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EXECUTIVE SUMMARY

RMT, Inc., (RMT) was retained by the Omaha District of the u.s.

Army Corps of Engineers (USACE) in June 1986 to conduct the Remedial

Investigation/Feasibility Study (RI/FS) for the Naval Industrial Reserve

Ordnance Plant (NIROP) located in Fridley, Minnesota.

Ground water contamination at the NIROP was detected in 1981, and

trichloroethylene was identified as the main contaminant of concern.

Past disposal practices at the NIROP were initially thought to be the

principal cause of contamination, and site investigations and remedial

action were initiated by the USACE in 1983. This action included

excavation of buried drums of waste, installation of monitoring wells,

water quality analysis, and other investigative techniques intended to

define the extent and magnitude of contamination. Results have

indicated that multiple sources of contamination may exist, both on-site

and off-site. Investigations have continued under the present contract

to further define the problem and provide information for the evaluation

of remedial alternatives.

This report summarizes aquifer tests conducted at the NIROP during

January and February 1988. It is one of three Quality Control Summary

Reports required by the USACE for recent field activities undertaken by

RMT. The other two Quality Control Summary Reports summarize soil gas

survey results (RMT, 1988a) and well installation and sampling

activities (RMT, In Preparation.) These -reports include the following

information:

Summary of field activities and data collection procedures.

Summary of data analysis procedures and presentation of
results.
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Documentation of QA/QC activities.

Evaluation of the reliability and utility of data for
preparing addendums to the Remedial Investigation and
Feasibility Study reports.

Aquifer tests consisted of in-situ permeability tests (single-well

estimates of transmissivity, storativity, and boundary conditions of the

supplement existing information on NIROP hydrogeology, and will provide

localized estimates of hydraulic conductivity. The pumping test yielded

This information will

for remedial alternatives under

In-situ permeability tests provided

preliminary design parameters

unconfined aquifer near the pumping well.

test at production well AT-2.

consideration.

response tests) on ten (10) ground water monitoring wells, and a pumpingI
I
I
I
I
I
I
I
I
I

Analysis of in-situ permeability test results indicated that

hydraulic conductivities ranged from I to 543 ft/day in the

unconsolidated aquifer, and that the conductivity range was independenl

of depth. These conductivities are representative of silty sands, clean

sands, and gravelly sands. Hydraulic conductivity for a bedrock well

(S-PC) was calculated at more than 113 ft/day.

Analysis of pumping test results provided the following information

on the unconfined, unconsolidated aquifer near pumping well AT-2:

Estimates of transmissivity from wells more distant to the
pumping well AT-2 ranged from 41,000 gpd/ft to 88,000
gpd/ft. Storativity ranged from 0.04 to 0.3S.

Transmissivity is approximately 62,000 gpd/ft, and storativity
is approximately 0.13 in the vicinity of well AT-2. These
estimates cannot be reliably applied to the sand aquifer
region south of AT-2 because of the possibility for dissimilar
hydraulic properties.

I
I
I
I 1332.S1 139:RTA:fridOS04 ii

I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Barrier boundaries (less permeable soils) were indicated
approximately 75 feet northeast of well 24-5 and 150 feet
southwest of well 17-8.

The aquifer appears to be heterogeneous in the vicinity of
well AT-2, based on calculated transmissivities.

A clay lens, 28 feet below the water table, may act as a
confining layer in the vicinity of the pumping test, reducing
the unconfined aquifer thickness in this region compared to
other locations at the NIROP. Hydraulic properties determined
through this pumping test are representative of the aquifer
above this clay lens, and may not be representative of the
approximate 100-foot-thick homogeneous sand unit south of the
NIROP.

The radius of influence along a northwest alignment was
estimated at 1,400 feet at the conclusion of the 3-day pumping
period.

RMT recommends that information gained from these aquifer tests be

used in subsequent analyses and in the selection and preliminary design

of a remedial alternative, as appropriate.

Additional pumping tests are recommended for the sand aquifer south

of AT-2 and for the confined aquifer beneath the clay lens at AT-2, if

ground water extraction is included in the selected remedial

alternative, because of the possibility for dissimilar hydraulic

properties. These pumping tests could be conducted during a pilot study

phase prior to or during remedial design.

I
I
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1. INTRODUCTION

1.1 Project Description and Background

RMT, Inc., (RMT) was retained by the Omaha District of the U. s.

Army Corps of Engineers (USACE) in June 1986 to conduct the Remedial

Investigation/Feasibility Study (RI/FS) for the Naval Industrial Reserve

Ordnance Plant (NIROP) located in Fridley, Minnesota. This project is

conducted under the Navy Installation Restoration Program (IRP) , under

Modification No. P00003 to Contract No. DACA45-86-C-0015.

The NIROP is a government-owned, contractor-operated facility. The

plant is operated by the Northern Ordnance Division of FMC

Corporation. The NIROP manufactures advanced naval weapons systems.

The plant is located in the northern portion of the Minneapolis/St.

Paul, Minnesota metropolitan area within the city limits of Fridley,

Minnesota (Figure 1-1). It is situated approximately one-half mile east

of the Mississippi River and less than one mile south of Interstate

694. The facility is bordered on the west by East River Road and on the

east by the Burlington Northern rail yard. The government-owned,

contractor-operated portion of the plant occupies about 83 acres. The

plant is located in an industrial area which has a number of adjacent

manufacturing facilities.

In previous years, the storage yard in the northern quarter of the

site had been used for the disposal of drummed waste by burial in 8- to

10-foot-deep trenches or in pits. The materials disposed were thought

to include waste oil, plating sludge, paint sludge, cleaning solvents,

and degreasing solvents, which may have contained hazardous substances

I
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such as cyanide, trichloroethylene (TCE), methyl ethyl ketone (MEK), and

1,1, I-trichloroethane (RMT, 1987a). Ground water contamination was

initially detected in 1981 in a production well at the NIROP. The main

ground water contaminant identified was trichloroethylene.

Fourteen (14) monitoring wells were installed by the USACE at the

NIROP between May and August 1983. Initial remedial action in the north

storage yard area began in. November 1983. Nine areas were excavated,

and 43 drums and approximately 1,200 cubic yards of soil were removed.

The majority of the drums contained inert solids; others contained PCB

wastes, flammable solids, base solids, and inert liquids; and some were

empty. The hazardous soils and drums were disposed in an EPA-approved

landfill. Soil samples were subsequently taken from the bottom of the

excavations and analyzed for volatile organics. Two trenches showed

total VOCs above one part per million. No further testing was done at

that time. The trenches were backfilled with clean fill, and removal

activities were completed in March 1984. However. ground water VOC

contaminant concentrations have remained above desirable levels despite

the excavation and removal of drums and soil from the trenches.

Seven (7) additional on-site monitoring wells were installed by the

lJSACE in May and June 1985, and installation of twelve (12) off-site

monitoring wells was completed by the USACE in February 1986. The

purpose of these wells was to provide additional information on ground

water flow directions, the general extent of ground water contamination,

and concentrations of contaminants. Water level measurements and

samples have been collected from these wells on an intermittent basis
"-

through February 1988. Results have indicated that multiple sources of

contamination may exist, both on-site and off-site.

1332.51 139:RTA:frid0504 3



1.2 Purpose and Scope

The purpose of this report is to summarize aquifer tests conducted

at the NIROP during January and February 1988. Tests consisted of in­

situ permeability tests (single-well response tests) on ten (10) ground

water monitoring wells, and a 72-hour pumping test at production well

AT-2 (Figure 1-2). These tests were conducted in order to develop site­

specific estimates of aquifer hydraulic properties t'hat can be used

later in the selection and design of a remedial alternative.

This report is one of three Quality Control Summary Reports (QCSRs)

required by the USACE. The other two QCSRs are as follows:

A-E Quality Control Summary Report for the Soil Gas Survey
(RMT, 1988a)

Investigations have continued under the present contract to further

define the extent and source(s) of contamination, and to provide

information for the development and evaluation of remedial alterna­

tives. Soil pore-gas sampling was conducted in November 1987 to assist

in this effort (RMT, 1988a), and to guide the placement of addi tional

monitoring wells. Sixteen (16) additional monitoring wells were

installed by RMT on and adjacent to NIROP property between November 1987

and February 1988 (RMT, In Preparation). Two (2) large-diameter pumping

wells were also installed, one for identifying aquifer characteristics

for potential design of a ground water extraction and treatment system,

and the other for evaluating the likelihood of off-site contamination

sources. Water quality samples were collected and analyzed from

monitoring wells and storm sewers.
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No-action alternative.

Summary of field activities and data collection procedures.

Extraction and treatment of contaminated ground water was the

evaluation of the following remedial alternatives:

This report

6

This information will be incorporated into addendums to the

A-E Quality Control Summary Report for Well Installation and
Sampling (RMT) In Preparation)

Evaluation of the reliability and utility of data for use in
preparing addendums to the Remedial Investigation and
Feasibility Study reports.

Extraction) treatment) and disposal of contaminated ground
water.

Localized estimates of hydraulic conductivity at the NIROP were

Summary of data analysis procedures and presentation of
results.

Documentation of QA/QC activities.

preferred alternative identified in the draft Feasibility Study Report

1332.51 139:RTA:frid0504

Remedial Investigation and Feasibility Study reports) and for re-

unconfined aquifer near pumping well AT-2. Together) this information

calculated from in-situ permeability tests. The pumping test yielded

estimates of transmissivity) storativity) and boundary conditions of the

includes the following information:

supplements existing information on NIROP hydrogeology.

at the NIROP from November 1987 through February 1988.

These other QCSRs describe additional field activities conducted by RMT
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Daily Quality Control Reports (DQCRs) were prepared during periods

of field activity. These reports were typed in the field office and

1.3 Report Organization

Discussion of the two types of aquifer tests (in-situ permeability

and pumping test) is organized under separate sections in this report.

Each section is further arranged to discuss:

Data collection and analysis procedures.

Quality control activities.

Implementation problems and corrective actions.

Data presentation.

prepared by RMT for reducing contaminant levels in ground water (RMT,

1987b). Hydraulic parameters determined through the pumping test will

facilitate design of a ground water extraction system.

The no-action alternative relies upon natural percolation through

contaminated soils, and ground water flow to flush out contaminants from

the aquifer. In-situ permeability test results will be used to

calculate ground water velocities and travel time, as well as radii of

influence.

This report does not cover the bench-scale testing of discharge

water from production well AT-2, which was collected during the aquifer

pumping test. It also does not cover the TCE time-series pumping test

at the AT-1 production well. The results of these tests are reported in

the A-E Quality Control Summary Report for Well Installation and

Sampling (RMT, In Preparation).
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sent electronically by computer modem to the RMT Madison, Wisconsin,

office. The DQCRs are included in Appendix A for the period coincident

to in-situ permeability and pumping test activities. Because this

report incorporates information from the DQCRs, nQCRs are included for

reference (Appendix A) but are not discussed or further summarized in

this report.
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follows:

as follows:

Findings and conclusions derived from the pumping test at AT-2 are

Findings and conclusions from the in-situ permeability tests are as

9

Transmissivity is approximately 62,000 gpd/ft and storativity
is approximately 0.13 in the vicinity of well AT-2. Results
are based on test data from well 24-8, located 30 feet from
AT-2 (Figure 1-2). These estimates cannot be reliably applied
to the more permeable sand aquifer region south of AT-2
because of the possibility for dissimilar hydraulic
properties.

Hydraulic conductivity of a bedrock well (5-PC) was estimated
to be more than 113 ft/day.

Hydraulic conductivities ranged from 0.87 to at least 540
ft/day in the unconsolidated aquifer, and appeared to be
independent of depth. Five shallow wells 05-S, 22-S, 23-S,
24-S, 25-8), two intermediate depth wells (I-I, 4-1), and two
deep wells (10-D, 13-D) were tested (Figure 1-2).

Barrier boundaries (less permeable soils) were indicated
approximately 75 feet northeast of well 24-8 and 150 feet
southwest of well 17-8. The barrier to the northeast may be
due to the pinching-out of a gravelly sand layer and the
enlargement of a silty sand layer of soil. Boundary effects
affected drawdown in well AT-2 after approximately 12 hours of
pumping.

Estimates of transmissivity from wells more distant to the
pumping well AT-2 ranged from 41,000 gpd/ft to 88,000
gpd/ft. Storativity ranged from 0.04 to 0.35. The
variability of these parameters suggests that the aquifer is
heterogeneous.

A clay lens 28 feet below the water table (elevation 793.5
feet) may act as a confining layer in the vicinity of the
pumping test, reducing the unconfined aquifer thickness in
this region compared to other locations at the NIROP.
Hydraulic properties determined through this pumping test are

2. FINDINGS AND CONCLUSIONS

2.2 Pumping Test

2.1 In-situ Permeability Tests

1332.51 139:RTA:frid0504
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representative of the aquifer above this clay lens, and may
not be representative of the approximate 100-foot-thick
homogeneous sand unit to the south.

The radius of influence along the northwest alignment of wells
24-S, 6-S, and 5-S was estimated at 1,400 feet at the
conclusion of the 3-day pumping test. Radius of influence
estimates could not be made for other directions.

I
I
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Recommendations resulting from in-situ permeability tests and the

aquifer pumping test are as follows:

3. RECOMMENDATIONS

[The above two recommendations may be implemented during the
pilot study phase of remedial design.]

11

An additional pump test in the homogeneous sandy soil to the
south of AT-2 is recommended to evaluate aquifer properties in
that region.

If remediation is needed near well AT-2 at depths below the
possible confining layer, an additional aquifer test will be
required to assess aquifer properties and the potential impact
of the confining layer on ground water flow.

If in the future additional in-situ permeability testing is
planned, where very permeable aquifer materials are
anticipated during testing, test wells should be equipped with
pressure transducers and automatic recorders. This would
enable additional data points (for later analysis) to be
gathered during the recovery period.

Information obtained from these tests should be used to
further characterize NIROP hydrogeology, and to provide
preliminary design parameters for remediation alternatives.
However, hydraulic parameters determined through the pumping
test at AT-2 may not be representative of other regions that
are geologically dissimilar, such as the homogeneous sand unit
south of the NIROP.

1332.51 139:RTA:frid0504
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Water level recovery data were plotted, and calculations of in-situ

permeability testing and data analysis:

recovery with time.

The following quality control activities took place during in-situ

The Bouwer and Rice method

12

Where possible, calculated hydraulic conductivities were
compared to borehole logs and grain-size analysis results [to
be included in the QCSR for Well Installation and Sampling
(RMT, In Preparation)], and to reference text values (Freeze
and Cherry, 1979) to determine if results were reasonable.

All calculations and graphs were checked for accuracy and
completeness.

Water level indicators were calibrated following procedures
outlined in the A-E QCP prior to obtaining measurements.

This section summarizes data collection and analysis procedures for

In-situ permeability tests (single-well response tests) were

the in-situ permeability tests conducted on ten (10) NIROP monitoring

4.1 Procedures

4. IN-SITU PERMEABILITY TESTS

the Hvorslev method (Hvorslev, 1951) was used.

to the site and well characteristics.

1332.51 139:RTA:frid0504

wells. These procedures are described in the A-E Quality Control and

Sampling Plan (A-E QCP) prepared by RMT prior to the start of field

hydraulic conductivity were made, using a standard technique applicable

activities and finalized in January 1988 (RMT, 1988b).

volume of water from the well casing, and measurement of water level

conducted on wells 15-S, 22-S, 24-S, 25-S, I-I, 4-1, 10-D, 13-D, and 5-

4.2 Quality Control Activities

PC (Figure 1-2). These tests required rapid removal of a predetermined

(Bouwer and Rice, 1976) was used for all wells except well 5-PC, where

I
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Corrective ActionImplementation ProblemI

4.3 Implementation Problems and Corrective Actions

I Problems encountered during in-situ permeability testing and data

analysis are listed below along with the corrective action.

I
I
I

Very rapid recovery was experienced
in 6 of the 10 wells after bail­
down due to very permeable sandy
material. This allowed only two
water level measurements to be
taken during the recovery period.

No corrective action was taken
in the field. A lower limit
was calculated for values of
hydraulic conductivity during
data analysis. Actual values
likely exceeded this lower
estimated value.

4.4 Data Presentation

In-situ permeability test results are shown in Table 4-1. The

depth in the unconsolidated aquifer. Calculations for the values shown

estimated permeability values range from 0.87 to greater than 540

The range of values appear to be relatively independent offt/day.

I
I
I
I in Table 4-1 are included in Appendix C.

Absolute values could not be calculated for 6 of the 10 wells

I because of rapid recovery times (very permeable material). In these

I
I
I

instances, a lower (conservative) limit was established for the estimate

of hydraulic conductivity, by assuming that the first measurement of

hydraulic head represented the minimum rate of recovery. This minimum

recovery was then input into the appropriate analytical solutions

(Hvorslev, 1951 or Bouwer &Rice, 1976) to determine a minimum hydraulic

I
conductivity. This conservative approach means that later estimates of

ground water velocity will tend to be on the low end of the possible

I
range.

I 1332.51 139:RTA:frid0504 13
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TABLE 4-1
IN-SITU PERMEABILITY TEST RESULTS

Well Hydraulic Conductivity1,K
Well No. Depth4 ft/day Method

15-S 35 > 78 B&R2
22-S 36 > 79 B&R
23-S 43 > 540 B&R
24-S 37 16 B&R
25-S 37 > 140 B&R

1-1 78 1.1 B&R
4-1 77 > 43 B&R

10-D 104 0.87 B&R
13-D 102 28 B&R

5-PC 193 > 110 Hvorslev3

1Values preceded by">" are estimated minimum values. Actual values
likely exceed these estimates, because the well recovery-rate was too
rapid to measure following the protocols of the QCP (RMT, 1988b).

2Bouwer and Rice, 1976.

3Hvorslev, 1951.

4From top of well casing as installed.

1332.51 139:RTA:frid0504T



Overall, the results are considered reliable estimates of hydraulic

conductivity at a point in the aquifer. Although considerable variation

is evident from Table 4-1, the results are consistent with materials

encountered near the well screen, determined from borehole logs

(Appendix B) and grain-size analysis of samples collected in the

screened interval (RMT, In Preparation).
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5.1 Procedures

measurements were later reviewed for the following purposes:

D. These automatic recorders were capable of measuring water levels at

Electrical analog pressure transducers with microprocessor-based

In addition, manual water

16

The recovery period was of sufficient duration to allow water

This section summarizes data collection and analysis procedures for

To identify which observation wells showed a response to
pumping at AT-2, and the start time of response.

Water level data collected by automatic recorders and by manual

A lO-inch-diameter pumping well (AT-2) was installed to 65 feet in

The pumping durat ion was 72 hours (February 3-6, 1988), during

pump.

AT-2, 5-S, 6-S, ll-S, 24-S, and 6-D.

which time water level and pump flow meter (totalizer) measurements were

level measurements were made periodically at monitoring wells 8-S, 18-8,

the frequencies specified in the A-E QCP.

the unconsolidated aquifer, near wells 24-8 and 6-D (Figure 1-2). The

1332.51 139:RTA:frid0504

is described "in greater detail in the A-E QCP (RMT, 1988b).

minute continuously for a minimum of 72 hours. Actual pump discharge

in monitoring wells 5-S, 6-S, 10-8, l1-S, 17-8, 24-8, 4-D, 6-D, and 7-

data acquisition systems were installed in the production well AT-2, and

levels to recover to within 80 percent of the pre-pumping level in wells

recorded. A recovery period was initiated following shut-down of the

averaged 148 gpm over the 72-hour pumping period.

the pumping test conducted at production well AT-2. The field procedure

well and pump were designed to deliver between 150 and 200 gallons per

4-1, 5-D, 8-D, and 4-PC during the pumping test.

5. PUMPING TEST
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about the aquifer and wells, and a different set of procedures for

Pumping test data were subsequently analyzed for three hydraulic

of the time drawdown data plotted as log-time versus log-drawdown. The

it involves more data interpretation. This method involves an analysis

The type-curve

17

transmissivity, storativity, and the type

Recovery data were analyzed using the Theis recovery method

To determine the need for corrections to data as a result of
external factors.

To . isolate subsets of the entire data base for further
analysis.

To determine vertical gradients prior to the pumping test at
monitored well nests, and to determine horizontal ground water
gradients prior to the pumping test at shallow wells.

Drawdown data were analyzed using Jacob's method and the type-curve

properties of the aquifer:

more applicable after an appreciable pumping duration, and at wells

method is more generally applicable than the other two methods, although

method using Boulton and Theis type-curves (Kruseman, 1979; Lohman,

drawdown data plotted as log-time versus drawdown.

method of analysis involves a comparison of the plotted data with type

analysis. Generally, Jacob's method and the Theis recovery method are

1972) •

standard reference texts (Kruseman, 1979; Lohman, 1972; Stallman, 1983).

and locations of boundary conditions, using methods described in

closer to the pumped well. These methods involve analysis of the time-

curves, where each type curve incorporates a different set of aquifer

1332.51 139:RTA:frid0504

assumptions.

(Kruseman, 1979). Each method involves a different set of assumptions
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Problems encountered during the pumping test and data analysis are

pumping test and data analysis:

listed below along with the corrective action.

The following quality control activities were undertaken during the

18

All calculations and computer-generated graphs were checked
for accuracy and completeness.

For each well equipped with an automatic recorder, a subset of
the complete water level record was selected for further
analysis of hydraulic parameters. The data subset was always
graphically compared to the full data set to ensure that no
information was lost as a result of subset selection.

Bail-down tests were performed on observation wells prior to
conducting the pumping test to evaluate responsiveness.

Multiple methods of analysis were used to evaluate water level
data for hydraulic parameters. Parameters estimated using
type curves were checked against parameters estimated using
the Jacob's and Theis recovery methods.

The validity of assumptions associated with each method of
analysis was checked against interpretations presented in the
Remedial Investigation Report (RMT, 1987a).

Discharge from well AT-2 was measured periodically throughout
the pumping test, and compared with the average value
calculated using data from the flow totalizer and the elapsed
time.

Manual water-level measurements were made periodically in
monitoring wells equipped with automatic recorders, and
results were checked for consistency with the automatic
recorder readings.

Two to three water level measurements were made at each of the
observation wells between January 13 and February 19, 1988
(before and after the pumping test), and compared to static
water levels measured just prior to test startup. Pumping
test results were then adjusted for ambient water level
fluctuations.

5.3 Iaple.entatlon Problems and Corrective Actions

5.2 Quality Control Activities

1332.51 139:RTA:frid0504
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Implementation Problem

Subzero air temperatures hindered
all preparation activities for the
pumping test, including equipment
and vehicle operation.

A great deal of difficulty was
encountered in planning for the
disposal of pumped ground water from
AT-2. After extensive testing of the
plant sewer system by FMC plant
personnel, it was determined that the
plant sewer system would ultimately
accept the design discharge flow
rate of 150 gpm. However, FMC
required that any discharge lines
placed inside the plant near the
location of AT-2 be hung from ceiling
structures. RMT was not able to
accommodate this new requirement in
time for the pumping test, and was
forced to look for alternative dis­
charge points for the pumped ground
water. This in turn required an
additional plan approval from the
Metropolitan Waste Control Commission
(MWCC) and left the contractor
(Layne -Northwest) short of
discharge hose.

A clay lens may have been encoun­
tered approximately 28 feet below
the water table while drilling
well AT-2. This was not anti­
cipated when siting the location
of AT-2, based on the borehole
log for well 6-D less than 30
feet to the south. This limited
the pumping test to a 28-foot­
thick section of aquifer, rather
than the approximate 100-foot­
thick homogeneous sand unit to
the south.

Drawdown trends were not detected in
monitoring wells 8-S, 18-8, 4-1, 5-D,
and 8-D due to the distance from
pumping well AT-2.

1332.51 139:RTA:frid0504

Corrective Action

RMT and Layne-Northwest personnel
dealt with weather conditions as
effectively as possible.

Of the options available to RMT
for disposal of discharge water,
the most feasible alternative
that would allow adherence to
the test schedule required that
discharge water be routed to
a 72-inch sanitary sewer inter­
ceptor located west of East River
Road. The pump discharge hose
was subsequently routed more than
600 feet through a 96-inch storm
sewer beneath East River Road in
order to reach the sanitary sewer
interceptor. Heavy-duty metal
ramps had to be constructed by
FMC personnel at service road
crossings to protect the
discharge hose from vehicular
traffic. Permission for the
amended discharge plan was
requested and received from
the MWCC.

No ,corrective action was taken,
for the following reasons:

The well screen vendor stated
that the design yield could be
obtained.

The quality of geologic sam­
ples obtained while drilling
was not high enough to
accurately characterize
lithology.

Schedule constraints made
relocation unrealistic.

Hydraulic parameters were not
estimated from this data.

19



Drawdown curves are included in Appendix D.

feet below the water table (elevation 793.5 feet MSL). Results are not

procedures described in Section 5.1 and detailed in Appendix C.

level drawdown data for observation wells 5-S, 6-8, 10-8, 17-S, and 24-

20

The transducer line was protected
with sand bags. Only data
acquired through manual measure­
ments at this well location were
used for estimating hydraulic
parameters.

Since manual measurements by RMT
and Layne-Northwest agreed to
within 0.1 feet, the static water
level listed with the automatic
recorder data was adjusted
accordingly.

Hydraulic parameters were not
estimated from this data.

1332.51 139:RTA:frid0504

The pumping test and subsequent analysis of hydraulic properties

5.4 Data Presentation

Hydraulic properties of the aquifer were evaluated using the

Hydraulic properties were evaluated based on the plotted water

representative of the conditions originally depicted by borehole 6-D,

were apparently influenced by a clay layer encountered approximately 28

S, and the pumping well AT-2 (Figure 1-2). Recovery analysis was also

located less than 30 feet to the south, which showed a homogeneous sand

aquifer more than 100 feet thick.

The static water level measured by
the automatic recorder at well AT-2
did not agree with manual
measurements by RMT and Layne­
Northwest. A difference of 5.4 feet
was later detected.

Insufficient drawdown trends were
detected at wells I1-S, 4-D, 6-D
and 7-D. With respect to well
II-S, insufficient well penetration
below the water table (less than
2 feet) may have contributed to
the lack of response during pumping.

undertaken, but limited to wells AT-2, 24-S, and 6-S. Recovery data is

Unreliable data were initially
recorded by the automatic recorder
installed in well 10-S. The cause of
the problem may have been vehicular
traffic over the unprotected trans­
ducer line.
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5.4.1 Hydraulic Characteristics

Average values of transmissivity and storativity were calculated

for the unconfined aquifer near the pumping well (AT-2) as follows:

calculate hydraulic

or hydraulic head

21

not used to

water table

less reliable than drawdown data at more distant wells. Table 5-1 lists

some of the more significant parameters used in analyzing data from this

pumping test.

Observation wells that were

properties because of very small

fluctuations were:

Upgradient wells 8-8 and 5-D.

Downgradient wells 11-S, 18-S, 4-1, 4-D, 6-D, 7-D, and 8-0.

1332.51 139:RTA:frid0504

Water level fluctuations in these wells were less than 0.2 feet over the

duration of pumping. These small fluctuations may have been due to

other factors such as ambient fluctuations or measurement inaccuracies.

At the end of the three-day pumping period, the radius-of-influence

extended approximately 1,400 feet in the direction of wells 5-8, 6-8,

and 24-S. Extent of the radius-of-influence was not estimated for other

directions, because the technique requires at least three wells along an

alignment away from the pumping well. The radius to the south and

northeast would likely be different due to the presence of barrier

boundary conditions (discussed below).

A correction factor to account for an unconfined aquifer (Stallman,

1983) was applied only to wells AT-2 and 24-8, where significant

drawdown occurred.
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Notes:

*With respect to top of well casing.
**Aquifer thickness at well locations AT-2, 5-8, 6-8, 10-8, 17-S, 24-S,

4-D, and 7-D are with respect to a 13- to 17-foot thick clay lens.

1. Average AT-2 discharge rate over test duration: 148.5 gpm
2. Pumping test duration: 3.01 days
3. Recovery test duration: 0.90 days
4. Average aquifer thickness for wells used to calculate hydraulic

parameters: 28 feet (to clay lens)
5. Aquifer thickness for 8-5, 11-5, 18-5, 4-!, 5-D, 6-D, and 8-D is to

bedrock.

28

28

28

105

28

105

28

104

28

104

53

105

104

56

104

Aquifer
Thickness**

(ft)

30

15

15

10

10

10

10

10

15

10

10

10

10

10

10

Well Screen
Length
(ft)

10

2

2

2

2

2

2

2

2

2

2

2

2

4

4

Nominal
Well

Diameter
(in)

TABLE 5-1
PUMPING TEST PARAMETERS

65

35

35

30

31

31

39

28

37

76

121

117

130

118

128

Depth of
We11*
(ft)

o
386

236

1,540

371

57

300

780

30

820

376

1,840

27

300

820

Distance
to AT-2

(ft)

AT-2

5-8

6-8

8-S

10-S

11-8

17-8

18-8

24-8

4-1

4-D

5-D

6-D

7-D

8-D

Well
No.
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Transmissivity - 62,000 gpd/ft

Storativity - 0.13

Average values were calculated for well 24-S using Boulton type-curves

and Jacob's method; and for wells 5-S, 6-8, and 24-8 using Jacob's

distance-drawdown method. Calculated values at observation wells more

distant to AT-2 yielded transmissivity values ranging from 41,000 to

88,000 gpd/ft, and storativity values from 0.04 to 0.35 (Table 5-2).

The values calculated for well 24-5 were considered more reliable than

values for more distant wells, because the drawdown curve for well 24-S

was more fully developed.

The storativity value calculated for well 24-S (0.13) was based

upon steady-state drainage from the dewatered aquifer, achieved after

100 minutes of pumping. Estimates of storativity for wells more distant

to well AT-2 (6-S and 17-S) indicated that delayed drainage may have

persisted throughout the pumping test at those locations. Estimates of

storativity at those locations were not considered representative of

steady-state conditions.

The average transmissivity value shown above (62,000 gpd/ft) may

not be applicable to the sand aquifer south of well AT-2 due to

significant aquifer heterogeneities (discussed below). An additional

pumping test would be necessary to define hydraulic characteristics in

this region.
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TABLE 5-2
RANGE OF TRANSMISSIVITY AND STORATIVITY VALUES CALCULATED

USING THEIS, BOULTON, AND STALLMAN TYPE CURVES

TRANSMISSIVITY (GPD/FT):

Type Curve
Theis Boulton Stallman

No Boundary Boundary Boundary Anisotropy
Well No. Early Late Early Late

5-S 52,000 NA NA NA NA NA NA

6-S 45,000 10,000 20,000 NA NA NA 36,000

17-S NA 11,000 43,000 20,000 85,000 85,000 NA

24-S NA 85,000 45,000 44,000 81,000 81,000 NA

STORATIVITY:

Type Curve
Theis Boulton Stallman

No Boundary Boundary Boundary Anisotropy
Well No. Early Late Early Late

5-S 0.05 NA NA NA NA NA NA

6-8 0.04 0.01 0.11 NA NA NA 0.009

17-S NA 0.005 0.30 0.009 0.35 0.35 NA

24-S NA 0.006 0.18 0.004 0.07 0.07 NA
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5.4.3 Boundary Conditions

Two barrier boundaries (lower permeability soils) were tentatively

identified based on pumping test data from wells AT-2, 17-S, and 24-8.

The first boundary was located approximately 75 feet northeast of well

24-8, which corresponds to the pinching-out of the permeable gravelly­

sand lens mentioned in the previous section.

The second barrier boundary is located approximately 150 feet

southwest of well 17-8, in the direction of the Mississippi River. This

indicates that the Mississippi River bed may act as a hydraulic barrier,

which is possible if the bed material contains a high percentage of silt

and clay.

5.4.2 Heterogeneity

A steep water table gradient between wells AT-2 and 11-8, and the

absence of a significant gradient between wells AT-2, 5-8, 6-8, and 24­

8, indicate the presence of heterogeneous aquifer conditions.

Heterogeneous conditions were also identified in the Remedial

Investigation Report (RMT, 1987a). Geologic profiles from that report

indicate the presence of a discontinuous clay lens that creates a

confining layer near the pumping well, but which pinches out to the

northeast (upgradient) and south (downgradient). The geologic profiles

also show a gravelly sand layer in the aquifer above the clay layer that

pinches out to the northeast and thickens toward well 17-8.

The calculated range of transmissivities among wells 5-8, 6-8, lO­

S, 17-8, and 24-S (41,000 to 88,000 gpd/ft) are another indication of

significant aquifer heterogeneities.
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Data from well AT-2 support the presence of low permeability

boundaries. However, the data do not indicate the direction of these

boundaries. The boundaries affect the drawdown in AT-2 after

approximately 12 hours of pumping.
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APPENDIX A

DAILY QUALITY CONTROL REPOR.TS



None.

FIELD ANALYSIS PERFORKED:

WORK PERFORKED:

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

AUTHOR: Catherine A. Kwiatkowski

Note: Attach Additional Sheets as Necessary

Site Coordinator Signature~ A.~

None.

OUALITY CONTROL ACTIVITIES INITIATED:

SAMPLING PERFORMED:

None.

Due to the extremely cold temperatures the length of time people were able to
spend outside was decreased. Additional problems that were encountered due
to the cold temperatures and their solutions are as follows: the rigs would
not start--vehicles that could be were plugged in, on others the oil pans
were heated, batteries charged and then jump started; tools were frozen and
they had to use a propane torch to heat them in order to get them to work;
the welder would not start so they heated the oil pan and then jump started
it; during setting of the rod in 5-PCthe threads were frozen from steam
cleaning and needed to be heated with a torch; the crisco used for threading
compound froze and needed to be heated in order to use it.

WEATHER:

High of seventeen 4egrees F. below zero, partly sunny, no precipitation,
winds out of the west at about 20-30 mph.

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley, Kinnesota

RMT. Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Mod. No. P00003

The cable tool rig crew welded a cap onto well AT-2 and finished cleaning up
the drill site. The hollow stem auger rig crew mobilized to well 5:PC. They
steam cleaned the drill rod needed for the coring at 5-PC. The crew placed
the rod in well 5-PC to a depth of 165 feet.

DATE: January 4, 1988
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None.

FIELD ANALYSIS PERFORMED:

WORK PERFORMED:

-PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

AUTHOR: Catherine A. Kwiatkowski

Note: Attach Additional Sheets as Necessary

Field pH, conductivity, and temperature were performed on the water
discharged from well 3-1 after pumping until there was less than a 10% change
in the measured parameters. After the final development of the well a sample
was collected in a clear glass jar for the determination of the nephelometric
turbidity of the water and for photographic purposes.

Samples from well 3-1 were collected for pH, conductivity, temperature, and
turbidity.

SAMPLING PERFORMED:

QUALITY CQNTROL ACTIVITIES INITIATED:

Site Coordinator Signature:~ A. KY1A't1t~

The steam cleaner was not functioning properly and needed to be disassembled
and cleaned.
Coring at 5-PC was a problem because water was not passing through the
annular space because the adjustable clearance range between the annular
space around th~ drill bit was not adjusted properly.

