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ANG Air National Guard

ASTM American Society for Testing and Materials

Aquifer zone beneath the earth's surface capable of
producing water for a well.

BGS Below Ground Surface

BOG A waterlogged area of land, covered by spongy
groundmass containing acidic, decaying vegeta-
tion which may develop into peat.

CERCLA Comprehensive Environmental Response

Compensation and Liability Act of 1980

cm/s centimeters per second

DDD pesticide compound syn: 1,dichloroethane or
TDE. Similar to DDT.

DEQPPM Defense Environmental Quality Program Policy
Memorandum

Deranged Drainage a distinctively disordered drainage pattern in a
recently glaciated area whose former surface and
preglacial drainage has been remodeled and
effaced, and in which the new drainage system
shows a complete lack of underlying structural
and bedrock control. It is characterized by
irregular streams that flow in and out of lakes,
by only a few short tributaries, and by swampy
interstream areas.

DPDO Defense Property Disposal Office

DoD Department of Defense

Duluth IAP Duluth International Airport

ground water divide a line on the water table on each side of which
the ground water table slopes away from the line.

ground water surface the level below which the earth is saturated.

GABBRO a group of dark-colored, basic intrusive igneous
rocks.

A-1



HARM Hazard Assessment Rating Methodology. A numerical
scoring system used to evaluate potentially con-
taminated sites. The system takes into account
site and waste characteristics, pathways of migra-
tion, and potential receptors of contamination.
The HARM system is used to indicate the relative
need for foliow-up action.

hydraulic gradient change in pressure or head in the ground water
over a given distance of flow

Intrusive Igneous Rocks Rock of molten origin that has been injected into
existing rock and solidified without reaching the
ground surface.

IRP Installation Restoration Program

Kame a steep-sided hill or ridge, composed chiefly of
poorly sorted and stratified sand and gravel de-
posited by a subglacial stream as a delta against
or upon the terminal margin of a melting glacier.

Lopolith a large, lens-shaped igneous intrusion.

Marsh a water-saturated, poorly drained area, inter-
mittently or permanently water-covered, having
aquatic and grasslike vegetation, essentially
without peatlike accumulation.

ug/l micrograms per liter (equivalent to parts per
billion in water).

umho/cm mlcromhos per centimeter (units of Specific
Conductance).

ug/g Micrograms per gram (equivalent to parts per
million in water).

ug/kg Micrograms per kilogram (equivalent to parts per
billion in water).

mg/l milligrams per liter (equivalent to parts per
million in water).

mgd million gallons per day
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Moraine a distinct accumulation of unsorted, unstratified
glacial drift, predominantly till, deposited
chiefly by direct action of glacier ice.

MSL Mean Sea Level Datum

Outwash stratified sand and gravel removed from a glacier
by meltwater streams.

pH negative logarithm of the hydrogen ion concentra-
tion in water.

PCB Polychlorinated Biphenyls

ppb parts per billion (equivalent to ug/l in water).

ppm parts per million (equivalent to mg/l in water).

Syncline a fold in layers of rock that is concave upward.

Swamp a water-saturated area, intermittently or perma-
nently covered with water, having shrub- and tree-
type vegetation, essentially without peatlike
accumulation.

TOC Total Organic Carbon

TOX Total Organic Halogens, which are organic com-
pounds containing any of the elements of Group
VII-b of the Periodic Table (F, Cl, Br, I).

Unconsolidated Sediments sediments that are uncemented and thus contain
interconnected void space (primary porosity) that
allow for the storage and transmission of ground
water.

USAF United States Air Force

USAF/OEHL Occupational and Environmental Health Laboratory

USEPA United States Environmental Protection Agency

USGS United States Geological Survey

VOA Volatile Organic Compounds
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Installation Restoration Program 86 JUL 30
Phase II - Stage 2

Duluth International Airport Minnesota

I. DESCRIPTION OF WORK

The objective of IRP Phase II investigations is to identify contaminants
and then define the magnitude, extent, direction and rate of movement of
identified contaminants. A series of staged field studies.may be required
to meet this objective.

The Phase II Stage 2 effort at Duluth IAP will entail a follow-on
investigation for five sites evaluated during Phase II, Stage 1, and an
initial monitoring program at six additional sites. The sites which are
included in this study are identified in Table 1 and can be located on an
installation map, Figure 1. The sites to receive follow-on investigative
work are Goose Dump 1, Fire Training Areas, DPDO Storage Area "C" and the
Tank Farm Area.

The purpose of this effort at Duluth IAP is to: (1) confirm the presence
absence of contamination within the specifed areas of investigation; (2)
contamination exists, determine the magnitude of contamination, and the

potential for and rate of migration of those contaminants in the various
environmental media; (3) identify potential environmental and health risk
consequences of migrating pollutants; and (4) recommend additional
investigations necessary to further define the magnitude, extent, direction
and rate of contaminant migration.

The Phase I and the Phase II Stage 1 IRP Reports (mailed under separate
cover) incorporate the background and description of the sites included in
this task. To accomplish this survey effort, take the following actions:

A. General

1. Monitor all borehole and well drilling with a photoionization
meter or equivalent organic vapor detector to identify the potential
generation of hazardous and/or toxic vapors or gases. Include air
.3onitoring results in the boring logs. If soil encountered during drilling
or test pit work is suspected to be hazardous because of discoloration, odor
or air monitoring, containerize the soil cuttings in new, unused drums.
Enter into the boring logs the depth(s) from which suspected contaminated
soil cuttings were collected. Test each drum containing suspected
contaminated soils by taking a composite sample. Collect a maximum of 15
composite samples and test them for EP Toxicity and Ignitibility. (Ref: 40
CFR Subpart C., 261.21 - Ignitibility and 261.24 - EP Toxicity).

2. Determine the exact field location of all boreholes and monitor
wells during the planning/mobilization phase of the field investigation.
Consult with base personnel to minimize disruption of base activities, to
properly position boreholes with respect to exact locations of spill/leak
sites, and to avoid underground utilities. The senior on-site contract
representative, in consultation with the USAF OEHL project manager and the
base point-of-contact (see Section V), establishes the final borehole and
well locations. Direct all drilling and sampling operations and maintain a
detailed log of the conditions and materials penetrated during the course of
the work.

F33615-83-D-400210038 4
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TABLE 1

LISTING OF SITES

SITE NO. PHASE I NO. SITE DESCRIPTION

1 Dl-1 (TAC) Goose Dump 1

2 FT-1 and FT-2 (ANG) Fire Training Areas

3 S-2 (ANG) DPDO Storage Area "C"

4 SF-i (ANG) Tank Farm Area

5 D-4i (TAC) South Goose Dump

6 D-2 (TAC) Goose Dump 2

7 D-6 (TAC) Runway 13 NE Disposal

a S-1 (ING) Old DPDO Storage Area

9 D-9 (TAC) Disposal Pit

10 RD-i (ANG) Low-Level Radioactive
Waste Disposal

NOTE: ANG: Air -National Guard sites
TAC: Tactical Air Command sites

F33615-83-D-4002/0038 5
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3. Provide on site analysis of pH, temperattre,.and specific
conductance for all water samples collected. Comply with the following
references concerning sample collection, maximum holding, time, sample
preservation, etc: Standard Methods for the Examinatiorvof Water and
Wastewater, 16th Ed. (1985), pp. 37-44; ASTM, Section 11, Water and
Environmental Technology; Methods for Organic Chemical Analysis of Municipal
and Industrial Wastewater, EPA-600/4-82-057; Methods for Chemical Analysis
of Waters and Wastes, EPA Manual 600/4-79-020, pp. xiii to xix (1983); and

Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846,
2nd Ed. (USEPA, 1984). Meet the required detection limits of the applicable
EPA method identified in Table4 for all water and soil chemical analyses.

4. Determine the areal extent of the sites by reviewing available
aerial photos of the base., both historical and the most recent panchromatic
and infrared. Report the sources of this data.

5. Split all water and soil samples. One set of samples shall be
analyzed by the contractor and the other set of samples shall be delivered
immediately (the same collection day) to the field government Point Of
Contact (POC). The field POC will select 10% of the split samples for
subsequent shipment and analysis and deliver them to the contractor within
4 hours of receipt. The contractor shall supply all packing and shipping

materials for the field POC's use in packaging the split samples. The
contractor shall accept from the field POC the packaged samples for
immediate shipment (within 24 hours) for analysis through overnight delivery
to:

USAFOEHL/SA
Bldg 140
Brooks AFB TX 78235-5501

Include the following information with samples sent to the USAF OEHL:

a. Purpose of sample (analyte)

b. Installation name (Base)

c. Sample number (on container)

d. Source/location of sample

e. Contract Task Numbers and Title of Project

f. Method of collection (bailer, suction pump,
air-lift pump, etc)

g. Volumes removed before sample taken

h. Special Conditions (use of surrogate standard, etc.)

i. Preservatives used (indicate if nonstandard)

j. late and time of sampling

k. Sampler's name

Forward this information with each sample by properly completing an AF

F33615-83-D-4002/0038 7
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orm 2752A "Environmental Sampling Data" and/or AF Form 2752B 'Environmental
ampling Data-Trace Organics, mailed under separate cover. Label each
;ample container to reflect the data in (a), (b), (c), (i), (j), and (k)
bove. In addition, attach copies of field logs which document sample
_,ollection.

Complete and maintain chain-of-custody records for all samples, field
blanks, and quality control duplicates.

6. Install groundwater monitor wells using the following
specifications:

a. Comply with the U.S. EPA Publication 330/9-SI-002, NEIC
Manual for Ground Water /Subsurface Investigations at Hazardous Waste Sites
for monitor well installation. Also comply with state and local regu-
latory agency requirements concerning well drilling, development and
purging, and groundwater sampling methods.

b. Drill each well using conventional hollow-stem auger
techniques. Where refusal is encountered due to boulders- before the
required well completion depth is achieved, use diamond core drilling to
complete the borehole. Take samples for stratigraphic description and
logging at five-foot intervals using standard split spoon techniques.
Tlude each pilot boring log and well completion summary in the Final
Report (as specified in Item VI below).

c. Collect soil samples for laboratory analysis from well
boreholes as directed in section B. Where the depths and/or boreholes
from which soil samples should be collected at a site are not specified
in Section B, actual sample locations (borehole and depth) are at the
field supervisor's discretion; however, samples should be limited to areas
of suspected contamination. At sites where soil samples are specified in
Section B to be collected from designated boreholes and at certain depths,
variations may occur at the field supervisors discretion to ensure zones of
suspected contamination are sampled. Do not collect or analyze more soil
samples than authorized in Section B.

d. Install wells at a sufficient depth to collect samples
representative of aquifer quality and to intercept floating contaminants.
P velop each well as soon as practical after completion by surging with
b. air-lift pump or bailer. Do not introduce foreign materials into the
well during development. Continue well development until the discharge
water is clear and free of sediment to the fullest extent possible, and
the pH, temperature and specific conductance have stablized.

e. Construct a maximum of 30 wells using two-inch inside
diameter, stainless steel casing. Use threaded screw-type joints only.
Flush thread all connections. Screen 15 feet in each well using two-inch
diameter stainless steel casing with up to 0.010 inch slots. Well screening
should extend ten feet into the aquifer and five feet above the water table
to collect floating contaminants and allow for yearly fluctuations in the
water table; however, this may not alway be possible due to site-specific
groundwater conditions. Do not extend well screens to the ground surface, a
minimum two foot bentonite or cement grout seal is required above all well
screens, see paragraph 6 .g. below. Cap the bottom of the screen. Well
installation shall not exceed 1000 linear feet.

f. Should a confining layer below the saturated zone be

encountered while attempting to drill deep enough to install 15 feet of

F33615-3-D-4002/O038 8
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screen, grout the hole in the confining layer to preve.nt potential
contaminant migration and screen the well above the confining layer.

g. Once the casing is installed, remove the augers and allow
the soil formation to collapse around the well screen. Supplement the
natural gravel pack with washed and bagged rounded sand or gravel with a
grain size distribution compatible with the screen and formation. Place the
gravel pack from the bottom of the borehole to two feet above the top of the

screen. Tremie a granulated, pelletized, or slurry bentonite seal above the
gravel/sand pack. Install the bentonite to a minimum thickness of two feet,
and ensure a complete seal forms. Place Type I Portland cement grout from
the bentonite seal to the land surface.

h. Complete the wells by extending the well casing a minimu

of two feet above land surface. The height of the casing riser must take
into account standing surface water depths during the wet season to prevent

surface waters from cascading down the well casing. Provide an end-plug or
casing cap for each well. Shield the extended stainless steel with a steel
guard pipe which is placed over the casing and cap, and seated in a 16-inch
by 16-inch by 4-inch concrete surface pad. Slope the pad away from the well
;asing. Install a lockable cap or lid on the steel guard pipe. Install
three four-inch diameter steel guard posts if the base determines the well
is in an area which needs such protection. The guard posts shall each be
eight feet in total length and installed radially from each wellhead.
Recess the guard posts approximately four feet into the ground and insure
they are removable to facilitate access for sampling pump installation.
Paint the protective steel pipe and clearly number the well on the sleeve
exterior.

i. Determine by survey the elevation at the top of the

casing of all newly installed monitor wells to an accuracy of 0.01 feet with
respect to a base bench mark. Horizontally locate the new wells to an
accuracy of 1.0 feet and record the position on both project and site
specific maps. Bench marks must have previously been established from and
are traceable to a USCGS/USGS survey marker.

j. Measure water levels at all monitor wells as feet below
the ground surface or below the top of casing elevation to the nearest 0.01
feet. Report in terms of mean sea level. Measure static water levels in
the wells prior to.sampling and at well development. After the wells have
recovered from water sample collection, measure water levels to confirm
previous measurements.

7. Allow wells to stabilize after development for a minimum of 24
hours prior to sampling. Purge wells prior to sampling until a minimum of
three well volumes of water have been displaced and the pH, temperature,
specific conductance, color, and odor of the discharge have stablized. Use
a stainless steel or teflon bailer, or air-lift pump to purge wells. Sample
using a bottom-discharge Teflon bailer.

8. If the well(s) cannot be sampled due to well development, well

characteristics, or other reason(s), indicate the reason(s) in the report
specified in Item VI.

9. Collect and analyze one round of water samples from all
groundwater monitor wells. During sample collection from all wells,
examine the surface of the water table for the presence of hydrocarbons and,
if applicable, measure the thickness of the hydrocarbon layer.

F33615-83-D-4002/0038 9
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10. Soil Borings

a. Conduct 19 soil borings not to exceed a maximum of 250
linear feet. The average estimated boring depth is ten feet except where
noted in Section B. Accomplish the borings using hollow-stem auger
techniques. Obtain samples using ASTM Method D-1526.

b. During the boring operations, take samples at two and
one-half foot intervals to develop lithographic descriptions and
stratigraphic logs. Monitor the auger cuttings for signs of changing
formations. Place special emphasis on field identification.of contaminated
soils encountered.

c. Scan all soil samples with a photoionization meter or
equivalent organic vapor detector. Include monitoring results in the boring
logs.

d. Whenever possible, measure water levels in all boreholes
after the water level has stabilized.

e. Grout all boreholes to the surface. It is especially
important to ensure that they be adequately resealed to preclude future
-4gration of contaminants.

f. Permanently mark each location where soil borings are
drilled. Record the location on a site specific map.

11. Collect pond sediment samples using a drop corer device or an
Ekman dredge. Obtain surface soil samples using a stainless steel spoon or
spade. Decontamination procedures outlined below are applicable.

12. Analyze water and soil samples collected as
specified in Section B for those parameters summarized in Table 2.
Laboratories conducting the analyses of samples must be certified
as required by state or other regulatory agency standards as
applicable in the State of Minnesota. The required detection
limits and methods for these analyses are delineated in Table 4.
Maintain all raw laboratory data for a minimum of five years after
r%.oject completion and provide raw data to the USAFOEHL upon

quest.

13. Methods which employ gas chromatography (GC) as the
analytical technique--EPA Methods 601, 602, 608, 615, 8010, 8020, 8080,
8150--require positive confirmation of identity for all analytes having
concentrations higher than the Method Detection Limit (MDL). This positive
confirmation shall be conducted by second-column GC; however, gas
chromatography/mass spectroscopy (GC/MS) can be used for positive
confirmation if the quantity of each analyte to be confirmed is above the
detection level of the GC/MS instrument. Analytes which cannot be confirmed
will be reported as "Not Detected" in the body of the report, but the
results of all second-column GC or GC/MS confirmational analyses are to be
included in the report appendix along with other raw analytical data.
Quantification of confirmed analytes will be based upon the first column
analysis. The maximum number of confirmational analyses that will be funded
under this delivery order is fifty percent (50%) of actual field samples.
The total number of samples for each CC method listed in Table 2 includes
this allowance.

14. Analyze^ an additional 15% of all sample parameters for quality

F33615-83-D-400210'038 10
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control purposes. Field blanks must be an integral part Of the quality
control program. Provide all quality control sample analysis results in
the report.

15. Plot and map all field data collected for each site according
to surveyed positions. Identify or estimate the nature of contamination,
its magnitude, and the potential for contaminant flow to receiving streams
and ground water.

16. Remove all borehole cuttings and clean the general area
following the completion of each well and boring. Properly containerize
cuttings suspected of being contaminated (based on discoloration, odor or
organic vapor detection instrument). Test the suspected contaminated waste
for EP Toxicity and Ignitibility. The contractor shall be responsible for
transporting drums containing suspected contaminated soils. The contractor
shall be responsible for the ultimate disposal of contaminated soils in
accordance with current Federal, State, and/or local hazardous waste
disposal laws. The contractor shall provide a final, completed copy of the
hazardous waste manifest document to the HQ TAC/SGPB point of contact
-ferenced in paragraph V for those borehole cuttings obtained from TA,.
._tes (Sites 1, 5, 6, 7, and 9) and to the ANGSC/SGB point of contact
referenced in paragraph V for those borehole cuttings obtained from ANG
sites (Sites 2, 3, 4, 8, and 10).

17. Decontaminate all sampling and well purging equipment prior
to use and between samples to avoid cross contamination. As a minimum, wash
equipment with a laboratory-grade detergent followed by a distilled water
rinse, repeating the rinsing procedure two more times. Where field
conditions warrant, follow the laboratory-grade detergent wash with a hexane
rinse, rinse with distilled water, and finally wash with dilute nitric acid
and rinse again with distilled water. Allow sufficient time for the solvent
to evaporate and for the equipment to dry completely. The calibrated water
level indicator for measuring well volume and fluid elevation must be
decontaminated before use in each well.

18. Thoroughly clean and decontaminate the drilling rig and tools
fore initial use and after each borehole completion. As a minimum, steam

clean drill bits after each borehole is installed. Drill from the least
to the most contaminated areas, if possible.

19. Evaluate available techniques for well abandonment that are
applicable to the type of monitor wells and geological conditions at
Duluth IAP. Consider that these wells will be abandoned at some future
date after the study objectives have been met and they are no longer
needed. Recommend a candidate abandonment method or technique,
including costs. Ensure abandonment techniques comply with state and local
rules. The actual process of well abandonment is not part of this study.

20. Perform an inventory of all on-base wells, to include
production, irrigation, abandoned, monitoring, etc.

21. Conduct a literature search of local hydrogeologic conditions
to complement the Phase I and Phase II Reports. Use this data to determine
optimum well locations. Include the pertinent literature search information
in Appendix D of the Final Report. Develop the literature search data
using the following guideline:

a. Topographic data

F33615-83-D-4002/0038 i
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b. Geologic data

(1) Structure
(2) Stratigraphy
(3) Lithology

c. Hydrologic data

(1) Location of existing wells, observation holes and
springs within a one-mile radius of sites to be investigated.

(2) Groundwater table and piezometric contours

(3) Depth to water

(4) Quality of water

d. Data on existing wells, observation holes, and springs withi
a one-mile radius of sites to be investigated.

(1) Location, depth, diameter, types of wells, and
construction logs

(2) Static and pumping water level, hydrographs, yield,
specific capacity, and quality of water

(3) Present and projected groundwater development and
anticipated use

(4) Corrosion, incrustation, well interference, and similar
operation and mainte ance problems

(5) Location, type, geologic setting, and hydrographs of

springs

(6) Observation well networks

(7) Existing water sampling sites

e. Aquifer data

(1) Type, such as unconfined, artesian, or perched

(2) Thickness, depth, and formation designation

(3) Boundaries

(4) Transmissivity, storativity, and permeability

(5) Specific retention

(6) Discharge and recharge

(7) Ground and surface water relationships

(8) Aquifer models

f. Climatic data

(1") Precipitation
F33615-83-D-4002/0038. 12
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(2) Evapotranspiration

B. In addition to the general items delineated in A above, conduct the
following specific actions at the sites identified in Table 1 and Figure 1
(required analytical parameters are listed in Table 2):

1. Site 1 (TAC) - Goose Dump l(D-1)

a. Drill and construct a maximum of four monitor wells.
Position three of the wells at the site perimeter consistent with the
assumed downgradient direction of groundwater flow. To collect ambient
water quality information, place the fourth well outside the site perimeter
consistent with the assumed upgradient direction of groundwater flow.
Collect one groundwater sample from each monitor well. During the borehole
drilling collect a maximum of four soil samples for laboratory analysis, see
I.A.6.c.

b. Drill one soil boring in the suspected zone of contaminatic

nd collect soil samples from the ground surface and at each two and one-half

ioot interval until the estimated final borehole depth of ten feet is reached.
Analyze the samples from the surface and at the two and one-half and five foot
depths.

c. Designate two sampling points from surface waters located a
the site, or from surface waters adjacent to and downstream of the site.

d. Collect both a water sample and a bottom sediment sample
from each of these surface water sample points.

e. Analyze all water and soil samples for volatile organic and
aromatic compounds (VOA), oil and grease (O&G), pesticides/herbicides (P/H),
polychlorinated biphenyls (PCBs), phenols and metals.

2. Site 2 (ANG) - Fire Training Areas 1 and 2 (FT-i and FT-2)

a. Drill and construct a maximum of five monitor wells.
Position one well consistent with the assumed upgradient direction of
groundwater flow. Use information from this well to establish ambient water
quality. Place four wells in the assumed downgradient direction of
groundwater flow; two between FT-1 and FT-2 on either side of the access
road and two north of FT-2. Collect one groundwater sample from each
monitor well. During the borehole drilling, collect a maximum of five soil
samples for laboratory analysis, see I.A.6.c.

b. Drill two soil borings in FT-1 and one soil boring in FT-2.
Locate each boring in the center of a burn pit. If the second and older
burn pit in FT-1 cannot be defined through aerial photographs or a physical
site inspection, only drill one boring in FT-1. Collect soil samples from
the ground surface and at each two and one-half foot interval until the
estimated final borehole depth of ten feet is reached. Analyze the samples
from the ground surface and the two and one-half and five foot depths.

c. Designate sampling points in the drainageway between the
western extension of the access road and the southwestern boundry of site
FT-2. Collect two surface water samples and two bottom sediment samples from
this drainageway.

d. Collect one surface sediment sample and one surface water
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sample from the swamp to the north and downgradient of FT-2.

e. Collect one round of groundwater samples from the six
existing monitor wells at these sites.

f. Analyze all water and soil samples for VOA, O&G and phenols.

3. Site 3 (ANG) - DPDO Storage Area "C" (S-2)

a. Drill and construct a maximum of four monitor wells. The
positioning, and soil and water sampling follows that specified at Site 1,
para B.l.a.

b. Drill three soil borings positioned along a center-line
running north to south in the storage area. Follow the soil sampling plan
specified at Site 1, pars B.l.b.

c. Designate sampling points in the drainageway which begins on
the east side of the storage area and then heads in a northwesterly
direction. Collect three surface water samples and three bottom sediment
samples from this drainageway. Collect the first sediment and water sample
in the approximate location of Sample 2 identified in the Stage I study.

bsequent sample points should be at 100 foot intervals downgradient along
.,ie drainageway.

d. Analyze all water and soil samples for VOA, O&G, P/H, PCBs,
phenols and metals.

4. Site 4 (AIG) - Tank Farm Area (SP-1)

a. Perform a geophysical survey using a metal detector and a
magnetometer to precisely locate underground pipes. Perform an electromagnetic
survey to identify leak sites from these pipes. Survey the entire tank farm to
include a minimum 50 foot buffer around the site perimeter. Expand the
geophysical survey on the southern side of the tank farm area to the main access
road. A former fueling facility is located south of the tank farm.

b. Drill and construct a maximum of four monitor wells. The
-11 positioning, and soil and water sampling follows that specified at Site 1,

,,ra B.1.a.

c. Drill five soil borings, position them based upon the
geophysical survey result and the data generated during the Stage 1 study.
Boring depth is estimated to be 15 feet; however, drill until the water
table is reached. Collect soil samples at two and one-half foot intervals
beginning at ground surface. Analyze the samples collected at two and
one-half, five, and seven and one-half foot depths.

d. Designate sample points in the drainageways/culverts
around the site, of particular interest is the drainageway heading north to
Beaver Creek. Collect four surface water and four sediment samples from the
drainageways/culverts.

e. Collect one round of groundwater samples from the fourexisting monitor wells at this site.

f. Analyze all water and soil samples for VOA and O&G.

5. Site 5 (TAC) - South Goose Dump (D-4)
F33615-8 3-0-40 02 /'00 3 8  14
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a. This site was originally designated "D-4, South Goose Missle
Site Dump, in the Phase I report and was not recommended for Phase II Stage 1
evaluation. However, during Phase II Stage 1, it was erroneously confused
with D-l, Goose Missle Site Dump, which was recommended for Phase II Stage
1 monitoring. Consequently, this site was studied during the Phase II Stage
1 effort, but referenced as site D-1 throughout the report.

b. Drill and construct three monitor wells. Position two of
the wells approximatley 50 feet from the site perimeter and consistent with
the assumed downgradient direction of groundwater flow. Place the other
monitor well outside the site perimeter and consistent with the assumed
upgradient direction of groundwater flow so as to collect ambient water
quality information. Collect one groundwater sample from each monitor well.
During the borehole drilling, collect a maximum of three soil samples for
laboratory analysis, see I.A.6.c.

c. Collect three surface water samples from the pond/swamp4
-t this site.

d. Collect a maximum of five sediment samples from the bottom
of the pond/swamp area and drainageways which exit this site.

e. Analyze all water and soil samples for VOA, O&G, P/H, PCBs,
phenols and metals.

6. Site 6 (TAC) - Goose Dump 2 (D-2)

a. Perform a geophysical survey using a metal detector and a
magnetometer to locate the dump site drums. Also conduct a detailed
examination of available aerial photographs for the same purpose.

b. If the geophysical survey and aerial photographs cannot
locate the drums and accurately define the site location, perform no more work.

c. If the site can be located, drill two exploratory soil
borings in the zone of contamination. Collect soil samples from the ground
surface and at two and one-half foot intervals until the estimated final
borehole depth of ten feet is reached. Analyze the samples from the surface
and at two and one-half feet for ethylene glycol, O&G and VOA.

7. Site 7 (TAC) - Runway 13 NE Disposal (D-6)

a. Perform a geophysical survey using a metal detector and
magnetometer to define as accurately as possible the site '-undaries. Also
conduct a detailed examination of available aerial photographs for the same
purpose.

b. Drill and construct three monitor wells. The
positioning, and soil and water sampling follows that specified at Sitq 5,
B.5.b.

c. Drill two exploratory soil borings in the zone of
contamination. Collect soil samples from the ground surface and at two and
one-half foot intervals until the estimated final borehole depth of ten feet
is reached. Analyze the samples from the surface and at the two and one-half
foot depth.

d. If surface drainage from the site can be located, collect
I C MI A A IAA'If M IL-j B- 15



one each bottom sediment and surface water sample outside, but within 20
feet, of the site boundry.

e. Analyze all water and soil samples for VOA, O&G, P/H,
PCBs, phenols and metals.

8. Site 8 (ANG) - Old DPDO Storage Area (S-1)

a. Drill and construct three monitor wells. The
positioning, and soil and water sampling follows that specified at Site 5,
B.5.b.

b. Drill two exploratory soil borings, one in the center of
each of the two former storage area sites. The soil sampling plan follows
that specified at Site 1, B.l.b.

c. Collect two surface water and two bottom sediment samples
from drainageways at points downstream of the site.

d. Analyze all water and soil samples for VOA, O&G, P/H,
PCBs, phenols and metals.

9. Site 9 (TAC) - Disposal Pit (D-9)

a. Perform a geophysical survey using a metal detector and
a magnetometer to locate the site. Also conduct a detailed examination of
available aerial photographs for the same purpose.

b. If the geophysical survey and aerial photographs cannot
accurately define the site location, perform no more work.

c. If the site can be located, drill one exploratory soil
boring in the zone of contamination. Collect soil samples at two and
one-half foot intervals and analyze the samples at two and one-half feet
above and below the water table.

d. If the site can be located, drill and construct one
monitor well at the site perimeter consistent with the assumed"owngradient direction of groundwater flow. Collect one groundwater sample.

e. Analyze all water and soil samples for acetone and picric
acid.

10. Site 10 (ANG) - Low-Level Radioactive Waste Disposal (RD-i)

a. Conduct a geophysical survey (metal detector and
magnetometer) and review aerial photographs to accurately locate the site.

b. Drill and construct three monitor wells. Position two ofthe wells at the site perimeter consistent with the assumed downgradient
direction of groundwater flow. Place the third well in the assumed
upgradient direction of groundwater flow to collect ambient water quality
information. Do not analyze soil samples from these boreholes.

c. Collect one groundwater sample from each well and analyze
them for gross alpha, gross beta, radium - 226 and radium - 228.

C. Field Coordiination

F33615-8 -D-4002/003 B ib

B-16



Notify the Air Force POC's (see section V) at. the USAFOEHL and
Duluth IAP at least five days in-advance of water sample collection
dates.

D. Technical Field Operations Plan

Develop a detailed field operations plan based upon the technical
requirements specified in this task description for the proposed work effort.
Be explicit with regards to field procedures. Include, but do not limit the
plan to, field decontamination operations, sampling protocol, QA/QC field
procedures, field schedule, etc. A guideline for the plan is provided under
separate cover. Reference paragraph VI, Sequence No. 2.

E. Health and Safety

Comply with all applicable USAF, OSHA, EPA, state and local health
and safety regulations regarding the proposed work effort. Use EPA
guidelines for designating the appropriate levels of personnal protection at
tudy sites. Prepare a written Health and Safety Plan for the proposed work

.ffort and coordinate it directly with regulatory agencies where required.
Provide an information copy of the Health and Safety Plan to the USAFOEHL
prior to commencing field operations (i.e., drilling and sampling).
(Reference paragraph VI, Sequence No. 7)

F. Data Review

1. Tabulate field and analytical laboratory results (including
quality control data), and incorporate them into the monthly R&D Status
Reports. Forward them to the USAFOEHL for review as soon as they become
available as specified in Item VI below. In addition to the results,
report the dates of sample collection, extraction (if applicable) and
analysis.

2. Upon completion of all analyses, tabulate and incorporate all
-ssults into an Informal Technical Information Report (Atch 1, Seq 3 as
pecified in the contract and in Item VI below) and forward the report to

the USAFOEHL for review.

3. Immediately report to the USAFOEHL Program Manager via
telephone, data/results generated during this investigation which indicate a
potential health risk (for example, a contaminated drinking water aquifer).

G. Reporting

1. Prepare two draft reports following the
USAFOEHL-supplied report format (mailed under separate cover).
One report shall delineate the findings for the TAC sites (Sites
1, 5, 6, 7, and 9). The second report shall detail the findings
at the ANG sites (Sites 2, 3, 4, 8, and 10). Forward the reports
to the USAFOEHL (as specified in item VI below) for Air Force
review and comment.

2. Review the results, conclusions and recommendations from
previous IRP investigations which concern the sites listed in this task.
Integrate all investigative work done at each site to date so the report
reflects the total available information for each site. Use this cumulative
information and data to establish trends and develop conclusions and
recommendations.
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3. Include in this report a discussion of regional/site-specific
hydroeology, well and borings logs, data from water level surveys,
groundwater surface and gradient maps, and avalable hydrogeologic cross
sections and geophysical survey data.

4. In the results section, include water and soil analysis
results, field quality control sample data (field blanks, duplicates, etc.),
internal laboratory quality control data (lab blands, lab spikes, and lab
duplicates), and laboratory quality assurance information. *Provide second-
column confirmation results and include which columns were used, the
conditions existing and retention times.

5. Make estimates of the magnitude, extent and direction in which
detected contaminants are moving. Identify potential environmental
consequences of discovered contamination based upon State and/or
Federal standards.

6. Summarize the specific collection techniques, analytical
method holding time and limit of detection used for each:analyte (Standard
Methods, EPA, ASTK, etc.).

7. In the recommendation section, address each site and list them
.y category. Category I consists of sites where no further action,
including remedial action, is required. Data for these sites are considered
sufficient to rule out unacceptable health or environmental risks. Category
II sites are those requiring additional investigation to quantify or further
assess the extent of current or future contamination. Category III denotes
sites that will require remedial action (ready for IRP Phase IV). In the
recommendations for Category III sites, include any possible influence on
sites in Categories I and/or II due to their connection to the same
hydrological system. Clearly state any dependency between sites in
different categories. Include a list of candidate remedial action
alternatives, including Long Term Monitoring (LTM) as remedial action, and
the corresponding rationale that should be considered in selecting the
remedial action for a given site. List all alternatives that could
potentially bring the site into compliance with environmental standards.
For contaminants that do not have standards, EPA recommended safe levels for
-'n-carcinogens (Health Advisory or Suggested-No-Adverse-Response Levels)
.d target levels for carcinogens (1 x 10 cancer risk level) may be

used. If not specifically requested, do not include a comprehensive cost or
technical analyses of alternatives. However, in those situations where
field survey data indicate immediate corrective action is necessary, present
specific, detailed recommendations. For each category above, summarize the
results of field data, environmental or regulatory criteria, or other
pertinent information supporting conclusions and recommendations.

8. For those sites needing additional Phase II study, identify
specific requirements, if any, for future monitoring. Identify potential
environmental consequences of contamination. Provide estimates of costs by
line items for additional investigations beyond this stage along with
estimates of time required to accomplish the investigation. Furnish the
cost data in a separately bound appendix to the final report. (Reference
paragraph VI, Sequence No. 2)

9. Provide an inventory of all on-base wells, to includeproduction, irrigation, abandoned, monitoring, etc.

10. Include' in an appendix to the report the names of all local,state or other regulatory personnel and the dates they approved well
F33615-83-D-4002/00 38  18

B-18



drilling, development and purging techniques, well materials, and sampling
methods. All well drilling, development, purging, and sampling must conform
to State and local regulatory agency requirements.

11. Provide the candidate well abandonment techniques and the recom-

mended techniques most appropriate for Duluth lAP.

H. Meetings

The contractors project leader shall attend two meetings to take
place at a time to be specified by the USAF OEHL. Each meeting shall take
place at Duluth IAP for a duration of one day (eight hours).

II. SITE LOCATION AND DATES

Duluth IAP MN
Date to be established

III. BASE SUPPORT

A. Prior to any contractor digging or drilling, locate underground

utilities and issue digging permits.

B. Provide access to the Phase II Stage 1 monitoring wells.

C. Provide the contractor with existing engineering plans, drawings,
diagrams, aerial photographs, etc., as needed to evaluate sites under
investigation.

D. The base Point Of Contact shall receive from the contractor the
split samples, select 10% of them, package them, and then deliver them
back to the contractor within 24 hours for subsequent overnight shipment to
USAFOEHL/SA as stated in paragraph I.A.5.

E. Provide contractor with a secure staging area for storing
quipment and supplies.

F. Provide a paved area where drilling equipment can be cleaned
and decontaminated.

G. Base Civil Engineer will prepare and sign any hazardous
waste manifest documentation resulting from this effort.

H. Base will store any drums containing suspected
hazardous waste until determined to be hazardous/non-hazardous.

IV. GOVERNMENT FURNISHED PROPERTY: None

V. GOVERNMENT POINTS OF CONTACT:

1. 2Lt Gary Woodrum 2. Col Jerry Dougherty
USAFOEHL/TSS HQ TAC/SGPB
Brooks AFB TX 78235-5501 Langley AFB, VA 23665-5001
AV 240-2158 AV 132-5857
(512) 536-2158 (804) 764-2180
1-800-821-4528
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3. Lt Col Michael Washeleski 4. Sgt Suzanne Schlies
ANGSC/SGB 148 TAC Clinic
Andrews AFB, MD 20331-6008 Duluth IAP MN 55811-5000
AV 858-3443/5926 AV 825-7223
(301) 981-5926 (218) 723-7224

VI. In addition to sequence numbers 1, 5 and 11 listed in Attachment 1 to
the contract, and which apply to all orders, the sequence numbers listed
below are applicable to this order. Also shown are dates applicable to this
order.

Seq. No. Pars. No. Block 10 Block 11 Block 12 Block 13 Block l4

2 I.D. O/TIME 86 OCT 10 86 OCT 13 15

7 I.E. O/TIME 86 OCT 10 86 OCT 13 3

3 I.F.1. O/TIME 1 0 3

I.G.(TAC) ONE/B 86 DEC 31 87 JAN 16 87 OCT 16 so

I.G.(ANG) ONE/R 86 DEC 3] 87 JAN 16 87 OCT 16 of

2 I.G.8. O/TIME 87 Jan 16 87 OCT 16 off

14 MONTHLY 86 OCT 27 86 NOV 11

15 MONTHLY 86 OCT 27 86 NOV 11

Upon completion of the analytical effort and prior to submission of the
first draft report.

33 Two draft reports and one final report ate required.
Incorporate Air Force comments into the second draft and
final report as specified by the USAF OEHL. Supply the
USAFOEHL with a single copy of the first draft, second
draft, and final reports for acceptance prior to distribu-
tion. Distribute all report copies as specified by the
USAFOEHL. Supply 25 copies of each draft report and 50
copies plus the original camera ready copy of the final
report. Distribute the remaining 24 copies of each draft
report and 49 copies of the final report as specified by the
USAFOEHL.

333 Submit cost estimates (five copies) in a separately bound
document with the final report only. Provide estimates for
only those sites recommended for additional Phase II work
(Category II) or Phase IV, long-term monitoring (CategoryIII).
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TABLE 2 (Continued)

NOTES: (1) See Table 3.

(2) Use Method 3550 to extract oil and grease from soil.

(3) Arsenic, barium, cadmium, chromium, lead, mercury, selenium,
silver

(4) See Table 5.

(5) Includes analysis for Gross Alpha, Gross Beta, Radium-226 and
Radium4228.

(6) Arsenic, barium, cadmium, chromium, lead, mercury, selenium,

silver

(7) Includes both well and surface water samples.

(8) Includes both borehole and sediment samples.

(9) QA is 15% of the basic sample load.

(10) Assumes 50% for Methods 601, 602, 608, 615, 8010, 8020, 8080 and
8150 will require second column confirmation.
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TABLE 3

VOLATILE ORGANIC COMPOUNDS (VOA)

PURGEADLE I4ALOCARBONS PURGEASLE AROMATICS
EPA Methods 601 and SW 8010. EPA Methods 602 and SW 8020
Bromodichi oromethane Benzene
Bromofor. Chi orobenzene
Bromomethane 1 .2-Dichlorobenzene
Carbon tetrachl oride 1 .3-Dichlorobenzene
Chi orobenzene 1 ,4-Dichl orobenzene
Chi oroethane Ethyl benzene
2-Chloroethylvinyl ether Toluene
Chloroform
Chi oromethane Also: Xylene
Dl bromiochi oroinethane
1,*2-Di chl orobenzene
1 ,3-Dichl orobenzene
1 ,4-Dichlorobenzene
Dichlorodl fl uoromethane
1 ,1-Dichloroetiane
1 .2-Dichioroethane
1 .1-Dichi oroethene
trans-i ,2-Dichloroethene
1 ,2-Dichl oropropane
1 ,3-Dichloropropene
trans-i ,3-Dichloropropene
Methyl ene chloride
1,1 ,2,2-Tetrachloroethane
Tetrachioroethylene
1,1,1-Trichloroethane
1 ,1,2-Trichloroethane
Trichi oroethyl ene
Trichl orofl uoromethane
Vinyl chloride

F3 3 615-83-D-4002/0038 23jB- 23



TABLE 4

ANALYTICAL PARAMETERS, METHODS AND REQUIRED DETECTION LIMITS

PARAMETER METHOD DETECTION LIMIT

Oil and Grease (Using IR) EPA 413.2 20 Vg/g soil a

1 mg/i water

Volatile Organic and EPA 601 and 602 b
Aromatic Compounds (VOA) SW 8010 and 8020 b

EP Toxicity b

Ignitibility SW 1010 d

Pesticides and/or PCB EPA 608 e

SW 3550 and 8080 1 ug/g soil

Herbicides EPA 615 e

SW 8150 1 ug/g soil

Phenol EPA 420.2 5 ug/1 water

5 ug/g soil

Metals

Arsenic f EPA 206.2 10 Ug/l water
SW 3050 and 706 1 ug/g soll

Barium EPA 208.2 200 Mg/1 water
SW 3050 and 6010 20 Ug/g soil

Cadmium EPA 213.2 10 Mg/1 water

SW 3050 and 6010 1 ug/g soil

Chromium EPA 218.1 50 Mg/1 water

SW 3050 and 6010 5 ug/. soil

Lead EPA 239.2 20 Ug/i water

SW 3050 and 6010 2 ug/g soil

Mercury f  EPA 245.1 1.0 Vg/l water
SW 7471 0.1 Ug/g soil

Selenium f EPA 270.3 10 pg/i water

SW 3050 and 7740 1 Mg/g soil

Silver f  EPA 272.2 10 Vg/1 water

SW 3050 and 6010 1 Pg/g soil I
F33615-83-D-4002/0038 24
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TABLE 4 (Continued)

METHOD DETECTION LIMIT
PARAMETER .-..-

Acetone ASTM D 3695-82

Pleri Acid USATHAMA 2B -1

Ethylene Glycol NIOSH P & CAM 338 -

Moditied fot Soil

Gross Alpha Standard Methods:
15th ed, 703

Gross Beta Standard Methods:
15th ed, 703

Radium-.226 EPA 6oo/4-80AO32, 903.0

Radium-228 EPA 600/4-80-032, 904.0

F33615-83-D-40
0 2 /0038 25
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Io
TABLE 4 (Continued)

&Based on extracting 50 grams of soil and 100 ml final extract volume.

bDetectlon limits for Purgeable Organics and Aromatics shall be as specified

for the compounds by EPA Methods 601&602. Method: Federal Register, Vol.
44, including these items:

Item 1. - This method is recommended by EPA for use only by experienced
residue analysts or under the close supervision of such qualified
persons.

Item 2.2 This is most Important. If interferences are encountered (as In
early peaks such as vinyl chloride), the method provides a second-
ary chromatographic column that will be helpful In resolving the
compounds of interest from interferences. This must be done In the
case of vinyl chloride and so noted in the analysis report.

Items 3.3, 7.1-7.3 ^ These sections must be analyzed within the recommended
holding times.

Item 8.3 - All samples must be analyzed within the recommended holding times.
This must be followed without exception.

If questions are encountered about certain contaminants, you may be asked to
show both chromatograms used to rule out possible interferences.

c Metals Ug/1 of Extract

As 0.053
Ba 0.1

Cd 0.005

Cr 0 .05
Pb 0.1
Hg 0. 0002

Se 0.075
Ag 0.01

dFind If sample is Ignitable at 140 degrees Fahrenheit or below. If so, It
is a hazardous waste.

eMethod Detection Limit

fPrimary Drinking Water Standard, 40 CFR 141.11

I
i
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TABLE 5

Pesticides and PCBs - EPA Methods 608 and SW 8080

aldrin aBHS
dieldrin b-BHC
chlordane g-BHC
4,4'-DDT w-BHC
4,41ADDE PCB 1l242
4,414DDD PCB-1254

a-qendosulfan PCB-1221
b-endosulfan PCB-1232
endosulfan sulfate PCBn1248
endrin PCB-1260
endrin aldehyde PCB1016
heptachlor toxaphene
heptachlor epoxide

Herbicides - EPA Method 615 and SW 8150

2,4-D
2,4,54T

2,4,5-TP (Silvex)

F33C15-83-D-4002/0038 27
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70H /Uh
PART I SECTION F OF THE SCHEDULE II PROC INSTRUMENT ID NO. IPIIN) 2. SPIN 3.

SUPPLIES SCHEDULE DATA F33615-83-D-4002 1' 1038 IIPAGEJ 2810 I 281
4. ITEM NO. 5. ACRI 6. SP 7. MILSTRIP DOC NO. AND SUFFIX 6. CON ITEM SERIAL NO. 9. ENDING SERIAL NO. 0. CLIN tDtNf

PRI (WHEN APPLo EA I DI T

0001 AA
11. DEL SCHED DATE 12. ENDING DATE 13. DEL SCHEDU.E OTv* 14. SCTY 15. SHIP TO 16. MARK FOR

(*WHEN APPL) CLAS

A. 87JUL01 A. A. 1 U FY7624
11. OEL SCHED DATE 12. ENDING DATE 13. DEL SCHEDULE OTV,

(WHEN APPL)

S. a. S. 0. D. D.

C. C, C. E. E. E

17. DESCRIPTIVE DATA

A. SEE SECTION H OF THE BASIC CONTRACT FOR FY7924 ADDRESS.

B. TECHNICAL EFFORT SHALL BE COMPLETED NO LATER THAN 87JAN16.
C. ALL DATA SHALL BE DELIVERED IAW ATTACHMENT# 1 OF THE BASIC

CONTRACT AS IMPLEMENTED BY PARAGRAPH VI OF THE TASK DESCRIPTION
NO LATER THAN 87JUN01.

