :
- l ¢h | GE+0
C H0 = 1.608 ft -
76 L ]
6@ L ]
58 L i
-—o -
42 L 3
.30 L _
26 [ i
k -
B T = 2.16E~-05 sq].cm/s .
1. [ Cpe®® = 3.44E+03 E
: skin = -.54 :
_GG l— 1 1llllll; 1 1 ¢ s 14801 1 1 111111 1 Lt 11 1 £ 1141511 1 111111-l
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QOO0+ L

ELAPSED TIME (min)

1.8+04

'




475

(urw) euyy
‘oL ‘00 ‘OF ‘08 ‘o1 ‘0
T :_:::_:_:_:___:::___ T te'e
J .
O Q00
- OOOOOOOO OOOO
- O
= OOOO
o 00
— OOO .
— R 10
nalli ‘1
|
— 33 6626°@
— UIwW/33 ZT9€E000 0 b, ¢
1_::_:_::::__:_:::_:_:__:_:_::_. 01

18], peol Sullled ¥6+77 ToM4

(3J) WaOpuBI] PIIDALICH

CO0GTR



HEAD RATIO (H/H)

Well 11494 Falling Head Test

STEP (Slug! Test Automated Type-Curve Match (Vi.2)
'00 3 T IR AR R ELR] L T v E1Tl 1 rreitn 1 T (1 (117 1 ] llT‘lI" REREAL

- T~ $ - 5.9E-06 Rk
.qe L-n-— N f.c = "'Gg ,;n' -:

: o f‘w = .13 in, :

L C. = 1| QE+B4 ]
© .80 . ‘

- o Mg = 1.650 ft -
76 L ]
60 I ]
56 [ Z
.40 L x ]

N o\ i

_ o ]

K o ]
30 L o 3
28 L ]

- T = 4.54E-82 sq|.cm/s -
i [ Cpe®® = 3.20€+00 B

- skin = -4.03 No -

o \ o -
. S . . o ]
uU L L P 8 11111t 4 1 t+ titrt 1 1 1 s t4t1 1 L 1.1 4111 1 1 }

1.£-83 1.E-02 1.E-01 1.E+00@ 1. E+01 1.£+02 1.E+63
ELAPSED TIME (min)
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Well

11494 Rising Head Test

STEP (Slug) Test Automated Type-Curve Match (V1.2)

B k] 1 I BRI 1 T 1 T 1T ild K] 1 ¢ ViITH( T T LB R 1§ ¥ 1R RS

- T S = 5.0E-06 ]
98 [ o F_= 1.88 in. h

i r,° 3.13 in. ]

[ Co = 1.QE+04 .
.8 o)
76 L ]
60 | -
58 L _
.40 L &3\ i
.36 L _
20 [ ]

B T = 6.54E-02 sq.cm/9 =
1@ [ Cpe?® = 7.49€+00 b

[ skin = -3.61 ]
N | N
.UU — 1 1 1.t 1111t 1 ] L 13131 L 1 1t 1¢111 i ] {1 1 111 i 1
1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.£+02
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1 11496 Falling Head Test

STEP (Slug) Test Automated Type-Curve Match (V1.2)

473

1 T T THEATL L 1B RRAI | ' T 111 ] T T 11010 ¥ IR BLERL]
- k -
i o o $ - 5.0E-06 ]
- ~, ~ - 4«4 AN - -

~ g = t VO TN,
— \\\\c ‘ -
L N o T = 3.13 in. :
i \\\ ¢y = 1.0E+04 §
N & i
N o ]
C o ‘\% ]
- ° ]
- T = .61 sq.cm/s .
- Cpe?S = 1.05E+01 b
p ki 3 \\J :
- 1 1 Illllli 1 1t 1 t11 1 1 1 t 111 | L1 _v
.E-03 1.£-02 1.E-01 1.E+00 1.E+01 1.£+Q2 1.E+03
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11496 Rising Head Test

STEP (Slugl Test Automated Type-Curve Match (V1. 2]

4735

N L Ufllll.l 1 1R R R Ty it L LR AR REA I} LBLLERRRLII 1] LRI BEA

o -
2 $ = 5.8E-06 i
: \ f‘c = 1.80 in. _:
i \\\ t, = 3.13 in. ]
- \\ LD = {.QE+Q4 A
o H, = 1 800 ft .
5 Jo (%] ]
- .
r -
- T e .46 sq.cm .
- Cpe?s = 4.21E+00 B
i skin = -3.90 ]
3 1 J I | llllli I L4 131111 ] i1 t 1111 L4 ..‘v 1 1 lllLll-

E-083 1.E-02 1.E-01 1.E+00 1. E+01 1.E+02 1.E+83
ELAPSED TIME (min)}
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Well 11497 Falling Head Test

STEP (Slug) Test Automated Type-Curve Match (V1 2]
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- i
L o B
. ]
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R ]
= -~
A ° ]
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: 1 1 lllllli 1 A1 trsras 1 1 4 1111t 1 11 1 111t 1 1 i 1111t 1 1 Llllll-
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HEAD RATIO (H/H)

.89

STEP (Siug!

Test Automated Type-Curve Match

.99

rrTrT T vurd

L LI BLALAS

LB AL

Well 11499 Falling Head Test

(vi. 21

T 1T TTTT

ORI U N WO O T B O §

(o]

.78

LIS BN

.64

U T WO U B O I

.5@

LI I B A R

.40

PORY N0 W TN 0 W B OO

.30

| S T B B B I I N |

.20

[N T D S |

T

8.86E-37
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.10

Coezs
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2.9GE+@1
-2.92

S B S 0 B I A 2
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.
1 L1 118188

i1 Lt 1Ll

L1 L t1rt

1 1. 11111

1 it 11t

i 1 Lt tif

[T O A A |
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Well 11499 Rising Head Test

STEP (Slug) Test Automated Type-Curve Match (V1. .2)
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HEAD RATIO (H/H)
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Well 11500 Falling Head Test

STEP (Slug! Test Automated Type-Curve Match fvi. 21

.02 T 1 o -r ﬂ LRELAL —T1 1 LTV T T T T 1 1111101
N ° = 5.QE-26 ]
98 L ° ¢ * 1.98 in. b
C ° = 3.13 in. ]
o ¢ % 1 OE+04 ]
.80 3,
- HO '-._'; 738 ft ]
78 | ]
L ° 4
- -
.-6 -l -
s | N
.48 [ |
.38 | N
28 | ’
- T = 1.16E-04 sqj.cm/s .
1e [ Cpe?® = 1.182+@2 B
N skin = -2.23 ]
.Gﬁ lt 1 /] llllll.l 1 1t (11118 1 Lt 21111 ] l.l 1 1518 J, Pt 1 0El | Lt it N
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Well 11500 Rising Head Test

STEP (Slug) Test Automated Type-Curve Match {tvi.2)

ELAPSED TIME (min}

'GG T T 1T LTty 3 1] IR LR ARR] | | T el n T T 17170 1 i FPToevld
C * m
_ ° = 5.0E-06 i
98 L . = 1.88 in. b
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i 1 QE+04 ]
ga {_o |
78 L N
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.36 L ]
20 L B
- T = 4.66E-85 sql.cm/s ]
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i skin = -3.36 ]
ok . ]
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Well 11501 Falling Head Test

STEP (Slug) Test Automated Type-Curve Match (V1 2:
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Well 11501 Rising Head Test

STEP (Slug! Test Automated Type-Curve Match (V1. 2)

'0@ ] + T 7T T Vel 1 T VTl ¥ IR B RALLN C 1T 1T VTtGI7
i = 5_@E-86 i
%2 [ £, = 1.88 in. ]
- = 3.13 in. i
w
B = 1 QE+Q4 ]
.83
N 1.820 ft 4
7¢ L i
N ]
.60 i B
o -
- .
58 [ h
.40 [ i
C .
- i
.38 [ 3
i ]
L .
20 | R
- T = 5.67E-065 sql.cm/s .
1o [ Cpe®s = 4.30E+00 b
o skin = ~-3.89 -
n ]
_GG {- ] lllllllL 1 L1 tisaet 1 t 1 11211 1 1t 1l A 1 i tri19 ] I g | N
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Well 11502 Falling Head Test

STEP (Slug) Test Automated Type-Curve Ma:zch (V1.2)

LLERLA] LS RALS ] LR A LU RLALL ] L R IRRAL

M $ = 5.0E-06

’\Q = 1.88 in.

°s T 3.13 in.
CG 1 QE+34

880 ft

™
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H
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o ]
- skin = -2.41 o .
- m -
: | %o ]
§ 1 11 llllli 1 11 18811 1 { 1 11118 1 Lt s L1 2 1 1t 1t \loar‘llllll

.E-@2 1.E-01 1. E+00 1.E+01 1.E+02 1.E+03 1.E+04
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Well 11582 Rising Head Test

STEP (Slug! Test Automated Type-Curve Match (V1.2)

1'08 N S Y r OGO T, MQ‘_:! T VRV I T T VTHH 1 H ll'llll.l
R %Q% $ = 5.0E-06 ¥
90 —._ % f'c = ‘G.Ga H _3
- t, ° 3.13 in. 3
I t~ = 1 BE+Q4 K
.8@a 8] :
- Hg = 880 ft -
76 L \ 3
: A z
To .60 v\
T u o\ §
o X o\ ;
— .56 L o _
[,
< = Q -
foud - -
= X ]
% .40 %
i ) .
38 [ N
.28 [ i
- T = 1.30E-83 sql.cm/s ]
18 [ Cpe®s = 8.85E+85 T
- skin = 2.23 -
- \ ]
e r f- ' e
_UU E 4l 1 lll»llrll - 1 14»11111! i llllllllr 1 1 1 111t1 1 1 11111 Pt i 1.1 115
1.E-@2 1.E-81 1.E+00 1.E£+01 1 .E+@2 1.E+03" 1. E+04 -

ELAPSED TIME (min)}




475

‘000¥ ‘0008

(urw) ewmy

‘6002

‘000t

‘0

IRREBRRRE

IO)\J))

e

Lidtl _____

it _____ RERRARAL _____ Tt

0))\!)

Litrelill

3F T6E'T =
Ujw/33 B80-ATLI9E"9 =

AANENNEE

RN ENEEN

aR
b

}89], PesH Jullled €0GTT II°M

‘oY

(37) ywawadeidelq



HEAD RATIO (H/H)
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11563 Falling Head Test

STEP (Slug) Test Automated Type-Curve Match (V1. 2)

11]‘[1|1|

) LR EA
[}

H LERBLERAL)

1
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T T 1T 1T | 1T 17170
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i L1 11141

1
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L1 1 11811

A1t 1Ll

1

L

R A B |
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1 ) 1 bidt
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600205
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ELAPSED TIME (min)
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HEAD RATIO (H/H)

Well

11504 Falling Head Test

STEP (Slug) Test Automated Type-Curve Match (vi.2)

475

ELAPSED TIME (min)

'GG X L] T t TORET L 1 1I°Illl 1 T ¢ 0 0101¢ T T UEVel 1 L Illlll] 1 T 1T 10131
po o -
i . $ - 5.0c-06 i
.90 :- (o] "c = ]'60 ;n' :
i o ¢ = 3.13 in. i
w
i ¢~ = 1. 4 ]
ge [ U oe -0
- Mg = 2456 ft ]
- o —
70 L ]
6@ L ]
58 L ]
.40 ]
i Xk ]
.30 L A ]
i . i
20 L . ik ]
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1.E+83

GG0209



(31) YUaUEaORIdsL]

000440

1 -

ITT 1 ]
O tLRRILEN I LLALREL [OTTT 1T T -
= E © -

— © -
< |- o —
o o -
¢ - ° -
T — © :
80 ° -
== © =
= £ o ]
— [« © -
N E o o -

-5 o =
ﬂ" :SN o) -
O e _
Yo e
-~ | o« —
— [ uwu -

— s =
et {_ X2 —
r— — —
o 0 ]
= 4

-

0.01

100, 20?. 800.
Time (min)

0.




HEAD RATIO (H/%)

1

.08

.99

.80

.70

.60

.56

.40

.30

.20

.10

~

.6
1.E

Well 11504 Rising Head Test

STEP (Slug! Test Automated Type-Curve Match (V1 2]

475

?i——L.LJ.LLéL Ll LR AL T LELIRBERALR 1 LIRS R ERLI L 1R BLR REL]
! $ = 5.0£-06 ]
- $ = 1.88 in. .

c —
: = 3.13 in. i
Z = 1.0E+04 ]
R = 2. 810 ft -
- '.
o 3
- T = 5.70E-83 sq|.cm/s ]
- 2 1
- Cpe“® = 6.73t+00 .
N skin = -3.66 °\‘: :
L . ]
i i 1 4 1 1141 1 i L inel 1 1 1 11tt 1 4 11112 1 i1 4211t 1 1)
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11505 Falling Head Test

STEP (Slug) Test Automated Type-Curve Match (V1 2]}

4795

3 il ey 1] T 1 V888 |BLLRARL 4 1 l“l'l[ L] RBRIERELL
&. = 5.QE-86 ]
N = 1.8 in. N
i = 3.13 in. ]
- = 1 QE+04 ’
i = 1.600 ft 4
= % -
- o -1
R o ]
i ° ]
- [o] -
- ° —

F
- o -
F T = 1.12E-83 sql.ca’/s ?% ]
- Cpe?® = 2.39E+00 §
- skin = -4.18 i
It 1 JLlllli 1 4 1t 11t1 1 1 1 18011 4 11184 ] 4 1 1 t131 1
-33. 1.£E-02 1.E-01 1.E+80 1.E+01 1.E+0Q2
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AD RATIO (H/H)
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Well

475

11505 Rising Head Test

STEP (Slugl Test Automated Type-Curve Match (V1. 2]

ELAPSED TIME

W IUD6|||||I 1 | LR AR A 1 LR RA] 1 LELIRRARL ] 1) IR AL
- € : 5 QE-06 ]
- t = 1.88 in. -
n | c .
_ ! t = 3.13 in. B
- W% . .
B A'Q_ t"ﬁ = 1 QE+Q4 "
- | ]
- : -
. ° :
- , o i
L ° .
e o —
L o -
- [e) -
= o) -
- ) -
i o R
i o i
- ° -
o
- [a] -
o

N 3 A
- T = 3.79E-84 sqgl.cm/s S T
- Cpe?® = 3.62£-01 -
N skin = -5.12 .
o .

— 1 L1 $11111 1 1t 11118 1 1 1 11211 4t 1 t i1t 1 1t 1 211k 1 1 t+ B 1118
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HEAD RATIO (H/H)
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Well 11547 Falling Head Test

STEP (Slug! Test Automated Type-Curve Match (vi .21

TTTT T VT 79}

L VT Tiil] 1 T (171717

OO0 93
o

woon "

Q .

m -

+ W &

]

b - -
> 2

[ S A O A O A |

rTT T T 17T 17

x

S
]
o
o
®
-

P O A O O O 0 |

L I N B A S B B

YOI VO UE W O U I O |

lllilllll

4 211

T T rTrrrrrtT

CDeZS

T

.
[ SRS

7.89E-87 sq.cm/9
4 .05E+01
skin = -2.77

1 i1 1 111 1 1 1 31111

1 1 1 111t 1 11 11

PR R O VO Y U W |

1.E-01
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HEAD RATIO (H/H)

475

Well 11547 Rising Head Test

STEP (Slug) Test Automated Type-Curve Match tvi. 21

.02

1 LB BLRL! LI ERA 1 LBLRALL!

.99

T
IR AU B RS |

.82

.79

llll'llll

[T TN O W T B W O |

.60

.56

L L B A B B B
'Y U T U O T O |

.42

.30

| A S N D R AN B
PN Y O I OO TS B O

.20

-
1]

9.52£-87 sqj.cm/s
= 9 _92E+01
-2.32

N -
(]
)

.10

1)
=
o]
"

LB SR BLLILE

SN A U |

e .
1%} ! i 1 1 t 1181t 1 11 1132811} 1 1.1 111294 1 11 (11t i 1 1 L1111 1 I

1.E-82 1.E-01 1.E£+00 1.E+01 1.E+82 1.E+03 1.E+Q4
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HEAD RATIO (H/H)

.00
.96
.80
.78
.60
.58
.40
.36

.20

w9}
- &

Well 11548 Response to Transducer

4735

STEP (Slugl Test Automated Type-Curve Matech (V1. 2)

¥ ] 1 II'TTI] T' i T V17 1T1v
i S = 5_QE-06 ]
1 r = 1.88 in. n
e c —
i r = 3.13 in. ]

L 2
i : 1.0E+04 ]
i 241 ft i
L -
- .
[ ]
K ’
X i
[~ -
- -
. _
- T = 8.80E-05 sq.cm/s ]
- Cpe®® = 3.14E403 .
= N
" skin = -.59 :J
i 1 . i llllJi 1 1 L 1 1 114 1 i 1 1.1 & K1 i ) I . | llL_
£+00 1.E+01 1.E+02 1.E+03 1.E+04

ELAPSED TIME
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Well 11681 Falling Head Test

STEP (Slug) Test Automated Type-Curve Match {tvi. 21

1'00 N ¥ 1 =t L L1} T T U311t T T v P 8Tl 1 T 1 T1T00} 1 T I TFHTIT
i $ = 5.9E-06 :
9e | $. = 1.88 in. h
: I'u = 425 in. :
i ¢g = 5536.3 ]
8@ o |o .
- hg = 1.740 ft i
C o i
~ [o
76 L ]
To .68
: - -
2 s [ N
— .
- C i
o - -
(] : :
5 .40
x " .
.36 L \X z
.28 | \ B
- T = 1.80E-82 sqgl.cm/s ]
1o b Cpe?® = 6.86E+81 1
- skin = -2.20 i
Ga : f ] llllll; L 1 1 ti111 1 F 1 31t811 1 t 1 1 111] 1 1. 1.1 011t 1 Lllll-l
1.£-03 1.E-@2 1.E-01 1 .E+00 1.E+01 1.E+02 _ 1.E+03
ELAPSED TIME (min)
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HEAD RATIO (H/H)

Well

11681 Rising Head Test

STEP (Slug) Test Automated Type-Curve Match (V1. 2}

- GO0LE0

ELAPSED TIME (min}

1.£+02

'ge B 1 T T TTTITY T 1 Y 1 11311 T T T 1117 1 LR L ARLE] 1 T VL EET
- (=] -
_ $ = 5. Q9F-06 ]
96 L fc ° 1.88 in. B
: r' = 4.25 in. :
- ¢ = 5536.3 Z
.80 g
.78 L ]
.68 | ]
se [ Qs ]
48 | A ]
N \ ]
.38 [ X\ ]
20 I a ]
- 'T = 2.37€-82 sqj.cm/s o .
" A i
1@ [ Cpe® = 4.80E+03 2 ]
i skin = -.07 ]
_ ]
A~ b . oo® B
_UU 1 [] 1 1 t 1111t 1 t 1 s13iel 1 L1 111t 1 1 1 1181l L 1 1 211t 1 1 11 ti11
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HEAD RATIO (H/H)
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Well

11685 Falling Head Test

STEP {Slug) Test Automated Type-Curve Match (Vi . 2)

T TTT VT

T 1 T Uiviy

5.9E-06

LRI LRI

1.8 in.