The cable tool rig crew bailed the residual sand out of well AT-2 .. They then
mobilized to drill site l4-D and began steam cleaning the materials to be
used downhole.
The hollow stem auger crew continued to prepare for coring at well 5-PC.
After some problems they were able to core to a depth of 5 feet.
The pump and pipe to be used for the development of the wells was steam
cleaned. Well 3-1 was developed.

High of twentyfive with a low of eighteen degrees F., cloudy, light freezing
rain in the afternoon, winds out of the north-northwest at about 5 mph.

WEATHER:

DATE: January II, 1988

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley, Minnesota

RMT. Inc. Project No. 1332 Contract No. DACA4S-86-C-0015. Mod. No. P00003
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WORK PERFORMED:

FIELD ANALYSIS PERFORMED:

SAMPLING PERFORMED:

None.

AUTHOR: Catherine A. Kwiatkowski

Note: Attach Additional Sheets as NecessaryYEATHER:

Samples from 2l-S were collected for pH, conductivity, temperature, and
turbidity measurements.

Site Coordinator Signature: c,t:A.M~e. A. ~llfb"H1L

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley, Minnesota

RMT. Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Mod. No. P00003

QUALITY CONTROL ACTIVITIES INITIATED:

Problems were encountered during the coring operations at well 5-PC. The
water ports on the core bit became clogged with a shale-type material. They
attempted to pullout the bit with the wireline winch but were unsuccessful
so all the pipe had to be pulled out of the hole. They were then able to
unclog the core bit.
The bit used during cable tool drilling broke off into borehole l4-D. The
crew was succes~ful in "fishing" the bit out of the hole.
Freezing conditfons were encountered throughout the day wherever water needed
to be used so hoses and tools needed to be thawed with a torch before using.

The hollow stem auger crew continued coring at wellS-PC. They cored an
additional 7 feet.
The cable tool rig crew advanced pipe to a depth of 50 feet.
Well 2l-S was developed.

DATE: January 12, 1988

Field pH, conductivity, and temperature measurements were performed on the
water being discharged from well 21-S until these measurements agreed to
within 10%. Visual observations of the water being discharged throughout
development were also made. After development was complete a sample was
collected for the determination of the nephelometric turbidity of the water
and for photographic purposes.

High of twentynine degrees with temperatures dropping to minus eight degrees
below by early afternoon, blizzard conditions in the morning with a snow
accumulation of 5 inches, winds from 35-45 mph out of the north-west all day.
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FIEID ANALYSIS PERFORMED:

None.

YORK PERFORMED:

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

AUTHOR: Catherine A. Kwiatkowski

Note: Attach Additional Sheets as Necessary

QUALITY CQNTROL ACTIVITIES INITIATED:

In attempting to develop wells it was discovered that in some of the 2-inch
wells there is some sort of internal seam in the black iron pipe.
Consequently there was not enough clearance for the submersible pump to fit
into the 2-inch wells. Layne notified their office to send a smaller
diameter pump to the site by overnight delivery.

Site Coordinator Signature: ~ A.~

Periodic HNU readings were taken and recorded throughout the day.

Split spoon samples were collected at the specified intervals at borehole
l4-D

SAMPLING PERFORMED:

The hollow stem auger crew continued to core at well 5-PC and completed
coring by the end of the day.
The cable tool rig crew attempted to develop wells but were unable to get the
pump into the wells. So they returned to l4-D to resume drilling at that
location. They advanced to a depth of 57 feet.
Individual well response tests were performed on wells 11-8, 10-S, 6-S, and
5-S.

WEATHER:

DATE: January 13, 1988

High of minus eight degrees and a low of minus twelve degrees F., sunny all
day, winds at about 2-5 mph out of the west shifting to a southerly direction
in the afternoon at about 10-20 mph.

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP. Fridley. Minnesota

RMT. Inc. Project No. 1332 Contract No. DACA4S-86-C-00lS. Mod. No. P00003
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FIELD ANALYSIS PERFORMED:

YORK PERFORMED:

SAMPLING PERFORMED:

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

AUTHOR: Catherine A. Kwiatkowski

Note: Attach Additional Sheets as Necessary

Site Coordinator Signature~ A.1~~
None.

OUALITY CONTROL ACTIVITIES INITIATED:

The augers became stuck while they were pulling them out of borehole I-I.
Since it was late in the day it was decided to wait till morning to continue
to try to get them out.

Background and periodic HNU readings were taken for air quality throughout
the day.
Field pH, conductivity, and temperature measurements were performed on the
water being discharged from well 24-S until these measurements agreed to
within 10%. Visual observations of the water being discharged throughout
development were also made. After development was complete a sample was
collected for tqe determination of the nephelometric turbidity of the water
and for photographic purposes.

Split spoon samples were collected at the specified intervals at borehole
14-0.
Samples were collected from well 24-S for pH, conductivity, temperature, and
turbidity measurments.

High of minus five ,degrees F., partly cloudy in the morning to sunny in the
afternoon, heavy snow flurries in the morning, winds at 15-20 mph out of the
north northwest.

The hollow stem auger crew pulled out the remalnlng core and pipe ~t well
5-PC. They mobilized to borehole I-I. The appropriate work zones were
delineated and set up at I-I. The crew steam cleaned the augers, screen and
black iron riser pipe to be used for I-I. They constructed the well and
began pulling the augers out.
The cable tool rig advanced the borehole at l4-D to a depth of 73 feet. They
also checked wells 3-1, 2l-S, and 24-S for plumbness and alignment. The crew
also steam cleaned the submersible pump to be used for the development of the
2-inch wells and set the pump in well 24-S.
Well 24-S was developed and individual well response tests were performed on
wells 6-D, l7-S, and IS-S.

WEATHER:

DATE: January 14, 1988

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley, Minnesota

RMT. Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Mod. No. P00003
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SAMPLING PERFORMED:

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

FIELD ANALYSIS PERFORMED:

None.

AUTHOR: Catherine A. Kwiatkowski

Site Coordinator Signature: ~ A.~

OUALITY CONTROL ACTIVITIES INITIATED:

The hollow stem auger crew successfully freed the augers that were stuck in
borehole I-I.

';,

Background and periodic HNU readings were taken for air quality throughout
the day.
Field pH, conductivity, and temperature measurements were performed on the
water being discharged from well 4-1 until these measurements agreed to
within 10%. Visual observations of the water being discharged throughout
development were also made. After development was complete a sample was
collected for the determination of the nephelometric turbidity of the water
and for photographic purposes.

Split spoon samples were collected at the specified intervals at borehole
l4-D.
Samples were collected from well 4-1 for pH, conductivity, temperature, and
turbidity measurements .

WORK PERFORMED:

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley, Minnesota

RMT. Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Mod. No. P00003

The hollow stem auger crew complete constructing well I-I and prepare to move
the rig off site.
The cable tool rig crew checked well 4-1 for plumbness and alignment. They
also steam cleaned the pump and pipe used for well development and ,set the
pump in well 4-1. They continue drilling at 14·D and advance the borehole to
a depth of 85 feet by the end of the day.
Individual well response tests were performed on the following wells: 8-S,
s-D, 4-D, 7-0, and 8-0.

WEATHER: Note: Attach Additional Sheets as Necessary
High of twentyfive degrees F., sunny, no precipitation, winds calm.

DATE: January 15, 1988
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PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

FIELD ANALYSIS PERFORMED:

WORK PERFORMED:

AUTHOR: Catherine A. Kwiatkowski

Note: Attach Additional Sheets as Necessary

Site Coordinator Signature:'~ A.~

None.

Background and periodic HNU readings were taken and recorded throughout the
day.

SAMPLING PERFORMED:

WEATHER:

None.

QUALITY CONTROL ACTIVITIES INITIATED:

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley. Minnesota

RMT. Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Mod. No. P00003

Split spoon samples were taken at the specified intervals at both drill
sites.

DATE: January 18, 1988

High of twentyeight degrees F., partly sunny, no precipitation, winds out of
the south at about 5-10 mph.

The second cable tool rig (cable tool rig-B) arrived on site today.. The crew
that had previously operated the hollow stem auger rig will be operating the
second cable tool rig. The rig and some of the pipe to be used downhole was
steam cleaned. Cable tool rig-B mobilized to drill site 12-0. The
appropriate work zones were deliniated and set up. They advanced their hole
to a depth of 40 feet by the end of the day.
The first cable tool rig (cable tool rig-A) continued to drill at borehole
14-0. They advanced to a depth of 93 feet by the end of the day.
Individual well response tests were performed on wells 4-PC and 24-S.
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None.

"lORK PERFORMED:

FIELD ANALYSIS PERFORMED:

SAMPLING PERFORMED:

AUTHOR: Catherine A. Kwiatkowski

Note: Attach Additional Sheets as Necessary

Site Coodinator Signature:~A.~

Split spoon samples were taken at the specified intervals at boreholes l2-D
and l4-D.
Samples were collected from well 22-8 for pH, conductivity, temperature, and
turbidity measurements .

None.

Background and periodic HNU readings were taken for air quality throughout
the day.
Field pH, conductivity, and temperture measurements were performed on the
water being discharged from well 22-S until these measurements agreed to
within 10%. Visual observations of the water being discharged throughout
development were also made. After development was complete a sample was
collected for the determination of the nephelometric turbidity of the water
and for photographic purposes.

QUALITY CONTROL ACTIVITIES INITIATED:

Cable tool rig-A advanced to a depth of 93 feet and hit sandstone. It was
decided to stop and set the well screen at about 90 feet. The crew steam
cleaned the screen and riser pipe and begin constructing well l4-D. The crew
also checked steam cleaned the pipe and pump used for development and the
alignment tool. They checked well 22-8 for plumbness and alignment. The
pump was set in well 22-S and was developed.
Cable tool rig-B advanced their hole to a depth of 95 feet by the end of day.

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

High of twentyeight degrees F., mostly cloudy, heavy snow in the afternoon,
winds out of the north-northwest at about 25-30 mph.

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley, Minnesota

RMT. Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Mod. No. P00003

DATE: January 19, 1988

lJEATHER:
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FIELD ANALYSIS PERFORMED:

None.

YORK PERFORMED:

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

AUTHOR: Catherine A. Kwiatkowski

Note: Attach Additional Sheets as NecessaryWEATHER:

Split spoon samples were collected at the specified intervals at borehole
l2-D.

Background and periodic HNU readings were taken for air quality throughout
the day.

Site Coordinator Signature~A.~

SAMPLING PERFORMED:

The drillers don't have a compressor to operate the grout pump so they had to
find a rental. Due to the freeZing temperatures the grout pump kept freezing
and periodically had to be thawed with a torch.

Cable tool rig-A set the screen and riser pipe at well location l4·D and
began grouting. They ran out of cement and a small amount of grout will need
to be added tomorrow.
Cable tool rig-B advanced borehole 12-D to a depth of 115 feet by the end of
the day.

DATE: January 20, 1988

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley, Minnesota

RMT. Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Mod. No. P00003

High of twentytwo degrees F., snow continuing in the morning, overnight
snowfall of about 12 inches, cloudy, winds out of the north-northwest at
about 20-25 mph.

QUALITY CONTROL ACTIVITIES INITIATED:
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PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

llORK PERFORMED:

FIELD ANALYSIS PERFORMED:

None.

AUTHOR: Ron Vaughn

Note: Attach Additional Sheets as Necessary

Background and periodic HNU readings were taken for air quality throughout
the day.
Field pH, conductivity, and temperature measurements were performed on the
water being discharged from wells 5-1 and 25-5 until these measurements
agreed to within 10%. Visual observations of the water being discharged
throughout development were also made. After development was complete samples
were collected for the determination of the nephelometric turbidity of the
water and for photographic purposes.

SAMPLING PERFORMED:

Split spoon samples were collected at the specified intervals at borehole 12­
D and borehole 2-1.
Water samples were collected from wells 5-1 and 25-5 for pH, conductivity',
temperature, and turbidity measurements.

Cable tool rig-A completed grouting well l4-D. They mobilized to drill site
2-1 and drilled to about 4 feet. They checked wells 5-1 and 25-S for plumbness
and alignment. The pump was set in wells 5-1 and 25-8 and were developed.
Cable tool rig-B advanced borehole to its estimated depth of 130 feet. they
set the screen and well casing into l2-D. They added the filter pack also at
l2-D.

High of twentyfive degrees F., partly sunny, no precipitation, winds out of
the south at about 5-10 mph.

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley, Minnesota

RKT. Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Mod. No. P00003

lJEATHER:

DATE: January 21, 1988
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QUALITY CQNTROL ACTIVITIES INITIATED:

None

Site Coordinator Signature~A~



None.

FIELD ANALYSIS PERFORMED:

SAMPLING PERFORMED:

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

AUTHOR: Ron Vaughn

Note: Attach Additional Sheets as Necessary

OUALITY CONTROL ACTIVITIES INITIATED:

Site Coordinator Signature: ~4/,4(¥

Background and periodic HNU readings were taken for air quality throughout
the day. Yater well baildowns were performed at wells l5-S, 22-S, and 25-S.

Cable tool rig-A encountered broken concrete at a depth of about 4-5 feet.
The drill rig will be moved a few inches on Monday morning.

Split spoon samples were collected at the specified intervals at borehole 2­
I.

YORK PERFORMED:

Cable tool rig-A drilled to about 12 feet at borehole 2-I. Cable tool rig-B
grouted well 12-D and installed the protective casing.

WEATHER:

High of twenty degrees F., partly sunny, light snow most of the day, winds
out of the west at about 10-25 mph.

DATE: January 22, 1988

A-E DAlLY QUALITY CONTROL REPORT (DQCR)
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YORK PERFORMED:

SAMPLING PERFORMED:

FIELD ANALYSIS PERFORMED:

None.

AUTHOR: Ron Vaughn

Note: Attach Additional Sheets as Necessary

Site Coordinator ?........vd ¥

Background and periodic HNU readings were taken for air quality throughout
the day.
Field pH, conductivity, and temperature measurements were performed on the
water being sampled for ground water monitoring until these measurements
agreed to within 10%.

Due to freezing temperatures most of the engines were difficult to start in
the morning also many items of the drillers were freezing and had to be
thawed by use a propane torch.

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

Cable tool rig-A repositioned their rig over borehole 2-1. They advanced to a
depth of 35 feet.
Cable tool rig-B loaded up their rig and mobilized to drill site 10-D. They
advanced to a depth of 13 feet.

Split spoon samples were collected at the specified intervals at boreholes
10-D and 2-1.
Ground water monitoring was performed at wells 10-5, 11-S, 22-5 and 24-S.

WEATHER:

QUALITY CONTRQL ACTIVITIES INITIATED:

DATE: January 25, 1988

High of zero degrees F., partly sunny, winds out of the northwest at about
25-30 mph.

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley, Minnesota
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None.

YORK PERFORMED:

FIELD ANALYSIS PERFORMED:

SAMPLING PERFORMED:

AUTHOR: Ron Vaughn

Note: Attach Additional Sheets as Necessary

Site Coordinator ;;?••&/g ¥

Split spoon samples were collected at the specified intervals at boreholes
2-1 and 10-D.
RMT personnel performed ground water sampling at wells 5-1, 5-S, 6-S, 17-S,
and 18-S.

Background and periodic HNU readings were taken for air quality throughout
the day.
Field pH, conductivity, and temperature measurements were performed on the
water being sampled for ground water monitoring until these measurements
agreed to within 10%.

Cable tool rig-A advanced to a depth of 65 feet.
Cable tool rig-B deconed additional materials for borehole 10-D and advanced
to a depth of 32 feet.
RMT personnel installed 600 feet of nylon rope down a manhole at FMC and up a
manhole in the nearby city park.

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

Due to freezing temperatures most of the engines were difficult to start in
the morning also many items of the drillers were freezing and had to be
thawed by use, of, a propane torch.

QUALITY CONTRQL ACTIVITIES INITIATED:

WEATHER:

DATE: January 26, 1988

High of five degrees F., partly sunny, winds out of the west at about 10-20
mph.

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley, Minnesota

RMT. Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Mod. No. P00003
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SAMPLING PERFORMED:

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

FIELD ANALYSIS PERFORMED:

WORK PERFORMED:

AUTHOR: Ron Vaughn

Note: Attach Additional Sheets as Necessary

Site Coordinator _.:....:£:..::.~--=-:....:--=---...!/::..!.....=..,......¥<e.=~~ _

QUALITY CONTROL ACTIVITIES INITIATED:

Background and periodic HNU readings were taken for air quality throughout
the day.
Field pH, conductiYity, and temperature measurements were performed on the
water being sampled for ground water monitoring and the water being
discharged from l4-D until the measurements agreed to within 10%.

The Layne pump crew was off the FMC property forb about 5.5 hours to pick up
a pump rig. The pump crew's flatbed truck is down due to a starter failure.

split spoon samples were taken at the specified depths at boreholes 2-1 and
10-D.
Samples were collected from well 14-D for pH, conductivity, temperature, and
turbidity measurements.
Ground water sampling was performed at wells 4-S, 6-D, 9-S, and 25-S.

Daily notes of the supervising geologist were reviewed for accuracy and
completeness.

WEATHER:

Cable tool rig-A drilled to the estimated depth of 75 feet at borehple
2-1. They set the screen and well pipe down the borehole and added'the filter
pack. They deconed the pump materials for developement for l4-D. They then
set pump and pipe down well l4-D. Cable tool rig-A also pulled developement
pump and pipe out of the well.
Cable tool rig-B advanced borehole 10-D to a depth of 65 feet.
RMT personnel performed ground water sampling at wells 4-S, 6-D, 9-S and
25-S.
A baildown test was performed at well l4-D.

High of eight degrees F., partly sunny, winds out of the west northwest at
about 5-10 mph.

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley, Minnesota

RMT. Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Mod. No. P00003

DATE: January 27, 1988
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FIELD ANALYSIS PERFORMED:

SAMPLING PERFORMED:

YORK PERFORMED:

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

AUTHOR: Ron Vaughn

Note: Attach Additional Sheets as Necessary

Site Coordinator Signature ?~.<I.~

QUALITY CONTRQL ACTIVITIES INITIATED:

The air compressor which Layne rented to grout borehole 2-1 did not work
resulting in ~dditional down time for cable tool rig-A because the compressor
had to be returned. The rental company did not have another compressor.
Therefore another rental company had to be located and another compressor
rented.
Pump crew's flatbed truck still does not have a working starter therefore the
truck must be pulled started resulting in additional down time.

Daily notes of the supervising geologist were reviewed for accuracy and
completeness.

Background and periodic HNU readings were taken for air quality throughout
the day.
Field pH, conductivity, and temperature measurements were performed on the
water being sampled for ground water monitoring until these measurements
agreed to within 10%.

Split spoon samples were collected at the specified intervals at borehole
10-0.
RMT personnel performed ground water sampling at wells 4-S, 8-S, and l4-D.
Pho.::ographs were taken of Lanye's fire hose before being installed into the
storm sewer.

WEATHER:

High of ten degrees F., partly sunny, winds out of the west at about 5-10
mph.

DATE: January.28, 1988

Cable tool rig-A grouted and installed the protective casing for well 2-1.
They cleaned up site and prepared the drill rig to mobilize to drill site
l3-D tomorrow morning.
Cable tool rig-B advanced to a depth of 96 feet.
Pump crew deconed pump materials for pump installation at AT-I. They
installed the pump into well AT-I. Performed electrical work on electrical
wires for AT-l and AT-2 pumps. They installed 550 feet of fire hose down into
a manhole on FMC property and out a manhole of a nearby park.

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley, Minnesota

RHT. Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Mod. No. P00003
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WORK PERFORMED:

FIELD ANALYSIS PERFORMED:

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

SAMPLING PERFORMED:

AUTHOR: Ron Vaughn

Note: Attach Additional Sheets as Necessary

Site Coordinator Signature ZudIff drL

QUALITY CQNTROL \ACTIVITIES INITIATED:

Continued problem of the Layne flatbed truck with a bad starter motor. The
truck developed some overheating problems. The truck is being driven back to
Milwaukee, WI. to get repaired over the weekend.

Background and periodic HNU readings were taken for air quality throughout
the day.

split spoon samples were collected at the specified intervals at boreholes
10-D and 13-0.

Daily notes of the supervising geologist were reviewed for accuracy and
completeness.

Cable tool rig-A steam cleaned materials for drilling borehole l3-D. They
moblized to 13-D and had to shovel about 5 cubic yards of snow to get the rig
backed over the drill site. The 'hot zone' was set up around the rig. They
drilled to a depth of 12 feet. They loaded their flatbed truck up with
materials to be taken to Layne's shop in Wausau, WI.
Cable tool rig-B advanced to a depth of 101 feet at borehole 10-D. At 101
feet they encountered bedrock (sandstone). They placed the deconed screen and
pipe down into the borehole. They covered the casing and well pipe for the
weekend.
The pump crew installed the pump and pipe for well AT-2. These materials were
steam cleaned. A water level gauge was installed at AT-Z also.

High of thrity degrees F., sunny, winds out of the southwest at about 2-5
mph.

DATE: January 29, 1988

A-E DAILY QUALITY CONTROL REPORT (DQCR)
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WORK PERFORMED:

High of minus five degrees F., sunny, light snow flurries in the morning,
winds out of the northwest at about 10-15 mph.

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP. Fridley. Minnesota

RMT. Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Mod. No. P00003

The crew on cable tool rig itA" continued drilling at borehole l3-D and
advanced the hole to a depth of 31 feet by the end of the day.
The crew on cable tool rig "B n began pulling the pipe out of borehole 10-D
and began constructing the well.
Layne-Northwest's pump crew and hydrologists arrived and began preparing for
the pump tests. They installed the totalizers on both "AT" wells. completed
wiring AT-l and put the firehose in place for that well. At well AT-2 they
placed a portion of the hose.

AUTHOR: Catherine A. Kwiatkowski

Note: Attach Additional Sheets as Necessary'WEATHER:

DATE: February 1, 1988

I
I

I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I

SAMPLING PERFORMED:

Split spoon samples were collected at l3-D at the specified intervals.

FIELD ANALYSIS PERFORMED:

Background and periodic HNU readings were taken throughout the day for air
quality.

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

Due to the cold temperatures it took some time to start the rigs and support
trucks. The power steering hose on the support truck for cable tool rig "A"
broke and will need to be repaired before proceeding with any work tomorrow.

QUALITY CONTROL ACTIVITIES INITIATED:

The notes and boring logs of both supervising geologists were reviewed to
assure that they were accurate and complete.

. Site Coordinator Signature~A.~



WORK PERFORMED:

High of minus ten degrees F., sunny, winds out of the northwest at about
5-10 mph.

A-E DAILY QUALITY CONTROL REPORT (DQCR)
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DATE: February 2, 1988

WEATHER:

AUTHOR: Catherine A. Kwiatkowski

Note: Attach Additional Sheets as Necessary
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C~ble tool rig "An continues to drill at borehole 13-D and advanced that hole
to a depth of 55 feet. The crew on cable tool rig "B" pulled the pipe out of
borehole 10-D and constructed the well at that location. They began cleaning
up the site at 10-D and mobilized to site II-D. The pump crew finished
laying hose at AT-2 and completed wiring the pump at that location. Pressure
transducers were installed in the following wells:
AT-2, 24-S, 6-D, 11-S, 6-S, 10-S, 5-S, 4-D, 17-S, and 7-D. Protective
barricades were set up over all manholes being used for the pump test.
Wells AT-I and AT-2 were developed. A step drawdown analysis was performed
on well AT-2 to define its pumping capacity.

SAMPLING PERFORMED:

Split spoon samples were collected at the specified intervals at drill site
13-D.
Samples were collected from wells AT-I and AT-2 for pH, conductivity,
temperature, and turbidity as part of the development process. After
development was completed samples were also collected from these wells for
vac analysis.

FIELD ANALYSIS PERFORMED:

Background and periodic HNU readings were taken for air quality throughout
the day.
Field pH, conductivity, and temperature measurements were performed on the
water discharged (from a sampling valve at well head) from wells AT-l and
AT-2 until these measurements agreed to within 10%. Visual observations of
the water during development were also made. After development was complete
samples were coliected for the determination of the nephelometric turbidity
of the water and for photographic purposes.

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

During the development of the "AT" wells several severe leaks in the pipes
occurred. These were fixed by the use of teflon tape and tightening of the
connections. During the pumping of AT-2 we experienced a shutdown due to
some sort of blockage in the hose. The hose above ground was inspected and
it was found that there were several kink~ in the hose.

QUALITY CONTROL ACTIVITIES INITIATED:
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Field notes of both supervising geologists were reviewed for completeness and
accuracy.

Sit~ Coordinator Signature~ A.~
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SAMPLING PERFORMED:

FIELD ANALYSIS PERFORMED:

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

WORK PERFORMED:

AUTHOR: Catherine A. Kwiatkowski

Note: Attach Additional Sheets as Necessary

Split spoon samples were collected at the specified intervals at borehole
l3-D.
Samples were collected at well 2-1 for pH, conductivity, temperature, and
turbidity as part of the development process:
At the start of the pump test at AT-l samples were collected at wells 9-S,
22-S, 5-1, 14-D, and AT-I for the TCE time series analysis.

Background and periodic HNU readings were taken for air quality throughout
the day.
Field pH, conductivity, and temperature measurements were performed on the
water being discharged from well 2-1 until these measurements agreed to
within 10%. Visual observations of the water being discharged throughout
development were also made. After development was complete a sample was
collected from 2~I for the determination of the nephelometric turbidity of
the water and 'for photographic purposes.

WEATHER:

The totalizer and flow meter on AT-l malfunctioned. The Layne pump crew was
able to locate another and replace it.

DATE = February 3, 1988

High of minus eight degrees F., sunny, no precipitaion, winds out of the
north at about 10-15 mph.

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley, Minnesota

RHT, Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Mod. No. P00003

The crew on cable tool rig "A" continued to drill at borehole l3-D. They
advanced that hole to a depth of 95 feet by the end of the day.
The necessary work zones were delineated and set up at drill site Il-D for
cable tool rig "B". The drill casing to be used for drilling at ll-D was
steam cleaned. They advanced to a depth of 11 feet.
Preparations continued for the start of the aquifer pump tests. The pump
tests started at 10 A.M. today.
The tool used for the alignment checks and the pipe and pump used for well
development was steam cleaned before its use. Well 2-1 was checked for
plumbness and alignment. Welln 2-1 was also developed.
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QUALITY CONTROL ACTIVITIES INITIATED:

As part of the TCE time series analysis a duplicate, a field blank, and a
trip blank were collected and sent to the lab.
The field notes of both supervising geologists were reviewed for completeness
and accuracy.

Site Coordinator Signature~ A.K~



SAMPLING PERFORMED:

FIELD ANALYSIS PERFORMED:

WORK PERFORMED:

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley, Minnesota

RMT. Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Mod. No. P00003

AUTHOR: Catherine A. Kwiatkowski

Note: Attach Additional Sheets as Necessary

Split spoon samples were collected at the specified intervals at boreholes
13-D and 11-0.
Samples were collected from wells 10-0 and 12-0 for pH, conductivity,
temperature and turbidity as part of the development process.
Samples were also collected for the TCE time series analysis from wells AT-I,
9-S, 5-1, 14-0, and 22-S.
Samples were collected from AT-2 for the purpose of the bench scale analysis.

WEATHER:

The crew on cable tool rig "A" drilled borehole 13-0 to a final depth of
approximately 99 feet which is the depth at which they encountered bedrock.
They then steam cleaned the screen and riser pipe for the construction of
well 13-0. The screen and riser pipe were set and they began constructing
the well.
The crew on cable tool rig "B" advanced borehole 11-0 to a depth of
approximately 77 feet by the end of the day.
The pump crew steam cleaned the alignment tool and the pump and pipe used
for the development of wells. They checked wells 10-0 and l2-D for plumbness
and alignment and also developed wells 10-D and 12-0.
Both pump tests continue to run without problems. Water levels were taken at
the specified time intervals at wells AT-2, 24-S, 6-0, ll-S, 6-S, 10-S, 4-D,
l7-S, 7-0, 4-PC, 8-S, 5-D, l8-S, 4-1, and 8-0.
Water levels were taken and samples were collected from AT-I, 9-S, 5-1, 14-D,
and 22-S for the TCE time series analysis.

DATE: February 4, 1988

High of minus five degrees F., snow in the morning with an accumulation of
approximately one inch, partly cloudy to sunny in the afternoon, winds out of
the northwest at about 12-18 mph.
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Background and periodic HNU readings were taken for air quality throughout
the day.
Field pH, conductivity and temperature measurments were performed on the
water being discharged from wells 10-D and l2-D until these measurements
agreed to within 10%. Visual observations of the water being discharged
throughout the development process were also made. After development was
complete a sample was collected from wells 10-0 and l2-D for the
determination of the nephelometric turbidity of the water and for
photographic purposes.
Bench scale testing of the pumped water from AT-2 was performed according to
the procedures written.
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PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

The flap valve on the sand pump being used bey cable tool rig "B"
malfunctioned and could not be fixed. They had to switch to a flat bottom
bailer.

QUALITY CONTROL ACTIVITIES INITIATED:

Field notes of both supervising geologists and the technicians taking water
levels as part of the pump test were reviewed for completeness and accuracy.

Site Coordinator Signature



WORK PERFORMED:

SAMPLING PERFORMED:

FIELD ANALYSIS PERFORMED:

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

AUTHOR: Catherine A. Kwiatkowski

Note: Attach Additional Sheets as Necessary

Background and periodic HNU readings were taken for air quality throughout
the day.

QUALITY CONTROL ACTIVITIES INITIATED:

Due to the extremely cold temperatures and low windchill temperatures
grouting could not "be done at 13-0. The extended forecast for Monday is for
temperatures above zero. They should be able to grout then.
Also because of the cold temperatures it took a couple of hours to get cable
tool rig "B" started.

':,

As part of the TCE time series analysis a duplicate, field blank, and a trip
blank were collected and sent to the lab.
The field notes of both supervising geologists and the technicians taking
water levels as part of the pump test were reviewed for completeness and
accuracy.

Split spoon samples were taken at the specified intervals at borehole II-D.
Samples were taken from wells AT-I, 5-1, 9-S, 14-0, and 22-S for the TCE time
series analysis being performed.

High of minus 15 degrees F., sunny, no precipitation, winds out of the
northwest at 20 25 mph.

'WEATHER:

DATE: February 5, 1988

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP. Fridley. Minnesota

RMT. Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Mod. No. P00003

The crew on cable tool rig "B" advanced borehole ll-D to a depth of
approximately 80 feet before quiting for the day.
In conjuction with the AT-2 pump test water levels were taken and recorded at
wells AT-2, 24-5, 6-D, ll-S, 6-5, 10-S, 4-0, 17-S, 7-0, 4-PC, 8-S, 5-0, l8-S,
4-1, and 8-0 at the specified intervals.
Water levels and samples were taken from wells AT-I, 5-1, 9-8, l4-D, and
22-S as part of the time series analysis for TCE.
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Site Coordinator Signature~ A.~



None.

FIELD ANALYSIS PERFORMED:

SAMPLING PERFORMED:

YORK PERFORMED:

AUTHOR: Catherine A. Kwiatkowski

Note: Attach Additional Sheets as Necessary

Samples were collected from AT-I, 5-1, 9-S, 14-D, and 22-5 for the TCE time
series analysis.

None.

Site Coordinator Signature~ A.~

QUALITY CONTROL ACTIVITIES INITIATED:

Background and individual HNU readings were taken at wells AT-1, 5-1, 9-5,
14-0, and 22-S before the start of the sampling process at these wells.

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

WEATHER:

The AT-2 aquifer pump test reached the minimum 72 hour point and was
terminated at 10:15 a.m. this morning. Following the termination of the test
the measurement of recovery in wells AT-2, 24-5, 6-0, 11-5, 6-5, 10-S, 4-0,
17-5, 7-0, 4-PC, 8-S, 5-D, 18-S, 4-1, and 8-D began. The frequency of
measurements followed the frequency specified in the procedures written. The
measurement of recovery continued until the water levels in wells AT-2, 24-S,
6-D, ll-S, and 6-S recovered to within 80% of their prepumping levels. The
automated recorders were left in place.
The AT-l aquifer test continues to proceed without any problems. Water
levels were taken and samples collected from wells AT-I, 5-1, 9-5, 14-D, and
22-S for the time series analysis.

DATE: February 6, 1988

High of minus three degrees F., sunny, no precipitation, winds out of the
northwest at about 10-15 mph.

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley, Minnesota

RMT. Inc. Project No. 1332 Contract No. DACA4S-86-C-001S. Mod. No. P00003
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FIELD ANALYSIS PERFORMED:

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

SAMPLING PERFORMED:

WORK PERFORMED:

AUTHOR: Catherine A. Kwiatkowski

Note: Attach Additional Sheets as Necessary

A duplicate, field blank, and trip blank were collected and shipped to the
lab for analysis as part of the TCE time series analysis.
A trip blank accompanied the sampler during collection of samples from wells
1-S and 2-5 and will be sent to the lab for analysis.

Field pH, conductivity, and temperature measurements were taken after each
well volume was removed during the purging process at wells l-S and 2-S until
three successive readings yielded equivalent values as specified in the A-E
QCP.

QUALITY CONTROL ACTIVITIES INITIATED:

None.

Samples were collected from AT-I, 5-1, 9-S, 14-D, and 22-S for the TCE time
series analysis.
Samples were also collected from wells l-S and 2-S.

Water levels were taken and samples were collected at wells AT-I, 5-1, 9-5,
14-D, and 22-s.

High of five degrees F., sunny, no precipitation, winds out of the north at
about 15-20 mph.

WEATHER·

DATE: February 7, 1988

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP. Fridley, Minnesota

RMT, Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Mod. No. P00003
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FIELD ANALYSIS PERFORMED:

SAMPLING PERFORMED:

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

WORK PERFORMED:

AUTHOR: Catherine A. Kwiatkowski

Note: Attach Additional Sheets as Necessary

None.

Field pH, conductivity, and temperature measurements were taken after each
well volume was removed during the purging process at wells l3-S, 14-5, and
15-5 unti11 three successive readings yielded equivalent values as specified
in the A-E QCP.
Split spoon samples were collected at the specified intervals at borehole
13-D.
Background and periodic HNU readings were taken for air quality throughout
the day.

Site Coordinator Signature~ A.~~

QUALITY CQNTROL ACTIVITIES INITIATED:

As part of the quality control procedures for the groundwater monitoring
activities QA and QC duplicate sample # 3 was collected. Also QC trip blank
# 6 accompanied the samples and QA field blank # 2 was collected. The field
notes of the supervising geologist and the groundwater sampler were reviewed
for completeness and accuracy.

The crew on cable tool rig "A" grouted and completed well l3-D.
Cable tool rig "B" advanced borehole ll-D to a depth of 125 feet by-the end
of the day.
Aquifer test AT-l was terminated this morning. Water levels and a final
round of samples were collected at wells 5-1, 9-8, 14-D, 22-5, and AT-l for
the time series analysis.
Groundwater samples were collected from wells 13-5, 14-5, and 15-5.
Borehole 23-8 was located and staked.

