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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. 
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1.0 INTRODUCTION 

1.1 Purpose 

1 

2 

3 

4 

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

Flow Meter Readings: Determine the flow direction of the perched 
groundwater. 

Tile Probes: 

Groundwater and Soil 
Sampling: 

Lysimeter Sampling : 

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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1.2 Report Organization 

The results of the Addendum to the Predesign Investigation are presented in Section 

2.0 and 3.0 of this report. 

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

0 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 TilYVadose Zone Hydraulic 

Investigation Work Plan (1993). Water levels were recorded using HERMIFM 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 potential to yield water; Le, highest sandlgravel 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 

This was subsequently verified by barometric responses that 

1 

2 

3 

4 be under confined conditions. 

indicated that the wells installed in the till respond as if they are confined. Data were 

analyzed by the Ramey et a1.(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 confiied or 

0 
unconfined in the proximity of each test well. Rising and falling head tests were analyzed by 

the h e y  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 lo5 c d s e c  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 104cm/sec for Well 11499 to 4.69 x lod cm/sec for Well 11505. The geometric 

mean hydraulic conductivity for these Wells was 1.95 x lO-'cm/sec. The calculated 

hydraulic conductivity of 4.69 x 10" cdsec  at Well 11505 is the upper limit for gray till. 

The range of hydraulic conductivity for wells screened across the browrdgray till interface 

range from 1.02 x 10-8cdsec at Well 11547 to 1.89 x 10-3cm/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 browdgray till interface 

was 6.3 x lO"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 highest 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 

f m l  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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~ 

DEPTH FROM 
TOPOFWELL 

m 
28.5 
27.5 

1 
1 

1 

~ 

1 21.5 WNW .17 
1 21 Nw .I 

1 29.1 E .24 

1 

2 

2 

2 13 NW .4,. 12 

3 17.5 E .17,. 16, .25 

1 13.5 NE .25 

1 1 15 ssw .39 

TABLE 2.2 FLOWMETER MEASUREMENTS 

FLOW 
DIR. 

now 
RATE 

(FTlDAY) 

now 
RATE 

(I iTMu 

146, 109 
120 

WELL 
NUMBER 

11491 .4, .3, 
.33 

NNE 
NE 

11492 
1 l l  3 

2 
205 
20 

.21, .23, .26 
.16, .19 

76,84,95 
58,69 

11493 NNW 
23S 1 NNW 2 1 I 22.5 

2 .28,.28 
.3 

102,102 
109 

11494 I :::: I :w 
2 

1 l l  1 
.09,. 1 
.087 

33,37 
32 

.17,. 14 62,51 l I  2 I 16 I s  11496 

11497 1- -33.5 I s .2,.2,.15 2 73,7355 

44,44 11498 1 1  2 I 30.25 I N I .12,.12 

Z I  2 18.25 I NW .22,.28 80,102 11499 

11500 62 2 1  1 24 I E  .17 

a 

a 

~ 

2 
2 

~ 

2 
1 

204,161 
13 1 

11501 

~ 

11502 62 
36 

88 11503 

1 1504 2 1  1 15 I N  .15 55 

1 28 I N  .1 36 11505 

11546 1 14 I NNW .27 99 
~~ 

1 1547 
~ 

1 
2 

~ 

2 
2 

14 
14 

.21,.09 

.07, .07 
77,33 
26,26 

11548 2 1  I 15 I E  .35 128 

11681 146,44 

11685 62,5 8,9 1 

91 11687 

1 1693 149 
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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: 

1. The calibration curves were developed with an accuracy of f -1 Wday to f .4 

Wday, 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. 

2. 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. 

3. 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 lo-’ Wday to 5.3 

ft/day . 

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 performed 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 pg/L and 59.9 pg/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 Geoprobem samplerm (see Figure 2.1). The 

GeoprobeTM 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 GeoprobeTM locations around Well 11547 and at the 8 

GeoprobeTM 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 Geoprobem results from around Well 

11548 ranged from 1 . 1  pg/L to 32 pg/L, and the filtered total uranium results ranged from 

0.3 pg/L to 15 pg/L (Table 2.3, Geoprobe Water and Soil Results). The results for the 

perched groundwater unfiltered total uranium Geoprobem results around Well 11547 ranged 

from 6.0 pg/L to 21 pg/L, and the filtered total uranium results ranged from 1.2 pg/L to 5.1 

pg/L. The groundwater results from Well 11547 were 54.47 pg/L unfiltered, and 47.9 pg/L 
filtered; and the results from Well 11548 were 17.9 pg/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 