[T T W T I T O O

= 4.295 in.
= 58536.3
- = 1 788 ft -
i ! ]
L o -
- [} .
- [a] -
- o) .
N B
- ° =
0
- = 2.81E-83 sq ]
s = 1.51E+61 -
" = -2.95 ]
- -
L i } 1 1111t A L L 1 11t

1.£-82

ELAPSED TIME (min) .

1.E+02
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HEAD RATIO (H/H)

- 475

Well 11687 Falling Head Test

STEP (Slug! Test Automated Type-Curve Match (V1. 2]

'GG -‘YAI =Tt ¢ Y% T g vitirnt R BRI ERAL] T LBLIR B RRL]] T LU BRI
o h\\\\ghh\“ $ = 5.8E-06 )
98 | ‘ N g% 1.08 in. h
L f, = 4.25 in. ]
i ¢y = 55363 :
.8@
R tg = 1.720 ft ﬁ
.70 - ]
68 I ‘
.se [ N
- \ ]
.40 c&
30 L K ]
.20 [ ]
= -
- T = 9.06E-84 sqj.cm/s .
4o [ Cpe?s = 1.13t+02 B
N skin = -1.95% :
_GG lb | 1 llllll; 3 1 1 11111 1 i Ll 1111 7_l 1 £ 11811 L 1 L 1112 OJ 1 llllll-
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B.1 Introduction

This report has been developed to document the calibration and verification efforts for the
KV Flowmeters. The KV Flowmeters are being used at the FEMP to determine the rate and
direction of groundwater flow in groundwater monitoring wells. The calibration and
verification process is defined by manufacturers manuals and guidance.

B.1.1 KV Flowmeter

The KV Flowmeter is a portable self-contained instrument for measuring the direction and
rate of groundwater through permeable soils. The system uses thermal pulses and
thermistors to measure the spread of heat in the monitoring well. The heat spreads more
rapidly downgradient than upgradient, thus producing a measurable variation in temperature
which can be transferred into direction and rate of groundwater flow.

B.1.2 Calibration and Verification
Instrument calibration is necessary to determine if the instrument is measuring accurately and

is functioning within specifications. Instrument verification is necessary to determine if the .

instrument is measuring correctly the data it is designed to measure. For the KV Flowmeter,
instrument calibration has to be considered for the electrical components (battery, LCD,
timer, and ammeter), the probe, and the compass. Instrument verification for the KV
Flowmeter requires measuring the probe against established flow rates and direction.

B.2  Calibration and Verification

The following is a description of the calibration and verification tests that are performed on
the KV Flowmeter to ensure that the instrument measurements are accurate and
representative. The calibration and verification tests are defined in the manufacturers manual
which is included as Attachment I to this report.
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The KV Flowmeter is made up of two major components, the control box and the probe.
The control box contains recharg&ble batteries, an LED display, a timer, and an ammeter.
The probe contains a heater circuit, thermistors, and a2 compass.

B.2.1.1 Electrical Systems Calibration

The electrical system used by the KV Flowmeter is intended to provide 2.0 amps to the
heater in the probe in order to generate the heat pulse. The ammeter is used to determine if
the electrical system is delivering the proper amperes to the probe. Each time the flowmeter
is used to take a measurement the reading on the ammeter is written down to document that
the electrical system is delivering the required current. The timer can be routinely checked
with a watch, ' |

B.2.1.2 Probe Calibration :

The probe contains two parts that require calibration, the compass and the thermistors. The .
compass can be routinely checked for accuracy with another compass. The thermistors in the
probe are calibrated every time the probe is used by rotating the probe 180 degrees and.
repeating the measurement. If a thermistor introduces a bias in a reading by its response to
the heat pulse, the bias will be reversed when the probe is rotated. By using the reversed
readings to determine an average the thermistor bias can be removed.

B.2.2 System Verification

The KV Flowmeter is used to determine the rate and direction of groundwater flow. In
order to ensure that the flowmeter is accurate and representative, the manufacturer has
defined a system verification process that requires testing the flowmeter readings with
fabricated flow directions and rates. -The intent of this verification is to establish the validity
of the flowmeter readings and develop a correlation factor for the meter units.
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. B.2.2.1 Verification Setup

The flowmeter verification process requires a simulated groundwater flow system that can be
used to test the flowmeter. This simulated groundwater flow system is created in a flow
chamber. A detailed description of the verification equipment and process is provided in
section C of the manual in Attachment I. The flow chamber is designed to achieve flows in
a geologic medium representative of the site. These simulated groundwater flows can be
controlled to accurately measured rates. A well screen of the type used at the site is installed
in the flow chamber. A metering pump is used to draw water out of one end of the chamber
and pump it into another, thus creating a gradient in the ﬂow chamber. The verification
system is then set up for verification of the flowmeter r&dings.

B.2.2.2 Verification Procedure _

The verification of the flowmeter readings begins with placing the flowmeter in the prepared
flow chamber. The métering pump is turned on at a specific flow rate and the system is left
to reach equilibrium. Once in equilibrium the flowmeter is used to take a measurement.
The flow direction is determined by plotting the vectors defined by the thermistor output.
Verification of the flow direction is achieved when the flowmeter results match the direction
of flow in the chamber. A =+ uncertainty can be developed for the direction measurements
as a results of multiple measurements in the flow chamber.

The flow rate is measured in meter units by the flowmeter. The meter units are correlated to
the actual flow rate by varying the metering pump flow and plotting it against the meter units
measured with the flowmeter. An example plot is provided in Attachment II. A detailed -
description of this procedure is provided in Attachment I. This plot provides a correlation
between meter units and actual flow through the geoIogic medium and the well screen.
Verification of the actual flow rate in this manor compensates for the borehole effects that
occur when you disturb a geology with a monitoring well. Using the verification plot from
this procedure, flow rates in the field can be estimated as true aquifer flows because the

3
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‘ borehole effects are subtracted from the .ﬂowmem measurements. If the hydraulic

conductivity of the aquifer or the well construction materials vary significantly from those
used to develop the verification plot then an new plot should be generated.

B.3 FEMP Verification Results

The flowmeter verification process was compieted for both of the flowmeters owned by
FERMCO as part of the Pre-Design Investigation for the On-Site Disposal Facility (OSDF).
The verification was performed from April 12 to May 24, 1995 and is documented in a field
log (a copy is provided as Attachment III). The flowmeters were designated to measure flow
directions and rates in twenty four monitoring wells in the footprint where the OSDF is to be
constructed. Before field work is performed the flowmeters had to be calibrated and
verified. The calibration process is routine and can be performed each day before field work
begins. The verification process is more complicated and requiréd laboratory efforts. The
following section describes the verification effort and the results of the verification.

A flow chamber was set up using screen material of the type used in the monitoring wells to
be measured. The chamber was packed with materials consistent with what the monitoring
wells are screened in. Some assumptions had to be made about the geology being monitored
do to its heterogeneity. The monitoring wells are screened in glacial till deposits consisting

- mainly of silt and clay with sand and gravel inélusions. There is no way to put silt and clay
materials in the flow chamber and obtain flow readings because of the hydraulic conductivity
of the material. It was assumed that the flow in the glacial till is predominantly through the
sand and gravel inclusions. Based on that assumption a medium sand was mixed with some
of the silt and clay from the well cuttings to produce a dirty sand medium. This material
was packed into the flow chamber around the well screen section and water was added.

With the flow chamber set up, the metering pump was connected and a flow rate was
established across the flow chamber. The flowmeter was placed in the chamber and initial
4
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‘ readings were taken. The initial readings (taken between 4/12 and 4/13/95) were close to

true flow directions but the flow rate was too low compared to what was expected based on
manufacturers rwohmmdaﬁms. The i)otenhal for preferential flow around the well screen
was a concern, so the flow chamber was repacked, but the results did not improve. After
trying several other times to improve the readings the well screen was removed and the
flowmeter was placed directly into the sand. Measurements without the well screen were at
expected meter units, approximately S times as high as meter units with the well screen, and
the flow direction was highly accurate. As a result of this study it was determined that the
well screens were creating a resistance to flow through the well.

This was an important determination because it documented that the KV Flowmeter was
measuring the flow correctly, even though the flow was less than expected. This effect was
further supported by ASTM Special Technical Publication 963 (Attachment IV), which
documented that wrapped screens of the type used at Fernald have at least a 48% resistance
to flow. The ASTM report also discusses a change in flow direction through monitoring
wells. Realizing that the slowed flow rates measured in the flow chamber were an artifact of
the monitoring well and not the flowmeter, the verification process was restarted.

An iterative series of tests were performed from 4/17 to 4/27/95; repacking the flow
chamber, increasing the flow rate, changing the flowmeter, and adding sand to the chamber
to increase the conductivity in an effort to produce representative conditions in the flow
chamber. Also, flowmeter unit 1 needed to be repaired by the manufacturer. On 4/27/95 the
verification of flowmeter unit 2 was initiated. Tests were conducted at 10 ft/day, 5.4 ft/day,
and 1.8 f/day. The results were plotted and are presented in Attachment II. On 4/28/95 the
screen was removed and the flowmeter was used to measure flow at 1.8 ft/day, 0.45 ft/day,
and 0.3 ft/day. The measurements with the well screen removed were plotted in comparison
to the measurements with the well screen (Attachment II). On 5/3/95 the well screen was
repacked into the flow chamber in preparation for the KV Flowmeter 1 verification. The
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‘ flow chamber needed to be set up similar to the way it was with flowmeter 2, so the iterative 1
measurement process had to be performed again until the chamber was representative. 2
Adjustments were made until 5/17/95 when flowmeter 2 was used to verify that the chamber 3
was representative to the verification measurements made earlier. Flowmeter 1 was placed 4
in the flow chamber on 5/17/95 and its verification test began. Measurements were taken at 5
4.6 ft/day, 2.3 ft/ day, and 1.2 ft/ day, and the data was plotted (Attachment II). 6
7
" The verification process to determine the validity of the flowmeter measurements and the 8
meaning of the flowmeter flow units was difficult. The flow chamber does not produce the 9
exact flow conditions that would be expected in the field, and the chamber was sensitive to 10
outside factors (e.g. preferential flow channels). The resulting plots indicate that the 11
verification process was successful, however, because the relationship of meter units to flow 12
rates was linear, which was expected. The verification process indicated that there were 13
many factors that effect the flow rate through a monitoring well, monitoring well 14
. construction being one of the major factors. The plots used to generate flow rates appear to 15
have a precision of +0.2 ft/day. 16
17
B.4  Field Procedure 18
19
The well access procedures used by Groundwater Monitoring (SOP SC-GWM-F0O-201 20
“Groundwater Sampling Activities”) are used to open the well and decon anything going in 21
and coming out of the monitoring well. The flowmeter operation procedures were learned 22
through manufacturer’s training. The major steps of flowmeter operation are listed below. 23
24
Flow measuring plan: : 25
A flow measuring plan needs to be developed for each monitoring well prior to installation of 26

the flowmeter. This plan can be kept in the field log, does not have to be formal, but should 27
document what depth the screened area is that will be monitored, how many measurements in
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‘- thescreenedamwinbetaken(themanufacuuersuggwseveryonetotwofeet),andwhét

depths below the top of the well the flowmeter will be lowered. The boring log of the
monitoring well should be observed to determine if there are any depths of interest, such as
sand lenses. The plan should have contingencies if measurements at a specified depth find

no flow or vertical flow conditions. Any changes in the field should be documented in the
field log.

Flowmeter installation:

Water elevation measurements should be made a couple of times before anything is put in the
monitoring well to determine the baseline water elevation. The baseline water elevation
should be written in the field log. The flowmeter probe is washed with deionized water prior
to placing it in the monitoring well. Aluminum rods are connected to the probe using the
pop connectors at the ends of the rods. The probe is lowered into the monitoring well using
the aluminum rods to the desired depth. The cable connecting the probe to the control box
can be fixed to the aluminum rods with plastic ties. The aluminum rods come in 5 and 10
foot lengths and the probe is 1.5 feet long, so the depth of the probe can be determined by
how much rod is protruding above the top of the well. The aluminum rod is held in place at
the desired depth using a vise grip clamp. The compass is attached to the top of the
aluminum rod protruding from the well, it should be at least 2 feet above the well casing so
that the steel casing does not interfere with the compass reading. The compass should be
aligned to magnetic north for the first readings. The flowmeter can be twisted in the well
until the compass is aligned with north. Warning: Some monitoring well screens have ribs
that do not allow the probe to rotate inside the screen. If resistance is felt while trying to
rotate the probe, the probe must be lifted out of the screened area before it is turned. Once
the probe is aligned to north and it is at the proper depth the probe cable should be connected
to the control box. The t"lowmeter is then ready to take readings.
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. Flow measurement:

- Water elevation readings should be conducted on a periodic bases (typically 2 to 5 minutes)
and written in the field log with the time of the reading until the same water elevation is
measured three consecutive times. These readings are used to determine when the
monitoring well has come to hydraulic equilibrium. At the same time water elevation
readings are taken the probe readings for each channel should be read and written in the field
log with the time of the reading. The probe channel readings should be taken until they are
consistent (within + 2 units) three consecutive times. These probe channel readings are used
to determine that the monitoring well is in thermal equilibrium.

Once the monitoring well reaches hydraulic and thermal equilibrium, the reading can be
taken. Fill out the groundwater flow worksheet operator, date, time, station, location, and
depth and write the start probe channel readings on the worksheet. Ensure that the batteries
are connected prior to starting the reading. Start the reading by pressing start and write the
start time and reading direction (N or S) in the field log. The reading light should come on
and the ammeter should read approximately 2.0 amps. The ammeter reading should be
written in the field log or on the worksheet. This indicates that the probe is releasing its
thermal pulse. The timer will go off after approximately 3 minutes, at which time the
readings for each of the four channels should be taken and written on the worksheet. The
end reading should be subtracted from the start reading for each channel to obtain the net
thermistor reading.

Once a north and sbuth reading are taken for a specified elevation the flow worksheet can be
completed. Subtractythe south net therrhistor reading from the north net thermistor reading
and divide by two. This process removes any inherent bias in the thermistors of the probe.
The highest channel reading is then used to normalize the channel readings to one. Divide
the highest reading into all four channel readings. The results can be plotted on the circular
graph on the worksheet. The direction of the vectors indicates the direction of flow,

8
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‘ however the vectors should form a circle with the largest vector in the middle. If this

- arrangement is not achieved then uniform flow has not been obtained in the monitoring well.
The test should be redone to confirm the non-uniform flow condition prior to moving on to

the next elevation. Further interpretation of the meter results cannot be defined in a
procedure.

Flowmeter rotation:

Once a north reading is taken the probe should be rotated to south. To do this simply turn
the aluminum rod until the compass arrow lines up with south. If the well screen does not
allow the probe to be turned in the screen it must be lifted out of the screened area and then
turned. Once the probe is rotated the flowmeter reading procedure can be repeated.

Flowmeter extraction and cleaning:
When the probe is removed from the well the aluminum rods and the probe should be w1ped
down with deionized water. The probe should be placed in a container and emersed in

deionized water. The probe fuzzy packer should be rubbed to remove any silt or other
deposits from the monitoring well.
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-- Caution--

Instrument probe contains a resistance heating tip which,

when activated, may reach temperatures exceeding 500° if not
immersed in glass bead packing or water.

Read operating instructions prior to use.
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GENERAL INFORMATION

al

Application

The Groundwater Flowmeter System is a portable self-contained instrument for
- " measuring the direction and rate of very siow flow of groundwater through permeable
soils. mmsmuammfam 3
measurements, most commonly applied to environmental monitoring of groundwater
r plume migration, where battery powered operation is required. The Model 40 L can take
mumnmaquﬁemammmmmﬁspemd
. its submersble probe down 2, 4, or 6 inch inner-diameter plastic screened well casings.
‘ ' Emmmdsmmpm@a@w”m(mamm
L obsm:cuons)lsmemapfpfeparatorysteprequxredfordown-holense

f Initial Inspection

r.