D. THE DATA SHALL BE ACCEPTED BY THE GOVERNMENT NOT LATER THAN THE DATE
SHOWN IN BLOCK 11A

4. ITEM NO. 5. ACRN 6. TSP 7. MILSTRIP DOC NO. AND SUFFIX 6. CON ITEM SERIAL NO. 9. ENDING SERIAL NO. 10- CLIN ]DENT
PRI (WHEN APPLI EXHIBIT

0002 AA
I' DEL SC.ED DATE 13, ENDING DATE 13, DEL. SCHEDULE OTY * 14, SCTY 1S SHIP TO 16. MARIK FO( *.EN A P P L ) 

C L A S
7JUL01 A. .. 1 U FY7624

II. DEL SCHED DATE 12. ENDING DATE 13. DEL SCHEDULE OIV
(WHEN APPLI

8 . N. 0. 0. 0.

SC C E. E 1.

IT. OCSCRIPTIVE DATA

A. SEE SECTION H OF THE BASIC CONTRACT FOR FY7624 ADDRESS.

B. TECHNICAL EFFORT SHALL BE COMPLETED NO LATER THAN R7JANI.

4. ITEM No. S. ACRN 6. TSP 7. MILSTRIP DOC NO. AND SUFFIX a. CON ITEM SERIAL NO. 9. ENDING SERIAL N0. 10. CI.IN 1DENT

PRJ tWHEN APPLI IX"IaI T

104 AA
I E. O[L SCXED DATE (2. ENDING DATE 13. DEL SCHEDULE OTY. 14. SCTT 1S. SNIP TO 16. MARK FGN

(WHEN AP PL) CL.AS
A. 87JUL01 A. A. 1 U FY7624

II. DEL. SCHED DATE 12. ENDING DATE 13. DEL SCHEDULE QTyV
,, (WHEN APPL'

C C. C. I, t. E.
17. DESCRIPTIVE DATA

A. SEE SECTION H OF THE BASIC CONTRACT FOR FY7624 ADDRESS.

B. TECHNICAL EFFORT SHALL BE COMPLETED NO LATER THAN 87JANIA.
C. ALL CHEMICAL ANALYSIS DATA SHALL BE DELIVERED IAW ATTACHMENT# 1

AS IMPLEMENTED BY PARAGRAPH VI OF THE TASK DESCRIPTION
NO LATER THAN 87JUN01.

D. THE DATA SHALL BE ACCEPTED BY THE GOVERNMENT NOT LATER THAN THE DATE
SHOWN IN BLOCK 11A

.-- P 1,-S- A NEWT CIANE/WAiJ WHN W + Oil - AD*JAIS AMTER THITEM W0.
I - ISTWA1IS
-(0 r11) 10DEAS

* O0 - IT Em No.IaAO&Om 01 OaIIUm

AFSC '706 PvOUS EDTION ,.. RE USEC. APt - Aaw- APS Mi I990
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APPENDIX C

WELL NUMBUEING S'YSIE--,



GROUND WATER WELL AND SOIL BORING NUMBERING SYSTEM

GROUND WATER MONITOR WELL

The ground water monitor well numbering system consists of three

fields. Field 1 is the abbreviation "GW", which indicates ground water. This

distinguishes these monitor wells from the Phase II, Stage I monitor wells,

which were labeled "MW".

Field 2 indicates the site number of the well location and is as

follows:

Site
Number Phase I Number Site Description

1 D-1 (TAC) Goose Dump 1
2 FT-i and FT-2 (ANG) Fire Training Areas
3 S-2 (ANG) DPDO Storage Area "C"
4 SP-1 (ANG) Tank Farm Area
5 D-4 (ANG) South Goose Dump
6 D-2 (TAC) Goose Dump 2 (borings only)
7 D-6 (TAC) Runway 13 NE Disposal
8 S-1 (ANG) Old DPDO Storage Area
9 D-9 (TAC) Disposal Pit (no work done)

10 RD-i (ANG) Low-Level Radioactive Waste Disposal

Field 3 indicates the sequential order in which the monitor wells are

drilled, lettered consecutively beginning with the letter "A".

SOIL BORING

The soil borings are numbered according to a system similar to that

used for the ground water monitor wells. Field 1 is the abbreviation "B",

which indicates boring. Field 2 indicates the site number of the boring

location (i.e., 1). Field 3 indicates the sequential order in which the

borings are drilled, lettered consecutively beginning with the letter "A".

c-1
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BORING GW2-A
iI 0 o1 SURFACE ELEVATION 1434.52

IL~ 11/13/86OV
0 a 0 VA

0 SYMBOLS DESCRIPTIONS READING ppm0 ' ML 2 INCHES BLACK CLAYEY SILT, TRACE ORGANICS,

CL REDDISH-BROWN SILTY CLAY, TRACE GRAVEL
SM REDDISH-BROWN SILTY CLAY, TRACE SAND AND GRAVEL

5- 6 0.1

CL
/0-- __ GRADES TO BROWN

BORING COMPLETED AT A DEPTH OF 12.5 FEET ON 11/13/86.
WATER ENCOUNTERED AT A DEPTH OF 2.5 FEET WHILE DRILLING.

BORING GW2-B
Lu o SURFACE ELEVATION 1433.44

9 11/14/860 OVA

0- SYMBOLS DESCRIPTIONS READING ppm
.REDDISH-BROWN SANDY CLAY, TRACE GRAVEL

5--3

CL MORE GRAVEL BETWEEN 7.0 FEET AND 
9.0 FEET

/0- 16 1.5

1 - 42~ GRADES WITH LESS SAND AND MORE SILT

BORING COMPLETED AT A DEPTH OF 16.5 FEET ON 11/14/86.
WATER ENCOUNTERED AT A DEPTH OF 2.0 FEET WHILE DRILLING.

I
/0-

i I

LOG OF BORINGS Do.me .Moof
D-2



BORING GW2-C
I a t SURFACE ELEVATION 1435.70

c' : 11/14/86 0V
4O SYMBOLS DESCRIPTIONS READING ppm

0 3 CL REDDISH-BROWN SILTY CLAY

REDDISH-BROWN CLAYEY MEDIUM TO COARSE SAND,
SOME SILT

REDDISH-BROWN SILTY CLAY

5-=-MX 19 
0.3

- CL

/0 27 CRADES WITH SOME SAND AND GRAVEL 4.3

REDDISH-BROWN SILTY FINE SAND, SOME GRAVEL

15- SM
49 3

BROWN SANDY SILT, SOME CLAY

20 ML
38 AUGER REFUSAL

BORING COMPLETED AT A DEPTH OF 21.5 FEET ON 11/14/86.
WATER ENCOUNTERED AT A DEPTH OF 6.0 FEET WHILE DRILLING.

25-

I

I

I

LOG OF BORINGS Domes & Moore
D-3



BORING GW2-D I
Lu 8 oi SURFACE ELEVATION 1427.28

II 11/1 /86 DECIPIN OVAI

0- SYMBOLS DESCRIPTIONS READING ppm
07 REDDISH-BROWN SILTY CLAY, TRACE GRAVEL, OCCASIONAL

-COBBLES AND BOULDERS

5- I38 CL 0.2

~I

sc GRAY CLAYEY MEDIUM TO COARSE SAND, SOME SILT

5 - 21 BROWN SILTY MEDIUM TO COARSE SAND

65 , II 0 I

20- 38 60

AUGER REFUSAL

BORING COMPLETED AT A DEPTH OF 23.0 FEET ON 11/l7/ 86.

25--- WATER ENCOUNTERED AT A DEPTH OF 10.0 FEET WHILE DRILLING.

I

I

I

I

I

I

I

I

LOG OF BORINGS Dames MoorI
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(BORING GW2-E
I 1 0SURFACE ELEVATION 1425.38

0- 11/17/86 O VA

0 SYMBOLS DESCRIPTIONS READING ppm
60- BROWN SILTY CLAY, TRACE GRAVEL

5- 26 CL

/0 27 30

REDDISH-BROWN WELL GRADED SAND WITH COARSE GRAVEL
AND SOME SILT

5 31 F SM

AUGER REFUSAL

BORING COMPLETED AT A DEPTH OF 19.0 FEET ON 11/17/86.
20 WATER ENCOUNTERED AT A DEPTH OF 15.0 FEET WHILE DRILLING.

BORING GW3-A
IJ j a SURFACE ELEVATION 1420.B4

11/26/86 
0 VA

0 SYMBOLS DESCRIPTIONS READING ppr

4 BROWN SILTY CLAY, SOME SAND AND GRAVEL, 0
OCCASIONAL COBBLES AND BOULDERS

I 5
56CL 0

/0 - 34

BROWN SILTY SAND, TRACE GRAVEL

AUGER REFUSAL 0

BORING COMPLETED AT A DEPTH OF 17.0 FEET ON 11/26/86.
WATER ENCOUNTERED AT A DEPTH OF 12.0 FEET WHILE DRILLING.

20 - NOTE: PILOT BOREHOLE DRILLED APPROXIMATELY 6.0 FEET

SOUTH OF GW3-A. HOLE ABANDONED AFTER HITTING
A BOULDER AT 12.5 FEET.

LOG OF BORINGS Domes & Moor.
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BORING GW3-B
0L t SURFACE ELEVATION 1418.48

IL~ 12/1/86OV
a 0 VA

0 SYMBOLS DESCRIPTIONS READING ppm

5 CL 4 INCHES BROWN CLAYEY SILT, TRACE ORGANICS 0ill (TOPSOIL)

BROWN SILTY CLAY, SOME SAND AND GRAVEL

10 CL 8

/0- 4500

00 0 BROWN FINE TO COARSE SAND AND GRAVEL, OCCASIONAL

Do.o COBBLES AND BOULDERS

15- 12 -0 0Oooo
100/5 ' 0o LEL - 0%

00 o

20 - 152 D 000 300

BORING COMPLETED AT A DEPTH OF 21.5 FEET ON 12/1/86.
WATER ENCOUNTERED AT A DEPTH OF 9.0 FEET WHILE DRILLING.

25-

LOG OF BORINGS Dames A Moore
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BORING GW3-C
L o SURFACE ELEVATION 1417.59

12/1/86OV
0 a 0 VA

w SYMBOLS DESCRIPTIONS READING ppm
0 i ML BROWN CLAYEY SILT, TRACE ORGANICS (TOPSOIL) 0

BROWN SANDY CLAY, SOME SILT AND GRAVEL

CL

/0- 26

BROWN SILTY SAND, SOME GRAVEL15- sl
65~ 2

S M

20- 8
BORING COMPLETED AT A DEPTH OF 21.5 FEET -N 12/1/86.
WATER ENCOUNTERED AT A DEPTH OF 9.0 FEET WHILE DRILLING.

25D-

I

I

I

I

I

j LOG OF BORINGS Dames & oore

D- 7



BORING GW3-D
SURFACE ELEVATION 1415.80

12/2/86 OA
v SYMBOLS DESCRIPTIONS READING ppm

6 I"IBROWN SILT, TRACE SAND

ML
5-1

BROWN SILTY SAND, TRACE GRAVEL OCCASIONAL COBBLES
AND BCULDERS/0 ' 4

100/4

SM

5 27 A OCCASIONAL CLAY SEAMS 1000

AUGER REFUSAL
BORING COMPLETED AT A DEPTH OF 18.5 FEET ON 12/2/86.

20 WATER ENCOUNTERED AT A DEPTH OF 9.0 FEET WHILE DRILLING

NOTE: * OVA MAY NOT HAVE BEEN FUNCTIONING PROPERLY.

BORING GW4-A
Lu 0 U) SURFACE ELEVATION 1410.14

0 12/2/86OV- c0 VA
0 SYMBOLS DESCRIPTIONS READING ppm
5 GW 4 INCHES SAND AND GRAVEL (FILL) 0

PT DARK BROWN PEAT, ORGANICS MIXED WITH SILT AND
CLAY

BROWN SILTY SAND, SOME GRAVEL

8 SM/

/ - 1 CL GRAY SILTY CLAY, SOME SAND 4

BROWN CLAYEY SILT, SOME SAND, TRACE GRAVEL

I
L54 I GRADES TO SILTY CLAY

I
20- 1oo-"

BORING COMPLETED AT A DEPTH OF 20.5 FEET ON 12/2/86.
WATER ENCOUNTERED AT A DEPTH OF 5.0 FEET WHILE DRILLING.

25- LOG OF BORINGS Dames M MooreI,

D-8



BORING GW4- B
141 0 SURFACE ELEVATION 1409.48

= = o = 12/3/86 0 VA

0 SYMBOLS DESCRIPTIONS READING ppm

4 DARK BROWN PEAT, ORGANICS MIXED WITH SILT AND CLAY 0

IPT

5-_ 1

- L GRAYISH-BROWN SILTY CLAY

BROWN SILTY CLAY, SOME CLAY, TRACE OF GRAVEL

SM//0-
/0 I6s ML

BROWN CLAYEY SILT, SOME SAND AND GRAVEL

I ML/ 0

CL

20 24 GRADES TO SILTY CLAY

BORING COMPLETED AT A DEPTH OF 21.5 FEET ON 12/3/86.

WATER ENCOUNTERED AT A DEPTH OF 6.0 FEET WHILE DRILLING.

25
I

I

I

I

I

I

LOG OF BORINGS Dome* Moore
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BORING GW4-C
I..: 0 SURFACE ELEVATION 1413.10

0 a 12/3/86 0 VA

co SYMBOLS DESCRIPTIONS READING ppm
19 TAN CLAYEY SILT AND GRAVEL, FILL TO APPROXIMATELY 100

2 FEET

4 M GRADES WITH SOME SAND 0

/0 
7 9-

BROWN SILTY CLAY, SOME GRAVEL

/,5- - 150

CL15

20-
GRADES WITH LESS SILT

BORING COMPLETED AT A DEPTH OF 21.5 FEET ON 12/3/86.
WATER ENCOUNTERED AT A DEPTH OF 10.0 FEET WHILE DRILLING.

25 I

I

I

I

I

I

I

I

LOG OF BORINGS Damo n Moore
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BORING GW4-D
t ou SURFACE ELEVATION 1 4 13.2

OW

12/3/86S OVA
0 SYMBOLS DESCRIPTIONS READING ppm

-Fl DARK BROWN PEAT, ORGANICS MIXED WITH SILT 150
* AND CLAY

PT
5-

i1,,.GRAY SILT

-- ML FUEL ODOR 500

- TAN CLAY
P/

/ CL FiEL C::

20 -DR S-,!,D SILT
- FUEL COCK,

sM

EC;I',. CCOPPLE'ED AT A DEFT- OF 2-.5 FEET 12/3/86.
' -TE- E'CO_'TEED AT A EPTF T CF 17.0 FEET -'-ILE CRILLI.:.

30BM

LOG OF BORINGS DarnesA&Moore

I -ll1



BORING GW8-A
W 0 SURFACE ELEVATION 1411.96

0 X 12/6/86 OVA
a SYMBOLS DESCRIPTIONS READING ppm
0 5 ',, OL~/ DARK BROWN SILT, SOME CLAY, TRACE ORGANICS OOL (TOPSO I L)

BROWN CLAYEY SILT, TRACE SAND

5- 5 ML 0

DARK EROWN PEAT. ORGANICS MIXED WITH SILT,
/0- 41 FIPT CLA!y, AND SAND

AUDER REFUSAL

OFIN COMPLETED AT A DEPTH OF 13.0 FEET C!, 12/0/'.
/5 -- ,'ATEP ENCOUTEREO AT A DEPTH OF 5.0 :EET -ILE D lLLl'.

NCTE- PILOT EOREHOLE DRILLED 5.0 FEET EAST OF SWS-A,

A&OE-. REFLSAL AT 13.0 FEET.

PILOT BOREHOLE DRILLED 13.0 FEET EAST OF 7OS-A.
A- ER EROKE OFF, 5.0 FOOT STRIN.O LOST 4T DEFT-
OF 15.0 FEET.

LOG OF BORINGS Domes Moore

I - II



BORING GW8-B
u SURFACE ELEVATION 1411.50

o 12/6/86OV

0 - cac SYMBOLS DESCRIPTIONS READING ppm
9BROWN SILTY CLAY, SOME SAND AND GRAVEL 0

5 CL

BROWN SILTY FINE TO MEDI'JM SAND, SOME GRAVEL

1 - sm

35

20 - 092~ 0

SOPlt~ Cc.MPLETED AT A DEPT' 07 21.5: FEET T'. 12/--/Se.
,4ATEP ENCOUNTERED AT A D EFT- 0-- 12.0 COT .-)LE

25

BORING GW8-C
uJ w o SURFACE ELEVATION 1412.50O

0 12/7/36OV

0 - DO SYMBOLS DESCRIPTIONS READING ppm
6o GM 6RO10. SILTY SANDY GRAVEL (FILL) 0

BROW4N PEAT, ORGANICS MIXED WITH SILT. CLAY.
SAND., AND GRAVEL

5 5~ PT 140

BROWN CLAYEY SILT, SOME SAND NDIAE.SOME
COBBLES AND BOULDERS

/0- -

C L

15 -A 51 :EFSL2

-'P'CORPLETE, AT A DEPT* 'F Itc.- rEET ON 12/7'?".

20 - ATEP E!,CNtTEREb AT A DEPTH OF 10.0 FEET -ILE U ILUi-

NCOTE PI LOT COcEHOLE DR ILID AFrR'XCR lTEL. 5.0 F[ 7
EAST GF 0W8-C. 10UE-CLE .AS AEA--ED CEC.U SE
6F i,,CER PEFjSAL,

LOG OF BORINGS Damnes & Moore



i

BORING GWIO-A
I 0 o SURFACE ELEVATION 1407.90

C3F 12/11/86OV
i Iq 0 VA

0- A t SYMBOLS DESCRIPTIONS READING ppm
2 :fi " 1.5 INCHES DARK BROWN SILT WITH ROOTLETS 4

* t'~' ~ DARK BROWN PEAT

PT

BROWN SILT WITH CLAY AND FINE SAND

M L-
C L

46 WITH COARSE GRAVEL 6

20 BORIt-G COMPLETED AT A DEPTH OF 20.0 FEET 'N 12/11/86.
WATER ENCOUNTERED AT A DEPTP OF 1O.C PEET 4-ILE 2DILLI',

BORING GWIO-B
1.. tJu 0 cl SURFACE ELEVATION 1408.02
W. -J~

"0 S YMBOLS DESCRIPTIONS READING ppre
lJ ORANCrE-SROWN CLAYEY SILT, SOME SA'.D. SCHkE2
Ill COBBLES. BOULDERS

ML/
LCL

29 [
4 BROWN SILT, FINE TO COARSE SAND AND GRAVEL

I0- 16" [ SM
100/20

AUGER REFUSAL

BORING COMPLETED AT A DEPTH CF 13.0 FEET ON 12/11/86.
/5 WATER ENCOUNTERED AT A DEPTH OF 8.0 FEET WHILE DRILLING.

NOTE PILOT BOREHOLES WERE DRILLED APPROXIMATELY 4.0
FEET SOUTH, 4.0 FEET SOUTH AiD 20.0 FEET EAST,
AND 8.0 FEET SOUTH AND 20.0 FEET E,ST. S0REIOLES
WERE ABANDONED BECAUSE OF A'GER REF.SAL.

LOG OF BORINGS Dome* A Moore
T)- 14



BORING GWIO-C
lU SURFACE ELEVATION 1405.73

0 Z 12/11/86 OVA

~ ' SYMBOLS DESCRIPTIONS READING ppm
0 -ML BROWN CLAYEY SILT, TRACE ORGANICS (Th)PSOIL) 0

ORANGE-BROWN CL.AYEY SILT, SOME SAN;D AN~D O?..EL

5 - ML/
31 CL

SROWt SANDY SILT, SOME COBBLES, EQ2LDERS, TRACE
CLAY AND GRAVEL

/0 SM-
ML 

0L

AV:-ER REFUSAL
SCRiNZ COMPLETED AT A DEFTh' OP 13.0 ZEET 2.12,11

15'ATE:? EN CO:NTE-ED AT A DEPT- CF- .-' FEET ILE FL

LOG OF BORINGS Dames &Moore



BORING B2-B
L o) v SURFACE ELEVATION NA0 °j

LAJU.

o 11/12-13/86 OVA
OI) SYMBOLS DESCRIPTIONS READING ppm

CL 2 INCiES DARK BROWN SANDY CLAY, TRACE
ORGANICS (TOPSOIL)

REDDISH-BROWN SANDY CLAY, TRACE GRAVEL

5- ~ CL

i30 / Sc REDDIS -BROWN CLAYEY COARSE SAND

/CL REDDISH-EROWN SANDY CLAY, TRACE CRAVEL

ORIW G CO PLETED AT A DEPT , OF 12.5 FEET 11 13'S .
WATER ENCOUNTERED AT A DEFT OF £,C FEET .-ILE D-ILL ,

/5 V, :ETEF CLT 'F GAS.

LOG OF BORINGS Dams Moor,
1)-ii1i



BORING B2-C
0 SURFACE ELEVATION NA

11/17/86OV
.j0 0 VA

ca SYMBOLS DESCRIPTIONS READING ppm

70~ BROWN CL.AYEY SILT AND GRAVEL 50

22

30 ML 10

/0 29 t  ,:
29 1000

5^i;l: CC,'PLETED AT A DEPT- OF 11.5 FEET C', 11/12"S .
WATER ECOiNTERED AT A DEFT- OF 10.0 FEET W,;ILE S-ILLH .

/5

BORING B3-A
I Q SURFACE ELEVATION .A

k 1CL '25/8-
oOVA

u SYMBOLS DESCRIPTIONS READING ppm
0- 22 FILL ER oW SILT, ;EDI M TO COARSE SAND A.D RA',EL, 200

- -CCC1s0CAL SILTY CLAY SEAM, (FILL)

- :: SM
-- V 22 "

50 // C L ROWN AND GRAY SANDY CLAY, SOME GRAVEL 1000

/0 EORIN- COMPLETED AT A DEPTH OF 9.0 FEET ON 11/25/86.
WATER ENCOUNTERED AT A DEPTH OF -.0 FEET WHILE DRILLINS.

LOG OF BORINGS Dames & Moore

D-17



BORING B3-B
I.. Lu 0 c SURFACE ELEVATION NA

11/25/86 OVA
c SYMBOLS DESCRIPTIONS READING ppm

0- 19 SC BROWN CLAYEY MEDIUM TO COARSE SAND AND GRAVEL,
SOME SILT (FILL)

, M / BROWN CLAYEY SILT, SOME SAND, TRACE GRAVEL
6 600

5- CL 800 -
5 GRADES TO SILTY CLAY 1000

BORING COMPLETED AT A DEPT H OF 6.5 FEET O 11/25/ "6.
WATER ENCO.,TERED AT A DEPT- OF 5.0 FEET ',-ILE DRILLING.

/0

BORING B3-C
u 0 o SURFACE ELEVATION ,a

11/25/85
OVA

0 SYMBOLS DESCRIPTIONS READING ppm

-FILL -C'N SAhtDY CLAY, SOME GRAVEL (FILL) 30

2 CL 9.,DES TC SANDY SILTY CLAY

49

/0- 4 2

BORI',G COMPLETED AT A DEPTH OF 11.5 FEET C.11/25"S
WATER ECC.NTERED AT A DEPThl OF 8.L, FEET WILE D;ILLI'c

/5-

LOG OF BORINGS Dome% Moot*

1518



BORING B4-A
SLU 0 Q SURFACE ELEVATION NA

LUL
o 12/2/86OV

to~ SYMBOLS DESCRIPTIONS READING ppm
2 DARK BROWN PEAT, ORGANICS MIXED ,]T, SILlY CLAY

PT

/0 CL GRAi AND BROWN 110TTLED CLAY

SORIND CO 'FLETED ATA;,DEPT - CF 11.5 FEET1 12/2. -
WATER ENCONTJERED AT A DEPT- OF :5.Z FEET -1LE OIL~C

BORING B4-B
iz LU 0 SURFACE ELEVATION .

cl 0 X 12/2/66
oj q OVA

0 ca c SYMBOLS DESCRIPTIONS READING ppm
2 DAR .' SILTY CLAY 5,00

I / CL
5 -: 1E TC TAN

BROWN S;A!.D ANC C-"A'.'EL

/0 ~CL BROWN SILTY CLAY, SOME SAND AND L;.A'EL

ECPINO COPPLEIED AT A DEPT h OF 11.5c FEET N 12/2/84.
WATE TE AT ADEPTh; OF 6.0 FEET '.ILE 2.LI,

15

LOG OF BORINGS Dome* Moore



BORING B4-C
~*Lu 0 SURFACE ELEVATION NA
QUJ uu

12/4/86
0~ OVA

S(n SYMBOLS DESCRIPTIONS READING ppm
0 00/3". CL/ TAN SILTY CLAY AND GRAVEL, SOME SILT (FILL) 0

GP
- SM 3 INCHES, GRAVELLY SILTY SAND

5 -0BROWN SILTY CLAY, TRACE GRAVEL 10

5 CL

U0 p5CR ING COMPLETED AT A DEPTH OF 9.0 FEET ON 12/4/86.
/OjWATER ENCOUNTERED AT A DEPTH OF 3.0 FEET -4HILE DILG

BORING B4-D
SLu oC7SURFACE ELEVATION NA

cLu u w

0 12/4/86
o j OVA

co SYMBOLS DESCRIPTIONS READING ppm
0 - TAN CLAYEY SILT, SOM.E SAND AND GRA.IL G-ILL) 0

iM L

SM 2 INCHES, GRAY SILTY CLAYEY SAND

5 - DAR~K BROWN PEAT, CRGANICS MIXED WIT- SILT

- PIT SI- VLOO

/0 - 7 ML EWN CLAYEY SILT, SOME SAND SIT ,EODR 500
M L OERING, COMPLETED AT A DEPTH OF 11.5 FEET E -21'

ON 12/4/86.
WATER ENCOUNTERED AT A DEPTH OF 7.5 FEET WHILE DRILLING .

/5-

Q) BORING B4-E
i.Lu 0 c SURFACE ELEVATION NA

0u Ouj

o 12/5/86OV

0 - ca SYMBOLS DESCRIP71IONS READING ppm
79 TAN SILTY FINE TO COARSE SAND AND GIRAVEL kFILL) 200

TM LEL

23 T,.'. FIN TO COARS SILTY S,'4D 4:1) -RAVEL (FILL)

S M ',;;,ES WIMH LESS GRAvEL

-C I% CO P EEUT A E T LEL = 6

COP C CCPLEED A A EFT-OF .5 FEET ON, 12/5.;8O.
WiJEI- ENCO,!iERED AT A DEPTHi OF 5.5 FEET WHILEDRLIG

/0 - ATE PILOT BORE;OLE DRILLED APPQOXIiATEL0 20.0 FEE"
NO;T-i OF CW-F. OCLE WAS AL--ANDONDED AFTER PEI'RDING
A LEL OF 75.

LOG OF BORINGS Dames & Moore

T)- 20



BORING B-8A
Lu 0 oSURFACE ELEVATION NA

X 12/5/56OV
M t SYMBOLS DESCRIPTIONS READING ppm

023BROWN SILTY CLAY, SOME GRAVEL 0

1 ML GRADES TO SANDY SILT

5 - PH BROWN S ITY CLAY, TRACE SAND AND GRAVEL

16 0

/0- 26 L
BORING COMPLETED AT A DEPTP OF 11.,: FEET ON 12/,/56.

CUGRC2D WATER ENCOLNTENEOD 'v;ILE G ILLING.

15 -O TE PILOT BOREHOLE DRILLED APPRDXIMATELY 20.0 FEET
SO-T- CF 58-A. -OLE W4AS AEA'NOONED AFTE-

~co ~ ' '~ 'J,CGopp- O
ATA DEPT-O . ET

BORING B8-B
SLU o SURFACE ELEVATION A

0 X 12/6/83 OV

25 - ML TAN CLAYEY SILT, TRACE SAND AND 3RAVEL 0

19 C L BROWN SILTY CLAY, SOME SAND AND 3RAVEL 0

PT ROW'N PEAT. ORGANICS NIXED WITH- CLAY, SILT,
12 PTAND SAND 200

DARK BROWN TO BROW', CLAYEY SILT. SOME SAND

24 ~ ML/ AGRVLLEL 20

/0 C L

ECPPN: COMPLETED AT A DEPTI OF 11.5 FEET ON 12/6/86.
,4ATEP ENCOJoNTE ED AT A DEPTH OF 8.0 FEET W-ILEDiLIG

/5-

LOG OF BORINGS Domes & Moo e

T)-21I



MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION /c13'5, 0)6 JOB NUMBER _W6 -Z6
TOP OF WELL CASING ELEVATION /'439~-- BORING NUMBER 6I)'-

DATE _ _ _ _ _

LLOCATION .'d 4  A A)

7(I DEPTH TO %M OF WELL POINT OR SLOTTED

DETHT BOTTOM OF SEAL (IF INSTALLED)

DEPTcH FEET.*

,-DEPTH TO TOP OF SEAL (IF INSTALLED)

76______FEET.*

0 LO SIE0C
TOTAL LENGTH OF PIPE 4. i FEET AT

k-- I ~ NCH DIAMETER.

O TYPE OF PAC AON WELL POINT OR SLCTTED
PIPE

CONCRETE CAP. (2 CIRCLE ONE)

HEGH F ELL CAING ABOVE GROUND

PROTECTIVE CASING? __ NO (CIRCLE ONE)O HEIGHT ABOVE GROUN D EET.

LOCKING CAP? C.) NO (CIRCLE ONE)

A ~TYPE OF UPPER BACKFILL____

O BOREHOLE DIAMETER -INCHES.

4 6~~---.~ DEPTH TO GROUND WATER LFEET.*

~~TOTAL DEPTH OF BOEOEFE.

(9TYPE OF LOk~tR BACKFILL_______

(iPIPE MATER I AM ," i-~

14 ~~SCREEN AEI4khLEt1'

*(DEPTH FROM GROUND SURFACE)

MONITOR WELL INSTALLATION DETAILS

Dames & Moore

T)-22



MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION 5Y3 ' JOB NUMBER oft_______
TOP OF WELL CASING ELEVATION Y3 2t' BORING NUMBER ________2_-t_

DATE /q /5&

LOCATION ~4--~ IAP IANJ

7 C)DETO O~J OF WELL POINT OR SLOTTED

, DEPI T .. OTTOM OF SEAL (IF INSTALLED)

~ Q0 / \.j) ~FEET.*

DET TO TOP OF SEAL (IF INSTALLED)

LENGTH OF WELL SCREEN4...4.....FEET.
\~SLOT SIZE 0,0(00

TOTAL LENGTH OF PIPE FE-ET AT
'~-J '~-~ NCH DINER

O TYPE OF PAC .AROUND WJEL POINT OR SLOTTEO
G)PIPE 4-c

CONCRETE CAP. r O (ICLD:E

15 HIHOFWELL CASING AZOVE GROUND

1 3 PROTECTIVE CASING? NO (CIRCLE ONE)C)HEIGHT ABOVE GROUND FEET.
LOCKING CAP? N~T O (CIR'CLE CNE)

2 ~TYPE OF UPPER BACKFILL ~

c-~~BOREHOLE DAEE NHS

4DEPTH TO GROUND WATER 7,0 FEET.*

~ ' 6(i)TOTAL DEPTH OF BOREHOLE 0 FEET.*

1~ ~~j TYPE OF LO~tR BACKFILL_______

PIPE MATERIALS e",~-

SCEE MATERIAL~taL4IAA-" S' e

*(DEPTH FROM GROUND0 SURFACE)

13

MONITOR WELL INSTALLATION DETAILS

Dames & Moore



MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION 4' JOB NUMBER ~ '~ 6 7
TOP OF W4ELL CASING ELEVATION / (5 80~' 6BRING NUMBER a'O- -

DATE _______

L LOCATION

(~) DETH TT W OF WELL PO INT ORSLTD

:0 DEPTHTO BTP OF SEAL (IF INSTALLED)

00 FET

LENGTH OF WELL SCREEN FEET.
\.SLOT SIZE 0- 0(0

Q TOTAL LENGTH OF PIPt_~ O FEE-T AT
'2____ INCH DIAMETER.

TYPEOF ACK~RPUNO WLL POINT OR SLOTTE

CONCRETE CAP. 4E)S N (CIRCLE ONE)

15 HEIGHT OF ELL CASING ABOVE GROUND

~' ~FEET.

.~PROTECTIVE CASING? /0EJ NO (CIRCLE ONE)
HEIGHT ABOVE G ROUNDL.7 FE ET.

/LOCXJNC CAP? NO (CIRCLE ONE)

2 ~TYPE OF UPPER BACKFILL &W 9OU .~

G BOREHOLE DIAMETER INCHES.

4 DEPTH TO GROUND WATER FEET.*

16 (ii)TOTAL DEPTH OF BOREHOLE '1 FEET.*

TYPE OF LO~qtR BACKFILL_______

PIPE IMATER IAIs

SCREEN MATERIAL4,.LAAA , Ij

'"K, (DEPTH PROM GROU1ND SURFACE)

~' '"""13

MONITOR WELL INSTALLATION DETAILS

Damnes& Moore
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MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION I________+__4- JOB NUMBER IU-2T
TOP OF WELL CASING ELEVATION 1~4 2 T,5- BORING NUMBER &A 2-)

DATE (I I p

LOCATION

7 OFWL POINT OR SLOTTED

DET TO _TOP OF SEAL (IF INSTALLED)

LENGTH OF WELL SRE 5 ET
SSLOT SIZE L/?

TOTAL LENGTH OF PPE 7- 21Z FEET AT
~ - INCH DIAMETER.

T YPE OF PACK ORSRTE
PIPE

O CONCRETE CAP. NO (C!0EO:E

15) HIH WEL CASING ABOVE GROUND~ HIGT~W+ FEET.

HEGTABOVE GROUND FEET.

LO CKING CASN? NO (CIRCLE OE

TPOFUPPER BCFL w t-

BOREHOLE DIAMETER__________ INCHES.

4 6 DEPTH TO GROUND WATER 100 FEET.*

16TOTAL DEPTH OF BOREHOLE Z') U) FEET.*

TYPE OF LO~tR BACKFILL

PIPE MTRA~a'-

; 1-'011SCREEN MIL VL1

*(DEPTH FROM GROUND SURFACE)

MONITOR WELL INSTALLATION DETAILS

Dames &. Moore

D-26



MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION L2-6, JO UBR-r

TOP OF WELL CASING ELEVATION _lq - 4. ~bBORING NUMBER -2________

DATE

LOCATION . )t1 il,4

9Q DEPTH To BOTTOM OF WELL POINT OR SLOTTED
P E--4_(2..EET.*

0 Q0, 3TO BOTTOM OF SEAL (IF INSTALLED)

DEPTHI TO TOP OF SEAL (IF INSTALLED)
Ln0 FEET. *

0 LENGTH OF WELL SCREEN FEET.
SOSIZE o

0 TOTAL LENGTH OF PIPE___ FPE7r AT
<... ~INCH DIAMIETER.

5
TYE FPA ROUNP WELL POINT OR SLOCTTED-

PIPE.

C NC ET E CAP. N ( CF LE C:;E)

15HEIGHT OF WELL CASING- ABOVE GROUND
L3~FEET.1 3 PROTECTIVE CASING? y6E NO (CIRCLE ON.E)0 hEIGHT ABOVE GROUND FEET

LOCKING CAP? YE t'o (CIRCLE ONE)

0 TYPE OF UPPER BACK F ILL
2v

G BOREHOLE DIAMETER '5 INCHES.

(~DEPTH To_____
GROUD W TER ~ l FEET.*

-. 1 ~ TOTAL DEPTH OF BOREHOLE.. EET.*

STYPE OF LOWLR BACKFILL -

PIPE MATERIAL$\PXC1.-. tej

- 40 SCREEN HAE L-r "-')s

*(DEPTH FROM GROUND SURFACE)

MONITOR WELL INSTALLATION DETAILS

Dames 8& Moore



MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION 1c121, Zl JOB NUMBER IOt

TOP OF WELL CASING ELEVATION 7- Q BORING NUMBER

DATE .p.( 4
LLOCAT ION iI{i kCA 1

7DEPh T OTM OF WELL POINT OR SLOTTED

* DEPTH TO BOTTOM OF SEAL (IF INSTALLED)
O*; 6FEET.*

DEPTH TO TOP OF SEAL (IF INSTALLED)

LENGTH OF WELL SRE ETO SLOT SIZE 01010

TOTAL LENGTH OF PIPE (9 9 FEET AT
"-I 2-INCH DIAMETER.

OTYPE OF PACK AROUNQ WELL POINT OR SLOTTED
PIPE Q .

CONCRETE CAP. NO (CIRCLE ONE)

15 O HEIGHT OE WELL CASING ABOVE GROUND

3 PROTECTIVE CAINT.E N (CIRCLE CNE)

LOCKING CAP? 0 (CIRCLE ONE)

2 (~~) TYPE OF UPPER BACKFILL i jC

tO1 BOREHOLE DIAMETER ~' INCHES.

4DEPTH TO GROUND WATER A"FEET.*

18 ~TOTAL DEPTH OF BOREHOLE F.J.Q.......EET.*

1 ~~~TYPE OF LO%4ER BACKFILL_______

PIPE MATER IAL-e-,

SCREEN MATE R I ALft,' (.,..1?

~' "~"' (DEPTH FROM GROUND0 SURFACE)

MONITOR WELL INSTALLATION DETAILS

Dames & Moore

D- 28



MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION JOB.'2-. NUMNBER _____

TOP OF WELL CASING ELEVATION P___2___t __ BORING NUMBER -~\ -f
DATE -/I e~(

LOCATION tL,1- v j

9 DETH O BTTOMOF ELLPOINT OR SLOTTED

DEP~p TO BOTOM O SEAL (IF INSTALLED)

D'.. 11DEPTH TO TOP OF SEAL (IF INSTALLED)
__________FEET.*

LNTOF WELL SCEN 17L ET

TOTAL LENGTH OF PIPE 2Z, FEET AT
~I NCH DIAMETER.

O TYPE OF PACK AROyNO W~ELL POINT OR SLOTTED
PI

COCEECAP. !LE~ O (CIRCLE ONE)

15 HEIGHT OF WELL CASING ABOVEL GROUN
15~ FEET.

3PROTECTIVE CASING? CE NO (CIRCLE ONE)07 HEIGHT ABOVE GROUND FEET
LOCKING CAP? YE & No (CIRCLE ONE)

TYPE OF UPPER BCFL

2
BOREHOLE DIAMiETER INCHES.

4 6 ~DEPTH TO GROUND WATER .. ... FEET.*

-b 1)TOTAL DEPTH OF BOREHOLE FEET.*

TYPE OF LOWER BACKFILL_______

P IPE MATER IAL 5k";;

14 SCREEN I.ATERIAL5~'.t "

*(DEPTH FROM GROUND SURFACE)

MONITOR WELL INSTALLATION DETAILS

Dames & M~oore



MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION ,/ q3-JOB NUMBER 6(C-761
TOP OF WELL CASING ELEVATION j99 ~BORING NUMBER r?~

DATE I -

LOCATION lA~~ AV P1AAJ

7 ~ )DEPTH TO 80130M OF WELL POINT OR SLOTTED

~.o. ~ (~ EP]TOW TOM OF SEAL (IF INSTALLED)

DEP~rjOP OF SEAL (IF INSTALLED)

(\LENGTH OF WELL SCREEN 1 0 0 FEET.
\~'SLOT SIZE 0,

TOTAL LENGTH OF PIPE FEET AT

"~" Z.-INCH DIAMETER.

O TYPE OF PACK ARON WELL POINT OR SLOTTED

PI0

CONCRETE CAP. & E. N (CIRCLE ONE)

15 HE[Grff OF44ELL CASING ABOVE GROUND

3PROTECTIVE CASING? E S NO (CIRCLE ONE)O HEIGHT ABOVE GROUN D ET.
LOCKING CAP? YS NO (CIRCLE ONE)

TYPE OF UPPER BACKFILL______

BOREHOLE DIAMETER INCHES.