II 12044 I SOIL I 0-6 " I 23 PPM II 

, i 

I I 1 I 

II 12046 I SOIL I 0-6" I 10 PPM II 

I I I I 

II 12047 I SOIL I 0-6 I' I 9 PPM II 
II 12048 I SOIL I 0-6" I 15 PPM 11 

0-6 " 

0-6" 

12 
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SOIL 0-6" 49 PPM 

SOIL 0-6" 48 PPM 

12096 

II 12055 I SOIL I 0-6 " I 36 PPM II 

WATER 6-9.5 ' (FILT) 4.7 U G L  

II 12058 0-6" 

II 12094 I WATER I 9.5-12.5' (FILT) I 2.7 U G L  11 

II 12095 I WATER I 6.5-10' (FILT) I 1.6 U G L  11 
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MW 11548 F 
BLANK 

II 12097 

DI WTR NIA <0.1 UGIL 

I 1 I I 
It 12098 

r i 11 12099 I WATER I 11-14.5’.FILT) I 4.8 UGIL 11 
11 12100 I WATER I 12.5-16’(FILT) I 1.7 UGIL 11 
I 1 I I 

MW 11547 F DI WTR N Y - 1 -  T O 6  UGIL 1 BLANK 11 MW 11548 I DIWTR I . NIA I <0.1 UG/L 11 
RINSATE 
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2.5 Drain Tile Network Identification 
e 

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 (Le. 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 I1 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 I1 

wells. 

In addition to the Phase 11 wells, four wells were installed during Phase I11 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 

technetium-99 : 

11491 11492 11493 11494 11547 11548 11681 11687 

11495 11496 11497 11498 11685 11693 11502 11503 

11499 11546 11500 11501 11504 11505 

The concentrations for total uranium ranged from 1.6 pg/L to 54 pg/L (Table 2.4, 

Groundwater Confirnation Results), which is within the range of values for the Predesign 

Investigation. The concentrations for technetium-99 were below detection limits for all of 

the samples. 

2.7 Lysimeter Sampling 

Analysis of the results for the lysimeters installed prior to the Predesign Investigation 

indicated that the lysimeters reached equilibrium approximately 12 months 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 

Concentrations, shows the results from this sampling activity. As shown in Table 2.5, the 

total uranium concentrations generally decreased or stayed approximately the same for all of 

the lysimeters except lysimeter 11559, which increased significantly over time. Lysimeter 

11559 is located approximately 2500 feet west of the waste pits. The blank spaces labeled 

NA (not available) are due to the lysimeter not yielding an adequate sample volume for 

analysis. Also, according to American Society for Testing and Materials (ASTM) D4696-92 

"results of analyses from suction lysimeter samples are good for qualitative analysis, but they 

cannot be used for quantitative analysis. 'I 
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TABLE 2.5 
LYSIMETER TOTAL URANIUM CONCENTRATIONS 

(PuglL) 

NA - Not Available, recoverable water volumes were inadequate for analysis. a 
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3.0 CONCLUSIONS 1 

2 

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 
Sampling: 

Characterize the nature and extent of contamination 
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 

2 

The rising and falling head slug tests conducted during the Addendum activities had a wide 

range of horizontal conductivity results (five orders of magnitude). This wide range 

demonstrates the heterogeneity of the till and the anisotropic hydrogeological conditions in 
the till. In essence, the horizontal conductivities determined by the slug tests represent only 

localized conditions. The heterogeneity and localization of the perched groundwater flow 

conditions demonstrates that there is not a large-scale horizontal flow component in the till 

and that the vertical component is the most significant. This conclusion is further supported 

by the flowmeter readings (Section 3.3). 

The conclusion that a significant horizontal flow component does not exist in the till is 

different from the conservative interpretation presented in Section 2.6.3 of the PDIR, July 

1995, which indicates a potential southwesterly horizontal perched groundwater flow 

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 browdgray till interface. Since the 

browdgray till interface is at the same approximate depth below the ground surface 

(approximately 1 1 feet), contouring water level measurements from wells screened across 

this interval gave an apparent potentiometric surface that approximated the ground surface 

contours trending to the southwest. This happens to any series of wells installed at a specific 

depth below the ground surface. For instance, if wells are screened 20 feet below the 

surface, the wells will have approximately the same hydraulic head which can be connected 

and will show apparent potentiometric contours approximating the ground surface contours. 