. ‘ The Model 40L Groundwater Flowmeter System consists of the following major
components: .

{ - Reel Box with 250 feet of cable; with probe attached.

- Deck Box control unit with battery pack included.
{ - Calibration Kit: fiow chamber, pump, two graduated cylinders (10cc and
| 50cc), 5 pounds of glass bead material.

[ Note: Unpack each item carefully and inspect for serviceability.

L. Warranty and Return of Goods

Y

The Groundwater Flowmeter instrument is warranted to the original purchaser
against defects in both workmanship and materials under normal use for a period of one
year from date of shipment. Heating tips and bent thermistors are not guaranteed.
System accessories are warranted for a period of 90 days from date of shipment.

' _ if there is need to retumn the instrument to the factory for repair, obtain

_ authorization and packaging instructions from the factory service department in advance.
Ship instrument post paid. Customer will be billed only for non-warranty parts and kabor
L and retum freight costs. /

® o
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GENERAL SPECIFICATIONS - Model 40L

Power:

Rechargers:

Fuse:

Pump:
Heater:

Readout:

Model 40, 12 vdc, 95 mA for general electronics
2.0 A for probe heater circult
(Two sealed rechargeable batteries, 6 v, 6.0 Ah, (12 v total)

Model 40L, 12 vdc, 96 mA for general electronics
(Two sealed rechargeable batteries, 6v, 6 Ah)

18 vdc, for probe heater circuit, 20 A

(Tiwee sealed rechargeable batteries 6v, 6.0 Ah, 18 v)

12 v (120 vac, use with European converter)
18 v (120 vac, use with European converter)

Mode! 40 (1) 5A fuse in 12v supply
Model 30L (1) 1A in 12v supply

120 vac (220 vac European)
14 watts typical
3.5 digit LCD display

Heat Pulse Time: 25 seconds

LED on-time: two minutes 15 seconds

Operating Temperature: - 2-25° C groundwater ambient

Thermistors: 8 at 45° intervals

Dimensions:

Probe diameters: 1.75 inches

Thermistor extension: 1.5 inches

Cord length:  depends on the model -

Thermistor radius: 0.4S inches

Deck box: 13.0 inches X 9.0 inches x 9.75 inches
Reel box: 12.75 inches x 7.75 inches x 16.0 inches

Aluminum rods: 3/4in. xS f.
5/8in.x5ft.
3/4in.x 101t
5/8 in. x 10 ft.
(Pop Connectors)
Materials:
Case: Delrin

GOOZY
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Figure 1. Deck Box Operating Controls and indicators

1

-

9 2 4 8
I
K-V ASSOCIATES, INC. rod mre 1 !
Model 40 GEOFLO™ | +008 asgm m
Groundwaler Flowmater

cnsow .w“O"

-/

1 S

On/oft and external battery charger
switch

Channel display

Measurement cycle and heat pulse.
LED on during reading time and gff at
end of measurement cycle.

Rotary channel selector

Timer reset button

a. Span adjustment

b. Sensitivity potentiometer

Ammeter indicator of meter current

Connector to battery supply

A3

Ta

Push toggle to right to power
Push toggie to left to charge battery.
Differential reading.

Push to start when probe is in place.

Do not disturb probe during
measurement cycle.

Record readings for each position
before and after measurement cycle.

Push to reset buzzer or to interrupt a
measurement cycle in process.

a. 1X = low; 4X = medium; 8X =
hict Hivity.
b. Turn clockwise to increase

Use to confrm heater current flow and
to check battery condition.
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A. Control Box B. Reel Box C. Probe

Note: 1.) Plug in power jack to 18 voit supply.

2.) For laboratory test connect control box cable to reel box.
Disconnect for restart.

3)Donotconnectconu'olboxmbletoreelboxunulprobeandrodsareat
the desired depth down the well.

A-4
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Concept of Groundwater Velocity

The Groundwater Flowmeter measures the velocity v or f

(Darcy velocity) of interstitial water flow through saturated porous media. ¥ a cross

- section is taken, any porous substrate, e.g. sand, has an area of void space (A) and

_ solid space (A,) which make up the total area (A)). The porosity (p) for the cross-
sectional can be defined by p,=A,/A. Ina porous mass of three-dimensional structure,

- the solid is penetrated by flow paths in pore spaces. While the fiow through the individual

i channeis may be quite variable in direction and rate on a microscopic level, the average
linear fiow (V) must equal the volume of water Q transmitted per area. The specific

r gemlow ge (v) divided by the porosity equals Q/A divided by porosity (P). See Figure

Vv = (Q/A)/P =v/P
memmdmm,mmmm.
Inc., Freeze and Cherry; 1979.)

Thus a mathematical expression may be derived between the volumetric
. transmission rate per cross-sectional area and porosity, ussful in calbrating the

™/ Yy MM

flowmeter.

)

= fctual flow
paths in
== pore spaces

\

1

:
=
/)

\

I

Av.erage Vinear
flow path

\Area A

Figure 2. Concept of flow through pore spaces in soil.
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‘ The submersiile probe creates a transient, short duration point source of heat.

The rotary switch selects one of four pairs of opposed thermistors surrounding this
heat source. The relative thermal difference is displayed, the sign (- or +) of the value
indicating which of the two thermistors is reading the higher temperature. With the
heat source in the center of a circle of thermistors, flow of water is in the direction of
temperature rise in any given pair of thermistors. The set of 8 sensors (4 pairs) has
been grouped into two halves. The first group consists of thermistors 1 through 4,
and the second group 6 through 9. The convention of the LCD display is that the
second group's values are always electronically subtracted from those of the first
group. (See figures 3A, 38, and 4.)

For example, i thermistor 1 is hotter than paired thermistor 6, the display will
be a positive value indicating flow (heat) in the direction of 1. Should thermistor 9 be
hotter than 4, then flow is shown by a negative value display indicating flow towards

- thermistor 8. By scanning all thermistor pairs one gains information on the polar

P

component of flow in all directions.

N
{
s'2
s 3
N
———scribe mark
"OQ +! +2 for North
-9 +3
\"Y) E
-8 ‘04\ D
itch selects @)
-7 '0‘5 ;o;l?g swic es‘:.ec
-6 (ve,2/7,3/8...) :
S
Figure. 3a Figure. 3b

For data consistency, the convention is to always orient thermistor #1 in the
magnetic North direction using compass provided.

&2 GoOLEL
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1 the NO FLOW condiion (6. thers Is no water head poleniial), Fig. 43, the

center of the expanding heat ring remains stationary. .All thermistors see the same .

¢ .mmmrerisewm\ﬁmmdmereismmmmopposedpﬁsd
= thermistors.

lnmeFLOWconcﬁﬁon,Fug.m,mecenterdpropagaﬁonisdsmdmﬂ\e
direction of flow, ‘at the flow rate of the water. The propagation rate of the heat wave
- is much faster than the water; its rise and decay short fived also. The effect of evena
very slow flow rate is thus magnified greatly. A quantitative value varying Enearty with
the flow may be acquired after a specific time interval. The optimal ime interval for a
- gwenheeterwtpmandmeﬂnismrmdksisbawduponmhemmmam
_ gbssbeadpad(hgmwﬁai.m.mm\ewheneaehmpaiseesls
temperature peak. - ' ‘

\ | 1

[' DIRECTION

[ ‘ NO FLOW . | FLOW

o oy

maximum heo_i
- thermistor

heat source

Figure 4a. Figure 4b.
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Uniformity of Flow

With steady horizontal flow, the net change in each vector readout represents a
ﬁmwwwmmmmxwmmmmmmmehwnqmmwdaMuwm
dmewsawmmmmmmm Omerdiannelsoﬂ

@~
e

COSINE
e TE ST s

idrm

VECTOR SOLUTION — |

\ oy
o e RV

cemWATER LEVEL ... comm

— W, SATURATED SO

INVADING FLOW

UNSTABLE STABLE

Figure. S

Note: For 3-D probe, positions 5 and 10 are used for vertical flow.

ofslolsandslotwidﬂwaxseme.grw\dwatefﬂow meter to respond differently because
of differences in their resistance to uniform flow.

B-4
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FLOWMETER CALIBRATION

. A 6-inch or 8-inch diameter PVC flow chamber, metered flow pump, 2
graduated cyfinders (10cc &100cc), two 2°, 4°, or 6° fuzzy packers and glass beads
are supplied for calibration and field use of the equipment.

R v SV
v

emidn J

Calibration of the instrument should precede each field study. First obtain a
sample of the major soft type to be encountered or a simiar one. This instrument is
o intended for use with permeable sandy soils. A 'SPAN’ knob allows user to adjust the

slope of instrument’s response fine. Using the calbration kit (a flow chamber etc., see
Fig. 6) the user relates instrument response to preferred units of flow such as
! feet/day or gallons/day.

EQUIPMENT

|

A flow chamber and recirculating water system of low, adjustable fiow rate are
supplied for calbration of the instrument. See figure 6. KVA supplies a 6* or &
diameter chamber for use in simulating groundwater flow through 2, 4* or 6° well
screen (chamber may be used without well screens). _
Thnscompactﬂowdxanbertasremovableendplaﬁasw:hﬁﬁﬁOmgsws
mammeammmwmmmmmm
outlet. The nylon screen is replaceable if necessary. A stone filter has been installed
. in the withdrawal side of the tube (connect this end to pump inlet) and is permanently

attached to a length of 1/4° silicon tubing. This filter protects the metering pump and
should be treated carefully. If you suspect fiter degradation, the PVC elbow fittings
are easily unscrewed and removed for replacement. Thed'tambernsmamwwnha
large arrow to indicate the direction of flow to be applied.

o Bl oun Bilan

ey
4

o

P

The metering pump has three speed ranges with continuously adjusfable flow
rates. The total range is from O to 30 mi/min. Use of this pump generates a steady
state water fiow between inlet and outlet of the fiow chamber. Within each of the
three flow ranges the pump rate can be adjusted by turning the vernier dial on the
pump head. Measure actual drip rate in the 100 or 10 mi graduate cylinder.
Measurement time may be one minute for 5 mi/min or more; two or three minutes for
; ) very low volume rates to achieve accuracy to about 0.1 ml/min. Use stop watch for

timing.
' Use this volume flow rate (Q) to compute flow chamber average velocity
through ' soil matrix, assuming plug flow. Details on the calibration of fiow rate are
found on p.C-6. ' Q

“ V=.lk6%
Vv =linear velocity (ftlda-y) Q= pump{!ou’ in I"“:") 'P= porosity

Note: Before beginning calibration 1. Make sure battery power is connected to unit
L. (plug 9 into battery power jack). 2. Make sure cable is securely connected to
cable box.

Poaen wasy,

e GO0ZE4

o ey
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1Pad<ﬂowd\anberumﬂywiu\represenmww\dasdmm3mhesdmpd
chamber opening.

ZCompletelymmsecumdchanbertOprevernasrnnmmdwatefm
Subsiding sand may leave open arch. (Caution: Use water at temperature of soil.
- Recirculating water with a noticeable temperature difference will create an
: unstable -constantly changing- temperature in chamber.)

- 3.Saturate the yith room temperature wate: (melessnmdarordissdvedmes

i thebetter). Shake chamber or stir with a rod to evenly distribute soi as i is filed.
Let stand to aflow for subsidence, then with firm hand pressure check tops of

r archesdnbetoawxecanpacﬁondsoinmpsdubeends Make sure that
mesandsmowdngmweﬂscreensweﬂpad(edwmpromrhemandno
short-circuit paths exist for the direct water flow between inlet and outiet. :

(See Fig. 6.)
. . h
[j ~ FLOW

well casing

. | probe

glass beoads

[ filter —
' ‘ \ tlow 1ub§
[ . - endcap — filled with
’ , 1 ~ fzz medium sand .

metered flow pump

) Figure 6. Calibration Kit: Flow chamber is packed with sandy soil. Water is circuiated
, through the tube at predetermined flow rates.

®
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4. A well screen influsnces the natural flow of groundwater passing through &t in two
primary ways: & may diminish the rats of flow (resistance) and R may modily
shightly the direction of flow (deflection). Calbration of the probe for down-the-well
use must then incorporate the well screen in the procedure. Obtain a short 10° to
12° length of your well screen which should have a smooth-wafled interior and be
of the same siit width and siit frequency as you will be encountering in your actual
field well installations. Insert this section of well screen in the center port of flow
chamber until it touches the bottom of the chamber. The screen may be instalied
Dy twisting it into the sand and bailing out the interior of the screen as you press it
down (Use a spoon or small trowel.). '

5. memndmmmammmmwm)mwmm.

6. Insert probe into fiaw chamber as shown in Fig. 6. Orient arbitrary pair of sensors in
line with axis of the chamber. To make it easier, orient N-S (1-6) in ine.
Tum instrument ON.
Set SPAN to 4X basic calbration (see page C-11 for further explanation).

7. Allow at least 30 minutes for soil and water to come to thermal equilbrium. The height
of this layer of water should be about 1/4° above the soil in the neck of the
chamber. (For less permeabie soils you may add tube extensions to the inlet and
outiet ebbow fitting to permit higher water levels to be established.

8. Set up the adjustable water recircutation system to pump water out of one end of the
flow chamber and discharge into the ather. A filter is attached to a length of tygon
tube coming from the down-gradient end of the chamber. Connect this tube to
the INLET of the metering pump. (See Fig. 6.) Flow rate can be variable between
0-30 mi/min. Switch to FWD (forward) to commence pumping. Never use REV
(reverse) at the risk of sucking sand into the pump through the non-filtered tube
end.

9. At a known flow rate, a measurement cycle consists of the following steps:

a. Observe readings for each channel. Monitor at one minute intervals unti
a stable display or change of less than 2 units per minute is
observed. Values should be within + /- 010.

b. Record values for the four channels on a Groundwater Flow Worksheet -
- Form 104 in column A. Press START button. The reading (red)
ight will indicate that a measurement cycle is in progress.

(Note: Reading cycle can be aborted by quickly hitting "Reset”)

HHEFR A

-pe
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cwrmubmm(azmm«mmnmun 3D)

mmmu ‘end® column, B.
¢ (-) Press RESET button to

d. Subtract column A ('start’) from column B ('end’). The difference (column C)
represents the component of flow in that sensor direction.

For the next step you should rotate the probe 180° and repeat the procedure: a,b.c,
but recording values in columns D, E, and S, respectively.

Subtract column D from E. The difference (Column S) represents the component of
flow in that sensor direction. (The procedure of 180° rotation corrects for
thermal bias. I any thermistor is too close to the heater, & would give a reading
of being hotter. This is not due to flow but to static position.

For correcting bias, subtract column S from C and enter the result divided by 2 in
column F. Column F is the bias-corrected value for flow. This is used with
calibration curve to give true velocity (v). Take the highest value of the 4 pairs
as the strength of the flow velocity. The channel it comesponds to should be
aligned with the axis of the flow chamber. Using G values piot them on the
polar graph portion of the work shest, paying proper attention to sign
(positive /negative values). The arrows always should be pointing to the
number with the correct sign (+ or -). Radii 1,2,3,4, are assigned positive
values, radii 6,7,8,9, are assigned negative numbers. The direction is solved
geometrically by plotting a fine from the origin through the center of the circle
formed by the vectors. (For details, see p. C-8, Fig. 8, vector resolution.) To
determine flow rate, match the value from column F for the diameter of the
circle, (machine reading value), to the corresponding flow rate on your
calibration curve. (For detail, see calbration curve, p. C-7.)

You may use the HP-41C or TI-58/59 program “4 VADD" (optional) to get a more

precise computation of angle and rate, using vector addition (see vector resoiution,
p.C-8).

000267
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' GROUNDWATER FLOW WORKSHEET

For use with K-V Associates, inc. Groundwater Flowmeters, 4 channel probe

Table of LCO Readout

™ | 1—-=N A8 C Operator: L.XC. DOQ.!M

. .
y Probe """ ! > Station: Time: _3:00 P. Y,
- pair 13 L 1 .

-6~ 6% Soil Conditions: __finnulac
2,711 S as D : © M )
— . 3@" =TI Depth to asurement: u&m&

04/-9]% f’g' rw o ®

ROTATE PROBE 180" AT SAME DEPTH & ...

1-s . ,° U S F o ,/"\\\8 |
o Bk & (T2

—

240
AN — {/
¢ G) zzo 4o Y3)
‘ Use of Table : 200 —*" 160
COLINK G - Divide each resding ie 180g
column F by the largest absolote valwe. @
Drav these ¢ vectors ou the cirele . . R
. chart according to the scale provided Vector Resolution to Determine Direction
{ {1.e. strongest vector = 1.00). 1. Use KVA Yector Additice Program (Thsa/seswacicalculators
N oR
Cosine Test Shows Uniform Flow . 2. Solve graphically ¥ placiag 4 Individual vector
3 segments sequentially head to tail. (See masusl
! Vectar end L0 fox detafiled imstrecticas).
! points will clesely ‘
i it & circle in- ‘ J1 . . .
scribed about the -~ Velocity Determination

) :°?‘“‘ vectat. Refer ta your calibration curve of resdost versus
f o 1:‘:9:;::: :«ur | preferred wmaits of flov (e.g. feet per day).