5amples were collected from AT-I, 5-1, 9-5, l4-D, and 22-8 for the TCE time
series analysis.
Groundwater samples were collected from wells l3-S, 14-5, and l5-S.

WEATHER:

DATE: February 8, 1988

High of ten degrees F., partly cloudy, snow in the morning with an
accumulation of 2.5 inches, winds out of the northwest at about 5-10 mph.

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley, Minnesota

RHT. Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Mod. No. P00003

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I



SAMPLING PERFORMED:

WORK PERFORMED:

FIELD ANALYSIS PERFORMED:

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

AUTHOR: Catherine A. Kwiatkowski

Note: Attach Additional Sheets as Necessary

Samples were collected from wells 1-0, 2-1, 2-D, 3-5, 5-0, and 5-PC following
the procedures specified in the A-E QCP. The two storm sewer outfalls were
sampled and labeled as storm sewer outfall north and south.

Field pH, conductivity, and temperature measurements were taken after each
well volume was removed during the purging process at all wells sampled until
three successive readings yielded equivalent values as specified in the
A-E QCP.
Field pH, coductivity,and temperature measurements were performed on the
water being discharged from wellS-PC as part of the development process
until these measurements agreed to within 10%. Visual observations of the
water being discharged at wellS-PC were made throughout the development
process. After ~evelopment was complete a sample was collected from S-PC for
the determination of the nephelometric turbidity of the water and for
photographic purposes.
Background and periodic HNU readings were taken throughout the day for the
determination of air quality.

WEATHER:

The crew from cable tool rig "A" began cleaning up around some of the drill
sites and began dissassembling the fire hose used during the pump test.
Cable tool rig "B" advanced borehole ll-D to its final depth of 130 feet and
began pulling the drill casing out of the hole. They steam cleaned the
screen and riser pipe to be used for constructing 11-0 and began constructing
that well.
The tool used to check wells for plumbness and alignment and the pump to
develop wells was steam cleaned before its use. WellS-PC was checked for
plumbness and alignment and developed today.
Groundwater samples were collected from wells 1-0, 2-1, 2-D, 3-S, 5-0, and
5-PC. The storm sewer outfalls were located and sampled also.

A high of minus five degrees F., sunny, no precipitation, winds out of the
northwest at about 10-15 mph.

A- E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley, Minnesota

RHT, Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Mod. No. P00003

DATE: February 9, 1988
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OUALITY CONTROL ACTIVITIES INITIATED:

QC trip blank number seven accompanied the samplers throughout the day and
was sent to the lab for analysis along with the samples collected during the
day.
The field notes of the supervising geologist and samplers were reviewed for
completeness and accuracy.

Site Coordinator Signature~ A.~



FIELD ANALYSIS PERFORMED:

None.

SAMPLING PERFORMED:

WORK PERFORMED:

AUTHOR: Catherine A. Kwiatkowski

Note: Attach Additional Sheets as Necessary

Samples were collected from wells I-I, 3-1, 3-0, 4-0, 7-S, l2-S, 13-0, 20-S,
and 21-5 following the procedures specified in the A-E QCP.

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

Background and periodic HNU readings were taken throughout the day for the
determination of air quality.
Field pH, conductivity, and temperature measurements were taken after each
well volume was removed during the purging process at all wells sampled until
three successive readings yielded the equivalent values as specified in the
A-E QCP.
Field pH, conductivity, and temperature measurements were performed on the
water being discharged from wells I-I and 13-0 as part of the development
process until these measurements agreed to within 10%. Visual observations
of the water being discharged from wells I-I and 13-0 were made and recorded
throughtout the development process. After development was complete a sample
was collected "from I-I and 13-0 for the determination of the nephelometric
turbidity of the water and for photographic purposes.

A high of minus seven degrees F., sunny, no precipitation, winds out of the
northwest at about 15-20 mph.

WEATHER:

The crew from cable tool rig "A" continued to clean up around the drill
sites, packing fire hose from the pump test, and loading up some of' their
equipment.
The crew on cable tool rig "B" grouted and completed well 11-0. They began
preparations to move off of that site and mobilize to drill site 23-5.
The plumbness/alignment tool and pump used for well development was steam
cleaned in preparation to develop wells. Wells I-I and 13-0 were checked for
plumbness and alignment and developed today.
Groundwater samples were collected from wells I-I, 3-1, 3-0, 4-0, 7-5, 12-5,
13-0, 20-5, and 21-5.

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley, Minnesota

RMT, Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Mod. No. P00003

DATE: February 10, 1988
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QUALITY CONTROL ACTIVITIES INITIATED:

As part of the quality control procedures for the groundwater monitoring
activities QA and QC field blanks number 3 were collected and sent to the
appropriate labs. Trip blank number eight accompanied the sampler throughout
the day and was also sent to the lab for analysis.
The field notes of the supervising geologist and samplers were reviewed for
completeness and accuracy.

Site Coordinator Signature~ A.~
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DATE: February II, 1988

WEATHER:

AUTHOR: Ronald H. Vaughn

Note: Attach Additional Sheets as Necessary

,I
I
I
I
I
I
I
I
I'
I
I
I
I
I
I

A high of minus five degrees F., sunny, no preciptatoin, winds out the
northwest at about 5-10 mph.

WORK PERFORMED:

The crew from cable tool rig "A" continued to clean up around the drill
sites, and loading up additational equipment into their semi trailer.
Cable tool rig "B" crew steam cleaned drilling materials for 23-S and then
moblized to the off base drill site 23-5. The crew drilled to a depth of 8
feet.
Ground water samples were collected from wells 16-5 and 19-5.
The work zones were delinated at the 23-5 drill site.

SAMPLING PERFORMED:

Samples were collected from wells l6-S and 19-5 following the procedures
specified in the A-E QCP.

FIElD ANALYSIS PERFORMED:

Background and periodic HNU readings were taken throughout the day for the
determination of air quality.
Field pH, conductivity, and temperature measurements were taken after each
well volume was removed during the purging process at all wells sampled until
three successive readings yielded the equivalent values as specified in the
A-E QCP.

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

None.

QUALITY CONTRQL ACTIVITIES INITIATED:

';,

As part of the quality control procedures for the ground water monitoring
activities a QC field blank was collected and sent to the appropriate lab.
The field notes of ,the supervising geologist and sampler were reviewed for
completeness and accuracy.

Site Coordinator Signature~ /I~...t..



YORK PERFORMED:

None.

SAMPLING PERFORMED:

FIELD ANALYSIS PERFORMED;

AUTHOR: Ronald H. Vaughn

Note: Attach Additional Sheets as Necessary

Site Coordinator Signature ?~4(t!~4

Background and periodic HNU readings were taken throughtout the day for the
determination of air quality.

QUALITY CONTROL ACTIVITIES INITIATED;

The field notes of the supervising geologist were reviewed for completeness
and accuracy.

Soil samples were collected as specified in the A-E QCP.

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS;

WEATHER:

A high of ten degrees F., sunny, no precipitation, winds out of the northwest
at about 10-15 mph.

The crew from cable tool rig liB" drilled to a depth of 42 feet.

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley, Minnesota

RMT. Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Mod. No. P00003

DATE: February 12, 1988
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SAMPLING PERFORMED:

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

"YORK PERFORMED:

AUTHOR: Ronald H. Vaughn

Note: Attach Additional Sheets as Necessary

None.

Field pH, conductivity, and temperature measurements were taken after each
well volume was removed during the purging process at the well sampled until
three successive readings yielded the equivalent value as specified in the
A-E QCP.

QUALITY CONTROL ACTIVITIES INITIATED:

As part of the quality control procedures for the groundwater monitoring
activities QA and QC field blanks number 4 were collected and sent to the
appropriate labs. Trip blank number 10 accompanied the samplers throughout
the day and was sent to the lab for analysis.
The field notes pf the supervising geologist and samplers were reviewed for
completeness and accuracy.

FIELD ANALYSIS PERFORMED:

Water samples were collected from well I-PC following the procedures specifed
in the A-E QCP.

A high of fifteen degrees F., partly sunny, no precipitation, winds out of
the west at about 5-10 mph.

WEATHER:

Cable tool rig "B" crew added the filter pack, installed the steam cleaned
screen and pipe. They ordered cement and grouted the 23-5 well. The. crew
cleaned up at the site , loaded up their materials and moblized back to the
office trailer area.
Groundwater samples were collected from I-PC.

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley. Minnesota

RMT. Inc. Project No. 1332 Contract No. DACA45-86-C-OOI5. Mod. No. P00003

DATE: February 15, 1988
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\JORK PERFORMED:

FIELD ANALYSIS PERFORMED:

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

SAMPLING PERFORMED:

AUTHOR: Ronald H. Vaughn

Note: Attach Additional Sheets as Necessary

As part of the quality control procedures for the groundwater monitoring
activities a QC Trip blank number 11 accompanied the samplers throughout the
day and was sent to the appropiate lab.
Field notes of the samplers were reviewed for completeness and accuracy.

Site Coordinator Signature~# ~~L

None.

Field pH, conductivity, and temperature measurements were taken after each
well volume was removed during the purging process at the wells sampled until
three successive r~adings yielded the equivalent value as specified in the
A-E QCP.

Water samples were collected from wells 2-PC, 3-PC, 4-PC, 7-0, and 11-0
following the procedures specified in the A-E QCP.

QUALITY CONTROL 'ACTIVITIES INITIATED:

A high of thirty degrees F., partly sunny, no precipitation, winds out of the
northwest at about 5-10 mph.

\lEATHER:

Cable tool rig "B" crew steam cleaned developement pump and pipe before and
after developing 11-0. The pump was then installed into well 23-S ~o be
developed on 2/17/88. The 23-S well was then secured.
The crew cleaned up office trailer site, loaded up thier materials, and
hooked up thier trailer. One of the crew drove the drill rig "B" back to
Wausau, WI. Another crew member drove a small flatbed and office trailer back
to Milwaukee, WI. The crew boss flagged the wells and placed well caps and
plugs on the remaining wells. Left site to go to the hardware store to get
materials.
Groundwater samples were collected from wells 2-PC, 3-PC, 4-PC, 7-0, and
11-0. All groundwater sampling materials were cleaned as specified in the A-E
QCP before sampling at each well.

~ February 16, 1988

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP. Fridley, Minnesota

RMT. Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Mod. No. P00003

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



WORK PERFORMED:

SAMPLING PERFORMED:

FIELD ANALYSIS PERFORMED:

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

AUTHOR: Ronald H. Vaughn

Note: Attach Additional Sheets as Necessary

Field pH, conductivity, and temperature measurements were taken after each
well volume was removed during the purging process at the wells sampled until
three successive readings yielded the equivalent value as specified in the
A-E QCP.

Water samples were collected from wells 8-D, 9-D, IO-D, and 23-5 following
the procedures specified in the A-E QCP.
A water sample was taken from well 23-5 for a turbidity measurement and
photograph.

Had trouble placing the purging pump down the new 3" wells. Alteration to the
steel cable assembly where it attaches to the pump allowed the pump to pass
freely down the well.
Well 10-D would hot recover as fast as the pump rate (10 gal/min.) resulting
haVing to shut off the pump to allow the well recover.

The last remaining Layne employee finished installing well caps an~ plugs. He
also developed well 23-5 and checked for well plumness and alignment. He
picked up plastic tubing in the park. A water sample was collected from 23-5
for determination of turbidity measurement and photographic proposes.
Groundwater samples were collected from wells S-D, 9-D, 10-D, and 23-5. all
groundwater sampling materials were cleaned as specified in the A-E QCP
before sampling at each well. Testing equipment was calibrated thoughout the
day.

A high of thirtysix degrees F., sunny, no precipitation, winds out of
southwest at about 5-15 mph.

WEATHER:

DATE: February 17, 1988

A-E DAILY QUALITY CONTROL REPORT (DQCR)
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OUALITY CONTROL ACTIVITIES INITIATED:

As part of the quality control procedures for the groundwater monitoring
activites QC and QA duplicates number 5, QC and QA field blanks number 5 were
collected and sent to the appropriate labs. Trip blank number 12 accompanied
the samplers thoughout the day and was also sent to the lab for analysis.
Field notes of the samplers and chain of custody forms were reviewed for
completeness and accuracy.

Site Coordinator Signature



SAMPLING PERFORMED:

WORK PERFORMED:

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

FIELD ANALYSIS PERFORMED:

AUTHOR: Ronald H. Vaughn

Note: Attach Additional Sheets as Necessary

Site Coordinator Signature k#/~

Field pH, conductivity, and temperature measurements were taken after each
well volume was removed during the purging process at the wells sampled until
three successive readings yielded the equivalent value as specified in the
A-E QCP.

QUALITY CONTROL ACTIVITIES INITIATED:

Well FMC-33 has a restriction in the well casing several feet below the
static water level this resulted in having to shut the pump off several times
in order to allow the well to recover.

As part of the quality control procedures for the groundwater monitoring
activites a Trip blank number 13 accompanied the samplers throughout the day
and was sent to the lab for analysis.
Field notes of the samplers and chain of custody forms were reviewed for
completeness and accuracy.

Water samples were collected from wells l2-D, FMC-33, AT-I, and AT-2
following the procedures specified in the A-E QCP.

DATE: February 18, 1988

lJEATHER:

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley, Kinnesota

RMT. Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Kod. No. P00003

Groundwater samples were collected from wells 12-0, FMC-33, AT-I, ~nd AT-2.
All groundwater sampling materials were cleaned as specified in the A-E QCP
before sampling at each well. Testing equipment was calibrated throuthout the
day. Packed up materials in the office trailer

A high of forty degrees F., sunny, no precipitation, winds out of the
southwest at about 5-15 mph.
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None.

None

SAMPLING PERFORMED:

FIELD ANALYSIS PERFORHED:

AUTHOR: Ronald H. Vaughn

Note: Attach Additional Sheets as Necessary

Field notes of the In-situ hydraulic conductivity tests were reviewed for
completeness and accuracy.

OUALITY CONTROL ACTIVITIES INITIATED:
~

Site Coordinator Signature ,fi:.....4f/~ L.....

None.

PROBLEMS ENCOUNTERED AND CORRECTIVE ACTIONS:

A high of thirtysix degrees F., sunny, some light snow, winds out of the
southwest at about'lO-ls mph.

'WEATHER:

A round of water levels was recorded from all 52 wells. Trash was picked up
from all drill sites. Labled all new wells with a yellow paint stick.
Returned the rental generator to Central Rental. Notified the following
people:
Jerry Peavo from Hilltop Trailer Sales to pick up the office trailer on
2/26/88. The damaged steps were disscussed and Layne Northwest's address was
given to Hilltop Trailer Sales.
Bill Gould from Collins Electric Co. to disconnect the electricity on
2/26/88.
Northwestern Bell to disconnect phone service also on 2/26/88.
Horizontal distances from AT·2 to 4·D, 6-D, 7-D, S·S, 10-S, 11-S, 17-S, 24-5
were measured.
In-situ hydraulic conductivity tests were preformed on wells 1-1, 4-1, S-PC,
lO-D, and 23-5.
Continued packing of the RMT office trailer.

YORK PERFORHED:

DATE: February 19, 1988

A-E DAILY QUALITY CONTROL REPORT (DQCR)
COE-NIROP, Fridley, Minnesota

RMT. Inc. Project No. 1332 Contract No. DACA45-86-C-0015. Mod. No. P00003
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APPENDIX B

BOREHOLE LOGS AND WELL CONSTRUCTION DIAGRAMS
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APPENDIX B - KEY TO BOREHOLE LOOS AND WELL CONSTRUCTION DIAGRAMS

AVAILABLE .AND AVAILABLE
PJJREHOLE CONSTRUCTION
LOO: ffiAGRAM: REPRESENTS:

6-D*J AT-2 AT-2 AT-2
5-5 ~-5 5-5
6-8 6-8 6-8
8-S* 8-S 8-5
10-8* 10-5 10-5
11-8 11-5 11-5
10-D 15-5 15-5
7-D 17-5 17-S
8-D 18-5 18-S
14-D 22-5 22-5
23-5 23-S 23-5
6-D* 24-5 24-5
13-D 25-5 25-5
10-D 1-1 1-1
8-D 4-1 4-1
4-D 4-D 4-D
5-D 5-D 5-D
6-D* 6-D 6-D
7-D 7-D 7-D
8-D 8-D 8-D
10-D 10-D 10-D
13-D 13-D 13-D
5-PC 5-PC 5-PC

* Portions of original received from USACE were illegible.
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CABLE-TOOL CUTTINGS

DESCRIPTION

Black organic top soil

Brown fine to coarse sand and rounded gravel

Sand & ~rave1; 19. gravel & cobbles (40'-41')

Brown sandy silty clay with little to some gravel

I
I
I
I DEPTH (ft)

0-5

I 5-40, 40-41

41-85
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BOREHOLE LOG WELL AT-2
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wELL NO. 15-5

PQ\lloer/~ C'IJan........2...-9&:
Hydrate0--1lL..gal••Time + h:

Mix 6 Cement" a.nt.onite
Cem~(lDs.+B;:;;nit!SO 1;;:
water TI clls. -
Total~ity 9als....4~2 _
I'lanufacturers Ponlanc 8:

National

Seal

Screen

Tnreaeed Flust'l No T & C
Teflen taped.~N~·o~ ___
I'lanufacture: __

Type Vented. ___

Pice

Type~Schedule.~L~n ___
D.D.2..S..LS"JlIanufacturerr S S..
1.0. 2 "
Lengtn per sec. 21Nc.of Sec.~

Protective Casing ~uard Pests

Ty;)! S. S. Slot Size.Jll.Q..
C.C.:? 5;8f.l~. Slots/ft.
!.C.~S:heG.:1! io.l;~- ,Lengtt'l oer 51:.10 ~c.of ser:.
l";anufacture: i"'.... c"' ..

Type~!nted~t1lo•..3--
Diameter~(ot~ed~iype _
Length--f.:-I\ey' ] 0 1 5' 9

iy;)e, ..;·;.,l:O~';'" ~C~''';'''''';'; ..;;-.:~...:.= "_.I"\~_

5Qu::e !o~.e",,,: "'2'" 'PfIIl"': I~

Volume i r, ""'toe ga:-.
C1 ...
~

·Cement-Sentonite Grout

...,

0,

I
-='1

OBSt":vnON w'ELL INS'I'AlUTION DIAGRAM/ ~86
5ite~_-lFM~1C~_~_~_---::--__~Date:_l_8 _
By: berFerson-Cas~ell Project No.:__~Q' ~~Q~ __

4'

T

+
3'

.-L

3'

35'

I
I

I
I
I
I
I \

I,

••I'
I
I
I
I

IT
II
I



Type Vented. _

w'ELL NO. 17-$

Protective :asi1"19 ~ o;,s'

-.J-
TyP~teelVe1"1ted lies 1110. :!
Dia~ 6" ~ve~
Length 6 I l\ey' -- .

OI>. JvATION w'E!..L INSTAlJ..ATION DIAGRJ.. J
Site F"l'C Date: 2/6/86

Br :_tl"5;';'~Q?5F.lr"5;QQ..r -.iz..s ""oc.....__ProJect No. : _

T
3'

+
3'

I

I
I

I

I

I

I Static ~ater level 23' Pioe

I
I •

TYtleGalv'~Sehedule 40.
o.o.'""'2'5ie"l'lanufacturerU.~.
1.D.-r- " ­
Length pet sec.~Nc.or See

Cement-Sentonite Crout

I
I'Iix-!--CementLS.,..- '.te
Cement7OO1os.+cent.oni\. L.1
Watet~gals.

Tetal quantity 9a15. _
~nufacture=! ~=:tlend-he~ic

Sed

Screen

;0:".

I' •••_.

iycI _

.J
Tyoe ::a~ ::'2::':e l'3~

SOl,l:ce t!\'ls::':e"' 5e"\:
Volume : ::~

Threaced rlusn Nc j &~

Teflon taped,__N~G ___
r~nufa:turer, _

lyoe S.:. 51::':. Size....:.Sl
C.O. 2 S!6~c. Slots/ft.
!.O.~ScheMe I!!:'!'e -;::
Len;~ 5e:.~~C.or 5'

lI'~nufa:tu:!!: jo!"l"so'"

PQlilce:/~ Ouar:':.._=_
hycrltec~gal.,iime~

f- e' ~
N:tes: Wet!!: Sc~::e ~~~~:_H_v~:~·=~a~~.t~ ___

I
I
I
I
I
I
I
I



Protective Casino Guaro Posts

'w"ELL NO. I B-~

Type \lented----

Tycp::..:..=1Iented~~Q._:l._

Oiameter~LOcKed~lype__
Length~l\ey.;.~ _

OB:.)VATION ~'Ell INSTAU.ATION DIAGFuo..J
c-_ Date: 2/6/86

E!erge:'sO"'-Casllle~~, Inc, Project No.:-_·_· _
Site
By:

T

+
3'

I

I
I

I

I
I

.1

I
I '.
I
I
I
I
I
I
I
I
I
I

Static Water Level 25'

4'

Nctes: ~2te: SQ~r;e :Off'(" ",",v--::;t-'"

,

I
1

Pice

Typ~SChedule, t~~ _

O.O.~·~nufacturer~

1.0. :;?J. ft

Length pe: sec.~~c.cr 5e=••

Cement-Bentonite Gr~Jt

Mix__E__CementJL--Bentcnite
Cemen~lbs.+6entcnlte~lb:

Wate:50Q gals.
To~ quantity ~ls. _
I"lanufacturen ;'g:-~' i!n~-N2·; or

Threaoed FlUsh nl" ':' S :
Teflon taoed__n~h~ __
~~nufa:ture: _

Sed

PCllllCe:/~Ouant.-..:..-.g:
Myc:ate~~gal.,iime-1-;

S:rte1"l

iy;J! C:·2;~, ... .slot Size~
C.C. , :/C ~c. Slc:s/ft .....
Z.C.--L.,Scneoule "I~ -e ,.

Len;tn pe: se:.~~c.cf se:
~~nufac:~re: ~~~~c-~

Sou:-:e :....~-: -,. ... =':t~" 1. --'l
\loll.o'l!l! ., -"e 91:'.
0',-.--:.:.a.-iyoe _

I



I
I

v.il Dlaa,..a
1-17 (I 1.1~51

PlOJECT IWIE. ...AJIKU/~~'DI:oWP_____ 110. 632.3'2
VtLL 110. ...M.!&l"';-;;::f2_2~-.:e~=- _
DATI IIlITALLID "'-2- I 1-e 7

·fie.",. 111101". UP1:811. ;:;111011 PLOCK I Rm.J
PIPE SCilEDULE _4-.;.;O~ _

B) TYl'E OF PIPE JOINTS; T -FLD,J<"' '1£$'" ~
--It-''r.~:n10UIT'lPIl"L''In''''G'''S-."'I""RR,"E!'TX:n1btr.D.-r..(II;;/:;TA;:;P:;E~t'h.Q:CTA"IiE &.P-====--__

c) liAS SOLVENT USEDf~

D) TYPE or IIELL SCREEN.

~ STAINLESS l'l'l'i'IO~F'i;teetlt;i."':J;g:= __...,.. _

a ll
E) IIELL SCREEN SLOT SIZE --=';":O=::.~\~,,,,- _

..., •• .., 1,;/ I
r) PIPE DIA. ID IN• .1-.- 00 IN.~I"I

G) INSTALLED PROTECTOI PIPE II/LOCKJ ~R NO
PROTECTOR PIn DlA.~IIlf.OlD,

1) CASING DETAILS

A) TYPE or PIPE.

D) VATa CLAIll'l"Y BErORE DEVELOPKEIlTr

CLEAl. TUUID.{OPA9u~1
I) VATD CI.All.I'l"Y AlTa DEVILOPKENTt

~ SLIGHTLY TUUID, TUUID, OPAQDI~ "A
C1 NrfJ. ~ Z. C KeG '1$/ s

f) ODOlf YES oa,p\

3) VATD LEVEL SlRIllAaT

'2) IIELL DEVELOPMENT

A) HETHOD

BA1LINC.J!UHP1NC. SURCINC:]COHPRESSED All

OTHER .-

(NOTE ADDITIONAL COIIIIENTS BELOII)

B) TlIIE SPENT rOil DEVELOPKENTJ '2 IS' 1iQ,':;..

C) APPROX1IIATE VATER 'OLUKE. REMOVED 4SO'Q I
ADDED _

2d. FT.

.::=::.. n.

PEPTH FROM

C~ SURFACE
__ 'T•

BOREHOLE
DU.
.9-- 1N•

\4 J
FT.

Q..n.

IIELL BaTTOK .r ,
~I.£V. ~l.;:>

FILTER PACK
IIATERlAL
Mit-I>. ~4uU e:;,.(\tJ~1>

• REp' FliNT I ,.,..~ •

7.S BAl"S. t2.. \OOlb;

-.-fLEV. ------."...---r.=;V
(T.O.C.) .83'1"Z,"
CIlOUND suar~ _ I
ELlV: eJ~.CO

...illf8HUr
PI' J as 'e?' IMJIfJ R/reVDEl

. "..
I\ACI:rILL IIATtUAL

"

Ct;M!;l\.\T G,.1UU1'1"~ ','
" ~.'w ~eEJ.1"12t..l\"\E ,

~ "

f,
'" &-7'4 I{M~ C'UItIol'(. {22 Q

FT. ...
~....I BACUILt. HETHOD

0 :.
lJl "
110 PIPE TRDlIEIAUGER TRDlIE .:

'i0 GRAUn FILI.ED "

j:;
It

!
a ,;=...
~

",!T8t1ln
PllalsHSlCB t tU" , a/reUbER

&M"l'blJrT£. $ I:! A \..
\,

SILICA SAND

I
I

I
I

I
I
I

I

I
I

r-,-

______--------r-------------- .'DA'rI/TlIIl

DATI/TlIIB

a) OTH!Il HEASUUIIENTS (T.O.C. )a

\. DATE/TlIIl '2-/f-8f8 (24-80 i )--=-;..
. ~.

A) DEPTH rllOK TOP Of CASIIIC AlTD DEVELOPKlHTl

-=. n. 0& DIY

ADDTTI0lU.L COIIIIENTS; rz. e.t\~S D ~ C(!'~l!...(T "PhAU:1>
.._,I~tJl\.\\)~L4i't ~PA<'E lh)T~'1>E 'oC \.V E L.L.

I J¥t9' Ai: 1~£ll1'C>M \1'f, ~ iA. 0 i?~J> .~

I

I
I

I

I
I
I



I~

.21

IBI'NC BORING NO.: 23-S
,LOG OF TEST BORING SHEET I of I

PROJECT: COE-NIROP PROJECT NO.: 1332.32
LOCATION: Fridley, MN SURFACE ELEVATION: 844.6

DRILLED BY:Layne-Northwest - Milwaukee I DATE 2/11/88 IDATE / /STARTED: COMPLETED: 2 15 88
CREW CHIEF: Ross Goldbeck ILOGGED BY: MSM I CHECKED BY: BWR/ 3/7/88

SAMPLING NOTES DEPTH VISUAL CLASSIFICATION GENERALINTERVAL IRECOVERY (ft.) AND GENERAL OBSERVATIONS WELL
NO. TYPE BLOWS % CONSTRUCTION

I" - Dk. brown, SAND, fine to med., some silt,
I Grab I- - trace of clay (topsoil) , ~

I- - i
2 Grab I!

I- - a
5 - _ ... 110

- Brown, SAND, fine, trace of silt ~
f'tI

6" I- - - - -- ------ - -- - -I- ..: ~lack SAND, fine to med, trace of clay J
3 Grab ----- -- - - - - -,-

I- - t' -4 Grab

~ 10 - Brown, SAND, fine little fine-- ,
to coarse, 'I ~- gravel (alluvium) Ii ..:

I I" \!
I- - l;5 I- - ,..

6
5S I- - "73

t ...
15 -

. III

~
Brown, SAND, fine to coarse, and fine \J 6-

16" - gravel '1.

7 I- - ~
Cl

SS I- - til

8 I- -
20- ~ ~

~
Brown, SAND, fine to coarse, and fine ,'Ii:.

'"- gravel
I-:- '5 ·21" - - · · UI .

9 - - · ·
10 5S - - . •

fine to med. · ·- - 25- Brown, SAND, -- '" . .
26" - · ., · If-•

· • .
II I- - . . - .. ·SS I- - · ·· · .
12 I- - ··.

30- fine to med., · .
~

Brown, SAND, trace coarse -f- 0 . ·31" - sand <
13 · t · ,10- - 1/1. .

5S ·I-- - .' ". ·\

14 '-- - ·.l· .
.._,.,.... --,

~ -_._- · ,
36" 35- Brown, ,SAND, fine to coarse. -- . ·'el

15 - 101, ·· .
SS

10- -' . ~

- - !L' ..
16 -- - - . •- '-- - • .

Brown, SAND, fine to coarse. ·40- - '- ·U ~I !f ,
18 55 - · . . · ,

..... EOB @43' · . . . · ·
NOTES WATER LEVEL OBSERVATIONS

DRILLING METHODS: FIRST OCCURENCE:

"Cable tool
DATEITIME ' 2/12/88 - 12:4Op 2/15/88 9:30a

BOREHOLE DIAMETER: DEPTH
8.0" TO WATER 35' 31'

DRILL RIGnucyrus - Erie DEPTH

7()R
TO CAVE IN

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I

v.'u Illt.1ra.
F-IT (I 11-85)

PROJECT KAIIEI Q()c - tJ \ Ru i>
VU.L KO. '2."3S
DIoTl IHStloLLID '2. - \S -1) 'P

"

AT

---------------"
--------------"

PUr 0,,",

DATI/TIKI

DATI/TIKI

II} OTIlEa KEASUllEK!llTS (T.O.C."

DATI/TIKI 3\ / Q:3i>1\M.

FT. Oil DItT

A) HETHOD

MZLINc;<i"OKPINGjJeURV1NC, ""'JESSE? 'IR'

1) CASING DETAILS

A) TYPE or PIPE,

PVC,STAIHLESS, TE[LON,~ Ql....~\( -rROIJ

PIPE SCHEDULE _--14""°0-- _
B} TYPE OF PIPE JOINTS;

~LIHC). TIlRt4DED (W/TloPtt), OTHtR W/Tt::-fLi)J..;) '"1",1

C) WAS SOLvtHT USED7 YES oa@

D} TYPE OF WELL SCREElla

PVC, €I9, TEFLON, .OT~ER _

E) WELL SCREEN SLOT SUI: ., 0 10 ,I......;:.-=-::.=....---:----

F) PIPE DIA: ID IN.l.. OD IN. '2 If/,,,,
G) INSTALLED PROTECTOI PIPE II/LOCK: EB>01l 110

PROTECTOR PIPI ilIA• .k- III.

2) WELL DEVELOPHENT

OTHEIt _

(NOTE ADDITIONAL COHHEHTS BELOW)

B} TIKI SPENT FOil DEVELOPHEIlT7 ....:"2='::.IH",g;=S~ _

C) APPIlOXIHATE ,WATEIl VOLUKEI llEKOVID 4ro ~Gl
ADDED _

D) VATEIl CLAllITY aEFORI DEVELOPHEIl'rf

CLI.U.ITUUID,~Ol'4QU~.

I) VATU CLAIlIT'C AFTU DIYELOPKEIlTf

~LICHTL't TUlIID, 'l'UUID, OPC:1 ,J :-...
r::1 "'Ttl. =/. I k£/I 7/'S/86'

r) ODDat -4U-elll~ .,)

3) VATU LIYEL S1IIIIWlt

A) DEPTH FIlOH 'lOP or CASINO ""Ell DIVELOPKEHTf

FT.

n.

FT.

r-- n.

\~~'5""FT.

BonHOLI
DU.
-k-IN.

DEPTH [ROH
GlYI..UHD SUIFACE
_-t:7'__ FT•

~6".$" n.

.-

WELL BOTTOK daot""'lA l
~LEV. ~O:. _

sill Ili'KiUjO

FILTER PACK
KATERlAL

t\ . IlI,'- 3-zZ-19_~J ~ eft" LA J?D it 010\ '

~nLL
KAT~

-_-~LEV.

(T.O.C.) 8'+7.1'
CIODHD suar. •
UEV. B~4.{o

~/POWDE&
.-

"

" :IACKrILL IU.TtllAL .'

t?eIk§IJI $?DtJT w) "~ .,
" ~

w 'J.;£ N"'~.A1r1'C .....
~

~'6
.. i-7,~llp4~ ~1J",,~r "
CI

FT. ..
~ BACUIU. HETHOD
0
OJ) .' ....

~0 '!

is ':
~

g ':
w
~

BENTONITE
PELLETS/GRAHULIJ\~

I
I
I

I

I

I
I

I
I

I
I

I

I

I
I

.hK
~ t.JLuJJ. fi"/'1(tfJ CAl::- ?J/J~~

~. . . .....

I



I
I

".11 Dlqraa
1'.11 (I 1.1~5)

PlOJJCl "AlIE, ...N..;a.:.IRD~:=.P _
VtLL 110. MW -2.45
DATI IIISUU.Ul 12- \B:87

2) WELL DEVELOPMENT

A) HUHOD

BAILINC,IpUHPINC, SURGING,) COMPRESSED AIIt

OTHER. _

A) TYPE or PIPEs

(NOT! ADDITIONAL COHHEHTS BELOI/)

B) TINE SPENT toa DEVELOPHENTl "'2 ..5'rl~5
C} APPlOXIHATE WATEll VOLUHEI IlEHOVED "'iiiSO<'ii"l/,

1) CASING DUAILS

Pie,s' ImESS, 'fiF"QlI,loTHE!\~ H;:Dt4
PIPE SCIIEDULE _4...J::O~ _

B) TYPE OF PIPE JOIHTSle::;J:' 'T'eFLO~

COUPLINGS, (THREADED (II/SEE,tft~E~ ~_Fo_'LJ) _

c) liAS SOLVENT USED! H&-eaE\

D) TYPE Ot \lEtL SCREEN.

"i'oK.ts!AINLEssL teptSli, 8'fIt'ZR _

, '010 11
E) \lELL SCREEN SLOT SUI: -:-"....::;;..:..::o~ .,....__

F) PIPE DIAl 10 IN.~ 00 IN. 2.5:1 (.11

G) INSTALLED PROTECTOR PIPE \I/LOCKt~
PROTECTOR PIPI DIA.~ III,

ADDED _

D) VATBa CLAR.ITY IEroRl D£VELOPIIElftJ

CL!AI., TURBID, fOPAjj'jijl
I) VATBa CLAR.IT'C AnBa ~EVILOPHEIlT~ .

""~HTLt ToaUD, TURBID, P

r) ODOlf YES O~ N;(.{:: 0.' KU> 7P-!S~

3) VAtBa I.EVEL S1DIIIAlT

l6- n .

:llL n.

n.

JiiLn.

-==-n.

~rT,

PEPTH raOM
GROUIlD SURFACE
..:::::... rT.