The interpretation of an extensive horizontal component in the till using these potentiometric 

surfaces can be grossly misleading since there is a strong vertical hydraulic flow component. 

This vertical component was demonstrated by the large hydraulic head differences in the 

nested wlls.  These head differences in the nested wells support the conclusion that the most 
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significant flow component is vertical and that the horizontal flow component is localized for 0 
each well and not spatially continuous. 

3.3 Flow Meter Readings 

KVTM flowmeter readings were taken in wells installed during Phase 11 and III of the 

Predesign Investigation. Due to equipment calibration limitations, the only measurements 

usable are those for the flow directions. These flow directions (Figure 2.1) demonstrate that 

the flow directions are spatially variable. This further supports the conclusion that 

anisotropic hydrogeological conditions exist in the till and that horizontal flow is localized 

making the vertical flow component the predominant flow component. 

3.4 TileProbes 

a The location and depth of the clay agricultural drainage tile network was determined using 

hand-held probes. The location was mapped and flow directions indicated on Figure 2.1. 

The entire drain tile network within the OSDF footprint will be removed integral with the 

installation of the leachate collection and liner system (see OSDF Design Drawings 

SKG04391.DGN and 90X-6000-G-00073 for requirements). Any pipe that enters or exits the 

OSDF footprint will be excavated to its end points and backfilled with compacted soil that is 

below final remediation levels (FRLs). The removal of the drain tile and the backfilling will 

eliminate any flow that may have existed and eliminating any future flow problems associated 

with the drain tile system. 

3.5 Groundwater and Surface Soil Sampling to Determine the Nature and Extent of 

the Contamination Found in Perched Groundwater From Wells 11547 and 11548 
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Surface soil samples were collected at each Geoprobem location prior to drilling and 

analyzed for total uranium. In accordance with the approved Project Specific Plan, 

Geoprobem borings were located approximately 50 feet from Wells 11547 and 11548 (Figure 

2-1). After these surface soil samples were collected the Geoprobesm 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 GeoprobeTM locations. This association may be due to 

potential cross contamination from surface water transferred downhole with the GeoprobeTM. 

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 groundwater 

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 11 and 111 of the Predesign 

Investigation was resampled for total uranium and the results ranged from 1.6 pg/L to 54 

pg/L. This range in within the range of 1.4 pg/L to 200 pg/L for the OSDF footprint area 

(Section 2, PDIR, July 1995), and conf i i s  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 
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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 

pg/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 qualitative 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 tiansport 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 contamination 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 HYDRAULICTESTING 

This appendix describes the testing and analysis procedures used to interpret barometric response and 

slug tests that were conducted to obtain measurements of hydraulic pinmeters 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. l  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, Eb, is the ratio of change 

in well head to the change in barometric pressure when the well is open to atmosphere: 
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where AH is the change in water level in feet and A?'= is change in barometric pressure expressed in 14 

feet of water column. The barometric efficiency is related to the matrix compressibility, c,, and the 15 

storage coefficient of the aquifer, S, as follows (van der Kamp and Gale, 1983; McKee, Bumb, and 16 

Homer, 1990): 17 

18 

where b is the aquifer thickness or tested interval in feet, c,,, is the compressibility of water (3.33 x 
lo4 psi-'), y is the unit weight of water (0.433 psi/ft), and 4 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.l. l  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 HERMI"' 
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 provide total precipitation for 15 minute intervals. When automatic Climatronics raidsnow 

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 instrumentkomputer 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 F E W .  

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 browdgray 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 and 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 1@* c d s e c  hydraulic conductivity values obtained from analysis of 

slug tests conducted at this well (see Section A.2). 
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Water level decline until June 10, 1995 for wells 11500 and 11501 is dominated by a response to 

installation of transducers and masks response to changes in barometric pressures. Therefore, data 

prior 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 Wday from June 20 to July 18, 1995 and was 0.0230 Wday for the time period 
July 2 to July 16, 1995. The average declining rate for well 11501 was 0.0261 Wday from June 20 

to July 18, 1995 and was 0.0217 Wday 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 lod psi-' for the gray till. 
The calculated storage coefficient ranges from 3 x 106 to 7 x lob. This is within the typical range 
for clayey and/or silty soils. 

A.2 SLUGTESTS 
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 
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Management Project (FEW) Glacial TillNadose Zone Hydraulic Investigation Work Plan (1993). 