.. lengths shown at right. _ ?
Direction: _L8? __  velocity: '
r\

LJ Form 104 svailable from your local K-V Associstes, inc. dealer.
. Copyright 1983 K-V ASSOCIATES, INC., Faimosin, Ma 02540 9/82

000468
.‘- c-5
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PREPARATION OF CALIBRATION CURVE

]

- COMPUTE POROSITY or void volume of representative soil.

1; . a. Place 25 mi water in a graduated cylinder. - |

= b. Add dry soil to the water in the cylinder, tap sides to pack to the 25 mi level
; and dislodge air bubbles.

1 ¢. Record water level (V=mi) which is now greater than 25 mi.
J porosity = void fraction = |— v-zS)

. | " 28

: using the formuta:

) . QxK

- lateral velocity (ft/day) = m

. Where Q = pump flow (mi/min)
F‘ K = conversion constant for the 6° fiow chamber = 0.26
: for the 8° fiow chamber = 0.146

[ CONSTRUCT A CALIBRATION CURVE. Observe the instrument responss with at -
least three different flow rates through the flow chamber, covering the range of -
. groundwater flows anticipated (commonty 0-25 feet/day). See Figure 7.
l In order to draw the curve, measurements from at least 3 different flow rates
' are required. - :

) | GGOZES
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values before writing them down.

mummmmmmmmhunhﬂ&ﬂha&wwﬂm#&uﬂm;@nmme
nmﬁgawhmthmﬂﬂunﬁgmﬁmmd&muﬂmﬁam

MODEL 40 (X8 SPAN)

SENSITIVITY 54X
. GEOLOGIC UNIT: MEDIUM SAND

SOk
-
2
o
Q &
«
w
@
@
£ % e
T
w .7 1o
: -
RATE
0 u7T%
LI})
OIRECTION
10 £29°
RATE
g 4. 0%
aed
" 3
(] S o L3

"~ FLOW RATE (ft/day)

Figure 7.

C-7
GGOZ%0

475



28

DIRECTION

Figure 8.

OF FLOW
N - 47 5
e . . 2 ' Ave
W..,..,...&'r.v:" >
LO7% U VECTOR
e S i SOLUTION
300° §0°
- : GEOMETRIC SOLUTION
(BEST FIT CIRCLE)
80°
= E
100°
240G LAY 120°
). .. A :: .3: _0.-‘ r
220° B 140°
= 160°
180°
S
YECTOR RESOLUTION

To solve graphically, plot the various vector lengths from Column F of
the Groundwater Flow Worksheet on polar graph paper.

Starting at the end of the longest vector, in this case channel 7,
draw the vectors head to tail, keeping their respective lengths and
directions the same.

After redrawing the 3 other vectors, a line drawn from the
center through the head of the last vector will intersect the outermost
circle of the paper at a degree reading representing the principal
direction of flow, in this case 39 northeast.

mmmmdm4mwz.ommMm

length along main axis of flow. This is equal to the dlameter of the
circle in the geometic sotution.

c8



| ADJUSTMENTS

) The SPAN switch can be set to accommodate different field flow conditions:

1X: measurements of relatively high flow rate (e.g. greater than 10 feet per day).
> lakeshores, dam bases, near pump tests

4X: measurements of medium flow rate (e.g. 1to 10 feet per day).
monitoring wells

8X: measurements of siow flow rate (e.g. less than 1 foot per day).
o wenshmsoa(satmehy),mwmqmwmmmd

By calibrating on 4X, you are then free to lower sensitivity to 1X (1/4 as sensitive)
orrabentoaxcwneassensmve)aceommﬂeldcondibons.

D

Do not adjust the sensitivity potentiometer.
- This is used by the manufacturer for instrument adjustment of different probes.

. [J' C-9
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- ~ MAINTENANCE

*1 Only simple routine maintenance is required.
‘ » Rinse probe and cable free of sand, dirt and debris after use and prior to repacking into
= case. :

* Inspect probe sensors reguiarly for straightriess. This is important because precision
a] dreadngsismmddosdymuﬂormspachgdm

* Keep batteries charged.

L * Probe is filled with mineral oil for pressure protection. After extensive use, o may have
10 be added to bring up to original volume.

BatteryandH_eaterCiruRcondiﬁon

n Monitoring your ammeter on the instrument panel will indicate the status of battery

- (not reflected on the ammeter). When heater is activated the panel ammeter should read

‘ about 2 amps for proper operation. A higher reading may indicate a malfunction of the
heater tip. Lower reading indicates a need for battery recharge. Recording the

r~ amperage of the heater during measurement aflows a quick notification of the need for

y Battery Charging

R * Recharge only with charger supplied with equipment in which the batteries are to be
[ used. Other chargers may reduce battery fife.

* 12- 20 hrs. is usually sufficient to bring the battery to full charge.
* Recharge as soon as possile after each use.
L‘ * Preferred storage temperature is 70° F or below. The battery should be fully charged

before storing and be recharged at six-month intervals. Higher temperatures
rquired more frequent charging. Storage at temperatures above 100° should be

) avoided
E . * When operating time after a full charge is no longer satisfactory, it is time to replace the

i g

1 - 000273
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their appropriate jacks. (Fig. 11and 12.) To charge the 12v batteriesin
the main power switch must be moved to the CHG (charge) position. The instrument will
not operate in the charge mode, nor charge in the ON mode.

1 There is no switch associated with the 18v charger jack in the deck bax id.

. ' Both 12vand mwwmwmmmuw&?

) Fuse and Battery Access

- ~* Remove four panel screws and Eft up panel (POWER SHOULD BE OFF1)

oo 1 amp AGC tuse is mountad in a fuse block on the right rear of the panel. itcan
_ beushmmwwﬂbwﬂmnnﬁwwd.

f * Battery can be ifted out f necessary.

[ Transporting Instrument and Accessoties

Ihﬂnawmw&naﬂucmpdﬁmnmmwmmﬂwn&ﬁthumm&
Formica instrument cases are not adequate protection against the hazards of cargo
handing. Five heavy batteries are mounted inside the deck box and must be cushioned
against shock.

0
B - |

L‘ | D-2
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SCOPE: For use with the K-V Associates, inc. Model 40 series Groundwater
Flowmetefs.merogmmmesasmm i corrected)ne;td\mgeforead\dm
mmmdammwmmmmm
tars ve cisplaydmeareaas.u
di\dvidualva!uesdeachdmmmmm

1.Uatgm.\eﬂccadmadet.madeardproqammHP41Cedum. the program
Mdmwdemom S

2. For convenience, asﬁmﬂ\epmgtam'WADD'maUSEﬂdefmdkey(e.g. *1/x)
3. To run, press USER defined key. (ThenemfromUSERmoda.)

4.ngramwipronptwahabeeptomfaaad\dtheﬁvavmiwvamshm

. starting with "R1=" (thisisthe 1/6 channel). mmmmmwwm

mammamwwmmm)m. Be sure to enter the
conectpdari!ysimmmm.pmswsmwm.

s.mm‘mmﬂmmdsﬂ'ﬂlsmesed.mepmgmnwimmm
msdBp&'mdsphywmﬁstmwelwﬁy='aMafw4smﬂS,§\ow‘ANG£='.

S.M‘R/S'keytodsplaymeirmid\nlvecmrﬁacﬁomdmmm Labeled
'R1='mrough'n4',theywilappearto2decira!pmes.abanzseoondSapan This
imonnaﬁoniswefdmgraptmgresmsmsrmmdwateerWWkasl'eetFam 104, for
assessing symmetry.

NOTE: Forcorsistemyhdaiarxandﬁrg,useemerm‘smramarandprmd -
graphical results. Esmramsaeﬂvedfrun'usedtr\eerqndwatermwcksheetmye
bssmmmempuwmogam.mwwedsionddamooumutaﬁoﬂs
less important.

Nomalmdmummbngmmarsmatmewmmofwecmraddiﬁorﬁs
dividedbyz.omid\isﬁ\eiefrgmamemunama4pedecuycosmdsvbuted
vecmmosebngest(nidde)vectorisduitylengm(&edagramm

GroundwathFbWWotksl'\eei). This process a credible result
processing does the simpler manual
method.

E-1
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GROUNDWATER FLOW WORKSHEET

For use with K-V Associates, inc. Groundwater Flowmeters, 4 channel probe

Table of LCO Readout

1= A8 C

statlons /000 Time:_2:00 €M,
e / / /v | W:MQ;MQ_ML
flt‘.}%%ﬁ Soil Conditions: _tméd. sand,
2,7k

tors _L-XC.  Date:

’
~as-ap Ptk u ‘Depth to Measurement: & hombel
sar-olvg =SBt . ®" _
°
340 a
ROTATE PROBE 180° AT SAME DEPTH O ‘ =

1-+=S o ¢ S F .
&'
Probe & Q
peir >

h1/7-6] 0 | B.

L Y )
.. ~ a———

*3/-8 M0 1S+ S
arspabyral (o4

Use of Table

COLINE @ - Divide each reading ia
column F by the largest sbsolute value.
Drav these ¢ vectors oo the circle
chart according te the scale provided
({.e. strongest vector = 1.00).

Cosine Test Shows Uniform Flow
71

Vector end = 100
poiats will clesely
fit & circle o~ ‘) 2

scribed about the
loagest vecter.

Values {n colum @
will spproximate vecter
lengths shewm at right.

180 “
©s
Vector-Resoluﬁon to Determine Direction

1. Use KVA Vector Additios Program(THsafssswaccslcunlators

2. Solve graphically by placing 4 fandividual vector
segments sequentfally hesd to tail. (See manual
for datailed imstrections).

Velocity Determination

Refer te your calidbration curve of readout versus
preferced wnits of flow (e.g. feet pet day).

Direction: —_L8% ___  velocity: _3%_

Form 104 avalladle from youwr locst

Copyright 1981 K=V ASSOCIATES, INC., Faimowih. MA 02340

1
K=Y Associates, Inc. dealer.
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. A75

- MONITORING WELLPREPARATION |

water flow in the water zone down to 250 feet

beiow the groundwater surface. Ris usefulto '

pack with pea gravel or coarse sand outside the  ——solid PVC

weil to stabilize flow through the wefl screen.

(Fig 12) The interior of the well casing should

be smooth, with flush fitting joints. R is possbie .
' to verily that well bore is free of obstructions by ] . :
n ‘ lowering a clearance test plug, such as a metal --‘#?3 4 = a— water table

!
;
1 @ The Model 40 probe is used to measure
]
J

cylinder or reamer. This will ensure thatthe OE¥: .
pmpewltravelfreelymanddo«mhewel et o #&E‘
U casn- }? i3~ coarse sand
E Figure 12. %..% " orobe
N ...\ :‘;’::?:
. e
| 2 B |
' 2;;; 555 slitted PVC screen
[-»- FUZZY PACKERS ASSEMBLY =5 Tea
‘ | e SR
‘ For down well use, the Model 40 F 3
probe is fitted with a fuzzy packer
r filled with uniform glass beads.
The mesh screen of the fuzzy
. packer retains the glass beads
E matrix equal or more permeable . '
' than that in which you will be
taking measures (See Fig.13). Fil O
E fuzzy packer just above the
bottom of the upper PVC collar. O
U Fit fuzzy packer to the probe.
_— probe
] Figure 13.
[ i
U
/powinqlcssbecd:

()
Y
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‘ KV FLOWMETER CALIBRATION AND VERIFICATION

Attachment I1

. 000184
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B.0 KV FLOWMETER CALIBRATION  FEMP-OUO2-DRAFT
August 12, 1996

Attachment III | 5

12 GOOLES




For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe

e —

Table of LCO Readout

A 8 ¢

‘:N
b

be /5

potr o" & Q"

*1/-6
°2/-7
*3/-8
*q/-

122155 ) )
wopys
NS S5
id 84s

' : 475
| m.‘wu..w’
‘Statioa: ®/ Time: 7!S3
Location: (168
Soil Conditions:
Depth to Measurement: 13’ Todd

ROTATE PROBE 180° AT SAME DEPTH

o

1S

t S
Q
[

& /.

1
L.
/¢
&

Use of Table

F
N-S
T -

S
d
&

(]

&

A

- 6.5

- (%

7

Divide each reading {a

column € by the largest abdsolute velve.
Drav these ¢ vectors oam the circle

chart sccording to the scale provided
(f.e. stroagest vector = 1.00).

Cosine Yest Shows Uniform Flow 4

Vector end
pofats will clesely
it & circte fa-
sctibed about the
longest vector.
Valveg e colvma @
vill spprexiaute vector

““- o ot dghe,

J1

.@n

340 ¢
9) —
o7

w //{//(((()))\\\\\\\\\\\} £

) 1 ()
) 220 1“0 Q)
S -
200 %0 »o

Vector Resolution to Determine Direction

1. Use KVA Vector Additios Progras (Maafsswrqicsiculators

- 2+ Solve graphicslly by placing 4 tedlvidual vector
segments sequentistly bead to tall. (See msoual

for detailed fastructions).

Velocity Determination

lc'la te your calibraties curve of seadout versss
preferved waits of flow (e.g. feet pet dey).

Oirection: G Vetocity: .‘.&'_éhﬂﬂ

Form 104 availsdie (rom your local K-V Associates, tee. deales. ‘M é{- /0 %SQEBS



*1/-6

°2/-7

*37-85 |14

earolys

ROTATE PROBE 180" AT SAME DEPTH

Location: _// 655
Soil Conditions:

Depth to Measurement:

Oy

340 _ :
O “/-

G ()

1—+S 0O € S ¥ .
S
Probe & 2 .
’::f .\. .eb & !—2§
b-6] 5 |41 ] S
*2/-7LY 23k 43 1
1810 o]
"’9 L{ r{ /94

Use of Table

COLUMN G - Divide each reading ia
coluam € by the largest ebsolute value,
Draw these ¢ vectors os the cirele
chart according to the scale provided
(t.e. strongest vector = 1.00).

Cosine Test Shows Uniform Flow
Vector end A8 100

pefauts will closely (s

f8¢ & ctrcle {o- \ ‘ I

scribed atout the ~

leagest vector, -

Yelues fa colven @ )

vi1l approximute vector

‘”’ 8wt eighe,

Form 104 available from your tocal K-V Associates. lec. dealer.

AN
| 200

Vector Resolution to Determine Direction
1. Use KVA Vector Additios Progras(Trsefsswrqicsliculators

- 2. Solve graphicsily by placing ¢ f{edividual vector
. segments sequentially besd to tail, (See manual
for detailed fastrections).

Velocity ODetermination

Ic.(ct te your calibratics curve of teadout versus
preferred waits of flov (e.g. feet per dey).

/ LI |

Direction: £ Velocity: |

L4

o M




For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe
B - 475

Yable of LCO Readout - - ' " : -
~eN A8 C WM——— m:_‘{ﬁé_é__
‘nu LA Stations 1L LF5~ Time: 230 _
patr &/ &/ -. 2‘2 ,
HS Location:
/-6l - 2%
Skt Soll Conditions:
*2/-710 Wy —
43/-8}-+ ; :; Depth to Measurement: (2O -
+4/-947 jq‘_ ®“
’ 0
340 20
——
ROTATE PROBE 180° AT SAME DEPTH O / “ &)

1—+S o ¢

G
~

'L%/ ST Z ////((())\}\}\\\\\\\\\} "o
el o'°°

Q —
| A 140
Use of Table - 200 160
COUNMN G - Divide each tveading a Py
coluan € by the largest absolute value, @s

Drew these ¢ vectors en the circle .
chart according te the scale provided  Vector Resolution to Determine Direction

(‘o.. strongest
ag vecter = 1.00). 1. Use KVA Vector Additios Prograa(msaiswrackeleulators

i o
Cosine Test Shows Uniform Flow 1. Solve graphically by placieg ¢ individual vector
' ' segments sequentially besd to tail. (See manual

:o:gcat vectex.
alues fe colvmm @ preferted waits of n.. (e.g. feet par dey).

:’“ :’PN!'-&- vacter
- 8! cw it vighe, — . -
‘ | Direction: = __ Velocity: _z_ﬁaéa]

-y
(S TO IS ATy
Fotm 104 avaikabie from your loce! K-V Associstes, lcc. dealer. q[ .

'QC‘O' d. 71
zl-u vill clesely " for detatled fastructions).
t e efrecl L
scribed .:o:t‘:. \ ; T Velocity Oetermination

u(« te yosr calibratiss curve of resdout versss




For use with K-V Associates, Inc. Groundwater Flowmelers, 4 channel probe

——————

4795

Table of LCO Readout - — , .
Opesatorr Br&#&u.& Oate: _j’~//'9‘
—\ | A 8 C — ‘

e Ay -Station: __//6&S . Time: X/ A

"‘l’ : .Q Q’ 5 Locatim: ﬁQ/
2281
Welo b1l Soil Conditions:

. )
.:’ Lo Po 1;07 Depth to Measurement: _ /245 To
23/-8] 0 |27
*4/-9K5 |43 I5¢ ®

ROTATE paoae. 180° AT SAME OEPTH O ° ° 2
1—+S O E S F G . ?
Al NS
e B &)

=

Use of Table

COURNMM G -~ Divide each teading {a
coluan ¢ by the largest ebsolute valwe.
Drav these ¢ vectors on the cirele
chart according to the scale provided
(f.e. strongest vector = 1.00).

Cosine Test Shows Uniform Flow

Vector end 24l w00
4/)\-
s |
‘J

polats will closely
€1t & circle fo-
scribed about the

’ est vector.