4 6 DEPTH TO GROUND WATER o.... EET.*

16 TOTAL DEPTH OF BOREHOLE ( Q .C FEET.*

=nTYPE OF LOWER BACKFILL_______

P IPE MTR IAL'~~yt

SCREEN MATE __I__________-All

.*-, ,,*(DEPTH FROM GROUND SURFACE)

MONITOR WELL INSTALLATION DETAILS

Dames & Moore
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MONITOR WELL INFORMATION SHEET

GROUND SURFACE EL.EVATION l'-//, 2 3 JOB NUMBER-26 r
TOP OF WELL CASING ELEVATION /93.~BORING NUMBER v. -

DATE ~ I-c
ALOCATION (~A

DEPTH TO BOTTOM OF WELL POINT OR SLOTTED

~~~~ PIP ~ . OBTO FEAL(FT. TALD

6.-:. DEPTH TO BOTO OF SEAL (IF INSTALLED)

(>LENGTH OF WELL SCREEN ().0~ FEET.
".'SLOT SIZE Q0t

TOTAL LENGTH OF PIPE 2 5 FEET ATO INCH DIAMETER.

®TYPE OF PACK AROUND WELL POINT OR SLOTTED

* .(9CONCRETE CAP. N O (CIRCLE ONE)

H5EIGHT OF WELL CASINO ABOVE GROUND

*3 PROTECTIVE CASIMG YE FEET (CIRCLE ONE)

LOCKING CAP? 0N (CIRCLE ONE)

2 ~~~TYPE OF UPPER BACKFILL CrJl............

Gii BOREHOLE DIAMETER _ ICHS

6DEPTHi TO GROUND WATER +JLL FEET.*

16 3)TOTAL DEPTH OF BOREHOLE ?C 1  FEET.*

U)TYPE OF LOWER BACKFILL_______

( PIPE MATERIAL ~ ~ \tf

uJSCREEN MATERIALYL \

*(DEPTH FROM GROUND SURFACE)

13

MONITOR WELL INSTALLATION DETAILS

Dames & Moore

p- ~



MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION __410____(,b_ JOB NUMiBER 6Q(. -?

TOP OF WELL CASING ELEVATION ~ -~-BORING NUMBER '___________

DATE V~I .
GLOCATION k-l AiVi

7 ~ DEPTH TO BOTTOM OF WELL POINT OR SLOTTED
PIPE 2- FEET.*

o~* ~ ~ %~DEPTH TO.897 OM OF SEAL (IF INSTALLED)~""'' 00FEET.

DEPTH TTOOFSEAL (IF INSTALLED)
_________FEET.*

ELEGHOWELSCREEN. FEET.

TTLLENGTH OF PIPE____________

TTLINCH DIAMiETER.FETA

TYPE OF PACK AROUND WELL POINT OR SLOTTED
OPIPE Qi~

CONCRETE CAP. CYE S) O (CIRCLE ONE)

I14 HEIGHT OF WELL CASING ABOVE GROUND

PROTECTIVE CASING? NO (CIRCLE ONE)
T9 HEIGHT ABOVE GROUND FE ET.

LOCKING CAP? 3 NO (CIRCLE ONE)

TYPE OF UPPER BACKFILLJ~~I

2
a~c G BOREHOLE DIAMETER INCHES.

()DEPTH TO GROUND WATER 2-FEET.

I ~~~TYPE OF LOWtfR BACKFILL_______

P I PPE MAE I Atq4A

14 ~~SCREEN MATERIAL 'I ~

*(DEPTH FROM GROUND SURFACE)

MONITOR WELL INSTALLATION DETAILS

Dames & Moore

D- 13



MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION f q . 03, JOB NUMBER (O ZC
TOP OF WELL CASING ELEVATION M_____ 0-____ BORING NUMBER &ivo 44 - I3;

DATE__ _ _ _

LOCATION ~ ~ V~i-A

7 (7~DEPTH TO BOTTOM OF WELL POINT OR SLOTTED

.~\S\ ~ /\DEPT.- TO BOTTOM OF SEAL (IF INSTALLED)
o-Y 2T ~FEET.*

DETOOTPO SEAL (IF INSTALLED)

LENGTHi OF WELL SCREEN ___ 5____FEET.

SSLOT SIZE 0. 0 107

TOTAL LENGTH OF PIPE P-'- EET AT

0TYPE OF PACK MOUND WELL POINT OR SLOTTED

CONCRETE CAP. L (CIRCLE ONE)

15 O HEIGHT OF WELL CASING ABOVE GROUND
2 t- FEET.

3_
PROTECTIVE CASING? ___S NO (CIRCLE ONE)

HEIGHT ABOVE GROUND0 FEET.
LOCKING CAP? NO (CIRCLE ONE)

TYPE OF UPPER BACKFILL !,L-.

(iiBOREHOLE DIAMETER -INCHES.

4 - 6 DEPTH TO GROUND WATER 2 3 FEET.*

TOTAL DEPTH OF _____________0FEET. *

TYPE OF LOWER BACKFILL_______

PIPE MATERIAL+'.ed' -

SCREEN MATERIAL$t'~ s(.zI

*(DEPTH FROM GROUND SURFACE)

MONITOR WELL INSTALLATION DETAILS

Dames & Moore
T)-3,'



MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION l-f (3. '5' JOB NUMIBER (-26X

TOP OF WELL CAS ING ELEVATION jgL2980RING NUMlBERI+-c
DATE 1-2_____

LOCATION P-b&(4j

7 ( D)EPTH TO BOTTOMI OF WELL POINT OR SLOTTED( PI E-.Z J FEET.*

~ :6~ DEPTH TO BOrOI OF SEAL (IF INSTALLED)

,-DEPTH TO TOP OF SEAL (IF INSTALLED)Qj 4~ ~ FEEr.~

LENGTH OF WELL SCREEN FEET.
SLTSIZE QOQ)

TOTAL LENGTH OF PIPE 72? FEET AT
I_:LNCH DIAMETER.

OTYPE OF PACK AROUND0 YELL POINT OR SLOTTED

P10E __ _ _

C0O4CRETE CAP. O (CIRCLE ONE)

(a HEIGHT OF WELL CASING A^DOVE GROU:ND

3PROTECTIVE CASING? CI NO (CIRCLE OINE)Q HEIGHT ABOVE GROUND FET
LOCKING CAP? NO (CIRCLE ONE)

TYPE OF UPPER BACKFILL... 
-

BOREHOLE DIAMETER £INCHES.
4 - 6DEPTH TO GROUND WATERP j.. FEET.*

16 ) TOTAL DEPTH OF BOREHOLE JLL FEET.

TYPE OF LOWLR BACKFILL_______

*0 ~ ~ PIP tATERIAL t/A

~ v.!.::!- *~ (DEPTH FROM~ GROUND SURFACE)

MONITOR WELL INSTALLATION DETAILS

Dames & Moore



MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION i'4 '1  6-2 J.OB NUMBER -2 V
TOP OF WELL CASING ELEVATION L'4 I BORING NUMBER & w '4 - 1

DATE P-~ic
LLOCATION -k iVC-Y

7 O DEPTH TO %LVIOM OF WELL POINT OR SLOTTED
PIPE 'Z* '' FEET.*

DEPT TO BOTTOM OF SEAL (IF INSTALLED)

.. o DEPTj TO TOP OF SEAL (IF INSTALLED)
FEET. *

O LENGTH OF WELL SCREEN I FEET.
SLOT SIZE 0.0 1

TOTAL LENGTH OF PIPEZ. ,5 FEET AT
'~...} 2.- INCH DIMETER.

10 TYEO ~L.JDWL ON OR SLOTTED

0 CONCRETE CAP. NO (CIRCLE ONE)

15 j~HEIGHT OF WELL CASING ABOVE GROUND

\-' l' 5 FEET.

< 13PROTECTIVE CASING? NO (CIRCLE ONE)
HEIGHT ABOVE GROUND0 -EET.

LOCYING CAP? F NO (CIRCLE ONE)

TYPE OF UPPER BAKFL
2C

BOREHOLE DIMETER 43 INCHES.

4 6 DEPTH TO GROUND0 WATER.. 0.. FEET.*

16TOTAL DEPT OF BOREHOLE FEET,*

TYPE OF LOWER BACKFILL-

PIPE AEIr-

Is- 14SCREEN KATERIA5 Z't'21

*(DEPTH FROM GROUND SURFACE)

13

MONITOR WELL INSTALLATION DETAILS

Dames & Moore

T)-'16



MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION 4 -1 6 Z- JOB NUMBER - O(2-%T"

TOP OF WELL CASING ELEVATION BO-ff, 3 BORING NUMBER _ _ __ __

DATE i
°

LOCATION ~ Li

9 DEPTH TO BOTTOM OF WELL POINT OR SLOTTED8P I PE. I, FEET. :1

, DEPTH TO BOTOM OF SEAL (IF INSTALLED)
7.,G FEET.*

DEPTH TO TOP OF SEAL (IF INSTALLED)of 1-.; 0 FEET.*

L.NGTH OF EL, SCREEN 10 FEET.L',::SLOT SIZE L ), 0 ,

TOTAL LENGTH OF PIPE /-I "Y FEET AT
\:J' t- INCH DIAMETER.

.:) TYPE OF PACK AROUN ELL POINT OR SLOTTED.... PIPE F ,
CONCRETE CAP. /l o (CIRCLE ONE)

15 HEIGHTOF VELL CASING AEOVE GROUND, FEET.

.. PROTECTIVE CASING? CE NO (CIRCLE ONE)
6 HEIGHT ABOVE GROUND FEET.

LOCKING CAP? 0 tho (CIRCLE ONE)

TYPE OF UPPER BACKFILL__-___

BOREHOLE DIAMETER "INCHES.

4 6DEPTH TO GROUND WATER.... J... FEET.*

S16 U TOTAL DEPTH OF BOREHOLE t3L ) FEET.*

1 ~~~TYPE OF LOWER BACKFILL_______

PIPE MRILS~pv

___SCREEN MTRAS ,&i

/ *(DEPTH FROM GROUND SURFACE)

MONITOR WELL INSTALLATION DETAILS

Dames & Moore

T- 7



MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION )L 2-. - JOB NUMBER c ( ( ,

TOP OF WELL CASING ELEVATION I.,b BORING NUMBER________

DATE _ _ _ _ _

LOCATION -~L,, iL pM

7 (hDEPTH TO BOTTOM OF WELL POINT OR SLOTTED
8... PIPE-'. FEET.*

DEPTH TO BOTTOM OF SEAL (IF INSTALLED)

o ET TO TOP OF SEAL (IF INSTALLED)

LEGT OF WELL SCREEN (0 FEET.

TOTAL LENGTH OF PIPE '2.cI FEET AT
~ INCH DIAMETER.

OTYPE OF PACK AROUND WELL POINT OR SLOTTED
PIPE_________ _

CONCRETE CAP. IO (CIRCLE ONE)

15 HEGH 0 Wj~ELL CASING ABOVE GROUNO

3 PROTECTIVE CASING? CYS NO (CIRCLE ONE)
(TNHEIGHT ABOVE GROUND0 FEET.

LOCKING CAP? 0S NO (CIRCLE ONE)

2 TYPE OF UPPER BACKFILL

BOREHOLE DIAMETER INCHES.

4 6DEPTH TO GROUND WATER FEET.*

ed ~ 16TOTAL DEPTH OF BOREHOLE L-~) FEET.*

TYPE OF L014ER BACKFILL

PIPE AEILei;, 2

SCREEN AEI

oi (DEPT FRO GROUN SRACE),~I

14IO EL N T LA IO EAL

Dames & MO~r

* - 3I,
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MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION 1r (3. 7'1- JOB NUMBER o((o"l "

TOP OF WELL CASING ELEVATION /B1I--" " BORING NUMBER -tAJ C

OATE Cl -L - te

LLOCATION . 4A.~I i

9 Q DEPTH TO BOTTOM OF WELL POINT OR SLOTTED
PIPE ,0 FEET.*

DEPT H TBOTTMN OF SEAL (IF INSTALLED)
FEET.*

DEPTH TO TOP OFTSEAL (IF INSTALLED)

T0 OJFEET.*

LENGTH OF WELL SCREEN FEET.
:\/ SLOT SIZE O G V

TOTAL LENGTH OF PIPE Z..C " FEET AT( O 2- INCH DIAMETER.

O TYPE OF PACK AROUND WELL POINT OR SLOTTED
PIPE_________

O CONCRETE CAP. NO (CIRCLE ONE)

15 HE T WLL CASING ABOVE GROU14D

3 PROTECTIVE CASING? _O (CIRCLE ONE)

HEIGHT ABOVE GROUNO FEET.
LOCKING CAP? NO (CIRCLE ONE)

2 ~TYPE OF UPPER BACKFILL Zk..

- @ TOTAL DEPTH OF BOREHOLE Lo . 0 FEET.*

TYPE OF LOWER BACKFILL_______

PIPE MATERAL ,"- - r .

SCREEN MATERIAL~~A-

*(DEPTH FROM GROUND SURFACE)

MONITOR WELL INSTALLATION DETAILS

Dames & Moore

D-40



MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION 114 0 } . 40 JOB NUMBER j(- 1
TOP OF WELL CASING ELEVATION 1 06 BORING NUMBER &0Q~~c~

DATE ___-2 ___fQ

LOCATION ~ t4 .A

9 D~ EPT T QOOF WELL POINT OR SLOTTED

Z2DEPTH TO BOTTOM OF SEAL (IF INSTALLED)

D, DETH TOTOP OF SEAL (IF INSTALLED)

0 EGHO WELL SCREEN 0 FEET.

TOTAL LENGTH OF PIPE 2 ,.'FEET AT
INHDIAMETER.

..... TYPE OFPACK AOUN WELPITO SLOTTED

CONCRETE CAP. ICS N (CIRCLE ONE)

15O HEIG ,T OF WELL CASING ABOVE GROUND
5& FEET.

()HEIGHT AOEGROUND F E ET. (ICECE
/7LOCKING CP NO (CIRCLE ONE)

2 TYPE OF UPPER BACKFILL

BOREHOLE DIAMETERINHS

46DEPTH TO GROUND WATER_ 0 FEET.*

_ 16TOTAL DEPTH OF BOREHOLE 7 0 FEET.*

1 ~~~TYPE OF LOWER BACKFILL_______

-PIPE MAEIL 5V-k'

SCEE ATRIA LS*

~ *(DEPTH FROM GROUND SURFACE)

MONITOR WELL INSTALLATION DETAILS

Dames & Moore



MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION 1208 . - JOB NUMBER c -2

TOP OF WELL CASING ELEVATION /l"t
, 

0q BORING NUMBER t' u
' '.iC 'b

DATE i e ( f -,
LLOCATION ( A~~ Ai' )

DEPTH TQ.OTM OF WELL POINT OR SLOTTEDP IPE_ • FEET.

-# DEPTH TO BOTTOM OF SEAL (IF INSTALLED)" I (0 FEET.

DEPTH TO TOP OF SEAL (IF INSTALLED)C) q...- _FEET.*

c LENGTH OF WELL SCREEN FEET.
SLOT SIZE '01 Co.' -

TOTAL LENGTH OF PIPE FEET AT

2-- INCH DIAMETER.

':? TYPE OF PACK AROUND FELL POINT OR SLOTTED
10.... PIPE, "

CONCRETE CAP. E NO (CIRCLE ONE)

15 HEIGHT OF WELL CASING ABOVE GROUN4D
....../ .-- FEET.

PROTECTIVE CASING? NO (CIRCLE ONE)
HEIGHT ABOVE GROUND FEET.
LOCKING CAP? NO (CIRCLE ONE)

2TYPE OF UPPER BCFL

) BOREHOLE DIAMETER INCHES.

4) 6 @ DEPTH TO GROUND WATER , 0 FEET.*

16 TOTAL DEPTH OFOREHOLE FEET.*

TYPE OF LOWER BACKFILL-

PIPE MATERIAIq'"

SCREEN MAEIL5 kA-

*(DEPTH FROM GROUND SURFACE)

.. ~.' 13

MONITOR WELL INSTALLATION DETAILS

Dames & Moore

T)-42



MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION 0'to5. -:? 3 JOB NUMBER 7 6~
TOP OF WELL CASING ELEVATION o_______ BORING NUMBER 0 C

DATE ?

LLOCATION ~

7) DEPTH TO BOTTOM OF WELL POINT OR SLOTTED

8 ~PIPE 1-3 FEET.

o~" ~DEPTH TO BOTTOM OF SEAL (IF INSTALLED)
Os..o C) ET.*

DEPTH TO TOP OF SEAL (IF INSTALLED)

O LENGTH OF WELL SCREENJJ FEET.
SLOT SIZEOo

TOTAL LENGTH OF PIPE L)FEET AT
\.-' 2-INCH DIAMETER.

T YPE OF PACK ALUND WE POINT OR SLOTTED
T PIPE

10
CONCRETE CAP. O (CIRCLE ONE)

15 G HEIGHT OF WELL CASING ABOVE GROUND (ICEOE

PROTECTIVE CASING? 1Y S NO (ICEN)
HEIGHT ABOVE GROUND FE ET.
LOCKING CAP? NO (CIRCLE ONE)

TYPE OF UPPER BACKFILL-

BOREHOLE DIAMETER '~INCHES.

4 6DEPTH TO GROUND WATER FEET.*

16TOTAL DEPTH OF BOREHOLE 3I; FEET.*

TYPE OF LOER BACKFILLPIE AT R L$. .

14 ~SCREEN MATERIAL U

''"I,, *(DEPTH FROM GROUND SURFACE)

MONITOR WELL INSTALLATION DETAILS

Damnes & Mcoot

D)-4 3
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WELL NO. Cv4)-IA STABILIZATION TEST

DATE: I2.II-f8& TIME: 04gq'-

WELL VOLUME EXTRACTED

PARAMETER
1 2 3 4 5 6 7 8 9 10

Field Conductivity:~
pmlhoslcm 70 1

pH: + 0.1 pH unit 6.0 6-5- 4.0

Temperature: + 0.5*C 8.0 8.1 . 8.

Color &,w, $D-b~ SgtW.e SA4%t

Odor of Discharge ",q "~ ~ Ah

E- 1



WELL NO. _______ STABILIZATION TEST

DATE: 1.,J111% TIME: IS5

WELL VOLUME EXTRACTED

PARXI ETER

-1 2 3 4 5 6 7 8 9 10

Field Condtvlivy:
pinkos/cm 8Z40 A

pH: + 0.1 pH unit ~ . .. .

Temperature: + O.5*C ~ q.oq

Color %vwt svI

Odor of Discharge KOWA mvk V%*fl

E- 2



WELL NO. 4~JP STABILIZATION TEST

WELL VOLUME EXTRACTED

PARAMETER
1 2 3 4 5 6 7 8 9 10

11inhos/cm 131 (3 I'L

pH: + 0.1 pH unit (, 6 .Cf.4 1

Temperature: + 0.5*C (, 4, IDO -

Color bvo"*

Odor of Discharge oI
______ ______ ______ 9 1v _

E- 3



WELL NO. -IF= STABILIZATION TEST

DATE: 12II1j(0 TIME:

WELL VOLUME EXTRACTED

PARAMETER 1 2 3 4 5 6 7 8 9 10

Field Conductivity:
vldts/cm 7,1ZZP Z V3

pH: + 0.1 pH unit . :.2- ?4

Temperature: + 0.5°C ',.9 .

Color b, b

Odor of Discharge

E-4



WELL NO. 6L,'-ZA STABILIZATION TEST

DATE: 44 31 TIME: t3

WELL VOLUME EXTRACTED

PARAMETER 1 2 3 4 5 6 7 8 9 10

Field Conductivity: 2 8
pinios/cm

pH: + 0.1 pH unit 5,( b 5. ','

Temperature: + O.5°C 3.T ,O .2.

Color - ,Af,4

Odor of Discharge P% I# f KOK

E-5



WELL NO. _ ___STABILIZATION TEST

DATE: f2.f' TIME: 04-L

WELL VOLUME EXTRACTED

PARAM ETER
1 2 3 4 5 6 7 a 9 10

Field C011dtctilVILy:

pH: + 0.1 pH unit ( C.' 6.

Temperature: + 0.5-C ~ 2' . .

Color sdw~ S&W" sAkm

Odor of Discharge o Skx Ct

E-6



WELL NO. _-______ STABILIZATION TEST

DATE: I(2W./e TIME: 1003

WELL VOLUME EXTRACTED

PARAM'ETER
1 2 3 4 5 6 7 8 9 10

Field C:o'nlur Livt 1 v:

pH: + 0.1 pH unit 1 ___ ,__

Temperature: + O.5°C '( 'S '

Color , 5.'.w.

Odor of Discharge #"h S - k t _ _ _ I _I

E-7



WELL NO. STABILIZATION TEST

DATE: ____TIME: 1A-

WELL VOLUME EXTRACTED

PARAMETER
1 2 3 4 5 6 7 8 9 10

Field (m'ductlvity: q
l,,nio s/ cm

pH: + 0.1 pH unit ... ,0 (.40 (.0

Temperature: + O.5°C {,. qI 1 _ 1
Color SA4"A

Odor of Discharge .s .ncpsAq- . _ _ _ !

E-9



f

WELL NO. Cw-2E STABILIZATION TEST

DATE: 11-3e,_ TIME: 0 31

WELL VOLUME EXTRACTED

PARAMETER
1 2 3 4 5 6 7 8 9 10

Field CmriductivitY q

pH: + 0.1 pH unit 4,0 6.Z .Z I._ _ _

Temperature: + 0 5°C ' -.0 : '8 '.8

Color 5&" s SG5*Vt

Odor of Discharge 0Lw.f .l SAb .

E

I
IE-



r

WELL No. ______ STABILIZATION TEST

DATE: I TIME: C

WELL VOLUME EXTRACTED

PAPS AM'ETER
1 2 3 4 5 6 7 8 9 10

Field Ci',lurti vity:
12-0 (to 3 II

pH: + 0.1 pH unit -, .0 6.3o

Temperature: +.5%_ _5__8 5_, 3,_ _,_,

Color A- - .%ri .y_ ___

Odor of Discharce ka. -"

E- 10



WELL NO. &OW-39 STABILIZATION TEST

DATE: 4/1/P TIME: _____

WELL VOLUME EXTRACTED

PARAMETER 1
1 2 3 4 5 6 7 8 9 10

Field Conductivity:

pH: + 0.1 pH unit 5;$ -

Temperature: + O.5°C C.b 6 .8 6.9 .8

Color SAA-4 I___d_ _

Odor of Discharge 1 __ $~ 4 _

I
I

I E-II1



WELL NO. (.L43C STABILIZATION TEST

DATE: 1___+ TIN,1E: -(00

WELL VOLUME EXTRACTED

PARAMETER
1 2 3 4 5 6 7 8 9 10

Field Conductivity: Z a.I 13
jimho s/cm

pH: + 0.1 pH unit .2- ,.3 '.3

Temperature: + 0.5-C C.2- 5", ,

Color ,

Odor of Discharge mI 
____

E-Iz



WELL NO.AJ 3  STABILIZATION TEST

DATE: TIME: ______

WELL VOLUME EXTRACTED

PARAMETER
1 2 3 4 5 6 7 8 9 10

Field (Jroidue-ttViLV:
Vwities/cm - 5-"~ 5sb 5-5-0

pH: + 0.1 pH unit 6. 5S6i ''I

Temperature: + O.5*C 60.0 14,C).

Color

Odor of Discharge ~ ~ k'



WELL NO. 6,w -4A STABILIZATION TEST

DATE: _Z_____ TIME: (IO

WELL VOLUME EXTRACTED

PARAMETER
1 2 3 4 5 6 7 8 9 10

Field Conductivity:
pmhos/cm 3q0 -31 401

pH: + 0.1 pH unit . , ,

Temperature: + 0.5 0 C 6.1  6.1 G,3

Color v r.

Odor of Discharge 5Low I

E- 14



WELL NO. __ 3_ STABILIZATION TEST
DATE: T0( IOL TIME:

WELL VOLUME EXTRACTED

PARAMETER I 2 3 4 5 6 7 8 9 10

Field (tductivity:

P nhos/crn 20, Z. ' 5 5'03 3

pH: + 0.1 pH unit 6.1 6, 3 G" 3_

Temperature: + O.5°C (,O '. 5 . [' 5",,

Color ,,. e10 .-t50^f 90A"

Odor of Discharge j

E-15



WELL NO. 4 -- STABILIZATION TEST

DATE: ___|___ TIME: 12-

WELL VOLUME EXTRACTED

PARAMETER
1 2 3 4 5 6 7 8 9 10

Field Conductivity:

iimhoslcm 6s1O 430 630

pH: + 0.1 pH unit &,8 , gq

Temperature: + O.5°C 8.0 ,0 e.o

reo re4
Color -p -e _I
Odor of Discharge -SI m

I

E- 16



WELL NO. 4 STABILIZATION TEST

DATE: 17431#9L TIME: M01

WELL VOLUME EXTRACTED

PARAIETER
1 2 3 4 5 6 7 8 9 10

Field (oduct i.vity: 4- W 9
pmhoS/3 Cm80

pH: + 0.1 pH unit &3 65 9( .

Temperature: + 0.5°C 1.0 -,L 7.2.-"3 9 -3

Color

Odor of Discharge v.

('ide.. jZ b4 ; Low., y'.-17 I.

E-17



WELL NO. _____51 STABILIZATION TEST

DATE: ______ TIME: O 3)

WELL VOLUME EXTRACTED

09,5 Oo'5 10q2__
PARAM.ETER

1 2 3 4 5 6 7 8 9 10

Field Conductivity:

PrnhoS/cM q

pH: + 0.1 pH unit ,8 1 _ _ 1
Temperature: + 0.5C '.O 8. .

AA., - OL
Color rA" bev, %me-

Odor of Discharge V1 t I t I&

E-18



WELL NO. e_____ STABILIZATION TEST

DATE: 1715_8_ TIME: ___2__

"I 11L L VOL 'HE EXTRACTED

PARM *-ETER
1 2 3 4 5 6 7 8 9 10

Field Conductivity:

pmrhos/cm Zi ~5qi C3~~

pH: + 0.1 pH unit G . (.' '. '. I _

Temperature: + 0.5°C '.I 4. t . . 6 I7

rfA - h #
Color bI 5D,'.

Odor of Discharge I hC k jv .s v%. __

E-19



WELL NO. &VV-EC. STABILIZATION TEST

DATE: _2,L_61 TIME: I

WELL VOLUME EXTRACTED

P ARA .',ETER
1 2 3 4 5 6 7 8 9 10

Field Conductivity:

Ilmhoslcm 40 :5 a

pH: + 0.1 pH unit (, 4 .G

Temperature: + 0.50C 8,4'1,0 1,
color M AW I £CV I -_ _1
Odor of Discharge K _,___ _o_,_

E-20



WELL NO. &W-'#A STABILIZATION TEST

DATE: Ljbfb4/L TINE: _______

WELL VOLUME EXTRACTED

P ARAM ETER
1 2 3 4 5 6 7 8 9 10

Field Co!0tict lvi Lv:
Cmnh~/r 1o ~ 05'

pH: + 0.1 pH unit

Temperature: + 0.5%C 6O~I______ __ __ __

Color .- M %L% #%

Odor of Discharge 4vlbvt __ __ __ __ _

E- 21



WELL NO. _____
'

__ STABILIZATION TEST

DATE: _ TIME: 00;2,5

WELL VOLUME EXTRACTED

PARAMETER
1 2 3 4 5 6 7 8 9 10

Field ConductiviLy:
Piuios/cm ?08 o0 Iqo

pH: + 0.1 pH unit 6.4 6.4 J.__
Temperature: + 0.5"C 6.1 . -3 6-3

redo -
Color b SA, e aM

Odor of Discharge K hA Vr

E-22



WELL NO. 6AI-3C- STABILIZATION TEST

DATE: iZ/1i'-!8 TIME: __Z___

WELL VOLUME EXTRACTED

PARAMETER 1 2 3 4 5 6 7 8 9 10

Field Conductivity:

pmhos/cm 358 385- 5 '

pH: + 0.1 pH unit . .4,0 6-o.

Temperature: + O.5°C 3.67 6.0 3.0 q,0

Color b (v* u

Odor of Discharge k v V% " 64

E-23



WELL NO. & W60-A STABILIZATION TEST

DATE: !/ /Z. TIME: 1___0__+

WELL VOLUME EXTRACTED

P ARXI ETER
2 3 4 5 6 7 8 9 10

Field Crductivity: 5yo 6 5S b 66b
llmhoslcm

pH: + 0.1 pH unit 6,1 16.3 C-.1 C C,-0

Temperature: + 0.5C 6 .0 --. , ..

Col or bIo lly $,At

Odor of Discharge SweCt , + f ._I__,J

I

E- 24



WELL NO. 6W-80 STABILIZATION TEST

DATE: L/1 TIME: tIZ-O-_

WELL VOLUME EXTRACTED

PARAMETER
1 2 3 4 5 6 7 8 9 10

Field (rmductiviLy: ~ .~ ~i ~
1!mh)s/ cm

pH: + 0.1 pH unit ,. ., ., , ,

Temperature: + O.5°C 67 :_. . c.' .

C o l o r 4 v wv , S A . V & - # S -w -e s h. .

Odor of Discharge A 9 * I __4__ ft40.

E-25



WELL NO. 6W-66 STABILIZATION TEST

DATE: TIME: _____

WELL VOLUME EXTRACTED

PARAM ETER
1 2 3 4 5 6 7 8 9 10

Field Conductivity:pmhos/c e --,

pH: +0.1 pH unit . '1 , '

Temperature: + 0.5°C .2- , , 9,_

Color brw., 5G-,V S-A, e sot"

Odor of Discharge "i 5"', - ,

E- 26



WELL NO. _,w-A STABILIZATION TEST

DATE: IZ5/1/i TIME: a}O

WELL VOLUME EXTRACTED

PARAMETER
1 2 3 4 5 6 7 8 9 10

Field Conductivity:

pH: + 0.1 pH unit C , . ,2- .Z

Temperature: + 0.5"C .o- 0 ,8 ,.- (.8

Color ,..45, 4-"#V-,

Odor of Discharge ^%^t K0%,4 6o9- Kgtlc

E-27



WELL NO. v-O STABILIZATION TEST

DATE: ILI /8& TIME: io05-?

WELL VOLUME EXTRACTED

PARAMETER
1 2 3 4 5 6 7 8 9 10

Field Conductivity:

pmhos/cm 2( -$ Y. .00Z5

pH: + 0.1 pH unit '. I.__ .__ __._._

Temperature: + 0.5*C (.- 45. 0 6,01

Color ,,h K9 K H_ _

Odor of Discharge fwt k K I"*

r-28



WELL NO. ..W-1 -C, STABILIZATION TEST

DATE: d 1,t " TIME: (

WELL VOLUME EXTRACTED

PARAMETER
1 2 3 4 5 6 7 8 9 10

Field Conductivity:
VJmhos/CM 240 2,6" "

pH: + 0.1 pH unit 6.01 . -,"

Temperature: + 0.5C q-6 50 /,o

Color ,5 s 3 ;m

Odor of Discharge hown(. M .6^4 v nr4

E-2 9

j



WELL NO. MW I STABILIZATION TEST

DATE: 1I3/8 " TIME: 14 2,3

WELL VOLUME EXTRACTED

P AR AtET ER
3 4 5 7 8 9 10

reld ConHduct.vity: " )  6 - X 0
p]mhe S " CM

pH: + 0.1 pH unit 6,9 , .'r '9 _,_

Temperature: + 0.5C , 8.0 8.0

Color 5""t

0or of Discharge 5^^¢t SAfIA._

E-30



WELL NO. H_____ STABILIZATION TEST

DATE: 1 3/ TI E: j____-

WELL VOLUME EXTRACTED

PARAM.ETER
I 2 3 4 5 6 7 8 9 10

Fleld Cnnductivity:

pH: + 0.1 pH unit 4, z 3.-3

Temperature: + O.5°C . . .

Color CAWAS.4 5PAWf

Odor of Discharge $AMIf smnf.

E-31



WELL NO. ____ STABILIZATION TEST

DATE: L1LT TIME: rZ&'-g

WELL VOLUME EXTRACTED

PARAMETER
1 2 3 4 5 6 7 8 9 10

Field Conductivity:
jpinhos/cm %T~ -:9 * 3 11 -3

pH: + 0.1 pH unit , &, . -

Temperature: + 0.5 0 C .0 7.0 -4.0

Color 54^ CA'4

Odor of Discharge [S. V t IAnt ___ 1 -

E-32



WELL NO. _______ STABILIZATION TEST

DATE: _______ TIE: 10____1

WELL VOLUME EXTRACTED

PARAMETER
1 2 3 4 5 6 7 8 9 10

Field Cnductivity:

11inhrns/cm 3 8~ 3

pH: + 0.1 pH unit 4' % _

Temperature: +O.5*C ~j__ __ __ __ __ _

Color e4dr

Odor of Discharge LL 5041, IS_ &^t_

E- 33



WELL NO. fAW-G STABILIZATION TEST

DATE: 4J/-LJ TIME: 1'23

WELL VOLUME EXTRACTED

PARAM,ETER
1 2 3 4 5 6 7 8 9 10

Field ConducL[viLy:

lmhos/cm 3 "o 4 06

pH: + 0.1 pH unit ", 6" ,

Temperature: + 0.5°C 6,0 .o 4. 0

re& 1
Color Sxp%, e 5 ^v".c

, I ,' I
Odor of Discharge swef+

E- 34



WELL NO. OW '4- STABILIZATION TEST

DATE: 413 TIME: (ft "I7

'A, WELL VOLUME EXTRACTED

PARAMETER 1 2 3 4 5 6 7 8 9 10

Field Conductivity:limhos/cm 34T 7. 7.

pH: + 0.1 pH unit '-' *7 4

Temperature: + 0.5°C % .2.. __,______

Coloro"' I____ _

Odor of Discharge n rl) I¢_ _ _ _ _

Noh: exe e (y sIoi4 r vE- .

I

I E-35



WELL NO. __W_-6 STABILIZATION TEST

DATE: i !7I0 TIME: 0

WELL VOLUME EXTRACTED

PARAMETER
1 2 3 4 5 6 7 8 9 10

Field Cocdductivity:
IlInhos/crn ~ 2 ~ Z 5~

pH: + 0.1 pH unit . , ,0 01 6./

Temperature: + 0.5°C 8.-0 'v.2.. 8-.o , 8-

Color bvuvm' 50v 50 $#___ __ __

Odor of Discharge IciC IoeM. '*4. ft*AVt 4

E-36 1



WELL NO. W- STABILIZATION TEST

DATE: 1./../ TIME: 1___(0

WELL VOLUME EXTRACTED
113 41  ~ l7 H ____ ____

PARAMETER
1 2 3 4 5 6 7 8 9 10

Field Conduct tvitv Y57

pH: + 0.1 pH unit $,. 4 ,. 6,?-- £.2-

Temperature: + O.5°C 9 . ,O (,t

Color b 4b v 1_
1?ctW.-

Odor of Discharge iesl

E- 37



WELL NO. _______ STABILIZATION TEST

DATE: jjVGTIME: 1___

WELL VOLUME EXTRACTED

PARA.METER

1 F 2 3 4 5 6 7 8 9 10

field Conductivity:
vmlhos/cm q3o '0o qzj

pH: + 0.1 pH unit d5

Temperature: + O.5*C "

Color ySuaj Yew.

Odor of Discharge 4t

E- 38



WELL NO. JAW-II STABILIZATION TEST

DATE: 1-110/ & TIE: 12 ,4Cf

WELL VOLU:IE EXTRACTED
M7 tz,3 N~O 6N_ __PARAMETER
1 2 3 4 5 6 7 S 9 10

Field Conductivity: I
llrnhos/ cm

pH: + 0.1 pH unit ' .* .& '

Temperature: + O.5°C , _____ _. _ ___ _

Color 544TSO&, 5 1'___ .

Odor of Discharge kI q ft {IAQ . % sw I _

E- 39



APPENDIX F

FIELD AND LABORATORY
QUALITY CONTROL PROCEDURES



FIELD AND LABORATORY QUALITY CONTROL PROGRAMS

FIELD INVESTIGATION QUALITY CONTROL PROGRAM

The Technical Operations Plan (TOP) presented in Appendix M

describes the methods and procedures that were used to accomplish the tasks

defined during the Stage 2 investigation at Duluth IAP. Guidelines of the

Occupational Safety and Health Administration (OSHA), United States

Environmental Protection Agency (USEPA), and USAF, as well as previous

investigations at Duluth IAP, were reviewed to select the methods that would

be most appropriate for this investigation. The TOP is designed primarily to

give guidance to personnel in the field and to ensure that standard methods of

investigation are used.

LABORATORY QUALITY CONTROL PROGRAM

UBTL is an accredited laboratory of the American Industrial Hygiene

(AIHA) Association (No. 17) and, as such, participates in an extensive

interlaboratory proficiency analytical testing program sponsored by the

National Institute for Occupational Safety and Health (NIOSH). In addition,

UBTL is currently licensed by the Center for Disease Control (CDC) to perform

chemical and clinical analyses of biological specimens and is State of

Utah/USEPA approved for environmental analyses. The comprehensive internal

quality control program at UBTL is detailed as follows.

Introduction

UBTL has implemented an effective system for Quality Control (QC)

for samples analyzed from Duluth IAP. Procedures that are employed include:

1. Services of a full-time Quality Control/Quality Assurance

Section;

2. Preparation of internal quality control samples;
3. Collection and evaluation of quality control data;

4. Generation of quality control charts; and

5. Instrument calibration and maintenance.
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Sample Analyses

At least one blank sample and one reagent blank are included with

each set of analyses and processed through the complete analytical procedure
in order to detect any contamination in either collection media or reagents.

In addition, duplicate analyses are accomplished on a minimum of 10 percent of

all samples submitted from the field. Internal quality control samples,

generated in the laboratory and containing known quantities of specified

analyte(s), are run at the rate of 10 percent of the total field sample

workload. At the completion of the analysis of a sample set, each chemist

calculates his results and reports the results on the Analytical Report Form.
Results for replicated samples and internal quality control samples are
reported on the computer-generated Quality Control Data Sheet. Before the

results are submitted to the Group Leader, another peer chemist analyst is

assigned to check results for possible errors in the calculations. He must

approve results reported on both the quality control sheet and the sample

sheet. The Group Leader, after his evaluation of the data, gives the report
sheets to the Quality Assurance Specialist (QAS) for his evaluation and

implementation of any required action.

Specific steps are followed when any one QC sample result is
determined to be out of control in connection with the analysis of a field

sample set. QC charts with adjusted control limits of + 3 standard deviations

will generally be used to determine whether a result is out of control. If QC
results are in control, the QAS signs off the report. It is then reviewed by

the Section Head for accuracy of the results. Upon final approval of the

reports by the QAS and the Section Head, the reports are sent to the sponsor.

The paperwork containing the raw data for a sample set (i.e., chart

paper, computer readouts, paper tapes, calibration curves, tables of data,

etc.) is collected and placed in an 81- by 11-inch envelope that has been

labeled with sample numbers, analyst, date, and other pertinent information.
The envelopes are filed by laboratory number for possible future reference and

data retrival. Raw data for each sample analysis are therefore readily

available, if needed.
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Quality Control Sample Data Analysis

A record of the preparation of internal QC samples is detailed in

the QC log book maintained by the QAS. As appropriate, a set of QC samples is

distributed to the chemist along with each sample set at an average rate of at

least 10 percent of th2 submitted samples. The analyses and data evaluations

are performed for these QC samples, along with the submitted samples, and

results are tabulated on the computer-generated Quality Control Data Sheet.

At least duplicate results are reported for each internal QC sample.

QC charts are generated for each analyte through the analysis of QC

sample results. Each result is divided by the theoretical value to

standardize results so that data from all concentrations can be directly

compared for accuracy and precision. When a control data set of N sample

results has been accumulated, the following statistics are calculated: mean

percent recovery, replicate standard deviation, and set standard deviation.

These statistics are then used to determine accuracy and precision QC limits.

The control data set is updated after evaluation of 20 successive QC

samples and includes data on the 50 most recent results. Any control sample

analysis that is beyond accuracy or precision limits is not used in the

subsequent determination of new limits.

External Quality Control Programs

In addition to internally generated QC data, other information

concerning QC is provided by the participation of UBTL in four interlaboratory

QC programs: NIOSH Proficiency Analytical Testing (PAT) Program; two CDC

Blood Lead QC Programs; and State of Utah Environmental Quality Control

Program. The PAT Program and the CDC Blood Lead Programs involve the

participation of more than 100 laboratories on a nationwide basis. The PAT

Program addresses the analysis of filter samples for lead, cadmium, zinc, free

silica, and asbestos and the analysis of charcoal tubes for various organic

solvents.

[
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Laboratory Data Reduction

A significant fraction of the Chemistry Department's work involves

data processing. Mathematical models, based upon analysis of standard

solutions or samples, are generated in order to determine the quantity of

analyte present in the samples. Considerable time and effort are saved by the

utilization of automated data processing procedures. Data processing by the

computer can include, for example, calculations, generation of standard

calibration curves, mathematical modeling of standard curves, statistical

analyses, and the generation of hard copy output. Advantages intrinsic to the

use of an automated system include more accurate calculations, immediate and

accurate generation of data plots, fewer transcription errors, and no

calculation errors after programs have been verified and documented. In

general, the types of data that are processed are those derived from the

following techniques: atomic absorption and flame emission spectroscopy, gas

and liquid chromatography, optical absorbance spectrophotometry, specific ion

electrode, fluorescence spectroscopy. and wet chemistry determinations.

Similar functions are employed for QC data. In addition, the data system is

utilized to store QC data, provide statistical analyses, and generate and

update QC charts. The advantage of the provision for statistical analyses and

the production of QC charts by automation is that the charts may be easily

updated with minimal effort. QC data and any required action may, therefore,

be provided on a daily basis.

Reporting Procedures

The analytical data are reported to the sponsor at the completion of

each sample set. The report includes the following items:

1. A memorandum describing the sample set; the condition and

appearance (i.e., homogeneity, integrity, etc.) of the samples

upon receipt at UBTL; the method, equipment, and technique used

in the determination; any interferences that were observed; and

any unusual circumstances that may have occurred during the

analysis. [The limit(s) of detection are also reported.]

EF-4] I



2. UBTL Analytical Report Form, including field ID number,

laboratory ID number, identification of the analytes, results

of each determination, limit(s) of detection, and comments.

3. Other items, such as copies of strip chart recorder output,

computer printout sheets, and other raw data (to be included as

required).

Instrumentation

Each major equipment item at the UBTL Chemistry Department undergoes

a routine preventive maintenance check on a regular schedule. This check is

accomplished by a trained engineer. In addition, performance checks are made

by the analyst prior to the analysis of each set of samples. This involves

the analysis of one or more standards and a comparison of the values obtained

with previous results and conditions. This information is recorded in an

instrumentation log.

When an instrument or apparatus malfunctions and the problem is not

readily corrected, the appropriate Section Head is notified. If it is

determined that a visit by the service representative is required, a service

call is scheduled and the QAS is notified. Action by the service

representative is recorded by the QAS in the Instrument Maintenance Log, and

the appropriate customer field and service order forms are filed, by

instrument, in the Instrument Maintenance Log Supplement File. In an effort

to monitor and maintain instrument specifications, logs for each of the AA

spectrophotometers, the gas chromatographs (GC), the X-ray diffractometer

(X-ray), and the mass spectrometers (MS) have been provided for the analytical

chemists' use each time an analysis is performed. The AA instrumentation logs

contain entries for date, analyst, lamp number (if more than one lamp is

available), standard concentration (recommended in manual), reading in

milliabsorbence units, and a column for when instrumental parameters differ

from the recommended conditions listed in the manual. The GC, X-ray, and MS

logs contain entries for date, time, analyst, set identification number, and

comments on parameters or performance.

[F-5]



Training

UBTL has established a continuing program of training of current

personnel with respect to QC procedures. In addition, an intensive program

for the training of recently recruited personnel in both analytical methods

and techniques and QC policies has been implemented. It is the responsibility

of the QAS and the Laboratory Director to train all laboratory personnel.

Results of the Laboratory QC Program

The results of the QC analyses for soil and ground water samples are

presented in Appendix H, Analytical Reports.

In general, the laboratory QC program produced analyses of duplicate

and spiked samples that were satisfactory. Details of the gas chromatographic

columns are presented in thL transmittal letter from UBTL in Appendix H.

One exception to the acceptable recovery of spike samples is noted

in the QC data: the spike of toluene in soil from Sample B2-C, 0 to 1.5 feet.

The recovery was 32 percent, in contrast to the range of 46 to 148 percent

allowed by the USEPA Contract Laboratory Program contract.

The analyses of trip blanks indicate that the majority of the blanks

were clean. The only exceptions were a concentration of 5.4 pg/L of

chloroform in Trip Blank, Site 7, and a concentration of 0.01 pg/L of 4,4'-DDT

in SW-8B. The concentration of chloroform in the trip blank is very similar

to the detected concentration of 7.0 pg/L in GW-7B; therefore, the reported

concentration cannot be considered unequivocal. The presence of 4,4'-DDT in
Trip Blank SW-8B presents a similar problem, as this compound is present in

Sample SW-8B at the same concentration. This concentration, therefore, cannot

be corroborated. For these reasons, these analyses were not taken into

account for assessments at Sites 7 and 8.

[F-6]
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APPENDIX I

CORRESPONDENCE WITH REGULATORY AGENCIES
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MM 4-1

WATER QUALITY RESULTS
FIRE TRAINING AREAS

Well Oil and Grease T 7M TOC Nitrates TO pH Specific Ccnd.
No. (mr/l) (ug/1) (/1) ( /1) (C-) (untos-an)

M-1 0.19 44.3 35.0 0.48 9 7.08 816

M-2 0.53 602.6 67.5 0.55 6 7.10 820

M4-3 0.86 81.7 66.2 0.93 9 6.91 1107

MW-4 0.42 15.9 5.6 0.39 5 7.10 574

M-5 0.75 28.0 44.6 0.35 9 7.40 360

M-6 0.27 15.4 24.6 0.38 7 7.30 636

MW-7 0.38 126.3 17.0 0.47 7 7.50 657

Detect. 0.1 5.0 1.0 0.1 - - --

Limit
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TABLE 4-5

COMPARISON OF DIAP WATER QUALITY RESULTS
WITH APPLICABLE STANDARDS, GUIDELINES AND CRITERIA 1

Detected Drinking Water Quality Cri- Monitoring Points
Paramters Standards teria for Exceeding Stand-

Minnesota and Water ard
Federal

TOC

TOX

OIL & GREASE - 0.01 2 ALL

LEAD 0.05 3 0.05 3 NONE

DDD - 0.000 3  SW-64

NITRATE 10.0 - NONE

SPECIFIC 5
CONDUCTANCE 1000 MW-3

1 mg/i unless otherwise noted.

2 Virtually free of oil and grease for domestic water supply.

3 Health related.

4 Surface Water sample No. 6, Goose missile Site Disposal Area.

5 u mhos/cm, Wildlife related.
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Curriculum Vitae

MICHAEL W. ANDER

Tide Senior Environmental Scienust/ Associate

Expertise Environmental Analysis/Impact Assessment
Environmental Auditing

Experience Conducts and manages hazardous waste contamination studies for industrial and government
With Firm clients throughout the United States. Joined Dames & Moore in 1973.

Senior Environmental Scientist/Associate
* Environmental audits and risk assessments for several industrial facilities in the Midwest.
e Geohydrologic assessment of a chemically contaminated plant site in Michigan, including

evaluation of containment and treatment measures.
* Geohydrologic assessment of a chemical waste disposal facility in Michigan.
* Environmental studies and development of remedial actions for over thirty PCB-

contaminated industrial sites throughout the Midwest.
9 Environmental analysis and impact assessment report for a 600-megawatt electric coal-fired

power plant in Missouri.
e Assessment of the impact to benthic and fish communities generated by the increase of

industrial effluent to a river in northern Illinois.
* Land reclamation study for a highly acidic, abandoned coal strip mine in north-central

Illinois.
* Evaluation of the environmental enhancement resulting from the dredging of polluted

sediments from the Little Calumet River in Illinois.
* Study of the economic and environmental implications of developing low-head hydroelectric

power on the Fox River in Illinois.
e Environmental assessment of lead in the soils and ground water near a battery reprocessing

plant in Illinois.
* Environmental assessment of selected river basins, tributary to the Illinois River, for a

statewide stream survey for the Illinois Environmental Protection Agency. Project involved
the analysis of nearly 2,000 benthic samples.

Assistant Project Manager
* Environmental baseline studies and impact assessment of copper/zinc mine in northern

Wisconsin, including analysis and evaluation of fisheries, plankton, and periphitic algae with
special emphasis on water chemistry and benthis macroinvertebrates.

* Preparation and coordination of final safety analysis report and an environmental report of
a nuclear power plant in Missouri.

Principal Investigator/Aquatic Ecologist
* Environmental studies required for the preparation of permit applications and reclamation

plans for several coal mines and a coal preparation plant in eastern Kentucky.
" Environmental assessment of dredging an estuary and salt marsh for a chemical plant in

South Carolina. Project included an analysis and evaluation of fisheries. plankton, and water
chemistry with special emphasis on the collection and analysis of benthic
macroinvertebrates.

Dames & Moore
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Project Quality Assurance Coordinator
* Management of numerous projects requiring quality assurance in compliance with Nuclear

Regulatory Commission regulations.
* Implementation of Dames & Moore's quality assurance manual on all nuclear-related

projects.

Past Four years experience in aviation electronics.
Experience

Aviation Electronics Technican, U.S. Navy (1969-1973)
" Maintenance of electronic systems of A-7 attact aircraft.
" Counselor, Naval Drug Rehabilitation Center.

Academic M.S. (1970), biological sciences, and B.S. (1967), biological sciences. Northern Illinois University
Background

Citizenship United States

Countries United States
Worked In

Langugage English
Proficiency

Professional North American Benthological Society; International Oceanographic Foundation: Illinois
Affiliations Association of Environmental Professionals. Ecological Society of America.

Registrations Certified SCUBA Diver
+ t
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Curriculum Vitae
BEVERLY 3. HARPER

Title Project Ecologist

Expertise Environmental Analysis and Impact Assessment
Aquatic Ecology

Experience Conducts and manages environmental studies and impact assessments
with Firm for industrial and government clients throughout the United States.

Joined Dames & Moore in 1973 and rejoined the firm in 1985 after a
2-year absence.

Principal Investigator/Aquatic Ecologist
o Evaluation of the environmental enhancement resulting from

the dredging of polluted sediments from the Little Calumet
River in Illinois.

o Coordination of environmental baseline studies and impact
assessment for a copper/zinc mine in northern Wisconsin.

o Environmental assessment of potential chemical contamination
in the Menominee River, Wisconsin.

o Environmental site assessments of various sites throughout the
country for purposes of acquisition.

o Assessment of the impact to aquatic communities by the
increase of industrial effluent to a river in northern Illinois.

o Zooplankton specialist with experience in environmental studies
in Florida, Maryland, South Carolina, Texas, and Wisconsin.

o Supervision of the Environmental Laboratory, Park Ridge
office. Implemented laboratory quality assurance program.

o Supervision of the analysis of data from several environmental
studies.

o Team leader for various environmental field investigations.
o Technical reviewer for biology sections for a nuclear power

plant biological monitoring study.
o Biological studies and environmental monitoring for various

nuclear power plant projects construction and operating
licensing.

Assistant Project Manager
o Preparation and coordination of Final Safety Analysis and

Environmental Reports for a nuclear power plant in Kansas
and other nuclear plants nationwide.

o Environmental baseline studies and impact assessment for a
600-megawatt electric coal-fired power plant in Missouri.

o Hazardous waste field investigations, feasibility studies, and
cleanup strategies for numerous U.S. Air Force facilities
throughout the United States.

Dames & Moore
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BEVERLY 3. HARPER
Page Two

Academic B.S., Biology, Northern Illinois University, 1971.
Background Coursework completed towards M.S. with emphasis in Ecology,

Northern Illinois University.

Citizenship United States

Countries
Worked In United States

Language
Proficiency English

Professional North American Benthological Society
Affiliations International Oceanographic Foundation

National Audubon Society

nl-ts
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Curriculum Vitae

THOMAS E. JENSEN

Title Senior Geologist/Geophysicist

Expertise Engineering Geophysics
Applied Instrumentation
General Geology

Experience Principal Investigator
With Firm • Seismic investigations to develop engineering properties using combinations of

seismic refraction, uphole/downhole, crosshole, surface wave, and ambient
motion studies; conducted for nuclear and fossil-fueled power plants, nuclear
fuel storage reprocessing and research facilities, fault investigations, and correc-
tional facilities.

* Reconnaissance and feasibility studies for depth of bedrock, bedrock topography.
water table, and rippability using seismic refraction methods.

* Evaluation of soil improvement through geophysical testing.
* Geotechnical investigation for water bottom and subsurface conditions for a pipe-

line river crossing using high resolution reflection, side-scan sonar, and bottom
probes.

* Vibration control and attenuation studies of production quarrying and excavation
blasting operations; conducted for nuclear power plants, a nuclear fuel processing
facility, a petroleum pipeline and sewer interceptor, and residential and com-
mercial structures.

* Vibration monitoring of production and excavation blasting, pile driving, earth-
work, and machinery operation.

* Recommendations and performance evaluation of controlled blasting operations
for smoothwall excavations.

" Borehole geophysical logging.
" Electrical resistivity profiling and depth sounding.
* Rock mechanics studies for a longwall coal mining demonstration.
* Geologic and hydro~eologic studies for baseline data to prepare environmental

impact assessment and permit applications.
* Structure evaluation by high resolution seismic reflection surveys, test drilling,

borehole logging and uphole surveys for a field scale test site for aquifer storage
and for compressed air energy storage.

Project Manager
" Preparation of soils, geology, hydrology, and sociocultural baseline reports for

an environmental impact assessment.
" Rock mechanics studies for a longwall coal mining demonstration.

Dames & Moore
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Technical Reviewer
- Provide technical review of seismic investigations for nuclear-related projects.
* Review of high resolution marine reflection and refraction surveys.
* Review of test blasting, blast monitoring, and attenuation studies.

Past Geophysicist, Texaco Incorporated, Houston, Texas and New Orleans, Louisiana
Experience * Involved in interpretation of offshore Gulf of Mexico seismic refraction data.

* Participated in preparation of map packages for lease sales.

Academic B.S. and M.S., geology, Northern Illinois University

Background Seminar and workshops on engineering geophysics, Colorado School of Mines

Professional Society of Exploration Geophysicists
Affiliations

Registrations Geophysicist, California

K-6



Curriculum Vitae
AMY D. LAMBORG

Title Assistant Geologist

Expertise Geology, Geohydrology

Experience o Supervised field investigations of several large hydrogeologic/hazardous
with Firm waste projects for U.S. Air Force. Field efforts included monitor well

installation and sampling, soil boring description and sampling, and
surface water and surface soil sampling for bases in Fairbanks, Clear,
and Anchorage, Alaska and Duluth, Minnesota.

o Completed geohydrological field investigation at a hazardous waste
landfill in Plymouth, Indiana, which included monitor well installation,
soil sampling, and slug testing.

o Performed site assessment at a plastics manufacturing plant in north-
central Illinois. Program included collecting composite soil and water
samples for analyses.

o Logged test pits, collected soil and water samples, and installed monitor
wells for railroad yards in Chicago, Illinois.

o Sampled drums of hazardous waste at an industrial site in Elgin, Illinois.

Past Geologist, Amoco Production Company
Experience o Evaluated wells for recompletion potential, southeastern New Mexico.