BOll.EHOLE

DIA".11L.... IN•

, "

"

.,

"
'i.
"

t 1
:. "
".:

~".:.:
~
l~

511. Ib.Ut!AL

WELL BOTteK ,
~LEV. 72' ,'t:,

rUTn ¥Cl{ I

HATEUAL lFt> t-l..tAl'T

SAN!> (A;-stJ~~
"Z5' BAt,,9. aF ,SAul>,

HlmIllTTE
PII.I."S'Cp,wl! 'J1/1'OVHR.

CILlOt 3A"RD

BACUILL HETHOD

~&R;RlilttE

-.-':LEY. ----------rr=;r
(T.O.C.) "a~b.~~_

CaoUIlD suaI'. ,
ELEV; e'34.t..

I

I

I

I

I

I

I
I
I

I

______________ 1'1:

-------------"

Fl'

A) DE1"l'H nOll TOP or CAstNG AnBa »IVELOPHElttl

..=. Fl'. 011 DIlY

I) OTKEIl KEASOJI,EHEllTS (T.O.C.)a

DATEITINE ";1.~'''l-B~ ( 24, 12 I )

DATE/TINE

DATI/TINE

ADn'TI01(,\1. COIlll£KTS 1

_-,2 BA(.,$

I
I

I
I

I
I
I



I
I

Veil D1a&l'lla'-17 (J ','-:85)

P10JtCT IAIIE I 1J I1<.DP
WELL 10, MW 25-e,
DATI INSULLID 1"2.-21 -87

10. 1332,3"2.

_____________ rr,

_____________ FT,

C) VAS SOI.VENT USED.~

D) TYPE or VELL SCllEER I

.) OTKEa IlEASUUJlENTS ('I'.O.C.):

DATE/TIIlI "2.-/'1-89 /22.42 ')

DATE/TIllE

DATE/TIllE

~.

-lI4lGrll'OUNLESU 1'liFioBIi, BillA _

E) IIELL SCRUM SLOt SIZt 1# 0 10""""""-=;...:.;=-------
F) PIPE DIAl ID IN.:::;z,,;.,:, OD IN.~'"H '

G) INSTALLED PlOUeTOll PIPE 1I/I.OCKf YES OR NO
PROTECTOIl PIPI DU.4i.5"lI.

1) CASING DETAILS

A) TYPE or PIPE'

2) VELL DEVELOPMENT

A) HETHOD

BAILING.'PUHPING. SURGING.1COHPRESSED AIR

OTHEll ~

(NOTI ADDITIONAL COIlHENTS BELOW)

II) TIJIE SPENT FOR DEVELOPMENTI 3,0 i-t R.c:;

C) APPROXIKATE IIATER VOLUHEI &EHOVED ~-4De:s.'\ \
r-

FT. 01 DIlT

B) TYPE OF PIPE JOINTS I ~ ,...,...", .. , n. I
,_'1E'o:>' ............N

COUPLINGS. h~KR~EA~D~E=p~(~V~/T~A~PE~.~i OTKER __

1"18. SlOUIft.:HS. TePcell. 8'119 13L'f(J4 I Rl:JIoJ
PIn SCHEDULE _4--:...;0=. _

ADDED _

D) VATU CLARITY IlEfORI DEVELOPIIEHTf

CLEAIl. TUUID.'OPj.QU~\

E) VATEa CLAIUT'C AnU DEVELOPHENTf

~ SLIGHTLY TUUID. TUUID. OPAQUI

r) OPOU lts oa~ NilJ.= O.,,!'Z ~Ke(jj ir'9l
3) VAtU LEVEL S1JItIWI.Y

A) DEPTH flOIl TOP Of CASING ArTU DEVELOPHENTf

n.

fT.

~FT.

lk.- FT.

BOREHOLE
DIA' IIJ.C.: IN.

DEPTH FROM
GROUND SUlFACE

~FT.

~FT.

.35_ FT.
:aL rT •

~_-tLEV.

(T,O.C.) .835' .~I
ClOUHn SURF.
ELEV;

I!KIOnIIE
JJlslllf&/9R' ))YW I1/P8UBIl

"

.'
SACUILL KATEI;L .'"~ .,'.CE'MSlT lA)

':
w 3'& BWTIi):jrr£ "... ':... }

~22'
...

'-7~IIIJA ~ ~c"",,,r "
Q

r'f. ...... B&CUILL METHOD
0 ~~
112

~tl:M:e~:sea lREnI!
" ... .>

J0 "

is
.:

~

~ Ii......
IlENTONITP.:
PELLETS/CRANULAR~

&iLICA SAND
~~ ~~~
:\:: :t

"
FILTER PACK :.:

KATERIAz:.~ FL.UJT'
:.

15'fT.
04S-5>M",j.sA.'ll)
6iWb

VELL BOTTOIl
ELEV.

SIbCL rat EKIXC

.uarm,
~

I

I

I

I

I
I

I

I
I

I

I

I

I

I

I
I

....

I



I
I

Will Dlacl'lla
'.IT (I 1~-85)

paOJ:p: 1I1Jt!1 .t::N~/£u;(J!oo:::L.P 110. \'232.32
VELL 110. -L1-_.I=:---=-::--=-.::::-- _
DAT' IIlSTAUID 1-1';:>-ee,

FT.

______________ FT,

______________ IT,

II) TYPE or PIPE JOINTS;
y~·Te:Fl.CIJ.

~S .i''=T'''HR''''tA,.,.D".,t....D-("..\I''''!F=::;r...~p.:..t7...,)...' ~lreI\ _

C) VAS SOLVEIIT USED? YES O~

D) TYPE or WELL SCREEN:

IIriI:flIG .l!!!i!!i.!§I SDKGllNl, l:OIU'IIIl!i!iEb An

1) CASING DET...ILS

A) TYP! or PIPE'

OTHEll ,__' _

P'\'e,i';'lIlUU, UF"811. llillEP 'BLACk: \RntJ
PIP! SClIEDULE _4....."D:o.- _

(1I0Tl "'DDITION"'L COIIKENTS DELOII)

B) TlIIl.SPENT FOR DEVELOPMENT7 2, S"'"'1'Ir2. 5
C) APPROXIllATE VATER VOLUIIE, REIlOVED 4$05,'\ \

D) VATEIl CLAIl.ITY BEFORE I1EVELOPIIEllT7

CLEAa. TUUID.loP....9U~ 1
I) VATn CLoUIT'C UfU DEVELOPK~
~ -re-of
1~ SLlCIITLT fOUID, TlJUID, "

r) ODOR7 TES~ firu.= ,0/ ~ 7/0}/8a....

......e;ISTAIIlLESSt T~to'fllelt _

E) \lELL SCREEK SLOT SIZ1: ,,010"
F) PIPE DIA: 10 Ill. "2.~-';;"OD":">I::::;N-.-2--:$1:7.-,,---
G) INSTALLEJ) PROTECTOR PIPE W/LOCU..cx:m9lHl&

PROTECtoR PIn DIA.~ II.

-ADDED _

... ) METIIOD

J) V....tU LEVEL SllJIIIAAT

A) DEl'tlI nOll TOP or CASIIlG AnEl DEYELOPIIENT7

_FT. 01 DRT

B) OTIlEl IlEASUREHEllTS (T.O.C. h

D"'TE/TIK! 2-;tj-gl! ("2/,9t9)
DATE/TlIIE

DATE/TlIIE

1) WELL DEVELOPMENT

~rT.

~FT.
21:i..- n.,
-==-rf.

-=-n.

a.. rT•

05 n.

BOREHOLE
DlA.
JD... IN.

-.G..- FT.
"

IACKrILL KATtU"'L

BENTONITE
PEbUZI; JllIdlVlrJdt~

VELL IOT'1'OIl
ELIY. 757.00:

rILTER PACIt
IIATtRlAL (." B~S

tJAN() lA~~5,"'."'D

HtrTCIlfl'E
rILbs;s/9~LHUt*ft;'O.DLk

j'
.'

CSMF \\.IT t:."f,wU'" ,:

w /q;u BE"YJDt>,U:nz. ::
~ ~Q.l 1"Bt\Ct1 e£M~-r t
BActrxU K~D ~

IPIPE TROOEIAVGEJi laws ,..
-6flktf'ft PIttED ':

':

-.-IILEV. ------_--"'l;:;:;:;v
(T.O.C.) .8"3S.~8

GMDHD suar. ,
ELEV. 2.D

I
,I

I
I

I

I

I
I

I

I

I

I
I

I
I
I
I



I
I

Vlll D1a&raa
'.t7 II '.1-85)

'''OJECT MAllEI NiI<C?P 110. \332 ..32
VELL 110, Mw 4-T
DATI: IMIT4LLID rz..-2.L.,- 87

F

--------------,
--------------,

DATE/TDtI

--===-n. 01 DIlY

.) OTHEIl IlEASUREHENTS (T.O.C. h

DATE/TIIII '.'2-'''-'''' (7.7,81
1

)

DATI/TIllE

~.'STAINLESSJ THem; OiLIER __,.- _

E) IIELL SCREEN SLOT SUI: _..::"....:O=-~IQ=:...I. _
F) PIPE DIA: 10 IN. 2Q aD IN.~tD

G) INSTALLED PROTECTOR PIPE II/LOCKf '@a-tto
PROTECTOIl PIPS DIA.~IN.

1) CASING DETAILS

A) TYPE 0' PIPE I

a) TYPE OF PIPE JOINTS; YES:-rEI:"L.Ot.l.

<lWNooiIl6S. 'THREADED (W/TAPE~lI'fIIR •

c) liAS SOLVENT USEDf~~

D) TYPE 0' IIELL SCREEN:

PU ;,"'!'"'!! TEFlo, orUEI 1S~K \~U

PIPE SCIIEDULE _40...:.;:=- _

..Z) IIELL DEVELOPMENT

A) MEtHOD

BAILING,tPUMPING. SURGING.]COHPRESSED AIIl

OTHEil _

(NOTE ADDITIONAL COKHENTS BELOII)

B) TIllE ,SPENT FOR DEYELOPHENTf ....;::3:;..:.K.::{l.;;::,,:S::..- _

C) APPIlOXIllATI IIATn VOLUME 1 REMOVED -S-40'ile:I=s.
ADDED _

D) VATE& CLIeIlITY BEFORE DEVELOPIIElITf

CLEAa. TUUID.~

I) VATU CLIeIlIT'C AFTEIl DEVILOPHEIlT!,...:..:J.........".~-:­

[CLIA1t~ SLIGHTLY TDUID. TUJ.IID.U5lJ~~~-

,) OOOl2 YES oafiJ Nr«. ':: I.a
3) VATE& LEVEL SUJIIW\Y

A) DIP11I FIlOIl TOP or CASING AFTE& DEVELOPHENT!

1'T.

G FT.

__.'T.

~FT.

~fT"

~n.

BOUROLE
D.1.A •
~IN.

~FT.:::m:::: 1'T.

';::

.~

~.
liIlIl;' r'ND

WELL IOTtOIl
~LEY. 75b.lo

8ekl: IUd tRIAL

FILtEll PACK
Il.4TElllALA1:l> rl..'Air
(Ae·"6-$MI"1) 54JJD
4~ e!tolbl''''r

-_-lLEY.------.....--.r.=..
(T.O.C.' e;;.4b
CJ.OOND soar. ,
nEV. 83L ~

&IlllfCllnB
J1.&filfS/SlbdfUhh1\/rOV1'!Il

"

" :I4CI:.FILL Il.4ttilAL .'

CEMt:N.T" ;3% "J
:~\

w &r;:"uvurn:-...
J...

'f0 sot(-~
ro7. 5".

... :-
Q Cd--,(...l:~1i""C:U'(...
,.;t BAeEr LL HmlOD ~~0
'4 I PIPE TREHIEJ' Y;iR fflellU

." .... ,:

~
",0 8M' lit FII.LED I?

is ~
u ,;zw
..l

IEllTONlTE
"I~LAG lep' tQ'Wdl-APO\lDERJ

I
I

I

I

I

I
I

I

I

I

I

I

I

I

I
I
I



:.

: ....

~ ..

".: .~

~l~ ••

,

• C&
~I", ' -.-IlI.t

---....... ,. ..-1

_ l"\,.
~~,....:....~

....,~~,.~._~...--~

...~.~
,~

s.-__~,~~
1. =0 "le:..--.....~

\:::) JS,o-~~..~.~~"se ~ C·O - \.:s •

~. O.c:.'

~ O.'-!!' 0"

I'" A ... , lID

I-:_~\.Q.-:'"

o.....
........~l

ao.
t

.. TOT COtll.I: "ECDY~." '0- eo.,.e

.t.•, I'UIlll.,.~.~.. I:CTOIII

.\.-_.Q ,

u. u

" •• , ......... '10-

I

CI.. .....,.'C ..TtOlil or ....T ••UAU(D ~

DRILLI'" LOG •....,, ___

, ... 0,.,( l1li0 IA.............., ..... ~ 4 eullDIN , ...,. ... (S '1..1 .. :,' -:. " __................. .

U TOTAL MU•• '_ COllI 80111

I. TOTAL. DIEfI'Tti 0' MOt.(

, D'''EC:1eo- 0' wC",l

2:t••• "C&'- O'·C~I... tl a ••. P ........ ,.

I,.,...."D:':.~I....,....".,.-:..'""""..O=I"..C::'~=-----------------;U ."M'" ""41111111" D~"G."'lIo.. D' .,..~_
.... A. '

,' -.- UTD~"\..D_OVI•. , :_O'''U •••

I
I
I
I
I
I

I
I

I

I

I

I

I

I

I

I
I

I

I



I
I

DIILLING LDIO

1-,--:.,.,.,..~~==-=::':' -I11......u ... Tu.. I:"·s 0 S.c;. ....TION , !D"ll-1.

11 TOT." _0 0" OVf.. • Ot"V-••O
.U"Of,N 1 ......... [1 , AI(I[_ :....

I
,. D•• Ie., ION 0' "O~l

O"••••c .. '" O'.C~.""I; ac•. ".CMllI ye.,..·

,. TMIC""UI 0' OVE".U"OE"

U. lL.!YATIOtt eROUMC ."TI.

.. O"TE OKlLE

n. EUV..TIO" TO" 0' MOLt ...~.

".-:'"

.......~.~~. ':

., .tI),,,,.., r.... _,_ "".r
...-....... ..~. IJ • .,..,~

C . ..,'

~ . \~ <;)-~~ ::::I

t:>...~_---'_~_
~c\O.~''

" cOlOr '801 001'.u:co",... •..... '-£
II"" MO.

• f

" TcrT AL COi"~ "ECOVt;"., "01' eoatlle;

tI .••G....Tu"t 0'" , ...... e.C'fO«

\;)o...,,-,?~

'l.~~ .e:.-o.<....
~\::'\

C~"'IIII'ICAT'O" a,. MATER'AU
(1:1.........-1

""£VIOln EOITIOO<I ""l anOLUt.

ELEYATION DE"" LEaE"O

I. Dt"" OIi'Ir.L.EC .NTO "oelt

ENG FORM 18 36
.... " 71

I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I



."1.[ ......
~

~.... '"I~TI

,to IUt Me "'...~ 0- 8fT\'I.~, --.... -=:. ~__
_-.... ......- .........

DIILLING LClC

6. OUIICTIOOI 0< MO~l

C' •••.,.c .... O·..C....&D

J D.. I ........... AOoI:NCY

I '"\c...._
~4~":-:O~~"::l,;;:;:"::-O.:... ~'A~.-_~..._-_-_-_--,,.,.",.,.'.,.,.Ir---------~ 11 ~g~~i""~.:':l",~~rTa~':IN: DI""".CD.., ..--... .I

I

I

>.:.....~..-. :
.....'~ ,:",", .
~. ·~:r ...·:
.. :':.~

........
• ~ :. .. 4

,,1:.".'"
I'rJpfl,..., ,., 1...........................

~.~ ,
·~~...~.O

" "O'fA~ COtllIt JIIECCVl!RY "0Ill .OIll"U~

11. 11C;IillATUIIl:£ 0' '''.~IECTOfl

CC~~;=,";'_

ON">',­
~'c>_...__-r~

~\I...Q'

C..ADIP'CAT'OOI O' MATPU.U
(O.....-.w

Ge.-..;:,~:::

~--.)

~c:::..._::­
~...,}t;;>~.

~ ....c::...:.~
~'.~~

~"\" ........~.~
es:--.O '1= •.:.....-.-

c.:.~~~~~
~C-~

•. TOTAl.. DE"" or "'O~I'

a. Olr~,." OI"PaoL.IO INTO "oel(

..

EHCi FORM 1£ 36...... "

I

I
I

I

I
I
I

I

I

I
I
I
I

I

I

I



I
Oltl L. L.I~~ LOC

11.

I : ..... DI.T""'.SO

.:'.9''.

...........
t'n..,1UIftII ..... _, ".,............. , ,......

I~~OJIc:T ~

..w-~ ~.

s....-.Q ';:~"'-" ,.........~-.....
~-===-CD ...."U_>"'-"1

5..~~~

C~""'I"'ICATIe-0" M.T".'AU
(~...,........

II"'A,..TKC&. Dt"'CCTtOll or ...o~[ ., DATI "01...£ !
OWIIIlI"IC"'" O ••ea..... l:o 0 ••• ".OM walll'f. ~ ...:. -;

". EL.EyATIO... "0- 0" "OL.E

~'.:.',:D::I[':'~":"':",,:DIO::,:,:,:I.:~.:~.:I[.:D_I_"_"_O_"_O_C:_~ -:-__I fl. Innu, TU"C: 0' I"I~I[CT0-

•. TOTAL Dr-TN 0" 11101.1

I
I
I
I
I
I
I

I
I
I
I

I
11

I
I
I
I



~.....

".

. >":

I""...~ •••~.

::',,!..,.

:0"",':"

.:...... -

lC~I.ITIlO

--- J...... ET,....-

I~ ..-: IMun

",--:so ~ ..... II '\ . , ...
j -~ ~ws.~ tQ '0/-_ ='? .
""1\0.0 ~~ _0:- _ -

~ ...".""'\ I
'\
I\~EC-' 0 ~ I

~ ..., ::. .C' -..p, 0 I

'\. COtIIII -OX 0It ,
.. ItCO~. .A.~""'[ tD.m..., ,-.&. _ _"'.'I.'''' _0. ............. It ,..-..

• I •

,••s, .."" .. ATto-I _

~ ...-.P~.

~.~...~.;:)
~ ....~~
~o== ~ .~,_ :I.....
~,~ .... ~~c.'\
c....~. -_a.-. _::0...-..
~ -:-

~~._-...:.~
~l.~__..~_
~-_.~
Go"'> >«

j--

CI.....'ICATlo- or ..ATE'IUAU
fD.......-'

4

.

"T,j. -.;.,

=--::-
=

~\.~

::
-==
~

~~1

~~
i

~~
-l

~~
-:l

~j
j

I...
--I

j
-J

~~-

~
-=l
~
~

DllLLIN' LOG

1L.IVATIOOO DE~TM IL.EIIE"D. ~ .

to. Dt"CC1101C 0' MOr.l "la.TIIo
o wR.TIC..... O'.Cl-'-cc DR.....Oat ••• T. I-M_._D_A_T_~_""_"_~ ...I ....,

t. TOTA ... OI!'''TM 0" NO,-(

I
I
I
I
I
I
I

I
I

I
I
I
I
I
I
I
I
I
I



I
OJlI.CT

~~ ......e"....... -..~--.........-=................. 110 '.Ir ..c T"'1lI( 0' •• ,.
;;.;~~ -..l m,-.ri.rrnn'l'rTt:n'n'_n:N_""'_»""::-JlIll'l"'l~------1

...........-v

I
I-
J
"".""D"'III""I.""I.""...=co'"'''''"a=.N",C='y".------.;,..----------� U.. MANU.... TUtili"" .r....G...T101'1 01' DIIIl~

~=''''..,''!!c...._.::-~c;:::::r=::'-__?...:":_~~::'::':~---------_1U "O'U, NO O' OYI a. \ 00 IT ... a&a... ~L.~:~............ Ifu.l .t...t.D eU"OIM '&.~I..I.S 'f"'.I. ;

u TOT A.l MU..."tl COllI [ eOI&1

:'; '.

":"...~_ ......
~ ' .....

~ ... '

....., ..

'; ...

.~ ..'~ .~:

...: .......'.. "~"

~:.:..~'~•..

~ ..... '-:.~_ .....
So ...... - 5"'''l.~'

.......IlIInfO."I.., '........ _I ...,It.'
............. I'.iIlf'I"I ........

~.\::::.'

~-.c::- \.C:::; r

~-? .~o'~c/

~~ ..\o..~
;,S""~~o. ' .
~--.:;o::.-at..W

\ ,";..~Q=:r-o:...;:-
\ c::- ~..........

~."S~ Q' - ~.~'

..~~"'\,

~...~- ... 04.··~: ~

fiT ."TaD

b ~ w...:....o ..."':>y:)~~~.- Fe-

~~:::'.-l'

~.-~ ~'.£l...
G-. ~~ .... ,...~.-..l~ ... :.

~..-.....,.'

IItIllCJle~

I \.",:: ....~

I~£cc':y~ :2:..nI
Etlly NO.

• I

II. DATI: MOLl

--. ~
,...-~"'\~
~;:;:::- --.;

~ ...;......~-e. ~~~.
'01 ~_ =-____
~ ••___....,.J
~~..,..

~!'-~
f\\-..,i~~~,,,.,.......
-~. ......

-::-"-'eJ "= -. \"'-:::. ,.-...z
....\ .,....,..... ~-:. : ' ..•. ~-..-:.--

;;;::~--.:~=- .~~

, .... A~ ".::..::-,....'-<f
~:-.~,..,-------

c,",.ua"ICATIOtf OJ' MATE"'AU
(,0......-.;

-IIIIY'OIlS 1r:lITIDtlJ AIIII ONelLI"I.

•. DIIIIIC...OOO O' 0001.1

D"••TIC .... O ••c ...... 1D 011&. ".OW "' •• T.

I ,.O,.AL DI_TN O' NOl.I

ENCi FORM 16 36
w•• ."

" 'T ,uC...~., 0' OVEIl.U"O&..
II TOT A'- COlt[ IIlreoy,.,. "0lIl aO.'_1;

~.::...:D:.;&:.;-..;,.;.;..~DIII;;,;,:'I.:.:...:.:I:.:O;..;,;I..;.,...;O;..;,;III~O.;;C;;..---------o:_--_1".IIONA'TUfilC. 0" ....... ECTO«.

I

I
I
I

I
I
I
I

I
I
I
I
I
I
I
I



I
I
I

DilL-LING L-De

,. OI.ECtlOOO 0' 1OO~1

O ......c ..... O··c'-....:ID

t .... ELEvATaOtt gaOUIIID ."T!:A

tlf •• TI:O
". DATI. "O~1. i

0 ... · ~.... "'••,.1--------.:....------..;..-------1
n. EL.IEV.TIO,," TO~ 0" MOL.£

.c ..
tD,lfJ...., '--' _ __h.,............... ..--.........

\\ ~':: .-- '-. -")~.. .: -.-

" CCMU, ,_01. GIll
..[ca". .....~~E

III' 110.
• I

/

\ _ r_ ~

~-:.---~ ...,
~~ ~...... "-. . ~.

\'\\..c/ -.~~~--:::­

~.c.•. -e..:--
~-. • ..,_-:,.,...J

1'I~) .;.~.....I':'~~
l\\.£i \:-"::-'l i,'C'..,...-··

" ~ w- ~~
'::;.i... ::-'~).I.

~i

\="~c::::>~.:2)

s.-. r:::::.........._1;:.--...._
" ...:r....e-~
~w __4t>~

-~:-~
~_~,~.,...::l

"""'-'
~:_~.--- --
..,.\"l"~C" •.:-__.....t-

,J

C.....',CAT'OOO 0' "ATIII ...U
(lJ....._ .....

r
I

,----
=
~

~\.c_:

~---
~-e:----::

~~~ ._---,-

~
=

~~:--
~

LI:l.:5:-

~j
~~~

:J
~-~
1

-J
--i
~
.., I

:l I

!c~"'--'-- --'-'-:
~
-J

~]

1"~Y.T,owl OEPTH II '-EO....O

• • •

~.~D:::r.;..:.:T.:....:DOO::::'~L:.LI:D:...::'.:.T:.;O:...:.,:.:.O:.C"..:.... I II .•aON ATURt 0' INI"ECT 0.-

I. TOT .... 0.""" 0" MOLlI
I
I
I
I

I
I

I
I

I
I

I
I



I
DIlILLIMti L~

0" ........~rTI

.• ~i

9. ~. • ..

:'" ."

...........

...... _....

,...... : ..

... '

k~;:.-

..

: ""'OC."U••"D

.[ «1
~,.nJ.., _ ..... ..,.... el
---....•••~. JJ .,....•......u

t

1<:;;1 ;":::>-'T"c> ~~~-P.,
~ .... ""\ ~00"'0I \WI to,,) c
~-.l~"'"

~. ~ I (cC1.o'­
i~.C'

n\l"~ rt\.~
~o~~_~..;~

-=.,........,.... ....--..
~I ~o ""-...~

I .;

\.:r'".~.... ~.e

see _ ......--.).... ")c.:o../

p"":,..... :::::' ')0.• '-., I.:a
-..:l .3".Q._~.....,.~

~. \.~I

In".TIlO

i

~ _ .. i" .
~"""- _ of._ ~W""

~':>o~.,~~'-~'., I'

INl ::='OC..:..~ ""'__CJ'l.-!-

~&o~)
(:.., I ""=:C-. \ ....

.. ~.~.\ ~ 0 \ "~"~·i=-I";. ,..,::.5 _

~~. -;~.:.._j~ i',- ~. /
~. ·",1 -..,~o

\.\ ~.;1•••:!:!~":. ..>--~ - ~
,--~==-....,~ ~-a.,~

..
:r:CcC:",~ :~~~~ I

la" _0.
f

'1. DATI[ MOI..l.

U TOTAL"O 0" ovr... IOUTUII."Cl
.u_DlN 1 .... - ... 1.5 TAlCI'. ~

n. I.LEVATIOW TO. 0" MOL.E

"0 TO"" AL. CO'll!: IIIIl:tOV!IIIT itO- .o.....c
11. IIO ..... ,.UlIlIl 0" IN'-leTO_

C......IFICATIO. D.....TIl...AU
fD_.......w

\
\
L

--'

-IlEVIOUS EOITIONJ AilE oeso ..r:TE.

~ ' ..c.a..__ ,~­

-=----~

Ii
[J

I~I!:Y.T,ON 01:-,. ... 1L.1:01..0
~ c'

•. D'''IECTIOIf 0" MO'-I.

O •• IIlI'rIC .... 0 ...,:. .......0 D ...· "'.0.. va.,..

... _Olo.[ NC. f.....-. ....... "".1
"'1If.~ .

EHG FORM 1£ 36
"All "

~"~O:':"~'-"-"~"~~""'''''=I-.'''C~,-----------------l U.....UII' ACTU'II"'S DESIG.... 'IQIII 0" a-II.~

\'\ _r- ... _-

I
I
I

I
I

I

I
I

I
I
I
I
I
I
I
I
I
I



"

'., ..,'

I Co.-'~I,. .. D

.EIIA ..rrJr",., ...... _ "'''.'................ " ....." .......
•

~"-'~~'i)
t' _ .. 1""'\

~--. ..;:, OV·, ~""""i.
::c ,~~'-':'\.c:r; I
~11 ~"""" ~o"'__
~,\~I

~~?""l~ C'-~.c:::,J

,...

!.T~"T&Ota. OATI. ..0... 1

I.

'I'.~I A.~,-Ilo II .......-...

~ s:. wr-",

~..c-:b.:.-.-
,,~~~ c:e-,_......-"<:iI./

~.::::..~~\~
~=~~.-...._<ie__......._

~.......,.,c: ..,.'OOO O' ....~IU....U
tD_....~

\ ,~~~ ..~-..._,.....~~-
-;.:::> :-~\ ~'-""'~/~~

\
\ 'ol.c:.-__~
---~

"'"'''''':>- ~,.,.. .... ---.... "-"......_-­- ..
DI. LLIMG LOG
OJ

I.I.EVATION D~..T ... II..I:Gtt..DI

~ .

,. DI"IlC:~lOM O' lOO... t
f'""""'l. ......c..1.. D'.c",,".c a••. ~.... "•• T. 1- ...:. --,
~ ". ELEVATION TO_ 0' MOL.£

I O'tI'TM Oti'I ...... ED INTO "oell,;

,. TOTAL 01["". 0" N(H•. r.

I
I

I
I
I
I
I
I

I
I

I
I
I

I

I

I
I

I

I



I
DRIl.L.IN' l.0Ci I lor \~ .MrfTI

II 'TO"AL NO 0" ovr_· 'DI.TU.....O : """CH."UtII."O
.U~D~N &A.~~!S 'A~EN !... MO"'E."O I.......... ~ ...... "u.-".._- . ~t"

F,:"."'10:;;..:':I':"..':"..7....:<";-.:..,,G"ilw..;::e:;'----------------i u ......u' ..etu..u·' lllllG.. u'OOO 0' COli....

~ ) "-- ,- ... - "I
I

.....Wl or DAn.LEA

U. IL.EYATIO... a"ouMp ."TE,.
,. DIRECTION 0' MOl.t ••. OATt 1ll0L..[ "T ... TI:O

o •••TIC.... O'NCI..NI:O Oa6•••o.e. v •• ", f---------I....-------.....-------t
n. [L.I.VI.TIO.. TO- 0' NOLt

, TWIC:ICNEIS 0' aVE_.u"DEN

.:. : ~~~

.. :"

_..~., .

~ .

. ' .. .:..\'.'

fT.;i:\.~..........

!- .•.

,....... ..

...~. -:.. ,

...."..";. --..
... .\~ "

"'.. ,'

'=::>~"""'=--- ..... '"1C!"r'_;....c..~.-e "'~N

1\ ,:--;...:a.

~? '" C\ .0 ' - c: ~.c I

\'\ ...

"CDIlliE '.01. 0-.1 .I[ "U
"tCOy·&" l.t fDr,U..., ".,

E"'" MO. ..... ,. " .,'.....,
• I --.... ,

~~~
\...."o~~-=Z.

~~.,~.e.....~
~.~~

~~S ..,~
.-. ....:. ,--- . ..;"- ~- -....'6

"5.a-:::? -;: .:..-~
:-:--:: ~?~
~_..--- ..~ ....
~...( "=...~":= ,?<..,.

~...~~'''"-
'S. .......... ~,,_~
~~

t~

~ ...._;:-,~
~..~.~~
c...--"'C._c..J
~~)~

'-'

C~A&SI,.'CAT.O" 0" "ATI"IA~S
(D.......-.I

\
~

n
\

I.L.E".T,~ DI:~""" 1~I.GlND

• • •

" TOT"~ COfIIt[ "ECOy!"ltv "'O't .OtliING

~.:...:O-I-~-T_..-OOl-I..-..-I-D-'''-'_D-..-o-e-K---------_:_--_1". la.MA"u.H OF' IH.~ICT()tt

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



".,:... \ ~

-,-

• .' 1.

~~::'.. '- ...
•:'0'-· .

:.' ..

..... ~ .. ""'.. , ,,_ -..

1 ..... '011 J1..1l"~I..'"Ott l'"&ET .\DRILLINC L.OG ~~ a"l",~Io\t..... 0' :~."Ir,.s
, --".O,lI:CT '''=''"' ...... 0"", ..... ""'- Ie, lIZ I ...e ~.-'; 0' WIT

\\) lWoP -r:: -..~~ _----. \r. l C" - ~-.:::. " I 1. g&TUM nl'I ·V" I.U'.... ,..-.-
" LOCATION 1'.........._ •• A••Mf\J - -I .. .....UF ACTU"[JI"S D£IIGIiIA'flo- 0" CWIliI~"
), DIII~\)ING AGE"C"

.:;.:.- <;;.C:. - C-
" TOT .. l. Ne or OYEa. lOl.,...,.. ... D t ","04 .T"" ."1:1.. MOI..[ MO. 'A....--. ........ ttu.~ .U"D~N IiAtII~L.E.S T AICI.. ~....~......- : ......,a

•, ,,-t d. ~'~~Il""
.. TO~A~ "UII••" COOlE eon:1

" EI..EYATION a"OUND .AT••

i. CUtleT tON 0' MOLot, 1'1' &*T~C ICOtMl'LIlTalD

" DATI: "O~I: !i:l ••II~IU" OUIlC .....CO a .... ".QeII .11.".
11 1~["nIO .. TO" o. "O~E

, ".,ICIt.Eas 0" ovr••U"DEN .. TOT A", COtll[ "«CovE",.. ",0IIl .o.... e; ,
• DIf."" OfIlII~LEO INTO .OCllt

It, 1I""nu.. a g' '''I''lelOa
t. "OTAr.. Or"T ... 0" MOLe

o·..~ .. l·"'a..ol
tl.. ...UI'.C ..TIQN 0'- "4TUIIIAU I' co.. " leo

x
""

IIt,ftiu.".utLEVATION (0........-.; _lCO"'· .....~L.E to.".." , .... _ ....... _".1
IllY Me, ....,.ft~.... " .'....IIle.fIlI). _ ~_. r 4 • I _

. • I-
~.~'j~~

~~-" "7':;) "" .....-0- I-

~
~15" .:>c-::::. 0. '''''':~''' I--~~..;. \~.c' Q--ICl.:s -~-""::'-"'O'l~__ Ic:::.::..:_ ~ I ::!.OO ....~ ~M\t'r\~ ==-

~.--- ~..:...-:.~ . l'r-~ ~~,C,~'
I-- I-

\C~ :-.,~::; ~ ~~ .1:\'\,0'_ IO~.) I
l-

t-

~
~_...~

I-

\"'~~-~
~S-~- .. Q-.--......~

:s,~ ..\ -~.::z f- ...;;"'- ~.-:.o._--
{

~-.-

~ccr.".~~~
I-

~
' ....CoD... ...,..., , \0"\:"1' l-. §.\~ ,- - - -- -
~~~\:>s~

~ ~I ~--~
= ~:-c...,___ ;........~ I.- .

[- ,~?~-

t
I ~~~

1-' ~~~ l-
I-

t' c-.
~~__:,"rI_~,. I-

~c:....___ -.,;
l-
i--...0;- ~;.-..

'~1 =:.~ \ 0'5 .:.... I-
~"~

"
I-

\Ol.o I-
.~.-...--=,~ \~ l-\( -... -'O:i-.("..; •• I\~.O foC' -....

\~
5.. \:o ..-?~__

~. IO~.i '- IO'b.o' t:~:,-,,,,llo/.
~'f..~')_ ,,,'1 .
~

~J , , r
~

j l-
I-
I-

-i t-
~

\~~\l.X:>w";;'"- ~cft;-:- -""-
~.:;;;-..... - --,

"~ c..=....~G~...~"", ~C>~O..~r'"oI l-
I-

~
~... -J -..; lIt) C.... '·C.-.ss- ~i I-:::i

l::....:-....-..c~ , --cr"" ~
~\.~ ...-,...~-~~ .