Yelues f{a colven @
vill approxtmute vector

““- ' owoot cighe,

Form 104 availadile trom your tocsl K-V -Associates, ice. dealer. 5 8 H Z{l

i

0 2
200

.:.@

=R X
WO\

—
. 180
S

Vector Resolution to Determine Direction
1. Use KVA Vector Additiocs Progras(THafiswrqdcslculators

' ' {vidusl vector
 2e Solve graphically by placing 4 {udl
segments sequentislly bead to tail. (See mssual
for detailed lastructions).

Velocity Determination

Io.la te yowr calibretios curve of vesdouwt verses
preferced waits of flov {e.g. feet per doy).

Velocity: g{

%0

Oirection: ESE
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For use with K-V Associales, Inc. Groundwater Flowmeters, 4 channel probe

Yable of LCO Readout

N A8 c
e
Tobe /v /~
potr o/ &/<

2.2 0mp Location: ___ //CJ?

475

.Omlorﬁw_moatezo_(f'//‘ 149 F
Station: ___FL . Time:. yd¥snd

Soil Conditions:

/

Depth to Measurement: Y

ROTATE PROBE 180° AT SAME DEPTH O ° / j— 4o 2) -

1—+=S 0O € S

Q

kil 7] of 1 o4

it 18 Lok 0T,

Use of Table

180
COURR G - Divide each teading a “os
column € by the largest ebsolute value, @
D;:v these 4 vectors on the circle .
C€hatt according to the scale provided i cmine Direction
(t.ec. strongest vector = '1'.00‘)’. Yector Resolulion to Dete

Cosine Test Shows Uniform Flow

taffrfé’%ﬂr 4—129 | m _ 35 wo

0 2 140 O
o .

1. Use KVYA Vector Addition Progras(Msefsseeadeslculators

Vector ead 24}
polats will closely
fit & circle fn-
scTibed about the
loangest vector.
Values {a colvem @
vill spproximete vector

C = <M w2 eighe,

. Form 104 availadie trom your local K-V Associates, icc. dealer. q{ AL#/

- 2o Solve graphically by placing ¢ 1adividusl vector
segments sequentially besd to tail. (See mssual
for detailed fnstrections).

Velocity Determination

Refer to your calibrstios curve of readout versus
prefercted walts of flov (e.g. feet per doy).

Oirection: LJE- _  velocity: isfm,/ |

000193
o
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For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe

- 4
Table of LCD Readout - ~ re— . .
N A .
‘:& Ly »/x “Station: il : “m:iﬁ——‘
pte f3f o) 2_?4"1” Location: __// €72
e 'fLSJ ) Soit Conditions:
217 ) (
ry BZ: :g Z; Depth to Measurement: 1S Tou
sas-9itrlp |-x @N
°
34— 20
ROTATE PROBE 180° AT SAME DEPTH G / — 4o 2
0O € S ¥ G

(]
g
@
- Q & .
N /. N-S &/.
:’ .c Q L. e— :
2208 { L€

|l f

(st 1

Use of Table

el /////// .

o

D
»

N — 1 (X
0 220 : o)
m\ M

%0
180
COUNMR G - Divide ecach teading is S
columm F by the largest absolute valoe, @
Draw these ¢ vectors on the cirele

chart accordin

¢ to the scale provided

Vector Resolution to Determine Direction
(f.e. strongest vector = 1.00).

Cosine Test Shows Uniform Flow

1. Use XVA Vector Addition Program(Trsafssarqcicsliculators

Vector end E A
poluts will closely
fit a circle fa-
sctibed about the
loagest vector.
Valwes 10 zo''wm @ .
#1111 spproxiuate vector

-9

1 vector -

- 24 Solve graphicslly by placing ¢ {sdividus

s'e;-eu‘u sequeatially bead to tatl. (See wasual
for detailed fastrections).

Velocity ODetermination

lckcr to your calibratiocs carve of resdout versus
preferved waits of flov (e.g. feet per dey). |

-y -

Direcuon:w Velocity: ¢ @ l

Form 104 availadle trom your locel K-V Associates. irc. dealer. /% /77%901{3(&
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For use with K-V Associates, Inc. Groundwater Flowmeters, J chanriel probe

Table of LCD Readout

N A8 ¢
be &

petr N o'? Q"

M X EPY PPN

*21711) Ueghst

*3/-8|7 |+9s]38

+as-9)It bsfl4z

ROTATE PROBE 180° AT SAME DEPTH

:—

———

e
Opqatwjz S‘m%

Station: _[/ 4G/

124 2

Location:

475 |
Date: 4/:15¢

{
Time: _2:42

-

Soil Conditions:

/

Depth to Measurement: _ 2 %0 -

@)

1—+S °

Use of Table
COLUMN G -

[
|

3
280
w

220
@

200

Divide each teading {n

. columm F by the largest absolute vatuve,
Drav these ¢4 vectors on the cirecle

chart according

(t.e. strongest vector = 1.00),

Cosine Test Shows Uniform Flow

to the scale provided

\\\\\\\M)/
- \} 4

N
= Y

— 35 X
140
=
— 160
180

S

®

Vector Resolution to Determine Direction

Vector end
points will closely
it a circle 1a-
seribed sbout the
longest vector.
Yalues {a colum @ \(
#1111 approxime s vector

lt‘s sho-q | cighe,

Form 104 availabie trom your tocal

21

cnl. Use KVA Vector Addition Progras (THsa/sesrqdcslculators
© 2. Solve graphically by placing 4 fadividual vector

segments sequentially bead to tail. (See manual
for detailed fastructions).

Velocity Determination

Ic.fcr to your calibratios curve of resdout versus
preferred units of flow (e.g. feet per doy).

Direction: W VE

K-V Associates, irc. dealer.

Velocity: %‘M <
Moy
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For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe

—
‘ | : i - o> 4 4 5
Table of LCO Readout - ——% ; .
.N A 8 C | Operatorr M oate:_gAL‘Z‘__A
robe g | Slat'ion: 1"/7’ Time: 1> /7
patr :’. geb 4‘. ] _ *—1/
2..¢A..ff : Location: p

-6l g Soil Conditions:

*2/-7 3¥ IR

+3/-8 :,Z?, 48 2 Depth to Measurement: 270

+4/-9 ’ty! 3 ®

o
340
4
ROTATE PROBE 180° AT SAME DEPTH O 20 / —— 4o 2) -
1—+=S 0O € S °F G /

AT A = / / o X
I‘;,ZZ v By ////(((‘))))\\\\\\\\ jc0
Wohced e ' ./ }

QO — 15 CX
G 220 140713)
Use of Table 200 "w‘“
. COURMN G - Divide each reading ia ' ' '”S

colusn F by the largest edsolute valoe, ©
b;:v these ¢ vectors oo the circle
chart according to the scale provided ' ion to Determine Direction
({.e. strongest vector = 1.00). Vector Resolt

1., Use KVA Vector Addition Prograa (THse/sesradcslculators

Cosine Test Shows Uniform Flow - 2. Solve graphically by placing ¢ individual vector

’ Y fally bead to tail. (See msnual
Vector end A 200 segments sequent
pofints will closely for detafled lastrectiocns).
it a circle {a-

scribed about the
longest vector.

' f zeadowt versus
VYalues {n colum @ 4 Refer to your calibration curve o
#4111l approximule vector preferred uvalts of flov (e.g. feet pex day).

L s showa st cighe,
.h Direction: NNE

form 104 availabie from your local K-V Associates, irc. dealer.

Velocity Determination
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For use with K-V Associales, Inc. Groundwater Flowmeters, 4 channel probe

Table of LCO Readout  --

475

N - Omwﬁu———‘u S _M_G‘ ]
AT A Station: _{{49/ Time:_¥:3]
patr v/ &)< A

»25W* Location:
+1/-6
14 14 Soil Condmons
2715 ew |42
+37-815 | Depth to Measurement: __Z_e?
°
340
ROTATE PROBE 180° AT SAME DEPTH O

1—+S

Use of Table

COLUMN G - Divide each reading {a
column F by © by the largest absolute valve.
Draw these ¢ vectors on the circle
chart according to the scale provided
(f.e. strongest vector = 1.00).

Cosine Test Shows Uniform Flow

Vectotr ead
points will closely

fit & civcle {o- ;') 11
scribed about the e/
loagest vector.

Yelues {n colum @
“111 approximace vector

o //’ *

N

o <\ /(({/(V ‘)})l) o

T

O
. 180
©$
Vector Resolution to Determine Direction

“1. Use KVA Vector Additicn Program (T-sefswtracicalculators

- 2. Solve graphically by placing 4 fadividual vector
seguents sequentially bead to tail. (See wmsnual
for detafled fastrections).

160

Velocity Determination

Refer to your calibration curve of readowt versus
preferred uvnits of flov (e.g. feet per doy).

t's showa 1t ~ight,

Direction: _NE Velocity: _+33 ﬁ[éﬂ

Form 104 avaitable from your local

K-V Associates, irc. dealer. {Zé#/gé}@@ﬁqﬁ?




For use witlh

- e e e e W ww® W v e -

channel probe N

-V Associates, Inc. Groundwater Flowmeters, 4

Table of LCO Readout

A 8 C

'N
patr o/ &/&

2770
] 4+

+37-815 13|22
4/

ROTATE PROBE 180° AT SAME DEPTH

e att——

Location: hadl

| 75
Omtwm_ Oatosm_j |
Station: 2498 /72 Time: _9:2I

Soil Conditions:

-
Depth to Measurement: 205

®

1—+S S

Probe
pair .

+1/-6

4y

*2/-7 324
Fa b3
*4/-9h3l-3

Use of Table

ara

el

COLUMN G - Divide esch reading fa
coluan F by the largest ebdsolute value.

O & F G .
%/ﬁ N-S //fe 3°°
gt e sy [l
4 X m 280
493he 2SS ®OW l ////{{I'b

1T P
Y, )

12

Drawv these 4 vectors on the circle

chart according to the scale provided

(f.e. strongest vector = 1.00).

Cosine Test Shows Uniform Flow

Vector end
points will closely
fit & circle {u-
sctibed about the
loagest vector. ’
Values ia colum @ 4
111 approxi.at vector

i'bs ~hov & wighe,

340 °
Q —
o=

\

.

1

i

WS

X
N

N
200

[

.

..

. 180

®©

Vector Resolution to Determine Direction

NP

\)

)

160
S

1. Use KVA Vector Additioe Prograa (Trsa/sseradcslculators -

- 24 Solve graphically by placing 4 fadividual vector
segments sequentislly besd to tafl. (See msnual
for detailed fnstrectiocns).

Velocity Determination

lc.(ct to your calidration curve of resdowt versus
preferred vaits of flov (e.g. feet per day).

Direction: Z&7L ¢£S  Velocity: M.;_ |

form 104 avaitadle ftrom your locsl K-V Associates. irc. dealer.

6. 42/,4062.96 |
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For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe

Table of LCO Readout -~ W , . - 41 7 5
‘N A s o Operators B Swerw _ vate: 3/e3/1¢
reoe :',:. A ” Station: (/€92 Time: _{2:28
y 2.2 **| Location: #)
V6ot frefes Soil Conditions:
*2/-7 437 [roop43 -7
JEyIP R 1O Depth to Measurement: __2D: 0
+4/-9}+23 |10 |- ®
N
°
340 20
ROTATE PROBE 180° AT SAME DEPTH O / 4o 2
1—+S D E S F G, & Q
3
Prode & v/2/ s //_‘. 300 : \ 60
pait L /SE e —_ N
L) 2 & \
/62 [4omlsa st 1 280 / /// \\\\\\\ 8o
22
-7 33 Hroj®3 Anps td @®W ' /{/,‘;Q)\\\\ ‘ EQ®
Sltobaget | [P seol \\\\\\‘ /// e
sar-o) Zleoly| o 2 /
w = | 240 == ' 120
N 7/
M\D‘c&‘@ & ,_—.15 (/
220 140 (&)
@~ ~ =
Use of Table 200 160
COLUMN G - Divide each teading {in 1.cs
column € by the largest absolute valve.

Draw these 4 vectors oo the cirele

chart according to the scale provided
(f.e. strongest vector = 1.00).

Cosine Test Shows Uniform Flow
g1

Vector ead
points will closely
fit a etrcle fo-
scribed about the
tlongest vector.
Values ia colum @

Vector Resolution to Determine Direction

1, Use KVA Vector Addition Prograa (Tise/seraccslculators

" 2. Solve graphically by placing 4 fodividusl vector
segments sequentially bead to tafl. (See manusl
for detafled fnstructions).

Velocity Determination

Refer to your calibratioa curve of teadout versus
preferved units of flow (e.g. feet per day).

741l approximste vecc-"
s showa at oight,

Direction: _ S Velocity: —AZ%Z%]

Foem 104 availadle trom your local

K-V Associates, tcc. deater. 34 f/ﬁf" COUL89
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For use with K-V Associates, Inc. "G{oimdwa_;et Flowmeters, 4 ghannel probe

- 75
Table of LCO Readout - -

,N A8 ¢ ’ | Opemlorf_zl 5*‘:4‘\ 00!03...%&_ | ﬁ

-

& Station: /K2 Time: 9:58
&)/ x
Pt yAS Location: 9\1
.’1,.6 o 119 |-1 2‘3A‘f5 Soil Conditions:
‘2"7 ' /
R0 12¢ . Depth to Measurement: 225
*3/-8i33 ZQ‘_'%
*4/-925 20+ 45

®N
340 2 20
ROTATE PROBE 180° AT SAME DEPTH O 20 / — \
?,

= (1 o
rveaca v B e 1 /////.,9\\\\\\\\\ |
gl B ’,‘: °‘°°®

200 wo

COLIMN G - Divide esch reading 1a : ’”S
column € by the largest adbsolute valove. ' @
Drav these ¢ vectors on the circle

chart according to the scale provided Vector Resolution to Determine Direction
(f.e. strongest vector = 1.00),

1. Use KVA Vector Addition Program (Trsafsescracicalculators

- 24 Solve graphically by placing 4 fod{vidual vector
Vector end 1 ' segments sequentislly bead to tail., (See manual
by Lo0 tions).
polnts will closely ' for detailed fastrec )
‘ I

Cosine Test Shows Uniform Flow

fit & circle ta-
scribed about the
longest vector,
Values ia column @ 4
#A11 approxiaers vector
s showa & ﬂ‘hg.

Velocity .Oetermination

ukcr to your calibratioca curve of readout versus
prefertred units of flov (e.g. feet per day).
| 1

Direction: SSuw/. Velocity: _ 261 Z‘Lji/

GG0200
M availadle from your local K-V Associates, irc. dealer. qs,ﬁ)
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For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe

————

——_—

EX&R

Table of LCD Readout --- : 5
. B T [ opentor Bk oater 426

'3' v/~ - Station: //‘/Z Time: '2.’/4
S Location: gad

*1/-6 Mu I'M

Soil Conditions:

‘217134 lro P

«3r-8lz.-|¢o Depth to Measurement: __"22

+ar-9p5 |-13l4§| ®

]
. 340 20
ROTATE PROBE 180° AT SAME DEPTH O — 2) -
1—+S o € S F G ' 2 \
::::e js o ~:° N-§ //,,-3 300 / \ o0
~ L \\\\
ML Mo - 280 8o
*2L-7¥s |1Lolné ~yo5 ®W ' ////{/lAA“\\\\\\ ‘
13 l6oln 4
+4/-9 23 L-t-93 4@__;

Use of Table

COURMN G - Divide each reading {na
column F by the largest absolute value.
Draw these 4 vectors on the circle
chart according to the scale provided
(f.e. strongest vector = 1.00).

Cosine Test Shows Uniform Flow
71 '

Vector end
points will closely
fit & circle {a-
scribed about the
longest vector.
Values {a column @ 4
+All approximete vector
t s showa at righe,

Form 104 available trom your local K-V Associates, lec. dealer.

:,o

N, 15—/ X
0 2zo 140Y3)
200 oo

®

Vector Resolution to Determine Direction
1. Use KVA Vector Addition Program(Trsefsescracicslculators

- 2, Solve graphically by placing 4 {odividual vector .
segments sequentially besd to tail. (See msnual
for detafled fnstructions). '

)
S

Velocity Determination

. Refer to your calibratioa curve of readout versus
prefecrted waits of flow (e.g. feet per day).

Velocity: _.Lé_#é'z
5g ﬁ—)&é}»@}i ol

Direction: SS €

e v e b
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For use with K-V Associales, Inc. Groundwatei Flowmeters, 4 ghannel probe

Il 475

Table of LCD Readout - — - .
‘N A 8 C ' Omm Date: 4/2'/ £
Probe < v/~ - Station: j‘ﬂ 2 Time: _?:!35
- /‘ 7 | Location: sl ‘

2.

/-6 ety Soil Conditions:
*2/-7 ’
s Depth to Measurement: __22
+3/-8 6 L0 _
+4/-9 ®.
340 20
ROTATE PROBE 180° AT SAME DEPTH D 20 / - 4o 2) - |
1S 0o e S f . 6 D
Probe N-S

ekl ol ,..

G) 2zo — : 1402

Use of Table

200 — 160
. 180
COUMN G - Divide each teading 1a S
coluan F by the largest adsolute valoe, @
Draw these ¢ vectors on the cirele

chart according to the scale provided Vector Resolution to Determine Direction
(f.e. strongest vector = 1,00), 1. Use KVA Vector Additioe mmmlauuu

Cosine Test Shows Uniform Flow - 2 Solve graphically by placing ¢ faodividual vecto:

Y 71 segments sequentislly bead to tail. (See sanua
Vector ead : for detailed fnstructions).

points will closely

fit & circle {n-

scribed about the

longest vector.