Geologist, Wayne Pryor and Associates
o Constructed structure and isopach maps for Mississippian formations

in south-central Illinois.
Geological Technician, Gulf Oil Company

o Constructed regional cross sections, structure and isopach maps from
computer data base for offshore Gulf Coast.

Academic M.S., Geology, University of Cincinnati, 1986. Thesis topic: "Development
Background and Distribution of Primary and Secondary Porosity in the Salem Limestone,

South-Central Illinois."
B.A., Geology, Earlham College, 1980

Awards Amoco Production Company Fellowship, 1983
University Graduate Scholarship, 1982
Teaching Assistantship, 1982
Weber Scholar - Athlete Award, 1980

Countries United States
Worked in Argentina

Language English
Proficiency Spanish

Professional
Affiliations American Association of Petroleum Geologists

na-ts Dames & Moore
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Curriculum Vitae
GLENN D. MARTIN

Title Managing Partner (Ltd.), Chicago Office

Expertise Waste Management
Project Management

Experience Waste Management

with Firm o Directed risk assessments for potentially leaking underground

storage tanks at 56 sites nationwide. More than 250 tanks
containing 18 different products were addressed in the study.
Assessments included analyses of hydrogeology, potential
contaminant receptors, and the likely behavior of contaminants
under a variety of ground water conditions. Program included
development of leak response protocols and cleanup protocols.

o Directed petroleum contamination assessment at an abandoned
tank farm in a tidally controlled embayment in Massachusetts.

o Directed remedial investigation/feasibility study (RI/FS) at an
abandoned salvage yard in northern Ohio contaminated with
PCBs.

o Directed remedial investigation at coal mine in south-central
Illinois contaminated by organic solvents and PCBs.

o Directed hydrogeological investigations at a sanitary landfill in
Kansas City, Kansas.

o Directed hydrogeological investigation at a sanitary landfill in
western Missouri.

o Directed hydrogeological assessment at the Four County
Hazardous Waste Landfill in Fulton County, Indiana.

o Directed remedial investigation at abandoned railyard in
downtown Chicago proposed for commercial/residential
development.

o Directed remedial investigation at active railyard in suburban
Chicago.

o Directed site contamination assessment at oil terminal near
Griffith, Indiana.

o Directed PCP ground water contamination assessment at a
wood treatment facility in Wisconsin.

o Prepared ground water assessment at a proposed coal ash
landfill in southwestern Ohio.

o Directed ground water contamination assessment at an
industrial facility in west-central Ohio.

o Directed ground water contamination assessment at a gray
water spray irrigation field in west-central Ohio.

Dames & Moore
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GLENN D. MARTIN
Page Two

Other Experience
o Directed ground water supply studies in Four Mile Creek

outwash valley for the City of Oxford, Ohio. Program
involved extensive use of test borings, geophysics, and pump
tests to identify and confirm the supply potential. Program
required public presentation of findings.

o Directed multiyear, multidisciplinary studies for the Abu Dhabi
National Oil Company. Studies entailed extensive field
investigations pertaining to marine environment involving more
than 30 Dames & Moore professional and support personnel.
Studies included development of waste management guidelines
for a major industrial complex.

Academic
Background B.A., Geology, University of Cincinnati

nl-ts
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Curriculum Vitae

Carol Jean Scholl

Title Project Geologist

Expertise Geology
Ground-Water Hydrology

Experience Provides consultation on geologic and ground-water aspects of the firm's hazardous waste,
With Firm nuclear and mining projects. Joined Dames & Moore in 1973 and rejoined the firm in 1983.

Project Geologist

" Performed cost-effectiveness analyses of alternate disposal methods for hazardous waste
contaminated soils.

" Designed and managed hazardous waste field investigations at U.S. Air Force
installations in seven states. The program involved the analysis and evaluation of
hazardous materials in soil and ground water including fuels, solvents and trace metals.

" Managed field investigations to assess the environmental impacts of the uncontrolled
disposal of heavy metals and industrial wastes in till plain soils.

Staff Geologist

* Planned and managed a hydrogeologic investigation of a waste management facility for a
petrochemical firm.

* Performed environmental assessments on the impacts of landfills to the environment.

o Designed and managed a field investigation involving the impact of a chemical process

facility on ground water and surface water quality.

e Prepared personnel safety plans for investigations at hazardous waste sites.

* Served as Dames & Moore's group contact coordinator for the Electric Power Research
Institute's Seismic Risk Hazard Analysis Program performed in the eastern United States.

* Prepared responses to questions posed by the Nuclear Regulatory Commission concerning
faulting studies for a nuclear power plant in southern Indiana.

Assistant Geologist

o Assisted in the compilation and reduction of ground-water data for preliminary safety
analysis reports for three potential nuclear power plant sites in Kansas, Missouri and

Dames & Moore
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Illinois.

e Participated in detailed field structural geological studies of a potential nuclear
power plant site in Pennsylvania.

* Performed engineering geological duties for a rock coring and soil sampling program at
a nuclear power plant site in northwestern Illinois.

* Assisted in the reduction of ground-water data for a hydrologic study of a proposed
coal strip mine in eastern Montana.

Past A total of ten years experience in geology education and research.
Experience

Head of Group Programs/Instructor of Geology, Field Museum of Natural History, Chicago

" Supervised professional and clerical staff members of iadivision of the Department of
Education.

" Participated in planning and decisions regarding departmental policies, budgets and
procedures.

" Instructed school groups, adult volunteers and other adult groups in geology.

" Trained adult volunteers to present geology tours.

" Supervised a manned exhibit featuring a hands-on environment of natural history
specimens.

Graduate Teaching Fellow and Associate/Graduate Teaching Assistant, Miami University,
Oxford, Ohio

* Studies course work toward Ph.D., with emphasis on geochemistry and mineralogy.

Academic M.S. (1970), geology, Miami University, Oxford, Ohio
Background B.S. (1966), geology, Kent State University, Ohio

Citizenship United States

Countries United States
Worked In

Language English
Proficiency

Professional American Association for the Advancement of Science; Mineralogical Society of America;
Affiliations National Water Well Association.

Imp-No: 06046 Vedi-No: 01 Dal: 0626/87
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Curriculum Vitae
BETH J. SCHOEPKE

Title Assistant Hydrogeologist

Expertise Hydrogeology
Geology

Experience 0 Conducted hydrogeologic survey on waste disposal site in
Michigan. Included total ground water discharge to river,
contaminant concentrations of discharge, annual loading to river,
and final river concentration after dilution.

o Used pumping test data to determine transmissivity, storativity,
and permeability of confined aquifer.

o Performed resistivity survey for contaminant plume and
stratigraphic analysis of waste disposal site in Michigan.

o Analyzed data and prepared a site assessment report for a site in
Minnesota.

o Performed two site assessment investigations on adjacent areas
and devised a plan to interface and simplify the data.

o Mapped the piezometric surface of an area in Duluth, Minnesota.
o Developed original topographic and geologic maps, as well as

stratigraphic columns, for various projects.
o Performed grain size analysis of soil in the laboratory.

Academic Coursework completed toward M.S. with emphasis on Hydrogeology,
Background Northeastern Illinois University

B.S., Earth Science, Geology, 1985, Northeastern Illinois University

Seminars Participated in Dames & Moore Health and Safety Seminar (1987)

Citizenship United States

Countries
Worked In United States

Language
Proficiency English

no-ts
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EM 5URVEY DATA TABULATION

E-W N-S EW/NS EU/NS
E-W N-S READING READING AVERAGE DIFFER.

STATION STATION (mmhos/m)(mmhos/m)(mmhos/m)kmmhos/m)
•... e... io ~ ........ ..... ,. .. • .. ..... .. o......

0 4.0 14 4.40 Z4.Zld u.
0 -4.o0 c..o .l.

-40 24.bO Z+. 20 z4.41 v.ok
0 -60 23.20 Zd.40 L e. j.,0-
0 -80 22.40 22.bo 22.bu W.2o
0 -100 24.60 24.bW 24.70 0. o
0 -120 27.20 26.40 26.80 0.d0
0 -140 27.4f, 27.80 27.60 0.4U
0 -160 24.40 24.20 24.30 0.20
0 -180 21.20 20.80 21.00 0.40
0 -200 20.80 21.00 20.90 0.20
0 -220 29.60 30.00 29.80 0.40
0 -240 19.80 8.60 14.20 11.20
0 -260 41.60 30.80 36.20 10.80
0 -280 21.40 11.40 16.40 10.00
0 -300 24.00 23.80 23.90 0.20
0 -320 32.40 34.60 33.50 2.20
0 -340 50.80 32.20 41.50 18.60
0 -360 46.00 43.80 44.90 2.20
0 -380 33.60 34.20 33.90 0.60
0 -400 37.80 3.20 20.50 34.60
0 -420 38.80 37.20 38.00 1.60
0 -440 26.40 26.80 26.60 0.40
0 -460 24.80 24.80 24.80 0.00
0 -480 24.80 25.60 25.20 0.80
0 -500 26.20 26.00 26.10 0.20
0 -520 25.80 25.80 25.80 0.00
0 -b40 2b.dW 25.80 2b.30 1.00
0 -b80 S.4o dY.40 J8.90 1.00
0 -boo ;e. u e. . 28.!0 0.bo
0 -b2o 2b.z0 Zb.00 2b.10 0.20
0 -b40 ea. b Zd.40 es.bo v.,O
0 -660 zo.o0 i!.0 %i.b0 00
0 -680 26.21d 2b. bw 2b. 40 0.40+k
0 -700 1.40 14.20 ?.80 12.-d

20 -700 37.60 30.20 3d.90 '.40
20 -680 22.40 21.20 21.80 1.20
20 -660 22.00 22.20 22.10 0.20
20 -640 26.20 26.40 26.30 0.20
20 -620 28.00 27.40 27.70 0.60
20 -600 34.80 54.40 44.60 19.60
20 -560 37.60 42.20 39.90 4.60
20 -540 27.00 25.00 26.00 2.00
20 -520 24.20 24.80 24.50 0.60
20 -500 24.20 23.80 24.00 0.40
20 -480 25.00 24.60 24.80 0.40
20 -460 25.00 25.20 25.10 0.20
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20 -120 27.20 26.80 27.00 0.40

20 -100 25.00 25.60 25.30 0.60

20 -80 22.60 22.00 22.30 0.60

20 -60 22.00 21.60 21.80 0.40

20 -40 23.80 23.80 23.80 0.00

20 -20 24.00 23.40 23.70 0.60

20 0 23.80 23.80 23.80 0.00

40 0 22.80 23.80 23.30 1.00

40 -20 22.80 22.20 22.50 0.60

40 -40 25.60 27.20 26.40 1.60

40 -60 67.60 53.60 60.60 14.00

40 -80 80.80 62.40 71.60 18.40

40 -100 73.20 62.20 67.70 11.00

40 -120 d5.40 6"?.0 76.20 18.40

4W -140 83.100 b?.W old 0 lb.00

40 -16W ?b. W1 bd.bW (2. .2d

4W -16Wdi f'3.do W ow 0J.4'I j-
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40 -2e4W ?8. bo 61.4W6 (i.WIUW 112

40 -260 55.60 50.6W Zd.ZW 4.0o

40 -280 21.80 28.00 24.90 b.2W

40 -300 31.00 31.00 31.00 0.00

40 -320 31.80 33.00 32.10 1.20

40 -340 57.80 15.60 36.?0 42.26

40 -360 32.60 33.20 32.90 0.60

40 -380 27.80 28.00 27.90 0.20

40 -400 44.00 15.40 29.70 28.60

40 -420 40.00 41.60 40.90 1.80

40 -440 24.20 24.20 24.20 0.00

40 -460 22.60 22.80 22.70 0.20

40 -480 23.80 24.00 23.90 0.20

40 -500 24.60 23.80 24.20 0.80

40 -520 24.60 24.60 24.60 0.00

40 -540 27.60 28.00 27.80 0.40

40 -560 29.20 31.00 30.10 1.80

40 -580 216.00 88.60 152.30 127.40

40 -600 32.60 33.80 33.20 1.20

40 -620 33.40 34.00 33.70 0.60

40 -640 40.60 41.20 40.90 0.60

Site 4 L-2



40 -660 172.80 *i 1 i.z0 122.Oo U.o
40 -700 30.20 1.00 bO.bW bo.du
40 -720 14.80 48.80 31.d0 34.Ol
40 -740 34.80 3.00 18.90 31.80
60 -740 36.60 3.80 20.20 32.0
60 -720 26.80 33.40 30.10 6.60
60 -700 18.80 18.60 18.70 0.20
60 -680 30.40 32.20 31.30 1.80
60 -660 79.00 114.80 96.90 35.80
60 -640 168.00 110.80 139.40 57.20
60 -620 91.40 399.40 245.40 308.00
60 -600 206.80 103.60 155.20 103.20
60 -580 57.20 56.20 56.70 1.00
60 -560 38.40 37.00 37.70 1.40
60 -540 30.80 32.80 31.80 2.00
60 -520 27.40 27.40 27.40 0.00
60 -500 28.60 28.80 28.70 0.20
60 -480 27.80 27.80 27.80 0.00
60 -460 26.00 25.80 25.90 0.20
60 -440 27.40 28.40 27.90 1.00
60 -420 19.20 33.80 26.50 14.60
60 -400 45.80 36.40 41.10 9.40
60 -380 23.80 Z5.00 24.40 1.20
60 -360 J1.00 Z9. ou 0.00 2.00
60 -340 lI'+.60 1I. 6 64.10 101.00
60 -320 34.Zu db.40 -4. 1.20
b0 -300 -J 4. 4o1 Zb.0 do 0. 00
60 -280 41.di 4b.00 -4.1 .20
b0 -280 . b b.uU 3.+ 1..ou
80 -300 42.00 47. 0 44.o0 5.ou
80 -320 37.40 4t.ol 41.2o r.ou
80 -340 27.00 21.20 24.10 5.bw
80 -360 37.80 38.40 38.10 O.bU
80 -380 24.40 23.00 23.70 1.40
80 -400 41.60 37.60 39.60 4.00
80 -420 48.80 35.00 41.90 13.80
80 -440 28.60 28.00 28.30 0.60
80 -460 27.60 26.40 27.00 1.20
80 -480 28.80 29.20 29.00 0.40
80 -500 39.60 43.40 41.50 3.80
80 -520 64.00 58.80 61.40 5.20
80 -540 157.80 133.20 145.50 24.60
80 -560 263.60 368.20 315.90 104.60
80 -580 225.40 257.80 241.60 32.40
80 -600 76.80 59.00 67.90 17.80
80 -620 38.80 35.80 37.30 3.00
80 -640 29.40 28.60 29.10 0.60
80 -660 32.00 29.80 30.90 2.20
80 -680 27.00 24.60 25.80 2.40
80 -700 19.60 19.80 19.70 0.20
80 -720 19.20 19.20 19.20 0.00
80 -740 20.20 19.60 20.00 0.40
100 -740 20.00 21.00 20.50 1.00
100 -720 I.00 19.oo 19.00 U.00
1 ize 40 - 1.O 21. 0
100 -bbd0 -4.ow zz. 1bh 2d. 00 1.40

Site 4 L-3



100 -660 25.20 25.20 25.20 0.00

100 -640 25.60 26.00 25.80 0.40
100 -620 27.80 27.00 27.40 0.80
100 -600 29.40 29.00 29.20 0.40

100 -580 32.60 32.20 32.40 0.40
100 -560 47.20 48.00 47.60 0.80
100 -540 93.00 73.20 83.10 19.80

100 -520 194.20 225.40 209.80 31.20
100 -500 399.20 399.40 399.30 0.20

100 -480 213.40 99.80 156.60 113.60
100 -460 55.40 55.20 55.30 0.20
100 -440 41.60 42.40 42.10 0.60
100 -420 37.40 7.20 22.30 30.20
100 -400 34.40 33.00 33.70 1.40
100 -380 30.00 31.20 30.60 1.20
100 -360 32.80 34.20 33.50 1.40

100 -340 b9.00 17.20 38.40 42.40
100 -J20 -44.oo 4b. Z 45.b0 1.40
100 -J00 o .0 0 66. tv d4. fO 3.00

100 -201 b.4L jd.do d7.bU 2.01O
120 -2bu o -i t .to so.0 , 100

120 -320 iJ. ,iDo i d .O o-t
120 -32 41. WO :'- .)o LI). tDJ 0. 00

120 -340 bl.bo o. -to J 4.U 8. u
120 -360 J9. 0 .OW . 0. .u

120 -380 36.20 sb.d :1.bU .o
120 -400 63.20 62.00 62.60 1.
120 -420 130.20 114.20 122.20 16.00

120 -440 399.60 399.80 399.70 0.20
120 -460 272.20 369.60 330.90 117.40
120 -460 89.60 55.60 72.70 33.80
120 -500 39.00 38.00 38.50 1.00
120 -520 40.20 39.40 39.60 0.60
120 -540 44.60 47.60 46.10 3.00
120 -560 36.40 39.60 39.00 1.20
120 -580 26.00 27.40 27.70 0.60
120 -600 25.00 24.60 24.60 0.40
120 -620 23.80 22.80 23.30 1.00
120 -640 27.00 27.00 27.00 0.00
120 -660 25.20 25.00 25.10 0.20
120 -680 23.80 24.20 24.00 0.40
120 -700 22.20 22.00 22.10 0.20
120 -720 19.20 19.60 19.40 0.40
120 -740 17.60 18.00 17.80 0.40
120 -760 22.20 23.00 22.60 0.80

140 -760 26.60 26.60 26.60 0.00
140 -740 20.20 19.60 19.90 0.60

140 -720 20.10 20.00 20.40 0.80
140 -?od 22.00 22.40 Z. 0 0.40
140 -680 2:.61 ZS.bO e3.z. 0.80
140 -bbW Z4.814 2J.00 Z.do l
140 -040 Z4.40 ZS.40 :.9 1.0
14o -b2o Zb. 00 e0 . ..b.8Ol

140 -bo0 2b.20 et.do ZD. k 0.o
140 -50 z4.40 Z4.00 Z4.e 0.4

140 -560 29.20 2b.40 27.bO

Site 4 L-4



140 -540 35.20 34.60 34.90 0.60
140 -520 25.60 24.20 24.90 1.40
140 -500 23.20 22.40 22.80 0.80
140 -480 22.80 23.40 23.10 0.60
140 -460 31.60 31.80 31.70 0.20
140 -440 55.80 51.20 53.50 4.60
140 -420 118.60 70.00 94.30 48.60
140 -400 182.80 305.60 244.20 122.80
140 -380 292.80 277.80 285.30 15.00
140 -360 269.00 210.40 239.70 58.60
140 -340 86.00 68.60 77.30 17.40
140 -320 58.80 sb.20 57.50 2.60
140 -300 bl.Vio 50.20 50.60 0.80
140 -280 5Y.0d 6i.00 bo.70 1.80
160 -s60 (?. .2o ?S.:z o.o
160 -380 d6.80 3b.do 36.80 0.00
160 -400 . z.o 29.00 o.oo
160 -420 49.60 49.80 49.6O 0.00
160 -440 49.00 49.00 4!J.00 W.oU

160 -460 27.80 27.80 27.80 0.00160 -480 19.00 19.00 19.00 0.00

160 -500 22.20 22.20 22.20 0.00
160 -520 23.60 23.60 23.60 0.0
160 -540 24.40 24.40 24.40 0.00
160 -560 32.20 32.20 32.20 0.00
160 -580 31.00 31.00 31.00 0.00
160 -600 29.60 29.60 29.60 0.00
160 -620 27.40 27.40 27.40 0.00
160 -640 24.80 24.80 24.80 0.00
160 -660 27.20 27.20 27.20 0.00
160 -680 27.20 27.20 27.20 0.00
160 -700 27.00 27.00 27.00 0.00
160 -720 28.20 28.20 28.20 0.00
160 -740 27.40 27.40 27.40 0.00
160 -760 19.40 19.40 19.40 0.00
160 -780 29.00 29.00 29.00 0.00
180 -780 20.20 20.20 20.20 0.00
180 -760 23.60 23.60 23.60 0.00
180 -740 30.40 30.40 30.40 0.00
180 -720 25.60 26.60 26.60 0.00
180 -700 38.80 38.80 38.80 0.00
180 -680 29.00 29.00 29.00 0.00
180 -b60 b.410 26.40 26.40 0.00
180 -640 2b.40 2b.40 2b.40 0.00
180 -2ld e.zo 2Z9.0 z9.21 0.o0
1b0 -dO do. did -d0. bo 0.00
180 -bb i0.do . o W.00.
180 -560 27.40 4w.40 2'.40 0.00
180 -540 23.b0 2.bo :l.b 000
180 -520 23.60 23.60 2 3. o a .,0
180 -500 23.20 23.20 23.40 .
180 -480 23.80 23.80 23.80 0.oo
180 -460 29.80 29.80 29.80 0.00
180 -440 25.20 25.20 25.20 0.00
180 -420 29.20 29.20 29.20 0.00
180 -400 23.60 23.60 23.60 0.00

Site 4 L-5



180 -360 27.20 27.20 27.20 0.00

180 -360 41.80 41.80 41.80 0.00

200 -380 29.60 29.60 29.60 0.00

200 -400 24.60 24.60 24.60 0.00

200 -420 25.0 2 25.00 0.00

200 -440 0.40 0.40 0.40 0.00

200 -4b0 .s4.d 34.b8 34.80 0.00

20 -480 Z4.d8 2-+.d 24.di 0.00

200 -500 ."C 20.8 0.Uf

200 -b2W Z.Z~ /_V 02Z.881

200 -54o . b. Z0.b. .

280 -bbl8 -b. di bdo :25.60 0.00

200 -580 ZO.20 26.28 2.9W 0.00

2e0 -600 27.40 27.40 27.48 8.88

200 -620 27.00 27.00 27.88 O.8O

200 -640 28.40 26.40 28.40 0.0

200 -660 30.40 30.40 30.40 0.00

200 -680 33.20 33.20 33.20 0.00

200 -700 30.00 30.00 30.00 0.00

200 -720 34.80 34.80 34.80 0.00

200 -740 26.60 26.60 26.60 0.00

200 -760 22.60 22.60 22.60 0.00

200 -780 19.20 19.20 19.20 0.00

220 -780 23.00 23.00 23.00 0.00

220 -760 24.20 24.20 24.20 0.00

220 -740 26.40 26.40 26.40 0.00

220 -720 28.00 28.00 28.00 0.00

220 -700 30.00 30.00 30.00 0.00

220 -680 36.60 36.60 36.60 0.00

220 -660 4.60 4.60 4.60 0.00

220 -640 35.00 35.00 35.00 0.00

220 -620 25.80 25.80 25.80 0.00

220 -600 26.20 26.20 26.20 0.00

220 -5680 28.40 28.40 28.40 0.00

220 -560 25.00 25.00 25.00 0.00

220 -540 24.80 24.00 24.00 0.00

220 -520 22.fo 22.6 Z2.bo 0.00

220 -!DLI 24. bi :e4.bO 244.bid 14.88

-2W -4dw e4.48 24.40 :4.40 8.08

220 -401 4b.Ol 4b.01 4b.88 0.08

-20 -4*8 24.28 z i.Za Z W 8.O

228 -4Z@ 23.8 .O Zd. 00 8.WO

220 -400 a1.60 01.08 dI.id 8.88

220 -380 115.680 115.80 115.0 8.81

240 -380 215.40 215.40 215.40 0.88

240 -40e 40.00 40.00 40.00 0.80

240 -420 23.60 23.60 23.60 0.00

240 -440 30.40 30.40 30.40 0.00

240 -460 64.00 64.00 64.00 0.00

240 -480 24.60 24.60 24.60 0.00

240 -500 23.80 23.80 23.80 0.00

240 -520 20.60 20.60 20.60 0.00

240 -540 22.60 22.60 22.60 0.00

240 -560 23.00 23.00 23.00 0.00

248 -580 23.00 23.00 23.00 0.00

240 -600 23.40 23.40 23.40 0.00

Site 4 L-6



240 -62f0 1.00 1.100 1.00 0.00
240 -640 35. 2w b. zo 35.21 0.00
240 -66vd 2J. 60 bo :9 id 0-w240 -680 2Y. .00 Z?.ow 0.00
240 -70w ze.ij z '-.z 2'.zu 0.au

240 -72(d z2.40 Z z.- U .00
240 -740 26.60 2bo0
240 -760 24.60 24.60 24.60 0.01
240 -780 22.60 22.60 22.60 0.00
260 -760 24.00 24.00 24.00 0.00
260 -740 25.00 25.00 25.00 0.00
260 -720 25.80 25.80 25.80 0.00
260 -700 25.80 25.80 25.80 0.00
260 -680 26.60 26.60 26.60 0.00
260 -660 25.40 25.40 25.40 0.00
260 -640 23.00 23.00 23.00 0.00
260 -620 21.60 21.60 21.60 0.00
260 -600 21.80 21.80 21.80 0.00
260 -580 19.60 19.60 19.60 0.00
260 -560 20.60 20.60 20.60 0.00
260 -540 21.00 21.00 21.00 0.00
260 -520 19.00 19.00 19.00 0.00
260 -500 22.40 22.40 22.40 0.00
260 -480 26.40 26.40 26.40 0.00
260 -460 19.20 19.20 19.20 0.00
260 -440 29.40 29.40 29.40 0.00
260 -420 24.20 24.20 24.20 0.00
260 -400 36.00 36.00 36.00 0.00
260 -380 399.80 399.80 399.80 0.00
280 -38 . 213.80 292.40 157.20
280 -400 4b.40 4d.UW 44.70 a.40
280 -420 z.4o z5.o0 Z5.60 0.4o
280 -440 z0.o 10 vi.10.
280 -460 1b. ko 2.o 0 21.60 1 1.b0
280 -480 $o.oo .xo zs. 10260 -500 s. 2 .bo 23.bo U. o
280 -520 22. o 22.20 z. so U.o0
280 -540 22.60 23.00 22.90 U.20
280 -560 23.oo 22.40 22.70 W.bO280 -580 23.00 22.80 22.90 0.20
280 -600 21.20 21.40 21.30 0.20
280 -620 22.40 22.60 22.50 0.20
280 -640 24.00 24.20 24.10 0.20
280 -660 25.60 25.80 25.70 0.20
280 -680 26.80 27.00 26.90 0.20280 -700 28.60 28.40 28.50 0.20
280 -720 25.80 25.60 25.70 0.20
280 -740 12.20 18.20 15.20 6.00
300 -720 22.80 23.00 22.90 0.20
300 -700 24.60 23.40 24.00 1.20
300 -680 26.00 25.40 25.70 0.60
300 -660 21.40 23.40 22.40 2.00
300 -640 20.00 21.20 20.60 1.20
300 -620 20.00 20.40 20.20 0.40
300 -600 19.20 19.40 19.30 0.20
300 -580 20.20 19.80 20.00 0.40

I 5te 4 L-7



300 -560 19.20 16.60 4.0 J.40

300 -540 18.00 18.20 10.10i j.
300 -520 19.20 19.40 19.30 0. w
300 -500 21.20 21.20 21.20 0.0
300 -480 35.00 32.80 33.90 2.20
300 -460 89.60 12.20 50.90 77.40
300 -440 25.00 25.00 25.00 0.00
300 -420 24.60 25.00 24.80 0.40
300 -400 46.80 41.20 44.00 5.60
300 -380 400.20 219.80 310.00 180.40
320 -380 400.60 400.20 400.40 0.40
320 -400 48.20 44.80 46.50 3.40
320 -420 25.00 25.40 25.20 0.40
320 -440 24.00 24.40 24.20 0.40
320 -460 65.40 55.60 60.50 9.80

320 -480 39.00 42.40 40.70 3.40
320 -500 23.20 23.00 23.10 0.20
320 -520 19.60 20.20 19.90 0.60
320 -540 19.60 19.60 19.60 0.00
320 -560 19.60 .10.00 19.80 0.40
320 -580 19.00 19.40 19.20 0.40
320 -600 19.80 20.00 19.90 0.20
320 -620 20.6o 20.8o 20.80 0.00
320 -640 22.2O zl.d0 22.00 0.40
320 -660 Zd.40 2. 04
d~20 -6uo 2.J.40 zd.wo 2j/_ e.40

320 _'(00 Z..0 vi ov) .,2.j
340 -680 21. i Z2.0 l. l
340 -660 21.00 21.4O ,
340 60 41 2o.zu .-t 61

340 -620 19.80 Zv./ v. o 0
340 -600 19.40 18.do 1J.10 U Uo
340 -580 18.60 16.40 Iu.50 o oo
340 -560 16.60 19.20 19.00 0.40

340 -540 17.80 18.40 16.10 0.bW
340 -520 19.60 20.00 19.80 0.40
340 -500 23.40 24.00 23.70 0.60

340 -480 43.20 18.60 30.90 24.60
340 -460 41.20 45.00 43.10 3.80
340 -440 21.60 22.60 22.10 1.00
340 -420 22.80 23.60 23.20 0.80

340 -400 43.80 42.00 42.90 1.80
340 -380 281.20 150.60 215.90 130.60
360 -380 399.20 294.20 346.70 105.00
360 -400 38.40 37.00 37.70 1.40

360 -420 21.80 21.80 21.80 0.00
360 -440 20.00 20.40 20.20 0.40
360 -460 31.40 34.20 32.60 2.80
360 -480 15.00 16.20 15.60 1.20

360 -500 26.60 25.40 26.00 1.20
360 -520 21.00 20.80 20.90 0.20
360 -540 19.00 19.00 19.00 0.00

360 -560 19.01 19.40 19.20 0.40
160 -boo 1d.6 20.au 1J.bo 2.00
360d -600 P-4.0 owc~ :U. ,d 0. 00

0 _ZO 40.20 4'.O0 20.40 0.40

Site 4 L-8



360 -640 19.80 19.80 19.80 0.00
360 -660 19.40 20.00 19.70 0.60360 -680 19.20 19.00 19.10 0.20
380 -660 19.20 20.60 19.90 1.40
380 -640 18.80 19.00 18.90 0.20380 -620 19.40 19.40 19.40 0.00
380 -600 20.60 20.60 20.60 0.00380 -580 20.20 19.40 19.80 0.80380 -560 19.20 19.20 19.20 0.00
380 -540 19.80 20.20 20.00 0.40
380 -520 21.40 21.80 21.60 0.40380 -500 32.60 32.60 32.60 0.00
380 -480 57.00 6.80 31.90 50.20
380 -460 25.80 25.20 25.50 0.60380 -440 18.80 19.00 18.90 0.20380 -420 20.80 20.60 20.70 0.20380 -400 37.20 36.60 36.90 0.60
380 -380 399.20 399.20 399.20 0.00
400 -38d .Z9.00 399.00 399.00 0.00
400 -41i. 34.0 .,/o S3.60 0.60

400 -440 1 0 I".00 I?. di d .41
400 -460 2 .Z0 /4.ZO 0. i.o400 -46 t Old JZ.b0 44.rO ( 4.20
400 -500 3b.40 -40.O 36.zu
400 -520 21.60 21.4o 2l.50 0.20
400 -540 20.40 20.20 20.30
400 -560 20.40 20.40 20.40 0.00
400 -580 20.80 20.60 20.70 0.20
400 -600 19.80 20.00 19.90 0.20
400 -620 19.60 19.40 19.50 0.20400 -640 17.60 10.80 14.20 6.80420 -620 18.60 19.00 18.80 0.40
420 -600 19.60 19.20 19.40 0.40
420 -580 20.20 20.00 20.10 0.20420 -560 21.60 21.60 21.60 0.00
420 -540 21.20 21.60 21.40 0.40
420 -520 23.80 24.40 24.10 0.60
420 -500 32.40 10.20 21.30 22.20
420 -480 33.40 32.40 32.90 1.00
420 -460 22.60 22.60 22.60 0.00
420 -440 18.00 18.20 18.10 0.20420 -420 20.80 20.80 20.80 0.00
420 -400 36.20 .6.80 36.50 0.60
420 -380 399.00 399.20 399.10 0.20
440 -380 399.00 399.40 399.20 0.40
440 -400 40.00 38.20 39.10 1.80
440 -420 23.0O 21.40 22.20 1.60
440 -440 19.b .20 .060
440 -46w 23.20 23.bo 20..40 .40
440 - 40.0:o o tl 1.
440 -!v~ 4ze.z: e. :4... bL440 -520 2 ?.zo ,.- . 00
440 -540 W. e .o. 0 o 0,0ki
440 -560 22.bo o O.
440 -580 22.20 21.bo 1. *.ol

Site 4 L-9



440 -600 21.00 20.40 20.70 0.60
460 -600 24.60 23.00 23.80 1.60
460 -580 27.20 27.00 27.10 0.20
460 -560 27.60 27.80 27.70 0.20
460 -540 29.00 28.40 28.70 0.60
460 -520 35.80 37.60 36.70 1.80
460 -500 46.20 6.60 26.40 39.60
460 -480 33.20 35.60 34.40 2.40
460 -460 29.80 30.00 29.90 0.20
460 -440 25.20 26.00 25.60 0.80
460 -420 28.z0 28.20 za.20 0.00
460 -400 47.zo 4?.'0 4?.20 0.00
460 -380 3U=. ki S .zj 0.00

480 -400 i.-+0 4.u 0, .r0 52.60

480 -440 -,1 .00 1i. 0 d.ow

4b -450 L±.o0 40.tO i.1 i io .1

480 -480 J.40 2.00 1 i- 1 0 .
460 -500 33.40 32. b O. 0 W. O
480 -520 24.60 42.80 3j.70 d. O
480 -540 9.60 27.20 18.40 11.60
480 -560 5.00 28.00 16.50 23.00
480 -580 0.80 39.00 19.90 38.20
500 -580 29.40 27.80 28.60 1.60

500 -560 32.40 32.40 32.40 0.00
500 -540 34.80 33.80 34.30 1.00
500 -520 43.80 29.60 36.70 14.20
500 -500 38.40 47.40 42.90 9.00
500 -480 40.60 39.80 40.20 0.80
500 -460 45.80 43.40 44.60 2.40
500 -440 34.40 34.00 34.20 0.40
500 -420 40.00 38.20 39.10 1.80
500 -400 61.20 60.80 61.00 0.40
500 -380 400.20 400.40 400.30 0.20
520 -380 291.20 243.20 267.20 48.00
520 -400 49.00 47.80 48.40 1.20
520 -420 31.60 30.00 30.80 1.60
520 -440 29.00 27.80 28.40 1.20
520 -460 35.40 36.00 35.70 0.60
520 -480 31.60 32.60 32.10 1.00
520 -500 39.20 40.40 39.80 1.20
520 -520 22.60 1.60 16.10 13.0w
520 -5v 2e.40 Zb.Ol Z(.00 0. 0
520 -560 z5.'Z0 Z4.oO .0 .+

540 -bO 'Z2.b0 Z4.40 1 1.00
540 -b5 dk. t -fz 0 'Z4..n .. L
540 -5bzO 40.0 I k '?.b0o 10.00 Z.4-',
540 -500 10.60 28. o i .OW 10.u I
540 -480 9.60 23.00 lb.dO 13.40
540 -460 8.20 34.20 21.4o 2b.00
540 -440 7.20 29.00 16.10 21.80
540 -420 12.00 30.20 21.10 16.20
540 -400 24.20 52.80 38.50 28.60
540 -380 401.00 262.80 331.90 138.20
560 -380 400.40 400.40 400.40 0.00

Site 4 L-1O



560 -400 41.00 41.60 41.30 0.60

560 -420 25.40 25.20 25.30 0.20
560 -440 23.60 22.00 22.80 1.60
560 -460 29.80 30.80 30.30 1.00
560 -480 25.60 25.40 25.50 0.20
560 -500 27.00 2b.00 26.50 1.00
560 -520 -b.40 Z4.40 4. 0 1.00
560 -b4W z-.o zOi.d6 22.b 4.00
560 -t41o i . i, I ".z ZO io.i0 1.60

5t~d b~f 4. ki Z4.00 24. 00 0.00

580 -500 4z.o : ,i. zi.o. 4.o
580 -4b0 21.60 2Z.4U 22.00 0. 0

580 -460 28.80 Z1.20 29.ow 0.
580 -440 21.80 21.60 21.70 0.21
580 -420 23.80 23.80 23.60 0.00
580 -400 39.00 40.60 39.80 1.60

580 -380 350.20 109.20 229.70 241.00
580 -360 39.80 40.40 40.10 0.60
580 -340 27.00 28.80 26.90 0.20

580 -320 21.60 21.20 21.40 0.40
580 -300 22.00 21.40 21.70 0.60
580 -280 25.20 24.80 25.00 0.40

580 -260 25.80 25.20 25.50 0.60
580 -240 31.60 30.00 30.80 1.60

580 -220 37.80 33.60 35.70 4.20
580 -200 33.60 33.20 33.40 0.40
580 -180 36.60 10.60 23.60 26.00
580 -160 30.60 30.60 30.60 0.00

580 -140 24.00 23.40 23.70 0.60
580 -120 23.00 22.20 22.60 0.80
580 -100 23.60 13.80 18.70 9.80

580 -80 23.00 23.80 23.40 0.80
580 -60 22.20 21.40 21.80 0.80

580 -40 23.00 22.40 22.70 0.60
580 -20 24.20 24.60 24.40 0.40

580 0 24.00 23.60 23.60 0.40
560 0 24.40 24.20 24.30 0.20

560 -20 24.80 24.bU 24.70 0.20
560 -40 z6.4U 4.40 24. 0 1.00
560 -60 3(.bw J4.00 db.O 3.b0

5614 -*00 4J. bd 44.bk - .~.Z0 4.00

560 -100 55.60 28.01 41.00 27.bO
560 -120 37.40 3..20 d5. i 4.e

560 -140 29.20 25.80 27.b0 3.40
560 -160 33.20 30.40 31.o0 2.80
560 -180 45.00 39.40 42.20 5.60
560 -200 42.60 38.40 40.50 4.2U
560 -220 131.40 125.40 128.40 6.00

560 -240 80.60 130.80 105.70 50.20

560 -260 40.60 39.20 39.90 1.40
560 -280 32.80 31.20 32.00 1.60
560 -300 28.80 28.60 28.70 0.20
560 -320 26.60 25.80 25.20 0.80
560 -340 34.00 33.80 33.90 0.20
560 -360 54.40 58.60 56.50 4.20

540 -360 125.20 121.80 123.50 3.40

Site 4 L-11



540 -340 88. 0 5..O ?i. CO 34.00
540 -Z 0 4K.20 o5.zw bb.ze 38.00
b40 -- 00 25.o b.40 d.o 9.b
D40 -280 ?Z. aw bo.ow rb.bo 14.10
540 260 232.00 1IIb.o i,'4.00 11. Liu
600 0 26.zo zb. 6 Zb. 1. o

600 -20 b.0o 18.bO iz. jo
600 -40 21.80 14.80 lo.do .
600 -60 21.80 22.00 21.90 0.oZ
600 -80 35.00 24.40 29.70 10.60
600 -100 45.60 27.00 36.30 18.60
600 -120 33.80 43.60 38.70 9.80
600 -140 15.00 23.00 19.00 8.00
600 -160 19.20 29.80 24.50 10.60
600 -180 27.80 9.60 18.70 18.20
600 -200 26.40 40.40 33.40 14.00
600 -220 31.40 31.00 31.20 0.40
600 -240 28.20 27.80 28.00 0.40
600 -260 24.60 24.60 24.60 0.00
600 -260 30.20 33.00 31.60 2.60
600 -300 23.80 25.60 24.70 1.80
600 -320 24.40 27.00 25.70 2.60
600 -340 30.40 33.20 31.80 2.80
600 -360 37.40 39.60 38.60 2.40
600 -380 227.40 72.20 149.80 155.20
600 -400 48.00 48.00 48.00 0.00
600 -420 29.20 32.40 30.80 3.20
600 -440 26.80 28.80 28.80 0.00
600 -460 33.60 33.00 33.30 0.60
600 -480 26.60 26.4o 26.50 0.20
600 -500 21.40 Z1.20 1.30 0.20
bOW -520 23.6o z4.4o 24.wo 0.80
600 -b40 2l.Z0 I.Z.40 Zl.oU i.0Z
boo 0 2b. UO 25.o z~.do 0
b00 0 2.20 20.00 20.1.
520 0 27.00 26.40 Zb.eV 0.oo
500 0 28.00 27.bO Z?.oO .40
480 0 28.80 27.80 28.30 1.00
460 0 28.60 26.00 28.30 0.6o
440 0 29.80 29.00 29.40 0.b0
420 0 29.80 29.20 29.50 0.60
400 0 31.00 30.80 30.90 0.20
380 0 31.60 31.20 31.40 0.40
360 0 42.60 39.60 41.30 3.00
340 0 33.40 33.20 33.30 0.20
320 0 33.60 33.40 33.50 0.20
300 0 33.60 32.80 33.20 0.80
280 0 32.80 32.60 32.70 0.20
260 0 33.40 32.60 33.00 0.60
240 0 33.00 32.60 32.80 0.40
220 0 31.40 30.20 30.80 1.20
200 0 30.60 30.40 30.50 0.20
180 0 30.20 29.20 29.70 1.00
160 0 27.Oe 26.40 26.70 0.60
140 0 24.80 20.40 22.60 4.40

120 0 24.80 24.80 24.80 0.00

Site 4 L-12
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100 0 21.60 Z4.60 Z3. .Iv.1

80 0 25.40 z5.20 25.so zo
60 0 25.00 24.80 24.90 0.Zo
40 0 25.80 25.60 25.70 d.20
20 0 27.00 26.40 26.70 0.60
0 0 26.40 26.40 26.40 0.00
0 -20 26.60 26.40 26.50 0.20

20 -20 26.20 26.20 26.20 0.00
40 -20 24.40 25.60 25.00 1.20
60 -20 26.00 25.40 25.70 0.60
80 -20 27.20 27.00 27.10 0.20

100 -20 29.60 29.20 29.40 0.40
120 -20 30.20 29.40 29.80 0.80
140 -20 30.40 29.80 30.10 0.60
160 -20 34.80 33.60 34.20 1.20
180 -20 35.00 36.40 35.70 1.40
200 -20 36.40 37.20 36.80 0.80
220 -20 33.80 32.00 32.90 1.80
240 -20 33.80 33.80 33.80 0.00
260 -20 34.00 33.00 33.50 1.00
280 -20 34.60 33.80 34.20 0.80
300 -20 35.20 34.80 35.00 0.40

320 -20 35.60 35.40 35.60 0.40
340 -20 35.o0 d5.40 35.50 0.20
360 -20 85.00 Jb.40 ib.50 o.20
J80 -20 . 0 dt. o db.00 0.o0
400 -20 o.0 z8.40 3j..20 W.41u
420 -2o 32.o -o. 8d .d o .zo

440 -20 dZ. -$2.80 62. 0 o.UU
460 -20 15.00 45.ko do.o l.v0
480 -20 33.20 33.00 3J.10 O.Zo
500 -20 31.20 31.80 31.50 0.bo

520 -20 30.40 30.20 30.30 0.zo
540 -20 27.20 27.80 27.50 0.60
560 -20 25.00 25.00 25.00 0.00
560 -40 26.20 24.60 25.40 1.60
540 -40 52.80 76.60 64.70 23.80
520 -40 79.40 103.60 91.50 24.20
500 -40 105.60 149.00 127.30 43.40
480 -40 103.00 119.20 111.10 16.20
460 -40 127.60 142.20 134.90 14.60
440 -40 124.80 137.80 131.30 13.00
420 -40 88.80 101.00 94.90 12.20
400 -40 90.40 117.20 103.80 26.80
380 -40 86.40 101.80 94.10 15.40
360 -40 99.80 139.20 119.50 39.40
340 -40 93.40 112.20 102.80 18.80
320 -40 93.60 113.40 103.50 19.80
300 -40 89.60 106.20 97.90 16.60
280 -40 90.60 102.60 96.60 12.00
260 -40 96.40 105.20 100.60 8.80
240 -40 97.60 105.80 101.70 8.20

220 -40 87.40 101.40 94.40 14.00
200 -40 j4.o0 1 b.40 115.10 40.60

I OV -414 o,4. t 10 1. 40 IJ2. uo 1. o
1bo -40 oo.o 0 18 4. 0 15.40

Site 4 L-13



140 -40 67.48 78.88 73.10 11.40
128 -40 80.680 90.68 85.80 10.00
100 -40 80.40 101.00 98.70 20.60

68 -40 67.68 61.60 74.60 14.00
60 -40 48.40 58.40 53.40 10.00
40 -40 28.40 29.00 28.78 8.68
20 -48 26.40 26.20 26.30 0.20

8 -40 26.80 26.40 26.60 8.40

Site 4 L-14



EA5T NORTH LOWER UPPER
COORDINATE COORDINATE INTENSITY INTENSITY GRADIENT

0.0 0.0 56854.9 58833.0 21.8
-5.0 0.0 58755.4 58757.8 -2.4

-10.0 0.0 58778.1 58773.6 4.5
-15.0 0.0 58797.8 58790.8 7.1
-20.0 0.0 58799.5 58792.5 7.0
-25.0 0.0 58803.0 58793.1 9.9
-30.0 0.0 58798.3 58793.0 5.3
-35.0 0.0 58613.8 58806.0 7.9
-40.0 0.0 58816.6 58801.0 15.6
-45.0 0.0 58831.2 58826.5 4.7
-45.0 5.0 58721.0 58741.0 -19.9
-40.0 5.0 58779.2 58771.4 7.9
-35.0 5.0 58783.0 58772.6 10.4
-30.0 5.0 58776.8 58767.3 9.5
-25.0 5.0 58783.5 58759.4 4.1
-20.0 5.0 58776.3 58771.0 5.2
-15.0 5.0 58769.5 58764.7 4.8
-10.0 5.0 58762.3 58757.9 4.4
-5.0 5.0 58759.8 58756.4 3.4
0.0 5.0 5883t.4 58812.4 19.0
0.0 10.0 58860.7 58827.7 33.1

-5.0 10.0 58773.7 58769.7 4.0
-10.0 10.0 58797.1 58783.2 14.0
-15.0 10.0 58796.1 58786.3 9.8
-20.0 10.0 58766.0 58764.9 1.1
-25.0 10.0 58753.4 58753.9 -0.4
-30.0 10.0 58778.9 58771.9 7.0
-35.0 10.0 58793.1 58784.1 9.1
-40.0 10.0 58770.0 58768.1 1.9
-45.0 10.0 58721.5 58733.3 -11.8
-50.0 15.0 58815.2 58801.6 13.6
-45.0 15.0 58756.6 58752.7 3.9
-40.0 15.0 58752.5 58751.4 1.1
-35.0 15.0 58769.3 58762.0 7.3
-30.0 15.0 58763.7 58753.9 9.8
-25.0 15.0 56742.4 58739.2 3.2
-20.0 15.0 58759.9 58755.3 4.6
-15.0 15.0 58781.4 58773.1 8.3
-10.0 15.0 56773.5 56764.6 8.8
-5.0 15.0 58734.5 58741.2 -6.8
0.0 15.0 58825.3 58805.1 20.3
0.0 20.0 58825.8 58802.3 23.5

-5.0 20.0 58732.3 58734.4 -2.1
-10.0 20.0 58763.2 58751.9 11.3
-15.0 20.0 58780.9 58763.0 17.8
-20.0 20.0 58740.0 58739.6 0.4
-25.0 20.0 58722.3 58723.0 -0.7
-90.0 20.0 58740.6 58737.7 2.9
-35.0 20.0 58746.2 58744.4 1.8
-40.0 20.0 58756.0 58754.1 1.8

Site 10 L-15



EAST NORTH LOUER UPPER
COORDINATE COORDINATE INTENSITY INTENSITY GRADIENT

-45.0 20.0 58761.4 58762.1 -0.7
-50.0 20.0 58826.3 58817.3 9.0
-50.0 25.0 58815.8 58812.4 3.4
-45.0 25.0 58772.4 58763.7 8.7
-40.0 25.0 58764.5 58754.9 9.6
-35.0 25.0 58743.0 58737.5 5.4
-30.0 25.0 58730.2 58723.2 7.0
-25.0 25.0 58716.9 56716.1 0.8
-20.0 25.0 58754.5 58744.1 10.3
-15.0 25.0 58757.7 58747.9 9.8
-10.0 25.0 58750.6 58741.2 9.4
-5.0 25.0 58706.5 58715.8 -9.4
0.0 25.0 58794.4 58779.1 15.3
0.0 30.0 58782.5 58765.1 17.4

-5.0 30.0 58702.4 58704.7 -2.3
-10.0 30.0 58724.6 58716.7 7.9
-15.0 30.0 58731.7 58720.2 11.5

-20.0 30.0 58719.7 58713.7 6.1
-25.0 30.0 58699.3 58698.1 1.3
-30.0 30.0 58692.9 58694.5 -1.6
-35.0 30.0 58711.3 58709.6 1.8
-40.0 30.0 58743.3 58734.3 9.1
-45.0 30.0 58762.5 58761.9 0.7
-50.0 30.0 58832.4 58825.8 6.6
-50.0 35.0 58831.0 58828.1 2.9
-45.0 35.0 58789.8 58771.4 18.3
-40.0 35.0 58738.5 58727.8 10.7
-35.0 35.0 58708.9 58702.2 6.6
-30.0 35.0 58705.3 58695.2 10.1
-25.0 35.0 58695.3 58689.3 6.0
-20.0 35.0 58693.2 58686.4 6.9
-15.0 35.0 58716.5 58707.9 8.6
-10.0 35.0 58722.2 58712.2 10.1
-5.0 35.0 58705.9 58705.0 0.9
0.0 35.0 58783.6 58762.6 21.1
0.0 40.0 58773.4 58751.5 21.9
-5.0 40.0 58677.4 58676.4 1.0

-10.0 40.0 58693.9 58683.0 10.8
-15.0 40.0 58695.0 58681.7 13.3
-20.0 40.0 58650.9 58654.7 -3.7
-25.0 40.0 58651.3 58655.3 -4.0
-30.0 40.0 58676.2 58675.5 0.7
-35.0 40.0 58703.7 58697.0 6.7
-40.0 40.0 58715.5 58711.1 4.5
-45.0 40.0 58752.4 56745.6 6.8

-50.0 40.0 50781.8 58783.6 -1.8
-55.0 40.0 58891.8 58883.5 8.1
-55.0 45.0 58796.3 58807.6 -11.3
-50.0 45.0 58718.4 58724.7 -6.3
-45.0 45.0 58684.1 58688.2 -4.1

Site 10 L-16
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EAST NORTH LOUER UPPER

COORDINATE COORDINATE INTENSITY INTENSITY GRADIENT

..... .. ... ... ............. .....................

-40.0 45.0 58658.3 58665.8 -7.5

-35.0 45.0 58690'.7 58685.0 5.7

-30.0 45.0 58686.1 58678.4 7.7

-25.0 45.0 58655.5 58655.9 -0.4

-20.0 45.0 58652.3 58649.9 2.4

-15.0 45.0 58660.7 58659.4 1.3

-10.0 45.0 58654.0 58655.2 -1.2

-5.0 45.0 58647.9 58646.6 1.4

0.0 45.0 58745.3 58727.6 17.7

0.0 50.0 58757.0 58732.0 25.0

-5.0 50.0 58645.0 58648.9 -3.9

-10.0 50.0 58673.2 58665.6 7.6

-15.0 50.0 58691.0 58677.4 13.6

-20.0 50.0 58666.1 58664.0 2.2

-25.0 50.0 58684.9 58676.3 8.6

-30.0 50.0 58707.7 58692.2 15.6

-35.0 50.0 58688.5 58678.2 10.3

-40.0 50.0 58654.1 58657.1 -3.0

-45.0 50.0 58684.7 58681.2 3.5

-50.0 50.0 58724.4 58718.9 5.5

-55.0 s0.0 58777.0 58781.8 -4.8

-60.0 55.0 58873.2 58842.6 30.6

-55.0 55.0 58733.2 58736.6 -3.4

-50.0 55.0 58711.6 58699.2 12.4

-45.0 55.0 58f:75.1 58663.3 11.8

-40.0 55.0 55628.5 58628.9 -0.4

-35.0 55.0 58662.0 58651.3 10.7

-30.0 55.0 58678.4 58666.5 11.9

-25.0 55.0 58686.9 58673.2 13.7

-20.0 55.0 58693.7 58681.3 12.4

-15.0 55.0 58708.0 58696.6 11.4

-10.0 55.0 58702.5 58687.9 14.6

-5.0 55.0 58656.0 58652.1 3.9

0.0 55.0 58721.2 58707.5 13.7

0.0 60.0 58724.0 58702.6 21.4

-5.0 60.0 58649.8 58648.4 1.4

-10.0 60.0 58722.7 58706.6 16.1

-15.0 60.8 58832.8 58775.2 57.7

-20.0 60.0 58692.0 58680.2 11.8

-25.0 60.0 58664.1 58658.9 5.2

-30.0 60.0 58651.9 58646.8 5.1

-35.0 60.0 58646.3 58641.4 4.9

-40.0 60.0 58614.5 58620.2 -5.7

-45.0 60.0 58640.3 58639.2 1.0

-50.0 60.0 58669.3 58662.8 6.5

-55.0 60.0 58647.6 58663.8 -16.2
-60.0 60.0 58776.4 58766.0 8.4

-60.0 65.0 58675.6 58682.1 -6.5

-55.0 65.0 58575.3 58599.1 -23.7

-50.0 65.0 58642.6 58639.4 3.2

Site 10 L-17



EAST NORTH LOUER UPPER
COORDINATE COORDINATE INTENSITY INTENSITY GRADIENT

-45.0 65.0 58643.2 58640.5 2.6
-40.0 65.0 58649.2 58645.0 4.2
-35.0 65.0 58641.1 58640.1 1.0
-30.0 65.0 58641.4 58641.5 -0.1
-25.0 65.0 58651.2 58647.6 3.6
-20.0 65.0 58662.3 58655.2 7.1
-15.0 65.0 58559.3 58607.4 -48.2
-10.0 65.0 58683.8 58667.4 15.6
-5.0 65.0 58679.1 58673.4 5.8
0.0 65.0 58701.3 58693.2 8.2
0.0 70.0 58767.0 58738.5 28.5
-5.0 70.0 58706.0 58694.6 11.5

-10.0 70.0 58696.3 58688.4 7.8
-15.0 70.0 58678.7 58674.9 3.8

-20.0 70.0 58673.1 58668.8 4.3
-25.0 70.0 58688.4 58679.4 9.0
-30.0 70.0 58669.3 58667.1 2.2
-35.0 70.0 58683.6 58677.1 6.5
-40.0 70.0 58690.9 58681.1 9.7
-45.0 70.0 58688.0 58678.0 10.0
-50.0 70.0 58658.1 58652.0 6.1
-55.0 70.0 58635.3 58642.0 -6.7
-60.0 70.0 58690.1 58690.0 0.1
-60.0 75.0 58764.3 58743.1 21.1
-55.0 75.0 58702.9 58698.6 4.2
-50.0 75.0 58675.8 58679.9 -4.1
-45.0 75.0 58706.4 58696.2 10.2
-40.0 75.0 58735.2 58717.7 17.5
-35.0 75.0 58728.2 58714.1 14.2
-30.0 75.0 58746.1 58725.8 20.3
-25.0 75.0 58726.3 58710.8 15.5
-20.0 75.0 58645.0 58661.8 -16.8
-15.0 75.0 58718.5 58702.3 16.2
-10.0 75.0 58739.8 58712.9 27.0
-5.0 75.0 58697.4 58680.9 16.5
0.0 75.0 58702.0 58687.6 14.4
0.0 80.0 58589.7 58608.0 -18.4
-5.0 80.0 58635.9 58642.0 -6.1

-10.0 80.0 58718.0 58700.1 17.9
-15.0 80.0 58731.3 58717.9 13.4
-20.0 80.0 58721.7 58708.1 13.6
-25.0 80.0 58718.1 58711.8 6.3
-30.0 80.0 58754.4 58737.1 17.3
-35.0 80.0 58760.6 58743.2 17.3
-40.0 80.0 58774.9 58753.1 21.8
-45.0 80.0 58745.4 58737.0 8.4
-50.0 80.0 58742.4 58730.2 12.1
-55.0 80.0 58756.5 58749.5 7.0
-60.0 80.0 58812.5 58794.6 17.9
-65.0 85.0 58853.6 58831.0 22.6

Site 10 L-18



EAST NORTH LOWER UPPER
COORDINATE COORDINATE INTENSITY INTENSITY GRADIENT
. . .. . . . . .o .. o . . ee .. . . .. . . . . .i. . . . . . . .. . . .. .. . ... . . . . .

-60.0 85.0 58800.9 58787.6 13.3
-55.0 85.0 58764.6 58753.7 10.9
-50.0 85.0 58754.2 58740.4 13.9
-45.0 85.0 58738.6 58735.0 3.6
-40.0 85.0 58757.5 58747.3 10.2
-35.0 85.0 58767.3 58749.9 17.5
-30.0 85.0 58726.1 58729.5 -3.4
-25.0 85.0 58715.0 58711.1 4.0
-20.0 85.0 58705.7 58699.6 6.1
-15.0 85.0 58726.2 58708.5 17.7
-10.0 85.0 58707.0 58701.6 5.4
-5.0 85.0 58702.9 58695.0 8.0
0.0 85.0 58736.8 58713.7 23.1
0.0 90.0 58783.2 58754.9 28.3

-5.0 90.0 58746.2 58725.0 21.2
-10.0 90.0 58723.6 58707.8 15.8
-15.0 90.0 58679.9 58683.8 -3.8
-20.0 90.0 58738.9 58716.6 22.3
-25.0 90.0 58723.6 58713.7 9.8
-30.0 90.0 58758.2 58735.8 22.4
-35.0 90.0 58775.2 58755.4 19.8
-40.0 90.0 58769.5 58753.7 15.8
-45.0 90.0 58762.1 58747.1 15.0
-50.0 90.0 58767.6 58747.4 20.2
-55.0 90.0 58762.8 58753.6 9.1
-60.0 90.0 58818.1 58806.2 11.9
-65.0 90.0 58869.7 58849.4 20.3
-65.0 95.0 58897.0 58852.8 44.2
-60.0 95.0 58815.0 58791.8 23.2
-55.0 95.0 58772.6 58753.1 19.5

-50.0 95.0 58753.9 58743.0 10.9
-45.0 95.0 58796.9 56762.8 34.2
-40.0 95.0 58549.6 58648.3 -98.8
-35.0 95.0 58742.4 58729.0 13.4
-30.0 95.0 58741.6 58724.0 17.6

-25.0 95.0 58728.9 58721.3 7.6
-20.0 95.0 58668.4 58670.0 -1.6
-15.0 95.0 58675.9 58674.4 1.5
-10.0 95.0 58722.1 58703.6 18.4
-5.0 95.0 58715.6 58712.4 3.1
0.0 95.0 58798.7 58768.9 29.8
0.0 100.0 58766.3 58738.7 27.7
-5.0 100.0 58698.6 58693.6 5.1

-10.0 100.0 58731.4 58709.2 22.2
-15.0 100.0 58779.5 58681.2 98.2
-20.0 100.0 58616.5 58638.6 -22.1
-25.0 100.0 58645.5 58671.1 -25.6
-30.0 100.0 58650.6 58678.1 -27.5
-35.0 100.0 58729.4 58707.1 22.3
-40.0 100.0 58753.6 58729.8 23.8

Site 10 L-9



EAST NORTH LOUER UPPER
COORDINATE COORDINATE INTENSITY INTENSITY GRADIENT
.......... ....... ... ............ .. .. .. 00. ... ..... o...

-45.0 100.0 58705.8 58709.0 -3.2

-50.0 100.0 58715.7 58714.3 1.4
-55.0 100.0 58762.3 58744.9 17.4
-60.0 100.0 58729.0 58733.3 -4.3
-65.0 100.0 58805.6 58790.1 15.5
-70.0 100.0 58826.0 58802.8 23.1
-70.0 105.0 58791.2 58767.8 23.4
-65.0 105.0 58765.3 58747.3 18.0
-60.0 105.0 58715.1 58712.7 2.4
-55.0 105.0 58752.6 58734.0 18.6

-50.0 105.0 58723.1 58713.6 9.4
-45.0 105.0 58724.3 58714.3 10.0
-40.0 105.0 58717.4 58705.8 11.6
-35.0 105.0 58649.7 58658.5 -8.8

-30.0 105.0 59027.5 58867.5 160.0
-25.0 105.0 58745.4 58737.2 8.2
-20.0 105.0 58465.4 58580.6 -115.2
-15.0 105.0 58609.9 58619.2 -9.3

-10.0 105.0 58685.8 58675.5 10.3
-5.0 105.0 58685.2 58675.5 9.6
0.0 105.0 58715.4 58699.3 16.1
0.0 110.0 58691.4 58673.1 18.3
-5.0 110.0 58708.4 58682.0 26.3

-10.0 110.0 58675.1 58665.4 9.7
-15.0 110.0 58642.6 58640.3 2.3

-20.0 110.0 58693.9 58665.7 28.3
-25.0 110.0 58821.2 58746.0 75.2
-30.0 110.0 58756.0 58745.4 10.6
-35.0 110.0 58746.2 58717.9 28.3

-40.0 110.0 58696.1 58691.8 4.2
-45.0 110.0 58735.4 58733.0 2.4
-50.0 110.0 58715.5 58714.9 0.7

-55.0 110.0 58712.2 58709.7 2.5
-60.0 110.0 58726.5 58723.8 2.7
-65.0 110.0 58727.4 58730.4 -3.0
-70.0 110.0 58752.5 58734.8 17.8
-75.0 115.0 58612.7 58623.7 -11.1
-70.0 115.0 58532.1 58566.0 -33.9
-65.0 115.0 58541.2 58572.4 -31.3
-60.0 115.0 58594.6 58607.1 -12.5
-55.0 115.0 58616.3 58621.8 -5.5

-50.0 115.0 58652.6 58645.4 7.2
-45.0 115.0 58670.3 58657.7 12.6

-40.0 115.0 58687.6 58677.7 9.9
-35.0 115.0 58671.7 58667.3 4.3

-30.0 115.0 58656.2 58656.3 0.0
-25.0 115.0 58654.0 58647.6 6.4

-20.0 115.0 58549.1 58590.5 -41.4
-15.0 115.0 58670.4 58653.6 16.8
-10.0 115.0 58615.6 58609.6 6.0

site 10 L- 20  j
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EAST NORTH LOWER UPPER

COORDINATE COORDINATE INTENSITY INTENSITY GRADIENT

............... ................ .. ............ .............

-5.0 115.0 58563.1 58572.7 -9.6

0.0 115.0 56557.9 58562.3 -4.5

0.0 120.0 58098.7 58225.7 -127.0

-5.0 120.0 58294.6 58364.0 -69.4

-10.0 120.0 56380.6 58437.0 -56.5

-15.0 120.0 58451.0 58488.1 -37.1

-20.0 120.0 58514.1 58534.4 -20.3

-25.0 120.0 58637.1 58603.9 33.3

-30.0 120.0 58476.5 58513.4 -36.9

-35.0 120.0 58465.8 58502.9 -37.1

-40.0 120.0 58474.5 58502.1 -27.6

-45.0 120.0 58486.1 58512.5 -26.4

-50.0 120.0 58465.8 58508.3 -42.6

-55.0 120.0 58417.0 58470.9 -53.9

-60.0 120.0 58457.5 58490.0 -32.5

-65.0 120.0 58398.0 58452.4 -54.4

-70.0 120.0 58370.8 58420.2 -49.4

I
I
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TECHNICAL OPERATIONS PLAN
INSTALLATION RESTORATION PROGRAM, PHASE II, STAGE 2

DULUTH INTERNATIONAL AIRPORT, MINNESOTA

1.0 INTRODUCTION

This Technical Operations Plan (TOP) describes the methods and procedures

that will be used to accomplish the objectives of the Phase II, Stage 2 field

investigation of the United States Air Force (USAF) Installation Restoration Program

(IRP) for Duluth International Airport (TAP), Minnesota. The IRP is a nationwide

effort intended to identify, evaluate the extent of, and mitigate environmental

contamination potentially induced by the mobilization and migration of hazardous or

toxic chemicals from past disposal or other handling practices at USAF facilities.

On the basis of the findings of the Phase I Records Search (Engineering-Science,

1982) and the Phase II, Stage I Problem Confirmation Study (Roy F. Weston, Inc.,

1984), the USAF Occupational and Environmental Health Laboratory (OEHL) retained

Dames & Moore under Contract No. F33615-83-D-4002, Order No. 0038, to conduct

the Phase II, Stage 2 study at Duluth lAP.

The Phase I and Phase II, Stage I contractors' reports were carefully reviewed,

and their recommendations for the Phase ii, Stage 2 program were considered. A

site visit/briefing at Duluth lAP was undertaken on May 15, 1985, to discuss and

inspect the sites to be investigated during the Phase II, Stage 2 study. A presurvey

was conducted to determine the approach to be used in accomplishing the

requirements of Phase 11, Stage 2 of the IRP. Additionally, written comments

provided by U.S. Environmental Protection Agency Region V (USEPA, 1985) and the

Minnesota Pollution Control Agency (MPCA, 1985) generated by review of the above

cited reports were discussed. Attendees at the meeting included:

Col. Jerry P. Dougherty HQ TAC/SGPB, Langley AFB, VA

Lt. Col. Edward Barnes USAF OEHL/TS, Brooks AFB, TX

Lt. Col. Curtis P. Jones 148 CSS/CC MN ANG, Duluth IAP, MN

Maj. Joel D. Manns Base Civil Engineering ANG Duluth lAP, MN

MSgt. Merlin 0. Carlson 148 TAC Clinic/SGPB, Duluth lAP, MN

Mr. Larry Livesay MPCA, Roseville, MN

Mr. Tim Musick MPCA, Duluth, MN

Dr. Kenneth J. Stimpfl Dames & Moore, Park Ridge, IL

1.1 PURPOSE AND SCOPE

The purpose of the TOP is to de'ail the methods and procedures that will be

used to accomplish the tasks defined during the Stage 2 Investigation at Duluth lAP.

[I]
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Guidelines of the MPCA, Occupational Safety and Health Administration (OSHA),
USEPA, and USAF, as well as previous investigations at Duluth lAP, were reviewed

to select the methods that would be most appropriate for this investigation. The
TOP is designed primarily to give guidance to personnel in the field and to ensure

that standard methods of investigation are used. However, not all field problems can
be anticipated, and the field personnel must exercise professional judgment when
applying the guidelines.