~"~-~f\\~.." .........'~....-..,
~"" ':>' ""'-,

..... .-..., , ,

J -.J ~ - c.e.""': '\0'::

...J

~\\:\~
- ' ....OJE:~ " ..............."- ~.... ! ·o. ... c life

I

I

I

I

I

I
I

I

I

I
I

I

I

I

I
I

I

I
I



I
DRILLlflC LoDe I

I
r,:-;o::_:':'I:-~:-~:::"':;"~".:-:1=.:=Oc;',-------.....-- --{ 12 • ..... u,. AC' UIlI!"OS O£SIG ... A., 1'* ~ OlItU.....

I-:-":::~\"'~c....~-_:_::":'r-_:-==-::r-~__.::=:_=:_--------._,U TO'A" NO or OYI_. l",nU•• ID, ::"';.:~:c,""" ~ ••.., rUle .Lf.f"\ aU"O€N 1 ....~I,.r.S 'fAKE ... !

" 'TOT A... MU".I:_ COIt( .OX £1

IC~ .. I:T .. O

" [LEVATIO" TO" OJ MQl..E

•• DIIlIEC'TlON 0' "0.. 1. f IT .. 1It T CO
II. DATE NOL.E 1O ....".c: .... =:! ...c ......co 0 .... ""OM wa.t. 1---------.'- -1I
II TOT Ito\,. CO_!' IU:cove:WY "Of!' .ORING

II ...G.... .,U"E: 0' '''.''[.CTOIll

: ~.

...: .'.

;:';'~ ~ ':~.7"
,.-:.".:~

I "o~t "C.

III""""ttl(J),ofll..., r_. ...,....... ..,,tra.,_.fI....... .t~. " • ..-vH.....
•

~..,).... ..::.I.~._~~
'¥-~'1\-..i '-\\~;..'

Ii'.... ~. \I ... j"
~• ......-<::;,,/~ ••..

1>:o...~Q\\c.~ I

b-...:l_~.'O._ ~~
s;>o-- \\O.~·- \ \ \.~'

\l..:r....,·

I\~:

.__.....
::::-..
\1"'-:-'~ O~ I

-' f-.~~
...

'.\~, 'S~~ 0-4S"

,~~ ~~p. \<::l'i..O· _ \ \e.G J

\I~::. ~ ~'-f ,,\IC -S'- \ \~.O'
\\Q.~'

L,
I
' COOlE 1_00 Cl'IfU:C:Ot;· ....... ""E

!:IIIY NO.
• I

--

\.~~. c:... _'
~-J"""""::"

t{_~O--.~:"
~. ~~ ..::>~ IS:.
... .-~~ --__.1
,. __':-.1'- ........... ,-..... ~\
~~~~~~

oJ

CL.AUIItICATION Or:' IIIU.TE'UAU
tLi..._1MoI

•

...

Il.EvATION DE~T" IIL.IOlMO\. " ..
I TOTAL D[~T'" 0' MOL.E

I DE'-T" OfIIIL.&..EtI INTO "OCIt

I
I
I
I
I
I
I

I
I
I
I
I

I
I

I



. ';.

.....

... _...:;. ...

.....~.-
:.;.~~~

" ....

"f ~'uU
(grill..., _ ,.....-.. " -,

.........---

~_.-

:[CCOO~~ ::.:..nI
[-. MO.

• I

Ct..AU•• ICATtOIf or tt.TIJilIAU
(~.......-.,;

-;:..",.'~

.......................... "'~ ..

IU £~£V&TIO. O_OUMD ••T£II

IL.E'VATION C~~TM I\o.r:OEMC. ~ ,

DRII.I.IN' loDe

,I' ... TCO• O'''£CT'o- O' MO~E [" DATE MO~E i
::tvllaTIC .... O'..e"" ...c -- 0&&. ".DIlI y •• " ~ ~ I

IT £~£VUIO. TO_ 0- .O~E

ENG FOh 1~ 'H

~'~O~f:':"::T:':":-':OOl:':':I~:':~:':£::D:"::":"T:,:O~",:O,:C'::· llI. liON It. T Utll [ 0' IMlltle'T 0"

• 'fCT"~ DI""", 0' MO"'£

I

I

I

I

I

I
I
I

I

I

I
I
I
I
I
I

I
I



-. =_ ......

; :-- ,";:a,

. ".

,:

::.::: .....

" -: .. ...... .'

.~: .'~.

IIlEMa,uu
(Drill..., _,...... __...,

-.1M" tc... " allfU"""
•

'l COJIE eo> ClIO I
II[CO~· I ....~I.[

Eln 110.
f

'''''OJtc~

1

'''St ....... A TlOIIII

ON"\A. ....~

CI....SO...,C ..TIO.. or ....Tt:"I ...1.I
(0......,--..'

ENe; FORM 1 C 1 L _ __ __ •••

,. OIlIECTIOII O' 1I0~[ ". O"TE 1I0~[
~.".""C.li.. I:"I:!!!~ OC&. ".011I "" ...,..I-.: i.....~:..s:z..=~.:::. .......:...lQ.;=_~::lio.,,;;::.....,

,,,. I~I[VATIONTO. 0" NO\..1

C·~O~[:~:T~.. ;l)lIl=.I.::I.::I:~O~I..:..:T.:::o'.:.":.:o::.:e::~~~..0.5.L;;;;~~:::=~~=~ I•.
•. TOT..1. OPT .. or "O~E

I
I

I

I

I
I

I
I

I

I
I

I

I

I
I

I
I

I

I



~.

tIC. lilt MID T"~ 0" .IT
1

00V...000

DRILL'''' LOC N". ..............

tl' .... " ..0•. OIlU:CTlOto 0' MO~f. I,.. D..Tt: MOLt: i
O "••"'C.~ O'"CL".u,ce oa•. ~.... "... ,. W- --::...- .:... ,

11. ELEv ..TION TO. O~ MO~t:

, 'M'C.MUS O' Ovt:Il.UIlDIN \I TOT"L COIl[ .. [CO...I ..... '001 .0"'''10

C·~D~r.:"::..~OIl~IL~L~f.~D:.:'..:.::T~D~..~O:C::It~----------_jII .•,o....,v..[D' 1...~t:C'OIl
t. TOTAL OI'~T"" Or "OLf

I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
'l COIl[ '.0' 001 .. t:.....OCI

I
C.t.AUI,.,CATtON 0' ..ATIIIUAU "[CO",· j......,. ...r. rn.,.",,,,,, ' .... _ •., , ".,

..""e:VATtON DEJIITM LEGEND ID......-v EIIt, NO. -....,....... ••~. U II.e ....

• ~. 4 • I -..

'.....

eNe; FOR", , ~ H

r ....



I

,-ec.:: D'1

0-,

~ROJIC:'

f\l/ fi..oP r)((..!"~

~~N7S '""Z$f) -
,.....J.. Jc.,. S<:.
IY. ~', .. r
q. b,.,......... J.
'"-~J. ·c •• q(" ~·""r

5 j".t,~ J'; os.--.. I--~--I
':>'-t.. '1"~' 111.'/
Jl~ . ';1""",,(

CL.A8I'ICATIDel OF .ATIIUAU

~-...-
4

-- -

......I OF ••L.L.IIl ,J~ /' I II. 'L.rVATI,", II"OUIIO .ATIRM. 0 ~ttl. '160..,

t:':,,:Dr:,:~:,,:T':II,:DlII~::.L.::L..:.:IO::"';':;'"~T:.D~IlI.:;,oe.:;,It_---:"7-QC;-; 1 '~ .. OF ~II'~"CT~(.U~ P
• TOT A.. Drn .. OF "OI.l Ilj. e. '

)

(
•. I

I

I
r-\
I
I
I
I
I
I
I
f
I
I
I
I
I
I
I }

I
I



-:f,r.('rec.

JlIE....llltlS
(»til,..., ...... ..... -",,_,
---...... • f~. II • .,wl•.....,

~"OJICT

IJJlZ 0/:' Wt.I/J.

1(.; ,
!> '-e.c:,... ~ I.S..
G f)-j

5 ft/.5-

'7 /(,
s

!;

I~O

.$0,,1 c~fJ)

~".I. ~""'/e­
11'.6111

If J,rYW'f1
14.,/'..',( J~
~cuf'~f'~ ,

/K/).. f. (/,... .... I II.~.,j

$11.#,.~t./l

CL...II"CAT1 .... 0" .ATE'UAU
(1)__-,

I~ 5 j)"i
I--"-o~ '1:5'"

""f)

-

~
JI.~

---
~--

IJZ·",""=
------=

8'~
--
~

/110-=.
=------

15.0.=----
~

I. --(r.",=

-
=-:-:

17.~---
~-

II -€.~-:
-:

~J

'1
'1.0.0 -I

o ....T'C .... D'.c~•••D D......_ .... '1'. .. 0"'1'1 MO~I \ .. UT.l) !<_...TIt"

T. T.,e••IUI 0' OYIE••UIIOI.. 17 IEI.IY ..TIQtO YO- 0' ..0 ...

ENG FORw 1836
""" " ~ ..tVID\lS 101'1'10lIl1 ",AI D-.o~tTI:.

S. D1E~T .. OIII'~~ED "no lIoe. ~'ii"I:iTiiOTo;: ~e_~[~"7.Ee;;0ii;Y~I;"~"~'OIII::,,=_=:':I.:::G~ ~":.J
t-::=-::::--:--.:-:::-=-';~-----------...fl II. I.O TUII£ 0' '''I~ECTOIII
t. "OT"L. CI!"TM 0" MOI.E

~)i.."iiO;;II:iiI~::i~:;,.;.....:i.~R;;.eCyy---------------I U.....", "CT....1III' I 0«1100;'" 1010 Of' _,~"

r
(".

-

I

I

I

I

I
I
I

I
Io
I
I
I
I
I
I
I

I
I

I



I
I t&.:-::..;::O;;L (,....:;'O~I;:;..'::.-:_::::-_~_......=_==...=,.:T""---------~.. ~~~~i ••f.::I.~;~"".K."! 01.""" eCg

.-1, -...

t. TOTAL. .U_C:J1 COIII£ eoX1E1

,If .-P,,.
j.'!!eJ
-t-c.

1,'7' )~ J &- Jt:-tY.
eJ~/.;I.. ~~/,- /
s~~ ~.....,..~.v.

~

IIIrMA'UU
IDr.,J.,. , 111.1......" " "...

5...,

~ ClMl .OX DOl
"ECO¥_ ......... l.1:

ny "0.
o I

1·"O,lCT

1.11£,,17 iJ~l-I..S

~~ ,-,p)
Jl{~ • AU",~

W...~·' Sc.+~
J,,..~

~",h,.~
~---J .'

<:..........C ..TIOOI 0" ...TI.'''1.1

~--
~

T T"'C""EII O' OVI".uflOI"

t. TOT"L Ol.T .. 0' ""I.I

&. D•••C1'tOIf 0" NOLI ... DATa MOL-I '''1' ,..T_C ~ C.,.... ... TIIC

O···TI..... Cl'''.'''''.o e••, ....- "•• T, r-.-------.....------- -{
". ILEVATt"" TO" O' "OLl

'1 TOT AI,. COI'tI: ..e:coYr"~ "Of' .CHlI .... G
.-._M_P_"_M_DOl_'_L_L_I_O_"'_T_O_"_O_c_IC -1 It, ••0 ....TU'U; 0' " ..... C"OO\

•

I
I

I
I

~I

I

I

I

I
I
I
I

d
I

I



111:1: 1·
fD,U'1IttI , _t ".,
---- C:, " .~ c."".

II TOTA~ 110 O.OYI!". , ..n_alu,
~"DI.........~It, TAltlll!

to TOTA~ II'*-I!" C_I[ _Kltl
5-n

CL.Aat.ICATIOOC 0. "ATI!III'AL.I " CDoIf aoa OIl(1)_.._ Ilt:co",. .A·~Io.E
Ittly 110.

4 . f

rA/.!LJ if") $. 'V-('
ftJ..~. ).t.", s£. Go Z'J.$.

~A.,tli. s 31. ()

b~ ;b

~wJ,~.J2.. '! (, 0

" 1I0L.[ 110 I•• __ ..~ OHI.r
_ ... - !

L II_I[ O. DoIIL.L.It"

I. O'''ItCTIOOC O. MOLIt

O ....T.C' .... OI..CL.I,.aD

,. TII.CItIlItII O. OYItIll.U"OItIl

1-. lilt"" DoI'LL.ItO .IITO 1l0C1<

I. TOTA~ IIEPT" 0. 1I0LI

1tL.ItYATIOOC DItPT" I.~GItIlO. ~ .
-:

-=-
=~;.o-:
---=---

~l.~
---.----

g.O-::
-
=---
=~f.6-::---

~ ---
:

~.r:---
-=:

13;~----:-
W~--
~-

Jg2.:. -----:--
... :: ... -
;'i'~

uJ
EI'lC, FORM 1836...IIt 71 .... EVIOUs. &OITlONJ. A"1t OMoOLETIl.

1'TltAJrSLUe:VI T)

T'tOc:i'r;:;:;-.-ti:'=--==-=/:::-'::";·i:V::t:"~"'~"'=':.z.... ~ n. UA'"•• "" 1[~£VITT0tl '"0.''' ~ _-.z..I1<. I.OCAT_ 1'- "..-1 ~

",..--.

::-.~~
~

•

I
f
I
I
I
I

I

I

I

I

I

,I

~
I

I

I

I

I
I



tw.Ne. 5-0

10. SIll. _0 TY" cw .IT

----~-------. ------ -

fl. LOC • .- (__eo ...._-,

h,:'".';;D:;II-;;IL"":L"':"Il~G;;-:A':.-=II=Il::'CT;----------------j II .""UI' "CTUllllIrS DI:Il••ATlOll 0'

I
I

~ .....OI.TU••• 1Cl

...._~-----;
14 TOT"L IlU...II11 COIlf aDlll:•

Ii IILI:II"T'OoI .IIOUIlO ."TI:II

--'=-~-:::-:"-=::T-----"":;"-~--tUTOTAL _0, 0" OVE_. ~DI.T.......
•. MOL.l Ne: . " tItf.! eUItD&N al"'~LES Ta_IIN i

- ... -, ,e ! 5 -lJ
... • MlI[ 0' ,AIL-LEI'I

1II1t1".KStDrtI,-.. _ ., _. No;'" ._.-
'COllI eOI 011
1I1C;0"· .....LI

PT "0.
o t

D~

~~ .5 '1;,,'-
~ 5~),

} I.

n. I.LtVA"YtOtif TOJt 0" "'0",,1.

CL.......c:.ATIGet 0" ...."a'u......
~-

4

---
-§
-

41.0::
-:
-=---

1z.~
-:

-:--
t/J~

~

-=-1/1.a:--
-=---

t/5.a:-----=:
"".4J:.----
~

f7,~-----::. -
4(6.6-:,

-:--:
'!f.~

:-:
I .... -

A. DtlllrCTtOOl 01' NOLI[ N. D.TII -Ll JIIT ••Tao

o ".. "IC&,- O·.. C"" C 0 a.T. 1-------- ------ --- -1

I. ,.OT ..... DE"" Olt MOLl.

,. 'ff'C""UI O~ OIlElleUIIDII..

'. TaT AL" COIIt! "I:COYI"" "OR lI04II ..10
...1_D_'_._T_"_0Il_'L_L_I_D_'"..;.'r_0_"_0_C_K -1 N. AICl ....TU.1 O. t....IICTOIl

(

~

)'""
.\

•1

I

I
I

I
I

I
I
I

I

I

I

I

I

I



~ '-'"04I"U••• g

III IIZ1 "'0 .....111: CWO ....

1
00""'000DRiLLING Lac

1 -OJl~T

#112 oP JJe-LL5
. LOCATIOt< 1'--_ .. ' ...-.1

I. .....1: 0' o-'LLIU. II. ILI"ATIOO< 1I11l0U.O .ATIIIl

II'" "."Kg• OllllE~TIOOI O' MOLl .. OATI tIOLI: .i
O"':·T'C&L O··C.....O 0••. ~.- ....T.I--------JL.--:- .....

1n. ILI"U'OOI "0" O' Mo..1

~.~..:O::I.:...:.T:....:OOO='L:L:E::O~I.:...:T~O~lII~O:.:C:.:K.:......----------I' •. &'0."TU..I O' 1....ICTOlII
t. TOT"L OI"T .. 0' MOLl

I

I

I

I

I
=- c.7

IlIE .....'U
(0.11 •..." , ... ..... -.-".,

....,.f'HII• ..... " .,...,.,••MlIILI
_I

""~- I
5'7 7

5! 3

eOk 0IIl'A....'-1..0.
f

.. COIIII
"ICO....

I .. T

I~"OJICT
111/:"1/ /1_" •

C..Aat~IC,.TlOOlO....TEIIl ...U
1_..-

~

., ('-
III ,rl!4l ~ c.- II' 'r-'J.

p~ ir--~

E"'C; FORlIt 18 36 -IIlIVIOU& I:OITIOO<& ""1: OMCLETI....... 7'

c

(
-. I

I

I
I
I
I
I
~

I
I
I
I
I
I
I
I
I
I



,

II t

II:.

1"o.. t "0.

S-~

..1E.......n
(D,o"•..., __ ,-....... ..... " ,........

)A.·P ;~.J

r J~';h;

~S.V
-~.-, -'

'CDOIl 001 ClI'I
"I.C:OY~ .......... c

€"" .0.
f

.... ' III ...... I"""

C........ 'I'.CATIOOO 0' ....TIE.....U

~-•

.1

~fJ,IV[) (Sf)

Me-P f)...,..,se..

5G t iJ
~t'l.

~ec~ t'~~' I!~
~ -,...J., .-

j~irJ
. vJ ,--P

• •

DI1LLIC LOC 1-'-.----

1",""'&0 !: e_~&.&o
&. D... IECT_ 0' MOLl N. DATl 1ICll.1 i

D"·"··e .... D'.."~I...11 0 ••. , ..- " ..... L..::.-:--..:..:..:...__L ...... ;

n. 1".""T,OoO TO- 0' ..OLl

EHG FORI!( 1B36 ""IEV'OUI EOITIClOII ""l ODOI.I:1'(•
...." 11

rT7tAl< Jl.lJCVIr

~I-~.. :D~l[.:..:.:T.:M..:DOI:.::I..::..::IE~O:..::'..:.:T.:O:..:..::O::c:-~ __j tI', .to....Tu.. [ 0" 1...~ICTOtt

t. TOT"~ DI'_T" 0" NO.. 1.

)

~
'-....

r -

I

.!

I·

I
r

I
I
I

I

I
I

I
I

I
I
I

I

I

1

1
r



..

I I
.... './ J

~.. . i '.:

•,J.--' .....j•••

---- -,-'

"IMA'-IilS
(I).,u,.., ..... .N. "'".1
~.•'C;' " ......"•••

t-·

L-o ';;

.. COOOl eOK DOlI
IllCO"'......~~I

1:11" Ill).
o ,

l
"llOJIC~ .'

}};i )r

.....T_._ 1."_" .•• _-.

n. 1~1"'..T1OOO TO~ 0' "0I.l

C~"""ICATIO"Ott _AT....AU
t~-w

4

~
-=
=71-=----=.--

1l. -
.~

---::
Z!-':--

-=-
7{-=.

:------
7$ -=.--

-=:-;J ­'-:

~-77 --=------
~; :
J",_--
~

... - ~....-::
----:.

~O! _

... -. __... - -~." I
I. ~O.IRCT

,//'- • .,:..- II.. /£i..l-<

11.1"'''''1000 01""" I.IORNO

........ l 0' O'U~~11l

,. T"'C""IU O' O"'IIll.UIIIOI"
" TOTAL. CCMI. "I:COVE'lity ""GI't ~I.G

t. OIIllIC'TIOOO 0' MO~I lIT 6111".0
II. DATI IIO~IO ..··,.·c ..... O·..c.......c D.... , ........ 't. I-------_..J.. ...... -;

E~G FORM 18 36 1I1111""OUS llllTIOOO, ""l O..c~ITt.
..... 11 '1

lnA/fSL.IICElfTl

~~:::-::-::-::-=~=---'-=~~- -I u. TOT"~ 100. O' O"'RII. ' ... n ...... o
4, MOL.l "0. fib - ........., ""~ei autlllor .. '.--Lill TalC._,_111.__ : j. ()

~.-0-1_~-'T-..-DOII-'~-~-I-O_'-..-T-O-III-0-e-"------------__j II. "O"" 'T U'U: Q' ''''~IC'TOOI
I. TO"A~ 01""" O...OI.lI

I
I

I
I
I
I

~
I
I

I

I
I
I
I
I
I
I
I



, ... o... t NO.

-,.'t

.-II......KI
fDra,.., f~ -'. "I(INI.- ..." .t

- ......... ,., ....'.....-,1
I

S COOII OOX 001
"ECOY• .....~ ....

at,. .0.
o f

". ~LIYaTIOOO TO" or "O..!

tt. TOTa~ CDOl[ fllC:OY~I'lT FOOl IIOfllNll

tt. "ONaTUI'l1 0' '....ICTOOI

..

.,

CL"-'I"C_T'OM 0' ...,.~"".u

~-
4

s~ (SP)
1H~.I.1~

;) c.- 1-.-.. I-f
-n cfh c..... 1 J,. 4
~c.or!. ~-~,
i~-{

s .... hr J J )'".~

~; ...
...

."t:YIOU' 10'T1000' ""I O-.oLETt:

,., ,. r

:----:
~/.~-:-----
~?_..;:
...- ­----=--
~- -
"j-=.

-:

-=,-
f"":'

:-
~

,;,'-=
~ ~

--:
:;, -
;~

=
-=-

~i-=

::-
1

~'j

-'--.: ,--
:

-=
. ~

I
Dl"I~OOI

HILL*' LGC

~~~Y ..TIOOO DI"T" LIlO~ND

&. D"'~C:T'OOI or _~I M D_TIIOOLI itn ... TaD IC_.....D

el,,····c .... O·..c......o----__ •••. ~..- "•• T. 1--------.....---------------4

EHG fORIi4 1B36..... .,.

le· D~·T" DOlIL~ID IIlTO flOCK

I. TOT"L OI.T" or "OLt:

,.''.-

•!
i

I
I

I

I
I

I
I

I
I

I
I
I
I
I
I
I

I
i

I



I
DttLLtMCO LOC I

""'="""'=~==-------------_""
1IZ.....II1'''CTIIIIII''·S 01$10""'1'1000 DI' lIIIIl"'r..

l. OlU"'''''''G AO...CY

"

"I"""IUfOy",.., , __ Ill.,---- ~ "....,.

k)J L-....JJ~
<I." .~t ';, (.>of ;'e- • ..l
i r.
.I", 1>. S, 1'-'<. J .'.1

w( "'-.e-_ ;'., 'i'; ':)

5
7

9(.0,
5

"COftI eoa 0fI
.ECOY. .A"~LC.

IPtY "0.
• t

""OJECT

tv {It ,. t' v. . , '" ~

n. I"'IV""IOW TO" 01' 1'0"'1:

&AlJD c..Sf')
/l.tS D~",,,e..

So~\~

Gr'00-0f

cocJr-se.
~r.( ~(~

~ ...~

Cr.. ..... I'IC..TION O' ."T."'AU

~-<I

: ~/W"(U,fJ.t Cr#)
-=_- Vtrr 5fI ff.
- ,...)-.1)-

t:'/'~ j)/f-. ",... ~ ..

I ';'kJ!6::!; ,...-t d-

-:~-~----ize:----==
::r- ~15::::-:

-::--. -
1f:~-
~--

'~5-=I _

----:-
t: b.",=I _

=--=:
17 ­.-::

:
-=:

. -:-S--:
:

-:---
'1-:--
~

, . -

~ ......1 O' O.U"'''' ...
1&. &L.IEV'ATIo- elllou.. o ••'TII.-

I. Ot..ICTlOOO O' NO"'I M. D..TI _"'I i!.T&..TIlD !C_'-Il.IlD

O .. I1....·C .... O'''C'''''"D ----- •••. ",,- ....... ~--- ...J. -1

T. TM'C""UI O' OVI"eu"OI" II TOTAr.. CO-I ...COV...Y "OIl _'''G

ENG FORllllB 36 "..IVIOU. CDITtONS ..... 0Il1O '" ItTC.

""" 7,

J.:1~. ..:O_._"_T"_lIIII_'_"'_L_I_DI"_T_O__"OC_" .., II. "O"..TU.. I O' ''''''I:CTOft

?\.
'J

)

(

I
~"'·':%.-..'

.~

I
I

I

I

I
I
I
n
I
I
I
I
I
I
I
I
I
I



I
I'

"

111:".".1
~t",,,,, _ t
-.... N~. U " ••...,

I

"COllI .01 OIl
..~~", S&:~"I:

• I

~"--I f)-I,
I~

/01 :

CL"""CAT'ooo 0' ••TIl"'.L&

~-
4

-
i

~I~
:------02..:
----:

Vo""":'0.... _

-
~--

lot/"::'--

i
I~--=----:

:
D~-----:--

/07-=-

:-
~

1111"':::'--:---:

:~l

. ~ .
t. TOT"~ Ot'II'TM 0" MOLt

EMG FORM 18 36 ~III:VIOUI I:O,TION& ""I 08&01.1T1:.
lolA" 71

It"- -"0000'1001.1: .. OATI:_LI ' .......0 ~C_ .. I.IO
'~·'C." D'NCL'NllC ........- .•••. I- ..L-i ..:... -I

1=~:...:D.:.I:"...:.:".:..:.Il'l.;;•.:...:L.:.I:D:..;;I"_T..:O_....;O_C_K ., 't. IIONATUIl[ 0' IIU"I:C'Of!

"--"!• !

1'1
\. ~:'I
"-J

.z.I

I
I
I
I

I
I

I
I
I

I

I
I
I

I

I
i



..

•

IIE.".1I5
rDru..... ' _,• ..... _1t.1...... ~..,....,.....,

I

//f

'/1.0

.. CDIII: aox lilt
••co",••" ...~r.

a:RY _0.
o f

••OJECT

,.'J:' P;/ fjE4.. C::.

$ p:>-LJ
~~~/~~.5

s 1t1.0,

I~

" I.L!V"'''.o- TO~ 011' MOL-I.

C~AII''''C''TIOOI O••ATE"''''''
~-'

4

...[YIOUS IUliTIOOIS "ltl: O-.D.. ITE•

fTtl.urJlVCZ'O'

:

( t:' V -,

DRILLING LOC I

_ ..EVATION O••TN ...a.No

I. DUtECTtOOI 0' MO~E K. D"TE MO~EIin "'''.0 \"_ .. aTa,,

O ..··T." .... 0 ..·"....·." 0••. '.- •••T. f-------....L.------.....- -f

EHG FORM 18 36.."" "

~._:D:..••;..T:..:N.:..:.:.:.;DII'.:~:.~E:;D:..:.;IN:..:T.:;O...; ..:..:O;.;C;;;II---_o:__------_i ". IION"TU•• O' INI.CCTOI\

I. TOT" .. Da.T" 0' NO .. I:

c

I

I

I
I

I
I

I
I
Ip
I
I
I
I
I
I
I
I
I
I



..

.1.....1tS
ro......, ..... _rer ~ .......,
-.-,.-., ..... " '~

"

... DATI MOLl

I

I I

HI I

W
I

CL&U'I'.cn.ooo O' .AT.......U

~-
4

I,

L .....1 or OOt'LLIt...

4 "OLE "0, (....... - ...... "".1...... -.- :

•. D•• ItCTlOII O' MOLE

O ...··,C&L D'.CL".O "F.'; , .. - .... t. 1--- "- ....... .,

It. ELI"AtlOOO TO" O' "OLI

, TMIC:Il.IU O' OYI••U.D." '". TOt AL COOl" ••COV".Y '001 _'"G

EHe f:OR"" 1836 PIlEY10UI EOITIOOII "I O-.DLETl.
.... Il '1

~..::D::"::...:.:.T.:...:IlOO='L~L~I::D~III:..:T..:D:..:.:O:;C:.:Il:_ __j It. IIGIIA tUIU O' ...I"'ICTOR

I. TOTAL 0""" O' MOLl

qc·

•*' I. l

1

I
I

I

I
I

I
I
I

I

I
I

I
r

I
I
I
I
I
I



..

1t11ll KI
t~J ,.... ....".1

............'e... " .""""MeM,I
.. C:IM( .Ok 000
IIICo" 1

lilT 110
• f

~.D

ING

IJ""I 4Q

t..~ J.·o ......

~1I0JICT

NIf!.OP WeLL '5

ta. 0"1'1 NOI.(

CeOu.T
£, ,c.1

C\'1 ~ (lr~Q

c:....III',CA1'IOOO 0' ."T&'II\IlU

~-
~

II.I,,""'OM 01"'" \,101.0

•. D"'f:CTIOM 0' MOLl

O ••·,.'c ..... o··Cr.'MaD D••. ".OM •••,..I---- L ...... ,
n. 11.1""TIOtf TOt" O~ "0I.l

EMC FOR... 18 36 ~1I1"IOU' 1011'10001 AliI OIloOI.CTl•.... Ill 71

I -..,..".,...".-.:-.:-;-:---:----:-=:-:=:r---------"1 It TO"'''~ .0. O~ O"~". 1011"''''' ••0'"•. "OL~ .0.'.... --__ fHI., .UIlD~. I .....LU .....11:1.1

- .,. - , ,. TOT"L .U••III COlIl( -el1l11

C·~0:~.:..::T:..~IM::::'I.:.:L.::1::0:...::1.:..:T.:O:...:"::.:0::c::":.... _:_------_j It. '11l." T UII( 0' I....ICT 0fI

t. TO""~ De..,." 0' IOCI.I

~.

~
" .:~

...:..;;,

•

~
~r'~

I
II

I
I
I
I
I
I
I
~

i I1
j
I

'I
I
I
.1I.
I
I
I
I



5-TJ

tIil. III A" 111;1
fOr••..., ..... -.• ..... ..it.l
............~,., • ....,•.....-J

•

,-..... .,.... _-

.. COOII 'OX 001
IIIICO"· I ......LI

PIT 1110
f

..1l0JIC'

A/COP

...._.-
_.I ......... llutll

, .

'0

o

, .

0'

o •
•

..

, '

l.~

,". ;'1
0,

~f-~T,llIlJL.n.1 rFci. c IiS/~r.
,' s c.~c.I.l~ Ie. ~

, Z ·~n,,~~~ ....~~~

" o.

., , •
l.

.0
0 ..

,·.
,D,

r1 ,

'.'

o

I .,

,0 ,

: ·1
" 0 I

.'I..
" 'I''c'

',I
O' 'I

, I..

·.

"0,

~~l--t+-'(j''''':;LIJ5H :r~/I r:s -/a ."foe; I

~ , . . @ 80, ~ ~ ,"0. 3 \ '40 I)
, , D' r~.~

, '0 •'t~AcctfILf ~ ..n..",1 a.~,;J e-
o • 0"" r II. 'II:, "·:&""r.~~h.+ S~,J

. ,0

o • I /"
o ~ i ...I ,'.1

~ "'I jl:J
; .' !. I 0

';, j , .

i

C.._IPICATIOtt 0' ...TEIlIAU

~-
4

".I"'OUI 10lTl00I1 A.t O..cLITt.

rTllA!I S:'t'cvvr:

HlLLtMC; Lac 1-

6. DIIIIECTIOOl O~ MOLE II. DATI OOOLE \" .......
O·.·TICAL On.eL....1l 0 ••. _._ " •••. !- .l- ......

jn. ILI"AT..... TO" O~ "OLE

tHe FORIlI 1836
""1'\ '1

)

~
" .';;

(
!,
i

I
i

I

I

I

I

I

I

I

I

I

I

I

I

I

I
f

I

I
I



..

_~MA"CS
(0",,--. .--. _, It..,
~., .,";.' It ....

.. COllI .OX 011
III: COy......"~1E

1EIIT "0.
• f

• "ZI "0 TY~ CW .1'1'

"

o

,
, ..,
.,

"0
.'

· ..
~ ~ ,

:;1--:."
01-- '.j

• I--- , , I

l:::::::Io.'..-i;...~D'" • "". "P'" ~ 'Tr:
'S~, ... \c., s ,h. I

,. ~ 0 ,

'0'-'- •
·~AC.IC.~IL.L. •

• I-- '. ~ I Co.....J IJ ~rJ I ,d'..,a.! ~
o I-- ':. '"'!,loILL,\.,.~50-. I'

0' -.
11 C"'- ••

O. • e
e).1--- II

• I) I--

,~'I
'0'

· , ~_~I~~:....,- FLUSH :!'()Il.rr
o 0 ., •
'~.,

.~·t--.D
.1.1..........

I .,"~~'

, •• r--~LJe~ S~U;eH
I-- I' ~~ ,f.,,, I n ~+c. I

, .. • • JiJI r'(, loJo... J
" ' I-- • ,.\ O. 0.10 SI~1+- op~.......,,.

I-- . . 2-."CJ., J. "'&.h..
• 0 0

I- •

II

• •• O. I

o 'I, I' I
• • I

• ..... I

• •• • i
~ I

• I 0 • I
~""I,.--." .-::-'1

C~"""'CATIOM 0' ••T1EIIIAU
(~-

4

10.,'

...
100., ". ·

0

Q

0)'

•·,
o .·
•

, ,
•,

o. •

·.·'

v~---
/01.~

=
/o2~---
IOJ.~

­,,-
IlJ(L. ---
J' ,,,-
I($.-=:

--
I~ 10$8 T
I '::

1l)7.~
:

lue~
--

/D1.~--
JlD.~

IllL:
:
.:

JJ2.~

,:
IIJ.~

:
114[~

:
lif.o..::

::
m.~ 1\10.\ ..:t

,:
117.~

:

:::',J
111J

.......~ 0' DOlI~~1EII

1~1EY"TIOII oe~T" I.IGI"O

S. OIIlICTIOIl 0' IIO~I: ... OATI: 1101.1: \,n.IITao

Cl"O:"TIC.~ Cl"'c~,"o:o 00:.....- .. a.,. /--------1---- .,
T. T"'C""III 0' Olt1EII.UIIOI..

'1. Ten AL COltE "ECOVE"'" ..e- eotII'Ma
I::~~".:O.:I_~.:.T:.;,"..:DII...;;.:I~:.:L:.:I:.:D_'_"_T.:0_"_0_C_It __i'" IIO...TUIII 0' II.... ICTCHI

•• TOTA~ OI"M 0' MOLl

)

I

I
I

I

I
I

I
I

I

I
I

I

I

I

I
I

·1



S
.3

StAl'\J ) ~l' l~ UV
rJ.f~·~S~

/t1o,~.f

/-1-, ;~

J~"'" 1,V s~
~,~~~-

-ClC.~. ""'- ....
j'.• ~.(.

CL.AII"'C ..T.O'l o~ ...TII....I.I
"'---

4

':":l)., 0 -
r ~ 't:-I.~

~~----"'i:'\-1;sIS.J-
5/HJ.D (5 Fj ,. 0

r=...:D.:r:'~T':':":":ll"'::":II.::L.::(::O:":'=".:..T,:O..:"'..:O..:C;;.II:_",,:,,,,:~O::-; i '•.
I TOT"L. Of~T" O~ 1tOL.( I z.'

~""""~~~~~=:;===::::::r-------i '.
~--- ':"'--.L.~_"'-~_~

•
f

1··•
, '

;~.

I

I·J
I

I

I

I
I

I
I

I

I
I

I
I

I

I
r

I
I



lC

JlllVt..OII
IW.Ne. t,-n

DRILLING LOCO "1rT IU.~" nOti 1""uT Z,.........~ 0' I <I_II.n

NIC!-ol7 I'JcLL5
•.•UI _D T"~ oor .'T

. ~OCAT_ t~__6t.-.J
.IIAT1IlIl ._

........ JW•• -...

a. D'It~~ .......IIC,. .~.•""U",C;;TUllrll·, IIUIlI11 ...001 00' D111~~

A. IIOLI .0. fA. ____ ..... ! U. TOTAL. .0. 01" ov••~ , ••T""••O ~ WlllDlITU••&1D
........... 1 (p -LJ ","Dtlll ........ II. "A.III I

... ""'. O' DAI"~I:II
IA. TO""~ IOU..I:II CCMlII __ u

ta. 1: ..I:",ATIOOo .II0U100 .ATIIII

S. D.III:CTlOII O' 1OO~1

C) ....,..c.L. Cl'..c ...,...a D••· .......... ,..
IA. 0"1'1: 1101.1 1"" .."" 110 ~ Co--"'IITaO

T. T .. 'C.IOI:.... OYIIII.UIID.IO n. 1:~I:V"T1Otl TO" O. "o~r

Ia DI.,." D111 .....D 'liTO 1I0COC I•. TcrT A.. COO<l IlI.COVIIlI" 'OII _'0<0 ,
I. TOT"~ 01"''' O' "01..

n. IIO ..ATUIlII O' ' .....I:CTOII

&I.&"'''TI_ DI:"II 1.&.1:.11 ci. ........CAT.o- 0" -"TII'''*1..I , CO.. .ox CMI\
tDnI,....,:R:::r-:.•. .......1~-' III:COY• ......1011. ~ . py .0.

4 . f
_ ..~.U._'_

-- SAAjXl (1f)
:;

~- ~-
Loo~e.

'Z. ~

-:: ~

: ~lll;t .s l::-.
~W.O..:. , .. .

- I ~. b,..~

- ~~~J1. ,-I. 11.0 t-
-: ...-
- ""Os-l-/'I ~e-.P,

l-- ,,-~;, ..J )' oc.~~.
IZ.~ h:. ... ,f.~

=-
-i

.1-
l-

f-
~et..: -- Ote. t..!lC>oo"S 0t- t-- S~ jt..a.-.- ~- -Y7.."~ I-

J
l-

f~.C2....- ~-
~

~
l-

t ~.f- f. E'\. • I ~ I-

ISQ..: -"3 rv-; f1
I

/4{. S'

Z I " .l- " t..
~ ...-- '1-

...
I(.~ t- 1 §-
~

,:-

...-
- -- ~

'?- r:.:
l-

. - ~-- --- f-- ~- r--
11.q,.: -

~
,- - - -\ .