Water levels were recorded using H E W  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 permeability zone was 
suspected and water levels were above that zone, then testing may have been under confining 
conditions. Furthermore, barometric response indicates that wells installed in the gray till respond as 
if they are confined. Data were analyzed by the Ramey et al. method as well as the Bouwer and Rice 
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 
screedsand pack during the rising and falling head tests in all wells. Therefore, well casing radius 
did not require any corrections. 

A.2. I. 1 Slug Test Analvsis Using Ramev et al. Method 

Ramey et al. (1975) method, which is an extension of the Cooper et al. (1967) method, assumes that 
aquifer is confined. The following assumptions were used in the analysis of data using this method: 

The saturated thickness is defined as the distance between the lower and upper aquitard or 
lower hydraulic conductivity layers. 

The effective screen length is defined as the portion of the sand pack which lies between 
the lower and upper aquitard. 

Clay is considered an aquitard when it lies above or below a more permeable material 
(e.g., sand or silt). 

Test starting time was selected from the raw data to coincide with the time when the slug was 
completely in or out of the water. Initial head (HJ, and static water levels were determined by 
plotting the data on a semi-log scale. Initial oscillations in the data were not considered for selecting 

H,. Slug test data were then analyzed using STEP-MATCP software, which uses the Ramey et al. 
method for the analysis (Bumb and Ramesh 1992). 
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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 

wellbore. 

A.2.1.2 Slug Test Analvsis 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. 

The effective saturated thickness in the well (Lu) is defied 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 (LJ 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 test 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 fiom 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 divided 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 lo5 cdsec and 1.62 x lo5 cdsec, respectively. Hydraulic conductivities for 

the remaining wells screened only in the gray till ranged from 1.03 x 108 cdsec for well 11499 to 
4.69 x 106 for well 11505. The average hydraulic conductivity for these wells was 1.95 x lo7 
cdsec, and for all wells screened in the gray till was 4.01 x lo7 cdsec. 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 106 cdsec 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 lU7 cdsec (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 brodgray till interface range from 
1.02 x loa cdsec at well 11547 to 1.89 x lo3 cdsec 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 browdgray till interface was 6.3 x 106 
cdsec, 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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B.l Introduction 

This report has been developed to document the calibration and verification &or& for the 

KV Flowmeters. The KV Flowmeters are being used at the FEMP to determine the rate and 

direction of groundwater flow in groundwatex monitoring wells. The calibration and 

verification process is defined by manufactmm manuals and guidance. 

B . l . l  KV Flowmeter 

The KV Flowmeter is a portable selfantained 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 temperatwe 
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 
hstrument is measuring comxtly 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 animeter), the probe, and the compass. Instrument verificatibn for the IN 
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 accuTate and 

representative. The calibration and verillcation tests are defined in the manufktums 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 rechargeable batteries, an LED display, a timer, and an ammetex. 
The probe contains a heater circuit, thermistors, and a compass. 

B.2.1.1 Electrical Systems Calibration 

The electrical system used by the KV Flowmeter is inteadd to p r o v i d e  2.0 amps to the 
heater in the probe in order to generate the heat pulse. The ammeter is used to deterrmne ' i f  

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 e v q  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 -.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 flowmetex readings with 
fabricated flow directions and rates. The intent of this vefificatcm 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 groundwatex 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 1. "%e flow cham- is cksigmd to achieve flows in 
a geologic medium represenratve 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 readings. 

B.2.2.2 Verification procedure 
The vefificafion of the flowmeter readings begins with placing the flowmeter in the prepared 
flow chamber. The metering 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 measutement. 

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 f 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 1. This plot provides a correlation 

between meter units and actual flow through the geologic 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 v d c a l i a n  plot from 

this pn>cedure, flow rates in the field can be estimated as true aquifer flows because the 
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borehole effects are subtracted fiom the flowmeter measuremeats. If the hydraulic 
conductivity of the aquif.. or the well comtmcb *on matedials vary significantly from those 

used to develop the verification plot then an new plot should be generated. 