The purpose of the Phase 11, Stage 2 investigation at Duluth lAP, as described

in this TOP, is to conduct a field investigation, with subsequent laboratory analysis
of collected samples, data interpretation, and reporting, to accomplish the following
objectives:

" Confirm the presence or absence of contamination within the specified
areas of investigation;

" Determine the magnitude of contamination and the potential for and rate

of migration of those contaminants in various environmental media;

" Identify potential environmental and health risk consequences of migrating
pollutants based on state or federal standards for those contaminants; and

" Delineate additional investigations required beyond this stage to reach the
Phase 11 objectives.

The Phase II, Stage 2 effort at Duluth lAP will entail a follow-up investigation

of sites evaluated during Phase II, Stage 1, and an initial monitoring program at six

additional sites. The sites included in this study are identified in Table 1-1 and can
be located in Figure 1-1. The sites to receive follow-up investigative work are

Goose Dump 1, the Fire Training Areas, DPDO Storage Area "C", and the Tank Farm
Area. The two fire training areas (FT-I and FT-2) have been consolidated into one
site.

The recommended program requires the installation of 30 additional ground

water monitor wells and 19 soil borings. Sampling for chemical constituent analysis
will be conducted at the 30 new monitor wells and 10 existing monitor wells for the

parameters listed in Table 1-2. In addition, geophysical surveys will be performed
using a metal detector and a magnetometer at Site 4 to locate underground pipes; at
Site 6 to locate the dump site drums; and at Sites 7, 9, and 10 to accurately define

the site boundaries. At Site 4, an electromagnetic survey will also be performed to

identify leak sites from the underground pipes. A detailed study of the aerial

photographs will be performed at Sites 6, 7, 9, and 10 to accurately locate the

contaminated areas.

[21
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TABLE 1-1

LISTING OF SITES

Site

Number Phase I Number Site Description

1 D-I (TAC) Goose Dump 1

2 FT-I and FT-2 (ANG) Fire Training Areas

3 S-2 (ANG) DPDO Storage Area "C"

4 SP-I (ANG) Tank Farm Area

5 D-4 (TAC) South Goose Dump

6 D-2 (TAC) Goose Dump 2

7 D-6 (TAC) Runway 13 NE Disposal

8 5-1 (ANG) Old DPDO Storage Area

9 D-9 (TAC) Disposal Pit

10 RD-I (ANG) Low-Level Radioactive
Waste Disposal

Note: ANG = Air National Guard sites,
TAC = Tactical Air Command sites.

[31
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- { TABLE 1-2

rANALW T [CAL PROGRAM

HErTE% SITE "-I, i I SEE 4 SI T5 6 SITE 7 V TE 8 51re 9 S. 10 IF

PARA, TER EXTRACTION LTHO0 D-1 FT-2 iP-2 P-1 0.4 0-2 0-6 5-1 ).9 PD-I SSMPIS ,C. SA 4.ES

PurgeTble E 601 6 6 sT 7 - 8 5 I3E 9 9
Haloorr oons

P tcgeable E 602 6 M• 7 12 6 - 11 - 4 93
C

Aroat tcS

Oil anm 1 413.2 6 14 7 12 6 - 4 5 63
G;reec (IR)

Arsenic E 206.2 6 - 7 - 6 - 4 28 5 33

Berium 1 208.2 6 - 7 6 - 5 ze 5 33

Cadmium ( 213.2 6 - 7 6 - 4 28 33

Ch27omium 0 21.1 6 - 7 6 - 4 28 S 3

Led ( 29.2 6 - 7 6 - 4 5 - - 28 5 33

Mercury 6 245.1 6 - 7 6 6 5 - - 28 5 33

Selenium E Z70.3 & 7 6 - 6 5 - - 28 5 3

silver E 272.2 6 1 7 6 - 5 - 28 8 3
Pesticides/ E 600 6 - 7 6 - 4 28 5 age

Herbicides E 615 6 - 7 - 6 - A 5 - 28 5 Age

Phenol E 420.2 6 14 - 6 - 4 5 12 8 4z a 0

Acetone ASTH D 3695-82 - - -- - 1 2

Picric Acid AISATHA"R 28 - - - - - - - 2

Gross Alpha Standard Methods, - - - . - - - 3 3 1 A
16th ad., 703

Gross Set& Standard Methods, - - - - - - - 3 3 1 a
16th ed., 703

Radius-Z26 E600/4-80-032. 903.0 - - - - - - - - - 3 3 1

Radium-228 1600/4-80-032, 904.0 - - - - - - - - - 3 3 1 4

SOILd
SITE 2 \BR

METHOD/ SITt I FT-I, SITE 3 SITE 4 SITE 5 SITE 6 SITE 7 SITE 8 SITE 9 SITE 10 Or TOaTL
PARA4 TER EXTRACTION '(THO0 0-1 FT.2 SP- 2  SP-L 0-4 0-2 0-6 S-1 3-9 RD-I SAMPLES CCb yS&E.s

Puerqeble 5 8010
e  

9 17 16 23 8 4 a 11 - - 96 15 16
c

Purgeable SO 8020 9 17 16 23 8 6 8 11 - - 96 is 14C
Aromatic*

Ol and S 3550 and 413.2 9 17 16 23 8 A 8 11 - - 96 is 111
Grease (1R)

Arsenic S 3050 and 7060 9 - 16 - 8 - 8 11 - - 52 9 61

Bazu SV 305,0 and 6010 9 16 8 - a 11 - - 52 9 61

Cadmim S 300 and 61O0 9 16 8 - a 11 - - 52 9 61

Chriomu S 3050 and 6010 9 16 a - 8 11 - - 52 9 61

Lead SW53050 and 60LO 9 16 8 - 8 11 - - 52 9 61

Mercury 90 7471 9 16 8 - a 11 - - 52 9 61

Seleniue 9 3050 and 77O 9 16 8 - 11 - - 52 9 61

Sliver S 050 and 6010 9 16 8 - a II - - 52 9 61

Pesticides/ SW 3550 nd 8080 9 16 a - 8 11 - - 52 9 90 c
P~e

Herbicides 90 8150 9 16 8 - 8 11 - - 52 9 gac

Phenol 1 420.2 modified 9 17 16 a - B 11 - - 69 11 SO

Aetone Water extr. and - - - 2 - 2 1 3
AS3 0 3695-82

Picric Acid USATHNAA 2C - - 2 - 2 1 3

Ethylene NIOS P A CA 338 - - - - - 1 5
Glycol modified for soi1
SoLL "cloture 9 17 16 23 8 4 8 ;1 2 - 9 15 113
Determination
EP Yicity

f  
40 CR 261.24 SAMPLES AS E(DED AND NO SPECIFIED BY SITE (TOTAL JER . 153) 15 2 17

Iqnitailityf 80 (fR 261.21 SAMPLES AS NE(0E AND NT SPECIFIED BY SITE (TOTAL MJ4KR a 15) 15 2 17

The eethode citd In the aalysIs protocols come froa the Followsnq souircest

(" Method o Methods for Cheatem IAnalsis of Water and Westes, EPL-60T/A-79-020 (kUSPA. 19011.
(water Only) [ 0 Methods for Oryanic Chestel Analiyss of Municipal and Industrial wastesater (USEPA, 49 FR 209. 10/26/84).

M ethods leat Methods for (valuaatin Solid Waste, Physical/Cheical Methods. SW.646, 2nd ad. (USEP4, 1984).
(;a.%r A Soil)

Sincludes both well and surface water 9eepies.

t% field sample lnclude* dupllcates. trip blankr, and rinse (field) blank*.

Cfotai nuper of samles incliudes second coiu confirmation on S0o of semples (to Inct.d field QC amoooel).

d11cludso both borehole end sediment saples.

E1ttectlon Ircluded in method.

fSeaIes to be analysed to be collected from sOil sutline.
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1.2 INSTALLATION DESCRIPTION AND HISTORY

1.2.1 Location and Host Organizations

The Duluth lAP is located in St. Louis County, Minnesota, approximately
7 miles northwest of the city of Duluth, at the western end of Lake Superior.
Opened in 1948 as the Williamson-Johnson Airport, this 1995-acre installation has

been jointly operated by the USAF, the Minnesota Air National Guard (MANG), and
the City of Duluth. Duluth IAP has hosted a variety of operational USAF activities
during the period 1948 through 1981. Although USAF operational missions were
terminated at Duluth TAP in December 1981, this Tactical Air Command (TAC)
installation continues as a site of both commercial civilian and ANG activities. The
host organization is the 148th Tactical Reconnaissance Group (MANG).

1.2.2 Hydrogeology

Duluth IAP is located on the Superior Upland, an extension of the Laurentian
Upland of the Canadian Shield. The synclinal Lake Superior basin is a major
structural feature of this region.

At Duluth IAP, the bedrock is composed of the Duluth Complex, consisting of
Precambrian gabbro and several other igneous intrusive rock types. The Duluth

gabbro extends beneath the Lake Super .r basin in the form of a lopolith, a large
lenticular centrally sunken intrusive mass. At Duluth, the lopolith is 12,000 feet
thick (Thornbury, 1965). The Duluth Complex is located on the western limb of the
Superior Syncline, the axis of which corresponds roughly to the axis of Lake Superior
(Weston, 1984).

Surface deposits at Duluth IAP consist of Pleistocene age Late Wisconsinan
glacial deposits. Topography in the vicinity of Duluth IAP reflects its recent glacial
history as poorly defined deranged drainage dominates; numerous shallow lakes,
swamps and bogs exist; and irregular low relief typifies the area.

The naturally occurring unconsolidated surface deposits at the base were glacial
outwash. The Mille Lacs-Highland Moraine Association, a sandy, stony till, is
present as ground moraine to the southeast of the base and end moraine to the
northwest of the base (Hobbs and Goebel, 1982). Surface deposits have been
modified at the base due to earthmoving activities. All four sites investigated
during the Phase IT, Stage I effort are located on structural fill or otherwise
disturbed ground (Weston, 1984). Unconsolidated sediments are believed to range in
thickness from 10 to 60 feet at Duluth TAP (Engineering-Science, 1982).

[61
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Surface elevations at Duluth lAP vary from approximately 1390 feet above
mean sea level (msl) along the northern installation boundary to approximately
1430 feet msl near the developed south-central portion of the base.

Ground water at the base occurs both in the unconsolidated glacial sediments
under water table (unconfined) conditions and in the underlying crystalline bedrock
within fractures and voids.

The glacial drift aquifer, consisting of a heterogeneous mixture of sand, silt,

clay, gravel, and cobbles, etc., is unstratified and locally very compact. This

aquifer, which supplies adequate yields for farm and domestic consumption and is the
most productive local aquifer, is in hydraulic communication with the underlying

bedrock aquifer. Ground water in the glacial drift aquifer is generally encountered

at depths of 3 to 25 feet below ground surface. Within the bedrock aquifer, wells
drilled to depths of 100 to 700 feet generally encounter water at depths of 10 to
30 feet. Yields from the bedrock aquifer are usually poor (i.e., 5 gallons per minute
or less). Water quality from both aquifers is generally good (Engineering-Science,

1982).

Within the Duluth IAP region, ground water, primarily from small capacity

glacial drift wells, is utilized by individual domestic or agricultural consumers in
isolated areas. City of Duluth water from Lake Superior is supplied to the Duluth
lAP and adjacent communities.

Recharge to local aquifers consists of precipitation falling on the unsaturated
portion of the aquifer or, in the case of the bedrock aquifer, percolation through a

communicating unit in contact with the aquifer.

It has been postulated that Duluth IAP appears to lie within a ground water

discharge zone, as evidenced by typically high soil unit water levels, perennial
stream flow on and adjacent to the base, and the presence of numerous large,

permanent wetlands in the area (Engineering-Science, 1982).

The hydraulic head in the bedrock and the overlying glacial drift near Duluth

IAP are similar, whereas the permeability of the bedrock is generally much lower

than the permeability in the glacial aquifer. Although the two aquifers are

hydraulically connected, the vertical flow from the sediments to the bedrock is
believed to be low (Engineering-Science, 1982). Because of these conditions, the
principal flow path of ground water in the area has been interpreted to be direct

recharge from the ground surface to the shallow water table in the glacial drift,
then horizontal flow in the water table to discharge to local streams and ponds

(Weston, 1984). The water table, where not perched, is continuous with marsh and
bog areas.

I
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Surface drainage at the base flows to two drainage systems. A ground water
divide is suspected to exist paralleling the main runway (Engineering-Science, 1982).
To the north of the runway, drainage from the northern and western portions of the

base drains to Beaver Creek and eventually to Wild Rice Lake, located north of the
base. This drainage system includes drainage ditches from the fuel storage area,
DPDO Storage Area "C", and the fire training areas. North of the runway in the

vicinity of the Goose dump sites, a largely marshy area drains into two unnamed
drainageways that flow into Wild Rice Lake. Southeast of the runway, drainage

flows south to Miller Creek, which feeds into the St. Louis River (Weston, 1984).

1.3 INDIVIDUAL SITES

1.3.1 Site 1: D-1 Goose Site Dump

Site D-I is located in a pocket swamp north of the abandoned Goose Site
bunkers and to the east of the access road. The period of operation for this site is
unknown. The Phase I report notes that approximately 15 empty and rusty 20% DDT
drums were observed scattered throughout an approximately 100- by 75-foot area.
The barrels appeared empty, and they were not recently discarded.

A potential for migration of pollutants from this site to Wild Rice Lake exists,
either by surface water drainage or by ground water flow.

1.3.2 Site 2: FT-I Fire Training Area (1951 to Early 1960s)

and FT-2 Fire Training Area (Early 1960s to Present)

During the site visit/briefing, it was decided that both fire training areas

should be investigated as one site. Both fire training areas, located north of the
main runway, are situated in the V shape formed by the two smaller runways.

Site FT-I, in use from 1951 to the early 1960s, is located south of the access
road. The activities were conducted in two excavated pits, approximately 40 feet
wide, 50 feet long, and 3 to 4 feet in depth, and contained about 2 feet of standing
water. For fire training exercises, 300 to 1000 gallons of flammable materials were

placed in the pits, ignited, and extinguished with a protein-based foam, aqueous
film-forming foam (AFFF), or chlorobromomethane (CB). Carbon tetrachloride may
have been used as an extinguishing agent during the early years of pit operation.
Materials burned included JP-4 and drummed materials that were not accepted by

DPDO for disposal.

[8]
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Waste materials and residue remained in the pits following the fire training
exercises. The fire training exercises were held as frequently as once per week,
although once per month was more typical. The pits at Site FT-I were abandoned,
leveled, and filled in the early 1960s (Engineering-Science, 1982).

From the early 1960s to the present, Site FT-2, located north of the access

road, has been in use. Fire training activity was originally conducted in an
excavated area of the site; the original perimeter berm was removed and the area
graded in the early 1970s. Fire training activities are now conducted in a bermed

circular area approximately 100 feet in diameter. Runoff from this site is
uncontained. Drainage off site to the north eventually reaches Wild Rice Lake.

During the time of the Phase I report, two training exercises per month were

carried out. Before the exercise, the ground was saturated with water to minimize
infiltration. Up to 500 gallons of JP-4 fuel are burned during a typical training
exercise. Formerly, contaminated fuels and drummed POL (waste oils, paint thinners,
and solvents) were also burned in the pit. The burn is extinguished with
approximately 30 gallons of AFFF. In the past, a protein-based foam and CB were
used. After the burn, residual materials remaining in the area infiltrate into the
ground or contribute to surface runoff.

Analyses of ground water carried out during the Phase II, Stage I investigation
indicate that concentrations of total organic carbon (TOC), total organic halogens
(TOX), and oil and grease were found in all seven wells installed in the fire training

area.

1.3.3 Site 3: S-2 DPDO Storage Area "C"

Waste POL, waste solvents, and chemicals were stored in Area "C" of the
DPDO Storage Site S-2 from 1965 to 1980. The site, approximately 90 feet long by
75 feet wide, is unfenced, unlined, and borders a drainage ditch that eventually

drains to Wild Rice Lake. This site, no longer used for storage, was the location of
minor drum leaks in the past, although no major spills have been recorded. In 1980,
several drums of waste oil contaminated soil were removed from this site and spread
within Site FT-2.

The proximity of Area "C" to the drainage ditch creates a potential for
contaminant migration to exist. No other areas within the present DPDO Storage
Area were used for liquid storage.

[91
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By means of ten soil borings and two sediment grab samples, the Phase 11,

Stage I investigation found levels of oil and grease and volatile organic aromatics
(VOAs) in the unsaturated soil collected to a depth of 2 feet at the storage area.

1.3.4 Site 4: SP-I Tank Farm Area

The tank farm area, located in the northwest portion of the base and in
operation during the 1980s, occupies approximately 5 acres of land bordering the
east-west runway. The facility consists of three above-ground storage tanks, fuel
loading docks, associated outbuildings, and two small buried tanks: one for fuel oil
and one holding tank for waste oil. The tanks are enclosed within earth dikes
capable of retaining 110 percent of the tank capacities. Both open and covered
drainageways bound the tank farm and loading dock area. These drainageways carry
surface runoff from the site to a culvert, which runs from the northwest corner of
the site, under the runway, and emerges north of the runway to discharge into
Beaver Creek.

During repair of a water line in 1980, oil was observed at a depth of 6 to

7 feet about 100 feet outside the diked area. This excavation revealed diesel fuel
No. 2 in the soil and ground water approximately 150 feet from Tank No. 3. Tank

No. 3 was taken out of service because a leak was believed to originate with this

tank or its feeder lines. The Phase 1I, Stage I report notes that the drainage

ditches to the north of the dikes and adjacent to the loading area contain oily
seepage. Oily ground water seepage has been observed as discharge from a sump

pump operating in a valve box near the loading area. Contaminated soil from the

excavation was removed and disposed off site.

1.3.5 Site 5: D-4 South Goose Bunker Dump

The south Goose bunker dump is located south of the abandoned Goose site
marker in a swampy area. Several empty drums of unknown materials were deposited

along the southern margin of a small body of water. The time of dumping into this

area, which is approximately 25 by 35 feet, is unknown. As drainage from this
unclosed dump area is northward to Wild Rice Lake, the potential for contaminant

migration exists.

Bottom soil samples and one surface water sample from an adjacent pond were
found to contain DDD during the Phase If, Stage I investigation. A PCB compound,
Arochlor-1260, was reported from the same soil and water samples.

i
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1.3.6 Site 6: D-2 Goose Site Dump

According to the Phase I report, approximately ten empty and rusty 55-gallon
drums of deicing agent were observed in October 1981 at this site, a wooded ravine
area located north of the abandoned Goose missile site and to the west of the
access road.

As no other waste materials were observed in this area, it is unlikely that the
area contains waste materials covered by fill. There exists a potential for
contaminant migration, as drainage from this swampy locality is northward to Wild
Rice Lake.

1.3.7 Site 7: D-6 Runway 13 NE Disposal Area

The D-6 disposal site was in use during the 1950s through 1970s. Located
northeast of Runway 13, this less than I-acre site has been closed with local soil
cover to an approximate fill depth of 3 to 4 feet. General rubbish, hardfill, aircraft
parts, empty drums, and possibly drums containing unburnable and unrecoverable
chemicals are believed to have been disposed here. Some debris is still located on
the surface. Although no leachate has been detected at this site, there exists a
potential for leachate generation due to the shallow water table and, hence,
migration of contaminants to local swamps and eventually to Wild Rice Lake.

1.3.8 Site 8: S-I Old DPDO Storage Area

The base salvage yard area and old DPDO storage area were located north of
Washington Street near Building 147. The period of operation for this site was 1950

through 1964. Materials handled through the DPDO storage area included DDT
drums, waste fuel oil/solvents, and PCB transformers (Engineering-Science, 1982).
Because minor leakage of drums of waste materials was likely to have occurred at
this site, a potential for contamination exists.

1.3.9 Site 9: D-9 Disposal Pit

A small pit, approximately 8 by 7 feet, was used during the mid-1960s for the
disposal of small amounts of picric acid and acetone from the medics clinic. The

identification of percuric acid in the Phase I report (Engineering-Science, 1982)
appeared incorrect. Through inquiries made by MANG personnel of the biomedical
technician formerly employed at the medics clinic, it was learned that the material
disposed of was picric acid (Carlson, 1985). This pit, which also contains small
amounts of garbage, was closed with local soil cover.

[I19
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Although the quantities of wastes disposed at this site are believed to be
small, the nature of the materials and the location of the site indicate there is a
potential for contaminant migration. Surface drainage in this area is to Miller's
Creek.

1.3.10 Site 10: RD-I Low-Level Radioactive Waste Disposal

At Site RD-I, during the 1950s, low-level radioactive materials such as cathode
ray tubes, scopes, and instrument dials were deposited in a 15-foot deep trench

approximately 40 feet long. General refuse and garbage covered these low-level
radioactive wastes. Local soil cover was used to fill in this area. To insure that

no contaminants are migrating from this site, it would be prudent to investigate this
disposal area.

A review of the literature and discussions with knowledgeable personnel
indicate that the wastes believed to be buried in this disposal area (i.e., cathode ray
tubes and oscilloscopes) from this period were large instruments (approximately 2 by
3 feet) housed in metal cabinets containing transformers and, in many cases, small
fans. The three radionuclides used for radioluminous dials were tritium,
promethium-147, and r-dium-226.

Half-Life Average
Radionuclide (years) Radiations Activity/Dial

Tritium 12.3 Beta I mCi
Promethium-147 2.62 Beta 41 pCi
Radium-226 1600 Alpha, Gamma 0.5 pCi

Sources: Moghissi et al., 1978; Public Health Service, 1970.
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2.0 SITE INVESTIGATION SUMMARY

2.1 OVERALL FACILITY

The recommended program addresses five original sites evaluated under the
Phase I, Stage I investigation, and an additional monitoring at six additional sites.
The two fire training areas (FT-I and FT-2) have been consolidated into one site.
These sites, listed in Table 1-I, will be investigated under Phase II, Stage 2 by
means of 30 new monitor wells, 10 existing monitor wells, 19 borings, IS surface
water samples, and 20 sediment samples. Geophysical surveys are proposed to locate
Sites 7, 9, and 10 and to investigate buried pipelines at Site 4 and drums at Site 6.
An electromagnetic survey will be conducted to identify leak sites at Site 4. A
detailed examination of existing aerial photographs will be performed at Sites 6, 7,
9, and 10.

2.2 INVESTIGATION OF INDIVIDUAL SITES

2.2.1 Site 1: D-1 Goose Site Dump

To assess the potential for migration of pollutants from this site, four monitor
wells will be installed, one soil boring will be drilled, and two sediment and two
water samples will be taken from the standing water, if present.

The monitor wells -- one assumed upgradient and three assumed downgradlent -
will be located in the field as determined by site conditions. The wells will be
drilled to a depth no greater than 30 feet, and the screened interval will extend
from 5 feet above to 10 feet below the water table. A maximum of four soil
samples will be collected and analyzed. The actual sample locations (borehole and
depth) will be at the field supervisor's discretion. From each well, one water
sample will be collected and analyzed.

One soil boring will be drilled to a depth of 10 feet or to the water table,
whichever is shallower, in the vicinity of the highest concentration of barrels. Soil
samples from the ground surface and at the 21- and 5-foot depths will be analyzed.

Two sampling points will be designated from surface waters located at the site,
or from surface waters adjacent to and downstream of the site. Both a water and a
sediment sample from each of these surface water sample points will be collected.
All water and soil samples will be analyzed for volatile organics and aromatic
compounds, oil and grease, pesticides and herbicides, polychlorinated biphenyls
(PCBs), phenols, and metals. In addition, soil moisture determination will be
performed on the soil samples.
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2.2.2 Site 2: FT-I Fire Training Area (1951 to Early 1960s)
and FT-2 Fire Training Area (Early 1960s to Present)

To more thoroughly define the potential level of contaminants at the fire
training areas and to investigate possible migration of contaminants from the area,
five monitor wells will be installed in the vicinity of the fire training areas. One
well, in the assumed upgradient direction south of Site FT-I, will be used to provide
information for the ambient water quality of the area. This well will be located in
the field, and the intent is to position the well on the north side of the ground
water divide as noted in the Phase II, Stage I report (Weston, 1984). Two wells
will be placed downgradient of Site FT-I on either side of the access road to
investigate possible contaminants from Site FT-I. The final two wells will be
positioned to the north and downgradient of Site FT-2. The wells will be drilled to
a total depth of no greater than 30 feet, with a screened interval extending from
5 feet above to 10 feet below the water table. During the borehole drilling, a
maximum of five soil samples will be collected and analyzed. The actual sample
locations (borehole and depth) will be at the field supervisor's discretion. From each
well, one water sample will be collected and analyzed.

Two soil borings, one in each fire training area, will be drilled to a total
depth of 10 feet. If aerial photographs of Site FT-I taken during the 1950s can be
located to permit identification of the two separate pits, then an additional soil
boring will be drilled in Site FT-I; each boring in the fire training burn pits will be
centrally located. The soil sampling scheme will follow that outlined for the soil
boring at Site I.

In addition to the monitor wells and soil borings, sediment and surface water
samples will be taken to investigate the character of surface runoff from the fire
training areas. Dames & Moore concurs with the recommendation made in the
Phase II, Stage 1 report regarding sampling the drainageway between the western
extension of the access road and the southwestern boundary of Site FT-2. Two
sediment and two surface water samples will be obtained from the drainageway, and
one sediment and one surface water sample will be obtained from the swamp to the
north and downgradient of Site FT-2.

In order to confirm the results of the previous analyses, one ground water
sample will be taken from each of the six existing monitor wells. Water level
readings will also be read at these wells.

All water and soil samples will be analyzed for volatile organics, aromatic
compounds, oil and grease, and phenol. In addition, soil moisture determination will
be performed on the soil samples.

[I 1 ;
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Monitor wells that exhibit a layer of floating fuel will be measured for the
thickness of the fuel.

2.2.3 Site 3: S-2 DPDO Storage Area "C"

To further define the vertical and horizontal extent of surface and subsurface
contamination at this site, three soil borings will be drilled, four monitor wells will
be installed, and three sediment samples and three water samples will be collected
from the drainageway north of the area.

The monitor wells will be positioned in the field such that one is upgradient
and three are downgradient. The exact locations of these wells will be determined
by site conditions. The wells will be drilled to a total depth of 30 feet, and the
sampling scheme will follow the program for Site I.

Three soil borings, positioned approximately along a line running north-south in
the center of the storage area, will be drilled to a total depth of 10 feet. The soil
sampling scheme will follow that outlined for the soil boring at Site I.

To trace the possible migration of contaminants along the drainageway north of
the storage area, three sediment and three surface water samples will be collected
in the drainageway. The first sediment and water sample will be taken in the
approximate position of Sample 2 (Phase II, Stage I study) to confirm the results
already obtained. The next two sets of samples will be taken at 100-foot intervals
along the drainageway. It is believed that sampling locations thus positioned will
investigate off-site migration by surface flow.

All water and soil samples will be analyzed for volatile organics, aromatic
compounds, oil and grease, pesticides and herbicides, PCBs, phenols, and metals. In
addition, soil moisture determination will be performed on the soil samples.

2.2.4 Site 4: SP-l Tank Farm Area

Before field investigations commence, a geophysical survey will be conducted
using a metal locator and/or magnetometer to locate underground pipes. A grid
system will be constructed and tied into local ground coordinates so that pipeline
locations can be verified for information provided by MANG personnel. An
electromagnetic mapping (EM) survey will also be performed to identify leak sites
from these pipes. The entire tank farm will be surveyed to include a minimum
50-foot buffer around the site perimeter. In addition, the survey will be expanded
on the southern side of the tank farm area to the main access road.
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The Phase II, Stage I study, by means of four monitor wells, two test pits, and
20 well points, revealed that free-floating fuel oil was observed in the soil borings,
test pits, and drainage water in the immediate vicinity of the fuel storage area.
Water levels obtained from the well points and monitor wells permitted construction
of a water table map for the storage area. The gradient is towards the northwest
in the western portion of the storage area and towards the northeast in the eastern
portion of the site.

An additional four monitor wells will be installed, five soil borings will be
drilled, and four sediment and four surface water samples will be taken to more
clearly define contaminant migration from this site. One monitor well will be placed
south of the present Well MW-8, in the assumed upgradient direction. Three wells
will be placed downgradient of the storage tanks to intercept a plume if it exists.
If feasible, one well will be placed within the area south of the "Y" formed by the
drainage culverts as they exit the site to the north. The wells will be installed and
sampled as outlined for Site I.

Five soil borings will be drilled to a total depth of 15 feet each or to the
water table. Samples will be taken at 2 -foot intervals beginning at ground surface.
Samples at 2 , 5, and 7+ feet will be analyzed.

As noted in the Phase It, Stage I study, it appears that the ground water
surface around the entire site is intercepted by surface drainageways or buried
culverts, which act as discharge lines for the upper several feet of the ground water
table. Therefore, additional sediment and water samples are warranted from the
drainageway/culverts as they exit the fuel storage area. Four sediment and four
surface water samples will be taken, beginning at the joint between the
drainageways and continuing at 100-foot intervals along the northern route of this
system.

The four existing monitor wells will be used for determination of water levels,
and samples will be taken for analysis. If floating fuel is encountered in the wells,
the fuel product thickness will be measured.

All water and soil samples will be analyzed for volatile organics, aromatic
compounds, and oil and grease. In addition, soil moisture determination will be
performed on the soil samples.

I
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2.2.5 Site 5: D-4 South Goose Bunker Dump

Three monitor wells, three surface water, and five sediment samples will be

used to investigate this site. One monitor well will be positioned outside the site
perimeter and consistent with the assumed upgradient direction of ground water flow.
Two wells, situated approximately 50 feet from the site perimeter, will be located in
the assumed downgradient direction. Because of local topographic features, the

exact gradient at this site is uncertain. The intent of the triangular positioning of
the wells is to assess both upgradient and downgradient water quality. Wells will be
constructed to a total depth no greater than 30 feet, and installation procedures will

follow those outlined for Site 1. During the borehole drilling, a maximum of three
soil samples will be collected and analyzed. The actual sample locations (borehole
and depth) will be at the field supervisor's discretion. From each wel!, one water
sample will be collected and analyzed.

Three surface water samples from the pond/swamp will be collected, as well as

a maximum of five sediment samples from the bottom of the pond/swamp area and
drainageways that exit this site. These samples will serve to confirm the analyses
performed during the Phase II, Stage I investigation and to help clarify the pesticide
and PCB analyses results.

All water and soil samples will be analyzed for volatile organics, aromatic

compounds, oil and grease, pesticides and herbicides, PCBs, phenols, and metals. In
addition, soil moisture determination will be performed on the soil samples.

2.2.6 Site 6: D-2 Goose Site Dump

Before field investigations commence, a geophysical survey will be conducted
using a metal detector and a magnetometer to locate the dump site drums. To
further aid in locating the drums and defining the site location, a detailed
examination of available aerial photographs will be performed.

If this site can be located during the planning/mobilization phase of the study,
then two soil borings will be drilled to investigate the site. One boring will be
located in the immediate vicinity of the drums, and the other bclring will be placed
at a distance of 25 feet in the assumed downgradient direction. Soil samples will be
collected at 21-foot intervals to a total depth of 10 feet or to the water table.
Samples at the ground surface and 21 feet will be analyzed.

The samples will be analyzed for volatile organics, aromatic compounds, oil and
grease, ethylene glycol, and soil moisture determination.
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2.2.7 Site 7: D-6 Runway 13 NE Disposal Area

Before field investigations commence, a geophysical survey will be conducted
using a metal detector and a magnetometer to define the site boundaries. In
addition, a detailed examination of available aerial photographs will be performed.

Three monitor wells will be installed to investigate possible migration of
contaminants from this site. Well construction will follow the procedure outlined for
Site 1. The wells will be positioned in the field, one in the assumed upgradient and
two in the downgradient direction. Sampling procedures will be the same as those
for Site 5.

Two soi. borings will be drilled to a total depth of 10 feet. Samples will be
taken from the ground surface at 2 -foot intervals, extending to 10 feet. Soil
samples from the ground surface and the 2*-foot depth will be analyzed.

If surface drainage from the site can be located, one sediment sample and one
surface water sample will be collected outside but within 20 feet of the site
boundary.

All water and soil samples will be analyzed for volatile organics, aromatic
compounds, oil and grease, pesticides and herbicides, PCBs, phenols, and metals. In
addition, soil moisture determination will be performed on the soil samples.

2.2.8 Site 8: S-1 Old DPDO Storage Area

Three monitor wells, two soil borings, two surface water samples, and two
sediment samples will be used to investigate this site. The three wells will be
constructed to a total depth of 30 feet, and installation procedures will follow those
outlined for Site I. Sampling procedures will be the same as those for Site 5.
Because of uncertainty about the local gradient at this site, exact positioning of
wells will be located in the field, with the intention being to locate one upgradient
and two downgradient. The soil borings drilled to a depth of 10 feet will be placed
in the centers of the two areas, one in the northeast and one in the southwest
quadrant. Soil samples will be analyzed from samples taken at ground surface, 2f,
and 5 feet. The surface water and sediment samples will be collected from
drainageways at points downstream of the site.

All water and soil samples will be analyzed for volatile organics, aromatic
compounds, oil and grease, pesticides and herbicides, PCBs, phenols, and metals. In
addition, soil moisture determination will be performed on the soil samples.
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2.2.9 Site 9: D-9 Disposal Pit

A geophysical survey will be conducted during the planning/mobilization stage
of the study to attempt to locate this site by the response of a metal locator
and/or magnetometer to the assumed metallic refuse interred in this pit. A grid
system will be constructed and tied into local ground coordinates so that the
boundaries of the burial pit can be defined. To further aid in defining the site
boundaries, a detailed examination of available aerial photographs will be performed.

If this site can be identified, one monitor well will be installed near the
assumed downgradient boundary of the pit. The well will be constructed and
installed according to those procedures outlined for Site 1. One water sample will
be collected and analyzed.

In addition, one boring will be drilled 'n the immediate vicinity of
contamination. Soil samples will be collected at 2k-foot intervals to a total depth
of 10 feet or to the water table. Samples at 2k feet above and 2 feet below the
water table will be analyzed. Water and soil samples will be analyzed for acetone
and picric acid.

2.2.10 Site 10: RD-I Low-Level Radioactive Waste Disposal

A geophysical survey (metal detector and magnetometer) and a review of
available aerial photographs will be performed to accurately locate this disposal
area.

If the disposal area can be located, then three monitor wells will be installed,
one upgradient and two downgradient. From each well, one water sample will be
collected and analyzed. The waste, reported to be buried at a depth of 15 feet and
higher elevations, is assumed to be below the water table. The purpose of the well
installations is to obtain ground water samples downgradient of the burial trench and
analyze for gross alpha, gross beta, and radium-226 and radium-228. The results of
analyses of these samples will be compared with the ambient ground water quality
and the USEPA drinking water standards for radiation.

I
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3.0 FIELD SETUP

3.1 DETAILED WORK PLAN

3.1.1 Planning

o Contact MANG and TAC regarding meeting time and place.

o MANG and TAC contact station POC to establish meeting specifics.

o Contact surveyor subcontractor regarding survey start date.

o Contact drilling subcontractor regarding start date.

o Notify chemistry laboratory subcontractor to prepare bottles (cleaning,
preservatives, etc.) and shipping containers.

o Make travel arrangements.

o Write purchase orders for drilling subcontractor, surveyor subcontractor,
chemistry subcontractor.

o Assemble and assess condition of all field equipment and supplies.

o Replace, repair, and supplement field equipment and supplies.

o Prepare Technical Operations Plan and submit to MANG and TAC.

o Brief field personnel on Statement of Work (SOW); provide with TOP.

o Order health and safety equipment.

3.1.2 Mobilization

o Senior geologist and field engineers mobilize from Chicago; geophysicist
mobilizes from Santa Barbara.

o Survey crew mobilizes from Duluth.

o Drilling subcontractor mobilizes from Minneapolis.

o Field equipment is sent from California and Chicago.

o Field supplies are sent from California and Chicago. Remaining supplies
are purchased in Minnesota.

o Rent vehicles, locate housing.

o Field equipment, supplies, chemistry bottles, and shipping containers are
stored in base temporary office area (SOW, p. 16, III).

o Decontamination area is tested (i.e., water pressure, electrical hookups,

etc.) (SOW, p. 16, 1ll.F).
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o Dames & Moore personnel review existing engineering plans, drawings,
diagrams, aerial photographs, etc. to evaluate sites to be investigated.

3.1.3 On-Site Setup

o Senior engineer meets with MANG and TAC officials, base POC, and
USAFOEHL Technical Monitor. Statement of Work reviewed; boring

locations for wells/borings are discussed, and tentative locations are

staked and numbered. Underground utilities are located and access
problems resolved.

o MANG personnel brief Dames & Moore personnel, drilling and surveying

crews on rules and regulations involved with working on base. Briefings
may involve several meetings, as mobilization of personnel is staggered

(geophysics first, drilling and sampling second, survey third).

" MANG issues personnel identification badges and vehicle passes and/or

entry permits.

" Geophysicist is briefed on site-specific conditions for Sites 4, 6, 7, 9, and

10 by consulting with MANG personnel and surveyor. Geophysicist and

assistant establish grids for geophysical survey. USAF clearance on work

granted.

o Orientation of drilling crew to site conditions, discussion of well/boring

locations.

o Finalizing well/boring locations with base POC. MANG gives clearance

and sign-off on digging permits.

o Senior geologist orients field engineer to site conditions and proposed
boring locations.

o Discussion with base POC regarding handling procedures and 10 percent

selection process of samples to be sent to OEHL, San Antonio.

o Commence drilling operations.

(21]
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3.2 DAMES & MOORE HEALTH AND SAFETY PLAN

Project Name and Number: Phase II, Stage 2 Installation Restoration Program
01016-267-07

Project Site Location: Duluth International Airport, Duluth, Minnesota

Project Leader: Carol 3. Scholl

Site Project Manager and On-Site Safety Officer: Amy D. Lamborg

Plan Preparer: Michael W. Ander

Plan Reviewer: David Dahlstrom

Preparation Date: June 28, 1985

Plan Approvals:

Office Safety Coordinator

Michael W. Ander (date)

Managing Principal-in-Charge

Glenn D. Martin (date)

Project Manager

Carol 3. Scholl (date)
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PURPOSE

The purpose of this Plan is to assign responsibilities, establish personnel
protection standards, specify mandatory operating procedures, and provide for
contingencies that may arise while operations are being conducted at the site.

II. APPLICABILITY

The provisions of the Plan are mandatory for all on-site Dames & Moore
employees and subcontractors engaged in hazardous material management
activities including but not limited to initial site reconnaissance, preliminary
field investigations, mobilization, project operations, and demobilization.

III. RESPONSIBILITIES

A. Site Project Manager (SPM)

The SPM shall direct on-site investigation and operational efforts. At the
site, the SPM, assisted by the On-Site Safety Officer, has the primary
responsibility for:

1. Assuring that appropriate personnel protective equipment is available

and properly utilized by all on-site personnel.

2. Assuring that personnel are aware of the provisions of this plan, and
are instructed in the work practices necessary to ensure safety and
planned procedures for dealing with emergencies.

3. Assuring that personnel are aware of the potential hazards associated
with site operations (see Tables 3-1 and 3-2).

4. Monitoring the safety performance of all personnel to ensure that
the required work practices are employed.

5. Correcting any work practices or conditions that may result in injury
or exposure to hazardous substances.

6. Preparing any accident/incident reports (see attached Accident
Report Form).

7. Assuring the completion of Plan Acceptance and Feedback forms

attached herein.
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TABLE 3-1

EXPOSURE LIMITS AND RECOGNITION QUALITIES

Exposure Recognition Qualities
Compound Standarda Color Odor State

Gasoline 300 ppm None to Gasoline Liquid
pale brown (0.25 ppm)b
or pink

Benzene I ppm None Aromatic Liquid

Xylene 100 ppm None Aromatic Liquid

Toluene 200 ppm None Aromatic Liquid

Picric Acidc 0.1 mg/im3  None to Odorless Solid or
yellow liquid

Acetone 1000 ppm None Ether-like Liquid

DDT I mg/m 3  None Weak chemical Solid
odor

Chlorobromomethane 200 ppm None to Sweet Liquid

pale yellow

Carbon Tetrachloride 10 ppm None Ether-like Liquid

PCBs 1 mg/m 3  None Odorless Liquid

Radium IxlO- 12 pCi/ml White Odorless Solid

Ethylene Glycol 50 ppm None Odorless Liquid

Chloroform 50 ppm None Sweet Liquid

Trichloroethylene 100 ppm None Sweet Liquid

1,1,1-Trichloroethane 350 ppm None Sweet Liquid
(Methyl Chloroform)

Tetrachloroethylene 100 ppm None Sweet Liquid