~
I s;'/iud c..;:..~~

-:
\

I L ~~s '" \-- lJ.fJIST - ~ c",:" ~"-tW..._ ~I
~

"I L_ , ...-

2.1

r~!Mt .~
~

f
I l-. V. St1....·,i... - ,~, IG ~

~"d P. .:;J t:
.;' I ..I."

--IV.\~ I'~ 0 S Ii .C;" ---....
." I" •

~~ 1.y'
c:",r: t:nD., ,,~ .. , I ~"QJ ~

'1
J
I
I
I

~
. "

I I

I
I )

I
i
I
I
I -;

t
I ~

~. i
. I

I
I
I
I
I



J.•• 1.

- .... (,p -.L/
DItILL..c; L~ IDI"'~_ '.... r_~." ....

1"U~
~ I .....T1I1 _OJo;"T

III Itl~ -g T'l'~ lW .''1'
II/Eo? J..)~LL j ,D.TUW._ .~••

'''''''''".''''_~. IoCKAT_ '''-__ .. It.-,

II ....u~ACT_t",. DC...IIA 1001., CIIO'l.~
• D"'~~I"G A••IICT

~:.~ '"............... ...,.! n TOT"L 110 0' 0"1'" IDlIT_ ••O 1 ...... 1H ·~"".I.D

ts,=7) eUllLDlIM 1".~I..a.1 ,. .... e .. !.. ,,~.......... ;
L II_I v' :"~LP " TOT Ar.,. .U"CIIl CQtlllI -.oK..1

,.- ILI:V"TIOII a"OUIID ."'1'1[11

•. D!"I[CT,OII 0' IIOLI ,.T •• T"O 'C~t..IIT.OIt 0"'1'1 IOO~I iO··""tc ..... Cl'''C ..'...O 0 ••• ll'''OW ".,,'t. .,. 1~I\lATIOlO TO~ 0' II0~~
T TII'C.III[U 0' OV.".UIIOIII

•• TOTAt.. COlll~ .II.COy~lt... POll ~'''G ,Ia· O~IIT" DII'~"ID '.'1'0 1I0Cot
II ".""TU"I 0' '.'"ICT...

t. TOTA~ DI:"" 0' IIOLI

'LI: DI: liD c ........'CATI_ 0' .."TP!IAU , cOll~ .0_ QIIIt _II"A.'"&LI:\I"T'OoI DI[IITII r~.._
II~CO\l. ."""LI: (0,.,...., ..... _,............,

1"'1' 110. ..........'e;- " ...........-1. ~ • • . I

: ~AAJD '/ Cl-P. r «(.0 s -

~
: Lore. 5-= ~- SA.+ 'd $: £,JU B~ 4 ~\Z.I·C r:-: v7J::::u 'Z-I 0 ;:-

~
-=-- ~(D 'S~

~= ~c2'~ • 9r~ • "f1Z1.e.- f=-

~
to ....,/)12. ,{

~--;:-
~

2J.£:. ~- t-: t=- ~-= -, -= -
Zf.'~ =- ;:-

= ~
~-= ......
......- '-- ~

l!.4:. ~- f:
-= r-- ~

~.£:

1--\7- - - - - - - - J.l. .f. co. ~ UJr" t ~ -- .5Ar}{. vJ --u-r-- '/2 'IBi r..J-
~1.Q.: J),J< De-s. Co - l.o-

~-"" ~~..... ,I~ Q .
,~e-se. .~ , . -. ·~Ci: . .- !, •••

-So+ ,..- brei"
~

~...
.' '-~ '-u.c.:::. ' . ~

'. . , :; '.4 '._ .. ~ .' f--
>~

- "3-- ?~- ...-=
"'-..e,W

t-- tJ-..,_ "0 ~- tL,.:i. -.Z1.~ 151 ,..., "" c'", '-- fl·' ~

~
: ~, \,' ~ ....... -:

-- . l- .... '...) .:J f.-:. ,. /0/) -/. ,;.

~ , J"'l"I ~ Q I "\, ~Yo ,-

EN..C,,!ORltI 1836 ~·OJtCT I...o~t .0.""IV'OU' IDITI"" .. "e O_~ITIt.
" . --:- .•.- .. , " "'--"

I
I·
I
I
I j..'~-""

I .0'

t;~ ,

I
I

(
I,

;

I IG
\ .,.

I
I .. I

I ~. ,~ ,
I

I
I
I
I
I



..Ut -.., ­

". 4' ..un

.T ..... ., ..C
N. DATI NOL[

""H1LLIMG LOG

.~

I.

I. DIlUECT 1001 0' 1lO~ I

Cl W••• ,C .... Cl'''C'''''.D D••• ".- v •••• '------__..1.. •

n. 1L.1.....TtDOl TO" 0' "OL.l

~.~.~D~I~..~T.:..~Dft=I:~::~.:I:D..:':".:T:O..:..~O:.:C:.:.II:....--.....--------i". II0....TU.. 1 0' 1I....ICTOfI
I. TOT"~ D[..T .. 0' 1101.[