Values fa colum @

') b Velocity Determination

Refer to yowr ull&.uoo curve of readowt versus
preferted uaits of flov (e.g. feet per day).

: approximate vector v
‘M ot righe. Direction: __S ., &/, Velocity: Lﬂﬁ&r _l

, UL0<OL
7o

Form 104 avaitadle from your tocst K-V Associates, irc. dealer. C?
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For use with K-V Associates, Inc. Groundwater

——

Flowmeters, 4 channel probe

Table of LCO Readout

‘N A8 C Operatorr BeffS. . W Date: 4/2[2L
Probe A Station: __ /418 Time: _2-09
L < S/

palr Ty QZM Location: ﬁ' y

re) | O |- Soil Conditions: |

27l 19 15 _

+3/-8]7 |27 ko Depth to Measurement: _ 23 -
+47-9410 |22 ®

ROTATE PROBE 180° AT SAME DEPTH

1—+S 0O & S ¥F G:
Probe & Q . ‘}
pate & s/ .:L:§ /é
+1/-6 -4 L5 z@'\ 22
A2 |03

819 bol41| -~
+4/-9112.{43 |31 17

Use of Table

COLUMN G - Divide each teading 1in
coluan F by the largest absolute valoe.
Drav these ¢ vectors on.the circle

chart accordin

¢ to the scale provided

(f.e. strongest vector = 1.00).

Cosine Test Shows Uniform Flow

Vector end 24

points will closely
fit & circle fn-
scribed about the
tloagest vector.
Values {a colum G

#All spproximate vector
t s showa et cfight,

Form 104 availadle trom your focal K-V Associates, lcec. deatler.

@/

2 w (af:)
NN

Gf 220 \_

200

180

®©

Vector Resolution to Determine Direction

o&l. Use KVA Yector Addition Program (Trsa/sesradcelculators

- 2. Solve graphically by placing 4 fudividual vector '
segments sequentially besd to tail. (See manual
for detailed fastructions).

Velocity Oetermination

lekct to your calibration curve of readout versus
preferred wnits of flov (e.g. feet per day).

Direction: &1

R 1
Velocity:

o bl

_
4795

i
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For use with K-V Associates, Inc. Groundwater F

v wWe s VW "— L ]

L] -v-“g

§uheters, 4 channel probe
| ' 4795

Table of LCO Readout -- — - S : * 9
. 8 w«:&t&é&__ Datos..ié#f_‘__
&/ ‘Station: _ /492 Time: _/’32
NETL) . P
W, L?cahonz
elofg|t|r” Soil Conditions:
:Z:g‘i ili '17 Depth to lﬁeasurement: _73,.5’ .
«ar-9|% |22 » @,
0
340 20
s ——

' ROTATE PROBE _.180° AT SAME DEPTH O / .o 2
1—+S D E S F G, B, \\
Probe & 9 N-§ / /3 300 / / 60
e SIS hami [ B / \
/-6 OB 3 22} | 280 //{/ ( \\\\ 80
2070 [odu| & /A w | \ (/I(QQ)\\\\ EQ

8lip |svlgol  -les 260 \\\\\ l///} 1oo
*41-91 157l ps|lsD| - R4 \ 2 /
240 \ , = / 120
3 —7% X
o 220 \ 140 O
Use of Table 200 sl "
COLUMN G - 180

Divide each reading {a
coluan F by the largest absolute value,
Drav these ¢ vectors on the circle
chart according to the scale provided
(1{.e. strongest vector = 1.00).

Vector Resolution to Determine Direction

Cosine Test Shows Uniform Flow
71

Vector end
points will closely
fit a circle fa-
scribed about the
longest vector.
Values ia colum G ¢
vill approximete vector

1. Use KVA Vector Addition Prograa (THss/sssrgccelculators

- 2. Solve graphically by placing ¢ fodividual vector
segments sequentislly bead to tail. (See msaual -
for detailed fnstructions).

Velocity Determination

le.fer to your calibration curve of resdout versus
preferred units of flov (e.g. feet per day).

)

\.s showvn at right.

Direction: L8 vetocity: -2%

Form 104 availadble (rom your tocal

-, 80020q
1%y

K-V Associates, lrc. dealer.
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For use wilh K-V Associales, inc. Groundwater Flowmeters, 4 Cha

s S\ Y Y WISV S S0alm O

nnel probe

——

Table of LCD Readout - -

| .()peramfr.&d!'s“-"%L . Dalo:-_ﬁéﬁ.‘__

475

ROTATE PROBE 180° AT SAME DEPTH

1S 0O € S F G
::?‘ S/ N-S / /f
T Pad ® 7. "‘;‘ 6.

At
-6l ofold”
&7 |H2]-) |
8h3 Koly7 10
ancatd B8 v A VS R 112

Use of Table

COLUMN G -~ Divide each reading {ua
colusn F by the largest ebdsolute valve,
Drav these ¢ vectors ou the circle
chart according to the scale provided
(1.e. strongest vector = 1.00).

Cosine Test Shows Uniform Flow

VYector end 23
points will closely
fit & cirvcle i{n-
sctibed about the
loagest vector.
Yalues {o colum G 4
#3111 approximete vector .

s showm at cight,

Form 104 availadle trom your local K-V Associates, lec. dealer. /O? ﬁ/‘ﬁ@GZGS

A8 C .
A - Station: Lk Time: _3/7
s/2/3 -
Y /5 Location: w
+1/-6 a2 hps -
Sy ¥l Soil Conditions:
*27-71,4 - _ 3
: JAB ! Depth to Measurement: 225
*3/-8{) 138? .
+47-9%,0 181124

Vector Resolution to Determine Direction

1. Use XVA Vector Addition PrograsmiTrsa/sesrqcdcslculators

o 1 vector
- 2+ Solve graphically by placing ¢ {adividua
segments sequentially besd to tafl. (See manusl

for detailed lastructicns).

Velocity Delerminati(_m

Refer to your calidretiem curve of resdout versus

preferted wvanlts of flov (e.g. feet pet day).

Direction: AN u/_

Velocity: _.3_@[@;6

i
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For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel ptobe

- Table of LCO Readout --- [ W— . —
‘N A 8 C : Opem\w;gd&._gv‘iqk__ Oate: .M_
Probe & -Station: _// 4?5 Time: LT 67
e s/»/x
< P P)
pale s/ /% _L._‘A,fs Location: ?‘
"V8he 15311 Soil Conditions:
*2/-7 _
+3/-8 Z:; éi 4£ Depth to Measurement: __ /5.9
' 28
4/91 2210 b ] | @N
°
340 _ 20
ROTATE PROBE 180° AT SAME DEPTH .0 / — “ )
1—-S € S F G /) . \ .

220 140
- 0 \ S
Use of Table : 200 0 160
. |
COUNMN G - Divide each teading {n v . S
coluan F by the largest ebsolute valve. o : @
Draw these ¢ vectors om the circle - - - T T

chart according to the scale provided Vector Resolution to Determine Direction
(f.e. strongest vector = 1.00). 1. Use KVA Vector Additicn Program (Trsafseeracicslculators
o

- 2. Solve graphically by placing ¢ fndividusl vector
s'epeats Nmuclly bead to tail, (See manual
for detailed {nstructions).

Cosine Test Shows Uniform Flow

) Vector end 1 100
polats will closely s

fit a circle {o- ‘) 71
sctibed about the e~/

Velocity Determination
longest vector. : :

> . Refer to your calibratios curve of rveadout versus
Jalves fa colum a preferred waits of flov (e.g. feet per day).
#1111 approximate ve:tor : _
s shown at ri-he,

1
Direction: UUE _ _ Velocity: _,O_QM-Y]

' U= Qg

Form 104 availadle from your locs! K-V Associstes, lec. dealer. _53 F 9" -
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For use with K-V Associates, Inc. Groundwater Flowmeters, 4 cfamlgl probe

475
Operatonm_ MQS.M__.

- Station: //‘/?f Time: /22

Location: #

Table of LCD Readout  --- |

Soil Conditions:

Depth to Measurement: /85

o 0 [ \\<<((’\(("‘"’>)\/\//>>/>>\ ':@
by . J4]  -pel 2 %o: o I

ROTATE PROBE 180° AT SAME DEPTH O 20 / - .o (2) -
1—S P— | 4 /\\
N,
o 220 14-0 O
200

Use of Table

COLUMN G -~ Divide each resading fn 180
coluan F by the largest absolute valove. @
Drav these ¢ vectors on the c{rcle ’
chart according to the scale provided Vector Resolution to Determine Direction

(f.e. strongest vector = 1.00).
1. Use KVA Vector Addition Program (THs/seswradcalculators

S

Cosine Test Shows Uniform Flow - 2+ Solve graphically by placing 4 fndividual vector
Vect ad T , seguents sequentially head to tail. (See msnual
Il et 100 for detailed fnstrections).

fit a circle {a-
scribed about the
longest vector. 3
Values i{n colum G ’
vill spproximete vector

1 s showa at right. '
Direction: NN Y velocity: %

: dU0<0'7
Form 104 availadle from your local K-V Associates, lcc. dealer. ﬁﬁ'/é@ _
: i

points will closely )
th Velocity Determination

Refer to your calidbration curve of readout versus
preferred units of flow (e.g. feet perx day).
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__For use with K-V Associates, lnc. Grouodwater Flowmeters, 4 channel probe

——

Yable of LCO Resdout - [ W= : .
‘»N A : c Operatorr h om:.f'éﬁ;é_j

Probe & Station: /Y Time: %20

Location: ‘ﬁ'l
*1/-6 L 35 4 ‘Z.M

Soil Conditions:

45 | Depth to Measurement: /4.5 -
318k |0
o

N
20

ROTATE PROBE 180° AT SAME ‘oepru 20 / —] 4o oF
1—+S o e S ¥ ¢, *\
Probe S/a/2/ wNs A ." 3°° % N
patir NYAS ~1.2)"?’T

*1/-61>71%1-9 ka / /(/ \\

7hig [52119] o (X

AT & “ \ W

1o\

Use of Table

——t

160

1
COLUMR G - Divide each reoding ia ”S
column F by ¢ by the largest ebsolute valve, @
Drav these ¢ vectors on the circle

chart according to the scale provided

(t Vector Resolution to Determine Direction
s St - 1. .
PrToRpest vector = 1.00) 1, Use KVA Vector Addition Prograa(Trsafsewradcalculators

Cosine Test Shows Uniform Flow - 24 Solve graphically by placiog ¢ fodividual vector -
71 segments sequentially bead to tail., (See masual
Vector end - 100

. led fastrwctions).
points will closely ' for detailed fas
fit a civcle {a- ) a1 . = e:
scribed about the \ ) Veloctty Determination
longest wvector .
- . lc(ct to your calibration curve of readout versus
velses in colum e prefctu‘ units of flov (e.g. feet per day).
1l approximate veetor

s showa a: cighe,

Direction: Ji/  velocity: %

i * - 0208
Form 104 available from your locsl K-V Associates, lcc. dealer. 32
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4 channel probe

[

For use with K-V Associales, inc. Groundwater Flowmeters,

——

Table of LCO Readout

o FTBM_ Met.m__}

& station: 11424 Time: _LB0
i/é < . #\
23),.?5 Location:
il AR c Soil Conditions: ,
.z:: ;:)7 ‘[z 7L Depth to Measurement: ZL
2479 723

S
WA

ROTATE PROBE 180° AT SAME OEPTH

1-+S o € S F c:

Prode /.3 > ’c NS //.i

AT AN A

1/ ’GFL 7 N 25\ 1 280
)18 Y ns @w

, -8%1 47kt 5

*4/- 92\ |i 4n3

Use of Table

COUUMN G - Divide each reading {a
column F by the largest abdsolute valoe,
Drav these 4 vectors on the circle
chart according to the scale provided
(1.e. strongest vector = 1.00).

Vector Resolution to Determine Direction
1. Use KVA Vector Addition Mtummmlcuhm“

Cosine Test Shows Uniform Flow
71

Vector end
points will closely
€1t a circle {o-
sctibed about the
toagest vector.
‘VYalues ia colum G

3 approximste vecfor
s showa et rtighi.

Foem 104 available from your locsl K-V Associates, irc. dealer. [ D ﬁ/?’"

- 2. Solve graphically by placing ¢ todividual vector
segments sequentially bead to tafl, (See manual
for detailed fnstrections).

Velocity Oetermination .

Refer to your calidcratios curve of readout versus

preferred waits of flov (e.g. feet per dey).
] :
oi:ecuon:_x_s___ Velocity: _= |

G00Z09
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Fo: use with K-V Associates, Inc. _Groundwater Flowmelers, - 4 channel ptobe

Table of LCO Readout -

."
.lA“r
-6 T

- Station: ,Mﬁﬂ‘— Time: _9.2D

475
om.,mas_ _:z/z,zzz_]

Location: %\

Soil Conditions:

Depth to Measurement: /ﬁ

*3/-8|19 |

carsl22]7 e o,
ROTATE PROSE 180; AT sme DEPTH / — 1 co 2) -
1-+S o

%

Y

¢

o

=
J
00

2" 7rolv2drz|
8117 {3013

——

4r9)) SLuist

(0 [00 |

4

Use of Table

COLUMN G -~ Divide ecach reading ia
column F by the largest adsolute value,

Draw these ¢ vectors on the circle

chart accotrding to the scale provided
(f.e. strongest vector = 1.00).

Cosine Test Shows Unitorm Flow

Yector end A3
points will closely
fit a circle {n-
scribed about the
tongest vector.
Values in colum @ .
#§11 approximete vector

hs shown at right,

Form 104 availabie trom your focs! K-V Associstes, lec. dealer. 5( f’/ UG&.&O

petr :5 S« ) 2 //
7)#\?‘

i 3., {{\( ,

Vector Resolution to Determine Direction
1. Use KVA Vector Additiou Program (Tsa/seeriica leutlators

S 3 Solve graphically by placing 4 {od{vidual vector
segments sequentislly hesd to tail. (See manual
for detailed lastructiocns).

Velocity Determination

ldct te your calibratios carve of resdowt versus
preferred uvaits of flow (e.g. feet per day).

Direction: 35 velocity: _1_7‘/_#,@2{
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For use with K-V Associates, Inc. $Mwata$mdas. fchannel L‘—E—EQT%—‘TS% ;
Table of LCD Readout : 1"—":*‘-‘-* o iﬁ. s{ ]
“ A S . ald . R

Probe & -Station: Time:

wte /&/8/S$ _ praw

‘M Location:

e +H -7 T Soil Conditions: —

::.; ?ﬁ“‘g‘ Depth to Measurement: _334{ -

+4/-919 bﬁ% '@N

, 340 9 20
ROTATE PROBE 180° AT SAME DEPTH O 20 / e 4o 2)
1—+S O E S F G . e \\
Probe ° &/ IQ N-S %&: 30 60
pair :’ Ny £ H‘T 5. \
J
s17-6|p 2L X4 280 /// \\\\\\ 80
*2L-711T 26_ 473 , ///’LA\\\\\\: | EQ
5] 139 w \ X V]ll/ I
113 tz 69 4 260 \\\\\ N, //// 100
car-ey2134 117 116 \ \ 2~
‘ =] 120
240 ,
\s
Gy 220 14073)

Use of Table
COLUMN G -

Divide each reading {a

coluam F by the largest absolute valoe.
Drav these ¢ vectors on the cirecle
chart according to the scale provided
(f.e. strongest vector = 1.00).

Cosine Test Shows Uniform Flow

Vector end 1 100
a')
a1
\ "/

points will closely
fit a circle fa-
sctibed about the
longest vector.

VYalues {n colum G
#4111 approximate vector
t shown at cight,

Form 104 avaitable from your tocal K-V Associates, lec. dealer.

Vector Resolution to Determine Direction

1. Use KVA Vector Addition Program (Trse/sesradcslculators

tor
- 24 Solve graphically by placing 4 f{ndividual vec
segments sequentially head to tail. (See manual

for detailed fnstrections).

Velocity Determination

Refer to your calfibratiocn curve of readout versus

preferred units of flov (e.g. feet per day).

Direction: _ é _ Velocity: _*2 D# &15

2.9 7# ﬁtﬁﬁ(}gii
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For use with K-V Assodates. inc. Groundwater Flowmeters, 4 channel ptobe

——

o Xl e ?
L4

—

——

Table of LCD Readout

‘N A8 C r_m Dalos.m_.]
&/ /e Station: 1492 Time: 24/
patr o/ &/« | Aoy Location: Py
] TRE AL Soit Conditions:
::: ':37 {( ; Depth to Measurement: __13'5{
+47-9]/ ®

N
R::f; paoaz 180° AT SAME DEPT: c 0/— \\@
w5 / * °° ‘ \\\\\ '
1,j QTIZ‘ ' -f; -w° ///{{/I'LA\\\\\\\\\ .E®
"8, Rs| | '
+ar-9];2 13 n lest |

Use of Table

COLUMN G - Divide each rveading in
coluan F by t by the largest ebsolute valuve,
Drav these 4 vectors on the circle
chart according to the scale provided
(1.e. strongest vector = 1.00).

Cosine Test Shows Uniform Flow

AW\

==&
220 140
o -

Vector Resolution to Determine Direction
1. Use KVA Vector Addition Program(Trsefsesracicslculators

Vector end 11

poiats will closely
fit & civcle fa-
scrided about the
longest vector.
Values ia column @

' approximate vector
s showa at cright,

S 1 $olve graphically by placing ¢ fudividusl vector
segments sequentially besd to tail, (See msnual
for detailed fastrections).