1,2-Dichloroethane 50 ppm None Sweet Liquid
(Ethylene Dichloride)

l,l-Dichloroethane 100 ppm None Sweet Liquid

aOSHA permissible exposure limit or ACGIH Threshold Limit Value.

bOdor detection threshold.

CDOT designated Class A explosive: possible detonation upon rapid heating or

mechanical shock; not a problem if dissolved in water.
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ACCIDENT REPORT FORM

DO NOT USE FOR MOTOR VEHICLESUPERVISOR'S REPORT OF ACCIDENT OR AIRCRAFT ACCIDENTS
TO FROM

TELEPHONE (include area code)

NAME OF INJURED OR ILL EMPLOYEE

DATE OF ACCIDENT TIME OF ACCIDENT - EXACT LOCATION OF ACCIDENT

NARRATIVE DESCRIPTION OF ACCIDENT

NATURE OF ILLNESS OR INJURY AND PART OF BODY INVOLVED LOST TIME

YESjE NO

PROBABLE DISABILITY (check one)

FATAL LOST WORK DAY WITH LOST WORK DAY WITH NO LOST FIRST AID
DAYS AWAY FROM WORK- DAYS OF RESTRICTED WORK DAY ONLY

ACTIVITY

CORRECTIVE ACTION TAKEN BY REPORTING UNIT

CORRECTIVE ACTION THAT REMAINS TO BE TAKEN (by whom and by when)

NAME OF SUPERVISOR TITLE

SIGNATURE DATE

(28]
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FORM #IHST-1

REVIEW RECEIPT

PROJECT HEALTH AND SAFETY PLAN

Instructions: This form is to be completed by each person to work on the site and
returned to the Program Director-Industrial Hygiene and Safety.

Job No. 01016-267-07

Project: Phase 11, Stage 2 Environmental Investigation
Duluth International Airport, Minnesota

Rev. No. 0 Date 06/28/85

I represent that I have read and understand the contents of the above plan and
agree to perform my work in accordance with it.

Signed

Date

[29]
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PLAN FEEDBACK FORM

Problems with plan requirements:

Unexpected situations encountered:

Recommendations for future revisions:

PLEASE RETURN TO THE FIRMWIDE HEALTH AND SAFETY OFFICE - NY

(3011
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B. Project Personnel

Project personnel involved in on-site investigations and operations are

responsible for:

1. Taking all reasonable precautions to prevent injury to themselves and

to their fellow employees.

2. Implementing Project Health and Safety Plans, and reporting to the

SPM for action any deviations from the anticipated conditions

described in the Plan.

3. Performing only those tasks that they believe they can do safely,

and immediately reporting any accidents and/or unsafe conditions to

the SPM.

IV. BACKGROUND

A. Site History

Based on preliminary site evaluation of Duluth International Airport (lAP),

Minnesota, there appear to be ten (10) areas that may have generated

significant environmental contamination over the lifetime of the facility.

Suspected contaminants have been identified, and at some sites a

preliminary estimate of concentrations has been made. Dames & Moore

anticipates that site conditions are such that only relatively low levels of

contaminants may be encountered during the proposed drilling and soil and

water sampling.

Site I: D-1 Goose Site Dump -- Potential contaminants at this site

include DDT (and its breakdown product, DDD) and PCBs. The

Phase I report noted that approximately 15 empty 20% DDT drums

were observed at the site. Soil and water analyses conducted during

the Phase II, Stage I investigation found low levels of DDD and the

PCB compound Arochlor-1260.

Site 2: FT-I and FT-2 Fire Training Areas -- During fire training

exercises at these sites, 300 to 1000 gallons of flammable materials

were placed in pits, ignitedf and extinguished with a protein-based

foam, AFFF, or chlorobromomethane. Carbon tetrachloride may also

have been used during the early years of pit operation. Materials

burned included JP-4, waste oils, paint thinners, and solvents. Area

FT-I was in use from 1951 to the early 1960s. Activities then were

switched to Area FT-2 and continue to the present time.

[31]
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Site 3: S-2 DPDO Storage Area "C" -- Waste POL, waste solvents,

and chemicals were stored in Area "C" of the DPDO Storage Site
S-2 from 1965 to 1980. Although minor drum leaks have occurred,
no major spills have been recorded. The Phase II, Stage I
investigation at this site found the following chemicals in soil at the
site at or below the given concentrations: oil and grease (50 mg/g),

chloroform (0.315 pg/g), trichloroethylene (0.940 pg/g), trichloroethane
(0.210 pg/g), bromochloromethane (0.016 pg/g), dibromochloromethane
(0.003 pg/g), dichloroethylene (0.037 pg/g), and dichloroethane
(0.018 pg/g).

Site 4: SP-1 Tank Farm Area -- The tank farm facility consists of
three above-ground fuel storage tanks, fuel loading docks, associated
outbuildings, and two small buried tanks, one for fuel oil and one
holding tank for waste oil. During repair of a water line in 1980,
diesel fuel No. 2 was observed at a depth of 6 to 7 feet. The fuel
is believed to have originated from a leak in Tank No. 3 or its
feeder line.

Site 5: D-4 South Goose Bunker Dump -- Two empty drums of
unknown origin were found at this site along with some
miscellaneous trash. The Phase I report stated that water samples
from this site were analyzed but no contaminants were detected.

Site 6: D-2 Goose Site Dump -- Approximately 10 empty and rusty

55-gallon drums of deicing agent (ethylene glycol) were observed at
this site in October 1981. No other waste materials are known to
be present.

Site 7: D-6 Runway 13 NE Disposal Area -- General rubbish,
hardfill, aircraft parts, empty drums, and possibly drums containing
unburnable and unrecoverable chemicals are believed to have been
disposed of at this less-than-I-acre site. No leachate has been
observed, although there is a potential for leachate generation due
to the shallow water table.

Site 8: S-I Old DPDO Storage Area -- Materials handled through

the DPDO Storage Area during the period from 1950 through 1964
included DDT drums, waste fuel oil/solvents, and PCB transformers
(Engineering-Science, 1982). There is a potential for leakage of

drums to have caused contamination at this site.

[32]
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Site 9: D-9 Disposal Pit -- A small pit at this site, approximately 7
by 8 feet, was used during the mid-1960s for the disposal of small
amounts of picric acid and acetone from the medics clinic. Small
amounts of garbage were also disposed of here. The exact location

of the pit is unknown.

Site 10: RD-I Low-Level Radioactive Waste Disposal -- During the
1950s, low-level radioactive materials such as cathode ray tubes,
scopes, and instrument dials were deposited in a 15-foot deep trench
approximately 40 feet long. General refuse and garbage covered the
radioactive wastes, and local soil was used to cap the pit. The
three radionuclides most commonly used for instrument dials were
radium-226, promethium-147, and tritium.

B. Dames & Moore Activity

Dames & Mioore will be conducting the following activities at Duluth lAP:

1. Site 1: D-I Goose Site Dump

a. Drill and construct a maximum of four monitor wells. Position
three of the wells at the site perimeter consistent with the
assumed downgradient direction of ground water flow. To
collect ambient water quality information, place the fourth well
outside the site perimeter consistent with the assumed
upgradient direction of ground water flow. Collect one ground
water sample from each monitor well. During the borehole
drilling, collect a maximum of four soil samples for laboratory

analysis.

b. Drill one soil boring in the suspected zone of contamination and
collect soil samples from the ground surface and at each
2 -foot interval until the estimated final borehole depth of

10 feet is reached. Analyze the samples from the surface and
at the 21- and 5-foot depths.

c. Designate two sampling points from surface waters located at
the site, or from surface waters adjacent to and downstream of

the site.

d. Collect both a water sample and a bottom sediment sample

from each of these surface water sample points.

1331
M-41



I
e. Analyze all soil and water samples for volatile organics (USEPA

601 and SW 8010), aromatic compounds (E 602 and SW 8020),
oil and grease (USEPA 413.2), pesticides (E 608 and SW 3550
and 8080), herbicides (E 615 and SW 8150), polychlorinated
biphenyls (PCBs) (E 608 and SW 3550 and 8080), phenols
(E 420.2 and E 420.2 modified), arsenic (E 206.2 and SW 3050
and 7060), barium (E 208.2 and SW 3050 and 6010), cadmium
(E 213.2 and SW 3050 and 6010), chromium (E 218.1 and
SW 3050 and 6010), lead (E 239.2 and SW 3050 and 6010),
mercury (E 245.1 and SW 7471), selenium (E 270.3 and SW 3050
and 7740), and silver (E 272.2 and SW 3050 and 6010).

2. Site 2: FT-I Fire Training Area (1951 to Early 1960s)
and FT-2 Fire Training Area (Early 1960s to Present)

a. Drill and construct a maximum of five monitor wells. Position
one well consistent with the assumed upgradient direction of
ground water flow. Use information from this well to establish
ambient water quality. Place four wells in the assumed
downgradient direction of ground water flow: two between
FT-I and FT-2 on either side of the access road, and two
north of FT-2. Collect one ground water sample from each
monitor well. During the borehole drilling, collect a maximum
of five soil samples for laboratory analysis.

b. Drill two soil borings in FT-I and one soil boring in FT-2.
Locate each boring in the center of a burn pit. If the second
and older burn pit in FT-I cannot be defined through aerial
photographs or a physical site inspection, only drill one boring
in FT-I. Collect soil samples from the ground surface and at
each 2 -foot interval until the estimated final borehole depth
of 10 feet is reached. Analyze the samples from the ground
surface and the 21- and 5-foot depths.

c. Designate sampling points in the drainageway between the
western extension of the access road and the southwestern
boundary of FT-2. Collect two surface water samples and two
bottom sediment samples from this drainageway.

d. Collect one surface sediment sample and one surface water
sample from the swamp to the north and downgradient of FT-2.

[34]
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e. Collect one ground water sample from each of the six existing
monitor wells at this site.

f. Analyze all water and soil samples for volatile organics (USEPA
601 and SW 8010), aromatic compounds (E 602 and SW 8020),
oil and grease (USEPA 413.2), and phenols (E 420.2 and E 420.2
modified).

3. Site 3: S-2 DPDO Storage Area "C"

a. Drill and construct a maximum of four monitor wells. The
positioning and soil and water sampling follow that specified
for Site 1.

b. Drill three soil borings positioned along a centerline running
north to south in the storage area. Follow the soil sampling
plan specified for Site 1.

c. Designate sampling points in the drainageway that begins on the
east side of the storage area and then heads in a northeasterly
direction. Collect three surface water samples and three
bottom sediment samples from this drainageway. Collect the
first sediment and water samples in the approximate location of
Sample 2 identified in the Stage I study. Subsequent sample
points should be at 100-foot intervals downgradient along the
drainageway.

d. Analyze all water and soil samples as specified for Site I.

4. Site 4: SP-I Tank Farm Area

a. Perform a geophysical survey using a metal detector and a
magnetometer to precisely locate underground pipes. Perform
an electromagnetic survey to identify leak sites from these
pipes. Survey the entire tank farm to include a minimum
50-foot buffer around the site perimeter. Expand the
geophysical survey on the southern side of the tank farm area
to the main access road. A former fueling facility is located
south of the tank farm.

b. Drill and construct a maximum of four monitor wells. The well
positioning and soil and water sampling follow that specified
for Site I.

351
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c. Drill five soil borings, positioning them based on the geophysical
survey results and the data generated during the Stage I study.
Boring depth is estimated to be 15 feet; however, drill until

the water table is reached. Collect soil samples at 24-foot
intervals beginning at ground surface. Analyze the samples
collected at 21-, 5-, and 7+-foot depths.

d. Designate sample points in the drainageways/culverts around the
site. Of particular interest is the drainageway heading north
to Beaver Creek. Collect four surface water and four
sediment samples from the drainageways/culverts.

e. Collect one round of ground water samples from the four
existing monitor wells at this site.

f. Analyze all water and soil samples for volatile organics (USEPA
601 and SW 8010), aromatic compounds (E 602 and SW 8020),
and oil and grease.

5. Site 5: D-4 South Goose Bunker Dump

a. Drill and construct three monitor wells. Position two of the
wells approximately 50 feet from the site perimeter and
consistent with the assumed downgradient direction of ground
water flow. Place the other monitor well outside the site
perimeter and consistent with the assumed upgradient direction
of ground water flow. Collect one ground water sample from

. each monitor well. During the borehole drilling, collect a
maximum of three soil samples for laboratory analysis.

b. Collect three surface water samples from the pond/swamp at

this site.

c. Collect a maximum of five sediment samples from the bottom of
the pond/swamp area and drainageways that exit this site.

d. Analyze all water and soil samples as specified for Site 1.

6. Site 6: D-2 Goose Site Dump

a. Perform a geophysical survey using a metal detector and a
magnetometer to locate the dump site drums. Also conduct a
detailed examination of available aerial photographs for the
same purpose. I
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b. If the geophysical survey and aerial photographs cannot locate

the drums and accurately define the site location, perform no

more work.

c. If the site can be located, drill two exploratory soil borings in
the zone of contamination. Collect soil samples from the
ground surface and at 2*-foot intervals until the estimated
final borehole depth of 10 feet is reached. Analyze the

samples from the surface and at 2 feet.

d. Analyze all soil samples for ethylene glycol (NIOSH P and
CAM 338), oil and grease (USEPA 413.2), volatile organics
(USEPA 601 and SW 8010), and aromatic compounds (E 602 and
SW 8020).

7. Site 7: D-6 Runway 13 NE Disposal Area

a. Perform a geophysical survey using a metal detector and
magnetometer to define as accurately as possible the site
boundaries. Also conduct a detailed examination of available
aerial photographs for the same purpose.

b. Drill and construct three monitor wells. The positioning and
soil and water sampling follow that specified for Site 5.

c. Drill two exploratory soil borings in the zone of contamination.

Collect soil samples from the ground surface and at 2 -foot
intervals until the estimated final borehole depth of 10 feet is
reached. Analyze the samples from the surface and at the

2 -foot depth.

d. If surface drainage from the site can be located, collect one
bottom sediment and one surface water sample outside but
within 20 feet of the site boundary.

e. Analyze all water and soil samples as specified for Site I.

8. Site 8: S-I Old DPDO Storage Area

a. Drill and construct three monitor wells. The positioning and
soil and water sampling follow that specified for Site 5.
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b. Drill two exploratory soil borings, one in the center of each of

the two former storage area sites. The soil sampling plan

follows that specified for Site 1.

c. Collect two surface water and two bottom sediment samples
from drainageways at points downstream of the site.

d. Analyze all water and soil samples as specified for Site 1.

9. Site 9: D-9 Disposal Pit

a. Perform a geophysical survey using a metal detector and a

magnetometer to locate the site. Also conduct a detailed
examination of available aerial photographs for the same
purpose.

b. If the geophysical survey and aerial photographs cannot

accurately define the site location, perform no more work.

c. If the site can be located, drill one exploratory soil boring in

the zone of contamination. Collect soil samples at 2 -foot

intervals and analyze the samples at 21 feet above and below

the water table.

d. If the site can be located, drill and construct one monitor well

at the site perimeter consistent with the assumed downgradient
direction of ground water flow. Collect one ground water

sample.

e. Analyze all water and soil samples for acetone (ASTM
D 3695-82) and picric acid (USATHAMA 2B and 2C).

10. Site 10: RD-I Low-Level Radioactive Waste Disposal

a. Conduct a geophysical survey (metal detector and

magnetometer) and review aerial photographs to accurately

locate the site.

b. Drill and construct three monitor wells. Position two of the

wells at the site perimeter consistent with the assumed

downgradient direction of ground water flow. Place the third
well in the assumed upgradient direction of ground water flow

to collect ambient water quality information. Do not analyze

[38]
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soil samples from these boreholes. Collect one water sample
from each well.

c. Analyze all water samples for gross alpha (Standard Methods,
16th ed., 703), gross beta (Standard Methods, 16th ed., 703),
radium-226 (EPA-600/4-80-032, 903.0) and radium-228 (EPA-600/
4-80-032, 904.0).

C. Suspected Hazards

There is a potential for exposure to the chemicals listed in Tables 3-1

and 3-2. Because past analyses have indicated that the chemicals, if
present, are at very low concentrations, and because Dames & Moore will

not be drilling directly in the areas of waste disposal but only upgradient

and downgradient, it is expected that the potential exposures will be at

very low concentrations. Picric acid is a DOT designated Class A

explosive that is subject to possible detonation upon rapid heating or

mechanical shock; this is not a problem if it is dissolved in water.

V. EMERGENCY CONTACTS AND PROCEDURES

Should any situation or unplanned occurrence require outside or support

services, the appropriate contact from the following list should be made:

Agency Person to Contact Telephone

D&M Project Leader Amy Lamborg (office) 312-297-6120
(home) 312-328-0671

D&M Industrial Hygiene David Dahlstrom (office) 404-262-2915
and Safety Director (home)

Police MANG 218-723-7280

Fire MANG 218-723-7233

Emergency Commercial Ambulance 218-722-0807

Safety

TAC Clinic Sgt. Suzanne Grage 218-723-7224

Civil Engineering Capt. Gary Niemi (office) 218-723-7339

In the event that an emergency develops on site, the procedures delineated
herein are to be immediately followed. Emergency conditions are considered to

exist if:
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o Any member of the field crew is involved in an accident or experiences
any adverse effects or symptoms of exposure while on scene.

o A condition is discovered that suggests the existence of a situation more
hazardous than anticipated.

The following emergency procedures should be followed:

a. In the event that any member of the field crew experiences any adverse
effects or symptoms of exposure while on scene, the entire field crew
should immediately halt work and act according to the instructions
provided by the SPM.

b. The discovery of any condition that would suggest the existence of a
situation more hazardous than anticipated should result in the evacuation
of the field team and reevaluation of the hazard and the level of
protection required.

c. In the event that an accident occurs, the SPM is to complete an Accident
Report Form for submittal to the MPIC of the office, with a copy to the
Health and Safety Program Office. The MPIC should assure that followup
action is taken to correct the situation that caused the accident.

VI. HAZARD CHARACTERISTICS, MONITORING METHODS, AND PROTECTION

REQUIRED

Exposure Limits and Recognition Qualities

Information concerning exposure limits and recognition qualities of the
contaminants that are suspected to be on site is presented in Table 3-1.

Symptoms of Overexposure, Potential Chronic Effects and First Aid Treatment

Symptoms of overexposure to the suspected contaminants, potential chronic

effects of these substances, and first aid treatment information are
presented in Table 3-2.

Monitoring Methods, Action Levels and Protective Measures

Methods for monitoring for suspected contaminants, action levels, and
protective measures to be used for various contaminant concentration
levels are presented in Table 3-3.

[40]
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TABLE 3-3

HAZARD MONITORING METHOD, ACTION LEVELS, AND PROTECTIVE MEASURES

Monitoring
Hazard Method Action Level Protective Measures

Explosive Explosimeter < 10% LEL Continue working
Atmosphere or Combustible

Gas Meter 10 - 25% LEL Continue working
with continuous
monitoring

> 25% LEL EVACUATE the area;
EXPLOSION HAZARD

Organic Photoionization < 50 ppm Continue working
Vapors Detector (HNU)

50 - 1000 ppm Continue working
with half-face
respirator with
organic vapor
cartridges

> 1000 ppm EVACUATE the area

(411
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Protective Equipment Required for On-Site Activities

The protective equipment required may vary, depending on the

concentrations and dispersion of contaminants encountered during each
phase of the work. Table 3-4 specifies protective equipment required for
each on-site activity.

[42]
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TABLE 3-4

PROTECTIVE EQUIPMENT REQUIRED FOR ON-SITE ACTIVITIES

Activity/Location Protective Equipment

During drilling and sampling Half-face respirator with organic
vapor cartridges*

Nitrile gloves

Rubber boots (steel toed)

Hard hat with splash shield

Disposable Tyvek coveralls

*If photoionization detector reading is greater than 50 ppm.
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ATTACHMENT I

PROTECTIVE EQUIPMENT

INTRODUCTION

When field investigation activities are conducted where atmospheric

contamination is known or suspected to exist, where there is a potential for

the generation of vapors or gases, or where direct contact with toxic

substances may occur, equipment to protect personnel must be worn.
Respirators are used to protect against inhalation and ingestion of atmospheric

contaminants. Protective clothing is worn to protect against contact with and

possible absorption of chemicals through the skin. In addition to protective

clothing and respiratory protection, safe work practices must be followed.
Good personal hygiene practice prevents ingestion of toxic materials.

Personnel equipment to be used has been divided into two categories

commensurate with the degree of protection required, namely Levels C and D
protection.

II. LEVELS OF PROTECTION

A. Level C

1. Personal Protective Equipment

o Air-purifying respirator (MSHA/NIOSH approved)
o Disposable chemical resistant coveralls
o Gloves, outer, working gloves

o Gloves, inner, chemical resistant
o Boots, steel toe and shank

o Hard hat (face shield)

o Rubber boots, outer, chemical resistant (disposable)

2. Criteria for Selection

a. Air concentrations of identified substances are such that
reduction to at or below the sLbstance's exposure limit is

necessary and the concentration is within the service limit of

the cartridge.

b. Atmospheric contaminant concentrations do not exceed the
Immediately Dangerous to Life or Health (IDLH) levels.
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c. Contaminant exposure to unprotected areas (head and neck) are
within skin exposure guidelines, or dermal hazards do not exist.

d. 3ob functions have been determined not to require a higher

level of protection.

B. Level D

1. Personal Protective Equipment

o Coveralls
o Boots/shoes, safety or chemical resistant, steel toe and shank
o Boots, outer (chemical resistant disposables)
o Hard hat (face shield)

o Gloves

2. Criteria for Selection

a. No indication of any atmospheric hazards.

b. Work function precludes dusting, splashes, immersion, or
potential for exposure to any chemicals.

3. Guidance on Selection Criteria

a. Level D protection is primarily a work uniform and should not

be worn in any area where the potential for contamination

exists.

b. In situations where respiratory protection is not necessary, but
site activities are needed, chemical resistant garments - high

quality or disposable - must be worn.

III. RESPIRATORY PROTECTION

The following procedures should be used for respiratory protection:

A. Inspect all washers, diaphragms, and facepiece-to-face seal area for any

tears, pinholes, deformation, or brittleness. Should any of these exist, use

a different respirator.

B. Place the respirator on the face, tighten and use both a positive and a

negative pressure test, prior to entering the site, to assure a proper fit.

Checking for proper fit involves the following:
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1. Negative Pressure Test

Close off the inlet opening of the cartridge or the breathing tube
by covering it with the palm of the hand or by replacing the tap
seal. Gently inhale so that the facepiece collapses slightly, and
hold the breath for 10 seconds. If the facepiece remains in its
slightly collapsed condition and no inward leakage of air is detected,
the tightness of the respirator is satisfactory.

2. Positive Pressure Test

Remove the exhalation valve cover. Close off the exhalation valve
with the palm of the hand. Exhale gently so that a sl:ght positive
pressure is built up in the facepiece. If no outward leakage of air
is detected at the periphery of the facepiece, the face fit is
satisfactory. (Note: With certain devices, removal of the exhaust
valve cover is very difficult, making the test almost impossible to
perform.)

]
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ATTACHMENT 2

DAMES & MOORE STANDARD OPERATING PROCEDURES

WORK PRACTICES

1. Smoking, eating, drinking, and chewing tobacco are prohibited in the

contaminated or potentially contaminated area.

2. Avoid contact with potentially contaminated substances. Do not walk
through puddles, pools, mud, etc. Avoid, whenever possible, kneeling on

the ground, leaning or sitting on equipment or ground. Do not place

monitoring equipment on potentially contaminated surface (i.e., ground,
etc.).

3. All field crew members should make use of their senses (all senses) to
alert them to potentially dangerous situations (i.e., presence of strong and
irritating or nauseating odors).

4. Prevent, to the extent possible, spillages. In the event that a spillage

occurs, contain liquid if possible.

5. Prevent splashing of the contaminated materials.

6. Field crew members shall be familiar with the physical characteristics of

investigations, including:

o wind direction
o accessibility to associates, equipment, vehicles
o communication

o hot zone (areas of known or suspected contamination)
o site access
o nearest water sources

7. The number of personnel and equipment in the contaminated area should
be minimized consistent with site operations.

8. All wastes generated during D&M and/or subcontractor activities on site

should be disposed of as directed by the Field Activity Leader.
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HALF-FACE RESPIRATORS

Inspection Procedure

1. Look for breaks or tears in the headband material. Also stretch to
check the elasticity.

2. Make sure all headbands, fasteners, and adjusters are in place and
not bent.

3. Check the facepiece for dirt, cracks, tears, or holes. The rubber
should be flexible, not stiff.

4. Look at the shape of the facepiece for possible distortion that may

occur if the respirator is not protected during storage.

5. Check the exhalation valve located near the chin between the
cartridges by the following:

- Unsnap the cover;

- Lift the valve and inspect the seat and valve for cracks, tears,

dirt, and distortion; and

- Replace the cover. It should spin freely.

6. Check both inhalation valves (inside the cartridge holders). Look for
same signs as above.

7. Check the yoke for cracks.

8. Make sure the cartridge holders are clean. Make sure the gaskets
are in place and the threads are not worn. Also look for cracks
and other damage.

9. Check the cartridges for dents or other damage, especially in the
threaded part.

Donning Procedure

1. Screw the cartridge into the holder hand-tight so there is a good
seal with the gasket in the bottom of the holder, but don't force it.
If the cartridge won't go in easily, back it out and try again.

[48]
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Always use cartridges made by the same manufacturer who made the

respirator.

2. Place the facepiece over the bridge of your nose and swing the
bottom in so that it rests against your chin.

3. Hold the respirator in place and fasten the top strap over the crown

of your head.

4. Fit the respirator on your face and fasten the strap around your
neck. Don't twist the straps. Use the metal slide to tighten or

loosen the fit, but not too tight.

5. Test the fit by:

Lightly covering the exhalation valve with the palm of your

hand. Exhale. If there is a leak, you will feel the air on
your face.

Covering the cartridges with the palms of your hands. Again,
don't press too hard. Inhale. The facepiece should collapse
against your face.

If there is a leak with either test, adjust the headbands or

reposition the facepiece and test until no leakage is detected.

Sanitizing Procedure

1. Remove all cartridges, plugs, or seals not affixed to their seats.

2. Remove elastic headbands.

3. Remove exhalation cover.

4. Remove speaking diaphragm or speaking diaphragm/exhalation valve

assembly.

5. Remove inhalation valves.

6. Wash facepiece and breathing tube in cleaner/sanitizer powder mixed

with warm water, preferably at 120* to 140*F. Wash components
separately from the facemask, as necessary. Remove heavy soil
from surfaces with a hand brush.
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7. Remove all parts from the wash water and rinse twice in clean warm

water.

8. Air dry parts in a designated clean area.

9. Wipe facepieces, valves, and seats with a damp lint-free cloth to

remove any remaining soap or other foreign materials.

MONITORING EQUIPMENT INSTRUCTIONS

A. Combustible Gas Indicators (CGIs)/Explosimeters

In addition to the instructions found below, all CGIs should be calibrated

prior to use, in an uncontaminated, fresh air environment. Furthermore,

units incorporating an aspirator bulb or other air-drawing device should be

checked for leaks in the following manner:

o Attach all hoses, probes, and other air-drawing devices to CGI.

o Place a finger over probe or hose end.

o Operate pump or squeeze aspirator bulb.

In a leak-free system, bulb remains collapsed or pump labors. In a

leaking system, bulb regains its shape or pump does not labor.

1. MSA Explosimeter Combustible Gas Indicator

a. Turn explosimeter on by lifting end of "ON-OFF" bar on

"RHEOSTAT" knob and rotating "RHEOSTAT" knob clockwise

1/4 turn.

b. Flush instrument with fresh air by squeezing and releasing
aspirator bulb about five times.

c. Rotate "RHEOSTAT" knob until meter needle rests at zero
(Avoid large clockwise rotation, which sends large current

through filament, perhaps shortening its useful life.)

d. To sample, place hose or probe end in atmosphere to be
measured and operate aspirator bulb about five times.

e. Read percent of lower explosive limit (LEL) as meter needle

fluctuates from a steady-state level to a higher level each
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time the aspirator bulb is flexed. The steady-state reading
indicates the "true" value.

f. Turn explosimeter off by lifting end of "ON-OFF" bar on
"RHEOSTAT" knob and rotating it counterclockwise until it
"clicks." "ON-OFF" bar retracts into "RHEOSTAT" knob.

B. Photoionization Detector

I. Before attaching the probe, check the function switch on the control
panel to make sure it is in the off position.

2. Attach the probe by plugging in the 12-pin plug to the interface on
the readout module.

3. Turn the 6-position function switch to the battery check position.
The needle on the meter should read within or above the green
battery arc on the scale. If not, recharge the battery. If the red
indicator comes on, the battery should be recharged.

4. Turn the function switch to any range setting. Look into the end of
the probe briefly to see if the lamp is on. If it is on, it will give
a purple glow. Do not stare into the probe for any length of time,
as UV light can damage your eyes. The instrument is now ready for
operation.

5. To zero the instrument, turn the function switch to the standby
position and rotate the zero potentiometer until the meter reads
zero. Clockwise rotation of the span pot produces a downscale
deflection, while counterclockwise rotation yields an upscale
deflection. Note: No zero gas is needed, since this is an electronic
zero adjustment. If the span adjustment setting is changed after the
zero is set, the zero should be rechecked and adjusted, if necessary.
Wait 15 to 20 seconds to ensure that the zero reading is stable. If

necessary, readjust the zero.

6. Turn function switch to the 0-20, 0-200, or 0-2000 position.

7. Place probe in the atmosphere to be monitored. If the needle moves
to the upper limit of the scale, change the function switch to the
next position.
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ENVIRONMENTAL SAMPLES

Environmental samples must be packaged and shipped according to the following
procedure:

1. Packaging

a. Place sample container, properly identified and with a sealed lid, in

a polyethylene bag, and seal bag.

b. Place sample in a fiberboard container or metal picnic cooler that

has been lined with a large polyethylene bag.

c. Pack with enough noncombustible, absorbent, cushioning material to

minimize the possibility of the container breaking.

d. Seal large bag.

e. Seal or close outside container.

Environmental samples may also be packaged following the procedures

outlined later for samples classified as "flammable liquids" or "flammable

solids." Requirements for marking, labeling, and. shipping papers do not

apply.

2. Marking/Labeling

Sample containers must have a completed sample identification tag, and

the outside container must be marked "Environmental Sample." The

appropriate side of the container must be marked "This End Up," and

arrows should be drawn accordingly. No DOT marking and labeling is

required.

3. Shipping Papers

No DOT shipping papers are required.

4. Transportation

There are no DOT restrictions of mode of transportation.

I
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3.3 SUBCONTRACTOR INFORMATION

3.3.1 Chemistry Subcontractor

UBTL, Inc.
520 Wakara Way
Salt Lake City, Utah 84108
Telephone: 801/584-3232

3.3.2 Surveying Subcontractor

Jack D. Salo Inc.
15 East First Street
Duluth, Minnesota 55802
Telephone: 218/727-8796

3.3.3 Drilling Subcontractor

Braun Engineering Testing, Inc.
6800 South County Road 18
P. 0. Box 35108

Minneapolis, Minnesota 55435-0108
Telephone: 612/941-5600
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4.0 CALIBRATION OF FIELD EQUIPMENT

All field equipment will be calibrated according to the manufacturers'
specifications, as described below. The personnel assigned to take measurements in

the field will assemble as much equipment as feasible in the laboratory prior to
mobilization to the site. The personnel will become familiar with the calibration of

all instruments, as outlined in the respective manuals, and will make all calibrations
that can be made at that time. Pertinent sections of the respective manuals will be

photocopied for reference in the field, and all equipment that will be necessary for
field calibration, such as buffer solutions and calibration gases, will be assembled.

LIST OF FIELD EQUIPMENT

4.1 Electromagnetics Terrain Conductivity Meter

4.2 Magnetometer
4.3 Metal Locator
4.4 Hand Pump

4.5 Total Organic Vapor Analyzer

4.6 Explosimeter
4.7 Conductivity Meter

4.8 pH Meter

4.9 Thermometer (Thermocouple)
4.10 Bailers
4.11 Decontamination Supplies
4.12 Respirators, Cartridges, and Filters

4.13 Locks

4.1 ELECTROMAGNETICS TERRAIN CONDUCTIVITY METER

The Geonics EM-31D is a one-man instrument consisting of a control unit and
transmitter and receiver coils. The system permits measurements of terrain

conductivity to be made without the need for direct earth coupling and to an
effective depth of exploration of 20 feet. The EM-31D is equipped for output to a
digital data logger. The instrument requires no field calibration or adjustment.

Verification of system repeatability is obtained by residing at a calibration
station at the start, middle, and end of each survey day. Normally, readings should

fall within a range of 10 percent; however, changes i.i soil moisture content (e.g.,
following a prolonged period of rain) may affect the natural reading value.

1
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4.2 MAGNETOMETER

The EDA OMNI proton precision magnetometer is a microprocessor-based unit
capable of reading total magnetic field intensity and vertical magnetic gradient.
The OMNI-IV consists of two parts: one is the reading/recording module, and the
other is the sensor. These are interconnected by cable.

Proper system operation is tested at the start of a field investigation and
before each field day of recording in accordance with the procedures detailed in the
Instrument Operations Manual. Using the "TEST" and "DUMP" modes, the following
tests are made:

o Total field test;
o Error calculation test; and
o Software diagnostics.

In the course of the "total field test," approximately 85 percent of the OMNI-
IV electronics are tested. As a result of this test, there is an 80 percent
probability that the OMNI-IV is operating satisfactorily. Further verification of
system performance is obtained by comparing the total field intensity value obtained
at the base station with published iso-intensity maps of the total intensity of the

earth's magnetic field.

4.3 METAL LOCATOR

The Discovery Electronics TF-600 is a ground-reject metal locator capable of
screening out spurious responses produced by metal litter and variations in soil
conditions. The TF-600 requires that an instrument nulling procedure be followed to
optimize survey results. This is accomplished at the start of a survey using the
mode selector and two nulling controls present on the instrument panel, following the
procedures prescribed in the Instrument Operations Manual. Frequently, once set,
the nulling controls need not be changed throughout the course of the entire survey.
As a standard practice, the nulling process is performed at the start of each survey
day.

Systems performance is verified by passing the TF-600 over a visible metallic
object and noting the tone response of the instrument.

4.4 HAND PUMP

A Brainard-Kilman 1.7-inch hand pump will be used for well development and
purging. This is a PVC pump with a 2.75-gpm pumping rate. An external power
source is not required to operate this manual pump. The only calibration applicable
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for this type of equipment is an initial measurement of the length and internal
diameter of the pump piping to confirm the stated volume capacity. Prior to use,
the threads and check valve will be inspected to ensure a tight seal. The
performance of the "0" ring seal will also be tested. During purging, the evacuated
water will be placed in containers to determine the volume of water removed.

4.5 TOTAL ORGANIC VAPOR ANALYZER

The analyzer used will be an HNU Model P1-101. The HNU is a quantitative
instrument that measures the total concentration of numerous organic vapors in the
air. The instrument is used primarily as a safety or screening device to determine
the presence and concentration of organic vapors. The HNU is battery operated and
lightweight, making it very useful in actual field monitoring projects. The
instrument is calibrated by introducing pressurized gas from a cylinder with a known
organic concentration into the detector. Once the concentration has stabilized, the
display of the instrument is adjusted to match the known concentration. A
calibration of this type is performed prior to each usage of the instrument. If the
output differs greatly from the known concentration, the initial procedure to remedy
the problem is a thorough cleaning of the instrument. The cleaning process normally
removes foreign materials that affect the calibration of the instrument. If this
procedure does not remedy the problem, further troubleshooting is performed until
the problem is resolved. If the problem cannot be resolved by Dames & Moore
technicians, the instrument is returned to the manufacturer for repair.

4.6 EXPLOSIMETER

An MSA Model 2A explosimeter will be used to determine the presence of
explosive gases or vapors in ambient air. The instrument is used primarily as a
safety device to determine whether the atmosphere contains vapors or gases in
sufficient quantities to be explosive. The explosimeter is calibrated by plumbing a
small quantity of explosive gases into the instrument and comparing the instrument's
output with the known gas concentration. This calibration is performed before each
field use. The instrument is cleaned after each field assignment. All components
are checked for proper working order and replaced as necessary.

4.7 CONDUCTIVITY METER

A YSI Model 33 S-C-T meter will be used to measure water conductivity. To
calibrate, the meter is turned off and the level indicator is adjusted to zero on the
readout face. Next, the meter switch is set to "RED LINE" and the level indicator
is adjusted to the red line marking on the readout face.
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4.8 pH METER

An L. G. Nester Model 47 mini pH meter will be used to measure water pH.
The meter has a gel-filled combination electrode so that no reference refilling is
required. To calibrate, the electrode is first immersed in a 6.86 pH buffer and the
"CALIBRATE" knob is turned until the meter reads 6.86. The electrode is rinsed in
distilled water and then immersed in a 4.01 pH buffer. Next, the "TEMP" knob is
turned so that the meter reads 4.01, and the span is then adjusted. However, the
meter should be calibrated to within 3 pH of the sample value. Therefore, for the 0
to 10 pH range, the meter should be set to read 8.86 and 6.01 versus 6.86 and 4.01
in the calibration procedure. For pH readings in the 4 to 14 range, the meter must
be set to read 4.86 and 2.01 in the calibration procedure.

4.9 THERMOMETER (THERMOCOUPLE)

A Fluke Model 80TK will be used to measure the temperature of gases and
liquids. This device has a range of -50°C to 1000*C to an accuracy of +I.0 0 C.
This instrument is calibrated by comparison with a Hewlett-Packard Model 2804A
quartz thermometer standard. The calibration is performed by placing the standard's
probe and the probe of the thermocouple in identical water baths. The output of
the thermocouple is adjusted to correspond with the standard. The calibration is
performed once a year but is more frequently checked with respect to other
thermometers.

4.10 BAILERS

Teflon ® bottom discharge bailers will be used for well sampling. The only
calibration applicable for this type of equipment is an initial measurement of the
length and internal diameter of the bailer to confirm the stated volume capacity.
Prior to use, the threads will be inspected to ensure that connections are tight.
The bailer will be inspected for scratches or dents that could also affect the
integrity of the equipment. The operation of the discharge mechanism will be tested
prior to use. The bailer will be packaged for transport to minimize the effects of
jostling.

4.11 DECONTAMINATION SUPPLIES

All sampling equipment will be decontaminated prior to use and between
samples to avoid cross-contamination. As specified in the Statement of Work,
decontamination supplies will include hexane, laboratory-grade detergent, nitric acid,
and distilled water. Certified grade hexane will be used to ensure high purity.
Alconox laboratory-grade detergent (Fisher Scientific Company) will be used due to
its low sudsing and low residue properties. The final rinsing of equipment will be
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done using laboratory-grade distilled deionized water. All decontamination supplies
will be transported sealed in unbreakable containers. The containers will be visually
inspected for leaks or contamination prior to each use.

4.12 RESPIRATORS, CARTRIDGES, AND FILTERS

half mask, combination filter/cartridge respirators will be donned by sampling

personnel when field situations warrant. The respirators will be fitted with GMA
cartridges with Type F filters for removal of organic vapors, dusts, and mists.
These are NIOSH (National Institute for Occupational Safety and Health) tested, and
NIOSH and MSHA (Mine Safety and Health Administration) approved. The GMA