I

I
I

I

(i
~J.. :'J ../

~~~
.'.""

..1 ....111111
(Dr-a..... ' _ •• ..... "'''.1-- , ,......,

"COllI .OX 011
.. tCOY- s.....l.tan .g.

f

...,.
, . • 1 ..

1 __

i; i~, ~

~~ '-t
15 t" IJV-I'"""\

m# rfly MJ 2,,,,J
J-S~n-U

C~UlIPIC"TlOOl 0' .ATI.. ,AU
(11_-,

4

....[ ...,OIIS IOITlOOlS .... t O_~ITt.

(~SLlleVl'1"

~: 1

(

-

I
I
I
I
I
f
I

I
I

I

I
I

I
I
I



I
t"''''-..WIIHILLING LOG - _._~-'-'----'-~-

. D.n\lOl ._

---..... ...- ~

I _ .... " ....--.z;r

I~

l:.~.-=DIl~'Lo~Lo'::'.::::ll:-"~.::."".~c"::,--------------_lu .•••u, ·e' U',,"II', _ VI' ~ILoL.

,

.. I ....".S
'0..'''' '-" , "'11I.1---..........-;." .......

I CO'll .0> OIl
lOlleo". ' .... Lol

III" ..c.
o ,

CLoAa"'ca",... 0' .""CII'AU

~-
4

(/:J :5 I.

-_1'.( (~'"-'.. _

of ~rA.o.J~
I

........ O' DIIlLoLoP '4. TOT"Lo ._.11 CO'll 110•••

II ILo.....T.....IlOUIl. WAT."

&Lo."."'Ooo D.~TM Lo.O••D. ~ .

... DI••CTIOll 0' MOLoI: N. DAT. MOLl: 1"""'&0 ;c-...,.o
O ..··TIC.... O··C"'••O 0......- Y •• T. 1- .1.-'

-1

~~;..:.D.:..--.:~M~DIt-'-L.;..L.:..D-'"-T-O-"-OC-~ ~-------_ltl. "O••'UIII 0' ' ••~leY....

I. TQTAL. OC'~T. O' MOLl

)

;".
~.~ -...

••

I
I
I
I

I
I
I

I

I

I
I

I
I

I
I

I
i



I
DItlL.L.1MCO Lac I

, "lOJt:l;l
10. 14ZI. "0 T.... Of' .IT 1

- . oJ
0' It; , ..IUT.

t:i~.'::001:::-:':"~":'"~':::"':-:G"''':-:.:-::.:-='':':C'::'y---------------{I1·....U••CTUIlt:Il·& _&lO.... 1001 O' D'"~~

,

1l1...1l1n
(110......, __ JIl.,
--- " , ..--.1

•

~=- /.S

. ."Y1,....... c.~ .

~ r""'I't.~-+1

/1/
..s1.tJ

'C:0Il1 aD. OIl
"I:COrw 1:

IlIIY "0.. ,
C:~""'.IC;"TIOOI D••"Tt:III.U

~-
4

GZAtJEU-y 5A!J.lJ
,l.{ej. OUlse..
~o--f.~

); f"7f)A.n'7

11t~R. -~ f«'­
s-J - -s..t-

r~JJ - s~o--;J.:"".-

_~ooDi;'~
oJ- ~ fir,.,.. ot- ~~

~--=
~/!!=.------ --
52.5--------
l5"3-£--=----51ir.

::------
S5J2.---
~-

~.£-----:-
S"i~

::--::--
Irl:"-' -

P.~--

--5,-=-
~--J"f) -

•. DIIlt:C:lIOll D. MO~" 1........0
Ie. O"TI MO~IO"·"l'e ... O'..e.. '...o D........- "."T. t-------..J..- ...... ~

•. T"'C:""IU. O' OYEllaUIlDE.. II. Tm ... I;DOIII IIEC:OVt:IIY .DOII aOIl'''c;

ENG FORIIl 1836 "lIrV'OIII I:DIT'OIlI .. lIr Oaso~l.tI:•....1l71

F~:...:D.:.r_~T_"_:.OIl_'.:.._~.::.ItO=__'.._l....O_"_O_c;_" _; It...O....TUllr O. '''I~rCTOIl

i. TOT... 01"" d. "O~I

•...

I

I
I
I

I
I

I

L
I

I
I
I
I
I

I
I

I



,." •• TaDII. DATI NO.. I
~. O"'IlCT,Doo 0' NO.. I

O.Il.T'CAL O"OC.. '.110 Oil•• PIII_ .Illll~,

1
0"'111600

DRILL" LClC

I. _eu....T ... lUI MO ,."'" 01' .I~
A' I!? 0 P PJ€Ll..5 . u ... _ •• , .... ' .... ' __M.-r- _

11...KAT_ ( "_-.I
~':::~'=:~==--------- -ifon.....U'A<;Tutlll.·1 OIlIlO."TIOOo IN """L
I. 0111......0 ".Il.CTt·,

I

'1
,

b'::" _.~ '._ ~
c..

.......... .- • t.- '
10 • ,.)

D;.t/e-Q ok (~7 s
~ ~~ ""f;

, Co.-I .OX CIOl 111....1111:1
1111:0"'· ........1 rDr••.., '--' ___ ..... "''''.,

IIIIT .0. ---,.,... ..~. "•.,,,...-,t. I

i
5~ ofeJ- !'z.

I

38 D·~ ~S9. ~f 6/·0
11.(
r--

n. l"I"A~IOOo TO" 01' No..1

C........ I'.CAYIOil 01' "AT•••AUrn-.._
4

".IV'OU' IDITIOIlI ....1 D-.oI.ITI.

:---=--
~/,Q:

--
~---

~'Sl.
:--

-=-
"3-2:

~
,1.0=.

---
~
--

'S:.Q:--
{

"..Q--:
-=~7.~

:--:.
:

to 8£--
...:
:

~ (- .:.
e.~-::---
'7~: ...:

EHCi FORlIC 18 36...... "

"",_._O_Il__"_O'-_'_.._.._ID_IM_T_O_._O_c_" -'- -i II. 1I0."TUIIII 0' 1....IlC~OIII
•. TOT Of.T" 0' NO..I:

c

(
• l

I
I
I

I

I

I

I

I

I

I

I

I

I
r
I
I



I
L ._1: O' 00111.1.1:" ,. TOT.L ......1:11 COII[ -aKU

I COOI[ .OIL 011 "EII."1t1ItICO\!. .....1.1 f'DnI'''' ,... -'_ ..... ...JilI.,DoT .0.
..............~.II.~U~. ,

~ /\11:1
~I5

oS

7 .,
- ..

J/.o . .

I
I

CI.....'CATlOII D. IIATEIt ••U(0__0-)

4

:
:

~
7/07.

:--=---
~.e:----::--
i3'~

:
-::--

"X~-=-=--
~.~

}
7' 0.:.

:----, 7;.0:
----

-=-
78.~

-

~

~]

EI.[V.T1011 O[.T. 1.[11[110

To T"'C".UI D. OV[".""OI:" Il. TOT.1. COOI[ "[COV[It... '001 -"'11
~.~.~0~r:.T:::":':00I:':'::I.::I.:EO:'::'.:,:T:,:0;";"::0:,:C:::It:"" 1"· IU,"AT""I: D. '•••I:CTDOI

I. TOT.1. O[.T" D. "OI.l

-).....
~

(

~
.

~ -..

I

I
I

I
I
I
I
I'
I
I
I

I
I

I
I
I



-

,

I
Z5.~

.., ".,0.. ".1-........... " ,.....,.

-p,.~1/~

8~.S'- s~~

"o-(J~

f>~.5'- h,~ e~

~.

~t,J" U

"'J.~
'\. 8:

lJ·L. ~

s
, I

5

7

Be ·s
:s
5

5
I t.

,COOI[ .0" lIfI
"[CO~......~I."T "0.

o ,

I"'OJIC"

IIlf:;( /' Ie u.

C~AII'''ICAT'OIt0" ."TIt"'AU
~-.I

..

te. DATI MO~I

-11111/10\11 IClITlOM. AIIII DIIOLITIl..

(nvJl'.r.IICPTI

I

~
-=--

BI·a;:-----=
-=6Z~-
~--

8J~--=-:.--BrJ:t:,
:--:--8s.k:,
-:-
=e'·.a:-
~
:

8?~

:
-=---

8e~

:--
-=~, ;

~ I'::""-:
-=-:

~ D.j-

.~ll/aTlOOl DI,-,.14 ~IOI"D

EMC FORM 18 36
"A" "

~Ie,;,,'~D.~~:,.:.:"~e-=,~:':~::I::D":I:,"T~O:,"::O:,:C:''':'-'__--:- I It......a"UIU 0_ 1".~IC"lM\
I. TDTaL DI"" 0_ "OL.I

(

I

I
I

I
I
I
I

I

I
I

I

I
I

I

I
r



,

~.f.,.t.J J,~, @

~.~ S'

.C''''A~'U
rl) ..., ' -.. ,. ,
--- ~. " ".--..1.

1>r~ \l~~ -t-b .,~.S'
. I

"QI.. ~~ ....,/$
rJlrfluJ) S~ic. ....
~ io.~

.. COflIt WOJ; ~
.. II:COV. "'''''''1:

11:11'" 110.
o I

\t. TOT"" cOin "ICOVC"'" FOOl .0IUIIG

~r~

~o~+''{ ~c..Q,
~,.."Q!J) ,S~b1'ol.o~cJ

DCa.S.5 ~ ,ro....u.
s~ $/ It-

,~. ltLlVATION TO" OF MOLII:

.sAND lSP)

M.e~ y .......s(..

~ev+ )0\

CLAa'I"C"TIOII OF ""TI;IlI ..U
(0__

4

fTllAl'tSI.VCU'T'J

1;~IV"TIOII OC"TM .. ltOCIlO

EH..' .. fORM 1836 .... II:VIOU. 1:01'1'1011 .....II: 0_101l:T1:.lit 71

... TO".'" CI!JlTM 0" MOL-I.

~'_D_t:_"_TM_IlIII_t_.._.._lt_D'"_T_D_"_O_C_" -j 11. "O".. TU"[ O' '''.''ICTOII

~

. i'
h ':;

~"

•I

I

I

I
I
I
I
I

I
I
I
I
I
I

Ir

I
I



...

.."A'U'I
~ -. , ....".,--- ,.,..."........,

45rn/?T odmrr es.!3!BS·
~'f~ .. JJ {.·t-

'l . I (l \)
iJ .'. I ' It (". ~~

fs.o

.;;, T f;l.. T oS I, . r~

':'/<.1/':3 ...,-

ff/.· J~l ~ f., r/

("J.<.... ZS. ['

7i.. ({.. .) .... / (, /1

h.- ~,JcJ":'" J
lJ",'/IJ'bQ,c t.. fT:;

!3 0 ~

.. CO'Ill DO< 0Ill

...COI/· lAi...~.
PIT 110.

f

CI._'f"'CATIOOl 0'- "A'I:.,..U
r~_

I

DRlLLIC LOC

•. D....CTlOOI Of" 000"" N. D"TI MO~.
O ..••.. 'C .... O'''C......O ----- •••. ••- ...,,,. L~- L ~ -j

n .•~"V"TlOOl '0" Of" "01..

~.~.~D~.~..::':.....:OOl:::.II.::.:I.::.:.:.:0::.:"':.:':.:0:....::0::c::":... I'.· "0""YU•• Of" ,......CTOOl
•. 'OTAI. D."T" 0'- ..01..

.'.~c: FOR", 1836
...... ,.. "

\
\

\

~

.' t'
I •••••

.._.J)

I

-I

I:

I
I

I

I

I

I

I

I
I

I

I

I

I
I

I

I
i



I
to.•Uf ..... T"~ 0- .,"

U TO't'AL .0, tu, OV.... I"."U-••O ;......O.,..,.. •• C1-:&-::"::;:OL:-:(r:Nno-:';:::...":'.':_=_=-=_:-:::.::_=:;-...;;;;:,.;r.!----------,~-.u-.-1K_._._-_._ .._LI_'_"_.._Il_f_•...:! ,

- ... - ! ~ -n 1& "O""L NU_f. CCltU 801111

'.""""&0•. O"'I:C"'OII 0" IOOLl .. "ATl IOOLI: i
D"··..·c-L D,.cLI.... - D.......- W••,.l-------...L.----__......

i". fLlvnlOll " .... 0" "OLl

.l....,U
, ...., _ .... • e. ".,

.....,." c...u .......
1

-:Pr:/k; .Lc /I~· I

r..-f t~~ ;" +1:1
1/2.$ ~ . D".. h..p
wi L __ .... p...A-

l+ J.~ t-o "S.'

s

S

/..3
J/(; .5

'" COtlII: .0_ 0IIIi
"I.co-..'" LoR

[.y 01 .
• I

115.0
~ D.,\

" JlSZ
-'''J

CLAai"'C"T1011 0' ...."E'....Urt'_-,
4

'I. TOT"L CON[ .I:covr.y "011 ....I.G

~AIJJJ Lfl)
IYtEt). Pwsr
~Ar 'JJ
S~

Mori Nc./l·l~;
,5f?T''I<' 7r~'-
~ ... ", ..~...

'£;iAPy~c.f)
;;~ ~~./ ~f

;,,/01

DIlIYIOVS IDITIOMS ".1 D_LITI.

r7'ltA/llILlI~J:Il'1?

r;uv£(..=1- - - -
~

)J'~•.n:----=---
"611:.-:

-:-

::.1

ELEv"'''ION Df"T" LEOEOID

• TOT"L Of""" 0" "OLf

• O~~TN 0-''''-110 UtTO 1II0CIC

EMC fORM 18 36
. .. .... ,.

.--:
= I

i
i

~--3

I
I
I
I
I

I~

I
I
I

I
I

I

I
I

A
I



",,-,.. " .... - 1--

0.'" r.cr~J

"E_A1III'U
(DrII, .... , .... -........ .....,..1

""""f"IIilIL,. .'c... U .,-",u••~.
'COIOI .0> 000
JtI.CO.......A.,.....
~R'" .0.

o I

I I 7. V$"

~ p-(2.
I :$ ItA.S

~ -I:{i
J-L

5
'('

t--­
1'2.(, ./

n. f.~f.VATlOOI TO" O' 1101.1

Cl. ......c ..",_ O' "ATC'''''~S
(0-._

4

~/M).o (r/J)
;t{($0· '])~ r t...

~C4-f) ),

':G,..~

1'1~,p. s.~/ ;,./. ­
,,~J~(.~~

~ -~J·7".e-t

. .,.. ,-

~.i7.$t7fJ~ ( SI!'
!A.et [)en)~
~~.;-lJ

~

f(~#. ~~
~ c;./; r r..-.. ::J.1l .

""f.YIOU, EC:lITIOMS A"f. Oa.DI.f.TI:.

(T7tA1't II. fIeEN r·

.,.lLLtM(; L~ ,- ._-

... ,.Mll OF tM'LL""

11.• L.EV_TIQtilI alllOUIlfO ."TII"

T. "M'CK"UI O' OVIIt.U"OCN

II TOT AL. CDtltE' "~COVI'IfII" PC)IIIt -.otlIIMG

a. DI.I:CT.OOI O' IIO~I: ta. DATf.IIO~11in_••D ~C-I.I:'I:D

O ..• ..·,C .... O·..CI.....D - D.".....- w.It'. ~-------"'-------""'-------l

fl. ~OCAT_ ".__ ..".-"

..~_O_I_"_T_"_OOI_'I._"_C_D_'''_T_O_''_O_C_K --i to. IIG.. ATU...: D .......CCTOI'.

I. TO"'''. Of"T .. O' IIOU:

-1
!

r
C

I

I

I

I

I

I
I

I

I

I

I
I
I

J
I

I

I'
I

I



c;. .n//1/" 0;:
liE" QUS 101836

10"" "

r--'--~-"- 1,-··' ,.,.DIILL_ LOCO 1-"'·'-"
M III ..uTI

I. ~OJt:c:'T
Ill. IIZE MO T"~ MalT

IJIRfJ(J /;jElLS .....-.- , _ ...... " ••• .-&oJ
f1. L~""IOII /e-_ .. 6••0-/

U .•••U~"c: VIIEII'I IlUOOOl"TlCItt Of' IIItl ....
a. Oil'"",." "aEIIC:,.

u_ TOTAl. .0. 0" OVII".. 'IMIT"" •• D l...... DUTU•••O
4 MOL[ ..0 lAo ____0\

t. --0
..,110[. IA.~LEI T"IlEM !_111._ ;

'4 TOT A.. "U_EII COOtE ItOIlES.. ,,-£ 0' lI'ULLEIl

U. ll'-IlV&TIOtI ."ou.o .aT""
,.,. ... '.0 tC~"'IITao

•. II'IIECT.OII O~ MOLE
II. DATE IMlLE iO"•• 'T'c .... O ••c.....O 0 ••• tI"... v•• ,.

n. 1...1."AT lOtI TO~ O~ "OLE
, TNICIl"1.11 O~ lI"EltaUltOEH

'1. TOTAL CCMI "IICOYC'•• IJOllIl eo-'''G ,
I, DI~T" 1IIt'''LEO "TO IIOCII

tt. IIGII"TU'U O' l"I~ECTIIIt

•. TOT".. Or~TM O~ MOLl.

C...... ,.C ..TIOtt O~ .ATI.It'''U ' COOtE .00 OIl lIE...."Sl.al..D III.CO"· 1".."LoI. (I),...... '~ ~.............,
I.".""T'OOI 0 I.~T" .. (1)_-,

p,. "0. .....,.ft....'e.. If • ..,.,."....,4 • I •• • •
eft) 5 I-

~.u:', -
~IWO,SI'/,

I--
~ • I, .>-

F131j
.,-pfWlSc. /3

J/,L:;Sa..f'd .s
~~. . /1 1:.0-
ft(01~ MJ_ 13'; . . . - t:'""-

J),..L
5

I-- fJr~)5J. I-
f--~ 37 I-

~ ~GA's fnlJ.f::- f"~ 3/.S fI ........ COS

ev/J ->PIF'r 1,/.5/.9S ~/ '3Z0
-

B()~ of .t6Y~ .
I-'-
I-:
l-
I--
f

-::
:

I-;3.~ r:-
P---::
§:

3'1.0 -
I--J c=-:
l-
t--
=-

-
~

~-
t--
I--u,0-;.
l-

t:
~ l-

f: ~

I-

~-:: --
I-- r- .-
fI -::

! :
E--::

:
r--

~1
-= l-

I--
E--:
~

~ E-
r-

i S-r-
1=
I-

~lIOJ£Ct 1"0"£ 100.EHG FOR...
~ I 'TIOIlI AilE OIllOL£T E.

)

....•

I
I

I

I

I
I
I

I

I
~

I

I
I

I
I

I

I
I



1"OL.( liD.PIIIOJ[CT

/'J II.W j•.Jt L L$

i to all[ MlO T"'~ 00' .,T

:BACL t:1
. Nt>+-

:5.... k...,
Of~ f~

':i/i/!JI...c1
de-I.';,
Z .,';...

/

• I

• 0

CLAI&i.,CATIOOl O' .ATIIII.AU(1)_-,
4

1

Pili I: VI 0\11 ~DtT'OOII AIII~ O_L~T[•

rTlUIULUCvr 7')

I. "

IIeJ
1/41'3
.,c~

O'III~CT_ O' MOL.[ ". DAn MOL~ : ?'.s- 5
~.IIITICAL. O'.CL.'••O D••••,,- ••IIT. ~------_l.-__:------~ .....~,.e..---"1
L.:J.' n IL~vAT.OOI TOP 0' ..OL.[

OI:PT.. OIIl'L.L.I:D 'NTO lIIoe"

I. ",OJ~CT

t. TOTAL,. Of~T ... 0'- MOLt

EHG FOR... 1836
....." 71

~
~.l
'" I

(

I
I
I

I
I
I
I
I
I
~
I
I
I
I
I
I

I
I



..... " 71

'""1.1."'" I.~ I 1;'~":rT1,,);ito~ WEi-LS
•. IUl! ... " T"~ _ ••T

n. u ...,... -_ ,-_. ...... -..II. I.OCAT..- .'''-/

U .....UF ..CTUtl...•• DUO.... 1_ OF _ILL
,. 011I'1.1.'.5 .....C~

II TOT"L .0. OF l)y... l...n ....CD ~ UNDt8T"" •• 1D
.. 1101.1 110 'A. _____ "01.1

",:-7J
11\I11I01[......1.11 T..II."...,.-- ~

L ._1 OF _'I.I.PI ,. TOT ..1. .U••" CO'I[ ao.n

\I 1.L.I\lATIOIiII .aouMO WATER

I. DIIIICT._ 0' 1101.1 ,.,a..,aD
~C""L..'t.D... O..T[ 1101.[ iO"IIIlTIC"1. O'.CI.I.CD .... ~........ ,.

n. II.[Y..T._ TO. O' 1I0LI
1. TIIIC:II.111 OF OYIII.UIIDIII

II TOT ..1. COIIII "IECOYEIII" "001 _,.e ..• DEaT. DIIlII.LIO .IITD ..Dell
I•. "o."TU"1 O••••a[CTOII

•. TOT"L Dr.T.. 0" 1I0LI

C:l.Aa."C:IlT._ OF .IlTIII.IlU 'I COllIE .01 (IIIIlI 111""11111CI.EY..TIClM DlEaT. I.EOIEIlO (11-- "ICO"• .......1
(~'''' '-' ......... "".1IIII~ .0. ---..... "C;. " .....,....u0 • . 4 . f- I ' ,

;,:: , -
fZf.~ - I §.0 ~ . .-

'"""- , f-- , ,
IIZZ.~ , i-- ·'0

.= " l- I

I"""-
,

/ZJ.~ ·0 ,I-----,= I-

fLtl.~ ·l- I
10.l • 0

: o •l- ....:.. --'X,/I '-"F II..

IZ!.~
I- CO'>Jc.J N..f.- ... ( ""'C J..;.• {,

;::-- ~']""C Lsl.o.r c: ..".. 1:./: ·~ · E-/2/.f!::
()
l- f •· 1.<- vJCL,L. SG~ ~.= - EeAl
'l- • ,,,.,, $+t.

'" Ie" ~.frcl t:ItT.~ 0
~ I' 14J.~c. w.. ",",J ~:: , I D. tHO 1 ~ f 4"t.#i'".s ~i-- ·t1 2. -,;,,,;.

~'~r
~1/&'-:: · I---
~I- , t:::: I

t
.= L..

lZ.'''~ , o • ~1J17"'_f~rt'"
0 ff..../t " :~, I: ~ ·

f3C.~
0 I I

I
0•,: Cl

,
·0

t:
"I.~

. I

~II

= 0

~.r 0
?'j- I D,,1.. _

~:: i-

f--=:- I--: E:
~-: r:
I-

-: t=-- I-- I-- r-:
-l

'--1

j ~

l
I-

~
l-
I-
I-

EMG FORILI. 18 36 ."O/II:T 1.01.1 :0,."IEVIOVI 10111001......1 O_l.ITI• -

I
1'1
I
I
I II
I
I '7~

.;

L
I
I (

I
I

lI !
i

I
I
I)
I
I



) Sneet , of 4

)
LOG OF SUBSURFACE DATA

I ..
I Client I="r'C _

'I Project 9f'f-Site "'IQf'I':'<:c:inc We~l~

Location Fridley, MN.

Pro ject No. _8_5-_2_0 _

Surface Elevat ion __NA__

Date Feb. 5, '9SE

BorinQ Nc. 7-0

....

..
~

B:

LABORATORY
TESTING DATA

Sest 'I qu I DO 'I Me
pst pst I pef . %

55

38

38

8

19

16

15

'0

18

12

e

6

s

'5

FIELD I

TESTING DATA I

Sor ing tnit i0ted __;_=:_._5_._·...;,=_::,;",..._
Boring Completed _=",:,=:~._-...I.',_·....c..==_
Type of Boring _\~j'';';''~_-;;'';'''''''~·..i:.2~-:~·_

Dr i 11 ed by _..;"T'.-...;;_,.;;,_....~......- ....- -:0-__

s

SOIL DESCRIPTION

__.=..::...':l_'__ @ io,r... .; 1 II:l n-~ i 1.; ng

.""-----,.., -----

""1 COlor, Text"re, IGeologic BlOws Blows Blows Total I
'Q;- Consistency, Drilling IMaterial ; 1st 2nd 3rd iBlow I qesto Notes. RemarKS )6" 6 t1 6" ~COuntl pst

- ...
l-

· I-
;'·

· l-S YellowiSh Brown ~ed. San (SP) 22 2S 34 B'Trace Silt - l-

·

25 ........__8:own Sane, i:'ace G~avel

·
1C~ erown Sane, irace Gravel

·..
..
·

::~B:~~n::,::a::a::a:::ve
·

I Water Level Oe.ervotions

I W.L.
W.L.

I

I
I
I
I
I
I
I
I
I
I
I
:: 3~ =:,"" S.n<, T:.ce ~:avel

'l:; 1 - - - ..-- =:o~ ~2ne. !=2:~ ~:2vel



FIELD I LABORATORY
SOIL OESeR \PTION

TESTING DATA I TESTING DATA

.c::: COlor, Texture, IGeologic BlOWS Blows Blows Total I
sesl Iqu I0.::: Consistency I Drillino /Materiel 1st 2nd 3rd iBlow Iqest

I DD 1M<:
Q,l

Notes I Remarl(s 1/ 6" 6" 6" IJ Countl pst pst psf I pcf , %
0 - ,

;, ~

· ""· ""4C'- Gray Fine Sand Trace Grvl (Sp)
""

16 HI 16 S1 1

·
I

""· ~

· ""· ""i:: • Gray Fine-Coars!. Sand -- (So) I'- _29 19 20 68
1::-ace G::-avel

- - -
· ""- po-

.. ~

~

""Sri G::-ay Fine-Coa:se Sane, (SC) ,.. 20 17 17 ~

i race G:avel

·
""..

::... G::-ay-8rown Silty Clay, (Cl.t • 21 2~ :30 74
i:'e::e Fine Send

-
· I'-

,

6C~ Gray-Srown Sandy Clay (CI.-S:) .. 20 3D 40 90

~lre,o ure.ol -...
~

~- -- ~.,.-

,..
=- ~.ay-c.own .~_~y .lay (Cl.-I'L) 15 25 :s2 80
"·1 ':..

'c ~ ., ..........

I
...

~S 21; 25 5=

Client ~"f"..:._
_

Pro jecf _0_ff_-_5_it_e_mo_nl_"t_o_ti_n.;;,.9_w_el_l_s _

Lacation _,.;"F,;,,;rl:;.;;"d;.;;l;;;.oey~,_I'1N...;'.;.. _

Sheet 2 of 4

Dote ;ot"·

.Borin~ No. ,.

)
LOG OF SUBSURFACE DATA

Project No. B......5-.....,...."' _

Surface Elevotion _N_~ _

Sorin; Ini1icted _

Sorin~ Completed _

Type of Boring _

Drilled by _

)

-----e _
. n-.-----------

Weter Level Ooservotions

W.L.

W.L.

I

I
I
I
I
I
I
i

I
I
I
I
I
I
I
I
I'
I
I



) )sneet :5 of A

LOG OF SUBSURFACE DATA

~

9:"" i--Gray-8rOllln Fine Sane, Trace (51"...5:) I- 60, 60 60 180

· G:ave~ & :lay - ,

- -
I-

...
10:- Gray-c=caun nne Sane, .. =e (511'-5: .. 25 40 50 i25

.,;1',.,
~=ave2 & :lay t..

I-

:~~~. :":"::l~ ::'1 .. ; .. -=-2ve '5:.:""~ "'!~ ::r- r::: • "t:

Dote -i"........'""-":......'_'....9....91:"""-

Bonn~ No. _7 0__

220

l:3 100
- --'--"

26

BO

Blows Total I I 1 I
3rd (Blow Iqest Sest I qu I DD
6" UCountl psf I pst psf I pef

35

Z7

BO

Project No. __..l::8~5-:;.:2.:;.(1__

Surface Ele~ation __N_A__

FIELD I LABORATORY

TESTING DATA I TESTING DATA

Soring Ini1icted _

Boring Completed _

Type of 80ring _

Drilled by _

l-

i- 20

l­

I-
(51'1'.-5:) 22

1---

...

IGeologic Blows Biows

IMateriO I b 1st 2nd
n6" 6"

- .
l-

I-

I-

...
BrCllln-Gray Silt (111..) ... 2S 35 42 102

-

SOIL DESCRIPTION

_____oe _-----@-----

B~'-J- GraY-Brown Fine Sand
Trace Gravel f Clay

·
·
· -
· ~

e;;,,:....l-_Gny-BrOl&ll"\ Fine Sand ,Trac (51".-5:) I- 60

• Gravel c Clay

·
·

9: Gray-8rOllln nne Sane, hace (Srr...s:)
Gravel &Clay

;.

·
·
·

75_~__,

·
·
·
·

~1' COlor, T!lC.ture.
'Q.:- Consistency, Drill~ng

::; Notes. RemarKs

Water Leve I O~servotioos

W.l.
W.L.

Client r:'1'(

Pro jecf _D_f_f-_5_it_e__II'IO_n_it_o_r_in..:g_lII_e_l_ls _

Locot ion __F_rl;;.;'d..;;;,l....ey:..:,·,_Mf\:--.;.'• _I
I
I
I
I
I
I
I

:1I .
! ;

I
I

-I
I
I
I~

I

II
I

j

I;



St'leet 4 of 4

)
LOG OF SUBSURFACE DATA

FIELD I LABORATORY
SOIL DESeR 1PT ION

TESTING DATA I TESTING DATA

..c::: COlor, Tex1ure, GeologIC Biows Blows Blows Total \
Sest Iqu I DDc..== Consistency, Drillino Material \ 1st 2nd 3rd iBlow I qest I Me

Ql
Notes, Remorlt.s \ 6" 6f! 6" UCOuntl psf psf pst \ pcf 0/.

~ - .
;, I- ~

0 r0-

o . ~

0

"c.. Fine Sand, Trace Gravel, (SP-Sl'l) ~ 22 15 15 52

f

r--- _

.. Trace Silt

.. I-

.. r-
0 l- t

15-:~~inE Sand, Trace G:avel, (5t:-SI'I) 66 S5.- 100 23'
I.. _. ,

.. Tra:e Silt - I
0 - i

· ..
.. ..

Weatnered Dolomite Yellow-

"'"
65 80 200 345

' .... 8rOllln
l-

· LO. Boring l-

·
0

- -
l-

· ...
· ~

I-- '""· ...
· l-

· ""'· "'"- i-

· ~

.. ..

.. ""
0

Client __•....;II(~ _

Project ".... -S;te r)O?:·o·;o:- Il!e')~

Location Fridley, !¥IN.

Water Level Observe' IonS

Dote -e'H, 5 Hlr

80rinQ No. _7_-_D_-.

Projec1 No. 8S-20

SurtaCt Ele't'otion _N_A__

8orin~ Initiated _

Borin9 Co~pleted _

Type of Borinq _
Drilled by _-"..----- ..... -----

----- @ -----
W.L.
w'L.

I
I
I
I
I
I
I
I
I

I

I
I



Pioe

Protective Casing Guard o~

7-0
wt.LL NO.----

Type Vented----

TYOE'~ented~NC'-1-­

Diameter~LocKed~Ty~

Length~Key_H _

Type~SChedule,__~4.0 _
C.O._"JI'lanufacturer~

I.O. L" tl

'Length per se:.~~o.of 5e

o~VATION wt.LL INSTAlllTION DIAG~~
Oat ~~'8/B6Er=: _

l:. .. - .....-s"'...-""sw"" ~ ...- Project No. : _
Site
By:

1 T
31 3'

+
3'

.--L

I

I'.

iy~e :"a" f"I', cO: -.: .....

SOI.::':e'':'_~~~~-:-~e-:
volum!,__~~~ -_;i~:

Screen

Tyot! c c Slot Siz!-.:.J.
O.C. ~:. 5lQ~s/ft. __
I.O'-ii.:.-S:heoule "1:_,, .. ,,..
Len;th oer sec •.:..:.:.fIlc.of 51

rr~ru.:f actu:e: -: - ..--e ......

Seal

Powoe:/~elle:s Quant.~

Hydrated I: gal. ,Time...;.

Threaciec F'l1.:5t'l 1"1'" T C ...
Terlon taped., _

rrlanuf ac'ture:-----

Cement-6entonite Grout

Mi~~tement ·_Bentonit
Cemen~n~Mlbs.+6entonite~

Water~gals.

Total quantity 9a15. _
I"lanufa:::turers C...--) i'l"Id-Nc-:

Cl ....
---=-=-

/1

'5'

i1

" S'

I



FIELD I LABORATORY
SOIL DESCRIPTION

TESTING DATA I TESTING DATA

.1:

1
Color, T••tur., lGeologic BlOWS Biows Blows Total I

ses' I qu I DO'Q.- Consistency, Drilling IMcterial ; 1st 2nd 3rd iBlow Iqest Me
o Notes, R!markS liS" 6" 6" Ii Countl psf psf psf l pcf OlD

... "
~ l-

· ~ l-

· l-

· ""5_ Lt Brown Sand ~d. to (S~)

'"'
10 20 22 52 I-

Coarse -
· ~ l-

· "'"· l- I

· H
,c.. crown Sand ~edium (SP)

"'"
7 '0 10 27· -

J
~ I

f-
" "

~
I

~

Lt Brown Fine Sand (SP)
~

6 7 20 33
l- ~

-
"'"

~

· ~ "'",

· ~ l-

... -
2.. crown 5~lty Sand (S;:.SflI) .. s 15 15 38 ..

0
ic of G:-avels ~

- l-

f-

l- I-

2:_ Fine B:own Silty Sand (Sill)
'"'

5 5 5 '5 ~

...

.... •
r-
;.. I-

3:~ Fine E:own Sand (S:.SIlI) \. 5 3 5 ~3 ~

;~1=in, ~~~"" ~'":
t;..
;...

i-
's:_~m' ~2 . 1'" <t-

Client r,~I'1C.::::.,-__~ _

Pro ject __Of_f_-S_1_te_I"lo_r'\_it_c_tl_n_9_w_el_l_s _

Location F_ri...;.d_le...;.y.;..._I"t.j_" _

Weter Leve I Ooservot ions

W.L.
'N.L.

Dcte r ,,'" , .. 1 C1R~

BormQ No. 8-0

) Sheet 1 of 4

LOG OF SUBSURFACE DATA

Project No. _~es;,,;;;-2~C'....._. _

Surface Ele...ction _N_A _

Boring Initiated ., /0-:-/::

Borin; Completed _:2_l _'6_1_5= _

Ty~e of Boring M .. .: ';~._-:.

OrH led by D~ ... =• .; ·VI:M

)

j:;' no, ,_______-_~ @ wni.e D~illing

--------" ~ -----

-I.
I
'I
I
I
I
I
I
"I
I
I
I
I
I
I
I
I
I
I



I
I

)

Fridley, fIlN.

Sneet 2 of 4

)
LOG OF SUBSURFACE DATA

Project No. eS-2Q Dotel:ec. 17, 1QRC

Surface Ele....at ion 80r im;j No. ---..:.

- ... ..
· ...
· . ...
· ~

lit.. Fine BrOill'l Sand (SP-SI'l) ~ 10 12 12 34

· - ~

. . ~ -
· ~

.. to-
1;5 _ Fine Sand - er~ {SP) .. 9 12 18 39- - -.. -

· -
· ..
.. ~

50.- Fine er~ Sand (SCI) ~ '2 '5 2'1 4E

55 ~'ine Eoown Sand

to-

~

~

(SP) .. 15 17 31 63r -..
-· . ~

se_ rine =rcwn Sand-Trace (SP)
~ '0 19 21 50

· Gravel
~

·
..

""ISS _ Fine crown Sand - ira:e ( Sp) .. '3 25 21 59

· C:avel ~

· ""·
tro ..

~ine .==O\if."" ~!~:::- ::a:! ~':"2\!e: ts=n 2~ 2;' ~'" . ,

.
Weter Leve \ Oeservot IonS 90rin~ Ini1ioted

W.L. @
Boring Corr,~leted

W.L. . "...
Type of Soring..

:! Dri\ led by

SOIL DESCRIPTIONI
I
I
I·
I
I
,I
II
I
I'
I
I
I
I'
I
I

-=1' Color. Texture,
'Q;- Consistency, Drilling
b Notes I RemarKS

IGeologie
/Material

FIELD I
TESTING DATA I

Blows Blows Blows Total I
, 1st 2nd 3rd iBlow I qest
6" 6" 6" lJ COUntl psf

LABORATORY
TESTING DATA

Sest I, qu I DO I Me
psf psf I pcf , 0/.



Date •e:C , , 7, , cBE

BorinQ No, _6_-0 _

LOG OF SUBSURFACE DATA

Sneet I 4

Project No. ~5-2(,

Surface Elevation _N_A _

)I
I nt t"....I1'(...... _

J
rojecf Off-Site I'lOnito:ing \ilells

Location -..;"F,;;"r:1;;,;'.d;,;;,l,;;,;ey:..;.'_~..-.;.,' _

SOIL DESCRIPTION FIELD LABORATORY
TESTING DATA TEST\ NG DATA'<:1 Color, T"lure, IGeologic Blows Blows Blows Total I

ses! IQu I DD IMe'Q.:- Consistency, Drilling IMaterial ,1st 2nd 3rd iBlow IQest
~ Not!s I Remar~s )6" 6" 6" UCountl psf psf I psf I pet , 0/.- ... - ~

~· , ..
· ~

75 _ Fine crollln Sand (SP) I- :32 S4 :32 118
~· -

~

· l-

· ,.
· I-

~

BO - ~ine to ~~c. 9ro~_S.and (SP) 14 20 20 S4 ~e' -irace Gravel ~

I· - I· - _I..
100

i-,.
85 Fine-Coarse Brown Sand (Sill) 10 '2 '1 ~:3 I

i.ace G:avel I-
~· "" H· I

h· I- ~
· I- ~

F'ine-~~dium BrOllln Sand (S~) 13 19 25 57 ISO • ~ ...
· - -;
· .. ~· ~· ~S5 _

Fine~~c. Brown Sand (SO) ~ 15 19 23 57 ~· I- ~· I- ~

· I- -· - ..;100 ~ine-~~c. Brown Sand (SO) 1$ 20 23 52
-:-· - ~

· ~..
"" i-..

i-, ~: ~:"H~-:"'!:-S! :':'~~,- :!--~ ; ~:"'.': ,:'.:." '= ~: ~ ~ l.:

Weter Level Observations

I
I
I
I
I
I
I
I
I
I·
I
I
I·
I
I
I

W,L.

W,L.
-----@-----
-----"@ -----

Soring Initiated _

BorinQ Completed _
Type of Boring _
Drilled by _



Sheet 4 of 4

)

LOG OF SUBSURFACE DATA

I
I

Fridley, t'lf••

J

Project No. 85-20

Surface Ele...ofion _ ......N....• __

Dote 1= eb. 1'7, •

. Borin~ No. ..IE__~ __

SOIL OESeR I PTION F\ELD 1 LABORATORY
TESTING DATA TEST\NG DATA

~:: COlor. Texture, lGeologic Blows Blows BlOws Total \
sest r qui DDiMeQ.== Consistency, Drilling IMaterlal ,1st 2nd 3rd iBlow I qest

Il.l
Notes, RemarKS 6" 6" 6" ii Countl psf psf psf: pcf °/00

- .;.
I-

4

~.. .
4 ...

"c.. rine-~~d. Brown ?and (SP) • 2:5 2S 19 67
0 Trece Gravel --
0 I-
0 I-

11S. crown 5and, Little G~ave (SIiI) ~ 33 26 15l 60
"0

· I-
.. I-

;"ine er~ Sand (5=)
I-

12Q I-
22 22 50 84

· I-
0

l-

· I-

2: Sanoy Gravel crown (CIll)
I- 20 25 :51 60

· I-
4

I-
4

0

I-
i:5~ Dolomite .. 2S 25 25 75

4

l-

·
· I-.. ;.

1!~______Pr!i~ie ~ Chei~ Ocl~te ~.

1 5eorcci<
~roo, Boring
l-

I-

..
Weter Leve \ O~s!rY':J~ lor.S

I
I
I
I
I
I
I

i .
II
I .
I:1

••~

~
Ii

i,

I;..
I'
I:

W.l...
W.L.

-----@-----
----_.@ -----

Boring Initicted _

Boring Completed _

Type of Borin; _
Drilled by _



W'Ell NO. B-D----

Type Vented ___

TypsS~l1entet:1~ Nc.--l-.
Diameter 6" LOCked yes Type
l.ength 6 I l\ey' - •

Protective Casing Guard 0os'

/,...
O. JVATION w'ELL INSTAll.ATION DlAG~J

t""':" Date: ., "4 'ec:
Esergerson-::aSllll!l:. Int. ProJect No. : _

Site
By:

3'

I
I

~

I/-rT
31 •

I +
I
I k

I PiDe

I
I •

Type~SChedule.__4_0 _

C.O, "l'Ianufac:turer U.:.
1.0.-/.-"- It -

Length Der se;,~Nc.of Se:.

Cement-Sentonite G:out

P~ee:/~ Quant.~;

Hyc:2ted~9al.,Time~

Seal

iype :.5. Slot 5ize~
O.C. ~c. Slots/ft.~

r.c. t" SC:'leoule I!!". w'"
Leng~ se:.~~Q.of sa
r~~f2:~u=e= J;~~c;-.

Screen

Mix :5 Cement' Bentonite
C~o.tls.+5~nite 1OO~:- ----
~ate:~gals.

Total ~uantity gals, ___
II'Ianufac:ture:s co:'tland-~at i or

Threaded tl~Sh__n_=_T : _
Teflon tapec. n.ew.- __
~~nufac:ture:, __

Type ~ew :ls:.e ~~p

Sou:;e It.~.-: "2" ='e""'- 1 ~-~

volume , ;~c ga:.
C't,.
~

Tvoe _

r- 10"-1

2'

i1

15'

N:tes: W~ts: Sou:ee---......---------

127'I
I

I
I

I
I

I

I
I

I
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I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

,...c BORING NO.: IO-D
LOG OF TEST BORING St.iEET I of 3

PROJECT: COE-NIROP PROJECT NO.: 1332.32
LOCATION: Fridley, MN SURFACE ELEVATION: 832. I'
DRILLED BY: Layne Northwest-Milwaukee DATE IDATE

STARTED: 1-28-88 COMPLETED: 2-2-88
CREW CHIEF: Ross Goldbeck ILOGGED BY: R. Vaughn I CHECKED BY: BWR/9 Mar. 88

SAMPLING NOTES DEPTH VISUAL CLASSIFICATION GENERAL
INTERVAL I RECOVERY (ft.) AND GENERAL OBSERVATIONS WELL

NO. TYPE IBLOWS % CONSTRUCTION
0 Dark brown, SANDY TOli SOIL,-

I. 5' f- - vegetative matter, trace of fill materia II' i '\1 f- -- -- - (brick, metal and glass). \ ~ \I, 'II

IIiGrab I-- - ': I
E: Dark brown, SAND, fine to coarse, trace - '""! I:

i ll;1
6.5' ~ - fine gravel. 1:1.

;'. II- ;'.,: :

~I! II
i:'

I-- -- -- - :n .,
2 Grab ill: ;. 'I ·f II-- - , II::i Ii'

Ii 'rIa- Dark brown, SAND~ fine to coarse, trace· f-l {

~
I . II !!

- fine gravel. \ I
if !i11.5 f- - I

1-3 f- --" -- - - - - - - - - - --- \J "I:
SS. I-- - '" ,I r3 itS. iiI:

I
15- Grey brown, SAND, med to coarse. .f-

~ ..: : I, .
- ~

~ i Ii \10) ~ \16.51-- - ~ -..J
;

4 I-- -- -- -
~ 1;"5S I-- - W
r) 'i.. :I20- Grey brown, SAND, med to coarse, trace [ :....... ~

11 - of fine gravel.
J !'2

21.5 I-- -- -- - 0 ~
~

5 f- - ~ Ol ClI- 1'I)

SS I-- - ci
~

w
25- Grey brown, SAND, med to coarse ,: trace I- ~ v

I of fine gravel. ~
,

- ...
f

,
:z f

6 26.5
,..... - ...-- -- 'S.

\
' 'I- - "- - - - - - - - - iii
;: if\l

5S - - ;', . '1
~ 30- Lt. grey brown, SAND, fine to med. -I- II

- poorhigh graded :~ . : ;'
il I ,-

r- - r ',.

7 31.5
,-- --

·Ii' Ii'- - 1\ ;

- 35 -
I:J !. :r

S5
I- 1:1

:'- Lt. grey brown, SAND, fine to med. ,
I~.

I :!36.51-- - poorhigh graded ;1;;- r .: t:8 5S -- --
Ii I!I-- -

I-- 40..:
; I
. !; " \41.! Lt. grey brown, SAND, fine to med. -I- ' i: i

- poorhigh graded I .
9 SS -- -- -

NOTES WATER LEVEL OBSERVATIONS

DRILLING METHODS: FIRST OCCURENCE:
Cable tool rig using a 300 lb
split-spoon hammer and a 3"
split-spoon sampler DATEITIME

BOREHOLE DIAMETER: 8" DEPTH
TO WATER

DRILL RIG: DEPTH

Bucyrus-Erie ZOR TO CAVE IN



.. -

I

I j'

I

H---t-BJ

11----1-8'

GENERAL
WELL

CONSTRUCTION

· . .
· ..
~)t • .' q

:'.~~ I:· ::.
-III ". • •
• !:i : ..'
.·(i;:.1111 ~ ..... "

f­
.W
II-'
;~

i~
I ill·

-I-: dl

(till)

PROJECT NO.: 1117 .17

SURFACE ELEVATION: ------

BORING NO.: 10-D

SHEET 2 of 3

! )
~
I I-'
I ')
;\ ~-------------1; .s
I:

-~....
\' 7-

!fi w
1 v

VISUAL CLASSIFICATION
AND GENERAL OBSERVATIONS

Dark brown, SAND, med to coarse trace
of fine to coarse gravel, and
little silt

**

Brown, SAND, coarse.

Brown, SAND, med. to coarse,
trace of silt.

*

-
-

90_

-
-
-
-

DEPTH
(ft.)

55- Brown, SAND, med. some clay and-_ gravel, trace of silt.

--
60 -= Brown, SAND, med. some clay and

_ gravel, trace of silt.

-
-

65--
-

LOG OF TEST BORING

l-
I-- -..,

-

I-­

I--

--- --

---

I-- -­

I-

I- -­

I--

--- -­
I-

I--

I- -­

---
---

-
---4---1 70 - Brown, sand, fine to med.---

--- -____~--~ 75--- Brown, SAND, med. to coarse trace of
_ cobble.

-
--

---&---1 80-

--
--

85-
-
-

1.5 '
S5 I-

6.5'
I- __

SS I--

I-

66.5'1
I--

SS

S5

56.5'

SS

S5

71S'
l-

I- --

61.5

5S

76.5'

---

5S

5S

91.5'1-
5S 1- __

---

51.5 '

46.5'
I-

SAMPLING NOTES
INTERVAL RECOVERY

NO. TYPE BLOWS %

10

11

12

14

13

1IlIl....

15

PROJECT: r.OE-NHnp

16

LOCATION: FRIDLEY, MN

17

18

19

/ ~I/I ~ tl
45 - Lt. grey brown, SAND, fine to med. --ilL

- little silt. I I

:t-----------------ll~r!50 - Brown, SAND, fine, some coarse sand, -H' I: I
: trace of silt. V' I

--

I
I'
I
I
I,
I
I
I
'I
I
I
I
I
I,

I
I
I
I
I



3

GENERAL
WELL

CONSTRUCTION

BORING NO.: 10-D

SHEET 3 of:

PROJECT NO.:

SURFACE ELEVATION:

VISUAL CLASSIFICATION
AND GENERAL OBSERVATIONS

odor as above noted in the bottom
of split-spoon sample.

brown, SAND, med to coarse trace of;---~/~~----I

gravel.

'--- EOB at 10 I '

*Top half of split-spoon sample contained
a petroleum-like odor after allowing
the sample to warm in the office.

Lt. brown, SAND, med. to coarse, trace 0

sandstone fragments
St. Peter Sandstone)

DEPTH
(ft.)

LOG OF TEST BORING

__-1---1100

SAMPLING NOTES
INTERVAL RECOVERY

NO. TYPE BLOWS %

20

21
SS

PROJECT: COE-NIROP
LOCATION: FRIDLEY,MN

1'---f--~,.,jl---f:""'-1 95

I
I
I
I
I
I
I
I
I
I
I
,I;

I
I
I
I
I
I
I



I
I

V.ll Diac.....
r-IT (I 1.1-85)

PIOJICT IlIJlE. CUE - rvd!,cr,Ir:'?tiJf.. q 110. /.!:l2, 1"11.-

IItLL 110. -'.,;V~D_-:,_:- _
DATI IIlStALLIO '2 -I -Y h 2..~ 2. •h

ADDED _--__.•_. _

D) \lATEa CLAJl,ITT BErORI DEV!LOPKEIIT?

CLEAa, TUUlD,~

I) VATU CLAJlln uTla DEVELOP/lIIlT'

~LIGKTLT TUUID, TUUI~
r) ODOlf TES OIl)HQ:J NT" = ~t'# () ~B 'is-Ill

) \lATIa 1.EVU. SIlIIIIAIlY

1) CASING DETAILS

A) TYPE or PIPE.

PVC,STAIKLESS, TEFLON, OTHER ]?te:<.1L >'-/ee. /
PIPE SCHEDULE '1 (,.1_...:..-_------

B) TYPE OF PIPE JOIKTSi

COUPLINGS,~ (V!TAPEr), OTHER _

c) liAS SOLVENT USED? YES OR@

D) 'r'IPE or \lELL SCIlEEN,

pvc, GNL~ T§TLOIi, OTHER _

E) VEI.I. SCREEN SLOT SIZE I 01() v "-
F) PIPE DIAl 10 IK. >, p'l 00 IN. 1.5"
G) INSTALLED PROTECTOR fIPE II/LOCK1. @OR NO

PROTECTOR PIPE DIA• ..112- Ill.

2) VELL DEVELOPKENT

A) /IETHOD

BAILINC,IPUKPINC, SURGINCJ.CO/IPRESSED AIIl

OTHER_~ _

(KOTE ADDITIONAL COKKENTS BELOII)

B) TlII£ .SPENT roB. DEVELOPKE~l '2..~H«2'5

C) APPiOXIllATI \lATEIl VOLUKE. REHOVED 4Sd ,,,,I

LJ5' FT.

FT.

BOREHOLE
DI+,

l7 IK.

--'.!..L FT.
-::{l!L. FT.

-flLn.

~T.

-.JL FT.

PEPT!! FROH
GR~ND suarACE
~FT.

. "

"
""
~ ..
" "~.' .
~' t
,:

~".:
':
':. ~

,;

lACK!' ILL TtRIAI.

c.e~el'\+ bt-~'l:t
")l"o ....+

VELL BOTTOK
~UV. 731. I

BENTONITE ~

PELLETS/GIAKULAA/~'

Bl!:lel. SJdfll

fILTER PACK
IlAURIAL

o· 'J.!'"-PS..S"..-c"""

ANiONIiE
Nit:t:ftS;". ' I1YUR/PWBER

/Vlt

tD-l~t\\ letv. c£'"",,WT

BACUILL /lETHOD

~AUGER TRE2'\IE
G VITI FILLED

~_-'LEV. ------..a........---r,:::;r
(T.O.C.) .S1tIf,77
GROUND SURr. I
ELEV. e!>?1Z. 1

101
Do......

9lf FT. ~
VI..
o
i:
g
101..a

i5
IV FT. ~ z.... ~

.•dii!....
:a..a

I'

I
I

I

I

I

I
I

-------------"
-------------"

I
I
I ADDTTIOIlAL COnKENTSI