Velocity Determination

Mct to your calibration curve of readout versus
preferred units of flow (e.g. feet per day).

Direction: f

£

Velocity: _29#&,/

form 104 availadle from your local K-V Associates, inc. dealer. ?_5 /3@@\.11,2
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For use with K-V Assoclates, Inc. Groundwater Flowmelers, 4 channel ptobe

I i .’-_:._‘ —j..
IR R -

Table of LCO Readout

QS 5‘“. ’C . Station: __ /492 . Time: 1:'6Q 1
patr s/ &/S o e Location: _ A/ .
LS 11 Soil Conditions: —

:2:.: ,155'- 10 ;:.- Depth to Measurement: _S39

30
+4/- 1;5’ /A

340 20

—
ROTATE .PROBE 180° AT SAME DEPTH O o / — \ w® -

1-+S 0O € §

f ? ' \)

B,

Use of Table

%0
. 180
COURMR G -« Divide each reading ia S
column € by the largest adbsolute velue. @
Draw these 4 vectors on the clirecle

chart sccording to the scale provided
(f.e. strongest vector = 1.00).

Cosine Test Shows Uniform Flow

Q — 7 X
140
0 220‘ '/ o
200

Vector Resolution to Determine Direction
1, Use XVA Vector Additiocn Program(Trsefsewracicslculators
i“l. Solve graphically by placiog ¢ {adividual vector

VYector ead A1
pelnts will closely
. €1t & eircle fa-
setibed about the
loagest vector.
Yalueg {a colum G .
vill spproximete vector
' shrua at righe,

Foem 104 availadle (rom your focel K-V Associates, lcc. desler. 5 S %f/ 7‘

segments sequentially bead to tatl. (See mssaal
for detailed iastrwctions).

Velocity Determination

Refer to your calibeation curve of readost verses
preferred walts of flov (e.g. feet per ‘91).

'

P a
Direction: S Velocity: _%

GOUZ13
i
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For use with K-V Assodales. inc. Groundwater Flowmelers, 4 channel prodbe

@ - opnctarr_Beek G m#ﬁ_j

Prode & v/~ - Station: //” !

pate :" /& . |

‘st Location:

ISk Hﬁl? “ Soil Conditions:

.21.7 ' . o

+3/-8 FZ % 455— Depth to Measurement: ___é’_é_lj"'/

*4/- W3- ' @a

°
300 3 20

ROTATE PROBE 180° AT sme DEPTH &) . “ Y
1—S o

= Li ;// / ((, %)\
Tt 2 “

Use of Table

COUNN G - Divide each reading fa ' ‘“S
column € by the largest adsolute valve, @
Draw these 4 vectors oa the circle

chart according to the scale provided Vector Resolution to Determine Direction
(f.e. strongest vector = 1.00).

1. Use KVA Vector Additica Program(Trsafseecracics lculators

S Solve graphically by placing ¢ fadividual vector
segments sequentislly besd to tail., (See msuual
for detailed fustruectioms).

Velocity Oetermination

Cosine Test Shows Uniform Flow

Vector ead 100
.')
a1
\ =/

petats will closely
fit & circle fo-
sctibed adout the
loagest vector .
: your calibcatise curve of zeadowt v-vgrs
Yalwe. {:> colum @ . Refer to ca : o "
1l appcoximate vector preferred waits of flov (e.g pet doy ‘
- .. em at cight, .

= ‘= —

| oirection: __¢J velocity: _cIL

Yo v
form 104 availadble from your focs! K-V Associstes, tec. dealer. ﬁ/ > s



- o v v—
e W W WeOver YUWE 9V wwew v e ww - vesBTwe, — .

For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe

————

~ Tsble of LCD Readout  -- - F_==‘ : l ] ‘E
N A S ¢ WM M«%L_
.ms. & . Station: Time: &i%__
S/ D s . L.
pote ) y sz ps Location: d m——
Vshepoll | Soil Conditions: /
‘2/-7h0 1Y) 12) Depth to Measurement: 3029
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Use of Table | 200 T T %0
COLIMN G - Divide esch reading ta ' S
column € by the largest adsolute valwe. @
Drav these ¢ vectors on the cirele

chart according to the scale provided

Vector Resolution to Determine Direction
(foe. srreagest vector = 1.00). “l. Use KVA Vector Additiom Progras (Trsafsewracicslculators

Cosine Test Shows Uniform Flow © 2o Solve graphically by placing ¢ {sdividual veeu: : ‘
) 1 segments sequentially besd o tafl., (See manua i
Vector end for detailed fastructions). _

peolnts will closely
fit & clivcle fa-
sctibed about the
loangest vector.
Yalues fa colum @
vill approximate vector

Velocity ODetermination

Refer to your calitcstion curve of veadout versus
preferved wmaits of flov (e.g. feet per doy).

. \ 7 = i
fhe Thews et cighe. IDiroctlon: N Velocity: "% |

000%45
Foem 104 avaitadle (com your tocel K-V Associates, lge. dealer. q‘/ #/ 74
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Toble of LCO Readout - - !———§= Y M’, ﬂ‘

Probe & - Stations _//497 — Time: /042

AL - W

1."\,.\75 . Location:
M ) 4 4 Soil Conditions:
=T /
:;: Z ;5 242 Depth to Measurement: L5
L .
ar9lf 1 li0 o,
) °
. 340 20

ROTATE PROBE 180° AT SAME DEPTH @ 20 / —— “ %)
1-+=S O € S ¥ % O

&
Probe

W:::Qﬁ@; ‘ Ql////////(/?\\\\\\\\\ :

Q 1 ‘%%

Use of Table 200 — w0
COURM G -~ Divide each reading ' S

coluan € by the largest edsolute value, @

Drav these 4 vectors oo the cirele irection

chart according to the scale provided Vector Resolution to Determine Direc

(t.e. stroagest vector = 1.00).

1. Use KVA Vector Additica Program(THsafseeqdcslculators
ot

- 2. Solve graphically by placing ¢4 {adividusl vector

segments sequentially head to tail. (See mssual
for detafled fastructions).

Cosine Test Shows Uniform Flow

Vector end
pelats will closely
it & circle fo-
sctibed about the
loagest vector.

- to your calibcatics carve of readout versss
AL fomroct o P"cf:‘t:: waits of flov (e.g. feet pet doy).
approximate vector | |

Velocity Determination

2 4

Direction: _:Uhf Velocity: -2L

form 104 availadle from youwr tocal K-V Associates, lcc. dealer. 30 ff- 7“
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For use with K-V Assodales. inc. Groundwater Flovwndm. g éﬁannel
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& - Station: // 7” Time: 3:8>"
e /8183 . —
L )
" y \\#l” : Location: A
*1/- A
e Y Soil Conditions:
378> k& ( Depth to Measurement: /€.
sar9 % |2 |-l
ROTATE PROBE 180° AT SAME DEPTH O

1S O € S ¥

/ ¢ / / ‘

| Use of Table

- . %0
COURMN G - Divide each teading {a '°°s
coluan ¢ by the largest absolete valve. @
Drav these ¢ vectors on the clrele : :
chart according to the scale provided Vector Resolution to Determine Direction
(t.e. strongest vector = 1.00).

1. Use KVA Vector Addition Program (M-safssemacicslculators

Cosine Test Shows Uniform Flow * 2. Solve graphicslly by placing 4 tedividual vector

ily besd to tatl, (See maoual
VYector end a1 segments sequentis
zuu will closely / ‘“ for detailed fustructions).
L a cirvel ‘ .
scxibed shoct the \ b Velocity Determination
loagest vector ’
: f tesdout versss
Values fa colusa @ . u(u to your calibestien cutve @ ;
l approximste vector preferred walts of flow (e.g. feet per day). |
th: -howm " right, - :
loirecllonzw Velocity: .28 ,

i ' G027 |
Foem 104 availadle trom your tocel K-V Associates, lee. dealer. bz f'r
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Table of LCD Readout - r—w W on o] -
‘N A0S € ’ Wm_— Oate -ﬂzl.t‘——}
Prode & 'Statbm_léélo — Time: 0. 30 _
patr 3 f’ Q" ‘ o Aﬂ‘[/ '
Z_o"\”“ Location:
\relo|-st Soll Conditions: ,
:;:.: 70 : :; Depth to Measurement: 29 -
«4r99 lsy e 0,
°
: , 340 20
ROTATE PROBE 180° AT SAME DEPTH o ° / — \ s 3
1S O €E S ¥ <] : ’, \\ |
Prede s/ /2/ ws %&' 300 / 60
pair /< 1})’?"? /3 / ) \
2 4 1T -23»;3{ 9l |l e&w ' ////Iui\\\\\\ ,.‘ EQ
1 ) ,
~81 o i3 ] ra | ' 260 \\\\ /// 100
| t4l-9 42 5 ' \ \ 2 ’ /
| - X 120
240 /
o \s —% o
0 zzo 140 &)
Use of Table 200 — " %0
COLIMN G - Divide each reading fn , ' '”S
column ¢ by the largest adsolute value. @
Drav these ¢ vectors on the circle

chart according to the scale provided
(f.e. strongest vector = 1.00).

Cosine Test Shows Uniform Flow

Vector end 21
pelats will clesely .
fi¢ & circle fo-
seribed about the
loagest vector.
Values {2 column @

1 spproximate vector
Y. Z ~m at right,

Vector Resolution to Determine Direction
1. Use KVA Vector Additice Progras(Tr-safsewrqdcslculators
- 2o Solve graphfcally by placing ¢ {adividual vector

L

segments sequentially besd to tail. (See masual
for detailed fastructions).

') o Velocity Determination

Refer to your calibcstien carve of tesdout ve~<u-
preferced waits of flov (e.g. feet per day). .

Direction: E Velocity: A%

.

Fotm 104 available from your tocal K-V Associates, lec. dealer. 67, ff‘/q&@(}gﬁgg
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For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channe! probe

Table of LCD Readout -r—== i
‘.N A8 € Operstorr

teote /&0 /e -Station: __J( D]
- A& ‘Z ZOM Location: m&z
“8iohiz iz Soil Conditions:
.Z: {5. 727‘ % Depth to Measurement: _ 24"
$3/- |
~ar-917 174147 ,@“
| 3e0 ° 2
ROTATE Paoai 13:‘ A; s:ue'oe:ta - @ ,/— \ \e :
S/n/2/ ns //..‘.\ 300 / 7 ) L
22 [*° qes 280 /// \\\ \ s
+20l ] ®W , //{/,LA\\\\\\ N EQ)

As \\\\\\\\“

| N — 1 2
140
. G z?o / o
Use of Table 200

. 180
COLRMN G - Divide esch reading ta S
column F by the largest adsolute valoe, : ' , @
Drav these 4 vectors on the cirele

chart according to the scale provided  Vector Resolution to Determine Direction

(t.e. stroagest vector = 1.00). 1. Use KVA Vecter Additiocs Progras (Trsa/seeerqics leulators
ot

Cosine Test Shows Uniform Flow * ‘2. Solve graghically by placing ¢ fadividual vector

Y E7) segments sequentially besd to tail, (See smanual
Vector eod 100 for d«tailed fastructions).
petlats will closely
€3¢ & ctircle fo-

:' - -
scrfbed about the \ Veloefty Oetermination
loagest vector, ’

te your calibcation curve of teadout ver-ns
Yalues ‘a ~olum @ ) '“‘:::: waits of flow (e.g. feet pet day).

1l spprextnmate vector |
T 7T w et right,

———

Direction: _E.__ Velocity: - 50

-
| !

J00=24c
Focm 104 avaitadle trom your loce! K-V Associstes, lce. dealer. ,28‘7‘ /f/

94
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Fot use with K-V Assodmme. Groundwater Flowmeters, 4 channel probe

- Station: Al

Location: L S0

i Al ‘Soll Conditions:
M th to M ment 3¢’
0 Measure 3
o kw Dep '
A }
B “
ROTATE PROBE 180" AT SAME OEPTH O

1—=+S L+ J S F a.

I\

-
A

N
)

)
=R

)

I

i

4 ———’ . ’
220 140
@ \ 2 Y
Use of Table ' 200 %0
COUNSt G - Divide esch teeding 1a ‘ ‘“s
columm ¢ by the largest absolute valee. @
Drsw these ¢ vectors on the clrele

Soatt accotding to the seale provided  Vector Resolution to Determine Direction
| ¢ DY strongest vector = 1.00), :
1. Use KVA Vecter Addities Progras (Trsyfseevacicalculators

Cosine Test Shows Uniform Flow - 2. Solve graphically by placing 4 Sadividual vector
VYector end n segnents sequentially besé to tafl. (See sssual
potats will clesely N " fot detatled lastrecticns).

5 a circle fo-

sctited about the

st vecter.
Yalues {au colvm @
vill spprextaute vecror
- .8 -wm ot right,

Velocity Oetermination

Sefer to your calibeatisn curve of Teadost vetsss
peferred wmits of flow (e.g. feet pet dey).

Divection: _E. Velocity: _o44 |

form 104 availadle frem your toce! K-V Assecistes, lcc. dealer. 0060<<0

-
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For use with k-v Associstes, Inc. Groundwater Flowmeters, 4 channel

Table of LCO Readot -~ - . M‘
N A !w ST
¢ —

1
Oepth to Measurement: éi:i

Ny

217 shisb b H
el riels
1l

oar-9lt11] 5l 10

'ROTATE PROBE 180° AT SAME DEPTH
1S o ¢ S G
A

F
$
(J
Prode ‘e v/ n-s /s a4

A IR .

.,

-8L9 b1z 13 5
+4/-9{c1 |72 ]+3

Use of Table

COLUMN G - Divide each veading {a
coluan ¢ by the largest adsolute velee,
Drav these ¢ vectors on the cirele
chart according to the scale provided
(f.e. strongest vector = 1.00).

Cosine Test Shows Uniform Flow
. Vector end . 100

pofats will clesely

it a circle fa- ;’) J

scribed about the </

longesz vecter. -

Values {a colvem @

vill approximite vector

2/-7fdl ] 0 41 o

.

O ° .

/

"° ///{/////. :\ o

Vector Resolution to Determine Direction

1. Use KVA Vector Additiocs Program(Msafiserqckselculators

- 2. Solve graphically by pleciog ¢ {adividual vector
s'cpe.ts ’:qultulty beséd to tall, (See mamual

for detatiled .l-su-cum).

Velocity Determination

Refer to your calibeatiss curve of Tesdeut verses
preferred waits of flow (e.g. feet per doy).

- 8t - ., ° g - 1
. - "‘"" ID"MM:—D«.&.;— Velocity: —L\-Lb_._ l

Form 104 availadle from your tocal K-V Associstes. tcc. Gealer. 0C0ZR21
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ROTATE PROBE 180° AT SAME DEPTH

For use with K-V Associstes, tne. Groundwater Flowmelers, ‘mm
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Use of Table
Qe

QOURM @ - Divide cach readisg a
columm ¢ by the largest abselute valwe,
Otav these 4 vectors on the cirele
chart accotding te the scale provided

(f.e. strongest vector = 1.00).

'"m
O\

Vector ead
polats will clesely
{1t & circle fn-
sctibed abouwt the
lengest vecter.
Valueg ie colvm @
vill agproxiaute vector
leag >~ s¢ -w. :t cight,

€orm 104 availadie frem yowr locs! K-V Associates, tce. desler.
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Vector Resolution to Determine Direction
1. Use KVA Vector Addities Pregran (Ma/surqccs leulsators

o

- 2. Solve graphically by placing & tadividual vector
segments sequentislly besd to tail. (See sasual
for detailed lastructions).

Velocity Oetermination

Rafer to your calidestisn curve of resdest verses
prefecred waits of flov (e.g. foet pot day).

| Oicections _E____  Vetocity: ;%#Qs-:/

000zZ22
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For use with K-V Associstes, inc. Groundwater Flowmeters, 4 channel probe
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Table of LCO Readowt - - e :
< .Station: __//50Z Time: /012 "
Prote &
patr ." ‘? {' .

an; Location: ___.P.BJ ‘

Soil Conditions:
. /
Depth to Measurement: __ 245

o N
340 220
o O -
ROTATE PROBE_180° AT SAME OEPTH ° / .. D -
1S o ¢ S F o ” >
| $
Probe » Q . .
o/ %2 s

Q: ont /’: .
/

b B 2

*
220
@ \ 5
200 - %0
COURMR G - Divide each resding 1a 180

columm ¢ by the largest absolute valoe, @s

Draw these 4 vectors oo the circle

chart according to the scale provided  Vector Resolution to Determine Direction
(f.e. strongest vector = 1.00).

“1. Use KVA Vector Addition Progras(Trsefseemacics lculators
Cosine Test Shows Uniform Flow - 24 Solve graphically by placing ¢ {adividual vector
Vector end A segments sequentially besd to tail, (See sanual
polats will clesely for detailed fustructions).
{1t a circle fo-
sceibed about the

loagest vector,
Values 1 ~olum @

Al appro.inate vector
‘; -+ .Y a et wight,

I
Pr -3
[N

o

Velocity Determination

Refer to your calibcation carve of readout vers's
preferved wmits of flow (e.g. feet pot dsy).