cartridge is approved for use in atmospheres containing at least 19.5 percent oxygen
and less than 0.1 percent organic vapors by volume.

4.13 LOCKS

Good quality, reasonably priced padlocks will be placed on each monitor well to
discourage tampering and vandalism. The locks will be purchased from a locksmith
supplier and will be performance tested at the time of purchase and when placed on

a well. The locks will be keyed alike to avoid the possibility of confusion among
keys.
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5.0 PREVENTIVE MAINTENANCE OF FIELD EQUIPMENT

All field equipment will be maintained according to manufacturers'
specifications, as discussed below. As described in Section 4.0, all equipment will be
assembled in the laboratory, if feasible, for calibration prior to mobilization. At
this time, the equipment will be checked to ensure that it is in proper working
order, and any required maintenance will be performed. Tools and equipment that
may be needed for field maintenance will be assembled, and pertinent sections of the
manuals will be photocopied for reference in the field.

LIST OF FIELD EQUIPMENT REQUIRING PREVENTIVE MAINTENANCE

5.1 Electromagnetics Terrain Conductivity Meter
5.2 Magnetometer

5.3 Metal Locator
5.4 Hand Pump
5.5 Total Organic Vapor Analyzer

5.6 Explosimeter

5.7 Conductivity Meter
5.8 pH Meter
5.9 Thermocouple

5.10 Bailers

5.1 ELECTROMAGNETICS TERRAIN CONDUCTIVITY METER

Field maintenance of the EM-31D and accessory logger consists of the
following:

o Battery replacement when low power is indicated; and

o Inspection of the data logger interconnect cable and connector for visible
evidence of damage.

Verification of stored data validity is obtained by periodic notation of
instrument reading and data logger record number for comparison against the printout
of the record values following a data dump.

5.2 MAGNETOMETER

Field maintenance of the OMNI-IV normally consists of the following tasks:

o Replacement of discharged battery pack with freshly charged battery pack
when the battery descriptor indicates low power;
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o Inspection of sensor cable and battery pack cable (for belt pack) and

connectors for visible evidence of damage; and

o Checking the sensor bath fluid level for the presence of an adequate

level of fluid as evidenced by a sloshing sound when the sensor is gently

shaken.

5.3 METAL LOCATOR

Instrument field maintenance consists solely of battery replacement when the

battery indicator meter shows low power.

5.4 HAND PUMP

The hand pump is packed and handled to minimize dents to the piping or

damage to the pipe threads or check valve. When stored, the "0" rings should be

kept in darkness to prevent deterioration so that a tight seal will be maintained

when in use. When in use, it is important that the inner pump cylinder is not

jammed down hard or pushed down into the sediment in the bottom of the well.

This action has the potential to cause damage to the check valve, "0" ring seal

assembly, and/or pump cylinder. A "holding dog" will be used to hold the pump

assembly up in the well a safe distance (typically 2 feet) from the sediments at the

bottom of the well.

5.5 TOTAL ORGANIC VAPOR ANALYZER

The detector must be kept clean for accurate operation. Foreign materials can

be rinsed or wiped off or blown out of the detector. The cord between the

analyzer and the recorder should not be wound tightly, and will be visually inspected

for integrity before going into the field. A new cord will be ordered from the

manufacturer if problems are found. A battery check indicator is included on the

equipment and will be checked prior to going into the field and prior to use. The

batteries will be charged if found to be weak. The analyzer, probe, and meter are

packed securely and handled so as to minimize the chance of damaging parts.

5.6 EXPLOSIMETER

This instrument is cleaned after each field use and is calibrated before each

field use. At the time of calibration, all components of the explosimeter are

checked for proper working order and are replaced as necessary. Batteries are

checked before going into the field and before use and are replaced as necessary.

The explosimeter is packed and handled to prevent damage.
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5.7 CONDUCTIVITY METER

The conductivity meter and detector are transported in a protective foam-lined

case. The cell is tested before going into the field using the test feature and is

repaired by the manufacturer as necessary. The contact between the detector and

the recorder must be kept clean and can be wiped, rinsed, or blown out. The

detector is cleaned with distilled water rinses after each use.

5.8 pH METER

The electrode probe should be kept clean and stored in a protective plastic

boot. The probe and meter are packed in a foam-padded case for transport. Prior

to use, the batteries are checked by sliding the "BATT CHK" switch to the right

and noting whether the dial moves to the green "BATT CHK" area. Extra 9-volt

batteries will be on hand in the event the batteries do not check.

5.9 THERMOCOUPLE

The thermocouple is checked annually for accuracy. If erroneous readings are

shown during calibration, or suspected while in the field, the thermocouple will be

either repaired or replaced. No other preventive maintenance is required except for

care during handling.

5.10 BAILERS

The bailers will be visually inspected to ensure that connections are not

stripped and that there are no holes or dents. The operation of the check valve

will be tested before going into the field and cleaned, repaired, or replaced as

necessary.
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6.0 FIELD ANALYTICAL PROCEDURES AND DATA REPORTING

6.1 CHEMICAL DATA

Sections 10.3 and 10.4 describe field chemical analysis and sampling for off-site
analysis, respectively. Field chemical data, including pH, temperature, conductivity,

HNU, and LEL readings, will be tabulated for presentation in the investigation

report. Results of chemical analysis by Dames & Moore's subcontractor, UBTL, will
be presented as received from the subcontractor. A typical report will include the

method used for analysis of each parameter, units, and detection limits. Water and
soil quality control reports will accompany the analytical results and will include

data on percent recovery on spiked samples (10 percent), duplicate sample analysis

(10 percent), and trip and field blank analysis.

6.2 HYDRAULIC DATA

Hydraulic data regarding the glacial aquifer and bedrock aquifer will be

obtained from the field program investigation and supplemented with information

obtained from the literature review.

6.3 SOIL BORING DATA

Soil boring data will be collected in the field by an experienced Dames &

Moore geologist or soils specialist, as described in Section 8.2. During boring

operations, lithologic descriptions and stratigraphic logs will be developed. Special

emphasis will be placed on field identification of contaminated soils that are

encountered. The edited Dames & Moore logs (Figure 8-1) will be included in the

appendix of the report, and the significance of soil conditions relative to

contaminant migration will be discussed on a site-by-site basis. If a correlation

exists between borings, scaled cross sections may be drafted to illustrate these

correlations.

6.4 SURVEYING DATA

Surveying data will be presented in the appendix of the report as received

from the Dames & Moore surveying subcontractor. The data will include elevations

and locations of all wells installed during the field effort using benchmarks traceable
to USCGS or USGS survey markers, if available. Elevations of significant bodies of

standing water and elevations and locations of preexisting wells will also be
included. The survey data, in conjunction with water level measurements
(Section 10.1), will be used to construct contour maps of the ground water surface.
Individual figures will be drafted for each site showing the locations of monitoring f
wells, borings, sampling points, known dumping locations, and inferred direction of

ground water flow.
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6.5 FIELD LOG

A daily field log will be maintained documenting weather conditions during field
work and sampling.

.1

I
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7.0 SAMPLE NUMBERING SYSTEM

7.1 PROJECT IDENTIFICATION

The project shall be identified on sample labels as Duluth lAP with assigned
Dames & Moore job number for the project.

7.2 SITE IDENTIFICATION

The sites shall be identified according to the following list, which is consistent
with the Phase I identification except that the two fire training areas, FT-I and

FT-2, have been consolidated into one site.

1. D-I, Goose Site Dump

2. FT-i and FT-2, Fire Training Areas
3. S-2, DPDO Storage Area "C"

4. SP-1, Tank Farm Area
5. D-4, South Goose Site Dump
6. D-2, Goose Site Dump
7. D-6, Runway 13 NE Disposal
8. 5-1, Old DPDO Storage Area
9. D-9, Disposal Pit

10. RD-i, Low-Level Radioactive Waste Disposal

7.3 SEQUENCE NUMBER

Each sample shall be numbered sequentially as it is logged in the field in the
master sample log.

7.4 SAMPLE DEPTH

Identification of soil samples shall include the depth interval (in feet from the

ground surface) from which the sample was taken.

7.5 SAMPLE TYPE

The following abbreviations will be used to indicate sample type:

SW Surface water
W Ground water

SS = Surface sediment
B = Soil from boring

BW = Soil from well
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7.6 EXAMPLES

Sample labels will contain the following information:

D&M Job Number
Location: Duluth IAP
Date
Time
Sampler's Initials
Sample Type
Sample Number

The sample number consists of four to five fields. Field I indicates the sample
type, as given in Section 7.5. Field 2 indicates the site, as numbered in Section
7.2. Field 3 will be lettered consecutively starting with A for each set of samples
of a given type at a given site. Field 4 gives the depth from which the sample was
obtained. This field applies only to soil from borings and wells (sample types B and
BW). Field 5 (Field 4 for sample types SW, W, and SS) is the sequence number (see
Section 7.3).

Example 1: B 9-A, 0-1.5', 53

Field 1: B The sample type is a soil from a boring
Field 2: 9 The sample is from Site 9, D-9 Disposal Pit
Field 3: A This sample is from the first soil boring drilled at Site 9
Field 4: 0-1.5' The sample was obtained from a depth of 0 to 1.5 feet
Field 5: 53 This was the 53rd sample to be logged in the master sample log

Example 2: W 3-C, 63

Field 1: W The sample type is a ground water sample
Field 2: 3 The sample is from Site 3, S-2 DPDO Storage Area "C"
Field 3: C The sample was obtained from the third well drilled at Site 3
Field 4: 63 This was the 63rd sample to be logged in the master sample log

7.7 BLANKS, KNOWNS, SPIKES, SPLITS, AND DUPLICATES

Water sample field blanks, trip blanks, and duplicates will aggregate to an
additional 15 percent of the sampling effort. Trip blanks will be prepared by UBTL,
the laboratory subcontractor, using field sample collection containers and double
distilled/deionized water. The trip blanks will accompany the sample bottles through
the entire sampling history. This type of blank permits a determination of the
laboratory's cleaning procedures of sample containers; these bottles will remain
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sealed until opened for analysis. Field blanks will be prepared in the field with
distilled water rinsed through the decontaminated bailer. This type of blank serves

as a check on the field cleaning procedures.

Trip blanks and field blanks will be identified using the same numbering system

as for standard samples to ensure that no preferential treatment is given to quality
control samples. In general, quality control samples will be labeled as such only in
the Dames & Moore master sample log, and will be identified by their sequence
numbers.

Fiele duplicate water sampling will also be conducted for quality control
purposes. Duplicate samples will be collected by sequentially filling two sample

bottles with water from a single sample collection. All duplicate water samples will
receive identical treatment, and will be identified using the same numbering system
established for standard samples.

Laboratory spiked samples will be prepared and analyzed by UBTL for all

chemical analyses performed. Laboratory duplicate analyses will also be performed.
The laboratory spiked samples and laboratory duplicate samples will each comprise an
additional 10 percent of individual sampling parameters. Results of laboratory spiked

samples will be identified by UBTL and labeled with the standard sample numbering

sequence, plus an additional identifier denoting that results. reported are laboratory

spike and duplicate analyses.
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8.0 DRILLING AND INSTALLATION

OF GROUND WATER MONITOR WELLS

8.1 DRILLING

The choice of drilling methods is influenced by two main factors: (1) the need
to minimize the introduction of foreign material that may influence the results of

chemical analyses; and (2) the need to penetrate diverse geologic materials.

All borings will be initiated using hollow-stem augers and will be extended by
this method to auger refusal or to the required total depth. Data from a previous

investigation at the site indicate that till containing abundant boulders may be
present. If boulders are encountered, the hole may be moved a few feet and
redrilled, or the boulder may be penetrated using diamond core drilling, at the
discretion of the field technician. If boulders are encountered at a depth of less

than 20 feet, the hole would typically be grouted to the surface and another

attempt would be made a few feet away.

8.2 SOIL SAMPLING

Subsurface soil samples will be obtained at 5-foot intervals in borings that will
be drilled for the installation of monitor wells. Subsurface soil samples will be
obtained at 2 -foot intervals in soil borings. Samples will be obtained using a

standard split spoon driven 18 inches using a standard 140-pound hammer.

Each soil sample will be logged in the field by a Dames & Moore geologist or
soils specialist. The standard Dames & Moore field drilling log is shown in
Figure 8-1. Information recorded on this form includes sample descriptions using the

Unified Soil Classification System, boring location, drilling and sampling method,

sampling interval, and hammer blows per 6-inch advance of the split spoon. All
unusual characteristics, such as discoloration of soil, odor, or air monitoring results,
will be noted in the field logs.

Split spoon decontamination and sample shipping are discussed in Sections 11.1
and 12.0, respectively.
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8.3 MONITOR WELL CONSTRUCTION AND COMPLETION

Monitor wells shall be constructed according to Minnesota Department of Health

(MDH) and Minnesota Pollution Control Agency (MPCA) guidelines. Two-inch I.D.

stainless steel will be used for casing and screen material. A screen slot size of

0.010 inch is considered most appropriate for this site because it is expected that a
wide range of grain sizes will be encountered, and this screen size will prevent

excessive silting while allowing proper well development. A sand pack will be
placed around the well screen using tremie pipes, taking care to ensure that the

pack is placed uniformly around the well. In most cases, the sand pack will extend

from the bottom of the borehole to approximately 2 feet above the screened section.

However, if a confining layer is encountered below the section to be screened, the

hole through the confining layer will be grouted to prevent migration of

contamination. A bentonite seal with a minimum thickness of 2 feet will be placed

above the sand pack. The bentonite, either granulated, pelletized, or slurried, will
be tremied in place to ensure a complete seal.

It is anticipated that an average screen length of 15 feet will be used. Actual

screen length and depth of setting will depend upon conditions found in the field and
will be determined with reference to the following considerations. The screened

section should extend 10 feet into the aquifer of interest and 5 feet above the
water table to allow for fluctuations in water table elevation. This may not be

possible in locations where the depth to the water table is less than 3 to 5 feet

because of the requirements for grouting the annulus to prevent seepage of surface

water into the well. A neat cement grout containing less than 2 percent bentonite

will be placed in the annulus around the well casing from a depth of I to 2 feet

above the well screen to the surface.

A protective steel collar with locking cap shall be cemented in place over the

stainless steel casing to prevent damage to the well. The wells will be seated in a

16- by 16- by 4-inch concrete surface pad. If the well is located in an area
frequented by vehicular traffic, three steel posts will be placed around the well.

Each well will be permanently labeled with its assigned number. Typical well

construction is illustrated in Figure 8-2.

8.4 WELL DEVELOPMENT

All wells will be developed after completion to insure that relatively sediment-

free water samples can be obtained. The method of development will depend upon

the equipment available, but methods involving a foreign source of water will not be

used. Air-lift pumping or mechanical surging with a bailer may be used.
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8.5 GEOPHYSICAL LOGGING

Geophysical logging of borings will not be performed at Duluth lAP because the
heterogeneous nature of the geologic material present at the site will make the logs
difficult to interpret and because the close spacing of split spoon samples will
provide adequate information.
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9.0 PUMP TEST

Pump tests, per se, will not be conducted during this investigation.
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10.0 GROUND WATER MONITORING AND SAMPLING

10.1 GROUND WATER LEVEL MEASUREMENT

The depth to ground water will be measured in each well from the top of the

stainless steel casing. This measurement will be made to the closest 0.01 foot using

a ploper device or an electronic water level indicator. The distance frorr the top

of the stainless steel casing to the ground surface will be recorded to the nearest

0.1 foot.

Water levels will be measured once each day on 3 consecutive days of the

field effort in each well. These triplicate measurements will be useful for

confirming that the wells have stabilized, or for recognizing the magnitude of short-

term ground water fluctuations.

10.2 SURVEYING OF WELLS

In order to establish ground water flow patterns, a survey will be made of all

newly installed monitor wells and of key surface water elevations. The elevations of

the top of the stainless steel casing will be measured to an accuracy of 0.01 foot,

and horizontal locations will be accurate to I foot. The survey will be tied to a

reference datum point (base benchmark) and will be traceable to a USCGS/USGS

survey marker.

10.3 ON-SITE ANALYSIS

Before water samples are collected for shipment to the laboratory, and after

the wells have stabilized, a separate water sample from each well and surface water

sampling location will be analyzed in the field for pH, conductivity, temperature, and

color. Meters will be calibrated and maintained as described in Sections 4.0 and
5.0. The pH meter will be calibrated before each set of measurements using

standard buffer solutions. Calibration of the thermometer and the conductivity

meter will be checked in the laboratory before commencement of the field effort.

All instrument probes will be rinsed with distilled water between measurements. The

sample will be placed in a clean container against a white background when

determining color. Since temperature can affect conductivity and pH readings, all

measurements will be taken consecutively on the same sample. Precautions will be

taken to obtain a representative sample as described in Section 10.4.

Soil samples will be monitored in the field for organic vapors using an HNU

photoionization meter or an organic vapor analyzer (OVA). The readings will be

taken immediately after opening the split spoon and will be recorded directly on the

boring logs. The boreholes will be monitored with both the HNU and the
explosimeter during drilling.
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10.4 SAMPLING FOR OFF-SITE ANALYSIS

Ground water samples will be obtained from monitor wells after proper well
development (Section 8.4) using a Teflon bailer. Prior to sample collection, a
stabilization test will be performed on each well to ensure that standing water in
the well casing has been removed and that the sample will be representative of the
aquifer. To perform the test, the well will be air-lift pumped or bailed while
monitoring the pH, temperature, and specific conductance of the discharge. When
three successive readings (taken at intervals of one well volume) give equivalent
values, the well is considered to have stabilized. Values are considered stabilized by
the MPCA if they fall within the following ranges:

Specific conductance (temperature corrected): t 10 pmhos/cm
pH: ± 0.1 pH unit

Temperature: t 0.5°C

A form to be filled out during the stabilization test is given in Figure 10-1. The
sample will be transferred directly from the bailer to the sample container supplier
by the laboratory. Turbulence will be minimized during the transfer operation to
prevent the loss of volatile organics. Containers will be filled to capacity to
minimize the loss of volatile constituents to the head space.

Surface water samples will be obtained by grab sampling. Since the shipping
containers provided by the laboratory will contain preservatives, a separate sampling
container will be used to collect the sample and prevent the loss of the
preservative. The sampling device will be decontaminated between samples, as
described in Section 11.4, and will be rinsed with the water to be sampled
immediately before sampling.

Subsurface soil samples will be obtained using standard split spoon methods, as
described in Section 8.2. After the sample has been logged, a stainless steel spoon
will be used to transfer the sample to a glass sample jar with a Teflon-lined cap.
As much of the sample as possible will be placed in the jar, but if the jar does not
have the capacity, the greatest concentration of contamination, as indicated by
visual examination or HNU readings, will be selectively collected.

Surface soil samples will be collected in a similar manner, using a stainless
steel sampling spoon or spade.

Sediment samples from the ponds near the Goose site dumps will be collected
using a drop corer device or an Ekman dredge. The sampler will be operated from a
boat or through holes cored in the ice, depending on site conditions at the time of
the field effort.
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FIGURE 10-1

STABILIZATION TEST

WELL VOLUME EXTRACTED

PAAEE 1 2 3 4 5 6 7 8 9 10

Specific conductance
(temperature corrected)
+10 V.mhos/cm

pH: + 0.1 pH unit

Temperature: + O.5*C

Color

Odor of Discharge
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11.0 DECONTAMINATION PROCEDURES

11.1 DRILLING, SOIL SAMPLING, AND MONITOR WELL INSTALLATION

Precautions will be taken not to introduce contaminants into the well during

drilling and well installation. The rear end of the drill rig, augers, and rods will be

steam cleaned between holes except in the case where the hole is moved only a

short distance because of refusal on boulders.

Split spoon samplers will be decontaminated after each sample according to the

following procedure:

1. Wash with laboratory-grade detergent; and

2. Rinse three times with distilled water, the final rinse with reagent-grade

water.

Where field conditions warrant more extensive decontamination procedures, the

following will be employed:

1. Wash with detergent, rinse with distilled water;

2. Wash with hexane, rinse with distilled water; and

3. Wash with dilute nitric acid, rinse three times with distilled water, the

final rinse with reagent-grade water.

11.2 WELL DEVELOPMENT

Wells will be developed by bailing or by air-lift or hand pumping, as described

in Section 8.4. Any part of the air-lift equipment, hand pump, or Teflon bailer that

is placed down the hole will be decontaminated after developing each well using the

following procedure:

I. Wash with laboratory-grade detergent, rinse with distilled water; and

2. Rinse three times with distilled water, the final rinse with reagent-grade

water.

Where field conditions warrant, the more extensive decontamination procedure

outlined above will be followed.

11.3 WATER LEVEL MEASUREMENT

The probe used for water level measurements will be decontaminated between

wells by rinsing with distilled water. Full decontamination procedures, described in

Section 11.1, will be used if the probe or line becomes exposed to observed high

concentrations of contaminants.
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11.4 WATER SAMPLING

Water samples will be obtained by bailing using a Teflon bailer on a dedicated
monofilament line, as described in Section 10.4. The bailer will be decontaminated

between wells as described above.

11.5 SEDIMENT SAMPLING

Sediment sampling devices, including stainless steel spoons, shovels, and drop
samplers, shall be decontaminated after collection of each sample using the same
procedures as for split spoon samplers, described in Section 11.1.

11.6 PERSONNEL DECONTAMINATION

A personnel decontamination station shall be established at a location approved
by base personnel. Persons working on the site shall report to the station for

decontamination before leaving the base. In most instances, removal of protective
clothing will suffice for decontamination. The station will have facilities for storage
of reusable protective clothing and for the disposal of clothing contaminated beyond

reuse. Also, facilities for decontaminating hands, boots, and gloves, consisting of
detergent wash and tap water rinse, shall be provided. Facilities for sanitizing
respirators using manufacturers' instructions shall be provided.

11.7 SAMPLE HANDLING

Samples will be handled by personnel wearing nitrile gloves to avoid
contamination. The sample containers will be well cushioned with packing materials
when they are placed in the insulated cooling chests for transportation to the

laboratories. Care will be taken to seal bottle/vial caps tightly. Extra insurance

against opening in transit will be provided by sealing the caps with filament tape for

medium concentration samples.

[77]

M-85



12.0 SAMPLE HANDLING AND PACKAGING

12.1 SPLIT SAMPLE PROCEDURES

In order for split sample analysis to be valid, the split sample must be as

homogeneous as possible. Split spoon samples should be split vertically so that
vertical stratification of contaminants will be equally distributed between the
samples.

Split ground water samples will be collected at the same time using the same
bailer. MPCA personnel may participate in split sample acquisition. Half the bailer
volume will be poured into each jar until the jars are full. Sample containers,
preservatives, and handling will be identical for each member of the split sample.

12.2 SAMPLE CONTAINERS

Sample containers will be provided by UBTL. The containers will be either
plastic or glass with Teflon-lined lids and will be pretreated with the preservatives
listed in Table 12-1 (taken from Sabel and Clark, 1985).

12.3 SAMPLE HANDLING AND DECONTAMINATION

After collection in the field, all samples will be brought to an area adjacent to
the personnel decontamination area for decontamination of sample containers. The
sample containers will be handled with gloves until decontaminated with a detergent
wash and tap water rinse if spills have occurred on the outside of the container.
Care must be taken to avoid damaging the label during decontamination. The
samples will be stored on ice and will be shipped to the laboratory at the end of
each day's sampling via overnight delivery.

12.4 PROCEDURES FOR PACKING LOW CONCENTRATION SAMPLES

Packing procedures will follow recommendations given in the USEPA manual,
"Field Monitoring and Sampling of Hazardous Materials," Section 2, Part 5 (January
1983), as described for environmental samples, which are those samples obtained from
upgradient and downgradient of the site (not at the actual site) and do not have any
indications of gross contamination. These samples will be packaged as follows:

o Place the labeled and sealed sample container in a polyethylene bag and
seal the bag;

I
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TABLE 12-1

SAMPLE HANDLING PROCEDURES

Maximum
Parameter Containera Preservativeb,c Holding Timed

Metalse

(except Cr + 6 and Hg) P, G HNO 3 to pH < 2 6 months

Mercury P, G HNO 3 to pH < 2 28 days

Petroleum Hydrocarbons G Cool, 4C; 28 days
H2SO4 to pH < 2

Organic Testsf

Purgeable halocarbons G, Teflon- Cool, 4C; 14 days
lined septum 0.008% Na2S20 3 g

Purgeable aromatics G, Teflon- Cool, 4C; 14 days
lined septum 0.008% Na2S20 3 g;

HCI to pH < 2h

Acrolein and G, Teflon- Cool, 4C; 14 days
acrylonitrile lined septum 0.008% Na2 S20 3g;

adjust pH to 4-51

Phenols G, Teflon- Cool, 4C; 7 days until
lined septum 0.008% Na2 S2Og extraction,

40 days after
extraction

Benzidines G, Teflon- Cool, V°C; 7 days until
lined septum 0.008% Na2 S20 3g extraction,

40 days after
extraction

Phthalate esters G, Teflon- Cool, 4C 7 days until
lined cap extraction,

40 days after
extraction

NitrosaminesJ G, Teflon- Cool, 4C; 7 days until
lined cap store in dark; extraction,

0.008% Na2S2 0 3g 40 days after
extraction
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TABLE 12-1 (continued)

Maximum
Parameter Containera Preservativeb,c Holding Timed

PCBs G, Teflon- Cool, 4C; 7 days until
lined cap pH 5-9 extraction,

40 days after
extraction

Nitroaromatics and G, Teflon- Cool, 40 C 7 days until
isophorone lined cap extraction,

40 days after
extraction

Polynuclear aromatic G, Teflon- Cool, 40 C; 7 days until
hydrocarbons lined cap 0.008% Na2 S2 0 3 g; extraction,

store in dark 40 days after
extraction

Haloethers G, Teflon- Cool, 40 C; 7 days until
lined cap 0.008% Na2 S2 0 3g extraction,

40 days after
extraction

Chlorinated hydro- G, Teflon- Cool, 40 C 7 days until
carbons lined cap extraction,

40 days after
extraction

TCDD G, Teflon- Cool, 4aC; 7 days until
lined cap 0.008% Na2 S 2 0 3 g extraction,

40 days after
extraction

Pesticides Test

Pesticides G, Teflon- Cool, 4C; 7 days until
lined septum pH 5 -9 k extraction,

40 days after

extraction

Radiological Tests

Alpha, beta and P, G HNO 3 to pH < 2 6 months
radium
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TABLE 12-1 (continued)

apolyethylene (P) or glass (G).
bSample preservation should be performed immediately upon sample collection.
For composite samples, each aliquot should be preserved at the time of
collection. When use of an automated sampler makes it impossible to preserve
each aliquot, then samples may be preserved by maintaining at 4C until
compositing and sample splitting is completed.

CWhen any sample is to be shipped by common carrier or sent through the United
States Mails, it must comply with the Department of Transportation Hazardous
Materials Regulations (49 CFR Part 172). The person offering such material
for transportation is responsible for ensuring such compliance. For the
preservation requirements of this section, the Office of Hazardous Materials,
Materials Transportation Bureau, Department of Transportation has determined
that the Hazardous Materials Regulations do not apply to the following
materials: hydrochloric acid (HCI) in water solutions at concentrations of
0.04% or less by weight (pH about 1.96 or greater); nitric acid (HNO 3) in
water solutions at concentrations of 0.15% or less by weight (pH about 1.62
or greater); sulfuric acid (H2SO 4 ) in water solutions at concentrations of
0.35% or less by weight (pH about 1.15 or greater); and sodium hydroxide
(NaOH) in water solutions at concentrations of 0.080% or less by weight (pH
about 12.30 or less).

dSamples should be analyzed as soon as possible after collection. The times
listed are the maximum times that samples may be held before analysis and
still considered valid. Samples may be held for longer periods only if the
permittee, or monitoring laboratory, has data on file to show that the
specific types of samples under study are stable for the longer time. Some
samples may not be stable for the maximum time period given in the table. A
permittee, or monitoring laboratory, is obligated to hold the sample for a
shorter time if knowledge exists to show this is necessary to maintain
sample stability.

eSamples should be filtered immediately on site before adding preservatives for
dissolved metals.

fGuidance applies to samples to be analyzed by GC, LC, or GC/MS for specific
compounds.

8Should only be used in the presence of residual chlorine.
hSample receiving no pH adjustment must be analyzed within 7 days of sampling.
iSamples for acrolein receiving no pH adjustment must be analyzed within

3 days of sampling.
JFor the analysis of diphenylnitrosamine, add 0.008% Na2 S20 3 and adjust pH to

7-10 with NaOH within 24 hours of sampling.
kThe pH adjustment may be performed upon receipt at the laboratory and may be

omitted if the samples are extracted within 72 hours of collection. For the
analysis of aldrin, add 0.008% Na2S20 3 ,

Reference: Sabel and Clark, 1985.
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o Place the sample in a metal or plastic picnic cooler containing a
waterproof container of ice or an ice substitute and dividers to Keep

sample jars separated to minimize the possibility of breakage; and

o Seal the cooler with the latch and with packaging tape.

12.5 PROCEDURES FOR PACKING MEDIUM CONCENTRATION SAMPLES

Medium concentration samples will be packed in the same manner as described
in Section 12.4 for low concentration samples. However, an effort will be made to
identify, by visual examination in the field, any samples suspected of having elevated
contaminant concentrations. These samples will be segregated and packed in a
separate container, to the extent allowed by prevailing field conditions. Containers
for these samples will be sealed with tape in addition to the normal processing used
on all samples collected.
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13.0 SAMPLE CUSTODY AND DOCUMENTATION

13.1 SAMPLE IDENTIFICATION DOCUMENTS

Each sample shall be identified using the sample numbering system described in
Section 7.0. A label on each sample container will contain the following

information:

o Dames & Moore Job Number

o Location of Collection

o Time of Collection

o Date of Collection

o Sample Type

o Sampler's Initials

o Purpose of Sample

o Preservatives Used

At the end of each day's sampling effort, and before the samples are shipped to the
analytical laboratory, this information will be recorded in the master sample log.
Each sample will be assigned a unique sequence number, to be recorded both in the
log and on the label, that will be used to identify the samples and to correlate with
laboratory sample numbers assigned by UBTL.

13.2 CHAIN-OF CUSTODY RECORDS

A sample chain-of-custody form to be used during this investigation is
illustrated in Figure 13-1. Chain-of-custody procedures will be followed so that the
possession of a sample can be traced from the time of collection until the data are
used in legal proceedings. One or more chain-of-custody forms will accompany each
set of samples shipped from the site. Each time the custody of the samples is
transferred, the form is signed by both the person relinquishing and the person
receiving the samples. A copy of the form will be retained by the sampler, who
will fill in the information on sample identity and who will also be the first person
to relinquish the sample. If the sample containers appear to have been opened or
tampered with, this should be noted by the person receiving the samples under the
section entitled "Remarks."
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I
13.3 FIELD LOG BOOKS

Each Dames & Moore professional shall maintain a personal field log book while
on the site. Information recorded in the log book shall be written in an objective,
factual manner so that persons reading the entries will be able to determine the
sequence of events as they occurred in the field. If notes are made in the log book
by someone other than the owner of the book, this should be indicated by the
writer's signature and date. Information to be recorded in the field log book will
include:

o Date and time of entry;

o Sample number;

o Sample description;

o Method of sampling;

o Location of sampling;

o Sketch of sample location;

o Field measurements such as pH, conductivity, HNU, and temperature;

o Names and phone numbers of field contacts, drillers, and persons on site;

o Materials used in well construction;

o Driller's standby and drilling time; and

o Weather and field conditions during drilling and sampling.

In addition to the above information, the following forms will be used to record
detailed data:

" Dames & Moore Boring Log (Figure 8-1) - used in the field to record
detailed sample descriptions and drilling methods;

o Field Memorandum (Figure 13-2) - used to outline daily activities for
iformation of project manager and file records; and

o Monitor Well Detail Information Sheet (Figure 13-3) - used to record
details of well installation.

Other forms are described in appropriate sections of this plan.

13.4 CORRECTIONS TO DOCUMENTATION

Any errors or mistakes in original field data shall be crossed out with a single

line, and the person making the correction shall initial it. No data shall be erased.
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PIEZOMETER DETAIL INFORMATION SHEET
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In some circumstances, original documents may be transcribed, making

appropriate changes and eliminating errors. In these cases, the successive documents

shall be dated and numbered as sequential drafts.

13.5 TRAFFIC REPORTS

Knowledge of sample status will be maintained through review and evaluation

of Dames & Moore field engineer reports, discussions with field personnel, and
through contact with UBTL on a periodic basis. In this way, a working knowledge

of sample traffic will be available through the project.

13.6 SHIPPING OF SAMPLES

Samples will be shipped at the end of each day's sampling efforts via overnight

delivery to UBTL and OEHL. Sample packing procedures are given in Section 12.4.
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14.0 SITE CLEANUP

A certain amount of trash will be generated from site investigation activities,

including protective clothing, gloves, and cement bags. This material, assuming it
has not been contaminated, will be disposed of in the proper locations (dumpsters,

rubbish disposal areas) on site. Each site will be policed after completion of

activities to ensure that no trash remains.

Soil wastes will be generated from drilling activities, but because drilling will

not be conducted directly in the areas of dumping, it is expected that the soil will
have only very iow concentrations of contaminants. The soil from each hole will be
monitored with the HNU and explosimeter. Any soil showing an organic vapor
reading of less than 50 ppm and an LEL reading of less than 25 percent and having

no unusual colors or odors will be considered uncontaminated and will be disposed of

by spreading on site. Samples exceeding these criteria will be sealed in new

55-gallon drums. The same criteria will be used to determine if protective clothing

has been contaminated. Any such contaminated clothing will be drummed along with

the soil. The drums will become the temporary property of the base.

The suspected contaminated waste will be tested for EP Toxicity and

ignitability. Dames & Moore shall be responsible for transporting drums containing

suspected contaminated soils. Dames & Moore shall be responsible for the ultimate

disposal of contaminated soils in accordance with current federal, state, and/or local

hazardous waste disposal laws. Dames & Moore shall provide a final, completed copy

of the hazardous waste manifest document to the HQ TAC/SGPB point of contact

referenced in paragraph V for those borehole cuttings obtained from TAC sites (Sites

1, 5, 6, 7, and 9) and to the ANGSC/SGB point of contact referenced in

paragraph V for those borehole cuttings obtained from ANG sites (Sites 2, 3, 4, 8,

and 10).

[891
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15.0 FIELD TEAM ORGANIZATION AND RESPONSIBILITIES

15.1 ORGANIZATION

The Dames & Moore project organization for the Phase II, Stage 2 investigation
at Duluth lAP will be as follows:

o Project Director: Mr. Glenn D. Martin, Managing Principal-in-Charge

o Principal Investigator: Mr. Michael W. Ander, Associate

o Project Manager: Ms. Carol 3. Scholl, Staff Geologist

o Principal Staff Assistant: Ms. Beverly 3. Harper, Environmental Scientist

o Field Manager: Ms. Amy D. Lamborg, Assistant Geologist

o Geophysicist: Mr. Thomas E. Jensen, Senior Geophysicist

A number of additional Dames & Moore staff level personnel will assist in field

operations, data interpretation and report preparation as necessary.

15.2 RESPONSIBILITIES

Responsibilities for the individuals identified in Section 15.1 will be as follows:

0 Project Director - Responsible for overall project direction and

surveillance.

0 Principal Investigator -- The primary point of contact with OEHL and
other Dames & Moore personnel, and the principal senior investigator

responsible for project technical activities.

0 Project Manager - Assistant to Principal Investigator in project
management and a secondary point of contact with OEHL. Responsible
for technical oversight of all project chemistry activities during data

collection and analysis.

0 Principal Staff Assistant - Assistant to Principal Investigator and Project
Manager in project management, coordination, and operation.

0 Field Manager - Responsible for organization and direction of field
investigations. Will mobilize "the field" team, to include Dames & Moore

assistant professionals or technicians and drilling and surveying
subcontractors. Will stake locations of all sampling points and boring

locations in consultation with the OEHL-manager and the Project Director,

M90]
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review the site safety plan with site personnel, and monitor the initial
drilling activities. In addition, will be responsible for proper recording

and transmittal of field records, and shipment of samples to UBTL for

analysis.

o Geophysicist - Will conduct all site geophysical surveys and be

responsible for all geophysical data interpretation and analysis.

15.3 TRAINING

15.3.1 Dames & Moore Personnel

The Dames & Moore personnel of staff level and above to be utilized on this
job all have professional degrees in relevant fields, and previous experience in
similar types of investigations. All field personnel will be thoroughly briefed on the

appropriate safety measures specific to work on this project, and will have received
safety training in accordance with Dames & Moore's firmwide Health and Safety

Program.

15.3.2 Subcontractors

All site subcontractors will be thoroughly briefed on the following key aspects

of project work:

o Project scope of work pertaining to the subcontractor's anticipated role;

o Site Health and Safety Considerations; and

o Timetable, cost, and other limitations pertinent to successful completion
of the project within contractual scope.

Subcontractors selected will be experienced in related types of investigation,
and have a demonstrated technical ability to complete their designated tasks.

(91)
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16.0 SCHEDULE

Dames & Moore would be in a position to commence field work on this project

within 4 weeks of receipt of the Work Order for Phase II, Stage 2. Figure 16-1
presents the milestone chart of the proposed schedule. The schedule assumes that
drilling will commence immediately upon completion of the geophysical investigation.
The project duration from time of receipt of the Work Order to submittal of the
draft report is estimated to be 18 weeks (i.e., submittal of the first draft to
USAFOEHL the week of January 26, 1987). It is anticipated that subsequent drafts

will be submitted 4 weeks after receipt of review comments.

[92)
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Installation Restoration Program

Phase II - Stage 2 20 JUL 18G
Duluth International Airport Minnesota DAMES & MOORE

I. DESCRIPTION OF WORK
PARK RIENIZ Ir

The objective of IRP Phase II investigations is to identify contaminahts