A) DEPTlI 11011 TOP or CASING UTIa DEVELOP/IENTI- fT. 01. DRY

I) OTHII. IlEASUlIIIIIlTS (T.O.C. h

DATE/TlII& 2-!'1'$ {2/,31 Jj
DATI/TIIII

DATI/TlIIl

I
I

I



BOREHOLE DIAMETER: DEPTH
8" TO WATER

i

r

, \

I

li,!'..
i'
'; I

..:

u!
a.

; 1
1

GENERAL
WELL

CONSTRUCTION

I
1 I

III, :

-: /',
(

I

-I-

J,-,.. ii
\\ '\

\
! 1

I
-1

f-

BORING NO.: 13-D

SHEET 1 0' 3

SURFACE ELEVATION: 833.3'
PROJECT NO,: 1332.32

I CHECKED BY: BWR/3-u-88
1-29-88 Ig~'LEpLETED: 2-8-88

VISUAL CLASSIFICATION
AND GENERAL OBSERVATIONS

DEPTH
TO CAVE IN

Brown SAND, med to coarse, some coarse
gravel

Brown, SAND, med to coarse, some
coarse gravel

Black, SILTY SANDY CLAY, and fill
materials, soft

Dark grey, CLAYEY SILT, dense

Light brown, SAND, little fine gravel

Light brown sand, fine to med.

Light brown SAND, fine to med.

-
-
-

-
-

I LOGGED BY: Ron Vaughn
M'l k I DATE- 1. wau ee STARTED:

DEPTH
(ft.)

---
5'_

22R

LOG OF TEST BORING

95

80

90

100

95

*

83

38

82

35
I-­

I-

I--

I--

55

~
GrabI­

I-­

I--

~
~

Grab _ -

-

SAMPLING NOTES

16.3'~
I-­

SS I--

Y/&
21.5'~

I-­
S5 I--

NOTES WATER LEVEL OBSERVATIONS

9

6

8

5

3

1

INTERVAL RECOVERY
NO. TYPE BLOWS %

7

2

CREW CHIEF: Dick Hornburg

LOCATION: Fridley, MN

DRILLED ~Y: Layne Northwest

PROJECT: COE-NIROP

DRILL RIG:
BUCYRUS-ERIE

DRILLING METHODS: FIRST OCCURENCE:
Cable tool w/Split Spoon (S.S.)
Sampler I----""'"T-------r------'T'"'"'-------f
*S300Ib. Hammer and 3" Split DATEITIMEpoon

-
, - (Trace fine gravel @37')

1---t---ldl---+_--1 40 _

41.5'~ lOO(
SS R .8

I

I
I

I
I

I
I
I
I
I,

I
I

I
I
I
I
I

I
,I
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GENERAL
WELL

CONSTRUCTION

I·

~i
I'I'lJ

- -'J -IQ
v

; l
i 1

. '.;1

, ! '). ,

-J : !
1

, I

- I,
. I

Vi
: 11
I (!
~ ,I
I I,
\ \;

I
I

@56.3 .01
't

<t
-- ~

3
III

@68.5

@55.5'

@89'

@LLu'

SURFACE ELEVATION: ----

PROJECT NO.: 1332.32
SHEET L of 3
BORING NO.: 13-D

VISUAL CLASSIFICATION
AND GENERAL OBSERVATIONS

See page 1

Brown, SAND, fine

Brown CLAYEY SILTY SAND, little coarse
gravel, dense

Brown SILTY CLAY, trace coarse sand,
trace fine gravel

Brown SAND, little clay

Brown, SAND, med to ~oarse

Dark grey, ~ANDY SILT, little fine sand
uniform

Brown, SAND, fine to coarse
Trace fine gravel.

-

-

LOG OF TEST BORING

80

80

70

50

100

91.5'~ 202/
S8 1-. 3 ,

,..-.
I-

SAMPLING NOTES
INTERVAL RECOVERY

NO. TYPE BLOWS %

1tWf["
PROJECT: COE-NIROP
LOCATION: Fridley, MN

11

13

10

12

14

16

15

17

18

19

-I-- l-
- , j

t---/---1m~/:-:t.,---+---1 70' - -1 ~
71.5 ~ 180/ - i ~

I-- _ Brown SAND, med to coarse, trace fine I
SS _ l' 80 _ gravel, trace of cobbles ' ~

~ -1--- '31
t---/---1=f---+-_1 75 '_ @74 ' ~ I

76.5 ~ 200/ - Brown, SAND, med to coarse ~ IJl
I-- - \

SS I- 1.5 80

-
-

I-- -
I- -. 5'__-+_--1 £1 _

46.5' 100/ -
SS I- .6' 100 -

I- -

I-- -
1---1---+,.,.,.-f----I---1 50'_

51.51. 200/
I- ,

SS 1-.5

-
-
-

I- -

I---+----I~---+-_l 55'_
56.5 ~200/ -

l­

SS I- 1.5'
I--

-
-

1---+----1:=1---+---180' ­W/
81.5 ~ 215/ -

--- -S8 _ 1.5' 80 _

--- -
1---1---4.,.,+---1---1 85 ' ­

~/t,

86.5 ~ 190/ -
I- ,

S8 ,..-. 1. 5

I--

-
-

1---1----.,1=-1---4---1 60'_
61.5 ~ 190/ -

1--, -
SS I- 1.5 90 _

-
1---1---+~---1---l 65'_

66.6 ~ 180/ - Brown SAND, fine to med.
l­

SS I-- 1. 6'
I-

I
I

I
I
I
I
I
I
I
I
I
I
I
I

I

I
I
I
I
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c..'

F-204B (R 09-87)

fE" BORING NO.: 13-D
LOG OF TEST BORING SHEET 3 of 3

PROJECT: COE-NIROP PROJECT NO.: 1332.32
LOCATION: Fridley, MN SURFACE ELEVATION: ____

SAMPLING NOTES DEPTH VISUAL CLASSIFICATION GENERAL
INTERVAL /RECOVERY (ft,) AND GENERAL OBSERVATIONS WELL

NO. TYPE I IBLOWS % CONSTRUCTION

96.5'1 2041
':J:J

:s-.:'I·····- Brown, GRAVELLY SAND, little cobbles,
20 SS - .8' 40 - trace of fragmented sandstone. • A. (l '.

':I '.- - "d< __ '"

100' -
'oW <A . , ' ••- .Ij '::=-1 .. •

~
u: • . . ,- I

Yellow brown, SANDSTONE, soft, well . ·0.-.: .
21 - sorted, fine to med., trace med sand. IGrab - -

~ - (St. Peter Sandstone)
~ -
I-- -05' -fo--
~ - 101'- E.O.B.
~

t- -
~ -
~ - I-

~ -
~ -
t- -
~ -
~ - fo-

~ -
~ -
I- -
~ -
~ - f0-

r- -
I- -
I- -
I- -
~ - r-

I- -
I- -
I- -
I- -
~ - r-
I- -
I-- -
I-- -
r- -
I- - l-

I-- -
r- -
!-- -
!-- -
I- - f-

I- -
I- -
I- -
I- -
I- - -....
,..... -
!-- -
I- -
I- -

I
I

I

I
I

I

I
I
I

I

I
I

I

I

I

I

I

I
I
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I

.-
Vill 01&&1'&.
r-17 (I '.1~5)

raDJlCT MAIlE. c:e:t.- SJI1?12P
VtLl. liD. 13-D
DATe IIInALl.1ll 2.-$.-88

110.

"______________ Ft

--------------"DAtE/tlKZ

B) TlKE SPENT FOR OEVELOPHENTl __"'Z~..;..C)~_t-I:.::R=S__

C) APPIlOXlHATI VATER VOLDtlEI REilOVED '3(cC)jetL
ADDED __r-- _

(NOTE ADDITIONAL COKHENTS BELOW)

2) VELL DEVEloOPHENT

A) HETIIOD

BAILING-,lPUHPING, SURGlkc'J COHPRESSED AIR

OiNER _

A) TYPE or PIPEI

PVC,STAlKLESS, TEFLON, OTHER WCI( lR.o/l'/
PIPE SCHEDULE _4....1o::D::;... _

II) TYU OF PIU JOINTS; 0
l/.iii /A.I

f01I1IP1011166, VREADED (!/~), OTIIER _

C) VAS SOLVENT USEDl ¥ES O~

D) TYPE 0' YELL SCREEN,

..us:.. §AlNLESSJ'5I!f'ttOlOit;;,:'""OI7l1mn~EItIt"' _

E) VELL SCREEN SLOT SUI: If> 0 10"
Y) PIU DIAl 10 IN.~ 00 IN. :3~ "
0) INSTALLED PROTECTOR PIPE V/LOCKl~R NO

PIlOTECTOII PIPS DlA.~1I Ilf.

D) VATU CLAJtIT'l urou IIEVELOPHEllTI

CLEAlL, TUUIII,~
I) VATD. CLUtT'l Ann DEVELOl'KEIlT~

.fCLU!JSLICIlTLY TUUtD. TUUID ~P

r) OOOU TES oaliJ lint ': (;." ke:.s ¥/88;
3) VATU LEVEL Sll!IIWlY

A) DEl'Tll 'ROil TOl' or CAstliO AlTn DEVELOPtlENTI

-=::::: FT. 01 DRY

.) OiNEa KEASUUIIEllTS (T.o.e. h

DATE/TlK! oz-/?-pg ('22,$I' )

DATI/TDIE

1) CASING DETAILS

FT.

IDD' FT.
__ FT.

FT.

FT.

PEPTH nOM
CRO SURrACE
__ FT.

BOREHOLE

~A"
ltL-.. IN.

1!:ULn.

:
"
""
~ .,'
" ~.'
.~

,

" t~,

:.:. .
,} .:"
It ':

~

';

VELL BOTTOK 7"23 3 J
ZLEV. ~ •

rILTER PAC?AL' -,Y)
IlATERIAL Co'T.l' -...v

/JI1kUlJ 5fAll?:

-.-tLEV. ------_---r;=;v
(T.O.C.) 83S.7?
CRODHD SURF. I
ILEV. 6}3.3

SEAL IIATERlAL-

AIIDTTIOIlAL COKilENTSI

Ml!l'f&IIHE
prll ns (GRANUI ,. 'pounEa

~CKrxLL
IIA~

"tIC)( SAND

BENTONITE
PE&LRE!C;:1'1I0~

w.........
<J2.,Sn. ~

o
III..
o

~
lol
,.I

I
I

I

I
I

I

I

I

I
I

I
I

I

I cJt

I
I

:.'

I
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1IlIl'~
BORING NO.: S-PC

LOG OF TEST BORING SHEET I or 4
PROJECT: COE-NIROP PROJECT NO.: 1332 32
LOCATION: FRIDLEY, MN SURFACE ELEVATION: 832.2'
DRILLED BY: Layne Northwest - Milwaukee I DATE IDATE

STARTED: COMPLETED:

CREW CHIEF: I LOGGED BY: Mark McColloch I CHECKED BY: BWR 9 Mar. 88
SAMPLING NOTES DEPTH VISUAL CLASSIFICATION GENERALINTERVAL RECOVERY (ft.) AND GENERAL OBSERVATIONS WELL

NO. TYPE BLOWS IN CONSTRUCTION

~
u

0 Black, SAND, fine to med. some to little-I 2 fine gravel, trace of silt and clay,

~
-WS 3 plant roots.-

2 ;;V -
-r5_ Brown, SAND, and GRAVEL, med. to coarse -

r

~
5.5 - pieces of wood. 'I-3 WS J .)

~
- < ~

- --~
;A

1/9.5 ~- '--" 10-
./

:2 10.5 J- .J
.J .J- ,." ....

3
4 WS

~
Brown, SAND and GRAVEL, med. to coarse, 1

~-
1/14.5 - 2i~~~~_~!_~~~~~_________________________ ~

.~

15- -/"

~
15.5 - Light 'brown, SAND,. fine to coarse.

-
5 WS

~
-

v19 •5 -
..I

20-/ -f- ,-.

~ 20.5 - 0

:< - Light ,brown, SAND, fine to coarse. -
6 WS - ': ~

Z ~ ~ ~

~25.5 - ct
C:! ~25- -!-
~,/ / 26.5 "~

-
':l " ~

Light brown, SAND, fine to coarse. ~ "'" ;A 3 0- 3 fll7 0 ~ .~7 WS - it ~
~

[2 ....30.5 30 - ..0 \J :J \J I-"- IIIJ ~./

~
31.~ -- '3~

..,- ~ ~

~
- Light brown, SAND, fine to coarse. IJ/

'"~ \)

8 WS -
~

\J

/35.5 -35_
-f-

/"V 35.5

~
- Light brown, SAND, fine to coarse.- 38'

9 WS ~ - i=- More coarse sand and fine gravel
~ -"40.5

-
40-

" ~
4 I .5 ---

NOTES WATER LEVEL OBSERVATIONS

DRILLING METHODS: Mud rotary FIRST OCCURENCE:
grab samplescomposited of wash
cuttings over 5 ft. intervals.

DATEITIME

BOREHOLE DIAMETER: DEPTH
8" to 6.5 11 to 3" TO WATER

DRILL RIG: TH-bU: Well Caslng Gus DEPTH
Peck Bratt 22R: Rock Core TO CAVE IN
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fE·· BORING NO.: 5-PC
LOG OF TEST BORING SHEET 2 of 4

PROJECT: COE-NIROP PROJECT NO.: 1332.32
LOCATION: FRIDLEY,MN SURFACE ELEVATION:

SAMPLING NOTES DEPTH VISUAL CLASSIFICATION GENERAL
INTERVAL RECOVERY (ft.) AND GENERAL OBSERVATIONS WELL

NO. TYPE BLOWS % CONSTRUCTION

~
i4U - Brown, SAND, Med. to coarse, trace- cobbles.

10 WS -
7j v -

-l-.
~

45 - Brown, SAND, med • to coarse little- s i1 t and clay.

~
-

11 WS - 49
~ No clay present at 49' I- 50 - f0o- l l~ - Brown SAND and GRAVEL, med to coarse, (

I~ - little silt and clay. .t
WS J :J- ~,

~12 ~ - ~ ,:.,... \I
:J55 - Brown, SAND, some clay and fine gravel. ~

~

~
:I ...- .. 3

- 3 in
13

WS - ~

i60 -
Iv - -- I

./

~ I-- Brown, SAND, some clay and fine gravel.

~ - 63' I-
~14 WS }W 6

L--- - Clay becoming more abundant. l\l :l
65 - - ~ ..s....

~ -
I 3~

- Brown, SAND, some clay and fine gravel. .-
IiWS - g15 -

~ - \J
~ t- :

""- Brown, SAND, some clay and fine gravel. f- ') ~ ')-...J

~
70 0

~- 72' Dl ,J

becoming less abundant. ~
~

~
- }W Clay ;.- -<16 "WS

~V - - t- J \-75 _
Brown, SAND, med. to coarse, - ~ J j... l>I IIJ t.I

~
- little fine gravel. 3 ) ~w- \.) ~

~
-17 WS -V 80_ .1-.....

~ Brown, SAND, med. to coarse, little-
~ - fine gravel.

-18 WS ~V -
85 - .f-.....

~ med. to coarse, little- Brown, SAND,

~
- fine gravel.

19 WS -
~ ~. -

90 - .f-
/'
~ - Brown, SAND, med. to coarse, little

WS

~
- fine gravel.

20 -
~v 95 -

F-204B (R 09-87('



,....

GENERAL
WELL

CONSTRUCTION

-I-

BORING NO.: s-PC

SURFACE ELEVATION:

SHEET 1 of 4
PROJECT NO.: \332.32

VISUAL CLASSIFICATION
AND GENERAL OBSERVATIONS

DEPTH
(ft.)

-
10~

-
_ Yellow brown, SILTSTON~.

-
-

IIQ...8" casing grouted. Begain 6.5"
_ borehole.

--

-
145 -

110 -
-~ellow brown, SILTSTONE and greenish -~

_Il'rey siltstone.
1:12 p

LOG OF TEST BORING

27

25

SAMPLING NOTES
INTERVAL RECOVERY

NO. TYPE BLOWS %

26

32

1I'!Il""

31

2\

30

29

28

24

22

PROJECT: COE NIROP
LOCATION: FRIDLEY, MN

--
11~ _I-

.....- L1. -~ellow brown, SILTSTONE and greenish

G ~ _ =~rey siltstone .

~~ 12Q.. ~
........ ft. - w

G ~ -~ellow brown, SILTSTONE and greenish ~
~ :~rey siltstone. E
'J 1/ 12i- -.:ii

........ ~ - ~

G ~ - Yellow brown, SILTSTONE and greenish ~
ttfl(......- - grey siltstone. ~ ~

130 - A N
1--~-""",,?,fl1r---1I---t ~- -I- '3 ~, Tan, SANDSTONE/SILTSTONE, very fine ~

'-I. - ...
G '-1-......... 111 - a

~... ~

G Z 135': Tan, SANDSTONE/SILTSTONE, some greenish _I- U

T~ white shale.
I-~-I--~,~--+--+--_-t Fractured zone, drilling method

G ~ _ losing water into bedrock.

+ - .'-} 140- Reddish brown, SILTSTONE, and whHe
1l

v
- SANDSTONE/SILTSTONE.

G -r~

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



4

GENERAL
WELL

CONSTRUCTION

-

-f-

--

.~

SHEET 4 of

PROJECT NO.: 1332.32
SURFACE ELEVATION:

BORING NO.: ,_pr,

VISUAL CLASSIFICATION
AND GENERAL OBSERVATIONS

Yellow orange brown, LIMESTONE,
interbedded with siltstone, few
interbeds of sand, fractured, vugs
lined with chalcopynte, pyrite, and
calcite.

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

DEPTH
(ft.)

14:> -~eddish brown, SILTSTONE, and white,
-~ANDSTONE/SILTSTONE.

LOG OF TEST BORING

-150_

- Orange brown, SANDSTONE. White,
- SANDSTONE/SILTSTONE.
--155_

- Orange brown, SANDSTONE. White,
- SANDSTONE/SILTSTONE.
--

~-..L---1160---

G

r.

./

Rock
Core

SAMPLING NOTES
INTERVAL RECOVERY

NO. TYPE BLOWS %

1Itll""
PROJECT: COE-NIROP
LOCATION: ;FRIDLEY, MN

33

36

34

----
--

-t- -I-I'o/-+__--;--_~1..;.9..;:.O_-_l .1-

~ ~~EOB at 190oS'------..J/

- --
-
---
-
----
0-

---
-
-
I--

I-­

I­

r-­

f­

f­

f­

I-

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

IE'NC BORING NO.: 14-D
LOG OF TEST BORING SHEET I 01 2

PROJECT: COE~NIROP PROJECT NO.: 1332.32
LOCATION: FRIDLEY, MN SURFACE ELEVATION: 835.3'
DRILLED BY: Layne-Northwest-Milwaukee I DATE

l-Il-AA
IDATE 1-20-88STARTED: COMPLETED:

CREW CHIEF: Dick Hornbur12 I LOGGED BY: Ron Vauehn I CHECKED BY: BWRI 4 Mar 88
SAMPLING NOTES DEPTH VISUAL CLASSIFICATION GENERAL

INTERVAL RECOVERY (ft.) AND GENERAL OBSERVATIONS WELL
NO. TYPE BLOWS % CONSTRUCTION

a..- - \ '\

-- -- I- -- -- - (No samples collected 0' - 30' log
I ;, 11\

I- - , see .!,'rJ 1\ l
for 9S and 51)

i! j' I ..
!

I- - 11 : !(
~

30- Brown, SAND, fine iii !" !
31.5 ' - j\

I '- - :' I·

\
S5 - -- 80 - II :~ l- - --' \! I

35- Brown, SAND, fine
36.5' -

" ~.
2

I-- -- 70 - I~ ;1- - ~~!SS
,

I- - 'I' i

41.5'~
40- Brown, SAND, fine to coarse, little, fine- ':" Ul ~:i '\I. • I";- gravel ,J~ '"'- - ~ NIl tl3 I,

~ - !l "- .;-- -- I! 1
r~

S8 - - M45_ GRAVELLY SAND'~--fine to coarse, 1\ ""-..J
Brown,

J ~: ! ~.46. - Brown, CLAYEY SAND, fine sand, unl!Orm

I ir
w
0..

I -.! II- - [
4

~ - I ,-- 80 ~ -.t;
':t

!/~ -S5 I- -
~ 50' Drilling methods changed fro~ .~ ~1 ~

VVV
50_

~IJJ

!/
' ~. ~- - hollow stem augers to cable-tool rig. I 1&1: oJ.

:~ -.- - i ~,

~I ~/' . \- - I . i

- -
.1: I l i~ ,

50-- fine sand, • 'I !Dark red brown, CLAYEY SAND, 1:( •-
0: iBrown,_GRAVELLY SAND, fine

.- to coarse, I

5 40 ~trace of cobbles. I :H, I-- it!,S8 I- - ,,1-,' ,
I- - J I r I

5s- Ban, SAND, fine to coarse, trace
I I !( Ifila fine gravel (I55.5'I- -

I- -=~Change
I, i. ,I-I I ..

hard drill ing I:i'
! I

6 SS I- - to 1:
I- 10 - at 56.8' '" f \r :. 60_ .~P .
I- - " I·
I- - ., J '1'

NOTES WATER LEVEL OBSERVATIONS

DRILLING METHODS: FIRST OCCURENCE:
Hollow stem augers to SO'
cable tool after SO':

wI 311 split-spoon sampler using DATEITIME
a 3001b hammer.
BOREHOLE DIAMETER:

811
DEPTH
TO WATER

DRILL RIG: DEPTH

Bucyrus-Erie 22R TO CAVE IN



8

-,

... \

.. .

· ..

:. " ...

· ..

· .

. ..

. \ .

. . :. . . .'

GENERAL
WELL

CONSTRUCTION

J-------I-qi

• FH..,tR. ~ ~ .'
----...... PAC.IC. '. '
at 93' ~• ~"l.U) ",

SURFACE ELEVATION:

SHEET 2 of-2

PROJECT NO.: 1332.32

BORING NO.: 14-:-D

EOB 97' -------1

VISUAL CLASSIFICATION
AND GENERAL OBSERVATIONS

..

Redish brown, SAND, fine

Brown, SAND, fine to coarse, some gravel

Red brown, SAND, fine to med., trace
of fine gravel.
Yellow brown, SAND, fine.

Red brown, SAND, fine to med., trace
of fine gravel.

at 88'------------Cravelly-SANO---------------
-----------------------------at-gOT-----
Red brown, SAND
med. to coarse, some clay, some gravel.

Brown, SAND, fine t~o coarse 'sand, trace . I
silty gravel, track of clay, trace cobbies'~'
(till). (Very hard to drill in.) :"\d)

\ I
\,

Silty SAND, fine to coarse, trace ' I

gravel (t ill) I ~

'I ~ ri
silty SAND, fine to coarse, trace :~I ~
gravel, trace cobbles (till) I ~I ....;

-l ~I;' ~
@73•5 • '\\ I A..,

\""

DEPTH
(ft.)

65

60

LOG OF TEST BORING

60

100

100

100

100

50
196
TI'

200
TI'

200 70
-:5'

200
-:sr

200
Y

I----t---t 85

+---+---t 80

0.7

55

5S

5S

55

SS

SS

SS

SS

65.5

60.3

SAMPLING NOTES

12

14

II

13

10

7

9

8

INTERVAL RECOVERY
NO. TYPE BLOWS %

11I6I'"
LOCATION: FRIDLEY,MN
PROJECT: COE-NIROP

F·204B (R 09-87)

J.--f---~--+--d 70

1---.......--6.+----11---1 75

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



TUBULAR STEEL CENTRALIZERS

a: DIA. OUTER CASING

. 4' DIA. BLACK IRON ISCH, 40!

FLUSH JOINT THREADED PIPE

\rJ----12· DIA. HOLE

YVI--=_-NEAT CEMENT GROUT

-1--- 3' DIA. OPE.N NX CORE HOLE

. '\'

r 2~DIA. STEEL POST 13 PER WELL!. PAINTED YELLOW

./ 'T.D.C. EU!'l. B3q.,4-9
/ LOCKING CAP ON a" DIA. CASI~

~IAN[) EL.£.V. 83'2,'2. I

./ 3' SOUARE CONCRETE PI
(4" THICK!

• PlOJECT IWIEI CC>a'.-t\.W~oe

I/tL.1. "0. S-PC..
DATI INCUL.UD t 1'1' I...a"B"'- _

1"0,,5---- -- ".".,. --

ST. PETER S

FT.

_____________ n.

______________ FT.

ADDtTIOKAL COHHtKTS.

DATE/'l'lIIE

DATE/TlIIE

-=- rT. OR DRY

ll) OTHER KEASUIlDlDlTS (T.O.C. )a

DATE/T1KE 2-\q-e~ I "Z.LOe I
i

A) DEPnI rllOK TOP or CASING AFTEI. DEYELOPKENTI

(NOTE ADDITIONAL COIlllEKTS llELOII)

I) TlIIE .SPENT rOR DEVEIoOPMEKTt --l=Sj=:..H~~~:c;~, _

C) APPIlOXIHATE \lATtt VOLUME. IlEKOVEll ~ro<!s4 1'3. t

-

A) HETHOD

llAILINC.IPUMPINC.lsURCINC. COMPIlESSED AIIl

OTK£Il _

B} l'1r~ o~ fif4. ..lO';I\-\s \Ue..\d02d

c.) Wq." solvQ.t'\.-t u~ed ~ NQ

d.,"""pe. '"{ """.c.\l ~c.('ee't\ ~ t'fM bo;,,~bJ.e....
£) F\f£ DIA~ El-r~L: 8 11

Ip.
l~i€.~"L ~ 4 U

11>.

pl""+4~4i\l~

ADDEll ..:

D) VATU CUll" BEFORE DEVELQPMEIlTt

CLUIl.'TUUID,[OPAQUE ~;~iiili~l~~I;;;iia·DIA. HOLE .
E) \lATER CLAIlITf ArTER DEVEIoOPKEIlTt ~

rcLUIl~ SLIGNTLY TUIlIID, TUl.IID, 0'-'Q..1I1
I:.:::1N7U -:: /. t{ ~S y'sj8S,RARIE du CHIEN DOLOMITE

F) ODOU YES OR I".!!J
3) VATEI. LEVEL SlllIIlAIlY

F:) Ex-rUl.1A.<;: ell P..,.", IAS~d.. />,,.
prJ" ....,;II-Dt!.~

2) WELL DEVELOPMENT

I) CA~I~~ D£.TAIl-$

A:) ""''If'<<' &+ plpe~ BU'C-K, IRoo,.. PIPE

PiPe. sched.r..tlq, 8" DIA : 3D
4' D1A : 4D

I
I

I

I
I

I

I

I

I

I

I

I

I

I

I

I
I
I
I
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APPENDIX C

CALCULATIONS
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IN-SITU PERMEABILITY CALCULATIONS



Rc was corrected for response in well screen filter material to 2.864 inches

HYDROCON - 1.01
HYDRAULIC CONDUCTIVITY
Bouwer and Rice Method

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

RMT,

Well: 15-5

PROJECT NAME: COE-NIROP, FRIDLEY, MN
PROJECT NUMBER: 1332
FIELD WORK DATE(S): JANUARY-FEBRUARY 1988

Rw - BORING RADIUS (IN):" 5
L - SCREEN LENGTH (FT): 12.3
H - SCREEN BASE TO WATER TABLE iFT}: 12.3
START TIME (H,H,S): 0,0,0

TIME (H,M,S) DEPTH (FT>
0,0,20 24.72
0,0,50 21.84
<tIt> (In(YoIYt))= 0.1879122

PARTIALLY PENETRATING: A= 2.49 B= 0.40

HYDRAULIC CONDUCTIVITY: 9.04E-04 ft/sec
2.76E-02 cmisec

INC.

USER N{H1E: CAK
DATE: MAY 5, 1988

Rc - WELL RADIUS (IN): 1
D - AQUIFER THICKNESS (FT): 100
STATIC WATER LEVEL READING (FT): 21.84



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

Slope .
9.1879122

CONDUCTIUITV
2. 76E-92
cM/sec

COE-NIROP, FRIDLEY, MN

Well: 15-8

MAY 5, 1988

1332

9.91r::::1--_--L-_~_~~-...J...------'-----
19 secs/unit

FT : Ln(Yt-yo)

19.99

5.99



Rc was corrected for response in well screen filter material to 2.864 inches ~.

HYDROCON - 1.01
HYDRAULIC CONDUCTIVITY
Bouwer and Rice Method

I
/ i----- ... / (" / / .

!.J L'.~ ~,/V/

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

RMT~

Well: 22-5

PROJECT NAME: COE-NIROP, FRIDLEY, MN ~
PROJEGT NUMBER: 1332
FIELD WORK DATE(S): JANUARY-FEBRUARY 1988~

Rw - BORING RADIUS (IN): 5
L - SCREEN LENGTH (FT): 11.57
H - SCREEN BASE TO WATER TABLE (FT): 11.57
START TIME (H,M,S): 0,0,0

TIME (H,M,S) DEPTH (FT>
0,0,30 27.63 ~
0,1,0 24.78
(lit) (In(YoIYt))= 0.1831216

PARTIALLY PENETRATING: A= 2.43 B= 0.39

HYDRAULIC CONDUCTIVITY: 9.14E-04 ft/sec
2.79E-02 cm/sec

INC.

USER NAt1E: CAK
DATE: MAY 5, 1988

Rc - WELL RADIUS (IN): 1
D - AQUIFER THICKNESS (FT): 100
STATIC WATER LEVEL READING (FT>: 24.78 .....



----- ... - - - - - - - - - - - -
FT : Ln(Yt..Yo)

19.99

5.99

9.19

9.95

CAR 1332 COE-NIROP, FRIDLEY, MN

\ Well: 22-S

\. MAY 5, 1988

\
\ Slope .
~\ 9.1831216

\
'\

\ CONDUCTIUITY
\ 2. 79E..92\
\~ CM/sec

\
~.

\
....

\,
~\

~
\

\

,\,
...
"



Rc was corrected for response in well screen filter material to 2.864 inches

--------------------------------------------------------------------------------(

PARTIALLY PENETRATING: A= 2.29 B= 0.36

-33.81

,.
.r.'· /1

._ ,t C '1

Re - WELL RADIUS (IN): 1
D - AQUIFER THICKNESS iFT): 100
STATIC WATER LEVEL READING (FTl:

USER NAME: CAK
DATE: MAY 5, 1988

INC.RMT,

HYDRAULIC CONDUCTIVITY: 6.28E-03 ftisec
1. 91£-01 cmisec

HYDROCON - 1.01
HYDRAULIC CONDUCTIVITY
Bouwer and Rice Method

TIME (H,M,S) DEPTH (FT>
0,0,18 36.72
0,0,23 33.81
(lit) (!n(Yo/Yt»= 1.1322649

Rw - BORING RADIUS (INJ: 5
L - SCREEN LENGTH (FT): 9.6
H - SCREEN BASE TO WATER TABLE iFT): 9.6
START TIME (H,M,S): (1,(1,0

Well: 23-6

PROJECT NAME: COE-NIROP, FRIDLEY, MN /'
PROJECT NUMBER: 1332
FIELD ~JORK DATE(S): JANUARY-FEBRUARY 1988/

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



---- ...... ----- .... --- .. -
FT : Ln(Yt-yo) CAK 1332 COE-NIR~PI FRIDLEY 1 MN

19.99 \ Well: 23-8

5.99 MAY 5, 1988
k
'\ Slore .

"1.132 649

\ CONDUCTIUITY

\ 1.91E-Ql
eM/sec

\
\

I

\
\
\

9.91
\

19 sees/unit.

--"cpK {!9/~q



Rc was corrected for response in well screen filter material to 2.864 inches

HYDROCON - 1.01
HYDRAULIC CONDUCTIVITY
Bouwer and Rice Method

PROJECT NAME: COE-NIROP, FRIDLEY, MN ~

PROJECT NUMBER: 1332
FIELD WORK DATECS): JANUARY-FEBRUARY 1988 //

24.06 .

Rc - WELL RADIUS (IN): 1
D - AQUIFER THICKNESS (FT}:lOO
STATIC WATER LEVEL READING (FT):

USER NAME: CAK
DATE: MAY 5, 1988

INC_RMT.,

HYDRAULIC CONDUCTIVITY: 1.82E-04 ft/sec
5.56E-03 em/sec

PARTIALLY PENETRATING: A= 2.47 B= 0.39

TI ME (H, M. , 5) DEPTH (FT>
0,0,15 24.56
0,0,30 24.42
0,0,45 24.22
0,1,0 24.15
0,1,15 24.09
(lit) (In(YoIYt))= 0.0376079

Rw - BORING RADIUS (IN): 5
L - SCREEN LENGTH (FT): 12.14
H - SCREEN BASE TO WATER TABLE (FT): 12.14
START TIME (H,M,S): 0,0,0

Well: 24-5

I
I
'1

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



----------~~~~~~-.-

Slope .
9.9376979

CONDUCTIVITY
5. 56E-93
eM/sec

COE-NIROP, FRIDLEV, MN

Well: 24-8

MAY 5, 1988

1332CAR

1.99 ...............
.....,

•• ..<-,...-.-.........
..........

~................
"'1"

""............-•.
9.95

FT : Ln(yt-yo)



Rc was corrected for response in well screen filter material to 2.B64 inches

HYDROCON - 1.01
HYDRAULIC CONDUCTIVITY
Bouwer and Rice Method

PROJECT NAME: COE-NIROP, FRIDLEY, HN
PROJECT NUMBER: 1332
FIELD WOR~: DATE (S): JANUARY-FEBRUARY 1988 //

Rc - WELL RADIUS (IN): 1
D - AQUIFER THICKNESS (FT): 100
STATIC WATER LEVEL READING (FT): 22.41

USER NAME: CAl<
DATE: MAY 5, 1988

INC_RMT,

HYDRAULIC CONDUCTIVITY: 1.61E-03 ftfsec
4.91E-02 em/sec

PARTIALLY PENETRATING: A= 2.59 B= 0.43

TIME (H,M,S) DEPTH CFT)
0,0,25 25.29
0,0,40 22.41
(lit) ClnCYo/Yt)= 0.3678722

Well: 25-5

Rw - BORING RADIUS (IN): 5
L - SCREEN LENGTH (FT): 14.43
H - SCREEN BASE TO WATER TABLE CFT): 14.43
START TIME (H,M,S): 0,0,0

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



~----~---,-~-~~~~~~-

Slope '
9.3678722

CONDUCTIVITY
4. 91E-92
cM/sec

COE-NIROP, FRIDLEY, MN

Well: 25-8

MAY 5, 1988

1332

\
\

\
\
'\
\
\
\
\.
\
\,

\
'\

\
\.
\

CAK

9. 91c::1...-__.J...-_----I~~-'-_---a-----'----

19 secs/unit



HVDROCON - 1. 01
HYDRAULIC CONDUCTIVITY
Bouwer and Rice Method

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

RMT,

Well: i-I

PROJECT NAME: COE-NIROP, FRIDLEY, MN-~

PROJECT NUMBER: 1332
FIELD WORK DATE(S): JANUARY-FEBRUARY 1988~

Rw - BORING RADIUS (IN): 5
L - SCREEN LENGTH (FT): 10
H - SCREEN BASE TO WATER TABLE (FT): 54~

START TIME (H,M,S): 0,0,0

TIME (H,M,S) DEPTH (FT>
0,0,18 27.49
0,0,23 26.76
0,0,28 26.37
~,O,33 25.91
0,0,38 25.66
0,0,43 25.38
0,0,48 25.09
0,1,18 23.94
0,1,48 23.24
0,2,18 22.83
0,2,48 22.55
0,3,18 22.37
0,4,18 22.19
0,5,18 22.11
0,6,18 22.03
0,8,18 21.99
0,10,18 21.98
(lIt) (In(VoIYt))= 0.0140730

PARTIALLY PENETRATING: A= 2.32 B= 0.37

HYDRAULIC CONDUCTIVITY: 1.26E-05 ftisec
3.83E-04 em/sec

:tNC_

USER NAME: CAK
DATE: t1AY 5, 1988./

Rc - l~ELL RADIUS (IN): 1
D - AQUIFER THICKNESS iFT): 85
STATIC WATER LEVEL READING (FT): 21. 94



1332 COE-NIROP, FRIDLE~, MN
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Slope
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CONDUCTIUITY
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HYDRAULIC CONDUCTIVITY
Bouwer and Rice Method
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RMT,

Well: 4-r

PROJECT NAME: COE-NIROP, FRIDLEY, MN ~
PROJECT NUMBER: 1332
FIELD WORK DATE IS): JANUARY-FEBRUARY 1988

Rw - BORING RADIUS (IN): 5
L - SCREEN LENGTH 1FT>: 10
H - SCREEN BASE TO WATER TABLE 1FT): 48.53
START TIME (H,M,S): 0,0,0

TIME (H,M,S) DEPTH (FT)
0,0,15 30.69
0,0,25 27.81
(lIt) (}n(Yo/Yt»= 0.5695475

PARTIALLY PENETRATING: A= 2.32 B= 0.37

HYDRAULIC CONDUCTIVITY: 4.93E-04 ft!sec
1. 50£-02 em/sec

:INC.

USER NAME: CAl<
DATE: NAY 5, 1988

Rc - WELL RADIUS <IN}: 1
D - AQUIFER THICKNESS 1FT): 100
STATIC WATER LEVEL READING (FT>: 27.81......--



Slope'
9.5695475

CONDUCTIVITY
,1.59E-92

cM/sec

COE-NIROP, FRIDLEY, MN

Well: 4-1

MAY 5, 1988

1332
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19 sees/unit
9191~ ---L. ....I.-_--"""'_---l. _

FT : Ln(Vt-¥o) CAK

19.99
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HYDRAULIC CONDUCTIVITY
Bouwer and Rice Method
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RMT,.

Well: 10-D

PROJECT NAME: COE-NIROP, FRIDLEY, MN
PROJ ECT NUMBER: 1332
FIELD WORK DATE{S): JANUARY-FEBRUARY 1988

Rw - BORING RADIUS (IN): 5
L - SCREEN LENGTH (FT): 10
H - SCREEN BASE TO WATER TABLE (FT): 81.9
START TIME (H,M,S): 0,0,0

TIME (H,M,S) DEPTH lFT)
0,0,18 29.69
0,0,28 29.43
0,0,38 29.11
0,0,48 28.55
0,1,18 27.65
0,1,48 26.94
0,2,18 26.32
0,3,18 25.02
0,4,18 24.21
0,5,18 23.86
0,6,18 23.29
0,7,18 22.84
0,8,18 22.48
0,10,18 22.01/
0,12,18 21.69
0,16,18 21.43
(lit) (In(Yo/yt))= 0.0043312

PARTIALLY PENETRATING: A= 2.32 B= 0.37

HYDRAULIC CONDUCTIVITY: 1.01E-05 ft/see
3.07E-04 em/sec

:INC.

USER NAME: CAK
DATE: MAY 5, 1988

Re - WELL RADIUS (IN): 1. 5
D - AQUIFER THICKNESS CFT): 85
STATIC WATER LEVEL READING (FT):

/\ ~~, ;! /. ,.'L
, \ t'l" / II' ;'. c VI \) \,

21. 39



Slope .
9.9943312

CONDUCTIVITY
3. 97E-94
eM/sec

COE-NIROP, FRIDLEY, MN

Well: 19-D

MAY 5, 1988

1332FT : Ln(Yt-Yo) CAX
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HYDRAULIC CONDUCTIVITY
Bouwer and Rice Method
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RMT.,

Well: 13-D

PROJECT NAME: COE-NIROP, FRIDLEY, MN
PROJECT NUMBER: 1332
FIELD WORK DATEiS): JANUARY-FEBRUARY 1988

Rw - BORING RADIUS (IN): 5
L - SCREEN LENGTH iFT): 10
H - SCREEN BASE TO WATER TABLE iFT): 80
START TIME (HIM,S): 0,0,0

TIME (H,M,S) DEPTH (FT)
0,0,11 23.01
0,0,16 22.78
0,0,21 22.71
0,0,26 22.62
0,0,31 22.62
0,0,36 22.57
(lIt) (In(YoIYt))= 0.1492747

PARTIALLY PENETRATING: A= 2.32 B= 0.37

HYDRAULIC CONDUCTIVITY: 3.20E-04 ft/sec
9.74E-03 em/sec

INC_

USER NAI'lE: CAK
DATE: MAY 5, 1988

Re - WELL RADIUS <IN): 1.5
D - AQUIFER THICKNESS (FT): 100
STATIC WATER LEVEL READING (FT): 22.57
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Fig. 33. Boulton's delay-index curve

G

Remarks
- It should be noted that for values of "I > 100 the slope of the line joining the cor­
responding type-A and type-Y curves is essentially zero. For values 10 < l' < 100 the
slope of this line is small and can be approximated by a line tangent t9 both curves.
The points on the observed data curve that could not be superimposed bn the type-A
or type-Y curve should fall along this tangent (BOULTON, 1964).
- If no influence of delayed yield is apparent the observed-data curve will faU· com­
pletely along the left hand Theis-type curve.
- If sufficient observations are made after the delayed yield has ceased to influence
the time-drawdown curve, the observed data for which t > twl , together with the
right-hand'Theis curve, can be used to calculate kD and Sy. ,
- If the Boulton method is applied to pumping tests in semi-unconfined aquifers, it
gives no information about the properties of the covering layer, because B is defined
in properties of an unconfined aquifer.

Example
From the pumping test 'Vennebulten' the data from the piezometer at 90 m (Table 13)
arc used for a numerical example.

6

4

10

otwt
12

- Eventually, the effects of delayed gravity drainage become negligible, and the type-Y
curve merges with the Theis curve. Determine the merging point of the type-Y curve
for a particular value of rIB by measuring the value of atw1 for the particular value of
rIB on the vertical axis of the 'Boulton delay-index curve' (Fig. 33). Because lla is
known, now calculate twl ' The factor tWI is the time-coordinate of the merging point
of the time-drawdown curve that matches the type curve with the particular value
of rIBand the right-hand Theis curve.
- Repeat the procedure with the observed data from each of the available piezo­
meters. The calculations of kD, SA and Sy from the data of the different piezometers
should give approximately cqual rcsults.
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APPENDIX D

DRAWDOWN CURVES FR.OM PUMPING TEST
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APPENDIX D TABf.E OF CONTENTS

1. SEMI-LOOARITHMIC TIME-DRAWlXMN GRAPHS

2. LOOARITHMIC TIME-DRAWDCMN GRAPHS

3. DISTANCE-DRAWIX:MN GRAPHS

4. SEMI-LOOARITHMIC RECOVERY GRAPHS
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PUMPING TEST ANALYSIS STRAIGHT LINE APPROXIMATION METHOD
0

4

'i= 8!:!=. ~S= ( .87·
~* * ij~

T= 441 68
z * ~ * f;fo--~
3: ku
0 ~~

~S'= 2 .75:Cl
3: ~ T= 10 46<t
0:

12 *Cl ,
en ~k •

........... r-...."' ...........

16

20 1 10 100 1000 10000
(T) TIME SINCE PUMPING STARTED (MINUTES)

PROJECT: COE-NIROP-FRIDLEY WELL NO.: AT2
FILE: 1332.51 Q= 148.5 USGPM
LOCATION: MINNESOTA S.W.L.== 24.4

RMT INC.
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PUMPING TEST ANALYSIS STRAIGHT LINE APPROXI ~ATION M~O
0

* *
\

* I\l ~S= ( .851

* T= 451 21 b=. 0417(9

*~\r'~ 1\~~
.2 I~~

~

i=

.~

.4
IV

~ \z
~
0
0
3: i\<t
a:

.60 -.. \

en 1\
~

.8 1\
1\

\
~
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(T) TIME SINCE PUMPING STARTED (MINUTES)

PROJECT: COE-NIROP-FRIDLEY WELL NO.: 55
FILE: 1332.51 Q= 148.5 USGPM
LOCATION: MINNESOTA S.W.L.= 22.71

RMT INC. I
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PUMPING TEST ANALYSIS STRAIGHT LINE APPRDXIM~§~NO~2~~OD
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PROJECT: COE-NIROP-FRIDLEY WELL NO.: 6S
FILE: 1332.51 Q= 148.5 USGPM
LOCATION: MINNESOTA S.W.L.= 23.75

RMT I f\IC .
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PUMPING TEST ANALYSIS STRAIGHT LINE APPROXIMATION METHOD DoS= 0.446
a E , ,
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(T) TIME SINCE PUMPING STARTED (MINUTES)

PROJECT: COE-NIROP-FRIDLEY WELL NO.: 175 DoS= 0.446 FT
FILE: 1332.51 Q= 148.5 USGPM T= 87840 USGPQjFt:-
LOCATION: MINNESOTA S.W.L.= 25.8 S= .20656

RMT INC.
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PUMPING TEST ANALYSIS STRAIGHT LINE APPROXIMATION METHOD
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LOCATION: MINNESOTA 5.W.L.= 24.1

RMT INC.
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