B.3 FENIP Verification Results 

The flowmeter verification process was completed for both of the flowmeters owned by 
FERMCO as part of the Pre-DeSign ~nvestigation for the h-site ~isposal ~acility (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 IIl). 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 pn>cess is routine and can be performed each day before field work 

begins. The verification process is more complicated and required 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 w e b  to 
be measured. The chamber was packed with matefials 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 inclusions. 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 

established across the flow 

up, the metering pump was COMected and a flow rate was 

chamber. The flowmeter was placed in the chambex and initial 
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readings were taloen. me initial readings (m txtween 4/12 and 4/13/95) were close to 1 
2 true flow directions but the flow rate was too low compared to what was expected based on 

manufacturers recommedations. The btential for preferential flow around the well screen 
was a concern, so the flow chamber was repacked, but the results did not improve. AAer 

trying several other times to improve the readings the well screen was removed and the 

flowmeter was placed directly into the sand. Measur;ements without the well scree~l were a! 
expected meter units, approximately 5 times as high as meter units with the wedl screeb, and 

the flow direction was highly accurate. As a d t  of this study it was determined that the 
well screens were creating a resistance to flow through the well. 

This was an important d m  'on 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 F d d  have at least a 48% reshtance 

wells. Realizing that the slowed flow rata measured in the flow chamber were an artifact of 

the monitoring well and not the flowmeter, the verification process was restarted. 

to flow. The ASTM report also discusses a change in flow direction through monitoring 

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 Wday, 
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and 1.8 ft/day. The results were plotted and are presented in Attachment II. On 4/28/95 the 24 
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screen was removed and the flowmeter was used to measure flow at 1.8 Wday, 0.45 Wday, 

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 sirnilat to the way it was with flowmekr 2, so the iterative 
measurement process had to be wormed again until the chamber was rqreseatative. 
Adjustments were made until 5/17/95 when flowmeter 2 was used to verify that the chamber 

was representative to the verification measurements made earlier. Flowmeter 1 was placed 

1 

2 

3 

4 

in the flow chamber on 5/17/95 and its verification test began. Measurements were taken at 
4.6 ft/day, 2.3 ft/ day, and 1.2 A/ day, and the data was plotted (Attachmeat n). 

The verification process to detemine the validity of the flowmeter measurements and the 

meaning of the flowmeter flow units was difficult. The flow chamber does not produce the 

exact flow conditions that would be expeded in the field, and the c h a m k  was sensitive to 
outside factors (e.g. preferential flow channels). The resulting plots indicate that the 
verification process was Successful, however, because the dationship of meter units to flow 

rates was Linear, which was expected. The verification process indicated that there were 
many factors that effect the flow rate through a monitoring well, monitoring well 

construction being one of the major factors. The plots used to generate flow rates appear to 
have a precision of f0.2 Wday. 

B.4 Field Procedure 

The well access procedures used by Groundwater Monitoring (SOP SC-GWM-FG201 

%roundwater Sampling Activities”) are used to open the well and decon anything going in 
and coming out of the monitoring well. The flowmeter operation procedures were learned 
through manufacturer’s training. The major steps of flowmeter operation are listed below. 

Flow measuring plan: 

A flow measuring plan needs to be developed for each maitoring well prior to installation of 
the flowmeter. This plan can be kept in the field log, does not have to be formal, but should. 
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document what depth the screened area is that will be monitored, how many measurements in 
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28 



the screened area will be takm (the manufacturer suggests every one to two feet), and what 

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 them are any depths of intenst, 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 deionizd wated prior 
to piacing it in the monitoring well. Atuminum r~ds are connecte!d to the probe using the 
pop connectors at the ends of the rods. The probe is lowered into the XxKmitoring w d  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 tuned. Once 

the probe is aligned to north and it is at the proper depth the probe cable should be connected 
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to the control box. The flowmeter is thea ready to take readings. 
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a 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 watef ekva!im is 
measured three consecutive times. These readings are used to determine wha 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 f 2 units) three consecutive times. These probe channel readings are used 

to determine that the monitoring well is in t h d  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 c ~ ~ e ~ t e d  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 
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readings for each of the four channels should be taken and written on the worksheet. 

end reading should be subtracted from the start reading for each channel to obtain the net 
thermistor reading. 21 

The 19 

20 

22 
Once a north and south reading are taken for a specified elevation the flow worksheet can be 
completed. Subtract the south net thermistor reading from the north net th emlistareading 
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and divide by two. This process removes any inherent bias in the. themuto - rsofthepmbe. 
The highest channel reading is then used to normalize the channel readings to me. Divide 
the highest reading into a l l  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, 
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4 7 5  

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

arrangement is not achieved then d o r m  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 metea 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. 

Flowme$er extraction and cleaning: 
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When the probe is removed from the well the aluminum rods and the probe should be wiped 14 
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down with deionized water. The probe should be placed in a container and em& 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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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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