Direction: _NY _ Velocity: ,ﬁﬁéé{ qi

€orm 104 availadle (rom your local K-V Associates, lec. dealer. éz ?la‘/ Gﬁﬂaéa

>
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For use with K-V Associstes, ine. Groundwater Flowmeters, 4 channe! probe

' 47
Table of LCO Resdowt - [ & 1, e d
@ - ‘wxm owies 105 |
Prode & '} -station: ___//50Z Time: _Li02
patlr ." .? ," L ‘ .
-6 63lz¢ 2- ‘
- . Soll Conditions:
°2/-7 y
+3/-gl4 %‘ﬁ . Depth to Measurement: 2.0 -
24/ 17}
3 D,
340 20
1
ROTATE PROBE 180° AT SAME OEPTH Q.. . /

1S o & S F

e S 3)S) v ; Y7 %‘§
2{27?23‘;08‘ ':.,' /////((('*))\/)\\\\\\\\\}
bkt b : -
AN -'_.;s .
Z.;‘;::b; et L T o -

Drev these ¢ vectors on the cirele
chart according to the scale provided Vector Resolution to Determine Direction

(f.e. strongest vector = 1.00).
) 1. Use XVA Vector Additics Progras(tHsafseewqccslculators

- . a
Cosine Test Shows Uniform Flow - - 2. Solve graphically by placing ¢ fadividual vector
VYector end =4 . seguents sequentislly besd to tail. (See wasual
polats wiil clesely for detailed fmstructioms).
€1t a eircle fu-
sctibed alout the

loagest -
':::cg :r:‘:; P Refer to your calibestion curve of Teadout verss:

11 approx.mete vector preferted waits of flow (e.g. feet per day).
T osL ot wighe,

Direction: AJW __ velocity: _./_D_,ég@yf

———+00%R4 |
Focm 104 avsiladle (rom your tocsl K-V Auoelqtu. ice. dealer. 3‘ i&f/q’b

') no Velod.ty Determination
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For use with K-V Associates, tnc. Groundwater Flowmeters, 4 channe! probe

Table of LCO Readout - -

¥y

’ . . _.._' “ A ‘ L

"N A s € Opmmaédﬁm Date i[(_!__ :’

Probe &/ | . Station: __ & / . Time: ?-;‘/

A “11564’ Location: ____/(§0™> .

-6 L its0p Soil Conditions:

42/-7 ;

+3/-8 1’;{1};}; " Depth to Measurement: Zj- |-

a/7- 9425 3l ' o,

340 o 20
* 8)

ROTATE PROBE 180 AT SAME OEPTH 20 w®
1"’”8 0O ¢ S ¥ G ’/ \\

4 120
— 1 ‘%
\ o Q
Use of Table 200 — %0
COURMN G - Divide esch reading fa ' "°s
colusn € by the largest absolute valoe. @
Drav these 4 vectors on the circle

chart according to the scale provided Vector Resolution to Determine Direction
(f.¢. strongest vector = 1.00).
: : 1. Use KVA Vector Additice Progras(Trsefsewradcslculators

CMS_MM - 2+ Solve graphically by placing 4 fadividusl vector
v ] k] , segments sequentislly bead to tail., (See samual
ector ead 100

peints will clesely for detailed {mstructiens).
€1t e circle fo-
sceibed about the
longest vector.
Values {a colum @

" n Velocity Determination

Refer to your calibcstion carve of Teadout versss
preferced walts of (low (e.g. feet per doy).

& "
e T - . right, -,
Direction: _ é _ Velocity: P4 ‘/

€orm 104 available trom your focal K-V Associstes, lcc. dester. Sy ?(4/ &GOZE;ZS
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For use with K-V Associates, Inc.

Table of LCO Readout
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Groundwater Flowmeters, 4 channel probo

e -
LAY A - Station: 22 Time: 2:3{
/Y 9.25% 8 | vocation: _2(50Y
'V’Gk’b % f‘{ Soil Conditions:
°2/-7 2 y
*3/-8} Io‘{jﬂo " Depth to Measurement: 15 . 1o
+4/-9] 0 kz

ROTATE PROBE 180°

AT SAME OEPTH

1S O €E S F [
e [3/8)of As //
9 z ‘
b17-6}to L 20]-20 i
‘ﬂ*ﬂﬂtiﬂ; v
r-8lalelod b
I04I~9 12 ;lﬂ.( 3

Use of Table

COLUMR G = Divide ecach readiag ia
column F by the lsrgest absolute valwe.
Drav these 4 vectors on the cirele
chart according to the scale provided
(f.e. strongest vector = 1.00).

Cosine Test Shows Uniform Flow
g1

Vector ead
pelats will closely
it & cirvcle {u-
scribed about the
loagest wvector.
VYalues in colum @

“ approximate vector

*22 M. =t righe,

Form 104 available from your tocal K-V Associates, tec. dealer. S5 W}F«ZG

Vector Resolution to Determine Direction
1. Use KVA Vector Addition Progras(Trsafssewqdcslculators -

- 2 Solu graphically by placing ¢ fadividual vector
segments sequentially besd to tafl. (See manual
for detailed {astruwctions).

Velodty Determination

l‘f‘t te your calibcation curve of readout versun
preferted waits of flov (e.g. feet per doy).

Velocity: _’%

Direction: N




WMM; Lt f

‘-‘N A 8 ¢ | ' |
Probe /:/ -Station: ¢ Time: 240___
; ;

<& .
pale N _
s M?I% Soll Conditions:
*2/-Thr226 3] Zil o
+3/-8l423 *‘("l Depth to Measurement:
«as-shzt|-/}yd o,
340 2 20

ROTATE PROBE 180° AT SAME OEPTH O

° // .
1+S ©o € S ¥ °§ /5 /'\\ |
27-7 frash 2041 o _ 2:

//{/ R leo
o~ a e\

0 z:o bl O
Use of Table 200 — " 100
COLNM G -~ Divide each reading fa "‘s
columm £ by the largest absolute valee, @
Drav these ¢ vectors on the cirele

chart according to the scale provided Vector Resolution to Determine Direction |

(f.e. stroagest vecto .
¢ vector = ;.N) “1. Use KVA Vector Addition Prograa(Msefseunadcslculators
Cosine Test Shows Uniform Flow - 2o Solve graphically by placiog ¢ isdividusl vector

loagest vector. -
Yalues fa colvem @
vill approximute vector

*% - ‘! A SEAY 3 d“" ) ]
‘"‘ h’lroctszJ Velocity: AL Ao

Form 104 availadle frem your tocs! K-V Associstes. lcc. deater. 3‘ é 7 17’

] Tt segments sequentially bead to tail. (See msnual
Vectot ead 100 for detailed fastructions).
a:-u vill clesely ,')
& etrel
scribed stost the NI\ Velocity Determination

Sefer to your calibeation curve of Tesdout versss
preferved wmaits of flow (e.g. feet pet dey).
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Table of adout - - — ‘ ‘:
..' N '-c""“. ¢ ! opecators Begll St msm_]

(NN LA Stations __£/5% Time:__/0:38

- A/ $ Location: #{

VOB lgu by | 2+ Soil Conditions: y

‘:: ;‘Z_ = ;Qz_ ' Depth to Measurement: /7.

L J - 32 74

2479 )7 b He)) ?"

340 20

torare rnose v oe.::' @ . %'\ >
z [ S NN

N — A
40
@ m. -
200

"
Lf)
o,
°
e

¢
S
9
G
G
~x
=
A

Use of Table ‘“" %0
COUNM G - Divide each teading ia S
coluan ¥ by the largest absolute valve. @

Drav these 4 vectors on the circle ' ti
chart sccording to the scale provided Vector Resolution to Determine Direction

(f.e. strongest vector = 1.00). 1. Goe VA Veceor aad — leslators

Cosine Te i %2, sl cally by placiug ¢ fadividuil vector
st St.tows Un.t’f'orm Flow Selve g‘l’“ tlally besd to tafle (See mavsal
Vector ead 100 for detailed fastructions).
REL @
e Civcle 1 3
seribed clout the N Velocity Determination
ongest vector. - your calilcstios curve of resdost ver-ns
Values *a -olum @ ' ptd::::: its of flov (e.g. fect per day).
1 appriximete vector ' > - '
’ PRI t righe, t
= . Direction: LW Velocity: QM

Form 104 available trom your tocsl K-V Associates, lcc. dealer. i g9 /7779(}0232-8
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Table of LCO Readout ‘r_gﬁil"'ﬁs o<t m" Yrvec 9L ]

—eN A 8 C ,
‘vus. & Stations__*/ . Time: '?‘./?
3/2/s o

4

potr Location: __//S¥Z
ek 5ol Soil Conditions: -
217 thial Il Depth to Measurement: L ‘.’l -
43/-8} 20[¢1 |31
«arrzel |44

dalel [ o | / //////I//{?\\\\\\\\\\ \"o

& h
1woYs)
| O ” Ol
Use of Table 200

. 180
COUNM G - Divide esch reading la S
coluam ¢ by the largest absolute valee, @
Drawv these 4 vectors on the cirele

chart according to the scale provided Vector Resolution to Determine Direction
(‘o.o .‘NQ‘QS& ‘CC‘D? - 1.“)0 _

1. Use KVA Vector Additios Program (Trsafseeeracicslculators

Cosine Yest Shows Uniform Flow - 2+ Solve graphically by placing 4 fadividual vector

Vector ead =L 100 for detailed fastructicms).
pelats will clesely "
J1

€1¢ a circle fa- Velocity Determination

scTibed about the ‘ i
e fa et Sefer to your calibeation curve of Teadout versss
preferred waits of flov (e.g. feet pex dsy).

Yalues ia colvm @
vill approximite vector

segments sequentially besd to tail. (See samual

‘? - .87 -w :t cight, Direction: l) Velocity: 2 I

Form 104 availadle from yoer local K-V Associates, lec. desler. 77 /’f / ;OO

LR gt
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TYable of LCO Readout - - F] 'ﬁdi&,.u‘ Oate: M__}
—oN A 8 ¢ - 9.5>
‘.. & -Statioms _L/59E Time: Lo
~ .
- pote. /, s Q’ - , Location: % l
‘ 7,7}"1
*1/-6 20L7 |l Soil Conditions: _
“207be Ly b Depth to Measurement: 14 O
+37-8)14 Last

sar-ahaf i b

340 20
. ’ )
ROTATE PROBE 180° AT SAME DEPTH O / — \ wf®

I

(/s Hf?' ¥ : S \\\\\\\\ .
el | ‘ :'2 ,,

Q /'
0\' : haad O

Use of Table 200 %0 %o
COLIMN G - Divide esch reading in ' S
colummn ¥ by the largest ebdsolute velwe. ' @

Drav these ¢ vectors em the circle
chart according to the scale provided  vVector Resolution to Determine Direction

(‘... .‘““.“ vectoy = ‘.o“). ‘. Use KVA Vector ‘“‘t‘“ m".w‘““u"
» ' o
Cosine Test Shows Uniform Flow _* 2. Solve graphically by placing ¢ tadividusl vector

See sssual
: segments sequentially hesd to tafl. ( ssnal
Vector end AL (o0 for detatled fastructions). -
rl.u will clesely ," :

i1t a circle to- \| I mination
scrited atout the - Velocity Oeter

longest vector. Refer to your calibratiss curve of seadout versss
Yalues fa colvmm @

preferred walts of flovw (e.g. feet pec day).
“1ll approxtmute vector

‘?h s e Direction: S K Velocity: |

300<30

Form 104 svailadle (rom your flocsl K-V Associates, lcc. desler. 33 ﬁ/qlv
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Soil Conditions:
Depth to Measurement: ’ 135

ROTATE PROBE 180° AT SAME OEPTH
1S o ¢ S ¥F

Use of Table

COURM G - Divide each teading {a
coluam £ by the largest absolute vales,
Drav these ¢ vectors on the circle
chart accotrding to the scale provided
(t.e. stroagest vector = 1.00).

Cosine Test Shows Umlotm Flow

Vector end
polats will clesely
3¢ & clircle ta-
scribed abowt the
lengest vector.
Yalues {a colvem @
“ill spproxtmite vector

@

o

N
aw

O “.

//§ /(// / /m A\

©

Vector Resolution to Determine Direction
“l. Use KVA Vector Additice Prograa (THafiverqdcslculators

" s Solve graphically by placing ¢ fedividual vector
. segments sequeatially besd to tafl. (See u.ul
for detailed {astructisns).

Velocity Oetermination

lc!ct te your calibtcation carve of resdout verses
preferved walts of flow (e.g. foet per doy).

S

Direction: (Gt flwucs velocity: N
\ |

3

form 104 availadle from your tocel K-V Associates. irc. deater. 000231




For use with K-V Associates, inc. Groundwater Flowmeters, 4 channe! probe

| 4
fabl; of LCD‘ lh:do:t W{ g—z—:t }

‘";:‘ 77 ) 0ot s::; (i s4? o

|’1l°6 Jll 71D Soil Conditions: _ p '
il Jull a3 Depth to Measurement: 122 [
*37-8h1 It

saroolusksl (.D,. ;

ROTATE PROBE 180° AT SAME DEPTH Y ¥ ’—_\\ D
:.s s °.~ ‘." s ';//}: f%§ \ '
sl el BT //// \\\\ .

| Ezzgl%z Z’Zi‘:z B v (’({ ((((({(2 ¢))))>\/>>> :,® |
ey BH - \\\K\\\\\ — “

. AN\
et

chart according to the scale provided  Vector Resolution to Determine Direction
(f.e. strongest vector = 1.00), 1. Use KVA Vector Additios Program(Triafseiradcslculators
oR

. . _ {vidual vectotr
Cosine Test Shows Uniform Flow © 2o Selve g"““'t{.ﬁ,’:::‘u‘::“u. (See sanaal
Vector ead A 100

pelats will clesely
it & cirvcle {o-
sctibed abtowt the
longest vector.
Yelues fa colvm @
vill approxtimite vector

‘.’*- 3% ~w. <t cight, .0“06“00‘ ‘JMLJ VM." '61- I

for detailed fastructions).

') 7' Velocity Determination

Refer to your calibeation carve of veadout versss
prefested waits of flovw (e.g. feet pex dsy).

form 104 availadle trem your tocal K-V Associstes. lec. dealer. Y. # / 000za2

Y



For use with K-V Associates, Inc. Groundwater Flowmelers, € channe! pr ”

'- =470
w.b_rtu.szmm'.ﬂz:ﬁ-.] |

Toble of LCO Readout  -- -
N A s ¢

w /& -Station __F2__ Time: 2040
petr 9" 3 " 1< 4 ’
1,94,.04 Location: ) 1
uhd Soit Conditions:

il 4!

is], Depth to Measurement:

" |-% }

340 h 20

ROTATE PROBE 180° AT SAME OEPTH
1-+=S 0 € S ¢

«wfd

.

3
&

:*‘:'.'/'s;_s ‘% _, \\\

yez 5 \Z /<<<<\\\(g,)))>>>>>\\ |

t e 2ns \
“ =50
\\ —

l++1rb 221
COURM G - Divide esch veading fa Moy
columm ¢ by the largest adsolute velwe, : @
D::v‘theu ¢ vectors on the circle

CRhatt according o the scale vided Ditection
((o‘p Stroagest vector = 1.003? Yector Resolution 1o Determine

1, Use KVA Vector Additics Pregraa (Tvsafseeawqdcslculators

Cosine Test Shows Uniform Flow ‘-‘z. Solve graphically by placing ¢ ladividual vector
Vector ead = LI segments sequentially besd to tafl. (See mesual
2
!'; L 4]

Use of Table

S

potats will clesely for detailed fastructions).

¢ & cirecl .

scribed atout coe Velocity Determination
eS8t wvectet. :

Yalueg fa cotlvem @
i spproximute vecror

-8l -w st right.

Refer to your calibcation cutve of vesdout versss
preferred wnits of flovw (e.g. feet per doy).

himtm;_yuj Velocity: .0 . |

€orm 104 availadle trem your loca! K-V Associates, lce. deater. 2 A ﬁ/ 7" U0033
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For use with K-V Associales, lac. Groundwater Flowmeters, 4 channel ptobe7 -
4

Table of LCD Readout ot WL tes :f_ /S-2£
o~ 7:23
) - Station: af = . Time: - —
)2/ ‘ |
-6l e 15 Soil Conditions: "
i !

*2r ‘ . To

27 - Depth to Measurement: (S

*3/-8 Db}

+4/- M 4 | ?

S

ROTATE PROBE 180° AT SAME OEPTH @ 420 /
1-*=S o ¢ S F G ‘

:::*/"-5/ °°° 2 \\\\
el willle \\\\\ \\\\\\\\\‘

i ‘\ _

&
SGANS S
R &
Use of Table 200 gl %0
COURM G - Divide esch reading o _ S
column € by n € by the largest sbsolute valoe, @
Draw these 4 vectors ou the cirele
chatrt according to the scale provided Vector Resolution to Determine Direction
({.e. strongest vector = 1.00). 1. Usc KVA Vector Additics mn.wmllahuu
o tor
Cosine Test Shows Uniform Flow - 2. Solve graphically by placiog ¢ tadividual vec

ts sequentis tislly head to taile (See manual

segmen
Vector end for detatled fastrections).

petats will closely
fie & circle fo- ‘
scribed about the

loagest vectlot. u(u te yost caliteation cutve of teadout versus
Values ia colvm @

preferved wnits of flov (a.g. feet 0eF dey).
1n .”roxl-u veetor 3‘ -
R~ X 3 e | C. -
~ o * Direction: I Vetocity:

Velocity Detecmination

l
U003
o

Form 104 available from your 1ocat K-V Associates, lec. deater. (7..(
M .
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