and then define the magnitude, extent, direction and rate of movement of
identified contaminants. A series of staged field studies may be required
to meet this objective.

The Phase II Stage 2 effort at Duluth IAP will entail a follow-on
investigation for five sites evaluated during Phase II, Stage 1, and an
initial monitoring program at six additional sites. The sites which are
included in this study are identified in Table 1 and can be located on an
installation map, Figure 1. The sites to receive follow-on investigative
work are Goose Dump 1, Fire Training Areas, DPDO Storage Area "C" and the
Tank Farm Area.

The purpose of this effort at Duluth IAP is to: (1) confirm the presence
or absence of contamination within the specifed areas of investigation; (2)
if contamination exists, determine the magnitude of contamination, and the
potential for and rate of migration of those contaminants in the various
environmental media; (3) identify potential environmental and health risk
consequences of migrating pollutants; and (4) recommend additional
investigations necessary to further define the magnitude, extent, direction
and rate of contaminant migration.

The Phase I and the Phase II Stage 1 IRP Reports (mailed under separate
cover) incorporate the background and description of the sites included in
this task. To accomplish this survey effort, take the following actions:

A. General

1. Monitor all borehole and well drilling with a photoionization
meter or equivalent organic vapor detector to identify the potential
generation of hazardous and/or toxic vapors or gases. Include air
monitoring results in the boring logs. If soil encountered during drilling
or test pit work is suspected to be hazardous because of discoloration, odor
or air monitoring, containerize the soil cuttings in new, unused drums.
Enter into the boring logs the depth(s) from which suspected contaminated
soil cuttings were collected. Test each drum containing suspected
contaminated soils by taking a composite sample. Collect a maximum of 15
composite samples and test them for EP Toxicity and Ignitibility. (Ref: 40
CFR Subpart C., 261.21 - Ignitibility and 261.24 - EP Toxicity).

2. Determine the exact field location of all boreholes and monitor
wells during the planning/mobilization phase of the field investigation.
Consult with base personnel to minimize disruption of base activities, to
properly position boreholes with respect to exact locations of spill/leak
sites, and to avoid underground utilities. The senior on-site contract
representative, in consultation with the USAF OEHL project manager and the
base point-of-contact (see Section V). establishes the final borehole and
well locations. Direct all drilling and sampling operations and maintain a
detailed log of the conditions and materials penetrated during the course of
the work.
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TABLE 1

LISTING OF SITES

SITE NO. PHASE I NO. SITE DESCRIPTION

1 D-1 (TAC) Goose Dump 1

2 FT-i and FT-2 (ANG) Fire Training Areas

3 S-2 (ANG) DPDO Storage Area UCR

4SP-I (ANG) Tank Farm Area

5 D-4 (TAC) Soutb Goose Dump

6 D-2 (TAC) Goose Dump 2

7 D-6 (TAC) Runvay 13 NE Disposal

8 3-1 (ANG) Old DPDO Storage Area

9 D-9 (TIC) Disposal Pit

10 RD-1 (ANG) Low-Level Radioactive
Vaste Disposal

NOTE: ANG: Air National Guard sites
TIC: Tactical Air Command sites
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3. Provide on site analysis of pH, temperature, and specific
.conductance for all water samples collected. Comply with the following
references concerning sample collection, maximum holding time, sample
preservation, etc: Standard Methods for the Examination of Water and
Wastewater, 16th Ed. (1985), pp. 37-44; ASTM, Section 11, Water and
Environmental Technology; Methods for Organic Chemical Analysis of Municipal
and Industrial Wastewater, EPA-600/4-82-057; Methods for Chemical Analysis
of Waters and Wastes, EPA Manual 600/4-79-020, pp. xiii to xix (1983); and
Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846,
2nd Ed. (USEPA, 1984). Meet the required detection limits of the applicable
EPA method identified in Table 4 for all water and soil chemical analyses.

4. Determine the areal extent of the sites by reviewing available
aerial photos of the base, both historical and the most recent panchromatic
and infrared. Report the sources of this data.

5. Split all water and soil samples. One set of samples shall be
analyzed by the contractor and the other set of samples shall be delivered
immediately (the same collection day) to the field government Point Of
Contact (POC). The field POC will select 10% of the split samples for
subsequent shipment and analysis and deliver them to the contractor within
24 hours of receipt. The contractor shall supply all packing and shipping
materials for the field POC's use in packaging the split samples. The
contractor shall accept from the field POC the packaged samples for
immediate shipment (within 24 hours) for analysis through overnight delivery
to:

USAFOEHL/SA
Bldg 140
Brooks AFB TX 78235-5501

Include the following information with samples sent to the USAF OEHL:

a. Purpose of sample (analyte)

b. Installation name (Base)

c. Sample number (on container)

d. Source/location of sample

e. Contract Tas.. Numbers and Title of Project

f. Method of collection (bailer, suction pump,
air-lift pump, etc)

g. Volumes removed before sample taken

h. Special Conditions (use of surrogate standard, etc.)

i. Preservatives used (indicate if nonstandard)

j. Date and time of sampling

k. Sampler's name

Forward this information with each sample by properly completing an AF

-4-
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I Form .2752A *Environmental Sampling Data" and/or AF Form 2752B "Environmental
Sampling Data-Trace Organics, mailed under separate cover. Label each
sample container to reflect the data in (a), (b), (c), (i), (j), and (k)
above. In addition, attach copies of field logs which document sample
collection.

Complete and maintain chain-of-custody records for all samples, field
blanks, and quality control duplicates.

6. Install groundwater monitor wells using the following
specifications:

a. Comply with the U.S. EPA Publication 330/9-$1-002, NEIC
Manual for Ground Water /Subsurface Investigations at Hazardous Waste Sites
for monitor well installation. Also comply with state and local regu-
latory agency requirements concerning well drilling, development and
purging, and groundwater sampling methods.

b. Drill each well using conventional hollow-stem auger
techniques. Where refusal is encountered due to boulders before the
required well completion depth is achieved, use diamond core drilling to
complete the borehole. Take samples for stratigraphic description and
logging at five-foot intervals using standard split spoon techniques.
Include each pilot boring log and well completion summary in the Final
Report (as specified in Item VI below).

c. Collect soil samples for laboratory analysis from well
boreholes as directed in section B. Where the depths and/or boreholes
from which soil samples should be collected at a site are not specified
in Section B, actual sample locations (borehole and depth) are at the
field supervisor's discretion; however, samples should be limited to areas
of suspected contamination. At sites where soil samples are specified in
Section B to be collected from designated boreholes and at certain depths, -

variations may occur at the field supervisors discretion to ensure zones of
suspected contamination are sampled. Do not collect or analyze more soil
samples than authorized in Section B.

d. Install wells at a sufficient depth to collect samples
representative of aquifer quality and to intercept floating contaminants.
Develop each well as soon as practical after completion by surging with
an air-lift pump or bailer. Do not introduce foreign materials into the
well during development. Continue well development until the discharge
water is clear and free of sediment to the fullest extent possible, and
the pH, temperature and specific conductance have stablized.

e. Construct a maximum of 30 wells using two-inch inside
diameter, stainless steel casing. Use threaded screw-type joints only.
Flush thread all connections. Screen 15 feet in each well using two-inch
diameter stainless steel casing with up to 0.010 inch slots. Well screening
should extend ten feet into the aquifer and five feet above the water table
to collect floating contaminants and allow for yearly fluctuations in the
water table; however, this may not alway be possible due to site-specific
groundwater conditions. Do not extend well screens to the ground surface, a
minimum two foot bentonite or cement grout seal is required above all well
screens, see paragraph 6.g. below. Cap the bottom of the screen. Well
installation shall not exceed 1000 linear feet.

f. Should a confining layer below the saturated zone be
encountered while attempting to drill deep enough to install 15 feet of
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screen, grout the hole in the confining layer to prevent potential
contaminant migration and screen the well above the confining layer.

g. Once the casing is installed, remove the augers and allow
the soil formation to collapse around the well screen. Supplement the
natural gravel pack with washed and bagged rounded sand or gravel with a
grain size distribution compatible with the screen and formation. Place the
gravel pack from the bottom of the borehole to two feet above the top of the
screen. Tremie a granulated, pelletized, or slurry bentonite seal above the
gravel/sand pack. Install the bentonite to a minimum thickness of two feet,
and ensure a complete seal forms. Place Type I Portland cement grout from
the bentonite seal to the land surface.

h. Complete the wells by extending the well casing a minimum
of two feet above land surface. The height of the casing riser must take
into account standing surface water depths during the wet season to prevent
surface waters from cascading down the well casing. Provide an end-plug or
casing cap for each well. Shield the extended stainless steel with a steel
guard pipe which is placed over the casing and cap, and seated in a 16-inch
by 16-inch by 4-inch concrete surface pad. Slope the pad away from the well
casing. Install a lockable cap or lid on the steel guard pipe. Install
three four-inch diameter steel guard posts if the base determines the well
is in an area which needs such protection. The guard posts shall each be
eight feet in total length and installed radially from each wellhead.
Recess the guard posts approximately four feet into the ground and insure
they are removable to facilitate access for sampling pump installation.
Paint the protective steel pipe and clearly number the well on the sleeve
exterior.

i. Determine by survey the elevation at the top of the
casing of all newly installed monitor wells to an accuracy of 0.01 feet with
respect to a base bench mark. Horizontally locate the new wells to an
accuracy of 1.0 feet and record the position on both project and site
specific maps. Bench marks must have previously been established from and
are traceable to a USCGS/USGS survey marker.

j. Measure water levels at all monitor wells as feet below
the ground surface or below the top of casing elevation to the nearest 0.01
feet. Report in terms of mean sea level. Measure static water levels in
the wells prior to sampling and at well development. After the wells have
recovered from water sample collection. messure water levels to confirm
previous measurements.

7. Allow wells to stabilize after development for a minimum of 24
hours prior to sampling. Purge wells prior to sampling until a minimum of
three well volumes of water have been displaced and the pH, temperature,
specific conductance, color, and odor of the discharge have stablized. Use
a stainless steel or teflon bailer, or air-lift pump to purge wells. Sample
using a bottom-discharge Teflon bailer.

8. If the well(s) cannot be sampled due to well development, well
characteristics, or other reason(s), indicate the reason(s) in the report
specified in Item VI.

9. Collect and analyze one round of water samples from all
groundwater monitor wells. During sample collection from all wells,
examine the surface of the water table for the presence of hydrocarbons and,
if applicable, measure the thickness of the hydrocarbon layer.

-6-
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10. Soil Borings

a. Conduct 19 soil borings not to exceed a maximum of 250
linear feet. The average estimated boring depth is ten feet except where
noted in Section B. Accomplish the borings using hollow-stem auger
techniques. Obtain samples using ASTM Method D-1526.

b. During the boring operations, take samples at two and
one-half foot intervals to develop lithographic descriptions and
stratigraphic logs. Monitor the auger cuttings for signs of changing
formations. Place special emphasis on field identification of contaminated
soils encountered.

c. Scan all soil samples with a photoionization meter or
equivalent organic vapor detector. Include monitoring results in the boring
logs.

d. Whenever possible, measure water levels in all boreholes
after the water level has stabilized.

e. Grout all boreholes to the surface. It is especially
important to ensure that they be adequately resealed to preclude future
migration of contaminants.

f. Permanently mark each location where soil borings are
drilled. Record the location on a site specific map.

11. Collect pond sediment samples using a drop corer device or an
Ekman dredge. Obtain surface soil samples using a stainless steel spoon or
spade. Decontamination procedures outlined below are applicable.

12. Analyze water and soil samples collected as
specified in Section B for those parameters summarized in Table 2.
Laboratories conducting the analyses of samples must be certified
as required by state or other regulatory agency standards as
applicable in the State of Minnesota. The required detection
limits and methods for these analyses are delineated in Table 4.
Maintain all raw laboratory data for a minimum of five years after
project completion and provide raw data to the USAFOEHL upon
request.

13. Methods which employ gas chromatography (GC) as the
analytical technique--EPA Methods 601, 602, 608, 615, 8010, 8020, 8080,
8150--require positive confirmation of identity for all analytes having
concentrations higher than the Method Detection Limit (MDL). This positive
confirmation shall be conducted by second-column GC; however, gas
chromatography/mass spectroscopy (GC/MS) can be used for positive
confirmation if the quantity of each analyte to be confirmed is above the
detection level of the GC/MS instrument. Analytes which cannot be confirmed
will be reported as "Not Detected" in the body of the report, but the
results of all second-column GC or CC/MS confirmational analyses are to be
included in the report appendix along with other raw analytical data.
Quantification of confirmed analytes will be based upon the first column
analysis. The maximum number of confirmational analyses that will be funded
under this delivery order is fifty percent (50%) of actual field samples.
The total number of samples for each GC method listed in Table 2 includes
this allowance.

14. Analyze an additional 15% of all sample parameters for quality
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.1control purposes. Field blanks must be an integral part of the quality
control program. Provide all quality control sample analysis results in
the report.

15. Plot and map all field data collected for each site according
to surveyed positions. Identify or estimate the nature of contamination,
its magnitude, and the potential for contaminant flow to receiving streams
and ground water.

16. Remove all borehole cuttings and clean the general area
following the completion of each well and boring. Properly containerize
cuttings suspected of being contaminated (based on discoloration, odor or
organic vapor detection instrument). Test the suspected contaminated waste
for EP Toxicity and Ignitibility. The contractor shall be responsible for
transporting drums containing suspected contaminated soils. The contractor
shall be responsible for the ultimate disposal of contaminated soils in
accordance with current Federal, State, and/or local hazardous waste
disposal laws. The contractor shall provide a final, completed copy of the
hazardous waste manifest document to the HQ TAC/SGPB point of contact
referenced in paragraph V for those borehole cuttings obtained from TAC
sites (Sites 1, 5, 6, 7, and 9) and to the ANGSC/SGB point of contact
referenced in paragraph V for those borehole cuttings obtained from ANG
sites (Sites 2, 3, 4, 8, and 10).

17. Decontaminate all sampling and well purging equipment prior
to use and between samples to avoid cross contamination. As a minimum, wash
equipment with a laboratory-grade detergent followed by a distilled water
rinse, repeating the rinsing procedure two more times. Where field
conditions warrant, follow the laboratory-grade detergent wash with a hexane
rinse, rinse with distilled water, and finally wash with dilute nitric acid
and rinse again with distilled water. Allow sufficient time for the solvent
to evaporate and for the equipment to dry completely. The calibrated water
level indicator for measuring well volume and fluid elevation must be
decontaminated before use in each well.

18. Thoroughly clean and decontaminate the drilling rig and tools
before initial use and after each borehole completion. As a minimum, steam
clean drill bits after each borehole is installed. Drill from the least
to the most contaminated areas, if possible.

19. Evaluate available techniques for well abandonment that are
applicable to the type of monitor wells and geological conditions at
Duluth IAP. Consider that these wells will be abandoned at some future
date after the study objectives have been met and they are no longer
needed. Recommend a candidate abandonment method or technique,
including costs. Ensure abandonment techniques comply with state and local
rules. The actual process of well abandonment is not part of this study.

20. Perform an inventory of all on-base wells, to include
production, irrigation, abandoned, monitoring, etc.

21. Conduct a literature search of local hydrogeologic conditions
to complement the Phase I and Phase II Reports. Use this data to determine
optimum well locations. Include the pertinent literature search information
in Appendix D of the Final Report. Develop the literature search data
using the following guideline:

a. Topographic data
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b. Geologic data

(1) Structure
(2) Stratigraphy
(3) Lithology

c. Hydrologic data

(1) Location of existing wells, observation holes and
springs within a one-mile radius of sites to be investigated.

(2) Groundwater table and piezometric contours

(3) Depth to water

(4) Quality of water

d. Data on existing wells, observation holes, and springs withi
a one-mile radius of sites to be investigated.

(1) Location, depth, diameter, types of wells, and
construction logs

(2) Static and pumping water level, hydrographs, yield,
specific capacity, and quality of water

(3) Present and projected groundwater development and
anticipated use

(4) Corrosion, incrustation, well interference, and similar
operation and maintenance problems

(5) Location, type, geologic setting, and hydrographs of
springs

(6) Observation well networks

(7) Existing water sampling sites

e. Aquifer data

(1) Type, such as unconfined, artesian, or perched

(2) Thickness, depth, and formation designation

(3) Boundaries

(4) Transmissivity, storativity, and permeability

(5) Specific retention

(6) Discharge and recharge

(7) Ground and surface water relationships

(8) Aquifer models

f. Climatic data

(1) Precipitation
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(2) Evapotranspiration

B. In addition to the general items delineated in A above, conduct the
following specific actions at the sites identified in Table 1 and Figure 1
(required analytical parameters are listed in Table 2):

1. Site 1 (TAC) - Goose Dump 1(D-1)

a. Drill and construct a maximum of four monitor wells.
Position three of the wells at the site perimeter consistent with the
assumed downgradient direction of groundwater flow. To collect ambient
water quality information, place the fourth well outside the site perimeter
consistent with the assumed upgradient direction of groundwater flow.
Collect one groundwater sample from each monitor well. During the borehole
drilling collect a maximum of four soil samples for laboratory analysis, see
I.A.6.c.

b. Drill one soil boring in the suspected zone of contaminatio
and collect soil samples from the ground surface and at each two and one-hal
foot interval until the estimated final borehole depth of ten feet is reache',
Analyze the samples from the surface and at the two and one-half and five foot
depths.

c. Designate two sampling points from surface waters located a
the site, or from surface waters adjacent to and downstream of the site.

d. Collect both a water sample and a bottom sediment sample
from each of these surface water sample points.

e. Analyze all water and soil samples for volatile organic ai I
aromatic compounds (VOA), oil and grease (M&G), pesticides/herbicides (P/H),
polychlorinated biphenyls (PCBs), phenols and metals.

2. Site 2 (ANG) - Fire Training Areas 1 and 2 (FT-l and FT-2)

a. Drill and construct a maximum of five monitor wells.
Position one well consistent with the assumed upgradient direction of
groundwater flow. Use information from this well to establish ambient water
quality. Place four wells in the assumed downgradient direction of
groundwater flow; two between FT-I and FT-2 on either side of the access
road and two north of FT-2. Collect one groundwater sample from each
monitor well. During the borehole drilling, collect a maximum of five soil
samples for laboratory analysis, see I.A.6.c.

b. Drill two soil borings in FT-l and one soil boring in FT-2.
Locate each boring in the center of a burn pit. If the second and older
burn pit in FT-l cannot be defined through aerial photographs or a physical
site inspection, only drill one boring in FT-l. Collect soil samples from
the ground surface and at each two and one-half foot interval until the
estimated final borehole depth of ten feet is reached. Analyze the samples
from the ground surface and the two and one-half and five foot depths.

c. Designate sampling points .in the drainageway between the
western extension of the access road and the southwestern boundry of site
FT-2. Collect two surface water samples and two bottom sediment samples from.
this drainageway.

d. Collect one surface sediment sample and one surface water
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*sample from the swamp to the north and downgradient of FT-2.

e. Collect one round of groundwater samples from the six
existing monitor wells at these sites.

f. Analyze all water and soil samples for VOA, O&G and phenols.

3. Site 3 (ANG) - DPDO Storage Area 'C" (S-2)

a. Drill and construct a maximum of four monitor wells. The
positioning, and soil and water sampling follows that specified at Site 1,
para B.l.a.

b. Drill three soil borings positioned along a center-line
running north to south in the storage area. Follow the soil sampling plan
specified at Site 1, para B.l.b.

c. Designate sampling points in the drainageway which begins on
the east side of the storage area and then heads in a northwesterly
direction. Collect three surface water samples and three bottom sediment
samples from this drainageway. Collect the first sediment and water sample
in the approximate location of Sample 2 identified in the Stage 1 study.
Subsequent sample points should be at 100 foot intervals downgradient along
the drainageway.

d. Analyze all water and soil samples for VOA, O&G, P/H, PCBs,

phenols and metals.

4. Site 4 (ANG) - Tank Farm Area (SP-1)

a. Perform a geophysical survey using a metal detector and a
magnetometer to precisely locate underground pipes. Perform an electromagnetic
survey to identify leak sites from these pipes. Survey the entire tank farm to
include a minimum 50 foot buffer around the site perimeter. Expand the
geophysical survey on the southern side of the tank farm area to the main acces
road. A former fueling facility is located south of the tank farm.

b. Drill and construct a maximum of four monitor wells. The
well positioning, and soil and water sampling follows that specified at Site 1,
para B.l.a.

c. Drill five soil borings, position them based upon the
geophysical survey result and the data generated during the Stage 1 study.
Boring depth is estimated to be 15 feet; however, drill until the water
table is reached. Collect soil samples at two and one-half foot intervals
beginning at ground surface. Analyze the samples collected at two and
one-half, five, and seven and one-half foot depths.

d. Designate sample points in the drainageways/culverts
around the site, of particular interest is the drainageway heading north to
Beaver Creek. Collect four surface water and four sediment samples from the
drainageways/culverts.

e. Collect one round of groundwater samples from the four

existing monitor wells at this site.

f. Analyze all water and soil samples for VOA and O&G.

5. Site 5 (TAC) - South Goose Dump (D-4)
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a. This site was originally designated D-4, South Goose Missle
Site Dump, in the Phase I report and was not recommended for Phase II Stage I
evaluation. However, during Phase II Stage 1, it was erroneously confused
with D-l, Goose Missle Site Dump, which was recommended for Phase II Stage
1 monitoring. Consequently, this site was studied during the Phase II Stage
1 effort, but referenced as site D-1 throughout the report.

b. Drill and construct three monitor wells. Position two of
the wells approximatley 50 feet from the site perimeter and consistent with
the assumed downgradient direction of groundwater flow. Place the other
monitor well outside the site perimeter and consistent with the assumed
upgradient direction of groundwater flow so as to collect ambient water
quality information. Collect one groundwater sample from each monitor well.
During the borehole drilling, collect a maximum of three soil samples for
laboratory analysis, see I.A.6.c.

c. Collect three surface water samples from the pond/swamp
at this site.

d. Collect a maximum of five sediment samples from the bottom
of the pond/swamp area and drainageways which exit this site.

e. Analyze all water and soil samples for VOA, O&G, P/H, PCBs,
phenols and metals.

6. Site 6 (TAC) - Goose Dump 2 (D-2)

a. Perform a geophysical survey using a metal detector and a
magnetometer to locate the dump site drums. Also conduct a detailed
examination of available aerial photographs for the same purpose.

b. If the geophysical survey and aerial photographs cannot
locate the drums and accurately define the site location, perform no more woi

c. If the site can be located, drill two exploratory soil
borings in the zone of contamination. Collect soil samples from the ground
surface and at two and one-half foot intervals until the estimated final
borehole depth of ten feet is reached. Analyze the samples from the surface
and at two and one-half feet for ethylene glycol, O&G and VOA.

7. Site 7 (TAC) - Runway 13 NE Disposal (D-6)

a. Perform a geophysical survey using a metal detector and
magnetometer to define as accurately as possible the site boundaries. Also
conduct a detailed examination of available aerial photographs for the same
purpose.

b. Drill and construct three monitor wells. The
positioning, and soil and water sampling follows that specified at Site 5,
B.5.b.

c. Drill two exploratory soil borings in the zone of
contamination. Collect soil samples from the ground surface and at two and
one-half foot intervals until the estimated final borehole depth of ten feet
is reached. Analyze the samples from the surface and at the two and one-half
foot depth. I

d. If surface drainage from the site can be located, collect
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one.each bottom sediment and surface water sample outside, but within 20
feet, of the site boundry.

e. Analyze all water and soil samples for VOA, O&G, P/H,
PCBs, phenols and metals.

8. Site 8 (ANG) - Old DPDO Storage Area (S-i)

a. Drill and construct three monitor wells. The
positioning, and soil and water sampling follows that specified at Site 5,
B.5.b.

b. Drill two exploratory soil borings, one in the center of
each of the two former storage area sites. The soil sampling plan follows
that specified at Site 1, B.l.b.

c. Collect two surface water and two bottom sediment samples
from drainageways at points downstream of the site.

d. Analyze all water and soil samples for VOA, O&G, P/H,
PCBs, phenols and metals.

9. Site 9 (TAC) - Disposal Pit (D-9)

a. Perform a geophysical survey using a metal detector and
a magnetometer to locate the site. Also conduct a detailed examination of
available aerial photographs for the same purpose.

b. If the geophysical survey and aerial photographs cannot
accurately define the site location, perform no more work.

c. If the site can be located, drill one exploratory soil
boring in the zone of contamination. Collect soil samples at two and
one-half foot intervals and analyze the samples at two and one-half feet
above and below the water table.

d. If the site can be located, drill and construct one
monitor well at the site perimeter consistent with the assumed
downgradient direction of groundwater flow. Collect one groundwater sample.

e. Analyze all water and soil samples for acetone and picric
acid.

10. Site 10 (ANG) - Low-Level Radioactive Waste Disposal (RD-i)

a. Conduct a geophysical survey (metal detector and
magnetometer) and review aerial photographs to accurately locate the site.

b. Drill and construct three monitor wells. Position two of
the wells at the site perimeter consistent with the assumed downgradient
direction of groundwater flow. Place the third well in the assumed
upgradient direction of groundwater flow to collect ambient water quality

* information. Do not analyze soil samples from these boreholes.

c. Collect one groundwater sample from each well and analyze
them for gross alpha, gross beta, radium - 226 and radium - 228.

C. Field Coordination
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Notify the Air Force POC's (see section V) at the USAFOEHL and
Duluth IAP at least five days in advance of water sample collection
dates.

D. Technical Field Operations Plan

Develop a detailed field operations plan based upon the technical
requirements specified in this task description for the proposed work effort.
Be explicit with regards to field procedures. Include, but do not limit the
plan to, field decontamination operations, sampling protocol, QA/QC field
procedures, field schedule, etc. A guideline for the plan is provided under
separate cover. Reference paragraph VI, Sequence No. 2.

E. Health and Safety

Comply with all applicable USAF, OSHA, EPA, state and local health
and safety regulations regarding the proposed work effort. Use EPA
guidelines for designating the appropriate levels of personnal protection at
study sites. Prepare a written Health and Safety Plan for the proposed work
effort and coordinate it directly with regulatory agencies where required.
Provide an information copy of the Health and Safety Plan to the USAFOEHL
prior to commencing field operations (i.e., drilling and sampling).
(Reference paragraph VI, Sequence No. 7)

F. Data Review

1. Tabulate field and analytical laboratory results (including
quality control data), and incorporate them into the monthly R&D Status
Reports. Forward them to the USAFOEHL for review as soon as they become
available as specified in Item VI below. In addition to the results,
report the dates of sample collection, extraction (if applicable) and
analysis.

2. Upon completion of all analyses, tabulate and incorporate all
results into an Informal Technical Information Report (Atch 1, Seq 3 as
specified in the contract and in Item VI below) and forward the report to
the USAFOEHL for review.

3. Immediately report to the USAFOEHL Program Nanager via
telephone, data/results generated during this investigation which indicate a
potential health risk (for example, a contaminated drinking water aquifer).

G. Reporting

1. Prepare two draft reports following the
USAFOEHL-supplied report format (mailed under separate cover).
One report shall delineate the findings for the TAC sites (Sites
1, 5, 6, 7, and 9). The second report shall detail the findings
at the ANG sites (Sites 2, 3, 4, 8, and 10). Forward the reports
to the USAFOEHL (as specified in item VI below) for Air Force
review and comment.

2. Review the results, conclusions and recommendations from
previous IRP investigations which concern the sites listed in this task.
Integrate all investigative work done at each site to date so the report
reflects the total available information for each site. Use this cumulative
information and data to establish trends and develop conclusions and
recommendations.
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'3. Include in this report a discussion of regional/site-specific
hydro eology, well and borings logs, data from water level surveys,
groundwater surface and gradient maps, and avalable hydrogeologic cross
sections and geophysical survey data.

4. In the results section, include water and soil analysis
results, field quality control sample data (field blanks, duplicates, etc.),
internal laboratory quality control data (lab blands, lab spikes, and lab
duplicates), and laboratory quality assurance information. Provide second-
column confirmation results and include which columns were used, the
conditions existing and retention times.

* 5. Make estimates of the magnitude, extent and direction in which
detected contaminants are moving. Identify potential environmental
consequences of discovered contamination based upon State and/or
Federal standards.

6. Summarize the specific collection techniques, analytical

method holding time and limit of detection used for each analyte (Standard
Methods, EPA, ASTM, etc.).

7. In the recommendation section, address each site and list them' by category. Category I consists of sites where no further action,
including remedial action, is required. Data for these sites are considered

sufficient to rule out unacceptable health or environmental risks. Category
II sites are those requiring additional investigation to quantify or further
assess the extent of current or future contamination. Category III denotes
sites that will require remedial action (ready for IRP Phase IV). In the
recommendations for Category III sites, include any possible influence on
sites in Categories I and/or II due to their connection to the same
hydrological system. Clearly state any dependency between sites in
different categories. Include a list of candidate remedial action
alternatives, including Long Term Monitoring (LTM) as remedial action, and
the corresponding rationale that should be considered in selecting the
remedial action for a given site. List all alternatives that could
potentially bring the site into compliance with environmental standards.
For contaminants that do not have standards, EPA recommended safe levels for
non-carcinogens (Health Advisory or Suggested-No-Adverse-Response Levels)
and target levels for carcinogens (1 x 10- cancer risk level) may be
used. If not specifically requested, do not include a comprehensive cost or
technical analyses of alternatives. However, in those situations where
field survey data indicate immediate corrective action is necessary, present
specific, detailed recommendations. For each category above, summarize the
results of field data, environmental or regulatory criteria, or other
pertinent information supporting conclusions and recommendations.

8. For those sites needing additional Phase II study, identify
specific requirements, if any, for future monitoring. Identify potential
environmental consequences of contamination. Provide estimates of costs by
line items for additional investigations beyond this stage along with
estimates of time required to accomplish the investigation. Furnish the
cost data in a separately bound appendix to the final report. (Reference
paragraph VI, Sequence No. 2)

9. Provide an inventory of all on-base wells, to include
production, irrigation, abandoned, monitoring, etc.

10. Include in an appendix to the report the names of all local,

state or other regulatory personnel and the dates they approvedwell
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drill'ing, development and purging techniques, well materials, and sampling
methods. All well drilling, development, purging, and sampling must conform
to State and local regulatory agency requirements.

11. Provide the candidate well abandonment techniques and the recom-
mended techniques most appropriate for Duluth TAP.

B. Meetings

The contractors project leader shall attend two meetings to take
place at a time to be specified by the USAF OEHL. Each meeting shall take
place at Duluth IAP for a duration of one day (eight hours).

II. SITE LOCATION AND DATES

Duluth TAP MN
Date to be established

III. BASE SUPPORT

A. Prior to any contractor digging or drilling, locate underground
utilities and issue digging permits.

B. Provide access to the Phase II Stage 1 monitoring wells.

C. Provide the contractor with existing engineering plans, drawings,
diagrams, aerial photographs, etc., as needed to evaluate sites under
investigation.

D. The base Point Of Contact shall receive from the contractor the
split samples, select 10% of them, package them, and then deliver them
back to the contractor within 24 hours for subsequent overnight shipment to
USAFOEHL/SA as stated in paragraph I.A.5.

E. Provide contractor with a secure staging area for storing
equipment and supplies.

F. Provide a paved area where drilling equipment can be cleaned
and decontaminated.

G. Base Civil Engineer will prepare and sign any hazardous
waste manifest documentation resulting from this effort.

H. Base will store any drums containing suspected
hazardous waste until determined to be hazardous/non-hazardous.

IV. GOVERNMENT FURNISHED PROPERTY: None

V. GOVERNMENT POINTS OF CONTACT:

1. 2Lt Gary Woodrum 2. Col Jerry Dougherty
USAFOEHL/TSS HQ TAC/SGPB
Brooks AFB TX 78235-5501 Langley AFB, VA 23665-5001
AV 240-2158 AV 432-5857
(512) 536-2158 (804) 764-2180
1-800-821-4528
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Lt Col Michael Washeleski 4. Sit Suzanne _Atk.
ANGSC/SGB 118 TAC Clinic
Andrews AFB. MD 20331-6008 Duluth IAP MN 55811-5000
AV 858-3443/5926 AV 825-7223
(301) 981-5926 (218) 723-7224

VI. In addition to sequence numbers 1, 5 and 11 listed in Attachment 1 to
the contract, and which apply to all orders, the sequence numbers listed
below are applicable to this order. Also shown are dates applicable to this

I order.

Seg. No. Para. No. Block 10 Block 11 Block 12 Block 13 Block 14

0/TIME 86 OCT 10 86 OCT 13 15

7 I.E. O/TIME 86 OCT 10 86 OCT 13 3

3 I.F.. O/TIME 0 3

4 I.G.(TAC) ONE/R 86 DEC 31 87 JAN 16 87 OCT 16 of

I.G.(ANG) ONE/R 86 DEC 31 87 JAN 16 87 OCT 16 of

2 1.G.8. O/TIME 87 Jan 16 87 OCT 16 ofe

14 MONTHLY 86 OCT 27 86 NOV 11

15 MONTHLY 86 OCT 27 86 NOV 11

Upon completion of the analytical effort and prior to submission of the
first draft report.

33 Two draft reports and one final report aie required.
Incorporate Air Force comments into the second draft and
final report as specified by the USAF OEHL. Supply the
USAFOEHL with a single copy of the first draft, second
draft, and final reports for acceptance prior to distribu-
tion. Distribute all report copies as specified by the
USAFOEHL. Supply 25 copies of each draft report and 50
copies plus the original camera ready copy of the final
report. Distribute the remaining 24 copies of each draft
report and 49 copies of the final report as specified by the
USAFOEHL.

333 Submit cost estimates (five copies) in a separately bound
document with the final report only. Provide estimates for
only those sites recommended for additional Phase II work
(Category II) or Phase IV, long-term monitoring (Category
III).

1
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I;
TABLE 2(Continued)

NOTES: (1) See Table 3.

(2) Use Method 3550 to extract oil and grease from soil.

(3) Arsenic, barium, cadmium, chromium, lead, mercury, selenium,

I silver

(4) See Table 5.

(5) Includes analysis for Gross Alpha, Gross Beta, Radium-226 and
Radium4228.

1 (6) Arsenic, barium, cadmium, chromium, lead, mercury, selenium,
silver

(7) Includes both well and surface water samples.

(8) Includes both borehole and sediment samples.

I (9) QA is 155 of the basic sample load.

(10) Assumes 50% for Methods 601, 602, 608, 615, 8010, 8020, 8080 and
8150 will require second column confirmation.

M
I
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TABLE 3

VOLATILE ORGANIC COMPOUNDS (VOA)

PURGEABLE HALOCARBONS, PURGEABLE AROMATICS
EPA Methiods 601 and sw 8010 EPA Methods 60Z and SW 8020

Bromodi chi oromethane Benzene
Bromoforui Chl orobenzene
Brouiomethane 1 ,2-Dichl orobenzene
Carbon tetrachlooride 1 .3-Dichi orobenzene
Chi orobenzene 1 ,4-Dichl orobenzene
Chi oroethane Ethyl benzene
2-Chl oroethyl vinyl ether Tol uene
Choroform
Chl oromethane Also: Xylene
Di bromochi oromethane
1, 2-Di chi orobenzene
1 ,3-Dichl orobenzene
1 ,4-Dichlorobenzene
Di chl orodi fiuoromethane
1, 1-Dichi oroethane
1 ,2-Dichloroethane
1, 1-Di chl oroethene
trans-i ,2-Dichl oroethene
1,*2-Di chl oropro pane
1 ,3-Dichl oropropene
trans-i ,3-Dtchloropropene
Methyl ene chloride
1.1 ,2,2-Tetrachl oroethane
Tetrachl oroethyl ene
1,1 .1-Trichioroethane
1,1, 2-Tn chi oroethane
Tn chl oroethyl ene
Trichl orofiuoromethane
Vinyl chloride
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TABLE 4

ANALYTICAL PARAMETERS, METHODS AND REQUIRED DETECTION LIMITS

PARAMETER METHOD DETECTION LIMIT

Oil and Grease (Using IR) EPA 413.2 20 Ug/g sol, a

£ 1 mg/1 water

Volatile Organic and EPA 601 and 602 b
Aromatic Compounds (VOA) SW 8010 and 8020 b

EP Toxicity b c

I Ignitibillty SW 1010 d

Pesticides and/or PCB EPA 608 e

SW 3550 and 8080 1 Vg/g soil

Herbicides EPA 615 e
SW 8150 1 ug/g soil

I Phenol EPA 420.2 5 ug/1 water
5 ug/g soil

Metals

Arsenic EPA 206.2 10 Ug/l water
SW 3050 and 706 1 mg/g soil

Barium f  EPA 208.2 200 Vg/l water
SW 3050 and 6010 20 Vg/g soil

Cadmium f  EPA 213.2 10 Vg/1 water
SW 3050 and 6010 1 pg/g soil

Chromium f  EPA 218.1 50 Ug/l water
SW 3050 and 6010 5 ug/g soil

Lead f  EPA 239.2 20 Ug/1 water
SW 3050 and 6010 2 ug/g soil

Mercury f  EPA 245.1 1.0 pg/l water
SW 7471 0.1 pg/g soil

Selenium f  EPA 270.3 10 Mg/l water
SW 3050 and 7740 1 Ug/g sol

Silver E EPA 272.2 10 Ug/1 water
SW 3050 and 6010 1 p5/ soil
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TABEL ii (Continued)

PARAMETER METHOD DETECTION LIMIT

Acetone ASTh D 3695-82

Picric Acid USATIIAMA. 28 ;

Ethylene Glycol NIOSH P & CAM 338
Modified for Soil

Gross Alpha Standard Methods:
15th ed, 703

Gross Beta Standard Methods:
15th ed, 703

Radiuvm.226 EPA 600/4-80-,037, 903.0

Radium-228 EPA 600/'4"80,032. 904I.0
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I
TABLE 4 (Continued)

a 5Based on extracting 50 grams of soil and 100 ml final extract volume.

bDetection limits for Purgeable Organics and Aromatics shall be as specified
for the compounds by EPA Methods 6014602. Method: Federal Register, Vol.
4, including these items:

Item 1.4 - This method is recommended by EPA for use only by experienced
residue analysts or under the close supervision of such qualified
persons.

Item 2.2 - This is most important. If Interferences are encountered (as in
early peaks such as vinyl chloride), the method provides a second4
ary chromatographic oolumn that will be helpful In resolving the
compounds of interest from Interferences. This must be done In the
case of vinyl chloride and so noted In the analysis report.

Items 3.3, 7.1-i7.3 A These sections must be analyzed within the recommended
holding times.

Item 8.3 -; All samples must be analyzed within the recommended holding times.
This must be followed without exception.

If questions are encountered about certain contaminants, you may be asked to

show both chromatograms used to rule out possible interferences.

c Metals ug/1 of Extract

As 0.053

Ba 0.1
Cd 0.005

Cr 0.05

Pb 0.1
Hg 0.0002

Se 0.075
Ag 0.01

dFind If sample is ignitable at 140 degrees Fahrenheit or below. If so, it
is a hazardous waste.

eMethod Detection Limit

fPrimary Drinking Water Standard, 40 CFR 141.11

-
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TABLE 5

Pesticides and PCBs - EPA Methods 608 and SW 8080

aldrin mABHS
dleldrin b4BHC
chlordane grBHC
,4, -DDT w-BHC
4 ,411DDE PCBf1242

n,4'uDDD PCB-125
aiendosulfan PCB41221

b-endosulfan PCB-1232
endosulfan sulfate PCB"1248
endrin PCB;-1260
endrin aldehyde PCB41016
heptachlor toxaphene
heptachlor epoxide

Herbicides - EPA Method 615 and SW 8150

2,4-D
2,4,5T
2,4,5-TP (Silvex)
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